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Seeding Indian ricegrass in an arid environ- 
ment in the Great Basin 
JAMES A. YOUNG, ROBERT R. BLANK, WILLIAM S. LONGLAND, AND DEBRA E. 
PALMQUIST 

Authors are range scientist, soil scientist, animal ecologist, and mathematician/statistician, respectively, USDA- 
ARS, 920 Valley Road, Rena, Nev. 89512. 

Abstract 

Indian rlcegrass [Oryzopsis t?ymenoides (R. & S.) Ricker] is a 
valuable forage species adapted to arid rangelands in temperate 
deserts. The purpose of this study was to test the influence of 
seeding- date, depth, and rate on Indian ricegrass emergence and 
seedling establishment of acid scarified and intact caryopses 
(seeds). The seeding experiments were conducted on a wind erod- 
ing sand sheet of Lahontan age in western Nevada. During the 
initial year of planting, seeds of the cultivars Nezpar and Paloma 
Indian ricegrass were successfully established without pretreat- 
ment by acid scarification. Acid scarified seeds did not result in the 
established seedling stands ln the field. Initial seedings were done in 
a season with prolonged moisture events with total precipitation 
about twice the average. Seedling stands of crested wheatgrass 
[Agropyron desertorum (Fisch.) ex Link Schult] as well as other 
exotic and native herbaceous and woody species were established 
during the first year. During the next 4 years crested wheatgrass 
seedlings were never again established. Indian ricegrass seedlings 
were established in 3 of the 4 subsequent years of seeding trials 
using a seeding rate of 0.8 seeds/cm of row and a seeding depth of 1 
cm. Indian rlcegrass seedling emergence was increased by either 
increasing the planting depth to 5 cm or by reducing the seeding 
rate to 0.03 seeds/cm of row. The ultra-low seeding rate resulted in 
a signiflcant saving in seed cost. 

Key Words: arid revegetation, seed and seedbed ecology, seeding 
depth and seeding rate 

Indian ricegrass [Oryzopsis hymenoides (R. & S.) Ricker] 
occurs in 17 western states of the United States, the southern 
Canadian provinces, and Mexico (Hitchcock 1950). From the 
sandhills of Nebraska, through the mixed prairies, to the desert 
grasslands of the Southwest, Indian ricegrass is an important 
forage species on rangelands (Robertson 1976). In the Great Basin, 
Indian ricegrass occurs in a number of communities over an 
extremely wide range of elevation and soil types (Young et al. 
1976). It grows in the lower portions of the basins of northern 
Nevada where extensive areas of sand occur. The Carson Desert of 
western Nevada has many examples of extensive landscapes where 
the dominant herbaceous vegetation, and nearly the only perennial 
grass species, is Indian ricegrass (Billings 1949). A winter livestock 
grazing system was developed to utilize the Indian ricegrass 
resource in the deserts of Nevada (Young and Sparks 1985). 

The numerous basins of the Great Basin filled with water during 
the Pleistocene at the same time mountain glaciers advanced (Rus- 
sell 1885). Several of the basins spilled together to form, in north- 
western Nevada and portions of northeastern California, a gigantic 
inland sea known as pluvial Lake Lahontan. Pluvial is a geologic 
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term referring to former wetter times. Lake Lahontan received 
water from 5 glacially fed rivers. From the Sierra Nevada came the 
Susan, Truckee, Carson, and Walker rivers. From the central and 
northern highlands of the Great Basin came the Humboldt River. 
Where the rivers entered the deep waters of Lake Lahontan they 
left coarse textured deltas. During the Holocene the lakes have 
almost entirely dried, exposing the coarse textured sediments to 
wind erosion. The combination of low and high pressure wind 
circulation has driven these sediments to the northeast (Morrison 
1964). Occasionally these sand deposits are largely bare, highly 
active dunes, but more typically they are more or less stabilized, 
shrub dominated landscapes. These are the landscapes where 
extensive stands of Indian ricegrass occur. 

Range managers have long recognized that these Indian rice- 
grass dominated landscapes were a very valuable resource for 
winter grazing. Until recently, when grazing management systems 
were applied to these areas, very little range management was 
practiced. The sites were not subject to wildfires because of the lack 
of herbaceous vegetation for igniting and carrying fires. The sites 
were considered too arid for conventional seeding practices. Dur- 
ing the 198Os, the alien annual cheatgrass (Bromus tectorum L.) 
invaded a portion of these Indian ricegrass/shrub communities 
(Young and Tipton 1989). Cheatgrass became sufficiently abund- 
ant in basin big sagebrush (Artemisia tridentata ssp. tridentata 
Nutt.) communities so that during the mid 1980s extensive areas 
burned in wildfires. Once the vegetation was destroyed by wild- 
fires, the sands were subjected to very active wind erosion which 
posed a problem for highways, railroads, and urban areas as well as 
the range sites themselves. 

At the time very little was known concerning post fire succession 
on these areas because extensive wildfires in these environments 
were virtually unknown. It appeared that artificial revegetation 
was required to stabilize these landscapes. Long-term precipitation 
records for the burned areas indicated annual averages of 12.5 to 
15.0 cm. Seeding of perennial grasses in the Great Basin has 
historically been restricted to areas with at least 25 cm of precipita- 
tion, with occasional attempts at as low as 20 cm (Young and 
McKenzie 1982). 

The obvious perennial grass for seeding on these burned areas 
was Indian ricegrass. L.A. Stoddart experimented with Indian 
ricegrass in seeding trials in the 1930s (Stoddart and Wilkinson 
1938), and considerable interest in using this species has been 
shown over the years (Plummer and Frischknecht 1952). The 
cultivars Nezpar and Paloma were developed by selection and 
released for use in range seedings (Anon. 1978, Booth et al. 1980). 
Indian ricegrass was only seeded on limited experimental areas on 
the large mid 1980s burns. Other species (which generally either 
failed to establish or persist) were seeded because of: (a) the prohib- 
itive cost of Indian ricegrass seed, (b) limited supplies of seed of the 
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species in the commercial trade, and (c) the general reputation that 
seed dormancy made it very difficult to establish Indian ricegrass 
stands. 

There is a large amount of literature concerning the dormancy of 
Indian ricegrass seeds. It starts with M.Z. Huntamer (1934) and 
continues through the present (Blank and Young 1992). Generally, 
it is thought that the indurate lemma and palea of the caryopses 
limit germination and that in some seed sources embryo dormancy 
also exists (Toole 1940; Rogler 1960; Fendall 1964; Clark and Bass 
1970; McDonald 1976; Shaw 1976; McDonald and Khan 1977; 
1978,1983; Zemetra et al. 1983; Young and Evans 1984). In nature, 
it has been determined that a major form of seedling recruitment is 
growth of plants from seeds in scatterhoard caches of rodents 
(McAdoo et al. 1983). 

The majority of the precipitation occurs during the winter as snow; 
however, an occasional high intensity summer thunderstorm can 
markedly influence annual precipitation at such sites where the 
total precipitation is so low. Precipitation during the study 
included a once in 60 to 80 year winter storm in February 1986 
(Table 1). 

Table 1. Annual precipitation by months, messured in rain gauge located 
at the Fhmigm, Nev. experiments1 site. 

Month 85-86 86-87 87-88 88-89 89-90 Mean 

In 1985, with cooperation from the Bureau of Land Manage- 
ment, USDI, we initiated seeding trials on Lahontan sands near 
Flanigan, Nev. Our purpose is to report on a variety of experiments 
concerning the establishment of Indian ricegrass on Lahontan age 
sands in a temperate desert environment. 

Methods and Materials 
Field experiments were located about 100 km north of Reno, 

Nev., near the ghost town of Flanigan on the California-Nevada 
border. The site is located on a series of off-shore bar deposits 
created by pluvial Lake Lahontan. The lake beach topography is 
buried by water-rounded sands of apparent Lahontan age. The site 
is located on the northeastern edge of the Honey Lake embayment 
of Lake Lahontan, near Astor and Sand Passes where the embay- 
ment connected with the main lake. The sand sheet where the 
experiments were located apparently originated from the deltas of 
the Susan River and Long Valley Creek. Currently the sand sheet is 
being driven by prevailing winds up and over a series of mountain- 
ous ridges (300 to 500 m) into Dry Valley and eventually to the 
Smoke Creek Desert. Sand depth varies from less than a meter to 
more than 10 m. The soils at the study site are Xeric Torrip- 
samments. 

Jul.-Aug. 
_~_____~6_____;.2(cm)__;2_____2_;___‘__ 

1:2 0:2 2:9 
1.2 

Sept. 0 0 0.9 
Oct. 2.3 2.0 0 0.4 1.7 I.3 
Nov. 2.5 0 0.7 I.5 1.7 1.3 
Dec. 2.6 1.6 1.7 2.4 0 I.7 
Jan. 2.2 0.2 2.1 1.8 2.3 1.7 
Feb. 5.2’ 0.7 0.2 0 1.4 I.5 
Mar. 2.8 1.0 1.4 0 1.0 1.2 
Apr. 3.1 0.5 0.1 0 1.6 1.1 
May 0 1.5 0 0 1.0 0.5 
Jun. 0 0.2 0 0 0.5 0.1 

Total 20.7 9.5 7.4 8.5 16.3 12.5 

‘Estimated as once in 60 to 80 year storm. 

The area burned in the wildfire at Flanigan now supports a very 
diverse community of granivorous desert rodents of the family 
Heteromyidae, including 4 species of kangaroo rats (Dipodomys 
merriami, D. ordii, D. panamintinus, and D. deserti), and a pocket 
mouse (Perognathus longimembrims). The adjacent unburned 
plant community supports a much less diverse rodent community 
composed largely of D. merriami (unpublished research ARS- 
USDA, Reno, Nev.). 

The area was burned in a large (6,800 ha) wildfire in mid summer 
of 1985. The wildfires started in the uplands of Dry Valley in an 
area dominated by basin big sagebrush (Artemisia tridentata 
subsp. tridentata Nutt.) and cheatgrass vegetation. The fire was 
driven over the mountains and down into the Honey Lake basin by 
stiff north winds. This is a very atypical stand of basin big sage- 
brush, growing far below the normal big sagebrush zone, appar- 
ently as a result of the moisture available from the sands. The stand 
was dominated by mature to near senescent plants near 1 m in 
height with central trunks greater than 1 dm in diameter. The fire 
consumed most of these large big sagebrush trunks to the sand 
surface. Smokebrush (Psorothamnus polydenius Rydb.) was an 
important woody component of these communities. Smokebrush 
is very unusual for big sagebrush communities in the Great Basin. 
Based on preburn range surveys by land management agencies and 
information from knowledgeable ranchers, Indian ricegrass was 
rare in the preburn community and the plants that did occur 
appeared senescent. This is the situation in portions of the com- 
munity that were protected from burning by a road or fire lines. 
Plant communities immediately off the sand sheet, growing on fine 
textured soils derived from saline/alkaline lake sediments, support 
sparse shadscale (Atriplex confertzfolia Torr. & Frem.) or Bailey 
greasewood [ Sarcobatus baileyi (Cov.) Jeps.] communities. 

After the wildfire in 1985 we fenced a l-ha area to exclude 
livestock and blacktailed jackrabbits (Lepus calzfornicus). No 
other site preparation such as tillage was conducted before seeding. 
All seeding was done by hand in 3-m-long rows spaced 0.6 m apart. 
Seeds were initially planted 1 .O-cm deep at a rate of 1 seed per 1.25 
cm of row. The experimental design consisted of 4 replications in a 
randomized block design. The first winter following the fire, seed- 
ing started in September and continued until the following May. 
Subsequently we seeded trials 4 times during each fall to spring 
from 1986-87 through 1989-90. These times were early fall (Sep- 
tember), late fall (December), early spring (February), and late 
spring (March). 

Initial Trials 

It is difficult to estimate the average long-term precipitation at 
the study site. Flanigan, Nev., was apparently never the site of an 
official weather station, but periodic records kept at the town site 
indicated between 10 and 12.5 cm of annual precipitation. Sand- 
pass, Nev., at a slightly higher elevation, averaged about 15 cm and 
Nixon, Nev., near Pyramid Lake averages 13.8 cm (Anon. 1941). 

Not being sure what was adapted to the site, we seeded a variety 
of species the first year. Besides Indian ricegrass we seeded ‘Nor- 
dan’ crested wheatgrass [Agropyron desertorum (Fish. ex Link) 
Schult], ‘Hycrest’ crested wheatgrass (A. desortorum (Fiich. ex 
Link) Schult X A. cristatum (L.) Love], ‘Greenar’ intermediate 
wheatgrass (Zhinopyrum intermedium (Host) Barkworth and 
D.R. Dewey], ‘Appar’ blue flax (Linum perenne ssp. lewisii 
(Pursh) Hult.], antelope bitterbrush [ Purshia triakntata (Pursh) 
DC], and fourwing saltbush (Atriplex canescens (Pursh) Nutt.]. 
Seedling stands were evaluated in the fall (following planting) by 
counting the number of seedlings per meter of row. 

Preliminary Indian Ricegrass Experiments 
Based on previous research concerning Indian ricegrass emer- 

gence from Lahontan sands (Kinsinger 1962), we planted a trial 
with Nezpar Indian ricegrass where the treatments were planting 
depths of 1.0, 5.0, and 15.0 cm. Sand from the study site was 
returned to the greenhouse and emergence trials were conducted 

JOURNAL OF RANGE MANAGEMENT 47(l), January 1994 3 



with planting depths of 0, 0.1, 0.5, and 1.0 cm and then at l-cm 
increments through 20 cm. The trials were conducted in boxes on 
the top of greenhouse benches during November and December 
1985. The procedures described by Young et al. (1969) were fol- 
lowed in preparing the soil in the boxes and planting the seeds. 
Emergence was recorded for 4 weeks. Greenhouse temperatures 
ranged from 15’C during the night to 20 to 25’ C during the day. 

During the winter of 1985-86 we planted seeds of Nezpar and 
Paloma Indian ricegrass that had been scarified with sulfuric acid 
following the procedures described by Young et al. (1985). Nezpar 
and Paloma Indian ricegrass seeds were treated for 15 and 30 
minutes, respectively. 

Based on the results obtained in 1985 we established 5 experi- 
ments that were repeated each year from 1986-87 to 1989-90. 
These experiments tested the effects of time of planting, depth of 
planting, and density of planting. Only ‘Nezpar’ Indian ricegrass 
was used. For comparisons, at each planting date ‘Nordan’crested 
wheatgrass was planted at the rate of 1 seed/ 1.25 cm of row, with a 
planting depth of 1.25 cm. 

Time of Planting 
The planting dates in each year of the experiments were early fall 

(September), late fall (December), early spring (February), and 
late spring (March). 

Depth of Planting 
The depths for the depth-of-planting experiment were 1.0,2.5, 

5.0, and 15.0 cm. 

Density of Planting 
The densities of planting (1 .O cm depth) were 0.03,O. 1,0.4, and 

0.8 seeds/cm of row with a 30-cm row separation. 

Drill Experiment 
The results obtained by hand seeding were tested in 1987 with a 

tractor drawn drill. The site was on the Bird Flat Ranch north of 
Doyle, Calif. This site is the opposite side of Honey Lake Valley 
from the Flanigan experiments. The area burned in 1986 in a large 
wildfire. Prebum vegetation consisted of big sagebrush, desert 
peach (Prunus andersonii (Gray) and needle-and-threadgrass 
(Stipa comata Trin. and Rupr.). The sand textured soils were 
derived from decomposing granite with semi-angular particles 
rather than the water rounded sands of the Flanigan site. The soils 
of this site are Torripsammentic Haploxerolls. The drill used in this 
seeding had fluted disk openers followed by a double disk and a 
press wheel. The seeding rate was 0.03 seeds/cm and the seeding 
depth 5 cm. 

An analysis of variance (ANOVA) was used on emergence data. 
An arcsin transformation was applied to stabilize unequal variance 
and a fourth-degree polynomial regression was fitted to analyze 
emergence by planting depth and planting rate. 

Results and Discussion 

Initial Seeding 1985-86 
During the winter of 1985-86 precipitation events started in 

October and continued through April, with a major storm during a 
IO-day period in February (Table 1). Virtually every species we 
planted germinated and emerged under these continuously moist, 
competition free conditions (Table 2). Generally, a crested wheat- 
grass stand in the 25-cm precipitation area of the big sagebrush 
zone would be considered fully stocked with 3.25 plants/m of row 
with 30-cm row spacing. It was apparent that the stands obtained 
from the initial seedings at the Flanigan site exceeded these stock- 
ing standards. Establishment of the shrubs antelope bitterbrush 
and fourwing saltbush from direct seeding is difficult to obtain 

Table 2. Seedlinge per m of row for 4 planting dates during winter of 
1985-86 at Fhnigan, Nev.1 

Sneciesicultivar 

Seedlings/m of row 
Fall Spring 

Barlv Late Earlv Late 
--------(No.permrow)________ 

Indian ricegrass 
Nezpar 8b Ilb 17a 9b 
Paloma 8b 7b 16a 15a 

Crested wheatgrass 
Nordan 15 18 14 17 
Hycrest 16 15 13 14 

Intermediate wheatgrass 
Greenar 17 18 21 18 

Blue flax 
Appar 8 9 II 12 

Bitterbrush 0.1 0.8 1.1 0 
Fourwing saltbush 1.1 1.5 3.2 1.4 

*For Nezpar and Paloma lndiin r&grass, seedling density means followed by the 
same letter are not significantly different at the 0.05 level of probability as determined 
by Duncan’s Multiple Range Test. No significant differences among planting dates 
occurred for other species. 

with consistency even in higher precipitation portions of the big 
sagebrush zone. Indian ricegrass seedling emergence was excellent 
at all planting dates during the first planting season. The area 
burned in the wildfire was subject to severe wind erosion during the 
winter of 1985-86. The major root systems of large big sagebrush 
plants were exposed as some areas deflated 1 m or more. The 
Lahontan sands within our plot area, despite the blowing sand, 
proved to be an excellent seedbed as long as they were moist for 
prolonged periods. 

Seeding in Subsequent Years 
The establishment of crested wheatgrass on the Lahontan sands 

by direct seeding during the winter of 1985-86 was never dupli- 
cated during the course of the study. Apparently, the exceptional 
moisture event of February 1986 coupled with prolonged precipi- 
tation that approximately doubled the average (Table 1) brought 
the site within the potential for seedling establishment of species 
other than Indian ricegrass. 

Time of Seeding 
Seeding Nezpar Indian ricegrass at l-cm deep resulted in some 

seedling establishment in 3 of the 4 years that the trial was repeated 
(Table 3). No seedlings established in 1987-88, when only January 
exceeded 2 cm in precipitation and the total precipitation for the 

Table 3. Density of Nezpar Indian ricegrw seedlings per m of row by 
planting date for 4 years after the initial year of seeding (1985-86). Seede 
planted 1 cm deep in seedbed.’ 

Year 

Seedlings/m row 
Fall Spring Mean 

Early Late Early Late 

86-87 

87-88 
88-89 
89-90 

--28,----;~bo.Per;~w)--,------ 
1.2y 

0’ 0’ 0’ 0 oz 
0 0.6 0.8 0 0.42 
1.3a -2 -2 0.8b l.ly 

‘Means of seeding time (a through c) within year, and mean seedling density among 
years (y through z) followed by the same letter are not signiticantly different at the0.05 
level of probability as determined by Duncan’s Multiple Range test. No letters indicate 
no significant differences. 
2These plots were accidently destroyed before they were sampled. 
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year was 7.4 cm. Note that 1.2 cm of this total occurred from 1 
storm in July-August (Table 1). The moisture holding capacity of 
the sand is only 6% (unpublished research, USDA-ARS, Reno, 
Nev). If fall-winter-spring precipitation is sufficient to start seed- 
ling emergence, mid-summer moisture events may be very impor- 
tant in native seedling establishment (e.g., Harris 1967). In a later 
section we will show that it was possible to establish Indian rice- 
grass seedlings in 1986-87 at this site using other seeding depths 
and/ or rates. 

Seeding in the early fall gave the best seedling establishment in 2 
out of the 4 years (Table 3). Seeding in March produced seedlings 
only once in 4 years. It is possible to seed these sand seedbeds the 
day following a moisture event, providing the immediate sub- 
surface of the seedbed is not frozen (unpublished research, USDA- 
ARS, Reno, Nev.). The surface of the soil is so permeable, it 
apparently does not retain sufficient moisture to freeze. 

Sand as Germination Substrate for Indian Ricegrass 
The first year of direct seeding Indian ricegrass in the Lahontan 

sands produced from 10 to 20% seedling establishment using seed 
that was laboratory tested at 2 to 5% germination. The seed source 
was highly viable, based on tetrazolium test results reported on the 
seed tag, but also highly dormant, based on germination tests 
conducted on germination paper in petri dishes, as prescribed for 
standard germination test procedures (Anon. 1988). Seeds of 
Indian ricegrass that do not have embryo dormancy will germinate 
in a sand substrate when they are at an adequate moisture potential 
(Blank and Young 1992). 

Lahontan sand from the Flanigan study site also provided an 
excellent germination substrate for seeds of Nezpar and Paloma 
Indian ricegrass in the greenhouse when the sand substrate was 
kept wet (Table 4). Germination did not occur on the surface of the 

Table 4. Percentage emergence of aeediings of ‘Nezpar’ and ‘Paioma’ 
Indian ricegrase from 0 through 20 cm buriai depth in Lahontan eand in 
greenhouse triais.1 

thing is that for Nezpar and Paloma some emergence came from 15 
cm and from 39 to 50% emergence came from seeds planted 5 cm 
deep. Obviously, the relatively small Indian ricegrass caryopses 
produce a coleoptile with a tremendous elongation potential 
through sand textured substrate. 

Acid Scarified Seeds 
In the field the emergence of Indian ricegrass seedlings from acid 

scarified seeds was near zero (data not shown). Occasional seed- 
lings were found near where these seeds were planted, but distur- 
bance from rodent digging was so great that it was impossible to 
determine if the seedlings came from the planted row. The loca- 
tions of acid scarified seeds were randomized in the other plantings 
and the rows where such seeds were planted appeared to be selec- 
tively subject to a higher level of rodent disturbance compared to 
adjacent rows. Plummer and Frischknecht (1952) reported that 
acid scarification enhances field establishment, but at the same 
time cautioned that acid scarified seeds may be more susceptible to 
seedbed diseases. McDonald (1987) discussed the many metabolic 
changes and interactions with fungicides associated with acid scari- 
fication of Indian ricegrass seeds. The exact reason why acid 
scarified seeds did not result in seedling stands at the Flanigan 
seeding are not known, but interest in this question is tempered by 
the obvious germination of nonscarified seeds of Indian ricegrass 
in a sand textured substrate. 

Depth of Seeding 
Kinsinger (1962) originally noted that natural seedlings of 

Indian ricegrass emerged from great depths in Lahontan sands and 
McAdoo et al. (1983) noted the same phenomenon for granivore 
cached seeds in the sands. In 4 years of 4 planting trials per year at 
the Lahontan sand site at Flanigan where depth of seeding was 
varied, the deeper planted seeds always had greater emergence than 
those at the shallower planting depths (Table 5) in spite of the 

Table 5. Seediing of ‘Nezpar’ Indian ricegrass per m of row in reiation to 
depth of planting. Average for planting dates per year for 1986-87 
through 1989-90.’ 

Burial depth 
cm 

0 

Emergence 
Nezpar Paloma 

0.1 
0.5 

ii 
3:o 
4.0 
5.0 
8.0 

sot 68b 
84a 93a 
15a 9ia 
61b 88a 
53c 7ib 
43d 6ibc 
39d 5oc 
25e 2ld 

Death 86-87 
Year of seeding 

87-88 88-89 89-90 Mean 

cm 
1.0 
2.5 
5.0 

15.0 

-;~; _____ of ____ (No.permrow);M_f---08z--- 

2&e Of 
0.2f 
i.lef Ike 1:2yz 

4.0b 1 Ad-f 2.0de 2.4cd 2.5~ 
6.4a 2.6cd 4.5b 3.6bc 4.3x 

1Means followed by the same letter (a through f) and the overall means by depth (x 
through z) are not significantly different at the 0.05 level of probability as determined 
by regression equation overlap of confidence intervals (Palmquist et al. 1987). 

10.0 
13.0 
15.0 
17.0 
20.0 

16f 
5f 

Z 
Of 

i5e 
9e 
5e 
Of 
Of 

inverse relationship found between planting depth and emergence 
for greenhouse emergence tests. The highest emergence observed 
occurred in 1986-87 at 6.4 seedlings per m of row with a 15cm 
planting depth. With a seeding rate of 1 seed per 1.25 cm this would 

‘Means within columns followed by the same letter are not significantly different at the 
be 8% emergence compared to the 5% emergence that occurred 

0.05 level of probability as determined by regression equation overlap of confidence from the 15-cm planting depth in continuously wet sand in the 
intervals (Palmquist et al. 1987). greenhouse (Tables 4 and 5). 

sand substrate, but the thinnest possible burial (1 mm) produced In interpreting these results it is important to consider that the 

much greater emergence than was reported on the seed tag for the surface of the sand is always moving due to wind eroison. Perhaps 

standard germination test. Emergence decreased with increasing situations occur where erosion and deposition are equal and the 

burial depth. seedlings emerge from the same depth where they were planted. 

The commonly accepted rule-of-thumb for seeding grasses in The appearance of the seeded plots suggests that seedlings were 

rangeland seedbeds is to plant at a depth of 2-l/ 2 times the diame- emerging from shallower depths than planted due to deflation, but 

ter of the seed. For Indian ricegrass this would be 2 to 4 mm. For occasionally rows of seedlings were apparent in areas of deposition. 

Lahontan sand seedbeds, seeding at a depth suggested by this The most significant part of this emergence from deep planting 

rule-of-thumb, or slightly deeper, would produce optimum emer- was that deep planted seedlings emerged and established as plants 

gence under continuous wet conditions (Table 4). The surprising in years (e.g., 1987-88) when no seedings at 1.0 cm deep were 
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successful and only 7.4 cm of precipitation was received (Table 1). 
The success of deep planting of Indian ricegrass seeds may be 

due to moisture relations in the seedbed, protection from wind 
deflation, or protection from granivores. Remember that under 
ideal moisture conditions in the greenhouse, emergence decreased 
with depth of seed burial. Deeply planted seeds are more difficult 
for rodents to locate in the sand (unpublished research, LJSDA- 
ARS, Reno, Nev.). 

Rate of Seeding 
The standard rate for seeding crested wheatgrass in the Inter- 

mountain Area has been 8 kg/ ha. This rate results in 1 seed per 1.25 
cm of row with 30 cm between rows. Because of the smaller seed 
size the comparable rate for Indian ricegrass would be 4.6 kg/ ha. 
Obviously the environmental potential of Lahontan sand sites to 
support growth of perennial grasses is much lower than that of 
upland big sagebrush sites, and it would be logical to assume that a 
lower establishment rate would constitute a fully stocked stand. 
The standard seeding rate for crested wheatgrass merely provides a 
point of reference for comparison. Trials over 4 years on the 
Lahontan sands revealed that the maximum established seedling 
density was obtained with the minimum seeding rate, when seeding 
at a constant depth of 1 .O cm (Table 6). 

Table 6. Seedlings of ‘Nezpar’ Indian ricegrass per m of row in relation to 
seeding rate. Average for 4 planting dates 1986-87 through 1989-90. 
Planting depth was 1.0 cm.1 

were important aspects of this dynamic seedling recruitment. High 
rodent densities and a dramatic increase in rodent species diversity 
occurred with the recruitment dynamics of Indian ricegrass 
(unpublished research, USDA-ARS, Reno, Nev.). This meant that 
our experimental plots were potentially subject to heavy granivore 
predation. As mentioned previously, selective predation on the 
most apparent seeds (i.e., those at shallow planting depths and 
higher planting densities) may explain some of our seedling emer- 
gence results. 

Drill Seeding 
Deep seeding of Indian ricegrass at ultra-low rates on the Bird 

Flat Ranch using a drill with a fluted coulter-doubledisk opener 
resulted in a seedling stand that averaged 4.1 established seedlings 
per m of row over a 2-ha seeding. It was difficult to obtain this 
ultra-low rate through the drill which used a fluted shaft to meter 
seeds. The first true leaf on these seedlings was usually cut at the 
soil surface by wind driven sand. A second leaf emerged with 
apparent minimum seedling mortality. We never observed this 
abrasion of seedlings at the Flanigan site, where the sand particles 
are rounded. 

This study clearly shows that sand sheets in the Lahontan basin 
of northern Nevada can be seeded to Indian ricegrass. The typical 
low germination of Indian ricegrass seeds from standard labora- 
tory tests is misleading when the seeds are seeded on sand textured 
seedbeds. Low rates of seeding and deep seedings both appear to be 
beneficial for seedling establishment in the sand seedbeds in the 
field. 

Planting Seedlings per m row Literature Cited 
rate 86-87 87-88 88-89 89-90 Mean 

seeds/cm row ---___--_____-(No.permrow)______________ 
0.03 2.6ab 0.8d 2.4ab 2.4ab 2.2x 
0.1 2.3b 0.2de 1.3c 2.2b ISZ 

0.4 2.0b Oe 0.8d 2.0b 1.22 
0.8 2.la Oh I.ld 1.8bc I .3z 

‘Means followed by the same letter (a through h) and overall means (x through z) are 
not significantly different at the 0.05 level of probability as determined by regression 
equation overlap of confidence intervals (Palmquist et al. 1987). 

Seeding at the ultra-low rate of 0.03 seeds per m of row resulted 
in an average of 73% of the planted seeds emerging and becoming 
established as plants (Table 6). For the maximum seeding rate only 
2% of the seeds planted resulted in seedling establishment. In 
1987-88, seeding at reduced rates resulted in some seedling estab- 
lishment when normal seeding rates failed to establish any 
seedlings. 

The success of ultra-low seeding rates has immediate economic 
significance. If we assume a cost for Indian ricegrass seed of 
$22.001 kg, the seeding rate of 8 kg/ ha would have a seed cost of 
$176.00/ha. The cost of seed for the ultra-low rate would be 
%6.65/ha. The cost of Indian ricegrass seed has fluctuated from 
$10.00 to $25.OO/kg, but the proportional savings, even at reduced 
prices, is significant. 

The success of the ultra-low seeding rate may be due to intraspe- 
cific competition and/ or granivore predation. As was potentially 
the case with deep planting of Indian ricegrass, the ultra-low 
seeding rate may make it more difficult for rodents to locate and 
recover artificially planted seeds. 

In interpreting these results it is important to realize that the area 
burned outside of our experimental plots underwent dynamic nat- 
ural seedling recruitment of Indian ricegrass in the years subse- 
quent to the wildfire. There was a small seedbank of Indian rice- 
grass seeds in the sands as predicted by past research (Young et al. 
1983). Seedling establishment from this seedbank, followed by 
seed production and rodent assisted seed dispersal, apparently 
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Abstract 

Revegetation success on foothill ranges in northern Utah using 
big sagebrush (Artemisia tridentata Nutt. spp. wyom&nsis Bee- 
tle and Young) and rubber rabbitbrush (Chrysothamnus nauseo- 
sus Britt. spp. albicaulis H. and C.) was determined as influenced 
by winter mule deer browsing and spring horse grazing. Treatment 
areas of 0.1 ha with 3 replications included a protected control, use 
by deer only, use by horses only, use by deer and horses, and use by 
deer with horse grazing delayed for 3 years after seedling trans- 
plant. Results from the first 6 growing seasons following trans- 
planting of seedlings showed grazing by horses only tripled the 
available, per-plant browse production of big sagebrush compared 
to protected plots, whereas browsing by deer only resulted in a 40% 
decrease in browse production. Seedling survival of big sagebrush 
differed between treatments during the first 3 growing seasons but 
was not affected by grazing after the third growing season. Rubber 
rabbitbrush was not affected by treatments. 

Key Words: winter range, big sagebrush, rabbitbrush, northern 
Utah, reseeding 

Records from the mid 1800s of rangeland vegetation in northern 
Utah and southern Idaho valleys and foothill winter ranges indi- 
cate grasses dominated with very little browse (Hull and Hull 1974, 
Tisdale et al. 1969). With pioneer settlement and extensive grazing 
by livestock beginning in the late 184Os, composition of the peren- 
nial grasslands was slowly shifted toward shrub-dominated com- 
munities (Harniss and Wright 1982, Reynolds 1960). The increase 
in shrubs, especially big sagebrush and several species of plants 
from the Rosaceae family, provided essential forage for survival of 
wintering mule deer (Odocoileus hemionus). Predictably, popula- 
tions of mule deer continuously increased from the early 1900s 
through the 1940s with regulated hunting (Hancock 1981). 

However, because of decreased production of rangeland grasses 
and increased erosion as consequences from heavy livestock graz- 
ing, a gradual reduction in livestock numbers began about 1910 
along foothill ranges. The increasing trend in forage production 
and habitat quality for mule deer was thereby reversed. In the 
absence of livestock grazing, grasses and perennial forbs reac- 
quired their ecological advantage. This was particularly true where 

, shrubs were heavily grazed by deer in winter. As a result, vegeta- 
tion on foothill winter ranges has slowly shifted toward grass- 
dominated communities (Austin et al. 1986, Smith 1949). 

The problem of limited big game winter range in Utah, particu- 
larly along the Wasatch Front and Cache Valley, became evident 
during the 1930s. Increasing numbers of big game, urbanization 
and dry-land farming along the narrow belt of foothill winter 
range, fire, and severe weather combined to cause depletion of 
native browse plants. This led to depredation of hay fields and 
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orchards and malnutrition and starvation of mule deer (Austin and 
Urness 1987, Doman and Rasmussen 1944). 

The difficulties associated with arid rangeland revegetation are 
many (Plummer et al. 1968) and success is unpredictable (Holmgren 
and Basile 1959). These problems are intensified where annual 
grasses and weeds are abundant because they increase competition 
for soil moisture (Guinta et al. 1975, Holmgren 1956, Price and 
Brotherson 1987). Livestock grazing of grasses and forbs in spring 
may benefit seeded browse species by reducing competition for soil 
moisture. 

It is generally believed that protection from all grazers, domestic 
and wild, is preferred for the establishment of most browse species 
(Holmgren and Basile 1956). For example, Herbel(l983) indicated 
seedlings must be protected from grazing at least through the 
second growing season, and Monsen and Shaw (1983) recom- 
mended a protection period of 1 to 4 years. Protection from 
livestock grazing on most revegetation projects can be easily 
accomplished; however, exclusion of big game is almost never 
achieved due to the high costs of fencing. Substantial reduction of 
big game numbers is a second alternative but would rarely be 
acceptable to the public or management agencies. Consequently, 
revegetation projects are often faced with browsing of seeded 
shrubs by big game during winter and no livestock use of compet- 
ing understory vegetation during the growing season. 

The objective of this study was to determine the effects of grazing 
by horses in spring and early summer on revegetated winter range 
to balance winter browsing by deer. Thus, the question of whether 
livestock grazing can improve success of revegetation projects was 
investigated. 

Methods 

The foothill winter range on the east bench of Cache Valley 
between Green and Logan Canyons was selected for study. The 
location of the research pasture is at the base of the foothills just 
above residential housing on critical winter range. Previous studies 
from this location indicated a very productive winter range with 
numerous shrub species available in the 1930s (Doman and Ras- 
mussen 1944), followed by a substantial reduction in shrubs by the 
late 1940s (Smith 1949). At the beginning of this study, the area was 
composed of annual grasses (e.g., Bromus tectorum L., Secale 
cereale L.), scattered forbs (e.g., Grindelia squarrosa (Pursh, Bal- 
samorhiza sagittatta Pursh), and scattered dead skeletons of 
shrubs (Urness 1990). 

A fenced pasture of 7.4 ha was constructed before transplanting 
seedlings. About 15,000, l-year-old seedlings were hand-planted 
within contour-plowed furrows using a shrub planter in April, 
1985. Distance between furrows was 1.5 to 3.0 m and spacings 
between plants within furrows were mostly 1.5 to 4.0 m. Thus, 
shrub density was assumed to have no effects on seedling survival 
or productivity. Seedling species were big sagebrush (Artemisia 
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tridentata Nutt. ssp. wyomingensis Beetle and Young) and rubber 
rabbitbrush (Chrysothamnus nauseosus Britt. ssp. albicaulis H. 
and C.). Single species were transplanted within furrows, and 
species were randomly assigned among furrows. 

A randomized block design, with 3 replications of 4 treatments 
and a control, was established after transplanting. Each of the 15 
treatment areas measured 25X40 m (0.1 ha). To decrease variabil- 
ity among treatments, individual furrows extended through all 
treatment areas within replications. Treatments included: (1) con- 
trol: horses and deer excluded, (2) deer-only: horses excluded, (3) 
horse-only: deer excluded, (4) horse-delayed: horses excluded for 
the first 3 years following by 3 years of horse grazing, browsed 
every year by deer, (5) combined: used by horses and deer. Treat- 
ment areas within the pasture excluded horse and/ or deer use from 
fall 1985 through fall 1990 using 1.2 and 2.4-m high, woven-wire 
fences, as specified by treatment. Horses began grazing the 7.4-ha 
pasture including treatment areas 3 and 5 in spring 1986, and deer 
use of the pasture including treatment areas 2, 4, and 5 began 
during winter 1985-86. 

Horse use of herbage within the treatment areas was determined 
from paired, l-m*, basketed and unprotected plots. Two plots were 
randomly located within each treatment area grazed by horses and 
were established each year before grazing began. Horse grazing 
occurred between about 1 May to 30 June. Following grazing, 
plots were hand-clipped at ground level. Herbage production on an 
air-dry weight basis and percent use were determined for each year 
as the mean over all plots. 

Deer use of the entire pasture was determined from 60 perman- 
ent, l-m2 plots located on a grid. The grid contained 4 parallel lines 
of 15 plots spaced at lo-15 m intervals, spanning the width of the 
pasture. Pellet groups were counted on plots and removed yearly in 
spring. To compute deer-days use/ ha, 13.0 pellet groups per deer- 
day were used (Neff 1968). Deer use of the pasture was also indexed 
by evening (sunset) counts of deer. A minimum of 4 counts were 
made each year during midwinter (Dec.-Jan.). A third measure of 
deer overwinter use of the entire pasture was made each spring with 
a single ocular estimate of percent forage utilization of big sage- 
brush and rubber rabbitbrush. The 3 indices of deer use were 
collapsed over the entire pasture. 

Ground cover was determined in fall 1986 and fall 1990, from 28 
permanent, 9.3-m* plots in each treatment area. Plots were located 
on a 7 X 4 equally spaced grid. Ground cover was not measured in 
fall 1985 because of the soil disturbance caused in revegetation. 
Ocular percent cover estimates of bare ground, litter, rock, annual 
plants, and perennial plants were made on each plot. The effects of 
treatment on the change in percent cover data from 1986 to 1990 
for 5 response variables were evaluated separately by analyses of 
variance using blocks as replications. Differences between years 
were calculated as the value of 1990 minus the value in 1986. A 
multivariate analysis was used to evaluate the 5 response variables 
for interaction main effects, and univariate analysis was used to 
test the 5 categories as independent variables. Pairwise compari- 
sons among treatments were made using the Ryan-Einot-Gabriel- 
Welsch multiple range test at a 0.05 significance level (Welsch 
1977). All analyses were performed using PROC GLM in SAS 
(SAS Institute, Inc. 1988). 

Each fall all surviving seedlings were systematically counted by 
furrows within treatment areas to determine seedling density and 
survival. Our interest was in whether the number of seedlings 
followed the same trajectory through time for all treatments, i.e., 
whether a treatment by year interaction existed. We analyzed data 
for big sagebrush and rubber rabbitbrush separately using an 
analysis of variance with repeated measures or as split plots in time 
by PROC GLM in SAS using blocks as replications. Differences 
among treatments between years were evaluated using single- 

degree-of-freedom contrasts. 
Herbage production of all surviving shrubs in each treatment 

area was determined in fall 1990 by weight estimate (Pechanec and 
Pickford 1937). Weight of seed heads and vegetative stems and 
leaves was estimated separately for big sagebrush, whereas entire 
biomass was estimated for rubber rabbitbrush. Weight was con- 
verted to a dry weight basis using separate hand-collected, air- 
dried samples. Seed heads and vegetative weight were summed to 
determine total dry weight for big sagebrush. Data for total dry 
weight of individual plants were evaluated by analysis of variance, 
using blocks as replications. Because the data set was unbalanced 
due to varying numbers of plants in each treatment area, we used 
the GLM procedure in SAS to compute approximate F-tests. 
Comparisons of main effect means were constructed as linear 
contrasts, and tests of significance were computed (Milliken and 
Johnson 1984). 

Results 

Horse and Deer Utilization 
Herbage production was high in 1986 and 1990, but low during 

the middle years as a result of drought (Table 1). Horse grazing 
reduced herbage biomass by 850 kg ha-‘year-’ over 5 years at a 
grazing level of about 50%. 

Table 1. Herbap production and utilization within O.l-ha treatment areas. 
Data are sample meane over alI treatment area grad by horses. 

Number of Production (g mm*) Utilization (%) 
Year horses mean SE’ mean SE 

1986 8 229 81 50 25 
1987 102 67 35 38 
1988 : 150 43 34 22 
1989 5 129 45 71 13 
1990 6 241 80 58 17 
Mean 5 170 50 

‘SE = Standard Error 

The number of pellet-group plots was probably too few to detect 
changes in deer populations. The 5-year mean indicated a use level 
of 56 deerdays/ ha (Table 2). The number of deer counted per 
observation on the pasture during December and January indi- 
cated a similar level of use at 64 deer-days/ ha. Because of its 
limited availability, utilization of big sagebrush remained high all 
years. However, the subspecies of rubber rabbitbrush was low in 
palatability and received little use. 

Ground Cover 
The multivariate analysis revealed no evidence of an overall 

treatment effect (PzO.31). No treatment effect was evident for 
percent cover of rock (P=O.Ol), litter (P=O.25), or perennial plants 
(P=O.16) (Table 3). However, the changes in bare ground between 
years were different among treatments (P<O.Ol) with the control 
different from the horse-delayed, horse-only, and combined treat- 
ments. The changes in annual plant cover between years were also 
different among treatments (P=O.O2), but the control was not 
different from any other treatment. However, the deer-only treat- 
ment was different from the horsedelayed and combined treatments. 

Survival of Seedlings and Browse Production 
The number of surviving shrubs of big sagebrush decreased on 

all treatments between 1985 and 1987, and between 1987 and 1990 
(Table 4). The interaction between treatment and year factors was 
significant (PzO.02). The decline in mean number of surviving 
shrubs between 1985 and 1987 differed by treatment (P=O.OOS), but 
the decline between 1985 and 1987 was not different for any treat- 
ment (P=O.47). Mortality of sagebrush seedlings between 1985 and 
1987 was higher in the combined treatment than in any other 
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Table 2. Pellet groups, counts, and browse use indices of mule deer. 

Year 

1986 
1987 
1988 
1989 
1990 
Mean 

Pellet groups per 
60, i .0-m* plots 

0 
7 
5 
5 
5 
4 

Number of deer counted per observation 
Mean SE’ 

6 5 
13 10 
ii 18 
6 3 
3 2 
8 

Overwinter use 
Big sagebrush Rubber rabbitbrush 

(%) (%) 
50-60 <5 
60-70 5-15 
60-70 5-15 
40-50 <5 
40-50 <5 
50-60 <io 

‘SE = Standard Error 

Table 3. Ground cover in 1986 and in 1990 for grazingtreatments in Cache 
Valley, Utah’. 

Treatment Year 
Bare Plants 

ground Litter Rock Annuals Perennials 

(%I 
Control 1986 26a* ‘7 (%) 

30ab (7) 
1990 8 38 9 40 4 

Delayed 1986 34b 26 ii 28b 2 
Horse 1990 32 30 ii 20 7 

Horse-only 1986 32b 29 10 27ab 1 
1990 33 24 10 25 8 

Deer-only 1986 32ab :: 10 30a 1 
1990 7 4 52 4 

Combined 1986 3ib 25 19 24b 1 
1990 35 24 20 15 6 

Mean 1986 31 26 13 28 1 
1990 23 30 ii 30 6 

1 Data collected from 28 circular 1 .O m2 plots/ replication/ treatment. 
2Within a column, changes in cover between years within a treatment are not different 
from other treatments with the same lower case letter at P<O.OS. 

treatment (P<O. 10); no other significant differences were observed. 
Survival rates for rubber rabbitbrush were high on all treatments 

(Table 4). Treatment and years were not significant (p>O.60), and 
the interaction between treatment and year factors was also not 
significant (P=O.30). 

Table 4. Surviving seedling density and production per piant in the fail 
following estabiishment of big sagebrush and rabbitbrush seedlings in 
spring 1985. 

Treatment 
Seedling density Production 

1985 1987 1990 1990 

Big sagebrush ---------p~ants0.]~~‘-- 
Control 367a’ 305b 
Horsedelayed 428a 353b 
Horse-only 435a 350b 
Deer-only 323a 216b 
Combined 409a 247b 
Mean 392 294 
Rubber rabbitbrush’ 
Control 271 227 
Horse-delayed 319 316 
Horse-only 248 222 
Deer-only 306 318 
Combined 188 167 
Mean 266 250 

_____ - - (g plant-‘) 
288~ 8Obc* 
3i5c 77bc 
337c 146a 
i92c 48~ 
235~ 90b 
273 88 

244 185 
353 268 
230 303 
308 281 
182 259 
263 259 

‘Number of surviving seedlings within a row with a common lower case letter are not 
significant at P<O.OS. 
ZMeans of production within a column and species with a common lower case letter 
are not significant at P<O.O5. 
~NO interaction between treatment and years were detected (P = OX), and neither 
treatment nor year effects were significant (PBO.60). 
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The effect of treatment on forage production of big sagebrush 
(Table 4) was significant (PzO.01). Production of big sagebrush 
was highest for the horse-only treatment, and greater than that for 
the second highest treatment of combined use (PzO.01) and for all 
other treatments. Production for combined use was not different 
from either the control (P~0.56) or the horse-delayed (P=O.44) 
treatments, but was different from the lowest production deer-only 
treatment (P=O.O3). Production on the deer-only treatment was 
lower than production on the control (PzO.08) and horse-delayed 
treatments (P=O. 11). 

No treatment effects (Table 4) on forage production of rubber 
rabbitbrush were found (P=O.60). 

Discussion 

Livestock grazing is often necessary to maintain shrubs on win- 
ter ranges (Price and Brotherson 1987, Reiner and Urness, 1982, 
Smith 1949), can improve big game winter ranges (Jensen et al. 
1972, Riggs and Umess 1989, Smith and Doe11 1968, Urness 1981) 
and can result in increased grazing capacity for both livestock and 
big game (Frisina and Morin 1991). However, the potentially 
beneficial effects of using livestock grazing to shift competitive 
relationships between seeded shrubs and less desirable annual 
grasses on revegetation sites have not been fully elucidated. 

Owens and Norton (1990), in other investigations of the live- 
stock grazing-shrub revegetation interaction, found survival of 
basin big sagebrush (Artemisia tridentata Nutt. spp. tridentata 
Beetle) seedlings was higher under short duration than season-long 
grazing. However, seedling mortality of basin big sagebrush at the 
end of the first growing season did not differ between grazed and 
ungrazed pastures (Owens and Norton 1992). McConville (1986) 
reported that cattle grazing in spring on crested wheatgrass (Agro- 
pyron cristatum L.) pastures enhanced the establishment of trans- 
planted fourwing saltbush (Atriplex canescens Pursh) and ante- 
lope bitterbrush (Purshia tridentata Pursh), but had no effect on 
transplanted mountain big sagebrush (Artemisia tridentata Nutt. 
spp. vaseyana Beetle) or l-year-old seedlings of antelope bitter- 
brush. Monsen and Shaw (1983) reported grazing by cattle on 
seeded antelope bitterbrush reduced survival by 36% over pro- 
tected areas. However, bitterbrush plants were heavily grazed by 
cattle. 

In this study, horse grazing in May and June removed about 50% 
of the herbage biomass. Deer used slightly over half of the forage 
from big sagebrush yearly. At these levels of livestock and big game 
use, which are common on Utah ranges (Austin et al. 1983), the 
effects of horse grazing increased winter browse of big sagebrush 
for deer on revegetated rangeland by apparently shifting the 
growth advantage in favor of big sagebrush. Similar results were 
reported for bitterbrush (Reiner and Urness 1982). However, we 
observed no effect on rubber rabbitbrush in our study. 

This study indicates use by deer and horses of revegetated range- 
lands containing seedlings of big sagebrush less than 3 years old 



may reduce seedling survival. However, our results are inconclu- 
sive on this point. Conversely, when plants reached 4 to 6 years of 
age, use had no effect on survival. 

For decades the number of livestock allowed to graze on many 
federally controlled deer winter ranges in Utah has been substan- 
tially decreased or eliminated, along with a corresponding decrease 
in shrub density and deer carrying capacity (Austin et al. 1986). 
From the viewpoint of deer browsing on winter ranges, our data 
indicate moderate levels of livestock grazing in spring are desirable. 

Our study suggests a simple management plan for revegetated 
areas which have the primary goal of maximizing browse forage 
for wintering big game. Per-plant production of big sagebrush will 
be maximized by horse grazing and deer exclusion under condi- 
tions similar to those in our study. During the first 3 years follow- 
ing planting, deer numbers should be reduced, or the seeded area 
should be protected from winter grazing. Livestock grazing may be 
employed in spring to reduce fire potential and to utilize available 
forage. After 3 years, livestock grazing, preferably with horses 
because of their high preference for grasses (Reiner and Urness 
1982), should be applied yearly during spring to shift the growth 
advantage from understory vegetation to big sagebrush and other 
important browse species. 
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Abstract 

A study was conducted on the effect of the rbizobacterium 
Azospirillum brasilense strain Cd on the production of herbaceous 
swards growing at 2 rangeland habitats in Israel. One habitat was 
the semiarid zone (<300 mm annual rainfall, calcareous soil on 
rocky slopes) while the other was a typical Mediterranean zone 
(-600 mm annual rainfall, karstic rock covered with terra rossa 
soil). The inoculum was applied in water suspension at a concen- 
tration of 10s colony forming units (CFU) ml-l. The effect of 
inoculation was compared with P-fertilizer application at a rate of 
5 g/m2. The same treatments were also applied on potted soil from 
the 2 sites. The semiarid ecosystem showed a strong response to 
Azospirillum inoculation, to P-fertilizer and to the combination of 
these 2 treatments, with aerial biomass production increasing by 
approximately fourfold in the treatments as compared with the 
control. The response to inoculation or P-fertilization was similar, 
with no interaction or additive effect noted for the combined 

* treatment. At the Mediterranean site, the response to inoculation 
or P-fertilization alone was variable, with only a moderate effect 
on biomass production as compared with the control; however, the 
inoculation-fertilization interaction was highly significant and 
doubled biomass production. In the greenhouse experiment, the 
response to inoculation or fertilization was significant and the 
biomass production at the end of the growing season was approx- 
imately 50% higher than in the control. At both sites, standing 
biomass was greater in the treated plots already at early stages of 
growth, thereby potentially lengthening the effective grazing sea- 
son. It is suggested that inoculation with Azospirillum bradense 
on a commercial scale may offer a means of increasing rangeland 
production without resorting to costly and ecologically unfa- 
vorable fertilizer application. 

Key Words: Azospirillum, inoculation, rangeland improvement, 
fertilization 

Enrichment of deficient soils with fertilizers is a well-known, if 
not commonly practiced, range improvement technique. However, 
its interaction with local conditions can give rise to economic 
and/or ecological problems (Wight and Black 1979). This has 
prompted the search for alternative means capable of increasing 
range production without generating negative consequences. 

Nitrogen-fixing bacteria of the genus Azospirillum have been 
suggested as an alternative or supplement to chemical fertilization 
(Baldani et al. 1983, Hegazi et al. 1983, Kapulnik et al. 1981, 
Mertens and Hess 1984, Reynders and Vlassak 1982). The plant 
growth-promoting effects of A. brasilense inoculation have been 
studied mainly with crop plants in field and pot experiments, 
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usually in combination with different levels of N, P, and K fertiliza- 
tion (Sarig et al. 1988, Sumner 1990). The possible effects of 
inoculation with Azospirillum on plant growth can be explained by 
its effect on root development. Inoculation has been shown to 
increase the total root surface under laboratory conditions (Fallik 
et al. 1988, Sumner 1990), thereby increasing potential mineral and 
water uptake by the plants (Lin et al. 1983, Sarig et al. 1988). In 
addition, Azospirillum has been shown to increase nitrogen fixa- 
tion in the rhizosphere, thus enhancing the overall environment 
conducive to plant growth. In many cases, Azospirillum inocula- 
tion promoted growth and crop yield of agronomically important 
forage, grain grasses, and legumes (Okon 1985, Umali-Garcia et al, 
1980, Sumner 1990). The bacteria may also affect plant growth by 
increasing nitrogen uptake in low-nitrogen soils and, more impor- 
tantly, by producing plant growth substances such as indole3- 
acetic acid (IAA) (Barbieri et al. 1986, Fallik et al. 1989). In many 
field experiments it has been demonstrated that Azospirillum 
inoculants do not cause either environmental hazard (Fages, 1992) 
or any health problems in the plants (Okon et al. 1987). 

The work reported here represents one of the first attempts to 
evaluate the effect of Azospirillum inoculation on the productivity 
of natural range vegetation. The response of natural pasture grow- 
ing in 2 different habitats in Israel-semiarid (northern Negev) and 
Mediterranean climate (Mt. Carmel)-to inoculation with Azospi- 
rillum brasilense was compared with the effect of phosphatic fertil- 
izer. The potential of using bacteria inoculation as a technique of 
range improvement is discussed. 

Materials and Methods 

Bacterial strain Azospirillum brasilense Cd (ATCC 29729), iso- 
lated from the roots of Cynodon dactylon, was used in all 
experiments. 

Experimental Sites 
The Lehavim site (LV) is located 15 km north of Be’er Sheva 

(latitude 3 lo 22’N, longitude 34’ WE, elevation 400-450 m above 
sea level) in a semiarid region. The site receives 275 mm average 
annual precipitation and is covered by Rendzina soil (Rendoll) rich 
in loess. This soil, like most soils in the Negev, is considered 
deficient in all major minerals (Noy-Meir and Harpaz 1978). 

The Ramat Hanadiv (RH) site is located at the southern tip of 
Mt. Carmel (latitude 32’ 35’N, longitude 35’ OO’E, elevation 120 
m) in a typically Mediterranean climate. The area receives 550-600 
mm average annual rainfall and the rock-soil complex is composed 
mainly of hard limestone and P-deficient terra rossa (Kaplan 
1989). 

Preliminary observations showed relatively low available phos- 
phate content at the experimental sites-an average of 6 and 13 mg 
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P/kg soil at Ramat Hanadiv and Lehavim, respectively. 
The vegetation of both regions is characterized by shrubs: domi- 

nant species in the Mediterranean region are Sarcopoterium spin- 
ossum (L.) Spach, Pistacia lentiscus, and Calycotome villosa 
(Poiret) Link. In the semiarid region, Sarcopotrium spinosum (L.) 
spach and Coridothymus capitatus (L.) Reichb are predominant. 
These shrubs are generally unpalatable to most livestock. The open 
soil between shrubs is populated by a very diverse community of 
herbaceous vegetation that develops after the first rainfall (Janua- 
ry-February) and withers at the end of spring (end of April-May). 
It is the latter vegetation that is most important as forage for 
livestock, and the experiments were conducted in patches of this 
vegetation. The herbaceous community in Ramat Hanadiv was 
dominated by the species: Avena sterilis, Brachypodium dista- 
chyon, Synelcosciadium carmeli, and Anagallis arvensis. In Leha- 
vim the most common species were: Aegilops sp., Rostraria cris- 
tata, Stipa capensis, Anthemispalestina and Paronychia argenta. 

Field Experiments 
Both sites were located in hilly areas. The experiments were 

initiated in the Mediterranean habitat (RH) in 1989 and continued 
throughout 1990 and 1991. At the semiarid site (LV), experiments 
ran for 2 years: 1990 and 1991. Each experiment consisted of 4 
treatments: 

1. Treatment A: was composed of inoculation with A. brasi- 
Zense, at a concentration of 10s colony forming units (CFU)/ ml in 2 
liters of 34 mM phosphate buffer (pH 6.1) per plot (4 X 4m). The 
inoculum was applied in water suspension spread uniformly over 
the plots by a sprayer. Bacteria application followed the first heavy 
rains (approx. 10 mm rainfall), just before the next storm (usually 
in December). The amount of water added by the bacteria applica- 
tion was negligible (less than 1 mm) as compared with the annual 
rainfall (275 mm). 

2. Treatment P: consisted of fertilization with 85% phosphoric 
acid (O-61-0), containing 61% PzOs (Haifa Chemicals, Israel), 
equivalent to 50 kg P/ha and applied after the first rains. The 
application technique was similar to that described for Treatment 
A. 

3. Treatment A+P: Both inoculation and fertilization (i.e., 
combination of treatments 1 and 2) 

4. Treatment C: Control-that received only 2 liters phospate 
buffer. 

Each treatment was repeated on the same plot in years (3 in RH 
and 2 in LV). 

Preparation of Plots 
The experimental areas were cleared of perennial shrubs and 

16-mr plots were established. To prevent grazing (by wildlife at 
Ramat Hanadiv and sheep at Lehavim), the plots were fenced. 
Herbage yield was measured 4 to 5 times throughout the growing 
season (February-April) by harvesting all herbaceous vegetation 
in 5 quadrats (25X25 cm each) distributed randomly within the 
plot. Plant samples were dried at 80” C in an air-forced oven for 3 
days and subsequently weighed. 

Greenhouse Experiments 
The same 4 treatments were also applied to plants growing in the 

greenhouse. Each treatment group consisted of 24 pots with0.5 kg 
terra rossa soil from the Ramat Hanadiv site, from which plants 
and seeds had been removed. In each pot, 0.2 g of a seed mixture 
collected from the experimental sites was planted. The sown seeds 
(mainly Avena sterilis, Brachypodium distachyon, Synelcoscia- 
dium carmeliand Anagallis arvensis.) were inoculated with 5 ml of 
108 (CFU/mll’ AzospiriNum. The amount of Pa05 added was 
equivalent to 50 kg P/ha. Irrigation was performed as necessary to 

maintain pot moisture throughout the entire growing period. 
Plants from 6 pots of each treatment were harvested and oven- 
dried on 4 different dates. 

Statistical Analysis 
Field results were analyzed using the GLM procedure (Freund 

and Littell 1980). Significance at the = 0.05 was considered indica- 
tive of true differences according to Duncan’s Multiple Range 
Test. 

Results 

The effects of inoculation with Azospirillum on dry matter 
biomass yield in the semiarid ecosystem are presented in Figures 1 
and 2. During the first growing season (January-April 1990), 
pasture production in the inoculated plots was statistically higher 
than that of the control at each sampling date (Fig. 1). At the peak 
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Fig. 1. Effect of inoculation with Azospirillum brasilense Cd on the pro- 
duction of natural pasture in the northern Negev (Lehavim)-1989/90. 
Different letters at each sampling date indicate significant differences at 
p<O.OOS in Duncan’s Multiple Range Test. 

of the growth season (end of April), 1,350 kg dry matter/ ha were 
produced in the inoculated plots, as compared with 340 kg dry 
matter/ ha for the controls (i.e., an increase of about 350%). Inocu- 
lation apparently influenced pasture productivity mainly during 
the latter part of the grazing season (mid-February-end of April). 
The rate of dry matter accumulation in the treated plots was 15 
kg/ ha/ day, as compared with 4.2 kg/ ha/d for the control plots. 
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Fig. 2. Effect of inoculation with Azospirihm brasilense Cd and phos- 
phate fertilization on the production of natural pasture in the northern 
Negev (Lehavim)-1990/91. 
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During the second growing season (1991), phosphate fertiliza- 
tion was added to the experiment. Pasture production was signifi- 
cantly higher in all treatments as compared with the control (Fig. 
2). At the peak of biomass production, the yields of the inoculated 
plots, the fertilized plots, and the plots that had undergone inocula- 
tion + fertilization were 1,650, 1,200, and 1,600 kg dry matter/ ha, 
respectively (Fig. 2), or 295%, 214%, and 286% of the control yield 
(560 dry matter/ ha), respectively. Differences between treated and 
control plots showed up only at the second sampling (end of 
March). The rate of dry matter accumulation during the main 
growing season (beginning of March-end of April) was maintained 
at 29.5, 23.0, 28.3, and 7.3 kg dry matter/ ha/d for the combined 
(A+P) treatment, P-fertilization (P), Azospirihm inoculation (A) 
and the control (C), respectively. 

In the Mediterranean shrubby ecosystem (RH), pasture yields 
from the 4 treatments were not statistically different for the first 
season (1989). The maximum average yield obtained for this year 
was 850 kg dry matter/ ha and the standard deviations were high. 

In the second season (1989/ 1990), throughout most of the 
growth period, the yield for all treatments improved significantly 
as compared with the control (Fig. 3). But at the end of the growing 
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Fig. 3. Effect of inoculation with Azospirillum brasilense Cd and phos- 
phate fertilization on the production of natural pasture in Mt. Carmel 
(Ramat Hanadiv)-1989/90. 

season, the only treatment showing a significant increase over the 
control was that of inoculation + P-fertilization. The decrease in 
the effect observed with the inoculation treatment in May (Fig. 3) is 
explained by damage caused by a selective gazelle grazing after the 
defending fence was left open. 

At the peak of the 1990 growing season (April), dry matter yields 
were 2,150, 2,730, and 3,880, and 1,580 kg/ ha in the inoculation, 
fertilization, inoculation + fertilization, and control treatments, 
respectively (i.e., an increase of 136%, 17370, and 246% in response 
to the treatments). The respective rates of dry matter accumulation 
were 39,25, 15, and 15 kg/ha/d. 

Results of the third year (1991) were similar to those of the 
second (Fig. 4). In late April, dry matter yield in the control plots 
was 1,430 kg/ ha, inoculation - 1,670 kg/ ha, fertilization - 2,250 
kg/ ha, and inoculation + fertilization 3,590 - kg/ ha (117%, 157% 
and 25 1% of the control, respectively). 

The rates of dry matter accumulation from mid-March to late 
April 1991 were 52, 32, 24, and 20 kg/ ha/d for the combined 
treatment, fertilization, inoculation, and control plots, respectively. 

In the greenhouse experiments (Fig. 5), the first and second 
harvests of the control treatment showed statistically lower yields 
than those of the other treatments. By contrast, in the third harvest, 
the inoculation and combined treatments resulted in significantly 
higher yields, as compared with the control and fertilization treat- 
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Fig. 4. Effect of inoculation with Azospirillum brasilense Cd and phos- 
phate fertilization on the production of natural pasture in Mt. Carmel 
(Ramat Hanadiv)-1990/91. 
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Fig. 5. Effect of inoculation with Azospirillum brasilense Cd and phos- 
phate fertilization on the yield of herbaceous vegetation in pots 
(Greenhouse) 

ments. However, just after the end of the growing season (begin- 
ning of May), only the fertilization treatment was statistically 
different from the control, with only slight differences for inocula- 
tion alone and fertilization + inoculation treatments. 

Discussion 

The findings reported in this paper indicate strongly that inocu- 
lation with Azospirillum brasilense bacteria has the potential of 
becoming an applicable range improvement technique under var- 
ious ecological conditions. The effects of Azospirillum inoculation 
and phosphate fertilization on pasture yields varied from one 
experimental site to the next. In the semiarid ecosystem, response 
to inoculation with Azospirillum was very strong for both years. 
The accumulation rate of dry matter was 3.8 times higher than the 
control. At the peak of the growing season (end of April) the effect 
of inoculation was significantly higher than that of fertilization, 
while the yield with the combined treatment did not differ signifi- 
cantly from that of inoculation alone. In other words, inoculating 
the range with Azospirilhm is a feasible alternative to expensive 
fertilization in semiarid habitats. 

Bacterial inoculation + phosphate fertilization yielded 100 kg 
dry matter/ha (minimum biomass for grazing livestock) 4 to 5 
weeks earlier than did the untreated plots in the northern Negev. 
This is economically significant because it allows the farmer to save 
on supplemental fodder used normally throughout the end of 
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autumn and the beginning of winter when there is no pasture 
herbage on the range (Perevolotsky et al. 1991). 

Unlike the experimental plots of the semiarid region, those in 
Ramat Hanadiv had been completely covered with a dense stand of 
perennial shrubs that were removed during the first season (Sep- 
tember 1988). The cleared, newly exposed plots were, most cer- 
tainly, lacking in seeds of herbaceous species, resulting in a low 
herbage yield the following season, and, consequently, no treat- 
ment effect. During the second and third experimental seasons, the 
rate of herbaceous pasture yield accumulation was clearly affected 
by inoculation or fertilization, but the highest significant effects 
were obtained with the combined treatment (2.5 to 2.6-fold 
increase in dry matter accumulation rate over the control), when 
compared with inoculation alone (1 .Zfold) or with fertilization 
alone (1 &fold). 

In the Mediterranean terra rossa soil, the main factor limiting 
herbage production is phosphate, rather than nitrogen or water 
(Henkin et al. 1990). It is assumed that the inoculation + phosphate 
fertilization gave the highest production values due to combined 
effect of elevated soil phosphate levels and increased root surface 
area (due to Azospirillum), resulting in an increase in overall 
phosphate uptake by the plants (Okon 1985). Fertilization alone 
raised, most certainly, the phosphate level in the soil and affected 
growth, but less than the combination treatment. Similar results 
were obtained using inoculation alone at low phosphate levels. 

Generally speaking, results similar to those observed in the field 
were obtained in the greenhouse. Treatments increased biomass 
production significantly as early as the first sampling date, indicat- 
ing that inoculation promotes the growth rates of individual 
plants. In the greenhouse, peak biomass accumulation appeared 
later in the season as compared with the field, due, most certainly, 
to the abundant water supply in the former during the period of 
plant growth. 

The study of pasture improvement using growth-promoting bac- 
teria as inoculant is still nascent. There is not enough information 
on the biological effects of Azospirillum inoculation or on the 
adequacy of its application techniques. It is, therefore, too early to 
provide an economic analysis of this technique or to compare 
fertilization and inoculation efficiencies. Nevertheless, the use of 
Azospirillum inoculation appears to be much cheaper than fertili- 
zation based on a comparison of the cost of its application in 
agricultural crops such as corn, sorghum, and sunflower as com- 
pared with NP fertilization (Okon 1985). Whether the benefits 
suffice to justify inoculation of rangelands is not yet clear and 
requires further investigation, Nonetheless, inoculation has been 
shown to have no hazardous effects on the environment or the 
plants (Fages 1992) making it an ecologically sound alternative to 
fertilization. 
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Abstract 

Gulf cordgrass (Sparfim spartinue [Trin.] Merr.) is a highly 
productive bunchgrass that dominates thousands of hectares of 
marshlands along the Gulf coast. Herbage yield, protein content, 
and carbohydrate reserve patterns were studied for the species for 
18 months on the Welder Wildlife Refuge on the central Texas 
coast. Plots were clipped at l-month intervals at lo- and 20-cm 
stubble heights. Herbage yield and protein content were greater for 
plants clipped at lO-cm stubble height as compared with those 
clipped at 20 cm. Total nonstructural carbohydrate reserve levels 
in both stem bases and roots were also greater in plants clipped at 
the lower stubble height. Lowest carbohydrate reserve levels were 
recorded during periods of active growth. Results suggested that 
gulf cordgrass can withstand monthly removal of herbage to a 
height of 10 cm for a period of at least 18 months without adverse 
effects. The most sensitive periods for herbage removal, based on 
TNC and protein levels, were late summer and early fall. 

Key Words: forage, management, marshlands, protein, Texas 
coast, TNC, total nonstructural carbohydrates, wetlands 

Spartina marshes are common ecosystems along the Atlantic 
and Gulf coasts of the United States (Bertness 1991). Gulf cord- 
grass (Spartina spurtinae [Trin.] Merr.) is a highly productive, 
native, warm-season, perennial bunchgrass that grows on several 
thousand hectares in the Gulf Prairies and Marshes region of 
Texas. Gulf cordgrass dominance in some areas is such that all 
other species are excluded (Oefinger and Scifres 1977). Though 
highly productive, mature gulf cordgrass is coarse and relatively 
unpalatable to grazing animals. Conversely, immature and succu- 
lent regrowth of gulf cordgrass is readily eaten by livestock, and 
removal of coarse stem and leaf material by either burning or 
mowing induces new growth which is more palatable and nutri- 
tious to livestock (Angel1 et al. 1986). 

Intensive grazing management is required to increase the use of 
gulf cordgrass for livestock production while maintaining the 
resource. This type of grazing management would increase the time 
gulf cordgrass remained in an immature growth stage, while still 
maintaining long-term sustained forage production. Knowledge of 
herbage production, protein content, and carbohydrate reserve 
patterns is needed to develop appropriate grazing systems. Since 
this information was not available for gulf cordgrass, this study 
was designed to determine: (1) levels of nonstructural carbohy- 
drates at various stages of growth and (2) effects of clipping at 2 
stubble heights (10 and 20 cm) on herbage yield, protein content, 
and nonstructural carbohydrate levels of this species. 
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Study Area and Methods 

The study area was in a gulf cordgrass community (Drawe et al. 
1978) on the Rob and Bessie Welder Wildlife Foundation Refuge, 
11 km north of Sinton, on the central Texas coast. The soil on the 
site was a saline Aransas clay (Vertic Haplaquoll, fine, montmoril- 
lonitic, hyperthermic). Salinity ranged from 4 to 16 mmhos/cm 
(Guckian and Garcia 1973). Average annual rainfall is approxi- 
mately 89 cm with long, hot summers and short, mild winters 
(Drawe et al. 1978). Extreme fluctuations in annual precipitation 
are common in this area, and precipitation was above average 
during most of this study (Fig. 1). 

A 0.2-ha exclosure was constructed in the gulf cordgrass com- 
munity 1 month prior to the beginning of the study to exclude 
grazing by cattle and deer. Eight 16-m2 plots were randomly 
located in the exclosure with a buffer strip (>l m) between plots. 
There were 3 treatments: (1) clipped to a IO-cm stubble height each 
month, (2) clipped to a 20-cm stubble height each month, and (3) 
unclipped (control). Two of the eight 16-mz plots were randomly 
assigned to the first treatment, 2 were assigned to the second 
treatment, and 4 were assigned to the third treatment. Three l-m2 
subplots were randomly selected each month within each 16-mz 
plot for sampling herbage. Each subplot was clipped to the respec- 
tive stubble height with hand clippers, and the phytomass placed in 
separate paper bags for analysis. 

Roots were sampled by collecting 7.5-cm diameter core sample 
to a depth of 20 cm from 3 randomly selected locations in each 
16-m2 plot. Immediately prior to core sampling, each sample loca- 
tion was clipped to a stubble height of 5 cm. A 25-cm core sample 
was collected for each subplot. Cores included the S-cm crown 
(stem base) zone and 20 cm below the soil surface. Samples were 
washed over a screen upon removal from the core sampler to 
remove attached soil, put in plastic bags, and placed on ice in the 
field. These samples were placed in a freezer upon return to the 
laboratory. After herbage and root sampling were completed, the 
entire 16-m* treatment plot was clipped to the respective stubble 
height and the clipped material removed. Control plots remained 
unclipped throughout the study except for portions used to collect 
material for chemical analyses. 

Herbage was dried at 41’ C for 48 hours and weighed. The 3 
samples from each plot were then composited (3 subsamples per 
replicate) and ground to pass through a 40-mesh screen. This 
sample was then analyzed for total nitrogen (N) content by the 
micro-Kjeldahl method as modified by Hertel(l975). Crude pro- 
tein was calculated by multiplying N content by 6.25 and reported 
on a dry-matter basis. Samples for carbohydrate analysis were 
dried at 70° C for 36 hours, separated as to basal stems (O-5 cm 
above soil surface) or roots (O-20 cm below soil surface), and 
ground separately to pass through a 40-mesh screen. Total non- 
structural carbohydrate (TNC) determinations utilized a diastase 
enzyme solution to hydrolyze starch and disaccharides to mono- 
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Fig. 1. Monthly precipitation (cm) during the study period compared with 30-year monthly precipitation means (cm) on the Welder Wildlife Refuge. 

mers (Smith 1969). Reducing power was measured by the Shaeffer- 
Somogyi copperiodemetric titration method (Smith 1969). Total 
nonstructural carbohydrate determinations were reported as per- 
centages on a dry matter basis using a glucose standard. 

To adjust herbage yield for differences in number of days within 
a growth period, the monthly yield value for each plot was divided 
by the number of days since the last clipping to arrive at an average 
daily yield value. Treatment effects on average daily yield, protein 
concentration, herbage TNC, and root TNC were analyzed by 
using ANOVA (randomized complete block design) to test for 
significant differences (P<O.OS). Tukey’s test was used to deter- 
mine significant differences (P<O.OS) among means. 

Results and Discussion 

Herbage Yield 
Average daily herbage yield increased during spring and decreased 

during summer, fall, and mid-winter, except for a period of 
increased productivity during September (Fig. 2A). Summers in 
South Texas are typically hot and dry with the upper profiles of 
cordgrassdominated wet soils often drying out during July and 
August. September is typically a rainy month, the result of tropical 
storms and the first cool fronts of the season. Gulf cordgrass 
productivity was lowest from December to February, the coldest 
season in South Texas. Average herbage yield of this cordgrass 
community averaged approximately 1.6 g me2 dm2 (Fig. 2A). This 
rate is comparable to those reported for other salt marsh-5”urrina 
communities (Odum 1971, Whittaker 1975, Bertness 1991) and 
flood-plain sacaton grasslands (Haferkamp 1982, Cox 1985), and 
is approximately 7% of the extremely productive Echinochloa 
communities of the Amazon floodplain (Piedade et al. 1991). 

Herbage growth on plots clipped to 10 cm was greater (overall 
mean of 1.51 g mm2 d-l) than on plots clipped to 20 cm (overall mean 
of 0.94 g me2 de’, Fig. 2A). This was expected since foliage density 
increases greatly near the crown in bunchgrasses such as gulf 
cordgrass. Although clipping height affected herbage yield (P<O.O I), 
it did not affect the pattern of herbage yield except for 1 sampling 
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period (May 78). 

Protein Content 
Crude protein content of gulf cordgrass herbage varied between 

8% and 10% throughout most of the year, with a sharp decline 
during dry summers months (Fig. 2B). In southern Arizona, Cox 
(1985) reported a similar decrease in N content of big sacaton 
(Sporobolus wrightii Munro) during summer, which was the 
period of highest herbage production. However, unlike in Arizona, 
summer in our study was a period of low productivity. Low protein 
content in our study may have been the result of decreased availa- 
bility of N to the plant because of low soil moisture. The plant 
tissue analyzed for protein content was not old growth material left 
from early spring growth, but was new growth from the period 
since the last clipping because the entire 16-mr treatment plots were 
clipped at the end of each monthly sampling period. Therefore the 
low protein content may have been caused by lower N availability 
during tissue growth and not maturity level of the herbage as 
reported for big sacaton in South Texas during the same period 
(Haferkamp 1982). High protein values for winter months proba- 
bly resulted from greater N availability during periods of limited 
growth. Soil moisture was abundant during fall and winter, and 
soil N levels should have been relatively high as a result of decom- 
position and mineralization (Sharrow and Wright 1977, Cox 1985) 
and nutrient transport onto the site in surface runoff from fall rains 
(Cox 1985). Such conditions would result in high availability of N 
and, with the low to medium herbage yield values caused by cool 
weather, relatively low levels of tissue carbon (C). Hence, a low 
C:N ratio and high crude protein content was expected. 

Crude protein content was not significantly (mO.05) affected 
by clipping height early in the study, but was higher in plants 
clipped to 10 cm than in plants clipped to 20 cm during 6 of the last 
8 months (Fig. 2B). This may also have been caused by low tissue 
production during a period of abundant soil N. Herbage yield 
during the dry summer was higher for plants clipped at the IO-cm 
clipping intensity than for plants clipped at 20 cm. Increased 
herbage production has been correlated with increased root pro- 
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Fig. 2. Growth rate (g me2 d-t dry-weight herbage biomass) (A) and crude protein concentration (%, dry-weight basis) (h) of gulf cordgrass clipped 

monthly at lo- and 20-cm stubble heights on the Welder Wildlife Refuge. Bars indicate 95% confidence intervals of the means. 

duction in a number of species (Painter and Detling 1981, Richards decrease in TNC content during late summer or early fall which 
1984, Wan and Sosebee 1990, Redente et al. 1992). If increased corresponded to the period of fall regrowth. A similar decrease in 
aboveground production for plants clipped at the IO-cm intensity TNC reserves following growth initiation after quiescence or dor- 
also resulted in increased belowground production in our study, mancy has been reported for other grass species (Daer and Willard 
the more extensive root systems may have given the more inten- 1981, Menke and Trlica 1981, Stout et al. 1983, Krueger and 
sively clipped plants greater access to moisture and N supplies Bedunah 1988, Orodho and Trlica 1990). Overall, clipping to either 
(Gleeson and Tilman 1990, Wedin and Tilman 1990). Roots of IO- or 20-cm heights resulted in decreased (P<O.O5) mean TNC 
clipped plants may also be more efficient in N uptake than roots of concentration in stem bases compared with unclipped plots. There 
unclipped plants (Polley and Detling 1989). were no differences among plants clipped at either the lo- or 20-cm 

stubble height. A similar relationship between crown TNC and 
Stem Carbohydrate Reserves clipping intensity has been reported for tall fescue (Festuca arun- 

Total nonstructural carbohydrate content in stem bases of gulf dinacea Schreb.) (Bahrani et al. 1983) and Indian ricegrass (Ory- 
cordgrass on unclipped plots varied from 4.4 to 8.270, with most zopsis hymenoides Roem. & Schult.) (Orodho and Trlica 1990). 
values between 6.5 and 7.3% (Fig. 3). There was a pronounced 

18 JOURNAL OF RANGE MANAGEMENT 47(i), January 1994 



2 

1 
1 ’ ’ I I I I I I I I I I I I I I I I 

ASONDJFMAMJJASOND-i 

1977 1979 

Clipped to 20 cm Clipped to 10 cm Control 
Q _____A_____ 
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Stems 

The greatest differences in TNC content between clipped and 
unclipped gulf cordgrass plants occurred at the beginning and end 
of the study (Fig. 3). Initial clipping resulted in a decrease in TNC 
content of stem bases for 3 months. Although these plants con- 
tinued to be clipped at monthly intervals, TNC content increased 
to approximate unclipped levels within 3 to 6 months and 
remained near unclipped levels until the final 2 months of the 
study. These results indicated that clipping gulf cordgrass resulted 
in a rapid decrease in stem TNC immediately following clipping. 
Decreased stem base TNC may have resulted from utilization of 
reserves to initiate regrowth or maintain roots. A new equilibrium 
was reached after 3-6 months and TNC reserve levels returned to 
near unclipped plant levels. However, after 12-14 months of 
monthly clipping to 10 cm, TNC levels again decreased as com- 
pared with unclipped plants. This may be an indication of accumu- 
lated stress within plants clipped at this frequency and intensity. 
Menke and Trlica (1983) also reported that multiple defoliations of 
resistant species eventually caused reductions in TNC storage. 

Root Carbohydrate Reserves 
Total nonstructural carbohydrate levels of gulf cordgrass roots 

were lower than those for basal stems. The TNC levels of unclipped 
plants decreased during periods of high herbage production and 

increased during periods of low herbage production (Fig. 4). This 
pattern would be expected if stored TNC were utilized to initiate 
production of new herbage (Krueger and Bedunah 1988, Orodho 
and Trlica 1990, Wan and Sosebee 1990, Dyer et al. 1991) or roots 
(Wilson 1984). Once the production rate of new growth decreased, 
TNC supplies were replenished from surplus photosynthates from 
mature leaves (Steele et al. 1984, Harrington 1989). 

Clipping reduced (P<O.O5) average root TNC content, although 
there were no differences (Z-PO.05) among plants from the 2 clip- 
ping height treatments. Root TNC content of clipped gulf cord- 
grass plants, like basal stem TNC content, was lower than control 
plant levels during the initial 3 to 6 months of the study, then 
approached the unclipped levels thereafter. Similarly, Krueger and 
Bedunah (1988) found that rhizome TNC levels in pinegrass 
(Calamagrostis rubescens Buckl.) were reduced by clipping for 2 to 
4 weeks and, in general, there was no difference among plants from 
5- and lo-cm clipping heights. Unlike stem TNC content, root 
TNC content of gulf cordgrass remained near the levels of 
unclipped plants late in our study. 

Management Implications 

These results indicated that gulf cordgrass could withstand 
monthly herbage removal to a height of 10 cm for 18 months under 
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Fig. 4. Total nonstructural carbohydrate concentration (%) in roots (O-ZO-cm depth) of gulf cordgrass plants clipped monthly at lo- and 20-cm stubble 
heights on the Welder Wildlife Refuge. 

the above-average rainfall conditions that occurred during this 
study. Clipping to a 20-cm height resulted in lower herbage yield 
and crude protein content than clipping at 10 cm, and did not result 
in higher TNC levels. Most sensitive periods for herbage removal, 
based on TNC levels, were late summer and early fall when plants 
were in a period of regrowth following drought dormancy. Total 
nonstructural carbohydrate storage levels were low and leaf N 
content was high, so plants might be stressed by herbage removal 
during these periods. 

Currently, there is disagreement among researchers as to the 
importance of TNC reserves in the process of recovery from defoli- 
ation. Richards and Caldwell (1985) found that differences in 
regrowth in Agropyron desertorum (Fisch.) Schult. and A. spica- 
turn Scribn. & Smith following defoliation were not correlated 
with TNC concentrations. Instead, they found that the majority of 
carbon used in regrowth comes from current photosynthate pro- 
duction rather than from stored carbon reserves, although this 
varied somewhat by species (Richards and Caldwell 1985:918). 
Busso et al. (1990) supported these conclusions relative to these 2 
cool-season grasses, except following drought-induced stress. 
Other researchers (Chung and Trlica 1980, Daer and Willard 198 1, 
Menke and Trlica 1981, Bahrani et al. 1983, Stout et al. 1983, 
Krueger and Bedunah 1988, Orodho and Trlica 1990, Wan and 
Sosebee 1990) suggest that TNC reserves are important during the 

regrowth process, at least initially. Our results indicated that initia- 
tion of regrowth following defoliation and level of TNC reserves in 
gulf cordgrass were related. We do not suggest that all the photo- 
synthates utilized in regrowth come from stored reserves, nor do 
we attempt to identify the immediate source of these photosyn- 
thates. Rather, our purpose was to use TNC levels as an indicator 
of stress dynamics in the plant (Daer and Willard 198 1, Menke and 
Trlica 1983, Kalmbacher et al. 1983, Wan and Sosebee 1990). The 
decrease in TNC reserves immediately following defoliation and 
the low levels for 3 months afterward suggest that the plants were 
stressed (not necessarily detrimentally). The fact that TNC reserves 
eventually returned to unclipped plant levels suggests an end to the 
stress period, as a surplus of photosynthates was probably avail- 
able for storage. 

Gulf cordgrass has high forage and protein production potential 
for use when grazing animals are normally under nutritional stress 
and when utilized in a flexible rotation grazing program. The study 
community produced 5,270 kg ha-’ of dry-weight phytomass and 
421 kg ha-’ of crude protein per year when clipped monthly to a 
IO-cm height, compared with 5,430 kg ha-’ of phytomass and 222 
kg ha-’ of crude protein on unclipped plots. 

We present a possible grazing management regime for gulf cord- 
grass based on results from this study and previous studies. 
Although this provisional regime is based on experimental results, 
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some speculative aspects remain that have not been subjected to 
experimentation. Therefore some uncertainty will be associated 
with the regime until these aspects have been adequately tested. 

Fire can be used to remove old growth and stimulate production 
of new growth in late summer or early fall, depending on moisture 
conditions. Burning should be timed to occur as closely as possible 
to the period between summer drought and fall rains, but soil 
moisture should be adequate following burning to ensure that the 
plants are not under moisture stress, and should take place before 
fall regrowth has progressed significantly. Grazing should be 
deferred for 45-90 days following burning to allow TNC levels to 
be replenished. This should allow for a standing crop (IO-cm 
stubble height) of l,SOO-2,000 kg ha-’ of 8.5-9.0s crude protein 
forage by November when other native warm-season species begin 
to go dormant. Grazi%g intensity should be such that stubble 
height is maintained between 10 and 20 cm, and grazing could 
continue through March. Calving season on most Texas coastal 
ranches is generally December through March. During this period, 
gulf cordgrass would contribute an additional 500-l ,000 kg ha-’ of 
9.1-9.670 crude protein herbage. Angel1 et al. (1986) found that 
forage consumed by cattle during winter and early spring on fall- 
burned gulf cordgrass pastures contained 43% higher crude protein 
and was 8% more digestible than forage consumed on unburned 
gulf cordgrass pastures. In April, livestock should be moved off the 
gulf cordgrass to allow it to replenish TNC levels during spring and 
summer. 

The grazing regime of gulf cordgrass should also provide addi- 
tional range benefits. Other native pastures could be deferred 
during early spring, allowing cool-season species to mature and 
warm-season species to begin spring growth without the heavy 
grazing pressure associated with traditional grazing programs. 
February and March are months when grazing of poisonous plants 
by cattle is most serious in the region, the result of animals seeking 
early green forage. Poisonous plants are not a problem on cord- 
grass sites, and are seldom a serious problem in the region after 
early spring. Cordgrass communities are also used by white-tailed 
deer (Odocoileus virginianus Bod.) for fawning and bedding 
grounds. Fawning generally begins in early May and continues 
through mid July, with fawns relatively sedentary through June. 
Burning in late summer or early fall, rather than the traditional 
February burning, and minimal use by livestock during late spring 
and summer, should increase the value of gulf cordgrass communi- 
ties as wildlife habitat. 
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Abstract 

Management of switchgrass (P&cum virgatum L.) for both 
forage and seed would improve the diversity of options livestock 
producers have for their stands. Our objective was to evaluate how 
timing of the forage harvest and N applications can be used to 
manage switchgrass for both forage and seed from the same stand. 
Switchgrass forage was harvested in late May (prior to stem elon- 
gation) or mid-June (early boot stage) or left uncut and treated 
with either a single application of 88 kg N ha-t in the spring or 
4-weeks after green-up, or split applications of 44 kg N ham1 in the 
spring and 44 kg N ha-l following defoliation. The late May harvest 
gave lower yields of higher quality forage whereas the mid-June 
harvest produced greater yields of lower quality forage. Both the 
late May and mid-June harvest increased total tiller density com- 
pared to uncut plots, but a mid-June harvest decreased reproduc- 
tive tiller density. Application of N following defoliation increased 
both total tiller density and reproductive tiller density but the 
response was small with a mid-June harvest. A mid-June harvest 
reduced both seed yield and loo-seed weights all 3 years. A late 
May harvest reduced same-year seed yields and 100-seed weights in 
1991 only, when the harvest was taken after stem elongation had 
initiated. Application of N following defoliition stimulated plant 
regrowth, enhancing same-year seed yield. Harvesting switchgrass 
for forage in the spring prior to stem elongation followed by a 
post-harvest N application of 44 kg N ha-’ allows producers to 
manage switchgrass for both forage and seed. 

Key Words: Punicum virgatum L., warm-season grasses, nitrogen 
fertilization, tillering, seed quality 

Cool-season grasses such as tall fescue (Festucu arundinaceu 
Schreb.) can be managed for both forage and seed from the same 
stand (Kroth et al. 1977). However, with the exception of old world 
bluestems (Borhriochloa spp.) (Ahring et al. 1978), limited research 
has been done on management of warm-season grasses for both 
forage and seed. 

Forage utilization requires a period of defoliation. If the apical 
meristem is removed during defoliation, both forage regrowth and 
the quantity and quality of subsequent seed production may be 
reduced. However, Beaty and Powell (1976) heavily utilized 
switchgrass (Punicum virgatum L.) early in the season in Georgia 
and maintained plant vigor if the growing point was not removed 
and regrowth allowed to accumulate. In Iowa, early and mid-June 
defoliation of switchgrass resulted in harvesting high quality for- 
age early in the summer and shifting the major portion of forage 
production to later in the growing season (George and Obermann 
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1989). The greatest regrowth occurred with an early June defolia- 
tion because the plants were still vegetative at the time of harvest. 
This allowed continued growth from existing apical meristems 
rather than from new shoots. In Colorado, mowing switchgrass 
early in the spring did not affect seedhead production, but mowing 
later in the spring progressively reduced the density of seedheads 
(Sims et al. 1971). Mowing after initiation of stem elongation 
removed the growing point and stopped shoot growth from elon- 
gating tillers, but stimulated production of new tillers from axillary 
buds. 

Switchgrass forage yield, quality, and seed production can be 
improved with application of nitrogen (N) (Harlan and Kneebone 
1953, Hall et al. 1982). Nitrogen fertilization increased tiller density 
(George and Reigh 1987) and stimulated stem development of 
switchgrass in Iowa (George and Obermann 1989). Split N applica- 
tions with a portion of the N applied in the spring and a second 
application at the boot stage increased seed yields over that 
achieved with a single, large spring N application for both switch- 
grass in Oklahoma (Harlan and Kneebone 1953) and side-oats 
grama [Boutelouu curtipendulu (Michx. Torr.] in Nebraska (Smika 
and Newell 1965). Split N applications in which a portion of the N 
is applied after cutting may stimulate switchgrass recovery follow- 
ing defoliation and same-year seed production. Our objective was 
to evaluate timing of the forage harvest and N applications to 
manage switchgrass for both forage and seed from the same stand. 

Materials and Methods 

A pure stand of ‘Blackwell’ switchgrass was established in 1983 
at the University of Missouri Agronomy Research Center in Boone 
County, 18 km southeast of Columbia, MO. Following establish- 
ment, the stand was burned annually in mid-April prior to green- 
up. Soil tests of the Mexico silt loam (fine, montmorillonitic, mesic 
Udollic Ochraqualf) taken in 1989 indicated that phosphorus (P) 
levels were adequate (55 kg ha-’ Bray 1 P) but potassium (K) was 
low (277 kg ha-‘). Fifty-live kg K ha-’ was applied to meet Univer- 
sity of Missouri soil fertility recommendations for warm-season 
grasses (Buchholz 1986). Growing season precipitation was record- 
ed for 1989-1991 at the Agronomy Research Center (Table 1). 

In 1989 the switchgrass stand was divided into twelve 2.7 X 27.4 
m whole-plots and randomly assigned 1 of 3 forage harvest treat- 
ments consisting of a late May forage harvest prior to stem elonga- 
tion, mid-June forage harvest at early boot stage, or no forage 
harvest, and replicated 4 times. The late May harvests were on 1 
May 1989,29 May 1990, and 28 May 1991. The mid-June harvests 
were on 14 June in 1989 and 13 June in both 1990 and 1991. The 
switchgrass stand greened up early in 1991, due to a mild winter 
and warm spring causing the late May harvest to be taken after 
initiation of stem elongation when the first node was palpable. 

The whole-plots were divided into five 2.7 X 5.5 m subplots and 
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Table 1. Growing season precipitation at the Agronomy Research Center 
from April through September for 1989-1991 and 30-year average. 

Month 
YCW 30-Year 

1989 1990 1991 average 

April __;9_-_____;_,__(cm)__lo;----------- 9.1 
May 13:3 28:0 14:5 11.4 
June 11.1 21.7 4.7 9.6 
July 14.2 26.7 7.1 8.8 
August 19.9 9.7 11.2 7.3 
September 3.6 5.2 21.0 9.4 
Total 67.0 98.4 68.6 55.6 

randomly assigned 1 of 5 N treatments. The N treatments were: (1) 
88 kgN ha-’ at green-up (i.e. the emerging leaves were 2.5-cm long); 
(2) 88 kg N ha-’ at 4 weeks after green-up; (3) 44 kg N ha-’ at 
green-up and 44 kg N ha-’ at 4 weeks after green-up; (4) 44 kg N 
ha-’ at green-up and 44 kg N ha-’ after the forage harvest; and (5) 44 
kg N ha-’ at 4 weeks after green-up and 44 kg N ha-’ after the forage 
harvest. Ammonium nitrate (34-O-O) was the N source. 

Forage Yield and Quality 
Forage was harvested from a 0.9 X4.6-m strip in each subplot at 

a 15-cm cutting height and weighed in the field. A subsample was 
collected from each plot, dried at 65” C for 48 hours in a forced-air 
oven, and weighed to determine percentage dry matter. Dried 
samples were ground to pass a l-mm screen and analyzed for dry 
matter digestibility using near infrared reflectance spectroscopy 
(NIRS). One-third of the samples were digested in a cellulase 
solution following an acid-pepsin pretreatment (Bughrara and 
Sleper 1986, Bughrara et al. 1992) to develop appropriate NIRS 
calibration equations (Brown and Moore 1987). Samples collected 
in 1990 and 1991 were analyzed for Kjeldahl-N (Bremner and 
Mulvaney 1982) and reported as crude protein (N X 6.25). 

Tiller Density and Seed Harvest 
Vegetative and reproductive tillers were counted and seed har- 

vested in September when seed from the top of the panicle had 
begun to shatter and seed from lower panicle branches were hard 
and brown. In 1989, a single l-m2 quadrat was randomly located in 
each subplot, and all reproductive tillers in the frame hand har- 
vested. In 1990 and 1991, two 0.25-rn2 quadrants were randomly 
located in each subplot and the hand harvested material separated 
into reproductive and vegetative tillers. Seed yield (total caryopsis 
weight) was obtained by threshing the panicles by hand on a 
rub-board and separating the seed from the residue with an air 
column seed blower. Seed quality was estimated by weighing 2 
subsamples of 100 caryopses from each subplot. Percentage purity 
was determined using Association of Official Seed Analysts speci- 
fications (AOSA 1978). 

Statistical Analysis 
Data were analyzed with analysis of variance using a split-plot 

design with harvest treatments as the whole plot and N treatments 
as the subplot. Harvest effects on reproductive and total tiller 
density, seed yield, and loo-seed weight were analyzed using 
orthogonal contrasts to compare the 2 forage-harvest treatments 
to the no-harvest treatment, and the late May to mid-June forage 
harvests. Significant differences between the N treatments were 
compared using the least significant difference (lsd) test at the 0.05 
significance level. Year effects were treated as repeated measures in 
time, and partitioning of the sums of squares and appropriate error 
terms follow Steel and Torrie (1980). 

Results and Discussion 

Forage Yield and Quality 
Forage yields increased each year (P<O.Ol) for both the late 

May and mid-June harvests (Table 2). The forage yield increase 
was not associated with yearly precipitation differences since May 
precipitation was adequate all 3 years. Further, 1991 had the lowest 
June precipitation all 3 years (Table l), yet the highest forage 
yields. This suggests the switchgrass stand thickened with time 
during the period of the study. The harvest-by-year and N by year 
interactions were not significant for forage yields. 

The greatest forage yields for both late May and mid-June 
harvests were obtained with a single application of 88 kg N ha-’ at 
green-up or split application of 44 kg N ha-’ at green-up and 44 kg 
N ha-’ 4-weeks later (Table 2). The forage harvest by N treatment 
interaction was not significant any year. 

Forage harvested in late May was 7-8% more digestible than 
forage harvested in mid-June all 3 years (Table 2). Forage digesti- 
bility was lower in 199 1 compared to 1989 and 1990 (P<O.Ol) for 
both the late May and mid-June harvests (Table 2). However, year 
by forage harvest and year by N treatment interactions were not 
significant for forage digestibility. 

In 1989 and 1990, the N treatments interacted with the forage 
harvests to increase forage digestibility (Table 2). With the late 
May harvest application of 88 kg N ha-’ at green-up and 44 kg N 
ha-’ at green-up or 44 kg N ha-’ 4 weeks later produced the highest 
digestibility. This suggests spring N applications can stimulate a 
flush of new growth which enhanced overall digestibility of the 
stand. Spring N applications increased leaf yields and in vitro dry 
matter digestibility in switchgrass, big bluestem (Andropogonger- 
ardii Vitman), and indiangrass [ Sorghustrum nutans (L.) Nash] in 
Nebraska (Perry and Baltensperger 1979). The lowest digestibility 
occurred when the N application was delayed until 4 weeks after 
green-up. However, with the mid-June harvest, the highest digesti- 
bility occurred when 88 kg N ha-’ was applied 4 weeks after 
green-up. The lowest digestibility occurred when 44 kg N ha-’ was 
applied at green-up and 44 kg N ha-’ applied after harvest. 

Crude protein concentrations responded to the harvest treat- 
ments, N treatments and year effects (P<O.Ol), but there were no 
significant interactions (Table 2). Crude protein was lower (P<O.O5) 
in 1991 compared to 1990 (Table 2), similar to the lower forage 
digestibility in 199 1. The warm spring and earlier green-up in 199 1 
caused plants to be more mature at harvest, resulting in lower 
crude protein and digestibility in 1991. Forage harvested in late 
May was higher in crude protein compared to mid-June. 

Timing of the N application affected crude protein concentra- 
tions. With the late May harvest application of 88 kg N ha-’ at 
green-up or 44 kg N ha-’ at green-up and 44 kg N ha-’ 4 weeks later 
produced the highest crude protein concentrations. With the mid- 
June harvest, application of 88 kg N ha-’ at 4 weeks after green-up 
or 44 kg N ha-’ at green-up and 44 kg N ha-’ at 4 weeks after 
green-up produced the highest protein concentrations. 

Total and Reproductive Tiller Densities 
Total tiller density increased 24-5790 in response to taking a 

forage harvest in both 1990 (P<O.O5) and 1991 (P<O.Ol) (Table 3). 
In 1990, the mid-June harvest produced the greatest total tiller 
density. In 1991, the late May harvest produced the greatest total 
tiller density, causing a harvest treatment by year interaction 
(P<O.Ol). In 1990, the late May harvest was taken when switch- 
grass was still vegetative. In 1991, switchgrass had already initiated 
stem elongation, and the first node was palpable on many tillers 
during the late May harvest. Increased tillering in 1991 following 
the late May harvest was due to the more advanced development of 
the plants at harvest. 

Regrowth from switchgrass harvested in late May came primar- 
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Table 2. Switchgrass dry matter yields, digestibility end protein concentrations from I late May or mid-June harvest during 1989-1991 et the Agronomy 
Research Center. 

N-treatmentst 
kg N ha-’ Mav 

1989 
June Mav 

1990 
June Mav 

1991 
June 

88 GU 
88 GU+4 weeks 
44 GU, 44 + 4 weeks 
44 GU, 44 harv. 
44 GU+4 weeks, 44 harv. 
Harvest means 

P>F (Isd) 

___________________________________Drymatteryields(kgha~‘)-_______________________ 

1670 4460 1660 4310 2360 5170 
1000 3480 1240 3650 1820 4240 
1290 4130 1700 4430 2150 4860 
1040 3290 1550 3700 2060 3900 
960 3590 1140 3290 1830 3960 

1200 3870 1460 3880 2040 4430 

Forage harvests 
N treatments 
Harvest X N 

88 GU 
88 GU+4 weeks 
44 GU, 44 + 4 weeks 
44 GU, 44 harv. 
44 GU+4 weeks, 44 harv. 
Harvest means 

P>F (lsd) 

0.01 (400) 0.01 (500) 0.01 (950) 
0.05 (640) 0.01 (490) 0.01 (550) 
NS NS NS 

_-_~___~____________~~~~~~~~~~~~__~~ Digestibility(%)---------- ________ _______- 
55.8 48.3 57.3 47.8 50.7 43.0 
54.4 49.6 56.2 50.2 49.8 44.2 
56.2 48.6 56.8 48.0 50.5 42.8 
55.4 47.3 56.8 47.7 50.3 42.5 
54.7 48.4 54.1 48.5 49.8 44.2 
55.3 48.4 56.2 48.4 50.2 43.3 

Forage harvests 0.01 (0.5) 0.01 (0.9) 0.01 (0.7) 
N treatments NS NS 
Harvest X N 0.01 (1.5) 0% (2.6) NS 

---~----~~---~~-~~~_~~~~~_----~~-~~__--~~~r~te~n(~)------------------~~~-~~~_~~~_ 
88 GU -- 14.8 10.4 ii.5 7.4 
88 GU+4 weeks -- - 13.8 12.3 10.5 8.2 
44GU,44+4weeks -- - 14.8 11.7 il.3 8.0 
44 GU, 44 harv. -- -- 12.8 9.1 9.3 5.9 
44 GU+4 weeks, 44 harv. -- - 13.4 10.4 10.4 7.9 
Harvest means 13.9 10.8 10.6 7.5 

P>F (isd) 

Forage harvests 0.01 (1.2) 0.01 (0.5) 
N treatments 0.01 (1.2) 0.01 (1.0) 
Harvest X N NS NS 

‘Time of N application was varied. GU=green up; GU+4 weeks=4 weeks after green up; harv.=harvest. 

ily from apical meristems not removed in the harvest, with only a 
small proportion (< 10%) of regrowth arising from basal buds on 
the crown. In contrast, regrowth from plants harvested in mid- 
June came from new tillers arising from basal buds on the crown 
and from aerial tillers produced by axillary buds at the uppermost 
undefoliated node of previously elongating tillers (Heidemann and 
Van Riper 1967). Aerial tillers are the least productive of new tillers 
(Waller et al. 1985), and we noted that few of these tillers produced 
an inflorescence. 

The N treatments did not affect total tiller density in the absence 
of a forage harvest. However, when N was applied shortly before or 
after the forage harvest, it increased total tiller densities, causing a 
significant forage harvest by N treatment interaction in 1991 
(Table 3). George and Reigh (1987) reported spring N applications 
increased switchgrass tiller density, which they attributed to 
increased shoot initiation, meristem survival and tiller develop- 
ment. The results from our study suggest that N application may 
also increase tiller density if applied immediately following defoli- 
ation. 

Reproductive tiller densities changed in response to taking a 
forage harvest, but the effect varied between 1990 and 1991 result- 
ing in a harvest-treatment-by-year-interaction (P<O.O5) (Table 3). 
A mid-June harvest reduced reproductive tiller density by 28% in 
1990 and 53% in 199 1 (Table 3). A late May forage harvest did not 
affect reproductive tiller density in 1990, but caused a 19% reduc- 

tion in 1991 (Table 3). 
The different response in reproductive tiller density to the late 

May harvest in 1990 and 1991 was due to the different phenological 
stage of development of the grass at the time of harvest. In 1990 the 
late May harvest was taken prior to stem elongation. However, in 
1991, some switchgrass tillers had initiated stem elongation and the 
first node was palpable by the time the harvest was taken. Switch- 
grass is characterized by a high proportion of reproductive shoots 
that elevate early in the season (Waller et al. 1985). In Colorado, 
mowing switchgrass early in the spring did not affect seedhead 
production, but mowing after plants initiated stem elongation 
removed the growing point and stopped shoot growth from elon- 
gating tillers (Sims et al. 1971). The growing point was removed 
from elongating tillers in 1991 due to the more advanced develop- 
ment of the stand, causing a greater reduction in the density of 
reproductive tillers in 199 1. 

The N treatments did not affect reproductive tiller density in 
1990, but there was a harvest-treatment by-N-treatment interac- 
tion (P<O.O5) for reproductive tiller density in 1991 (Table 3). 
With the late May harvest the greatest reproductive tiller density 
occurred when 88 kg N ha-’ was applied 4 weeks after green-up. 
This resulted in N being applied about the time plants were defol- 
iated. With the mid-June harvest the greatest reproductive tiller 
density occurred when 44 kg N ha-’ was applied in the spring and 44 
kgN ha-’ applied afterthe forage harvest. This suggests that N applica- 
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Table 3. Reproductive end total tiller density of switchgrass harvested for forage in late May, mid-June, or not harvested end counted in September of 
1990 end 1991 at the Agronomy Research Center. 

N-treatments’ 1990 1991 

kg N ha-’ late May mid-June No harvest late May mid-June Harvest 

_____________________------------- T~taltill~~den~ity(m~2)-----------_-_----___-~- 

88 GU 540 530 370 570 420 430 
88 GU+4 weeks 540 630 320 750 550 430 
44 GU, 44 + 4 weeks 350 500 350 590 640 370 
44 GU, 44 harv. 420 630 390 600 630 410 
44 GU+4 weeks, 44 harv. 420 630 430 630 690 370 
Harvest means 450 580 370 630 590 400 

P>F (lsd) 
Harvest vs no harvest 0.05 0.01 
May vs mid-June harvest NS NS 
N-treatments NS NS 
Harvest X N NS 0.05 (200) 

________________________-_____ Reproductivetille~den~ity(m~2)-_____--____________ 

88 GU 330 160 280 170 90 340 
88 GU+4 weeks 370 210 250 310 130 340 
44 GU, 44 + 4 weeks 270 170 300 240 110 280 
44 GU, 44 harv. 260 260 300 250 190 320 
44 GU+4 weeks, 44 harv. 310 230 320 320 230 300 
Harvest means 310 210 290 260 1M 320 

P>F (lsd) 
Harvest vs no harvest NS 0.01 
May vs mid-June harvest 0.01 0.01 
N-treatments NS 0.05 (60) 
Harvest X N NS 0.05 (100) 

‘Time of N application was varied. GUmgreen up; GU+4 weeks4 w&s after green up; harv.=harvest. 

tions immediately after defoliation may help stimulate new growth 
and development of new reproductive tillers. There were no signifi- 
cant interactions between years and forage harvests or years and N 
treatments for reproductive tiller density. 

Seed Yield and Quality 
Seed yields from plots not harvested for forage declined 

(P<O.Ol) from 620 kg ha-’ in 1989 to 470 kg ha-’ in 1991 (Table 4). 
The switchgrass stand was established in 1983 and was 8 years old 
by the end of the study. Decline in seed yields over years reflect 
stand aging and a loss of seed productivity with time (Cornelius 
1950). 

Harvesting forage in late May produced a small decrease 
(13-26%) in seed yields in 1989 and 1990 but a large decrease (70%) 
in seed yields in 1991. The 70% decline in seed yields with a late 
May forage harvest in 1991 was due to the more advanced devel- 
opment of the switchgrass stand at the time of harvest, resulting in 
defoliation of a higher percentage of elongating tillers. 

The N treatments interacted (P<O.O5) with the forage harvests 
to increase seed yields in 1989 and 1991 (Table 4). In the absence of 
a forage harvest, application of 88 kg N ha-’ at green-up or 44 kg N 
ha“ at green-up and 44 kg N ha-’ 4 weeks after green-up produced 
the greatest seed yields (Table 4). Delaying the first N application 
until 4 weeks after green-up gave the lowest seed yields all 3 years. 
These results differ from those by Harlan and Kneebone (1953) in 
Oklahoma where a split application of 44 kg N ha-’ in the spring 
followed by 33 kg N ha-’ at the boot stage produced greater 
switchgrass seed yields than a single application of 77 kg N ha-’ in 
the spring. 

With the late May forage harvest, the greatest seed yields were 
achieved with an application of 88 kg N ha-’ at 4 weeks after 
green-up, which is about the time the forage was harvested. With 
the mid-June forage harvest the greatest seed yields were achieved 
when N w@ applied after the forage harvest. However, the increase 
in seed production remained small. The benefits of post-harvest N 
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fertilization in stimulating new tiller development in mid-June 
when the plants are already in the boot stage was insufficient to 
compensate for the negative effects of defoliation (Table 4). 

The mid-June forage harvest reduced loo-seed weights com- 
pared to either a late May or no forage harvest in both 1989 
(P<O.Ol) and 1990 (P<O.O6) (Table 4). In 1991 both the late May 
and mid-June harvests reduced 100~seed weights, causing a forage- 
harvest by year interaction (P<O.Ol) (Table 4). 

Two possible explanations for differences in 100-seed weights 
following the late May harvest in 1991 compared to 1989 or 1990 
are the more advanced stage of development of the switchgrass 
stand at the time of harvest in 1991, and unusually low June 
precipitation in 1991. Low rainfall could have slowed plant growth 
and replacement of leaf area following defoliation, reducing pho- 
tosynthate available for seed development and filling as well as 
replenishing carbohydrate reserves. A reduction in seed weight 
reduces total seed yield and is associated with poor seed quality. 
Kneebone and Cremer (1955) reported that smaller switchgrass 
seeds resulted in smaller, less vigorous seedlings compared to 
larger seeds. 

The N treatments had no affect on lOO-seed weights nor were 
there any significant N treatment by harvest and N treatment by 
year interactions (Table 4). This response is consistent with those 
reported by both Harlan and Kneebone (1953) and Kassel et al. 
(1985) who reported that N had no effect on switchgrass seed 
weight regardless of either the rate or timing of application. 

Conclusion 

Our results indicate that switchgrass should not be defoliated in 
the spring in Missouri if high seed yields are an important objec- 
tive. However, if seed and livestock producers with switchgrass 
stands are willing to accept moderate (13-26%) reductions in seed 
yields, they have the option of managing their stands for both 
forage and seed production. 
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Table 4. Seed yields and lOO-seed weigbhts from switchgrass harvested for forage in late May, mid-June or not harvested during 1989-1991 at the 
Agronomy Research Center. 

N-treatments’ 1989 1990 1991 
kg N ha-’ late May mid-June No harvest late May mid-June No harvest late May mid-June No harvest 

______________~__~__~~~~~~~~~ Seedyields(kgha-')----------------------------- 

88 GU 400 40 120 510 60 660 80 50 560 
88 GU+4 weeks 520 80 590 600 90 390 190 90 510 
#GU,44+4weeks 460 40 730 400 60 700 120 50 450 
44 GU, 44 harv. 420 120 660 420 110 460 130 90 430 
44 GU+4 weeks, 44 harv. 480 50 420 510 80 570 180 110 410 
Harvest means 460 70 620 490 80 560 140 80 470 

P>F (Isd) 
Harvest vs no harvest 0.01 0.01 0.01 
May vs mid-June harvest 0.01 0.01 0.05 
N treatments NS NS NS 
Harvest X N NS NS NS 

~~__~~_~__~~__~__~__~~__~~_~~_~~~~~~~~g~~(~g)----------------------------- 

88 GU 149 85 130 113 94 130 126 126 130 
88 GU+4 weeks 112 102 129 103 81 105 121 119 126 
44 GU, 44 + 4 weeks 113 73 135 115 91 99 125 123 138 
44 GU, 44 harv. 137 74 127 115 86 118 118 121 139 
44 GU+4 weeks, 44 harv. 133 76 125 108 94 113 124 123 130 
Harvest means 129 82 129 111 89 113 123 122 133 

E3F (lsd) 
Harvest vs no harvest 0.01 NS 0.06 
May vs mid-June harvest 0.01 0.06 NS 
N treatments NS NS NS 
Harvest X N NS NS NS 

‘Time of N application was varied. GU=green up; GU+4 weeks=4 weeks after green up; harv.=harvest. 

Producers managing switchgrass stands for both forage and seed 
should apply N at green-up in the spring and can cut or graze 
switchgrass until shortly before it initiates stem elongation. How- 
ever, results from the 1991 harvest indicate that the timing of the 
late May forage harvest is critical if both forage and seed are 
desired. Forage must not be harvested after switchgrass begins 
stem elongation to ensure apical meristems are not removed. 
Delaying the forage harvest until after stem elongation begins will 
severely reduce same year seed yields. The mid-June forage harvest 
taken at the boot stage reduced seed yields 83-89% each year and 
does not appear to be a viable option if a seed harvest is planned. At 
the stem elongation stage a second N application should be given 
(in our study 44 kg N ha-‘) to stimulate regrowth and the stand 
rested to allow for replacement of leaf area and carbohydrate 
reserves. When plants reach the seedhead emergence stage, pro- 
ducers should evaluate their stands to determine if they want to 
continue resting it until fall and harvest a seed crop or forgo a seed 
harvest and utilize the forage regrowth for either grazing or hay. A 
spring defoliation of switchgrass can be used to shift the major 
portion of switchgrass forage production later into the growing 
season with no serious reduction in forage quality (George and 
Obermann 1989). 

Finally, if switchgrass stands are to be managed for both forage 
production and wildlife habitat (Clubine 1986), a late May forage 
harvest will work well. This allows livestock producers to utilize 
the high quality spring and early summer forage while providing 
sufficient rest for good production of the taller reproductive tillers 
and robust clumping structure that provides good quality cover. 
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Abstract 

A %*a-Bouteloua community, cultivated in the autumn of 1928 
and abandoned in the spring of 1932, reverted to a community 
dominated by needle-and-thread (Stipa comata Trin. and Rupr.). 
An exclosure to prevent grazing was constructed in 1978 to include 
equal portions of previously cultivated and adjacent native range, 
while the remainder of the area continued to be subjected to 
moderate to heavy grazing pressure. This permitted a study to 
determine the effects of the brief period of cultivation on forage 
production, species recovery, and soil physical and chemical char- 
acteristics compared to those of native prairie. After 14 years of 
protection from grazing, needle-and-thread accounted for 79% of 
folk cover of the abandoned cultivation and 18% of the untreated 
range while blue grama [Boutelouagracilis(HBK.) Lag. ex Steud] 
occupied 1 and 51% on the same treatments, respectively. After 60 
years, the soil on the abandoned cultivated area showed reduced 
carbon, total nitrogen, available phosphorus, and hydraulic con- 
ductivity but increased NOj-N. Grazing reduced hydraulic conduc- 
tivity, NH,-N, available mineralizable nitrogen (chemical index), 
available phosphorus, and total carbohydrates but increased car- 
bon, total nitrogen, and NOs-N. Cultivation and grazing resulted in 
reduced root mass. To facilitate a rapid transition from blue grama 
to needle-and-thread stable communities, input of energy, such as 
cultivation, may well be required. 

Key Words: botanical composition, soil quality, organic matter, 
rangeland, range management, aeration of soil 

Overgrazing of a Stipu-Bouteloua community (Coupland 1961) 
favors an increase in the cover of blue grama [Bouteloua gracilis 
(HBK.) Lag. ex Steud](Smoliak et al. 1972). It is often generalized 
that, given the right conditions, such as decreased stocking rate or 
even rest rotation, succession from a seral state will automatically 
follow. However, succession to the original cover will not necessar- 
ily occur when grazing pressure is relieved (Dormaar and Willms 
1990) since blue grama appears to resist displacement by associated 
climax species. Therefore, the original Stipa-Bouteloua commun- 
ity is altered to one dominated by blue grama and more closely 
representative of the shortgrass prairie. 

Blue grama appears to resist the succession to the original native 
community by resisting the establishment of other plant species. 
Several constraints by blue grama to succession can be suggested. 
Needle-and-thread (Stipa comata Trin. and Rupr.) communities 
have less root mass in the upper 13 cm of the soil profile than blue 
grama communities (5,500 vs 12,200 kg/ ha, respectively), accord- 
ing to Lutwick and Dormaar (1976). Any available nitrogen is 
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either immediately sequestered within the extra root mass of blue 
grama, and/ or nitrification is at a standstill because of a lack of 
ammoniacal nitrogen (Brady 1984, Rice 1984). Furthermore, the 
high root mass and ability of blue grama to extract water to a 
considerably lower soil moisture potential than associated species 
[-8.0 MPa vs -3.0 for western wheatgrass (Agropyron smithii 
Rydb.) Majerus 1975)] limits available water for germination and 
establishment of competing species. Resistance to change may also 
result from allelopathic effects of blue grama but that hypothesis 
(Dormaar and Willms 1990) has not been tested. 

These possible constraints to succession from a blue grama to a 
Stipa-Bouteloua community may decrease with cultivation, which 
improves aeration and reduces competition. Aeration oxidizes the 
organic matter and produces ammonium-nitrogen (NHd-N) and 
subsequently nitrate-nitrogen (NOs-N) that is available for plants. 
The effects of abandoned cultivation on the soil and vegetation of a 
Stipa-Bouteloua community, however, have not been studied in 
depth. The objectives of the study were to determine the effects of 
abandoned cultivation on species diversity and recovery, and soil 
physical and chemical characteristics of a Stipu-Bouteloua com- 
munity, with and without the effects of grazing, and to learn more 
about recovery of overgrazed Mixed Prairie. 

Materials and Methods 

Site 
The study area is located about 20 km northeast of Lethbridge, 

Alberta Lat. N: 49’46’; Long. W: 112’46’) on a Stipa-Bouteloua 
site in the Mixed Prairie Association. Homestead inspectors’ 
reports show that part of the site was broken in the autumn of 1928 
and wheat was grown in each of the next 3 years. The site was 
seeded to rye (Se&e cereale L.) and sweet clover (Melilotus spp. 
Mill.) in the autumn of 193 1 and grazed until the present along with 
the contiguous uncultivated native prairie at moderate to heavy 
rates of stocking. Sweet clover is now absent and it is not known if 
it even became established after seeding. An exclosure (50 X 100 m) 
was erected in 1978 across the boundary of the abandoned culti- 
vated land and the uncultivated native prairie to produce the 
following treatments: grazed, abandoned cultivation (Gc); un- 
grazed, abandoned cultivation (UC); grazed, native prairie (Gn); 
and ungrazed, native prairie (Un). 

The soil of the site is a member of the Orthic Dark Brown 
Subgroup of the Chernozemic Order (Typic Haploboroll) and 
developed on sandy clay loam (51% sand, 26% clay) fluvial parent 
material. The climate is moderately cool and semiarid with an 
average annual precipitation of 425 mm. 

Vegetation 
The species composition of each treatment was estimated by 

foliar cover (Daubenmire 1959, Robertson and Adams 1990) in 
1992 from 15, O.l-mrplots spaced 10 m apart along a randomly 
oriented transect. The composition estimates were made near the 
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time of maximum vegetative expression in late summer before 
grazing. Species cover was expressed as percent of total cover and 
composition estimated on a weight basis that was used to derive a 
range condition index (Wroe et al. 1988, Robertson and Adams 
1990). Herbage yield was estimated by harvesting ten, 0.25-m* 
plots each September from 1980 to 1992. The plots were located 
randomly in each treatment. Litter was removed prior to harvest- 
ing the vegetation at ground level. 

Soil 
The Ah (=A]) horizon in each treatment was sampled to a depth 

of 20 cm on 24 April 1991 in 4 subplots, each paired with 1 of 4 
subplots in another treatment. The layout of the site produced 
contiguous treatments of GoGn, Uc-Un, Gc-UC, and Gn-Un. 
Therefore, each treatment was sampled with 2 plots of 4 subsam- 
ples each. The samples from outside the exclosure were obtained 8 
m from the fence, well outside the zone of abnormal livestock 
impact. Samples were hand-sieved through a 2-mm screen, and 
stored in sealed, double polyethylene bags at 4’ C. At the time of 
sieving, roots and other debris were removed from the soil and 
discarded. Moisture content of the soil was determined gravi- 
metrically. 

Enzymes accumulated in soil have biological significance (Dor- 
maar et al. 1984) as they participate in the cycling of elements and 
thus play an important role in the initial phases of the decomposi- 
tion of organic residues. Specifically, dehydrogenase activity in 
soils correlates with biological activity and microbial populations. 
Dehydrogenase activity was determined at pH 7.6 on moist soil 
within 24 hours after collection by measuring the triphenylforma- 
zan (formazan) produced by reduction of 2,3,5triphenyltetra- 
zolium chloride when soil was incubated with 2-amino-2-(hydro- 
xymethyl)propane-1:3diol buffer (OSM) at 30’ C for 5 hours 
(Ross 1971). 

Following the enzyme analyses, the remainder of each soil sam- 
ple was dried. The size distribution of the individual particles in the 
soil samples was established on a portion of the dried samples by 
the hydrometer method as outlined by Gee and Bauder (1986). 
Subsamples were also ground to pass a OS-mm sieve. Soil pH was 
measured in 0.0 1 M CaClz (solution:soil ratio of 2: 1). 

At the time of sampling, undisturbed core samples, 55 mm diam. 
and 30 mm deep, were taken with a drop-hammer type sampler at 
O-to 3-cm and 3-to 6-cm depths at each subplot. The core samples 
were refrigerated at 4’ C until needed. Saturated hydraulic con- 
ductivity was determined using the Tempe Cell method (Sommer- 
feldt et al. 1984). The cores were then oven-dried, weighed, and 
bulk densities calculated. 

Grazing affects a number of soil chemical parameters (Johnston 
et al. 1971, Dormaar et al. 1984, Willms et al. 1988). Therefore, 
organic matter was determined as per Walkley and Black (1934); 
carbohydrates as per the phenol-sulfuric acid method of Dubois et 
al. (1956) as modified by Doutre et al. (1978); Kjeldahl nitrogen 
(total N) as outlined by the Association of Official Agricultural 
Chemists (1970); NOs-N and NHd-N by KC1 and steam distillation 
as per Keeney and Nelson (1982); and NaHCOs-soluble phospho- 
rus, or available phosphorus (P), as per Olsen et al. (1954). Total P 
was determined as per Na2COs fusion outlined by Jackson (1958). 
Autoclaveable-nitrogen, as an index of chemical-nitrogen availa- 
bility, was determined as described by Keeney (1982). The mono- 
saccharide distribution in hydrolysates of the soil samples was 
assessed as outlined by Dormaar (1984, 1987). 

Root mass was determined in the Ah (average 24 cm; range 22 to 
26 cm) horizon by extracting 16 (4 from each main treatment) 6!4 
cm diameter cores on 13 June 1991. The roots were washed as 
described by Lauenroth and Whitman (1971). The washed roots 
were dried at 60” C for 24 hours. Ash content of the roots was 

determined after ignition at 550” C for 4 hours. Root mass is 
reported on an ash-free, oven-dry basis for the average depth of the 
Ah horizons. 

Statistical Analysis 
The error term in this unreplicated experiment was assumed to 

be represented by the sampling error. Undoubtedly, the constraints 
imposed by the lack of replication weaken the conclusions from a 
statistical test. Nevertheless, results from a statistical test, when 
taken in combination with the standard error, assist in the interpre- 
tation of the treatment effect. 

The data were analyzed for each paired comparison separately, 
with the F-ratio having 1 and 3 df, and in a single analysis for the 
entire data set assuming a completely random design. In the single 
analysis, the experimental unit was the sample plot consisting of 4 
subsamples each and the experimental error consisted of the sam- 
ple X treatment interaction. Since each treatment had 2 sets of 4 
samples, the treatment and error degrees of freedom for the model 
were 3 and 4, respectively (Steel and Torrie 1980). The results of the 
4 paired comparisons that were common to both analyses were 
virtually identical, therefore the paired plot analysis was dropped 
in favor of the completely random model. 

Replication is undeniably desirable and useful; nevertheless, 
valid information and data can be gained from long-established, 
unreplicated field experiments, including long-term grazing trials, 
by virtue of their antiquity (Johnston et al. 1971, Smoliak et al. 
1972, Willms et al. 1988). In the present experiment, the area 
sampled was about 1 ha, while the variability within the soil was 
assumed to be random. 

Results and Discussion 

Vegetation 
Cultivation and abandonment resulted in a shift in species dom- 

inance from blue grama to needle-and-thread (Table 1) and, subse- 
quently, greater forage production potential. Over a 13-year 
period, forage production in the exclosure averaged 630 and 1,170 
kg ha-’ from the native range and abandoned cultivation, re- 
spectively. 

Cultivation over a 3-year period eliminated the original vegeta- 
tion and, after abandonment, succession began from residual seeds 
in the soil. Inherent dormancy in needle-and-thread seed is high 
(M.E. Majerus, personal communication), which likely contrib- 
uted to its persistence and eventual dominance in the stand. Ger- 
mination and establishment of blue grama has greater risks asso- 
ciated with it than needle-and-thread because it is more susceptible 
to burial, due to its small size, and because it requires higher soil 
temperatures (Wilson 1981) that are normally not achieved until 
late spring when the probability for moisture deficits is high. 
Consequently, cool-season species are favored in the establishment 
from seed. Seeding rye and sweet clover may also have contributed 
to the suppression of blue grama in 193 1 by shading and reducing 
soil temperature. 

The grazed needle-and-thread community (abandoned cultiva- 
tion) is characterized by a large amount of exposed soil, which 
indicates decreased stability and the potential for other species to 
increase in abundance. Normally, native species such as blue 
grama and the various forbs would increase in response to grazing 
pressure and maintain vegetation cover. Instead, grazing resulted 
in an increase of nonindigenous annual species (Table 1) which, as 
opportunists, took advantage of good moisture conditions in late 
spring. 

Persistent heavy grazing pressure from either sheep or cattle 
results in a seral community characterized by an increase of blue 
grama and a decrease of needle-and-thread (Clarke et al. 1947, 
Smoliak 1974). In the present study, protection from grazing on a 
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Table 1. Species composition and site characteristics of a St@-Bouteloua 
prairie in 1992 as affected by abandoned cultivation end grazing. 

Species and site 
characteristics’ 

. 
Native range Abandoned cultivation 

Grazed Ungrazed Grazed Ungrazed 
(Gn) (Un) (Gc) (UC) 

Decreaser grasses & forbs 
Agropyron smithii 
Stipa comata 
Eurotia lanata 
Vicia americana 

Total 

Increaser grasses & forbs 
Bouteloua gracilis 
Carex spp 
Koeleria macrantha 
Sphaeralcea coccinea 
Erigeron caespitosus 
Artemisia frigida 
Lithospermum incisum 
Other forbs 

Total 
Invaders 

Agropyron crbtatum 
tepidium aknsiflorum 
Luppula squarrosa 
Lkscurainia pinnata 
Chenopodium spp. 
Other invaders 

Total 
Site characteristics 

Litter (%) 
Exposed soil (%) 
Range condition* (%) 

______________(%)______________ 

3.5 0 0 
1.0 17.9 41.1 

12.0 20.9 3.4 
0 0.1 0 

16.5 38.9 45.1 

0 
79.0 
4.3 

8i.3 

63.0 50.7 
5.1 1.4 
0 0 
2.9 0.5 
0 5.9 
0 0 
3.6 0 
1.2 0.7 

76.4 59.2 

3.4 
3.5 
0 
1.5 

8 
0 
0.3 

14.7 

1.4 
0.3 
1.1 
1.1 
0 
6.0 
0 
1.1 

11.0 

0 0 
2.2 0.1 
2.9 0.2 
1.9 1.5 
0.6 0 
0 0 
7.6 1.8 

0.3 
12.2 
11.2 
10.4 
3.5 

3::; 

2.9 
0.2 
0 
0.1 
0 
0.6 
3.8 

8 42 6 48 
34 2 89 19 
25 49 35 90 

‘Values derived as outlined by Daubenmire (1959). 
*Values derived as outlined by Wroe et al. (1988). 

low seral, never-cultivated plant community followed a predictable 
successional response of the dominant species (Wroe et al. 1988) 
with an increase of needle-and-thread and a decrease of blue grama 
on the native range (Table 1). Corresponding to these changes was 
an increase in litter. 

The presence of litter is related to grazing and a modified soil 
environment (Facelli and Pickett 1991) that also influences the 
species composition. Smoliak (1965) found that adding litter in the 
form of straw mulch increased the proportion of needle-and- 
thread and decreased the proportion of blue grama. 

Blue grama achieves a competitive advantage with heavy grazing 
pressure (Smoliak 1974) either by escaping heavy grazing pressure 
with a low stature, competing more effectively in the drier envi- 
ronment (Weaver and Albertson 1956, Kemp and Williams III 
1980) created by grazing, or both. Once established, blue grama is 
an effective competitor and resists displacement (Laycock 1981) 
perhaps because of its superior ability to extract water at a very low 
soil water potential (Majerus 1975) or allelopathy (Dormaar and 
Willms 1990). Nevertheless, seral states dominated by blue grama 
that resist change may develop even when grazing pressure is 
removed. In the present study succession on the native range was 
observed, and evidence that the communities may eventually reach 
equality is denoted by the presence of species common to both and 
by a reduction of blue grama and an increase of needle-and-thread 
on the native range. However, the rapid transition to a needle-and- 
thread dominated community required the input of energy in the 
form of cultivation. 

Soils 
Soil moisture at the time of sampling was significantly reduced 
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under grazing (P<O.OOl) but increased on abandoned cultivation 
(P= 0.013, Table 2). Moisture content was higher with protection 
from grazing, possibly due to increased snow catch by the standing 
litter and reduced evaporation due to the presence of more litter 
(Table 1). The higher moisture in the grazed or ungrazed, aban- 
doned cultivation vs grazed or ungrazed, native prairie may well be 
due to greater snow catch by taller plant species, such as needle- 
and-thread, and/ or increased moisture extraction by blue grama. 
The effect of grazing on soil bulk density depended on previous 
cultivation; grazing reduced bulk density on abandoned cultiva- 
tion but raised density on native prairie. Hydraulic conductivity 
was highest in the ungrazed, native prairie treatment, and lowest in 
the ungrazed, abandoned cultivation. 

The ungrazed, abandoned cultivation part of the exclosure may 
be viewed as a time frame in old field succession. First, cultivation 
allowed the oxidation of organic matter (Paul and Clark 1989), 
since the mineralizable N was still greater in the native range than 
in the cultivated fields, even though cultivation ceased in 1931. 
Indeed, organic matter was less in the cultivated than in the uncul- 
tivated fields. 

Nitrate-N was higher in the grazed or ungrazed, abandoned 
cultivation fields, while NHI-N was higher in the grazed or 
ungrazed, native prairie fields. Rice and Pancholy (1972) found 
that inhibition of nitrification increased with the progress of succe- 
sion toward late seral vegetation. The amount of NHI-N increased 
from the first successional stage to the late sere, whereas the NOs-N 
decreased from the first successional stage to the last sere. Dor- 
maar and Smoliak (1985) showed this to be the case as well for 
abandoned farmland reverting back to native prairie. 

Neal (1969) established in the greenhouse that blue grama inhi- 
bited nitrification while needle-and-thread did not. The levels of 
NOs-N and NHd-N in relation to the presence or absence of these 2 
grasses seem to show that this is the case in the field. Paul and Clark 
(1989) noted that nitrate usually does not accumulate in undis- 
turbed grasslands, because competition for NH4-N by plant roots 
and nitrogen-immobilizing microorganisms keep inorganic nitro- 
gen rates low. Unfortunately, Neal (1969) only noted that substan- 
ces that inhibit nitrifying bacteria are likely present in root extracts 
of certain plants. He did not attempt to identify this substance. 
However, his evidence seems to point to a compound, or com- 
pounds, that interfere with the process of nitrification. Preliminary 
examination of the chemical composition of root exudates of 
decreasers, increasers, and invaders, (J.F. Dormaar, unpublished 
data) show that root exudates of almost all increasers and invaders 
contain dioctyl adipate [bis(2_ethylhexyl)phthalate]. This com- 
pound may be tied to inhibition of nitrification. 

Phosphorus is the 1 major element in soil organic matter which 
must be supplied almost entirely by the parent material. Therefore, 
no differences in total P were expected or found between fields. 
There were higher levels of available P in the native than in the 
cultivated fields. 

All monosaccharides, i.e., deoxyhexoses, pentoses, and hexoses, 
were higher in the grazed or ungrazed native prairie than in the 
grazed or ungrazed abandoned cultivation soils. This was particu- 
arly evident for the pentoses. Pentoses generally are of plant origin. 
And, of course, the root mass in the native prairie fields was much 
higher than in the cultivated fields. With the increased root mass, 
and thus increased microbial populations, one could expect an 
increase in hexoses as well. 

Laycock (1991) noted that not only is there a need to identify 
stable states in range vegetation, there is also a need to identify and 
understand the factors that can force a stable community across a 
threshold into a transitional phase moving toward another stable 
state. But this poses the question as to what processes, such as 
nutrient cycling and nitrogen transformations, increased aeration 



Table 2. Effect of cultivation and grazing on physical and chemical constituents (24 April 1991) of Dark Brown Chernozemic soil, Picture Butte, Alberta 
(average of 8 samples). 

Comparison before 
Native range Abanonded cultivation main effects 

Grazed Ungrazed Grazed Ungrazed Grazed vs. Cultivated vs. 
(Gn) (Un) (Gc) (UC) ungrazed uncultivated 

____________________-------- 
0.1 (“*SE)_;;__.--.O1-----;;~------bZ- 

_______P_ ______ 
Moisture (%) 6.6 0.1 12.7 

0.01 1:17 0:02 1.26 0:02 
<O.OOl 0.013 

Bulk densjiy: O-3 cm 1.04 0.02 0.91 0.364 <O.OOl 

(“j?L;; 1.26 0.01 1.19 0.02 1.30 0.02 1.36 0.02 0.921 0.001 
Hydraulic 

conductivity: O-3 cm 10.52 0.20 18.48 0.31 6.02 0.11 1.74 0.07 <O.OOl <O.OOl 
(cm hour-‘) 

3-6 cm 6.86 0.13 9.77 0.23 4.52 0.13 2.57 0.16 <O.OOl <O.OOl 
pH CaClz 7.8 0.04 7.7 0.04 7.9 0.05 7.7 0.04 0.007 0.084 
Carbon (g/kg) 32.6 0.5 27.9 0.4 24.1 0.2 22.5 0.2 <O.OOl <O.OOl 
Nitrogen (g/kg) 2.51 0.08 2.12 0.05 1.93 0.02 1.76 0.01 <O.OOl <O.OOl 
NOs-N (mgl kg) 5.5 0.1 4.6 0.1 9.3 0.5 7.9 0.1 0.029 0.001 
NOI-N (mgi kg) 4.2 0.07 5.5 0.1 2.5 0.01 3.4 0.1 0.001 <O.OOl 
Chemical index’ 75.6 0.03 75.7 0.06 54.2 0.04 59.3 0.07 0.004 <O.oOl 
Dehydrogenase activity2 47 1 56 1 77 1 62 1 0.004 <O.OOl 
Available P (mg/ kg) 7.1 0.1 8.7 0.2 4.6 0.1 5.5 0.1 0.001 <o.oo 1 
Total P (mg/ kg) 897 12 881 11 865 12 891 9 0.714 0.476 
Carbohydrates (g/kg) 5.3 0.06 6.1 0.08 3.8 0.07 4.4 0.03 <O.OOl <O.OOl 
Deoxyhexoses (mg/ kg) 176 7 194 5 127 3 133 3 0.068 <O.OOl 
Pentoses (mg/ kg) 537 13 526 7 273 12 297 9 0.675 <O.OOl 
Hexoses (mg/ kg) 505 5 505 12 347 6 344 10 0.967 <O.OOl 
Monosaccharides 1218 14 1225 8 747 13 774 13 0.334 <O.OOl 

(mgl kg) 
Root mass (g/ m2, 1350 7 1128 10 705 10 888 8 0.03 1 <O.OOl 

0.24 cm) 

INHI-N released on autoclaving (mg/ kg of soil). 
*Formazan released, mmol/g dry soil per hour. 

and water infiltration, or allelopathy, occur while transition takes Literature Cited 
place. 

This study allowed the examination of 3 management activities, 
i.e., grazing, cultivation, and protection from grazing. Each man- 
agement action had significant consequences on both above and 
below ground measured constituents (Tables 1 and 2). Although, 
similar effects seemed to have been noted elsewhere (Dormaar and 
Smoliak 1985, Dormaar and Willms 1990), the large treatment 
effects for many of the variables measured in the present study 
emphasize that the detailed, step by step, soil chemical and plant 
successional processes of range recovery, both from cultivation 
and from grazing under semiarid climatic conditions, are poorly 
understood. 

Dormaar and Willms (1990) noted that grassland significantly 
modified by grazing was still dominated by blue grama even 
though it was 19 years since grazing ceased. The blue grama soil 
had higher amounts of organic acids than the adjacent Mixed 
Prairie. It was hypothesized that allelopathy may be a factor in 
ecological process. The present study adds credence to to this 
hypothesis. Hence, it seems that our next step may be a study of the 
chemical constituents of root exudates of individual range grasses 

_ and forbs. 
Many of the processes examined are dependent on the type of 

soil and vegetation involved in this site. The high amounts of blue 
grama on the native range, and presence of annual species, suggest 
that the area has been heavily grazed during the growing season 
since grazing started in 1931. Under reduced grazing pressure, 
species recovery could have been entirely different. The sandy 
nature of the soil would support needle-and-thread rather than 
blue grama, and management alone could provide for the improve- 
ment of the degraded native range. Some improvement is evident 
with protection from grazing since 1978. 
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Abstract 

Heat-induced changes in the soil-solution and post-wildfire ero- 
sion can create chemically and texturally diverse seedbed micro- 
sites. We quantified organic carbon, extractable NH4+ after incu- 
bation (aerobic and anaerobic), and emergence of cheatgrass 
(Bromus tectorum L.), by particle size fractions, in unburned and 
simulated burned sagebrush (ArtemMa tridentata spp. tridentata 
NM.) subcanopy soil. For all particle size fractions, significantly 
(pSO.05) more extractable NH,+ and significantly less extractable 
NO,- were measured in heated material as compared to unheated 
material. Heated treatments had significantly more NH,+ and 
significantly less NO,- mineralized after 11 days aerobic incubation 
than after unheated treatments; net N mineralized tended to be 
higher for all particle fractions in heated treatments than in 
unheated treatments. Emergence of cheatgrass under aerobic con- 
ditions was significantly retarded in all heated treatments. Elevated 
NH,+ to NO,- ratios in the soil-solution following heating does not 
explain suppression of cheatgrass emergence. Nitrogen mineraliza- 
tion, before and after simulated burning, is adequate in all particle 
size fractions to support the needs of germinating seeds. Nitrogen 
mineralization was not enhanced by the presence of growing 
cheatgrass plants. 
Key Words: nitrate, ammonium, nitrogen mineralization, sagebrush 

In sagebrush (Artemisia) plant communities in the Great Basin, 
water ultimately controls plant competition; however, NOs- and 
possibly NH4’ in the seedbed soil-solution are the catalysts driving 
competition among seedlings for moisture. Considerable soluble 
NOs- can be lost from the soil following wildfires (White et al. 1973, 
Klemmedson 1976). Conversely, post-wildfire seedbeds often have 
elevated levels of NH4’ (Christensen 1973, DeBano et al. 1979). 
Elevated levels of NH4’ combined with depressed soil nitrification 
following wildfires (Dunn et al. 1985) leads to greater NH4’ to NO3 
ratios than generally occur in the seedbed of sagebrush communi- 
ties (Charley and West 1977). Increased uptake of NH4’ relative to 
NOs- can be deleterious to newly establishing plants and may 
impact their competitive ability (Gigon and Rorison 1972, Mar- 
schner 1986). 

Bare soil surfaces following wildfires are susceptible to increased 
movement of soil by wind and water that can lead to considerable 
loss of nitrogen (DeBano and Conrad 1978, Fletcher et al. 1978). 
On previously burned sagebrush landscapes in northeastern Cali- 
fornia and northwestern Nevada, the winnowing action of wind 
and water creates texturally variable deposits. Deposits range from 
fine-textured water-laid sediments to well-sorted fine and fine sand 
eolian deposits to coarse-textured lag deposits. These texturally 
diverse seedbeds, which may also vary in nitrogen status, could 
differentially influence the recruitment of plants (Harper et al. 
1965, Collis-George and Hector 1966). 
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Our purpose was to: 
a) quantify extractable NOa and NHd+ and nitrogen mineraliza- 

tion, before and after simulated burning, among particle size frac- 
tions separated from big sagebrush (Artemisiu tridentata ssp. tri- 
dentatu Nutt.) subcanoy soil; 

b) determine if alteration of extractable NH4’ to NOa- ratios, as 
a consequence of soil heating, influences the emergence of cheat- 
grass (Bromus tectorum L.) and; 

c) determine the influence of cheatgrass growth on nitrogen 
mineralization before and after simulated burning. 

Materials and Methods 

Soil Collection and Preparation 
The soil sampling area was from a sagebrush-grass plant com- 

munity 30 km north of Reno, Nev. The soil is a fine-loamy, mixed, 
mesic, Durixerollic Haplargid and developed in granitic COUU- 
vium. Elevation is 1,555 m and average annual precipitation is 25 
cm. Soil was collected July 1992 from sagebrush subcanopies, 0 to 
10 cm, and included the litter layer. Three replicate samples were 
collected from areas approximately 100 m apart. From each area, 
soil was composited from 5 adjacent sagebrush subcanopies. 

The 3 soil samples were each sieved through a 0.833 mm mesh 
and the <0.833-mm fraction was homogenized and saved. We 
chose to remove material larger than 0.833 mm because it was 
mostly undecomposed sagebrush litter. The <0.833-mm material 
was split; one-half was untreated, the other half artificially burned 
to simulate soil conditions following a wildfire. The heat treatment 
consisted of placing approximately 500 g of material in a ceramic 
crucible which was placed in a pre-heated 300” C muffle furnace for 
15 minutes. Previous research has shown that this artificial treat- 
ment produces a soil-solution chemistry closely matching the 
immediate post-wildfire soil-solution chemistry beneath sagebrush 
subcanopies in similar soil (unpublished research, USDA-ARS, 
Reno, Nev.). Heated and unheated treatments were separated into 
the following size fractions using a stacked set of sieves and 10 
minute shaking time on a mechanical shaker: 0.425-0.833 mm, 
0.300-0.425 mm, 0.180-0.300 mm, and <O. 180 mm. Another por- 
tion of each was left unsieved (<0.883 mm or whole fraction). 

Analytical 
The following attributes were determined on each size fraction 

of both heated and unheated treatments: organic carbon (Walkley- 
Black method, Nelson and Sommers 1982); extractable NH4’ and 
NOs- (10-g material shaken for 30 minutes with 30 ml of 0.15% 
KCl; NH4’ determined by flow injection analysis, NOs- and NOz- 
determined by ion chromatography); organic N (Kjeldahl method, 
Bremner and Mulvaney 1982); pH on a saturated paste. 

Nitrogen mineralization was evaluated by aerobic and anaerobic 
methods (Keeney 1982). For both methods, 500-ml glass beakers 
were filled with 250 g of material. For the aerobic procedure, all 
materials were moistened with deionized water to -0.033 MPa as 
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Table 1. Selected attributes of pre-incubated material from particle size fractions of heated and unheated big sagebrush subcanopy soil. 

Particle 
fraction (mm) 

Extractable NHb+ Extractable NOa- Organic C Total N C/N 
Unheated Heated Unheated Heated Unheated Heated Unheated Heated Unheated Heated 

0.425-0.883 
0.3Ot-o.425 
0.180-0.300 
<O. 180 

whole 

_______________________________ mgkg-l_________--~~~~-----~~---~~_~-~~___~~____~ 
4.Oc’ 7.4c 35.9a O.oC 45130a 45530a 1382ab 1650ab 32.7a 33.la 
4.4c 11.4b 20.2a-c 2.6bc 451OOa 41570a 174Oab 1513ab 25.9ab 27.2ab 
4.oc Il.lb 26.8ab 1.2bc 36400a 28930a 2228a 1417ab 17.6ab 20.4ab 
4.Oc ll.lb 12.7a-c 1.2bc 25030a 22970a 1351b 1642ab 20.7ab 14.lb 
4.Oc 17.2a 28.4a O.oC 37500a 45400a 1926ab 1824ab 19.9ab 25.2ab 

‘Within soil attributes, particle fraction X heat treatment means followed by the same letter are not significantly different at the EO.05 level. 

determined by a pressure plate membrane apparatus. To produce 
anaerobic conditions, water was added until it just completely 
covered the soil surface. Approximately 1 g of fresh soil was added 
to the heated treatment before incubation. This was necessary to 
re-introduce soil microorganisms killed during heating. 

Cheatgrass Emergence and N Mineralization Experiment 
To determine the influence of cheatgrass growth on N minerali- 

zation and the influence of simulated soil burning and cheatgrass 
emergence, seed treatments were superimposed on the mineraliza- 
tion treatments: minus seeds or plus seeds. The plus seed treatment 
consisted of 20 seeds of cheatgrass buried approximately 1 cm. The 
seed was >95% germinable as tested on moistened paper. Samples 
were incubated at 2S’ C under continuous fluorescent lighting for 
11 days. Beakers were covered with parafilm, the anaerobic treat- 
ments sealed, the aerobic treatment loosely covered. At the end of 
the incubation period, the following parameters were measured: 
(a) emergence of cheatgrass; (b) organic carbon, extractable NHI’ 
and NOa-, and organic nitrogen as above; and (c) total nitrogen in 
emerged cheatgrass (leaves and roots) using an Hz02 modification 
of the Kjeldahl method (Isaac and Johnson 1976). Unemerged 
seeds were inspected to see if any had germinated; none had. Plant 
nitrogen was considered part of the mineralized pool. 

NH,+/N03- Cheatgrass Germination Experiment 
To determine if elevated NHd’/NOs- ratios influence cheatgrass 

germination, post-heating levels were used as a guideline in a 
controlled experiment. Forty seeds of cheatgrass (4 replications) 
were placed on ashless filter paper in petri dishes and the following 
solutions (ug ml-‘) were added until the paper was saturated: 0 
NH.,’ + 0 NOs-, 5 NHa+ + 100 NOs-, 100 NH4’ + 0 NOs-, 100 NHI’ + 
100 NOs-, 400 NH4’ + 100 NOa-, 400 NH4’ + 0 NOa-. Ammonium 
was added as Cl- salt and nitrate as Na+ salt. Seeds were counted 
after 5 days and considered germinated if the radicle had emerged 
at least 1 cm. The pH of the test solutions was similar for heated 
and unheated treatments (5.86.1), thus formation of NH3 was 
minimal. 

Statistics 
The experimental design was a completely random design with 3 

replications. The preincubation data were analyzed using a 2-way 
analysis of variance with particle size and heat treatment as the 2 
factors for each soil attribute. The postincubation data set used a 
3-way analysis of variance with particle size, heat treatment, and 
incubation treatment as the 3 factors for each soil attribute. Dun- 
can’s new multiple range test was used for multiple comparisons. 
Significance was judged at the m.05 level. 

The germination experiment was a completely random design 
with 4 replications. Data were analyzed using a l-way analysis of 
variance, where treatments consisted of selected combinations of 
NH4’ and NOs- solutions. 
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Results and Discussion 

Attributes of Pre-incubated Material 
Most particle fractions of the heated treatments contained sig- 

nificantly more extractable NH4’ and less extractable NOs- than 
similar size fractions of unheated treatments (Table 1). The 300” C 
temperature in the simulated burning was higher than that 
reported to volatilize NOs- in soil (White et al. 1973, Raison 1979). 
Significantly elevated levels of NH: after wildfires has been 
reported by others (Christensen 1973, Khanna and Raison 1986). 

There were no significant differences in the amount of organic C 
between heated and unheated treatments (Table 1). This is surpris- 
ing because the temperature of the simulated burn should have 
volatilized considerable organic C (Hosking 1938). Perhaps remo- 
val of plant litter by sieving before the simulated burn in part 
explains this finding. 

Nitrogen content of particle size fractions varied considerably 
and was surprisingly high in the coarsest fractions (Table 1). For 
the unheated treatments, the <0.180-mm particle fraction con- 
tained the lowest N content of all size fractions and significantly 
less than the 0.180 to 0.300-mm size fraction. However, there were 
no significant differences among the size classes for the heated 
treatments. Published literature shows variability in N content 
among particle size fractions. Nitrogen content tends to be lowest 
in sand fractions, increasing to a maximum in the fine silt fraction, 
and then decreasing somewhat in the clay fraction (Anderson et al. 
198 1, Catroux and Schnitzer 1987). Swift and Posner (1972) and 
Shiel (1986) reported N content decreased with an increase in 
fineness of particle size. 

For individual particle fractions, there were no significant dif- 
ferences in N content between heated and unheated treatments 
(Table 1). This finding was not expected since N can be volatilized 
at the burn temperatures we used (DeBelland Ralston 1970, White 
et al. 1973). The length of simulated burning may have been 
insufficient to volatilize significant N or the nature of organic N in 
the soils tested may be recalcitrant to temperatures of 300’ C. 

, 

There were no significant differences in C/N ratios between 
heated and unheated soils (Table 1). There was a trend toward 
decreasing C/N ratios with decreasing particle size, which is sup- 
ported by the findings of others (Shiel1986, Catroux and Schnitzer 
1987). The magnitude of C/N ratios in the soils studied are much 
higher than generally reported for surface horizons of temperate 
agricultural soils (Stevenson 1959). As compared with other stu- 
dies of sagebrush subcanopy soils, our C/N ratios are higher than 
those of Burke (1989) and Bolton et al. (1990) and are considerably 
lower than those of Doescher et al. (1984). 

Changes in N Status Concomitant With Incubation 
There were no significant differences in any measured attribute 

between with or without seed treatments (see methods), therefore, 
these data are not presented. These findings address one of our 
objectives; N mineralization is not enhanced by the presence of 
cheatgrass plants that are growing. The plus and minus seed treat- 



Table 2. Net extractable NH,+ and NO1- in particle size fractions of heated and unheated big sagebrush subcanopy soil after 11 days of aerobic and 
anaerobic incubation. 

Particle 
fraction (mm) 

NHd+ NOa- 

Aerobic Anaerobic Aerobic Anaerobic 

Unheated Heated Unheated Heated Unheated Heated Unheated Heated 

0.425-0.883 
0.3OCO.425 
0.180-0.300 
<0.180 

whole 

_____________________________________mgkg-1_____________________________________ 
1 I .9il 66.la 61.8ab 44.7d-g 199.2a 24.6~ -35.9f O&-f 
-1.9i 60.5a-c 48.7b-e 37.2e-h 184.lab 42.8~ -20.2ef -2&c-f 
-0.li 46.9c-f 35.8e-h 33.0f-h 144.8b 34.0cd -26.8f -1.2c-f 

0.2i 49.8b-e 43.5d-h 30.3h 209.0a 42.6c -12.7d-f -1.2c-f 
3.6i 52.5a-d 47.4c-e 31.8gh 174.0ab 4O.lc -28.4f o.oc-f 

IWithin soil attributes, particle fraction X heat treatment X incubation treatment means followed by the same letter are not significantly different at the PSO.05 level. 

ments were pooled for subsequent statistical analyses (Table 2 and 1969, Catroux and Schnitzer 1987). In general, greater proportion 
3). of N was mineralized in heated soils than unheated soils. 

Significantly more NHI’ was mineralized in heated treatments 
than the unheated control under aerobic incubation conditions, 
with coarse particle fractions in heated samples having signifi- 
cantly higher net mineralization of NH4’ than finer fractions (Table 
2). Enhanced mineralization and release of NH4’ following wild- 
fires has been reported in different plant communities (Hobbs and 
Schimel 1984, Khanna and Raison 1986). 

Cheatgrass Emergence 

In the aerobic environment, heated treatments consistently 
retarded cheatgrass emergence as compared to unheated treat- 

For heated treatments, significantly more NH*' was mineralized 
aerobically than anaerobically (Table 2). Since nitrification should 
be inhibited under anaerobic conditions, one would expect higher 
NH4’. Our findings suggest that either the rate of mineralization is 
slower under saturated conditions, perhaps due to decreased 
numbers of heterotrophic organisms in heated soils, and/ or there 
is considerable denitrification under anaerobic incubations. 

Table 4. Percent emergence of chedgrass from particle size fractions of 
heated and unheated big sagebrush subcanopy soil after 11 days aerobic 
and anaerobic incubation. 

Under aerobic conditions, slightly less NOs- was mineralized in 
heated treatments than in unheated treatments (Table 2). Bell and 
Binkley (1989), using an aerobic procedure, reported a distinct 
trend toward lower levels of mineralized NOs- in heated soils than 
in unheated control soils. Given that considerable ammonification 
occurred in heated soils (Table 2), it appears that nitrification is 
slower in heated treatments. Nitrifying bacteria are especially sus- 
ceptible to heat, whereas, ammonifiers can withstand heat because 
of thick cell walls or spore formation (Ahlgren and Ahlgren 1965, 
Raison 1979). Although we added fresh soil to the heated treat- 
ments to replace microorganisms killed by heat, the numbers may 
have been insufficient or the kinetics of microbial growth may have 
been too slow to rapidly convert NH4’ to NO;. 

Particle Aerobic Anaerobic 

fraction (mm) Unheated Heated Unheated Heated 

0.425-0.833 97.lal 16.7~ 1.7c 5.oc 
0.300-0.425 97.la 15.oc 3.3c 3.3c 
0.180-0.300 88.3a 11.7c 0.t.k 8.3~ 
<O.lEO 90.0a 46.7b 3.3c 3.3c 

whole 95.0a 8.3~ O.oC 3.3c 

‘Within soil attributes, particle fraction X heat treatment X incubation treatment 
means followed by the same letter are not significantly different at the PSO.05 level. 

ments (Table 4). For aerobic incubations, percent emergence was 
negatively correlated with the ratio of net mineralized NH4’ to net 
mineralized NOa (Fig. 1). 

Net total N mineralized under aerobic conditions was slightly 
greater for all particle sizes, in heated treatments compared to 
unheated treatments (Table 3). Percent N mineralized tended to 
decline with decreasing particle size for both heated and unheated 
treatments and aerobic and anaerobic incubation (Table 3). This is 
generally opposite of that reported in the literature (Chichester 

Nitrate and NHs’ can stimulate germination while excessive 
NH4’ can inhibit germination of certain seeds (Hendricks and 
Taylorson 1974). Lack of NOs- or the excess of NHI’ in heated soils 
did not contribute to depression of cheatgrass emergence for there 
were no significant differences in cheatgrass germination among 
the following test solutions in ug ml-’ (mean % germination): 0 
NHd’, 0 NO; (85); 5 NHd’, 100 NOs- (91); 100 NHI’, 0 N03_ (93); 
100 NH;, 100 NOa‘ (85); 400 NHd’, 100 NO; (84); 400 NH;, 0 
NO3- (87). 

Considerable quantities of organic acids can be produced by 

Table 3. Net N mineralized and percent of total N mineralized in particle size fractions of heated and unheated big sagebrush subcanopy soil after 11 days 
of aerobic and anaerobic incubation. For treatments with emerging cheatgrass, total plant N was added to the mineralized and total N-pool. 

Particle 
fraction (mm) 

Net mineralized N 
Aerobic Anaerobic 

Unheated Heated Unheated Heated 

Percent N mineralized 

Aerobic Anaerobic 

Unheated Heated Unheated Heated 

0.425-0.883 
0.300-0.425 
0.180-0.300 
<O. 180 

whole 

---------___-__mgkg~‘__________________ 

56. lab] 57.8a 4O.oc-g 34.8d-h 
41.8b-f 57% 33.3e-h 28.4f-h 
35.4&h 44.9a-e 21.8h 25.4gh 
48.9a-d 49.6a-d 3 1 .Oe-h 23.3h 
43.8a-e 50.4aa 30.4e-h 24.711 

3.lbc 
2.2b-g 
2.lc-g 
1.6fg 
2.6b-f 

4.5a 
3.2b 
3.ob-d 
3.lbc 
3.2b 

2.8b-c 
I .9e-g 
1.3g 
1.8e-g 
1.7fg 

3.2b 
2.0d-g 
2.0d-g 
2.8b-e 
1.7fg 

‘Within soil attributes, particle fraction X heat treatment X incubation treatment means followed by the same letter are not significantly different at the pIo.05 lwel. 
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Fig. 1. Percent emergence of cheatgrass regressed against the ratio of net 
mineralized (mg kg-t) NO3- to NH,+. Data are for aerobic incubations 
only. 

heating sagebrush subcanopy soils (Blank and Young 1990). 
Organic acids at levels less than measured in the previous study 
have been shown to inhibit seed germination (Mayer and Evenari 
1953, Adkins et al. 1985). Blank and Young (1990), however, 
reported no significant differences in the germination of needle- 
and-thread grass (Stipa comuta Trin. & Rupr.), Indian ricegrass 
[ Oryzopsis hymenoides (R. & S.) Ricker], and cheatgrass between 
seeds grown in soil collected from sagebrush subcanopies follow- 
ing wildfire and a similar unburned control soil. The germintion 
trials, however, were conducted several weeks after the wildfire, at 
which time, compound(s) responsible for suppression of cheat- 
grass germination may have disappeared. 

Conclusions 
We suspected that seedbed microsites with varying soil textures 

caused by postwildfire soil erosion would differ in nitrogen fertil- 
ity, and therefore, in their ability to function as safesites for germi- 
nation. Our laboratory experiments, however, indicate that there is 
sufficient inorganic N and N mineralization capacity following 
simulated burning, even in medium sand-sized fractions, to supply 
the N needs of newly germinating seeds. 

Artificially heated sagebrush subcanopy soils significantly de- 
pressed emergence of cheatgrass as compared to unheated con- 
trols. This finding is contrary to the observation of cheatgrass 
being an aggressive colonizer following wildfires (Stewart and Hull 
1949). However, Young and Evans (1978) related that cheatgrass 
recruitment beneath sagebrush subcanopies was depressed the first 
year following a wildfire. They attributed this finding to caryopses 
loss due to intense heat. At this time we cannot offer a plausible 
mechanism, whereby heated soil retards the emergence of cheat- 
grass but are investigating the phenomenon further. 
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Abstract 

Grazing trials were conducted in north and south-central Okla- 
homa throughout the growing season of 1989 and 1990 in an 
attempt to explain live herbage accumulation rate of tallgrass 
prairie as a function of live residual herbage level. A l-2 day 
grazing period on 8 treatment paddocks began 26 May (Trial l), 7 
July (Trial 2), and 1% August (Trial 3) of each year. Two replicate 
paddocks per trial were subjected to stocking densities of 7,600, 
15,200,22,700, and 30,300 kg animal weight ha-l. Live herbage was 
measured immediately after grazing to determine live residual 
herbage level and 2,4,6, and 8 weeks after grazing to determine live 
herbageaccumu&tion. Live herbage accumulation rate was detent&d 
as the first derivative with respect to day after grazing day of 
polynomial regression equations fit to live herbage accumulation 
data. Maximum live herbage accumulation rate decreased as sea- 
son progressed but the time required to reach maximum live her- 
bage accumulatfon rate was not dependent upon season. Live 
residual herbage level was a significant parameter in equations 
describing Jive herbage accumulation rate in 6 of 9 trials. 

Key Words: live herbage accumulation rate, residual herbage 
level, growth rate 

Intensive rotational grazing involves the rapid rotation of 1 herd 
of livestock through a subdivided pasture at intervals decided upon 
by a grazing manager (Howell 1978, Savory 1978). Timing herd 
movement to allow sufficient time for major forage species to 
regrow following grazing is critical to the success of rotational 
grazing (Booysen and Tainton 1978, Howell 1978, Savory 1978). 
Knowledge of the parameters affecting plant regrowth thus is 
important in managing rotational grazing systems. 

Herbage production changes throughout the growing season 
(Anslow and Green 1967, Williams 1980). Maximum rate of 
regrowth after clipping decreases as the growing season progresses, 
but the time to reach maximum net growth rate after clipping does 
not change during the growing season (Brougham 1957, Morley 
1968, Gillen and McGew 1987). Several studies have focused on 
season-long growth of ungrazed tallgrass prairie (Dwyer and Hut- 
cheson 1965, Sims and Singh 1978, Gilbert et al. 1979), but there 
are little experimental data on the parameters which influence 
short-term growth rates of tallgrasses following defoliation. This 
study estimates the rates of live herbage accumulation on tallgrass 
prairie based upon the amount of live residual herbage remaining 
after grazing and season of defoliation. 

The authors thank James Kulbeth and Mike Hayes for assistance in data collection. 
Published with approval of the Director, Oklahoma Agricultural Experiment Sta- 

tion, as JA-6185. 
Manuscript accepted 3 Sept. 1993. 
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Study Area 

The study was conducted on the Research Range of the Okla- 
homa Agricultural Experimental Station, at Stillwater, Okla. 
(36OO7’N 97’04’W) and on the Headquarters Farm, Unit II, of the 
Samuel Roberts Noble Foundation, Inc., at Ardmore, Okla. 
(34” 1O’N 97OO8’W). Average annual precipitation at Stillwater is 
831 mm with 565 mm falling during a 204day growing season. 
Average minimum and maximum temperatures range from -4.3O C 
in January to 34.0°C in August with an overall mean temperature 
of 15.5OC (Myers 1982). Average annual precipitation at Ardmore 
is 875 mm with 565 mm falling during a 214 day growing season. 
Average minimum and maximum temperatures range from O” C in 
January to 35.5’ C in July with an overall mean temperature of 18” 
C (Moebius et al. 1979). 

The soil at the Stillwater study site is a Renfrow silt loam which 
is a fine, mixed, thermic, Udertic Paleustoll with a 3 to 5% west- 
facing slope. A dense subsurface at 30 to 40 cm causes the soil to be 
very slowly permeable (Henley et al. 1987). The area is a Claypan 
Prairie range site in high seral stage. Vegetation composition by 
weight on the study site consists of 33% little bluestem (Schizachy- 
rium scoparium (Michx.) Nash), 23% big bluestem (Andropogon 
gerardii Vitman), 22% indiangrass (Sorghustrum nutans (L.) 
Nash), 9% switchgrass (Panicum virgutum L.), 10% other peren- 
nial grasses, and 3% forbs. Annual forage production averages 
3,400 kg ha-’ (Henley et al. 1987). 

The soil at the Ardmore study site is a Clarita silty clay which is a 
fine, montmorillonitic, thermic Udic Pellustert with a 3 to 5% 
south-facing slope. This soil is deep, moderately well drained, and 
very slowly permeable. The study area is classified as a Blackclay 
Prairie range site in high seral stage. Vegetation on the site consists 
of 35% little bluestem, 15% big bluestem, 12% indiangrass, 7% 
switchgrass, 27% other perennial grasses, and 4% forbs by weight. 
Annual forage production on the site in an average year is 4,500 kg 
ha-’ (Moebius et al. 1979). 

Methods 

Design 
Grazing trials were initiated on 26 May (Trial l), 7 July (Trial 2), 

and 18 August (Trial 3) in 1989 and 1990. Each trial contained eight 
20 X 30m (0.06 ha) treatment paddocks. A different set of pad- 
docks were used for each trial. Paddocks were grazed for 1 to 2 
days with dry cows and yearling cattle. Two paddocks per trial had 
stocking densities of 7,600, 15,200,22,700, and 30,300 kg animal 
weight ha“. This treatment created a range of residual herbage 
levels (kg ha-‘) among paddocks. Paddocks to be used for Trials 2 
and 3 were moderately grazed (6 cm) at the initiation of Trial 1, and 
paddocks for Trial 3 were grazed moderately at the initiation of 
Trial 2 to present a grazed vegetation environment for all trials. 
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Sampling 
Total herbage was measured immediately after grazing to 

determine residual herbage level, as well as 2,4,6, and 8 weeks after 
grazing to determine standing crop accumulation. Vegetation in 
20, O.l-m2 plots per treatment paddock was hand-clipped to 
ground level. Field weight of each sample was recorded at harvest 
and samples were oven dried to determine dry weight. Field and 
dry weights of 8 samples each of pure live and pure dead plant 
material were obtained for each sampling date at Stillwater in 1989 
and 1990 and Ardmore in 1990. Live and dead components of total 
herbage standing crop were calculated based on the moisture con- 
tent of total, live, and dead plant material (Cooper et al. 1957, 
Gillen and Tate 1993). Live standing crop accumulation will be 
referred to as live herbage accumulation (LHA). Because no pure 
live or dead material was collected at Ardmore in 1989, live her- 
bage accumulation could not be calculated for that year. Species 
composition at both study areas was determined in late summer by 
the dry-weight-rank method using 50, O.l-mr plots (Gillen and 
Smith 1986). Cattle were weighed once each year to facilitate 
allocation of livestock among paddocks. 

Live Herbage Accumulation 
Separate analyses of variance were conducted on live herbage 

accumulation data pooled within location and year. A repeated 
measures model was used with trial and live residual herbage level 
(LRHL) as main treatments and number of days after grazing 
(Day) as the repeated measure. Polynomial regression equations 
describing live herbage accumulation for each year and location 
were generated using independent variables determined to be sig- 
nificant by the analysis of variance (P<O.O5). Trial was incorpo- 
rated into the models as an indicator variable. 

Live Herbage Accumulation Rate 
Equations describing live herbage accumulation rate (LHAR) 

for each trial and location were found as the first derivative with 
respect to Day of the live herbage accumulation equations. Follow- 
ing this procedure, live residual herbage level can only affect live 
herbage accumulation rate if the quadratic form of live residual 
herbage level or an interaction involving live residual herbage level 
is significant in the live herbage accumulation equations. Where 
live residual herbage level was significant, live herbage accumula- 
tion rate was plotted at 4 levels which defined the observed range of 
live residual herbage level for that particular trial. 

Results and Discussion 

Trial, live residual herbage level, Day, and Trial*Day were 
significant (P<O.O5) sources of variation in the analysis of variance 
for all location by year combinations (Table 2). The live residual 
herbage level by Day interaction was significant for both years at 
Stillwater, and the Trial by live residual herbage level by Day 
interaction was significant at Stillwater in 1990. It should be noted 
that a single regression model was developed for each location by 
year combination. For clarity in later analysis, a separate equation 
was written for each trial by algebraic simplification of the full 
model (Table 3). Regression models accounted for 74 to 8 1% of the 
observed variation in live herbage accumulation (Table 3). A plot 
of the best fit, Stillwater 1990 Trial 2, and the worst fit, Stillwater 
1989 Trial 3, is presented to give some indication of how the 
regression equations fit the live herbage accumulation data (Fig. 
1). 

Weather Conditions 
Total annual precipitation at Stillwater for 1989 and 1990 was 

940 and 950 mm, compared to a long-term average of 831 mm. 
Growing season precipitation (April to September) from 1989 and 
1990 was 680 and 520 mm, while the long-term average is 565 mm. 
Precipitation during all trials in 1989 was at least 70 mm above the 
long-term average, and average temperatures were consistently 
below normal (Table 1). Precipitation during Trials 1 and 2 of 1990 
was 155 and 50 mm below average, respectively. Trial 3 of 1990 
experienced slightly above-average precipitation. Temperatures 
exceeded the average for all trial periods in 1990. In summary, 
weather conditions at Stillwater during the 1989 growing season 
were more favorable for forage production than in 1990. 

Table 2. Analysis of variance for live herbage accumulation data at Still- 
water 1989,1990, and Ardmore 1990. 

P 

Source df 

Stillwater 

1989 1990 

Ardmore 

1990 

Total annual precipitation at Ardmore in 1990 was 1,529 mm. 
The long-term average is 874 mm. Growing season precipitation in 
1990 was 865 mm, compared to a long-term average of 575 mm. 
Precipitation was 56 mm above average during Trial 1 but was near 
average and slightly above average during Trials 2 and 3, respec- 
tively (Table 1). Although growing season precipitation was high it 
was not well distributed temporarily with April and May receiving 

Trial 
LRHL 
Trial*LRHL 
LRHL2 
Trial*LRHL2 
Day 
Trial*Day 
LRHL*Day 
Trial*LRHL*Day 
LRHL**Day 
Trial*LRHLz*Day 
C.V. 
MSE 

2 

2 

0.001 0.044 0.001 
0.001 0.001 0.001 
0.133 0.188 0.942 
0.115 0.187 0.364 
0.890 0.580 0.692 
0.001 0.001 0.001 
0.001 0.001 0.001 
0.012 0.001 0.076 
0.540 0.001 0.864 
0.461 0.432 0.235 
0.909 0.427 0.471 

11.936 13.726 16.558 
300.078 161.489 215.726 

Table 1. Weather data for each trial, P = precipitation, T q  temperature, 
Max = average maximum daily temperature, Min = average minimum 
daily temperature, Daily = average daily temperature. 

Location Trial Year P Max Min Daily 

mm _______oc_______ 
Stillwater 1 89 376 28 17 23 

90 148 30 18 24 
Avg 303 30 17 23 

2 89 280 31 19 25 
90 155 33 21 27 

Avg 205 33 21 27 
3 89 276 28 15 23 

90 224 33 19 26 
A% 185 31 18 24 

Ardmore 1 90 257 32 21 27 
Avg 201 33 21 27 

2 90 151 33 22 28 
Avg 148 35 22 29 

3 9c- 224 32 20 26 
Ave 193 32 19 26 

twice their normal rainfall and the remaining 3 months of the 
growing season receiving average amounts of precipitation. Temper- 
atures for all trials at Ardmore were at or near average. At Ard- 
more, 1990 was an excellent year for forage production due to high 
soil moisture early in the season and average precipitation 
throughout the remainder of the growing season. 

Live Herbage Accumulation 
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Table 3. Statistics and coefficients of polynomial regression equations for live herbage accumulation. All parameters significant at P<O.OS. 

Location Year Trial 
$2) 

blLRHL baD2 b5LRHL.D bsLRHL*D2 R2 C.V. 
(lo-4 (IO.3 (10-y 

MSE 

Stillwater 1989 1 2.78 0.84 1.86 54.98 -0.76 0.80 12.3 308 
2 4.61 0.84 0.79 44.64 -0.76 
3 2.78 0.84 1.88 -0.07 -0.76 

1990 I -1.71 1.03 9.02 -105.60 -4.59 0.06 0.81 18.1 213 
2 -0.12 1.03 2.03 -7.40 -3.98 0.06 
3 a.12 1.03 4.48 -42.60 -3.98 0.06 

Ardmore 1990 I 2.23 0.78 -0.02 34.01 0.74 17.6 229 
2 2.90 0.78 0.62 
3 2.67 0.78 -0.43 

Stillwater 1990 Trial 2 

2,500 A - - Max. LRHL 
n - Min. LRHL 

2,000 0 

0 14 23 42 56 

Stillwater 1989 Trial 3 
3,000” A 

7'----- ------_ 

2,500 A m -p---- 

2,000 

1 ,5001- 

1,000 

500 

0 I I I 
0 14 23 42 

Day 
Fig. 1. Predicted versus observed live herbage accumulation for Stillwater 

1990 Trial 2 and Stillwater 1989 Trial 3. 

Live Herbage Accumulation Rate 
Season 

Maximum live herbage accumulation rate and the difference in 
live herbage accumulation rate among trials decreased as season 
progressed in both years and at both locations. Live herbage 
accumulation rate for Trials 1,2, and 3 ranged from -30 to 80, -50 
to 60, and -5 to 30 kg ha-‘d-l, respectively, across years and 
locations (Fig. 2,3, and 4). Time required to reach maximum live 
herbage accumulation rate varied widely, and did not seem to 
depend on season. Maximum live herbage accumulation rate was 
attained on the last day of Trials 1 and 2 of 1989, Trial 2 of 1990 at 
Stillwater, and Trial 1 at Ardmore. Maximum live herbage accum- 
ulation rate for all treatments in Trial 1 and some in Trial 3 at 
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Stillwater in 1990 was attained on the first day of the trial (Fig. 3). 
Live herbage accumulation rate was not affected by Day in Trial 2 
or 3 at Ardmore. These results support previous findings that 
maximum net growth rate is dependent upon season but time to 
maximum growth rate is not dependent upon season (Brougham 
1957, Anslow and Green 1967, Morley 1967, Williams 1980, Gillen 
and McNew 1987, Brummer et al. 1988). Voisin (1959) believed 
that maximum net growth rate remained constant as season pro- 
gressed, but that time to maximum net growth rate increased with 
season. 

Negative live herbage accumulation rate at the initiation of Trial 
2 of both years at Stillwater indicates a lag or recovery phase 
immediately after grazing. High live residual herbage levels and 
above-average precipitation (+70 mm) in 1989, and low live resid- 
ual herbage levels and below-average precipitation (-50 mm) in 
1990 rule out precipitation as a casual factor. Anslow and Green 
(1967) found a natural decline in growth rate at the same period of 
the growing season when Trial 2 occurred. 

In Trial 3 at Ardmore day after grazing was not a significant 
parameter in live herbage accumulation equations, and it had 
minimal effect during Trial 3 at Stillwater 1989. Tallgrass vegeta- 
tion has limited regrowth potential after August 1 (Gillen and 
McNew 1987). 

Live Residual Herbage Level 
Live herbage accumulation rate was significantly related to live 

residual herbage level for all trials at Stillwater, and was not related 
to live residual herbage level in any trial at Ardmore (Table 4). The 

Table 4. Coeffkients of live herbage accumulation rate equations derived 
from regression equations for live herbage accumulation. 

Location Year Trial 
(Z, 

blLRHL bzD bsLRHL*D 
(10-q (lo-‘) (lo-“) 

Stillwater 1989 1 1.86 -0.76 10.99 
2 0.79 -0.76 8.90 
3 1.88 -0.76 -0.01 

1990 1 9.02 4.59 -21.12 0.12 
2 2.03 -3.98 -1.48 0.12 
3 4.48 -3.98 -8.52 0.12 

Ardmore 1990 1 -0.02 6.80 
2 0.62 
3 Xl.43 

explanation for the differences between Stillwater and Ardmore is 
not readily clear. There is no evidence to support climate as an 
explanation (Table 1). 

There are differences in the effect live residual herbage level had 
on live herbage accumulation rate at Stillwater in 1989 and 1990. 
During 1989, live residual herbage level caused the initial live 
herbage accumulation rate to vary with live residual herbage level, 
but the slope or rate of change was the same. For all trials at 
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Fig. 2. Live herbage accumulation rate for Stillwater 1989. Plots represent 

the first derivative with respect to Day of regression equations predicting 
live herbage accumulation at Stillwater in 1989. Multiple lines represent 
the range of observed live residual herbage level for the trial. 

Stillwater in 1989 the most intensely grazed paddocks, i.e., lowest 
live residual herbage level, had the highest growth rates (Fig. 2). 
Due to the presence of the live residual herbage level by Day2 
interaction in the live herbage accumulation equation for Still- 
water 1990, the live residual herbage level by Day interaction 
became a parameter in the live herbage accumulation rate equa- 
tion. Thus live residual herbage level influenced not only the initial 
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Fig. 3. Live herbage accumulation rate for Stillwater 1990. Plots represent 

the first derivative with respect to Day of regression equations predicting 
live herbage accumulation at Stillwater in 1990. Multiple lines represent 
the range of observed live residual herbage level for the trial. 

live herbage accumulation rate, but the rate of change. In all trials 
at Stillwater 1990 the most intensely grazed paddocks had the 
highest initial live herbage accumulation rate, but had the lowest 
final live herbage accumulation rate (Fig. 3). 

One explanation for the different effect of live residual herbage 
level on live herbage accumulation rate at Stillwater in 1989 and 
1990 might be rainfall. Precipitation was well above average for all 
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Fig. 4. Live herbage accumulation rate for Ardmore 1990. Plots represent 

the first derivative with respect to Day of regression equations predicting 
live herbage accumulation at Ardmore in 1990. Single lines indicate live 
berbage accumulation rate was not affected by live residual herbage 
level. 

of 1989, but was well below average for the majority of 1990. 
Moisture stress may have compounded the effects of defoliation to 
produce the results observed in 1990. 

Conclusions 

Live herbage accumulation rate of tallgrass prairie was affected 
by timing of defoliation within the growing season. Maximum live 
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herbage accumulation rate and the amount of change in live her- 
bage accumulation rate throughout a trial decreased as season 
progressed, but the amount of time required to attain maximum 
live herbage accumulation rate was variable and independent of 
season. These findings substantiate the conclusions of several stu- 
dies (Brougham 1957, Anslow and Green 1967, Morley 1967, 
Williams 1980, Gillen and McNew 1987, Brummer et al. 1988). 
Regrowth potential of tallgrass prairie is limited in August. 

Live residual herbage level was a significant parameter in 6 of 9 
equations describing live herbage accumulation rate. Climatic dif- 
ferences do not explain why live herbage accumulation rate was 
not related to live residual herbage level at Ardmore, but was at all 
trials in Stillwater. However, low precipitation at Stillwater in 1990 
compared to 1989 might account for differences in the level of 
effect live residual herbage level had on live herbage accumulation 
rate. 

Although live residual herbage level influences live herbage 
accumulation rate, the rate and pattern of regrowth of tallgrass 
prairie following defoliation is too complex to be explained by 
defoliation intensity alone. Future research must identify and 
quantify additional factors such as precipitation, soil moisture, 
and morphological stage at defoliation which interact with defolia- 
tion intensity to influence live herbage accumulation rates. 
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Abstract 

Wiregrass (Aristido strictu Michx.)-dominated communities 
characterize extensive areas of South Florida that have been sub- 
jected to burning and uncontrolled grazing for decades. We evalu- 
ated the effects of deferment from grazing on species composition 
and herbage mass of these rangelands. Treatments were l-ha 
exclosures that were closed to grazing December to March, closed 
April to July, closed August to November, always closed, or 
always open. All treatments were burned biennially. Herbage mass 
of preferred grasses was greater (P<O.OS) after 8 years in exclo- 
sures that were always closed (avg. 110 kg ha-‘) compared with 
other treatments, which were not different (avg. 65 kg ha-‘). Her- 
bage mass of preferred grasses increased by 10 kg ha-’ year-‘. 
Shrub biomass was greater in the treatment that was always closed 
(2,370 kg ha-‘) compared with other treatments (avg. 1,855 kg 
ha-‘), and biomass increased quadratically over years. There were 
no effects due to treatments or years on biomass of wiregrass, other 
less desirable grasses, grasslike species, or forbs. Frequency of 
occurrence of preferred grasses was not affected by treatment and 
averaged 41%. Although preferred grasses were relatively abund- 
ant, neither their biomass nor frequency of occurrence increased 
on a scale relevant to management for cattle production when 
protected from grazing. This biennially burned, seasonally flooded, 
infertile wiregrass range is not highly responsive to grazing or 
deferment from grazing, hence responses may not justify the inputs 
required for more intensive grazing management. 

Key Words: Florida flatwoods range, wiregrass, Aristidn stricta, 
range improvement, species composition 

Cutover pinelands in south Florida, referred to as flatwoods 
range, are dominated today by herbaceous and shrubby vegetation 
with or without a scattered overstory of trees. Environmental 
factors such as soil type, hydroperiod, and fire provide such stabil- 
ity to these communities that White (1973) suggested they be 
considered climax unless environmental restraints are altered. Due 
to rapid plant maturity resulting in extremely low forage quality, 
controlled burning has been widely recommended and used in 
flatwoods range management (Kirk and Hodges 1970, Hughes 
1974, Lewis et al. 1982). 

Productive, relatively palatable grasses such as creeping and 
chalky bluestems (Table I), indiangrass and little blue maidencane 
have been considered preferred range grasses (SCS 1987). Other 
less productive and less palatable grasses, such as Aristida spp., are 
often considered less desirable. Grazing systems have been advo- 

The authors wish to thank Mr. Bayard Toussaint, former general manager, Cres- 
cent B Ranch, for help in carrying out the study; Mr. Howard Yamataki, USDA, SCS 
soil scientist, for on-site soil classification; and Mr. William Shilling, Florida Division 
of Forestry, for tree site index determinations. 
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cated as a means to change the proportions of preferred and 
less-desirable grasses. Changing the composition of wiregrass- 
dominated range simply by deferring grazing in a particular season 
has not been demonstrated. From a ICyear study on frequently 
burned South Florida range, Hughes (1974) found that production 
from a cow-calf herd was inversely related to stocking rate, and 
that the lowest stocking rate resulted in decreases in wiregrass and 
increases in the more palatable bluestems and Punicum spp. From 
these results, Hughes suggested that deferment from grazing fol- 
lowing utilization of spring regrowth (after burning) should 
“encourage a natural increase of the better grasses.” Prevatt et al. 
(1985) assumed that rotational grazing would result in an annual 
before-tax net return of $0.17 ha-’ based on an increase of 280 kg 
ha-’ of grazeable dry matter with a IO-year life of improvement 
(fences). If changes in species composition resulting in greater 
production of palatable forage do not occur, rotational grazing 
could result in an economic loss to cattlemen. 

The purpose of this investigation was to measure the changes in 
herbage mass and botanical composition as affected by season of 
rest on flatwoods range that had been historically managed for 
cattle production by burning and continuous grazing. Our hypo- 
thesis was that production and occurrence of preferred grasses (i.e., 
range condition) would improve when range was protected from 
grazing in the appropriate season. 

Methods and Materials 

Research was conducted on the Boyd’s Bay unit of the Cresent B 
ranch in Charlotte County, Fla. Boyd’s Bay is about 4,400 ha of 
flatwoods range with no cross fences and had been grazed since the 
1930s when pines were harvested. Controlled burning had been the 
only range management tool used in the past 50 years. Portions (2 
to 3 km*) of the range were burned November to March and about 
300 head of cattle concentrated grazing on recently burned areas. 

Twenty, l-ha (100 by 100 m) barbed wire exclosures with 6-m 
gates on diagonal corners were built in the center of Boyd’s Bay 
during fall 1981 and winter 1982. Their location was not random, 
as areas were selected that appeared similar from exclosure to 
exclosure. Ten exclosures (replicates I and II) were scattered over 
100 ha of Myakka fine sand (sandy, siliceous, hyperthermic Aeric 
Haplaquods) with some Immokalee (sandy, siliceous, hyperther- 
mic Arenic Haplaquods) and Punta (sandy, siliceous, hyperther- 
mic Grossarenic Haplaquods) soils. The other 10 exclosures (repli- 
cates III and IV) were grouped about 1 km from replicates I and II 
and were also scattered over about 100 ha. Soils were mostly 
Immokalee fine sand with some Smyrna (sandy, siliceous, hyper- 
thermic Aeric Haplaquods), Bassinger (siliceous, hyperthermic 
Spodic Psammaquents) and Myakka soils. Climate, topography, 
and vegetation have been described for the Caloosa Experimental 
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Table 1. Scientific and common names of plants found within exclosures on Boyd’s Bay 1982 to 1990. 

Group Genus and species Common name 

Grass (preferred)’ 

Grasslikes 

Forb 

Shrub Asimina reticulato Chapm. 
Goylussocio HBK. (2 species) 
Hypericum L. (3 species) 
Ilex glabra (L.) A. Gray 
Lyonio Nutt. (3 species) 
Myrico cerifera L. 
Serenoo repens (Bartr.) Small 
Stillingia sylvatica L. 
Vaccinium myrsinites Lam. 

Amphicorpum muhlenbergianum (Schult.) Hitchc. 
Andropogon capillipes Nash. 
Schizochyrium scoparium (Michx.) Nash var. polyclodus (Scribner 8r Ball) 

(Bruner (Syn. S. stoloniferum Nash) 
Sorghastrum secundum (Eli.) Nash. 

Grass (less desirable)’ Andropogon virginicus L. 
Aristida stricta Michx. 
Aristido L. (2 additional species) 
Axonopus Beauv. (2 species) 
Dichanthelium (Hitchc. St Chase) Gould (Numerous species) 
Eragrostis elliottii S. Wats. 
Gymnopogon chopmanianus Hitchc. 
Panicum anceps Michx. 
Panicum verrucosum Muhl. 
Paspolum L. (2 species) 

Corex L. (3 species) 
Dichromena colorata (L.) Hitchc. 
Eleochoris R. Br. (2 species) 
Fimbristylis puberulo (Michx.) Vahl. 
Fuirena scirpoidea Michx. 
Juncus L. (3 species) 
Lachnonthes coroliniona (Lam.) Dandy 
Luchnocoulon onceps (Walt.) Morony 
Rhynchosporo Vahl. (3 species) 
Syngonanthusjlovidulus (Michx.) Ruhl. 
Xyris L. (2 species) 

Aletris lutea Small 
Asclepios feayi Chapm. 
Aster L. (2 species) 
Rigelowio nudoto (Michx.) DC. 
Corphephorus Cass. (2 species) 
Cnidoscolus stimulosus (Michx.) Engelm. % Gray 
Elephantopus elotus Bertrol. 
Erechtites hieracijblia (L.) Raf. 
Eryngium L. (2 species) 
Eupotorium mohrii Greene 
Galactia elliottii Nutt. 
Gnopholium obtusifolium L. 
Granola hispida (Benth.) Pollard 
Helianthus angustifolius L. 
Hydrocotyle verticillata Thunb. 
Hyptis olata (Raf.) Shinners 
Liatris tenifolia Nutt. 
Ludwigia maritima Harper 
Piloblephis rigid0 (Bartr. ex Benth.) Raf. 
Pityopsis grominifolio (Michx.) Nutt. 
Plucheo rose0 Godfrey 
Polygala lutea L. 
Pterocaulon virgatum (L.) DC 
Rhexio L. (2 species) 
Schrankio microphyllo (Dry. ex Smith) Macbr. 
Solidogo L. (2 species) 
Tephrosia rugelii Shuttlew. ex Robins. 

Pawpaw 
Dangleberry 
St. John’s_wart 
Gallberry 

Wax myrtle 
Saw-palmetto 
Queen’s delight 
Shiny blueberry 

Little blue maidencane 
Chalky bluestem 
Little (creeping) bluestem 

Lopsided indiangrass 

Broomsedge 
Wiregrass 
Three-awns 
Carpetgrass 

Elliott lovegrass 
Chapman skeletongrass 
Beaked panicum 
Warty panicum 

Sedges 
White-tops 
Pipewort 

Rushes 
Bloodroot 
Bog buttons 
Beaked rush 
Bantum buttons 
Yelloweyed grass 

Yellow colic-root 

Vanilla plant 
Tread-softly 
Florida elephants’ foot 
Fireweed 

Mohr’s eupatorium 

Rabbit’s tobacco 

Whorled penny wort 
Musky mint 

Pennyroyal 

Fleabane 
Wild bachelor’s button 
Blackroot 
Meadow beauty 
Sensitive briar 
Goldenrod 

‘Classified as decreaser and increaser grasses according to USDA, SCS (1987). 
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Range, which is similar to and about 30 km southwest of Boyd’s 
Bay (Hilmon 1964). Like Boyd’s Bay, the history of the Caloosa 
range is known to be one of frequent burning and grazing. 

Two, 120-m permanent transects were established on the diago- 
nals in each exclosure. Twenty-five, 0.25-m* (0.5 by 0.5-m) quad- 
rats were examined on each transect. Presence or absence of all 
plants growing in the 50 quadrats in each exclosure were listed, and 
herbage from the following groups of plants was cut at the soil 
surface and weighed: shrubs; preferred grasses; wiregrass, which 
was the major less desirable grass; other less desirable grasses; and 
forbs (Table 1). Grasslike species were combined with other less 
desirable grasses because of the time required to separate these 2 
components. All vegetation was weighed if it was included within 
imaginary vertical planes extending up from the quadrat frame. 
Fresh plant weights obtained in the field were converted to dry 
matter on the basis of samples dried at 60” C for 72 hours. Exclo- 
sures were sampled late October 1982 and 1984 and early 
November 1986 and 1990. About 3 km* including the exclosures 
were burned biennially in March 1982, 1984, 1986, 1988 (not 
sampled), and 1990. Gates were closed between burning in March 
and November 1982. Soils were classified, and longleaf pine (pinus 
palustris Mill.) site index was determined (U.S. Forest Service 
1976) by examining 5 sites in each replicate. Elevation was deter- 
mined at each quadrat with a laser level in November 1990. 

Five grazing treatments were evaluated from December 1982 to 
November 1990. These were: exclosures closed to grazing December 
to March; closed April to July; closed August to November; always 
open; and always closed. 

Biomass data were analyzed by analysis of variance using GLM 
and a model for a randomized, complete block design (significance 
at P<O.O5). Effects due to years were examined with regression 
analyses (SAS 1985a). Frequency of species occurrence was ana- 
lyzed with the CATMOD procedure (SAS 1985b) (significance at 
P<O.Ol), which models categorical data by fitting linear models to 
functions of response frequencies. Effects due to years were exam- 
ined with CATMOD repeated measures option. Differences in 
species frequency between previous years and 1990 were deter- 
mined with linear contrasts. When treatment X year interactions 
were significant, contrasts were used to make the following com- 
parisons among treatment-year combinations for frequency of 
occurrence:differences between always closed and open in 1982 vs. 
same in 1990; differences between closed December to March and 
open in 1982 vs. same in 1990; differences between closed April to 
July and open in 1982 vs. same in 1990; differences between closed 
August to November and open in 1982 vs. same in 1990. 

Results and Discussion 
Biomass 

A pooled analysis of variance using data from all 4 clipping 
cycles indicated that shrub and preferred grass biomass differed 
among treatments (Table 2). Standard deviations were quite large 
relative to treatment means, indicating that the experiment was 
sensitive only to large differences among treatments. For shrub 
and preferred grass biomass the year X treatment interaction was 
not significant (-0.05) indicating that treatment differences were 
consistent over years. Biomass of shrubs and preferred grasses was 
greater when exclosures were always closed (complete deferment) 
compared to all other treatments. The effect due to years was 
significant with shrub mass increasing quadratically and preferred 
grass mass increasing linearly over years in all treatments. 

There were no measures of forage utilization taken 30 to 60 days 
after burning when most of the grazing occurred. Forage utiliza- 
tion was evident with greater herbage mass inside those exclosures 
which were closed at that time compared to the area outside of 

Table 2. Mean herbage mass of various vegetational components from 
pooled analyses of variance over 1982,1984,1986, and 1990. 

Vegetation category’ 
Other less 
desirable 
grasses & Preferred 

Treatment2 Shrubs4 Wiregrass grasslikes grasses Forbs 

______ _____ ___drymatterkgham’ ______ --------- 
DJFM 2040 b’ 330 a 390 a 70 b 160a 
AMJJ 1730 b 410a 370 a 70 b 160a 
ASON 1730 b 390 a 370 a 60 b 160a 
OPEN 1920 b 420 a 370 a 60b 180a 
CLOSED 2370 a 410 a 320 a 110a 150a 
Std. Dev. 440 160 110 50 60 

‘Table I contains plant species associated with each category. 
*Months that exclosures were closed to grazing. Open and closed indicate access to 
grazing for the 8 year trial. 
3Means in the same column followed by the same letter are not different. Duncan’s 
multiple range test WO.05. 
‘Year and treatment effects were independent for all vegetation categories. Herbage 
mass of shrubs and preferred grasses depended on year. Shrub (kg ha ) = 3040 - 544T 
+ 49T2 and preferred grasses = 20 + IOT where T = year-1980. 

these exclosures or between closed exclosures and adjacent ones 
which were open during this period. 

Shrubs made up 66.4% of the total biomass, while preferred 
grasses made up 2.5% (Table 2). Wiregrass constituted 13.3% of the 
total biomass, and other less desirable grasses and grasslikes were 
12.3% of the total. All less desirable grasses and grasslikes together 
constituted 25.6% of biomass. Forbs made up 5.5% of the total 
biomass. 

Herbage mass was calculated as total biomass minus shrub mass 
and equaled about 1,000 kg ha-’ (Table 2). Our herbage estimates 
are similar to those obtained by Hughes (1974), who found 1,100 
kg ha-’ of herbaceous mass 7 months after a spring bum on the 
Caloosa range. At risk of predicting beyond 1990, it would take 
until the year 2000 before preferred grasses would double in pro- 
duction from the average value (110 kg ha-‘) observed in the closed 
treatment [220=20+ 10(X-1980)]. This is not on a time scale relevant 
to management for cattle production. Our increases in preferred 
grass herbage mass were linear, which may not be the case over 
many years (Archer and Smeins 1992). We also assume that inclu- 
sion of 1988, when herbage mass was not measured, would not 
change the linear model. 

Frequency of Occurrence 
Eighty-four plant species were found in the exclosures (Table 1). 

There were 15 species of shrubs, 4 species of preferred grasses, 14 
species of less desirable grasses, 19 grasslike species, and 2 forb 
species. There was an average of 7.7 species per 0.25-m* quadrat. 
Since our hypothesis concerns preferred and less desirable grasses, 
they will be reported. 

Preferred grasses The probability of finding any of 4 preferred 
grasses depended only on year. There was no effect due to treat- 
ment. This contrasts with previous observations and recommenda- 
tions regarding flatwoods range. Hughes (1970) recommended 
deferred grazing for the entire growing season to increase lopsided 
indiangrass on range where it occurs. He also stated that excellent 
recovery was obtained by deferred grazing of little blue maidencane. 

The percent chance of finding any preferred grass (averaged over 
treatments) was 43% in 1982; 35% in 1984,45% in 1986; and 40% in 
1990 (data not illustrated). Compared with 1990, the probability of 
a difference in frequency of occurrence was: 1982, nO.05; 1984, 
KO.02; and 1986, P<O.O06. These frequencies of occurrence are 
disproportionately large considering the low herbage.mass of pre- 
ferred grasses (Table 2). 
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Year 
Fie. 1. Frequency of occurrence of wirecrass,Dic/tunt spp., broomsedge, or other less desirable grasses (Table 1) expressed as probability of finding 

these pia& in k.25 m3 quadrrts fro& 1982 to 1990. - _ 
*Within species, year different (P<O.Ol) compared to 1990. 

Preferred grasses may not be abundant at some locations by 
chance. Egler (1954) and Gleason (1926) suggested that certain 
species were not always present in the initial composition of vegeta- 
tion. However, the preferred grasses were relatively abundant on 
Boyd’s Bay, but Boyd’s Bay apparently has a limited capability for 
their production. 

Why was the increase in herbage mass of preferred grasses so 
slight? Why was frequency of occurrence of these species not 
affected by grazing treatment? Perhaps our basic assumptions were 
incorrect or the range successional model was not suited to forested 
range (Smith 1978). Westoby et al. (1989) in their discussion of the 
limitations of the range successional model, cite at least 14 referen- 
ces where livestock had been removed from grasslands (mostly 
arid) and vegetation did not change or did not change in the 
direction predicted by the model. Other concepts explain vegeta- 
tion changes on range (Laycock 1991), but none are helpful in the 
case of Boyd’s Bay because the vegetational benchmark was based 
on an assumption, which may be incorrect. For example, catalog- 
ing potential range states and describing processes (transitions) 
that force range between states (Westoby et al. 1989) may be more 
realistic than an equilibrium associated with the successional 
model, providing a history of the states has been documented or 
observed. Friedel’s (1991) thresholds concept is useful in cases 
when change has been documented and thresholds identified. 

there were subtle differences between pedons from Boyd’s Bay and 
pedons elswhere with the same soil classification, which may result 
in important differences in water-holding capacity and fertility. On 
a described Myakka pedon (Carlisle et al. 1985) in Hardee County, 
75 km north, where preferred grasses are productive (500 to 600 kg 
ha-’ year-‘), there was about 10% more very fine sand and greater 
content of organic matter in the spodic horizon compared to 
Myakka pedons from Boyd’s Bay (personal correspondence, H. 
Yamataki). 

Soils in Boyd’s Bay may be too infertile and the extremes in soil 
water may be too great to support high levels of preferred grass 
production. Slope was about 0.9 m km-‘, and 100 mm above or 
below mean elevation for a given exclosure included 93% of the 
observations made within that l-ha exclosure. During the June to 
September rainy season Boyd’s Bay has surface water over most of 
the area, while in the dry season, plants are subjected to extremely 
dry soil. The average environment may be near optimum for some 
species (i.e., wiregrass) and near physiological limits for others 
(i.e., preferred grasses) (Gleason 1926). 

Some believe that wiregrassdominated range is the result of 
uncontrolled burning and grazing, and that preferred grasses have 
diminished under such management (White 1973, Yarlett 1963). 
Because it required 2 years to accumulate suffient fuel for a burn, 
portions of Boyd’s Bay were burned biennially and heavily grazed 
for about 30 to 60 days after burning. Little grazing occurred after 
wiregrass matured. As Hughes (1974) pointed out, low palatability 
in years when wiregrass range is not burned provides a natural rest, 
enabling wiregrassdominant range to maintain itself. 

Tree site index ranged from 13.8 to 18.3 and averaged 16.2 in 
Boyd’s Bay, which means that in 50 years these longleaf pines 
would be expected to attain a height of 16.2 m. Boyd’s Bay had a 
low index compared to much of south Florida where indices of 18.3 
to 24.5 are common. The relatively poor site index on Boyd’s Bay 
indicates that the site has more than average limitations. Tree site 
index could be a better predictor of herbage production on forested 
range than soil classification if relationships between tree site index 
and herbage mass were developed. 

Soils in the exclosures were typical for flatwoods range, but 

On widely isolated spots, where an old tree had decayed or where 
a stump had been removed, thus bringing a more fertile spodic 
horizon to the surface, dense stands of creeping bluestem estab- 
lished. Perhaps with establishment of pine stands, which was 
observed to be occurring in Boyd’s Bay, a threshold will be 
approached where responses by herbaceous plants can be obtained 
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with appropriate grazing management. 
Grouping grasses into preferred or less desirable classifications 

according to palatability and production potential and using these 
designations to determine flatwoods range condition has value for 
ranchers in that it provides a basis for practical decisions such as 
carrying capacity. The problem arises when it is assumed that all 
range with low proportions of preferred species can be improved 
i.e., produce more of the preferred grasses by following proper 
grazing management. Range improvement implies that deteriora- 
tion has taken place, which may not be the case for Boyd’s Bay. 

Less desirable grasses Year X treatment interactions were sig- 
nificant for each of the categories discussed below. When treatment- 
year combinations were plotted, it could be seen that interactions 
in frequency of occurrence were due to anomalies in 1 or more 
treatments in 1 year. There was little effect due to treatment, while 
effects due to years were large and will be discussed. 

The most abundant plants on the study area, Dichanthelium 
spp, increased (KO.01) in frequency of occurrence between 1982 
and 1986 (Fig. 1). Wiregrass frequency of occurrence increased 
(P<O.Ol) 8 percentage units from 1982 to 1990. Broomsedge was 
the third most frequently found of the less desirable grasses. Fre- 
quency of occurrence of both broomsedge (and other less desirable 
grasses) fluctuated greatly over years. Broomsedge increased 
(P<O.Ol) 18 percentage units between 1982 and 1984, then declined 
12 percentage units over the following 4 years. Other less desirable 
grasses increased (KO.01) 29 percentage units between 1982 and 
1984 then declined 3 1 percentage units over the next 4 years. 

Conclusions 
The frequently burned, seasonally flooded, highly infertile 

wiregrassdominated range at Boyd’s Bay was not highly respon- 
sive to grazing or deferment from grazing. Past recommendations 
for optimizing livestock responses to wiregrass range by frequent 
burning to enhance quality and acceptability of herbage appear to 
be appropriate. Recommendations, which were at least partially 
based on results from more fertile sites, to defer grazing to produce 
increases in stands of the preferred grasses are not likely to produce 
the desired effects on sites like Boyd’s Bay. Even with no grazing 
for 8 years, the preferred grasses did not increase substantially. 
Under present conditions with such infertile soils, responses by 
herbaceous plants to grazing management on wiregrassdominant 
range may not be sufficient to justify the inputs. 

The validity of the concept of a threshold to be overcome, in this 
case by development of forest soil conditions with increased fertil- 
ity, organic matter, and water holding capacity, before a transition 
or change in composition of herbaceous plants can occur needs to 
be evaluated. Documentation of such conditions, should they 
exist, could greatly enhance opportunities for efficiently managing 
and improving these rangelands. However, the possibility that a 
potential natural community on some south Florida flatwoods 
may be pine forest with very low proportions of preferred grasses 
for livestock grazing must also be considered. 
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Abstract 

The Sheep Creek watershed of northcentral Colorado provided 
an ideal site to collect baseline trend data and to estimate foliar 
cover responses of montane riparian vegetation. Percent relative 
cover data were compared with Sqirensen’s similarity index and 
were analyzed with a 2-stage nested analysis of variance (ANOVA) 
to assess differences among 4 grazing treatments: long-term graz- 
ing (G), protection from livestock grazing since 1956 (P), recent 
protection following long-term grazing (P88), and recent livestock 
grazing following protection (688). This study utilized 3 replica- 
tions of each treatment. Data were collected in August 1988, June 
1989, and August 1989, employing permanent and randomly 
placed transects and plots. 

When percent foliar cover means were paired using SCrensen’s 
similarity index, long-term grazing and short-term grazing treat- 
ments were least similar in August 1988. Long-term protection and 
short-term grazing were most similar in June 1989. 

Average percent cover of bare ground, common dandelion 
(Taraxacum officinale Wiggers), white Dutch clover (Tr~olium 
repens L.), and legumes grouped as lifeforms were significantly 
different among treatments, with long-term grazing being signifi- 
cantly different from long-term protection. Average sedge and forb 
cover was least affected. However, responses of individual sedge 
species varied with treatments. 

Average percent grass cover increased under short-term protec- 
tion after a history of long-term grazing. Short-term grazing stimu- 
lated foliar cover of forbs, grasses, and sedges after more than 30 
years of cattle exclusion. 

Key Words: baseline trend, foliar cover, grazing, plant inventory, 
protection, riparian 

Riparian ecosystems of the western United States were heavily 
impacted by trapping, road construction, logging, mining, agricul- 
tural conversions, grazing by domestic animals, water use, and 
recreational developments over approximately the past 140 years 
(Platts 1981, Skinner 1986, Knopf et al. 1988). Vegetation, soils, 
stream channel morphology, and water quality, as well as fish, 
wildlife, and invertebrate populations are greatly affected by these 
uses (Orr 1960, Laycock and Conrad 1967, Van Velson 1979, Platts 
and Raleigh 1984, Bohn and Buckhouse 1985, Platts and Nelson 
1985, Knopf et al. 1988). 

Multiple use management strategies implemented during the 
1970’s highlighted in the poor condition of riparian corridors and 
provided opportunities for research on dynamics and characteris- 
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tics of these systems. Many problems created by conflicting uses 
never were fully resolved (Skovlin 1984). More recently, integrated 
research strategies on riparian zone management have interpreted 
the status of existing systems and promoted management ap- 
proaches aimed at enhancing or restoring the health of these 
systems. 

This research project studied foliar cover responses of montane 
riparian vegetation, with respect to 4 grazing treatments. Treat- 
ment areas included vegetation protected from livestock grazing 
for 30 years. It was hypothesized that differences in percent relative 
foliar cover of key plant species and life forms would not be 
significant among treatments. Determination of plant community 
composition from foliar cover over 2 growing seasons resulted in a 
baseline floristic inventory, comparisons of plant community sta- 
tus, and short-time trend information required for future research 
on community status at the study area. Also, this study presents a 
workable method for determining floristic inventories and com- 
munity status at other riparian sites in the Rocky Mountain region. 

Study Area 

The Sheep Creek allotment comprises an area of 5,342 ha with 
1,052 ha as primary grazeable range. Lodgepole pine (pinus con- 
tortu Dougl.) dominates the nongrazeable remainder. The allot- 
ment is located in northcentral Colorado within Roosevelt National 
Forest, approximately 75 km northwest of Fort Collins. The study 
was conducted at a research site within the allotment, along 5 km of 
gentle-sloping meadows adjacent to Sheep Creek. Elevation at the 
site is approximately 2,500 m. 

The allotment supported 1,175 animal unit months (AUMs) in 
the early 1900’s. Stocking rates were substantially.decreased to 897 
AUMs in 1949, and 740 AUMs in 1962. Current carrying capacity 
was estimated by the U.S. Forest Service to be 621 AUMs. A study 
conducted in 1985 and 1986 at this research site estimated forage 
utilization within riparian meadows adjacent to the creek at 65% of 
the current year’s growth (Schulz and Leininger 1990). 

The Union Pacific Railroad Company (UPRC) owns sections of 
uplands and riparian meadows at Sheep Creek, interspersed with 
sections of public land administered by the U.S. Forest Service 
(Fig. 1). Currently, Union Pacific Railroad Company lands are 
leased to permittees under a season-long grazing system. Cow-calf 
pairs are stocked around 20 June and are removed in late Sep- 
tember. Livestock of Union Pacific Railroad Company permittees 
are free to roam on U.S. Forest Service properties. 

According to U.S. Forest Service documents, all treatment areas 
of this study had been overgrazed from the 1890’s to 1956. Between 
1956 and 1959, the U.S. Forest Service constructed 3 exclosures by 
fencing 2.5 km of stream and adjacent riparian meadow for a total 
of 40 ha. Protected riparian areas were dedicated to fishery habitat 
improvement. Dense willow (Sulk spp.) stands now stabilize 
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Fig. 1. Riparian corridor of the Sheep Creek, Colorado, study area showing treatments, replications, and ownership. 

streambanks and shade the aquatic environment within these 
exclosures (Schulz and Leininger 1990). Upland areas were not 
protected from livestock grazing. 

Three new exclosures were built in grazed areas owned by the 
Union Pacific Railroad Company in June and July of 1988. From 
upper to lower stream, these exclosures encompassed areas of 0.52 
ha, 0.27 ha, and 0.48 ha. At the same time, portions of 3 old 
exclosures built by the U.S. Forest Service in 1956 were opened to 
livestock grazing at utilization levels mentioned previously. These 
areas were 0.29 ha, 0.68 ha, and 0.78 ha, respectively. 

Carex species, particularly beaked sedge [ Carex rostrata Stokes] 
and ovalhead sedge [ Carex festivella Mack.], along with fowl 
bluegrass [ Poapalustris L.], were key species of those sites charac- 
terized by water seepage from adjacent uplands onto riparian 
meadows. Native species such as slender wheatgrass [Agropyron 
trachycaulum (Link) Malte.], Parry oatgrass [ Danthonia parryi 
Scribn.], and shrubby cinquefoil [Potentilla fruticosa L.] were 
found exclusively in protected areas. Hay-like sedge (Carexfoenea 
Willd.) and Baltic rush [Juneus balticus var. montanus Engelm.] 
were common on microsites with deep litter accumulations. Con- 
versely, pussytoes [Antennaria parvzfolia Nutt. and A. rosea 
Greene], Kentucky bluegrass [Pea pratensis L.], and common 
dandelion [ Taraxacum officinale Wiggers] were common species 
of grazed sites with shallow soils. White Dutch clover [ Trzfolium 
repens L.] increased over Antennaria spp. in grazed mesic sites. 

The year 1988 was characterized by a relatively wet winter and a 
very dry growing season, with very negligible precipitation in 
August (5.8 mm), the lowest amount on record for the month since 
1948. Conversely, 1989 was characterized by low winter snow 
accumulation and above average summer precipitation. Three, 6, 
and 4 precipitation events totalled 52.3 mm in June, 109.7 mm in 
July, and 53.1 mm in August, respectively. 

Methods 

Long-term grazing (G), protection from livestock grazing since 
1956 (P), recent protection following long-term grazing (P88), and 
recent livestock grazing following protection (G88) were 4 treat- 
ments compared in this study. Three replicated areas were pro- 
vided for each treatment (Fig. 1). Three 20-m permanent transects 
were randomly located within each replication area. Ten 20 X 
50-cm rectangular plots were randomly and permanently assigned 
to each transect. Percent foliar cover, as defined by the Society for 
Range Management (1983), was measured within these rectangu- 
lar plots. Determinations were made in early August 1988, late 
June 1989, and early August 1989. 

Data were collected by subdividing the 20 X 50-cm rectangular 
plot into 10 cover classes (USDI, Bureau of Land Management, 
1985). Bare ground, litter, and individual plant species were visual- 
ized in the class that would contain their projected cover. The 
midrange value of each class was assigned to each observation 
within each plot. This method is a modification of the method 
developed by Daubenmire, which implements 6 cover classes 
(Daubenmire 1959). 

Empty spaces of foliage were excluded from measurements. All 
species found in plots were recorded. Measurements were taken on 
foliar cover projected into plots by plant species growing outside 
plots. Trees were measured only as seedlings. Species that were 
present, but not visible in the veritical stratification of foliage, were 
assigned a first cover class midrange value. Willows were measured 
by Schulz and Leininger (1990) and by other co-researchers at 
Sheep Creek and were excluded from this study. 

Percent foliar cover means were paired, using Sorensen’s sim- 
ilarity index, to determine percent similarity in foliar cover 
between treatments (Sorensen 1948). A distinct advantage of this 
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approach is that all species encompassed by plots are indexed. 
Major plant species in the Sheep Creek area are yarrow [Achil- 

lea hulosa Nutt.]; Carex festivella, Nebraska sedge [C. nebras- 
kensis Dewey], C. rostrata; tufted hairgrass [Deschampsia caespi- 
tosa (L.) Beauv.]; strawberry [Fragaria ovalis Lehm.) Rybd.]; 
Juncus balticus var. montanus; Poapalustris, P. pratensis; Poten- 
tilla fruticosa, herbaceous cinquefoil species [namely P. diversrfo- 
lia Lehm., P. gracilisDoug1. ex Hook. var.pulcherrima, Lehm., P. 
hippiana Lehm., and P. pennsylvanica L.]; Taraxacum officinale; 
and Trifolium repens. Percent foliar cover data of these species 
were analyzed with a 2-stage nested analysis of variance (ANOVA) 
to determine treatment differences. Three replications were nested 
within each treatment and 3 transects were nested within each 
replication and treatment combinations. Individual measurements 
were nested within transects. 

Replication within treatment means square was chosen as the 
appropriate error term for testing the significance of treatment 
differences. This procedure simulated an experiment where treat- 
ments and replications were randomly located, even though such 
random selection was not possible. This choice of error term 
reflected the difference among treatment means in the population 
of similar locations being tested. 

All plant species with very sparse distributions were not ana- 
lyzed statistically. However, forbs, grasses, legumes, mosses, 
rushes, sedges, and shrubs were analyzed as cumulative percent 
foliar cover of plant species belonging to each of these given life 
forms. 

The least significant difference (LSD) method was applied to 
individual species foliar cover means, litter, bare ground, and life 
forms when F-tests were significant at the 0.05 level. This proce- 
dure identified treatments that were significantly different from 
each other. When F-tests were not significant, LSD values were 
viewed as indicative of accuracy, but were not used to declare 
significant differences due to their additive error rate per compari- 
son (Steel and Torrie 1980). However, some least significant differ- 
ences were carried out on foliar cover comparisons with p values 
50.10 as well, in order to get indications of treatment effects on 
foliar cover of common species and life forms. All statistical tests 
used type I error rate of (Y = 0.05. 

Steel and Torrie (1980) recommended using square root trans- 
formations on percentage data with a range between 0 and 20% to 
make means and variances independent and variances stable. 
Square root transformations were performed on foliar cover data, 
with the exception of litter cover, before proceeding with ANOVA 
and LSD tests. 

Results 

S#rensen’s similarity indices for treatment comparisons of 
community status are presented in Table 1. Long-term grazing and 

Table 1. Similarity indices based on percent foliar cover estimates of 
vegetation found within treatments from the Sheep Creek, Colorado, 
study area. Values range from 0 to 100%. 

Treatment 
comparison Aug. 1988 Jun. 1989 AUP 1989 

G-P88 71.18 65.45 63.64 
G-P 55.53 55.62 57.06 
G-G88 47.23 57.81 56.95 
P88-P 56.08 69.41 66.98 
P88-G88 47.84 67.02 63.01 
P-G88 77.37 84.36 82.nl 

G-P88 (long-term grazing-recent protection) 
G-P (long-term grazing-long-term protection) 
G-G88 (long-term grazing-recent grazing) 
P88-P (recent protection-long-term protection) 
P88-P (long-term protection-recent grating) 
P-G88 (protected-recent gazed) 

recent protection following long-term grazing decreased in similar- 
ity from 1988 to 1989, following short-term grazing exclusion in 
the latter. Long-term grazing/recent livestock grazing following 
protection, long-term protection/ recent livestock grazing follow- 
ing protection, and recent protection following long-term graz- 
ing/long-term protection showed an increase in similarity from 
1988 to 1989. Recent protection following long-term grazing/re- 
cent livestock grazing following protection, the short-term reverses 
of historical treatments, resulted in the highest increase in percent 
similarity among all comparisons. Long-term grazing/long-term 
protection treatments appeared to have stable, but low, similarity 
over the Zyear study. 

Foliar cover data of plant life forms are presented in Table 2. 
Percent foliar cover of grasses was significantly different among 
treatments in 1988 at the 0.10 level (P= 0.078). Conversely, similar- 
ities were found in June 1989 (P>O.38) and August 1989 (PX. 19). 
It was determined that grass cover was greater in recent protection 
following long-term grazing than in long-term protection and 
recent livestock grazing following protection (Table 2). 

Cover of legumes was significantly different among treatments 
in August 1988, June 1989, and August (1989) (P = 0.02). It was 
determined by least significant difference analysis that recent pro- 
tection following long-term grazing was significantly different 
from long-term grazing, but similar to long-term protection and 
recent livestock grazing following protection by August 1989 
(Table 2). Foliarcover of Trifolium repens within recent protection 
following long-term grazing decreased dramatically from 1988 to 
1989 (Table 3). 

There were no significant differences among treatments for fol- 
iar cover of forbs (p>O.69), mosses (p>O.23), rushes (p>O.18), 
and shrubs (nO.25). Percent foliar cover of sedges was not signif- 
icantly different among treatments (mO.88). Carex festivella 
appeared to be most affected by treatments (BO.10 in August 
1988, DO.057 in June 1989, and -0.12 in August 1989) than 
other sedges (Table 3). Carex nebraskensis (-0.34) and C. ros- 
trata (-0.85) were unaffected by treatments. 

There were significant treatment differences for bare ground at 
the0.05 and 0.10 levels (PzO.01 in August 1988, P=O.lO in June 
1989, and P = 0.051 in August 1989). It was determined by least 
significant differences analysis that the long-term grazing treat- 
ment was significantly different from all other treatments in 
August 1988, but increased similarities with other treatments were 
obtained in 1989 (Table 3). 

Litter cover was significantly different in 1988 at the 0.10 level 
only (P = 0.064). Protected areas had higher litter accumulations 
than any other treatment areas by 1989 (Table 3). 

Foliar cover of Taraxacum officinale was significantly different 
in June 1989 (P q  0.03) (Table 3). Dandelion densities were 3 times 
greater in long-term grazed areas (Popolizio 1990). However, indi- 
vidual plants in these areas displayed stunted growth under grazing 
pressure and trampling. This may explain similarities among 
treatments late in the season (DO. 19 in August 1988 and p>O. 11 
in August 1989). 

Foliar cover of Trifolium repens was significantly different in 
August 1988 (P=O.O4), June 1989(P=O.O3)andAugust 1989(P= 
0.03) (Table 3). Results were consistent with those presented for 
legumes grouped as life forms (Table 2). Alpine milkvetch [Astra- 
galus alpinus L.], showy locoweed [Oxytropis splendens Dougl.], 
golden pea [ Thermopsis divaricarpa Nels.], and red clover [ Trifo- 
lium pratense L.], were recorded only infrequently. 

Foliar cover of Achilles lanulosa (p>O.69), Deschampsia caes- 
pitosa (DO. 16), Fragaria ovalis (p>O.43), Juncus balticus var. 
montanus (130.19), Poapalustri.s( P.X.45), Poapratensis (DO. 13), 
Potentilla fruticosa (p>O.22), and herbaceous Potentilla spp. 
(mO.58) was not significantly different among treatments (Table 
3). 
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Table 2. Mean percent foliar cover of life forms within treatments from the Sheep Creek, Colorado, study area. Data from August 1988, June 1989, and 
August 1989. 

Aug. 1988 Jun. 1989 Aug. 1989 

Treatment cl P88 P G88 G P88 P cl88 G P88 P G88 

_____________%_____________ _____________%_____________ _____________%_____________ 
Forbs 20.78 21.74 21.30 14.40 28.39 26.24 23.24 19.25 27.39 23.02 24.24 20.16 
Gras& 13.86 24.42 9.32 8.46O 12.18 16.88 9.46 11.39 15.72 26.33 14.04 13.11 
Legumes2 12.93 9.45 0.17 0.28* 15.61 3.11 0.42 0.78* 14.25 2.04 0.62 0.94* 
Mosses 2.99 0.89 0.18 3.24 1.60 0.21 0.21 1.81 2.18 0.47 0.32 1.46 
Rushes 1.17 2.10 3.10 2.45 0.93 1.78 2.04 2.03 1.10 1.97 2.28 2.01 
Sedges 13.85 18.75 17.68 11.64 14.95 12.49 14.19 14.63 15.67 16.35 17.45 14.97 
Shrubs’ 1.45 1.00 6.10 9.58 1.10 0.68 4.95 6.58 1.61 0.68 5.41 8.60 

oDifferences among treatments for a given sampling period were significant at the 0.10 level. 
*Differences among treatments for a given sampling period were significant at the 0.05 level. 
1 August 1988: P88 = P and G88 (P = 0.078). 
2August 1988: G = P88 = ~388 = P, June 1989: G = P and G88; August 1989: G - P88 = G88 = P. 
JWillows were not measured. 

G = long-term grazing 
P88 = recently protected following long-term grazing. 
P = protected from grazing since 1956 
G88 = recently grazed following protection. 

Table 3. Mean percent foliar cover of litter, bare ground, and individual plant species within treatments from the Sheep Creek, Colorado, study area. Data 
from August 1988, June 1989, and August 1989. 

No. of Species 
Treatment 

Aug. 1988 Jun. 1989 Aug. 1989 

50 52 53 46 50 55 60 55 50 53 56 54 
G P88 P G88 G P88 P G88 G P88 P G88 

Achilles lanulosa’ 
Agoseris glauca 
Agropyron trachycauhan 
Agrosris scabra 
Agrostis stolonifera 
Allium geyeri 
Alopecurus pratensis 
Antennaria spp. 
Arnica chamissonis 
Arnica fulgens 
Arremisia frigida 
Artemisia tridentata 
Aster hesperius 
Astragalus a$inus 
Bare ground 
Caltha leptosepala 
Campanula parryi 
Campanula rotundlfolia 
Carex aquatilis 
Carex athrostach a 
Carex festivella My 

Carex foenea 
Carex microptera 
Carex nebraskensis’ 
Carex praticola 
Carex rostraial 
Other Carex spp. 
Cerastium spp. 
CirsiumJlodmanii 
Danrhonia parryi 
Deschampsia caespitosd 
Eleocharis paucifora 
Epilobium paniculatum 
Equisetum arvense 
Erigeron spp. 
Fragaria ovalis’ 
Galium boreale 
Galium trifidum 
Gentianella amarella 
Geum macrophyllum 
Geum trlfolium 
Glyceria strlata 
Hippochaete variegata 
Hordeum spp. 

____________%____________ 
2.16 

0.03 

0.06 
1.69 

-- 
0.68 

0.06 
0.10 
0.19 
0.26 

15.39 
0.06 

-- 

0.94 
2.42 
0.18 
0.40 
1.25 

8.32 

0.31 
0.28 
0.03 
0.76 
0.33 
0.06 
0.62 

-- 
0.24 

0.32 

0.11 
-- 
0.10 

2.19 
__ 
0.03 
0.35 
0.39 
0.03 

__ 
0.67 
0.11 

-- 

0.03 
__ 
0.31 
0.31 
2.96 
0.15 
0.08 
0.11 

-- 

0.85 
4.15 
0.38 
0.15 
6.32 
0.44 
4.90 
0.06 
0.03 
0.12 

-- 
4.44 
0.26 

-- 
0.14 
0.36 

-- 
- 
- 
0.11 

-_ 
-- 
-- 
0.06 

1.43 1.06 
0.46 0.03 
0.53 0.18 
0.14 0.06 
0.46 0.40 

0.43 
0.08 
0.22 

-- 
-- 
0.82 

-- 
3.06 

-- 
-- 
0.03 

-- 
0.47 
2.31 
1.76 
0.62 
2.61 
I .06 
8.79 

0.71 
0.49 
0.19 

-- 

0.60 
0.06 
3.46+ 

-- 
-- 

0.03 
0.64 
0.78 
0.06 

0.42 
0.58 
1.94 
0.06 
0.05 

-- 
0.11 
0.06 

-- 
0.06 
0.15 
0.92O 
0.31 

-- 
1.64 
1.86 
5.06 
1.57 

-- 
0.32 
1.61 
1.22 
0.83 
0.03 
0.03 
0.25 
3.01 
0.31 

-- 
-- 
0.11 

-- 
-- 

0.61 
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____________%____________ 
2.81 
0.03 

__ 

0.17 
0.97 

-- 
-- 
0.74 

-- 
-- 
0.06 
0.21 
0.24 
0.26 
7.40 
0.12 

-- 
-- 
-- 

1.36 
3.06 
0.29 
0.68 
1.94 

-- 
1.25 

-- 
0.25 
0.44 
0.03 
0.71 
0.36 
0.03 
0.83 

-- 
0.28 

-- 

0.29 

0.14 
-- 
0.03 

2.75 
0.03 
0.21 
0.31 
0.25 

-- 

0.61 
0.61 

0.03 
-- 
0.31 
0.42 
1.92 
0.29 
0.03 
0.06 

0.62 
2.53 
2.19 
0.08 
3.96 
0.47 
2.40 
0.22 
0.08 
0.35 

-- 
2.93 
0.24 

0.15 

-- 
0.06 

-- 
0.03 

-- 
0.08 

1.83 
0.03 
0.67 
0.25 
0.18 

-- 
0.03 
0.46 
0.22 
0.22 

-- 
-- 

1.12 
0.11 
2.76 

-- 
0.11 

-_ 
-- 
0.40 
1.94 
1.08 
0.44 
2.15 
0.87 
7.24 

-- 
0.06 
0.03 
0.50 
0.76 
0.06 

-- 
0.36 
0.93 
1.44 
0.12 
0.08 

-- 
0.03 
0.06 

-- 
0.06 
0.18 

1.79 
0.03 
0.22 
0.11 
0.56 
0.14 
1.75 
0.44 
0.46 

-- 

0.96 
0.08 
4.72O 

-- 
-- 
0.12 
0.08 
1.42’ 
0.33 

2.24 
1.50 
7.44 
1.40 
0.06 
0.28 
2.15 
0.54 
0.06 
0.03 
0.22 
0.53 
2.99 
0.25 

-- 

0.11 
-- 
-- 

0.03 

____________%____________ 
2.89 
0.03 

-- 

0.25 
1.68 

-- 
-- 
0.90 
-- 

0.06 
0.21 
0.19 
0.33 
7.89 
0.19 

-- 
-- 

1.18 
3.08 
0.18 
0.40 
2.08 

-- 
8.37 

0.22 
0.54 
0.03 
0.76 
0.36 
0.10 
0.50 
0.06 
0.37 

-- 
-- 
-- 
0.44 

-- 
0.14 

-- 
0.10 

2.96 1.72 
0.03 0.39 
0.21 0.74 
0.36 0.25 
0.25 0.25 

0.67 
0.14 

-- 
0.03 

-- 
0.03 
0.51 
0.33 
0.29 

-- 

0.37 
0.42 
1.26 
0.22 
0.06 
0.06 

-- 
0.76 
3.89 
2.36 
0.22 
4.92 
0.79 
3.01 
0.15 
0.03 
0.37 

-- 
5.72 
0.24 

-- 

-- 
1.35 
0.11 
2.44 

-- 
0.11 

0.47 
2.08 
1.54 
0.53 
2.64 
1.06 
9.07 

__ 
0.06 
0.06 
0.92 
0.89 
0.06 

0.26 
0.03 

-- 
-- 
0.06 

-- 

-- 
0.42 
I.06 
1.71 
0.15 
0.08 

-- 
0.12 
0.08 

0.03 -- 
-- 0.06 
0.08 0.43 

1.96 
0.03 
0.29 
0.19 
0.78 
0.06 
1.29 
0.65 
0.33 

-- 
-- 
-- 

1.12 
0.08 
5.62’ 

- 

0.03 
0.12 
0.08 
1.14 
0.26 

__ 
2.76 
1.71 
7.25 
I.53 
0.03 
0.60 
2.15 
1.36 
0.08 
0.11 
0.17 
0.57 
3.44 
0.43 

-- 
-- 
0.11 

-- 
-- 
-- 
0.06 
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Table 3. Continued. 

No. of Species 
Treatment 

Aug. 1988 Jun. 1989 Aug. 1989 
50 52 53 46 50 55 60 55 50 53 56 54 
G P88 P G88 G P88 P G88 G P88 P G88 

Juncus bakicus 
montanust 

Other Juncus spp. 
Juniperus communis 
Koeleria cristata 
Litte? 
Luzula spp. 
Mentha arvensis 
Moss 
Muhlenbergia 

richardsonii 
Oxytropis splendens 
Phleum alpinum 
Phleum pratense 
Poa palustrist 
Poa pratensist 
Other Poa spp. 
Polygonum bistortoides 
Polygonum viviparum 
Potentilla jiiticosat 
Other Potentilla spp.1 
Pseudocymopterus 

montanus 
Ranunculus 

alismaefolius 
Rorippa curvipes 
Rumex occidentalis 
Sagina saginoides 
Sedum Ianceolatum 
Sisyrinchium 

montanum 
Smilacina stellata 
Taraxacum officinale’*5 
Thalictrum alpinum 
Thermopsis divaricarpa 
Trifolium pratense 
Trifolium repens’s 
Viola spp. _. ^. Other torus 

____________%____________ ____________%____________ ____________ ye____________ 

1.00 1.72 2.81 2.39 0.76 1.69 1.90 2.00 0.93 1.92 2.14 1.99 

0.17 0.37 
-- -- 
-- 0.28 
18.67 18.24 
0.03 - 
0.42 0.08 
2.99 0.89 
0.08 0.57 

0.29 

0.06 
38.15 
-- 

0.06 
-- 
-- 
47.26’ 

0.17 0.08 
-- -- 
-- 0.28 
18.94 35.94 
0.06 -- 
0.35 0.06 
1.60 0.21 
0.11 0.42 

0.08 
-- 
0.06 

43.17 
-- 

0.18 
0.17 

-- 
3.24 
0.17 

0.21 
0.14 

0.03 0.17 
-- 0.03 
-- -- 
38.74 15.04 
0.03 0.06 

-- 0.60 
1.81 2.18 
0.11 0.11 

0.06 
-- 
0.49 

28.58 
-- 
0.08 
0.47 
0.56 

0.08 0.03 

0.06 -- 
34.61 33.28 
-- 0.03 
- -- 
0.32 1.46 
0.19 0.28 

-- 
0.42 

4.51 
6.10 

-- 
0.08 
0.03 
1.29 
1.64 

- 

0.11 
0.14 
0.36 
3.57 

13.97 

-- 
0.97 
I .62 

0.06 
1.07 
2.10 
2.72 

-- 
0.21 

- 
6.00 
5.36 
0.11 

0.03 
0.03 
0.42 
1.28 
2.39 

-_ 
-- 
-- 
9.58 
2.44 

-- 0.18 0.10 
1.25 0.17 0.06 

-- 0.44 1.29 
3.29 1.72 1.68 
5.49 9.82 3.61 

-- 0.22 0.06 
0.38 -- 0.25 
0.03 0.03 -- 
0.83 0.65 4.92 
2.08 1.56 5.87 

-- -- 0.18 

0.30 __ 
0.03 0.64 
0.64 -- 
1.53 4.79 
3.72 7.22 

-- -- 
0.14 0.26 

-- 0.03 
6.53 1.32 
2.40 2.21 

-- -- 

0.21 0.10 
0.19 0.08 
0.47 1.60 
3.47 2.92 

14.21 5.14 
0.29 0.06 
0.03 0.17 

-- -- 
0.65 5.44 
2.00 6.19 

-- 0.24 

0.03 
0.03 
0.67 
1.69 
4.31 

-- 
-- 

-- 
8.54 
2.42 

-_ 

0.08 0.08 0.03 -- 0.14 0.25 0.06 0.08 0.17 0.14 0.11 0.14 

- 
0.08 
0.56 
0.03 

-- 
0.03 
0.25 

-- 
0.62 

-- 
-- 
0.08 

-- 
0.18 

-- 
-- 

0.06 
0.11 
0.54 

-- 
-- 

0.15 0.31 
0.28 -- 
0.03 -- 

-- 0.11 

-- 
0.21 

-- 
0.32 

-- 

0.15 
0.11 
0.74 

-- 
0.32 

-- 

-- 

-- 
0.06 
0.28 
0.03 

-- 
-- 
0.14 

-- 
0.28 

-- 
-- 
-- 

11.12 
-- 
-- 
-- 
12.67 
1.15 

-- 
14.75 
- 
-- 
0.01 
9.04 
0.03 
0.36 

-_ 0.06 
6.90 4.00 
0.83 0.19 
0.03 -- 

-- -- 
0.14 0.22* 
0.03 -- 
0.37 1.08 

-- 
16.89 
-- 
-- 
-- 
15.35 
0.85 
0.92 

-- 
18.08 
-- 
-- 
0.03 
2.67 
0.06 
0.25 

0.03 
6.90 
1.17 
0.03 

-_ 
0.28 
0.11 
0.68 

0.08 
5.99* 
0.46 
0.03 

-- 
0.62* 

-- 
1.26 

-- 
15.54 
-- 
-- 

14.67 
-- 
- 
-- 
1.62 

- 
0.28 

0.03 
7.11 
0.86 
0.11 

-- 
13.92 
0.51 
0.62 

-- 
0.40 
0.06 
0.68 

0.06 
6.06 
8.39 
0.03 

-- 
0.83* 

-- 
1.15 0.64 

Total No. Species 50 52 53 46 50 55 60 55 50 53 58 54 

‘Analyzed statistically. 
o Differences among treatments for a given sampling period were significant at the 0.10 level. 
*Differences among treatments for a given sampling period were significant at the 0.05 level. 
ZAugust 1988: G = P88 = P = G88; June 1989; G = P88 (P .= 0.10); August 1989: G = G88, G88 = P = P88. 
IAugust 1988: P88 = G88 (P = 0.10); June 1989: G and P88 GE8 (P = 0.057). 
‘August 1988: G88 = G and P88 (P = 0.064). 
5June 1989: P88 = G = P = G88. 
6August 1988: G J G88 and P; June 1989: G = GE8 and P; August 1989: G m P88 = G88 = P. 

G = long-term grazing 
P88 = recently protected following long-term grazing. 
P = protected from grazing since 1956 
G88 = recently grazed following protection. 

Discussions and Conclusions 

Significant differences of percent cover means may have resulted 
from excessive forage utilization in grazed areas and heavy litter 
build-up in exclosures. Bare ground, legumes, particularly Trifo- 
lium repens, and Taraxacum officinale were found to be signifi- 
cantly higher in long-term grazed treatments. Bare ground may 
have decreased significantly in this treatment from 1988 to 1989 as 
a result of a very moderate grazing season and high precipitation in 
1989. 

exclosures (recent protection following long-term grazing). Litter 
cover increased 10% in this treatment. 

Percent foliar cover of forbs was not significantly different 
among treatments, Forb composition in grazed areas was domi- 
nated by Taraxacum officinale. A greater proportion of native 
species were found to be growing within old exclosures than in 
open grazed areas. 

The inhibiting effect of litter accumulation on the foliar cover of 
small forbs and legumes may have resulted in an observed S-fold 
decrease of Trifolium repens from 1988 to 1989 in recently built 

Individual sedge spp. responded differently to treatments. Carex 
nebraskensis is highly preferred as forage by livestock (Winward 
1986); this sedge species may withstand heavy utilization as a result 
of its rhizomatous habit and location in habitats with favorable soil 
moisture conditions (USDA Forest Service 1937). Cattle utilize 
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Carex rostrata early in the growing season, but use decreases as 
shoots become coarse (Hansen et al. 1988). C. rostrata stands 
received little disturbance during the 2-year study. Swollen spike 
sedge (Carex athrostachya Olney) was most common in long-term 
grazed areas, intermingling with Carex festivella. Carex foenea 
and meadow sedge (C.praticola Rydb.) were found predominantly 
in long-term protected areas. 

In a previous study at Sheep Creek, Schulz and Leininger (1990) 
reported significant differences between mean percentage canopy 
cover of bare ground, Poapalustris, P. pratensis, litter, Trafolium 
repens, and grasses and shrubs as life forms in long-term grazed 
and protected areas (P q  0.05). Forb cover was not significantly 
different between these 2 treatments. They reported that the aver- 
age percent canopy cover of Salix spp. was 17% in exclosures 
versus 2% in grazed areas (p>O.O04). An arcsin square root trans- 
formation was applied to cover data prior to their analyses. Short- 
term grazing and protection had not been established at the time of 
their study. 

Two years of grazing in long-term protected areas appeared to 
have a stimulating effect on plant foliar cover; however, impacts on 
other environmental characteristics of the system should be moni- 
tored by future studies. Concurrently, 2 years of protection in 
long-term grazed areas resulted in increased litter accumulation, 
decreased bare ground, and increased foliar cover of forage species 
(e.g., grasses and sedges) when compared to long-term grazed 
areas. 

Past heavy grazing in the Sheep Creek area has resulted in 
changes in plant community composition. Indeed, the recent 
return of beaver in protected portions of Sheep Creek resulted in 
visual aspect dominance of water-loving plant species. Differences 
resulting from grazing and protective treatments became more 
pronounced when less frequent and rare species were considered 
(Popolizio 1990). 

This study of percent foliar cover alone cannot assess merits and 
drawbacks of grazing strategies and protective measures, but must 
rather be incorporated as one of many studies in evaluating and 
understanding complex relationships of riparian systems. Identifi- 
cation of soil types, soil porosity and depth, soil organic matter 
content, litter deposition, channel morphology, streambank ero- 
sion, sediment load, willow cover, forage production, percent utili- 
zation, plant density, and plant frequency, along with foliar cover, 
would be most useful parameters of study in understanding ripar- 
ian systems’ responses, particularly those relating to grazing 
strategies and protective measures. Internal and continuous graz- 
ing pressures in riparian areas appear to have more detrimental 
impacts on soil properties than on a plant community (Winward 
1986). 

The 20 X 50-cm rectangular plot proved to be an inappropriate 
technique for deriving reliable estimates of shrub foliar cover. In 
future studies, direct or indirect density techniques may be more 
appropriate measures of shrub abundance within treatment areas. 
Shrub foliar cover may be measured more accurately as a line 
intercept for each random transect. 

Concurrent application of the inclined point method with the 20 
X 50-cm rectangular plot would alleviate bias in estimating foliar 
cover of narrow leaf or leafless species such as Juncus balticus var. 
montanus. Floyd and Anderson (1987) compared the precision of 
line interception, point interception, and quadrat cover estimates 
of sagebrush steppe vegetation. Similar studies comparing methods 

would be useful in determining the precision, workability, and 
most appropriate use of plots in riparian studies. 

Finally, depth of litter accumulations as an 0 horizon may be 
more meaningful measures than surface litter cover readings in 
plots. Volland (1978) reported significant differences in litter depth 
between grazed and rested Poapratensis meadows over an 1 l-Year 
period. 
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Abstract 

Rangelands with histories of overgrazing are frequently depaup- 
crate of native grasses. Occasionally, remnant native grasses are 
found surviving in these areas. We hypothesized that these survi- 
vors have responded to livestock grazing, over the past 110 years, 
through development of genetically based ecotypes that are more 
tolerant of defoliation than populations protected from heavy use 
by domestic livestock. Transplanted individuals of a native grass, 
Idaho fescue (Fesfuca idahoenris Elmer), from heavily grazed and 
ungrazed rangelands were compared. Gardens were established in 
central Oregon at the Central Oregon Agricultural Experiment 
Station and in eastern Oregon at the Northern Great Basin Exper- 
imental Range. Plants were defoliated during the vegetative, boot, 
and anthesis stages in 1990 and 1991 and subsequent growth evalu- 
ated. Parameters measured were end of growing season basal area, 
relative biomass production, and height and phenology at about 
biweekly intervals. Grazing history had no consistent effect on 
Idaho fescue response to defoliation. There were, however, differ- 
ences between the protected and grazed collections from central 
Oregon in that the protected population averaged greater height 
and relative growth than those from the grazed areas even with 
defoliation. While the limited number of ungrazed sources in this 
region limits broad speculation, these results suggest Idaho fescue 
survival in heavily grazed areas might be the result of differences in 
growth form rather than overcompensation or variation in time of 
phenologic development. Results also suggest that Idaho fescue 
from this region may elicit some grazing tolerance despite evolving 
historically with few large herbivores. 

Key Words: relative growth, Festucu idaicoensis, compensatory 
gain, genetic variation 

On many areas of the Intermountain West, rangelands had been 
subjected to abusive land management practices from at least 1880 
to about 1940 and are still subjected to competition and invasion 
by alien weeds. Effects of these changes include a decline in produc- 
tivity, aesthetic appeal, and diversity. Efforts to reestablish peren- 
nial grasses on degraded rangelands often involve use of herbicides 
or mechanical manipulations, and seeding of introduced perennial 
species that effectively compete with weeds (Vallentine 1989). 
There has been limited success in reseeding efforts involving late- 
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seral native species (Wasser 1982). 
Native perennials have not persisted on many areas of the Inter- 

mountain West because of sensitivity to defoliation, inability to 
compete as seedlings, and poor regeneration ability (Harris and 
Wilson 1970, Harris 1977, Mack and Thompson 1982). In areas 
such as the Great Plains of North America (Detling and Painter 
1983) and the Serengeti Plains of Africa (McNaughton 1979,1984) 
in which herbivory has been a major selective force on vegetation, 
grasses have evolved characteristics that enable them to tolerate 
heavy grazing. Among these are a more prostrate growth form, 
rapid reestablishment of tillers, and compensatory gain although 
the latter is considered controverisal (Belsky 1986). In contrast, the 
steppe vegetation of the Intermountain West was thought not to 
have had the same large herbivore impact and thus the vegetation is 
genetically less tolerant to high levels of herbivory (Mack and 
Thompson 1982). Yet, we have observed late-seral perennial 
bunchgrasses persisting at low densities on certain sites in central 
and eastern Oregon with a history of high levels of herbivory from 
1880 to the 1950s. We hypothesized that overgrazing by livestock, 
over 70 or more years, caused expression of a genetically based 
ecotypic variation within native grasses such that grazed popula- 
tions are more tolerant of defoliation than populations protected 
from overgrazing by domestic livestock. In this experiment, we 
assessed growth patterns and response to defoliation of remnant 
populations of Idaho fescue (Festuca idahoensis Elmer) collected 
from central and eastern Oregon to determine if these individuals 
exhibit morphological and physiological attributes that enable 
them to tolerate defoliation. 

Idaho fescue was chosen for study because of its importance as 
forage in this area and its ability to form ecotypes in response to 
environmental conditions (Tisdale 1961, Stocker 1975, Doescher 
et al. 1985). If our basic hypothesis proves correct, then the success 
of reintroduction of native grasses to the Intermountain steppe 
could be enhanced by using seed gathered from populations 
exposed to a long history of heavy grazing and are genetically 
adapted to grazing by domestic livestock. 

Methods 

Experimentation was conducted concurrently at 2 locations 
using plant material transplanted from local populations. One 
common garden was established at the Central Oregon Agricultu- 
ral Experiment Station 12 km west of Prineville, Ore., in the 
central Oregon sagebrush steppe at 975-m elevation. Mean annual 
precipitation at the nearest recording station, Prineville (elevation 
870 m), is 254 mm with 80% of the precipitation occurring between 
November and June as both snow and rain. Mean daily tempera- 
tures are 1 and 16” C for the winter and summer, respectively. Soils 
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in this area are gravelly sandy loam to loamy sand with O-2% slopes 
(Mayko and Smith 1966). 

Eastern Oregon populations of Idaho fescue were established in 
a common garden at the Northern Great Basin Experimental 
Range (formerly the Squaw Butte Experimental Range) 67 km 
west of Burns, Ore., in the sagebrush steppe at 1,415-m elevation. 
The 37-year mean annual precipitation is 284 mm. Most precipita- 
tion occurs between November and May as snow and rain. Mean 
daily temperatures are -0.6 and 17.6’ C for the winter and summer, 
respectively. The soils are loamy alluvium weathered from rhyo- 
lite, andesite, and basalt bedrock. These soils are on broad stream 
floodplains and terraces with O-2% slopes (Lentz and Simonson 
1986). 

Plant materials at each common garden represented regional 
populations of Idaho fescue. Collections were from areas histori- 
cally heavily grazed (G) and were compared to a collection from 
the respective geographic area (central or eastern Oregon) which 
historically has been protected from grazing (P). Plants from the 
grazed areas were not selected if in safe sites unavailable to grazing 
animals. The protected collection for the central Oregon study was 
from an area which was unavailable to livestock because of topo- 
graphy (Driscoll 1964). The protected collection for eastern 
Oregon was from within a livestock exclosure established in 1938 
that was heavily grazed before 1938. Collections for each garden 
were from range sites that were as similar as possible. Limited 
replication of protected populations is unfortunate but unavoid- 
able because of the limited undisturbed relict areas in the regions of 
this study. 

Plant materials for the central Oregon garden were from moun- 
tain big sagebrush (Artemisia tridentata Nutt. spp. vaseyana 
(Rydb.) J. Bovin) sites with grazed areas being invaded or domi- 
nated by westernjuniper (Juniperus occidentalis Hook). Elevation 
of the collection sites ranged between 730 and 1,220 m. Collection 
sites were within 45 km of the garden study area. Site specific 
characteristics were: 
C-P-The Island Research Natural Area has had negligible use by 

livestock because of lack of surface water and accessibility. The 
only known instance of planned livestock grazing was in 1922 
and 1928 when bands of sheep were driven into the area (Driscoll 
1964). 

C-G1 and C-G2-Combe’s Flat and Marrow Ranch, respectively, 
are private land at present moderately grazed by cattle but 
heavily grazed by sheep in the early 1900s. 

C-G3 and C-G4-Lithgow Spring and Lone Pine Flat, respec- 
tively, are on the USDA Forest Service (USFS) Crooked River 
National Grassland. Much of this area was homesteaded and 
then deserted when crops failed. Lands not farmed were heavily 
grazed by sheep in the early 1900s and are now moderately 
grazed by cattle under management designed by the USFS. 
Plant materials for the eastern Oregon garden were from Wyom- 

ing big sagebrush (Artemisia tridentata spp. wyomingensis (Beetle 
& A. Young) Welsh) sites with the exception of the Brothers 
collection, which was from a mountain big sagebrush rxericen- 
sis’y site (Hironaka et al. 1983). Elevation of the collection sites 
ranged between 1,370 and 1,400 m. Site specific characteristics 
were: 
E-P and E-Gl-Northern Great Basin Experimental Range exclo- 

sure and outside the exclosure, respectively. Grazing has been 
excluded inside the exclosure since 1938 while outside the exclo- 
sure grazing by cattle has continued under management designed 
by the USDA Northern Great Basin Agricultural Experiment 
Station. The entire area was heavily grazed by sheep in the early 
1900s. 

E-GZ-Glass Butte is 30 km west of the common garden site. 
E-G3-Brothers is 75 km west of the common garden site. The area 
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was homesteaded and plowed in the early 1900s. 
E-G4-Gravel Pit Road- 10 km north of the common garden site. 

Although a documented grazing history for E-G2, E-G3, and E-G4 
sites was not available, grazing use by cattle and sheep was 
assumed historically heavy before administration of management 
designed by the U.S. Bureau of Land Management because of the 
low abundance of perennial grasses and the historic high levels of 
grazing in central and eastern Oregon (Eddleman 1989). 

Plant units of about the same size, 12-cm X 12-cm, were trans- 
planted during May 1989 and allowed to establish until spring 
1990. Additional plants were transplanted in the common garden 
to serve as replacements for those not surviving transplanting. 
Plants were arranged in a completely randomized design with 50 
plants from each location planted 1 m apart in a 16-m X 16-m grid. 
The 6 extra spots were filled in with extra plants to complete the 
grid, but these were not used in the study. To provide uniform root 
competition for the border rows and to isolate the garden from the 
surrounding area, an additional row of Idaho fescue was estab- 
lished around the perimeter of the grid. Weeds were controlled by 
hand hoeing throughout the growing season. To enhance estab- 
lishment, the central Oregon site was irrigated weekly from May to 
June 1989, and the eastern Oregon site watered 4 times during the 
summer. Limited over-winter mortality was observed at either 
location in spring 1991 before defoliation treatment. Death loss 
after treatments were applied was limited and no difference due to 
collection or defoliation at either garden was observed. 

The study was conducted in 1990 and 1991. Before growth 
initiation in the spring of the years of study (March 1990 and 199 I), 
all plants were clipped 5 cm above the ground to reduce the 
confounding influence of different quantities of standing litter. 
Plants were randomly assigned in the spring of 1990 to 1 of 4 
defoliation treatments with 10 replicates per collection per treat- 
ment. Defoliation treatments were standardized on the basis of 
phenology, thus defoliation date varied by site and year (Fig. 1). 
Defoliation treatments were: (1) no clipping; (2) clipping when 
plants were in the 3-4 leaf stage (vegetative stage); (3) clipping 
when plants were beginning to exert inflorescences (boot stage); 
and (4) clipping when plants were in anthesis (complete inflores- 

CENTRAL OREGON SITE 

/ 

EASTERN OREGON SITE 

I I I I 
APRIL MAY JUNE JULY AUGUST 

Fig. 1. Idaho fescue growth cycle during a growing season at cental and 
eastern Oregon sites. Arrows indicate Fpproximate clipping dates during 
the 2 years of this study (Central Oregon dates were 4/9,4/22, s/10, and 
9/g ii 1990,and 4/13,hj26, S/l, and%/20in 1991; Eastern Oregon dates 
were4/13,5/11,6/10,andg/30in1990,and4/24,5~5,6f1,andg~30in 
1991) (See Table 1 for a description of phenological code). 
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cence emergence). Plants were clipped to a height of 5 cm above 
ground level. Material clipped for each treatment was dried for 48 
hours at 50’ C and weighed to estimate current year’s standing 
crop at the time of clipping. All plants were defoliated to a 5-cm 
height in mid-August to determine regrowth for the clipping 
treatments and total growth of the control. 

Basal area was measured on the defoliation day for the respec- 
tive treatment plants and at the end of the growing season for all 
treatments. Basal area measurements were made by wrapping a 
copper wire around the tussock base after clipping and then pulling 
the wire upward vertically. The wire maintained the shape of the 
base throughout the operation. The resulting model of the tus- 
sock’s perimeter was traced on heavy-weight paper, cut out, and 
measured on a LI-COR 3 100 area meter. At both locations, basal 
area expansion of individual plants was accompanied by death of 
the interior portions of the plants. The live portion in 1990 and 
1991 and the total basal area including the dead centers in 1991 
were evaluated for response to defoliation and collection. Similar 
patterns were observed in results of analysis of the live portion and 
total basal area, so only total basal area is reported. 

Biomass was standardized on a basal area basis (i.e., relative 
biomass = plant biomass/ basal area) for evaluating relative growth 
as a function of collection and treatment. Current year’s net rela- 
tive production was estimated by adding relative biomass present 
at the first clipping to that obtained in August. Relative growth of 
collections between phenological stages was estimated by the dif- 
ference in the mean relative biomass between 2 defoliation dates 
(relative growth q  mean relative biomass of a clipping treatment 
minus mean relative biomass of the previous clipping treatment). 

During 1990 only, plant growth was monitored about biweekly 
throughout the growing season (30 March-20 August). Parame- 
ters measured were height of the tallest culmed tiller after culms 
became apparent and stage of phenology of plants following an 
adaptation of scoring developed by Dragt (1985) (Table 1). 

Table 1. Phenological stage following an adaption of scoring developed by 
Dragt (1985). 

Score Phenological stage 

: 
Vegetative stage, no internode elongation 
Internode elongation, before inflorescence emergence 

3 Inflorescence emergence <SO%; apical buds above 5 cm clipping 
height 

4 Inflorescence emergence >50% 

: 
Anthesis 
Mature flowers 

I Seed shatter 
8 Mature foliage 
9 Fall regrowth 

ing the 2 gardens were made. 

Results 

Phenology and Height 
In 1990 at the central Oregon garden, no consistent differences in 

phenology were observed among collections or as a result of defo- 
liation. At eastern Oregon, E-P and E-G3 developed slower during 
a period of the growing season when compared to the other collec- 
tions. Development of E-G3 was slower at the beginning of the 
season (April to 9 June), but was not different from the other 
grazed populations after 9 June 1990. Development of E-P was 
slowed from 22 June to 20 July. This was not related to the 
defoliation treatments so cause for this difference is not known. 

Significant differences in plant height at the central Oregon 
location were found among collections (Fig. 2). The relative order 
of response was C-P>C-Gl, C-G3, and C-G4>C-G2. For the 
eastern Oregon collections, a significant height difference occurred 
as a collection X time interaction with E-G3 significantly taller 
than E-P, E-G 1, and E-G2 on the last 2 sampling dates. Differences 
among defoliated plants were similar to those observed among 
undefoliated plants. 

80 
CENTRAL OREGON' 

70 BLSD 1 
0.05 

60 

Basal area at the end of each growing season and relative annual 
production were evaluated separately for each garden using analy- 
sis of variance (ANOVA) in a completely randomized 3 factor 
(collection, defoliation treatment, year) design with repeated mea- 
sures on collection and defoliation treatment (Winer et al. 1991). 
Phenological stage and height were analyzed for defoliation treat- 
ments and gardens using ANOVA for a completely randomized 2 
factor (collection, time) design with repeated measures on collec- 
tion (Winer et al. 1991). Differences in seasonal relative growth 
among collections were analyzed separately for each garden and 
phenological stage in a completely randomized block design with 
years as blocks. When the ANOVA showed significant F values, 
differences were separated using Waller and Duncan’s BLSD mean 
separation procedure (Steel and Torrie 1980). Only significant 
differences are reported in the text (Q = 0.05). No analysis compar- 
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Fig. 2. Height of undefoliated plants during the 1990 growing season. 
Collections are of Idaho fescue from historically ungrazed (P) and grazed 
sites (61-4) from eastern and central Oregon and grown in common 
gardens in their respective geographic area. 
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Fig. 3. Mean basal area measured ln August 1999 and 1991 of Idaho fescue collections from eastern Oregon grown in a common garden. Plants were 
defoliated either during the vegetative boot, or anthesis stage or not at all. Collection areas represent sites historically ungrazed (P) or subject to heavy 
grazing for a large parf of the 1900s (61-4). 

Basal Area central Oregon site, relative annual growth for C-P was greater 
than all C-G collections (Table 3). At the Eastern Oregon site, no 
biologically significant pattern in relation to our hypothesis could 
be determined in the 3 way interaction. Highly significant @<O.O 1) 

At central Oregon the only significant effect on total basal area, 
other than year, was a collection X year interaction (P<O.O5) 
(Table 2). Average basal area of C-P was smaller than 3 of the 4 
grazed populations in 1990. By August 1991 total basal areas 
increased 15 to 45% within each collection and there was no 
significant difference in basal area due to collection, defoliation, or 
their interaction. 

Table 2. Mean basal area measured in August 1990 and 1991 of Idaho 
fescue collections from central Oregon grown in a common garden. 
Collection areas represent sites historically ungrazed (P) or subject to 
heavy grazing for a large part of the 1909s (61-4). 

Table 3. Mean relative annual production by August 1990 and 1991 of 
Idaho fescue collections from central Oregon grown in a common 
garden. Plants were defoliated either during the vegetative, boot, or 
anthesis stage or not at all. Collection areas represent sites historically 
ungrazed (P) or subject to heavy grazing for a large part of the 1999s 
(Gl-4). 

Collection 

Collection 
P Gl G2 G3 G4 BLSD 

1990 
_;;~a_t____l,-b___l(;~~____,,____l_6_--,_ 

25 
1991 213 232 229 217 214 NA2 

‘Means in a row not sharing a common letter differ @<0.05). 
*Failure in T computation because F value too small (SE = 15.4). 

Eastern Oregon transplants were from material that contained a 
large portion of dead tillers in the transplanted plugs. Thus, basal 
areas declined from that of the original transplant plug by the 
initiation of the treatments. During the study period, there were 
significant differences (p<O.Ol) among collections, years, and col- 
lections X defoliation X year interaction (Fig. 3). Although there 
was some indication that differences occurred as a 3 way interac- 
tion, no biologically significant pattern in relation to our hypothe- 
sis could be determined in the 3 way interaction. Collection differ- 
ences were also highly significant (p<O.Ol) with E-P<E-Gl, E-G2, 
E-G4<E-G3 (SO, 69, 64, 65, and 96 cm2 basal area, respectively. 
BLSD = 14.3). 

year P Gl G2 G3 G4 BLSD 

__________ (gctn2basalarea)___________ 
1990 0.26al 0.18~ 0.20bc 0.17c 0.22b 0.026 
1991 0.36a 0.2lbc 0.19c 0.20bc 0.24b 0.041 

Defoliation 

None Vegetative Boot Anthesis BLSD 
,,____--(g cm-sba~larea)___________ 

1990 
1991 0:20b 0:22b 

0.22 0.21 NA* 
0.26 0.28a 0.039 

IMeans in a row not sharing a common letter differ @<0.05). 
*Failure in T computation because F value too small (SE = 0.014). 

year X collection and year X defoliation interactions, that also 
occurred, indicate that relative annual growth for E-G2 and 3 was 
significantly less than E-G1 in 1990 and E-G3 was significantly less 
than all of the other eastern Oregon collections in 1991 (Fig. 4). 

Relative Production 

The only significant difference in relative production among 
collections in central Oregon occurred between the vegetative to 
boot stage (Table 4) though numerical differences were greater 
during other growth stages. During the vegetative to boot stage 
C-P, C-Gl, and C-G4 had higher relative growth rates than C-G2 
and C-G3 collections. At eastern Oregon there was no significant 
difference in seasonal growth through August due to collection. 

For relative annual production (g cmm2 basal area) significant 
year X defoliation and year X collection interactions were detected 
for the central Oregon garden and a year X collection X defoliation 
interaction was detected for the eastern Oregon garden. At the 

Discussion 

This study provided opportunities to evaluate within-species diver- 
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Fig. 4. Mean relative annual production by August 1990 and 1991 of Idaho fescue collections from eastern Oregon grown in a common garden. Plants 
were defoliated either during the vegetative, boot, or anthesis stage or not at all. Collection areas represent sites historically ungrazed (P) or subject o 
heavy gruing for a large part of the 1900s (61-4). 

Table 4. Relative change in production during vegetative growth stage, results were consistent with these observations. 
vegetative to boot stage, boot to anthesis stage, and antbesis to dormant 
stage of development of collections of Idaho fescue from eastern and 
central Oregon and grown in common gardens in their respective geo- 
graphic area. Collections are from historically ungrazed (P) and heavily 
grazed sites (61-4). Values are means of the 1990 and 1991 growth years. 

Central Oregon 

Period 
Collection 

P Gl G2 G3 G4 SE. 
-__ _____ (gcm~2basalarea)-------- 

The consistent lack of interaction between collection and defoli- 
ation treatment indicates that grazing history did not affect the way 
in which Idaho fescue responds to defoliation. There were, how- 
ever, some differences between protected and grazed collections at 
central Oregon in terms of plant height and annual relative growth. 
This suggests a morphological dominance that is more adapted to 
herbivory may have occurred. 

Vegetative stage 0.09 0.06 0.06 0.05 0.05 0.02’ 
Vegetative to boot 0.08aZ 0.08a 0.05b 0.04b 0.08a 0.01’ 
Boot to anthesis 0.10 0.00 0.07 0.05 0.07 0.02’ 
Anthesis to dormant 0.00 0.06 -0.01 0.05 0.01 0.05’ 

Eastern Oregon 
Collection 

Period P GI G2 G3 G4 S.E. 
-_ ______ (gcm”basalarea)-------- 

While the eastern Oregon exclosure plants have been protected 
from grazing for 52 years, before that time the site was heavily 
grazed. These plants, therefore, may not represent the full array of 
genotypic material that was present before the onset of grazing 
livestock in this area. The collection from the protected area in 
central Oregon, C-P, does represent a site unique in its historical 
lack of excessive grazing by livestock (Driscoll 1964). Although 
having smaller average basal area than the grazed collections in 
1990, this collection (C-P) had greater height and relative growth 
than all of the grazed collections, even with defoliation. 

Vegetative stage 0.03 0.04 0.04 0.02 0.04 
Vegetative to boot 0.06 0.06 0.02 0.05 0.04 
Boot to anthesis 0.10 0.14 0.11 0.09 0.10 
Anthesis to dormant 0.04 -0.06 0.04 0.00 0.02 

‘Failure in T computation because f value too small. 
Weans in a row not sharing a common letter differ @<0.05). 
-‘BLSD = 0.02. 

0.01’ 
0.02’ 
0.05’ 
0.05’ 

sity and the influence of past history of domestic livestock grazing, 
location, and time of defoliation on growth and development of a 
native perennial grass, Idaho fescue. Previous research indicated 
that Idaho fescue has the ability to develop ecotypes in relatively 
local areas in response to environmental conditions (Doescher 
1983, Doescher et al. 1985). Tisdale (1961) found differences in 
growth of Idaho fescue that had been collected from 18 locations 
throughout most of its range in the western United States, includ- 
ing collections from eastern and central Oregon. For the central 
Oregon collection, he found average basal diameter and culm 
height were greater than for most of the remaining collections, 
while its date of first anthesis was one of the latest. Plants from 
eastern Oregon were noted for their very short culm height and low 
degree of leaf glaucousness (Tisdale 1961 and pers. comm.). Our 

Grazing history had no consistent influence on collection 
response to defoliation, but patterns of relative annual production 
in response to defoliation of all collections varied at eastern 
Oregon in 1990 and both locations in 1991. For the central Oregon 
population, total annual production was highest for the boot to 
anthesis defoliation treatment in 1991, while at eastern Oregon 
total annual production was highest for anthesis defoliation treat- 
ment in 1990 and for anthesis defoliated and undefoliated plants in 
1991. These responses to defoliation suggest that Idaho fescue as a 
species may not as intolerant of grazing as previously believed 
(Young 1943). Research conducted by Caldwell et al. (1981), 
McNaughton (1979, 1984) and Detling and Painter (1983) indi- 
cated that a major physiological factor enabling certain grass 
species to tolerate heavy levels of herbivory is their ability to 
regrow rapidly following severe defoliation. Unlike bluebunch 
wheatgrass (Agropyron spicatum (Pursch.) Scribn. & Smith), 
which has poor regrowth characteristics following heavy defolia- 
tion (Caldwell et al. 1981), Idaho fescue recovered well following 
defoliation. 

Our results suggest that overcompensation as defined by Belsky 
(1986) (i.e., cumulative total dry weight, including removed tissue, 
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of the defoliated plants is greater than the total dry weight of the 
control plants) may have occurred for Idaho fescue as a result of 
defoliation depending on the physiological stage of the plant at the 
time of defoliation. Relativizing plant growth on a basal area basis 
allowed us to evaluate compensatory growth in response to time of 
defoliation. Based on relative plant growth, we observed overcom- 
pensation during the boot to anthesis defoliation treatments in 
central Oregon in the second year and in eastern Oregon the first 
year. 

Because plants in our study had limited intra- and inter- 
competition, available moisture and length of growing season may 
have been different from a native environment and care must be 
taken when interpreting and extrapolating from these results. 

Results of this study suggest that survival of Idaho fescue in 
grazed areas may not be a result of a response to grazing in terms of 
regrowth after defoliation or time of phenologic development, but 
a result of changes in plant stature. These results are consistent 
with findings of McNaughton (1984). Grazing may have resulted in 
selective survival of shorter statured plants, which would be less 
exposed to the grazing animal. 

An offshoot of the results of the defoliation component of this 
study is the speculation that Idaho fescue may exhibit grazing 
tolerant characteristics even though it evolved in a biome in which 
large herbivore numbers did not exist (Mack and Thompson 1982). 
Its weakness may be its high palatability, which makes it prone to 
repeated defoliation. It is also possible that grazing might change 
community competition so that smaller plants (which require 
fewer resources) have an advantage over larger stature plants in 
areas being invaded by noxious weeds. Thus, further research is 
needed to assess the suitability of genotypes from grazed areas as 
sources of plant materials for revegetation. 
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Abstract 
Limited research has been directed towards characterizing the 

phenotypic and genotypic variability of different traits in North 
American plant species. This study was conducted to estimate the 
degree of genetic control, i.e., the heritability (bz), of several agro- 
nomic and morphological traits of ND-WWG931 western wheat- 
grass [Puscopyrum smithii, (Rydb.) Liive] and to provide insight 
into appropriate sample sizes needed to estimate genetic parame- 
ters. Thirty randomly selected half-sib families of ND-WWG931 
western wheatgrass were evaluated over 2 years and 2 locations in 
seeded single-row plots. He&abilities were determined for the 
following traits based on the progeny means of the 30 families: dry 
matter yield, tiller height, spikelets per spike, vigor, spike density, 
spike pubescence, and spikelet color. Spike density, dry matter 
yield, and vigor had relatively high he&abilities (h3 = 79,72, and 
67%, respectively) and were estimated with the greatest precision 
(90% confidence interval width range: 33 to 64% as large as the 
point estimate). Spike pubescence, spikelets per spike, tiller height, 
and spikelet color demonstrated moderate to low heritabilities (hz 
= 55,49,33, and 0% respectively) and were estimated with the least 
precision as demonstrated by relatively wide confidence limits. The 
genetic variance components for spike density, forage yield, vigor, 
and spike pubescence exceeded twice their standard errors indicat- 
ing that selection for these traits should be effective in ND- 
WWG931. Heritability estimates of fresh forage yield were essen- 
tially the same, i.e., 61.9 and 61.5%, when based on either 30 or 270 
half-sib families, respectively, indicating that a sample size of 30 
families was adequate to provide reliable estimates of genetic var- 
iance in ND-WWG931. These data provide general insight into the 
population genetics of a North American plant species and demon- 
strate an approach to determine the genetic variability within plant 
materials that are being used for rangeland revegetation. 

Key Words: Pascopyrum smithii, perennial grass, North Amerl- 
can plant species, germplasm preservation, genetic variation, pop- 
ulation genetics 

Western wheatgrass [Puscopyrum smithii, (Rydb.) Liive] is a 
widely adapted native perennial grass of North American range- 
land ecosystems. This species occurs from British Columbia and 
Arizona in the west, to Texas and Ontario in the east. It is fre- 
quently dominant or codominate in the short- and mixed-grass 
prairies of the central and northern Great Plains, and is commonly 
associated with blue grama [Bouteloua gracilis (H.B.K.) Lag. ex 
Steud.] and the needlegrasses (Stipu spp.) (Asay and Knowles 
1985). In the west it is often associated with bluebunch wheatgrass 
[ Pseudoroegneria spicata (Pursh) A. Lijve] and thickspike wheat- 
grass [Elymus funceolutus (Scribn. & Smith) Gould]. 

Research supported in part by USDA-CSRS grant 89-342074279. 
Manuscript accepted 17 Jul. 1993. 
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Western wheatgrass is a cross-pollinated disomic allo-octaploid 
(2n=8x=56) that resulted from intergeneric hybridization between 
tetraploid beardless wildrye [ Leymus triticoides (Buckl.) Pilger] 
and tetraploid thickspike wheatgrass, or closely related taxa 
(Dewey 1975). Its rhizomes produce a uniform sod that is excellent 
for stabilizing erosive soils. It is adapted to a wide range of soil 
types and possesses good tolerance to moderately saline and alka- 
line soils. Western wheatgrass flowers 2 to 3 weeks later than most 
perennial Triticeae (Dewey 1984). Widespread use of this species 
for revegetation has been limited by erratic seed production. 

Considerable ecotypic variation exists among western wheat- 
grass populations for important agronomic traits (e.g., forage 
yield, plant height, seed yield, water use efficiency, and digestibil- 
ity) warranting continued germplasm evaluation and enhancement 
efforts (Frank and Kam 1988, Johnston et al. 1975, Quinones 
1983). Prior to selecting and developing populations for rangeland 
revegetation, however, it is important to determine the heritabili- 
ties, i.e., estimates of the relative importance of genetic versus 
environmental effects, for important traits. This knowledge can 
improve the efficiency of germplasm enhancement programs by 
providing early information on which traits can be successfully 
modified. 

Rangeland ecosystems in the northern Great Plains tend to exist 
as complex communities that are frequently dominated by grasses. 
Intra- and interspecific competition can be severe. Relatively few 
quantitative genetic studies, however, have been conducted in 
forage grass species grown under competitive conditions. This 
study was conducted to estimate the heritability (hz), of several 
agronomic and morphological traits of western wheatgrass grown 
under competitive conditions. A second objective was to provide 
insight into appropriate sample sizes needed to estimate genetic 
parameters in this species. 

Materials and Methods 

The germplasm used in this study was derived from ND- 
WWG931 western wheatgrass (Barker et al. 1993). ND-WWG931 
originated from 5,140 genotypes that were vegetatively collected 
from 1,028 sites in western North and South Dakota (Barker et al. 
1983). ND-WWG931 was produced from 2 cycles of phenotypic 
recurrent selection for plant vigor, rhizomatous spread, density of 
foliage cover, and seed yield. Each cycle was generated by intermat- 
ing approximately 400 parents and forming a balanced composite 
of seed from each plant. 

Maternal half-sib families were synthesized by harvesting open- 
pollinated seed from 270 genotypes that were randomly selected 
from among 2,000 space plants of ND-WWG931 western wheat- 
grass. Half-sib families were established at 2 locations using a 
blocks in replicates experimental design. Families were randomly 
assigned to 9 blocks of 30 families. Two cultivars, Rodan and 

JOURNAL OF RANGE MANAGEMENT 47(l), January 1994 



Walsh were included in each block. Families were represented by 
single 1.5-m rows that were seeded at a rate of 0.6 g plot-’ (i.e., 
approximately 100 seed m-l). Plots were spaced 1.2 m apart and 
were separated by a single border row of tetraploid crested wheat- 
grass (experimental population M-3478). Three and 2 replicates of 
the experiment were established near Mandan, N.D., on 29 May 
1990 (Location 1) and 1 June 1990 (Location 2). The 2 sites are 
located approximately 5 km apart. The soil at Location 1 is a 
Wilton silt loam (fine-silty, mixed Pachic Haploborolls), while the 
soil at Location 2 is a Parshall fine sandy loam (coarse-loamy, 
mixed Pachic Haploborolls). Nitrogen was not applied to either 
nursery during this study because soil fertility tests in September 
1990 indicated approximately 130 and 120 kg ha-’ N at location 1 
and 2, respectively. The nurseries were not cultivated and received 
only natural precipitation, which totaled 340 mm, 414 mm, and 363 
mm, in 1990, 1991, and 1992, respectively. Single applications of 
Lasso1 (2-Chloro-2’-6’diethyl-Njmethoxymethyl]ide; Mon- 
santo Agricultural Co., St. Louis, MO.) were applied at a rate of 
3.36 kg a.i. ha-’ in May 1991 and 1992 to control warm-season 
annual species. ~.._. 

Heritabilities on a progeny mean basis Iwere determined from 
estimates of variance components for 30 half-sib families (i.e., 1 
block) that were randomly selected from among the 270 entries of 
ND-WWG931. The following traits were evaluated at both loca- 
tions: dry matter yield, tiller height, vigor, spike density, spikelets 
per spike, and spikelet color. Spike pubescence was measured at 
Location 1 only. Fresh forage yield was also measured for all 270 
families at Location 1 only. Data were collected the second week of 
July, (i.e., 2 weeks post anthesis) in 1991 and 1992 and were 
expressed on a plot mean basis. Forage yield (g plot-‘), was deter- 
mined by clipping each plot at a uniform height with a sickle bar 
harvester. Forage samples of all 270 families were immediately 
weighed to determine fresh forage yield and the samples from the 
selected 30 families were then placed in a cloth bag, dried at 60’ C 
for 48 hours, and reweighed to determine dry matter yield. Tiller 
height (cm) was determined by measuring the tallest spike (i.e., 
inflorescence) from each of 3 random subsamples containing 10 
spikes. Spike density and forage vigor, a visual estimate of forage 
yield and degree of rhizomatous spread, were evaluated relative to 
Rodan using a scale of 1 to 5 where: 1 q  0 to 20%, 2 = 21 to 40% 3 = 
41 to 60%, 4 = 61 to 80%, and 5 = 8 1 to 100% of the spike density or 
vigor of Rodan. Spikelets per spike, spike pubescence, and spikelet 
color were determined from 3 spikes that were randomly selected 
from each plot. Spike pubescence was evaluated on a scale of 1 to 4 
where 1 = glabrous and 4 = dense pubescence. Spikelet color was 

‘Mention of a trademark, proprietary product, or vendor does not constitute endor- 
sement by the USDA and does not imply approval to the exclusion of other products 
or vendors that may also be suitable. 

evaluated on a scale of 1 to 5 where 1 = no anthocyanin pigment 
(i.e., green) and 5 = darkly pigmented. 

Years (Y), locations (L), families (F), and replicates (R) were 
considered random. For traits that were evaluated on a scale of 1 to 
4 or 1 to 5, the data were rank transformed across years, locations, 
and replicates/locations prior to applying analysis of variance 
procedures (Conover and Iman 1976). Analyses of variance were 
computed as a split-plot in time and the mean squares of the 
interaction effects having replicates as a factor were pooled as an 
experimental error term. Tests of significance were conducted 
based on the expected mean squares (EMS). Calculation of 
approximate F tests was not necessary, because the mean square of 
most family by environment interaction effects were less than the 
error mean square. 

Genetic and phenotypic variances and their standard errors were 
calculated based on the EMS using conventional procedures 
(Anderson and Bancroft 1952). Negative variance component 
estimates were considered to be equal to 0. Heritability on a 
progeny mean basis was expressed as the ratio of the genetic 
variance component to the phenotypic variance (Knapp et al. 
1985); 

hZ = 02s / (02s + a2& y + a$/ 1 + o&/ yl + oz./ ylr) (1) 

where Use, a*,~, Use, azByt, and (12, are the genetic variance compo- 
nent and the variance components due to genotype by year, geno- 
type by location, genotype by year by location, and experimental 
error, respectively. Two-sided 90% confidence intervals were also 
computed to determine the precision of heritability estimates. The 
lower 90% confidence limit for h* was defined as 

f - [F&Ifw2~ q 

and the upper 90% confidence limit was defined as 

1 - I%, 2:dfI ,afz(~l-’ 

where F = (1 - hr)-’ (Knapp et al. 1987). 

(2) 

(3) 

Results and Discussion 
Intra- and interspecific competition for available soil water were 

likely severe because crested and western wheatgrass initiate spring 
growth at approximately the same time. Furthermore, crested 
wheatgrass completes its development 2 to 3 weeks earlier and 
produces significantly more forage than western wheatgrass (Frank 
et al. 1985). Competition for soil water was probably greatest prior 
to the third week of June in 1992 when total precipitation was 54% 
below normal (based on a 78-year average). 

In 1991 all plots of western wheatgrass were clearly distingui- 
shable as single rows with some degree of rhizome production. The 
basal area of each plot increased significantly from 199 1 to 1992 as 

Table 1. Yearly means and ranges (in parentheses) of agronomic and morphological traits of 30 half-sib families of ND-WWG931 western wheatgrass and 
the cultivsrs, Rodan and Walsh. 

Trait 

Year 
Dry matter Tiller 

yield height 
Spikelets 
per spike Vigor 

Spike 
density 

Spike 
pubescence 

Spikelet 
color 

(cm) (no. spike-‘) _______________--(visualscoret)--_______________ 
1991 84.3 11.9 .53:34.6) 3.2 (l.01:42.8) 1.7 

(44.4 - 286.5) (77.3 - 92.9) (9.6 - 14.2) (1 (1.4 - 4.2) (1.0 - 3.0) 
1992 189.2 53.6 10.2 3.9 4.2 (l.01:53.1) 2.3 

(83.0 - 238.8) (45.6 - 63.1) (8.7 - 12.1) (2.2 - 4.9) (2.3 - 5.0) (1.7 - 3.1) 
x 184.6 68.2 11.1 3.5 3.6 1.4 2.0 

Rodan 284.6 76.2 11.6 5.0 5.0 1.2 1.8 
Waslh 135.9 69.8 10.3 2.9 4.5 1.6 1.6 
LSD (0.05) 51.9 4.9 1.2 0.7 0.7 0.5 0.5 

TEvaluated on a scale of 1 to 4 or 1 to 5 (see Materials and Methods for definition of scale). 
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Table 2. Signitkance of mean squares from analysis of variance for various morphological and agronomic traits of 30 half-sib families of ND-WWG931 
western wheatgrass. 

Source of 
Variation 

Dry matter 
yield 

Tiller 
height 

Spikelets 
per spike Vigor 

Spike 
density 

Spike 
pubescence 

Spikelet 
color 

cl3 plot-‘) (cm) (no. spike-r) __________-____--(visualscoret)__-____-____--___ 
Half-sib 

Families (F) ** NS * ** ** *’ NS 
F X Year(Y) NS NS NS NS NS NS NS 
F X Location (L) NS NS NS NS NS _: NS 
FXYXL NS * NS NS NS ** - 

cv, % 23. I 7.9 12.6 31.0 31.7 42.9 46.1 

TEvaluated on a scale of 1 to 4 or 1 to 5 (see Materials and Methods for detinition of scale). Data were rank transformed prior to analysis. 
IData not available because trait was measured at only 1 location. 
* **Significant at Ku.05 and 0.01, respectively. 
NsNot significant, m.05. 

a result of rhizome production, and most 1992 plots consisted of a 
uniform sod contained within the crested wheatgrass border rows. 
Biomass production, however, did not increase significantly over 
years due to limited precipitation during April through June of 
1992 (Table 1). Drought reduced tiller height significantly, and the 
population distribution for this trait showed no overlap between 
years. Spike size, as estimated by the number of spikelets per spike, 
also decreased in response to drought. Rhizome production 
increased the basal area of each plot and resulted in an increase in 
vigor scores over years. Spike density increased from 1991 to 1992. 
This may be attributed, in part, to favorable moisture conditions 
that occurred in the fall of 1991 during reproductive tiller initia- 
tion. Spike pubescence was relatively unaffected over years. Spi- 
kelet color was more intense in 1992 than in 1991, most likely as a 
result of cool, cloudy weather that occurred prior to scoring in 
1992. 

from 67 to 79%, with confidence interval widths ranging from 33 to 
64% as large as the point estimate. Traits that were determined by 
subsampling within each plot were estimated with the least preci- 
sion. Tiller height, spikelets per spike, spike pubescence, and spi- 
kelet color demonstrated moderate to low heritabilities (range 0 to 
56%) and had relatively wide confidence intervals. Subsample sizes 
may have been inadequate to accurately measure these traits. 

Table 3. Heritability estimates with 90% confidence limits for morphologi- 
cal and agronomic traits of 30 half-sib families from ND-WWG931 
western wheatgrass. 

Variation among families was significant across years and loca- 
tions for dry matter yield, spikelets per spike, vigor, and spike 
density; and across years for fresh forage yield (data not shown) 
and spike pubescence (Table 2). Variation among families was not 
significant (PLO. 10) for either tiller height or spikelet color. Fresh 
forage yield and dry matter yield were highly correlated (r = 0.99, 
P<O.Ol). The correlation coefficients of vigor with fresh forage 
yield and dry matter yield were 0.88 and 0.85 (P<O.Ol), respec- 
tively, indicating that vigor can be used reasonably well to predict 
forage yield. Significant genotype by environment interactions 
were detected only for the family by year by location (F X Y X L) 
interaction of tiller height and spikelet color. In alfalfa (Teuber et 
al. 1991) and crested wheatgrass (Lamb et al. 1984), significant 
genotype by year interactions were not detected for forage yield; 
however, genotype by location interactions were significant (KO.01) 
for this trait. In intermediate wheatgrass significant genotype by 
year (pSO.05) and genotype by location (p10.01) interactions 
were detected (Vogel et al. 1986). For each of these studies, how- 
ever, the variance components for the genotype by environment 
interactions were small relative to the genetic variance. Although 
the soil textures between the 2 locations used in our study were very 
different, the close proximity of the sites may account for the lack 
of significant genotype by location interactions. 

Trait 

Dry matter yield (g plot-‘) 
Tiller height (cm) 
Spikelets per spike 

(no. spike-‘) 

Herita- Lower Upper 
bility (%) limit limit Widtht 

72.3 58. I 82.1 33.1 
33.3 0.0 64.2 192.8 
49.2 5.5 72.7 136.6 

Vigort 67.3 39.2 82.4 64.2 
Spike density7 78.5 60.0 88.4 36.2 
Spike pubescencet 55.6 17.4 76.1 105.6 
Spikelet colort 0.0 0.0 46.2 - 

tEvaluated on a scale of I to 4 or 1 to 5 (see Materials and Methods for explanation of 
1 
tale). Data were rank transformed prior to analysis. 
Expressed as the ratio (%) of the confidence interval width relative to the heritability 

point estimate. 

This study also provides information pertaining to the adequacy 
of population sample sizes for determining heritability estimates in 
western wheatgrass. For ND-WWG93 1, heritability estimates of 
forage yield over 2 years and 1 location were essentially the same, 
i.e., 61.9 and 61.5%, when based on either 30 or 270 half-sib 
families, respectively. Relative confidence interval widths for this 
trait were 26% (Fo.os:za,ii6 = 1.56; upper limit = 75.6, lower limit = 
59.5), and 21% (F0.05:261,1044 = 1.18; upper limit = 67.4, lower hit = 

54.6) as large as the point estimate when based on either 30 or 270 
families, respectively. These data indicate that a random sample of 
30 families from a population should provide a precise estimate of 
genetic variance. Relative to larger populations, however, some 
loss of precision will likely occur as a result of fewer degrees of 
freedom in the F tests. 

Barker et al. (1989) reported a broad-sense heritability estimate 
of 95% for dry matter yield in western wheatgrass using 12 clonally 
replicated genotypes. Heritability estimates using variance com- 
ponents from half-sib family means (approaching narrow-sense 
heritability) ranged from 0 to 79% (Table 3). Precision among 
estimates varied as demonstrated by differences in the confidence 
interval widths. In general, traits evaluated based on whole-plot 
measurements were estimated most precisely. Dry matter yield, 
vigor, and spike density had relatively high heritabilities, ranging 

Heritability is estimated from the degree of resemblance among 
relatives (Falconer 1989). In germplasm enhancement programs 
half-sib, full-sib, and Si progeny are commonly used. Full-sib or Sl 
progeny, however, may provide inflated heritability estimates 
because the additive genetic variance is confounded with domi- 
nance genetic variance, additive by dominance, and dominance 
forms of epistatic variance. Half-sib families, therefore, provide 
more precise estimates of additive genetic variance. In ND- 
WWG93 1 western wheatgrass, the genetic variance components 
for dry matter yield, vigor, spike density, and spike pubescence 
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Table 4. Variance component estimates with standard errors over years and locations for various morphological and agronomic trafts of 30 half-sib 
families from ND-WWG931 western wheatgrass. 

Variance f SE 

Dry matter Tiller Spikelets Spike Spike Spikelet 
Component yield height per spike Vigor density pubescence color 

(g plot-‘) (cm) (no. spike-‘) ______________----- (visual scoret) _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
o2e+ 930 f 328 3.9 f 2.8 0.28 f 0.16 924 f 367 1528 f 506 533 f 266 0 f 252 
0% Of166 1.0 f 4.0 0.07 f 0.15 Of 177 253 f 222 288 f 228 0 f 484 
ozgr Of 150 0.0 f 3.3 0.00 f 0. IO 111 f 244 Of 156 - 0 f 414 
orgy1 0 f 255 8.4 f 5.6 0.00 f 0.20 0 f 232 0 f 224 - 1402 f 781 
or8 3512 f 377 31.0 f 3.6 2.42 f 0.279 3938 f 424 2924 f 318 1408 f II8 3743 f 305 

> q  genetic; gy = genotype by year; gl = genotype by location; gyl = genotype by year by location; and e = experimental error., 
Evaluated on a scale of 1 to 4 or I to 5 (see Material and Methods for explanation of scale). Data were rank transformed prior to analysis. 

exceeded twice their standard errors (Table 4). These traits also 
had moderate to high heritability estimates, providing evidence 
that there is additive genetic variation for these traits in ND- 
WWG931 and that selection for these traits should be effective. 
Genetic variance components for tiller height, spikelets per spike, 
and spikelet color were not significantly different from zero, indi- 
cating that selection for these traits may not be effective in ND- 
WWG93 1. Variance component estimates of the family by envir- 
onment interactions (i.e., years and locations) were never signifi- 
cantly different from zero. 

Barker, R.E., A.B. Frank, and J.D. Berdahl. 1989. Cultivar and clonal 
differences for water-use efficiency and yield in four forage grasses. Crop 
Sci. 29:58-61. 

Barker, R.E., LM. Ray, J.D. Berdahl, J.F. Kam, E.T. Jacobsen, RJ. 
Haas, and D.A. Tober. 1993. The release of ND-WWG931 and ND- 
WWG932 western wheatgrass. Release Notice. USDA-ARS, Mandan, 
N.D. 

Conover, W.J., and R.L. Iman. 1976. On some alternative procedures 
using ranks for the analysis of experimental designs. Commun. Statist.- 
Theor. Meth. 141349-1368. 

These data help provide general insight into the population size 
needed to provide reliable estimates of genetic parameters in west- 
ern wheatgrass. This study also demonstrates that relatively unse- 
lected populations offer tremendous potential for genetic modifi- 
cation and improvement. The calculated heritabilities, however, 
are applicable only to ND-WWG931 because allele frequencies 
differ among species, populations within species, and cycles of 
selection within populations. 

Dewey, D.R. 1975. The origin of Agropyron smithii. Amer. J. Bot. 
621524-530. 

Dewey, D.R. 1984. The genomic system of classification as a guide to 
intergeneric hybridization with the perennial Triticeae, p. 209-279. In: 
J.P. Gustafson (ed.), Gene manipulation in plant improvement. Stadler 
Genet. Symp., l6th, Columbia, MO. 7 May 1984. Plenum Publ, N.Y. 

Fnlconer, D.S. 1989. Introduction to quantitative genetics, 3rd ed. Long- 
man group, Ltd., London, and John Wiley and Sons, N.Y. 

Frank, A.B., J.D. Berdahl, and R.E. Barker. 1985. Morphological devel- 
opment and water use in clonal lines of four forage grasses. Crop Sci. 
25~339-344. 

In other cross-pollinated genera, where phenotypic variability 
and estimates of genetic parameters have not been characterized, 
collection of open-pollinated seed from individual plants, i.e., 
half-sib progeny, could be subjected to similar research as des- 
cribed in this study. Such research would provide valuable infor- 
mation pertaining to the genetic variability within plant materials 
that are being used for rangeland revegetation. 

Frank, A.B., and J.F. Kam. 1988. Growth, water-use efficiency, and diges- 
tibility of crested, intermediate, and western wheatgrass. Agron. J. 
80:677-680. 
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Abstract 

We studied the effect of cattle grazing on shoot density and flux 
in 4 southwest Montana beaked sedge (Carex rostrato ex With.) 
stands for 2 years. Forty plots were protected and 40 plots were 
grazed by cattle in June and September of 1989 and 1990. The 
effect of grazing vs. no grazing on mean shoot density and emer- 
gence varied over time (treatment by time interactionP<O.OOl and 
P = 0.003, respectively). About 90% of the time by treatment 
interaction for shoot density occurred from September 1989 
through July 1990. Mean shoot density increased more in grazed 
plots than in ungrazed plots in spring 1990, and remained 12-16% 
higher during the last 6 months of the study. Mean shoot emer- 
gence was 20% greater (P q  0.006) in the grazed than in the 
ungrazed plots, with the greatest monthly differences occurring 
after 3 of the 4 grazing treatments. Mean shoot height declined 
similarly from June 1989 to June 1990 in the grazed and ungrazed 
plots (6 and 5%, respectively), indicating that productivity per 
shoot was similar between treatments. Beaked sedge in our study 
site was tolerant of light to moderate grazing, given adequate 
regrowth between spring and fall treatments. 

Key Words: beaked sedge (Carex rostrata), population dynamics, 
grazing compensation, riparian grazing 

Riparian plant communities comprise only 1 to 2% of the total 
land area of the western United States, but provide a dispropor- 
tionately greater amount of cover and forage for wildlife and 
livestock (Tiner 1984, US Government Accounting Office 1988). 
Before grazing management guidelines can be developed for ripar- 
ian sites, grazing response of riparian species must be understood. 
Maschinski and Whitham (1989) suggested that grazed plants 
respond along a continuum (from undercompensation to over- 
compensation), depending on many factors such as type of tissue 
grazed, plant species, nutrient and water availability, and grazing 
management. There is little information regarding the position of 
riparian graminoids along the compensation continuum. 

Beaked sedge (Curex rostruta Stokes ex With.) has a circumpo- 
lar distribution in temperate climates and is a dominant herbace- 
ous component of hydric riparian communities in the northern 
Rocky Mountains (Kovalchik 1987, Hansen et al. 1988). Although 
beaked sedge is thought to be moderately palatable to cattle and 
moderately tolerant of grazing (Hermann 1970, Ratliff 1983) the 
species may be replaced by other riparian graminoids when heavily 
grazed over extended periods (Kovalchik 1987). 

Beaked sedge is strongly rhizomatous (Bernard and Gorham 
1978) which allows for translocation of nutrients and water 

This research was funded by the Montana Agricultural Ex eriment Station. The 
authors wish to thank Don S. Daly and Kathrin Olson-Rutz or technial assistance, P 
and Curt C. Stroebel for assistance in the field. 
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between shoots. When defoliated, rhizome-integrated shoots may 
be subsidized by other connected shoots, or dormant buds may be 
stimulated to initiate new shoot growth, as Jonsdbttir and Cal- 
laghan (1989) found for Carex bigelowii. This information indi- 
cates that beaked sedge may compensate for grazing by increasing 
tiller density up to some defoliation level, then lose tillers with 
greater or longer use. 

We hypothesized that beaked sedge would compensate for light 
to moderate grazing by cattle by increasing shoot density. We also 
wanted to determine the relative contributions of natality and 
mortality to changes in shoot density. 

Materials and Methods 

Site Description 
The study area lies along an upper reach of Cottonwood Creek, a 

first order stream (Strahler, blue line) in the Montana Agricultural 
Experiment Station’s Red Bluff Research Ranch in southwest 
Montana. Elevation is about 1,700 m and the site receives about 
480-mm annual precipitation (NOAA 1990). Over 30% of the 
average annual precipitation falls in May and June, whereas only 
about 15% falls from November through February. Total growing 
season (April-October) precipitation was 285 mm in 1989 and 286 
mm in 1990. We classified a soil profile in Stand 1 as a sandy, 
mixed, frigid Fluvaquentic Haploquoll (Soil Survey Staff 1990) 
originating from gniess, schist, and amphobolite. This profile des- 
cription was comparable to that for core samples taken from 
Stands 2,3, and 4. 

We studied 4 beaked sedge stands in perennial seeps along 
Cottonwood Creek (Aspie 1989). Pasture sizes were: 0.9 ha in 
Pastures 1 and 4, 1.3 ha in Pasture 2, and 1.45 ha in Pasture 3. 
Riparian areas comprised about 30% and beaked sedge stands 
about 3% of the area within the respective pastures. In some areas 
beaked sedge was virtually monotypic, although we defined 
“beaked sedge stands”as areas where beaked sedge comprised 50% 
or more of the total herbaceous composition. Co-dominant her- 
baceous species included Nebraska sedge (Curex nebruskensis 
Dewey), redtop (Agrostis stolonzj-eru L.), and Kentucky bluegrass 
(Poa pratensis L.). Dominant woody species were quaking aspen 
(Populus tremuloides Michx.), Bebb willow (Salix bebbiana 
Sarg.), and yellow willow (Sulix lutea Nutt.). 

Grazing in the Cottonwood Creek study area was generally light 
and sporadic prior to the early 194Os, when sheep were introduced. 
Sheep were replaced by cattle and horses by the 1960s. An experi- 
mental grazing system was established in 1980, stocked with 
Hereford-Angus cross heifers at 6 animal unit months (AUM- 
s)/ha. Two more pastures were added in 1985, stocked with 
Hereford-Angus cross cow/calf pairs at about 9 AUMs/ ha. Mar- 
low and Pogacnik (1986) found that these cow/ calf pairs grazed in 
the uplands early in the grazing season (June), but concentrated in 
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the riparian areas of Cottonwood Creek during late summer and 
early fall (July-October). 

Experimental Design 
We selected 4 beaked sedge stands in4 paddocks of an 8 paddock 

short duration grazing system along Cottonwood Creek in June 
1989. Eighty 0.04-m* round plots were distributed among the 
stands (Fig. 1) and were the replicates for analysis. Forty plots were 
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Fig. 1. Schematic diagram of a typical beaked sedge stud- stand with 
layout of grazed and ungrazed plots and water wells. 

grazed and 40 were protected from grazing by 1.0-m diameter 
cages. To minimize immigration of shoots, in June 1989 we severed 
rhizomes in a I-m diameter circle around each plot to a depth of 
30-cm. We randomly assigned the treatment of the first plot in each 
stand, then alternated treatments every 2 m. Stands were grazed in 
late June and mid-September of 1989 and 1990 by 12 cow/calf 
pairs. Cows remained in each paddock l-3 days, until utilization of 
preferred riparian vegetation, mainly Kentucky bluegrass, reached 
60-80% (visual estimation). This achieved moderate use of the 
sedge plots without excessive use of adjacent riparian communities. 

All existing shoots were marked with red wires in June 1989, and 
all emerging shoots in subsequent months were marked with wires 
of different colors. Shoot density, emergence, and mortality were 
monitored monthly for 2 calendar years, except during winter 
when covered by snow. 

Stand, initial shoot counts, soil penetration resistance, and basal 
groundcover of competing vegetation were measured and used as 
covariates in statistical analyses. Penetration resistance of each 
plot was estimated in September 1989 and 1990 with a Soiltest 
proving-ring penetrometer. We measured penetration resistance 
1.0-m north, south, east, and west of each plot and averaged the 4 
measurements. Combined basal groundcover of all species other 
than beaked sedge was estimated in each plot in September 1989 
and 1990. 

Statistical Analysis 
We used the SAS Institute, Inc. (1987) General Linear Model 

(GLM) Repeated Measures procedure for the analysis of variance 
with covariates for shoot density and shoot emergence for 1989 and 
1990. Because the same plots were sampled repeatedly over time, 
the statistical test of our hypothesis also needed to account for the 
correlation between monthly observances of the same plots. 

We also tested for differences in overall mean shoot density and 
new shoot emergence, combined over the duration of the study. 
Because the stand by treatment interaction was not significant, we 
removed it from the model and calculated the residual sum of 
squares for the error term in our tests of significance. The shoot 
emergence data contained many low counts characteristic of Pois- 
son distributions. It is important to note that ANCOVA is not 
appropriate for counting data which fall into a Poisson-type distri- 
bution. ANCOVAs, ANOVAs, and T-tests are based on linear 
model theory, assuming that errors are independently and identi- 
cally distributed. When counting data are square-root trans- 
formed, the error often approximates a normal distribution, in 
which case an ANCOVA is acceptable (Sokal and Rohlf 198 1). The 
error distribution of our shoot emergence data approximated a 
normal distribution when we square-root transformed the data. 
The mortality data, however, were more variable, with many low 
counts and occasional large numbers. Because these data did not 
approach a normal distribution even when using standard trans- 
formations, they were summarized graphically without statistical 
analysis. We used the time by treatment interactions (Gurevitch 
and Chester 1986) to test our hypotheses of Curex rostrata 
response to grazing. We determined that beaked sedge did not 
respond to grazing if the time by treatment interaction was not 
significant (DO.05). 

We back-transformed (squared) the shoot emergence least 
square means (LS Means) for graphic display of actual means. We 
estimated 95% confidence intervals (CIs) taking into account the 
heterogeneous variance of monthly counts, which is compatible 
with Hotelling’s T. For emergence data the confidence intervals 
were calculated using the transformed results, then squared for 
graphic display. 

We compared the difference in mean shoot height (LS Means) 
between June 1989 and June 1990 by treatment using SAS (1987) 
GLM procedure for analyses of variance. 

Results 

The grazing treatment affected shoot density differently over 
time (time by treatment interaction P<O.OOl, Fig. 2). Overall mean 
shoot densities of the grazed and ungrazed plots, however, were 
not statistically different (P = 0.073). Initial mean shoot densities in 
grazed and ungrazed plots were not statistically different (16.1 and 
16.9 shoots per plot, respectively). At the end of 2 years shoot 
densities were 28.7% greater in the grazed plots and 11.3% greater 
in the ungrazed plots than initial densities. In the statistical model, 
stand (P<O.OOl), penetration resistance (P<O.O54) 
and initial shoot count (P<O.OOl) were important as covariates, 
but did not interact with the grazing treatments. 

To further describe the shoot density profile, we identified max- 
imum contrast coefficients using a multivariate profile analysis 
(SAS Institute, Inc. 1987). Because this was an aposteriori test, we 
adjusted for experiment wise Type I error at P = 0.05 (Sokal and 
Rohlf 1981). About 90% of the time by treatment interaction 
occurred from September 1989 through July 1990. There was no 
significant interaction during the first 3 nor the last 6 months of the 
study. Mean shoot density was 11% greater in the ungrazed plots 
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Fig. 2. Profile of mean shoot density per plot by month and year. 95% Confidence Interval (CI) = A + t39,0.025 * SE(&). 

than the grazed plots in September 1989, but was greater in the 
grazed plots by June 1990, remaining 12 to 16% greater in the 
grazed plots through June 199 1. 

The effect of our grazing treatments on new shoot production 
also varied over time (time by treatment interaction P q 0.003). 
Overall shoot emergence (Fig. 3) was 20% greater in the grazed 
plots than the ungrazed plots (P = 0.006) during the study. Shoot 
emergence was greater in the grazed plots than the ungrazed plots 
in the months following 3 of the 4 grazing treatments. Stand 
(P<O.OOl), penetration resistance (P = 0.003), initial shoot count 
(P<O.OOl), and competition (P= 0.09) were all important as covar- 
iates, but did not interact with the grazing treatments. 

Mean overall shoot mortality per plot combined over both years 
was similar for the grazed and ungrazed plots (29.2 and 28.9, 
respectively, Table 1). Mortality tended to be greater in the 
ungrazed plots in the first year of the study, and greater in grazed 
plots in the second year. An overall average of 33% of height, or 
about 15% of weight (McDougald and Platt 1976) was removed 
from grazed beaked sedge plots per grazing treatment, with a range 
of 0% to 74% height removed (0% to 40% weight removed). Percent 
height removed was greater in September, when soils were gener- 
ally drier and more firm, than in June of both 1989 and 1990 (Table 

2). 

G-Grazed +Ungrazcd 1 Cl 

I I I I I I I I I I I I I I 

7 6 9 4 6 6 7 6 9 10 5 6 
69 I 90 I 91 

Month/Year 

Fig. 3. Profile of mean shoot emergence and mortality per plot by month and year. 95% Confidence Interval (Cl) for shoot emergence F, + t39,&025 * 
SE(:t)P. 
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Table 1. Mean overall shoot mortality per plot during June 1989 through Table 4. Mean penetration resistance index (top 30 cm) esthnated at each 
June 1990 through June 1991. study plot on 3 different dates. 

Treatment Year I SE 

(%) 
Grazed 11.0 I.0 
Ungrazed 13.0 I.0 
Combined 12.0 0.7 
SE-Standard Error 

Year 2 

(%I 
18.2 
15.9 
17.0 

SE Combined SE 

(%I 
I.4 29.2 1.8 
1.0 28.9 1.6 
0.8 29.0 I.2 

Stand 

1 
2 
3 
4 

Combined 

Sept 89 

11.6 
18.2 
16.4 
10.6 
14.7 

June 90 

15.1 
21.8 
22.5 
14.8 
19.3 

Sept 90 

22.1 
32.7 
24.8 
15.9 
24. I 

Table 2. Mean percent height removed per grazed plot for 1989 and 1990. 

1989 1990 

Table 5. Percent of Carex plots containing various basal cover clnsses of 
competing species. 

Stand June SE Sept SE June SE Sept SE 
3 Stand 

(%) (%) (%) (%) 
I 14.2 8.4 36.9 25.2 37.8 II.6 35.2 11.6 2 29.3 21.2 48.3 II.4 23.5 16.1 39.3 12.0 1 

3 4.9 IO.1 49.7 14.9 26.0 19.8 34.2 14.5 2 
4 15.9 15.5 34.7 20.3 20.5 17.6 53.4 15.2 3 

Combined 15.2 17.2 43.6 17.9 25.3 17.8 40.9 15.5 4 

<5% 5-3% 30-50% >50% 

--_-&___________(%)__________________ 
40 0 0 

50 25 25 0 
39 43 II 7 
36 46 9 9 

SE Standard Error Overall 

Although rodent grazing of beaked sedge shoots increased in sedge tended to be greater in plots with less competition from other 
spring 1990, particularly in the ungrazed plots, rodent-caused species. Competition appeared to be affected by water level and 
shoot deaths in the grazed and ungrazed plots was about 7 and accessibility to livestock. Competition was light in soils inundated 
1370, respectively, of overall mortality. Primary rodent grazers year-round, and greater in moist but aerobic soils. Soils disturbed 
were meadow voles (Microtus pennsylvanicus Wagner) and deer by hoof action provided conditions favorable to the establishment 
mice (Peromyscus maniculatus Ord). Rodents cut shoot bases of annual and perennial dicots. 
cleanly at ground level, whereas cattle rarely clipped shoots shorter 
than 10 cm. Discussion 

Table 3. Mean differene in mean shoot heights (cm) between grazed and 

Mean shoot heights (measured to tip of longest green material) 
of grazed and ungrazed plots declined 6 and 5%, respectively, from 

ungrazed plots measured in June 1989 and June 1990. 

June 1989 to June 1990. The change in mean shoot height was 
similar between treatments (Table 3). 

moderate cattle grazing has no effect on shoot density. 

Shoot Population Response 
Because mean shoot density changed differently in grazed plots 

compared with ungrazed plots over time, particularly in fall 1989 
and spring 1990, we rejected the null hypothesis that light to 

In September 1989 shoot density was greater in the ungrazed 
plots than the grazed plots, which was unexpected. We observed 
greater trampling impacts in September 1989 when use averaged 
about 43% (height removed), than in June 1989, when use averaged 
about 15%. Shoot mortality in September 1989 was 57% greater in 
the grazed than in the ungrazed plots (1.90 and 0.82 shoots per plot, 
respectively), while shoot emergence was 22% lower in the grazed 
than in the ungrazed plots (1.70 and 2.18 shoots per plot, respec- 
tively). Due to cool temperatures and drier soil conditions, there 
may have been a lag in the response of the grazed plants to 
September grazing. The lag in shoot emergence combined with 
greater shoot mortality due to grazing and trampling could explain 
lower shoot density in the grazed plots in September 1989, 
although this result was not repeated in 1990. Shoot density 
increased more in the grazed plots than the ungrazed plots in spring 
1990, and remained 12 to 16% greater through spring 1991. This 
result may indicate that shoot density was adjusting to our treat- 
ment through the first year, then reached equilibrium in the second 
year. 

Stand Grazed SE Ungrazed SE 

Mean height 
June 89 

(4 (cm) 
52.6 0.6 50.6 0.6 

Mean height 
June 90 

49.3 0.5 48. I 0.6 

Mean height 
June 89-June 90 

-3.3’ 1.5 -2.5’ 1.5 

SE-Standard Error 
*-not significantly different (P<O.O5) 

Shoot density and shoot emergence tended to be greater in stand 
1 than in stands 2, 3, and 4, and in plots with high initial shoot 
counts. Although penetration resistance and competition were 
significant as covariates, there was no clear association of these 
covariates with shoot density or shoot emergence. Mean penetra- 
tion resistance index tended to be greatest in Stands 2 and 3, less in 
Stand 1, and least in Stand 4 (Table 4). Soil penetration resistance 
corresponded roughly with soil moisture. Saturated soils were least 
resistant and drier soils most resistant to penetration. Overall 
penetration resistance was least in September 1989, greater in June 
1990, and greatest in September 1990. Water wells monitored 
during this period indicated steadily dropping water levels in all 
stands during the 2-year study. 

Percent cover of competing species was less than 30% in 66 of 80 
sample plots (Table 5). Shoot density and emergence of beaked 

Peak shoot density occurred in September of both years, which 
is slightly later than Hultgren’s (1988) finding of mid-summer peak 
shoot density. Shoot density ranged from about 400 to 680 mm2 in 
our stands. This is high compared with most recent studies (Table 
6), but similar to densities reported by Miirnsja (1969). Shoot 
density fluctuated by about 40% (maximum density minus min- 
imum density divided by maximum density) in the grazed plots and 
38% in the ungrazed plots. These results support Hultgren’s (1988) 
findings that shoot density fluctuated by about 54% over a 4-year 
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Table 6. Shoot densities of beaked sedge reported from tbe northern 
hemisphere. 

Author Location of study Density 

(Shoots m-s) 
Mornso (1969) 
Gorham and Somers 

(1973) 

Sweden 600-700 
Alberta 370 

Bernard (1974) 
Bernard and 

Hankinson (1979) 

Minnesota 238 
New York 264 

Hultgren (1988) Sweden 128-476 
Allen and Marlow (1992) Montana 400-684 

period. Bernard and Gorham (1978) report a fluctuation of 24% 
over a single year. 

Because mean shoot emergence responded differently over time 
with grazing (time by treatment interaction P = 0.003), we rejected 
the null hypothesis that cattle grazing had no effect on shoot 
emergence. The greatest differences in emergence between grazed 
and ungrazed treatments occurred in July 1989, July 1990, and 
September 1990. The July shoot counts followed the June grazing 
treatments by 4 to 5 weeks, whereas the September counts followed 
the September grazing treatments by about 2 weeks. We concluded 
that beaked sedge in grazed plots compensated for shoot defolia- 
tion by increasing new shoot production up to 5 weeks following 
grazing treatments. 

Peak shoot emergence was concentrated in June through August 
in both treatments, which supports Hultgren’s (1988) findings of 
peak emergence in late spring-early summer. Relative differences 
in shoot emergence between grazed and ungrazed plots were great- 
est during the comparatively rapid growth period of late June-early 
July, although lower use of the grazed plots in June than in 
September of both years may have affected this result. 

Grant et al. (198 1) reported increased rates of new leaf and tiller 
production in clipped plots of perennial ryegrass (Ldiumperenne 
L.). New leaf and tiller production was greatest during the first and 
second weeks of the regrowth period, diminishing after 3 to 4 
weeks. Increased shoot emergence in our study in July 1989 and 
1990 and in September 1990 appears to have been due more to 
grazing treatments than an effect of season. 

Shoot Mortality 
Shoot mortality was greatest during winter and late summer 

(Fig. 3), which agrees with the findings of Gorham and Somers 
(1973). Shoot mortality was greater in the ungrazed plots in April 
through July 1990. Rodent-caused shoot mortality was greatest in 
the ungrazed plots during the same period. 

Rodents cut shoots into small segments to access inflorescences 
for food (Getz 1985), or removed stem bases or root crowns. To 
minimize this influence we removed rodents from the stands in 
June 1990 using Sherman live traps. The greater use of ungrazed 
plots by rodents in our study is explained by the attraction of both 
meadow voles and deer mice to greater vegetative cover (Bimey et 
al. 1976, Getz 1985) afforded by utilization cages. 

Shoot mortality generally peaked later than shoot emergence. 
This supports the conclusions of Noble et al. (1979) and Cook 
(1985) that increased shoot mortality of clonal plants follows 
increased emergence due to source-sink relationships of integrated 
root systems and increased competition. Shoot mortality was 
generally lower in summer 1989 than in summer 1990, as was shoot 
density. Greater mortality may have been a density dependent 
response, or may have been due to lower 1990 water levels. 
Although density undoubtedly affected relative rates of natality 
and mortality, precipitation, and temperature may have been more 
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important influences (Hultgren 1988) on shoot flux in our study. 

Management Implications 
These dam indicate that the basic tenets of plant grazing toler- 

ance drawn from rhizomatous upland graminoids generally apply 
to beaked sedge. Therefore, with adequate time for regrowth, 
beaked sedge should tolerate light to moderate, early summer and 
fall grazing in southwestern Montana. 

Because we studied the response of beaked sedge to light or 
moderate grazing with at least 60 days rest to provide the full 
opportunity to produce new photosynthetically active tissue, other 
grazing intensities and frequencies might produce different results. 
By testing different combinations of grazing frequency and inten- 
sity, we may be able to determine compensatory response thresholds. 

Deferring grazing of beaked sedge stands in wet years until fall 
when soils are less susceptible to trampling (Marlow et al. 1987) 
should minimize stream bank instability and soil displacement in 
seeps. Grazing beaked sedge earlier and heavier in dry years may 
optimize shoot natality. Long-term monitoring programs are 
needed to determine whether cumulative effects from defoliation 
and soil displacement by trampling are severe enough to limit the 
survival of local beaked sedge populations. 
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Abstract 

Alternative dispute resolution is a concept of dispute settlement 
which uses techniques other than litigation to reduce or resolve 
conflict. It involves bringing together parties in disagreement to 
participate in joint decision-making processes which seek win/win 
solutions. Alternative dispute resolution processes maintain con- 
trol and authority for agreement in the hands of the parties in 
dispute. A third party process person is commonly utilized to assist 
parties in resolving conflicts. 

The application of alternative dispute resolution techniques in 
the field of natural resource management is relatively new. A study 
of environmental disputes found that 78% of the cases where 
alternative dispute resolution techniques were used, resulted in 
settlement. 

There are limitations and benefits to the application of these 
techniques in the field of natural resource management. Wide- 
spread use requires a significant increase in the understanding of 
alternative dispute resolution concepts and application among 
natural resource professionals. 

Key Words: alternative dispute resolution, conflict resolution, 
group process, land planning 

The world is preoccupied with litigation as a primary method of 
resolving disputes. Chief Justice Warren E. Burger quoted Abra- 
ham Lincoln as saying, “Our distant forebears moved slowly from 
trial by battle and other barbaric means of resolving conflicts and 
disputes, and we must move away from total reliance on the 
adversary contest for resolving all disputes. For some disputes, 
trials by an adversarial contest must, in time, go the way of the 
ancient trial by battle and blood. Our system is too costly, too 
painful, too destructive, too inefficient for truly civilized people. 
To rely on the adversarial process as the principal means of resolv- 
ing conflicting claims is a mistake that must be corrected”(Priscoli 
1984). 

Public land management agencies are heavily burdened with 
litigated measures between resource uses and environmental pro- 
tection. Subjects such as stream flows for agriculture and fisheries 
habitat, Threatened and Endangered species, livestock grazing on 
public lands, and wildlife populations are common issues of dis- 
pute. Such is the case of Wayne Hage versus the United States 
Forest Service, where litigation is centered between Forest plan 
implementation and the “Takings” of private property. 

Litigated actions have proven to be costly and time consuming 
for many of the parties involved in natural resource management. 
Public land managers report that decisions reached through litiga- 
tion often result in little positive impact upon natural resource 
concerns. Appeals and counter suits frequently extend conflicts for 
long periods of time. As such, an alternative strategy for resolving 
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natural resource conflicts is needed. 
Alternative dispute resolution (ADR) processes hold great 

potential of providing an alternative to litigation. Alternative dis- 
pute resolution centers on the belief that effective agreements 
involve cooperation and interest-based problem solving among 
parties involved in a dispute. While litigation and other decision- 
making processes are of value, alternative dispute resolution pro- 
vides a means of off-loading the increasing pressure on the legal 
system. Alternative dispute resolution has proven to be effective at 
resolving conflicts in 78% of the cases where parties voluntarily 
participate in a consensus problem-solving process (Bingham 
1986). 

While alternative dispute resolution is somewhat limited in its 
use at this time, Public Land Managers are becoming more inter- 
ested in its concepts. The social and behavioral sciences of alterna- 
tive dispute resolution are new and rapidly developing. In addition 
they are poorly understood by many of the professionals in range 
management. This is no fault of the range management profession, 
but is the result of a changing paradigm in range management. 

In Nevada alternative dispute resolution concepts have been 
applied in Forest Service land planning sessions where Riparian 
Habitat restoration and Endangered Lahontan Cutthroat Trout 
populations have been issues of controversy. Forest service 
employees and ranchers have reported that alternative dispute 
resolution processes improved the efficiency and ability of conflict- 
ing groups to work out solutions to these issues. 

Based upon the signs of change, alternative dispute resolution 
stands to be a major part of range management in the future. This 
article examines the benefits, obstacles, and procedures of alterna- 
tive dispute resolution. 

Concepts of Alternative Dispute Resolution 
Alternative dispute resolution is a conflict resolution process 

which uses techniques other than those of litigation. These tech- 
niques favor joint decision making with control of the negotiation 
process in the hands of the parties in dispute. The use of third party 
facilitation is common among alternative dispute resolution tech- 
niques. The approach is voluntary in nature and seeks win-win 
strategies. 

Table 1, outlines a general continuum of alternative dispute 
resolution procedures that may be applicable in public land man- 
agement. This continuum ranges from the left with cooperative 
decision making, to the middle with Third Party assistance, to the 
right with third party decision making. Most of the procedures 
have some form of relationship building, procedural and substan- 
tive assistance, or counseling as a means of facilitating agreement. 
They differ in the degree and emphasis of assistance provided. 

An examination of the Alternative Dispute Resolution conti- 
nuum (Table 1) brings to the forefront, 4 points that deserve 
discussion: 
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Table 1. A continuum of alternative dispute resolution &~edure~. 

Cooperative decision 

Parties are 
unassisted 

*Conciliation 

*Information 
Exchange 
Meetings 

*Cooperative/ 
Collaborative 
Problem 
Solving 

*Negotiations 

Third party assistance with negotiations or 

Relationship building Procedural Substantive 
assistance assistance assistance 

*Counseling/ *Coaching/ *Mini-Trial 
Therapy Process 

Consultation *Technical 
*Conciliation Advisory 

*Training Boards/ 
*Team Disputes Panels 
Building *Facilitation 

*Advisory 
*Informal *Mediation Mediation 
Social 
Activities *Fact Finding 

*Settlement 
Conference 

Third party decision making 

Advisory non-binding Binding 
assistance assistance 

*Non-Binding *Binding 
Arbitration Arbitration 

*Summary *Med-Arb 
Jury Trial 

*Mediation- 
then-Arbi- 
tration 

*Disputes 
Panels 
(binding) 

*Private 
Courts/judging 

Source: Moore and Priscoli (1989) 

1) As alternative dispute resolution procedures move from 
cooperative decisions to third party decision making, they gradu- 
ally give more power and authority to resolve disputes to a third 
party. 

resolution techniques that have resulted in higher levels of satisfac- 
tion in decisions reached in 78% of the cases studied. 

2) T’he basic principles and procedures of interest-based negoti- 
ations can be applied to any technique along the continuum. 

3) New procedures of alternative dispute resolution will be deve- 
loped as public planning activities use more alternative dispute 
resolution concepts. 

4) As stated by Moore and Priscoli (1989), “It is important to 
remember all communication in disputes contains both content 
and process. Very often, the way we talk or the process of dialogue 
will determine how and if people listen to the content of the 
dialogue. The major premise behind alternative dispute resolution 
techniques is that by separating the process of dialogue from the 
content of dialogue in a dispute, we can better manage the discus- 
sions and promote agreement. This separation of process and 
content is what leads to the use of the third parties, sometimes 
called “interveners”. These third parties, in various ways, become 
caretakers of the dialogue process in disputes.” 

2) Creating a better climate for resolution-Alternative dispute 
resolution processes are voluntary, the participants are involved 
because they believe that they can generate a more acceptable 
agreement. In alternative dispute resolution techniques, a better 
environment for communications and sharing of information 
often exists. Individuals within the group are more prone to move 
from positional bargaining to problem solving when they feel their 
needs and values are seriously considered and valued in the pro- 
cess. As a result a greater probability of resolving disputes exists. 

3) Expediting procedures-Initial investments in the alternative 
dispute resolution process may be high. However, sustainable 
solutions to disputes demand that parties trust and are committed 
to decisions reached during negotiations. When they are not, total 
time invested in a dispute is lengthened and the probability of 
impiementing decisions are reduced. Throuih alternative dispute 
resolution techniques, the parties controlling the process can sche- 
dule meetings at their discretion and make decisions when they are 
ready. 

This situation has occurred in Nevada in cases where ranchers 
and environmentalists have attemped to communicate during 
allotment management planning sessions with land management 
agencies. Interveners successfully reduced and avoided disputes in 
planning meetings by managing the dialogue process while partici- 
pants focused their attention on the content of dialogue. The result 
was participants reported increased satisfaction in the planning 
process because of the role of the intervener. 

4) Reducing costs-Alternative dispute resolution processes 
usually involve a third party mediator or negotiator but this is not 
always the case. Costs for these services are much lower than 
lawyer and court expenses. 

Benefits and Obstacles of Alternative Dispute Resolution in Public 
Land Management 

Priscoli (1986) identified numerous advantages of alternative 
dispute resolution processes. Understanding the advantages will 
help Public Land Managers know where to use these concepts in 
solving public land conflicts. Some of the more significant benefits 
in public land management are: 

1) Getting better decisions-Many public land management 
decisions are challenged by interested parties because proposed 
decisions are seen as not satisfying real interests. Agreements that 
satisfy real interest of parties in a dispute improve the level of 
satisfaction with the decision. Through alternative dispute resolu- 
tion, the parties are involved in deciding acceptable alternatives in 
an agreement. In court actions it is generally an all-or-nothing 
decision decided by a judge. Once again, as reported by Bingham 
(1986), the quality of decisions reached through alternative dispute 

5) Enhancing flexibility-The parties in a dispute decide how 
they will operate, what criteria they will use to reach agreement and 
if they will reach agreement. They may agree to not agree, but they 
make the decisions. This adds substantial flexibility to the process. 

6) Providing more control over the outcome-Decision-making 
authority is retained by the parties in dispute, therefore they retain 
the authority to decide, whereas in litigation a judge or arbitrator 
makes the decision. 

7) Encouraging control by people who know the organiza- 
tion’s needs best-Alternative dispute resolution seeks to put con- 
trol in the hands of the people who are best able to assess the 
impacts of any proposed decision and have the flexibility of devel- 
oping creative solutions. When they have control they have a 
greater incentive and motivation to move toward agreement. 

8) Increasing the probability that decisions will hold up-When 
the parties involved in a dispute share in the authority to make 
decisions, they have greater interest in making an agreement work. 
Mutual agreements are more likley to hold up over time and 
prevent future problems. 

Lancaster et al. (1990), identified obstacles to the application of 
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alternative dispute resolution processes. These obstacles must be 
managed before alternative dispute resolution will be widely used 
in the management of public lands. Some of the major obstacles 
and solutions are: 

1) Tradition/agency culture which favors the usual way of 
doing business-Public land managers and interested parties may 
have a mindset which prefers the known processes of litigation 
rather than the unknown risks of alternative dispute resolution. 
They may be resistant to new roles and procedures. Perceptions 
that alternative dispute resolution is a soft or “givingin”approach 
to conflict may prevail among some individuals. Some may feel 
threatened by a giving of power to others in the decision-making 
process. Still, others may be hesitant to take risk. 

Solution: 
These obstacles can be overcome through training and greater 

familiarity with alternative dispute resolution processes. Clarity 
between alternative dispute resolution and the National Environ- 
mental Protection Act (NEPA) will prevent confusion. Experience 
and successful models will generate comfort with alternative dis- 
pute resolution’s use. Leadership and promotion of alternative 
dispute resolution from agency heads and interest groups will 
create a greater acceptance of alternative dispute resolution. Poli- 
cies which require or suggest alternative dispute resolution as an 
alternative or intermediate step to litigation will be helpful. 

2) Lack of incentivecr and authority to settle disputes in existing 
planning approaches-Existing public land planning activities typ- 
ically promote positional bargaining among opposing interests. 
Agency personnel and interest group representatives involved in 
many planning processes do not hold authority to settle disputes or 
make decisions. They frequently only hold authority to represent a 
position of the group. Their involvement centers around bargain- 
ing their position. Agreement can only be reached if they obtain an, 
“all position”agreement from the other side(s). They must go back 
to some other authority in their group to gain authority to agree 
with a suggested solution. This is a win/ lose positional process. It 
often ends in litigation. 

Solution: Land management agencies and special interest groups 
can allow responsibility and authority for settlement at the local 
level or organizational level. This will allow those actually working 
on the resource to have the authority to make decisions. Policies 
and guidelines can be set with flexibility in how they are to be met. 
Organizations can promote thereality of costs and delays caused 
by litigation and demonstrate a real desire to solve problems and 
manage natural resources, beyond political caucusing. 

3) Professional vanity: unwillingness to allow others to share in 
decision making authority-Some professional are insecure about 
the ability of others to make good decisions and to hold power. 
Some even resist settlement for fear that there might be some 
unknown benefit of the decision to the opposition. Both policy and 
personnel tend to protect power retention even at the demise of 
problem solving and on-the-ground resource management. As 
such, power management tends to dominate the strategy of many 
public land planning processes. Focus is placed on position and 
power during planning activities rather than problem solving and 
resource well-being. 

Solution: 
Incentives can be developed which offer rewards for settlements 

outside of more costly processes. Incentives can focus on problem 
solving results and applications of agreement. Policies and reward 
systems can reduce the threats and risks to people and reputations. 

4) Lack of trust: Historical experiences and perceptions influ- 
ence the willingness of participants to trust others in public land 
planning. Consequently, solutions to problems are often dismissed 

without being adequately considered when presented by an oppos- 
ing side. 

Solution: 
Public land planning activities can involve more teambuilding 

and partnering activities. Emphasis and institutionalization of 
alternative dispute resolution processes can help to recognize and 
reward successful uses of alternative dispute resolution. Top man- 
agement participation and support can generate trust within 
organizations. 

5) The need to justify the alternative dispute resolution settle 
ment with procedural requirements-NEPA and other documents 
outline procedural guidelines that must be followed during public 
land planning. In addition, planning decisions must be subject to 
public comment and agency review. Perceptions that alternative 
dispute resolution does not complement the Procedural require- 
ments of NEPA may block the application of alternative dispute 
resolution. 

Solution: 
In reality, alternative dispute resolution enhances and imple- 

ments the spirit of NEPA by generating better consultation, coop- 
eration, and coordination among interested parties. Procedures 
and policies may need to be examined to determine if they assist or 
hinder problem solving and dispute resolution. 

6) Lack of understanding about alternative dispute resolution 
processes-Many people do not have an understanding of alterna- 
tive dispute resolution or its application. Fear of the unknown can 
impede the application of alternative dispute resolution. In addi- 
tion, poorly applied efforts of alternative dispute resolution can 
result in turning many people off to valuable problem and dispute 
resolution processes. 

Solution: 
Training and application will bring about knowledge and com- 

fort with alternative dispute resolution processes. Recognizing the 
efforts of individuals and sharing of successes will help people to 
visualize how alternative dispute resolution can be applied in real 
life situations. 

7) Fear of disappointing the desire for a strong advocate 
(Winner-take-all mentality)-Many groups and individuals enter- 
tain an attitude of “winner-take-all”in public land planning. Some 
may fear that alternative dispute resolution will be too soft a stand. 
This mentality may stem from the “hired gun” attitude which 
stresses defeating the other side as the primary objective. Reputa- 
tions of some consultants and special interest groups are founded 
on that of a tough litigator rather than an effective problem solver. 
Other factors may be: outside counsel may fear losing authority 
and control; some may feel that the maximum recovery is not 
obtained; a group or individual may not accept that alternative 
dispute resolution can be a beneficial option and some may be 
unwilling or unable to perceive the merit of the other side’s 
position. 

Solution: 
This attitude makes a fundamental mistake in assuming that 

alternative dispute resolution processes are a weak case. With 78% 
success rate in cases examined, evidence suggests that alternative 
dispute resolution strategies are indeed a strong case for settling 
disputes. In addition, the level of implementation of agreements 
has been improved through alternative dispute resolution pro- 
cesses. Showcase examples and experience with alternative dispute 
resolution can bring about an attitude change in those who really 
do want to solve problems and manage resources. Professional 
trouble makers and so called “hired guns”may seek other avenues 
to carry out their conflict generating agendas. 

8) Giving up on the ability to reach agreement-Within some 
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organizations there is a perceptual resignation that settlements and 
applied management cannot occur outside of court-directed rul- 
ings. There is a notion that the opposition can be made to conform 
to a value or position through litigation. In reality, these strategies 
have largely failed to generate a desired outcome. Appeals, court 
suits, stonewalling and refusals to conform often result. 

Solution: 
Demonstrations and published documentation of implemented 

alternative dispute resolution generated agreements will help lay 
these fears to rest. Support from agency supervisors and adminis- 
trators will help employees feel that alternative dispute resolution 
techniques are valuable and acceptable. 

Summary 
Interest in alternative dispute resolution processes in public land 

planning is increasing. As persons involved in natural resource 
conflicts become frustrated with traditional dispute resolution 
processes, they are looking more intently at alternative conflict 
management strategies. Today, there are several major factors that 
hinder the application of alternative dispute resolution processes in 

public land planning. These factors will be overcome as more 
people become aware of the benefits of alternative dispute resolu- 
tion. Showcases will demonstrate that alternative dispute resolu- 
tion processes complement federal land management policies and 
guidelines. 

The potential exists for alternative dispute resolution to create a 
new paradigm in public land planning and management. Public 
land management professionals who use alternative dispute resolu- 
tion will come to see the technologies of the behavioral and social 
sciences as valuable as they do the biological sciences for solving 
range management issues. They will come to understand that 
alternative dispute resolution processes enhance the level of effec- 
tive decision making and implementation of agreements in public 
land planning and management. 
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Abstract 

Concern for nonpoint source pollution from rangelands has 
increased the need to monitor and predict amounts of soil erosion 
that may enter streams from adjacent rangelands. This study was 
undertaken to evaluate a refined surface cover subfactor (RSC) 
developed for the revised universal soil loss equation (RUSLE) to 
simulate soil loss from rangelands as affected by various kinds and 
amounts of surface cover. In addition, sensitivity analysis htdi- 
cated which variables most htfluenced erosion from a sagebrush- 
grass rangeland (Johnson and Gordon 1988). 

Evaluation of the RSC was done by comparing original RUSLE 
estimates of soil loss with those of RUSLE where the surface cover 
subfactor (SC) had been replaced with RSC. Estimated soil loss 
from both simulations were compared with field measurements of 
soil loss using a simple regression technique. Refined RUSLE 
predictions of soil loss (r* = 0.81 and 0.50 for dry and moist 
conditions) were considerably better than those obtained with the 
original RUSLE model (r* = 0.67 and 0.14 for dry and moist 
conditions). The refined RUSLE was better at describing Johnson 
and Gordon (1988) erosion data than was the original RUSLE 
model. Use of RSC in the RUSLE mode1 may increase its accu- 
racy, but the model still underpredicts the actual amount of soil 
loss. 

Key Words: erosion, sediment yield, model evahmtion, soil loss, 
surface cover, water quality 

Erosion from rangelands is a major contributor of nonpoint 
source pollution to streams. This has become a major concern for 
range managers in the western United States. Soil loss is affected 
by various abiotic, biotic, and management factors. Rangeland 
watershed management practices often affect vegetation and 
ground cover, that in turn influence soil erosion (Sartz and Tolsted 
1974, Branson et al. 1981, Foster 1982). Johnson et al. (1980) 
reported that changes in soil loss for specific sites were almost 
totally dependent upon changes in soil surface cover. Management 
of vegetation and litter cover on rangeland is the principal means 
available to reduce erosion impacts on streams. 

Use of the universal soil loss equation (USLE) (Wischmeier and 
Smith 1978) has not been effective for estimating sheet and rill 
erosion from rangeland watersheds, as it was developed for use on 
croplands (Johnson et al. 1980, Trieste and Gifford 1980, Hart 
1984, Johnson et al. 1984, Schroeder 1989). The revised USLE 
(RUSLE) was developed for rangeland purposes (Weltz et al. 
1987). However, RUSLE underpredicted actual erosion from a 
series of plots on 3 different soils in southeastern Arizona (Weltz et 
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al. 1987) and a series of plots at 17 rangelands sites in 7 western 
states (Renard and Simanton 1990). 

The original RUSLE surface cover submodel (SC) is used to 
estimate soil loss ratio that corresponds to the area of soil covered 
by mulch (Weltz et al. 1987). This surface cover (SC) is expressed 
as: 

SC = exp [-b * RC * (6_)‘.08], 

6+RG 
(1) 

where RC is the fraction of land covered, b is a coefficient (equal to 
0.025 in this study), and RG is a random roughness variable. 
However, this surface cover subfactor (SC) is based only on total 
surface cover and, therefore, does not adequately quantify the 
effects of different cover types and their interactions on soil loss. 
Recently, Benkobi et al. (1993) developed a refined surface cover 
subfactor (RSC) to replace the original RUSLE surface cover 
subfactor (SC). The RSC was developed from laboratory data 
using a high intensity storm (100 mm/h) and a clay loam soil in a 
controlled experiment. Effects of different surface cover types and 
amounts, their combinations, and bare ground on soil loss were 
determined for small plots in this laboratory study using a rotating 
boom rainfall simulator developed at the University of Wyoming. 
Cover treatments included vegetation litter, small rocks, and mix- 
tures of these cover types at several levels of cover (25,50,75, and 
100%) and bare ground (control). The regression equation (RSC) 
derived from these data was expressed as: 

RSC = 1 - 0.82 VL + 0.48 R - 1.23 VL * R - 1.25 R*, (2) 

where RSC is the estimated value of the surface cover subfactor 
(dimensionless), VL is the proportion of cover by vegetation litter, 
and R is the proportion of cover by rocks (Benkobi et al. 1993). 

It was hypothesized that use of this refined surface cover subfac- 
tor (RSC) in RUSLE would improve erosion prediction from 
rangeland watersheds. The purpose of this present research effort 
was to evaluate RUSLE soil loss predictions for field data, using 
the refined surface cover subfactor (RSC), and to determine the 
sensitivity of simulated soil loss with changes in the refined 
RUSLE model variable values. Soil loss predictions, using both 
SC and RSC subfactors in RUSLE, were compared with actual 
erosion measurements for the same field plots (Johnson and Gor- 
don 1988). 

Procedures 

Hydrologic data from Johnson and Gordon’s (1988) rainfall 
simulation and erosion study on a sagebrush-grassland range site 
were used to test the application of the refined surface cover 
subfactor (RSC) in RUSLE against the original surface cover 
subfactor (SC). These field data included soil physical characteris- 
tics (Table I), plant canopy cover, ground cover, surface rough- 



Table 1. Soil physical characteristics for interspace areas between snge- 
brush plants (from Johnson and Gordon 1988). 

Sand (%) 31- 42 
Silt (%) 45 - 47 
Clay (%) 13 - 16 
Silt & very fine sand (%) 70 - 12 
Organic matter (%) 1.4 - 2.2 
Permeability index 3 
Soil texture index 3 

ness, slope, simulated rainfall, and soil loss from l-m2 interspace 
plots (Table 2). Data from sagebrush interspace plots were utilized 
because the refined surface cover subfactor was developed for 
surface litter cover, not shrub canopy cover. These plots were 
located at the Nancy Research Site on the Reynolds Creek 
Watershed, Ida. Johnson and Gordon (1988) described the inter- 
spaces between shrubs as having about 30% bare soil with clumps 
of grass and moss that formed a rough surface with shallow depres- 
sions caused by repeated animal trampling, frost action, wind, and 
erosion. 

For the present study, as indicated in Table 2, vegetation canopy 
cover of each experimental plot included live and standing dead 
material. Vegetation residual cover included live plant material, 
plant litter, and fine plant residue. 

Estimated soil loss (A) was computed for 2 cases: (1) using the 
original RUSLE (Weltz et al. 1987) in equation 3, and (2) with the 
refined surface cover subfactor (RX) in Equation 4 instead of the 
original surface cover subfactor (SC). Soil loss (A) was estimated 
by: 

A = (EI) (K) (L) (S) (P) (C) (3) 

where 
A = 
EI = 

K = 

L = 
s = 
P = 

c q  

estimated soil loss (t/ha), 
individual storm erosivity factor (MJ l mm“/(ha 
oh-‘) (Weltz et al. 1987), 
soil erodibility factor (t l ha-’ l h“)/(ha l MJ-’ 
l mm-‘)(Wischmeier and Smith 1978), 
slope length factor, ratio to unit plot, 
slope steepness factor, ratio to unit plot, 
supporting practices factor, ratio to unit plot; 
P = 1 was assumed for this study, and 
cover-management factor, ratio to unit plot. 

The factor C is expressed as: 

where 
C = (PLU) (CC) (RSC) (SR), (4) 

PLU = prior to land use subfactor, dimensionless, 
cc = plant canopy subfactor, dimensionless, 
RSC = refined surface cover subfactor (see Eq. 2), and 
SR = surface roughness subfactor, dimensionless. 

Sensitivity analysis was performed to measure the sensitivity of 
RUSLE model predictions of soil loss with changes in variables 
values. This analysis also indicated appropriate variables for future 
investigations that might improve the predictive ability of the 
model. A Monte Carlo sampling procedure was used to generate 
the data to conduct the sensitivity analysis (O’Neill et al. 1982, 
Swartzman and Kaluzny 1987). Variables used for the sensitivity 
analysis (Table 3) were treated as random variables because their 
estimates were obtained from actual data (Table 2). 

Table 3. Refined RUSLE model variables used in the sensitivity analysis. 

Notation 

A 
a 
b 
C 

FC 
H 
PC 
RB 
VL 
R 
VFS 
SL 

RS* 

Description 

estimated soil loss 
organic matter content 
soil structure index 
profile permeability index 
plant canopy cover 
canopy height 
soil clay content 
random roughness of the soil 
live and dead vegetation cover 
surface gravel cover 
silt and very line sand 
slope steepness and slope length 

factor 
root biomass 

Units 

t/ha 
% 
- 

(proportion) 

; 

:Zportion) 
(proportion) 
% 
(dimensionless) 

kg/ ha 

*RS was estimated using Weltz et al. (1987) equation: 
RS = BIO * ni * ai/ 100,. 

where BIO = aboveground bmmass : 450 kg/ha in this study; ni = 0.45; and ai 27.3. 

Statistical distributions (normal, uniform, and triangular) were 
assigned to 12 variables of the RUSLE model (Table 4). Values for 
the variables were sampled within their assigned distributions 
using 500 iterations of the Monte Carlo process (Tiwari and Hob- 
bie 1976, Swartzman and Kaluzny 1987). A normal distribution 
was assigned to variables for which sufficient data were available to 

Table 2. Summary of hydrologic data from Johnson and Gordon’s (1988) rainfall simulation and erosion study on a sagebrush-grassland range site 
(Idaho) used to evaluate the RSC subfactor. 

Plot 

No. 
NlII’ 
NlI2* 
NlI3 
N211 
N212 
N213 
N311 
N312 
N313 
N411 
N412 
N413 

Plant canopy Veg. resid. Rock Bare 
cover cover cover ground 

(%) (%) (%) (%) 
9.1 44.6 12.2 43.2 

13.1 58.7 12.8 28.5 
4.0 59.0 5.6 35.4 
4.6 56.2 10.1 33.1 
2.0 61.9 8.8 29.3 
4.9 60.1 4.1 35.8 
2.5 59.1 15.8 25.1 
2.3 58.3 13.7 28.0 
0.9 38.3 26.5 35.2 
0.9 54.9 31.0 14.1 
0.3 52.0 34.4 13.6 
2.2 57.9 12.6 29.5 

Slope 

E 
612 
4.4 
4.7 
5.6 
5.7 
6.1 
4.3 
3.7 
6.8 
5.0 
4.9 

Surface 
rough. 

(mm) 
10.2 
11.1 
12.5 
13.2 
16.2 
16.2 
12.7 
17.3 
10.8 
12.5 
9.5 

13.8 

Rainfall 

(mm) 
45.5 
49.9 
55.6 
61.1 
63.9 
63.2 
61.2 
54.8 
52.0 
35.3 
42.5 
55.4 

Soil 
loss 

(ti ha) 
0.094 
1.435 
0.232 
0.339 
0.394 
0.747 
0.787 
0.144 
0.470 
0.101 
0.080 
0.273 

INI = location, 11 = interspace plot number. 
*Hydrologic measurements were not included in the present study for the N112 plot in Johnson’s and Gordon (1988) rainfall simulation and erosion study because this plot had 
abnormally high and unexplained soil losses. 
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Table 4. Values that defined normal, uniform, and rectnnguhu distribu- Table 5. Summary of sensitivity analysis measures as indicated by the 
tions for each refined RUSLE model variable used in the sensitivity partial correlation coefficient(r) between simulated soil loss and refined 
analysis. RUSLE model variables (PzO.05). 

Parameter 

Distribution assigned to model variables 
Normal Uniform Triangular 

Mean SD Min Max Min Mode Max 

a (%I 1.26 2.34 
b index 2 3 4 
c index 2 3 4 
FC (prop.)’ 0.40 0.38 
H (m) 0.15 0.05 
PC (%) 10 20 
RB (mm) 12.60 3.78 
VL (prop.) 0.55 0.17 
R (prop.) 0.16 0.05 
VFS (%) 50 72 
RS (kg/ ha) 38 55 72 
SL (dimensionless) 0.44 0.13 

‘Prop. = proportion. 

estimate mean and variance. A uniform distribution was assigned 
to variables for which available data provided only a range of 
values. A triangular distribution was assigned to soil structure and 
soil permeability classes for which only 1 value was available. 
Variation in variable values was created using f30% of actual 
mean values. 

Partial correlation coefficients, between simulated variable 
values and simulated soil loss, were used as criteria to measure the 
sensitivity of the model prediction of soil loss to changes in a 
variable value after removing all the effects of the other variables 
(Rose 1983, Swartzman and Kaluzny 1987). 

Correlation and graphical evaluation methods were used to 
compare original RUSLE predictions of soil loss with those simu- 
lated by RUSLE using the refined surface cover subfactor (RSC) 
(Benkobi et al. 1993). Predicted values from both simulations were 
then compared with actual field measurements of soil loss from this 
sagebrush-grass rangeland erosion study by Johnson and Gordon 
(1988) to determine if RSC improved predictability of RUSLE for 
a rangeland watershed. 

Results and Discussion 
Sensitivity of predicted soil loss to variations in model variables 

was determined by measuring the degree of dependence between 
soil loss and input variables using partial correlation coefficients 
(Table 5). Model predictions of soil loss were found to be sensitive 
to variations in slope steepness and slope length factor (SL). A 
partial correlation coefficient (r) of +0.90 between predicted soil 
loss and data for slope length factor was obtained. Soil loss 
increased as slope steepness and slope length factor increased, as 
anticipated. 

Simulated soil loss sensitivity to the cover and management 
factor (C) was associated with surface cover, surface roughness, 
and belowground biomass variables. Among the surface cover 
variables, vegetation cover (VL) accounted for most of the varia- 
tion in soil loss (r = -0.88). Soil loss decreased as the amount of 
vegetation cover increased. This result was anticipated. Rock cover 
(R) had a moderate correlation with soil loss (r = -0.42). Jennings 
and Jarret (1985) found that rock cover was the least effective 
erosion control mulch material examined. However, Box (198 l), 
Meyer et al. (1972), and Simanton et al. (1985) found better nega- 
tive correlations between soil loss and rock cover. 

Soil loss was also sensitive to surface random roughness (RB) (r 
q  -0.67) and to the belowground biomass in the upper 10 cm of soil 
(RS) (r = -0.50) (Table 5). Increased surface roughness resulted in 

Variable r 

SL 

VL 
RB 
RS 
R 
b 
a 
c 
PC 
FC 
H 
VFS 

slope steepness and slope length 
factor 
vegetation material cover (prop.) 
random roughness (mm) 
root biomass (kg/ ha) 
rock cover (prop.) 
soil structure class (index) 
soil organic matter content (%) 
soil permeability class 
percentage clay (%) 
plant canopy cover (prop.) 
plant canopy height (m) 
very fine sand plus silt (%) 

+’ 0.90 

- 0.88 
- 0.68 
- 0.50 
- 0.42 
+ 0.20 
- 0.17 
+ 0.15 
+ 0.10 
- 0.10 
- 0.06 

0 

1 + = positive linear relationship with simulated soil loss. 
- = negative linear relationship with simulates soil loss. 

reduced soil loss. This was because runoff velocity and sediment 
transport were affected by depressions and mulch on the soil 
surface. When a soil surface is smooth, soil erosion may be consid- 
erable. Roots in the surface soil reduced erosion probably by 
increasing the resistance of the soil to overland flow by binding the 
soil mass with fibrous roots. In this simulation study, as random 
roughness and belowground biomass values increased, soil loss 
decreased. 

Plant canopy cover (FC) and canopy height (H) had little effect 
on simulated soil loss (r = -0.10 for FC, and r = 0 for H) in this 
study. The reason why plant canopy cover was not very important 
is probably because the sparse vegetation canopy did not absorb 
much energy from falling raindrops. However, soil surface cover 
was important. Khan et al. (1988) reported that plant canopy cover 
became less effective in reducing erosion when mulch was present 
on the soil surface. Simanton et al. (1991) found similar results 
when they studied direct and indirect effects of plant canopy cover 
on soil erosion and runoff. 

Soil loss was not very sensitive to soil erodibility variables (a, b, 
c, PC, and VFS) (Table 5). Among these variables, organic matter 
content (a) was the only variable that had a negative correlation 
with simulated soil loss (r = -0.17). The soils permeability class (c) 
and soil structure class(b) had little effect on simulated soils 10~s (r 
q  +O. 15 for c, and +0.20 for b). The percentage of silt plus very fine 
sand (VFS) had no effect on simulated soil loss in this study. 
Probably, its effect on soils loss may have been partially accounted 
for in the c and b variables. Soil loss increased as soil structure and 
soil permeability deteriorated, as anticipated. Clay content (PC) 
had very little effect on simulated soil loss (r = +O.lO). Increases in 
clay content tended to reduce infiltration and, thus, increased 
runoff and erosion. An increase in organic matter contributes to 
increased porosity and infiltration rates that, in turn, reduce runoff 
and soil loss (Meeuwig 1970, Blackburn 1975, Blackburn et al. 
1982). 

Model predictions of soil loss were compared with actual field 
data from Johnson and Gordon (1988) using a simple linear corre- 
lation technique. The coefficients of determination (r2) obtained 
were 0.81 for dry conditions, and 0.50 for moist conditions for the 
refined RUSLE; and 0.67 for dry conditions, and 0.14 for moist 
conditions for the original RUSLE model (Fig. 1). The refined 
RUSLE predictions of soil loss described Johnson and Gordon’s 
(1988) erosion data much better than did predictions from the 
original RUSLE model. However, predictions of soil loss were still 
low, even when the refined RUSLE model was used. This was 
particularly true at higher rates of erosion. 
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Fig. 1. Observed soil loss from erosion study plots (Reynolds Creek Wetersbed, Ida) (Johnson end Gordon 1988) plotted rgalnst origb~el RUSLE 
predictions (0) for soil loss under dry (a) end wet conditions(c), and es compared with predicted soil loss (0) using the refmed RUSLE model under dry 
(b) end wet conditions (d). Perfect model predictions of soil loss as compared with observed soil loss would fit the dashed line (--) in each graph. 
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Conclusions 
The refined RUSLE model was better at describing soil loss 

from Johnson and Gordon (1988) erosion plots on sagebrush-grass 
rangeland than was the original RUSLE model. The newly deve- 
loped equation (RSC) considers more surface cover variables as 
they affect soil loss than does the original equation. The correlation 
between actual field data for soil loss and model estimations of soil 
loss was better when RSC was used instead of SC in the RUSLE 
model. 

Simulated soil loss was most sensitive to changes in values of the 
slope steepness and slope length factor. Changes in surface cover, 
roughness and belowground biomass values also had significant 
effects on soil loss. 

The ability of the refined RUSLE to simulate actual soil loss 
from rangeland was not completely tested in the present study, 
because small erosion plots may not represent erosion as measured 
by large erosion plots. Further model testing with field data from 
large erosion plots is needed before practical application of the 
refined RUSLE model on rangeland watersheds can be made. 
However, inclusion of more variables in the revised equation 
(RSC) appears to be beneficial in predicting erosion on rangelands. 
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Abstract 

Vegetation responses to prescribed fue over a U-year period are 
reported for several deteriorating aspen clones in northwestern 
Wyoming. This study extends earlier work by Bartos and Mueggler 
(1981) on a prescribed fue intended to regenerate these aspen 
clones. After 3 years, numbers of suckers were close to pre-bum 
levels ranging between 10,000 to 20,000 suckers/ha. After 12 years, 
1,900 to 2,400 suckers/ha remained at a meager height averaging 
approximately 0.5 m. The demise of this aspen was attributed to 
heavy ungulate IN, primarily elk. Total undergrowth production 
increased substantially by the second postfire year and declined 
slowly after that. Biomass values of 2,130 kg/ha (low burn sever- 
ity), 2,140 kg/ha (moderate burn severity), and 2,190 kg/ha (high 
burn severity) were recorded after 12 years. This exceeds preburn 
production by 23 to 46%. Forbs made up approximately 75% of the 
undergrowth production after 12 years, which was dominated by a 
dramatic postburn shift to fireweed (Eptiobium angust~olium L.). 
The remaining production was comprised of approximately 20% 
grasses and 5% shrubs. Most of the fluctuation in species composi- 
tion occurred on the high severity burn sites. 

Key Words: Pop&s tremuikides, elk, aspen reproduction, fire 
effects 

Aspen (Populus tremuloides Michx.) dominated forests are rec- 
ognized for their multiple values, including forage use by livestock 
and wildlife ungulates, water, recreational opportunities, and 
panoramic vistas (DeByle and Winokur 1985). In the absence of 
disturbance, however, some of these values are diminished. The 
role of fire in perpetuating aspen forests has long been recognized 
(Baker 1925). Without periodic fire disturbance, many aspen 
stands are replaced by conifers or shrubs and herbaceous vegetata- 
tion (Jones and DeByle 1985). Kay (1990) discussed climax aspen 
stands in the Greater Yellowstone Ecosystem and speculated these 
stands would regenerate if ungulate browsing was lower. 

Most aspen stands in the West are mature or overmature 
(Mueggler 1989). In the Intermountain West many stands are 
considered decadent. Only a small percentage of the stands are less 
than 60 years of age. A major disturbance (e.g., burning or clear- 
cutting) that kills the standing aspen is necessary to regenerate 
stands that face rapid takeover by conifers or are in deteriorating 
condition with poor sucker reproduction. 

Prescribed fire can be used to rejuvenate aspen. Suckering and 
undergrowth vegetation generally increase, sometimes substan- 
tially, within the first 2 or 3 years following prescribed fire (Bartos 
and Mueggler 198 1, Brown and DeByle 1989). Less is known about 
longer term response of vegetation. Successful vegetative response 
following prescribed fire can be adversely affected by livestock and 
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wild ungulate grazing (Bartos and Mueggler 1979, Bartos 1979, 
Mueggler and Bartos 1977). 

It has been postulated that western aspen stands that are burned 
can regenerate themselves despite heavy elk use (Houston 1982, 
Despain et al. 1986, Greull and Loope 1974). In 1974, a study was 
initiated on the Bridger-Teton National Forest to evaluate the 
effects of prescribed burning on decadent aspen stands (Bartos and 
Mueggler 198 1). The primary purpose of the prescribed fire was to 
produce more aspen suckers than the transitory elk (Cervur elu- 
phus) could consume and thus perpetuate the aspen stands. The 
study sites were sampled in 1974-1977,1980, and 1986 to evaluate 
vegetation response. This paper reports on the 6- and 1Zyear 
(1980) and 1986) postfire vegetation response related to severity of 
burning and relates this information to the earlier work by Bartos 
and Mueggler (1981). 

Methods 

Breakneck Ridge, the study site, is located approximately 48 km 
northeast of Jackson, Wyo. The site is at 2,400-m elevation and is 
near the upper end of the Gros Ventre river drainage. Prior to 
treatment, the 200-ha site consisted of aspen, conifer (mostly sub- 
alpine fir Abies lusiocurpa (Hook.) Nutt.), big sagebrush (Artemi- 
siu tridentutu Nutt.), and grassland communities. A prescribed 
burn was carried out by the Bridger-Teton National Forest on 29 
August 1974. Variable fuel quantities, fuel moistures, and wind 
speeds created different bum severities. 

Permanent plots that were established prior to burning were 
sampled intermittently over a 12-year period (1974, 1975, 1976, 
1977, 1980, and 1986). The plots were located in 10 aspen clones 
(2-5 ha each) which were situated across the study site. Nine of the 
clones were within the burn area while the most southerly clone 
was protected from burning and served as a control. Within each 
clone, 4 permanent macroplots (10 X 10-m) were selectively 
located. All macroplots were sampled in 1974-1977 (Bartos and 
Mueggler 198 1) and 1980. Weather and time constraints allowed us 
to sample only 36 of the 40 macroplots in 1986. 

In 1980 and 1986, we repeated the earlier sampling procedures 
with some modifications to improve efficiency. Initially, sucker 
density was obtained by counting suckers on five 4-m* permanent 
subplots located within each of the 40 macroplots. Aspen suckers 
declined precipitously after the first 4 years of the study, therefore, 
we were able to count suckers on the entire macroplot (100 m*). 
Aspen suckers were defined as any aspen stem less than 2 m in 
height and less than 5-cm diameter at breast height (dbh). 

Vegetation production in 1974-1977 and 1980 was sampled with 
a double sampling procedure used to develop relationships between 
clipped vegetation and capacitance meter readings (Currie et al. 
1973). A portion of the metered plots were clipped by species which 
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allowed for the total herbage production to be separated into its Interaction of sucker density between burn severity and years 
component parts. In 1986, 20 microplots (30 X 60 cm) were sys- was not detectable statistically, which indicates that pooling across 
tematically distributed within each macroplot. These microplots, years is possible. However, we chose to look at individual years as 
as well as all previous microplots, were clipped and bagged by we felt it would be more appropriate to evaluate these data on a 
species. All clipped material was dried at 70° C until it reached a yearly basis. The 3 burn severities were compared to the control 
constant weight (minimum of 48 hours). Vegetation production and we found no statistically significant difference (DO. 10) for 
was then expressed on a dry weight basis. Clipping by species 1974-1980 except for 1975 where the high severity burn was statis- 
permitted us to express species composition as a percent of total tically different from the control (Table 1). In 1986 both the low 
production. Vegetation was sampled in late July and early August and moderate severity burns produced significantly fewer suckers 
in all years to obtain peak production. than the control. 

Mortality of mature aspen trees was not uniform across the site, 
a common result of fire in western aspen stands (Brown and 
DeByle 1989). Bartos and Mueggler (1981) assigned each of the 
macroplots to 1 of 4 burn intensity classes: unburned (control 
plots), light burn (1 to 20% of the litter and duff consumed and 
none or few mature aspen trees killed), moderate burn (21 to 80% 
of the litter and duff consumed and <90% of the mature aspen trees 
killed), and heavy burn (81 to 100% of the litter and duff consumed 
and >90% of the mature aspen trees were killed). The burn inten- 
sity classes are more properly referred to as burn severity (Ryan 
and Noste 1985). They will be described as low, moderate, and high 
burn severity. The 4 macroplots in the control treatment were 
without evidence of fire and were classified as unburned. Of the 
remaining 36 macroplots, 11 were classified as low severity, 13 were 
moderate severity, and 12 were high severity. 

Statistical analysis of vegetation production and sucker numbers 
using a square root transformation) included an analysis of var- 
iance to determine if differences exist for main effects: (1) burn 
severity (control, low, moderate, high); (2) years (1974,1975,1976, 
1977,1980, and 1986); and (3) severity X year interaction. Because 
we are comparing all 3 burn severities against the control area, we 
chose the Dunnett (1955) statistic which was designed specifically 
for these types of comparisons. 

Sucker densities were within but at the lower range of 2,100 to 
49,300 suckers/ha reported for the 5th and 6th postburn years in 
other studies: Patton and Avant (1970) in Arizona, Brown and 
DeByle (1987, 1989) in southeastern Idaho and southwestern 
Wyoming, and Bartos et al. (1991) in the Gros Ventre drainage of 
Wyoming. As anticipated, there was an initial flush of suckers at 
Breakneck followed by a marked decline the year after peak densi- 
ties were reached. In the other studies, peak densities occurred 1 or 
2 years after fire followed by a decline over a 4 to 6 year period. The 
decline in density varied from gradual to rapid but appeared to 
level off after 4 to 6 years in most of the clones. The continual 
decline in sucker density at Breakneck to levels considerably below 
preburn densities was also observed on another prescribed fire 
(Brown and DeByle 1989). In that study, however, postbum bio- 
mass of suckers exceeded preburn biomass even though densities 
were less. 

Results and Discussion 

Suckers 

The lack of significant relationship between sucker density and 
bum severity was also reported by Brown and DeByle (1987,1989). 
Knowledge of suckering (Schier et al. 1985) suggests that moderate 
severity fires should produce the greatest number of suckers 
because tree mortality removes apical dominance and root mortal- 
ity is minimal. But demonstrating this on prescribed fires is diffi- 
cult because other factors such as parent stand vigor, density of 
root systems, clonal characteristics, and competition with other 
vegetation can mask the effects of burn severity (Brown and 
DeByle 1987). 

Sucker densities 6 years after fire ranged from 4,300 to 10,300 
suckers/ ha for the 3 burn severities, which was approximately the 
same as before fire (Table 1). Sucker densities 12 years after fire, for 

Growth rates of aspen suckers was reported by Bartos, et al. 
(1991) to have been between 0.02 and 0.22 m per year on burned 
aspen sites in western Wyoming. At Breakneck Ridge after 12 
growing seasons, sucker heights averaged approximately 0.5 m, 
which was similar to that reported earlier (Bartos and Mueggler 
198 1) and indicates repeated browsing. Cattle graze the area 3 out 
of 4 summers in a rest-rotation program and the area does not 
appear to be overly impacted as a result of this grazing. It was 
observed that cattle seldom used aspen suckers while in the area. 
Elk use is severe during the fall-winter-spring period because the 
study site is along an elk migration route. Decreased sucker pro- 
duction attributed to heavy ungulate use was observed on other 
aspen burn sites in the Greater Yellowstone Ecosystem (Kay 1990). 

Table 1. Sucker density (number/ha) obtained for 4 bum severities and 6 
sample years for the Breakneck Ridge site which was burned in 1974. 
ANOV procedures were run using a square root transformation of the 
data. Mean values are on top and standard errors of the mean (SEM) are 
shown below. 

Burn 
severity 1974 1975 1976 1977 1980 1986 

___ ________ _____(number/h~)_________ _____ _-_ 
Control 8500’ 18625 16750 18625 12250 5150 

3373 4023 3455 2585 3099 1981 
Low 4000 7727 15727 8636 4318 1518* 

1452 2322 4093 2140 1995 686 
Moderate 5962 18692 30692 20154 9654 1854* 

1535 5121 8528 5230 2876 721 
High 8417 7333, 36458 21792 10292 2400 

1633 2831 7114 3889 2839 589 

IBurn severity means in various columns (years) followed by an * are significantly 
different (P<O.lO, Dunn&t) from the control. 

the 3 burn severities, ranged from 1,500 to 2,400 suckers/ ha, which 
was 29 to 38% less than preburn densities. The control area had 
5,150 suckers/ha in 1986 compared to 8,500 suckers/ha that 
occurred prior to treatment. This represents a 39% reduction in 
sucker numbers on the control, which can be attributed to elk use 
because of the control site’s close proximity to the burn. 

After 12 years, the objective of producing more suckers than the 
elk could suppress was not realized. Initially, enough suckers were 
produced to reestablish the aspen stands; however, because of 
heavy utilization most of these suckers have been eliminated or at 
least severely suppressed. In this situation, fire treatment may have 
hastened the demise of the decadent aspen. Other prescribed burns 
in the area were considered successful (Bartos et al. 1991), but they 
were not subjected to such heavy utilization by elk. 

Undergrowth Vegetation 
Annual production of undergrowth vegetation remained rela- 

tively constant from 1977 through 1986 (Fig. 1). Proportional 
differences in total production between the bum severities remained 
nearly the same over this 9-year period. In 1986, production was 
approximately 2,190 kg/ ha for high burn severity, 2,140 kg/ ha for 
moderate burn severity, and 2,130 kg/ ha for low burn severity. 
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Fig. 1. Total undergrowth production for sampled years during a l%-year time span following burning in 1974 at 3 burn severities. 

This exceeded preburn production by 42,46, and 23% respectively. 
Thus, increased production stimulated by burning was still evident 
12 years after treatment. However, the differences between pre- 
bum and current production had narrowed. 

Statistical interaction between burn severity and years for total 
production was significant (P = 0.0061), therefore, evaluations 
were done on a yearly basis. Total production was found to not be 
significant between all 3 burn severities and the control site across 
all years (Table 2). Nonetheless, proportionality of production 
among burn severities was consistently about the same for the past 
10 years (Fig. 1) with that being produced in 1986 being virtually 
the same for all burn severities. These data show that generally low 
severity burns were less effective than moderate to high severity 
bums at stimulating production for long periods. 

Forbs dominated the undergrowth composition both before and 
after burning. Before burning, total production consisted of 66% 
forbs, 21% grasses, and 13% shrubs. In 1980, the percentage of 
total production comprised of forbs on low, moderate, and high 
severity bums respectively, had increased to 82,84, and 92% and 
then by 1986 dropped to 73,79, and 73%. For the 6 years sampled, 
grasses contributed 20% or less and shrubs approximately 5% of 
the total production on the treated areas. These values were half or 
less than half of what occurred on the pretreatment site and on the 
control area. Most of the fluctuation in vegetation composition 
occurred in the high severity burn. After 12 years, the proportion of 
total production in forbs was similar to that before fire while it was 
higher for grasses and lower for shrubs. 

Forb production increased dramatically the first 3 years after 
burning (Bartos & Mueggler 1981) then decreased gradually dur- 

ing the following 9 years (Table 2). After 12 years, forb production 
for the different bum severities was 5 to 14% greater than estimated 
prior to burning. An equal amount of forbs was recorded for the 
control area in 1986. A statistically significant interaction, between 
burn severity and the number of years after burning, was highly 
significant (P = 0.0001) for forb production, indicating that the 
forb production growth pattern depended on the severity of the 
bum. No differences were found in forb production between burn 
severities and the control area prior to burning in 1974. One year 
after the fire, forb production was generally less than before fire. 
There were significantly fewer forbs produced on the moderate and 
high severities than the control in 1975 (Table 2). However, 2 years 
following fire, forb production peaked and all 3 burn severities 
were significantly higher than the control (Table 2). Forb produc- 
tion was more than the control for the next 10 years and was 
greater on high severity than on low severity burns. Differences 
between high severities and the control were statistically significant 
in both 1977 and 1980. In 1986, all 3 burn severities were similar in 
forb production. However, forb production on both moderate and 
high severities was significantly more than that on the control. 

Initially, major changes were observed in species composition of 
forbs. Some of these changes were still obvious 12 years after 
treatment. The greatest increase in biomass was attributable to 
fireweed (E’ilobium angustifolium L.) (Table 3). Prior to burning 
this forb comprised only 5% of the total understory production. 
Three years after fire and even 12 years later it comprised approxi- 
mately 48% of the total production. A similarly dramatic increase 
in forb production due to mountain hollyhock (Iliama rivularis 
(Dougl.) Greene) was observed in another aspen prescribed burn 
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Table 2. Forbs, grasses, shrubs, and total production (dry wt. kg/ha) for 4 
burn severities and 6 sample years for the Breakneck Ridge site which 
was burned in 1974. Mean values are on top and standard errors of the 
mean (SEM) are shown below. 

Table 3. Production (air-dry kg/ha) of major undergrowth species before 
burning (1974) and on the light, moderately, and heavily burned plots 12 
years following burning (1986). 

Community Bum 
component severity 1974 1975 1976 1977 1980 1986 

Forbs 

Grasses 

Shrubs 

Total* 

Control 

Low 

Moderate 

High 

Control 

Low 

Moderate 

High 

Control 

Low 

Moderate 

High 

Control 

Low 

Moderate 

High 

_____ _______ (kg/ha)________- 
1146’ 1604 1435 1220 1846 

69 131 37 67 137 
1088 125.5 2435* 1528 2354 

107 120 203 201 252 
977 972* 2389” 1668 2454 
120 176 272 164 89 

1061 610’ 2793* 2101* 3014* 
124 135 163 204 193 
451 376 468 189 270 

17 87 110 28 24 
447 198* 526 273 399 

86 36 94 56 106 
313 132* 394 227 310 
48 25 69 31 65 

226 46, 148* 82 151 
36 21 56 18 24 

199 266 256 360 388 
42 18 76 113 101 

197 715 165 108* 130, 
45 29 46 21 37 

180 81* 310 158” 143* 
34 44 81 43 35 

249 41* 197 110* 115* 
59 15 40 32 22 

1797 2246 2160 1769 2504 
64 210 72 159 63 

1731 1524 3126 1909 2883 
145 138 191 225 182 

1470 1185 3094 2053 2907 
140 223 314 194 82 

1536 697 3139 2294 3281 
107 161 139 215 170 

-___ 
1430 

50 
1546 

61 
1699* 

37 
1593* 

37 
291 
23 

486* 
42 
332 
23 

482* 
26 

215 
34 

99+ 
16 

111* 
13 

111* 
18 

1936 
68 

2130 
74 

2141 
42 

2186 
45 

1Burn severity means within the same community component in the same column 
followed by an * are significantly different (P<O.Ol, Dunnett) from the control. 
Total production was calculated by summing forbs, grasses, and shrubs. 

(Brown and DeByie 1989). Aggressive “pioneer” forb species that 
dominate undergrowth vegetation during early postfire succession 
appears to be common in the aspen forest. 

An annual, lambsquarter (Chenopodium fremontii Wats.), was 
evident on the burned plots for the first 3 years (Bartos and 
Mueggler 1981), but it had disappeared after 12 years. A few forb 
species on site were not markedly changed by burning. Production 
of columbine (Aquilegiu coeruleu James), locoweed (Astrugulus 
miserDougl.), strawbeny( EruguriuvescuL.), northern bedstraw ( G&urn 
boreule L.), lupine (Lupines spp. L.), and fendler meadowrue 
( Thulictrum fendleri Engelm.), however, has not returned to their 
prebum levels (Table 3). 

Like other species groups, grass production was initially reduced 
by burning (Table 2). Grasses then increased moderately over the 
next 11 years. An exception was a 4-fold increase in slender wheat- 
grass (Agropyron truchycuulum (Livk) Malte) production on the 
high severity burns in 1986. Analysis of grass production resulted 
in a statistically significant interaction (P = 0.0323) between bum 
severity and years. In 1975, all 3 burn severities were statistically 
different from the control. Thereafter, only grass production on 
the high severity burn different significantly from the control in 
1976 and 1986. Unlike forb production, high severity bums appar- 
ently were less favorable for grass production than moderate and 
light severity burns during the early years following burning. How- 
ever, Brown and DeByle (1989) observed that rhizomatous grasses 

After burninn 

Before (Bum severity) 
burning Low Moderate High 

Forbs 
Achilleo lonuloso (nutt.) 

Piper 
Aquilegio coeruleo James 
Ascrogolus miser Dougl. 
Chenopodium fremontii 

Wats. 
Epilobium ongustzfolium L. 
Fragario vesea L. 
Galium boreole L. 
Geranium viscosissimum 

F.&M. 
Lupinus spp. L. 
Potentillo grocilis Dougl. 
Thalictrum fendleri Engelm. 
Valeriona occidentolk Heller 

Agropyron rrachycoulum (Link) 
Malte 

Bromus ciliatus L. 
Poa spp. L. 

Shrubs 
Populus tremuloides Michx.’ 
Rosa woodsii Lindl. 
Symphoricarpos oreophilus 

GUY 

14 

56 
46 
0 

68 
108 
33 
297 

221 
43 
62 

3 

49 

217 
41 

27 26 28 15 
53 34 85 51 
88 48 25 18 

12 17 12 

8 33 4 
6 10 11 
0 0 0 

970 1067 1114 
75 14 45 
13 14 15 

125 359 223 

160 124 94 
60 0 0 
48 40 34 
13 21 0 

53 51 259 

290 291 256 
66 47 61 

‘Limited to aspen suckers which are defined as a single reproductive unit less than 2-m 
tall and less than km diameter at breast height (dbh). 

such as pinegrass (Culumagrostis rubescens Buckl.), which did not 
occur on Breakneck Ridge, can increase substantially on moderate 
and high severity burns. The increased grass production on Break- 
neck Ridge during 1986 was due to equal amounts of slender 
wheatgrass and fringed brome (Bromus ciliutus L.) (Table 3). 
These species produced biomass on the low and moderate severity 
bums comparable to preburn production. 

The exceptional increased production of grass on high severity 
bums in 1986 leaves uncertain the effect of burn severity on grass 
production. It appears that slender wheatgrass was stimulated by 
the high severity burn. During the study, Breakneck Ridge was 
subjected to livestock grazing 3 out of 4 years in a rest rotation 
system. It should be noted, however, that no livestock grazing was 
evident prior to sampling in 1986. Grazing pressure prior to 1986 
on the system may have distorted observed vegetation production, 
especially the grass category. 

Shrubs were harmed by burning and did not regain preburn 
production levels even after 12 years (Table 2). For shrubs, interac- 
tion between burn severity and years was not statistically signifi- 
cant (P = 0.9212). This statistic implies pooling across all years is in 
order; however, we chose to look at individual years to maintain 
consistency with the other analysis. Differences in production 
between all burn severities and the control were significant for all 
years except 1974 and 1976 (Table 2). After 12 years, snowberry 
(Symphoricurpos oreophilus Gray) (Table 3) was still producing 
about half of that being produced prior to treatment. Both wild- 
rose (Rosa woodsii Lindl.) and aspen suckers were producing 
about the same as preburn. Brown and DeByle (1989) observed 
varied recovery rates of shrub biomass 5 years after fire. Preburn 
composition, fire damage to perenniating parts, use by ungulates, 
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and postburn competition could all influence shrub recovery. 

Summary and Conclusion 
Initially, enough aspen suckers (app. 20,000 suckers/ ha) were 

produced as a result of burning aspen stands on Breakneck Ridge 
to regenerate the deteriorating aspen clones. Twelve years later 
there was a tenth of that number of suckers, and with only an 
average height of 3 m. Suppression of the suckers is attributed 
mainly to heavy use by elk. We question the continued use of fire to 
regenerate aspen stands that are subjected to heavy ungulate use. 
Such action could speed the elimination of aspen stands under 
these conditions. 

We found that even 12 years after fire production of forbs, 
grasses, and the total undergrowth was greater than before fire. 
Production of forbs and grasses decreased the first year after fire, 
then increased and remained above preburn levels. However, 
increased production the first year following fire is also possible in 
aspen forests (Brown and DeByle 1989). Recovery of shrubs was 
slow, perhaps because of competition from herbaceous vegetation 
and use by ungulates. 

Moderate and high severity burns produced the most under- 
growth because of aggressive recovery of forbs. At Breakneck 
Ridge, the forbs appeared better able to survive high severity tires 
than the grasses because their regenerative mechanisms are better 
protected from heat injury. However, early successional patterns 
following fire depend on preburn species composition and compet- 
itive abilities as well as burn severity. Thus, varied responses to fire 
can be expected. Production and composition appear to be slowly 
returning toward preburn conditions. 
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Abstract 

Efficient sampling of standing crop is necessary to avoid unreas- 
onable outlays of time in the field. The objective of this study was 
to determine efficiency of different size and shape quadrats for 
sampling standing crop of total herbage and individual species. 
Three blocks 1.2 X 12 m were divided into 160 basic units using 30 
X 30-cm quadrats. Basic units were combined into 18 size/shape 
combinations of quadrats. Current year standing crop was clipped 
in each basic unit into categories of sand bluestem (Andropogon 
hafIii Hack.), prahie sandreed [Cu~ovi&r longuoIiu (Hook.) 
Scribn.], hairy grama (Bouiefoue lrirsutll Lag.), little bluestem 
[Schizachyrium scoparium (Michx.) Nash], and other herbage. 
Variance was used to determine sample number necessary to PCCU- 
rately and precisely estimate standing crop. Sample number was 
then used in conjunction with movement time between quadrats 
and clipping time to determine total field time as a measure of 
overall efficiency. Increasing quadrat size accounted for 68% or 
more of the observed decrease in variance. Long, narrow rectan- 
gles were more efficient for reducing variances of prairie sandreed 
and hairy grama, but shape had little effect on variances of sand 
bluestem, little bluestem, and total herbage. Groups of quadrats 
were similar in total field time with no “best”quadrat identified for 
any of the vegetation categories. Larger quadrats than those 
reported in the literature were found to be more efficient as a result 
of including movement time in the optimization procedures. Large 
amounts of total field time were required to efficiently estimate 
standing crop of little bluestem, which may require that alternative 
sampling methods be devised or used to estimate standing crop of 
this species and others with similar distribution patterns. 

Key Words: sampling unit, Andropogon ha&i Hack., Calamo- 
virfa longifolia (Hook.) Scribn., Boutelow hirsuta Lag., Schizach- 
yrium scoparium (Michx.) Nash, Nebraska Sandhills 

Standing crop estimates are necessary on rangeland to set stock- 
ing rates, determine changes in range condition, and evaluate 
vegetation responses to treatments (Pieper 1978). Accurate and 
precise estimates are difficult to obtain because of the large number 
of species with different distribution patterns and production 
potentials, which results in large sample variances (Thompson 
1958, Greig-Smith 1964). Size, shape, and number of quadrats 
used to sample a population have been shown to affect sample 
variance (Pechanec and Stewart 1940, Wiegert 1962, Van Dyne et 
al. 1963, Wight 1967, Papanastasis 1977). Quadrats that minimize 
variance are statistically more efficient. 

The number of samples needed to obtain accurate and precise 
estimates is determined by the variance of a quadrat. A large 

Published as Paper 10157, Journal Series, Nebraska Agr. Res. Div. 
Manuscript accepted 26 Jun. 1993 

a4 

number of quadrats must generally be sampled, regardless of size 
or shape, to estimate standing crop of individual species with high 
levels of accuracy and precision (Pechanec and Stewart 1940, Van 
Dyne et al. 1963, Wight 1967, Mueggler 1976). Relative to individ- 
ual species, fewer quadrats are needed for accurate and precise 
estimates of total herbage or broad categories such as grasses, 
forbs, or shrubs (Van Dyne et al. 1963, Mueggler 1976). 

Time or cost efficiency must be considered in conjunction with 
statistical efficiency when evaluating quadrats of different sizes 
and shapes. Small quadrats have large variances but require less 
clipping time. When both time and statistical efficiencies were 
considered for quadrats of various sizes, small quadrats were 
determined to be “optimum”(Wiegert 1962, Van Dyne et al. 1963, 
Papanastasis 1977). However, these authors did not consider that 
large numbers of small quadrats are necessary to efficiently esti- 
mate standing crop relative to larger quadrats. Movement time 
between quadrats must also be considered with clipping time in 
order to make valid comparisons among quadrats of different sizes 
and shapes. 

The objective of this study was to determine efficiency of differ- 
ent size and shape quadrats for sampling standing crop of total 
herbage and individual species. Variance was used to calculate 
number of samples needed to accurately and precisely estimate 
standing crop. Number of samples was then used in conjunction 
with movement time between quadrats and clipping time to deter- 
mine total field time as a measure of efficiency. 

Materials and Methods 

Research was conducted at the University of Nebraska Gud- 
mundsen Sandhills Laboratory located 11 km northeast of Whit- 
man, Neb. Soils are Valentine fine sands (mixed, mesic Typic 
Ustipsamments) derived from eolian sand parent material. Vegeta- 
tion is dominated by mid and tall grasses including little bluestem 
[ Schizchyrium scoparium (Michx.) Nash], sand bluestem (Andro- 
pogon hallii Hack.), and prairie sandreed [ Calamovilfa longifolia 
(Hook.) Scribn.]. Other common species are hairy grama (Boute- 
louu hirsuta Lag.), sand dropseed [ Sporobolus cryptundrus (Torr.) 
Gray], prairie junegrass [Koeleriu pyrtzmiduta (Lam.) Beauv.], 
switchgrass (Punicum virgutum L.), western ragweed (Ambrosia 
psilostuchyu DC.), and sedges (Carex spp.). 

Three sampling areas (1.2 X 12.0 m) were randomly located on 
ungrazed sands range sites in July 1988. Each area was divided into 
160 basic units using 30 X 30-cm quadrats. Current year standing 
crop was clipped at ground level in each basic unit and separated 
into categories of little bluestem, sand bluestem, prairie sandreed, 
hairy grama, and other herbage. Samples were dried at 60” C for 72 
hours and weighed. The 5 categories were summed to determine 
total herbage. Contiguous basic units were combined to deter- 
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Table 1. Quadrats evaluated with corresponding shape, area, and sample 
number per block. 

Quadrat Quadrat Quadrat Sample 
dimensions shape’ area no. 

0-n) 
0.3 x 0.3 Square 6% 160 
0.3 X 0.6 2X Rect. 0.18 80 
0.3 x 1.2 4X Rect. 0.36 40 
0.3 x 1.5 5X Rect. 0.45 32 
0.3 X 2.4 8X Rect. 0.12 20 
0.3 x 3.0 10X Rect. 0.90 16 
0.3 X 6.0 20X Rect. 1.80 8 
0.3 x 12.0 40X Rect. 3.60 4 
0.6 X 0.6 square 0.36 40 
0.6 X 1.2 2X Rect. 0.12 20 
0.6 X 1.5 2.5X Rect. 0.90 16 
0.6 X 2.4 4X Rect. 1.44 10 
0.6 X 3.0 5X Rect. 1.80 8 
0.6 X 6.0 10X Rect. 3.60 4 
1.2 x 1.2 Square 1.44 IO 
1.2 x 1.5 1.25X Rcct. 1.80 8 
1.2 X 2.4 2X Rect. 2.88 5 
1.2 x 3.0 2.5X rect. 3.60 4 

‘Shape of rectangles was determined by the ratio of length to width. 

mine standing crop for 18 size/shape combinations of quadrats 
(Table 1). Only size/shape combinations which used all 160 basic 
units from a sampling area were investigated. 

Experimental design was a randomized complete block with the 
3 areas designated as blocks. Sample variances were calculated by 
block for each quadrat. Variance estimates were transformed prior 
to analysis of variance using a rank procedure to correct for the 
nonnormal distribution of variances (Conover and Iman 1981). 
Quadrat shapes were compared within a given quadrat size using 
single degree of freedom contrasts since size and shape were con- 
founded due to the study design. Regression was used to evaluate 
variance change in relation to quadrat size as proposed by Smith 
(1938). 

Sample number was determined for each quadrat by block using 
the formula: n = z*s*/d*, where n q  sample number, z = table 
z-value, s* = variance of each quadrat, and d q  one-half the 
acceptable yield level (Steel and Torrie 1980). Sample number was 
calculated for total herbage and each of 4 individual species to 
obtain standing crop estimates within 10% of the mean with 95% 
confidence. 

Movement time among quadrats and actual clipping time were 
determined using square quadrats 0.09, 0.36, 0.81, and 1.44 m*. 
Three observers randomly located 20 sample points each by pacing 
X:Y coordinates in a 1.8-ha ungrazed pasture. At each point, all 4 
quadrat sizes were hand clipped for sand bluestem, prairie sand- 
reed, hairy grama, little bluestem, or total herbage. Clipping time 
included separating plant material along quadrat borders and 
separating previous years’ dead herbage from current year her- 
bage. The relationship between quadrat size and clipping time for 
each species and total herbage was determined by linear regression. 
Regression coefficients (slopes) were compared among species and 
total herbage by analysis of covariance (Steel and Torrie 1980). 
Single degree of freedom contrasts were used to compare: (1) total 
herbage to all species, (2) rhizomatous (sand bluestem) to rhizom- 
atous (prairie sandreed), (3) bunchgrass (hairy grama) to bunch- 
grass (little bluestem), and (4) rhizomatous to bunchgrass species. 

Total field time for each quadrat was calculated by multiplying 
both movement and clipping time by sample number required to 
estimate standing crop within 10% of the mean with 95% confi- 
dence. Normality of the time data was tested followed by analysis 
of variance to compare total field time among the 18 quadrats. 

Time data for little bluestem and total herbage had nonnormal 
distributions which were corrected by using logarithmic transfor- 
mations. The quadrat that required the least amount of total field 
time when averaged over blocks was considered the “best” for each 
vegetation category. A mean separation procedure described by 
Lentner and Bishop (1986) was used to compare the “best” quadrat 
to all others. 

Results and Discussion 

Standing Crop 
A rigorous evaluation of variation within a block was possible 

because standing crop estimates were the same for all quadrat 
size/shape combinations within each block (Table 2). Standing 

Table 2. Standing crop of total herbage, sand bluestem (ANHA), prairie 
sandreed (CALO), hairy grama (BOW), little bluestem (SCSC), and 
other herbage for the 3 blocks. 

Category 

Total 
ANHA 
CAL0 
BOHI 
scsc 
Other 

Block 
1 2 3 Average 

-----___-______kg/ba___----__------- 
1026 897 1080 1001 f 54’ 

169 123 205 166f24 
133 99 208 147 f 32 
142 140 128 137 f 4 
143 286 312 247 f. 53 
439 241 227 304 f 68 

‘Standard error of the mean. 

crop was the same because all quadrats were constructed using a 
combination of all 160 basic units from a block. Variation among 
locations (or blocks) should be considered in conjunction with 
variation within a location because vegetation patterns differ both 
within and among locations. Coefficient of variation for standing 
crop among blocks was 38% for prairie sandreed, little bluestem, 
and other herbage, 25% for sand bluestem, 9% for total herbage, 
and 5% for hairy grama. Although the same vegetation type was 
sampled, diversity among locations was present which impacted 
variance estimates (i.e., statistical efficiency) for the different 
quadrats. 

Variance 
Variance estimates for total and individual species standing crop 

decreased with increasing quadrat size (Table 3) with 68% or more 
of the decrease explained by the increase in quadrat size (Table 4). 
Regression coefficients ranged from -0.82 for sand bluestem to 
-0.97 for little bluestem (Table 4). Smith (1938) used the regression 
coefficient as a measure of soil and plant heterogeneity. He stated 
that values near -1 indicated heterogeneous distribution of stand- 
ing crop and little correlation among quadrats that were adjacent 
to one another. For values near -1, as with little bluestem, doubling 
quadrat size reduced variance by about one-half. The closer the 
regression coefficient was to 0, the less efficient it was statistically 
to use larger quadrat sizes. The advantage of using smaller quadrat 
sizes was greater for the other species and total herbage, as far as 
statistical efficiency was concerned, since their regression coeffi- 
cients were greater than -1. 

The effect of quadrat shape on variance estimates varied by 
vegetation category (Table 5). Quadrat shape had no effect on 
variance estimates for little bluestem and no consistent effect for 
sand bluestem and total herbage. Quadrat size accounted for 94% 
or more of the observed decrease in variance for these 3 vegetation 
categories (Table 4). If quadrat shape affects variance estimates, it 
is generally rectangular shapes that are more efficient (Soplin et al. 
1975, Wight 1967, Risser 1984). Rectangular quadrats intersect 
more vegetation patches than square quadrats thereby maximizing 
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Table 3. Variance sample number, and total area needed to obtain standing crop estimates for total herbage, sand bluestem (ANHA), pralrle sandreed 
(CALO), hairy grama (BOHR, and little hluestem (SCSC) for quadrats of various sizes and shapes. Sample number and total area required were 
cnlculated for estimates to he within 10% of the mean with 95% confidence. 

Shave’ Size 
Variance Number Area 

Total ANHA CAL0 BOHI SCSC Total ANHA CAL0 BOHI SCSC Total ANHA CAL0 BOHI SCSC 

(W 
1x1 0.09 247415 17707 22283 17265 275795 95 247 396 
1x2 0.18 135300 11735 15965 10792 159122 52 164 284 
IX4 0.36 68939 7273 8779 6118 77873 26 101 156 
2x2 0.36 93120 7521 10970 8298 109675 36 105 195 
1x5 0.45 52082 5683 6861 5016 64847 20 79 122 
1X8 0.72 46573 4395 5216 3496 52169 I8 61 93 
2X4 0.72 46003 4988 6797 4890 53256 18 70 121 
1 x IO 0.90 30150 3207 3670 2452 31704 I2 45 65 
2X5 0.90 35075 3524 5329 4196 42762 13 49 95 
2X8 1.44 33592 2792 4393 2980 36738 I3 39 78 
4x4 1.44 18025 2848 5620 3054 21387 7 40 100 
1 x 20 1.80 21301 1348 821 878 17359 8 19 15 
2x 10 1.80 20127 1708 2855 2077 17832 8 24 51 
4x5 1.80 12602 2239 4397 2377 17504 5 31 78 
4X8 2.88 12273 1885 4082 1770 14003 5 26 73 
1x40 3.60 9979 598 324 548 9300 4 8 6 
2 x 20 3.60 13508 963 589 642 9114 5 13 IO 
4x 10 3.60 11254 1069 2586 1056 5529 4 15 46 

‘Quadrat shape is expressed in dimensions of number of basic units (1 basic unit = 30 X 30 cm). 

353 1737 _6_____~2____(~~____;;______ I56 
221 1002 9 29 51 40 180 
125 490 10 37 56 45 177 
170 691 13 38 70 61 249 
103 408 9 36 55 46 184 
72 328 13 44 67 52 237 

100 335 I3 50 87 72 241 
50 200 10 40 59 45 180 
86 269 I2 44 85 77 242 
61 231 19 56 112 88 333 
63 135 10 57 I44 90 194 
18 109 15 34 26 32 197 
43 112 14 43 91 77 202 
49 110 9 56 I41 88 198 
36 88 14 76 209 I04 254 
11 59 14 30 21 40 211 
13 57 19 48 38 47 207 
22 35 16 54 165 78 125 

Table 4. Regression relationships of log variance versus log quadrat size 
(m*) for estimates of total herbage, sand bluestem, (ANHA), prairie 
sandreed (CALO), hairy grama (BOHI), and little bluestem (SCSC) 
standing crop. 

Category Intercept’ 
Regression 
coefficient r2 

Total 4.502 -0.846 0.96 
ANHA 3.485 -0.821 0.94 
CAL0 3.598 -0.850 0.68 
BOHI 3.454 -0.838 0.88 
scsc 4.512 -0.971 0.96 

‘Regression relationship follows Smith (1938). 

Table 5. Probabilities of single degree of freedom contrasts used to com- 
pare variance estimates of quadrat shapes within given qundrat sizes for 
total herbage, sand bluestem (ANHA), prairie sandreed (CALO), hairy 
grama (BOHI), and little bluestem (SCSC). 

Contrast 

4X vs Square (0.36 mr) 
8X vs 2X (0.72 m2) 
10X vs 2.5X (0.90 m*) 
4X vs Square (1.44 mr) 
20X vs 5X (1.80 m2) 
20X & 5X vs 1.25X 

(1.80 m2) 

Total ANHA CAL0 BOHR SCSC 

NS’ NS NS NS NS 
NS NS 0.03 0.02 NS 
NS NS 0.01 <O.Ol NS 

<O.Ol NS 0.02 NS NS 
NS NS NS 0.01 NS 
0.01 0.09 <O.Ol <O.Ol NS 

40X vs 10X (3.60 mr) 
40X & IOX vs 2.5X 

(3.60 m2) 

NS 
NS 

NS 
NS 

NS 
0.08 

NS 
0.03 

NS 
NS 

lNon-significant (PX.10). 

within quadrat variation which reduces between quadrat variation. 
Quadrat shape only affected variance estimates for total herbage 
within 2 quadrat sizes, but it is worthwhile to note that the square 
or nearly square quadrats had lower variance estimates than the 
long, narrow rectangular quadrats in both comparisons. Square 
quadrats can be more efficient than rectangles when the size of the 
square is about the size of the vegetation patches (Risser 1984). The 
1.2 X 1.2 and 1.2 X 1.5-m quadrats were about the same size and 
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may have approximated the size of the vegetation patches (i.e., 
distribution of total herbage). Van Dyne et al. (1963) found that 
circular quadrats had lower variances compared to rectangular 
quadrats of the same size for sampling standing crop of Montana 
bunchgrass range. Their findings were also in contrast to the 
general concept that rectangular quadrats are more efficient. 

Rectangular quadrats generally reduced variances of standing 
crop estimates for prairie sandreed and hairy grama (Table 5). Five 
of the 8 contrasts were significant for each species, all of which 
favored the use of rectangles over squares or rectangles with higher 
length to width ratios compared to smaller ratios. The influence of 
increasing quadrat size on variance reduction was lowest for these 
2 species (Table 4), which supports the larger influence of quadrat 
shape. Variance reduction due to quadrat shape ranged from 23 to 
82% and 29 to 58% for prairie sandreed and hairy grama, 
respectively. 

Number and Area 
Quadrat size and shape directly affected sample variance, which 

in turn determined sample number and total clipped area needed to 
obtain standing crop estimates within desired accuracy and preci- 
sion levels (Table 3). Even though variances were large for total 
herbage, sample numbers required to efficiently estimate standing 
crop were small compared to the individual species. For most 
quadrats tested, at least 3 times more samples were required to 
estimate standing crop of individual species than total herbage. 
Sand bluestem required the least samples for a given quadrat 
followed by hairy grama, prairie sandreed, and little bluestem. 
Large sample numbers were required to efficiently sample standing 
crop of little bluestem regardless of quadrat size or shape. Variance 
estimates for identical quadrats were about equal for total herbage 
and little bluestem, but little bluestem required about 17 times 
more samples than total to achieve the same levels of accuracy and 
precision. Large differences in standing crop estimates between 
little bluestem and total herbage caused this difference in required 
sample numbers. 

The total area to be clipped was a function of sample number 
and quadrat size (Table 3). The smallest quadrat required the 
largest sample number for the desired estimate, but the total area to 
be clipped for both total herbage and individual species was close 



to the smallest. Standing crop estimates of total herbage required 
the smallest total sampling area of the 5 vegetation categories for 
any given quadrat. Averaged over all quadrats, sand bluestem, 
hairy grama, prairie sandreed, and little bluestem required 3.6,5.1, 
6.9, and 17.1 times more total sampling area, respectively, than 
total herbage to achieve the same levels of accuracy and precision. 
The amount of sampling area required to estimate standing crop of 
little bluestem may be prohibitive and require that accuracy 
and/ or precision levels be lowered to avoid an unreasonable outlay 
of time and labor. 

Time 
Movement time averaged about 2 min between sample points 

and accounted for over 50% of total field time when large sample 
numbers were required (Fig. 1). Averaged across all quadrats, 
movement time constituted 11,38, 36,23, and 23% of total field 
time for total herbage, sand bluetem, prairie sandreed, hairy 
grama, and little bluestem, respectively. A larger percentage of 
total time was spent moving when a particular species was easy to 
clip. For example, sand bluestem and prairie sandreed occurred as 
single stems which did not contain dead herbage that required 
separation from current year herbage. Their growth form and lack 
of dead herbage allowed most stems in a quadrat to be handled as 
one handful, which lowered clipping time. 

Clipping time increased linearly (reO.93) as quadrat size 
increased for all categories of vegetation (Table 6). The rate of 

Table 6. Linear regression relationships of clipping time (min) versus 
quadmt size (ml) for estimates of total herbage, sand bluestem (ANHA), 
prairie sandreed (CALO), hairy grama (BOHI), and little bluestem 
(SCSC) stanclmg crop. 

Cateaorv Interceot 
Regression 
coefficient r2 

Total 2.369 18.92 0.97 
ANHA 0.370 3.24 0.94 
CAL0 0.536 3.31 0.99 
BOHI 1.065 6.80 0.96 
scsc 2.190 4.70 0.93 

increase in clipping time per unit area was higher (P<O.O 1) for total 
herbage when contrasted to the other species. The rate of increase 
in clipping time was similar (mO.10) between the 2 rhizomatous 
species, sand bluestem and prairie sandreed, or between the 2 
bunchgrass species, hairy grama and little bluestem. However, 
clipping time increased at a higher (P = 0.08) rate for the bunch- 
grasses in contrast to the rhizomatous species. Total current year 
herbage in a quadrat, amount of dead herbage associated with a 
particular species, and the morphology of the different species all 
affected clipping time. Hairy grama was particularly time consum- 
ing to clip because of its short growth form, need for separation of 
previous years’ dead herbage, and difficulty in locating it among 
the associated taller species. Within a quadrat size, clipping time 
for total herbage was 2.7 to 6.0 times greater than clipping time for 
any individual species. Clipping hairy grama and little bluestem 
required the most time for a given quadrat size. Therefore, clipping 
time for total herbage increased as these 2 species became more 
abundant. 

Total field time (movement plus clipping) to sample within 10% 
of the mean with 95% confidence varied among quadrats within a 
vegetation category (Fig. 1). There were considerable differences in 
field time among some vegetation categories for given quadrats. 
Little bluestem required the greatest amount of total time to ade- 
quately sample. Van Dyne et al. (1963) found that aggregated 
clusters of large bunchgrass clumps caused abnormally high varia- 

tion in standing crop from quadrat to quadrat which indicated that 
different species or groups of species required different shapes, 
sizes, and numbers of quadrats for equally efficient estimates. 

The 0.3 X 12 m (3.60 m*) quadrat required the least total field 
time for both sand bluestem and prairie sandreed (Fig. 1). The 0.3 
X 6 m (1.80 m*), 1.2 X 3 m (3.60 m*), and 1.2 X 1.5 m (1.80 m*) 
quadrats were lowest in total field time for hairy grama, little 
bluestem, and total herbage, respectively. Although these quadrats 
were “bestn, on average, for a specific vegetation category, groups 
of quadrats were similar (DO. 10) in total field time to the “best” 
because of large variability among the 3 blocks (Fig. 1). The 
vegetation pattern within a block influenced how a given quadrat 
encompassed the variation which in turn affected estimates of total 
field time. For example, the quadrat that required the least total 
field time to sample for little bluestem ranked 1,2, and 11 in the 
different blocks. Without prior testing in a specific sampling situa- 
tion, any one of the quadrats in the group could be just as efficient 
at reducing field time. Studies of quadrat size and shape reported in 
the literature have generally used some method or criteria to 
choose one “best” quadrat for the vegetation of interest (Wassom 
and Kalton 1953, Wiegert 1962, Van Dyne et al. 1963, Soplin et al. 
1975, and Papanastasis 1977). Results from our study indicated 
that it was unlikely one “optimum” quadrat could be used in -all” 
sampling situations, even within the same vegetation type. The 3 
blocks sampled in this study were on the same range site. Even so, 
the large variability encountered among blocks resulted in a group 
of quadrats that was not different from the “best”. Results from 
most previous studies must interpreted within the context in which 
the data were collected since variability among blocks or locations 
was not used in determining “optimum” quadrats. Pearce et al. 
(1988) stated that no one “optimum” quadrat size and shape exists 
for a particular crop under all circumstances. 

Another important point brought out by the optimization 
procedure used in our study was that the “best” quadrat and those 
grouped with it were larger in size than most other “optimum” 
quadrats reported in the literature. Van Dyne et al. (1963) con- 
cluded that a 0.18 m* circular quadrat and a 0.3 X 1.21 m (0.36 m*) 
rectangular quadrat were most efficient for estimating total her- 
bage of 2 bunchgrass ranges in Montana based on minimizing 
variance and clipping time. Using similar optimization procedures, 
Wiegert (1962) concluded that the “optimum” quadrat size for 
sampling standing crop of forbs and total green herbage was 0.187 
m*, for grass 0.047 m*, and for dead herbage 0.063 m* on an old 
field in Michigan. Papanastasis (1977) found that a 0.0625 m* 
quadrat was “optimum” for sampling total herbage of bunchgrass 
ranges in Greece. Using an optimization procedure proposed by 
Smith (1938), Soplin et al. (1975) concluded that a0.04-m* quadrat 
was “optimum” for sampling standing crop of coastal bermuda- 
grass [Cynodon &cry/on (L.) Pers.]. Small quadrats are more 
efficient statistically, but require larger sample numbers to get 
reliable estimates of standing crop. An important factor not consi- 
dered by most authors in their calculation of cost was movement 
time between quadrats. When movement time is considered, as it 
was in our study, the “optimum” quadrat becomes larger because 
small quadrats require large sample numbers which increases 
movement time relative to clipping time (Fig. 1). Movement time 
averaged 2 min between quadrats on a 1.8-ha sampling area in our 
study. Increases in the size of the sampling area would increase 
movement time between quadrats. Movement time would then 
make up a larger proportion of total field time and cause the 
“optimum”quadrat size to become even larger than those reported 
in this study. Movement and clipping time are both important 
factors in the field collection of standing crop estimates and should 
be considered in optimization procedures in the future. Considera- 
tion of only clipping time appears to have led some authors to 
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Fig. 1. Total field time required to estimate standing crop of total herbage, sand bluestem (ANHA), prairie sandreed (CALO), hairy grama (BOW), md 
little biuestem (SCSC) for 18 qurdrrts. Each bar represents the time required to move between and clip the number of quadnts necessary to be within 
10% of tbe mean with 95% confidence. Qurdrats not different (E-0.10) from the “best” are indicated with a l above tbe bar. 
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recommend smaller quadrats than are probably “optimum”. 

Conclusions 
Increasing quadrat size accounted for 68% or more of the 

observed decrease in variance. The effect of quadrat shape on 
reducing variance was inconsistent among the vegetation categories. 
Long, narrow rectangular quadrats were more efficient for reduc- 
ing variance estimates of prairie sandreed and hairy grama, but 
quadrat shape had little effect on variance estimates for sand 
bluestem, little bluestem, and total herbage. 

Efficiency of individual quadrats was not consistent because the 
vegetation pattern varied among locations. Instead, groups of 
“best” quadrats were similar in total field time required to accu- 
rately and precisely estimate standing crop. This finding was in 
contrast to other studies in the literature that reported only 1 
“optimum” quadrat. 

The inclusion of movement time between quadrats along with 
clipping time in optimization procedures was considered essential 
to better evaluate total time required to collect standing crop 
estimates in the field. Larger quadrats than those reported in the 
literature were found to be “best”as a result of including movement 
time in the optimization procedures. 

Large amounts of total field time were required to reliably 
estimate standing crop of little bluestem. Desired accuracy and/ or 
precision levels may need to be lowered or alternative sampling 
methods devised or used to estimate standing crop of little blue- 
stem and species with similar distribution patterns. 
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Abstract 

Diets and food selection by sage grouse (Centrocercus urophasi- 
anus) chicks were determined during 1989 and 1990 on 2 areas that 
differed in long-term grouse productivity. Chicks consumed the 
same foods in similar frequencies and exhibited similar dietary 
selection on the areas, but relative dry mass differed. Forbs and 
invertebrates composed 80% of the dietary mass on the area with 
higher grouse productivity, whereas chicks on the other area con- 
sumed primarily (65%) sagebrush (Artemisia spp. L.). 

Key Words: Centrocercus urophasianus, diets, food, Oregon, sage 
grouse, selection 

Insects are the primary food of sage grouse chicks during the first 
1 to 2 weeks after hatching (Patterson 1952, Klebenow and Gray 
1968). Thereafter, succulent forbs predominate in the diet (Nelson 
1955, Klebenow and Gray 1968) until immatures are >3 months of 
age, at which time sagebrush becomes a common dietary compo- 
nent (Dargan et al. 1942, Peterson 1970). Common dandelion 
(Taraxacum officinale Weber), clover (Trifolium spp. L.), June 
beetles (Scarabeidae), and sagebrush were reported in the diets of 
chicks (Dargan et al. 1942, Klebenow and Gray 1968, Peterson 
1970). Food habits relative to population status were not evaluated 
in these studies (Gullion 1966), and availability of foods or dietary 
selection are poorly documented. Klebenow and Gray (1968) and 
Peterson (1970) suggested that the amounts and types of foods 
consumed by chicks were related to survival, but this hypothesis is 
untested. The relationship between chick diets and survival of 
young, which is reflected in recruitment rates, is poorly established 
for most galliforms, especially grouse (Potts 1986:80). Conse- 
quently, we compared 4 measures of the diet of sage grouse chicks 
(types of foods eaten, frequency of occurrence, relative mass of 
foods consumed, and dietary selection) on 2 areas with long-term 
differences in sage grouse productivity and abundance. 

Study Areas 

The study was conducted at Hart Mountain National Antelope 
Refuge (Lake County) and Jackass Creek (Harney County) in 
southeastern Oregon. At Hart Mountain, sage grouse were more 
abundant and exhibited higher productivity than at Jackass Creek. 
Long-term productivity trends were determined from summer 
transect counts conducted by the U.S. Fish and Wildlife Service 
(USFWS) at Hart Mountain and by the Oregon Department of 
Fish and Wildlife (ODFW) at Jackass Creek. From 1985 to 1992, 
the only period for which comparable data were available, counts 
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averaged 1.6 and 0.9 chicks/ hen (t = 3.74, P<O.Ol) at Hart Moun- 
tain and Jackass Creek, respectively. Furthermore, results from 
Gregg (1992) supported long-term productivity trends at these 
areas during 1989 and 1990; 18% of radio-marked hens had chicks 
at Hart Mountain whereas only 11% of marked hens had chicks at 
Jackass Creek. Estimates of sage grouse densities since 1980 were 
2.5 birds/ km2 at Hart Mountain and 1.5 birds/km* at Jackass 
Creek (J.C. Lemos, ODFW, unpubl. data; M.C. Smith, USFWS, 
unpubl. data). 

Hart Mountain ranged in elevation from 1,500 to 2,450 m 
(Warner Peak). Dominant cover consisted of low sagebrush (A. 
arbuscula Nutt.), big sagebrush (A. tridentata Nutt.), and bitter- 
brush (Purshia tridentata Pursh). High elevation stands included 
western juniper (Juniperus occidentalis Hook.), curl-leaf moun- 
tain-mahogany (Cercocarpus ledifolius Nutt.), and aspen (Popu- 
lus tremuloides Michx.). Characteristic annual and perennial forbs 
included mountain dandelion (Agoseris spp. Raf.), hawksbeard 
(Crepis spp. L.), desert-parsley (Lomatium spp. Raf.), lupine 
(Lupinus spp. L.), and phlox (Phlox spp. L.). Grasses consisted 
largely of bluegrass (Poa spp. L.), wheatgrass (Agropyron spp. 
Gaertn.), needle-and-thread grass (Stipa spp. L.), and fescue (Fes- 
tuca spp. L.). At refuge headquarters (elevation 1,700 m), annual 
temperature averaged 6“ C and mean precipitation was 29 cm 
(1939-86). Precipitation was 30 cm in 1989 and 21 in 1990. Cattle 
were grazed on the area with a rest-rotation, deferred grazing 
system with about 0.13 AUM/ ha allotted from 15 April to 15 
December (M.C. Smith, USFWS, pers. commun.). 

Jackass Creek was 100 km northwest of Hart Mountain and 
ranged in elevation from 1,200 to 1,700 m. Prominent vegetation 
consisted of low sagebrush and big sagebrush; western junipers 
were present on the eastern portion of the study area. Forbs and 
grass genera were similar to those at Hart Mountain, Annual 
temperature averaged 10’ C and mean precipitation was 25 cm 
(1939-86). Precipitation was 24 and 13 cm during 1989 and 1990, 
respectively. Cattle grazing averaged 0.18 AUMs/ ha from 1 April 
to 1 September and use by wild horses averaged 0.05 AUMs/ ha 
from 1995 to 1990 (W.F. Taylor, Bur. of Land Manage., pers. 
commun.). 

Methods 

Crops from sage grouse chicks were analyzed to determine types 
of food consumed, frequency of occurrence, relative dry mass, and 
selection of foods. We collected 64 chicks, 36 from Hart Mountain 
and 28 from Jackass Creek, during 1989 and 1990. Roads and trails 
at both areas were traversed during the 3 hours before sunset in 
June and July of each year to locate broods foraging in low and big 
sagebrush stands. Once a group of sage grouse chicks was located, 
contact was maintained until foraging was observed for a min- 
imum of 15 minutes, whereupon 1 chick was collected by shotgun. 
The location was then marked with a witness stake for subsequent 
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vegetation sampling and no chicks were taken from that site during 
the same year. 

After a chick was collected, age in weeks was determined by the 
sequential replacement molt of primary feathers (Eng 1955) and 
the crop was removed. Ages of chicks ranged from 3 to 10 weeks on 
both study areas except for 1, l-week old bird from Hart Mountain 
and 1, 1 l-week old chick taken at Jackass Creek. Preliminary 
analysis revealed that ages of chicks collected for study (2 = 6 weeks 
f 0.3 at Hart Mountain and j2 = 7 weeks f 0.3 at Jackass Creek) 
were similar (t = 1.75, p>O. lo), which eliminated age differences 
between areas as a bias in dietary information. Crop contents were 
separated and identified to species for plants and genus for insects. 
For analytical purposes, however, plants were categorized to genus 
and invertebrates to family. Percent relative dry mass of each food 
item was determined after items were oven dried at 50’ C for 72 
hours. Percent relative dry mass was defined as mass of each food 
item/ total mass of all foods in crops X 100 and percent frequency 
of occurrence as the number of crops in which a food item was 
found/total number of crops X 100. 

At each collection site, vegetation and arthropods were sampled 
51 week after a chick was collected. Four transect lines, each 11.3 
m, were established within a 400-m* area with the witness stake as 
the center of the plot. The direction of the initial transect was 
selected randomly and each subsequent transect was arranged in a 
perpendicular manner. Percent cover of forbs and grasses was 
determined from 30 rectangular, nested microplots (0.025, 0.05, 
and 0.10-m*) spaced equidistantly along transects (Winward and 
Martinez 1983). Senescent forbs were not considered as available 
foods. Occurrence of ground-dwelling arthropods was estimated 
from 12 pitfall traps (Morrill 1975) equidistantly placed along 
transects and kept open for 3 days. Shrub availability was mea- 
sured with the line-intercept method (Canfield 1941). Dietary 
selection was determined with an assessment procedure formu- 
lated by Johnson (1980). This method includes the Waller-Duncan 

(W statistic) test for differences among ranks in relation to selec- 
tion, which indicates preference for foods. This procedure provides 
a measure of the relationship between availability of foods and the 
frequencies at which they are consumed, which are expressed as 
Tbar values. Negative Tbar values indicate greater frequency of 
occurrence in the diet than at random sampled areas within forag- 
ing habitat. The W statistic provides separation among dietary 
components to indicate preference rank. Selected foods were those 
used greater than available in the habitat and preferred foods were 
those that differed among ranks. Within each of the major food 
categories (grasses, shrubs, forbs, and invertebrates), primary 
foods were identified as 21% relative dry mass and 210% fre- 
quency of occurrence in the diet. Remaining foods, within each 
food category, were combined and classified as ‘other’. Tests for 
differences between years and differences in use and availability 
between study areas were performed with Chi-square analysis 
(Snedecor and Cochran 1980:208). Proportionaliied weights of 
relative dry mass between years and study areas were used for this 
analysis. The Spearman Rank Correlation test was used to test 
relative ranking of primary forbs used by sage grouse chicks 
between study areas (Snedecor and Cochran 1980:191). Fiducial 
limits for all tests were established a priori at KO.01 and all stated 
differences refer to that level of confidence. 

Results 

Sage grouse chicks consumed 122 different foods, which included 
34 genera of forbs, 2 genera of shrubs, 1 genus of grasses, and 41 
families of invertebrates. Of these foods, 10 genera of forbs, 3 
families of insects, and sagebrush were classified as primary foods. 
Food items were selected from 97 genera of forbs, 7 genera of 
shrubs, 12 genera of grasses, and 10 families of arthropods that 
were measured as available to sage grouse chicks at foraging loca- 
tions. A number of infrequently consumed arboreal insects were 
not captured in pitfall traps. 

Food items 

Use Availability 
Hart Mountain Jackass Creek Hart Mountain Jackass Creek 

Relative dry mass Frequency Relative dry mass Frequency Frequency Frequency 
____ ____ Forbs 

Milkvetch 
Mountain dandelion 
Hawksbeard 
Microsteris 
Common dandelion 
Clover 
Desert-parsley 
Broomrape 
Daisy 
Blepharipappus 
Other 
Total 

,--____________ 
26 
8 
5 
4 

-__ --____---______ 
81 
78 
69 

2 
2 

4 
4 

2 

0 
1 

52 

31 
19 
6 

33 
3 

16 
0 

100 
100 

_%___________--______--____________________ 
54 13 5 
21 8 I 
29 I 2 
46 4 1 

7 1 0 
43 I 1 
14 4 3 
14 0 0 
3 1 3 

II 0 2 
100 68 39 
100 68 41 

Shrubs 
Sagebrush 
Other 
Total 

Grasses 
Total 

19 

20 

86 65 
8 0 

78 65 

1 4 0 

89 14 18 
0 5 6 

89 19 23 

0 60 45 

18 9 1 
43 15 12 
82 78 47 
64 78 46 
82 99 67 

Table 1. Relative dry mass (%) and frequency of occurrence (%) of food items in crops of sage grouse chicks and available at collection sites at Hart 
Mountain (n = 36), Lake County, and Jackass Creek (n = 28), Hamey County, Oregon, 1989-1990. 

Arthropods 
Scarabeidae 
Tenebrionidae 
Formicidae 
Other 
Total 

I6 
3 

5 
25 

58 
28 
89 
64 
89 

4 
2 

8 
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Initial analyses revealed only 1 significant difference in fre- 
quency of occurrence of the major food categories available on 
either study area between 1989 and 1990. In the singular exception, 
forbs occurred at a slighter greater frequency (,V’ = 8.74) at Hart 
Mountain in 1990 (72% n = 23) compared with 1989 (600/o, n = 13). 
No other significant differences in frequency of occurrence of 
major food groups were found for either study area between years 
and, consequently, data were combined for the 2 years of study for 
subsequent comparisons of diets and availability of foods between 
study areas. 

spp. L.), clover, common dandelion, hawksbeard, microsteris, 
milkvetch, and mountain dandelion] were similar (Table 2). 
Within arthropods, all families identified as primary foods and 
eaten selectively were similar between areas. All forbs eaten selec- 
tively at Jackass Creek were equally preferred (W = 2.07), whereas 
4 (hawksbeard, milkvetch, common dandelion, and mountain 
dandelion) of 7 forb taxa eaten selectively at Hart Mountain were 
preferred (W = 1.96) over other forbs used. June beetles were the 

No significant differences were found between study areas in 
frequency of occurrence of any of the 4 major food categories in the 
crops of sage grouse chicks (Table 1). However, relative dry mass 
of forbs (X2 = 48.8) and invertebrates (X2 = 14.3) was greater at 
Hart Mountain than at Jackass Creek and shrubs were less (X2 = 
3 1.4); grasses constituted only 1% of relative dry mass at Hart 
Mountain and were not found in any crops from Jackass Creek. 

Table 2. Dietary selection of forbs and arthropods by sage grouse chicks, 
Hart Mountain (n = 36) Lake County, and Jackass Creek (n q  ZA), 
Hnmey County, Oregon, 1989-1990. 

Among forbs, 9 of 10 primary foods were the same between 
areas; 1, belpharipappus (Blepharipappus scaber Hook.), was not 
taken by chicks at Hart Mountain but composed 7% of the mass of 
the diet at Jackass Creek (Table 1). Overall frequency of occur- 
rence of forbs in diets of chicks was similar between areas, but 
mountain dandelion (X2 = 20.7) and hawksbeard (X2 = 9.2) were 
consumed in higher frequencies at Hart Mountain and clover (X2 q  
10.9) was taken in greater frequency at Jackass Creek. Although 
frequency of occurrence of milkvetch (Astragalus spp. L.) was 
similar between areas, chicks at Hart Mountain consumed sub- 
stantally more milkvetch than chicks at Jackass Creek (26% and 
3% of relative dry mass, respectively). Among arthropod foods, 
June beetles were consumed in higher frequency at Hart Mountain 
than at Jackass Creek. Frequencies of darkling beetles (Tenebrio- 
nidae) and ants (Formicidae), which constituted the other major 
arthropod foods, were similar on both areas. 

Hart Mountain 
Food items Tbar” 

Forbs 
Hawskbeard -1.37a 
Milkvetch -0.96ab 
Common -0.85ab 
dandelion 

Mountain -0.65abc 
dandelion 

Broomrape -0.50 bc 
Microsteris -0.36 bc 

Jackass Creek 
Food items Tbar’,’ 

Forbs 
Clover 
Milkvetch 
Hawksbeard 

-1.68a 
-1.18a 
-0.91a 

Microsteris -0.71a 

Clover 

Desert-parsley 
Daisy 
Other 

-0.26 bc 

0.35 c 
0.85 c 
4.26 d 

Broomrape 
Common 

dandelion 
Mountain 
dandelion 

Desert-parsley 
Blepharipappus 
Daisy 
Other 

-0.48a 
-0.07ab 

-0.03ab 

0.25ab 
0.38 b 
0.86 b 
3.43 c 

Four foods (milkvetch, mountain dandelion, June beetles, and 
sagebrush), which collectively composed about 70% of the mass of 
the diets on each area, accounted for differences in primary foods 
consumed between areas. At Hart Mountain, chicks relied heavily 
on milkvetch, mountain dandelion, and June beetles, whereas 
Jackass Creek chicks ate predominantly sagebrush. Other foods 
were consumed in similar amounts. 

Arthropods Arthropods 
June beetles -1.58a June beetles 
Darkling beetles -0.28 b Darkling beetles 
Ants 0.64 c Ants 
Other 1.22 c Other 

-0.89a 
-0.09 b 
0.25 bc 
0.73 c 

‘Negative Tbar indicates use > avail!biity 
‘Taxa not sharing common letters dtffcred in preference (P<O.Ol) 

Availabilities of the 4 major food categories differed between 
study areas: forbs (X2 = 252.7), grasses (X2 = 39.3), and inverte- 
brates (X2 q  335.6) were available in greater frequencies at Hart 
Mountain and shrubs (X2 = 10.2) were present at a greater fre- 
quency at Jackass Creek (Table 1). Among primary forbs, higher 
frequencies of milkvetch (X2 = 47.3), mountain dandelion (X2 = 
37. l), and microsteris (Microsterisgracilis Hook.) (X2 = 49.3) were 
available at Hart Mountain than at Jackass Creek (Table 1). 
Contrastingly, Jackass Creek had a higher frequency of daisy 
(Erigeron spp. L.) (X2 = 31.9) than did Hart Mountain. Availability 
of all groups of arthropod foods differed between study areas: 
Scarabeidae (X2 = 32. l), Tenebrionidae (X2 q  11.6), Formicidae (X2 
= 82.6), and other arthropods (X2 q  83.0). In all instances, Hart 
Mountain supported higher frequencies of invertebrate groups. 
The availability of sagebrush was significantly greater (X2 = 7.6) at 
Jackass Creek (18%) than at Hart Mountain (14%). 

most preferred arthropod on each study area (W = 1.83 and 1.93 at 
Hart Mountain and Jackass Creek, respectively). Forbs and inver- 
tebrates in the ‘other’category were little used relative to availabil- 
ity and were not preferred. Selection of forbs was similar between 
areas but relative rank of food forbs was not significant (r = 0.63, P 
= 0.06) because of the substantially greater use of clover at Jackass 
Creek. Relative selection ranking of invertebrates was identical 
between study areas. 

Discussion 
Sage grouse chicks consumed a wide variety of foods on both 

study areas; however, only a small number received high use and 
few were eaten more than available. Milky-juiced composites 
(Cichorieae), milkvetches, microsteris, beetles, ants, and sagebrush 
were characteristic components of the diet but relatively few prim- 
ary foods were abundant at foraging sites. Use of similar foods by 
juvenile sage grouse was reported from other areas (Dargan et al. 
1942, Nelson 1955, Klebenow and Gray 1968, Peterson 1970). 

Chicks at the 2 areas ate the same foods and displayed similari- 
ties in dietary selection and preferences. Frequencies in the diet of 
several foods differed between Hart Mountain and Jackass Creek, 
but the overriding difference in diets was in the relative dry mass of 
foods consumed, which corresponded directly to availability of 
primary foods. At Hart Mountain, forbs and invertebrates consti- 
tuted >75% of the diet, whereas at Jackass Creek sagebrush com- 
posed 65% of the mass consumed by chicks. Forbs and arthropods 
were more available at Hart Mountain and were consumed in 

Availability (frequency of occurrence) of all ‘other’ forbs (X2 = 
22.1) and ‘other’arthropods (X2 = 18.2) was significantly greater at 
Hart Mountain than at Jackass Creek. These taxa also represented 
the highest frequency of food items available to sage grouse chicks 
on both study areas. Forbs such as lupine, phlox, and sandwort 
(Arenaria spp. L.) were the most commonly available forbs at 
foraging sites but were rarely consumed. 

Dietary selection by chicks was similar on the 2 study areas; all 
primary forbs eaten more than available [broomrape (Orobanche 
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