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AbStNCt 

The physiogr~~phic position 8nd t8xonomic identity of soils of 8 
Wyoming big sagebrush (Ar&misia tr&htata spp. wyomingens& 
/gnssl8nd community were determined. Surf8ce soil m8teri8ls 
from errch identified soil were an8lyzed for 8 variety of chemical 
and physic81 properties. Arcrs of crrch soil were either burned, 
sprayed with 2,4-D [(2,44ichlorophenoxy) acetic acid], or plowed 
for srgebrusb control and seeded to crested whe8tgr8ss (Agro- 
pylon desertonun cultivu Nordur). Spraying and plowing resulted 
in signiflcrntly (p=O.O5) different sagebrush mort8lities of 75 md 
62% averrgrd over 811 soils with brush mort8lity being much higher 
on some soils than others. Burning resulted in 100% s8gebrusb 
mortrlity on all soils. Seedling est8blishment of crested whe8tgr8ss 
~8s signifierrntly higher on plowed thur spnyed soils with 9 8nd 6 
seedlings per meter of row, respectively. Soils of burned 8reas 
8verrged 5 seedlings per meter of row on a dry yclr. Most seedlings 
were est8blished on loamy soils reprdless of the method of brush 
control. Multiple regression 8~lyses of ed8phic f8ctors were used 
to develop equations predicting brush mort8lity and seedling 
establishment in sprayed and plowed 8rerrs. Soil series descriptions 
include data which could be used in nmking such predictions. 

The Wyoming big sagebrush (Artembia triakntata spp. n!yomi?tgens~) 
grassland community occupies at least 40 million hectares in the 
western United States (Tisdale et al. 1969). With the introduction 
of cattle to this community in the 1850’s and heavy overgrazing in 
the 1880’s, much of the endemic perennial grass understory was 

Authors are, respectively, range agronomist, University. of Nevada, and range 
scientists, USDA Agricultural Research Service, 920 Valley Road, Rcno, NW. 895 12. 
This manuscript is submitted with the ap roval of the Director, Nevada Agricultural 
Experiment Station. Journal Series No. P 75. 

Manuscript received December 2. 1982. 

706 

destroyed, leaving degraded, closed stands of sagebrush in many 
areas (Young et al. 1979a). Rehabilitation of the degraded sage- 
brush/grasslands began in the 1930’s when R.L. Piemeisel demon- 
strated that one way to restore such lands was to remove the brush 
and establish perennial grasses (Piemeisel and Chamberlin 1936). 
Since that time, much research has gone into the development of 
better and more cost-effective technologies for the improvement of 
degraded sagebrush/grasslands. 

Early recommendations for rangeland improvement were very 
generalized when addressing the question of what soils should be 
seeded. The sagebrush/grassland community was considered eda- 
phically rather homogeneous for seeding purposes. Robertson and 
Kenneth (1943) recommended seeding areas “with annual precipi- 
tation in excess of 10 inches, with at least 2 or 3 inches falling 
during the spring growing season, and where there is good depth of 
productive soils.” Plummer et al. (1955) recommended seeding 
areas of deep, fertile soils that were well supplied with ordnic 
matter. Heavy soils with good moisture-holding capacity dere 
recommended more than lighter textured soils in areas of marginal 
precipitation. Saline soils were not recommended for seeding. 
Schwendiman (1955) recommended seeding where soil had good 
moisture-holding capacity, depth, and fertility to grow grass. Use 
of available soil surveys and land-use maps was advised. 

More recent studies have been concerned with more precisely 
defining soil characteristics which affect seedling and stand estab- 
lishment of crested wheatgrass. Eckert et al. (1961) found differen- 
ces in the stand establishment and herbage yield of crested wheat- 
grass on 3 adjacent but edaphically, topographically, and vegeta- 
tionally different areas within the big sagebrush (Artemisia triden- 
tata) community. The different productivities of the 3 areas were 

JOURNAL OF RANGE MANAGEMENT 36(6), November 1983 



believed to be related to the moisture-holding capacity of the soils. 
Use of indicator species and general soil classifications was recom- 
mended for determining site potential for seeding with crested 
wheatgrass. Shown et al. (1969) did an extensive study relating 
crested wheatgrass yield to precipitation, cultural practices, and 
soil characteristics at 48 sites throughout the western United 
States. They concluded that success or failure of seeding was the 
result of complex interactions of climate, soil, treatment methods, 
and grazing management. Simple correlation coefficients were 
very small when crested wheatgrass yields were compared with any 
of the measured soil, natural vegetation, or precipitation values. 
Their data indicated that moisture-holding capacity was the single 
soil property best correlated with stand yield. Wood (1976) found 
that emergence of crested wheatgrass was lower in interspace soils 
with vesicular crusts between shrub mounds, than in noncrusting 
coppice soils beneath shrubs. Seedlings emerging in crusted, 
interspace soils showed a high degree of stress, as measured by 
morphological characteristics, compared with seedlings emerging 
in noncrusted, coppice soils. Wood et al. (1982) concluded that 
descriptive criteria for selecting a successful seeding site in the 
sagebrush/grassland community include the density, size, and 
vigor of sagebrush which could be used as an indicator of the 
percentage of coppice and interspace and therefore the severity of 
vesicular crusting. Better crested wheatgrass emergence in non- 
crusted, coppice soils than in interspace soils was thought to be 
related to more favorable texture, structure, and moisture-holding 
characteristics. 

The United States Department of Agriculture Soil Conservation 
Service (SCS) has commonly used soil survey data as means of 
determining land use potential of rangelands (Anonymous 1976). 
The concept of range site has been developed as a basis of site 
suitability for seeding based upon a gross summary of precipita- 
tion, topography, elevation, native vegetation, and soils (Vallen- 
tine 1971). Soil factors used in site determinations include texture 
of the surface, percentage of coarse fragments, depth to a restric- 
tive layer, depth to an abrupt textural change, electrical conductiv- 
ity of the top 18 cm, depth of root zone, available water-holding 
capacity of the top 18 cm, and tendency toward vesicular crusting 
(Anonymous 1971). However, interpretation of the effects of these 
soil characteristics on seeding suitability is completely subjective 
and the relative importance of each factor in determining seeding 
suitability has not been determined. A site is simply classified as 
good, fair, poor, or very poor for seeding. Successful seedings can 
be expected 7 out of 10 years on good sites and 3 years out of 10 on 
very poor sites. Several species could be planted on good sites, but 
only the most drought-tolerant species should be planted on poor 
or very poor sites. 

Few studies have been concerned with the effects of specific soil 
properties on sagebrush control. Recommendations for control 
have usually been based upon practical considerations such as 
economics, topography and terrain, effects on desired species, and 
availability of equipment (Vallentine 1971). However, soil mois- 
ture at the time of treatment is one factor which has been related to 
sagebrush control, either by spraying or plowing. Cook (1963) 
reported poor sagebrush mortality using 2.4-D when soil in the 
upper 60 cm of a silty clay loam was below 12%. He interpreted this 
percentage moisture to be equivalent to 15.5, 13.5, 12.5, 10.5, and 
5.5% moisture for clay, loam, clay loam, silt loam, and sandy loam 
soils, respectively. Soil moisture at the day of herbicide application 
was not directly correlated with sagebrush mortality. Bleak and 
Miller (1955) found that summer plowing in Nevada, when the soil 
was dry and firm, killed more mature sagebrush plants than spring 
plowing, when the soil was moist and compactible. Pechanec et al. 
(1954) observed that plowing or disking, correctly done, would kill 
70 to 90% of sagebrush; however, on heavy, compact, dry soils, it 
would probably be necessary to plow twice. 

The purpose of this experiment was to compare 3 standard range 
improvement techniques apphed to sites with variable soil features 
in the same geographical area for their effects on Wyoming big 

sagebrush mortality and seedling establishment of crested wheat- 
grass. We believed that there are easily determined soil characteris- 
tics that the land manager could use in quantitatively determining 
the probability of success or failure of a given range improvement 
technique to control sagebrush and establish seedlings of crested 
wheatgrass. 

Methods 

The experimental area was located at the University of Nevada 
Gund Ranch Research and Demonstration Center in Grass Valley, 
central Nevada. The ranch contains several thousand hectares of 
degraded sagebrush/grassland on alluvial fans along the base of 
the Simpson Park Mountains. Wyoming big sagebrush is the 
dominant brush species in the experimental area with a sparse 
understory of Sandberg bluegrass (Pou secundu), squirreltail 
(Sitanion hystrix). Indian ricegrass (Oryzopsis hymenoides), and 
downy brome (Bromus tectorum). A century of livestock grazing 
has greatly reduced the native perennial grass portion of the plant 
community. Thurber’s needlegrass (Stipa thurberiunu) and blu- 
ebunch wheatgrass (Agropyron spicatum)may have once occurred 
in specific plant communities on the alluvial fans (Young and 
Evans 1980). This area was considered poor for rangeland seeding; 
crested wheatgrass establishment could be expected only 5 years 
out of 10 (personal communication of R.A. Foster, USDI/ BLM, 
Elko, Nev.). Average annual precipitation ranges from 20 to 36 cm 
with most moisture occurring in the winter and early spring 
(Houghton et al. 1975). Precipitation for the 2 years of the study 
was 26 and 20 cm from July 1 to June 30,1979 and 1980, with 13 
and 18 cm occurring in the winter-spring of 1979 and 1980, 
respectively. 

Aerial photographs of the experimental area were used to deli- 
neate landforms which served as the basis for determining boun- 
daries for taxonomic identification of the soils. Soil horizons were 
describ9d to a depth of 2 m in each landform area and the soils were 
identified taxonomically (Anonymous 1975). Four soils occupying 
the major portion (X590) of the study area were tentatively identi- 
fied. Soil samples were taken to a depth of 10 cm in the interspace 
of each of the 4 soils in 5 locations along the 6-km length of the 
study area. The samples were analyzed for those properties which 
would best differentiate specific soils in terms of their surface 
characteristics. The soils were analyzed for percent gravel by siev- 
ing through a 2-mm screen, percent sand, silt, and clay using the 
method of Bouyoucos (1962); percent organic matter using the 
method of Walkley and Black (Black 1965b); relative infiltration 
rate of 5 cm of water using a double ring infiltrometer in situ (Black 
1965a) with 7.6 and 20 cm inside and outside diameter rings; 
electrical conductivity of the saturated paste extract using a con- 
ductivity meter; nitrate using a digital ion analyzer with a nitrate 
probe; and relative dry force of penetration using a hand-held force 
indicator with a 0.5 cm diameter by 0.5 cm long cone-shaped tip. 
Data were analyzed using discriminate analysis (Nie et al. 1970) in 
order to statistically separate the soils based on these properties. 
The 4 soils will be described in detail in the results section of this 
paper. The percentage area covered by coppice and interspace was 
determined for each soil along four 50-m transects by the line- 
intercept method (Phillips 1959). 

In the spring and summer of 1979, twelve 16-ha exclosures were 
established in this area. The fenced areas were placed so as to 
include portions of the 4 major identified soils plus small inclusions 
of different soils. Treatments for range improvement involved 
3 methods of brush control and 2 methods of seeding. Brush 
control methods were: (a) spraying with 3.3 kg/ha 2,4-D low 
volatile ester, (b) brushland plowing in 2 directions, and (c) burn- 
ing. Seeding methods were: (a) seeding crested wheatgrass cultivar 
Nordan with a regular rangeland drill, and (b) seeding crested 
wheatgrass with a deep-furrow rangeland drill. The treatments 
were located within the fenced areas such that each treatment 
(method of brush control and seeding) covered at least 1 ha of each 
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of the 4 soils. Herbicidal brush control was done in early May 1979. 
A modified ground sprayer for sagebrush rangelands (Younget al. 
1979b) was used to apply 3.3 kg/ ha of 24-D low volatile ester to 
large portions of each soil (minimum of 5 ha). The herbicide was 
applied in water at 105 liters/ha. Other areas of each soil (min- 
imum of 2.5 ha) were plowed in 2 directions using a brushland plow 
(Anonymous 1968) at different times from May through August 
1979 for sagebrush control. Treated areas were planted with 
crested wheatgrass at 9 kg/ha in October 1979 using a standard 
rangeland drill with 30cm row spacing, and using a modified 
deep-furrow rangeland drill (Asher and Eckert 1979) with 50-cm 
row spacing. At least one third of each soil-brush control treatment 
was seeded using the modified deep-furrow rangeland drill. The 
prescribed burn treatment was conducted in August 1980. At the 
time of burning, relative humidity was less than lo%, air temepra- 
ture was 35”C, and wind speed was 24 km/hr. The burned treat- 
ment was seeded in October 1980 using standard and modified 
drills. It was only practical to seed 2 of the major soils in the burned 
treatment. 

In May 1980, a second set of surface soil samples (top 10 cm) 
were taken in 5 locations in each of the 4 major defined soils and in 
the small inclusions of other soils in the seeded areas. Sampling was 
stratified by coppice and interspace where such areas could be 
discerned. Some soils did not have evident coppice and interspace, 
and plowing destroyed distinguishing evidence of coppice and 
interspaces in other soils. The samples were analyzed for the same 
properties and in the same manner as the first set of samples that 
were used to statistically differentiate the major soils. 

In July 1980, percentage brush mortality was determined in 4 
randomly placed 2 by 50-m transects for each soil type in each 
brush control treatment. Seedling establishment of crested wheat- 
grass was determined by counting the number of seedlings in 10 
random samples consisting of l-m row in each soil, brush control 
treatment, and drill treatment. Sampling was stratified by coppice 
and interspace where such areas were discernible. The yield, fre- 
quency, and percentage cover of downy brome was determined by 
clipping 10 plots, 0.1 mz in area, by the step-point method (Evans 
and Love 1957), and estimating ground cover of ten 0.25-mr plots, 
respectively, on each soil in each brush control treatment, and in 
adjacent untreated areas. 

In March 1981, gypsum moisture blocks were buried 15 and 
40-cm below the soil surface in 5 coppice and interspace locations 
of each soil and read at 2-week intervals throughout the growing 
season. The moisture blocks were placed in areas of complete 
sagebrush control. The moisture blocks were used to measure 
relative differences in the drying rates of each soil after winter- 
spring precipitation ceased in late spring. 

In July 1981, biological sampling was done in the burned treat- 
ment. The same parameters were sampled by the same procedures 
used for the plowed and sprayed treatments the previous year. 

The data were analyzed statistically using analysis of variance 
and simple and multiple linear regression. Statistical differences 
between means resulting from effects of sprayed and plowed 
treatments and the 4 major soils on sagebrush mortality and see- 
dling establishment of crested wheatgrass were determined using 
analysis of variance and Duncan’s multiple range test. Relation- 
ships between specific edaphic factors and big sagebrush mortality 
and seedling establishment of crested wheatgrass were determined 
using simple and multiple linear regression. Means of 5 samples per 
soil were used in the regression. By using data from coppices, 
interspaces, the 4 major soils, and other soil inclusions, 8 and 9 
means were used in regressions in which seedling establishment 
was correlated with edaphic factors in sprayed and plowed treat- 
ments, respectively. By using data from the 4 major soils and other 
soil inclusions, 6 means were used in regressions in which sage- 
brush mortality was correlated with edaphic factors in both 
sprayed and plowed treatments. Data of brush mortality and seed- 
ling establishment from the prescribed burning treatment were 
analyzed separately because this treatment was conducted in a 

different year than were spraying and plowing. 

Results and Discussion 
Soils 

Four distinct landforms were defined: (a) alluvial fans occupying 
33% of the study area; (b) inset fans, 28%; (c) offshore bars, 24%; 
and (d) lagoons, 15% (Peterson 1981). Alluvial fans were formed at 
the openings of each major canyon along the Simpson Park 
escarpment. During the Pleistocene, pluvial Lake Gilbert filled 
Grass Valley to 1,870 m above sea level creating a beach across the 
base of the alluvial fans (Mifflin and Wheat 1979). Wave action 
formed a series of offshore bars and lagoons shoreward of the bars 
as the lake receded during the interglacial period (Born 1972). Lake 
Gilbert dried during the early Holocene leaving a large fine- 
textured playa (Motts 1970) on the valley floor. Many alluvial fans 
were cut off from further stream flow because of channeling of the 
limited water sources into valleys between the fans or into 
streambeds. 

Because of this physiographic development, the 4 landforms 
developed distinct soils. As Lake Gilbert receded to successively 
lower stages, lagoons were separated from the main body of the 
lake by their associated offshore bars. Lagoons, being topographi- 
cal depressions, accumulated silt and clay which washed off the 
alluvial fans. Offshore bars, still being washed by waves of the lake, 
became highly gravelly. After Lake Gilbert completely dried, aeo- 
lian material from the playa was deposited on the alluvial fans 
adding very tine sand, silt, and clay to the upper horizons. Areas 
such as inset fans which were still subject to stream washing were 
purged of fine-textured particles during periods of runoff and 
maintained high gravel contents and course textures. 

This geomorphic history is reflected in the kinds of soil dominat- 
ing each landform today. Alluvial fans, inset fans, offshore bars, 
and lagoons are occupied by Abgese loam, Zineb very gravelly 
sandy loam, McConnel gravelly sandy loam, and Bubus silty loam, 
respectively (Table 1). Abgese is a soil series belonging to the 
Xerollic Haplargid subgroup. These soils have a well-developed 
soil profile, a Bt horizon which is permeable to moisture, and 
relatively more organic matter and moisture than the Typic sub- 
group. Zineb is a series belonging to the Durixerollic Camborthid 
subgroup. These soils have a subhorizon with weak cementation by 
silica which is still permeable to moisture, and have relatively more 
organic matter and moisture than the typic subgroup. They are 
probably soils of recent formation. McConnel is a series belonging 
to the Xerollic Camborthid subgroup. These soils also have rela- 
tively more organic matter and moisture than the Typic subgroup 
and are also probably soils of recent formation. Bubus is a series 
belonging to the Durorthidic Torriorthent subgroup. Soils of this 
subgroup are typified by little or no evidence of development of 
diagnostic horizons. They are primarily formed by recent deposi- 
tional processes. They are dry or salty, and have weak cementation 
with silica in one or more horizons. All soils except Zineb have 
some degree of vesicular crusting (Table 1). 

Discriminate analysis of the interspace soil surface samples 
showed that the original physiographic delineation of the soils 
based on the aerial photographs was valid, in that samples from 
within each landform were not statistically different, but samples 
compared among landforms were statistically different @=0.05) 
based on the properties which were measured. Discriminate func- 
tions correctly classified the surface soil samples into the landforms 
and soils from which they were obtained 95% of the time. Percent 
gravel and silt were the most important features separating the 
soils. The soil series Abgese and McConnel were the most difficult 
to separate from each other, whereas Zineb and Bubus were the 
easiest to separate. These results indicate that geomorphological 
development of the soils within each landform produced surface 
soils with very similar physical and chemical properties (Table 2). 

Surface soil textures ascribed to each soil series (phase criteria) 
from profile descriptions were not always the same as those 
ascribed to each landform from samples used in the discriminate 
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Table 1. Pertinent data from pedon descriptiona for soil serlea in the experimental uee at Gram Valley, Nevada. 

Series, slope 
(landform) 

Abgese, 510% 
(alluvial fan) 

Zineb, S- 15% 
(inset fan) 

McConnel, 48% 
(offshore bar) 

Bubus, O-2% 
(lagoon) 

Horizon 

Al 
A2 

2Btl 
3Bt2 
3Bq 

Al 
A2 

BWl 
BW2 

Cl 
2c2 
3c3 

Al 
A2 

BW 
2CI 

3C2 
3c3 

Al 
A2 

Bgkl 
Bgk2 
Bgk3 
2Ck4 
3Ck5 

Depth 
(cm) 

O-13 
13-33 
33-48 
48-88 
88-123 

o-5 
5-18 

18-33 
33-40 
‘IO-85 
85-l 10 

1 IO-180 

o-5 
5-18 

18-38 
38-63 
63-90 
90-163 

O-8 
8-18 

18-30 
30-48 
48-75 
75-l I5 

115-163 

Texturet Dry consistence* Pores3 

1 so 2vfv 
1 sh lvfv 

cl h 0 
vgrcl h 0 
cxgrl h 0 

vgrsl so 0 
vgrl so 3vf 

vgrsl so 0 
vgrsl so 0 
vgrl sh 0 
grl sh 0 

exgrsl so 0 

grsl so 3vfv 
I so 3vfv 

grl sh 3vf 
vgrsl sh 0 

exgrsl lo 0 
exgrs lo 0 

sil sh 3vfv 
1 sh 3vfv 
I sh 3vfv 

fsl sh 0 
VfSl sh 0 
VfSl so 0 
sic1 sh 0 

‘Texture abbreviations: I q  loam; cl = clay loam; sl = silt loam; sic1 = silty clay loam; v = very; gr = gravelly; ex = extremely; f = tine; vf = very tine. 
*Dry consistence abbreviations; so = soft; sh = slightly hard; h = hard; lo = loose. 
3Pores abbreviations: 1 = few; student = common; 3 = many; vf = very fine; vfv = very fine vesicular. 

analysis. Alluvial fan, offshore bar, and lagoon surface textures 
were identified as a loam, gravelly sandy loam, and silty loam, 
respectively, from profile descriptions, and as a sandy loam, gra- 
velly loam, and clay loam, from the average of the discriminate 
analysis samples (Table 1 and 3). This disparity occurred because 
soil properties obtained from profile descriptions were not aver- 
ages, but constituted single samples. Because the surface layer is 
the most active and variable layer of the soil profile, land managers 
should recognize this variability when using survey data for mak- 
ing seeding-suitability recommendations. 

Wyoming Big !Sagebrush Control 
Spraying and plowing resulted in significantly (~~0.05) different 

mortalities of 75 and 620/ respectively, averaged over the 4 major 
soils. Numerically higher brush control was achieved by spraying 
rather than by plowing on 3 of the soils, but neither method worked 
well on the Bubus soils (Table 3). Significantly higher brush mor- 
tality was achieved by spraying (87%) compared with plowing 

(64%) on Abgese soils. Sagebrush was easiest to control on Zineb 
soils with 98% mortality by spraying and 84% by plowing. Sage- 
brush control was more difficult on Bubus soils with 46% mortality 
by spraying and 48% by plowing. Burning killed 100% of the 
sagebrush on all soils. On Bubus soils, small infestations of grease- 
wood (Sarcobatus vermiculatus) and salt rabbitbrush (Chryso- 
thamnus nauseosus ssp. consimilis) resprouted. 

Sagebrush mortality in sprayed areas was positively correlated 
with gravel and sand content of soils, and negatively correlated 
with silt and clay (Table 4). The finer the soil texture, the lower the 
sagebrush control by spraying. Possibly, sagebrush control by 
spraying was affected by available soil moisture resulting from the 
interaction between precipitation and soil texture. Multiple regres- 
sion analysis correlated (~~0.05) sand, silt, clay, and infiltration 
rate with soil moisture potential (eO.93). These results agree with 
those of Cook (1963) and indicated that available soil moisture is 
needed at time of spraying of 2,4-D for sagebrush control. Results 

Table 2. Physlcs~l and chemical properties of Interspace surface samples of soil series from the study area in Grass Valley, Nevada’. 

Series Gravel 
(landforrn) (%) 

Zineb 
(inset fan) 
Abgese 
(alluvial fan) 
McConnel 
(offshore bar) 
Bubus 
(lagoon) 

60a 

32c 

47b 

126 

Sand Silt 
(%) (%) 

26b IOc 

39a 2lb 

26b l9bc 

27b 36a 

May 1981 
soil 

Infiltra- moisture 
Organic Pene- tion potential 

Clay matter ‘Nitrate tration EC rate (-bars) Coppice 
(%) (%) (ppm) (kg) (mmhos/cm) (cm/hr) I5 cm 40 cm (%) 

4b 5.7a 24b lb .2a 48a l.Za 0.5a - 

7b 1.7b 24b 3b .2a 3b 2.88 0.5a 54a 

7b 1.6b 39a 3b Ila 2b 0.7a 1.6a 51a 

25a l.3b 20b 7a .3a SC 3.4a 1.7a 42b 

‘Means within columns followed by the same letter are not significantly different at the 0.05 probability level as determined by Duncan’s multiple range test. 
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Table 3. Wyoming big sagebrush control and eeedUng eebbiishmcnt of created wheatgrass as reixted to eoii, iandforms, end surface soil texture at 
Grass Valley, Nevada.1 

Series 
(landform) 

Zineb 
(inset fan) 
Abgese 
(alluvial fan) 
McConnel 
(offshore bar) 
Bubus 
(lagoon) 

Surface texture 

very gravelly 
sandy loam 
sandy loam 

gravelly loam 

clay loam 

Brush mortality Seedling establishment 
Spray Plow SPraY Plow 

(%) seedlings/m of row 

98a 84a 8bc lib 

ala 64bc 6c 17a 

67b 52bd lob 6c 

46d 48cd id id 

‘Means within a variable (brush mortality or seedling establishment) followed by the same letter are not significantly different at the 0.05 probability level as determined by 
Duncan’s multiple range test. 

of this study also indicate that available soil moisture is a function 
of soil texture as it affects infiltration and soil matric potential as 

from interspace samples only. These results reflect the previously 

well as a function of precipitation. 
mentioned effects of soil texture on soil moisture availability and 
force of penetration. 

Sagebrush mortality in plowed areas was positively correlated 
with gravel and infiltration rate, and negatively correlated with silt, 
clay, nitrate, and force of penetration (Table 4). Mortality was also 
positively correlated with soil moisture at 15 cm depth; however, 
this was probably the result of the relationship among brush mor- 
tality, soil moisture, and soil texture properties. These results 
suggest that the coarser the soil texture, the Softer the soil, and the 
more effective the removal of crowns of sagebrush by plowing. 
This agrees with observations by Pechanec et al. (1954) that heavy 
compact soils should be plowed twice for good brush control. 
However, plowing twice in this study did not result in good sage- 
brush control in any soil except the Zineb soils (Table 3). The SCS 
soil survey parameter which best reflects these results is that of dry 
consistence (Table 1). Only the Zineb soils had a dry consistence 
rating of soft below 18 cm, while the other soils were rated as 
slightly hard in one or more layers below 18 cm. 

Soil survey data collected by SCS does not include force of 
penetration. Dry consistence is a qualitative property which is 
related to force of penetration, however, and could be quantified 
for use in mathematical models predicting brush mortality by 
plowing. 

Seedling Establixhmcat 

Multiple regression analysis showed that sagebrush mortality in 
sprayed and plowed areas could be predicted from edaphic factors. 
Percent sand and silt were used to predict brush mortality by 
spraying with the following equation: 

Mortality (%) = .24 X sand (%) - .79 X silt (%) + 88.9 

The R for the regression was 0.97 @=0.05). Force of penetration, 
percent sand, and percent silt, in decreasing order of importance, 
were used to predict brush mortality by plowing with the following 
equation: 

Seedling establishment of crested wheatgrass averaged 6 plants 
per meter of row on the 4 major soils with sagebrush control by 
spraying of 2,4-D and 9 plants per meter of row with plowing 
@=O.OS). Burning and seeding averaged 4.5 seedlings per meter of 
row with 2 seedlings per meter establishing on Zineb soil and 7 
seedlings per meter on Abgese soil, but the seedling year for this 
treatment was drier than with the sprayed and plowed treatmehts. 
Wood et al. (1982) found that plowing reduced emergence but 
increased the frequency of established crested wheatgrass plants in 
areas with vesicular crusting soils. They attributed the beneficial 
effects of plowing to improved soil tilth, aeration, porosity, and 
microtopography which could increase the quantity of water per- 
colating into the soil. However, in this study, increased emergence 
of crested wheatgrass seedlings resulted from plowing compared to 
spraying. Possibly, plowing was advantageous for increased emer- 
gence because coppice soils were mixed with those in the inter- 
spaces to make overall improvement for seedling growth. 

Mortality (%) = -4.3 X force of penetration (kg) + .66 X sand (%) -.13 X 
silt (%) + 71.8 

The R for the regression was 0.99 @=0.05). Good correlations were 
found if edaphic factors from coppice or interspace were used as 
independent variables, although data for the above regressions are 

However, seedling establishment was not higher with plowing 
on every soil compared to spraying (Table 3). Significantly 
@=0.05) higher seedling establishment resulted from spraying on 
McConnel soils. Plowing and spraying resulted in 17 and 6 seed- 
lings per meter of row for Abgese soils and 6 and 10 seedlings per 
meter of row for McConnel soils, respectively. Abgese soils and 
McConnel soils were the most alike with respect to the measured 
edaphic properties (Table 2). However, the top 40 cm of Abgese 

Table 4. Simpie correiatton coeffideate between eott surface properties end Wyoming big rgebrueh mortality or tiling eetabtishment of crested 
wheetgreee M effected by sprayh~g or plowing.’ 

Dependent variable 
Gravel 

(%) 
Sand 
(%) 

Silt 
(%) 

Clay O.M. 
(%) (%) 

I.R. 
(cm/ hr) (E) 

NO, 
(ppm) 

Ys 
-bars) 

Brush control 
SPraY +.86* t.74. -.95+* -.84+* t.69 t.68 -.69 -.47 -.54 t.60 
Plow +.82* +.26* -.79* -.97** +.83* +.88+ -.24 -.96** -.82* t.79 

Seedling establishment 
SPraY t.02 +.46* -.52* -.22 t.16 t.12 -.46+ +.60* -.07 +.79* 
Plow +.57* +.57* -.64* -.70* -.Ol -.07 -.65* -.12 -.lO t.12 

‘Means of S samples. O.M. = organic matter, 1.R. = infiltration rate, EC = electrical conductivity, NCp = nitrate, PN = penetration, *s = soil moisture potential, May 1981, 
at I5 and cm for seedling establishment and brush control, respectively. l = significant at 0.05 probability level, l * = significant at 0.01 probability level. 
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soils were finer textured than those of McConnel soils (Table 1). 
Fine soil texture seemingly is related to the differential effects of 
plowing and spraying in terms of infiltration and available soil 
moisture. Possibly, there is a range of silt content within which 
plowing improves aeration, porosity, and microtopography for 
seedling establishment. 

Neither spraying or plowing resulted in satisfactory seedling 
establishment on Bubus soils; either method yielded an average of 
1 seedling per meter of row. Five plants per square meter is consi- 
dered good stand establishment in the Intermountain region (Cook 
et al. 1967). With the row spacing of the standard rangeland drill 
this would equal about 2 plants per meter of row, so only on the 
Bubus soils was seedling establishment unsatisfactory. Wein and 
West (1971) found poor seedling establishment of crested wheat- 
grass in bottoms of gully plugs where ponding of runoff water 
resulted in fine-textured, flood prone areas similar to lagoons 
(Bubus soils). They attributed high seedling mortality to drowning 
and soil heaving which broke off seedlings at the soil surface. The 
Bubus soils showed the greatest degree of vesicular crusting as 
indicated by the depth of very fine vesicular pores (Table 1). Wood 
et al. (1978) demonstrated that vesicular crusting formed in soils 
with high silt and low organic matter content, and that crusting 
reduced infiltration rate and increased stress on emerging seed- 
lings. They showed that crusting was greatest on interspace soils. In 
this study, lagoon soils had the least percentage of coppice and, 
conversely, the greatest percentage of interspace (Table 2). There- 
fore, poor seedling establishment on Bubus soils can probably be 
attributed to the greater degree of vesicular crusting as compared 
with the other soils. 

Seedling establishment of crested wheatgrass in sprayed areas 
was positively correlated with soil moisture potential, nitrate, and 
sand, and negatively correlated with silt and electrical conductiv- 
it 

r 
. Seedling establishment in plowed areas was positively corre- 

la ed with gravel and sand, and negatively correlated with silt, clay, 
and electrical conductivity (Table 4). Why seedling establishment 
in plowed areas was not significantly correlated with soil moisture 
potential is not known. Perhaps mixing of coppice and interspace 
in plowed areas mitigated the effects of soil factors, like infiltration 
rate, on moisture potential. Silt and electrical conductivity were 
negatively correlated and sand was positively correlated with seed- 
ling establishment in both sprayed and plowed soils (Table 4). This 
indicates that crested wheatgrass seedlings survived better in well- 
drained, nonsaline soils. It must be noted that the correlations were 
for variables within the limits measured for each soil and cannot be 
extrapolated to greater or lesser amounts. For example, seeding 
establishment of crested wheatgrass was correlated (r=O.79) 
with average May soil moisture potential in sprayed areas. Mois- 
ture potentials ranged from -3.4 to -0.4 bars and seedling estab- 
lishment ranged from 0 to 19.5 seedlings per meter of row. Greater 
crested wheatgrass seedling establishment could not be expected in 
soils averaging higher moisture potentials than -0.4 bars. the same 
is true for other variables such as percent sand and silt. 

Multiple regression analysis relating seedling establishment in 
sprayed and plowed areas to edaphic factors showed that seedling 
establishment could be predicted. With the following equation, 
nitrate, electrical conductivity, percent silt and percent clay in 
decreasing order of importance, were used to predict seedling 
establishment on soils following brush control by spraying: 

Establishment (seedlings/m of row) = 6.6 X nitrate (ppm) -4.9 X EC 
(mmhos/cm) - 0.25 X silt (%) + 0.73 X clay (9%) + 9.6 

The R for the regression was 0.96 (p=O.O5). Percent clay, infiltra- 
tion rate, and percent silt, in decreasing order of importance, were 
used to predict seedling establishment on plowed soils with the 
following equation: 

Although most Wyoming big sagebrush/grassland communities 
are probably not as heterogeneous in respect to landforms and soils 
as the one in this study, they are not as homogeneous as early range 
recommendations implied. Our results indicate that it is possible to 
differentiate soils within sagebrush/grassland communities by 

Establishment (seedlings/m of row) = 0.56 X clay (9%) -2 X infiltration rate . 
(cm/ hr) -0.38 X silt (70) + 22.5 

delineation of landforms on aerial photographs and with approp- 
riate ground truth data. Measurements of edaphic properties of 

The R for the regression was 0.81 (P=O.OS). Lower predictability individual soils can be used to predict mortality of sagebrush by 
for seedling establishment on plowed soils probability reflected the vari- spraying or plowing and seedling establishment of crested wheat- 
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able effects within each soil series of mixing coppice, interspace, 
and subsurface horizons. 

Significantly more seedlings @=0.05) were established on cop- 
pice than interspace soils. Seedling establishment averaged 14 and 
5 seedlings per meter of row on coppice and interspace soils, 
respectively. Coppice and interspace were not well developed on 
Zineb soils and were not differentiated on those soils. On the other 
soils, where coppice and interspace were evident, coppice always 
produced significantly more seedlings than interspace. Abgese, 
McConnel, and Bubus soils averaged 17,20, and 6 seedlings per 
meter of row in coppice and 6,9, and 0 seedlings per meter of row in 
interspace soils. These results agree with those of Wood et al. 
(1982), showing that emergence of crested wheatgrass seedlings is 
higher on coppice soils compared with interspace soils in areas of 
vesicular crusting. Bubus soils had significantly less coppice than 
Abgese and McConnel soils. Abgese, McConnel, and Bubus soils 
averaged 54, 51, and 42% coppice, respectively (Table 2). This 
indicates that there is an inverse relationship between amount of 
coppice and seedling establishment on these soils. Soil survey data 
collected by the SCS does not include percentage of coppice and 
interspace. Soils data are for interspace soils, which, in areas with 
vesicular crusting, are very poor for seedling establishment com- 
pared with the accompanying coppice soils. 

The type of drill used significantly (~~0.05) affected the number 
of crested wheatgrass seedlings per meter of row, but not the 
density of seedlings. Averaged over the 4 major soils, deep-furrow 
drilling resulted in 10 seedlings per meter of row whereas standard 
drilling resulted in 7 seedlings per meter of row. However, because 
of wider row spacing on the deep-furrow drill, a nonsignificant 
difference in seedling density of 22 and 25 seedlings per square 
meter resulted for the deep-furrow and standard drills. There was 
no significant interaction between type of drill and soil. Deep- 
furrow drilling resulted in the same relative seedling density as 
standard drilling in each soil. 

Downy Brome 
Downy brome is considered a major competitor with crested 

wheatgrass for early spring and summer moisture on western 
rangelands (Evans 1961, Harris and Wilson 1970). In this study, 
the yield of downy brome was affected by method of brush control 
and soils. Averaging over the 4 soils, plowing and seeding resulted 
in significantly (p=O.O5) more downy brome than spraying and 
seeding, while both treatments significantly increased yield of 
downy brome over the control areas. Burning and seeding also 
significantly increased yield of downy brome over the control 
areas. In 1979, yield of downy brome averaged 930, 360, and 30 
kg/ha in plowed and seeded, sprayed and seeded, and control 
areas, respectively. In 1980, yield of downy brome was 150 kg/ ha 
with burning and seeding and 5 kg/ ha in the control areas. Averag- 
ing over all treatments, the yield of downy brome was 65,61,44, 
and 3 kg/ ha on McConnel, Zineb, Abgese, and Bubus soils. 
Downy brome yielded significantly (~~0.05) less on Bubus soils 
than on the other soils. Generally, the coarser textured soils pro- 
duced the most downy brome. However, there were no negative 
correlations between yield, frequency, or percent cover of downy 
brome and seedling establishment of crested wheatgrass on any 
soil. This indicates that effects of downy brome competition on 
crested wheatgrass establishment were overshadowed by differen- 
tial effects of edaphic factors among the soils. 

Conclusions 



grass after brush control and seeding. Soil texture, among all 
edaphic factors, was best correlated with mortality of Wyoming 
big sagebrush and seedling establishment of crested wheatgrass. It 
would probably be incorrect to extrapolate these results to areas 
with soils that are not predominantly Aridosols with vesicular 
crusting or areas outside the Wyoming big sagebrush community 
where adequate winter-spring precipitation does not occur for 
seedling establishment of crested wheatgrass. 

Presently, land managers must subjectively use information 
from soil surveys to determine the relative suitability of a site for 
seeding. However, development of mathematical models based on 
quantified soil data, as in this study, would allow the land manager 
to make more accurate predictions of success or failure of a particu- 
lar range improvement technique based on relationships with spe- 
cific soil properties. More quantitative data of soils are needed 
before land managers can use such mathematical models. Quantit- 
ative measurements of soil hardness such as force of penetration, 
could prove useful in predictive models. The amount and charac- 
teristics of coppice and interspace should be included in soil sur- 
veys. Also, because surface horizons are the most variable and 
important to establishment of crested wheatgrass, surveys deve- 
loped for making seeding recommendations should concentrate on 
the features and variability of these horizons. Determination of site 
suitability for brush control and seeding based only on soil series 
criteria is not adequate. Phase criteria, especially those of textures 
of surface soils, should be used. Characteristics of subsurface 
horizons should not be ignored because they may later affect yield 
of mature crested wheatgrass. These recommendations would also 
allow range scientists access to pertinent data that could be used in 
developing better predictive models. 
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