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Effects of Sagebrush Control Methods and 
Seeding on Runoff and Erosion 
JOHN C. BROWN, RAYMOND A. EVANS, AND JAMES A. YOUNG 

Abstract 

A large-plot (27 mr) rainfall simulator was used to examine the 
effects of controlliig Wyoming big sagebrush (Artemish triden- 
tuta ssp. wyomingensis) and seeding with crested wheatgrass 
(Agropyron desertorum) upon infiltration rates and soil erosion in 
central Nevada. A new parameter-runoff initiation frequency 
index (an estimate of frequency of occurrence in years that a 
natural storm will produce surface runoff at the site) was also used 
for malting treatment comparisons. The runoff initiation index 
reflects a more comprehensive appraisal of hydrologic response on 
semiarid rangelands than does infiltration rate but sometimes 
results in a different assessment of treatment effects. Initially, all 
range improvement techniques reduced terminal infiltration rates 
and increased sediment yields. The magnitude of treatment effects 
varied in proportion to the degree of site disturbance: plowing/- 
seeding caused the greatest impact, burning/seeding next, and 
spraying/seeding had only minimal effect. Treatments showed a 
steady trend toward recovery in a 2-year period. In terms of runoff 
htitiation frequency, however, plowing/seeding had the least det- 
rimental effect with burning/seeding and spraying/seeding having 
greater effect. Trends subsequent to treatment indicated watershed 
improvement of plowed/seeded areas and a decline in burned/- 
seeded areas. These somewhat contradictory results are due to the 
runoff retention capability of furrows created by plowing and/or 
artificially seeding across the slope. Surface storage characteristics 
are incorporated in runoff initiation frequency indexing but not in 
infiltration rates alone. 

The history of brush control and seeding for improvement of big 
sagebrush (Artemisiu tridentatu)/grassland communities dates to 
the early 1930’s. Since that time, millions of hectares of depleted 
sagebrush rangelands have been cleared and seeded to crested 
wheatgrass (Agropyron cristatum and A. desertorum)(See Young 
and Evans 1984 for history of crested wheatgrass). Associated 
research efforts have focused on development of better brush 
control and seeding techniques and evaluation of livestock response, 
vegetative changes, and success of seeding under varying condi- 
tions of site and climate. Little attention has been given to hydro- 
logic implications of sagebrush rangeland improvement. 

Traditionally, it was assumed that replacing brush with peren- 
nial grasses automatically improves watershed condition regard- 
less of methods used or site characteristics. Research findings, 
though scanty, do not always support this concept of automatic 
improvement. Blackburn (1983) provides a summary of previous 
studies of the effects of sagebrush rangeland improvement tech- 
niques on infiltration rates and sediment yield. 

The authors are, respectively, former research assistant in hydrology, University of 
Nevada, deceased, and range scientists, USDA, Agr. Res. Serv., 920 Valley Road, 
Rena. 

Thismanuscript issubmitted with theapproval of the Director, Nevada Agricultural 
Experiment Station, as Journal Series No. 575. 

Manuscript accepted July 3. 1984. 
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Disk plowing for brush control followed by artificial seeding has 
received the most attention. Studies in the East Gate Basin of 
Nevada in the late 1960’s report that this treatment initially 
reduced infiltration rates and increased sediment yields with linger- 
ing effects detectable after 3 years (Gifford and Skau 1967, Gifford 
1968, Jager 1972). In other areas of Nevada, Blackburn and Skau 
(1974) reported no significant differences in infiltration rates and 
sediment yields between untreated areas and areas disk plowed and 
seeded 5 and 6 years previously. Another site in Nevada that had 
been railed and artificially seeded was tested 17 years following 
treatment. Here infiltration capacity was increased and sediment 
yield reduced when compared to untreated areas (Blackburn and 
Skau 1974). In southern Idaho, Gifford (1982) reports similar 
initial results from disk plowing and artificial seeding. Here tests in 
succeeding years revealed a 4-6 year trend toward recovery. On a 
watershed scale, sediment yields were apparently reduced follow- 
ing plowing, seeding, and successful establishment of beardless 
bluebunch wheatgrass (Agropyron inerme) in Colorado (Lusby 
1979). 

Spraying with herbicide (24-D) for sagebrush control and seed- 
ing crested wheatgrass into standing dead brush with a rangeland 
drill is another popular improvement technique. In the East Gate 
basin studies (Gifford and Skau 1967, Gifford 1968, Jager 1972) 
spraying and seeding had little effect on infiltration rates and soil 
loss, apparently due to the minimal soil disturbance caused by the 
treatment. Similar results have generally been reported for herbi- 
cide treatments in other areas (Balliette and McDaniel 1983) and 
other vegetation types such as chaparral and honey mesquite (Pro- 

sopis glandulosu var. ghdulosa). 
The use of fire for sagebrush control is gaining popularity. 

Hydrologic effects of burning sagebrush rangelands have not been 
investigated (Blackburn 1984). Burning in other brush types has 
had mixed results: in chaparral sites of the Southwest, burning 
greatly increased sediment yields and reduced infiltration rates due 
to the buildup of a water repellent soil layer after the fire (Glenden- 
ing et al. 1961, Rowe et al. 1954, Rice 1973). In pinyon(Pinusspp.) 
and juniper (Juniperus spp.) woodlands burning significantly 
increased erosion and runoff on moderate and steep slopes (Wright 
et al. 1976) and had lesser effects on gentle slopes (Roundy et al. 
1974). On running mesquite (Prosopis reptans) sites in south 
Texas, burning apparently had little effect on infiltration rates and 
soil loss (Knight et al. 1983). 

This study was designed to investigate, on an arid Wyoming big 
sagebrush site, the initial effects on infiltration rates, surface runoff 
and soil erosion of disk plowing, herbicide application, and burn- 
ing for brush control and the subsequent changes within 2 years 
after treatment in hydrologic condition following seeding of 
crested wheatgrass. 

Study Area 

Study Area and Methods 

Brush control and seeding treatments were applied to degraded 
sagebrush rangelands on alluvial fan areas of the University of 



Nevada’s Gund Research and Demonstration Ranch in Grass 
Valley, Nevada. Wyoming big sagebrush is the dominant brush 
species with a sparse understory of sandbag bluegrass (Pm 
secundu), squirreltail (Sitanion hysfrix), Indian ricegrass (Oryzop- 
sis hymenoides), and cheatgrass (Bromus tectorum). Thurber’s 
needlegrass (St& thurburiana)and bluebunch wheatgrass (Agro- 
pyron spicotum) may have once occurred on the fans (Young and 
Evans 1980) but a history of heavv livestock use has ereatlv 
reduced the diversity of n&e peren& grasses and increased th; 
dominance of cheatgrass. 

Soils of the alluvial fans are complex due to the action of 
Pleistocene Lake Gilbert, which formed a series of offshore bars 
and lagoons as it receded during the Holocene period. Brush 
control and seeding were done on soils of 2 series identified on the 
fan areas. One is an Abgese loam belonging to the xeroliic haplar- 
gid family. The other is a McConnel gravelly sandy loam within the 
xerollic camborthid family. Though taxonomically separate, the 
surface properties of the 2 series were very similar, consisting of 
loam soil with slight, very fine, vesicular pore development and 
30-50% coverage by small rock in interspace areas. Coppice dunes 
found under shrub canopies averaged 54% cover for Abgese soils 
and 5 I% for McConnel soils (Cluff et al. 1984). Landform slopes of 
the treated area averaged 4-10% with a westerly aspect. 

Mean annual precipitation ranges from 200 to 360 mm with 
most falling in low intensity storms during the winter and early 
spring. Summer thunderstorms bring high intensity rainfall I5 to 
20daysayearin thesummerand earlyfall(Houghtonet al. 1975). 

Brush Control and Seeding Treatments 
In the spring and summer of 1979, twelve rectangularexclosures 

approximately I6 ha in size were established in the area to exclude 
cattle grazing for the duration of the study. Various range 
improvement treatments were established in the exclosures includ- 
ing brush control by disk plowing, by application of 2,4-D, and by 
pescribed burning, each followed by seeding of crested wheatgrass 
(cultivar, Nordan). Disk plowing was accomplished during the 
summer of 1979 in 2 directions using a brushland plow with the 
second-direction plowing making furrows on the contour across 
the slope. This treatment thoroughly mixed soil, including shrub 
coppice and interspace areas, to a depth of about 25 cm. Spraying 
was done in early May 1979 and 1982 on different plots with a 
modified ground sprayer (Young et al. 1979) that applied 3.3 
kg./haa.e. of2,4-D lowvolatileesterinwaterat 105 I/ha. Ground 
disturbance resulting from this treatment was minimal. Crested 
wheatgrass was seeded to treated areas at a rate of 9 kg/ha in 

October 1979 using a standard rangeland drill. The drill produces 
furrows 30 cm apart and about 5 cm deep. Drilling was done on the 
ccmtouracr~~s the slope. Prescribed burning for brush control was 
accomplished in August 1980. The fire was hot enough to consume 
virtually all plant litter and standing vegetation. Part ofthe burned 
area was seeded to crested wheatgrass using the standard range- 
land drill in October 1980. Another part of the burn was left 
unseeded. Cluff et al. (1984) and Evans and Young (1980) give 
more detailed descriptions oftreatments and study area character- 
istics. 

Watershed Methods 
The rainfall simulator selected for use at the Gund Ranch is ofa 

basic design reported by Holland (1969), modified by Lusby and 
Toy (1976), and further modified by members of the Bureau of 
Land Management, Denver Service Center and study personnel 
(Fig. I). It consists of 7 sprinkler heads mounted on 3 meter risers 

spaced in an hexagonal pattern, I head at each corner of the 
hexagon and I in the middle; corner heads are all 6.1 m from the 
middle head and corners are each 6.1 m from one another. This 
design and a constant water pressure of 2 kg/cm’ produce a thco- 
reticallyuniform rainfall intensity of5 cm/hrovera27 m2plot(5.5 

Terminal lnfiitration Runoff Return 
Soil Series Rate (cm,br) 

Mea” Sediment’ 

Treatments 
Frequency (Year) 

Dry Runs 
Concentration (mg,,j 

Wet Runs Dry Runs Wet Runs 

MCConnel Soil Series 
Wet and Dry 

Check (19X0,81,82) 4.14* 
Plow + Seed - 1979 (1979) 

3.51” 
3.4o*b 

17.ob 7.3”b 800’ 

Plow + Seed 1979 (1980) 
0.66” 34.08 

4.04’ 1.70bC 
4.Sb’ 

17.0b 6.2’bC 
10330” 

Plow+Seed-1979(1981) 4.39’ 
Spray + Seed - 1982 (1982) 

2.18b 46.0’ 
4.17” 1.78” 

8.8” 
19.0b 4.2bE 1581”1’ 

Abgese Soil Series 
Check (1980.81) 4.34’ 
Burn - 1980 (1980) 

3.66’ 
3.15%b 

18.0b 

Burn 1980 (1982) 
1.98b 

2.49b 1.07b.d 
6.Sb 

1571r*a 
332sb 

Burn + Seed - 1980 (1980) 
4.Q 3.7bc 

2.03b 
B”r”+Seed- 1980(1981) 

0.36d 18.0b 
1793°C 

0.53cd 18.0b 
3330b 

Burn + Seed 1980 (1982) 
Burn, Seed, Reseed - 1982 

I .22b’d lO.Ob 
2276b” 

3.4’ 3023b 

(1982) 2.6Zb 0.58” 5.2b 3.7bC 1005d’ 

Duncan‘r new multiple range test. 
‘v.+Iucs afwr”logic paranlctern arc means Of three replications. McanS within a “arlable followed by the Same lefter are not significantly different (.eO5) 85 determined by 

‘Date af.t:eat=+ is indic?ted by hyphe,nated year. Years in parenthesis indicate when data from rimU~ator runS WCie cO~~ected. 
wo riwficanr differences I” Sediment yield were observed between we, and dry mns so combined @ds are presented. 
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X 4.9m). Drop size varied from 1.75 to 2 mm vs. 2.7 mm for natural 
rainfall. Kinetic energy of simulated rainfall was 54% that of 
natural rainfall (Lewis and Parsons 1943). Rainfall intensity of 5 
cm/ hr was found to be necessary to ensure runoff from all treat- 
ments. Applied rainfall was measured with a network of rain 
gauges to check on amount and uniformity of application with 
respect to time intervals within a run and to location within the 
27-mr plot. Plot borders of sheet metal were carefully installed 
around the top 3 sides and a collection ditch and flume were placed 
along the downhill side of the plot. The collection ditch was stabil- 
ized with an adhesive coating. Rainfall was applied to each plot, 
first with the soil initially dry (dry run) and again 24 hours later 
with the soil at field capacity (wet run). Each application varied 
from 30 minutes to 1 hour, depending on the uniformity of the 
observed terminal infiltration rate. During each run, runoff 
volume and sediment concentration were determined at approxi- 
mately 1 S-minute intervals. Infiltration rate for each runoff mea- 
surement was calculated as the difference between application rate 
(cm/hr) and runoff rate (cm/hr), and an infiltration curve was 
plotted for each run. Sediment concentrations represent total-load 
sediment and were determined gravimetrically in the laboratory. 
Four major infiltration characteristics and one of erosion were 
obtained for each run. These include: (1) time of ponding and (2) 
time of runoff; both subjectively determined during the run; (3) 
time to peak of the runoff hydrograph; (4) terminal infiltration 
rate, determined from the infiltration curve; and (5) mean sediment 
concentration, an arithmetic average of samples collected during 
rainfall application. 

The effects of disk plowing and seeding were tested with the 
simulator on the McConnel soil series. Three plots, with a wet and 
dry run on each, were run 2 weeks following treatment in the fall of 
1979. Three plots were again run in the summers of 1980 and 198 1. 
Three check (untreated) plots on degraded range with soil of the 
McConnel series were run in the summer of 1980,4 in 198 I, and 2 
in 1982. The spray and seed treatment was also tested on 3 plots on 
the McConnel series in the summer of 1982, in an area sprayed in 
May 1982 and seeded about 2 weeks before the simulator runs. 
Tests involving prescribed burning were run on the Abgese soil 
series. Three plots were run in the area before the burn in the 
summer of 1980 (check plots). Three plots were run immediately 
after burning and 3 more were run after seeding in the fall of 1980. 
Three check (unburned native range) plots were also run in the fall 
of 1981, as well as 3 plots in the burned and seeded area. In the 
summer of 1982,3 plots were run in the burned and seeded area, 3 
were run in an area burned and seeded in 1980 and reseeded in 
1981, and 3 more were run in an area burned in 1980 and never 
seeded. Individual plots were selected on a random basis among 
sites that characterized surface soil features of the site and soil that 
were represented. 

Three dependent variables were used to evaluate the effects of 
’ treatment on infiltration and soil erosion. These included sediment 

yield, terminal infiltration rate, and runoff initiation frequency. 
Sediment yield is expressed as the mean sediment concentration 
(mg/ I) of runoff water collected during the simulator run. Termi- 
nal infiltration rate (cm/ hr) is taken from the infiltration curve for 
each wet and dry run at the low point or where the curve becomes 
flat. Runoff initiation frequency is an index estimating the fre- 
quency of occurrence in years that a natural storm will produce 
surface runoff at the site. 

The first 2 variables are commonly used in infiltration studies 
and provide estimates of infiltration capacity of soil and soil ero- 
sion rates if infiltration capacity is exceeded. Since generalized 
surface runoff occurs infrequently on most native rangelands, a 
comprehensive perspective of erosion hazard requires a frequency 
term to estimate how often runoff will occur. An index was devel- 
oped to relate local intensity-duration characteristics of precipita- 
tion with existing hydrologic response of a site, including initial 
infiltration characteristics. To compute runoff initiation frequency 
for each simulator run, a working diagram (Fig. 2) was produced 
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from data and procedures outlined by Miller et al. (1973). The 
diagram is a semi-log plot with the ordinate being the log of storm 
duration in minutes and the abscissa being accumulated precipita- 
tion (cm). Storm return frequencies for various years are also 
shown on the figure. This chart graphically represents the intensity- 
duration characteristics of storms for central Nevada: high intensi- 
ties are of short duration; average intensity is reduced as period of 
precipitation increases. The dashed line indicates how the “storm” 
produced by the rainfall simulator compares to natural rainfall in 
terms of intensity and duration. Rainfall applied at 5 cm/ hr for 5 
minutes simulates the maximum natural storm that is predicted to 
occur about every 4 years. After 40 minutes, however, the simula- 
tor was applying a loo-year storm. 

To obtain runoff initiation frequency for a simulator run, time in 
minutes until runoff first occurred from the plot is located on the 
ordinate and carried horizontally across the chart until it intersects 
a vertical line representing accumulated precipitation depth since 
the start of the simulator run (or the dashed lines if the design 
intensity has been accurately maintained). When this intersection 
point is compared with the solid equal-frequency lines a return 
frequency can be estimated. 

An index relating rainfall simulator data to local intensity- 
duration characteristics of precipitation provides considerable 
information. Not only can an assessment be made of how often 
runoff from a site is likely to occur; estimates of runoff volume and 
soil loss for a design storm of a return frequency can be made. This 
is done using precipitation characteristics from Figure 2 and the 
infiltration curve produced from the rainfall simulator. For exam- 
ple, Figure 2 shows that a design storm of 25year frequency is 
produced after 24 minutes of simulated rainfall. If runoff occurs 
after 9 minutes, runoff initiation frequency for this site is about 5 
years. Excess runoff will occur for I5 minutes with a 25-year storm. 
If an average infiltration rate for this 15 minute period is 2 cm/ hr, 
estimated from the infiltration curve, runoff rate will be applica- 
tion rate (5 cm/ hr) minus infiltration rate (2 cm/ hr) or 3 cm/ hr. 
This rate and duration of 15 minutes yields 0.75 cm total runoff 
from the site. Sediment yield in kg/ ha can be estimated by taking 
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sediment concentration data for the 15-minute runoff excess 
period and combining them with total runoff and appropriate 
conversion factors. 

Comparisons of treatment response for each variable were made 
between treated and control areas and within a treatment in differ- 
ent years. One-way analysis of variance and Duncan’s new multiple 
range test were used to assess the significance of mean differences 
at the .05 level of probability. 

Results and Discussion 

Antecedent soil moisture (wet vs. dry runs) was found to have 
significant (pL.05) effect on terminal infiltration rate and runoff 
frequency; wet runs had lower infiltration and greater runoff fre- 
quency regardless of treatment (Table 1). No significant differences 
in sediment yield between wet and dry runs were observed. In all 
subsequent treatment comparisons, means for wet and dry runs 
were handled separately for infiltration rate and runoff frequency, 
but were combined for sediment yields. 

No significant differences were found between means of any 
variable for check plots run in different years on the same soil 
series. Data from these were lumped to form one set for check plots 
on each soil series. 

Plowing and Seeding 
The effects of plowing and seeding on infiltration rates and 

sediment yields were similar to those found in previous infiltration 
studies: immediately after treatment there was an initial lowering 
of infiltration rate for both wet and dry runs (Table 1). Tests in 
succeeding years showed steady recovery, but after 2 years the 
wet-run terminal rate was still significantly lower than that for the 
check. Sediment yield also exhibited this pattern. Treatment 
initially caused a ten-fold increase in soil loss rate. After 2 years, 
however, soil losses on treated plots decreased so they were not 
significantly different than those for check plots. The runoff initia- 
tion frequency index reflected somewhat different results. Initially, 
plowing and seeding significantly reduced runoff initiation fre- 
quency under dry soil conditions. Even after 2 years, runoff on 
these plots was significantly less than on check plots. With the soil 
initially wet, results more similar to those for terminal infiltration 
rate were seen. The treatment produced an initial increase in runoff 
frequency but a steady trend toward recovery was shown. The 
discrepancy between treatment effects on infiltration rate and 
those on runoff initiation frequency can be attributed to surface 
storage water behind furrows created by plowing and seeding 
across the slope. The furrows retarded runoff, causing a lower 
erosion hazard from this treatment than what might be inferred 
from infiltration rates alone. 

Spraying and Seeding 
The effects of spraying and seeding were similar to plowing and 

seeding but of considerably lesser magnitude (Table 1). For dry 
runs, no differences in infiltration rates, a minor reduction in 
runoff initiation frequency, and some increase in sediment yield 
were observed on sprayed and seeded plots compared to check 
plots. Terminal infiltration rate was significantly reduced and 
runoff initiation frequency increased for wet runs on the treated 
plots compared to check plots. Apparently, results again reflected 
the effects of land disturbance caused by mechanical seeding. Although 
disturbance was minor compared to plowing, the increase in sur- 
face storage from the rangeland drill furrows caused a less detri- 
mental effect on runoff initiation frequency than on infiltration 
rate. 

Prescribed Burning and Seeding 
Treatments involving burning showed different results than did 

plowing or spraying (Table 1). Simulated rainfall applied soon 
after burning exhibited almost immediate ponding on burned cop- 
pice dunes. This was apparently caused by water repellency of 
burned organic matter. No runoff was observed from dune areas, 

however, indicating that the repellency was not strong or persist- 
ent. Interspace areas seemed to respond normally or not differently 
from untreated areas. Burning lowered infiltration rates signifi- 
cantly for wet runs (pL.05) increased runoff initiation frequency, 
and doubled sediment concentrations. Seeding the burned area 
produced an even more dramatic reduction in infiltration. Runoff 
initiation frequency, on the other hand, was sizeably reduced, 
again due to surface storage in drill furrows. Here sediment yields 
were unaffected by seeding. 

Tests in years following burning and seeding indicated a steady 
recovery in infiltration and a steady decline in runoff initiation 
frequency. Recovery in infiltration rate was due to the gradual 
establishment of crested wheatgrass; the decline in runoff initiation 
frequency to the smoothing of furrows and reduction of surface 
storage. Sediment yields were similar from 1980 to 1982 subse- 
quent to seeding. Part of the burned and seeded area was reseeded 
in the spring of 1982. Infiltration capacity was substantially 
reduced for both wet and dry runs, essentially nullifying most 
recovery that had taken place since 1980. Runoff initiation fre- 
quency was increased for dry runs and slightly reduced for wet 
runs. Sediment yields were reduced following reseeding. 

An area burned in 1980 and never seeded was tested in 1982. This 
area showed a decline in infiltration capacity for both wet and dry 
runs. Runoff initiation frequency was increased for dry soil and 
stayed the same for wet runs. Sediment yields were lower than 
those measured immediately after burning. 

Summary and Conclusions 

The response of sagebrush rangelands disk plowed and seeded to 
crested wheatgrass was similar, in terms of infiltration and sedi- 
ment yield, to that reported in previous studies. The same is gener- 
ally true for rangelands where sagebrush was sprayed with 2,4-D 
and seeded. Mechanical land disturbance, even the minor effects of 
the rangeland drill, has an initial negative impact on infiltration 
rates. Where mechanical disturbances creates storage and reten- 
tion of ponded water, runoff from the site is retarded. In terms of 
runoff initiation frequency, then, both treatments actually improved 
hydrologic conditions with initially dry soil, and had a much lower 
negative impact with the soil initially wet than would be inferred 
from infiltration rate measurements. Trends show steady improve- 
ment in all study parameters in years following disk plowing and 
seeding. ._ 

Burning had an initial negative impact on infiltration rate and 
increased sediment transport. After 2 years, areas burned and not 
seeded exhibited a further decline in hydrologic condition, except 
for a lowering in sediment yields. This decline can probably be 
attributed to the buildup of a water repellent layer, mainly on old 
coppice dune areas, and the poor regrowth of vegetation in areas 
not seeded. Seedmg the burned area caused an initial lowering in 
infiltration rates and a decrease in runoff initiation frequency. The 
increase in surface storage from drill furrows outweighed the nega- 
tive impacts of mechanical disturbance on infiltration, causing a 
net lowering of runoff hazard. Trends monitored for 2 years, 
however, show a steady improvement in infiltration capacity and a 
steady increase in runoff initiation frequency. Improvement in 
infiltration capacity can be attributed to increases in plant cover 
from the seeding; increases in runoff initiation frequency may be 
caused by filling in of furrows and a reduction of surface water 
storage capacity on the site. 

In this study, evaluations of treatment effects have been made 
using 2 indicators: terminal infiltration rate and a runoff initiation 
frequency index. Observed results were often different and some- 
times conflicting between the 2 values. The reason is that runoff 
initiation frequency is dependent upon initial soil infiltration char- 
acteristics, whereas, infiltration rates reported here are terminal 
rates which generally occur long after runoff has started. Addi- 
tionally, runoff initiation frequency incorporates local precipita- 
tion patterns and storage capabilities of the soil surface. Thus, 
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the 2 values reflect 2 different hydrologic characteristics. Runoff 
initiation frequency is an estimate of how often surface runoff may 
occur while terminal infiltration rates provide an estimate of 
volume of runoff if rainfall is known. In areas where natural runoff 
occurs very rarely, runoff initiation frequency may be a more 
important indicator than runoff volume. Where natural runoff 
occurs often, runoff volume may be a more important measure of 
erosion hazard. 
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Influence of Site Manipulation on Infiltration Rates of 
a Depleted West Texas Range Site 
DONALD J. BEDUNAH AND RONALD E. SOSEBEE 

Abstract 

Infdtration rates significantly increased each year of the 3-year 
study on a deteriorated site heavily infested with mesquite (Proso- 
pis glandulosa). Vibratilling resulted in the highest infiltration 
rates of all treatments by increasing soil roughness and porosity. 
Shredding mesquite increased infiltration compared to no treat- 
ment. The shredding of mesquite increased the amount of soil 
cover by increasing litter and standing crop. Removal of mesquite 
by foliar spraying with 2,4,5-T + picloram, mechanical grubbing, 
or mechanical grubbing and planting to kleingrass (Panicurn 
coloratum) did not increase infiltration. Plant cover and herbace- 
ous standing crop were the most important factors affecting infil- 
tration for treatments without mechanical soil disturbance. Soil 
variables such as surface roughness, organic carbon and porosity 
affected ititration rates on treatments receiving mechanical dis- 
turbance. However, interactions between soil and plant variables 
were important in controlling infiltration on mechanically dis- 
turbed and mechanically undisturbed sites. 

Desertification by man or his grazing animals is a major resource 
problem. For much of west Texas, overgrazing, short-term 
droughts, and brush invasion have resulted in depleted ranges with 
reduced infiltration rates and increased runoff. Without range 
improvements many of these areas will continue to decrease in 
productivity. Since range deterioration results in increased water 
loss, range renovation practices should be directed toward increas- 
ing vegetation cover, decreasing transpiration to precipitation 
ratios, and decreasing surface evaporation and runoff (Simanton 
et al. 1977). 

In west Texas, herbicides, mechanical grubbing, shredding, and 
root plowing are often used to control brush. Many researchers 
have reported that mechanical treatments have increased infiltra- 
tion by creating macroporous surface and by providing additional 
surface storage of water (Branson et al. 1966, Wight and Siddoway 
1972, Neff 1973, Soiseth et al. 1974, Dixon 1974, Wight 1976, 
Tromble 1976, Neff and Wight 1977, Gonzales and Dodd 1979). 
However, others found no benefit or reduced infiltration rates in 
conversion of brush-dominated areas to grass stands (Williams et 
al. 1969, Gifford 1972, Blackburn and Skau 1974, Gifford and 
Busby 1974, Tromble et al. 1974, Brock et al. 1982). The contradic- 
tion of these studies regarding the influence of brush control on 
infiltration suggests site specific results. In areas of west Texas 
where forage production has been reduced because of brush inva- 
sion and water lost as runoff, more site specific data are needed to 
determine the influence of brush control on infiltration rates. 

Gifford (1975) stated that since the life of most mechanical 
treatments is relatively short, it is imperative that a desirable 
vegetation cover be established and maintained. Plant cover is 
important in maintaining high infiltration rates on range areas 
which have received any type of vegetation manipulation. A 65 to 
70% vegetative cover has been estimated as necessary to prevent 
excessive runoff (Packer 1951, Marston 1952, Osborn 1953, 
Wright et al. 1976). Others have found the relationship between 
plant cover and infiltration was not as well correlated for more 
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A sprinkling-type infiltrometer similar to the one described by 
Blackburn et al. (1974) was used to simulate rainfall on 0.64-m* 
plots. Each plot was pre-wet 24 hr prior to infiltration measure- 
ments to assure similar antecedent moisture conditions. Plots were 
pre-wet using a fine mist spray for a 25-min period and then 
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xeric plant communities where plant cover was naturally limited 
(Gifford 1968, Williams and Gifford 1969, Blackburn 1975). 

The effects of brush control on infiltration have been studied in 
many areas; however, more information is needed on the influence 
of different vegetation manipulation practices on west Texas range- 
land because of the increased emphasis on increasing range pro- 
ductivity and the need to halt increasing aridity of these areas. 
Therefore, the purpose of this study was to evaluate the effect of 
commonly used vegetation manipulation practices on infiltration 
rates of a brush-infested range site in low fair range condition. 

Study Area 

A mesquite (Prosopisglandulosa)buffalograss (Buchloe dacty- 
Zoides)community on the Post-Montgomery Estate Ranch located 
7 km north of Post, Texas, was chosen for the study. The area is a 
semiarid transition zone frdm the southern short grass plains of the 
Llano Estacado to the Red Rolling Plains of Texas. Average 
precipitation is 47.8 cm and average growing season is 216 days. 
Winds are a critical factor influencing evapotranspiration. Free 
pan evaporation averages 264.5 cm/year (USDA 1965). 

A sagerton clay loam in the fine, mixed, thermic family of Typic 
Paleustolls typifies the study area. The soil is a deep, moderately 
slowly permeable soil that formed in calcareous clays, and loamy 
sediments on nearly level to gently sloping uplands. Climax vegeta- 
tion of this clay loam range site was primarily a shortgrass com- 
munity with a few midgrasses (USDA 1965). Range condition was 
determined from Range Site Guides developed by the Soil Conser- 
vation Service (USDA 1965). At the initiation of the study, the site 
was in low fair range condition and the trend was downward. 
Mesquite density averaged 919 trees/ ha and foliar cover of mes- 
quite was 19%. Historically, the area has been grazed year-long by 
cattle. 

Methods 

The study area was fenced in August 1977 and protected from 
grazing by large herbivores for the duration of the study. Twenty- 
one 0.4-ha plots were located in a completely randomized design 
with 3 replications/ treatment. The 7 range rehabilitation treat- 
ments were: (1) shredding mesquite with a Service shredder and 
farm tractor; (2) foliar spraying mesquite with 2,4,5-T + picloram 
(0.6 kg a.i./ha); (3) mechanical grubbing mesquite with a farm 
tractor and rear mounted grubber; (4) mechanical grubbing 
between mesquite trees, but not disturbing the trees; (5) vibratil- 
ling, with rippers set for a 76-cm row spacing and a 45-cm depth, 
after mesquite trees were removed by mechanical grubbing; (6) 
kleingrass (Panicurn coloratum) seeded after plots were plowed 
and disked; and (7) check or no range rehabilitation treatment. All 
treatments were completed by 1 June 1 1978, except for the vibratill 
and kleingrass treatments, which were not completed until May 
1979 because of problems in employing a contractor. 

Infiltration 



Table 1. Infiltration equations for site manipulation treatments combined for 1979 and 1980. 

Treatment Regression equation’ 
Coefficient of 

determination (R2) 
Standard error of estimate 

(S.E.E.) 

Foliar spray 
Shred 
Check 
Grub trees 
Grub between trees 
Kleingrass 
Vibratill 

Y = -2.44 + O.l39(HC)(RC) + O.O86(P2) 0.75 0.86 
Y= 1.15 + O.O92(TC)(OC) + O.O84(FC)(RC) 0.14 0.89 
Y = 0.40 + O.O007(HC)(Pl) + 4.83O(RC)(OC) 0.73 0.76 
Y = 1.19 + O.O58(P2)(RC) + O.O31(TC) 0.70 0.90 
Y = 2.57 + O.OII(FP)(RC) + O.O45(FC) 0.67 0.86 
Y = -5.9 + 7.650(0<3) + 0.2OO(HC) 0.55 1.01 
Y = 1.3 + O.IOI(PI) + 0.027 (SG) 0.55 0.98 

‘Variables are arranged in the sequence of their entry into the stepwise regression. All regression equations are significant at the 0.01 level of probability. 

Key to Symbols used: 

V = Predicted infiltration (cm/O.5 hr) 
HC = Herbaceous plant cover (%) 
RC = Roughness coefficient (standard deviation from a flat surface) 
P2 = Total porosity at 1.3 to 2.5 cm depth (%) 
TC = Total plant cover (%) 
FC = Forb cover (%) 
PI 
FP 

= Total porosity at 0 to I .3 cm depth (%) 
= Forb production (g/ rnz) 

SG = Shortgrass production (g/ mz) 
OC = Organic carbon (%) 

covered with clear polyethylene plastic to reduce evaporation and 
to maintain a uniform soil surface water content. A simulated 
rainfall rate of 14 cm/ hr was chosen to ensure runoff on all plots. 

Infiltration was considered as the amount of water applied 
minus the amount of runoff from the plot. Runoff (liters/ml), 
infiltration (cm), and infiltration rates (cm/ hr) were determined at 
S-min intervals for 0.5 hr. The amount of water infiltrated for the 
30-min period was considered cumulative infiltration (cm/O.5 hr). 
Infiltration rates (cm/hr) were calculated from each 5-min sam- 
pling period. No attempt was made to estimate surface water 
storage on the soil surface, interception by plant material, or 
evaporation from the plot when calculating infiltration; however, 
interception and evaporation would have had only negligible 
effects and most soil surface storage was filled within the first 5 
min. Simulated rainfall plots were randomly located within each 
treatment. In 1978 we measured 6 simulated rainfall plots/ treat- 
ment. In 1979 and 1980 we measured 18 and I5 simulated rainfall 
plots/ treatment, respectively. 

Plant cover and standing crop were recorded for each simulated 
rainfall plot within 24 hr after rainfall simulation. Plant foliar 
cover was determined by species and as herbaceous or woody litter 
by using a tenpoint frame (50 points/plot). Standing crop was 
clipped at ground level, separated by grass species, broomweed 
species (Xunthocephalum sp.), and forbs. Litter collected from the 
simulated rainfall plots was designated herbaceous, woody, or 
standing litter (herbaceous growth of a previous growing season 
that had not fallen to the ground). Standing crop samples were 
oven dried at 50°C for at least 7 days and then weighed and 

recorded as g/ mr. 
Soil measurements such as slope, organic carbon, particle size 

distribution (texture), bulk density, total porosity, and microrelief 
were measured for each simulated rainfall plot after all vegetative 
measurements were completed. Soil samples for particle size dis- 
tribution and organic carbon analyses were collected from the soil 
surface (0 to 2 cm) after all other soil measurements were com- 
pleted. Particle size distribution was measured by the hydrometer 
method (Bouyoucos 1962). Organic carbon, total porosity, and 
bulk density were determined by procedures of Allison (1965), 
Hillel (197 l), and Blake (1965), respectively. Antecedent soil mois- 
ture was determined gravimetrically (Hillel 197 1) from soil samples 
at depths of 0 to 5 cm. 

A modified microrelief (soil roughness) meter was constructed 
according to procedures of Kuipers (1957). Soil roughness (rough- 
ness coefficient) was calculated as the standard deviation of the 
pens from a zero point (flat surface). The soil roughness was 
measured across the slope using 50 points. Slope was measured 
with the microrelief meter with a standard carpenter’s level 
attached. 

Statistical Analyses 
Analysis of variance was used to test for differences in treatment 

means at the 0.05 level of probability. If the analysis of variance test 
showed a significant treatment effect, treatment means were separ- 
ated at the 0.05 level of probability using the Duncan’s new multi- 
ple range test (Steel and Torrie 1960). 

The effects of soil and plant variables on infiltration were tested 

Table 2. Mean soil site characteristics and cumulative infiltration associated with range rehabilitation treatments. 

Rehabilitation treatments 

Grub between 
Site characteristic Foliar spray Shred Check tree Kleingrass Kleingrass 

Biomass (standing 
crop + litter) 274c’ 52la l65d l72cd 379b 297bc 

Plant cover (%) 58a 54ab 45b 48ab 45 45b 54ab 
Total porosity (%) 

(0 to I .3 cm depth) 58ab 60a 58ab 60a 59ab 56b 
Total porosity (%) 

(2.5 to 12.7 cm depth) 47bc 47bc 46c 48b 47bc 5la 
Organic carbon (%) I .4b l.6a I .5ab I .4b 1.5ab l.2c 
Roughness coefficient2 23d 24d l9d 44b 38bc 34c 
Cumulative infiltration 

cm (0.5 hr) 4.lbc 4.5b 3.5c 4.3bc 4.3bc 4.lbc 

‘Means followed by a similar letter within the same row and grou 
The roughness coefficient units were the standard deviation of a f; 

ing of treatments are not different at the 0.05 level of probability. 
at surface X 100. 

Vibratill 

266~ 
44b 

59ab 

50ab 
I .3bc 

58a 

5.5a 
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Table 3. Comparison of mechanically grabbed and mechanically undis- 
turbed simulated rainfall plots for the grub treatments. 

Mechanically 
Site characteristic 

Mechanically 
disturbed undisturbed 

Biomass (standing crop 
+ litter) (g/m*) 343a’ 181b 

Plant cover (%) 31a 34a 
Total porosity (%) 

(0 to 2.5 cm depth) 57.4a 53.5b 
Total porosity (%) 

(2.5 to 12.5 cm depth) 49.5a 45.4b 
Organic carbon (%) 1.4la I .44a 
Roughness coefficient* 0.58a 0.19b 
Cumulative infiltration 

(cm/O.5 hr) 4.51a 2.98b 

’ Means followed by a similar letter in the same roware not different at the 0.05 level of 
probability. 
The roughness coefficient units were the standard deviation of a flat surface X 100. 

by simple and multiple regression (Kerlinger and Pedhazur 1973). 
Linear and curvilinear regression were used to determine signifi- 
cant correlations between infiltration and 30 soil and vegetation 
measurements. Following simple regression and a correlation 
matrix of independent variables, 15 variables were chosen to 
develop predictive equations for infiltration. The multiple regres- 
sion analyses employed a maximum RJ procedure (Helwig and 
Council 1979). All variables remaining in the models were signifi- 
cant at the 0.10 level of probability. 

Results and Discussion 

Infiltration data are presented by year and grouped across years. 
The influence of treatments over time (year) was considered impor- 
tant in determining the value of the treatments on the rehabilita- 
tion of this depleted range site. The kleingrass and vibratill treat- 
ments were not completed until 1979, thus could only be evaluated 
from 1979 and 1980. The foliar spray, shred, check, and grub 
treatments were evaluated for 1978, 1979, and 1980. For ease of 
discussion, the time influence is presented only for the foliar spray, 
shred, check and grub treatments. Treatment comparisons are 
presented for all treatments but for only 1979 and 1980. 

Treatment Influence 
A comparison of the range rehabilitation treatments showed 

higher infiltration rates for the vibratill treatment for all time 
periods (Fig 1). The shred treatment had’intermediate infiltration 

Foliar SpraY *‘-‘+ 

Shred .----* 

Grub between trees - 

Grub trees c...-...~ 

l ,,............... * 

)-.-.-.-.4 

6. IO 15 20 25 30 

TIME (MIN ) 

Fig. 1. Infilrration rates for the foliar spray, shred, grub, kleingrass, and 
vibratill treatments during 1979 and 1980. 
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rates compared to the vibratill and check plots. There was an 
apparent trend of increased infiltration rates for the foliar spray, 
kleingrass, and mechanical grub treatments compared to the 
check. However, infiltration rates for the 25- and 30-min time 
periods for the foliar spray, kleingrass, and mechanical grub 
treatments were not significantly different (EO.05) from the check 
or shred treatments. A treatment by year interaction was not found 
for any infiltration measurements. 

The high infiltration of the vibratill treatment was most corre- 
lated with surface soil porosity at 0. to 2.5 cm depth (R2 = 0.48), but 
no single measured site variable or combination of site variables 
accounted for more than 55% of the variability in infiltration 
(Table 1). Dixon (1975, 1978) reported improved infiltration on 
rough areas because of depression storage and improved air flow 
from the soil surface. He stated (1974,1975,1978) that the air-earth 
interface concept establishes the general principle that soil rough- 
ness and openness control infiltration by governing the flow of air 
and water in subsurface macropore and micropore systems. The 
roughness factor for the vibratill treatment was 130 to 305% higher 
than other treatments (Table 2) and contributed to water impound- 
ment. The high infiltration rates from 10 to 30 min were true 
increases in infiltration probably because of large macropores. 

The microhabitat near shredded mesquite was conducive to high 
infiltration because shredded mesquite areas had a trend of 
increased plant cover and increased biomass compared to the 
check (Table 2). Infiltration was most correlated with total cover 
(R2 = 0.39). Herbaceous and woody little cover averaged 16% for 
the shred treatment compared to only 2% for other treatments one 
growing season after treatment. The increased vegetation cover on 
the shred areas protected the soil from the impact of raindrops and 
probably reduced soil temperature and evaporation, thereby 
resulting in increased herbage production and improved infiltra- 
tion conditions during the first growing season. 

For the shred treatment the soil variables significantly correlated 
with infiltration were soil porosity at 0 to 1.3 cm (R2 = 0.32), soil 
porosity at 1.3 to 2.5 cm (R2 = 0.23), and organic carbon (Rz q  0.19). 
Brock et al. (1982) stated that infiltration rates reflected variations 
in soil aggregate stability and impact of range improvement practi- 
ces on increasing plant cover. For this study it was apparent that 
plant variables were positively correlated with organic carbon and 
porosity. Biomass was slightly more correlated with organic car- 
bon (R2 q  0.41) and soil porosity at 0 to 1.3 cm (R2 = 0.46) than was 
plant cover to organic carbon and soil porosity (RJ= 0.21 and 0.39, 
respectively) for the shred treatment. Thus, the interactions 
between site variables were important in influencing infiltration 
(Table 1). The interactions of plant and soil variables were also 
important in controlling infiltration of the check and foliar spray 
treatments (Table 1). For the check treatment the lower infiltration 
was a result of less plant material (biomass and cover) compared to 
the foliar spray and shred treatments, and to the influence of these 
plant variables on soil organic matter and porosity (Table 2). The 
mesquite on the check competed with herbaceous plants for water 
and the reduction in herbaceous plant material was important in 
reducing infiltration compared to other treatments. 

Infiltration of the grub between tree and grub tree treatments 
was positively correlated with the roughness coefficient (R2 = 0.55 
and R2 = 0.30, respectively). The intermediate infiltration rate of 
the mechanically grubbed treatment was a result of measuring simu- 
lated rainfall plots within grubbed pits and outside of the grubbed 
pits because ?f the random location of simulated rainfall plots. A 
comparison of mechanically grubbed areas and mechanically 
undisturbed areas within the grub between tree and grub tree 
treatments showed higher total infiltration (Table 3) and infiltra- 
tion rates for the grubbed areas during all time periods except for 
the 5-min period. Soil porosity, roughness and biomass were 
greater on mechanically grubbed simulated rainfall plots, but there 
was no difference in plant cover (Table 3). 

Infiltration for the kleingrass treatment was more correlated 
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with organic carbon (I? = 0.46). The plowing and disking of the 
kleingrass plots decreased organic matter compared to mechani- 
cally undisturbed areas. The low organic carbon of the kleingrass 
treatment resulted in crusting and sealing of the soil surface by the 
second year after treatment. The surface crust could have been 
caused by the impact of raindrops before kleingrass became estab- 
lished, or as a result of slaking and breakdown of soil aggregates 
during wetting because of low organic matter. The importance of 
plant cover and organic carbon was very evident for the kleingrass 
treatment. Without adequate plant cover to protect the soil surface 
from raindrop impact, these kleingrass areas would have very 
reduced infiltration rates because of the low organic carbon. 

Several studies have shown that infiltration rates were higher 
within the mesquite canopy zone (Knight et al. 1980, Wood and 
Blackburn 198 1, Brock et al. 1982). For this site, however, infiltra- 
tion measurements within the mesquite canopy zone were not 
different from infiltration outside the canopy zone. Also, no differ- 
ence in infiltration of grubbed mesquite areas was found versus 
grubbed areas outside the canopy zone. Because of the heavily 
grazed depleted conditions of this area, it appeared that only large 
multi-stemmed mesquite trees were creating conditions which 
could offer protection from grazing and improve site conditions 
for increased infiltration rates. 

Time Influence 
Infiltration rates increased each year with the terminal infiltra- 

tion rate (30 min) for 1980 and 1979 being 320% and 210% higher, 
respectively, than for 1978 (Fig. 2). In 1978 only 1.7 cm of water 
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-L 
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Fig. 2. Infiltrarion rales for the foliar spray, shred, check and grub treat- 
ments combinedfor 1978. 1979, and 1980. 

‘Means of the same time period followed by a similar letter are not statistically 
different at the 0.05 level of probability. 

infiltrated compared to 3.2 and 4.2 cm for 1979 and 1980, respec- 
tively. The very low infiltration in 1978 was a result of the deterio- 
rated site conditions and lack of vegetative cover to protect the soil 
surface and hold water on the site. 

Grass standing crop, grass cover and herbaceous litter increased 
each year and there was an increase in total cover for 1979 and 1980 
compared to 1978 (Table 4). The only soil factor to increase each 
year was total porosity at the 0 to 1.3 cm depth. Organic carbon, 
total porosity (2.5 to 12.7 cm), and soil roughness were higher in 
1980 than in 1978 (Table 4). Monthly and total precipitation were 
similar for 1978 and 1980 (Fig. 3), but site conditions were much 
improved by 1980. We found that the range rehabilitation treat- 
ments influenced many of the measured plant and soil variables; 
however, the rest from grazing was also important in influencing 
the biohydrological condition of this site. 

Table 4. Mean site cbaraeteristics for range rehabilitation treatments 
grouped by years.’ 

Year 

Site variables 1978 1979 1980 

Total porosity (o/o) 
(0 to 2.5 cm depth) 52b’ 55b 59a 

Total porosity (%) 
(2.5 to 12.7 cm depth) 45b 46b 48a 

Organic carbon (%) I .39b 1.4lb I .52a 
Roughness coefficient) 22b 21b 39a 
Grass standing crop (g/m2) 48c 81b 14la 
Litter (g/ m2) 8lc 97b l78a 
Phytomass standing crop (g/ m2) 7lb I58a 192a 
Grass cover (%) 23c 33b 41a 
Litter cover (96) 5b 4b 9a 
Phytomass cover (%) 33b 48a 54a 
Cumulative infiltration (cm) I .7c 3.2b 4.2a 

‘Range rehabilitation treatment meanscomparedfor 1978-198Owere thefoliarspray. 
shred. check. grub between tree, and grub tree treatments. 
‘Meansfollowed byasimdarletterm thesamerowarenot differentat the0.05 levelof 
probability. 
‘The roughness coefficient units were the standard deviation of a flat surface X 100. 

Thus, plant cover, herbaceous biomass, porosity and organic 
carbon were increasing annually. The importance of these factors 
to infiltration has been shown by many researchers (Colman 1953, 
Dixon 1978, Wood and Blackburn 1981, Brock et al. 1982) and 
they were positively correlated with infiltration for this site. Wood 
and Blackburn (1981) found that aggregate stability and organic 

Fig. 3. Monthlyprecipiration (cm)for the study site during 1978, 1979, and 
1980. 

matter were the major factors controlling infiltration in the Rolling 
Plains of Texas. For this site, regression equations showed that 
plant cover and phytomass accounted for more variation in infil- 
tration on mechanically undisturbed sites, whereas organic carbon 
and porosity were more related to infiltration on mechanically 
disturbed sites. However, interaction between vegetation mea- 
surements such as plant cover and standing crop, and soil factors 
such as organic carbon and porosity were evident. Plant cover was 
correlated with organiccarbon(R2=0.3l)and porosity(R2=0.38). 
Plant biomass was related with plant cover (R2~0.74) and organic 
carbon was correlated to soil porosity (RI = 0.61). Therefore, the 
increased plant material protected the soil surface from raindrop 
impact and helped hold water until infiltration occurred. The plant 
material modified soil characteristics by increasing organic carbon 
which would improve aggregate stability of the soil, resulting in 
higher porosity and infiltration. 
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Summary and Conclusions 
During this study it was evident that the biohydrological state of 

the controlled area was changing. Infiltration (cm/O.5 hr) for 1980 
and 1979 was 320% and 210% higher, respectively, than for 1978. 
The increased infiltration was a result of the increased grass pro- 
duction and soil cover. Plant cover protected the soil surface from 
raindrop impact and impounded water until infiltration occurred. 
Plant material also modified soil characteristics such as organic 
carbon and porosity. Total soil porosity and organic carbon were 
higher in 1980 than in 1978. The increase in organic carbon was 
believed to increase aggregate stability which would increase mac- 
roporosity, thus increasing infiltration. 

The effect of the vegetation manipulation treatments was to 
influence the rate of change of the biohydrological conditions of 
this site. Vibratilling improved infiltration immediately by increas- 
ing soil roughness and micro- and macroporosity. Grass revege- 
tated disturbed areas and responded favorably to the moderately 
severe vibratill treatment. We believe that vibratilling offers a 
potentially valuable tool for increasing infiltration on extremely 
deteriorated hardland range sites in west Texas, especially where 
slopes are greater than 2%. 

Mechanical grubbing also resulted in increased infiltration by 
increasing soil roughness and porosity. This increase, however, 
was only found within the mechanically disturbed areas. We found 
evidence of increased soil compaction and reduced plant produc- 
tion outside of the mechanically grubbed pits (Bedunah 1982). 
Therefore, the improvement in infiltration was <only for a small 
part of the total treated area. 

Shredding of mesquite had the immediate effect of returning 
nutrients to the soil and the litter protected the soil surface from 
raindrop impact. The litter also created a rougher surface which 
held water on the site. Dixon (1974) reported that plant litter used 
as a mulch greatly improved infiltration by shielding the soil sur- 
face from raindrops and feeding invertebrates, helping create a 
more macroporous system. For clay loam range sites with signifi- 
cant mesquite invasion and reduced plant cover shredding offers 
an excellent way to rapidly improve site conditions. However, 
since mesquite is a crown sprouter, a follow-up treatment would be 
necessary to control mesquite regrowth. 

For mechanically undisturbed plots, plant cover and biomass 
were the most important single variables for predicting infiltration. 
On mechanically disturbed plots soil variables such as roughness, 
organic carbon and porosity were more highly correlated with 
infiltration than were plant measurements. It was apparent, how- 
ever, that there were interactions between plant variables such as 
porosity and organic carbon. Thus, as plant material increased soil 
porosity and organic carbon also increased. 

Regression equations were successful in accounting for 55 tci 
75% of the variability in infiltration. The low coefficient of deter- 
mination of the infiltration equations may partially be a result of 
differences by year. However, other researchers have found that 
infiltration was difficult to predict because of the complex interac- 
tions of the hydrological process (Busby 1977, McGinty et al. 1979, 
Gifford 1979). 

The rate of change in the biohydrological conditions of any site, 
following a range rehabilitation treatment, will depend upon ade- 
quate plant cover to protect the soil surface from raindrop impact 
of intense thunderstorms. Therefore, grazing management which 
allows for plant cover improvement on deteriorated sites would 
also be important in improving infiltration, decreasing runoff and 
improving forage plant production. 
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Cattle Use of Riparian Meadows in the Blue Moun- 
tains of Northeastern Oregon 
R.L. GILLEN, W.C. KRUEGER, AND R.F. MILLER 

Abstract 
The intensity and pattern of cattle use of small riparian meadows 

were studied by periodically sampling vegetative standing crop and 
by continuously monitoring meadows with time-lapse photo- 
graphy. Temperature and relative humidity were also measured in 
riparian and upland plant communities. Herbage standing crop at 
the end of the grazing season was similar under continuous grazing 
and the early and late grazing periods of a two pasture deferred- 
rotation grazing system. Early grazing tended to decrease the total 
cattle occupation and the frequency of cattle occupation of ripar- 
ian meadows when compared to continuous grazing. Late grazing 
tended to increase the frequency of cattle occupation but did not 
change the total cattle occupation of riparian meadows when 
compared to continuous grazing. Cattle were present on a given 
meadow site on about 60% of all days but for only 3-10% of the 
total daylight period. Cattle occupation of riparian meadows was 
greater during the afternoon hours. The seasonal pattern of cattle 
occupation was influenced by the location where cattle entered a 
pasture but not by seasonal temperatures. Temperature and the 
temperature-humidity index did not differ between riparian and 
upland plant communities between 12~00 noon and 6~00 p.m. 

Riparian meadows are narrow, highly productive plant com- 
munities occurring along stream courses. These meadows are usu- 
ally dominated by grasses and grasslike plants but shrubs are often 
a major vegetative component. Cattle preference for riparian mea- 
dows is a major influence on overall grazing distribution on moun- 
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tain rangelands. 
When forage utilization on meadows reached 75% on Utah 

foothill range, forage use on upland slopes averaged only 20% 
(Cook and Jeffries 1963). Phillips (1965) reported almost identical 
results from southern Idaho. Johnson (1965) and McEwen and 
Dietz (1965) found the intensity of utilization 3-5 times higher on 
riparian meadows versus forested communities although meadow 
use did not exceed 50% in either study. In northeastern Oregon, 
Roath and Krueger (1982) estimated that 80% of the forage con- 
sumed on a mountain allotment came from the riparian meadows 
which made up 1.9% of the total area. Long and Irwin (1982) 
observed 25% of the cattle on the 6% of their study area covered by 
meadows. Finally, Bryant (1982) made 66% of his cattle observa- 
tions on riparian meadows or communities directly adjacent to 
meadows from late July to early September. The meadows and 
adjacent communities comprised 5.1% of the study pastures. How- 
ever, in late September, only 12% of the observations were made in 
the same communities. This shift in habitat use was attributed to 
complete utilization of forage in the riparian zone; thundershow- 
ers, which stimulated new forage growth on the uplands; and a 
microclimatic shift to more favorable conditions in the uplands 
(Bryant 1982). 

Over the last 2 decades, an increasing amount of attention has 
been given to the idea that excessive cattle use has reduced the 
usefulness of the riparian zone for wildlife species, especially fish 
(Ames 1977, Platts 1979, Thomas et al. 1979). Bowers et al. (1979) 
summarized 5 studies that indicated an average 200% increase in 
trout biomass when improper grazing was controlled and streams 
were managed for optimum trout habitat. Platts (1981) stated 
streams impacted by cattle overuse are wider, shallower, warmer, 
have less overhead cover, and have more fine sediment than unim- 
pacted streams. He further stated livestock impacts are usually 
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small cumulative changes that occur over several years (Platts 
1982). 

Fencing and complete exclusion of grazing from riparian ecosys- 
tems is often recommended as a means of controlling livestock 
impact on riparian meadows (Armour 1979, Behnke and Raleigh 
1979, Bowers et al. 1979). While fencing and livestock exclusion 
would certainly alleviate some aspects of the problem, it does not 
seem practically feasible on a broad scale and also implies that any 
level of livestock use would be detrimental. Fencing riparian zones 
to allow strict control of intensity and season of use seems to be a 
more reasonable approach. Light to moderate late season grazing 
has been most often advocated (Bowers et al. 1979, Platts 1981) 
and has shown good results in practice (Claire and Starch 1977, 
Kauffman 1982). However, the use of fencing will probably be 
limited economically to the larger and more important riparian 
areas (Platts 1979). Small riparian meadows along primary drain- 
ages may only range from 5 to 30 m in width but may total several 
miles in length in a single mountain range pasture. While these 
meadows are the riparian areas most susceptible to alteration by 
cattle grazing (May and Davis 1982), they are also the most diffi- 
cult areas to fence. If cattle grazing patterns on these long, narrow 
riparian systems need to be changed, some combination of alterna- 
tive grazing management practices must be employed. 

While all of the usual livestock distribution practices have been 
suggested as at least partial solutions, the implementation of graz- 
ing systems has been given the most attention. Continuous season- 
long or year-long grazing is generally considered to be a detrimen- 
tal and unacceptable management scheme for riparian meadows 
(Reid and Pickford 1946; Pond 1961; Platts 1981, 1982), so some 
type of specialized grazing plan appears necessary. Platts (1981) 
rated most standard grazing plans as to their ability to maintain 
quality instream habitat; no system was rated better than fair. He 
stated none of the present grazing strategies would be satisfactory 
in this aspect. However, as more data have become available, 
Platts (1982) has indicated the situation may be better than first 
thought. 

The objectives of this study were to: (a) determine the intensity 
and pattern of cattle use of small riparian meadows under continu: 
ous and deferred rotation grazing management and (b) compare 
the temperature and relative humidity regimes of riparian and 
upland plant communities. 

Study Area 
The study was conducted on the Upper Middle Fork Grazing 

Allotment of the Malheur National Forest in north-central 
Oregon. Elevations range from 1,160 m along the Middle Fork of 
the John Day River, which flows northwest through the allotment, 
to over 2,300 m on the watershed boundaries. Topography is 
mountainous with slope gradients ranging from 0 to 100%. 

Average annual precipitation ranges from 500 mm in the valley 
bottom to 1,010 mm at the highest elevations. Most of the precipi- 
tation falls as snow from November through April. Rain showers 
occur in May and June. Little precipitation falls in July, August, 
and early September. During the summer grazing season, daytime 
maximum temperatures reach 20-30°C but frost may occur in any 
month. 

Plant communities on the study area have been described by 
Hall (1973). About 85% of the allotment supported forest vegeta- 
tion. The major forest types included ponderosa pine-Douglas-fir 
(Pinus ponderosa-Pseudostuga menziesii), mixed conifer, and 
grand fir (A&es grandis). Riparian meadows were narrow (about 
30 m wide) communities located along streams and covered about 
1% of the study area. Most of these meadows were classified as dry 
meadows which had surface soils that were wet in spring but had 
dried by fall and were not sub-irrigated for the entire growing 
season. Dry meadows were dominated by Kentucky bluegrass 
(Poapratensis) with western yarrow (Achilles millefolium), north- 
west cinquefoil (Potentilla gracilis), and dandelion (Taraxacum 
officinale) as prominent forbs. 
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Data were collected in 2 of the 6 pastures of the Upper Middle 
Fork Grazing Allotment. The Butte Pasture (4,675 ha) was grazed 
continuously with 85 cow-calf pairs from early June to mid- 
October except in 1980, when grazing began in early July. The 
Deerhom Pasture (5,735 ha) was included in a two pasture 
deferred-rotation grazing system. The system called for all cattle to 
graze in 1 pasture from early June to early August, at which time 
the cattle would be moved to the second pasture until mid-October. 
The direction of livestock movement was reversed in alternate 
years. The pastures were stocked with 200 cow-calf pairs. The 
Deerhorn Pasture was grazed in the early period in 1980 and the 
late period in 198 I. 

Materials and Methods 
Herbage Standing Crop 

Total standing crop of vegetation on dry riparian meadows was 
measured at 8 sites on the study area in 1980 and 1981. Four 
sampling sites were located in each pasture. Total herbage standing 
crop was sampled at 2-week intervals while cattle were grazing in 
each pasture. Total herbage on 15 rectangular 0. I-m* quadrats (30 
cm X 33.3 cm) was clipped to ground level on each site on each 
sampling date. New quadrats were randomly located on each 
sampling date. Samples of herbage (IOO- 150 gm fresh weight) were 
dried in a forced-air oven to a constant weight to convert fresh 
herbage weights to oven-dry weights. Total herbage production 
without grazing was sampled by clipping 15 quadrats that were 
protected from grazing by wire cages. Total production sampling 
was done at the peak of standing crop. 

Cattle Occupation 
Cattle use of dry riparian meadows was monitored with time- 

lapse photography in 1980 and 1981 on 2 meadows in each of the 
study pastures. Battery-powered Super 8 mm movie cameras were 
placed on elevated platforms in trees or snags 5-7 m above the 
ground. The cameras exposed 1 frame of film at 5-minute intervals. 
Light sensors stopped filming when light levels fell below the 
minimum required for proper film exposure. Cameras operated 
continuously while cattle were grazing the study pastures. 

Film was analyzed 1 frame at a time using an 8-mm film editor. 
When cattle appeared in view, the number of animals, their activ- 
ity, and the time of day was recorded. Time of day was estimated by 
first counting all frames in a day and calculating the mid-point for 
that day (solar noon). One-hour intervals were then calculated 
backwards and forwards from solar noon assuming an average of 
I2 frame exposures per hour. Only adult cows were counted in the 
analysis; 95% or more of the cows on the allotment were nursing 
calves. The initial unit of measurement was the animal unit frame, 
defined as 1 cow being present in 1 frame of film. Animal unit 
frames were then totaled over the season and converted to animal 
unit days (AUD) by dividing the total animal unit frames by the 
average number of camera frames exposed per day. Finally, occu- 
pation was expressed as AUD per hectare by dividing AUD by the 
size of the camera view area. View area size was calculated from the 
length and width of the view area as measured with a steel tape. 
View areas ranged from 0.12 to 0.26 ha and averaged 0.18 ha. 

Peak ungrazed herbage standing crop, herbage standing crop at 
the end of the grazing season, total cattle occupation, and fre- 
quency of cattle occupation (percentage of total camera frames and 
percentage of total days during which at least I cow was present) 
were compared between grazing systems within years using t-tests. 
Regression analysis was used to characterize the relationship 
between residual meadow herbage, averaged over pasture, and 
days of grazing. Correlation was used to associate profiles of daily 
and season cattle occupation with daily and seasonal climatic 
conditions. 

Microclimate 
The temperature and relative humidity in 3 contrasting plant 

communities were measured in 1980 and 1981 in 2 drainages 
located 3.2 km apart in 1 of the study pastures. Three monitoring 
stations were established at random in each drainage, one on a 
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small riparian meadow, one on a ponderosa pine-Douglas-fir 
forest site, and one in a small clearcut (1-2 ha) on a ponderosa 
pine-Douglas-fir-site. Hygrothermographs were placed in wooden 
louvered shelters l-l.2 m above the ground surface at each site. 
Temperature and relative humidity were recorded continuously 
from mid-June until late September, irrespective of cattle presence 
in the pasture. 

Three variables, temperature, relative humidity, and the tempera- 
ture-humidity index (THI) averaged between the hours of 12 noon 
and 6 p.m. were compared among vegetation types. THI integrates 
temperature and humidity into a single parameter (Thorn, 1958) 
and was calculated as: 

THI = 0.99T. + 0.36Td + 41.5, where 
THI = temperature-humidity index 
T. = air temperature, o C 
Td = dew point temperature, “C. 

Means were compared among vegetative types within years using a 
repeated measures analysis of variance with drainages as blocks. 

Herbnge Standing Crop 
Peak herbage standing crop on the dry meadows was similar in 

the 2 pastures in both years and averaged 2,440 kg/ ha (Table 1). 

Table 1. Peak ungrazed berbage standBg crop and residual herbage stand- 
ing crop at the close of grazing (kg/ha) on riparian meadows. 

Residual standing crop Table 2. 
Peak standing crop, kg/ ha 

Regression equations relating standing crop on riparian meadows 
kg/ha and days of grazing in the pasture. 

Grazing system 1980 1981 1980 1981 

Continuous 2490’ 2250 570 330 
f3302 It260 *130 *45 

Deferred- 2360 2650 560 350 
rotation’ f310 f330 f55 f25 

‘All pairs of means within columns are statistically equivalent, p>. 10. 
‘Standard error 
‘Early grazing in 1980, late grazing in I98 1. 

Grazing system Year Equation’ 

Continuous 1980 Y = 2026e+=x 
1981 Y q  1376e”“IX 

Deferred-rotation 1980 y = 1044e+J’x 
1981 Y : 2674e*‘“” 

‘Y = standing crop, kg/ ha; X = days of grazing in pasture. 
%ignificant at K.05; **significant at X.01. 
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Fig. 1. Stonding crop of totol herboge on dry riporion meadows, 1980. 
Each point represents the mean of 4 sampling sites. Curves were colcu- 
lotedfrom regression equations in Toble 2. 

It seemed likely that the frequency of occupation might be 
dependent on view area (plot size) because frequency is not an 
absolute measure. A similar relation is well known from vegetation 
sampling (Mueller-Dombois and Ellenberg 1974). However, corre- 
lation coefficients between view area and frequency were 0.04 on a 
total frame basis and 0.0002 on a daily basis (n=8) indicating no 
association between frequency of cattle occupation and camera 
view area. 

The standing crop of herbage on grazed plots decreased continu- 
ously throughout the grazing season in both years (Fig. 1 and 2). 

Daily cattle occupation on individual meadows varied greatly 

The rate of decline in standing crop was greatest early in the 
through the grazing season. Cattle were present in large numbers 
or for several hours for 1 or a few days and then were absent for a 

grazingseasonanddecmasedastheamountofavailableherbagedeaeased similar time period. Occupation patterns for individual meadows 
Negative exponential regression models fit the data well with all were influenced by the cattle turn-in point. In 1 example, 25% of 
regression models accounting for a significant (P<.OS) portion of the total cattle occupation on a meadow occurred on the first day 
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Fig. 2. Standing crop of total herboge on dry riporion meodows, 1981. 
Euch point represents the mean of 4 sampling sites. Curves were colcu- 
lotedfrom regression equations in Table 2. 

the variation in observations (Table 2). Residual herbage standing 
crop at the end of the grazing season was similar in both pastures in 
both years, averaging 565 kg/ ha in 1980 and 340 kg/ ha in 1981 
(Table 1). Dividing end-of-season standing crop by peak standing 
crop gave utilization estimates of 77% in 1980 and 86% in 1981, 
averaged over both pastures. 

Cattle Occupation 
Total cattle occupation of the dry riparian meadows averaged 78 

AUM/ ha under continuous grazing but only 33 AUD/ ha during 
the early grazing period of the deferred-rotation system in 1980 (P 
= . 11, Table 3). Total cattle occupation averaged 72 AUD/ ha in 
198 1 and did not differ between continuous grazing and late season 
grazing in the deferred-rotation system. 

Early season grazing tended to decrease the percentage of 
camera frames with at least 1 cow present (P = .17) while late season 
grazing increased the percentage of frames occupied (P= .13) when 
both were compared to continuous grazing (Table 3). The percen- 
tage of days when at least 1 cow was present on the meadows was 
similar across grazing systems and averaged 60% (Table 3). 
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Table 3. Tot81 occupation (AUD/hn), camera frames occupied (%), and days occupied (%) by cattle on riparian meadows. 

Grazing system 

Continuous 

Total Occuaation 
AUDibar Frames_occupied, % Days occupied % 

1980 1981 1980 1981 1980 1981 

78 66 5.5 5.8 61 57 
fl22 f18 M.7 Ho.6 f9 f2 

Deferred-rotations 33 78 3.9 8.6 61 61 

Probabilitv 

f9 f33 M.I fo.9 k0:; *Yi 
.I1 .50 .I7 .I3 SO SO 

IAUD = Animal Unit Days 
*Standard ermr 
‘Early grazing in 1980, late grazing in 1981 

of grazing because the cattle were turned into the pasture 0.8 km 
downstream from the observation site. In another example, one 
monitored meadow was on the east side of the deferred-rotation 
pasture and the second was on the west side. The cattle turn-in 
point shifted from the east side to the west side depending on 
whether the pasture was grazed early or late. Meadows near the 
turn-in point were grazed immediately while the meadows on the 
opposite end of the pasture received no utilization for 7 to 14days. 
Cattle occupation patterns on individual meadows did not respond 
to seasonal or to forage utilization. Cattle occupation did not 
increase during July and August, the hottest months of the year, 
and did not decrease as herbage standing crop decreased. 

Discussion 

Cattle exerted sufficient grazing pressure to remove as much 
herbage as possible from the dry riparian meadows under both 
grazing systems. Herbage standing crop approached similar basal 
levels below which little additional forage removal occurred. Final 
stubble heights were seldom greater than 5 cm and were sometimes 
less than 2.5 cm. Basal levels were reached rapidly in the deferred- 
rotation pasture in 1980 (early grazing) when low starting herbage 
levels were combined with higher animal numbers under deferred- 
rotation grazing. 

Within days, proportion of total cattle occupation was low 
during the morning hours. Cattle use increased sharply 
around 11:OO a.m., rose to a peak in late afternoon, and dropped 
sharply again near dusk. Both grazing systems exhibited this pat- 
tern, with the peak of occupation varying between 2:00 and 6:00 
p.m. Totaled over grazing system and year, 78% of all cattle 
occupation of riparian meadows occurred after 12:OO noon. 

On the riparian meadows, cattle spent 74yc of the time grazing, 
13% standing, and 9% lying. Averaged over all plant communities 
(meadows and uplands), cattle spent 63% of the time grazing, 22% 
standing, and 10% lying (Gillen 1982). The differences in grazing 
and standing times between meadows alone and all plant commun- 
ities were significant (pCO5). Increased emphasis on grazing while 
cattle are on riparian meadows would tend to increase the dispro- 
portion between levels of herbage utilization on meadow and 
upland plant communities. 

While final utilization levels were similar between the 2 grazing 
systems, the pattern of forage utilization was different. Herbage in 
the early and continuous grazing periods was grazed early in the 
growth cycle with no allowance for accumulation of regrowth (no 
regrowth occurred after July). In the late grazing period, the her- 
bage had completed most of its growth cycle before being grazed. 
Based on available information, it appears the early and continu- 
ous grazing treatments would be most detrimental to the meadow 
plants (Pond 1961, McLean et al. 1963). However, more research is 
necessary to determine the effects of various schedules of defolia- 
tion on the herbaceous plants of riparian meadows. In addition, 
shrubs and trees are important components of riparian vegetation 
and their response to grazing schedule should receive attention. 

Microclimate 
There were few statistically significant differences in afternoon 

averages of microclimatic parameters between riparian meadows, 
forests, and clearcuts (Table 4). Cattle are considered to be under 
heat stress at THI values greater than 70 (Johnson et al. 1962, 
Cargill and Stewart 1966, Ehrenreich and Bjugstad 1966). Aver- 
aged over years, the percentage of days with THI values greater 
than 70 was 25% for the riparian meadows, 23% for forests, and 
25% for clearcuts. 

When the magnitude and frequency of cattle occupation are 
considered together, there was a trend for early grazing to decrease 
cattle occupation on the dry meadows compared to continuous 
grazing. Forage nutrient contents on upland sites would be at their 
highest point during the early grazing period (Skovlin 1967) and 
temporary water supplies would still be available in the uplands. 
These 2 factors would reduce the relative attractiveness of the 
riparian meadows during the early grazing period although they 
would still be preferred over the uplands (Gillen et al. 1984). 

Cattle occupied any single riparian site fairly often (high daily 
frequency) but did not stay on that site for long periods of time (low 
total frequency). Though present for a small proportion of the total 
time, cattle still had enough time to remove considerable amounts 
of forage. Martin (1979) also observed a low total frequency of 
cattle occupation on a riparian zone in central Arizona. 

Table 4. Means of microclimatic variables between 12 noon and 6 p.m. for 
three vegetation types. 

Microclimatic Riparian 
variables Year meadow Forest Clearcut 

Temperature (” C) 1980 20.2 20. I 19.9 
1981 24.6 25.8 25.0 

Relative 1980 
humidity (%) 

39.1” 35.7. 37.6’b 
1981 23.8” 22.6b 22.3b 

Temperature- 1980 63.1 62.7 62.6 
humidity index 1981 66.5 67.0 66.6 

Means fellowed by different letters with columns are significantly different, p<. IO. 

In terms of temperature and relative humidity, the microclimate 
in the riparian zone was as stressful as the microclimate of the 
surrounding uplands. The concept of an overall superiority of the 
riparian microclimate over the upland microclimate in relation to 
cattle heat stress was not supported in this study. However, 2 other 
parameters, wind and radiation, must be measured along with 
temperature and humidity to fully compare the microclimates of 
the contrasting plant communities. 

Major reasons often given for the attractiveness of riparian 
meadows to cattle, as already discussed, are large amounts of 
nutritious palatable herbage, moderate slope gradient, reliable 
water supply and more favorable microclimate. At the onset of 
grazing, there was definitely more herbage available on the dry 
meadows (2,440 kg/ha) than on the adjacent uplands (200-500 
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kg/ha). The amount of riparian herbage soon decreased to low 
levels while adjacent upland forage was utilized an average of only 
8-12s (Gillen et al. 1984). Cattle continued to use the riparian 
meadows even as the herbage levels decreased to the physical limits 
of grazing. These cattle were almost certainly reducing the rate of 
forage intake per unit of time spent grazing. Johnstone-Wallace 
and Kennedy (1944) reported cattle often overconsumed forage on 
Kentucky bluegrass pastures when it was highly available and then 
depressed intake severely when the amount of herbage dropped to 
lower levels. Cattle that continued to use riparian meadows with 
low levels of available herbage probably depressed animal produc- 
tion and may have preconditioned themselves for later physiologi- 
cal disorders (Roath 1980). 

The moderate slope gradients of riparian meadows were an 
attractant to cattle on this mountain allotment for use as resting 
areas and travel routes. However, there were also many active and 
closed roads, railroad grades, topographic benches, and ridgetops 
that could have served the same purpose and covered much larger 
areas than the riparian meadows. 

The riparian meadows with their attendant streams offered a 
more reliable water source than upland water developments. Many 
of these developments on the allotment were small, shallow ponds 
which became dry by late summer. However, ponds and troughs 
built near the better flowing springs did hold water for the entire 
summer. Streams still had an advantage over these developments 
in the quality of their free-flowing water as compared to water held 
in an impoundment. 

The riparian meadows did not always possess more favorable 
habitat characteristics than could be found in upland situations, 
especially after appreciable herbage removal had occurred on the 
meadows. More likely, it was the unique placement of all of these 
characteristics in a single community that made the meadows so 
attractive. At various times through the season, each of these 
factors acted alone and in combination with the others to maintain 
the uniform high preference of these sites by cattle. 

Finally, some flexibility in managing riparian meadow use is 
available by changing the cattle turn-in point for a pasture. The 
start of grazing on a particular meadow may be changed by as 
much as 2 weeks in these relatively large range pastures depending 
on where cattle enter the pasture. While the final intensity of use 
would not differ, the timing of use of a particular meadow could be 
modified. This suggests the possibility of an internal pasture rota- 
tion that could be alternated among years. Also, the length of the 
actual grazing period for an area of critical concern or special 
interest could be shortened by turning cattle onto the pasture at a 
point far removed from the area of interest. 
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Intake and Diet Selection by Protein Supplemented 
Grazing Steers 
M.B. JUDKINS, L.J. KRYSL, J.D. WALLACE, M.L. GALYEAN, K.D. JONES, AND E.E. PARKER 

Abstract 

Nine esophageal-fistulated and 12 rumen-cannulated steers were 
randomly allotted to 3 equal supplement groups: cottonseed cake 
(CSC), ground, pelleted alfalfa bay (ALF), or no supplement 
(CON). Supplements were individually fed at isonitrogenous levels 
(‘1.7 kg l hd- CSC vs 3.5 kg l hd-’ ALF) every other day. Animals 
were maintained on treatment from January through April 1983 
while grazing blue grama (Bouteloua gracilis) rangeland in south- 
central New Mexico. Esophageal samples were collected at 2 times 
during this period: early February and late March; intake was 
estimated from total fecal collections in late February and early 
April. Esophageal samples were analyzed in the laboratory for 
nitrogen (N) components, in vitro digestibility, fiber, and botanical 
composition. Animal selection for total grass content of the diet 
was not influenced (n.10) by supplementation but declined from 
February to March (31.8% vs. 21.2% respectively). Blue grama 
and mat muhly (Muhlenbergia richardsoniY) comprised over 66% 
of the grass component. Total forbs selected was not influenced by 
supplementation but increased (P<.O5) from February (68.2%) to 
late March (%.80/o), which may be the result of declining quantities 
of grass and emergence of forbs because of spring moisture. Die- 
tary N components were not affected by supplementation. Soluble 
N, insoluble unavailable N, and crude protein were higher (K.05) 
in February than March as a result of increasing forb consumption 
and possible N leaching from grass. Fiber components, acid deter- 
gent fiber and acid detergent lignin, as well as organic matter 
digestibility of the diet, were not influenced by supplementation, 
and increased from February to March but only organic matter 
digestibility was higher (K.05) in late March than in early Febru- 
ary. Forage organic matter intake was not influenced by supple- 
mentation (p>.49), type of supplement consumed, or sampling 
period (m.90). Total organic matter intake however, differed 
(X.05) between treatment groups because of addition of supple- 
ments. Results of this study indicate protein supplementation of 
wintering steers does not influence botanical or chemical composi- 
tion of their diets or amount of forage consumed. 

Improved weight gains and reproductive performance of protein 
supplemented cattle grazing dormant rangelands are well docu- 
mented (Parker et al. 1974, Langlands and Bowles 1974, Falvey 
1977, Adams and Kartchner 1983). Satisfying dietary requirements 
for nitrogen is a major mechanism involved in improved livestock 
performance; however, responses primarily limited to intake and 
digestibility have been noted (Campling 1970, Conrad 1966). Rit- 
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tenhouse et al. (1970) reported forage intake increased upon addi- 
tion of protein supplements to low-quality forage diets (<6% crude 
protein). However, results of other studies on the effect of supple- 
ments on forage intake have been varied (Weston and Hogan 1968, 
Rittenhouse et al. 1970). Effects of nitrogen supplementation on 
diet selectivity have not been investigated, although nutritional 
status has been proposed to influence preference (Heady 1964). 

The objective of this study was to evaluate effects of 2 protein 
supplements, cottonseed cake and ground alfalfa pellets, on diet 
selectivity from the standpoint of botanical and chemical composi- 
tion and forage intake. 

Study Area 

Field data for this study were collected at New Mexico State 
University’s Fort Stanton Experimental Ranch in the foothill- 
mountain region of southcentral New Mexico. Elevation of the 
area is variable, but averages 1,950 m above sea level. Climate is 
mild, but cold weather can occur during the winter. January is the 
coldest month with a mean minimum of -6.7” C and average date 
of last frost is 2 May. Winter precipitation (January to April) 
averages 55.9 mm with most occurring as snowfall (U.S. Depart- 
ment of Commerce 1973). Climate during the study period (Janu- 
ary to May 1983) was characterized by an above-average precipita- 
tion of 84.1 mm. 

The study area was a 117-ha pasture fenced into 2 nearly topo- 
graphically and vegetatively equal paddocks. Animals were allowed 
to graze the larger, 61-ha paddock 4 weeks before and during 
esophageal collections. The 56-ha paddock was used to maintain 
animals during nonsampling interval. 

Both paddocks are similar in vegetative composition (Wallace et 
al. 1983). Major grasses are blue grama (Boutelouagrucilis), side- 
oats grama (B. curtipendula), sand dropseed (Sporobolus cryp- 
tandrus), mat muhly (Muhlenbergia richardsonii), ring muhly (M. 
torreyi), wolftail (Lycurus phleoides), western wheatgrass (Agro- 
pyron smithii), and Halls panicum (Panicum hallii). Important 
forbs and shrubs are Carruth sagewort (Artemisia curruthi), tall 
globemallow (Sphaeralcea angustfolia), Dakota verbena (Ver- 
bena bipinne@da), nuttall milkvetch (Astragulus nutallianus), 
buckwheat (Eriogonum spp.), fendler bladderpod (Lesquerella 
fendleri), broom snakeweed (Xanthocephalum sarothrae), and 
yucca (Yucca elata). 

Methods 

Nine esophageal-fistulated steers and 12 rumen-cannulated 
steers (average weight of 230 kg) were randomly allotted to 1 of 3 
treatments: control (no supplemental feed [CON]), mechanically 
extracted cottonseed cake (1.7 kg l hd-’ [CSC]), and ground pel- 
leted alfalfa hay (3.5 kg l hd-’ CALF]). Supplements were individ- 
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ually fed at the specified amounts (isonitrogenous) every other day 
from January to May. Individual feeding involved tetheringanim- 
als to assigned feeding stations within a large pen. Chemical com- 
position of supplements is shown in Table 1. The supplementation 
level was chosen to represent winter supplementation levels 
recommended for ranchers in this region (Parker et al. 1974). 
Esophageal-fisulated and rumencannulated steers were driven 
into a central location on supplementation days at 0800 h. Control 
steers were withheld from grazing while supplemented steers were 
fed. A salt-mineral mix (50% dicalcium phosphate, 45% salt and 
5% cottonseed meal) was provided free choice in the pasture. 

Esophageal collections were obtained over 2 periods (mid- 
February, and late March) from 3 steers per treatment group. 
Collections were made by penning all 9 steers before supplementa- 
tion (0700 h). Animals were fed appropriate supplements and 
water was made available in the holding pen. Steers were fitted 
with collection bags and harnesses at 1600 h and released. Because 
the holding pen was centrally located, collection animals were 
allowed to walk to the remaining herd and graze for 15 to 30 
minutes. No hazing or restriction was imposed on grazing behavior 
during collections. 

Esophageal samples were cornposited across days so each steer 
had 1 sample per period representing a 3day collection. Samples 
were frozen before laboratory analyses. In the laboratory, samples 
were dried at 50 ’ C for 48 h and ground to pass a 2-mm screen. 
Dry matter and ash were determined by AOAC (1980) procedures. 
Neutral detergent fiber (NDF), acid detergent fiber (ADF) and 
acid detergent lignin (ADL) analyses were conducted according to 
procedures of Goering and Van Soest (1970). 

Kjeldahl procedures were used for all nitrogen (N) analyses 
(AOAC 1980). Nitrogen content of esophageal samples was frac- 
tionated into soluble (SN), insoluble (IN), insoluble available 
(IAN), and insoluble unavailable N (acid detergent insoluble, 
ADIN). Soluble and insoluble N fractions were determined by the 

Table 1. Organic matter, crude protein and fiber components of protein 
supplements’ fed to steers grazing blue grama rangeland in southcentral 
New Mexico. 

Supplement 
Component % csc2 ALF? 

Organic matter 91.5 89.0 
Crude protein 47.7 23.0 
Soluble nitrogen 0.85 1.40 
Insoluble unavailable nitrogen 0.31 0.15 
Neutral detergent fiber 21.9 42. I 
Acid detergent fiber 16.2 30. I 
Acid detergent lignin 6.5 6.7 

‘All components expressed as a percentage of organic matter. 
TSC = cottonseed cake; ALF = ground, pelleted alfalfa hay. 

procedure of Waldo and Goering (1979). Insoluble available N is 
the portion remaining after SN and ADIN are subtracted from 
total N. 

The Tilley and Terry (1963) two-stage technique (48-hour rumen 
fluid, 48-hour pepsin digests) was used to determine extent of in 
vitro organic matter digestion (inoculum donor animals were fed 
alfalfa hay). Calcium (Ca) was determined by atomic absorption 
and phosphorus (P) by the molybdovanadate calorimetric proce- 
dure (AOAC 1980). All analyses except Ca and P were expressed 
on an organic matter basis. 

Botanical composition of diets was determined using procedures 
outlined by Sparks and Malechek (1968). Five slides were made 
from each steer’s sample and were examined until 50 fields of view 
were tallied with identifiable plant fragments. Dietary similarities 
between groups were calculated using Kulczynski’s similarity 
index (Oosting 1956). 

Table 2. Botanical composition ($6) of steer diets supplemented with ground, pelleted alfalfa (ALF) or cottonseed cake (CSC) on blue grama range- 
land in south-centnl New Mexico. 

Forage 

Grasses: 
Blue grama 
Mat muhly 
Halls panicum 
Western wheatgrass 
Wolftail 
Sand dropseed 
Other grasses’ 

Total Grasses 

Sampling Date 
February March 

12.9’ 8.7b 
8.4 6.2 
2.5 I.7 
1.7 2.1 
3.5’ l.3b 
2.0’ O.Ob 
0.8 1.2 

31.8’ 21.2b 

SE5 Control 

.I9 11.4 

.I8 7.3 

.I2 3.0 

.08 3.2 

.09 2.4 

.08 I.1 

.08 T’4 

.25 28. I 

Treatment 
ALF csc SE5 

10.2 10.7 .I5 
6.9 1.2 .I9 
2.0 0.8 .I1 
1.8 1.8 .06 
1.5 .08 
1.2 03:: .08 
I.0 0.6 .03 

24.7 26.4 .22 

Forbs and Shrubs: 
Carruth sagewort 56.6 53.0 .24 54.2 54.4 54.8 .25 
Scarlet globemallow 3.9 2.5 .I3 3.2 3.7 2.6 .I4 
Locoweed 3.5 4.1 .I6 2.3 4.2 4.9 .I2 
Dakota verbena 1.7 3.2 .II 2.6 1.8 2.7 .I1 
Buckwheat 0.0” 5.5b .13 3.3 2.1 2.9 .I3 
Bladderpods 0.0” 2.lb .I0 0.9 2.2 T .I1 
Snakeweed 1.3 3.6 .I8 1.9 1.8 1.7 .18 
Yucca ; 1.5 .07 0.8 0.8 1.9 .05 
Other forbs2 I .7b .03 T 1.4 1.2 .06 
Other shrubs3 T T .03 T 0.7 T .05 

Total Forbs 68.2’ 78.8b .24 71.9 75.3 73.6 .21 

‘Includes: bottlebrush squirreltail (Sitonion hystrix). threeawns (Aristido spp), and ring muhly. 
*Includes: plains zinnia (Zinnia grondijlora), plantain (Pkmtogopatagonico). babywhite aster (Irucelenr eriocoidcs). whitestem mentzelia WentEclia albieuWand &Ivedex 

summer-cypress (Kochia scoparia). 
%cludes: founvmg saltbush (Atriplex conescens) and one-seeded juniper (Juniperus monospermo). 
‘Traces (<.5%). 
Wandard error of the mean for sampling date or treatments. 

‘.bPeriod means with different letters differ (K.05). 
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Table 3. Chemical composition’ of steer diets supplemented with ground pelleted alfalfa (ALF), cottonseed cake (CSC) or no supplement (CON) on blue 
grama rangeland in south-central New Mexico. 

Sampling Date Treatment 
Component % February March SE2 CON ALF csc SE2 

Organic matter 82.6’ 79.3b .55 81.2 81.2 80.5 I.0 
Neutral detergent fiber 80.7 78.0 .68 80.3 79.7 78.1 2.3 
Acid detergent fiber 62.3 65.4 .90 63.4 63.4 64.8 1.2 
Acid detergent lignin 9.3 10.7 .40 9.6 9.3 11.1 .60 
Organic matter disappearance 42’ 48b .I5 45 45 46 .I5 
Calcium .70 .84 .03 .76 .78 .77 .04 
Phosphorus .22 .23 .Ol .22 .23 .24 .Ol 

‘Diet composition as a percentage of organic matter except for calcium and phosphorus which are expressed as percentage of dry matter. 
*SE q  Standard error of the mean. 

‘%ampling date means followed by different letters differ (K.05). 

Total fecal collections were conducted in late February and early 
April (2 weeks following diet sampling) using the rumen-cannulated 
steers. It was assumed that changes in forage chemical and botani- 
cal composition would be minimal over the 2-week interval 
between esophageal and fecal collections. Collection bags were 
placed on the steers for 5 consecutive days and bags were changed 
every 12 hours. Fecal collections were emptied into plastic sacks 
and stored at 4” C. When each 24-hour collection had been 
obtained, bags were combined to represent a 24-hour collection for 
each steer. Feces were weighed, mixed, and a subsample of 500 g 
was obtained. Each steer’s daily subsample was frozen until dry 
matter and organic matter were determined. Organic matter intake 
was estimated using fecal organic matter output and diet in vitro 
organic matter indigestibility. 

Data were analyzed as a split-plot design with supplement as the 
main plot and sampling period as subplot treatment. The least 
significant difference procedure was used in comparing means 
following preliminary F tests by analysis of variance (Steele and 
Torrie 1980). No supplement by sampling period interactions were 
noted for any of the data analyzed. 

Results and Discussion 

Botanical composition of steer diets revealed no effect (p>. 10) 
of supplementation on animal dietary selectivity; however, collec- 
tion period differences (X.05) were noted (Table 2). Total grass 
content of diets declined (X.05) between February (31.8%) and 
late March (21.2%). This decline was typified by reduced selection 
(X.05) of blue grama, wolftail and sand dropseed. However, at 
both samplings, blue grama and mat muhly comprised over 66% of 
the grass component. Other investigators have reported grasses to 
be the.most important component of cattle diets on Utah desert 
ranges (Cook et al. 1963) and California annual grasslands (Van 
Dyne and Heady 1965). However, Pfister et al. (1984) at Fort 
Stanton and Holechek et al. (1982) in the Blue Mountains of 
Oregon reported green forbs are preferred over dormant grasses. 
Total forb content increased (X.05) between February and late 

March. Increased diversity of forbs available because of favorable 
spring precipitation might have been responsible for increased 
dietary levels consumed. 

Carruth sagewort was the major species consumed in both Feb- 
ruary (56.6%) and March (53.0%). High dietary content of total 
forbs, in particular sagewort, is in sharp contrast with results 
obtained by earlier researchers in this study area. Allison et al. 
(1977) and Havstad et al. (1979) indicated sagewort made up only 
15 to 16% of the diet during January and March, respectively. 
However, both indicated abundance of sagewort in the diet was a 
function of the availability of sagewort and other palatable forage. 
Pfister et al. (1984) found cattle grazing on a similar vegetative type 
in a rest-rotation system consumed 25-39% carruth sagewort. 

Total forb content of 68.2% (February) and 78.8% (March) is in 
sharp contrast to the 28.7% (January) and 23.4% (March) level 
reported by Havstad et al. (1979). These discrepancies can be 
accounted for, in part, by 2 confounding factors. First, below 
average winter precipitation during previous studies, compared 
with above average precipitation in the current study, may account 
for dietary composition differences. Although forage production 
data are not available to make comparisons, precipitation data 
indicates potential for forb growth. Increased diversity of diets 
from February to late March support this hypothesis. Second, 
Havstad et al. (1979) stocked the pasture for only 2 weeks at each 
sampling, while in the current study, grazing occurred for 6 weeks 
before each sampling. Thus, discrepancies in forb and grass con- 
tent of our diets compared with other results, as well as the decline 
of grass (increase in forbs) with time in this study, is indicative of 
seasonal climatic differences and a decreasing forage base. 

Dietary similarities between the 3 groups of animals was high 
during both February (91.5%) and March (88.0%) sampling peri- 
ods, Control vs ALF had the highest similarities (91.6%) across 
sampling periods followed by CON vs CSC (89.3%) and CSC vs 
ALF (88.3%). 

Organic matter content of diets did not differ (p>. 10) between 
treatments but decreased (X.05) between February and March 

Table 4. Nitrogen fractions’ of steer diets supplemented with ground pelleted alfalfa (ALF), cottonseed cake (CSC) or no supplement (CON) on blue 
grams rangeland in south-central New Mexico. 

Component % 

Sampling Date 

Februarv March SE2 CON 

Treatment 

ALF csc SE2 

Crude protein 10.43” 12.63b 
Total nitrogen 1.67” 2.02b 
Soluble nitrogen .42” .50b 
Insoluble available nitrogen .86 .79 
Insoluble unavailable nitrogen .40” .73b 

‘Nitrogen fractions expressed as a percent of organic matter. 
‘SE = Standard error of the mean. 

B-bPeriod means followed by different letters differ (X.05). 

.54 11.06 II.06 12.50 .82 

.09 I .77 I .77 2.00 .I3 

.04 .47 .38 .54 .04 

.08 .83 .82 .83 .II 

.05 .48 .58 .64 .09 
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Table 5. Total and forage organic matter intake’ of steers supplemented with ground pelleted alfalfa (ALF), cottonseed cake or no supplements (CON) 
whik grazing blue grama rangeland in south-central New Mexico. 

Intake level 

Sample Date 

Februarv March SE* CON 

Treatment 

ALF csc SE2 

Forage 9.8 8.9 .44 IO.8 7.7 9.6 I .07 
Total 13.1 12.1 .46 10.8” 14.1’ I 2.9b .59 

‘Intake expressed in grams of intake per kg of liveweight. 
.*SE q  Standard error of the mean. 
‘bTreatment means followed by a different letter differ significantly (P<.W. 

(Table 3). These values are consistent with previous studies at Fort 
Stanton (Wallace et al. 1983, McCollum 1983). Neutral detergent 
fiber, ADF, ADL, and OMD, likewise were not affected (PB.10) 
by supplementation. Although ADF and ADL increased slightly 
(p>.lO) and OhiD increased (K.05) between February and 
March, NDF (February =80.7%, March ~78.0%) showed a general 
decline (p>. 10). The slight increase in ADF (February = 62.3%. 
March = 65.4%) and OMD (February = 42%, March ~48%) with a 
concurrent decline in NDF is indicative of a higher forb content 
and increasing maturity of the grass component in March. Similar 
values were reported by McCollum (1983) and Havstad et al. 
(1979) from these same pastures. 

Calcium and P contents of esophageal samples may not be 
representative of actual consumption because of salivary contami- 
nation (Van Dyne and Tore11 1964). Calcium levels increased 
slightly (p>.lO) from February (0.70%) to March (0.84%) and P 
levels remained constant (February = 0.22%, March ~0.23%) while 
forbs increased in the diet. Carruth sagewort, the major forb, 
contains fairly high levels of P (0.27%) based on clipped samples 
(Cordova and Wallace 1975). Major grasses at Fort Stanton (wolf- 
tail, blue grama, and sand dropseed) were reported by Pieper et al. 
(1978) to contain 0.094% P in March and 0.102% P in February. 
Calculation of dietary percentage P, based on 88.4% of the diet as 
wolftail, blue grama, sand dropseed, and carruth sagewort in Feb- 
ruary and 74.290 in March, indicates at least 0.1890 P in February 
and 0.1690 P in March. Because the remainder of the diet was forbs, 
these values can be expected to rise slightly or stay static since forbs 
are typically high in P (Cordova and Wallace 1975). Phosphorus 
contamination from saliva makes up about one-half of total bolus 
P (Little 1972). Results from this study, based on P levels extrapo- 
lated from clipped forage and from total bolus P (February = 
0.22% and 0.18%, March = 0.23% and 0.16% P for bolus and 
clipped results, respectively) indicate the possibility of less than 
half the bolus P arising from saliva. 

Total N and N fractions were not affected by treatment (Table 4; 
p>. 10). However, total N (February = 1.67%, March = 2.02%), 
ADIN (February = .40%, March = .7390) and soluble N (February q  

.42%, March = .5090) increased (K.05) between February and late 
March. Crude protein levels observed in this study are higher than 
those observed by other researchers at Fort Stanton in January or 
March. Havstad et al. (1979), Wallace et al. (1983) and Thetford et 
al. (1971) in January noted 6.4%,8.4% and 10% crude protein and 
in March 6.090, 10.4% and 7% crude protein, respectively in fistula 
samples. 

McCollum (1983) stated SN and IAN fractions are of greatest 
importance to the grazing ruminant because SN is the primary N 
source for rumen microbes and tends to decline with forage matur- 
ity. Protein supplements will reverse a decline in total N intake. 
However, insoluble N supplements may not appreciably increase 
the SN consumption. In this study, level of supplemental soluble N 
(CSC = .78% SN; ALF = 1.21% SN) did not have an effect on 
chemical content of the diet selected. 

Forage intake did not differ (D.49) between treatment groups 
(Table 5) or sampling periods (n.90). However, there appeared to 
be a slight reverse relationship between quantity of supplement 
consumed and forage intake. Increased intake, as a result of pro- 

tein supplementation has been reported by several researchers 
(Cook and Harris 1968, Campling 1970, Lusby et al. 1976); how- 
ever, Rittenhouse et al. (1970) indicated associative effects from 
protein supplementation are negligible when dietary crude protein 
is above 6-890. Dietary crude protein levels in this study (February 
= 10.43%; March = 12.63%) were greatly above this level, support- 
ing the findings of Rittenhouse et al. (1970). 

Total intake (forage + supplement) did not differ between sam- 
pling periods (p>.90), but was lower (X.05) for CON steers (10.8 
g/kg of body weight) than for ALF (14.1 g/kg of body weight) and 
CSC steers (12.9 g/kg of body weight). Treatment differences 
reflect additional amounts consumed as supplements, and do not 
represent an associative effect of supplement on forage intake. 

Esophageal masticate crude protein levels reflect adequate crude 
protein for moderate rates of gain for growing steers (1090 crude 
protein for 250 kg steers or heifers gaining 0.7 kg/day; National 
Research Council 1976) and heifers or for lactating cows. How- 
ever, due to low forage intake levels (approximately 275 g crude 
protein/day supplied by forage diet), quantities of protein con- 
sumed were insufficient for gain (620 g crude protein/day for 250 
kg steers or heifers gaining 0.7 kg/day; National Research Council 
1976). Cordova et al. (1978) showed intake estimates in grazing 
cattle vary from 10 to 28 g of organic matter per kilogram of body 
weight. Intake levels in this study would fall at the lower end of 
these estimates. Supplementation with either cottonseed cake or 
ground, pelleted alfalfa hay would, therefore, appear to be an 
effective means of providing additional dietary protein. 

Overall, protein supplementation in this study did not alter 
animal plant selectivity based on chemical and botanical composi- 
tion, Increased intakes with supplementation reported in the litera- 
ture did not occur in this study. Management of cattle grazing 
dormant rangeland from a forage habit and consumption basis, 
may not differ with protein supplementation or type of supplement 
with dietary crude protein levels observed in this study. 
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Food Habits and Distribution of Cattle on a Forest 
and Pasture Range in Northern Idaho 
JOHN E. MITCHELL AND RICHARD T. RODGERS 

Abstract 

The food habits and distribution of a cow-calf herd on a north- 
ern Idaho summer range was studied for 2 years. The forest- 
pasture range consisted of comparable areas of seeded grassland 
(pasture), tall brush, and forest communities. The entire area was 
classified as Douglas-f’ir (Pseudotsuga menziesii)lninebark (Phy- 
socarpusmaIvaceus) habitat-type; however, ponderosa pine (Pinus 
ponderosa) dominated the forested communities. By early July, up 
to one-half of the cattle diet came from forest species, primarily 
browse. Ninebark comprised the major browse diet component. 
Browse species were selected more frequently in 1978, a wet year, 
than in the drought year of 1977, primarily because the livestock 
spent more time in the pasture during 1977. This occurred even 
though pasture production was much greater in 1978. Range man- 
agers in the northern Rockies should consider the forage value of 
tail shrubs when planning grazing programs. 

Authors are range scientist, Rocky Mountain Forest and Range Experiment Sta- 
tion, Fort Collins, Cola. 80526; and range conservationist, Challis National Forest, 
Challis, Ida. 83226. 

Manuscript accepted October I, 1984. 

Summer ranges in the foothills and mountains of eastern 
Washington, northeastern Oregon, and adjacent Idaho have pro- 
vided forage to cattle for more than a century (Cotton 1904). In 
early years the concepts of multiple-use and intensive resource 
management were unknown. Water quality and forest practices 
acts did not exist. Presently, however, such considerations greatly 
influence natural resource management in the northern Rockies, as 
well as other locations, requiring increasingly efficient and sophis- 
ticated approaches to achieve attendant management objectives. 

A better understanding of livestock habits will provide informa- 
tion important in the management of forested rangelands during 
the 1980’s. Numerous studies concerning livestock use of forest- 
range ecosystems have been conducted, but little of this work has 
taken place in the northern Rocky Mountains. More specifically, 
information pertaining to the feeding habits and distribution of 
cattle in the Douglas-fir (Pseudotsuga menziesii) zone (Dauben- 
mire and Daubenmire 1968) of northern Idaho and adjacent 
Washington is scarce. Much of the Douglas-fir zone is character- 
ized by understories dominated by tall and medium shrubs. 
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The value for browse of tall and medium shrubs in Douglas-fir 
forests has been reported as variable, depending upon species. 
Pengelly (1963) proposed a relationship which echoes the opinion 
of most managers of forested rangeland in the Northwest: Shrub 
species preferred by domestic livestock and big game mostly occur 
on open sites following logging or fire, while shrub species most 
prevalent as a stand approaches climax are unpalatable and sel- 
dom utilized as forage. Among the former are redstem ceanothus 
(Ceanothus sanguineus) elderberry (Sumbucus spp.), serviceberry 
(Amelanchier alnfolia), willow (Salix scouleriana), and choke- 
cherry (Prunus spp.). The latter include ocean spray (Holodiscus 
discolor), ninebark (Physacarpus malvaceus), snowberry (Sym- 
phoricarpos spp.), and spirea (Spiraea betulifolia). Support for 
such a hypothesis may be found in Idaho Soil Conservation Ser- 
vice woodland grazing guides, which list the species associated with 
seral communities as having high or medium forage value, while 
those associated with climax understories are given a low forage 
value rating. The Forest Service Northern Region omits any men- 
tion of forest-shrub communities in their Range Analysis Hand- 
book (Forest Service Handbook 2209.21 R-l), leaving the conno- 
tation that shrub specieshave no significant forage value. 

A few researchers have reported some use of these supposedly 
poor browse species. For example, Thilenius and Hungerford 
(1967) found ninebark and snowberry to be utilized by both cattle 
and white-tailed deer in a Douglas-fir/ ninebark habitat type near 
Princeton, Ida.; however, their work dealt mostly with competition 
between deer and livestock, and did not emphasize the dietary 
aspects of the data. In a well-conducted three-year study in the Blue 
Mountains of Oregon, Holechek et al. (1982) measured overall 
browse intake by cattle at 23% of their diet, primarily from snow- 
berry. They also demonstrated that cattle can significantly change 
their diet both within and between grazing seasons in response to 
vegetal and climatic factors. 

Studies on cattle distribution and behavior have taken place in 
such places as Arizona (Clary et al. 1978), Utah (Cook 1966) 
Oklahoma (Dwyer 1962) and Oregon (Roath and Krueger 1982). 
No comparable research has been conducted in conifer/ tall shrub 
ecosystems such as are commonly found in northern Idaho. This 
research, then, was designed to (1) describe cattle distribution on 
an area comprised of both a seeded pasture and a mixed- 
conifer/ tall shrub forest, and to (2) determine the species composi- 
tion and trend of cattle diets throughout the grazing season, given 
such free-choice conditions. 

Study Area Dkcription 
The Rock Creek study area is approximately 6 km south of 

Potlatch, Ida., near Moscow Mountain on the north slope of the 
Palouse Range. The privately owned area, situated at an average 
elevation of 950 m, has a climate typified by warm, dry summers 
and cool, wet winters. Precipitation varies around 640 mm, two- 
thirds of which falls, mostly as snow, between late fall and early 
spring. The study site has deep, moderately well-drained loessal 
soils, primarily classified as frigid Boralfic Argixerolls (Soil Survey 
Staff 1975) with slopes between 4 and 25%. 

Vegetation in the area is dominated by the Douglas-fir/ ninebark 
habitat type (Daubenmire and Daubenmire 1968). On the most 
mesic north-facing steeper slopes, the grand fir/ mountain-lover 
(Abies grandis/ Pachistima myrsinites) habitat type is found. 

At the time of this research approximately 25% of the 65ha 
study site was in seeded pasture, 20% was in 3 shrub fields, 20% was 
open forest (f40% crown cover), and the remaining 35% consti- 
tuted a closedcanopy forest (70%+ crown cover) (Fig. 1). 

The pasture, which was logged in the early 1900’s, had been 
grazed, cultivated, and hayed at different times through the years. 
It was fertilized with ammonium nitrate at a rateof 70 kg ha-’ N in 
the early spring during both years of this study, 1977 and 1978. The 
pasture was stratified into a north and south pasture for vegetation 
sampling purposes because of obvious differences in primary pro- 
duction and utilization that could be observed. Dominant peren- 
nial species were smooth brome (Bromus inermis)and a mixture of 
bluegrasses (Poa spp.). 

The open forest community was characterized by an overstory of 
ponderosa pine (Pinusponderosa) with an understory of invading 
Douglas-fir seedlings and saplings. The densely forested commun- 
ity was dominated by Douglas-fir in the overstory, with ponderosa 
pine, western larch (Larix occidentalis), and a few grand fir 
interspersed. 

Methods 

The study site was grazed by cows with calves during the 
summers of 1977 and 1978. Stocking levels were set by the lessee at 
44 and 58 animal units, respectively. Most of the cows had grazed 
there previously. The first year was quite dry (409 mm) while 
precipitation during 1978 exceeded normal (759 mm), hence suffi- 
cient herbage was available in the pasture to accommodate the 
increased stocking rate. Livestock were permitted free access to the 

Table 1. Percent composition (4~80% CI) by weight and estimated net production ((f8Ol CI) of major forage species in the north and south areas of a 
pasture, Douglas-fir zone, northern Idaho. 

North area’ South area 

Category/species 19772 1978 I9773 1978 

Grasses/ Grasslike 
Agrostis interrupta 10 f 5 2f3 3f3 
Bromus inermis 44f IO 35 f 5 25 f 8 
Bromus mollis jf2 11 f4 7f2 
Festuca arundinacea - 3f2 lfl 
Phleum pratense 17 f8 18 f7 If2 
Poa spp. 14f3 31 f6 54 f 8 

Forbs 
Achilles millefolium - 2f4 
Cirsium spp. - - 2fl 
Rumex acetosella 2 f3 - If1 
Sanguisorba occtdentalis 3f3 - - 
Other forbs 5f3 - 5f2 

Net Primary Production 
(Kg ha-’ yr-‘) 2205 f 394 5 143 f 690 2052 f 25 I 

lThe north area had been grazed lightly to moderately(-50-W%) while utilization in south area averaged 75% This differential grazing pressure had occurred for at least a 
decade. 
ZIn 1977, precipitation was only 410 mm, while in 1978 it reached 760 mm. Average for this site is 640 mm. 
‘Data not available. 
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entire forest-pasture range throughout both grazing seasons. Salt 
was placed in the forested community, and water was generally 
only available from a development and a creek in the pasture. 

Percent composition and estimated net primary production 
(NPP) of the pasture species were obtained by collecting airdry 
biomass data during mid-June, -July, and -August. Twenty 0.1-1112 
circular plots were randomly located in both the north and south 
areas of the pasture; only the north area of the pasture was sampled 
in 1977. NPP estimates were based on summation of species peak 
biomass (Kelly et al. 1974). 

Production estimates could not bemadefor the shrub fieldsand 
forest communities because exclosures were unavailable. How- 
ever, percent composition by air-dry weight and total available 
biomass were estimated during June, July, and August 1978, using 
IO 0.1-m’ circular plots within each of the 3 shrub fields and 10 
0.5-m’ plots in the forest community types. 

Line transects were used to estimate the percent cover of tall 
shrubs (Canfield 1941). Preliminary sampling had indicated that 
estimating tall shrub biomass at the same level of precision as 
herbaceous species would be overly time-consuming. Since avail- 
able shrub biomass far exceeded forage requirements, its relative 
abundance by species was determined on the basis of cover. 

Fecal analysis was used to determine the composition of cattle 
diets. Theproceduresforthis techniqueareoutlined hysparksand 
Malechek (1968). Ten fresh fecal grab samples, each representing a 
different individual, werecollectedat biweeklyintervalsfromearly 
June through the first of September in both 1977 and 1978. Two 

slides were made per fecal sample and 10 fields were read per slide. 
Fragments were categorized by genus and species when possible. 
Unidentifiable plants were grouped by life form category. Both the 
numbers of slides and observations per slide were probably inade- 
quate for obtaining precise estimates of diet composition for each 
animal (Holechek and Vavra I98 I). The small sample size reflected 
a desire to eliminate between-animal variation while achieving an 
accurate estimate for the herd as a whole, given the limited labora- 
tory time available for the microhistological technique; i.e., the 
number of observations per grab sample was reduced in order to 
obtain a larger number of grab samples. The sample size was 
judged sufficient to distinguish differences in the diet by life form 
and major species. 

A total of 49 different forage plants were identified in the diet by 
fecal analysis. Those plants making up at least 3% of the diet for 
any one sampling period were used in the data analysis, Eleven 
forage plants were so selected in 1977, while I7 satisfied this 
criterion in 1978. Collectively, they represented approximately 
75% of the cattle’s diet. 

Multivariate analysis of variance was used to compare the var- 
ious components of the diets. This statistical method takes into 
account the interrelationships of plants in the diet; thus, life forms 
and diets as a whole can be compared (Morrison 1976). Spear- 
man’s rank order correlation (RHO) was also used to evaluate 
cattle diets (Conover 1971). 

The densities of cattle droppings for the pasture, shrub and 
forest communities were estimated in 1978, using selectively 
located 25-m2circularplots,inordertomonitorcattledistribution 
on the study site throughout both grazing seasons. A conversion 
factor of I2 droppings per animal unit day was assumed (Forest 
Service Handbook 2209.21). 

Visual observations of cattle distribution and feeding habits 
were also recorded. They not only provided information on cattle 
distribution and activities, but also served as a check on the fecal 
analysis. 

The overall study, of which this research comprised a part, was 
designed to evaluate cattle as a non-point pollution source on a 
watershed within the study area (Fortier et al. 1980, Jawson et al. 
1982). 

Results 

The major perennial species present in the pasture were smooth 
brome, bluegrass (Ponpratensisand P. compressa), and, toa lesser 
extent, timothy (Phleum pratense) (Table I). As a group, they 
comprised about 70% of the pasture composition by weight. 
Annualgrassesdominated theremainingpastureproduction; they 
included interrupted apera (Agrostis interrupta), soft chess (Bro- 
mus mollis), and rat-tail fescue (Festuca myuros). Production on 
good-conditionsitesrangedfromZ,OOO kg ha-‘yr-‘in 1977, thedry 
year, to 5,000 kg ha-‘yr-’ in 1978, the wet year. On poorer sites, 
about one quarter of the pasture, production was less than half this 
rate. 

Understory vegetation in the 2 forest communities and shrub 
fields did not vary greatly in species composition, reflecting a 
greater speed of succession in the understory than in the overstory 
(Table 2). Pinegrass (Calamagrostis rubescens) and elk sedge 
(Carex geyeri) were the most important graminojds. Common 
forbs included heartleafarnica (Arnicacordifolia), elk weed (Frm- 
erofastigiata), lomatium (Lomarium rriternarum), and cinquefoil 
(Poten~ilia gracilis). Shrub species, however, provided most of the 
understory biomass available as forage. While forb and graminoid 
production acxmulated to approximately 200 kg ha-‘yr-’ on open 
sites. shrubs provided in the order of IO to 20 times more usable 
for&. 

Tall shrubs ranged in canopy cover from 5 to 70% on the forest 
and shrub communities, with average values of approximately 35 
and 60%, respectively (Table 3). Ocean spray and ninebark were 
the dominant species, constituting between 75 and 100% of tall 
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Table 2. Percent composition (fm CI) by weight and total biomass 
(?&Off CI) of grasses, forbs, and low shrubs in the shrub fields and forest 
communities, Douglas-fir zone, northern Idaho. Dnta obtained during 
June, July, and August 1978. 

e 
Category/ species June July August 

Grasses/ Grasslike 
Agropyron spicatum Ifl If2 Ifl 
Bromus vulgaris If1 2fl 2fl 
Carex geyeri 6f2 I1 f3 21 f6 
Colamagrostis rubescens 23 f 5 25f IO l7f8 
Poa SDD.. 2fl 2f2 5f3 
Other Grasses 3f2 2fl 4f2 

Forbs 
Achilles millefolium If2 Ifl Ifl 
Arnica cordifolia 8f7 4f2 - 
Besseya rubra 2f2 If2 - 
Fragaria vesca 2f4 2f4 3f3 
Frasera fastigiata Ifl If2 lOf8 
Luthyrus b&gurus 4f5 3f3 - 
Lomatium triterncrtum 3fl 4f2 2fl 
Potentilla gracilis 5f4 IO+6 Ifl 
Senecio integerrimus 2fl Ifl - 
Viola odunca 2f3 If2 - 
Other Forbs 7f5 6f3 4f3 

Low Shrubs 
Pteridium aquilinum - 2f3 If2 
Rosa gymnocarpa 5f3 8f5 lOf4 
Spiraea betulifolia 4f2 4f2 2f2 
Symphoricarpos albus l7f4 9f3 9f4 
Other Low Shrubs Ifl - If2 

Total Biomass 
(kg ha“) 617 f 163 468 f 99 226 f 60 

Fig. 2. Percent composition (f95% CI) of grasses, /orbs, and browse in the 
diet of cattle grazing a forest-pasture range in northern Idaho during (a) 
1977 and(b) 1978. 

ing spring and fall (Fig. 2). The significant differences found 
between dates during midsummer for grass reflected a shifting 
among species, and not a change in the percentage of total grass 
consumption. 

Spearman’s rank correlation coefficient had relatively high 
values (53 I RHO I .94) when comparing consecutive dates 
within years and the same dates between years (Table 4). The 
median RHO values, when making all pairwise comoarisons 
within years, were greater for 1977 (.80) than 1978 (.44). This 
suggests that the diets changed more through the season in the 
latter year. 

shrub cover. Medium shrubs, represented for the most part by 
snowberry and wild rose (Rosa gymnocarpa). were less prevalent, 
averaging less than one-half the cover of tall shrubs (Rodgers 
1980). 

Useful information can be obtained from the ranking of forage 
plants as to their importance in the diet (Vavra et al. 1978). Pasture 
species receiving the highest rankings were brome (both perennial 

Grass and browse species were the major components of cattle 
diets in both 1977 and 1978 (Fig. 2). The first year, grass was the 
principal diet constituent for all except the last sampling period, 
when the shrub category surpassed it. The following year, however, 
browse species apparently made up the greatest percentage of the 
diet in 4 of the 7 biweekly sample periods. Annual means for the 
dietary components were 60, 7, and 33% for grasses, forbs, and 
shrubs, respectively, in 1977, and 52,9, and 39% in 1978. 

Generally, diets as a whole were significantly different among 
sampling dates for each year. Grass, forb, and browse diet compo- 
nents were evaluated individually. In general, the 2 major dietary 
components, grass and browse, remained fairly consistent during 
midsummer in both grazing season, but changed significantly dur- 

0 1977 

A 1978 

--- Intuitive least-sauares 

Table 3. Average percent cover (HO% Cl) of tall shrubs in the shrub fields 
and forested communities, Rock Creek research site, northern Idaho. 

Species/category 

Amelanchier alnlfolia 
Ceanorhus sanguineus 
Holodiscus discolor 
Physocarpus molvaceous 
Prunus emarginata 
Salix scouleriana 

Total Cover 

Forested 
Shrub fields communities 

I I 
I2 I 
I9 I8 
27 IO 
- I 

2 I 

61 f I4 32f I3 

100 

5 80 
e 
.c 

.- i 60 

f 
z 
8 

B 40 

$ 
,Q C 
s 
z 
p 20 

0 L 1 I I 1 1 I 

10 25 38 51 67 80 95 

Days since start of grazin9 (date) 

Fig. 3. Percent composition of cattle diets comprised ofpasture species on 
a forest-pasture range in the Douglas-fir zone, northern Idaho (f95% 
CI), Dotted line denotes predicted Y from intuitive model based on 
inverse of natural growth function. 
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Table 4. Spearman’s mnk order correlation for (A) 1977/78 and (B) 1977 vs. 1978 diets of cattle grazing a forest-pasture range in the Douglas-fir zooe, 
northern Idaho. 

A Within years 

June 9 
June 24 
July 7 
July 20 
August 5 
August I8 

B Between years 

1977 

June 24 
.62/.61 

June 9 

July 7 
.56/.16 
.88/ .?6 

June 24 

July 20 
.53/-.02 
.81/M 
.89/71 

July 7 

August 5 
so/-.14 
.79/ .24 
.86/ .55 
.94/ .73 

July 20 

August 18 Sept. 2 
.65/.IO 291.13 
.79/ .37 HI.38 
901.44 .75/ .44 
.83/.55 .80/ .48 
901.58 .90/ .65 

.83/.53 

1978 
August 5 August 18 Sept. 2 

June 9 .65 .58 .33 .I5 .02 .I8 .I9 
June 24 .64 .65 .56 .54 .65 .68 
July 7 .67 .48 .33 .76 .71 
July 20 .53 .47 .63 .62 
August 5 .56 .70 .73 
‘August I8 .73 .?2 
Sept. 2 .8I 

and annual), bluegrass, and timothy (Table 5). The 2 major browse 
species consumed were ninebark and ocean spray. In fact, 
ninebark ranked first in the diet approximately 70% of the time. 
The most important herbaceous species in the diet unique to the 
forest and shrub communities was pinegrass. Only one forb, west- 
ern yarrow (Achilles millefolium), was consistently consumed by 
the cattle. 

Diet data were used to determine whether cattle spent their time 
feeding in the pasture or forest/shrub communities (Fig. 3). Except 
for western yarrow, which was omitted from the analysis, species 
constituting at least 3% of the diet were unique to 1 of the 2 areas. 
Taken collectively, these data support a hypothesis that preference 
for pasture species decreases rapidly in the early summer and 
gradually in late summer when cattle have access to both areas. For 
unknown reasons, intake of pasture species was higher than 

expected during mid-August of both years (Fig. 3). In general, the 
relationship between forage source and season was consistent 
between years. The only notable significant differences occurred 
during early to mid-July, when cattle consumed a higher propor- 
tion of pasture species in 1977. 

To quantify the relationship between pasture use and time, the 
inverse of a natural growth function was proposed as an intuitive 
model. Using the data supporting Figure 3 (except for those col- 
lected in mid-August, which were assumed to be outliers for the 
purpbse of the model), the following least-squares model was 
obtained. 

Y = 100 -64 (I*-.@=) 

where Y is the proportion of pasture species in the diet, and X is the 
number of days since the start of the grazing season (Fig. 3). The 

Table 5. Mean percentages of major forage species constituting the diet of cattle grazing a fores~qasture range in the Doughs-fir zone, northern Idaho, 
1977-78. Included are species making up 53% of the diet for at Iwt one sampling period. 

Category/ species 

Sampling period 
69 624 7-7 7-20 8-5 8-18 9-2 

1977 1978 1977 1978 1977 1978 1977 1978 1977 1978 1977 1978 1977 1978 

Grasses 
Brome (annual) 
Smooth brome 
Pine grass 
Timothy 
Bluegrass 

Total grasses 
(H5% C.I.) 

Browse 
Ninebark 
Ocean spray 
Redstem ceanothus 
Serviceberry 
Ponderosa pine needles 

Total browse 
(f95% C.I.) 

Forb 
Western Yarrow 

Total forbs 

4 I9 3 12 2 5 2 2 
26 14 I6 9 9 4 8 4 

7 2 4 9 8 9 10 9 
7 7 8 6 9 I 5 2 

17 15 16 II 9 12 I3 13 

2 3 I6 18 15 30 I7 22 
2 0 6 0 7 3 6 
0 0 0 0 0 I 0 3 
0 0 0 I 0 3 0 4 
0 0 1 2 3 3 3 2 

(h 48 
(6) 

2 4 4 3 4 I <I 2 

6 6 8 8 IO 9 5 8 
(f95% CL) (2) (4) (3) (3) (4) (4) (3) (4) 

<I 3 0 <I 0 
I2 4 14 7 6 
I5 4 I4 4 8 
4 I 7 5 4 
9 II 13 16 5 

(E) :7”, (Z) :6”, (E) 

19 22 II 13 24 

: 6 8 0 6 2 5 II 0 
0 2 0 2 0 
3 4 I 4 8 

Z) :3) (E) zl (E) 

<I 2 I 3 <I 

(:, (38) 

<I 
9 
3 
5 

I2 

:; 

22 
7 
I 
I 
3 

(Z) 

3 

(i) 
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model accounted for 95% of the variation in Y. 
Cow chip densities were useful in estimating the relative time 

cattle spent in the forest, shrub, and pasture communities. Their 
preference, in descending order, was for shrub field, pasture, open 
forest, and dense forest during July 1978. In August, the order 
between shrub field and pasture was reversed. Estimates of time 
spent in the 2 principal areas, pasture and forest/ shrub, was 30 and 
709& respectively, for July, and 45 and 55% for August. 

Visual observations substantiated the results obtained from 
fecal analysis and chip counts. They showed the relatively high use 
of forest/shrub communities in relation to diet information during 
July 1978 to ensue from occupation of these sites when not grazing. 

Discussion 
Prevalent concepts in range livestock behavior state that, when 

an abundance of grass exists, cattle generally select graminoids as 
their major forage source (Cook et al. 1967, Skovlin et al. 1976). As 
the quantity of herbage is reduced through the grazing season, 
browse often becomes a major diet constituent (Julander 1955, 
Connor et al. 1963). Browse also increases proportionally in cattle 
diets during late summer as some grass species cure, thereby reduc- 
ing their level of crude protein below critical values (Holechek et al. 
198 1). This study, however, found a large proportion of the diet to 
consist of browse, even when the quantity and quality of herbace- 
ous vegetation were not limiting. Excluding the first sampling 
period in both study years, at least 25% of the diet always consisted 
of shrub species. 

Browse tended to increase in the diet throughout both grazing 
seasons, except for an unexplained decline in August. Although 
increases in the proportion of browse were not always significant, 
the overall trend remained obvious. 

Visual observations noted that cattle were apparently more 
selective in the forest and shrub communities than they were in the 
pasture. This selectivity pertained to the parts of plants as well as 
species selection. For example, cattle were observed stripping 
leaves from shrub twigs, rather than cropping them off. Ocean 
spray flowers were relished, but there appeared to be no selection 
for inflorescences of other shrubs. In addition, cattle were observed 
riding down the branches of tall willow plants so they could con- 
sume the leaves that were out of reach. 

Snowberry constituted a negligible proportion of the cattle diet 
in this study. Vavra and Holechek (1980) have recently demon- 
strated that snowberry shows considerable destruction during 
digestion, resulting in its underestimation as a diet constituent. 
However, preference for snowberry probably remained much 
lower than that shown in an Oregon study by Holechek et al. 
(1982). Sufficient dissimilarities existed between the 2 studies to 
account for the differences observed, but not to explain them. 
Nonetheless, Pengelly’s (1963) conclusion concerning the useless- 
ness of ninebark, ocean spray, and snowberry as forage species has 
been shown to be overly generalized, at least for cattle. 

In the pasture, timothy was obviously a, highly preferred species 
(Table 5). This was especially evident in 1978 when it made up an 
insignificant proportion of the pasture’s composition, but was still 
measured as an important component in the cattle diet. Utilization 
of soft chess and other annual grasses after they became unpalata- 
ble resulted more from the cattle extirpating them as they grazed 
the green leaves of perennial grasses, rather than a selection for 
them per se. 

Cattle spent a greater amount of time in the pasture during the 
drought year of 1977 than in 1978; thus, more forage was con- 
sumed from this community. Management practices were similar 
for both years, but cattle appeared to be more bothered by flies in 
1977, and possibly were able to obtain a greater degree of relief 
from them in the pasture. Dwyer (1962) has observed that flies 
cause less trouble with cattle during the heat of the day if cattle are 
in the sun. 

Observations indicated that daytime temperatures were an 

important factor affecting cattle distribution in 1978. It is known 
that animals seek relief from heat by shading; hence, grazing time is 
reduced by hot temperatures (Ehrenreich and Bjugstad 1966). The 
high temperatures recorded in July and early August 1978, coupled 
with a lessening of the fly problem, probably were overriding 
factors causing the cattle to make fairly steady use of the forest and 
shrub communities during this time. 

This study reinforced the established precept that cattle utilize 
open-canopied forests much more heavily than densely forested 
areas (Pickford and Reid 1948). Communities having open conifer 
overstories on the study area were preferred by cattle, while sites 
having a closed overstory canopy were usually just travelled 
through and used for shade around their periphery. Some brow- 
sing was observed under dense canopy during the hottest part of 
the day in late summer. The open forest and shrub communities 
were used for shade as well as forage. 

The only discrepancy between the fecal data versus visual 
appraisal and vegetation production estimates was the dietary 
importance of ponderosa pine (Table 5). Although cattle were 
occasionally observed browsing ponderosa pine and some pine 
needles were likely ingested inadvertently with other forage, it 
appears that the use of this species was overestimated. This could 
be accounted for by the morphological characteristics of pine 
needles, which would enable them to survive chemical digestion 
better than parts of other forage species (Anthony and Smith 
1974). 

Conclusion 

Land managers of forested rangelands in the northern Rocky 
Mountains should consider tall and mid browse species as a forage 
source for cattle when determining carrying capacity. Parameters 
defining the degree of expected use will have to be somewhat 
site-specific. Cattle behavior and food habits on ranges containing 
both forest and pasture land are complex functions, responding 
interactively to food supply, climate, and perhaps other factors. 
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Effects of Stocking Rate on a Rough Fescue Grassland 
Vegetation 
W.D. WILLMS, S. SMOLIAK, AND J.F. DORMAAR 

Abstract 

their construction, to a stable range condition, took from 14 years 
in the lightly grazed field to more than the length of the study in the 

A study was conducted to examine the effects of 4 stocking rates 
on the vegetation in a Rough Fescue Grassland vegetation in 
southwestern Alberta. Stocking at a light rate (1.2 AUM/ha) for 32 

very heavily grazed field. The duration required for recovery was 

years did not affect range condition. However, a modest increase in 
stocking rate (1.6 AUM/ha) led to a marked decline in range 

related to the original range condition of the exclosures. 

condition. This was associated with a change in the composition of 
rough fescue from 38 to 21% of basal area. Rough fescue (FestzCQ 
ScQbreflQ) was nearly eliminated with a stocking rate of 2.4 
AUM/ha. Rough fescue was repiaced by Parry oat grass (DQnthoni~ 
parryi) which increased from 24% at 1.2 AUM/ha to 48% at 2.4 
AUM/ha. However, stocking at 4.8 AUM/ha resulted in severe 
deterioration of the grassland. This required annual adjustment of 
the stocking rate to avoid animal losses. The recommended stock- 
ing rate for good condition range in the area is 1.6 AUM/ha. 
Recovery of the vegetation within the exclosures, from the time of 

setting stocking rates. 
The stocking rate, expressed in this paper as animal unit months 

per hectare (AUM/ ha), defines the relative quantity of forage that 
will be harvested during the grazing period in a given year. The 
effect of increasing the stocking rate is to increase the proportion of 
forage utilized, which may lead to changes in species composition 
of grasslands (Ellison 1960). The species that increase because of an 
increased stocking rate are often sub-dominants in the plant com- 
munity and are potentially less productive than the dominant 
species (Looman 1969). 

The purpose of this study was to examine the changes that occur 
in species composition of a Rough Fescue Grassland as a result of 
stocking with cattle at different rates. The work described is part of 
a final assessment of the study which was reported earlier (John- 
ston 1961, Peake and Johnston 1965). 

The Rough Fescue Grasslands (Festuca scabrella)t in western 
Canada are managed primarily for grazing by cattle. They are 
found on highly productive soils, but cultural practices are limited 
by steep terrain. Consequently, management of grassland vegetation 
is through management of grazing by cattle. This is normally 
accomplished using a continuous grazing system where the cattle 
are turned onto the range in spring and removed in autumn. The 
most critical management decision made, with this system, is in 

ing in elevation from 1,280 to 1,420 met&above sea level (Fig. i). 
Average precipitation at the substation, over a 30-year period from 
April to August, was 35 I mm. Average precipitation from April to 

Site Description 

August at 2 similar areas within 65 km (Pincher Creek and 
Pekisko) was 353 mm while the annual precipitation averaged 614 

The study area was at the Agriculture Canada Research Substa- 

mm over the same 30-year period. Annual precipitation data at the 

tion at Stavely, 80 km northwest of Lethbridge in the Porcupine 

substation was not available during the study. 

Hills of southwestern Alberta. The topography is undulating, vary- 

Authors are rangeland ecologists and soil scientist, respectively, Research Station, 
Agriculture Canada, Lethbridge, Alberta TIJ 4BI. 

The authors wish to acknowledge A. Johnston, who conducted this study until his 
retirement in 1980. Technicians S.R. Pisko, T.D. Allen, R.G. Gscbaid. and B.W. 
Kesler assisted with the sampling of the vegetation. 

Manuscript accepted July 16, 1984. 

INomenclature follows Hitchcock et al. (1971). 

The vegetation is representative of the Rough Fescue Association 
described by Moss and Campbell (1947). Rough fescue is the 
dominant species in this community and Parry oat grass (Danthonia 
parryi) is the co-dominant. The soils are classified as Orthic Black 
Chernozemic (Udic Haploboroll) developed on till overlying 
sandstone. 

Historical grazing of the study area was described by Johnston 
(1961). The area was moderately stocked for summer grazing with 
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Fig. 1. Topographic mop offields showing 3-m contours, permonent exclosures ond sompling sites. 

cattle from 1884 to 1908 and with horses from 1908 to 1920. From 
1920 to 1943 the area was again stocked with cattle for summer 
grazing. Use was heavy during the 1930’s drought. The area was 
used lightly for winter pasture from 1944 to 1949. 

Methods 

In 1949,4 fields were fenced to enclose areas of 65,48,32, and 16 
ha (Fig. 1). Exclosures were constructed within or contiguous to 
each field. The areas of exclosures, from the largest to the smallest 
field, were 0.66,0.41,0.76, and 0.23 ha respectively. Each field was 
stocked with 13 cows and their calves from mid-May to mid- 
November. This resulted in 4 stocking rates: light (L), 1.2 
AUM/ha; moderate(M), 1.6 AUM/ha; heavy(H), 2.4 AUM/ha; 
and very heavy (VH), 4.8 AUM/ha. The recommended stocking 
rate for range in good condition in the area was 1.6 AUM/ha 
(Wroe et al. 1981). 

The annual stocking rate on field VH was adjusted yearly after 
1959 to avoid animal losses. Cattle were removed in summer when 
insufficient forage was available to maintain weight. This resulted 
in a stocking rate that varied from 2.5 to 4.8 AUM/ha and aver- 
aged 3.2 AUM/ha for the period from 1960 to 1981. 

Vegetation was sampled in the exclosures and at 3 or 4 sites 
within each field (Fig. 1) using a point-transect method (Clarke et 
al. 1942). The point-frame had 35 pins spaced 2.5 cm apart. The 
method was applied by placing the frame at regular intervals along 
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a transect. Pins were dropped and “hits” were recorded by species 
only when the point touched the plant within 2.5 cm of the ground 
surface. Only current year’s growth was counted. Approximately 
2,000 points were sampled at each site, in each year, for the period 
from 1949 to 1981. 

The proportion of basal area occupied by each species was 
determined by dividing the “hits” on that species by the total points 
sampled and converting to percent. The percent composition of 
each species was determined similarly, but using the total “hits”on 
vegetation, rather than the total points sampled, as the divisor. 

We identified 142 species during the study. For purposes of 
summarizing the data, this list was reduced to 22 with 3 additional 
groups of miscellaneous forbs, grasses, and shrubs. The revised list 
was used for all subsequent analyses. 

Percent composition of individual species was plotted over time 
for each of the grazed sampling sites within fields. This analysis 
suggested that no additional information could be obtained by 
evaluating sites separately. Consequently, data from sampling sites 
were combined to produce 2 data sets for each field within any 
year. These were data from grazed sites and from ungrazed sites in 
the exclosures. 

A summary of the species composition was made for both the 
first 6 years (1949-54) and last 6 years (1976-81) of the study 
(periods 1 and 2, respectively). Compositions of important indivi- 
dual species or groups of similar species were compared between 
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the exclosure and grazed sites of each field using an unpaired t-test decreased, the minimum value of each species, in either the grazed 
(Steel and Torrie 1980). The groups of species tested were: grasses, or the ungrazed area, was totalled. The values of species that 
forbs, shrubs, and short and unpalatable forbs. The latter category decreased with grazing were added to that total. The range condi- 
was represented primarily by yarrow (Achilles lanulosa) and tion coefficients were then smoothed using the 3-year running 
northern bedstraw (Galium boreale). median (Mosteller and Tukey 1977) and plotted. 

The relative change in composition of rough fescue, Idaho fescue 
(Festuca idahoensis), Parry oat grass, and shrubby cinquefoil 
(Potentillafiuiticosa), with increased stocking rate, was determined 
by calculating the percent of their composition on grazed sites to 
their composition on ungrazed sites (exclosures). The average ratio 
was calculated for the last 6 years and plotted by stocking rate for 
the above species. The relative changes over time (years) were also 
shown for rough fescue by smoothing the data with the 3-year 
running median (Mosteller and Tukey 1977) and plotting for each 
field. 

Results 

Species composition, with a few exceptions, was similar among 
fields in the initial period of grazing (Table 1). The most important 
differences were less Parry oat grass in field M and a decline in 
rough fescue from fields L to M to H to VH. Fields L and M had 
the lowest similarity coefficient (0.67), which indicates that they 
were the least similar in their species composition. Fields H and 
VH had the largest similarity coefficient (0.92). 

The similarity of the species composition among fields and 
between locations was determined using Sorensen’s community 
coefficient as adapted for quantitative data (Mueller-Dombois and 
Ellenberg 1974). The coefficient is derived by taking twice the sum 
of the smaller quantitative value of all species common to the two 
comparisons and dividing the total by the sum of the quantitative 
values of all species in both comparisons. The latter value will be 
200 in all calculations since the quantitative values used were 
percent composition which totalled 100 in each comparison. The 
coefficient will vary from 0, if there are no species common to both 
samples, to 1, if species composition is identical in both samples. 

A range condition coefficient was estimated by year, field, and 
location. Species composition was recalculated after adjusting the 
point counts to estimates of plant weight (Lodge and Campbell 
1965). 

The differences found among fields in the first grazing period 
were substantially modified by the final grazing period (Table 1). 
The composition of Parry oat grass increased from fields L to M to 
H, then decreased to field VH. Rough fescue declined with 
increased stocking rate. The composition of forbs generally 
increased with increased stocking rate while shrubs showed little 
identifiable response. 

In the final grazing period, the magnitude of the similarity 
coefficients was inversely related to the difference in stocking rate. 
Field L was most similar to field M (0.92) and least similar to field 
VH (0.50). Field VH was most similar to field H (0.92) and least 
similar to field L. Field M was more similar to field L (0.92) than to 
field H (0.72). 

Range condition was determined by comparing adjusted species 
composition of the test area (grazed) with adjusted species compo- 
sition that might be expected with no disturbance (ungrazed). 
The latter estimate was assumed to be represented by the average 
adjusted composition of the exclosure in the last 6 years of the 
study. This estimate was calculated for each exclosure and used for 
determining the range condition coefficient only for the field in 
which the exclosure was found. 

The exclosures represented the vegetation of the respective fields 
reasonably well (Tables I and 2). During the initial period, the only 
significant (X0.05) differences found in the composition of spe- 
cies or groups of species, between the exclosure and grazed area, 
were less Parry oat grass (27.5 vs 39.5%) in the exclosure of field M 
and more Idaho fesuce (9.4 vs 4.8%) and rough fescue (16.4 bs 
8.6%) in the exclosure of field H. For the same period, the similar- 
ity coefficients were all above 0.8. 

Prior to calculating range condition coefficients, the species 
were categorized as those that decreased with grazing and those 
that increased, or showed no response, with grazing. The adjusted 
species composition of the grazed area was then compared with 
that of the ungrazed area. With the exception of those species that 

In the final grazing period, well defined differences were found in 
the species composition between each grazed field and its exclosure. 
This was expressed by a decreasing similarity from fields L (0.8 1) to 
M (0.61) to H (0.43) (but increasing again in field VH, 0.64). 
Significant differences (X0.05) in composition of individual spe- 
cies between exclosures and the grazed areas were also found 
(Tables 1 and 2). The composition of Parry oat grass was less in the 
exclosure of fields M (16.9 vs 32.7%) and H (I 1.7 vs 48.0%) but 

Table 1. Percent composition (basal area) of selected species in grazed areas of 4 fields in both the first and last 6-year periods of the grazing trial. 

L 
First 6 years 

M H VH 
Last 6 years 

L M H VH 

Agropyron spp. 3.0 
Danrhonia parri 48.4 
Fesruca idahoensis 4.4 
Festuca scabrella 16.8 
Carex spp. 7.6 
Other grasses and grasslikes 3.3 
Achilles lanulosa 0.2 
Artemisia frigida 0.5 
Fragaria glauca 0.4 
Galium boreale 1.1 
Geum macrophyllum 1.2 
Lupinus argenteus 0.7 
Oxylropis gracihs 0.8 
Taraxacum officinale 0.1 
Other forbs 6.9 
Poientilla fruticosa 3.2 
Rosa acicularis 0.8 
Symphoricarpos occidentalis 0.1 
Other shrubs 0.5 

4.0 
39.5 
4.8 

14.6 
8.8 
6.2 
0.9 
0.8 
0.9 
1.7 
1.8 
0.2 
0.4 
0.9 
7.0 
5.1 
1.8 
0.3 
0.3 

4.0 
50.4 
4.7 
8.6 
8.6 
6.9 
0.4 0.5 
0.8 0.6 
0.7 
1.4 
0.9 
0.3 
0.4 
0.9 
6.2 
2.8 
1.2 
0.7 
0.1 

5:: 
413 
4.5 
8.1 
6.2 

0.3 
1.9 
0.8 
0.3 
0.4 
0.8 
7.6 
4.2 
0.9 
0.5 
0.2 

1.4 
24.5 
5.2 

37.7 
2.7 
0.8 
1.5 

Tr 
3.4 
4.3 
2.5 
1.3 
0.2 
0.1 
5.2 
4.9 
3.8 
0.5 

0 

2.0 
32.7 
5.6 

20.7 
3.8 
2.0 
1.2 
0.1 
4.9 
4.2 
2.6 
1.2 
0.4 
0.7 
5.1 
4.7 
5.5 
2.5 
0.1 

1.6 
48.0 
12.5 
7.9 
6.1 
0.5 
1.0 
0.7 
I.1 
3.7 
2.4 
0.9 
0.8 
0.5 
6.9 
2.7 
2.3 
0.4 

0 

2.2 
35.3 
11.9 
2.5 
9.7 
1.1 
0.2 
6.8 

0 
3.9 
1.4 
0.2 
3.7 
3.5 

12.1 
2.8 
0.3 
2.1 
0.3 

Tr - less than 0.1% 
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Table 2. Percent composition (basal area) of selected species in the exclosures of 4 fields in both the first and last Cyear periods of the grazing trial. 

L 
First 6 years 

M H VH 

Last 6 years 
L M H VH 

Agropyron spp. 3.0 9.4 4.0 
Danthonia parri 47.9 27.5 44.4 
Festuca idahoensis 4.3 3.7 9.4 
Festuca scabrella 23.9 16.4 16.4 
Carex spp. 5.9 8.9 6.3 
Other grasses and grasslikes 2.4 12.4 4.8 
Achilleo lanuloso 0.1 2.4 1.4 
Artemisia frigida 0 0.4 Tr 
Fragaria glauco 0 0.3 0.2 
Galium boreale I.3 2.0 1.7 
Geum macrophyllum 0.2 2.3 0.6 
Lupinus argenteus 1.4 0.5 0.8 
Oxytropis gracilis 0.5 0.1 0.2 
Toroxacum officinale 0 0.8 0.1 
Other forbs 5.2 5.8 4.6 
Potentilla fruticosa 3.5 5.1 4.0 
Rosa ocicularis 0.4 1.5 1.0 
Symphoricarpos occidentalis 0 0.1 0.1 
Other shrubs 0 0.4 0 

3.4 
55.4 

5.2 
6.3 
9.5 
8.5 
0.4 
0.1 

0 
0.5 
4.7 
1.0 
0.2 

0 
2.2 
1.2 
0.4 
0.6 

0.41 

0.7 
19.0 
8.4 

41.5 
2.4 
9.0 
1.5 
0 

0.5 
3.3 
1.4 
0.6 
Tr 
0.3 
5.2 
4.3 
1.7 
0.2 

0 

1.3 
16.9 
2.5 

54.5 
1.9 
2.8 
0.9 
0.1 
0.6 
2.2 
0.8 
0.7 

0 
Tr 
2.1 
7.8 
3.8 
I.1 
0 

0.9 I.8 
11.7 46.1 
5.5 3.7 

55.9 23.4 
1.6 5.4 
3.6 0.1 
0.9 0.4 
0.1 0.4 
0.4 Tr 
4.9 2.4 
1.1 2.5 
0.8 1.0 

0 0.2 
0 0.1 

4.0 6.9 
5.0 2.4 
3.4 0.5 
0.2 2.7 

0 0 

7-r - less than 0. I% 

greater in the exclosure of field VH (46.1 vs 35.3%). There was less 
Idaho fescue in the exclosures of fields M (2.5 vs 5.6%) H 5.5 vs 
12.5%) and VH (3.7 vs 11.9%) but more rough fescue in the exclo- 

. 
400 

360 

320 

280 

5 240 
._ 
.* 

! 200 

s 

9 160 
‘i= 
cp 

z 120 

80 

Rough fescue 

1.2 1.6 2.4 

Stocking Rate (AlJM/ha) 
4.8 

Fig. 2. The effect of 4 stocking rates on the relative composition (basal 
area) of 4 species in the lost 6 years of the grazing trial. The relative 
composition is expressed as the percent ratio of the composition of the 
species in the grazedfield to its composition in the exclosure. 

sures of fields M (54.5 vs 20.7%), (55.9 vs 7.9%) and VH (23.4 vs 
2.5%). The proportion of shrubby cinquefoil did not differ signifi- 
cantly (D&OS) in any field. No differences of any species were 
found in field L. These comparisons are expressed as proportions 
in Figure 2. 

Total basal area of all species was similar among fields as well as 
between fields and the respective exclosure. Average basal area was 
23.6% and ranged from 27.1% in the exclosure of field M to 2 1% in 
the grazed area of field VH. 

The relative composition of rough fescue was similar among 
fields in 1949 (Fig. 3). The most obvious change that occurred was 
an immediate suppression of rough fescue that tended to reach 

200 , 

80 

60 

49 53 57 61 65 69 73 77 81 
Year 

Fig. 3. The effect of 4 stocking rates on the relative composition (basal 
area) of rough fescue from 1949-81. The relative composition is 
expressedas the percent ratio of the composition of rough fescue in the 
grazedfield to its composition in the exclosure. 
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Fig. 4. Annual estimares of range condition for ljields and their exclosures. 

stability after 8 years. Only in field L was there a long-term trend of 
an increase in the relative composition of rough fescue to about 
100% 3 years before the termination of the study. 

Vegetation Changes in Exclosures 

Range condition improved within the exclosures of all fields and 
appeared to reach stability over time except in field VH (Fig. 4). On 
the grazed areas, range condition improved in field Land regressed 
in field VH. The range condition improved slightly on the grazed 
area of field M and remained unchanged on the grazed area of field 
H. Except for field L, the range condition in the exclosures and on 
the grazed areas of each field tended to diverge with time. 

The impact of early differences in species composition among 
fields was noticeable throughout the grazing trial. Range condition. 
in the exclosure of field L reached near stability 14 years after 
protection (1963) from grazing (Fig. 4). This point was reached, in 
exclosures of fields M and H, after 23 years of protection (1972). 
Only in the exclosure of field VH was range condition apparently 
still improving in 198 1. 

There was no major change in the moisture regime during the 
grazing trial. Large yearly variations masked shorter cyclical 
fluctuations. 

Discusdon 
The changes in the vegetation documented in this study were the 

result of both the historical use by herbivores and the grazing 
treatment imposed. Changes in precipitation were not detected 
and, therefore, could not have been a factor in vegetation changes. 

The estimated coefficient of range condition in the exclosure and 
grazed area of field VH was likely too high since it was based on the 
species composition of plant community at a seral stage rather than 
at equilibrium. When the average composition in the last 6 years 
for fields L, M, and H are used as the criteria for establishing 
species composition at equilibrium, then range condition in field 
VH is about 30 percentage points lower than that shown, This 
suggests that, at the termination of the study, successional devel- 
opment in the exclosure of field VH lagged about 20 years behind 
that of field M and H and about 28 years behind that of field L. 

An improvement in range condition and, in particular, the 
increase in composition of rough fescue within exclosures of all 
fields suggests that historical use had kept the grassland in a 
regressed seral stage. The effect of previous grazing had, evidently, 
not been distributed uniformly among all fields. This is indicated 
by differences in composition of rough fescue among fields at the 
start of the study (Tables 1 and 2). Rough fescue declines with an 
increase in both severity of utilization and soil aridity of the site 
(Looman 1969). However, since soils among exclosures were sim- 
ilar, it would appear that site potential was the same. This suggests 
that the primary reason for the original difference in composition 
of rough fescue was a difference in historical use by herbivores. 

The total length of time required for the recovery of vegetation in 
the exclosure of field VH would be about 42 years. This agrees with 
the estimate of 20 to 40 years required for the recovery of over- 
grazed rough fescue grassland in south central British Columbia 
(McLean and Tisdale 1972). 

The delayed recovery of range condition in the exclosures of 
field VH was attributed to a more regressed seral stage. This is 
indicated by a very low proportion of rough fescue at the time the 
exclosures were established. Rough fescue is the primary contributor 
to range condition because of its high contribution, and negative 
response, to grazing (Wroe et al. 198 1). 

During the first 6 years of the study, the exclosure in field VH 
had only 0.4 times the amount of rough fescue as the exclosures in 
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fields M and H and 0.24 times as much as the exclosure in field L Conclusion 
(Table 2). Although the proportion of rough fescue in field VH 
increased 3.7 times from periods to I to 2, the relative change in 
fields M and H was about the same (3.4 x). Apparently, rough 
fescue reached its maximum abundance toward the end of the 
study. 

Vegetation Changes in Grazed Areas 
Stocking rate had a major influence on species composition of 

the grassland. This influence was demonstrated by decreasing spe- 
cies similarity and by decreasing range condition (Fig. 4) as stock- 
ing rate increased from fields L to M to H. Light grazing pressure 
(field L) had no apparent effect on range condition although rate of 
recovery appeared to be retarded (Fig. 4). 

The coefficients of range condition, for field VH, deviated from 
a trend of decreasing magnitude with increasing stocking rate when 
the coefficients were derived from species composition in its exclo- 
sure. However, when range condition in field VH is adjusted by 
-30% (for reasons discussed above), then the trend would continue 
in field VH. 

The range condition trend from 1948 to 1981 in field VH is 
complicated by the variable stocking rate imposed in 1960. Reliev- 
ing the grazing pressure was associated with an improvement 
in range condition which continued until the conclusion of the 
study (Figure 4). 

A decline in range condition from fields M to H to VH was 
associated with a loss in forage productivity. Average forage yields 
in the last 8 years of the study, in fields L, M, H, and VH, were 
2,199, 2,17 1, 1,865, and 1,170 kg/ ha, respectively (unpublished 
data on file at Agric. Can. Res. %a., Lethbridge, Alta.). Utilization 
estimates for the same fields were 26,36,47, and 8 170, respectively. 
The information suggests that the substantial decrease in range 
condition from fields L to M (Fig. 4) was caused by a modest 
increase in utilization. This did not, however, result in reduced 
forage yield. 

Rough fescue was the most productive forage species on the 
grassland. However, it was also the most sensitive to grazing. 
Increasing the stocking rate by 38%, from fields L to M, resulted in 
a reduction of 45% of basal area (Table 1). When compared on the 
basis of its relative proportion in the exclosure, the decrease was 
about 57% (Fig. 2). Rough fescue was nearly eliminated with very 
heavy grazing (field VH). 

Most changes in composition of rough fescue occurred within 
the first 10 years (Fig. 3). Rough fescue was not recorded in field 
VH 6 years after the grazing trial was begun. Rough fescue did not 
appear again in the survey for 7 consecutive years, and only after 
grazing pressure was relieved in 1960. Rough fescue may not have 
been eliminated but its basal area only reduced to the point where 
plants were missed in sampling. It is also possible that the reap- 
pearance of rough fescue was from seedlings. Johnston et al. (1969) 
found that the top 2.5 cm of soil in field VH contained about 58 
rough fescue seeds/ m2. 

The early decline in the relative proportion of rough fescue in 
field L was the result of its rapid recovery in the exclosure. 
Although rough fescue did eventually recover to a proportion 
similar to that in the exclosure (Fig. 3), light grazing apparently 
prevented the same rate of recovery. 

The decrease of rough fescue with increased grazing pressure 
was associated with an initial increase in the proportion of Parry 
oat grass (Fig. 2). Parry oat grass is more resistant than rough 
fescue to heavy grazing pressure. However, as grazing pressure 
increases, Parry oat grass also decreases. This occurs when the 
competitive advantage shifts to the shorter and less palatable forbs 
and sedges. Notable changes, with increased grazing pressure, were 
an increase in the proportion of pasture sage (Artemisia frigida), 
locoweed (Oxytropis gracilis). and dandelion (Taraxacum offi- 
cinale). The proportion of shrubby cinquefoil did not change with 
increased grazing pressure. 

The management of grasslands should not be directed toward 
maintaining the most productive species in the community. The 
present study showed that rough fescue was readily lost with 
increased grazing pressure; however, this loss was compensated for 
by an increase in Parry oat grass and other associated species. A 
37% loss in the basal area of rough fescue from field L to M did not 
affect forage yield. Very heavy stocking (field VH) resulted in an 
unproductive grassland that could not support cattle for a 6-month 
grazing period after it had deteriorated. However, forage palatabil- 
ity was not necessarily reduced. Although the proportion of some 
unpalatable forbs (pasture sage, locoweed) increased, others 
decreased (lupin Lupinusargenteus, yarrow). Furthermore, unpalat- 
able carryover (litter) was kept to a minimum. 

The recovery of grassland to a stable range condition required 
complete protection from grazing for 20 to more than 32 years. The 
length of time varied with the original condition that was typified 
by the proportion of rough fescue in the grassland. 
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Cattle Trampling of Crested Wheatgrass Under Short- 
duration Grazing 
DAVID F. BALPH AND JOHN C. MALECHECK 

Abstract 

This paper tests 3 predictions that stem from the hypothesis that 
Angus heifers avoid stepping on crested wheatgrass (Agropyron 
cristutm) tussocks because the tussocks present an uneven surface 
upon which to walk: (1) hoofprints are located disproportionately 
more often in the open spaces between tussocks than on tussocks; 
(2) the disproportionality persists despite the frequency of hoof 
prints per unit area; and (3) the more tussocks are elevated above 
the surrounding substrate, the less they are trampled. The methods 
relate the observed and expected frequency of hoofprints on tus- 
socks along 2 transects in a crested wheatgrass paddock. The 
results significantly support all 3 predictions. We conclude that 
under the conditions that existed, the hoof action hypothesized by 
some to be of benefit to short-duration grazing pastures was min- 
imal, and so was the hoped-for destruction of standing dead vege- 
tation that deters grazing. 

Grazing livestock affect plant communities in several interre- 
lated ways, including plant defoliation, nutrient removal and redis- 
tribution through excreta, and mechanical manipulation of soil 
and plant material through trampling. Although none of these 
effects are clearly defined, either singly or in total, information on 
trampling is especially scarce. Recent reviews (Blackburn et al. 
1982, Gifford and Hawkins 1978) generally associate undesirable 
hydrologic changes with trampling, but the relatively uniform 
trampling of ranges associated with intensive grazing practices 
(e.g., short-duration grazing) may be of value for 2 hypothesized 
reasons. First, the action of the cattle’s hooves in breaking up the 
soil surface and in mixing and breaking up litter may aid plants in 
obtaining water and nutrients (see Savory 1978 and 1983). Second, 
the trampling by cattle of caespitose grasses such as crested wheat- 
grass (Agropyron cristatum) may break down the standing dead 
material within ungrazed plants (wolf plants), which is known to 
inhibit grazing (Willms et al. 1980). However, crested wheatgrass 
forms tussocks that are elevated above the surrounding substrate 
and present cattle with an uneven surface upon which to walk. 
Logically, walking on such a surface should be less desirable than 
walking on an even surface. Thus, we hypothesize that animals the 
size of cattle attempt to avoid stepping on elevated tussocks, and 
indeed that has been our qualitative observation. This paper tests 3 
predictions that are based on this hypothesis. 

I. Hoofprints are distributed disproportionately more in the open 
spaces between tussocks than on tussocks. If cattle avoid stepping on 
tussocks, fewer hoofprints will occur on tussocks and more hoof- 
prints will occur in interstices than expected by chance. 

2. The above disproportionality is independent of frequency of 
hoof prints per unit area (or stocking rate). If cattle avoid stepping on 
tussocks because the tussocks form an uneven surface to walk on, 
they should do so independent of the number of cattle in the area (so 
long as each animal can move freely). 

3. Hoofprints on tussocks (should they occur) are disproportion- 
ately more frequent on the less-elevated than the more-elevated 
tussocks. If cattle avoid stepping on tussocks because the tussocks 
make the surface uneven, the more elevated the tussock the more they 
should avoid stepping on the tussock. 
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This paper also seeks to measure the degree to which cattle avoid 
(or do not avoid) stepping on tussocks, since such information may 
have management implications. 

Methods 

We tested the predictions on spatial dispersion of hoofprints in 
an experimental pasture designed to investigate various plant- 
animal relationships that occur under short-duration grazing 
management. The study site was the Tintic pasture research facil- 
ity, located approximately 10 km southwest of Eureka, Juab 
County, Utah. The pasture was square in shape with 10, 8.5-ha 
paddocks radiating from a central corral where water and salt were 
located (see Malechek and Dwyer 1983 for details). The predomi- 
nant vegetation in the pasture was crested wheatgrass (A. cristatum 
and A. desertorum) from a seeding established in the early 1960’s. 
Prior to this study, the area had been grazed annually by cattle 
during May and June at a stocking rate of about 0.7 ha l AUM-‘, a 
rate we consider to be moderate grazing. In the spring of 1983,90 
Angus heifers were placed in the cell and were moved from pad- 
dock to paddock at about 3-day intervals. The overall stocking rate 
was maintained at the previous 0.7 ha l AUM-‘. After the cattle 
had been in the cell for about 50 days and upon their removal from 
paddock seven, we established two transects in paddock seven in 
areas visually assessed to support uniform stands of crested wheat- 
grass. The transects were perpendicular to paddock seven’s radial 
fences, one 75 m (near) and the other 150 m (far) from the central 
corral. We placed a 1.0-m* quadrat frame at 5-m intervals 10 times 
on the near transect and 6 times on the far transect. Within each 
quadrat we (1) flagged all hoofprints, (2) mapped the location of 
crested wheatgrass tussocks (3) categorized tussocks as being ele- 
vated l-3,4-6, or > 6 cm above the surrounding soil surface, and (4) 
recorded the location of each hoofprint on the tussock map. The 
hoofprints were easily discernible because (1) no print was older 
than 4 days, (2) the soil was still fluffed and moist from the spring 
thaw, and (3) no rain or strong wind occurred between when the 
prints were made and when they were documented. Tussock eleva- 
tions were measured by running a straight rod in a north-south 
direction through the tussock immediately above the litter layer. 
The rod was then pressed into the litter, positioned equidistant to 
the soil surface on either side of the tussock, and the distance from 
the rod to the substrate was measured to the nearest centimeter. 
The procedure was repeated with the rod in an east-west direction, 
and the average of the measurements was used to place the tussock 
elevation in 1 of the 3 height classes. We used the 3 class intervals 
because we believed our technique lacked the precision to analyze 
tussock elevation to the nearest centimeter. 

Results 

We placed a dot matrix overlay on the 16 mapped plots and 
found that of the 6,310 dots covering the plots, 1,640 dots fell on 
the mapped tussocks (26% ground cover). We did not encounter 
any vascular plant species on the plots other than crested wheat- 
grass, nor did we observe crested wheatgrass plants that we did not 
classify as an elevated tussock. We recorded 288 hoofprints (sam- 
pling unit) on the 16 plots. Of these, 15 hoofprints were on tus- 
socks. A “blind” interobserver reliability and observer expectancy 
bias check (see Balph and Balph 1983) by K. Paulin (a technician 

JOURNAL OF RANGE MANAGEMENT 36(3), May 19% 



Table 1. Relationships between the observed and expected (random dispersion) frequency of cattle hoofprhtts on crested wheatgrass tussocks that vary in 
location and elevation above surrounding substrate. 

Hoofprint location 

All I mz Plots (16) 
On Tussocks 
On Bare Ground 

Plots 75 m From Corral (10) 
Cht Tussocks 
On Bare Ground 

Plots 150 m From Corral (6) 
On Tussocks 
On Bare Ground 

Tussock Elevation 
l-3 cm 
4-6 cm 
>6cm 

Percent tussock 
Cover 

26 

28 

24 

II 
8 
7 

Observed 

15 
273 

13 
218 

2 
55 

IO 
5 
0 

Number of hoofprints 

Expected 

71 
217 

55 
176 

16 
41 

33 
21 
21 

Total 

288 

231 

57 

on the Tintic project) obtained 1,649 dots, 287 total prints, and 13 
prints on tussocks. Since the observers were in close agreement, we 
used the original data for the analysis. No such check was made on 
the field collection procedures. 

On the assumption that each hoofprint had an equal and inde- 
pendent chance of being at any point on the 16 plots (random 
dispersion), one would expect 71 hoofprints to fall on tussocks, 
(26% ground cover, Table 1). We found only 15 hoofprints on 
tussocks, a significant deviation from the expected (x2 = 64.9, 
p<O.OOOl). Thus, the data are consistent with the first prediction, 
and we conclude that the heifers tried to avoid tramping on 
tussocks. 

Hoofprints were more than twice as common on the plots along 
the near transect than along the far transect (Table 1). Assuming 
random dispersion, one would expect 16 and 55 hoofprints to fall 
on tussocks on the far and near transects, respectively. We 
observed 2 and 13 hoofprints, respectively. The deviation from 
expected was significant on both transects (x2 = 17.03, p<O.OOOl; 
x2 = 42.1, p<O.OOOl, respectively). A Test of Independence indi- 
cates that there was no difference in the avoidance of tussocks 
between the 2 transects (x2 = 0.42, BO.5). The results are in 
agreement with the second prediction that cattle try to avoid 
tussocks independent of paddock use level (within constraints). 

be quite high. Thus, it appears that not only is crested wheatgrass 
capable of deterring grazing by cattle, it is also capable of deterring 
trampling by cattle. For cattle, crested wheatgrass has the func- 
tional architecture of an arid-lands shrub (see Charley 197 1). There 
probably is a relationship between stocking rate and rate of tussock 
growth in elevation from the surrounding substrate. When a pas- 
ture is first seeded to crested wheatgrass, there are no elevated 
tussocks. Cattle are likely to step at random with respect to plant 
location in such a pasture. As the plants age, elevated tussocks 
develop naturally because of the plant’s caespitose growth form. 
As the elevated tussocks develop, cattle are likely to step more in 
interstices. Stepping in the interstices compacts the soil and makes 
the soil surface more prone to air and water erosion and increases 
the rate of tussock growth in elevation. The result is an exacerba- 
tion of the duality present in any bunchgrass community-a com- 
munity comprised of pockets of biological activity above and 
below the ground (see West 1984) in an environment of barren, 
eroded ground. 
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Using Aerial Photography for Detecting Blackbrush 
[Acacia rigidula] on South Texas Rangelands 
J.H. EVERITT 

Abstract 

Blackbrush (Acacia rigidula) is a native shrub found on a variety 
of soil types in south Texas and northern Mexico. It often becomes 
a serious management problem on rangelands, especially where 
associated species have been removed. During late February to late 
March it produces small cream to light yellow flowers that encom- 
pass the entire plant giving it a conspicuous appearance. Field 
spectroradiometric plant canopy measurements showed that biack- 
brush in flower had significantly higher @=0.05) visible light (0.45- 
to 75-urn waveband [WB) reflectance that did 6 other associated 
plant species or mixtures of species. The conspicuous light yellow 
color of blackbrush in flower made it distinguishable from other 
plant species on both conventional color (0.40- to 0.7~urn WB) 
and color-infrared (CIR) (0.50- to 0.90~urn WB) aerial photos. 
However, conventional color photography was superior to CIR 
photography because blackbrush had a more distinct image on 
color photography and it could also be identified on smaller scale 
photos. Microdensitometric measurements made on conventional 
color film showed that blackbrush had significantly lower optical 
counts than those of associated species. These results show that 
aerial photography may be a useful tool to distinguish blackbrush 
from other plant species in late winter or early spring to locate its 
endemic areas, monitor its spread, and delineate areas needing 
control. 

Blackbrush (Acacia rigid&) is a native shrub usually I to 3 m 
tall that occurs on a variety of soil types in southern Texas and 
northern Mexico (Correll and Johnston 1970). It may occur in 
almost pure stands or grow in association with other species in the 
south Texas mixed-brush complex (Prosopis-Acacia). Although 
blackbrush has some browse value for white-tailed deer (Odocoi- 
leus virginianus) and helps provide wildlife habitat (Davis and 
Winkler 1968, Everitt and Drawe 1974, McMahan and Inglis 
1974), it often becomes a serious management problem on range- 
lands, especially where associated species have been removed. 
Blackbrush cannot be controlled by rootplowing or rootplowing 
followed by raking, and has been known to increase in abundance 
following burning. Aerial sprays of herbicides offer the most prom- 
ising control method for blackbrush (Scifres 1980). 

During late winter or early spring, blackbrush produces small 
cream to light yellow flowers that encompass the entire plant giving 
it a conspicuous light yellow appearance. It was surmised that it 
may be distinguishable on aerial photographs when it was in its 
flowering stage. The ability to remotely distinguish blackbrush 
infestations over large and inaccessible rangeland areas would be 
beneficial to ranchers and range managers. This information 
would be useful to monitor its spread and delineate areas needing 
control. The objective of this study was to test the feasibility of 
using both conventional color and color-infrared (CIR) aerial 
photography to distinguish blackbrush when it was flowering from 
other plant species on south Texas rangelands. 
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Materials and Methods 

Study sites were located on 5 rangeland areas in the Rio Grande 
Plain resource area of south Texas (Gould 1975). Field spectral 
measurements were made near La Joya, Texas, in March and July 
1983. Aerial photographs and ground truth observations were 
taken near La Joya, Laredo, Alice, George West, and Tilden, 
Texas, in March 1983. The La Joya and Tilden sites are approxi- 
mately 240 km apart. Additional photos were taken near Laredo in 
April 1983, and near La Joya in May, July, and September 1983. 

Plant canopy reflectance measurements were made in the field 
on blackbrush, cenizo (Ltwcophyllumfrutescens), honey mesquite 
(Prosopis glandulosa), lotebush (Ziziphus obtusifolia), Texas per- 
simmon (Diospyros texana), buffelgrass (Cenchrus ciliaris), and 
mixed grasses and forbs. Cenizo, honey mesquite, lotebush, and 
Texas persimmon are common woody plant species that occur in 
association with blackbrush whereas buffelgrass and mixed grasses 
and forbs are often the dominant herbaceous species. Reflected 
radiation of 6 randomly selected plant canopies of each species or 
mixtures of herbaceous species were measured with an Exotechi 
Model 20 spectroradiometer over the 0.45 to 0.90-urn waveband 
(WB) (Learner et al. 1973). Measurements were made with a sensor 
that had a 15degree field-of-view (0.5 m*) placed 3.0 m above each 
plant canopy. Measurements were made under clear sunny condi- 
tions between 1100 and 1450 hr. TO obtain percent reflectance from 
field spectral data, radiant light is converted into an analog signal 
in the range of 1 to 5 volts for both incoming and reflected light. 
Percent reflectance is then calculated by rationing the incoming 
and reflected light X percent transmission of a diffusing plate. 
Overhead photographs were taken of the various species and mix- 
tures of species to help interpret canopy reflectance data. 

Kodak Aerochrome conventional color (0.40- to 0.70-urn WB) 
type 2448 and color-infrared (CIR) (0.50- to 0.90-urn WB) type 
2443 films were used for aerial photos. All photos were taken with 
twin Hasselblad cameras (150 mm lens, 5.7 X 5.7 cm format) 
mounted vertically in the floor of a fixed wing Cessna airplane. For 
CIR film, the filter packet included Hasselblad 4 X O-2 and 3.5 X 
CB 12-l .5 filters. The camera had an aperture setting of f8 at I/ 500 
sec. A clear haze filter was used on the camera containing conven- 
tional color film. The camera’s aperture was at fl 1 with a shutter 
speed of I/ 500 sec. Photos were taken at altitudes of 240,380,460, 
610, and 760 meters giving photographic scales of 1: 1,600,1:2,500, 
1:3,000, 1:4,000 and 1:5,000, respectively. Photos were taken near 
La Joya and Laredo, Texas, 8-10 March 1983 and near Alice, 
George West, and Tilden, Texas on 16 March 1983. Additional 
photos were taken near Laredo on 18 April 1983 and near La Joya 
on 31 May, 7 July, and 2 September 1983. All photos were taken 
between 1100 and 1400 hr under clear, sunny conditions. 

Ground truth reconnaissance was conducted 16 and 17 March 
1983 near La Joya and Laredo, Texas, respectively, and on 23 
March 1983 near Alice, George West, and Tilden, Texas, for 18 
scattered locations where blackbrush was thought to occur after 
color positive transparencies were viewed on a light table. Ground 

‘Mention of company name or trademark is for the reader’s benefit and does not 
constitute endorsement ofa particular product by the U.S. Department of Agriculture 
over others that may be commercially available. 
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photographs were taken at the various locations to help interpret 
aerial photographs and observational data were recorded relative 
to plant species, density, and cover. 

Optical density readings were made on conventional color film 
transparencies with a Joyce Loebl automatic recording microden- 
sitometer (Everitt et al. 1981). The readings were made on film 
exposed on 9 March 1983 near La Joya, Texas. Film density 
readings were made with 4 different light sources: white (no filter), 
red (Wratten 92 filter), green (Wratten 93 filter), and blue (Wratten 
94 filter). The microdensitometer output is an optical count (recip- 
rocal of transmission) that is related to optical density (O.D.) by 
the relation: 

O.D. q  [(optical count - base readings) (wedge factor)] 
+ (step wedge density). 

One scan line was run for each of 5 plant canopies of blackbrush, 
cenizo, honey mesquite, mixed brush species, and mixed grasses 
and forbs on 1: 1,600 scale film transparencies. There were 40 to 50 
readings (data bits) for each scan line on film. Optical readings 
were not made around the edges of the transparencies to avoid the 
effects of lens fall-off. Optical readings were not made on the 
smaller scale transparencies because many of the selected species’ 
area on film was generally too small to make microdensitometric 
measurements. Measurements were made on mixed brush cano- 
pies because this is typical of brush infestations on rangeland. 
Optical readings were not made on buffelgrass, lotebush, and 
Texas persimmon because they could not be distinguished or their 
area on film was too small to make measurements. 

Data were checked for normality and homogeneity prior to 
statistical analysis. Reflectance data differences among wave- 
lengths were tested using the analysis of variance. Wavelengths 
selected were 0.55-, 0.65-, and 0.85-urn, representing, respectively, 
the green reflectance peak, chlorophyll absorption band, and a 
wavelength on the near-infrared plateau. Film optical density read- 
ings for each colored light were also subjected to analysis of var- 
iance. Duncan’s multiple range test was used to test the statistical 
significance at the 0.05% probability level among species means 
(Steel and Torrie 1960). 

Results and Discussion 

Foliage coloration among the 7 different species or mixtures of 
species varied greatly in March 1983. Foliage color varied from the 
silvery-gray cenizo plants to the darker green buffelgrass and lote- 
bush plants. Honey mesquite and Texas persimmon had light 
green colored foliage. Because of the diversity of species in the 
mixed grasses and forbs, their colors were different shades of 
green, and also several of the forbs had various colored flowers. 
Blackbrush plants had a conspicuous light yellow coloration due to 
the profusion of flowers. Overhead views of the various species 
showed that their canopy structures also varied. Texas persimmon 
had greater leaf density and fewer gaps in the canopy than the other 
species, whereas lotebush and mixed grasses and forbs had more 
gaps and less leaf density. 

Figure 1 shows the field spectroradiometric mean canopy reflec- 
tance values over the 0.45- to 0.90-urn WB for blackbrush and 6 
other associated rangeland species or mixtures of species in March 
1983. Blackbrush had higher visible (0.45-to 0.75-urn WB) reflec- 
tance, and Texas persimmon had higher near-infrared (0.75- to 
0.90-urn WB) reflectance than the other species. Canopy reflec- 
tance values for the 7 species and mixtures of species at 3 wave- 
lengths are given in Table 1. Blackbrush had significantly higher 
@=0.05) reflectance at both the 0.55-urn (green reflectance peak) 
and 0.65-urn (chlorophyll absorption band) visible wavelengths 
than the other 6 species or mixtures of species. The light yellow 
flowers of blackbrush apparently contributed greatly to its higher 
visible reflectance. At the 0.85-urn wavelength, representing the 
near-infrared (0.75- to 0.90-urn) WB, Texas persimmon had signif- 
icantly higher @=0.05) reflectance than the other species. Black- 
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Fig. 1. Field spectroradiometric measured canopy light reflectance over 

the 0.45 to 0.90~urn wavebandfor blackbrush and six other associated 
rangeland species or mixtures of species on south Texas rangelands in 
March 1983 near La Joya, Texas. 

brush’s near-infrared reflectance did not differ from that of buffel- 
grass, cenizo, and honey mesquite. The higher near-infrared reflec- 
tance of Texas persimmon can probably be attributed to its greater 
leaf density within the canopy; near-infrared reflectance and vege- 
tation density are positively correlated until a stable reflectance 
called infinite reflectance is reached (Myers and Allen 1968, Wie- 
gand et al. 1974). However, differences in the near-infrared region 
may also be attributed to differences in internal leaf structure 
among the species (Gausman 1974). 

Table 1. Mean canopy reflectance of blackbrush and six other rangeland 
speeies or mixtures of species in March 1983 for three wavekngths. Field 
spectroradiometric measurements were taken of six canopies of each 
species or mixtures of species near La Joya, Texas. 

Plant species 
or mixture 0.55’ 

Wavelengths, urn 
0.65 0.85 

Blackbrush 11.9af0.3* 12.5 a f0.3 31.6b f 1.3 
Buffelgrass 5.9 d f 0.3 4.6 d f 0.4 28.1 bcf2.0 
Cenizo 9.3 b f 0.4 7.6~ f 0.3 28.4 bc f 1.6 
Honey mesquite 7.7 c f 0.3 4.4 de f 0.2 31.3 b f0.8 
cotebush 5.2 d f 0.5 3.8 de f 0.3 24.9 cd f 2.7 
Mixed grasses and 8.1 c f0.5 8.9 b f 0.7 22.7 d f 0.6 

forbs 
Texas persimmon 7.7 c f 0.2 3.3 e f 0.2 35.6 a f 1.0 

‘Values within columns followed by the same letter do not differ significantly at the 
0.05% level according to Duncan’s multiple range test. 
*Standard error of mean. 

Canopy reflectance values for blackbrush (vegetative stage) and 
6 associated plant species or mixtures at 3 wavelengths in July 1983 
are given in Table 2. At the 0.55-and 0.65-urn visible wavelengths, 
blackbrush could not be distinguished from lotebush and mixed 
grasses and forbs, and lotebush, respectively, while at the 0.85-urn 
near-infrared wavelength, blackbrush’s reflectance did not differ 
from that of buffelgrass, lotebush, and mixed grasses and forbs. 
These data showed that blackbrush in its vegetative stage cannot be 
distinguished from several associated plant species in either the 
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Tsble 2. Mean canopy reileetPnce of blackbrush and six other nngelnnd visible or near-infrared WB’s. 
species or mixtures of species in July 1983 for three wavelengths. Field 
spectrondiometric measurements were taken of six canopies of each 

Figure 2 shows typical CIR (upper photo) and conventional 

species or mixtures of species near La Joya, Trms. 
(lower photo) positive prints of blackbrush in a rangeland area 
near La Joya, Texas. Both prints are 6X enlargements of original 
70.mm aerial photos (1:2,500 scale) taken on 9 March 1983. 

Plant species 
or mixture 

Blackbrush 

Wavelengths, u,,, 
Arrows on both prints point to blackbrush plants in flower. Notice 
that blackbrush is easier to distinguish on the color print because 

0.55’ 0.65 0.85 

6.1c*O.2* 4*c +nq 7d?h-C1? 
the flowers retain their conspicuous light yellow cola;. On the CIR 
Dhoto. the flowers give a more whitish image which makes black- 

Buffelgrass 7.0 b i 0.2 6.9a *Il.4 23.6bfI.I 
Ceniro 8.9 a * 0.4 7.6a fO.2 29.1 a * 1.5 

brush ‘more difficult to distinguish from surrounding soil back- 

Honey mesquite 5.2 d * 0.2 3.3d ztO.2 28.6 a * 0.6 
ground. Ground truth reconnaissance in March 1983 for I8 widely 

L0teb”sb 6.2 c * 0.2 5.2 bc f 0.2 22.4 b * 0.8 
scattered sites in south Texas gave 100% correct identification of 

Mixed grasses and 6.2 c * 0.3 6.0b *o., 
blackbrush in its flowering period. Blackbrush could be distin- 

I.-L. 22.2 b * 0.6 euished from surrounding vegetation on both 1:3,000 and 1:4,000 
1”rOb 

Texas persimmon 4.7 d f 0.4 3.2d zkO.5 27.5 a * 0.8 
&le color photos, but on 1:5,000 scale color photos it could not 

lVal”eS within EDl”rn”S followed by the Same letter do not differ signifiCBntly at the 
always be delineated. Blackbrush could also be distinguished on 

0.05% level according 10 Duncan’s multiple range test. 
1:3,000 scale CIR photos, but it was not always distinugishable on 

‘Standard error of mean. 1:4,000 scale CIR photos; blackbrush could not be detected on 
1:5,000 CIR photos. Blackbrush (vegetative stage) could not be 
di&no~~irhed from surrounding vegetation on either CIR or con- _._ _.__ ~__” ..__ . 
ventional color photos taken n&r l&do on April 18, 1983 or on 
photos taken near La Joya on 31 May, 7 July, and 3 September 
1983. Theselaterphotosalongwithfieldspectraldata takeninJuly 
1983 (Table 2) substantiate that blackbrush’s identification on 
aerial photography is possible only during its flowering period, 
which generally occurs from late February to late March. 

Microdensitometer readings made with either red or green light 
on l:l,600 scale conventional color transparencies of a rangeland 
area near La Joya, Texas, in March 1983 showed that blackbrush 
had significantly lower @=O.OS) optical counts than those of other 
associated species or mixtures of species (Table 3). However, opti- 

Table 3. Mean microdensitometer (optical) readings with white, red, 
grccn,snd blur light on aerial ronventions, color (O.&t- to O.‘lO-um)fi,m 
(scslc 1:1,600) for blackbrush and four nssoeistcd plant species or mir- 
tures of species found on south Texas rangelands. Film was exposed on 
March 9,1983 near La Jpya, Texas. 

Plant species Optical readings’ 
or mixtures White light Red light Green light Blue light 

Blackbrush 55 c f 2.2* 36 c * 2.0 41 cf 1.5 63 b i- 1.3 
CC”iZ0 59 c f 0.8 58 b f 0.9 52 b f 1.4 42.zf1.6 
Honey mesquite 97 a * 2.4 *5a*,.ll 73a* 1.5 79a*0.* 
Mixed brush 99 a * 4.2 85 a f 3.2 74 a * 2. I 78 a * 2.5 
Mixed grasses 69b*1.6 59 b * 1.8 55b+l.2 62bf0.6 

and forbs 

calcountsmadeusingwhite or bluelightindicated that blackbrush 
could not be distinguished from associated plant species or mix- 
tures of species. These results are in agreement with the canopy 
reflectance data shown in Table I, where blackbrush’s reflectance 
was found to be significantly higher than that of other associated 
plant species at both the green (0.55.urn) and red (0.65~urn) 
wavelengths. 

These results indicate that both conventional color and CIR 
aerial photographs can be used to delineate blackbrush infesta- 

Fig. 2. “pier photograph showr a rypicoi color-in/rod (C/R) podve 
tions on south Texas rangelands in late winter or early spring, 

prinf ofblockbrush an L? rnngeiondarea near La ./oyo, lexos. The lower 
when this troublesome shrub is in its floweringphenological stage. 

phorograph shows r? r,prcol convenriono, color prim of the some orea 
However, color photography is superior to CIR photography 

(Bmhprinrs ore 6X enlorgemenrs o,origi,,ol TO-mm phoros roken m an 
because blackbrush has a more distinct image response on color 

ori@nalscole 0/!:2,500.) Thhe c~rr~ws on bolhprinlspoinr to blockbrush 
photography and it can also be detected on smaller scale photos. 

plonrs. h rhe ClRphoro if has (I whilish image whereas on rhe co,,ven- These findings should be useful to ranchers and range managers to 

lional color photo if reroins its rypico, ,ishr ydow color. help locate infestations of this plant over large and inaccessible 
rangeland areas, and to monitor its spread on rangelands. 
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A Photographic Technique for Repeated Mapping of 
Rangeland Plant Populations in Permanent Plots 

M.K. OWENS, H.G. GARDINER, AND B.E. NORTON 

Abstract 

A lightweight aluminum photograph stand has been developed 
to record vegetation in permanent plots. At a camera height of 7 m 
the plot size is 14 m* when using a 70 mm camera with an 80 mm 
lens. Minor errors were detected when testing the accuracy of the 
stand. This stand will be useful for obtaining a record of permanent 
plots for many different types of research studies. 

Measurements of successional change, or vegetation trend, are 
difficult to quantify and easy to misinterpret. Trend is usually 
estimated using such variables as phytomass, cover or frequency. 
Major changes in the plant community can occur before any of 
these variables could detect it (Gardiner and Norton 1983, West 
1983). Replacement of one species by another (succession), and the 
births and deaths of individuals, can easily be detected by sampling 
permanent plots at regular intervals. With such data, the popula- 
tion dynamics of a species can be estimated, and interpretations of 
range trends are enhanced. Unfortunately, the two most common 
techniques available for obtaining such data, the pantograph and 
chart mapping, are time consuming and often inaccurate. Very few 
plots are recorded and they are typically only 1 m* in area. In 
semiarid rangelands, the small sample size and limited area 
covered are usually inadequate for reliable records of changes in 
most species. One notable exception is the data set collected on 9.3 
rnz chart-quadrats at the Desert Experimental Range, Utah (Nor- 
ton 1978). Other techniques for sampling permanent plots are 
therefore necessary. 

Low level aerial photography (Hacker 1978) provides a possible 
mapping alternative. Many problems, however are associated with 
small-scale format: different scales due to different aircraft alti- 
tudes and uncontrolled distortions caused by aircraft tilt, wind, 
and site slope. Maps produced in this manner may not be suffi- 
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ciently reliable for demographic studies and are generally restricted 
to low shrublands. Tree canopy cover may obscure essential com- 
ponents of the vegetation, and small individuals, particularly seed- 
lings, are difficult to map accurately. The typical result of sequen- 
tial recordings of a single plot are assorted photographs of different 
scales and clarity. 

Another possibility is to use a stand to hold a camera for ground- 
level photography. Cooper (1924) reported devising an oak stand 
that would hold a 5 X 7 camera 1.8 m above the ground. Unfortu- 
nately, the plot accommodated by this stand was only 1 m2. Modi- 
fications were made throughout subsequent years to either raise or 
lower the camera height. Camera height has ranged from a low of 
1.2 m (Ratliff and Westfall 1973) to a high of 3.5 m (Goodwin and 
Walker 1972). Corresponding plot sizes ranged from 0.09 m* to 14 
m*, respectively. Only in one photographic method has plot size 
been sufficiently large to study semiarid vegetation. Goodwin and 
Walker (1972) developed a photograph standing using a boom 
rather than the traditional tripod. The camera could be raised to a 
much greater height, approximately 3.5 m. Using a wide angle lens 
on a 35 mm camera resulted in a large plot size, but the 35 mm 
format limits the clarity of the photograph. 

The Photograph Stand 

Constructed from lightweight box aluminum, a portable stand 
has been developed for use in semiarid rangelands (Fig. 1). Using a 
boom apparatus rather than a tripod allows the camera height 
above ground to be increased to as much as 7 m. At the maximum 
height a 3.5 X 4 m plot is obtained. A plot of this size (14 m*) is 
adequate for studying most semiarid grass and shrub species 
populations. 

In order to consistently re-photograph the same plot, anchor 
pins were necessary. Three pieces of 1.2 m long 15.8 mm concrete 
reinforcing bar were driven into the ground at every plot. Guide 
holes in the frame fit over the anchors so the base position is 
identical at each sampling time. Slight irregularities of the soil 
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Fig. 1. A schematic of theportablephotograph stand. 

surface seriously affect the repeatability of positioning the camera. 
Therefore, small leveling legs were installed adjacent to the guide 
holes so the frame could be leveled before each photograph. 

Both a 35 mm and a 70 mm camera were tested with the stand. 
The 35 mm camera with a 28 mm lens resulted in the largest plot 
size (6 X 9 m) but the photograph was not sufficiently clear to 
accurately portray small individuals. Even with a 50 mm lens 
clarity was not sufficient for accurate, repeatable mapping. The 70 
mm camera with a 80 mm lens resulted in a large plot (3.5 X 4 m) 
and the resolution of the photograph was high. Ektachrome film 
was used because of the ease of development. 

Color transparencies were developed of each plot photographed. 
The transparencies were then back-projected onto a piece of glass 
and the outline of each plant was traced onto a piece of paper. The 
traced map was then compared to the actual plot for authenticity. 

Results 
This stand is currently being used in a plant population study at 

the Tintic Research Site, Tintic, Utah. During the spring of 1983, 
seventy plots were photographed, and data were obtained as pre- 
viously described. A total of 10,256 individual plants were mapped 
with only minor error. 

The most common error was failing to recognize in the photo- 
graph, and trace on the map, some plants that were in the plot. 
Approximately 13% (1,300 individuals) of the total were missed 
this way. Small plants and new seedlings commonly occurred 
beneath the canopies of the larger plants. Naturally a vertical 
photograph could not detect those plants. For this reason, ground 
verification is essential. Only 15 “plants”(O.O 1%) were traced from 
the transparency when in fact they were artifacts. 

When the plots were re-visited during the fall of 1983, one 
hundred percent of the plants mapped during the spring could be 
relocated. In every case either a live plant or a dead stem could be 
found. Such precision is essential for studying plant population 
dynamics. In addition, 398 plants, representing a 4% error, were 
mapped for the first time during the fall although they were suffi- 
ciently large to have been present at the spring recording time. 

The amount of time required per plot was highly dependent on 
the number of plants in the plot (r q  0.985). Plot establishment and 
photographing averaged 45 minutes per plot. Every plot, regard- 
less of the plant density, required this much time. Photographing 
time was less than 5 minutes per plot, excluding travel time 
between plots. Tracing the transparencies onto the map averaged 
15 minutes per plot, although variation was high. Ground verifica- 
tion time ranged from 10 minutes for a plot with 119 individuals to 
70 minutes for a plot with 666 individuals. Again, the amount of 
time required was dependent on the complexity of the vegetation 
structure as well as on the number of individuals. 

Conclusions 
The use of photographs has been recognized as a viable data 

collection procedure for a long time; however, problems of small 
plot size, clarity and repeatability have often presented insurmoun- 
table obstacles to using this technique. These problems can be 
alleviated by increasing plot and film size. Be securing a portable 
aluminum stand to permanent anchors, a plot can be exactly 
relocated. Such an accurate, repeatable technique will be a valua- 
ble tool in grazing behavior research, plant population studies, and 
in range trend recordings. 
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Application of Herbicides on Rangelands with a Car- 
peted Roller: Evaluation of Four Herbicides for Con- 
trol of Honey Mesquite 
KS. MAYEUX, JR. AND R.A. CRANE 

A carpeted roller, designed to wipe herbicide solutions onto 
brush stems and foliage, was evaluated for control of honey mes- 
quite [Prosopis ~ulifora (Swartz) DC. var. &ndulosa (Torr.) 
Cockwell] at 4 locations. Pi&ram (4-amino-3,5,6-trichlor- 
opicolinie acid) and elopyrnlid (3,6-dichloropicolinic acid) top 
killed honey mesquite at all locations, whether applied in spring or 
fall. Mortality (root-kill) of plants treated with picloram varied 
from 38% of plants treated under drought conditions in south 
Texas to 97% of plants experiencing optimum growing conditions 
in central Texas. Clopyralid was equal to or slightly more effective 
than pi&ram, based on mortality near the end of the second 
growing season after treatment, whereas glyphosate [N-(phosphono- 
methyl)glycine] and triclopyr ([(3,5,6-trichloro-Z-pyridinyl)oxy] 
acetic acid] were usually less effective. Solutions containing 120 
g/L of herbicide active ingredient were more effective than solu- 
tions containing 30 g/L, but differences were sometimes slight. 
Small, widely spaced honey mesquites were more easily controlled 
with the carpeted roller than larger plants growing in dense stands. 

Several kinds of devices have been developed which wipe herbi- 
cides onto weeds growing above crop canopies. Rope wick applica- 
tors and those employing carpeted surfaces have been readily 
accepted by farmers because they allow the use of effective, non- 
selective herbicides like glyphosate [N-phosphonomethyl)glycine] 
without damaging the crop plants, and amounts of herbicides 
required per unit area usually are low in comparison with hroad- 
cast sprays. These applicators obviously would not provide ade- 
quate weed control if used alone, but they complement other 
practices in cropping systems, such as cultivation and preemer- 
gence herbicides. 

The advantages associated with herbicide wiping devices also 
apply to weed control on pastures and, in some situations, to weed 
and brush control on rangelands. A carpeted cylinder successfully 
removed weeds from Kentucky bluegrass (Pm pratensis L.) seed 
fields (Wyse and Habstritt 1977). Control of leafy spurge (Euphor- 
bia esula L.) (Messersmith and Lym 1981) and common milkweed 
(AsclepiarsyriacaL.)(Cramerand Burnside 1981) withacarpeted 
roller was equal to that obtained with broadcast sprays, and rates 
of application were reduced. A revolving carpeted roller mounted 
to the rear of a crawler tractor top-killed shrubs and small hard- 
wood trees with herbicides in utility rights-of-way (Gaultney et al. 
198 I, Gaultney and Holt 1983). 

The carpeted roller described here was evaluated for control of 
small, multistemmed shrubs which are not susceptible or are only 
marginally susceptible to herbicide sprays (Mayeux and Crane 
1984). Solutions containing 24 g/L acid equivalent of glyphosate, 
triclopyr ([(3,5,6-trichloro-Z-pyridinyl)oxyl acetic acid), or piclo- 
mm(4amino-3,5,6-tricloropicolinicacid)acid reduced live canopy 

cover of common goldenweed [Isocoma coronopifolia (Gray) 
Greene] by 95% or more on south Texas rangeland seeded to 
buffelgrass (Cenchrus ciliaris L). Applications of pi&ram were 
equally effective against false broomweed (Ericameria aus~rolex- 
ma M.C. Johnston) growing on unimproved rangeland. 

The objective ofthis study was to assess the feasibility of usinga 
carpeted roller for control of honey mesquite [Prosopis juliflora 
(Swartr) DC. var. glandulosa (Torr.) Cockerell]. Honey mesquite 
was selected as the test species because it is the single most impor- 
tant brush species in Texas and other portions of the Southwest, by 
virtue of its large area of distribution and its occurrence on both 
native range and improved pastures, as pure stands and as a 
component of mixed brush (Fisher et al. 1973). 

Methods 

The carpeted roller consisted of a polyvinyl chloride (PVC) 
cylinder, 25 cm in diameter and 2 m long, mounted on parallel 
linkage in front of a small farm tractor with puncture-proof tires 
(Fig. I). The roller was covered with common household carpet 

with a dense shag of medium length. Different carpets were used 
with each herbicide and concentration to avoid contamination. 
The roller was continuously rotated at 40 rpm with a hydraulic 
motor, with the direction of rotation opposite to the direction of 
travel at the bottom of the roller, to avoid dripping of the herbicide 
solution and to maximize the amount of solution applied. Height 
of the roller could be adjusted hydraulically during travel. The 
roller was operated at heights of IO cm to 60 cm at the lower edge, 
depending on height of the plants being treated, in an effort to 
apply herbicide solutions to stems as well as foliage. Tractor speed 
was 4.8 to 6.4 km/hr. 
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A sickle bar was attached to a 5 cm diameter pipe mounted about 
50 cm in front of the roller. The sharp edge of the sickle bar was 
pointed down and about 30” to the rear. This provided a scraping 
edge to lightly abrade the bark of stems and allow the herbicide 
solution to be applied to the conductive tissues, presumably 
enhancing entry and downward translocation of herbicides. Her- 
bicide solutions were carried in 20 L containers mounted above the 
roller, and were transferred to the carpet by a high volume, low- 
pressure spray system. The tractor driver wet and rewet the carpet 
at will by activating an electric pump. A more detailed description 
of the implement was provided elsewhere (Mayeux and Crane 
1983). 

Experiments were established at 3 locations in central Texas, 
near the towns of Sparks, Kosse, and Little River, and at a fourth 
near La Pryor, in semiarid south Texas. Soils of the central Texas 
sites were Houston black clay (Udic Pellusterts) or Crocket clay 
loam (Udertic Paleustalfs). Soils at the south Texas site were 
primarily deep sandy loams of the Brystal series (Aridic Paleus- 
talfs). Average annual precipitation at the central Texas locations 
is approximately 85 cm, and annual rainfall averages 55 cm at La 
Pryor. 

Herbicides applied in all experiments were the isopropyl amine 
salt of glyphosate, triclopyr as either the ethylene glycol butyl ether 
ester (Sparks and Little River) or the triethylamine salt (Kosse and 
La Pryor), the monoethylamine salt of clopyralid (3,6dichloro- 
picolinic acid), and the potassium salt of picloram. Clopyralid was 
not applied near La Pryor, and clopyralid and picloram were 
omitted from certain experiments near Sparks. Commercial for- 
mulations of each herbicide were diluted with water to 2 concentra- 
tions of acid equivalent, 30 and 120 g/L. No surfactant was added. 

Treatments were initially applied near Sparks on 7 May 198 1, 
and the experiment was repeated on 3 May 1982. Experiments 
were also established near Sparks on 4 August 1981, and on 1 
September 1982. Weather conditions were mild on the days when 
treatments were applied in May. Maximum air temperatures were 
29 and 27“C in 1981 and 1982, respectively, as measured with a 
hygrothermograph. Maximum air temperature was 36’C on both 
days when treatments were applied near Sparks in August and 
September. Soil water availability was high in May 198 1 and 1982, 

due to considerable spring rainfall, and stem elongation appeared 
to be rapid. Soils were dry at the surface but deeper horizons were 
moist when fall treatments were applied. Most honey mesquite 
plants bore mature seed pods. Herbicides were applied with the 
scraper bar attached and with the scraper bar removed, in separate 
blocks, on each of the 4 dates near Sparks. The scraper bar was 
attached at all other locations. 

Dates of application near La Pryor were 27 May 1981, and 11 
May 1982. Single experiments were established at Kosse on 28 
April 1981, and near Little River on 17 June 1982. Maximum air 
temperatures were 34and 27OC when treatments were applied near 
La Pryor in May 1981 and 1982, respectively. Canopy develop- 
ment appeared to be complete on both dates, but honey mesquite 
growth was limited by drought conditions at La Pryor in May 
1982. Conditions were near optimum for application of translo- 
cated herbicides when plots were treated near Kosse and Little 
River. Soils were wet to the surface at both locations. Maximum 
air temperatures were 29’C when treatments were applied near 
Kosse and 37OC when herbicides were applied near Little River. 
Canopy development was not complete in late April at Kosse, but 
foliage at both locations was lush and canopies were well deve- 
loped at the Little River site. Honey mesquites were in flower at 
Little River. 

Honey mesquite stands are typically variable in terms of plant 
density, size, and growth form (Fisher et al. 1973). Study sites were 
selected to reflect these differences. Plants growing on the Sparks 
site varied in height from about 1 m to 2.4 m, and plant density was 
in excess of 4,000/ ha. Larger plants were multistemmed regrowth 
following shredding several years prior to the study, but smaller 
honey mesquites were single-stemmed. Density of plants at the site 
near Little River was especially high, 9,264/ha, but the average 
plant height was less than 1 m and each plant consisted of numer- 
ous, almost decumbent stems, due to repeated shredding in pre- 
vious years. Canopy cover of honey mesquite was essentially con- 
tinuous at Sparks and Little River. Those treated near Kosse were 
also small, less than 1 m in height, but well-spaced; density was 
only 9241 ha. Each honey mesquite at Kosse consisted of a few erect 
stems. The La Pryor site was characterized by erect, single- 
stemmed plants to 1.8 m in height where treatments were applied in 

Table 1. Percent canopy reduction and mortality of honey mesquite at the end of the second growing season after herbicides were applied in May 1981 and 
1982 with a carpeted roller with a stem scraper attached or removed, near Sparks, Texas. Plant height averaged 1.8 m and density averaged 4015 
plants/ha. 

Scraper attached Scraper removed 
Concentration 1981 1982 1981 1982 

Herbicide (8/L a=) (%I (%I (%I (%) 

Canopy reduction” 
None Oa 5a Oa 3a 
Glyphosate 30 55 b 32 b 91 b 93 b 
Glyphosate 120 83c 93 c 94 b 97 b 
Triclopyr 30 42 b 98 c 90 b 98 b 
Triclopyr 120 94c IOOC 98 b 1OOb 
Picloram 30 95 c 95 c - 99 b 
Picloram 120 98 c 98 c - 1OOb 
Clopyralid 30 99 c 98 c 99b 97 b 
Clopyralid 120 100 c IOOC 1OOb 1OOb 

Mortality” 
None Oa Oa Oa Oa 
Glyphosate 30 34 b 8 ab 48 c 40 bc 
Glyphosate 120 48 bc 34 b 49 c 37 bc 
Triclopyr 30 33 b 9ab 18a IOab 
Triclopyr 120 6Obd 27 ab 51 c 52 cd 
Picloram 30 61 bd 27 ab - 67 c-c 
Picloram 120 72 c-e 65 c - 85 de 
Clopyralid 30 80 de 63 c 16 cd 72 c-c 
Clopyralid 120 94 e 88 c 92 d 93 e 

*Canopy reduction or mortality means within a column and followed by the same letter do not differ significantly at the 5% level according to Duncan’s multiple range test. 
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198 1, and multistemmed regrowth of the same height where plants 
were established in 1982. Density at La Pryor was only 6 I8 / ha and 
42O/ha in 198 1 and 1982, respectively. An equal number of twisted 
acacia (Acacia tortuosa L.) shared the study sites near La Pryor, 
but no other woody species were present at other locations. 

All experiments were randomized complete blocks with 2 repli- 
cations near La Pryor and 3 replications at other sites. Plot size 
varied, because of differences in honey mesquite density, from 4.3 
by 30.5 mat Sparks and Little River to 12.2 by 30.5 mat La Pryor. 
Treatments were evaluated by recording visual estimates of live 
canopy reductions by consensus of 2 observers, compared to 
untreated plots. Canopy reduction was estimated periodically dur- 
ing the growing season of treatment and the following growing 
season. At the end of the second growing season after treatment, in 
September 1982 or 1983, all honey mesquite plants in each plot 
weri: inspected and rated as live or dead. Plants were considered 
alive if any resprouting was apparent, either at the base of the main 
stems or in the upper canopy. Experiments established in 1982 
were evaluated similarly at the end of the third post-treatment 
growing season. Percent mortality was calculated as the propor- 
tion of live plants in untreated plots. Mortality and canopy reduc- 
tion data were subjected to analysis of variance without transfor- 
mation (Steel and Torrie 1980). The data from evaluations at 
Sparks were analyzed in several split-plot arrangements, with year 
of treatment, season of treatment, or presence or absence of the 
scraper bar contributing main plot effects. Herbicide treatments 
were assigned subplot effects, Interactions were significant in each 
analysis, so no data were pooled. Data from the 2 experiments at 
La Pryor were not pooled for the same reason. 

Grass damage was noted in certain plots soon after treatments 
were applied, particularly in experiments established in dense 
infestations of larger plants. The maximum extent of grass damage 
was estimated by recording interceptions of dead grasses along a 
single 30-m line transect placed diagonally across untreated plots 
and those treated with both concentrations of glyphosate, 6 weeks 
after treatment in May 1981 and May 1982 near Sparks. The 
percentage of the total area on which grasses appeared dead was 
analyzed in a split-plot arrangement, with presence or absence of 
the scraper bar considered mainplots and glyphosate concentra- 

tion (0, 30, and 120 g/L) assigned subplot effects. The data were 
pooled across years prior to analysis. 

Results 

Most herbicides and concentrations completely defoliated honey 
mesquites within 6 weeks of application with the carpeted roller. 
The only exceptions occurred where glyphosate and the low con- 
centration of triclopyr were applied near La Pryor in May 1982 
(data not shown), following a winter and spring with rainfall 
considerably below normal. Several plants in plots receiving these 
treatments were only partially defoliated in the portion of the 
canopy opposite to that initially contacted by the roller. Appar- 
ently, retarded canopy development and water stress at the time of 
treatment reduced honey mesquite’s susceptibility to herbicides 
applied with carpeted roller, as occurs with sprays (Scifres et al. 
1973). 

Variation in response attributable to growing conditions was 
also evident in the mortality of the relatively large, scattered plants 
treated near La Pryor. At the end of the second growing season 
after herbicides were applied in May 198 1, a year with adequate 
rainfall during spring months, mortality was 100% where either 
concentration of triclopyr or picloram was applied (data not 
shown). Only 20 and 25% of the plants were root-killed where 
glyphosate was applied as 30 and 120 g/ L solutions in 198 I. Both 
concentrations of glyphosate and triclopyr were ineffective when 
applied during dry conditions in 1982, killing less than 10% of the 
plants, and mortality averaged only 38% where the higher concen- 
tration of picloram was applied in 1982. 

The carpeted roller was more effective when herbicides were 
applied in May to the extremely dense, tall stand near Sparks than 
in experiments near La Pryor. Applications of either concentration 
of picloram or clopyralid with scraper attached reduced live can- 
opy by 95 to 100% at the end of the second growing season after 
both years of treatment (Table I). The higher concentration of 
glyphosate and triclopyr was also effective in killing mesquite 
topgrowth, but the lower concentration of glyphosate reduced live 
canopy by only 55 and 32% in 1981 and 1982, respectively. The 30 
g/L solution of triclopyr almost completely top-killed honey mes- 
quite when applied in 1982, but considerable regrowth occurred in 

Table 2. Percent canopy reduction and mortality of honey mesquite at the end of the second growing season after herbicides were applied in August 1981 
and September 19112 with a carpeted roller with a stem scraper attached or removed, near Sparks, Texas. Plant height averaged 1.8 m and density 
averaged 4430 plants/ha. 

Scraper attached Scraper removed 
Concentration 1981 1982 1981 1982 

Herbicide W L a.e.) (%I (%) (%I (%) 
Canopy reduction’ 

None - Oa Oa Oa 4a 
Glyphosate 30 42 b 28 b 59 b 32 b 
Glyphosate I20 82 c 6Oc 98 c 13 c 
Triclopyr 30 93 c 72 cd 99 c 86c 
Triclopyr 120 94 c 1OOd loot 98 c 
Picloram 30 89 c 98 d 99 c 98 c 
Picloram 120 99 c 99 d IOOC 1OOc 
Clopyralid 30 1OOc 93 d 1OOc - 
Clopyralid 120 IOOC 1OOd 10 c - 

Mortality’ 
None - Oa Oa Oa Oa 
Glyphosate 30 25 ab 4ab 14ab 8 ab 
Glyphosate 120 42 bc l5a-c 36 b 33 bc 
Triclopyr 30 38 b 15a-c 24 ab l3ab 
Triclopyr 120 45 bc 26 ad 42 bc 41 c 
Picloram 30 50 bc 30 bd 39 bc 41 c 
Picloram 120 55 bc 61 e 73 d 87 d 
Clopyralid 30 53 bc 36 c-e 67 cd - 
Clopyralid 120 70 c 50 de 87 d - 

‘Canopy reduction or mortality means within a column and followed by the same letter do not differ significantly at the 5% level according to Duncan’s multiple range test. 
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plots treated in May 1981. Little or no resprouting was evident 
where treatments were applied with the scraper bar removed in 
either year (Table 1). 

All treatments applied in 1981, with or without the scraper bar, 
killed a significant proportion of the honey mesquite stand (Table 
1). In 198 1, the 30 and 12Og/ L glyphosate solutions and the 30 g/L 
triclopyr solution root-killed 33 to 48% of the treated plants with 
the scraper bar attached. Picloram tended to be more effective than 
either glyphosate or triclopyr. Honey mesquite mortality in plots 
treated in 1981 with clopyralid was significantly greater than that 
obtained with glyphoste or triclopyr at the same solution concen- 
tration. As high as 80% mortality occurred following application 
of the 30 g/L solution of clopyralid, and up to 94% of the plants 
were killed with the higher concentration near Sparks. 

Herbicides were generally less effective when applied in May 
1982 than in May 198 1, especially if applied as the low concentra- 
tion with the scraper bar mounted. Effect of the scraper bar on 
honey mesquite mortality was inconsistent; effectiveness of some 
treatments tended to be greater with the bar attached in 198 1, but 
there was a trend toward better control with the bar removed in 
1982. This same tendency was evident in mortality following both 
spring (Table 1) and fall (Table 2) applications. Within a season of 
treatment, analyses of variance indicated that the scraper bar did 
not contribute significant mainplot effects. Year of treatment was 
significant in analysis of mortality @=O. 1) but did not account for 
variation in canopy reduction. 

Live canopy reductions recorded at the end of the second grow- 
ing season after treatment in August or September (Table 2) were 
similar to those plots treated in May. Although all treatments 
completely defoliated honey mesquite during the growing season 
of treatment (data not shown), regrowth partially replaced upper 
live canopy during the spring and summer following glyphosate 
application (Table 2). Only basal resprouting was apparent in the 
second year where other herbicides were applied in the fall. 

Clopyralid was only slightly more effective than other herbicides 
applied in August 198 1, and was no more effective than picloram in 
September 1982 (Table 2), based on honey mesquite mortality. A 
higher proportion of plants was killed by the 120 g/L concentra- 
tion of picloram and both concentrations of clopyralid applied in 
198 1, and by both concentrations of picloram applied in 1982, with 
the scraper bar removed than with it attached. Mortality was as 
high as 87%. 

Mortality of the small, widely spaced honey mesquite treated in 
late April near Kosse ranged from 83 to 100% (Table 3). No 

Herbicide 
Concentration 

CQ/ L a.e.) 
Mortality” 

F%) 

at Sparks (data not shown). 
Several of these treatments were not effective when applied to a 

very dense stand of small, multistemmed plants near Little River in 
June 1982 (Table 4). The lower concentrations of glyphosate and 

Table 4. Mortality of honey mesquite at the end of the second growing 
season after herbicides were applied in June 1982 with a carpeted roller 
with P stem scraper attached, near Little River, Texas. Plant size was less 
than 1 m and density averaged 9264 plants/ha. 

Herbicide 
Concentration 

(PI L a.e.) 
Mortality’ 

I%) 

None - Oa 
Glyphosate 30 6a 
Glyphosate 120 65 c 
Triclopyr 30 13ab 
Triclopyr 120 35 b 
Picloram 30 74 cd 
Picloram 120 86 cd 
Clopyralid 30 86 cd 
Clopyralid 120 96 d 

‘Means followed by the same letter do not differ significantly at the S%level according 
to Duncan’s multiple range test. Mean canopy reduction of all treatments except the 
control was 99 or lOO%. 

triclopyr killed only 6 and 13% of the honey mesquites, and the 
high concentration of triclopyr was not significantly more effective 
than the low concentration. The high concentration of glyphosate 
was more effective than the same concentration of triclopyr in this 
experiment, reducing stand density by 65%. Applied as the low 
concentration (30 g/L), picloram and clopyralid gave better con- 
trol than glyphosate and triclopyr, as occurred at Sparks. Both 
concentration of picloram and clopyralid gave adequate control of 
honey mesquite, averaging 74 to 96% mortality, with no significant 
differences between herbicides or concentrations. 

Small areas of dead grass appeared soon after treatment in all 
experiments. These areas, as large as 1 m in diameter, occurred 
beneath or adjacent to the honey mesquites and only where gly- 
phosate or picloram was applied. Triclopyr and clopyralid did not 
damage the grasses. More damage was apparent in plots treated 
with glyphosate than in those treated with picloram. An average of 
11% of the otherwise continuous grass cover was killed in plots 
treated with the 30 g/L concentration of glyphosate with the 
scraper bar attached, and increasing the solution concentration to 
120 g/ L increased grass damage to 17% (Table 5). A larger propor- 

Table 3. Mortality of honey mesquite at the end of the second growing 
season after herbicides were applied in April 1981 with a carpeted roller 

Table 5. Proportion of the plot area supporting grasses killed by glypho- 

with a stem scraper attached, near Kosse, Texas. Plant size was less than 
sate 1 month after application to honey mesquite in May 1981 and 1982 

1 m and density averaged 924 plants/ha. 
with a carpeted roller with a stem scraper attached or removed, near 
Sparks, Texas. 

None 
Glyphosate 
Glyphosate 
Triclopyr 
Triclopyr 
Picloram 

- Oa 
30 94 b 

120 89 b 
30 83 b 

120 97 b 
30 86 b 

120 97 b 
30 89 b 

120 IOOb 

Glyphosate 
concentration 
( n/L a.e.) 

Scraper 
attached’ 

(%I 

Scraper 
removed* 

(%) 

Picloram 
Clopyralid 
Clopyralid 

‘Means followed by the same letter do not differ significantly at the 5% level according 
to Duncan’s multiple range test. Mean canopy reduction of all treatments except the 
control was 100%. 

None Oa Oa 
30 II b 18bc 
120 17b 27 c 

‘Means followed by the same letter do not differ significantly at the 5% level according 
to Duncan’s multiple range test. 

tion of the herbaceous ground cover was killed with the scraper bar 
removed; 27% of the area appeared dead when the 120 g/L solution 
was applied without the bar. 

statistical differences were apparent among herbicides or concen- 
trations. Evaluations conducted near the end of the third growing 
season after treatment, in September 1983, yielded almost identical 
mortality percentages as at the end of the second growing season 
near Kosse, as did third-year evaluations of the 198 1 experiments 

Herbicide solution came in contact with the herbaceous under- 
story in 2 ways. P_;ter the roller wet the honey mesquite foliage, the 
plants were pushed over by the tractor, and some solution was 
transferred to the grasses from the mesquite foliage. Some solution 
was splashed off the carpet and onto the grasses when the stiff 
stems of larger honey mesquites impacted against the saturated 
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carpet. This problem was more obvious when the scraper bar was 
not mounted in front of the roller, and accounted for the increased 
grass damage when the machine was operated in that way. 

Discussion 
The carpeted roller appears to have considerable potential for 

use in management of grazing lands infested with honey mesquite. 
With the exception of 1 of 2 experiments at La Pryor, levels of 
mortality obtained with the roller were higher than would be 
expected with broadcast sprays. Picloram and clopyralid were the 
most effective of the herbicides evaluated and the lower solution 
concentration usually provided acceptable control. Further studies 
of the minimum required herbicide concentration are underway. 

The implement should be operated with a bar mounted in front 
of the roller to reduce waste of the herbicide solution and concom- 
itant damage to herbaceous species, and to provide some protec- 
tion from damage to the roller when treating larger plants. How- 
ever, a smooth bar may be used since the scraping device had little 
influence on herbicide performance. 

Effectiveness of the carpeted roller was somewhat inconsistent in 
this study, as might be expected in view of honey mesquite’s highly 
variable response to herbicides applied as sprays (Scifres et al. 
1973). The wiper was not effective during a drought near La Pryor, 
again demonstrating that growing conditions at the time of treat- 
ment strongly influence response to herbicides, whether wiped or 
sprayed onto honey mesquite. Effectiveness of fall applications at 
the Sparks site may also have been reduced by plant stress asso- 
ciated with limited soil water and high temperatures, relative to 
application during spring months. However, the complete top-kill 
and root-kill in excess of 50% obtained in the fall with some 
treatments are encouraging. Maximum susceptibility of honey 
mesquite to sprays occurs 40 to 90 days after bud break in the 
spring, from about mid May to early July in Texas, and early 
spring or fall applications are not recommended (Scifres et al. 
1973). However, since treatment in April resulted in the best con- 
trol obtained in this study, timing of application with the carpeted 
roller may not be as critical as timing of sprays. 

Size and density of plants also appeared to contribute to the 
variation in mortality of honey mesquite following application 
with the carpeted roller. Plants treated at Kosse, where all treat- 
ments gave excellent control, were small and widely spaced. Most 
treatments were less effective near Little River, where plants were 
small but also heavily branched and decumbent, which decreased 
contact with the carpeted roller. The high density of plants near 
Little River, approximately 10 times that near Kosse, also 
appeared to reduce coverage and the amount of solution deposited 
on each plant. Plants in the thick stand physically interfered with 
contact of the roller with adjacent plants. 

The adverse effect of high density of the stand treated near 
Sparks was further complicated by the large size of the honey 
mesquites. Stems of many of the larger plants were too inflexible to 
pass beneath the tractor without breaking near the ground. These 
invariably resprouted from basal buds, presumably because herbi- 
cides could not be translocated to these buds. Additional research 
on the effects of plant size and density on control obtained with the 
carpeted roller is needed, but it is likely that the implement is most 
effective when used to treat plants less than 2 m tall growing in 
sparse stands. This should not be a disadvantage in much of honey 

mesquite’s area of distribution, because the species often typically 
occurs as a shrub in sparse stands, particularly in north and west 
Texas. 

Usefulness of the carpeted roller may be limited by the small area 
that can be treated per unit time, in comparison to aerial spraying 
of herbicides. However, there are many situations where it can be 
used to advantage. Honey mesquite seedlings often invade peren- 
nial pastures and limited areas of seeded rangeland, and new 
infestations of small honey mesquites and regrowth from shred- 
ding are common in pastures. Infested pastures often are near 
herbicide-susceptible crops, which precludes the use of sprays. 
Also, the speed and mobility of the small, fuel-efficient tractor 
should make the carpeted roller an attractive alternative to the 
various individual plant treatments, such as oiling. 

The carpeted roller could be used as a maintenance tool to 
remove survivors or regrowth following more intensive practices 
such as root-plowing or prescribed fire, and extend the duration of 
treatment life of renovation practices. It is not difficult to envision 
the incorporation of such a tool into brush management systems 
designed to provide long-term suppression of numerous range 
weed and brush species (Scifres 1980). 
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Predicting Yield Response to Nitrogen Fertilization 
on Northern Great Plains Rangelands 
J. ROSS WIGHT AND E. BRUCE GODFREY 

Abstract 

Using a data base developed from range fertilization research 
results in the Northern Great Plains, yield-predicting equations for 
both fertilized and nonfertilized range (fl= 0.83; n = 194 and rJ 0.88; 
n = 51, respectively) were developed. Independent variables 
included combinations of monthly precipitation and average site 
yield for nonfertilized range and additional variables representing 
N-rate, N-sink effect, and N-rate with precipitation interactions for 
the fertilized range. Average site yield provided an effective means 
of accounting for the wide range of inherent productivity among 
range sites. The results of this research indicated that, in the 
Northern Great Plains, yield response of native range to N fertiliza- 
tion can be reliably predicted using readily obtainable climatic and 
site data. 

Approximately 295 million ha in the western United States and 
the Canadian Provinces is classified in rangeland ecosystems. 
Approximately one-half of this area is found in the Northern Great 
Plains and is represented by plant communities where nitrogen(N) 
fertilization has been used to produce additional forage. Despite a 
demonstrated potential to significantly increase forage produc- 
tion, range fertilization is not a widely accepted practice. The 
primary reason for low acceptance is that climatic variability plus 
fluctuating fertilizer costs and livestock prices make range improve- 
ments, such as fertilization, a high risk alternative use of capital. 

Range forage response to N fertilization varies widely and is 
primarily a function of precipitation or available soil water and the 
rateat which nitrogen (N-rate) is applied (Fig. 1). Increased yield of 

ANNUAL N-RArE (kg/ha1 

Fig. 1. Herbage response to N in 4 divergent grassland communities. 
(Wighr 1980). 
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100% or more following N fertilization is common. Yield response 
to N is also affected by site characteristics such as temperature, soil 
texture, inherent fertility, and vegetation composition. For specific 
sites, within a climatic zone, annual fluctuations in precipitation 
control response of range forage to N fertilization (Fig. 2). Not 

Dry Years 
1968, ‘71, ‘73 
y = 735 XO.iO6 

R2 = 0.71 

I 
50 100 150 200 250 300 350 
NITROGEN RATES in ARE’S (Kg/ha) 

Fig. 2. The herbage yield-N relationship as affected by annual climate 
(Wight and Black 1979). 

only is the magnitude of the yield response to N greater with 
increased precipitation but the relationship between yield and 
N-rate becomes linear over a wider range of N-rates. 

There have been numerous attempts to relate herbage produc- 
tion of nonfertilized range to environmental factors such as precip- 
itation, soil, water, and pan evaporation. Recently, emphasis has 
been on the use of water balance, climate-type models to calculate 
evapotranspiration as an index to plant growth within native eco- 
systems (Wight and Hanks 1981). Attempts to relate yield response 
to fertilization on rangelands have been limited. Smika et al. 
(1965), working in North Dakota, demonstrated that yield re- 
sponse to N increased in a quadratic relationship as available water 
increased. They were able to calculate a regression equation for 
each N-rate studied, but the limited quantity of data available did 
not allow them to estimate regression equations that were reliable 
predictors of forage production to fertilization. 

Working in the same geographical area as Smika et al. (1965) 
Power and Alessi (1970) found that up to 65% of crested wheat- 
grass (Agropyron desertorum) yield could be accounted for by the 
May precipitation and, with adequate N fertilization, about 350 
additional kg dry matter/ ha could be expected for each centimeter 
of May precipitation. At all levels of fertilization studied, May 
precipitation provided the best index of yield. 

In Canada, Johnston et al. (1969) studied the relationships 
between yield responses to range fertilization and precipitation, 
evaporation, and soil water. Using stepwise regression analyses, 
they found that fall soil water, May-September evaporation, and 

238 JOURNAL OF RANGE MANAGEMENT 38(3), May 1985 



Table 1. Data sets used in regression analyses. 

Location 

Mandan 

Havre 

Sidney 

Ekalaka 

Ekalaka 

Number of observations 
(n) 

46 

47 

58 

28 

15 

Soil texture 

Silt-Loam 

Loam 

Sandy-Loam 

Clay 

Clay 

Average site yield 
(kg/ ha)’ 

1901 
(289) 

594 
(222) 

878 
(549) 

384 
(226) 

157 
(29) 

Average annual 
precipitation (mm)’ Reference 

Lorenz & Rogler (1972) 
:; 

281 Houlton (1975) 
(65) 
349 Wight & Black (1979) 
(86) 
370 Wight, Unpub. data 
(83) 
370 Wight, Unpub. data 
(83) 

‘Long-term averages. Numbers in parentheses represent the standard deviation. 

May-June precipitation were significant and accounted for 95% of 
the variation in yield on check plots. On N-fertilized plots, only 
June precipitation and May-September evaporation were signifi- 
cant, accounting for 71% of the yield variation. Fertilizer rate was 
not a variable, and no attempt was made to determine the effects of 
the different range sites included in the study. 

In Montana, Burt et al. (1971) developed a model to predict hay 
yields of crested wheatgrass (A. cristarum) based on the plant- 
available soil N and seasonal precipitation, where soil N is the sum 
of the N application and carry-over soil N. A distinctive feature of 
this model is the carry-over (Stauber et al. 1975) soil N which was 
calculated from previous N applications and yields. 

The reported research has generally not included fertilizer rates 
and/or site characteristics as variables in their predictive models. 
As a result, these equations have limited application for range sites 
other than where the research was conducted. The study report 
herein utilizes the results of several studies in various areas within 
the Northern Great Plains to quantify the relationships between 
range forage response to the application of N as well as climatic 
and site variables. The estimated relationships are used to develop 
a predictive model as a tool to enhance range fertilization 
decisions. 

Methods 

A data base was developed from published and unpublished 
range fertilization research and results from several research loca- 
tions in the Northern Great Plains that represented 5 distinct range 
sites (Table I). Variables considered included yield, N-rate, 
monthly precipitation, and the long-term average yield of the study 
site (site factor). All yield responses are expressed as kg/ ha on an 
oven-dry, ground-level basis. A N-sink factor was calculated to 
account for the “sink” effect described by Wight (1976) that was 

derived from the results of a study by Power (1972). 
To develop a data base with a wide range of N-rates, it was 

necessary to utilize the concept of annual rate equivalents (ARE) as 
described by Wight (1976) and Wight and Black (1979), wherein, a 
single application of N could be considered over a period of several 
years with a different N-rate or ARE for each year. For example, 
the ARE of a single application of 300 kg N/ha would be respec- 
tively 300, 150, and 100 kg/ ha for the year of application, and the 
first and second year following application. Previous research 
results indicated that ARE N treatments produce yield responses 
similar to equivalent annual N treatments (Wight 1976, Wight and 
Black 1979). In this study, ARE’s were used interchangeably with 
equivalent annual rates. 

Long-term average site yields were derived by estimating a linear 
regression equation that included precipitation and site variables 
(unpublished data available from senior author). In actual prac- 
tice, the site factor could be estimated from sources such as histori- 
cal data or yield values assigned by the Soil Conservation Service 
range site classifications. 

Response to N was determined both in terms of yield increase 
(fertilized plot minus check plot) and N-use efficiency (NUE). NUE 
as described by Wight (1976) is the additional units of forage 
produced per unit of N applied, and provides an index to compare 
yield response to N rate among sites and years. 

Results and Discussions 

Before performing regression analyses to quantify relationships 
between yield response to N-rate, precipitation, and site variables, 
an additional factor was developed to account for the N-sink effect. 
Using data from Power and Alessi (1971), it was found that 180 to 
270 kg N/ ha had to be applied to a site with an average annual yield 

Table 2. Regression eoeffieicnt, standard errors, eomputed t-values, and the standard error of estimate for equation [2]. 

Variable 

XI - N sink factor 
Xs - Site factor 
Xs - ARE X (April + May precip.) 
X4 - May precipitation (mm) 
Xs - Dummy variable 
Xs - July precipitation (mm) 
X7 - April precipitation (mm) 
XS - (ARE)Z (kg/ ha)* 
Xs - ARE X (August through March 

precipitation) 
XI0 - June precipitation (mm) 

Regression coefficient Standard error Computed t-value 

810. 159. 5.09 
0.785 0.0769 10.20 
0.0193 0.00550 3.51 
5.47 0.747 7.32 

255. 128. 1.99 
4.43 1.14 3.89 
6.64 1.73 3.82 

-0.00534 0.000845 -6.31 

0.0237 0.09438 5.40 
1.88 0.846 2.22 

Standard error of estimate = 418. 
Y intercept = -622. 

N = 194. 

rz = 0.83. 

JOURNAL OF RANGE MANAGEMENT 38(3), May 1985 239 



of 1,900 kg/ ha to obtain maximum yield response. Initial N-rates 
above 270 kg N/ha produced little additional yield. The data also 
indicated that proportionally smaller initial N applications resulted 
in smaller yields. However, once the N-sink had been satisfied, 
annual N-rates of less than 90 kg/ ha resulted in maximum produc- 
tion levels. The amount of N needed to satisfy the N-sink will 
probably vary with site, precipitation, and the amount of root 
material present. It was assumed that the magnitude of the N-sink 
was proportional to the average site yield with a maximum value of 
270 kg N/ha on a site with an average annual yield of 1,900 kg/ ha 
or greater. The N-sink factor was determined as the portion of the 
N-sink that had been satisfied with the application of N. This sink 
factor (N-sink) was calculated using equation [I], 

N-sink = TN + (270 X SF/ 1900), 111 
where TN is the total N applied and SF is the site factor (average 
site yield). All resultant N-sink factor values greater than 1.0 were 
set equal to I .O. Until N cycling on rangeland is better understood, 
this factor provides a means of accounting for the N-sink effect in 
yield predicting equations. Although the N-sink factor implies 
permanency, in practical use the TN component can be reset to 
zero anytime a significant tie-up of applied N becomes evident. 

Range forage response to N-fertilization is often greater the first 
year than during following years when equivalent growing condi- 
tions exist. Lorenz and Rogler (1967) attributed this to greater 
water use from the stimulation of root systems by N fertilization of 
previously nonfertilized sites. Under semiarid conditions, this is 
basically a one-time water source, because deeper portions of range 
soil profiles are only occasionally recharged. To account for this 
additional forage response, a dummy variable was used with an 
assigned value of 1 for the first year following fertilization and 0 for 
subsequent years. 

Several regression equations were estimated, all based on the 
data sets shown in (Table 1). The dependent variable (yield) was 
regressed against the following independent variables: N-rate, site 
factor, N-sink factor, and various combinations of monthly precip- 
itation where precipitation was measured in millimeters. Equation 
[2] (Table 2) was selected as best for quantifying the relationships 
between the dependent and independent variables while being 
biologically acceptable. 

Yl q  plJ+ iy PiXi=el. 
Z 

Other alternative equations (e.g., Cobb-Douglas type, logarith- 
mic) were formed, but these equations werejudged to be inferior to 
equation [2]. The primary reason for rejecting these alternative 
equations was the examination of the residual plots and concepts 
set forth in Draper & Smith (1966) and Kennedy (1979). The 
residual plots indicated that a cubic term could be added (AREj), 
but this variable was not statistically significant for these data. The 
estimated regression coefficients (Table 2) all have the expected 
signs and are statistically different from zero at probability levels 
greater than 95%. In addition, there was little evidence that the 
classic assumptions used in regression analysis were violated 
(Kennedy 1979). 

Several characteristics of equation [2] ought to be noted. First, 
the magnitude of the estimated coefficients (& for each of the 
periods of precipitation had the expected orders of magnitude. 
Secondly, precipitation-fertilizer interactions (&and Bs) indicated 
a strong complementary association between precipitation and the 
application of N. Thus, in years of less than normal precipitation, 
the application of N would yield less forage than in years of above 
normal precipitation. Third, if the first derivative of equation [2] 
with respect to ARE is taken, 

5 q  &, (April + May precipitation) + /3s ARE 
aARE 

+ pg (August - May precipitation) 

and is set equal to zero with average levels of precipitation, equa- 
tion [2] would be maximized when about 485 kg/ ha of N is applied. 
This would imply that nearly 2,500 kg/ha of forage would be 
produced if this level of N was applied. It should be noted, how- 
ever, that this level would increase if greater than average precipita- 
tion was available during the August through May period. 

Any economic evaluation of practices, such a fertilization, must 
be based on the returns with fertilization vs. the returns without 
fertilization. In an effort to obtain this data, equation [3] was 
estimated using only check-plot data (Table 3). 

Yz q  do + dlUl+ dzUz + d& + drU4 + dsUs + d.&, + e2 131 
Each of the estimated regression coefficients (Table 3) was statisti- 
cally different from zero at levels probability in excess of 85% and 
Table 3. Regression coefficients, standard errors, computed t-values, and 

the standard error of estimates for equation [3]. 

Variable 
Regression Standard Computed 
coefficient error t-value 

UI - Site factor 
UZ - July precipitation (mm) 
I_Ja - May precipitation (mm) 
Ud - April precipitation (mm) 
Ug - August through March 

Precipitation (mm) 
US - June ureciuitation (mm) 

0.855 0.0658 13.00 
3.26 1.21 2.69 
2.73 0.0832 3.28 
5.70 1.87 3.04 

1.20 0.774 1.55 
1.42 0.965 1.47 

Standard error of estimate - 239. 
Y intercept = -638. 
n=51. 
rJ = -0.88. 

all had the expected signs. The site factor (VI) in equation [3] 
accounted for a large portion of the variation in yield indicating 
that, within a given climatic zone, range site has a major influence 
on yield. This can be observed in the average yield of the two 
Ekalaka sites differed by more than 100% although both received 
the same amount of precipitation (Table 1). 

Equations [2] and [3] were tested for goodness of fit using data 
from Miles City, Mont., and Mandan, N. Dak., which were not 
used to estimate equations [2] or [3]. These data represent a wide 
range of productivity levels within the Northern Great Plains. For 
fertilized and nonfertilized range, equations [Z] and [3] performed 
reasonably (Fig. 3) well with r2 values of 0.84; n = 25 and 0.97; n = 
10, respectively, for the fit of the predicted values to actual observa- 
tions. These results suggested that the above regression equations 
fit one of the major criteria, predictability, for accepting a model. 

Equations [2] and [3] provide a means of simulating the effects of 
climatic variations, N-rates, and fertilizer schemes for various 
range sites. This is illustrated with a computer model that was 
developed utilizing equations [2] and [3] to predict the response of 
N fertilization in terms of NUE and forage production. Inputs 
include the fertilization scheme (rates and years applied), average 
yield of the site to which the fertilizer will be applied, and expected 
precipitation for August through March, April, May, June, and 
July. For spring applied fertilizer, the August through March 
precipitation would be known and the April, May, June, and July 
values could be estimated from long-term averages or determined 
from rainfall probability tables. Examples of the model’s output 
(Table 4) show the N-sink effect. With annual applications of 40 
kg/ ha, it is not until the 7th year that NUE and yield increase reach 
a maximum. A comparison of total yields for the 40 kg N/ha 
annual treatment and the 120 kg N/ha triennial treatment shows 
the advantage of using an initial N application that is sufficiently 
large to at least partially overcome the N-sink effect. The cumula- 
tive N applied after 9 years was 360 kg/ ha for both fertilizer 
schemes, but the cumulative yield increases were 4,672 and 5,644 
for the 40 kg N/ha annual applications and the 120 kg N/ha 
triennial application, respectively. The 120 kg N/ha triennial 
application increased total yield response 972 kg/ ha and increased 

’ 
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Fig. 3. Comparison of model-predictedandfield-meosured yield:for range 
sites in Miles City, Mont., and Mandan, N. Dak. 

the overall NUE from 13.0 to 15.7 as compared to the 40 kg N/ha 
annual application. 

Conclusions 

The above model indicates that these equations can be used to 
predict yield response to N using readily available input variables. 
Its major application should be to enhance range fertilization 
recommendations and remove some of the associated financial 
risks. The model should also serve as a valuable component of 
more complex simulation or optimization models which take into 
account such items as individual ranch budgets, fertilizer costs, and 
livestock values. 
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Table 4. A comparison of two fertilization schemes over a Pyear period using long-term precipitation and the site factor for Sidney, MT, and the 
predicting equations in Tables 2 and 3. 

Scheme 1 

Year 
N 

applied ARE 

Total Yield Total 
N of Annual 

applied check yield Increase NUE 

1 40 40 
2 40 40 
3 40 40 
4 40 40 
5 40 40 
6 40 40 
7 40 40 
8 40 40 
9 40 40 

Total 360 - 

40 859 
80 859 

120 859 
160 859 
200 859 
240 859 
280 859 
320 859 
360 859 

sheme 2 - 

1406 547 
1206 348 
1262 403 
1317 456 
1373 514 
1428 569 
1470 611 
1470 611 
1470 611 

I2402 4672 

13.7 
8.7 

IO.1 
11.5 
12.8 
14.2 
15.3 
15.3 
15.3 
- 

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 

N 
applied 

120 
0 
0 

120 
0 
0 

120 
0 
0 

360 

ARE 

120 
60 
40 
60 
48 
40 
51 
45 
40 
- 

Total Yield 
N of 

applied check 

120 859 
120 859 
120 859 
240 859 
240 859 
240 859 
360 859 
360 859 
360 859 
- - 

Total 
Annual 

yield 

1858 
1354 
1262 
1520 
1465 
1428 
1523 
1493 
1470 

13373 

Increase NUE 

1000 8.3 
495 8.2 
403 10.1 
661 11.0 
607 12.6 
569 14.2 
664 12.9 
634 14.1 
611 15.3 

5644 - 
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Forage Responses of Buffelgrass and ‘Pretoria 90’ 
Bluestem to Nitrogen and Phosphorus Fertilization in 
a Subtropical Climate 
R.P. WIEDENFELD, W.T.W. WOODWARD, AND R.R. HOVERSON 

Abstract 

A major land use, especially in drier areas of subtropical regions 
is for forage production. Nutrient availability, as well as moisture, 
limit production; however, little is known concerning optimum 
fertilization practices and how nutrient use interacts with rainfall 
to affect forage yields. A study was conducted on a sandy upland 
soil under subtropical conditions to determine the effects of nitro- 
gen (N) and phosphorus (P) fertilization on yield, rainfall use 
efficiency, nutrient uptake, and apparent fertilizer recovery on 
improved pastures. Established buffelgrass showed dramatic yield 
responses to N application, while newly planted Pretoria 90 blue- 
stem showed yield responses to N only after residual nutrients had 
been depleted. Yield responses to N application were mostly quad- 
ratic, showing decreasing benefit from N with increasing N appli- 
cation rate. Smaller yield responses to P occurred in the first 2 
years on Pretoria 90 and at higher N application rates on buffel- 
grass. Rainfall use efficiency (yield per unit of rainfall received) for 
buffelgrass increased greatly with increasing N application rate. 
Rainfall use efficiency of newly planted Pretoria 90 increased 
during each of the first 3 years as the stand developed, but was not 
greatly affected by N fertilization level. Nutrient contents in both 
grasses generally increased with increasing nutrient application. 
Both N and P removal by buffelgrass increased primarily with 
increasing N application. Apparent N and P fertilizer use effkiency 
by both grasses was affected very little by rate of application of 
either nutrient but increased with increasing annual rainfall. 

Forage production is a major land use in subtropical regions, 
and numerous management techniques are employed to enhance 
yield and quality. Improved pastures substantially increase pro- 
duction potential. Forage production is largely relegated to the 
more arid areas, therefore, moisture availability is often a major 
constraint on yield potentials. Warm temperatures accelerate nut- 
rient cycling in the ecosystem and increase nutrient requirements. 

Improved pastures have been established on much of the mixed- 
brush rangeland in the South Texas resource area known as the 
Rio Grande Plain. Buffelgrass (Cenchrus ciliaris L.) is a drought- 
tolerant, subtropical perennial bunchgrass and occupies more than 
90% of the area seeded to grasses in Texas south of San Antonio 
(Holt and Bashaw 1976). Buffelgrass has high yields (Woodward 
1980b); however, its range is limited by lack of cold tolerance and 
low survival on poorly drained soils. ‘Pretoria 90’ bluestem 
(Dichanthium annulatum (Forsk.) Stapf.) is also a subtropical 
perennial bunchgrass that is well adapted to subtropical areas 
(Conrad 1976, McBee 1959, Woodward 1980a); however, poor 
seed production has prevented Pretoria 90 from becoming used 
extensively. 

Fertilization should benefit forage production in subtropical 
areas; however, little has been done to determine specific require- 
ments or magnitude of responses. Nutritional quality of unfertil- 
ized buffelgrass in native rangeland pasture in South Texas varies 
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seasonally but is typically low (Gonzalez and Everett 1982). 
Improvements in forage quality with fertilization have been shown 
in the Northern Great Plains (Hansen et al. 1978, Black and Wight 
1979, Lutwick and Smith 1979) and could also be expected in more 
southern regions. Reports of fertilizer uptake efficiency by forages 
varies widely from 8-14s (Lutwick and Smith 1979) and 25-43s 
(Hansen et al. 1978) in the northern regions, to 40-50s on a clay 
soil (Kissel et al. 1979) and up to 100% on coarser textured soils 
(Prine and Burton, 1965) in more southern areas. Fertilization has 
also been shown to increase soil water extraction by forages and to 
improve water use efficiency (Wight and Black 1978, Williams et 
al. 1979). 

This study was conducted to evaluate the effects of nitrogen and 
phosphorus fertilization on yield, rainfall use efficiency, nutrient 
uptake, and apparent fertilizer recovery of 2 forage grasses under 
subtropical conditions. 

Materials and Methods 

A field study was established in the spring of 1979 to evaluate 
forage responses under subtropical conditions to various fertiliza- 
tion treatments. The study was located in northwest Hidalgo 
County on a Hebbronville soil (coarse-loamy, mixed, hyperther- 
mic Aridic Haplustalf), a gently sloping, rapidly permeable, sandy 
upland soil. The area is semiarid, receiving approximately 500 mm 
rainfall annually with peaks occurring in May and August, and 
subtropical with an annual growing season of 315 days. The area 
selected had a well-established stand of common buffelgrass which 
had not received fertilizer in recent years. Part of the area was 
disked to remove the buffelgrass and to provide a good seedbed. 
Pretoria 90 bluestem seedlings, which were started in potting 
media in a greenhouse, were transplanted in the disked area on 25 
May. Plants were spaced at 0.5 m in rows 1 m apart. Approxi- 
mately 1 liter of water was applied to each plant four days after 
planting and within 2 weeks over 5 cm of rainfall ensured survival 
of the seedlings. 

Plots 3.1 by 10.2 were established on each area for annual 
fertilizer treatments consisting of 0, 112, and 224 kg N/ha and 0,15 
and 29 kg P/ha combined in a factorial arrangement. The 9 treat- 
ments were replicated 4 times in a randomized complete block 
design for each grass. All fertilizers were applied broadcast, with P 
applied in I application in the spring each year as triple super 
phosphate (O-44-0), and N annually applied as ammonium nitrate 
(33-O-O) in 3 split applications once in the spring and after each of 
the first 2 harvests. 

Soil samples were taken in the spring of each year prior to 
fertilization from 1979 through 1983 to a depth of 30 cm. In 1979, 
soil samples were taken at random throughout the area for each 
grass, and in subsequent years soil samples were taken from each 
plot. These soil samples were analyzed for NOs‘-N by specific ion 
electrode in a water extract from 1979 to 198 I, and by Kjeldahl 
distillation (Bremner 1965) in 1982 and 1983. Available P was 
extracted with ammonium acetate at pH 4.2 and then the 
chlorostannous-reduced molybdophosphoric blue color method 
was used in a hydrochloric acid system (Jackson 1970) to deter- 
mine P concentration. 
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BUFFELGRASS 

Fig. 1. Annual yields for an established stand of buffelgrass at the different N & P application levels for 4 Years. 

Yields were determined by harvesting all plots 2 to 4 times each 
year. A strip, I m wide by 8.2 m long, was cut from each plot using a 
flail-type small-plot harvester and samples were weighed to deter- 
mine wet weight. Subsamples were dried to correct wet weights for 
the moisture percentage of each sample. The forage subsamples 
were then ground and analyzed for N and P content. Nitrogen was 
determined by a sulfuric-salicylic acid digestion and Kjeldahl distil- 
lation (Jackson 1970) and P was determined by a nitric-sulfuric- 
perchloric acid digestion and a vanadomolybdophosphoric yellow 
color method in a nitric acid system (Jackson 1970). 

Forage yields and tissue analyses were used to calculate the total 
amount of N and P removed in the harvest. Apparent fertilizer 
recovery was calculated as the amount of each nutrient in the 
forage harvested minus the amount removed from the check plot 
for that block where no fertilizer was applied, divided by the 
amount of the nutrient applied in the fertilizer. 

Statistical analyses were applied to all data. The stepwise proce- 
dure of the SAS data analysis system (SAS Institute, Inc. 1982) was 
used to determine models which indicated the effects of N and P 
fertilization on forage yield, N and P removal, and apparent N and 
P fertilizer recovery. Annual rainfall was included in yield models 
combining data for all years. Variables were included in each 
model if they were statistically significant at the 10% confidence 
level. Analysis of variance and mean separation using Duncan’s 

PRETORIA 90 

multiple range test were used to evaluate the effects of fertilization 
on yield per unit of rainfall and forage N and P contents at the 
individual harvest dates. 

Results and Discussion 

Soil tests in the spring of 1979 indicated that NOs--N levels of less 
than 5 ppm throughout the study area were extremely low. In the 
subsequent years NOa--N levels showed slight increases of up to 8 
to 10 ppm at the high N application levels, if previous year rainfall 
had been low. There was no indication of any accumulation of 
inorganic N in the soil throughout the study. Phosphorus levels in 
1979 were initially low averaging 5 ppm where the Pretoria 90 was 
planted, and medium averaging 23 ppm where the buffelgrass plots 
were located. No consistent changes in soil P were found in subse- 
quent years that could be associated with fertilizer treatments. 

Buffelgrass yields increased significantly in all years with 
increasing N application (Fig. 1). Phosphorus application signifi- 
cantly increased buffelgrass yields only in 1980 and 198 1, and only 
at the high N application level. Pretoria 90 bluestem yields 
increased overall in the first 3 years of the study indicating stand 
improvement (Fig. 2). Nitrogen application increased Pretoria 90 
yields, however, only in the third year, 1981. In 1982, Pretoria 90 
yields were very low because of the lack of timely rainfall, and the 
insignificant fertilizer responses probably resulted from some 

Fig. 2. Annual yields for a stand of Pretoria 90 bluestem planted in the spring of 1979 at the dtfferent N and P application levels for 4 years. 
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YIELD PER UNIT E RAINFALL ka N/ha apolied 
b 

kg N/ha applied 

0 
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- BUFFELGRASS - - PRETORIA 90 - 

Fig. 3. nnual yields per unit of rainfall at the various N application rates _ 
averagea across P application rates jor bujjklgrass and Pretoria 90 
bluestemfor 4 years. Different letters above each bar indicatesignificant 
(pCO.05) dtj,ferences between N applicationsfor each species within year. 

freeze damage during the previous winter. The final harvest in 198 1 
had been made on 2 December and winter injury observed in the 
spring of 1982 appeared to be greatest where the higher N applica- 
tions had been made. Phosphorus application increased Pretoria 
90 yields slightly the first 2 years of this study. 

Annual yield responses to increasing N application by buffel- 
grass were linear in 1979 and quadratic in 1980 through 1982. 
Pretoria 90 yield response to N application was also quadratic in 
198 1, the only year a significant N-fertilizer response was observed. 
These quadratic yield responses had a negative parameter estimate 
for Nz indicating that yield increases per unit of N decreased with 
increasing N application level. 

Annual rainfall strongly influenced overall yields. Rainfall was 
fairly evenly distributed during the growing season in 1979 and 
I98 I, though total rainfall was greater in 198 1. Much of the annual 
rainfall in 1980 came in the fall, while almost half of the I982 total 
was received ina brief period during May. Regression yield models 

5 r -1979- - 1980- -l981- -1982- 

2 6 3 PRETORIA 90 

$2 w 

ii 

0” 1 

z 

0 

-1979- -l980- -l98l- -l982- 

HARVEST DATES 

Fig. 4. Forage Ncontent ofbuffelgrass and Pretoria 90 bluestem at differ- 
ent N application rates averaged across P application rates for the 
various harvest dates. 

combining all years and including annual rainfall (Table I) indi- 
cated that buffelgrass yields were increased 18 kg/ha per mm of 
rainfall. The rainfall parameter estimate in the Pretoria 90 yield 
model was confounded by stand development as rainfall increased 
the first 3 years. The R2 values for the yield models declined when 
the annual models were combined, indicating the degree of varia- 
tion between years which could not be explained by annual 
rainfall. 

Increasing N application caused a significant increase in yield of 

Table 1. Regression model RZ and parameter estimates for buffelgrass and Pretoria 90 bluestem yields and N and P removal as functions of N and P 
application. Yield models including all years also contained annual rainfall (Rain) as an independent variable. 

- 

Grass Year R2 Intercept N 

Parameter Estimates 
NZ P PZ NXP Rain 

Buffelgrass Pretoria 90 All All .6J -6 742 
.86 -24910 

40.5 
Yield- 

-.074 _I ,154 18.0 
,146 57.5 

N Removal- 
Buffelgrass 1979 .89 53.0 .482 

1980 .86 34.4 ,623 -.00083 .00360 
1981 .90 46. I I .027 ~.00130 - 
I982 .93 13.7 ,250 m.00057 .00159 

Pretoria 90 I979 .09 38.7 .00824 
1980 .49 68.0 ,349 -.oo I20 .00380 
1981 .28 146.2 - 
1982 .34 29.6 ,166 m.00058 .159 - 

P Removal- 
Buffelgrass I979 .39 IO.1 ,050 -.00017 - .00038 

I980 .J8 5.9 ,060 ~.00017 - .00092 
1981 .76 7.7 ,067 m.00023 .080 .00075 
I982 .76 3.6 ,027 ~.00009 .00056 

Pretoria 90 I979 .I4 5.3 .OO I82 - 

1980 .45 6.3 .00366 
1981 .66 14.0 ,202 - .0009 1 
1982 .66 4.9 ~.00004 ,102 

‘Missing parameter estimates indicate that the variable was not statiatically sigmficant and was not included in the model. 
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Table 2. Regression model Rz and parameter estimates for N and P fertilizer use effkiency PS functions of N and P application. 

Parameter Estimates 

Grass 

Buffelgrass 

Year 

1979 
1980 
1981 
1982 

RJ 

--I 

.49 

Intercept 

- 

20. I 

N NZ P P’ NXP 

N fertilizer use efficiency- 
- - - 

- - - 
- - - - 

-.00017 .I96 - 

Pretoria 90 

Buffelgrass 

1979 .I9 -2.0 
1980 .52 7.7 
1981 .09 52.1 
1982 .20 12.2 

1979 .33 1.80 
I980 .I7 6.39 
1981 .25 8.63 
1982 .32 2.44 

- 
2.296 

- - - ’ 
- -.00017 - 

P fertilizer use efficiency- 
- MO85 - 
.07 I - - 
.074 - - 
I .50 -.00049 - 

,012 - 
-.00855 

.054 
- - 

- -.00487 

- 
- - 

Pretoria 90 1979 - - - - - 
1980 - - - - - - 

Pretoria 90 1981 .II 21.0 - - .00304 
1982 - - - - 

1 Missing Rz values indicate that the model was not statistically significant. Missing parameter estimates indicate that the variable was not statistically significant and was not 
included in the model. 

buffelgrass per unit of rainfall, or rainfall use efficiency every year 
(Fig. 3). Rainfall use efficiency for buffelgrass increased by an 
average of 2.2 and 2.8 times at 112 and 224 kg N/ha, respectively, 
over the control during the 4 years of the study. Rainfall use 
efficiency for forage production by Pretoria 90 was as great or 
greater than that by buffelgrass at 0 and I 12-kg N/ha during 1980 
and 198 1. An increase in rainfall use efficiency with increasing N 
application occurred with Pretoria 90 only in 1981 at the 112-kg 
N/ha rate. 

N application (Table 1). Phosphorus application had an interactive 
effect with N on buffelgrass P uptake every year, showing that as N 
application increased, P application began to increase buffelgrass 
P removal. Removal of P by Pretoria 90 was unaffected by N 
application, but was increased with increasing P application each 
year. 

Significant increases @<0.05) in N content with increasing N 
application occurred for both grasses at most harvests (Fig. 4). 
Relatively large increases in Pretoria 90 N contents with increasing 
N application occurred although few corresponding yield responses 
were found. Increasing N uptake by buffelgrass with increasing N 
application was expressed more in yield increases than as increases 
in forage N content. Phosphorus applications had no effect on 
forage N content. 

Apparent recovery of both N and P fertilizer by either grass was 
not greatly affected by rate of fertilizer application. Nitrogen fertil- 
izer recovery by both grasses was decreased in 1982 with increasing 
N applied, and was increased in some years on both grasses with 

E BUFFELGRASS 
kg P/ha applied 

s .3 
2 n 29 @IS 00 

Forage P content increased significantly @<O.OS) at most har- 
vests with increasing P application (Fig. 5). The forage P content of 
the grass rarely, however, reached the level of 0.22% considered 
adequate for beefcattlediets(Whitman 1980). As with N, increases 
in forage P levels reflected increases in uptake by both grasses that 
did not result in increased yield. 

Forage P content of buffelgrass also decreased significantly in all 
years with increasing N applied, an effect not observed for Pretoria 
90. This effect of N application on buffelgrass is probably the result 
of dilution of the P taken up, as yields increased dramatically with 
increasing N applied. This dilution of P did not occur for Pretoria 
90 since yield responses to applied N were much lower. 

-1979- - 1900- 
r -I991 - -1992- 

Nitrogen removal by buffelgrass increased with increasing N 
application in 1980 through 1982 in a quadratic fashion that indi- 
cated a decrease in N removal per unit of N applied as N applica- 
tion rate was increased (Table 1). Phosphorus application alone 
had no effect on N removal by buffelgrass. But N and P in 1980 and 
1982 had an interactive effect, indicating that P application 
resulted in an increased N removal by buffelgrass at higher N 
application levels. Nitrogen removal by Pretoria 90 increased with 
increasing N application in 1980 through 1982, and was also 
increased by applied P alone or as an interactive effect in 3 of the 4 
years. 

2 ‘ii 
.3 PRETORIA 90 

l- 
= .2 

5 

s .I 

n 

0 

-1979- - 1990 - - ISI- -1992- 

HARVEST DATES 

Phosphorus removal by buffelgrass increased quadratically with 

Fig. 5. Forage P contenr of buffelgrass and Pretoria 90 bluestem at differ- 
ent P application rates averaged across N application rates for the 
various harvest dates. 
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increasing P applied (Table 2). Phosphorus fertilizer recovery by 
buffelgrass was increased by increasing N application each year, 
but was unaffected by rate of P applied. Fertilizer application had 
no effect on P fertilizer recovery by Pretoria 90. Annual rainfall 
received, however, increased apparent N and P fertilizer recovery 
by both grasses, since increasing rainfall increased yield and nut- 
rient removal. Apparent N fertilizer recovery by buffelgrass aver- 
aged 52% the first 2 years but then exceeded 80% in 198 I when 4 
cuttings were made. However, N recovery dropped to below 20% in 
1982 when overall yields of buffelgrass were low because of 
droughty conditions. Apparent N fertilizer recovery by Pretoria 90 
was less than 3% in the first year since N was available initially. 
Apparent N fertilizer recovery increased during each of the next 2 
years to over 70% but declined to less than 10% in the final year. 
Apparent P fertilizer recovery by Pretoria 90 also increased the 
first 3 years from 3 to almost 30%. then declined to near 10% the 
last year. 

Conclusions 

Common buffelgrass under subtropical conditions on a sandy 
upland soil in an established stand gave dramatic yield increases 
and higher N content to applied N fertilization. Yields were also 
strongly influenced by annual rainfall indicating that both N and 
water were major limiting factors in plant growth. An interactive 
effect occurred between N and rainfall since increasing N applica- 
tion greatly improved yields per unit of rainfall, or increasing 
rainfall greatly improved yield per unit of N applied. Nitrogen 
fertilizer uptake efficiency was also improved with increasing 
rainfall. 

Pretoria 90 bluestem was excellent for dry areas with a subtropi- 
cal climate although mismanagement increased susceptibility to 
cold injury. Newly planted Pretoria 90 bluestem showed no appar- 
ent initial use of applied N fertilizer, indicating that adequate 
nutrients were initially available. Pretoria 90 bluestem responses to 
N fertilization began to occur in the third year, but were not so 
dramatic as for buffelgrass. 

Phosphorus applications caused some yield increases initially 
for Pretoria 90 where available soil P levels were low, and for 
buffelgrass at high N application levels. Forage P content increased 
with P fertilization, but was not sufficient to preclude the need for 
P supplementation in livestock diets in subtropical areas. Uptake 
and utilization of applied P remained low throughout the study. 

Establishment of improved pastures under subtropical condi- 
tions does not require fertilization initially if adequate nutrients are 
available from previous crop residues. When N becomes deficient, 
dramatic improvements in both yield and forage quality can be 
obtained with N fertilization. Availability of N greatly enhances 
the efficient utilization of the rainfall received in these drier areas. 
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Stubble Height, Basal Cover, and Herbage Production 
Relationships in Grasslands of Northern Greece 
VASILIOS P. PAPANASTASIS 

Abstract 

Leaving an amount of mulch at the end of the grazing period, 
before the new growing season starts is vital in maintaining pro- 
ductivity in grasslands on a sustained yield basis. Mulch was 
expressed as stubble height at 6 levels (0 3 6 9 12, and 15 cm) and 9 , , 9 
was related to basal cover and herbage production attained at the 
end of the growing season for 5 consecutive years. The research was 
conducted on 3 perennial grassland sites with a Mediterranean- 
type climate, representing the low, middle, and high (subalpine) 
ecological zones in northern Greece. Bare soil was significantly 
increased with nearly all stubble heights as compared to the control 
while mulch cover had an opposite response. There were signifi- 
cant changes in the absolute cover of the dominant species, espe- 
cially perennial bunchgrasses, but the overall grass and forb cover 
was not significantly affected. Stubble heights of 12 or 15 cm at the 
low site and 6 to 15 cm at the other two sites produced the highest 
yields. These were not significantly different from the control, 
indicating that the middle and the high sites can withstand closer 
grazing than the low site. 

One of the main criteria for determining proper use of grasslands 
is the amount of plant residue left on the ground at the end of the 
grazing period and before the new growing season starts (Heady 
1975, Biswell and Liacos 1977). This material, also called mulch, is 
vital in maintaining productivity by improving soil structure and 
fertility, increasing infiltration rate and promoting an ideal botani- 
cal composition (Dyksterhuis and Schmutz 1947, Heady 1956, 
Tomanek 1969). However, although the amount of mulch corre- 
lates directly with production, an excess may reduce herbage 
growth, depending on the particular environment involved (Barto- 
lome et al. 1980). 

Leaving a certain quantity of mulch on a perennial grassland at 
the end of the grazing period would mean that all plants are grazed 
to a certain average stubble height. Therefore, obtaining the opti- 
mum stubble height at the end of the grazing period would secure 
as well the optimum amount of mulch. 

In general, mulch has been expressed as weight in forage utiliza- 
tion studies (Dyksterhuis and Schmutz 1947, Heady 1956, Bement 
and Klipple 1956). This is not a very practical management tool. 
Instead, measuring stubble height is a much easier practice for 
users. This would be of considerable importance for Greece where 
grasslands are communally used (Papanastasis 1981a). For the 
proper use of these areas, it would be necessary to employ criteria 
easily measured and understood by both graziers and range 
technicians. 

The purpose of this paper was to study the effect of stubble 
height, established at then beginning of the growing season, on 
species composition and herbage production attained at season’s 
end and develop proper use standards for grasslands of northern 
Greece. 

Study Sites 

The research was conducted on 3 sites along an elevation gra- 

Author is a range scientist, Forest Research Institute. Vassilika, Thessaloniki, 
Greece. 
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dient representing 3 major, ecologically different, grassland areas 
in Macedonia, northern Greece. One site was located on the low- 
elevation zone, 10 km from the sea coast at an altitude of 60 m; the 
second site was inland, on the middle-elevation zone at 650 m 
altitude; the third site was located on the subalpine zone at an 
altitude of 1,500 m. All grassland sites had been ungrazed or lightly 
grazed for the last 15 to 20 years and represented communities of a 
relatively steady state that could be considered as a climax. 

Vegetation was diverse, with most of the species being annual at 
the low site and perennial at the other 2 sites. The dominant 
species, however, were perennial grasses: warm-season at the low, 
warm-and cool-season at the middle, and cool-season at the high 
site. There were also a few species of half-shrubs growing at the 
subalpine site. A detailed account of the species structure of the 3 
sites was documented (Papanastasis 1981b). 

Climate was of the Mediterranean-type, semiarid at the low site, 
subhumid at the middle, and humid at the high site, with annual 
rainfall 430,630, and 940 mm and mean air temperature 15.5,13.0, 
and 8.4’C respectively for the 3 sites (Papanastasis 1982). Soils 
were of different origin but relatively deep and fertile at all sites. 

Methods 

At each site, 6 stubble heights (0, 3, 6, 9, 12, and 15cm) and a 
control were arranged in a randomized block design. Each treat- 
ment was applied on 9 m* and replicated 3 times. 

At the low and middle sites, the experiment was established at 
the end of the summer, just before the new growing season started 
(late August, 1975); at the high site, when vegetation became dry 
and before the advent of the winter period (early October, 1974). 
Cutting was done by hand scissors to the desired height and the 
material produced was removed. To secure a uniform height, 
elevated quadrats were used as “guides”. These were O.O4m* each 
and were supported by 4 rods with height equal to the desired 
stubble height. In the “zero” treatment no guide was used and 
plants were cut to the ground level. 

Treatments were repeated at all sites for 5 consecutive years. 
However, to estimate the weight of mulch remaining with the 
various stubble heights, the same treatments were applied I addi- 
tional year, and 2 samples from each plot (except the ones with 0 
stubble height) were collected right after their establishment. Sam- 
pling was done with a quadrat (0.25 m*) by cutting the plant 
material to ground level with scissors and weighing it after drying 
at 70°C. 

Measurements OI cover, and herbage production were taken I 
growing season after the establishment of stubble height and at the 
time of peak aboveground live biomass. This was early-June for 
the low site, mid-June for the middle, and mid-August for the high 
site (Papanastasis 1982). Basal cover and species composition were 
measured with a IO-point frame (10 frames/ plot). Herbage pro- 
duction was sampled the same way as mulch. In the laboratory, the 
current year’s growth was separated by hand from the old growth 
and weighed after oven-drying at 7O’C. 

The above measurements were repeated for 5 consecutive years, 
from 1976 to 1980 at the low and middle sites and from 1975 to 
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Fig. 1. Relation between srubble height and basal cover at the three sires (cover values are means of the 5-year experimentalperiod). 

Table 1. Basal cover (%) of the dominant species at the six stubble heights and the control at the three sites (values represent the 5-year means). 

Site 

Stubble height Low 

(cm) Chrysopogon gryllus Dichanrhium ischaemum Dasypyron viilosum Legumes 

0 23 5 3 1 
3 20 8 10 I 
6 15 13 10 1 
9 25 13 9 I 

12 26 16 6 1 
IS 17 28 7 0 
Control 21 20 7 1 
LSD (0.05) NS’ 10 NS NS 

Stubble height Middle 

(cm) Chrysopogon gryllus Festuca ovina Dichanrhium ischaemum Other grasses Legumes 

0 19 6 6 3 18 
3 22 6 3 4 20 
6 22 9 2 4 19 
9 16 11 5 4 18 

12 12 7 6 II 21 
15 19 7 4 6 18 
Control 14 8 3 6 15 
LSD (0.05) NS NS NS 4 NS 

Stubble height 
(cm) 

0 
6’ 

9 
12 
15 
Control 
LSD (0.05) 

Calamagrostis varia 

8 
19 17 

14 
16 

23 
16 

NS 

High 

Fesruca varia Brachypodium pinnarum Legumes 

2 3 8 
4 6 4 4 14 9 

6 6 11 
7 : 17 
7 8 
8 5 4 
4 NS 5 

‘Nonsignificant at 0.05. 
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1979 at the high site. To avoid overlapping of herbage samples 
among years, the exact positions of the sampling quadrats were 
marked on the plots each year. 

Absolute basal cover (percent of total observations) was used to 
characterize the relationship of bare soil, mulch, and vegetation. It 
was also used to describe components of vegetation rather than 
relative species composition since it provided a more reliable indi- 
cation of actual increases or decreases. Absolute basal cover (basal 
cover) data were subjected to analysis of variance after averaging 
over the S-year experimental period. Herbage data were analyzed 
both for each year and for the 5 years collectively at each site 
(Cochran and Cox 1957). When the F test was significant, the 
effects of each treatment were compared with the control by the 
least significant difference (LSD) value at the 0.05 level. 

Results and Discussion 

Basal Cover’ 
Cutting to different stubble heights affected basal cover. More 

specifically, bare soil was increased as stubble height decreased. All 
treatments were significantly different from the control over the 3 
sites, except at the high site where stubble heights 12and 15 cm had 
as much bare soil as the control plots. On the contrary, the cover of 
mulch was significantly reduced with all stubble heights, except 
with the 15-cm height of the low site, which had as much mulch 
cover as the control (Fig. 1). These findings indicated that the lower 
the stubble height at the beginning the more bare soil and the less 
mulch cover there will be at the end of the growing season. 

Grass basal cover tended to decrease with the reduction of 
stubble height at all sites while forb cover showed an opposite trend 
(Fig. 1). These changes, however, where not found to be signifi- 
cant. Nevertheless, there were significant changes in some of the 
individual species or groups of species at all sites. 

At the low site, woolly-beard grass (Dichanthium ischaemum), a 
dominant perennial bunchgrass, was significantly reduced in basal 
cover with stubble heights 0 and 3 cm as compared to the control. 
On the contrary, brushgrass (Chrysopogon gryllus), a codominant 
perennial bunchgrass, was not significantly affected by any of the 6 
stubble heights tested. The difference in response of these 2 grasses 
seems to be due to their different growth form. The bunches of the 
former grass are erect and thick, while the bunches of the latter are 
prostrate and loose. Also, no significant differences were found in 
basal cover of the annual hairy goatgrass (Dasypyron villosum) as 
well as of legumes, including annual species of Trtfolium, Medi- 
cage, Lathyrus and Hymenocarpus (Table 1). 

At the middle site, wolly-beard grass did not show any signifi- 
cant response to the lower stubble heights as at the low site, 
apparently due to its small proportion in the vegetative cover (less 
than 10%). Also, no significant changes in basal cover were 
obtained with the other 2 dominant grasses, brushgrass and sheep 
fescue (Festuca ovina) as well as with legumes, including hop 
clover (Trtfolium campestre), hare’s foot clover (T. arvense), pur- 
ple clover (T. purpureum), tufted vetch (Vicia tenuifolia), and 
sickle medic (Medicago falcata). The basal cover of the subdomi- 
nant perennial grasses, however, including orchardgrass (Dactylis 
glomerata), couchgrass (Agropyron repens), crested hairgrass 
(Koeleria cristata), and cat’s tail grass (Phkum montanum) was 
significantly increased with stubble height 12 cm as compared to 
the control (Table 1). 

At the high site, only the basal cover of the variable fescue 
(Festuca varia) was significantly reduced by the “zero” stubble 
height, while variable reedgrass (Calamagrostis varia)and torgrass 
(Brachypodiumpinnatum) were not affected by any treatment. On 
the other hand, legumes including owl-headed clover (Trzfolium 
alpestre) and meadow clover (T. medium) were significantly 
increased in basal cover with stubble heights 6, 9, and 12 cm as 
compared to the control (Table 1). 

In general, the changes in basal area caused by the treatments 

‘Nomenclature of plant species follows Flora Europaea, 1964-1983, Cambridge. 
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were not dramatic indicating the high resilience of the 3 grassland 
ecosystems studied. However, low stubble heights (0 and 3 cm) 
tended to reduce the dominant bunchgrasses while middle heights 
(6 to 12 cm) favored the subdominant perennial grasses and 
legumes. These results basically agree with what was found by 
other researchers evaluating the effect of mulch in grasslands of the 
United States (Weaverand Rowland 1952, Heady 1956, Albertson 
and Tomanek 1965). 

Herbage Production 
The effect of stubble height on herbage production was variable. 

At the low site, herbage yields associated with the various stubble 
heights were significantly lower than the control during the first 3 
years. In the remaining 2 years, the yields were restored at least in 
the higher stubble heights. After 5 years the 12 and 15-cm treat- 
ments were not different from the control (Table 2). This indicated 
Table 2. Mean herbage production (g/m*) associated with the different 

stubble heights and the control plots for each of three sites for 5 consecu- 
tive years. 

Stubble 

height 

Site 

1 nul 
I I  I .  

5-year 
(cm) 1976 1977 1978 1979 1980 

0 133 110 248 150 172 

- mean 

163 
3 
6 
9 

12 
15 

Control 
LSD 

(0.05) 

Stubble 
height 

(cm) 

111 106 211 230 227 177 
115 105 280 231 226 191 
143 95 233 255 228 191 
150 113 229 216 267 195 
142 106 334 236 262 216 
240 145 271 280 304 248 

77 22 

1976 1977 1978 1979 1980 

71 65 

Middle 

66 28 

5-year 
mean 

0 
3 
6 
9 

12 
15 

Control 
LSD 

(0.05) 

Stubble 
height 

(cm) 

235 226 
270 254 
268 250 
274 294 
206 260 
272 257 
266 295 

NS’ NS 

1975 1976 

310 235 290 259 
364 242 307 287 
418 346 339 324 
463 371 445 369 
352 413 453 337 
424 349 452 351 
425 409 446 368 

NS 95 111 49 

High 

5-year 
1977 1978 1979 mean 

0 
3 
6 
9 

12 
I5 

Control 
LSD 

(0.05) 

262 199 206 127 221 203 
318 327 211 167 298 264 
416 398 349 209 409 356 
503 400 332 313 342 378 
388 460 355 333 429 393 
417 445 378 298 330 374 
362 462 333 387 410 391 

NS 112 85 115 73 49 

lNonsignificant at 0.05. 

that any cutting was initially a stress to the system and recovery in 
herbage production began in the fourth year. The recovery, how- 
ever, was not complete except for the higher stubble heights. 

At the middle site, the results were much different since no 
significant differences were produced among the various treat- 
ments for the first 3 years. In the remaining 2 years, stubble heights 
of 6 to 15 cm gave as much herbage as the control (Table 2). Similar 
results were found at the high site, except that the 6 to 15-cm 
stubble heights produced as much yield as the control beginning 
the second year of the study (Table 2). A delay of 1 year in response 



Table 3. Mulch weight (g/ml) and percent of control(B) corresponding to 
ration, while at the high site with a cold environment to ameliorate 

the stubble height treatments at the end of the experimental period.1 and stabilize the soil surface temperatures (Tomanek 1969). The 
smaller amounts of mulch required at the middle site perhaps 

Stubble Low site 
height Weight 

(cm) (gl m*) (%) 

Middle site 
Weight 
(g/ m2) (%) 

High site 
Weight 
(g/ m2) (%) 

0 0 0 0 0 0 0 
3 114 17 109 I8 344 29 
6 172 25 226 37 630 54 
9 276 40 242 40 655 56 

12 2992 43 346 57 731 62 
15 516 75 367 61 819 70 

Control 691 loo 606 100 1178 100 
LSD 

(0.05) 110 71 166 

‘Mulch was measured in late 
October,, 1979 at the high site. 

August, 1980 at the low and middle sites and in early 

2vnderh?ed mulch means correspond lo the lowest stubble height that gave herbage 
yield statMxally similar to the control in the last year of the experimental period (see 
Table 2). 

to mulch treatments was also found on perennial grasslands in 
California (Bartolome et al. 1980). 

The differences among sites can be explained by the variation in 
species structure and the climatic conditions of the 3 grasslands 
studied. The low site is dominated by woolly-beard grass compris- 
ing almost 50% of the peak herbage yield; on the contrary, the 
middle and high sites have a more balanced structure (Papanasta- 
sis 198 1 b). Since woolly-beard grass is favored by accumulation of 
mulch, relatively low stubble heights led to its reduction and con- 
sequently to the reduction of the total herbage yield. This was not 
the case with the other 2 sites, where the reduction of the dominant 
bunchgrasses was compensated by the increase of other grasses or 
forbs, provided that the stubble heights were not too low. 
Moreover, Papanastasis (1982) reported that there is a considera- 
ble variation in herbage production due to weather changes from 
one year to the next and that this variation is much greater at the 
low site than at the other 2 sites. This may explain the different 
herbage yields produced by the same stubble heights among years, 
especially at the low site. 

The year effect on herbage production was verified by the com- 
bined analysis of variance for all 5 years, which showed significant 
results among years, among the 7 treatments (6 stubble heights and 
the control) and between years and treatments. When the herbage 
means over the 5 years were compared (Table 2) it was found that 
stubble heights of 0 or 3 cm produced generally lower yields, while 
stubble heights of 6 to 15 cm were not significantly different from 
the control at the middle and high sites. At the low site, however, all 
heights had significantly lower yields than the control. 

Therefore, 6 cm can be considered as the lowest stubble height to 
secure maximum herbage production for the middle and the high 
sites; at the low site, 12 cm may be considered the lowest possible 
stubble height, since it gave as much herbage production as the 
control for the last 2 years of the study. Herbage production was 
significantly reduced at all sites below these stubble heights, indi- 
cating that the grasslands started to deteriorate. 

Relation of Stubble Height with Weight 
Weights of mulch corresponding to the various stubble heights 

used in this study as determined at the end of the experimental 
period are reported (Table 3). Although the values are only indica- 
tions of annual weights during the 5 years of the experiment, they 
do show that relatively high amounts of mulch are related to high 
herbage production at the low and high sites as compared to the 
middle site. This may be due to the different climatic conditions. 

At the low site, representing a semiarid environment, the large 
amounts of mulch apparently improve soil moisture conditions by 
increasing infiltration rate, reducing runoff, and decreasing evapo- 

reflect the intermediate climatic conditions prevailing at t-he mih- 
elevation ecological zone of northern Greece (Papanastasis 1982). 

Management Implications 

The results of this study can be applied in practice only with 
certain approximation because they refer to ungrazed grasslands 
and they presuppose uniform stubble height, which is impossible to 
get under actual grazing conditions. However, to the extent that 
grazing can be simulated by clipping, these results indicated that 
middle and high elevation grasslands can withstand closer grazing 
than the grasslands on the low elevation zone; moreover, all grass- 
lands deteriorate with close grazing (below 3cm stubble height). 
Therefore, stubble height can be used as a guide for applying 
proper use and thus halting range deterioration in the grasslands of 
northern Greece. Mulch at the beginning of Ihe growing season 
should be at least 43%, 37%, and 54%, respectively, of the total 
above-ground biomass for the low, middle, and high elevation 
grasslands in order to secure maximum sustained yield at the end 
of the season. Apparently proper grazing leads to a reduction of 
certain perennial bunchgrasses which are generally less desirable to 
livestock, especially sheep, and favors more desirable species of 
grasses and forbs, including legumes, thus resulting in increased 
animal production. However, additional research with grazing 
animals would be needed to study this important aspect. 
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Seasonal Changes in Nitrogen and Moisture Content 
of Cattle Manure in Cool-season Pastures 
T.J. LYSYK, E.R. EASTON, AND P.D. EVENSON 

Abstract 

Fresh cattle manure was collected weekly from 3 cool-season 
riparian pastures in southeastern South Dakota during the sum- 
mer of 1981 to determine the rebtionship of diet of livestock to 
manure quality. Five manure samples collected from each site were 
returned to the laboratory, mixed thoroughly, and subsampled to 
determine the percent moisture and percent total nitrogen of the 
feces. Moisture content of the manure was highest dufing the 
month of June but decreased later in the summer. Nitrogen content 
was highest in late spring and declined in July with a rise noted 
again in August. Nitrogen content appeared to follow reported 
changes in forage quality, particularly in vitro digestibility. 

Manure breeding flies are considered major pests of livestock in 
feedlots and on rangeland in the northern tier states of the USA as 
well as throughout the southern Provinces of Canada. Throughout 
these areas the face fly, Musca autumnalis DeGeer, is distributed in 
wooded range and pastureland (Easton 1979) (Depner 1969) while 
the horn fly, Haematobia irritans (L.), is a permanent pest of cattle 
on both wooded and open areas wherever cattle may graze. 

In view of the fact that the face fly carries the bacteria of pinkeye 
(caused by Moraxella bovis) that potentially can blind cattle, and 
control measures for this fly are currently inadequate, an investiga- 
tion of the manure (larval food) was considered worthwhile since 
the quality of the manure may influence the development of the fly 
and account for why populations of the face fly vary from one 
region of the country to another or why variation has been noted 
between one pasture and another within the same geographical 
area. 

Even though cattle manure represents the end product of the 
cow’s digestive process, it contains a number of chemical, microb- 
ial, and biotic materials and manure is influenced both by the 
individual animal and by the nature of the consumed plant mate- 
rial (Treece 1966). 

Moisture content of fresh cattle dung generally varies between 
80 to 90% by weight (Valiela 1969). There have been few relation- 
ships established, however, between the diet of livestock and the 
moisture content of the manure (Treece 1966, Ruprah and Treece 
1968, and Meyer 1978). Ruminants lose a large amount of water 
through the feces; however the amount lost depends upon the 
animals’total water intake over a period of time, the amount of dry 
matter the animal consumes, and the amount of fibrous material 
present in the forage (Church 1976). 

Fecal nitrogen can be in the form of undigested plant material, 
microbial nitrogen, or combined with other nonprotein nitrogen 
sources. Moisture and total nitrogen content are parameters that 
have been examined by investigators that are concerned with these 
dung breeding flies. Kunz (1980) in experiments with horn flies (H 
irritans), and Greenham (1972) working with the bush fly (M. 
vetustissima), have shown that fecal nitrogen is highest early in the 
growing season of the pasture, declines throughout the summer, 
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but has an additional peak in activity as the summer progresses. 
This peak is believed to occur in response to forage growth 
patterns. 

The purpose of this study was to examine the moisture and 
nitrogen content of freshly dropped cattle feces in several cool- 
season pastures in eastern South Dakota and to determine how 
changes in these 2 parameters occur over a season. 

Study Sites and Methods 

Description of Study Sites 
Three pastures were selected for this study bordering the Big 

Sioux River on the Big Sioux Flood Plain where face fly (M. 
autumnalis) populations are considered the highest in the state 
(Easton 1985). A deciduous forest, primarily consisting of Ameri- 
can elm ( Ulmus americana L.), green ash (Fraxinuspennsylvanicas 
Marsh), and plains cottonwood (Populus deltoides Bartr.) (Cho- 
ates and Spencer, Jr., 1969), is present along the river. 

Ahern’s pasture in South Dakota is located in northern Moody 
County near the Brooking+Moody County line and normally in 
this region beef cattle in cow-calf operations are maintained near 
farm buildings from November to May, when they are trucked or 
moved to summer pasture. Cattle in Ahern’s pasture were moved 
there during the last week of May 1981. Soil types in this pasture 
were determined through examination of a county soil map (Wat- 
kins and Larson 1926) and were identified as Lamoure fine-silty 
mixed cumulic Haplaquolls and Sioux loam, a sandy skeletal 
udorthentic haploboroll. The predominate grass species in this 
pasture were identified as smooth brome (Bromus inermis Leyss), 
Western Wheatgrass (Agropyron smithii Rrdb.), Kentucky blue- 
grass (Poa pratensis L.), and Timothy (Phleum praetense L.). 
During the 198 1 growing season salt blocks were present, but no 
other feed additives were added. The sole insecticide in use was 8% 
fenvalarate, Cyano (3-phenoxyphenyl) methyl 4-chloro-( I-methyl- 
ethyl) benzeneacetate, pyrethroid insecticide impregnated ear tags 
that were applied 2/animal. This pasture had been grazed on a 
continuous basis yearly since at least 1977 (Easton 1979). 

Wick’s pasture is located in the extreme southern part of Brook- 
ings County in South Dakota. The cattle were also placed in this 
area during the last week of May. Insecticide treatments were not 
used on these animals at any time during 198 1. Soil types were 
Cumulic and Vertic Haplaquolls, a high clay soil with poor drain- 
age (Westin et al. 1959). The grass species present were similar to 
those reported above from Ahern’s pasture, and grazing had been 
carried out continually each season since at least 1977. Salt was the 
only feed supplement provided in 198 1, and it had been soaked in 
fuel oil for its possible larvicidal activity. 

Wheeler’s pasture is located in northern Moody County of 
South Dakota and the soil types were Cumulic Haploquolls and 
Udorthentic Haploborolls. The grass is predominately smooth 
brome which had not been grazed the year prior to 1981. Beef cattle 
were placed in this pasture during the first week of June. 

Manure Collection 
Fresh cow manure (voided within 30 minutes) was collected 

weekly from Ahern’s and Wick’s pasture during the period from 2 
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June to 20 October and from Wheeler’s pasture from 9 June to 6 
October. Cattle were placed on Wheeler’s pasture later in the 
spring and removed earlier in the fall than at the other sites. 
Collections were made by placing the fresh manure pats into 
airtight plastic containers with the aid of 2 plasterer trowels. Five 
pats were collected from each site through 8 September; from 15 
September to the end of the study, 2 groups of 3 pats each were 
collected from each pasture so that the variation that would occur 
within a pasture could be statistically tested. 

Manure samples were returned to the laboratory, mixed tho- 
roughly and subsampled before determining the percent moisture 
and percent total nitrogen of the feces. Five samples were taken 
from each collection through 8 September; from 1.5 September on, 
3 subsamples were taken from each of 2 groups collected within a 
pasture, giving a total of 6 subsamples for each pasture. 

The moisture content of the manure was determined by weighing 
fresh subsamples and drying them for a 24-hour period in an oven 
at 6O“C. Subsamples were allowed to cool and were then re- 

l A 

l * 

Fig. 1. Relurionship between % moisture content of munureondnumber of 
weeks cortle hnd been on 3 ripariun pastures in Sourheustern South 
Dakota before manure collection (0) 

A. Ahern ‘s pasture 
Y q  84.68 + 1.2029 D - 0.23573 D2 + .01642 P - JO038 P. r2 = S94 

B. Wick’s puslure 
Y q  86.44 - S5824 D + .07566 P - .00261 D3. rz q  ,136 

C. Wheeler’s puslure 
Y = 86.57 + .47951 D - .23326 DJ + .02427 DJ - JO073 P, rz = .254 

weighed. The percent moisture was calculated on the wet weight 
basis. 

The subsamples were later analyzed for their nitrogen content 
using a standard macro-Kjeldahl technique for plant tissue (Jack- 
son 1958). 

Analysis of variance techniques were conducted separately for 
the portions of the data that were sampled and subsampled to 
determine if significant differences in manure moisture and nitro- 
gen exist between pastures and dates. The 2 data sets were then 
pooled and regression analyses were conducted to determine if 
temporal patterns in these 2 parameters exist. 

Results 

Moisture Content of Manure 
The average moisture content of the manure from each of the 3 

pastures over time was 86.1, 85.6, and 84.89& respectively, for 
Ahern’s, Wick’s, and Wheeler’s pastures. 

Significant differences in moisture content of the manure exist 
between pastures and between dates in the analysis of variance of 
subsampled data. There was also a significant pasture-date interac- 
tion, indicating that manure moisture on a given date of collection 
was strongly influenced by the site it was collected from. No 
significant differences were found in moisture content between 
pastures when the replicated data from later in the season were 
analyzed. There were significant differences between dates and no 
significant interaction was found. Replications were significant, 
indicating that there is variation in fecal moisture within a pasture. 
The coefficient of variation is lower for the sampled portion of the 
data than for the subsampled data, 0.222% vs. 0.397%. 

To get an idea of the trends in moisture content of manure over 
time, percent moisture of the cattle manure was regressed against 
the date of manure collection expressed as the time in weeks after 
the cattle had been placed on the pasture. Since there was a pasture 
by date interaction, separate regression analyses were conducted 
for each pasture. 

The moisture content of cattle manure collected from Ahem’s 
pasture is plotted in Figure IA. Percent moisture was highest at the 
end of June, then declined slightly until 22 September. After this, 
the decline was greater. 

Moisture content of manure collected from Wick’s pasture is 
illustrated in Figure 1B. Moisture content of the feces was highest 
in early June and midsummer, and lowest in late June-early July. 
There was also a tendency to decrease in the fall. 

The changes in moisture content over the season for Wheeler’s 
pasture is plotted in Figure 1C. The observed values fluctuate more 
than observed for the former pasture. As with Wick’s pasture, 
moisture content is highest in early June and tended to peak again 
later in August. The trends also indicate that moisture decreases in 
July and again in late September and early October. 

Nitrogen Content of Manure 
Feces collected from each of Ahern’s, Wick’s, and Wheeler’s 

pastures had average nitrogen values over time of 1.97%, 1.81%, 
and 1.94%, respectively. As with moisture, significant differences 
existed between pastures and dates and a significant pasturedate 
interaction existed in the subsampled portion of the data. Similar 
results were found when replications were included except that 
replications were not significant, indicating that the variation in 
fecal nitrogen within a pasture was not an important source. The 
coefficient of variation was higher in the subsampled data, 0.984?0 
vs. 1.8 10% for the sampled data. 

Results of the regression analyses of manure nitrogen are pre- 
sented in Figures 2 A, B, and C. These analyses were performed 
separately for each pasture due to the significant pasture by date 
interaction. The seasonal values of manure nitrogen for Ahern’s 
pasture are in Figure 2A. Nitrogen was highest in late spring and 
declined until 2 1 July. It rose until 4 August and was of a medium 
range until the beginning of October and then declined. 
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A 

l II 

c 

Fig. 2. Relationship berween % rota1 nitrogen content of manure and rhe 
number of weeks cattle had been on 3 riporion pastures before manure 
collection (DJ 

A. Ahem ‘s pasture 
Y=2.54+.11289D-.lW&S7Dz+.ooO83~-.MOO3D(, +=.747 

B. Wick’s pasture 
Y= 1.98 - MO18 D + .00288 DJ - .00008 P - &MO1 D(, rJ = .487 

C. Wheeler’s pasture 
Y= 3.56+ JO298 D- .11144 P+ JO572 P - .00010D(. rz= .S45 

The trends in manure nitrogen from Wick’s pasture are in Fig- 
ure 2B. Again, nitrogen was highest in the spring, declined until 
early July, and somewhat rose through August. After September 
22, it declined again. 

The changes in manure nitrogen were more pronounced in 
Wheeler’s pasture (Fig. 2C). Again, nitrogen started off at a high 
level in the late spring, was lowest on 7 July, and again rose until 4 
August, but to a higher level than in the other pastures. After 25 
August, nitrogen declined slowly. 

Discussion 

The percent moisture of feces in the 3 South Dakota pastures 
studied ranged from 80-89%, and was generally higher than the 
80% f 3 reported by Kunz ( 1980) for the horn fly in Texas, the 85% 
reported by Greenham (1972) for the bush fly in Australia, or the 
7580% listed in Church (1976). 

In general, time of collection can be thought of as a measure of 
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the seasonal age of the pasture. It accounts for more of the varia- 
tion in nitrogen than in moisture content as evidenced by the higher 
R-squares associated with nitrogen. Moisture content of cattle 
feces is largely a function of water intake but can be modified by 
such things as dry matter intake or environmental temperatures 
(Church 1976). The dry matter content of forage grasses is high in 
the fall and this may account for some of the decline in fecal 
moisture content (Paquay et al. 1970), and thermal stress may be 
responsible for the small declines seen in mid-summer. It should be 
noted that there is much unexplained variation in fecal moisture, 
indicating that factors other than the seasonal age of the pasture 
affect fecal moisture content. Also, it should be noted that since 
variability in fecal moisture exists within a pasture, the animals can 
influence fecal moisture, perhaps more than forage quality. 

Nitrogen content of cattle manure from animals maintained on 
pastures varies considerably over time and differs between pas- 
tures. The trends in nitrogen content of manure found here resem- 
ble closely those reported in Texas (Kunz 1980) and Australia 
(Greenham 1972). One major difference is that the early and late 
summer peaks in nitrogen in South Dakota are not as widely 
separated in time as they are in the warmer climates. In Texas, 
Kunz (1980) reported that peaks in manure nitrogen occur in early 
May and late September; while in Australia (Greenham 1972) the 
peaks in nitrogen were separated by about 3 months. 

Manure nitrogen does correlate well with the seasonal age of the 
pasture. In ruminant feces, nitrogen can come from undigested 
portions of the diet such as grass residues, bacteria, cellular debris, 
and water soluble nitrogen (Mason 1969). Changes in nitrogen 
content of the feces can be caused by changes in diet or changes in 
the bacterial forms or a combination of both. 

It has been shown that diet can infuence fecal nitrogen in sheep 
(Orskov et al. 1970). Although it is not entirely clear what exactly 
influences fecal nitrogen in cattle, reported trends in crude protein 
and in vitro digestible dry matter of pasture grasses over a growing 
season resemble the patterns shown here for fecal nitrogen (Camp- 
bell and A.D. Dotzenko 1975, Newell .and Moline 1978 and 
Church 1976). It seems reasonable to infer that forage quality may 
influence manure quality. 

We believe that the nitrogen content of manure affects the 
fecundity of the face fly over a season and constitutes one of the 
reasons why differences in face fly numbers occur between pastures 
and why a large body size is probably necessary for this fly to 
successfully overwinter. It is known that the size of flies has been 
shown to be correlated with their reproductive potential and var- 
ious nutrient levels can determine the size of fly larvae which 
ultimately determines the number of ovarioles in the adult fly. This 
study indicates that processes that alter the quality of manure 
could be developed and used as an advantage in the development of 
a more effective control method for the face fly. 

Literature Cited 

Campbell, IS., and A.D. Dotzcnko. 1975. Evaluating forage quality of 
pastures. J. Range Management. 28: 149-l 5 1. 

Cbostes, GA., and J.S. Spcnecr, Jr. 1969. Forests in South Dakota. 
USDA Forest Serv., Intermountain Forest Exp. Sta. Forest Serv. 
Resource Bull. lnt.-8. 

Church, D.C. 1976. Digestive Physiology of Ruminants. 2nd. ed. Oxford 
Press, Portland Ore. Vol. l-3. 

Dcpner, K.R. 1969. Distribution of the face fly, Musca aurumnalis in 
Western Canada and the relation between its environment and popula- 
tion density. Can. Entomol. 101:97-100. 

Euton, E.R. 1979. The value of the pyramid sticky trap for sampling face 
flies, Musca aurumnah’s, under field conditions in South Dakota. 
Environ. Entomol. 8:1161-l 164. 

Easton, E.R. 1985. Progress toward establishing a pest management pro- 
gram for the face fly, Musca aurumnalis DeGeer, in South Dakota. Tech. 
Bull. No. 81, South Dakota State Univ. Agr. Exp. Sta. 

Greenhm, P.M. 1972. The effects of variability of cattle dung in the 
multiplication of the bush fly (Musca vefusrissima). J. Anim. Ecol. 
41:153-165. 

253 



Jackson, M.L. 1958. Soil Chemical Analysis. Prentice-Hall, Inc. Engle- 
wood Cliffs, N. J. 

Kunz, S.E. 1980. Horn fly production as influenced by seasonal changes in 
rangeland forage conditions. Southwest. Entomol. 580-83. 

Mason, V.C. 1969. Some observations on the distribution and origin of 
nitrogen in sheep feces. J. Agr. Sci. 73:99-l 1 I. 

Meyer, J.A., CM. Christensen, and F.W. Knapp. 1978. The influence of 
various levels of ground ear corn and alfalfa hay in the bovine diet on the 
development of the face fly. Environ. Entomol. 7:829-830. 

Newell, L.C., and W.J. Moline. 1978. Forage quality evaluations of twelve 
grasses in relation to season for grazing. Univ. Nebraska-Lincoln, Inst. 
of Agr. and Natur. Resources. Res. Bull. 283. 

Orskov, E.C., C. Fraser, V.C. Mason, and S.O. Mann. 1970. Influence of 
starch digestion of sheep on caecal fermentation, caecal microflora and 
nitrogen excretion. British J. Nutr. 24671-682. 

Paquay, R., R. de Baere, and A. Lousse. 1970. Statistical research on the 
fate nf water in the adult cow 1. Am Sci. 7k423-432. 

Ruprah, N.S., and R.E. Treece. 1968. Further studies on the effect of 
bovine diet on face fly development. J. Econ. Entomol. 61:1147-l 150. 

!?mnds, P., and R.D. Hughes. 1976. A simulation model of changes in the 
value of cattle dung as a food resource for an insect. Agr. Meteor. 
17:161-183. 

Treece, R.E. 1966. Effect of bovine diet on face fly development: A prelimi- 
nary report. J. Econ. Entomol. 59: 153-I 56. 

Vaiieln, I. 1969. An experimental study of the mortality factors of larval 
Musco autumnalis De Geer. Ecol. Monogr. 39: 199-225. 

Watkins, W.E., and G.A. Larson. 1926. Soil survey of Moody County 
South Dakota. USDA Bureau of Chemistry and Soil. Pub. No. 2. 

Westin, F.C., G.T. Buntley, F.E. Shubeck,-L.F. Ruth, and N.E. Bur- 
stresser. 1959. Soil Survey Brookings Co., S.D. USDA Soil Conserv. 
Serv. Pub]. Ser. 1955 NO. 3. 



Screening Range Grasses for Resistance to Black 
Grass Bugs Labops hesperius and Irbisia pacifica 
(Hemiptera: Miridae) 

JAMES D. HANSEN, KAY H. ASAY, AND DALE C. NIELSON 

Abstract 

Resistance to feeding by black grass bugs (Hemiptera: Miridae), 
Labops hesperius Uhler and Irbisiopacifien (Uhler), was studied in 
5 range grasses: 3 crested wheatgrass [Agropyron cristutum (L.) 
Gaertn.,A. desertorum (Fisch. ex Link) Schult., and the A. crista- 
tum X A. desertorum hybrid], and 2 hybrids between quackgrass 
[Elytrigiu repcns (L.) Nevski] and bluebunch wheatgrass [Pseudo- 
roegnerio spicato (Pursh) Liive]. The grasses were 
screened as seedlings in 4 trials with caged insects. Based on the 
amount of damage, the crested wheatgrass hybrid was the most 
susceptible and the other hybrids the most resistant. Resistant 
individuals were also identified within each grass population. No 
differences were found in feeding preferences of the 2 black grass 
bug species. Clones of crested wheatgrass previously selected as 
individual seedlings maintained their resistance in subsequent 
replicated trials. 

Large areas of the Intermountain West have been seeded with 
introduced wheatgrasses to increase forage productivity and res- 
tore depleted rangelands. When planted as a monoculture, these 
grasses have been susceptible to infestations of black grass bugs, 
Lubops spp., and Irbisiu spp. (Hemiptera: Miridae) (Todd and 
Kamm 1974, Haws 1978, Ansley and McKell 1982). Haws (1982) 
has reviewed the economic impacts due to a black grass bug 
feeding. 

Chemical control of insects is often impractical on western range- 
lands (Campbell et al. 1984). A potentially more effective strategy 
is to develop plant germplasm that .is resistant to insect attack. 
Hewitt (1980) studied the variation in feeding by Lobops hesperius 
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Uhler on 10 species of wheatgrass and concluded that 4 species 
showed some tolerance to the feeding. Thus, he proposed that 
breeding work be initiated to develop resistant lines. Higgins et al. 
(1977) found differences in susceptibility to L. hesperius among 
Utah range grasses, and this finding also suggested a genetic basis 
for plant resistance to L. hesperius. In contrast, the feeding prefer- 
ences of Irbisiu spp. have been poorly documented. 

Painter (1968) recognized the basic mechanisms of resistance as 
nonpreference, tolerance, and antibiosis, and he stressed how these 
components frequently interact. Dahms (1972) reviewed the criter- 
ia for evaluating plant resistance to insects. Selection for resistance 
to insect pests has been effective in forage plants, particularly 
alfalfa (Medicago sativu L.) (Nielson and Lehman 1980). 

A simple, rapid method that screens large amounts of plant 
germplasm for resistance to insect feeding is essential for effective 
breeding programs. Objectives of this study were to detect differ- 
ences in feeding damage by black grass bugs among selected grass 
entries and to develop techniques to routinely screen for resistance. 

Materials and Methods 

The grasses tested were 2 commercial cultivars of crested wheat- 
grass, ‘Fairway’ [Agropyron cristatum (L.) Gaertn.] and ‘Nordan’ 
[A. desertorum (Fisch. ex Link) Schult.]; 1 crested wheatgrass 
hybrid [A. cristatum X A. desertorum, designated ‘CD’; and 2 
quackgrass [E. repens (L.) Nevski] X bluebunch wheatgrass [Pseu- 
doroegneria spicata (Pursh) Love] hybrids, desig- 
nated ‘RS-l’and ‘RS-2’. Grass entries were selected on the basis of 
similarities in growth rates, leaf structure, and agronomic impor- 
tance. 

Seeds of these grasses were planted in separate rows in 35- X 
50-cm galvanized trays. Each contained 5 rows and the grass 
entries were assigned to the rows at random. Trays were arranged 
on the greenhouse bench as a randomized complete block, with 5 
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replications. A control tray was included in each of 4 tests (A, B, C, 
and D). 

The screening study was conducted under greenhouse condi- 
tions during the summer of 1982. A cage with Plexiglas sides (25 X 
28 X 47 cm) and a fabric screen top was placed on top of each tray. 
When most seedlings were taller than 40 mm, adult bugs were 
introduced. Irbisiu pacfica (Uhler) from 1 km east of North 
Logan, Utah, were used in Test A; Lubops hesperius from 11 km 
east of Logan, Utah, were used in Tests B and D; and L. hesperius 
from 27 km east of Beaver, Utah, were used in Test C. Stocking rate 
for all tests were 100 bugs per cage except for Test D, when only 38 
bugs were available per cage. 

Because of the narrowness and uniform width of the seedling 
leaves, linear measurements were used to denote leaf amount. 
Seedling lengths were measured before bug introduction and again 
after very severe feeding damage, or, as in Test D, after the bugs 
had died (less than 2 weeks after introduction). Since bugs feed 
downward from the tops of seedlings, undamaged portions were 
easily measured from the base of the plants. Differences between 
total height and amount undamaged were attributed to bug feed- 
ing. Percentage of undamaged portion was also determined for 
each plant. Amount of plant injury was used as criterion for 
determining resistance (Dahms 1972). 

Plants screened for resistance were selected by allowing the 
seedlings to recover, choosing the 2 tallest of each entry from each 
cage, and then growing them in separate containers for about a 
year. Nielson and Lehman (1980) described similar methods for 
selecting alfalfa seedlings in screening for resistance to aphids. 
Control plants were taken at random from each cage and were 
maintained under the same conditions as the screened plants. 

In summer of 1983, selected plants of each grass entry were 

tested separately with I. pacificia in the greenhouse for resistance to 
feeding. Screened and control clones were arranged together ran- 
domly in 25 X 28 X 47 cm Plexiglas cages as was done in previous 
feeding studies (Hansen et al. 1985). Grasses taller than IO mm 
were used, their canopies were allowed to intertwine, and soil was 
added to form a level surface. Plants in each case originated from 
the same screen study (A, B, or C). Stocking rates were 100-200 
bugs/cage and 3 replicates were used. Feeding damage per plant 
was rated visually by 2 observers using a scale of 0 (no damage) to 
IO (complete destruction) about a week after bug introduction and 
the scores combined to make the damage rating value. 

Results and Discussion 
Although care was taken to assure uniform rearing treatment, 

seedling heights differed significantly (KO.01) among trays and 
entries of the same test. Variability in growth rates may have been 
due to differences in greenhouse location and genetic variation 
among and within entries. Except for the very smallest seedlings 
(shorter than 10 cm), no evidence was found to indicate that host 
selection by the bugs was a function of leaf size. 

Damage variables were measured or calculated for all seedlings 
(Table 1). Because fewer bugs were in Test D, the average amounts 
of damage for the entries were less than half those in the other tests. 
The 4 criteria used for measuring feeding damage among the 
entries were not significantly different. Apparently, caged bug 
populations must be greater than a particular threshold level 
before differences in feeding behavior can be discerned. 

The RS hybrids had significantly (KO.05) higher percentages 
and amounts of undamaged leaves than the other entries (Table 1). 
Although these hybrids often had the longest leaves, leaf size did 
not appear to be related to susceptibility to black grass bugs within 

Table 1. Summary of damage to five grass species and interspecific hybrids by Irbisiapacificu (Test A) and Labops besperius (Tests B, C, and D). 

Test 

A 

D2 

Entry’ 

AGCR 
AGDE 
CD 
RS-I 
RS-2 
LSD (0.05) 
CV (%) 

AGCR 
AGDE 
CD 
RS-I 
RS-2 
LSD (0.05) 
CV (%) 

AGCR 
AGDE 
CD 
RS-I 
RS-2 
LSD (0.05) 
CV (%) 

AGCR 
AGDE 
CD 
RS-I 
RS-2 
CV (%) 

Number 
of 

plants 

191 
172 
207 
191 
193 

199 
204 
219 
212 
194 

I86 
183 
202 
200 
198 

205 
198 
207 
200 
207 

Undamaged Damaged % Undamaged/ 
mm/seedling mm/seedling mm/row seedling 

x 5 x x 

8.7 37.8 1449.8 22.6 
8.7 38.9 1362.6 23.7 

14.0 54.9 2294.0 23.9 
15.7 38.4 1498.2 32.0 
14.4 36.7 1419.4 31.3 
3.4 12.9 623.5 7.8 

20.6 23.3 29.0 21.8 

17.6 42.1 1668.2 27.9 
19.4 41.5 1687.8 31.0 
18.6 58.5 2552.6 24.5 
45.4 32.5 1378.4 56.9 
48.2 32.1 1235.2 60.0 
10.3 5.6 253.5 10.7 
25.7 10.1 11.1 19.9 

7.3 41.9 1553.8 16.1 
6.7 41.3 1515.8 14.5 
5.1 62.0 2513.9 9.8 

16.7 43.7 1736.2 28.1 
24. I 46.6 1845.2 34.9 
4.8 7.1 369.4 7.3 

30.1 11.3 15.0 26.2 
47.8 38.0 1564.8 56.6 
63.9 29.4 I 139.4 65.6 
54.3 31.5 1307.6 63. I 
55.0 31.6 1271.0 63.8 
52.1 27.9 1152.2 65.4 
27.0 29.4 32.3 16.3 

IAGCR = Agropyron cristatum, Fairway crested wheatgrass. 
AGDE = Agropyron desertorum, Nordan crested wheatgrass. 
CD = A. cristotum X A. desertomm, crested wheatgrass hybrid. 
RS-I = Elytrigia repens X Pseudoroegneria spicota, quackgrass-bluebunch wheatgrass hybrid I. 
RS-2 = E. repens X E. spicato, quackgrass-bluebunch wheatgrass hybrid 2. 

2Differences among entries were nonsignificant. 
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an entry, except that uninjured leaves grew faster than injured 
ones. 

The rankings of grass entries based on amount of damage were 
relatively consistent across tests (Table 1). The CD hybrid was 
significantly (x0.05) damaged the most, whereas the RS hybrids 
generally showed the least insect damage. Because the value of 
average damage per seedling probably reflected unequal numbers 
of germinated seedlings per entry, we also examined the total 
amount of damage for each entry. This examination confirmed 
that the CD hybrid was significantly (x0.05) more susceptible 
than all other entries. 

We can only speculate as to why the CD hybrid tended to be 
more preferred by the bugs than the 2 parental species. The hybrid 
was derived from an induced tetraploid of A. cristutum. Increased 
chromosome numbers have been associated with increased cellular 
levels of soluble constituents, such as sugar, and decreased structu- 
ral constituents in perennial ryegrass, Loliumperenne L., (Sullivan 
and Myers 1939, Sullivan 1944). More experimentation is needed 
to determine the relationship between chemical entities in crested 
wheatgrass and bug feeding preference. Also, the hybrid grew more 
actively than A. cristatum or A. desertorum, and it had more fresh 
leaf material available at any given time. Assuming that younger 
more succulent leaves were preferred by the bugs, it would follow 
that more total leaf area of the CD hybrid would be consumed. 

Graphs were made of the frequency distributions of the 5 grasses 
according to the percentage of undamaged leaves (Fig. 1). The 
most susceptible entry was identified as the one with the lowest 
frequency of plants with undamaged leaves. In every test, the 
crested wheatgrass were more susceptible than the RS hybrids. The 
small rise of the curves at the maximum value of the X axis 
represented not only very small plants that were not attacked 
(escapes), but also resistant individuals. Although resistant plants 
must be differentiated from escapes, it appears that germplasm to 
breed resistant lines is available within the populations studied. 

In subsequent replicated trials, crested wheatgrass clones pre- 
viously selected for resistance were generally damaged less than 
control plants (Table 2). Although some escapes may have been 
included in the initial screening, resistant plants were identified 
which can provide germplasm to breed resistant cultivars of crested 
wheatgrass. The average damage ratings of the selected entries of 
the RS hybrids were equal or less than those of the controls. Since 
the RS hybrids were the least susceptible entries in the screened 

25 1 IA) - 
FAIRWAY 

NORDAN 

CRESTED HYBRID 

RS-1 HYBRID 

RS-2 HYBRID 

0 10 20 30 40 50 60 70 60 90 100 
PORTION UNDAMAGED LEAF LENGTH (%) 

Fig. 1. Frequency distributions flo)of 5 wheatgrasspopulations according 
to the average portions of leaves (seedlings) undamaged (%)after expo- 
sure to Irbisiapacifico (Test A) and Labops hesperius (Tests B and C). 

Table 2. Comparison between previously selected and control plants of five grass entries in feeding resistance tests to Irbisiupacificcr. 

Entry 
Study of 

origin of entry Screened 

Ratings’ 

Control 

F-test 

Selected vs control Among genotypes 
groups within groups 

AGDE 

CD 

AGCE A 4.8 5.5 1.76 3.04** 
B 6.1 6.1 0.0 2.70** 
C 4.7 6.5 14.82** 1.77 
x 5.2 6.0 
A 7.5 6.5 4.79’ 7.7-P 
B 3.6 6.2 54.95** 4.18** 
C 4.7 6.6 24.26** 5.47’. 
x 5.3 6.4 
A 4.0 4.5 2.89 4.1 I** 
B 3.3 5.2 36.46** 6.05** 
C 5.0 5.5 I .92 6.03** 

A” 4. 4. I I 3.4 5.1 4.91* 2.29* 
B 2.6 2.9 3.02 2.62+* 
C 2.9 2.9 2.51 4.44** 
x 3.2 3.1 
A 6.1 6. I 0.00 5.19** 
B 5.3 5.7 0.69 2.71** 
C 5.3 4.0 12.83** 4.19** 
x 5.6 5.3 

RS-I 

RS-2 

***Significant at 0.05 and 0.01 levels of probability, respectively. 
‘Mean values of combined scores of two observers for 30 plants. Rating scale: 0 = no damage, 20 = highest possible damage 
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tests, the controls randomly taken from those populations should 
have some resistance. Hence, the difference between selected and 
control plants should be less than those of the crested wheatgrasses. 

The within group variation was significant (X0.01) in the 
screened and control groups, which indicated that the plants came 
from genetically diverse populations (Table 2). 

Studies showed that although the CD hybrid was the most 
susceptible to black grass bugs of the grasses tested, individual 
resistant plants were identified. Likewise, resistant plants were 
isolated from Nordan and Fairway, 2 cultivars that seemed to be 
equally attractive to black grass bugs. The responses of the RS-1 
and RS-2 were similar and both were more resistant than the 
crested wheatgrasses. Perhaps one mechanism of resistance in the 
RS hybrids was associated with their vigorous biomass produc- 
tion. The fact these hybrids had similar amounts of damage as the 
other entries yet maintained better growth strongly suggested tol- 
erance as the mechanism of resistance. 

No discernible differences were found between the feeding pre- 
ferences of 1. pacifica and L. hesperius, and this finding strongly 
indicates that selection for mutual resistance in grasses is practical. 
If so, I. pacifica would be the better test organism for future 
screening studies because it puts more selection pressure on plant 
populations over the same period of time and is easier to observe 
because of its body size. I. pacifica is also more readily available in 
the field in northern Utah and is easier to maintain in the 
greenhouse. 

Literature Cited 

Ansley, R.M., and C.M. McKell. 1982. Crested wheatgrass vigor as 
affected by black grass bug and cattle grazing. J. Range Manage. 
35:586-590. 

Campbell, W.F.,B.A. Haws,K.H. Asay,and J.D.Hansen. 1984. A review 
of black grass bug resistance in forage grasses. J. Range Manage. 37:365- 
369. 

Dahms, R.G. 1972. Techniques in the evaluation and development of 
host-plant resistance. J. Environ. Qual. 13254-259. 

Hansen, J.D., K.H. Asay, and D.C. Nielson. 1985. Feeding preference of a 
black grass bug, Lubops hesperius (Hemiptera: Miridae), for 16 range 
grasses. J. Kans. Entomol. Sot. 58: (In press). 

Haws, B.A. 1978. Economic impact of Lubops hesperius on the production 
of high quality range grasses. Final Rep. Utah Agr. Exp. Sta. to Four 
Comers Regional Comm. 

Haws, B.A. 1982. An introduction to beneficial and injurious rangeland 
insects of the western United States. Utah Agr. Exp. Sta. Spec. Rep. 23. 

Hewitt, G.B. 1980. Tolerance of ten species of Agropyron to feeding by 
Lubops hesperius. J. Econ. Entomol. 73:779-782. 

Higgins, K.M., J.E. Bowns, and B.A. Hans. 1977. The black grass bug 
(Lubops hesperius Uhler): its effect on several native and introduced 
grasses. J. Range Manage. 30~380-384. 

Nielson, M.W., and W.F. Lehman. 1980. Breeding approaches in alfalfa. 
In: Maxwell, F.G., and P.R. Jennings (ed.). Breeding plants resistance to 
insects. John Wiley and Sons. New York. 

Painter, R.H. 1968. Insect resistance in crop plants. Univ. Press of Kansas, 
Lawrence. 

Sullivan, J.T. 1944. Further comparisons of plants with different chromo- 
some numbers in respect to chemicalcomposition. J. Amer. Sot. Agron. 
36:537-543. 

Sullivan, J.T., and W.M. Myers. 1939. Chemical composition of diploid 
and tetraploid Lolium perenne L. J. Amer. Sot. Agron. 31:869-871. 

Todd, J.G., and J.A. Kamm. 1974. Biology and impact of a grass bug 
Lubops hesperius Uhler in Oregon rangeland. J. Range Manage. 
27:453-458. 

POSITION ANNOUNCEMENT 

POSITION ANNOUNCEMENT 

The Dept. of Animal Sciences and Industry at Kansas 
State Univeristy is seeking an assistant or Associate Pro- 
fessor in Range Management and Ruminant Nutrition; 
40% Teaching and 60% Research. Applicant should have 
a Ph.D. in Ruminant Nutrition and/or Range Manage- 
ment with a strong background in Range Livestock 
Management and nutrition. An understanding of the 
economics of grazing livestock is desired. Duties include 
teaching undergraduate and/or graduate courses in 
Animal Nutrition and Range Livestock Management, 
advising undergraduate and graduate students, con- 
ducting research programs in Ruminant Nutrition and 
Range Management and directing the 1156 acre Range 
Research Center which is within 5 miles of campus. 
Position is available July 1, 1985. Applications will be 
accepted until May 15,1985. Send detailed resume, uni- 
versity transcripts and three letters of recommendation 
to: Dr. Don L. Good, Head, Animal Sciences and Indus- 
try Dept., 138 Call Hall, Kansas State University, Manhat- 
tan, KS66506. Kansas State University is an Equal Oppor- 
tunity Employer. 

The Agricultural and Forestry Experiment Station, 
University of Alaska, is seeking applicants for the posi- 
tion of Research Associate in Animal Science. The posi- 
tion is located in Nome. The individual will conduct 
reindeer production research, emphasizing herd man- 
agement, live animal and carcass evaluation, and selec- 
tion. M.S. in Animal Science or closely related field, 
practical experience in or thorough knowledge of live- 
stock production and the meat industry, and the ability 
to camp and work in remote areas of difficult accessabil- 
ity and sometimes foul weather are required. This posi- 
tion provides many research opportunities for an indi- 
vidual possessing initiative, imagination, and desire to 
work with the fundamental aspects of a primitive but 
developing livestock industry. 

Send resume, transcripts, and three letters of recom- 
mendation to: Dr. William B, Collins, Agricultural & 
Forestry Experiment Station, 309 O’Neill Bldg., Univer- 
sity of Alaska, Fairbanks, Alaska 99701. Tel: 907/474-7293. 

UAF is an equal opportunity/affirmative action em- 
ployer. 
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Endomycorrhizae Enhance Growth of Shrub Species 
in Processed Oil Shale and Disturbed Native Soil 

C.A. CALL AND C.M. MCKELL 

Abstract 

A greenhouse experiment was conducted to determine if the 
inoculation of native shrubs with vesicular-arbuscular mycorrhizal 
(VAM) fungi would provide plants better adapted for a minimal- 
treatment revegetation program for processed oil shale and dis- 
turbed native soil. Seedlings of fourwing saltbush (4 tripkx curies- 
cens(Pursh.) Nutt.), big sagebrush (Artemisia trident& Nutt. ssp. 
wyomingensis), rubber rabbitbrush (Chrysothamnus nauseosus 
(Pall.) Britton var. nuuseosus], and greasewood (Sarcobatus ver- 
miculatus (Hook.) Torr. var. vermiculatus} were inoculated with 
Glomusfasciculatum (Thaxter sensu Gerdemann) Gerdemann and 
Trappe, and Glomus mosseae (Nicol. and Gerd.) Gerdemann and 
Trappe. Inoculated and noninoculated plants were transplanted 
into Paraho processed oil shale and disturbed native soil in a 
containerized system. Plants inoculated with VAM fungi had 
greater shoot biomass and phosphorus(P) contents than noninoc- 
ulated plants in both media. Inoculation with VAM fungi had a 
variable effect on the nitrogen(N) contents of plants in both media. 
When fertilized with 34 kg/ha N and P, inoculated plants were 
more effective in taking up applied P than noninoculated plants. 
Mycorrhizal infection levels were greatly reduced when inoculated 
plants were grown in processed shale. 

After mining, crushing, and retorting at 500 C, processed oil 
shale is a highly saline, highly alkaline, biologically sterile, nutrient 
deficient material with no structure(McKel1 1976). When untreated, 
processed shale is a poor plant growth medium (Schmehl and 
McCashn 1973). With intensive treatment (leaching salts with large 
amounts of water, fertilization, topsoiling, mulching, and periodic 
supplemental irrigation), a variety of plant species can be estab- 
lished directly on processed shale (Block and Kilburn 1973, Har- 
bert and Berg 1974). However, the cost of such treatments would 
be high considering the large deposits of processed shale expected 
from commercial oil shale production. A rehabilitation strategy 
for processed shale disposal piles and disturbed soils should make 
logical, effective use of the limited natural resources available for 
rehabilitation in arid regions (McKell 1976). Such a strategy must 
work within the environmental constraints of the affected ecosys- 
tems, and could be more cost effective than those strategies that 
recommended extensive modification of the spent shale. Indigen- 
ous endomycorrhizal fungi could be integrated into this rehabilita- 
tion strategy. 

Endomycorrhizal fungi are beneficial fungi that form symbiotic 
associations (endomycorrhizae) with the roots of higher plants. 
One group of endomycorrhizae, vesicular-arbuscular mycorrhizae 
(VAM), are found on the majority of plant species in semiarid oil 
shale regions (Call and McKell 1982, Reeves et al. 1979). Vesicular- 
arbuscular mycorrhizae enhance plant absorption of phosphorus 
and other elements, enhance water uptake and transport in plants, 
and allow plants to withstand high temperatures (Gerdemann 
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1975). Vesicular-arbuscular mycorrhizae have been shown to 
increase the survival and growth of shrub species on coal mine spoil 
material in field and greenhouse studies in New Mexico (Aldon 
1978). 

In view of the adaptive features of VAM on unfavorable sites, 
and the unfavorable characteristics of processed shale as a plant 
growth medium, a greenhouse experiment was conducted to 
determine if the inoculation of selected, container-grown, native 
shrubs with VAM fungi would provide plants better adapted for a 
minimal-treatment revegetation program for processed oil shale 
and disturbed native soil. 

Materials and Methods 

Seedlings of fourwing saltbush [Atriplex cunescens (Pursh.) 
Nutt.], big sagebrush (Artemisia tridentata Nutt. ssp. wyomingen- 
sis), rubber rabbitbrush (Chrysothamnus nauseosus(Pal1.) Britton 
var. nuuseosus), and greasewood (Surcobatus vermiculutus(Hook.) 
Torr. var. vermiculatus) were inoculated with VAM fungi in a 
containerized system. 

Fungal inoculum was developed from spores in soil samples 
collected beneath fourwing saltbush, big sagebrush, rubber rabbit- 
brush, and greasewood plants on a semiarid site 80 km southeast of 
Vernal, Utah. Spores were collected from the soil samples using a 
wet-sieving and decanting technique (Gerdemann and Nicolson 
1963), and VAM fungi were identified according to Gerdemann 
and Trappe (1974). The 2 spore types most commonly observed in 
the wet-sieved soil were identified as Gfomusfuciculutum (Thaxter 
sensu Gerdemann) Gerdemann and Trappe, and Glomus mosseae 
(Nicl. and Gerd.) Gerdemann and Trappe. Spores were surface 
sterilized in 0.05% sodium hypochlorite for 10 minutes, rinsed 3 
times in distilled water, and introduced into trap plant cultures of 
Sudan grass (Sorghum vulgure Pers.). After 4 months, pot culture 
medium from these initial trap plant cultures was used as inoculum 
for mass trap plant cultures of Sudan grass. After 4 months pot 
culture medium from mass trap plant cultures was used to inocu- 
late the container medium. Approximately 250 cc of this pot 
culture inoculum were placed in 2 layers within sterilized container 
medium (peatmoss-perlite-sand-soil I: 1:2:4 V/V) in 5 X 5 X25-em 
parafin-coated paperboard containers. 

After 6 months, inoculated and noninoculated plants were 
transplanted into 15 cm (diameter) by 40 cm PVC plastic contain- 
ers filled with 6.5 kg of 6.4-mm screened, Paraho processed oil 
shale (10% moisture by weight) or 7.5 kg of 6.4-mm screened native 
soil (10% moisture by weight). Samples of the Paraho processed oil 
shale and disturbed native soil from Anvil Points, Cola., were 
analyzed for texture, pH, electrical conductivity (ED& phospho- 
rus (P), nitrate-nitrogen (NO& potassium (K), sodium (Na), cal- 
cium (Ca), and magnesium (Mg) by the Soil Analysis Laboratory 
at Utah State University (Table 1). 

Two fertilizer regimes (nonfertilized control and 34 kg/ ha N and 
P) were imposed after the shrub species were transplanted into the 
processed shale and disturbed soil media. In the 34 kg/ ha N and P 
fertilizer treatment, each PVC container was fertilized with 0.20 g 
ammonium nitrate (NHdNOa) and 0.30 g monocalcium phosphate 
{Ca(hePO&). A 2.5-cm layer of sterile, fine sand was placed on top 
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of the plant growth media to reduce evaporation of water and 
capillary rise of dissolved salts. Plants in each treatment were 
watered via water access tubes ( I .25-cm diameter PVC plastic pipe 
with 2.7-mm diameter holes) to facilitate movement of water 
downward through the media without disturbing the sand mulch. 
The total combined weight of the plastic container, media, sand 
mulch, water access tubes and soil plug plus seedling was deter- 
mined for each container. This weight, corresponding to approxi- 
mately a 10% soil or shale water content (by weight), was main- 
tained throughout the experiment by additions of distilled water 
every other day. No weight corrections were made to compensate 
for plant growth. Greenhouse air temperatures ranged from 15.5 to 
32” C over the duration of the experiment. 

Shoot biomass, P and N contents of shoot material, and mycor- 
rhizal development were determined at the end of the 3-month 
growing period. Shoot biomass (leaves plus stems) was harvested 
in the soil/shale surface, dried at 65’ C for 48 hours, weighed, and 
ground in a Wiley Mill (l-mm mesh screen) prior to nutrient 
analysis. One-half gram samples were digested according to the 
procedures of Chapman and Pratt ( 196 I). Phosphorus content was 
determined by atomic absorption spectrophotometry. Total N 
content was determined by a modified Kjeldahl method (Horowitz 
1965). Nitrogen and P contents were expressed in percent of dry 
plant material. Roots were cleaned of debris, cut into l-cm seg- 
ments, cleared in 10% KOH, and stained in 0.05% trypan-blue in 
lacto-phenol (Phillips and Hayman 1970). Stained root segments 
were mounted in clear lacto-phenol and examined under a com- 
pound microscope at 140 X for the presence or absence of VAM 
infection. A root segment was considered infected if it contained 
arbuscules, vesicles, or peletons, or any combination of the three. 
Percentage infection was calculated as the number of segments 
with any infection out of a random sample of 100 segments. 

The experiment was arranged in a completely randomized, 
three-way factorial design with 5 plants per treatment for each of 
the 4 species. Analysis of variance and Duncan’s multiple range test 

(KO.05) were utilized in the interpretation of shoot biomass data 
(Little and Hills 1972). Phosphorus and N data were not statisti- 
cally analyzed because shoot biomass samples were too small for 
individual chemical analysis, therefore, samples were pooled for 
each treatment prior to analysis. 

Results and Discussion 

Plants inoculated with VAM fungi had greater shoot biomass 
than noninoculated plants in both processed shale and disturbed 
soil (Table 2). The stimulation of shoot biomass production was 
most evident in the disturbed soil, where inoculated big sagebrush 
and fourwing saltbush plants had significantly greater biomass 
than noninoculated controls in fertilized and nonfertilized treat- 
ments. Inoculated, nonfertilized fourwing saltbush plants had sig- 
nificantly greater shoot biomass than noninoculated, fertilized 
controls in the disturbed soil. 

Increased growth associated with VAM infection in nutrient 
deficient soils and spoils has been attributed to enhanced nutrient 
uptake, especially the uptake of P (Gerdemann 1975). In all 4 
species, inoculated plants had higher P contents than non- 
inoculated controls in both processed shale and disturbed soil 
(Table 3). Vesicular-arbuscular mycorrhizae help plants compen- 
sate for deficiencies of immobile nutrients such as phosphate by 
exploring a greater volume of soil than roots alone, and by present- 
ing a greater surface area for phosphate uptake (Bowen et al. 1975). 
In addition to increasing the surface area of infected roots, VAM 
fungi take up phosphate much more rapidly than nonmycorrhizal 
roots and transfer it rapidly to the host plant (Bowen et al. 1975). 

When fertilized with 34 kg/ ha N and P, inoculated plants were 
more effective in taking up applied P to increase shoot biomass. 
Menge (1980) suggested that VAM fungi could be thought of as 
“biotic fertilizers” because they can increase the efficiency of P 
fertilizer use as they did in this experiment. The inoculation of 
container-grown shrubs with VAM fungi could reduce the sub- 
stantial amounts of P fertilizer which may be used in the revegeta- 

Table 1. Chemical properties of the Pnraho processed oil shale and disturbed native soil (from Anvil Points, Colorado) used as container media in the 
greenhouse study. 

Media 

Paraho processed shale 
Disturbed native soil 

IBased on saturated paste. 
*Based on saturation extract. 
‘Ammonium acetate extractable. 
‘Sodium bicarbonate extractable. 
‘Phenodisulfonic acid extractable. 

PH’ 

8.7 
7.9 

EC: me@ 1 wm 
(mmhos/cm) NaJ Ca + MgJ P4 No; K’ 

10.5 61.0 74.0 3.0 1.4 121 
6.7 67.4 26.5 3.1 8.7 80 

Table 2. Mean shoot biomass of big sagebrush, fourwing saltbush, rubber rabbitbrush, and greasewood after a three-month growing period in the 
greenhouse, showing the interactions between media treatments, inoculation treatments, and fertilization treatments for each species. 

Treatment’ Big sagebrush 

Shale 
Non-inoculated, non-fert. 
Inoculated, non-fertilized 
Non-inoculated, fertilized 
Inoculated, fertilized 

0.76d 
I .04cd2 
0.88d 
I .06cd 

Soil 
Non-inoculated, non-fert. 
Inoculated, non-fertilized 
Non-inoculated, fertilized 
Inoculated, fertilized 

1.36bc 1.3ld 0.7lbcd 0.76cd 
2.48a I .73c 0.92bc I .OObc 
l.56b 2.34b I .09b I .42ab 
2.89a 3.52a 2.76a I .69a 

Biomass (g/plant) 
Fourwing saltbush Rubber rabbitbrush Greasewood 

0.64e 
0.92e 
I .28d 
0.64c 

0.53cd 
0.54cd 
0.32d 
0.44cd 

0.46d 
0.54cd 
0.52cd 
0.70cd 

‘Shale = Paraho processed oil shale, soil = disturbed native soil, inoculated : inoculation with VAM fungi, and fertilized = 34 kg/ ha N and P. 
ZMeans within columns followed by the same letter are not significantly different (KO.05) according to Duncan’s multiple range test. 
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Table 3. Phosphorus content of shoot biomass of big sagebrush, fourwbtg saltbush, rubber rabbitbrush, and greasewood after a three-month growing 
period in the greenhouse in different media, inoculation, and fertiliution treatments. 

Phosphorus (%)2 
Treatment’ Big sagebrush Fourwing sahbush Rubber rabbitbrush 

Shale 
Non-inoculated, non-fert. .I48 .067 ,057 
Inoculated, non-fertilized .I69 .078 .081 
Non-inoculated, fertilized .I96 .I07 .056 
Inoculated, fertilized .205 .I22 .092 

Soil 
Non-inoculated, non-fert. .360 .098 .I10 
Inoculated, non-fertilized .385 .I19 .I22 
Non-inoculated, fertilized ,493 .I20 .I24 
Inoculated, fertilized .528 .I36 ,267 

‘Shale = Paraho processed oil shale, soil = disturbed native soi!, inoculated = inoculation with VAM fungi, and fertilized q  34 kg/ ha N and P. 
*Composite value of five samples pooled for each treatment pnor to phosphorus analysis; data were not statistically analyzed. 

Greasewood 

.I15 

.I28 

.I32 

.I33 

.I01 

.I03 

.I33 

.I45 

Table 4. Total nitrogen content of shoot biomass of big sagebrush, fourwing saltbush, rubber rabbitbrush, and greasewood after a three-month growing 
period in the greenhouse in different media, inoculation, and fertilization trentments. 

Nitrogen (%)* 
Treatment’ Big sagebrush Fourwing saltbush Rubber rabbitbrush 

Shale 
Non-inoculated, non fert. 1.81 1.17 1.37 
Inoculated, non-fertilized I .73 I .39 I .37 
Non-inoculated, fertilized 2.26 1.44 2.18 
Inoculated, fertilized 2.19 I .63 2.04 

Soil 
Non-inoculated, non-fert. 2.23 1.55 1.75 
Inoculated, non-fertilized 2.70 1.63 1.72 
Non-inoculated, fertilized 2.84 I .90 2.25 
Inoculated, fertilized 2.80 2.06 2.47 

‘Shale q  Paraho processed oil shale, soil = disturbed native soi!, inoculated = inoculation with VAM fungi. and fertilized = 34 kg/ha N and P. 
Xomposite value of five samples pooled for each treatment prior to nitrogen analysis; data were not statistically analyzed. 

Greasewood 

.82 
1.02 
I .20 
1.34 

1.68 
1.35 
2.00 
1.54 

Table 5. Percent VAM fungal infection in roots of big sagebrush, fourwing saltbush, rubber rabbitbrush, and greasewood after a three-month growing 
period in the greenhouse in different media, inoculation, and fertilization treatments. 

(TO Infection) 

Treatment’ Big sagebrush Fourwing saltbush Rubber rabbitbrush 

Shale 
Non-inoculated, non-fert. 0.0 0.0 0.0 
Inoculated, non-fertilized 11.2 4.5 9.4 
Non-inoculated, fertilized 0.0 0.0 0.0 
Inoculated, fertilized 8.7 5.6 8.0 

Soil 
Non-inoculated, non-fert. 6.0 0.0 2.4 
Inoculated, non-fertilized 48.0 13.1 44.0 
Non-inoculated, fertilized 0.0 0.0 0.0 
Inoculated, fertilized 38.8 10.6 37.0 

‘Shale = Paraho processed oil shale. soil = disturbed native soil, inoculated = inoculation with VAM fungi, and fenilized = 34 kg/ha N and P. 

Greasewood 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

tion of processed oil shale disposal piles. 
Inoculation of the 4 shrub species with VAM fungi had a varia- 

ble effect on the uptake of N in both media (Table 4). Other studies 
indicate that nitrate is the major form of N taken up and assimi- 
lated by several salt desert shrub species under greenhouse condi- 
tions (Institute for Land Rehabilitation 1979). Due to the mobility 
of this form of N in the soil, plant uptake may not be improved by 
VAM fungi under greenhouse conditions when soil water is not 
severely limited. Even though VAM may not directly enhance the 
uptake of applied N under these conditions, N fertilization rates 
can be reduced in the presence of VAM. This conservation of N is 
probably due to an increased efficiency of N utilization resulting 

from the improved P nutritional status of the mycorrhizal plant 
(Menge 1980). 

Plants growing in disturbed soil had greater shoot biomass 
(Table 2), P contents (Table 3), and N contents (Table 4) than 
plants growing in processed shale. The decrease in shoot biomass 
in processed shale can be attributed to the lower water holding 
capacity, higher electrical conductivity, higher pH, and greater 
nutrient deficiency of the spent shale (Table I). 

The extent of mycorrhizal infection is of importance when study- 
ing the influence of VAM on the host plant. At the time of trans- 
planting into the processed shale, inoculated plants of big sage- 
brush, rubber rabbitbrush, fourwing saltbush, and greasewood 
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had respective infection percentages of 46%, 40%, 12%, and 0%. 
With the exception of greasewood, there were slight increases in 
infection of inoculated shrubs when transplanted into disturbed 
soil, and substantial reductions in infection when transplanted into 
processed shale (Table 5). Vesicular-arbuscular mycorrhizae have 
been reported for greasewood on undisturbed sites in the Red 
Desert of Wyoming, but infection was low (O-7%) and not as 
common as with other shrubs examined (Miller 1979). Water- 
soluble, retorted oil shale constituents probably contributed to the 
decline in infection of inoculated plants growing in processed shale 
(DeVore and Christensen 1979, Hersman and Klein 1979). The 
application of 34 kg/ ha N and P had little effect on infection in the 
4 shrub species. 

Even with low percentages, big sagebrush, fourwing saltbush 
and rubber rabbitbrush still displayed positive growth responses. 
High infection may not be a prerequisite for growth responses in all 
plants inoculated with VAM fungi. Abundant VAM can be present 
with no subsequent detectable growth difference and conversely, a 
low infection level can sometimes induce marked growth stimula- 
tion (Daft and Nicholson 1966). 

Microorganisms involved in biogeochemical cycling processes, 
soil formation and soil stabilization are initially absent in sterile, 
processed shale, and it may take several years for a diverse micro- 
bial population, essential for developing plant-soil systems, to 
build up naturally. Vesicular-arbuscular mycorrhizal fungi by 
themselves cannot restore mineral cycling processes, but they can 
enhance the growth of native plants in the short term, which may in 
turn create a more favorable environment for the development of 
ecosystem processes. Nutrients and organic matter in plant litter 
will encourage soil development in the surface horizon. Plant cover 
will reduce spoil erosion and create more favorable sites for seed- 
ling establishment. In addition to making processed shale a more 
tractable medium for plant establishment, VAM can enhance the 
growth of later seral shrub species on soils disturbed by associated 
mining and reclamation activities. 

Literature Cited 
Aldon, E.F. 1978. Endomycorrhizae enhance shrub growth and survival on 

mine spoils, p. 174-179. In: R.A. Wright (ed.), The reclamation of 
disturbed arid lands. University of New Mexico Press, Albuquerque, 
New Mex. 

Bowen, G.D., D.1. Bevege, and B. Mosse. 1975. Phosphate physiology of 
vesicular-arbuscular mycorrhizas, p. 241-260. In: F.E. Sanders, B. 
Mosse, and P.B. Tinker (eds.), Endomycorrhizas. Academic Press, New 
York. 

Block, M.B., and P.D. Kilburn. 1973. Processed shale revegetation studies. 
Colony Development Operation, Atlantic Richfield Company, Denver, 
Cola. 

Call, C.A., and C.M. McKell. 1982. Vesicular-arbuscular mycorrhizae-A 
natural revegetation strategy for disposed processed oil shale. Reclam. 
Reveg. Res. 1:337-347. 

Chapman, H.D., and P.F. Pratt. 1961. Methods of analysis for soils, 
plants, and waters. Univ. Calif., Div. Agr. Sci., Riverside. 

Daft, M.J., and T.H. Nicholson. 1966. Effect of Endogone mycorrhiza on 
plant growth. New Phytol. 65343-350. 

Devore, B., and M. Christensen. 1979. Effect of oil shale retort effluent on 
soil microfungi. J. Cole.-Wyo. Acad. Sci. 11:30. 

Gerdemann, J.W. 1975. Vesicular-arbuscular mycorrhizae, p. 575-59 I. In: 
G. Torrey, and D.T. Nicholson (eds), The development and function of 
roots. Academic Press, New York. 

Gerdemann, J.W., and T.H. Nicholson. 1963. Spores of mycorrhizal 
Endogone species extracted from soil by wet sieving and decanting. 
Trans. Brit. Mycol. Sot. 46:235-244. 

Gerdemann, J.W., and J.M. Trappe. 1974. The Endogonaceae in the 
Pacific Northwest. Mycolonia Memoir No. 5. New York Botanical 
Garden and the Mycologic% Sot. of Amer., .Heffernan Press, Inc., 
Worcester, Mass. 

Harbert, H.P., and W.A. Berg. 1974. Vegetative stabilization of spent oil 
shales. Tech. Rep. No. 4, Environ. Resources Center, Colo. State Univ., 
Fort Collins. 

Hersman, L.E., and D.A. Klein. 1979. Retorted oil shale effects on soil 
microbiological characteristics. J. Environ. Qua]. 8:520-524. 

Horowitz, W. 1965. Official methods of analysis of the Association of 
Official Agricultural Chemists, 10th Ed. Ass. Off. Agr. Chem., Washing- 
ton, D.C. 

Institute for Land Rehabilitation. 1979. Final report on revegetation stu- 
dies for disturbed areas and processed shale disposal sites. Agr. Exp. 
Sta., Utah State Univ., Logan. 

Little, T.M., and FJ. Hills. 1972. Statistical methods in agricultural 
research. Univ. of California, Davis. 

McKell, C.M. 1976. Achieving effective revegetation of disposed processed 
oil shale: A program emphasizing natural methods in an arid environ- 
ment. Land Rehabilitation Series No. 1, Agr. Exp. Sta., Utah State 
Univ., Logan. 

Menge, J.A. 1980. Mycorrhiza agriculture technologies. Food and Renew- 
able Resources Program, Office of Technology, Washington, D.C. 

Miller, R.M. 1979. Some occurrences of vesicular arbuscular mycorrhiza in 
natural and disturbed ecosystems of the Red Desert. Can. J. Bot. 
57:619-623. 

Phillips, J.M., and D.S. Hayman. 1970. Improved procedures for clearing 
roots and staining parasitic and vesicular-arbuscular mycorrhizal fungi 
for rapid assessment of infection. Trans. Brit. Mycol. Sot. 55:158-161. 

Reeves, F.B., D. Wagner, T. Moorman, and J. Kiel. 1979. The role of 
endomycorrhizae in revegetation practices in the semi-arid west. I. A 
comparison of incidence of mycorrhizae in severely disturbed vs. natural 
environments. Amer. J. Bot. 66:6-13. 

Schmehl, W.R., and B.D. McCaslin. 1973. Some properties of spent oil 
shale significant to plant growth, p. 2743. In: R.J. Hutnik, and G. Davis 
(eds), Ecology and reclamation of devastated land, Vol. 2 Gordon and 
Breach Pub., New York. 

JOURNAL OF RANGE MANAGEMENT 38(3), May 1985 261 



Topsoil and Mulch Effects on Plant Species and 
Community Responses of Revegetated Mined Land 
B.A. PINCHAK, G.E. SCHUMAN, AND E.J. DEPUIT 

Abstract 

Replacement of topsoil and the use of mulches for soil stabiliza- 
tion have become important components of mined land reclama- 
tion plans in the western United States. Four topsoil depths (0,20, 
40, and 60 cm) and 2 mulch methods [crimped straw and standing 
barley (Hordeurn vulgare I,. Otis) stubble] were investigated on 
uranium mined land in Wyoming. Although 20 cm of topsoil 
provided initial benefits to stand establishment, after 4 growing 
seasons, 48 cm of topsoil was required to improve seeded grass 
growth over that found in non-topsoiled plots. Forty centimeters 

annual and biennial forbs (nonseeded species). Barley stubble 
mulch resulted in significantly (P = 0.05) higher biomass of seeded 
grass species than did crimped straw mulch when at least 40 cm of 
topsoil was present. 

Despite a decline in energy demand in the early part of this 
decade, coal and uranium mining continues to disturb hundreds of 
hectares in Wyoming each year. Reclamation of these lands must 
be a prime consideration in mining if productive rangeland is not to 
be lost. The application of topsoil and use of mulches as temporary 
site stabilizers have become important components of many sur- 
face mine reclamation programs. Questions remain, however, as to 
the amount of topsoil required for sustained site productivity and 
the type of mulch best suited to particular reclamation needs. 

Regulations at both federal and state levels now require salvage 
and redistribution of topsoil on mined areas. Numerous studies 
have shown that depth of reapplied topsoil and topsoil plus subsoil 
significantly influence aboveground plant production (Power et al. 
1979, Schuman et al. 1984, Schuman and Power 1981), root 
growth (McGinnies and Nicholas 1980), and soil water relation- 
ships (Power et al. 1981, Schuman et al. 1980) on mined land. 
Quality of topsoil and spoil materials, climatic factors, seeded 
plant species requirements, and concurrent reclamation practices 
all appear to influence the optimal topsoil depth for a given area. 

Widespread use of mulches on mined sites has been based upon 
findings that mulches provide needed soil stabilization (Jones et al. 
1969, Meyer et al. 1970), promote water conservation (Hopkins 
1954, Winterlin et al. 1958, Dudeck et al. 1970), and often shorten 
the time needed for adequate plant establishment (Farmer et al. 
1974, Aldon 1978). At present, straw and hay mulches are most 
commonly used in the Northern Great Plains. A number of studies 
have also evaluated the suitability of various annual species as 
temporary stabilizers (Sindelar et al. 1973, Dollhopf and Majerus 
1975, DePuit et al. 1978). Further interest in stubble mulching has 
been promoted by the findings of Schuman’et al. (1980). Stubble 
mulching has been reported to result in equal or greater establish- 
ment of perennial grasses than has straw mulch and at 75 to 95% of 
the cost. 

This study was conducted to evaluate vegetation responses on 
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seeded uranium mined lands to varied topsoil depth and mulch 
type. 

Methods and Procedures 

The study area was located at the Pathfinder Mines Corpora- 
tion’s Shirley Basin Uranium Mine in southcentral Wyoming. The 
climate of the area is cold and semiarid. Average annual precipita- 
tion is 26 cm, about one-third of which is received as snowfall. The 
frost-free growing season ranges from 60 to 90 days. 

Elevation of the mine site ranges from 2, I I7 to 2,151 m and the 
undisturbed terrain consists of low rolling hills. Native vegetation 
in the area is dominated by a sagebrush-grass association with big 
sagebrush (Artemisia tridentata ssp. wyomingensis Beetle Jc 
Young) and fringed sagewort (A. frigida Willd.), the dominant 
shrubs, and western wheatgrass (Agropyron smithii Rydb.), blue- 
bunch wheatgrass [A. spicatum (Pursh) Scribn. & Smith/Cult./], 
and needleandthread (Stipa comata Trin. & Rupr.) the dominant 
grass species. Land uses prior to mining were primarily livestock 
grazing and wildlife habitat. 

The study was initiated in 1977 when topsoil (A and B horizon 
material) was spread in a wedge configuration over a regraded 
spoil dump (Fig. 1). The soil from which the topsoil was obtained 
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Fig. 1. Diagram of reconstructed soil with variable topsoil depths. 

was a fine loamy, mixed Borollic Haplargid, with a pH of 7. I, 
electrical conductivity of 2.5 dS/m, and organic matter content of 
2.470. Topsoil material was direct applied over a l-meter layer of 
spoil derived from coarse-grained sandstones of the White River 
Formation. Spoil material below this layer consisted of calcareous 
and moderately well-cemented siltstones and claystones of the 
Wind River Formation. Organic matter, nitrogen (N), and phos- 
phorus (P) were extremely low in both spoil types. However, these 
spoils contained no toxic concentrations of any element. Plots 
received P and N fertilization at average rates of 67 kg P/ha and 
315 kg N/ha. 

The study area was divided into 20 plots (4.9 by 45.7 m), running 
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parallel to the topsoil depth gradient. In spring 1977, one-half of 
these plots were drill seeded with 50 kg/ ha ‘Otis’ barley (Hordeurn 
vulgure L.) to establish the stubble mulch treatment; the remaining 
10 plots were left fallow for future application of the straw mulch 
treatment. In October 1977 all plots were drill seeded at rates to 
apply equal numbers of seeds of ‘Critana’ thickspike wheatgrass 
[Agropyron dasystachyum (Hook.) Scribn.], green needlegrass 
(Sripo viridulu Trin.), slender wheatgrass [A. truchycuufum (Link.) 
Malte], and ‘Rosana’ western wheatgrass (A. smithii Rydb.) at a 
total seeding rate of 15.5 kg/ ha pure live seed. Barley straw was 
hand scattered on the previously fallowed plots at a rate of 5 mt/ ha 
and crimped in 2 directions. 

Four topsoil depths, 0, 20, 40, and 60 cm, were chosen for 
sampling along the topsoil gradient. Following the active growing 
seasons in 1979 and 1980, aboveground biomass was hand har- 
vested utilizing a 0.18-m? sampling quadrat (no vegetation data 
were collected the first season, 1978, due to limited seedling 
growth). Four sampling quadrats, one at each topsoil depth, were 
located within each of the 20 main plots. Harvested vegetation was 
grouped as seeded species, other perennial grasses, and annual 
forbs. In 198 1, sampling intensity was doubled to allow analysis of 
responses of individual seeded species as well as the aforementi- 
oned species groups. Canopy cover was estimated utilizing a 20 by 
50 cm sampling quadrat and modification of the Daubenmire 
canopycover method (Daubenmire 1959). Canopy cover for indi- 
vidual species and species groups was estimated to the nearest 
whole percent, as opposed to the use of cover classes as suggested 
by Daubenmire. 

All data were analyzed with analysis of variance using a factorial 
design (P = 0.05) with topsoil depth and mulch type as variables. 
Least significant difference was used to evaluate mean differences 
for all parameters. 

Results and Discussion 
The effects of mulch type in 198 1 and previous years indicated a 

distinct superiority of stubble mulch in promoting growth of 
seeded grasses (Schuman et al. 1985). Analysis of interactive effects 
of mulch type and topsoil depth on total seeded species biomass in 
1981, however, indicated that the superiority of stubble over straw 
mulch was limited to plots receiving 40 and 60 cm of topsoil (Fig. 
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Fig. 2. Seeded species aboveground biomass response to mulch type X 

topsoil depth interaction, Shirley &sin, Wyoming, 1981. 

Barley production in 1977 on stubble mulch plots increased with 
topsoil thickness, with major progressive increases occurring with 
the addition of 20 and 40 cm of topsoil and a lesser increase when 
60 cm of topsoil was added (&human et al. 1980). Degree of 
benefit from stubble mulching may therefore be attributed, at least 
in part, to stubble crop production potential, which may be influ- 
enced by topsoil depth. It should be noted, however, that even 
under conditions of sub-maximal barley growth at 0 and 20 cm 
topsoil depth, stubble mulching was at least as effective in promot- 
ing growth of seeded grass species as was straw mulching. How- 
ever, the straw mulch would give immediate protection to the soil 
resource, whereas the stubble method leaves the soil more suscept- 
ible to erosion during its establishment. 

In 198 1, biomass of nonseeded species was found to be lower in 
the 40 cm topsoil treatment than in the 0,20, or 6O-cm topsoil plots. 
However, the significance of this pattern was limited to the stubble 
mulch treatment (Fig. 3). An unusually wet May in 1981, plus a 

1400 

1200 

IO00 

800 

600 

400 

200 

0 

Straw Mulch 

Stubble Mulch 

I 
LbD_Os’ 48s 

I 
I I I 1 

0 20 40 60 

Topsoil Depth (cm) 

Fig. 3. Response of annual and biennial forb aboveground biomass to 
mulch type X topsoil depth interaction, Shirley Basin, Wyoming, 1981. 

decrease in slender wheatgrass, may account for the 135% average 
increase in nonseeded species biomass over the preceding year 
(Table 1). Summercypress [Kochiu scopuriu (L.) Roth] was the 

Table 1. Aboveground biomass response to topsoil depth, Shirley Basin, 
Wyoming 1979-1981.~ 

Topsoil 
Depth 

cm 
0 

20 
40 
60 
LSD m’ 

Seeded Species Non-seeded Species* 

1979 1980 1981 1979 1980 1981 

kg/ha 
180 274 410 448 689 1115 
372 356 446 243 370 1133 
445 689 968 323 245 605 
671 756 984 408 189 952 

202 - - 212 - 

Walttes represent mean across mulch type and biomass is on a dry-weight basis. 
2Non-seeded species were prcdominatcly composed of Kochio scopuria. Lkscuroinia 
pinnata. Polygonurn oviculare. Salsolo kali and Hordeum jubotum. 
JC3D.a values used to evaluate means for all years for se&d species and all years for 
non-seeded species. 
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Table 2. Individual seeded species biomass response to topsoil depth and mulch type, Shirley Basin, Wyoming, 1981. 

Topsoil Western wheatgrass Thickspike wheatgrass Green needlegrass Slender wheatgrass 
Depth Stubble straw Stubble straw Stubble Straw Stubble straw 

cm 
0 

20 
40 
60 
LSD.& 

74 98 
62 88 

143 158 
138 169 
-----120------ 

kg/ha 
278 184 71 25 109 8 
239 235 69 77 0 109 
601 484 291 152 23 38 
701 425 250 111 23 6 
-285- -128- --140- 

‘LSD.ce values used to evaluate means within a species for both mulch types. 

primary species in this group. The relatively low average biomass 
of slender wheatgrass in 198 1, regardless of topsoil depth or mulch 
type (Table 2), was not unexpected due to the often-noted short 
lived nature of this species on disturbed land (Schuman et al. 1982). 
Slender wheatgrass was a major component of seeded grass bio- 
mass on the site in 1979, but steadily declined to the levels found in 
1981 (Schuman, G.E. personal communication). 

Farmer et al. (1974). Biomass data of 1980 indicated a declining 
differential response of seeded grasses to shallow vs. no topsoil 
replacement. Although biomass of seeded species in plots receiving 
the 20cm topsoil treatment remained higher than that on plots 
receiving no topsoil, this difference was substantially lower than 
found in 1979 and was not statistically significant. 

Responses of individual seeded species to mulch type (and top- 
soil depth) in 198 1 are given in Table 2. Thickspike wheatgrass and 
green needlegrass followed a pattern similar to that of seeded 
species in aggregate. Both species exhibited greater mean (across 
all topsoil depths) biomass under stubble than under straw mulch- 
ing. However, biomass for both species was substantially higher 
under stubble mulching only at 40 and 60 cm of topsoil (Table 2). 
Neither western nor slender wheatgrass exhibited consistent or 
significant differences between mulch types/ among topsoil depths. 

Any initial benefits of shallow topsoil replacement had become 
negligible by the end of the 1981 growing season. Little difference 
in seeded grass biomass was found between 0 and 20 cm topsoil. 
This suggests that as the plant roots penetrate the underlying soil, 
benefits derived from a shallow topsoil layer can be expected to 
diminish. Cumulative effects of vegetation growth in promoting 
biological and physical development of surface spoil layers in O-cm 
plots may comprise another causal factor for this relationship in 
1981. 

Superior total seeded species growth under stubble mulching 
with adequate (40 to 60 cm) topsoil in this study may have been the 
result of greater water availability than that achieved under straw 
mulching during seeded perennial species establishment. In 1978, 
cumulative infiltration was 25% higher for the stubble mulch 
treatment than for the straw mulch treatment (Schuman et al. 
1980). Despite positive effects of stubble mulching on seeded spe- 
cies growth and in contrast to topsoil depth treatments, mulch type 
had no significant differential effects on measures of plant com- 
munity diversity (H’diversity index and richness) in 1981. 

Initial (1979) advantages to seeded grasses of 60 cm of topsoil 
over the 40cm depth treatment were lost by 1980. Between 1979 
and 1981 seeded grass biomass in 6O-cm plots exhibited a slower 
rate of increase than in plots receiving the 40-cm treatment, the 
combined result of lower spring soil moisture and greater invasion 
by nonseeded species at the 60 cm depth (Table 1). No significant 
differences in seeded species biomass were found between 40 and 
60 cm topsoil plots in 1980 and 198 1. 

Under both mulch methods, total seeded species biomass in 1981 
was significantly higher at 40 and 60 cm topsoil than at 0 and 20 cm 
topsoil (Fig. 2). This topsoil depth trend was also apparent in 1981 
total seeded species biomass data averaged across mulch type 
(Table 1). Individual seeded species data (Table 2) for 1981 also 
suggest the same trend for western wheatgrass, thickspike wheat- 
grass and green needlegrass under both mulch methods, although 
sampling variability precluded statistically significant O/20 cm vs. 
40/60 cm topsoil differences for all species except thickspike 
wheatgrass and green needlegrass under stubble mulching. Thus, 
vegetation responses to varied topsoil depth were generally similar 
with each mulch type in 1981. Therefore, to further evaluate topsoil 
depth effects on biomass (seeded and nonseeded species) among 
years, 1979 through 198 1 data were averaged across mulch type. 

Effects of topsoil depth treatments on apparent plant commun- 
ity diversity were assessed by use of richness (species numbers) data 
and a calculated diversity index, the Shannon-Wiener Function 
(H’) (Shannon and Weaver 1973). Mulch type did not have any 
significant effect on total canopy cover, therefore the diversity 
index and richness values calculated were averaged across mulch 
type. Diversity indices (H’) showed no differences among the 20, 
40, and 60 cm topsoil depths (Table 3). Richness values followed a 

Table 3. Effects of varied topsoil depth on plant community diversity 
parameters, Shirley Basin, Wyoming, 1981. (AU values are means of both 
mulch treatments). 

Topsoil Depth Shannon-Wiener Mean species 
cm Diveristy index (H’)r Richness 

Seeded and nonseeded species biomass response to topsoil 
depths under investigation are shown in Table 1. In 1979, biomass 
of seeded species in aggregate consistently increased with increas- 
ing topsoil depth, with maximum production occurring at 60 cm of 
reapplied topsoil. This pattern agrees with initial results of other 
studies in the Northern Great Plains (Power et al. 1979, Barth 
1980). Biomass data for 1980 and 1981, however, indicated that 
effects of topsoil depth on seeded species production changed 
rapidly in initial years following reseeding. Data of 1979 demon- 
strated the initial value of shallow topsoil depths in increasing 
biomass of seeded grasses over that where no topsoil was reapplied. 
Twenty centimeters of topsoil increased seeded grass yields by 
more than 100% over that of non-topsoiled plots in 1979; however 
this large difference was not significant due to variability. Similar 
benefits from additions of as little as 20 cm of topsoil were found by 

0 0.398 4.0 
20 0.429 4.7 
40 0.479 5.2 
60 0.451 4.9 
LSD.& 0.076 0.7 

IShannon and Weaver (1973). derived from canopy cover data. 
*LSD.= values used to evaluate means within a parameter. 

similar pattern. Although H’ and richness were both significantly 
higher at 40 cm of topsoil than in non-topsoiled plots, there were 
no significant differences for either parameter between 20 and 60 
cm of topsoil depth. Therefore, the only conclusions that may be 
drawn are that application of topsoil at the depth necessary for 
maximum production also significantly improved diversity over 
that achieved with no topsoil replacement, but that variations in 
topsoil depth from 20 to 60 cm had negligible effects on diversity. 

The diversity data, combined with seeded species and non- 
seeded species biomass data, suggest that the optimal topsoil depth 
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for reclamation of a given site may be quite specific. The trend of 
higher nonseeded species biomass of the 0 and 20cm topsoil 
treatments in 1979-1981 can be attributed to lower seeded grass 
competition under the suboptimal soil conditions of these treat- 
ments. High nonseeded species biomass at the 60 cm topsoil depth 
in 198 1, however, may indicate that topsoil depths in excess of 
those needed to provide peak growth of seeded species may result 
in slowed successional development of revegetated mined lands. 
The reason for greater nonseeded species biomass with 60 cm of 
topsoil in 1981 is not known, but may be related to differential 
benefits of thicker topsoil on the deeper, taprooted annual Kochia 
compared to the relatively shallow rooted dominant rhizomatous 
wheatgrasses (thickspike and western wheatgrass). 

Conclusions 
Stubble mulching resulted in significantly greater biomass of 

perennial grass species than straw mulching only when topsoil 
depths were 40 cm or greater. Lack of significant effects of mulch 
type on perennial grass production at the 0 and 20 cm topsoil 
depths was attributed to submaximal barley stubble production at 
these depths. 

The response of seeded species biomass to topsoil depth was 
found to change rapidly during initial years following seeding. 
After 4 growing seasons (1981), 40 cm of topsoil was found to be 
best in terms of seeded species production and limited infestation 
of non-seeded species. While providing initial benefits to stand 
establishment, 20 cm of topsoil yielded no significant improvement 
in seeded species biomass over that where no topsoil was replaced 
by the fourth season (198 1). Plant community diversity showed no 
differences between 20,40, and 60 cm of replaced topsoil or mulch 
type. 
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Green Needlegrass Seedling Morphology in Relation 
to Planting Depth 
TIMOTHY E. FULBRIGHT, A.M. WILSON, AND EDWARD F. REDENTE 

Abstract 

Green needlegrass (Sfipa viridukr Trin.) is commonly used in 
range seedings and revegetation of disturbed lands in the northern 
Great Plains. This study was conducted to determine the influence 
of planting depth, seed source, and temperature on morphology 
and emergence of green needlegrass seedlings. Seeds from 2 sour- 
ces were phmted at depths of 1.5,3.0,4.5, 6.0, and 7.5 cm in pots 
filled with sandy loam soil. Pots were placed in growth chambers 
adjusted for either a 20/15’ C (15 h light/9 h dark) temperature 
regime or a 25/2oOC regime. Coleoptile length increased with 
planting depth, while seminal primary root length, adventitious 
root length, and number of adventitious roots decreased with 
planting depth. ‘SD-93’ seedlings had shorter subcoleoptile inter- 
nodes, longer coleoptiles, and better root development than 
‘Lodorm’ seedlings. Seedlings grown under the warmer tempera- 
ture regime had better root development than seedlings grown 
under the cooler regime, but reach of the coleoptile above planting 
depth was not as great. Results indicated that green needlegrass 
generally should not be planted at depths greater than 3.0 cm 
because of lower percent emergence, rate of emergence, and poor 
root development when seedlings emerged from greater depths. 

Green needlegrass (Stipa viridula Trin.) is a native, cool-season 
perennial bunch grass that ranges from Alberta and Saskatchewan 
south to New Mexico and Arizona. Considerable use of this species 
has been made in range seedings and mined-land reclamation 
plantings in the northern Great Plains (Thornburg 1982). 

Knowledge of the effects of various planting depths on seedling 
emergence is beneficial in revegetation. Soil moisture conditions 
generally become more favorable for seed germination with 
increased plant depth (Rogler 1954, Lawrence 1957, Hyder 1974). 
Desiccation and inadequate rooting of germinating seedlings result 
if seeds are not planted deep enough (Vallentine 1980). However if 
seeds are planted too deep, rate of emergence, total emergence 
(Vallentine 1980), and vigor (Mutz and Scifres 1975) of seedlings 
was reduced. On semiarid rangelands, seeds should be planted at a 
depth sufficient to take advantage of more favorable moisture 
conditions but not so deep that seedling emergence and vigor are 
reduced. 

Seedling morphology is an important factor influencing seedling 
emergence and estabishment. Although there are many variations, 
Hyder et al. (1971) and Hyder (1974) recognized 2 basic morpho- 
logical types of grass seedlings: (1) the A type, characterized by an 
elongated subcoleoptile internode and a short coleoptile and (2) 
the B type, characterized by lack of a subcoleoptile internode 
elongation and a long coleoptile. Maximum length of the subco- 
leoptile internode and coleoptile determines the maximum depth 
from which grass seedlings can emerge. Green needlegrass has the 
B-type seedling morphology. 

The objective of the present study was to determine the influence 
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of seed source, planting depth, and temperature on morphology 
and emergence of green needlegrass. 

Materials and Methods 

Seeds of ‘Lodorm’(a variety of green needlegrass with reduced 
seed dormancy) and accession SD-93 were obtained from the 
USDA Soil Conservation Service Plant Materials Center at Bis- 
marck, N. Dak. Seeds were planted in plastic pots (20 cm diameter 
by 20 cm deep) filled with autoclaved sandy loam soil. Twenty-five 
seeds were placed in each pot and covered with a thin layer of soil. 
Soil in each pot was moistened to a water potential of approxi- 
mately -0.03 MPa. Seeds were then covered with a layer of loose, 
dry soil to approximate planting depths of 1.5,3.0,4.5,6.0, and 7.5 
cm. Dry surface layers were used to more closely simulate field 
conditions and to help maintain uniform planting depths. Soil 
below the dry layer was maintained at approximately field capacity 
by subirrigating the pots when addition of water was necessary. 

Pots were placed in either of 2 growth chambers. One was 
adjusted for a 20/ 15” C and one for a 25/ 20°C (15 h light/9 h dark) 
temperature regime. These temperatures were chosen to simulate 
spring growing conditions. Photosynthetic photon flux density 
during the 15-h photoperiod was 450 FE me2 set-‘. 

Seedlings were considered to have emerged when the coleoptile 
or the leaf was visible at the soil surface. Emerged seedlings were 
counted and recorded daily for 14 days; the first 5 seedlings to 
emerge in each pot were marked. On the fourteenth day after 
planting, soil was removed from each pot, placed on a screen, and 
washed from seedling roots with a fine spray of water. Care was 
taken to avoid seedling damage. 

Marked seedlings were removed from the screen and killed in a 
5% acetic acid solution. Later data from these seedlings from each 
pot were taken for (1) length of the coleoptile, (2) length of the 
subcoleoptile internode, (3) length of the seminal root, (4) length 
from the coleoptilar node to the tip of the longest leaf, and (5) 
number and length of adventitious roots per seedling. Emergence 
was calculated on the basis of the percentage of live seed in each 
source to adjust for differences in viability between seed sources. 
Rate of emergence was calculated by the equation of Kotowski 
(1926): 

Rate of Seedling Emergence = - 
Z(N.D) 

where N = number of seedlings emerged each day and D = number 
of days after planting corresponding to each N. 

A randomized complete block design with a factorial arrange- 
ment of treatments was used in the experiment. Four replications 
were conducted sequentially over time, and data were analyzed by 
response surface analysis and analysis of variance (Steel and Torrie 
1980). All differences reported were significant at p<O.O5 unless 
otherwise stated. 

Results 

Subcoleoptile Internode and Coleoptile Elongation 
Lengths of the subcoleoptile internode and coleoptile of green 
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Table 1. Effect of depth of planting (cm) and temperature regime e C) on eight seedling characteristics (cm) of two sources of green needkgrass. 

Temperature 
(light/dark) 

20115 

25120 

95% Confidence 
Interval’ 

Seedling characteristic 
Length of Length from 

Source Length of Length subcoleoptile coleoptilar node Length of Number of Length of 
and depth subcoleoptile of internode plus to tip of seminal adventitious adventitious 
of planting internode coleoptile coleoptile longest leaf root roots roots 

Lodorm 
1.5 0.1 1.4 2.1 10.4 11.4 0.6 0.7 
3.0 1.2 2.2 3.4 12.1 10.4 0.1 0.1 
4.5 1.6 3.2 4.8 13.6 9.1 0.1 0.1 
6.0 1.4 4.0 5.4 9.3 4.3 0.0 0.0 

SD-93 
1.5 0.5 1.5 1.9 10.9 12.5 1.0 1.3 
3.0 0.9 2.4 3.3 13.6 12.2 0.3 0.3 
4.5 1.1 3.6 4.7 15.0 10.4 0.0 0.0 
6.0 1.1 4.6 5.7 12.6 7.2 0.0 0.0 

Lodorm 
1.5 0.6 1.3 1.9 13.1 14.2 0.9 5.0 
3.0 0.9 2.3 3.2 15.3 12.4 0.9 2.4 
4.5 0.8 3.7 4.5 16.9 11.7 0.5 0.7 
6.0 0.9 3.9 4.8 12.3 7.8 0.0 0.0 

SD-93 
1.5 0.4 1.5 2.9 13.0 14.0 1.0 5.0 
3.0 0.5 2.7 3.1 15.9 14.1 1.0 2.7 
4.5 0.5 3.9 4.4 17.4 13.6 0.4 0.7 
6.0 0.7 4.3 5.0 14.1 8.6 0.0 0.0 

x* 0.2 x* 0.2 x* 0.2 x* 1.5 Yf 2.5 x f 0.2 x*0.9 

‘The equation used to calculate confidence intervals was to.06 d-- 2~~s) where t was the tabulated value with 45 degrees of freedom, EMS was the error mean square in the analysis 

of variance, and n was the number of observations that made up eazh mean (Snedecor and Cochran 1967). The pooled confidence intervals is appropriate for differences between 
treatment combinations but not for identifying significantly different main effects and interaction means. 

needlegrass seedlings increased with planting depth (Table 1). The cm) had longer coleoptiles than seedlings that emerged from shal- 
response of subcoleoptile internode and coleoptile lengths to plant- lower planting depths. Subcoleoptile internodes of seedlings that 
ing depth consisted of linear and quadratic components (Table 2). emerged from 4.5 cm did not differ in length from those of seed- 
Seedlings that emerged from 6.0 cm (no seedlings emerged from 7.5 lings that emerged from 6.0 cm. Thus, subcoleoptile internodes of 

Table 2. Probability of a larger F-value for main effects and interactions in the analysis of variance of data for the effects of planting depth (cm) and 
temperature regime (” C) on seedling characteristics, percent seedling emergence, and rate of seedling emergence of two sources of green needlegram. 

Length of Length from 
subcoleoptile coleoptilar 

Source Length of Length internode node Length of Number of Length of Percent 
of df subcoleoptile of plus to tip of seminal adventitious adventitious emer- Rate of 

variation internode coleoptile coleoptile longest leaf root roots roots gence emergence 

Block 3 0.11 0.45 0.60 0.28 0.39 0.36 0.48 0.04 0.42 
Temperature (T) 1 <O.OI 0.05 <o.o 1 <O.OI <O.Ol <O.Ol <O.OI 0.15 0.01 
Seed Source (S) 1 <O.OI <O.OI 0.53 <O.OI <O.Ol 0.03 0.33 0.26 <O.OI 
Depth (D) 3 

Linear (L)‘ I <O.OI <O.Ol <O.OI 0.08 <O.Ol <O.OI <O.Ol <O.OI <O.Ol 
Quadratic (Q) 1 <O.Ol <O.OI <O.OI <O.Ol <O.Ol 0.30 <O.OI <O.OI 0.01 
Cubic (C) 2 0.84 <O.Ol <O.Ol <O.OI 0.56 0.46 0.83 0.44 0.13 

TXS 1 0.48 0.62 0.81 0.07 0.13 0.18 0.57 0.26 0.05 
TXD 3 

TXL I <0.01 0.34 <o.oi 0.87 0.45 0.01 <O.Ol <O.Ol <O.Ol 
TXQ I <O.Ol <O.Ol 0.04 0.35 0.43 <O.Ol 0.12 0.02 0.07 
TXC I 0.08 0.08 0.98 0.82 0.13 <O.Ol 0.36 0.61 0.13 

SXD 3 
SXL 1 0.57 <O.OI <o.o I <O.OI 0.20 0.01 0.27 0.38 0.67 
SXQ I 0.04 0.98 0.05 0.50 0.20 0.58 0.76 0.28 0.24 
sxc I 0.84 0.36 0.30 0.27 0.70 0.17 0.67 0.66 0.25 

TXSXD 3 
TXSXL I 0.27 0.08 0.53 0.58 0.58 0.19 0.48 0.59 0.49 
TXSXQ I 0.98 0.82 0.81 0.93 0.69 0.81 0.57 0.87 0.99 
TXSXC I 0.33 0.25 0.88 0.84 0.60 0.70 0.68 0.58 0.41 

Error 45 
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green needlegrass seedlings reached maximum length when emerg- 
ing from planting depths shallower than the depth from which 
coleoptiles reached maximum length. Subcoleoptile internodes of 
seedlings that emerged from 6.0 cm averaged 1.0 cm in length, 
while coleoptiles averaged 4.2 cm. 

Differences in subcoleoptile internode and coleoptile lengths of 
green needlegrass seedlings existed between sources and between 
temperature treatments (Tables 1 and 2). ‘Lodorm’ seedlings had 
longer subcoleoptile internodes and shorter coleoptiles than did 
SD-93 seedlings when averaged over planting depths and tempera- 
ture treatments. Reach of the coleoptile above planting depth 
(length of the subcoleoptile internode plus coleoptile) did not differ 
between sources. Average subcoleoptile internodes of seedlings 
grown under the 20/ 15°C temperature regime were longer than 
those of seedlings grown under the 25/20°C regime. Although 
coleoptiles of seedlings grown under the warmer regime were 
longer, total reach of the coleoptiles above planting depth was 
greater for seedlings grown under the cooler regime because of the 
longer subcoleoptile internode lengths at cooler temperatures. 

The reason seedlings had shorter subcoleoptile internodes under 
the warmer regime is unknown. Possibly soil humidity in the zone 
of subcoleoptile internode elongation may have differed between 
the 2 temperature regimes. 

Shoot and Root Growth 
Shoot length (length from the coleoptilar node to the tip of the 

longest leaf) exhibited a quadratic and cubic response to planting 
depth (Tables 1 and 2). Shoot lengths were least for seedlings that 
emerged from the 1.5 and 6.O-cm planting depths, and greatest for 
seedlings that emerged from 4.5 cm. Emerging seedlings depend 
upon stored energy in the caryopsis to support root and shoot 
elongation. As planting depth is increased, more energy is required 
for shoot elongation and less energy is available for initial vegeta- 
tive growth (Mutz and Scifres 1975). Seedlings in this study that 
emerged from 6.0 cm had shorter shoots than seedlings tht emerged 
from 4.5 cm. 

In addition, seminal primary root length, number of adventi- 
tious roots, and length of adventitious roots per seedling decreased 
with increased plant depth (Tables I and 2). Apparently, as plant- 
ing depth was increased, seedlings utilized relatively more of the 
stored material in the caryopsis for coleoptile elongation and rela- 
tively less substrate was available for seminal primary root growth 
and initial leaf growth. Seedlings that emerged from 6.0 cm had 
longer coleoptiles and shorter seminal primary roots than seedlings 
that emerged from shallower planting depths as a result. 

Differences in shoot and root development existed between 
accessions and between temperature regimes (Table 2). The SD-93 
seedlings emerged sooner (Fig. 1) and had longer shoots, longer 
seminal primary roots, and more adventitious roots than ‘Lodorm’ 
seedlings (Table 1). All seedlings grown under the 25/ 20°C regime 
emerged sooner and had longer shoots, longer seminal primary 
roots, and longer and more adventitious roots than seedlings 
grown under the 20/ 15OC regime. 

Seedling Emergence 
Emergence and rate of emergence of green needlegrass seedlings 

decreased linearly and quadratically with planting depth (Figs. 1 
and 2, Table 2). Coleoptiles of seedlings that emerged from the 1.5 
cm soil depth extended 0.4 mm above the surface (Fig. 3). Reach of 
the coleoptile above planting depth of seedlings that emerged from 
6.0 cm averaged 5.2 cm because coleoptiles of a number of seed- 
lings failed to reach the soil surface. Emergence of many seedlings 
from 6.0 cm depended on the ability of the first foliage leaf to force 
its way through the dry, loose surface soil because their coleoptiles 
did not reach the soil surface. The leaf was poorly adapted for 
emergence because of the long, soft meristematic region at the base 
inside the coleoptile (Hyder et al. 1971, Hyder 1974). Since the leaf 
was poorly adapated for emergence, percentage emergence from 
6.0 cm was greatly reduced. 
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Fig. 1. Planting depth effects on percent emergence of green needlegrass 
seedlings under 2 temperatures regimes. i’he 95% confidence interval 
associated with rhe means was X f 2.7. The equation used to calculate 

the confidence interval was to.05 JX where t was the tabulated 

value, EMS was rhe error mean squarlin rhe analysis of variance. and 
was the number of observations thar made up each mean (Snedeeor and 
Cochran 1967). The pooled confidence intervals is appropriatefor difjkr- 
ences between treatment combinations but not for identifying signtp- 
cantly different main effects and interaction means. 

Emergence differed between temperature regimes only for seed- 
lings that emerged from the 6.0-cm planting depth (Fig. 1). Fewer 
seedlings emerged from the 6.0-cm planting depth under the 
25/20°C temperature regime than under the 20/15OC regime 
because of the reduction in subcoleoptile internode length at the 
warmer temperature (Table 1). Since subcoleoptile internodes 
were shorter at 25/20°C, fewer seedlings were able to extend their 
coleoptiles to the soil surface from the 6.0-cm planting depth. No 
difference in percentage emergence existed between green needle- 
grass sources since reach of the coleoptile above planting depth did 
not differ between sources. 

Discussion 

Blue grama (Boureloua grucilis (H.B.K.) Lag.) seedlings have 
short coleoptile and an elongated subcoleoptile internode. The 
type A seedling morphology of blue grama places the coleoptilar 
node, from which adventitious roots develop, near the soil surface 
where environmental conditions on semiarid rangelands are nor- 
mally unfavorable for development of adventitious roots (Hyder 
al. 1971; Hyder 1974; Briske and Wilson 1978, 1980). The long 
coleoptile of green needlegrass should be beneficial for seedling 
establishment since the coleoptilar node remains near planting 
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Fig. 2. Planting depth effects on rate of seedling emergence of2 sources of 
green needlegrass under 2 temperature regimes. l’he 95% confidence 
interval associated with rhe means was X f 3.6. The equarion used to 

calculate the confidence interval was to.05 d= where t was the 

tabulated t value, EMS was the error mean saLare in the analysis of 
variance, and n was the number of observations that made up each mean 
(Snedecor and Cochran 1967). The pooled confidence interval is 
appropriate for differences between treatment combinations but not for 
identtfying significantly different main effects and interaction means. 
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Fig. 3. Examples of green needlegrass seedlings that emergedfrom plant- 
ing depths of 1.5 cm (I) and 6.0 (2). 

depth where environmental conditions are usually more favorable 
for adventitious root development. Hyder et al. (1971) and Hyder 
(1974) reported that seedlings of crested wheatgrass (Agropyron 
desertorum (Fisch.) Schult.) are more likely to survive on semiarid 
rangelands than blue grama seedlings because the type B seedling 
morphology of crested wheatgrass places the coleoptilar node near 
the planting depth. Although both crested wheatgrass and green 
needlegrass have long coleoptiles, seedling morphology of these 2 
species differs in that at greater planting depths the intracoleoptile 
internode (Hyder 1974) of crested wheatgrass seedlings elongates, 
but there is no elongation of the subcoleoptile internode as in green 
needlegrass. 

from one soil texture and since pots were watered by subirrigation, 
which is not a normal condition on rangelands. However, results 
did indicate that seeds of green needlegrass generally should not be 
planted at depths greater than 3.0 cm because of (1) lower percent 
emergence, (2) lower rate of emergence, and (3) poor root devel- 
opment when seedlings emerged from greater depths. 
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Germination and Seedling Growth of Tall Wheat- 
grass and Basin Wildrye in Relation to Boron 
BRUCE A. ROUNDY 

Abstract 

Seedling establishment on many saline, arid rangeland soils in 
the Great Basin may be limited not only by low soil osmotic and 
matric potentials, but also by high boron concentrations. Genni- 
nation and seedling growth of tall wheatgrass [Agropyron elongu- 
turn (Host) Beau. ‘Jose7 and basin wildrye (Elymus cincereus 
Scribn. and Merr. ‘Magnar’) were measured in relation to increas- 
ing boron concentrations in laboratory and greenhouse experi- 
ments. Rate and total germination of both species were unaffected 
by boron concentrations up to 200 ppm, while radicle length was 
unaffected at less than 100 ppm. Growth of both species was much 
more sensitive to boron than was germination. Root growth of 
both species was more sensitive to boron than shoot growth. Shoot 
growth of Jose tall wheatgrass was less sensitive to boron than that 
of Magnar basin wildrye. Reduction in root and shoot yield of 50% 
occurred at soil saturation extract concentrations of 30 and 66 ppm 
of boron, respectively, for Jose tall wheatgrass, and 22 and 37 ppm 
of boron, respectively, for Magnar basin wildrye. Boron concen- 
trations ranging up to 97 ppm in the saturation extract of a typical 
Great Basin saline soil in central Nevada would probably affect 
seedling growth and survival, but not emergence of these species. 
The fact that Jose tall wheatgrass has greater absolute root growth 
and boron tolerance than does Magnar basin wildrye may account, 
in part, for its greater seedling survival on a saline soil in central 
Nevada. 

cultivar and the experiment (Schuman 1969). Basin wildrye is a 
native grass adapted to many saline-sodic soils (Young and Evans 
1981). Pratt et al. (1971) have shown basin wildrye to be tolerant to 
mine spoils containing 5 ppm soluble boron in the saturation 
extract. An improved cultivar of basin wildrye called Magnar has 
much higher seed viability and germination than native wildrye 
collections (Evans and Young 1983) and also has high sodic and 
salt tolerance (Roundy 1983). However, Magnar basin wildrye had 
much lower emergence and establishment than Jose tall wheat- 
grass on a saline soil in central Nevada (Roundy 1985). Becic (1983) 
emphasized that greater tolerance to boron of some range plants in 
comparison to that of crop species and noted the lack of boron- 
related research on range plants. The purpose of this study was to 
compare the germination of seedling growth of Jose tall wheat- 
grass with that of Magnar basin wildrye in relation to boron and to 
determine if boron concentrations on a saline soil in the Great 
Basin were high enough to affect seedling establishment of these 
species. 

Materials and Methods 

The germination experiment was a split-plot with completely 
randomized design of the whole plot portion with each replication 
of each boron concentration treatment (whole plot) containing 
both species. Twenty-five seeds of each species were nlaced in 

Many saline/alkaline rangelands in the arid West can be highly 
productive once adapted forage species are established. In addition 
to high sodium concentration and low osmotic and matric poten- 
tials, high boron concentrations may limit seedling emergence and 
establishment on the associated saline/alkaline, arid soils. Many 
Great Basin playas have accumulated boron from hot springs 
waters which become boron-enriched from late-stage differentiates 
of granitic magmas (Papke 1976). Sediments high in boron are 
then eroded from playa surfaces and deposited by wind on lowland 
soils (Young and Evans 1985). Two grasses which may have the 
greatest potential for establishing on these soils are tall wheatgrass 
[Agropyron elongotum (Host) Beau.] and basin wildrye (Elymus 
cinereus Scribn. and Merr.). Tall wheatgrass is well known for its 
sodic and salt tolerance (Dewey 1960, Carter and Peterson 1962, 
Shannon 1978, Roundy 1983), and the high boron tolerance of 3 
cultivars, Alkar, Nebraska, and Largo, has been documented by 
Schuman (1969). Germination of tall wheatgrass was not de- 
creased by 80 ppm water soluble boron, and growth reductions to 
50% occurred from 33 to 46 ppm of boron depending on the 

plasticboxes containing 5 g polystyrene foam (Young eial. 1968) 
and boric acid solutions containing 0, 10,20,30,40,50,60,70,80, 
90,100,120,150,180,200,250,300,350,400,450,500 ppm boron. 
There were 4 replications of each boron concentration or whole 
plot and all replicates were incubated in a dark-germinator at a 
constant 15OC. Germinated seedlings were counted every 2 or 3 
days for 3 weeks and radicle length of 20 randomly selected 
seedlings per cultivar for each boron concentration was measured 
at the end of 3 weeks. Seeds were considered germinated by radicle 
emergence of a minimum of 0.5 cm. Average rates of germination 
were calculated after MaGuire (1962) where: 

Average germination rate (% day-‘) = % [gn - g(n-1)/n] 

in which g is the total germination percentage on an incubation day 
n minus the total germination percentage on the previous day g 
(n-l) divided by the incubation day. 

The seedling growth experiment was designed as a randomized 
complete block. Pots 11.5 cm diameter by 11 cm deep were filled 
with sandy loam soil and irrigated every other day with complete 
nutrient solution (Hoagland and Arnon 1938) and boron concen- 
trations of 0, 10, 20, 40, 60, 80, and 100 ppm from boric acid. 
Desired boron concentrations were maintained in the soil by irri- 
gating sufficiently to leach out old solution and replace it with new 
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solution. Twenty-five seeds of each cultivar were seeded separately 
in 4 pots each for each boron concentration and pots were finally 
thinned to 10 seedlings. The experiment was conducted in the 
greenhouse with average day and night temperatures of 30 and 
20°C, respectively; relative humidity ranged from 30% during the 
day to 70%at night. Soil boron concentrations were checked at the 
end of the experiment using a liquid exchange electrode (Carlson 
and Paul 1968, 1969) and were within 2 to 7 ppm of the original 
boron treatment concentrations. Roots and shoots were harvested, 
oven dried, and weighed 45 days after seeds were sown. Cultivar 
responses to increasing boron concentrations were fit to polynom- 
ial regression equations and confidence intervals (EO.05) were 
calculated according to Ott (1977). 

A saline soil (electrical conductivity of the saturation extract = 
7.0 dS me’) was sampled at depth intervals of O-l, 1-5, 5-10, and 
IO-15 cm in the spring of 1981 in conjunction with a seedling 
establishment study (Roundy 1985) to determine the associated 
range of soil boron concentrations. Four samples were taken for 
each depth interval for soil microtopographical areas appearing 
high in salinity and areas appearing low in salinity as evidenced by 
the presence or absence of a thin salt crust on the soil surface. 
Water soluble boron concentrations of the saturation extracts of 
these soil samples were determined with a liquid ion exchange 
electrode (Carlson and Paul 1968, 1969). 

Results 
Statistically significant differences in germination and growth 

responses were indicated at boron concentrations where the confi- 
dence intervals (EO.05) of estimated responses did not overlap 
(Table 1). 
Table 1. Boron concentration associated with Jose tall wheatgrass and 

Magnar basin wildrye germination and growth reductions. 

Variable Significant reduction+ 50% reduction 
Tall Basin Tall Basin 

wheatgrass wildrye wheatgrass wildrye 
Boron concentration of soil 

saturation extract CDurn1 

Total germination 
after 3 weeks 

Rate of germination 
Radicle length 
Shoot yield 
Root yield 
Survival 

NS* 200 NS 500 
NS 250 NS 450 
100 120 230 325 
30 20 65 37 
IO 10 30 22 

NS 60 NS 60 

+Statistically significant reduction (EO.05) compared to control treatments with no 
added boron as determined by nonoverlapping regression line confidence intervals. 
*NS = no. statistically significant (EO.05) reduction occurred at a boron concentra- 
tion of 500 ppm for germination or rate of germination or at 100 ppm for survival. 

Total germination of Jose tall wheatgrass averaged 83%and was 
not reduced even at boron concentrations of 500 ppm. Magnar 
basin wildrye germination was reduced from 92 to 80% by 200 to 
450 ppm boron and then dropped to 47% at 500 ppm boron. The 
germination rate of Jose tall wheatgrass was not reduced by boron 
but that of Magnar basin wildrye decreased at boron concentra- 
tions above 250 ppm (Fig. 1). Jose tall wheatgrass had greater 
absolute radicle growth than Magnar basin wildrye at boron con- 
centrations less than 200 ppm (Fig. 2). Boron concentrations 
greater than 120 ppm decreased radicle growth of both species but 
boron decreased relative radicle growth of Jose tall wheatgrass 
more than that of Magnar basin wildrye; consequently, absolute 
radicle growth of both species was similar at boron concentrations 
greater than 200 ppm. 

Absolute growth of tall wheatgrass shoots and roots (per pot) 
generally exceeded that of basin wildrye at all boron concentra- 
tions (Fig. 3). Leaves of both species exhibited pronounced tip 
burn and some chlorosis at 80 and 60 ppm of boron, respectively. 
Root growth of both species was more sensitive to boron than 

I 
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Fig. 1. Rates of germination of Jose loll wheotgross and Mognor basin 
wildrye OS a thirddegreepolynomiolfunction of soil boron concentration 
in the soturotion extract. Vertical bars indicate confidence limits 
(PSO.05)for the regression lines. R* valuesfor toll wheotgrossond basin 
wildrye ore 0.14 and 0.74, respectively, and both regressions ore signrfi- 
cant ot the PlO.OI level. 

shoot growth (Table I). Shoot growth of basin wildrye was more 
sensitive to increasing boron concentrations than that of tall 
wheatgrass (Table 1). Root growth of both species was similar in 
sensitivity to increasing boron concentrations (Fig. 3). Seedling 
survival of tall wheatgrass in pots in the greenhouse was not 
affected by boron even at 100 ppm, but basin wildrye survival was 
reduced to 53,45, and 23% at boron concentrations of 60,80, and 
100 ppm, respectively. 

1 
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Fig. 2. Rodicle length of seedlings of Jose toll wheotgross ond Mognor 
basin wildrye OS o second degreepolynomiolftmction of boron concen- 
tration in rhe germinating medium. Vertical bars indicate confidence 
limits (PIO.OS)for the regression lines ond each value is the meon of 20 
rodicle measurements. R* voluesfor toll wheotgross ond bosin wildrye ore 
0.59 and 0.48, respectively, and both regresssions are significant at the 
PIo.05 level. 

Boron content in the saturation extract of a saline soil where 
Jose tall wheatgrass and Magnar basin wildrye were seeded 
(Roundy 1985) ranged from 2 to 97 ppm (Table 2). Highest boron 

Table 2. Mean boron concentrations of the saturation extract of Gund 
silt-loam soil samples representing high and low boron concentrations. 

Depth interval High boron 
(cm) samples 

0. I 62 
1-5 30 
5-10 33 

IO-15 28 

Boron (ppm) 

Low boron 
samples 

4 
6 
6 
5 

Range 

3-97 
2-42 
3-44 
2-40 
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Fig. 3. Dry weight yields of seedling shoots and roots of Jose tall wheat- 
grass and Magrtar basin wildrye as a third degreepolynomialfunction of 
soil boron concentration in the saturation extract. Vertical bars indicate 
confidence intervals (PSO.05) for the regression lines and each value is 
the mean of 4 replications. R2 values are 0.92 and 0.96for tall wheatgrass 
shoots and roots and 0.92 and 0.94 for basin wildrye shoot and roots, 
respectively. AN regressions are significant at the PSO.05 level. 

samples averaged about 30 ppm while low boron samples averaged 
about 5 ppm. Boron concentrations in the soil were highly variable 
horizontally as is the case of other soluble salts (Roundy 1984). 

Discussion 
Boron available in the soil solution for uptake by plants is 

affected by total boron content of the soil, soil water content, soil 
pH, organic matter content, soil salinity, sesquioxides, clay con- 
tent, and specific surface area (Becic 1983, Elrashidi and O’Connor 
1982). For these reasons it is difficult to estimate soil solution 
boron concentrations at actual soil water contents from saturation 
extract concentrations. Changes in availability of boron to plants 
with changing soil water content also make it difficult to extrapo- 
late plant responses to boron at high soil water contents in labora- 
tory experiments to responses to boron in the field at lower soil 
water contents. As a saturated soil dries, the boron concentration 
of the soil increases, even though some salt precipitation and 
adsorption of boron by the soil occurs. However, saturation 
extract concentrations of boron in Table 2 probably represent 
minimal soil solution boron concentrations and may be used as a 
rough basis for estimating potential boron toxicity in the field. 

Both Jose tall wheatgrass and Magnar basin wildrye had high 
germination rates and total germination at extremely high boron 
concentrations. The highest boron concentrations in the soil 
sampled in this study would not reduce rate and total germination 
of these species, but might slightly reduce radicle growth (Tables 1 
and 2). Emergence of these species on saline soils would generally 
be expected to be limited by low soil osmotic and matric potentials 
(Roundy et al. 1985) rather than by high boron concentrations. 

272 

The boron concentration in the soil that was sampled could 
directly reduce wheatgrass and basin wildrye shoot and especially 
root growth. Root growth of both species could be reduced even on 
the microtopographical areas of low boron concentrations (5 ppm 
in the saturation extract) at lower soil water contents. Areas of high 
boron concentration could be expected to directly reduce survival 
of Magnar basin wildrye but probably not of Jose tall wheatgrass 
(Table 1 and 2). Boron may indirectly reduce seedling survival by 
reducing root growth so that roots are unable to stay below the soil 
surface drying front. Rollins et al. (1968) attributed failure of tall 
wheatgrass and basin wildrye to establish on barren interspace 
soils in Nevada to high total salts and excessive sodium or boron. 
High seedling mortality of Magnar basin wildrye reported by 
Roundy (1985) on the moderately saline soil sampled in this study 
could have been due, in part, to reduced root growth on areas of 
high boron concentrations. Although both species are more toler- 
ant of boron than many plants (Wilcox 1960), Jose tall wheatgrass 
has greater absolute growth and its shoot growth is less sensitive to 
high boron concentrations than Magnar basin wildrye under 
greenhouse conditions. These differences may allow roots of Jose 
tall wheatgrass seedlings to stay below the soil drying front and 
avoid reduced osmotic and matric potentials and increased boron 
concentrations better than Magnar basin wildrye. 
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Above-ground Biomass and Nitrogen Quantities in a 
Big Sacaton [Sporobolus wrightii] Grassland 
JERRY R. COX 

Abstract 

Live and standing dead biomass, standing crop, and total nitro- 
gen, within each component, were measured in a big sacaton 
(Sporobolur wrightii Monro) grassland in southeastern Arizona 
for 3 years to determine annual fluctuations in above-ground 
biomass and nitrogen. Mean live biomass varied from 150 kg/ha in 
February to 2,000 kg/ha in August. Standing dead biomass 
accumulated after the summer growing season and rapidly disnp- 
peared following either fall, winter, or summer moisture, but was 
the predominant vegetative component for about 49 weeks of each 
year. Standing crop (live plus standing dead) was greatest in 
August and averaged 4,450 kg/ha. Total nitrogen varied from 2 to 
31 kg/ha in live biomass, from 5 to 15 kg/ha in standing dead 
biomass, and from 9 to 40 kg/ha in standing crop. The rapid 
disappearance of standing dead suggests that stocking rates should 
be based on standing crop just prior to the grazing period rather 
than peak standing crop after the summer growing season. 

Big sacaton (Sporobolus wrightii Monro) grasslands produce 
abundant forage in summer (Gavin 1982) and pure stands once 
existed along the channels and tributaries associated with the San 
Pedro and Santa Cruz Rivers in southeastern Arizona (Griffiths 
1901). These grasslands, which are located on low alluvial flats or 
flood plains (Wooten and Standley 1912), naturally spread flood 
waters, trapped sediments (Hubbell and Gardner 1950), limited 
soil erosion (Humphrey 1958) and provided a forage resource for 
one million cattle before 1890 (Cox et al. 1983). 

Range managers and researchers have assumed for more than 
100 years that the standing dead biomass of big sacaton disappears 
slowly, and this assumption has been used to justify the need for 
burning and mowing. Data to support this slow disappearance 
hypothesis is not available in the literature. Some work has been 
reported on the response of big sacaton following burning (Bock 
and Bock 1978) and mowing (Haferkamp 1982). However, infor- 
mation on the cycling of above-ground biomass and nitrogen in 
undisturbed big sacaton grasslands is currently unavailable. 

The objectives of this study were to (I) investigate the seasonal 
dynamics of live and standing dead biomass and nitrogen of big 
sacaton grasslands under natural conditions, and (2) to interpret 
biomass and nitrogen dynamics in relation to annual climate. 

Site Description 

A study site representative of the big sacaton grasslands in 
southern Arizona, western New Mexico, west Texas, and northern 
Chihuahua (Soil Conservation Service 1979) was selected about 80 
km south of Tucson in southeastern Arizona (31° 47’ N lat., 110” 
37’ W long.) at an elevation of 1,370 m. The soil is a Pima silty clay 
loam, with a sandy loam subsoil (thermic Typic Haplustoll) 
(Richardson et al. 1979). These soils are recent alluvium, wea- 
thered from mixed rocks, moderately alkaline, slightly calcareous 
and greater than 2 m in depth. The site was in a flood plain with 
slopes of only 1 to 2%. 

Author is a range scientist, USDA, Agricultural Research Service, Arid Land 
Ecosystems Improvement, 2000 East Allen Road, Tucson, Ariz. 85719. 
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Big sacaton was the dominant vegetation. Other perennial 
grasses infrequently encountered were alkali sac&on [Sporobolus 
airoides (Torr.) Torr.], blue grama [Boutelouu gracilis (Willd. ex 
H.B.K.) Lag. ex Griffiths], and vine mesquite (Panicurn obtusum 
H.B.K.). The study site was 50 m from a drainage channel. Several 
large mesquite [Prosopsisjuliflora (SW.) DC.] trees were either 
within or near the site. 

Total annual precipitation in the area has varied from 175 to 450 
mm in the past 50 years (Sellers and Hill 1974). Approximately 
60% of the annual precipitation occurs in summer (July-Sep- 
tember) when mean daily air temperatures are above 30° C; and the 
remaining 40% usually comes in winter (December-February) 
when night-time air temperatures are frequently below O” C. Fall 
(October-November) and spring (March-June) are cool, dry and 
windy. 

Methods and Materials 
A 2-ha study site was fenced to exclude livestock. Nine, 15 X 15 

m plots were established in February 1980. Three plots were ran- 
domly selected and sampled every 6 weeks between 17 April 1980 
and 6 February 1981. Three additional plots were selected and 
sampled on the same dates between 17 April 1981 and 6 February 
1982. The remaining 3 plots were sampled between 17 April 1982 
and 6 February 1983. Experimental design was a randomized 
block with 3 replications each year and sampling over 3 years. 

Twenty, 0.3 X 2.9-m sampling areas were randomly located 
within each plot at each sampling date; no sampling area was 
sampled more than once. Big sacaton plants in 4 sampling areas 
were harvested at the soil surface and hand separated into live 
(green) and standing dead biomass (yellow and gray) components. 
Each measured component was weighed in the field and a modified 
weight-estimate technique was used to estimate both live and 
standing dead biomass components in the remaining 16 sampling 
areas (Pechanec and Pickford 1937). Harvested samples were dried 
in a forced-draft oven at 40’ C for 48 hours. Regression techniques 
were used to correlate actual dry weights with estimated field 
weights (Campbell and Cassady 1949). These values were used to 
calculate biomass (kg/ ha) for each vegetative component. Values 
were rounded to the nearest 50 kg/ ha. 

Initially, litter on the soil surface was to be collected in each of 
the harvested sampling areas at each sampling date. This practice 
was discontinued after 18 sampling dates because very little litter 
(less than 3% of the standing crop) accumulated on the soil surface 
between plants. 

Dry plant samples of either live or standing dead biomass were 
cornposited for each plot and ground over a 40-mesh screen. Sam- 
ples were thoroughly mixed and a sub-sample digested and ana- 
lyzed for total nitrogen using a Technicor@ digestor and a contin- 
uous flow auto-analyzer (Schuman et al. 1973). Total nitrogen 
concentration &g/g) of the component was multiplied by the 
calculated biomass (kg/ ha) amount and rounded to the nearest 1 
kg/ ha. 

Precipitation was recorded with a MRIQr mechanical weather 
station. Daily precipitation was accumulated for all dates between 
individual harvests (Fig. 1). 

‘The mention of a commercial product is for the reader’s convenience and does not 
imply endorsement by the USDA, Agricultural Research Service. 
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Fig. 1. TTtree-year means and standard errors (kg/ha) for live biomass, 
standing dead biomass and precipitation (mm) at 8 annual sampling 
datesfor a big sacatongrassland in southeastern Arizona. An asterisk p) 
above the standard error notation indicates a significant difference (0~ = 
0.05) among years at the same sampling date. Daily precipitation 
amounts were accumulated for the 6 weeks prior to sampling. 

Biomassand total nitrogen within each measured component at 
the same date were compared among years by analyses of variance. 
When Fvalues were significant (a = 0.05) a Duncan’s new multiple 
range test was used to separate means (Steel and Torrie 1960). 

Results and Discussion 

Live Biomass 
The amounts of live biomass were different (“: = 0.05) at the 

August sampling dates and similar at the remaining sampling dates 
over the 3 years (Fig. 1). Summer thunderstorms began in early 
July and most of August was dry in 1980 and 1982, whereas 
thunderstorms began in mid July and occurred regularly through 
August 1981. As a result, live biomass was 2 to 3 times greater in 
August 1981 (3,250 kg/ha) as compared to August 1980 (1,600 
kg/ha) and August 1982 (1,100 kg/ha). 

Peak live biomass at a big sac&on grassland site in west Texas 
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was 2,650 kg/ha and the peak occurred in August (Gavin 1982). 
The peak in live biomass measured in west Texas is within the 
values obtained in southeastern Arizona, but 25% greater than the 
3-year average ( 1,980 kg/ ha). 

Standing Dead 
The amounts of standing dead were similar (a = 0.05) at the 

October sampling dates and averaged about 1,750 kg/ ha over the 3 
years (Fig. 1). There was significant (0: q  0.05) variation in the 
amounts of standing dead at the remaining sampling dates over the 
3 years. 

Standing dead averaged 3,200 kg/ ha during the dry spring and 
early summer of 1980. About 50% disappeared between August 
and October, but a similar amount accumulated from the live 
component in November. Approximately 45% of the amount that 
accumulated in fall 1980 disappeared following 3 snowstorms in 
January 198 1. 

Standing dead averaged 1,750 kg/ ha during the spring and early 
summer of 1981, and about 40% disappeared following 145 mm 
precipitation between 10 July and 2 1 August. Standing dead began 
to accumulate in fall, and the total amount on 24 December was 
about 350% greater than on 21 August. 

Standing dead averaged 3,500 kg/ ha during the dry winter and 
spring of 1981-82. Approximately 25% disappeared in early 
summer when thunderstorms began, and an additional 25% disap- 
peared in late summer when the thunderstorm activity resumed. 
Cool-season precipitation in November and December was 110 
mm and standing dead averaged 2,350 kg/ ha. This amount is 
about 1,000 kg/ha less than on the same dates in 1980 and 1981 
when precipitation was 20 and 40 mm, respectively. Approxi- 
mately 36% of standing dead present in December 1982 had disap- 
peared following 3 snowstorms in January and I snowstorm in 
early February 1983. 

Standing Crop 
Standing crop, the sum of the live and standing dead compo- 

nents, averaged 2,350 kg/ha in February and 4,450 kg/ha in 
August over 3 years (Fig. 1). The percent of the live component 
within the standing crop was less than 50% at all sampling dates 
except two, 21 August and 2 October 1981. 

Peak standing crops varied from 3,900 kg/ ha in August 1982 to 
5,150 kg/ ha in August 1980. Peak standing crop of big sacaton was 
4,600 kg/ha in southcentral Texas (Haferkamp 1982) and 4,350 
kg/ ha in west Texas (Gavin 1982). Peak standing crop of 10 North 
American ungrazed temperate mid- and tall-grass prairies aver- 
aged 2,350 kg/ha and ranged from 550 to 5,250 kg/ha (Sims and 
Singh 1978). Peak standing crops of big sacaton stands in south- 
eastern Arizona and Texas are generally equivalent, and appear to 
be intermediate between the temperate mid- and tall-grass prairies. 

Nitrogen Quantities 
Average N present in live above-ground biomass varied from 2 

to 31 kg/ ha over 3 years (Fig. 2). Live biomass in August 1981 
contained 75% more N than live biomass in August 1980 and 1982. 
Total N was generally greater in live biomass in August 1980 and 
1982. Total N was generally greater, but not significantly (a: q  0.05) 
at the April, May and July 198 1 sampling dates as compared to the 
same dates in 1980 and 1982. 

Quantities of N in standing dead varied from 7 kg/ ha in Febru- 
ary 1983 to I5 kg/ha in November 1981 and May 1982 (Fig. 1). 
Total N in standing dead was similar at the same date over the 3 
years. Summer precipitation does promote the disappearance of 
standing dead biomass and the leaching of N from the remaining 
standing dead. However, the rapid disappearance of standing dead 
in August and October and the corresponding rapid accumulation 
of standing dead in November and December makes it difficult to 
establish meaningful relationships between summer precipitation 
and quantities of N in live and standing dead biomass. 

Mean N quantities in standing crop varied from 11 kg/ha in 
February to 33 kg/ha in August over the 3 years (Fig. 2). More 
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Fig. 2. Three-year means andstandard errorsfor nitrogen (kg/ha) in live 
and standing dead biomass at 8 annual sampling dates for a big sacaton 
grassland in southeastern Arizona. An asterisk r+) above the standard 
error notation indicates a significant diflerence (a = O.OS)among years at 
the same sampling date. 

than 60% of the N in the standing crop was distributed in the live 
component in July, August, and October in 1980 and 198 1, and in 
August and October in 1982, whereas, the majority of N was 
distributed in the standing dead component during the remainder 
of the year. 

The presented data clearly show that standing dead big sacaton 
biomass will rapidly disappear following precipitation in either 
fall, winter, or summer. These data do not support the commonly 
accepted belief that standing dead biomass disappears slowly 
under natural conditions (Griffiths 1901, Humphrey 1960). How- 
ever, the logic which contributed to this belief is easily understood. 
Standing dead biomass is the predominant vegetation component 
within big sacaton grasslands for about 49 weeks of each year, and 
even though standing dead does disappear after precipitation, it 
does not accumulate on the soil surface between plants. Therefore, 
open areas between plants are litter-free for the majority of each 
year and this would suggest a gradual breakdown. Observations 
made during this 3-year study suggest that most standing dead 
biomass falls into the plant interior and is trapped within the 
remaining standing dead. 

As standing dead disappears following either fall or winter mois- 
ture, litter accumulates within the remaining standing dead. This 
litter source may serve as an important N reserve which becomes 
quickly available for plant growth in summer through the pro- 
cesses of decay, nitrogen mineralization and nitrification (Sharrow 
and Wright 1977). The entrapment of N within the remaining 
standing dead probaby reduces N losses associated with flooding. 

There are many problems associated with attempts to relate 
plant production and stocking rates. However, one specific prob- 
lem becomes very apparent if standing crop, grazing period and 
cool-season moisture are collectively viewed, and the implications 
expressed in stocking rates. Ranchers normally set stocking rates 
based on the standing crop present in October, and big sacaton 
grasslands are grazed in the following spring and early summer 

(March to June). If cool-season precipitation in the form of snow 
occurs from November to February, standing crop may decline by 
40% before the initiation of grazing, as in 1980-81 and 1982-83 
(Table 1). Under such conditions stocking rates might well be 2 
times greater than the forage base would support over the selected 

Table 1. The amounts of precipitation (mm) between October 2, and 
February 6, and standing crops (kg/ha) of big sacaton sampled on 
October 2,1980-82 and February 6,1981-83. 

Year 

1980-81 
1981-82 
1982-83 

Precipitation 
(mm) 

105 
60 

195 

Standing Crop (kg/ha) 
October 2 February 6 

3200 1900 
3950 3450 
2950 1700 

grazing period. However, if cool-season precipitation occurs in 
October and November through January is dry, then standing crop 
may decline by only 13%, as in 1981-82. Under this condition 
stocking rates based on October standing crop would be similar to 
stocking rates based on February standing crop. 

Conclusions 

The results of this study would suggest that: (1) live biomass is 
present throughout the year in big sacaton stands but peak produc- 
tion corresponds to July-September precipitation; (2) standing 
dead biomass peaks 60 to 90 days following the summer peak in 
live biomass; and (3) standing crop may decline by 40% following 
the occurrence of cool-season moisture. The occurrence of cool- 
season moisture is common in southeastern Arizona and ranchers 
should be aware that spring stocking rates based on standing crop 
in October will need to be reduced following wet winters. Conver- 
sely, cool-season moisture is uncommon in southern New Mexico, 
west Texas, and northern Mexico and stocking rates based on 
standing crop in October will be similar to standing rates based on 
stocking crop in February. 
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Rhizomes and Roots Below Clipped Pinegrass Tillers 
Have a Higher Percent Carbohydrate when Attached 
to Other Nonclipped Tillers 
DARRYL G. STOUT AND BARBARA BROOKE 

Abstract 

Percent total nonstructural carbohydrate (TNC) was measured 
in rhizomes plus roots of pinegrass (CI&magrostir rubescens 
Buckl.). The influence of connecting rhizomes on % TNC was 
evaluated by comparing results from sods with severed rhizomes to 
results from sods with intact rhizome connections. Severing rhi- 
zomes had no effect on 70 TNC of rhizomes plus roots of non- 
clipped sods. However, for clipped sods, yc TNC was lower if 
rhizomes had been severed. Presumably, when rhizome connec- 
tions are left intact, surrounding nonclipped tillers translocate 
carbohydrates to rhizomes plus roots of clipped tillers within a sod. 
This result has important implications in the grazing resistance of 
pinegrass. Since grazing typically involves an uneven utilization of 
a grass stand, the ungrazed or lightly grazed tillers should play an 
important role in maintaining the overall vigor of a pinegrass 
stand. 

A knowledge of carbon translocation within a tiller and between 
tillers is important in that it gives a range manager a better under- 
standing of the primary production process (Moser 1977). Clipped 
annual ryegrass (L&urn muiijZorum Lam.) tillers import photoas- 
similate from nonclipped tillers (Marshall and Sagar 1965). In 
contrast to these results for ryegrass where the plant acts as an 
integrated unit, little photoassimilate is translocated between 
tillers of timothy (Phleum pratense L.) (St. Pierre and Wright 
1972). However, carbohydrate is transported within a tiller to all 
aerial parts and to the associated roots. Sosebee and Wiebe (197 1) 
observed that clipping crested wheatgrass (Agropyron desertorum 
(Fisch.) Schult.) and barley (Hordeum vulgare L.) increased both 
the amount of import of carbohydrate from unclipped leaves and 
the proportion allocated to the shoot within the plant. Interest- 
ingly, partial defoliation of the exporting (source) leaf increased to 
total amount of translocation (Sosebee and Wiebe 1971). An 
increase in the upward to downward ratio of translocation is 
believed to cause root die-back (Steinke 1969). 

To increase our understanding of the grazing resistance of pine- 
grass (Calamagrostis rubescens Buckl.), we conducted a study on 
the role of rhizome connections on the level of total nonstructural 
carbohydrate (TNC) stored in rhizome plus roots. TNC is reported 
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to play a role in plant vigor (Ward and Blaser 1961, White 1973, 
and Trlica 1977). A procedure involving severing rhizome connec- 
tions and measuring rhizomes plus roots Yc TNC was used. The 
interpretation of results from such an experiment is not as straight 
forward as from experiments (St. Pierre and Wright 1972, Sosebee 
and Wiebe 1971, and Marshall and Sagar 1965) where radioiso- 
topes are used to measure translocation. Nevertheless, the proce- 
dure has the advantage of being simple and not requiring expensive 
equipment. 

Materials and Methods 
A 0.2-ha exclosure adjacent to the Poison Creek site (Stout et al. 

1980) was fenced in 1978. Within this exclosure, 24 70 X 20-cm 
plots were marked to accommodate 4 treatments replicated 6 
times. The 4 treatments were as follows: (I) rhizomes intact, tillers 
not clipped; (2) rhizomes intact, tillers clipped; (3) rhizomes 
severed, tillers not clipped; and (4) rhizomes severed, tillers 
clipped. Plots for a particular replicate were located close to each 
other so that soil, aspect, and cover would be similar for all 
treatments. 

Twelve of the 24 plots were selected for rhizome severing. The 
rhizome connections were severed by excavating a I5 cm wide 
trench to a depth of 15 to 20 cm around each plot. The trench was 
then filled with soil and covered with forest floor organic matter. 
Clipping to a 5cm stubble height was done on 1, I6 and 30 June. 
On 8 August, sods (entire plot areas) were dug and Yecrude protein 
and To TNC of rhizomes plus roots were measured using methods 
by Stout et al. (1983). Although it is useful to know the total amount 
of TNC stored, it was not possible to determine this for pinegrass 
because it was not possible to remove all of the pinegrass roots 
from the forest soil. In 1979 the experiment was repeated within a 
new exclosure adjacent to the 1978 exclosure. Clipping and har- 
vesting dates were within 2 days of those used in 1978. The data 
were analyzed using a three-way analysis of variance (ANOVA), 
with a random block design. 

Results and Discussion 

The ANOVA revealed (at KO.05) that clipping decreased % 
TNC, and serving rhizome connections further decreased % TNC 
of clipped sods (Table I). Only when the source sink relationship 
was altered by removing photosynthetic tissue (the clipped treat- 
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Table 1. Influence of neighboring pinegrass tillers on the $b TNC and “1 
crude protein content of pinegrass rhizomes plus roots. 

Measurement 
Clipping 
treatment 

Rhizome connections1 
Intact Severed 

TNC Not clipped 6.7 6.5 
(% of dry wt.) Clipped 4.6 3.5 

SE 0.3 

Crude protein Not clipped 4.6 4.5 
(% of dry wt.) Clipped 4.4 4.4 

SE 0.4 

‘Values are 7 from 6 plots per treatment and 2 years (1978 and 1979). 

ment) was the effect of severing rhizome connections revealed (the 
severing by clipping term in the ANOVA was significant at 
KO.05). This rhizome severing treatment effect is not due to a 
wounding response, or some other factor related to the actual 
severing of rhizomes, since rhizomes plus roots of nonclipped sods 
had a similar concentration of TNC whether they were severed or 
not severed. We propose that clipping decreased the supply of 
carbohydrate to the rhizomes plus roots connected to the clipped 
tillers and, therefore, these clipped tillers provided a sink for car- 
bohydrate from the surrounding intact tillers. Where rhizome 
connections were intact the sink was partially replenished from the 
adjacent intact tillers. This proposal is consistent with the observa- 
tion that assimilate is translocated from the main shoot of annual 
ryegrass to defoliated tillers (Gifford and Marshall 1973). 

Neither clipping nor severing rhizome connections around sods 
affected crude protein level (Table 1). It is frequently found that 
herbage removal causing a decrease in TNC has no effect on 
protein reserve level (Owensby et al. 1977). Despite the fact that 
protein level was not altered by clipping in this study, proteins may 
still represent an important reserve constituent (White 1973). 

Although this study does not show that carbohydrate can be 
translocated from one tiller to the aerial part of another tiller, the 
results have important implications in the grazing resistance of 
pinegrass. Grazing typically results in a mosaic of stubble heights 
(Matches 1966). The untouched or lightly grazed tillers of pine- 
grass left after grazing are likely to play a role in maintaining the 
overall vigor of a stand. For example, leaving intact tillers on 
clipped tall fescue (Festucu arundinacea Schreb.) plants increased 
tillering, regrowth (dry matter), and food reserves (Matches 1966). 

Even if the pinegrass translocation is mainly to the roots, as for 
timothy, and not to other tillers, as for annual ryegrass, it will 
benefit the stand. Since aerial portions of pinegrass tillers do not 
survive more than one year (personal observations), growth in the 
spring must depend upon stored reserves in rhizomes and roots. 

In conclusion, when a pinegrass sod was clipped to create a 
carbohydrate sink, intact tillers outside the sod appeared to act as a 
source for this sink and supplied carbohydrate through connecting 
rhizomes. Thus ungrazed or lightly grazed tillers should play a role 
in maintaining the overall vigor of a pinegrass stand. 
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Black Sagebrush: Mule Deer Winter Preference and 
Monoterpenoid Content 
BARBARA BEHAN AND BRUCE L. WELCH 

Abstract 
Wintering mule deer (Odocoileus hemionus hemionus) prefer- 

ence was determined for 7 accessions of black sagebrush (Artemi- 
siu nova) grown on a common garden. Preference as expressed as 
percentage of current annual growth eaten varied from 0.0 to 
82.7%. An accession called Pine Valley Ridge was significantly 
preferred by the deer over theother 6 accessions. We also attempt- 
ed to relate monoterpenoid content to preference. We found no 
significant relationship between the two. 

Contradictory observations have been reported concerning the 
preference wintering mule deer (Odocoileus hemionus hemionus) 
have for black sagebrush (Artemisiu nova). Nagy and Regelin 
(1977) reported that black sagebrush was generally preferred by 
mule deer over big sagebrush (Artemisia tridentata). However, 
Smith (1950) and Sheehy and Winward (1981) reported that win- 
tering mule deer preferred some sagebrush taxa over others, with 
black sagebrush the least preferred. These contradictory observa- 
tions are probably due, in part, to genetic differences among the 
black sagebrush used in the studies. We have observed over the 
past 7 years differential preference on the part of wintering mule 
deer for accessions of black sagebrush growing on our uniform 
garden (Stevens and McArthur 1974, Welch et al. 1981). These 
observations support the contention that genetic differences do 
exist. One genetic factor that has been reported as influencing mule 
deer preference is composition of monoterpenoids in the forage 
(Nagy and Regelin 1977). We undertook this study to quantify the 
observed large differential preference occurring among accessions 
of black sagebrush and to determine the relationship between 
preference and monoterpenoids. 

Methods and Materials 

We selected 7 accessions of black sagebrush from a uniform 
garden located on the Gordon Creek Wildlife Management Area’ 
near Helper, Utah for this study. The accessions had been trans- 
planted as seedlings from various locatons (Table 1). This trans- 
planting took place in the spring of 1969; plants under study were 
about 13 years old. The accessions were planted in rows. Placement 
of the rows of black sagebrush on the garden was random among 
106 rows of other shrubs. Of the 106 rows, 11 were accessions of 
black sagebrush. 

Approximately 200 to 300 mule deer winter in the area for 2 to 3 
months. Winter consumption in the garden is due to mule deer and 
a very small population of black-tailed jackrabbits (Lupus culzyor- 
nicus). Jackrabbit use on the garden was confined to grasses, forbs, 
rubber rabbitbrush (Chrysothamnus nauseosus), and an occa- 
sional big sagebrush plant. Mule deer distribution through the 
garden was even. In the spring, we could literally step from pellet 
group to pellet group across the depth and width of the garden. All 
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106 rows had deer tracks leading up and down the rows. 
Preference was determined from 7 plants chosen at random 

among 30 to 40 plants and another set of 7 plants was randomly 
selected to determine monoterpenoid content for each accession. 
Because of lack of available plants, only 4 plants were used for 
monoterpenoid analysis for the Spring Valley and Wingate Mesa 
accessions. Samples from these 2 accessions were composited. 

Table 1. Locations by county and state (landmark or town) where 7 
accessions of black sagebrush (Artemish nova) were collected. 

Accession 

Black Mountain 
Dove Creek 
Manti 
Fremont Junction 
Wingate Mesa 
Spring Valley 
Pine Valley Ridge 

Location 

Sevier, Utah (Salina) 
Dolores, Colorado (Dove Creek) 
Sanpete, Utah (Manti) 
Sevier, Utah (Fremont Jet.) 
San Juan County, Utah (Fry Canyon) 
White Pine, Nevada (Jet. US 93, 6, and 50) 
Millard, Utah (Desert Experimental Range) 

A total of 15 annual leaders per plant were randomly selected 
and were measured to the nearest centimeter in November 1982. 
The 15 measurements per plant were used to calculate a mean 
annual leader length per plant before browsing. Plants were remea- 
sured using 15 randomly selected leaders the following April, 1983. 
A mean annual leader length after browsing was calculated. Per- 
centage use was calculated by dividing the mean leader length after 
browsing by the mean leader length before browsing, multiplying 
by 100, and subtracting from 100. Welch et al. (1981) reported a 
precision error of 4% for this method. 

In December 1982, vegetative samples (current annual growth- 
stems and leaves) from the 7 plants per accession were collected at 
random throughout the entire crown of the plants. These samples 
were used to determine monoterpenoid content. The early sam- 
pling date was necessary because use on the Pine Valley and Spring 
Valley accessions was so great that had we waited longer there 
would not have been any current annual growth with terminal buds 
left for analysis. The early sampling date placed 2 important events 
close together: the selection of accessions by deer and the collection 
of forage tissue for monoterpenoid determinations. This is impor- 
tant because Cedarleaf et al. (1983) noticed significant changes in 
monoterpenoid concentrations over time. Samples collected from 
a plant were placed in a paper bag and frozen on site with dry ice. 
Later they were placed in plastic bags and stored at -35’ C to 
prevent monoterpenoid loss. 

Samples were ground in a motorized mortar and pestle which 
was precooled with liquid nitrogen. Liquid nitrogen was also 
poured over the samples to prevent loss of monoterpenoids and to 
aid in grinding the samples to a fine powder. The methods used for 
extraction and analyzing for monoterpenoids have been described 
by Welch and McArthur (198 1). 

The resulting data were expressed as percentage utilized (prefer- 
ence) and percentage of monoterpenoids (dry matter basis). An 
analysis of variance (completely randomized design) was used to 



Table 3. Monoterpenoid content of 7 accessions of black sagebrush (Artemisia nova) grown on a uniform garden, and the relationship (Sdf, P = 0.08, 
rZ.754) of content to wintering mule deer (Odocoikus hemionw hemionus) preference. Data expressed as a percentage of dry matter. 

Monoternenoids 
Accession o-Pinene 

Black Mountain 0.25 
Dove Creek 0.22 
Manti 0.34 
Fremont Junction 0.44 
Wingate Mesa 0.30 
Spring Valley 0.28 
Pine Valley Ridge 0.15 

Preference vs. monoterpenoid content 
r -0.47 

Camphene Carene 

0.05 0.04 
0.16 0.03 
0.02 0.03 
0.03 0.00 
0.03 0.00 
0.03 0.01 
0.05 0.00 

-0.28 -0.70 +0.74 -0.38 -0.32 to.41 -0.27 

I,8 Cineol Camphor Terpineol 

0.00 0.10 0.31 0.00 
0.08 0.06 0.82 0.04 
0.00 0.04 0.26 0.01 
0.00 0.11 0.36 0.02 
0.00 0.01 0.36 0.00 
0.00 0.12 0.18 0.27 
0.03 0.08 0.38 0.02 

Total 

0.75 - 
1.33 
0.70 
1.07* 
1.02* 
1.072 
0.63 

*Total includes the concentration of unidentified monoterpenoids. 

detect significant (X0.05) preference differences among the 7 
accessions of black sagebrush. Student-Newman multiple range 
test was used to test for significant differences among accession 
means. Utilization percentages were transformed to arcsin to avoid 
inequalities (Snedecor and Cochran 1967). Correlation analysis 
was used to relate total and individual monoterpenoid content to 
preference. 

McArthur (1974) agree that black sagebrush varies greatly in the 
amount of use received by wintering mule deer and domestic sheep. 
Also, the ranking of the 7 accessions is in line with our observations 
made over the past 7 years. 

Results 
Wintering mule deer preferred some accessions of black sage- 

brush over others (Table 2). Black sagebrush from the Pine Valley 
Table 2. Preference of wintering mule deer (Odocoikas hemionus hem- 

ionus) for 7 accessions of black sagebrush (Arlemisia nova) grown on a 
uniform garden. Data expressed as percentage of current annual growth 
eaten. 

Dietz and Nagy (1976), Nagy and Tengerdy (1968), and Schwartz 
et al. (1980) suggest that monoterpenoid content adversely affects 

preference. Our study does not support these findings. Scholl et al. 
(1977) and Welch et al. (1982) reported no significant relationships 
between monoterpenoids and preference of several taxa of sage- 
brush by mule deer. Also, Welch et al. (1983) reported that an 
accession of big sagebrush (Hobble Creek) received about the same 
use as the Pine Valley Ridge black sagebrush but contained 3.5 
times more monoterpenoids and 2.7 times more camphor, an 
oxygenated monoterpenoid. 

Accession Percent used 

Black Mountain o”* 
Dove Creek 3.4p 
Manti 7.1” 
Fremont Junction 1 1.7n 
Wingate Mesa 40.6b 
Spring Valley 59.7c 
Pine Valley Ridge 82.7d 

*Means sharing s common superscript are not different (KO.05). 

In summary, the accession of black sagebrush from Pine Valley 
Ridge was preferred by wintering mule deer over 6 other accessions 
but monoterpenoid content was not related to preference. We will 
be evaluating the Pine Valley Ridge accession for possible inclu- 
sion in the Soil Conservation Service Plant Material Development 
Program as a superior cultivar of black sagebrush. 
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Nest Site Selection by Mountain 
tral Montana 
SALLY L. OLSON AND DANIEL EDGE 

Abstract 

Nest site selection of the mountain plover (Churadrius montu- 
nw) was studied on the Charles M. Russell National Wildlife 
Refuge, Montana, during 1982. Vegetative characteristics of 26 
nest sites, all on prairie dog towns, were compared to a random 
sample of plots on prairie dog towns and adjacent areas. Total 
plant cover, grass cover, big sagebrush (ArtemMa tridkntata) and 
prickly pear (Opuntiapolyacantha) density, and mean vegetation 
height were all significantly greater (X0.05) in areas adjacent to 
prairie dog towns than at the nest sites; litter cover and fringed 
sagewort (Artemisiafrigida) density were greater at the nest site. 
Within prairie dog towns, erosion pavement cover and mean vege- 
tation height were greater on randomly sampled plots than at the 
nest sites. Mountain plovers select nest sites on prairie dog towns in 
patches of greater cover and less vegetative height than occur at 
random sites within the towns. Prairie dog towns offer islands of 
suitable mountain plover habitat and should be maintained on the 
Refuge, especially in light of the prairie dog control programs 
conducted on adjacent hnds. 

Mountain plovers (Charadrius montanus) typically breed in 
upland shortgrass prairies of the western Great Plains, primarily in 
Colorado, Wyoming, and Montana (Graul and Webster 1976). 
Nearly all descriptions of mountain plover breeding habitat have 
portrayed nesting sites as level, heavily grazed areas with short 
vegetation, usually dominated by blue grama grass (Bouteloua 
gracilis) (Graul 1975, Johnson and Spicer 1981, Wallis and 
Wershler 1981). Graul(1975) described vegetation type, slope, and 
characteristics of mountain plover nest sites in northeastern Colo- 
rado. Other studies described nest scrapes and lining materials 
(Hoskin 1893, Goodrich 1945195, Laun 1957) but recorded no 
general habitat measurements. On the Charles M. Russell National 
Wildlife Refuge, in northcentral Montana, Knowles et al. (1982) 
found that mountain plovers selectively use black-tailed prairie 
dog (Cynomys ludovicianus) towns for breeding, nesting, feeding, 
and rearing young. This affinity for prairie dog towns has not been 
noted elsewhere. They also found that horizontal visibility and 
amount of bare areas were significantly greater inside towns than 
in adjacent areas. Declining populations and habitat loss through- 
out wide portions of mountain plover range intensify the need for 
improved knowledge of habitat requirements. 

The objective of this study was to quantify vegetative character- 
istics at mountain plover nest sites, and compare these characteris- 
tics to random sites on prairie dog towns and adjacent areas. 
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Plovers in Northcen- 

Study Area 

The study area is located in northcentral Montana within the 
Western Unit of the Charles M. Russell National Wildlife Refuge, 
comprising 560 km* on the north side of the Missouri River. The 
area, in Phillips County, is approximately 100 km northeast of 
Lewistown and 100 km southwest of Malta. 

This area is an eroded plateau, elevation 920 m, characterized by 
rugged timbered breaks, deepcut coulees, steep ridges, and river 
bottoms. Major ridgetops, which are flat and broad, run primarily 
north and south and broaden progressively to form rolling mixed- 
grass prairie toward the northern boundary of the Refuge. 

Ponderosa pine (Pinus ponderosa), interspersed with Rocky 
Mountain juniper (Juniperus scopulorum) thickets, dominates 
north-facing slopes. The principal plant species found on the broad 
ridgetops are western wheatgrass (Agropyron smithii), blue grama, 
prickly pear (Opuntia polyacantha), fringed sagewort (Artemisia 
frigida), and big sagebrush (A. tridentata). Knowles (1982) des- 
cribed the climate, topography, and vegetation of the area. 

Black-tailed prairie dog towns, which occupy about 1.6% of the 
study area, are typically located on level upland sites and are 
considered by Knowles et al. (1982) to represent a distinct habitat. 
Prickly pear, fringed sagewort, blue grama, western wheatgrass, 
and a variety of forbs prevail and are interspersed with areas of 
erosion pavement. 

Mountain plover nests were studied on 9 major upland prairie 
dog towns on the north side of the Missouri River. The towns 
ranged in size from 6 ha to 307 ha, and all were grazed by cattle 
under a Cpasture rest-rotation grazing system. 

Methods 

Field work was conducted from 8 April to 1 September 1982. 
Nest sites were flagged after nests hatched, or were abandoned or 
destroyed. Data collection began as soon as all nests were termi- 
nated to prevent disturbing nests. Vegetation changes that occurred 
between nest initiation and nest site measurement were assumed to 
be similar for all nest and random plots. Vegetation within a l-m* 
frame was measured at each nest site. In addition, for each nest site, 
vegetation at 10 random plots on the prairie dog town, and 10 
random plots in areas adjacent to prairie dog towns, was similarly 
measured. Prairie dog town borders were usually well defined to 
an abrupt vegetation change; adjacent plots were outside the 
prairie dog town, on level, grazed areas. Any plots that fell on 
steep-sided juniper slopes were discarded. The 3 groups to be 
compared were therefore defined as nest plots, prairie dog town 
plots, and adjacent plots. The nest scrape, or the random point, 
was used as the plot center. Plot variables measured or estimated 
were: (1) percent grass cover, (2) percent total plant cover, (3) 
prickly pear density, (4) big sagebrush density, (5) fringed sagewort 
density, (6) forb density, (7) mean vegetation height (cm), (8) rock 
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(Z-8 cm diameter) density, (9) percent litter-hummock cover 
(including the windblown lichen Parmelia spp. and the low mat- 
forming Phlox hoodio, and (10) percent erosion pavement cover. 
Distance to the nearest prairie dog burrow was measured, and the 
distance to the nearest rock over 8 cm indiameter was recorded if it 
was within 10 m of the nest or random point. 

Data were collected, beginning on 12 July, for the 26 nest plots, 
for 260 random prairie dog town plots, and 260 random adjacent 
plots. Each variable within the 10 random prairie dog town plots 
and adjacent plots was averaged for each nest plot, resulting in a 
sample size of 26 for each of the 10 variables for all groups. 

In an effort to control the experiment-wide error rate, a one-way 
multivariate analysis of variance was attempted, but the assump- 
tion of homogeneous variance-covariance matrices was not met. 
Therefore, a Kruskal-Wallis nonparametric analysis of variance 
was run for each variable to test the hypothesis of equal distribu- 
tions between the 3 groups. When variables were significantly 
different between the groups, apriori tests were run to determine 
which groups were different from nest sites. 

Results 
Twenty-six nests were found between 2 May and 10 July 1982 on 

9 prairie dog towns. Variable means differed among the 3 groups 
(Table 1). Most striking differences between nest plots and prairie 

Table 1. Characteristics of mountain plover nest plots, prairie dog town 
plots, and adjacent plots on the Charles M. Russell National Wildlife 
Refuge. 

Variable 

Dog Town 
Nest Plots Plots Adjacent Plots 
fl = 26) (N q  26) 
X SD x SD 

% Total plant cover 
70 Erosion pavement 
% Grass cover 
Rocks/m*’ 
Big sagebrush 

(plants/m2) 
Fringed sagewort 

(plants/ m2) 
Forbs (plants/mz) 
90 Litter cover 
Prickly pear 
_(plants/m2) 
X Vegetation 

height (cm) 

38.65 14.39 32.77 10.60 50.23 10.29 
26.92 16.74 42.54 10.29 28.62 9.50 
14.54 15.66 14.50 11.28 32.23 12.62 
0.11 1.50 0.23 0.43 0.38 0.57 

0.04 0.19 0.27 0.67 1.04 1.18 

15.23 
42.27 
31.73 

0.96 

12.04 10.92 5.47 3.46 2.14 
45.99 25.15 27.39 15.04 6.76 
16.55 24.69 9.12 20.11 6.15 

2.79 0.85 1.49 2.31 1.95 

4.35 1.09 6.35 2.02 16.81 3.95 

*Rocks Z3 cm in diameter. 

dog town plots occurred with erosion pavement cover and forb 
density. Erosion pavement cover was greater on prairie dog town 
plots than at nest plots, and forb density was greater at the nest 
plots. Mean values for total plant cover, grass cover, mean vegeta- 
tion height, and prickly pear density were considerably greater in 
adjacent plots than at the nest or the prairie dog town plots, 
whereas fringed sagewort density and forb density were both 
greater at the nest plot than on either the prairie dog town or 
adjacent plots. 

The Kruskal-Wallis test indicated that all variables except rock 
density and forb density were significantly different (m.05) 
among the 3 groups (Table 2); these were removed from further 
analysis. Of the remaining 8 variables, only erosion pavement 
cover and mean vegetation height differed significantly between 
nest plots and prairie dog town plots; both were less at the nest 
plots than the prairie dog town plots. When nest plots were com- 
pared to adjacent plots, only erosion pavement cover, of the 8 
variables, was not significantly different. Total plant cover, grass 

Table 2. P-values associated with test of hypotheses of equal group distri- 
butions for mountain plover nest plots, prairie dog town plots, and 
adjacent plots. 

Nests vs Nests vs 
dog town ajacent 

Variable All groups’ plotsb plotC 

% Total plant cover 0.000 0.149 0.002 
% Erosion pavement 0.000 0.001 0.296 
% Grass cover 0.000 0.539 0.000 
Rocks/ msd 0.569 
Big sagebrush (plants/m?) 0.000 0.083 0.000 
Fringed sagewort (plants/m2) 0.000 0.230 0.000 
Forbs (plants/m*) 0.109 
% Litter cover 0.047 0.142 0.016 
Prickly pear (plants/mz) 0.009 0.302 0.000 
X Vegetation height (cm) 0.000 0.000 0.000 

‘Kruskal-Wallis Test: Nests Plots = Prairie Dog Town Plots = Adjacent Plots. 
bMann-Whitney Test: Nest Plots = Prairie Dog Town Plots. 
‘Mann-Whitney Test: Nest Plots = Adjacent Plots. 
dRocks 2 8 cm in diameter. 

cover, big sagebrush cover, prickly pear cover, and mean vegeta- 
tion height were all significantly greater in adjacent plots than at 
nest plots; fringed sagewort density and litter cover were signifi- 
cantly greater at the nest plot. No significant difference was found 
in distance to nearest prairie dog burrow between nest plots and 
prairie dog plots; mean distance was 7.3 m (SD = 3.7) from the nest 
plot and 6.8 m (SD = 4.2) from the prairie dog town plot. Thirty- 
one percent of the nest plots had at least 1 rock present in the plot, 
and the nearest rock was a mean distance of 8.5 cm (SD = 9.4) from 
the nest. Of the 13% of prairie dog town plots with rocks present, 
the nearest rock was an average of 26 cm (SD = 17.8) from plot 
center, and 18% of the adjacent plots had rocks at a mean distance 
of 28 cm (SD = 16.0). 

Discussion and Conclusions 

Habitat found in prairie dog towns appears to be necessary for 
mountain plovers to breed on the Charles M. Russell National 
Wildlife Refuge, a requirement not noted elsewhere for this spe- 
cies. Mountain plovers apparently did not select bare areas for nest 
sites per se; percent erosion pavement at the nest site was compara- 
ble to that in adjacent areas. The greater amount of litter at the nest 
site, although not significant, may in part be due to the presence of 
nest lining materials in and around the nest scrape. Although forbs 
and fringed sagewort were not found in significantly greater densi- 
ties at the nest sites than on the towns in general, 21 nests were 
placed close (less than 10 cm) to a clump of fringed sagewort or 
forbs which was never high or dense enough to conceal the incubat- 
ing bird. In 7 cases, nests were placed beside or close to large, flat 
rocks. The tendency to nest by a conspicuous object is a noted 
tendency in Charadriidae species (Graull975). Long-billed curlews 
(Numenius americanus) selected nest sites near objects such as 
manure piles, rocks, or bare dirt mounds. This may function to 
make the bird less conspicuous, particularly in areas with scant 
vegetation (Allen 1980). 

The most striking differences between prairie dog towns and 
adjacent areas are decreased vegetative height in towns compared 
to adjacent areas and differences in plant species composition 
(Bonham and Lerwick 1976, Hansen and Gold 1977). Knowles 
(1982) found significantly greater horizontal visibility in towns 
than in adjacent areas. One or more of these features may account 
for the suitability of dog towns as mountain plover habitat. Moun- 
tain plovers evolved on short-grass prairie of the western Great 
Plains, and therefore select short vegetation for breeding areas. All 
townsites on the Refuge occur within shrub-grassland or grassland 
habitats, and on the Western Unit, nearly all towns containing 
breeding plovers are found within the big sagebrush-blue grama 
habitat type (Knowles 1982). Prairie dog towns appear to be 
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“islands” of habitat within an area not otherwise suited for moun- 
tain plovers. 

Prairie dog activities alter vegetative composition in a town over 
time (Hansen and Gold 1977, Knowles 1982). The most noticeable 
changes are in increased plant diversity on towns, and selection 
against tall plants and shrub species by continuous clipping, which 
creates a low vegetation profile with many bare areas. We noted 
that big sagebrush was absent from prairie dog towns or, if present, 
occurred in a stunted and defoliated condition. Species like west- 
ern wheatgrass and big sagebrush are selectively clipped over buf- 
falo grass (Buchloe dactyloides), blue grama, and low-growing 
annual or perennial forbs (Koford 1958). Prairie dog effects alone 
are difficult to determine because prairie dogs in most cases are 
closely tied to, or even dependent upon, grazing by cattle (Koford 
1958, Hansen and Gold 1977, Knowles 1982). Cattle, together with 
prairie dogs, cause heavy use of areas, and by late summer, very 
little vegetation remains on the prairie dog towns. Knowles (1982) 
believes that cattle use as much as two-thirds of the available forage 
on a town. However, cattle grazing alone does not create mountain 
plover habitat in this area, apparently because of the persistance of 
woody forbs and shrubs. Mountain plovers were not found in areas 
of heavy cattle use without prairie dogs; 98% of all mountain 
plover sightings during this study were on prairie dog towns 
although all potential habitat was surveyed (Olson 1984). Moun- 
tain plovers appear to select for a low vegetative profile not only for 
nesting but for all activities during the breeding season. Birds could 
not be driven from the towns. If flushed, they would always land on 
the town, a behavior also noted by Knowles et al. (1982). 

Maintaining these towns is crucial to maintain breeding moun- 
tain plovers on the Charles M. Russell National Wildlife Refuge. 
Widespread prairie dog control off of the Refuge may further limit 
suitable breeding habitat for mountain plovers in Montana. 
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New! 
Vegetation Changes on Western Rangelands 
by Farrel A. Branson 

l 84 pages 
l paperback 
l extensive references 
l illustrated 
l $4.00 postpaid 

This book provides a comprehensive source of information on vegetation 
changes that have occurred on western rangelands during the past 100 years. 
It is illustrated with maps and photographs. The comments of one reviewer of 
the manuscript are as follows: 

“It is a very good source of information on vegetation types for students as 
well as range professionals. It would be a good text for range community 
courses and portions could be used for selected assignments in other range 
courses. It brings together the primary references and provides so much more 
information to date than our present texts. I strongly believe that it will be a 
well-referred source. It would also improve the image of the range profession 
as one that is tremendously knowledgeable about the resources it manages. 
Branson’s style of writing is good. It isstraight forward and uncomplicated.“- 
Dr. M. Hironaka, University of Idaho, Moscow, Idaho. 

Range professors and students, private and public range managers, soil 
conservationists, wildlife managers, and others will find the book a valuable 
contribution to their libraries. Available from the Society for Range Manage- 
ment 2760 W. Fifth Ave, Denver, CO 60204. 
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The Effect of Early Winter or Spring Burning on 
Runoff, Sediment, and Vegetation in the Post Oak 
Savannah of Texas 
N.E. GARZA, JR., AND W.H. BLACKBURN 

Abstract 

A replicated small plot (1.8 m X 22.1 m)study was conducted on 
the Texas A&M University Native Phmt and Animal Conservancy 
in Brazos County, Texas. The purposes of the study were to 
determine the effects of seasonal burning on runoff and sediment 
loss and to describe vegetal differences resulting from the burning 
treatments. A grass-dominated community and a brush-domina- 
ted community were studied. Mean runoff from both communities 
tended to be greater from unburned plots than from burned 
plots although differences were seldom significant. Mean sediment 
export (kg/ha) was similar from the treatments during the 15- 
month study. However, nonsignificant trends suggested that plots 
burned in the spring lost less sediment than did unburned plots or 
those burned in early winter. Most sediment loss occurred during 
June, September, and November as a result of highly intense 
thunderstorms. Burning did not adversely affect runoff or sedi- 
ment. Changes in vegetative composition and vigor did occur and 
these changes appeared to be compatible with most management 
objectives. Percent foliar cover of live vegetation was greater on 
burned than unburned plots; however, total foliar cover was grea- 
test on unburned plots. Burning in early winter favored growth of 
forbs, whereas spring burning tended to favor the production of 
grasses. 

The use of fire as a natural resource management tool has 
undergone a significant revival in the past 2 decades (Scifres 1980). 
Undisturbed native rangelands have developed through a combi- 
nation of climatic, biologic, and edaphic factors. Historically, fire 
is believed to have shaped and maintained our native grasslands 
and prairie savannahs (Sauer 1950, Scifres 1980, Shantz 1947). 

Sheet erosion is reduced by a cover of herbaceous vegetation or 
mulch material, which acts to dissipate raindrop energy before 
damage is done to the soil (Brady 1974). Raindrops are capable of 
moving large amounts of soil short distances if the surface is not 
covered with vegetation or mulch. Areas denuded by fire are 
exposed to potentially high rates of erosion by water. Removal of 
mulch and herbaceous vegetation by burning can affect the quality 
and quantity of runoff. 

The impact of raindrops can lead to a breakdown of soil aggre- 
gates when vegetation and mulch cover are removed, especially 
from fine textured soils. This results in surface sealing and reduced 
infiltration which can be accentuated on burned sites by the break- 
down of organic matter, structure and aggregates in the soil sur- 
face. The effectiveness of plant cover in reducing sheet erosion and 
increasing infiltration rates is directly proportional to the amount 
of cover present (Osborn 1954, Blackburn 1975). Crusting may 
occur when the soil surface dries, further reducing infiltration and 
sometimes restricting plant growth (Spurr and Barnes 1973, Brady 
1974). 

Authors are research associate. Texas Agricultural Experiment Station, Sonora, 
Texas 76950; and professor of watershed management, Range Science Department, 
Texas A&M University, College Station. Texas 77843. At the time of the research the 
senior author was research assistant, Range Science Department, Texas A&M 
University. 

This article is published with the approval of Director, Texas Agricultural Experi- 
ment Station, as TA 19331. 

Manuscript accepted October IS, 1984. 
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Stoddart et al. (1975) generalized that forage yield is usually less 
after burning and Trlica and Schuster (1969) found decreases of 15 
to 35% on burned areas in the Texas High Plains. Conversely, 
Wright (1974) found under favorable moisture conditions that 
herbage yields were increased 41% by burning; and, in a year 
receiving less than half the normal rainfall, herbage yields were 
13% greater than on adjacent unburned areas. The timing and 
amount of moisture received after burning seems to be a critical 
factor affecting herbaceous plant performance. Post-burn produc- 
tion can also fluctuate with season of burn (McMurphy and And- 
erson 1965). Spring burning appears to be least harmful to subse- 
quent production (Stoddart et al. 1975). 

These potential changes in the vegetative structure of an area 
from prescribed burning raise the question of how much stress in 
terms of erosion can be allowed on an area to achieve the most 
benefit from the site without causing irreparable damage. The 
objectives of this study were to determine the effects of seasonal 
burning on surface runoff and sediment loss and to describe vegetal 
differences resulting from the burning treatments. 

Study Area 

The study site is located on the Texas A&M Native Plant and 
Animal Conservancy, 5 km west of College Station in Brazos 
County, Texas. Brazos County lies within the Post Oak Savannah 
which Gould (1975) refers to as an extension of the oak-hickory 
forest. It is an ill-defined area between the Pineywoods on the east 
and the Cross Timbers and prairies on the west, and is intermingled 
with portions of the Blackland Prairie. 

The climate is subhumid with a mean annual rainfall of 98 cm. 
Mean temperatures range from 9.5”C in January to 29.5OC in July 
and the relative humidity averages 71% (Griffiths and Strauss 
1981). Soils of the county generally consist of a fine sandy loam or 
calcareous clay A horizon with a claypan B horizon. The soil’s 
shrink/swell potential is high, water penetration is slow and root 
growth is generally restricted. 

The plant communities chosen for study were a brownseed 
paspalum (Paspalum plicatulum)/little bluestem (Schizachyrium 
scoparium) community and a post oak (Quercus stellata)/yaupon 
(Ilex vomitoria)/brownseed paspalum community. Community 
selection was based on homogeneity of soils and topography. Soils 
of the study area are of the Tabor series, a fine, montmorillonitic, 
thermic Udertic Paleustalf. The soils of brush-dominated com- 
munity are characterized by 20 cm of acid fine sandy loam over a 
layer of acidic red clay. The grass community soils have been so 
severely eroded that the acid fine sandy loam surface horizon has 
been removed, leaving the heavy “claypan” exposed. Domestic 
grazing animals have been excluded from the site for at least 20 
years. 

Scheduled burns for this project were initiated on 12 December 
1980,8 March 198 1,22 December 198 I, and 1 March 1982. Hereaf- 
ter, the December burns initiated after the growing season will be 
referred to as early winter burns and the March burns initiated just 
prior to spring green up as spring burns. The I980 early winter burn 
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was conducted under broken to scattered clouds and an air 
temperature of about 18’C. Relative humidity varied from 49% at 
1200 hours to 53% at 1700 hours, and the wind was from the south 
at 12 to 14 km/h. Similar conditions occurred during the spring 
burn with scattered clouds, 17OC, and wind from the north- 
northwest at 5 to 14 km/h. Relative humidity was 60% at 1200 
hours but was 52% by 1700 hours. The early winter 198 1 burn was 
initiated under clear to partly cloudy skies with an air temperature 
of 27*C at 1300 hours dropping to 20°C by 1700 hours. Wind was 
blowing from the north-northwest at 22 km/h and gusty. The 
relative humidity was 57% at 1200 hours and 20% by 1700 hours. 
The spring burn was conducted under clear skies, 22OC, a relative 
humidity of about 32%, and wind from the north at 0 to 11 km/h. 

Methods 
Twelve permanent runoff plots 1.8 m X 22.1 m (0.004 ha) were 

established within each community. The 24 plots were arranged in 
a split-plot design. Plots within communities were divided into 4 
groups of 3 based upon similarity of soils, topography, and vegeta- 
tion. The plots within these 4 groups were then randomly assigned 
1 of 3 treatments: unburned, early winter burned or spring burned. 
Burning treatments for each season were applied to 4 grass plots 
and 4 brush plots. 

Each 0.004-ha runoff plot was delineated by placing fiberglass 
strips along its top boundary and 2 long sides. The lower end was 
fitted with a fiberglass trough to catch and funnel runoff through a 
splitting device into a 120-liter plastic container. Splitters were 
calibrated using a known quantity of water at a uniform flow rate 
and were kept in a horizontal position with a bubble level. Plot 
slope ranged from 3.0 to 6.2%. 

Runoff was measured after each rainfall event and collected 
water was agitated with a 12-volt pump to thoroughly mix sedi- 
ment and debris. Water subsamples were collected in a l-liter 
plastic bottle for sediment determination. The sediment from each 
subsample was filtered through a #l Whatman filter, dried at 
105’C for 24 hrs, weighed, and converted to sediment loss in 
kg/ha. The barrels were pumped dry after each collection and 
made ready for the next runoff event. 

Placement of rain gages allowed for complete coverage of the 
2 study sites. Centrally located between each plant community was 
1 standard 26-cm rain gage and 1 standard recording rain gage. At 
opposing ends of each community a 26-cm, standard rain gage was 
installed. This arrangement allowed for a measurement of total 
rainfall and a record of the storm intensity and duration. 

Rainfall events were grouped into wet or dry seasons. The wet 
season began on November 1 and ended on May 3 1. The dry season 
began on June 1 and ended on October 31. Storms were grouped 
into 9 categories by total amount of precipitation and the S-day 
antecedent moisture level (Soil Conservation Service 1964). Because 
of the high evapotranspiration demand during the summer, greater 
precipitation and 5day antecedent moisture values were used for 
the dry season than for the wet season. The levels were consoli- 
dated further into 6 moisture condition classes because of missing 
values attributed to the sporadic nature of the natural runoff 
(Table 1). 

Herbaceous vegetation was sampled using a 20-point frame 
(Mueller-Dombois and Ellenberg 1974). One hundred foliar hits 
and 100 basal hits were taken from each plot on 31 January, 21 
April, 18 August, and 19 December 198 1; 16 March and 5 August 
1982. The points were taken from 5 permanent stations, placed 
equidistant along the length of the plot. Plants encountered were 
divided into 3 categories: live forbs, or grass, or standing dead 
material. 

Canopy cover of woody vegetation on the brush community was 
estimated in August 198 1 and 1982 using a modification of the line 
intercept method (Mueller-Dombois and Ellenberg 1974). Eleven 
1.8-m lines were placed across each plot. Lines were equidistant 
from each other and from the ends of the plot. Cover values were 

Table 1. Six moisture condition classes for the wet (1 Nov. through 31 
May) and dry (1 June through 31 Oct.) seasons antecedent moisture and 
total precipitation used in analysis of storm-flow from runoff plots, Post 
Oak Savannah, Texas. 

Moisture 
condition 

class Season 

Moisture (cm) 
5day 

antecedent 
Precipitation moisture 

wet 
dry 
wet 
dry 
wet 
dry 
wet 
dry 
wet 
dry 
wet 
dry 

<I.25 
C3.75 
<I.25 
<3.75 

1.25 - 3.75 
3.15 - 6.25 
1.25 - 3.15 
3.15 - 6.25 

>3.75 
X.25 
>3.75 
X.25 

<1.25 
a.50 
>1.25 
>3.50 
<1.25 
<3.50 
>1.25 
>3.50 
<1.25 
<3.50 
>I.25 
>3.50 

taken for live and dead material for all species. 
Grasses, forbs, and standing dead vegetation were clipped and 

mulch was collected from 4 0.25-m plots randomly located adja- 
cent to each runoff plot prior to burning. Samples were dried at 
60” C and weighed to determine kg/ ha of mulch and total standing 
crop. 

Data were analyzed using the Statistical Analysis System (SAS) 
programs (Helwig 1978, Helwig and Council 1979). Skewness and 
kurtosis tests were applied to runoff and sediment data to assess 
closeness to a normal distribution (Snedecor and Cochran 1971). 
Sediment values were highly skewed requiring Log10 transforma- 
tion of the data set. Analysis of variance procedures were used in 
testing for differences between burned and unburned plots, and 
means were separated using Duncan’s new multiple range test 
(p_v). 10) (Steele and Torrie 1980). 

Results and Discussion 

Burning Treatments 
Effectiveness of the burning treatments was greatly influenced 

by moisture availability in 1980 and 1981. Droughty conditions 
prevailed in 1980. Only 72.7 cm of rainfall was recorded for the 
study area, which was 25.3 cm below normal. The fine fuel loads 
measured for the December 1980 burn for the brush and grass plots 
were 3,079 kg/ ha and 1,524 kg/ ha, respectively. Samples of fuel 
collected included all material above mineral soil; a considerable 
portion was mulch. This had the tendency to inflate the combusti- 
ble fine fuel load estimation. Burns conducted in 1980/ 1981 espe- 
cially on the grass plots had to be spot fired because of the inability 
of the sparse fuel to carry the fire. The brush plots burned some- 
what better but, in general, the burns were patchy and incomplete. 

The study site received 122 cm of rainfall during 198 1. Fine fuel 
was not measured for the December 1981 burn; however, for the 
spring burn in March 1982 estimated fine fuel load for the brush 
and grass dominated communities were 3265 kg/ha and 2412 
kg/ ha, respectively. Fine fuel load on the brush dominated com- 
munity differed little from 1980/ 1981 estimates, but the fine fuel on 
the grass dominated community had increased markedly. 

Vegetation 
Foliar cover of live forbs or grasses on the grass dominated 

community was similar among treatments (Table 2). Cover of 
standing dead herbaceous material was lowest on early winter 
burned plots, intermediate on spring burned plots and greatest on 
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Table 2. Mean basal and mean foiiar cover (%) of herbaceous and woody 
vegetation (<30 cm) after implementation of prescribed burning treat- 
ments on brush-and grass-dominated communities in the Post Oak 
Savannah, Texas. Means are of six samples dates: 31 Jan. 1981 through 5 
Aug. 1982. 

Community 
and treatment 

Grass 
Fall 
Spring 
Unburned 

Brush 
Fall 
Spring 
Unburned 

Bare ground 

50.5al 
44.3a 
26.3b 

Basal cover 

Mulch Forb 

42.5b 3.0a 
47.0b 3.7a 
69.ia 1.8a 

Grass 

1.5b 
3.6a 
i.3b 

41.2a 
40.5a 
17.4b 

Forb 

53.7b i.7a i.3b 
53.8b l.la 3.5a 
78.7a 0.6a 1.4b 

Foliar cover 

Standing Total 
Grass dead Brush cover 

Grass 
Fall 
Spring 
Unburned 

Brush 
Fall 
Spring 
Unburned 

20.8al 16.8a 
17.la 16.5a 
14.la 13.6a 

lO.Oa 18.la 
5.2ab 20.3a 
2.4b 14.8a 

15.2~ 2 
38.4b - 
59.0a - 

13.9b 7.0a 
32.3a 4.3a 
49.7a 7.4a 

52.8~ 
72.0b 
86.7a 

49.ib 
62.iab 
74.6a 

‘Treatment means followed by the same letter within columns and communities are 
not signifkantly different (EO. IO) according to Duncan’s new multile range test. 
2No brush cover. 

unburned plots. Total foliar cover was lowest on early winter 
burned plots and greatest on unburned plots; however, the total 
cover differences were due to standing dead materials. 

Amount of bare ground exposed on early winter burned plots 
was similar to that on spring burned plots and both were greater 
than unburned plots on the grass-dominated community (Table 2). 
Mulch cover was greater on unburned plots than on early winter or 
spring burned plots. Forb basal cover was low and similar on all 
treatments but grass basal cover was greater on spring burned plots 
than on early winter or unburned plots. There was, during the 
study, on the grass-dominated community, a general increase in 
grass basal cover on the spring burned plots. 

Foliar cover of vegetation on the brush-dominated community 
included woody plant cover 30 cm or less above the ground. Forb 
foliar cover was greater on early winter burned plots than on 
unburned plots (Table 2). However, forb cover on spring burned 
plots on the brush-dominated community was similar to early 
winter burned and unburned plots. Grass foliar cover was similar 
among treatments. Cover of standing dead material on spring 

burned plots was similar to that on unburned plots and greater 
than that on early winter burned plots. 

Total foliar cover differences among treatments were not as 
apparent on the brush-dominated community as on the grass 
dominated community. Total foliar cover was less on early winter 
burned brush dominated plots than on unburned plots but both 
were similar to the spring burned plots. The foliar cover of woody 
vegetation was low and similar among treatments. 

Percent bare ground was less and mulch cover greater on 
unburned plots than on burned brush-dominated plots (Table 2). 
Basal cover of forbs was similar among the various treatments. 
Grass basal cover on plots burned in the spring was greater than on 
unburned or early winter burned plots. These results were similar 
to those on spring burned plots in the grass-dominated commun- 
ity. 

In general there was more bare ground on the grass-dominated 
community regardless of treatment. However, the percentage of 
mulch cover was generally greater on the brush-dominated com- 
munity than the grass-dominated community. Grass basal cover of 
both communities was extremely low and similar. Forb basal cover 
was also extremely low in both communities; however, it tended to 
be slightly greater in the grass-dominated community than in the 
brush-dominated community. 

Runoff 
Mean runoff tended to be greater during the dry season than 

during the wet season (Table 3). This is probably in response to 
seasonal differences in storm intensity. Although soil moisture 
during the wet season is normally greater than during the dry 
season, storm intensity is lower, allowing for greater infiltration. 
Dry season storms are normally more intense and often the rainfall 
rate exceeds soils infiltration capacity. 

Wet season runoff from unburned plots was greater than from 
spring burned plots but similar to early winter burned plots in the 
brush-dominated community. However, in the grassdominated 
community runoff was greater from unburned plots than from 
either early winter or spring burned plots. 

Runoff differences among treatments within moisture condition 
class increased as storm magnitude increased. Runoff from brush- 
dominated plots during the wet season was similar for all treat- 
ments and moisture condition classes except in moisture condition 
class “four,” where runoff was greater from unburned plots than 
from either the spring or early winter burned plots. Wet season 
runoff from spring burned grass plots was greater than from 
unburned or early winter burned plots for moisture condition class 
“one”. Runoff from other moisture condition classes, however, 
was not significantly different among treatments. Although runoff 
during the wet season from brush- or grass-dominated communi- 
ties was similar, there did appear to be a trend toward greater 
runoff from the unburned than from the burned plots. 

Table 3. Mean of plots by wet (1 Nov. through 31 May) and dry (1 June through 31 Oct.) seasons for 18 month study period for runoff (mm), sediment 
concentration (g/l), and sediment export (kg/ha) after implementation of prescribed burning treatments on brush or grass dominated communities by 
season in the Post Oak Savannah, Texas. 

Runoff Wet 
Dry 

Fall 

1.29al 
2.26a 

Brush 

Spring 

1.34b 
1.95a 

Treatment 

Grass 

Unburned Fall Spring Unburned 

i.77a 0.90a 1.08b 2.78a 
3.15a i.22a 1.74a i.68a 

Sediment Cont. Wet 
Dry 

0.14a 
0.22a 

0.07b 
O.lOb 

0.09a 
0.15ab 

0.09a 
O.iOa 

0.07b 
0.07b 

O.lOa 
O.i2a 

Sediment Export Wet 5.iOa 2.43a 5.86a 5.22a 3.55a 5.46a 
Dry 13.86a 6.43a 11.2Oa 3.80a 3.45a 7.86a 

‘Treatment means within communities and season followed by the same letter are not significantly different (P% 10) according to D&an’s new multiple range test. 
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Fig. 1. Cumulative sediment loss, runoff and monthly precipitation after 
implementation of prescribed burning treatment on brush- and grass- 
dominated communities in the Post Oak Savannah, Texas. 

Differences among treatments or within moisture condition 
classes were not apparent during the dry season. Runoff from 
grass-dominated plots was similar, regardless of treatment or 
moisture condition class. The greater amounts of runoff from 
unburned plots, which occurred during the wet season, was not 
apparent during the dry season. 

Cumulative runoff after 15 months ranged from 15.1 cm to 29.2 
cm and occurred mostly during the months of March, June, Sep- 
tember, and November (Fig. 1); however, there were no significant 
differences between treatments or community (m.05). There was 
a nonsignificant trend for runoff to be greater from the grass- 
dominated community than from the brush-dominated commun- 
ity, and from unburned plots than from burned plots. 

Sediment 
Wet season mean sediment concentrations were similar to con- 

centrations during the dry season for both communities (Table 3). 
Sediment concentrations from the grass-dominated community 
were less from spring burned plots than from early winter burned 
or unburned plots for the wet and dry season. However, in the 
brush-dominated community sediment concentrations from the 
spring burned plots were less than from early winter burned plots 
but similar to unburned plots for both wet and dry seasons. 

Sediment concentrations varied little within moisture condition 
class. However, there appears to be an inverse relationship between 
sediment concentration and moisture condition class. As the mois- 
ture condition class increased, sediment concentration decreased. 
This was due to greater stormflow occurring at the higher moisture 
condition classes, causing a dilution in sediment concentration but 
did not reduce total sediment export. DeHaven et al. (1981) 
reported similar results from small watersheds in East Texas. 

Mean sediment export from the various treatments was similar. 
Season did appear to affect the amount of soil lost from the plots. 
Sediment export during the dry season was greater than during the 
wet season. This suggests that soil stability was affected by its 
moisture content and the higher intensity storms that occurred 
during the dry season. The stability of the soil particles seemed to 
be improved when wet, decreasing the erosive effect of raindrop 
impact and overland flow. Dry soils, which tended to crumble and 
crack, were less able to resist breakdown by raindrop impact and 
surface runoff. 

Although cumulative sediment loss during the 15-month study 
was almost twice as great from early winter burned brush plots 
than from spring burned grass plots, there was no significant 
difference (KO.05) in cumulative sediment loss between commun- 
ities or treatments (Fig. 1). There was, however, a nonsignificant 
trend for greater soil loss to occur from unburned or from brush- 
dominated plots than from burned or grass-dominated plots. 
Nevertheless, more soil was lost from theearly winter burned brush 
plots (380 kg/ha/ 15 mo) than from the other treatments (Fig. 1). 
This soil loss was extremely low and well below Soil Conservation 
Service (1978) tolerable loss for the Tabor Soil Series (11.3 metric 
tons/ ha/ yr). 

Runoff, erosion, or vegetation were not adversely impacted by 
burning; in fact, burning tended to increase live vegetation cover, 
and decrease runoff and erosion. This study supports previous data 
(Moehring et al. 1966, Stone 1973, Pritchett 1977, Knight et al. 
1983) that suggest properly prescribed burning can be an effective 
and efficient means of improving, modifying, or manipulating 
rangeland. 
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Technical Notes 

A Floating Quadrat 
G.W. TANNER AND M.E. DRUMMCIND 

Abstract 

In Florida and throughout much of the Southeastern coastal 
plain, freshwater marshes provide an excellent source of cattle 
forage. In many of the riverine, or flow through, and pond-type 
marshes, water levels fluctuate seasonally due to such factors as 
periodic drought or heavy rainfall and manipulation of stage levels 
for flood control and lake drawdowns. Availability of usable for- 
age, therefore, varies with water depth. 

Cattle wade into marshes to graze emergent vegetation. To 
meawre grazing capacity of a marsh, the emergent biomass must 
be sampled. Quadrat frames typically used in clipping procedures 
are metal and have a tendency to sink when used in aquatic 
ewironments. Wooden frames will float, but become waterlogged, 
heavy and subject to rapid deterioration. Therefore, we made a 1 
mz quadrat of standard 12.7 mm (0.5 inch) PVC pipe (Fig. I). 

The quadrat consisted of four pieces of pipe c”t t” the desired 
length and four90’ elbows. This quadrat isquicklyassembled and 
dismantled in the field. However, it is advised t” permanently 
cement the 90” elbows a” alternate corners to avoid their loss. The 
quadrat can be subdivided into subquadrats by attaching wire ora 
thin, elastic shock cord through holes drilled at desired intervals in 
the pipe. Although the frame will continue to float when full of 
water, any water entering the frame can be easily discarded by 
separating a corner and tilting the frame. The quadrat frame is 
easily worked through the vegetation to the water surface. If the 
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emergent vegetation is sparse, two metal rods can be inserted into 
the substrate on diagonal corners to keep the frame stationary 
while clipping. 

According to 1984 prices, thin-walled PVC pipe costs approxi- 
mately50.38/m, while Schedule40pipecosts 50.59/m;90° elbows 
cost $0.32 each. At these prices a 1 rn2 square frame would cost 
52.80 for thin-walled PVC or 53.64 for the more sturdy pipe. 

Since the quadrat is easily dismantled, it becomes a portable, 
liveweight and rugged frame for field use. We believe this frame 
design also could be used for terrestrial plant sampling. The rigid 
90” elbows will force and maintain the frame into a square configu- 
ration without additional adjustment. In-line couplings can be 
used to expand the quadrat size up to a 5m X 5m quadrat without 
excessive addition of weight or bulk-a necessary requirement for 
field application. 
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Book Reviews 
Fire in Forestry. Volume I: Forest Fire Behavior and 

Effects. By Craig Chandler, Phillip Cheney, Philip Tho- 
mas, Louis Trabaud, and Dave Williams. 1983. John Wiley 
& Sons, Inc. 605 Third Avenue, New York, N.Y. 10158. 
450 p. $49.95. 
This book is one of the Wiley-Interscience Series and written by 

an international group of authors who have been involved in fire 
management for many years. The wide range of experiences of the 
authors gives the book a world-wide scope that is not achieved by 
other texts on the subject. The book is divided in 11 chapters with 
numerous subdivisions for easy reference. The first 6 chapters 
primarily deal with aspects of fire behavior. This includes chapters 
on fire chemistry and physics, fuels, fire weather, fire behavior, and 
fire behavior prediction. These chapters represent the most up-to- 
date and comprehensive work on fire behavior available today and 
are, possibly, the most interesting and useful portions of this book. 
The chapters are well written and cover the material in an organ- 
ized manner. The amount of detail presented varies considerably 
from subject to subject, however, and this detracts from the flow of 
the material. The last portion of the book covers aspects of fire 
effects. Chapters include effects on soil water and air, wildlife, and 
vegetation. The chapter on soil water and air is a good review of the 
effects of fire on components of these subjects. The chapters on 
wildlife and vegetation effects are primarily broad overviews of the 
subject. They give the reader an idea of the wide variety of 
responses possible but do not summarize information or develop 
conclusions from the literature. The detail given is not sufficient to 
allow the reader to predict the effects of fire on any wildlife species 
or vegetation type to any degree. Chapter 10 is entitled Fire as a 
Natural Process in Forests. It is an overview of the role of fire in 
some of the major biomes of the world but is not limited to forest 
vegetation as the title would indicate. Vegetation reviewed includes 
boreal forests, temperate forests, vegetation of Mediterranean cli- 
mates, grasslands, savannas, woodlands and desert regions. Cov- 
erage is world-wide except for parts of Oceania and Central and 
Southern Asia where data are unavailable. The reader receives a 
global perspective on the similarities of fire in these vegetation 
types. Chapter 11 is a list of conversion factors between metric and 
English units for the various measurements used in fire manage- 
ment. A glossary of terms is also provided at the end of the book. 

The book is well written and easily understood. It would make a 
good introductory text for classes or individuals interested in 
general fire behavior. A good summary on topics such as ignition, 
combustions, thermal conductivity, fire intensity and fire behavior 
are covered. The omission of formation on the Rothermel rate of 
spread model, however, is a serious oversight for fire management 
people in the U.S. The book is not well suited to a course or an 
individual primarily interested in the ecological aspects of fire. 
While the fire effects portion of the book does cover the subject on 
a wide scope, the depth of coverage is not adequate for a classes on 
the subject. It is relatively free of technical errors but many of the 
figures and tables are either poorly labeled or poorly reproduced SO 
as to make them difficult to understand.-Stephen C. Bunting, 
Moscow, Idaho. 

Fire in Forestry. Volume II: Forest Fire Management and 
Organization. By Craig Chandler, Phillip Cheney, Philip 
Thomas, Louis Trabaud and Dave Williams. 1983. John 
Wiley & Sons, Inc. 605 Third Avenue, New York, N.Y. 
10158. 298 p. $42.50. 
This book is the second in a series on fire published by Wiley- 

Interscience. It is authored by an international group of people 
who have been involved in fire management for many years. They 
have reviewed and summarized the literature well on forest fire 
management and suppression. This book fills the need for an 
updated text on this subject with a world-wide perspective. The 
first 2 chapters, fire management policy and economics of fire 
management, discuss the development of fire management pro- 
grams. Included are sections on policy formulation and cost versus 
benefit assessment. Chapter 3, Fire Prevention and Chapter 4, 
Presuppression Activities, discuss the various programs and 
actions that a fire organization initiates prior to the occurrence of a 
fire. Included are sections on public education, fire documenta- 
tion, training, detection and hazard reduction. Chapter 5 reviews 
the equipment currently available for fire suppression. This review 
includes all equipment from hand tools to aircraft and fire retard- 
ant chemicals. Chapter 6, Forest Fire Suppression, Chapter 7, 
Large Fire Organization, and Chapter 8, Fire at the Urban-Forest 
Interface, outline the tactics used in fire suppression, air opera- 
tions, use of equipment and some information on structural fires. 
Chapter 8 is a discussion of the organization of fire personnel, 
including the recently developed incident command system. Chap- 
ter 9, Managing Fire Use, is a brief overview of prescribed burning 
and includes writing fire prescriptions and conducting burns. As 
with some other chapters, the detail is not sufficient for individuals 
concerned specifically with this topic. Chapter 10 reviews fireline 
safety equipment and fireline hazards. Chapter 11 is a list of 
conversion factors between metric and English units for the var- 
ious measurements used in fire suppression. A glossary of terms is 
also provided at the end of the book. 

This book successfully summarizes the state-of-the-art in fire 
suppression. It is well written and documented. I would recom- 
mend it as a text for classes or individuals interested in an introduc- 
tion to the basics of fire management and fire control. However, it 
would not be suitable for more advanced courses. The tables and 
figures are more clearly presented than those of the first volume. 
The detail at which material is presented and the writing style are 
also more consistent than in the other volume.-Stephen C. Bunt- 
ing, Moscow, Idaho. 
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The Tenth William T. Pecora Memorial Remote Sensing Symposium 
August 20, 2 1, 22, 1985. Student Center, Colorado State University, 

Fort Collins, Colorado 

REMOTE SENSING IN FOREST AND RANGE 
RESOURCEMANAGEMENT 

The Pecora Symposium will focus on research and development in remote sensing of forest and 
rangeland resources and related fields. The meeting will cover basic research as well as operational 
uses of sensor technology. Topics will include: 

@INTEGRATED RESOURCE INVENTORY *MAPPING AND MONITORING WILDLIFE 
*GEOGRAPHIC INFORMATION SYSTEMS HABITAT 

APPLICATIONS *GLOBAL RESOURCE ASSESSMENT 
*LAND USE AND LAND COVER MAPPING .NEW AND EMERGING TECHNOLOGY- 
aCHANGE DETECTION AND MONITORING DATA AQUISITION 
*VEGETATION DAMAGE ASSESSMENT *NEW AND EMERGING TECHNOLOGY- 
@MAPPING SOIL AND WATER RESOURCES DATA PROCESSING 
@FIRE FUELS MAPPING 

Technology and scientific developments will determine how effectively remote sensing will be 
used in forest and range resource management. The symposium goal is to bring together 
managers, technologists, and scientists from private, government, and university sectors to 
display, present, and discuss the most recent research and application developments. 

SPONSORED BY IN COOPERAnON WITH 
Society of American Foresters United States Geological Survey 
Society for Range Management National Aeronautics and Space Administration 
American Society of Photogrammetry National Oceanic and Atmospheric Administration 

Symposium Chairpersons: 
William M. Ciesla Richard S. Driscoll 
USDA Forest Service 22 17 Sheffield Drive 
3825 East Mulberry Fort Collins, CO 80526 
Fort Collins, CO 80524 303-484-4470 
303-224- 1788 

Program Chairperson: 
Dr. Robert Haas 
USGS: EROS Data Center 
Sioux Falls, SD 57 198 
605-594-6 1 14 

Poster Session Chairperson: 
Richard J. Myhre 
USDA Forest Service 
3825 East Mulberry 
Fort Collins, CO 80524 
303-224- 1778 

Logistics Chairperson: 
Raymond A. Byrnes 
USGS EROS Data Center 
Sioux Falls, SD 57 198 
605-594-2283 

For further information, contact: Pecora 10 
Offke of Conference Services 
Rockwell Residential Conference Center 
Colorado State Uniwersty 
Fort Collins, CO 80523 
Attention: Craig Sommer 
(303) 491-8222 
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