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Renovation of Sparse Stands of Crested 
Wheatgrass 

RICHARD E. ECKERT, JR. 

Abstract 

Atrazine at 0.56 kg/ha and simazine at 1.12 kg/ha were 
evaluated for renovating sparse stands (0.9 to 1.5 m between 
plants) of resident crested wheatgrass. The study was repeated for 
3 years for both weed control and seeding of crested wheatgrass. 
Both herbicides reduced yield and reproductive potential of downy 
brome and tumble mustard in the fallow year. Neither herbicide 
significantly damaged the vegetative or reproductive parts of 
resident crested wheatgrass plants. Atrazine residues in the soil in 
the fall of the fallow year and spring of the seeding year were below 
the toxic level for crested wheatgrass seedling. Simazine residues 
were above the toxic level. Both herbicides increased seed pro- 
duction of resident crested wheatgrass plants and neither ad- 
versely affected seed test weight and germination, or root and 
shoot growth of seedlings from seed of these plants. Weed 
competition during the seedling year was reduced by herbicide 
treatment. Density of crested wheatgrass seedlings and established 
plants was greatest on treated plots in 2 of 3 years. Based on low 
triazine residues and increased crude protein, resident crested 
wheatgrass on treated areas would be excellent forage during the 
fallow year. High levels of Nq?- N, Puns-aconitate, and K, but low 
Mg suggest that grass tetany could be a problem if lush herbage on 
treated areas was grazed during the spring period. 

Many hectares of depleted rangeland have been improved by 
mechanical or chemical control of weeds and seeding of 
perennial grasses. Seeding failures are usually dominated by 
annual grasses and forbs. Such stands can be seeded to perennial 
grasses by the atrazine-fallow technique (Eckert and Evans 
1967; Eckert et al. 1974) or by the paraquat direct-seed method 
(Evans et al. 1967). Partial stands of perennial grasses with 
annuals in the interspaces also need improvement to maximize 
site productivity. Where perennial grasses are of sufficient 
density to dominate the site, control of annuals increased the 
vigor, competitive ability, and productivity of the perennials 
(Morrow et al. 1977). When the perennial grass stand is sparse 
and the site is dominated by annual species, the density of 
perennial grasses must be increased. Natural revegetation is 
very slow because annuals can fully occupy a site and form a 
closed community (Robertson and Pearse 1945). Some weed 
control, therefore, is necessary to reduce competition for 
successful revegetation (Stewart and Hull 1949). Also, main- 
tenance of the resident perennial stand is desirable as a forage 
source during the treatment period or as a seed source for 
revegetation. 

The author is range scientist, U.S. Dep. Agr., Sci. and Educ. Admin., Agricultural 
Research. Renewable Resources Center, University of Nevada, Reno. 920 Valley Road, 
Reno. NV 895 12. 

The work represents a cooperative investigation of the U.S. Dep. Agr.. Sci. Educ. 
Admin.. Agr. Res.. and the Agr. Exp. Sta., Univ. of Nevada, Reno. Journal Series No. 
399. 

Manuscript received August 2 I, 1978. 
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Objectives of this study were to: (1) evaluate two triazine 
herbicides and the rate needed for maximum reduction in yield 
of weeds with minimum residual soil activity and damage to 
resident perennials; (2) determine the effects of these herbicides 
on seed quantity and quality and herbage quality of resident 
perennials; and (3) measure the effects of herbicide treatments 
on density of seedlings and established plants of crested 
wheatgrass in seeding trials. 

Methods 

The study was conducted at six locations in northern Nevada. Site 
characteristics were presented in previous publications (Eckert and 
Evans 1967; Evans et al. 1970). Atrazine [2-chloro-4-(ethylamino)- 
6-(isopropylamino)-s-triazine] and simazine [2-chloro-4, 6-bis (ethy- 
lamino)-s-triazine] were applied in a herbicide screening trial in the 
fall, 1970. Rates of 0.28, 0.56, and 1.12 kg/ha of these herbicides, 
and a combination of each at 0.56 kg/ha, were evaluated. On the basis 
of reduction in weed yield and minimal damage to crested wheatgrass, 
the 0.56 kg/ha atrazine and the I. 12 kg/ha simazine treatments were 
selected for further study and these treatments were repeated on new 
plots in 197 1 and 1972. These treatments were made on sparse stands 
(0.9 to I .5 m between plants) of crested wheatgrass (Agropyron 
desertorum) with downy brome (Bromus tectorum) and tumble 
mustard (Sisymbrium altissimum) in the interspaces. Herbicides .were 
applied in 93.5 L/ha water with a backpack sprayer to 3.6 by 19.5-m 
plots in October. Treatments were replicated three times in a ran- 
domized block design. Stands treated had not been grazed for at least 5 
years. 

Treatments were evaluated by six parameters in each of 3 fallow 
years after one herbicide application: triazine residues in the soil in the 
spring and fall, triazine residues on crested wheatgrass herbage, weed 
yield, herbicide damage to crested wheatgrass, quantity and quality of 
crested wheatgrass seed, and reproductive potential of weed species. 
Soil samples were collected at depths of 0 to 2.5,2.5 to 5,5 to 7.5,7.5 
to 15, and 15 to 30 cm in the spring and from 0 to 10 cm at 2.5 cm 
increments, in the fall for triazine analysis as described by Mattson et 
al. (1970). Yield of mature downy brome and tumble mustard was 
determined by clipping three 0.4-m2 samples per replication. Herbi- 
cide damage to the vegetative (chlorosis and stunting) and repro- 
ductive (reduced number of reproductive culms) parts of crested 
wheatgrass was visually estimated on a 0 to 5 scale in June and August, 
respectively. The number of reproductive culms and total seed 
produced were determined on five crested wheatgrass plants per 
treatment with similar basal areas on three sites. Test weight (gm/lOO 
seeds), germination percentage, and root and shoot growth of seedling 
after 14 days were used to assess seed quality. The reproductive 
potential of annual species was estimated at the end of the fallow year 
(Young et al. 1969). This estimate was made from lo,64 cm2 samples 
of the surface 2.5 cm of soil per treatment. These samples were placed 
in the greenhouse, watered, and the number of germinating seedlings 
of downy brome and tumble mustard was counted. 
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At the end of the fallow year, Nordan crested wheatgrass was 
broadcast seeded at the rate of 13.4 kg/ha on three, 0.4 m2 subplots in 
each treatment. The soil surface was disturbed with a hoe, the seed 
scattered, and the soil again stirred to cover the seed. Depressions 
about 5 cm deep were made in the surface to simulate microrelief that 
might be created by an anchor chain or a rangeland drill. 

In April of the seedling year, soil samples were collected from the 
surface 10 cm, at 2.5 cm increments, for triazine residue analysis. The 
density of crested wheatgrass seedlings and symptoms of herbicide 
injury (leaf chlorosis and death) were determined on seeded plots early 
in the spring and again in June when annual species were mature. 
Yield of annuals was obtained at this time on three, 0.4 m2 subplots 
adjacent to the seedling-count plots on areas with weed growth similar 
to that on the seedling plots. Density of established crested wheatgrass 
plants was determined I year after seedling counts. 

Various forage quality characteristics of crested wheatgrass were 
also evaluated. Not all analyses, however, were made in all years. 
Herbage was collected in July and analyzed for triazine residues 
(Geigy Chem. Corp. 1965). The incidence of grass tetany near one of 
the study sites prompted an evaluation of factors associated with this 
metabolic disorder of cattle (Grunes et al. 1967). At various times 
during spring growth in the fallow year of 197 1, herbage was collected 
and analyzed for total nitrogen: NO,,-N by the nitrate electrode method 
(Paul and Carlson 1968); truns-aconitic acid (Burau 1969); and the 
cations K and Mg by flame photometry and atomic adsorption 
spectroscopy, respectively. 

Results and Discussion 

Fallow Year 
Precipitation from time of herbicide application in the fall 

until April of the fallow year ranged from 15 to 22 cm over the 
3-year period. Atrazine and simazine residue levels in the soil 
were similar among years and among sandy loam, loam, and silt 
loam soil textures. Most of the triazine residues from both 
treatments were in the surface 2.5 cm soil sample and were 
usually higher on the simazine treatment than on the atrazine 
treatment (Table 1). Very little residue of either herbicide was 
detected deeper than 7.5 cm and no residue was detected below 
15 cm. All residue levels of atrazine (0.17 to 0.36 ppm) and of 
simazine (0.77 to 1.22 ppm) in the soil significantly reduced 
downy brome yield in all years compared with the control 
(Table 1). Although simazine more effectively reduced downy 
brome yield, differences between herbicides were not signifi- 
cant. Percent reduction in downy brome yield was greater in 

1970-71 (92%) and 1972-73 (94%), the wetter years, than in 
197 l-72 (82%). Yield of tumble mustard was small and variable 
in all years. 

Herbicide treatments also significantly reduced the repro- 
ductive potential of downy brome in each year (Table 1). 
Averaged over years, reduction in number of caryopses (seeds) 
was from 29,600/m2 without treatment to 5,800/m2 with 
herbicide treatment. The result was fewer weed seeds in treated 
plots to germinate the following year, thus fewer plants to 
compete with crested wheatgrass seedlings. The reduction in 
reproductive potential was greater in the wetter years, 1970-7 1 
(84%) and 1972-73. (86%), than in 197 l-72 (70%). Young et al. 
(1969) pointed out that, in years of favorable precipitation, 
more downy brome seeds germinate and can be controlled by 
soil-active herbicides than in unfavorable years. Conversely, 
fewer seeds germinate in unfavorable years, are not controlled 
by herbicides, and remain viable in the soil. 

A significant reduction in the reproductive potential of 
tumble mustard was obtained in 197 1 and 1972 on the herbicide 
treatments. The number of tumble mustard seeds in 1971 was 
reduced from 5,500/m2 on the control to 2,600/m2 on treated 
plots. The reduction in 1972 was from 2,900/m2 on the control 
to 1 ,600/m2 after treatment. Both herbicides gave similar 
reductions in those years. These data, however, may not 
represent the true treatment effects since seeds produced on the 
plots could move off the plot and seeds produced around the 
study area could move into the plot as these plants tumbled 
across the soil surface. 

Herbicide damage to resident crested wheatgrass plants was 
variable. Some leaf chlorosis and reduction in number of 
reproductive culms were noted in all 3 years of study on plots 
treated with atrazine at 0.56 kg/ha. Simazine at 1.12 kg/ha 
caused minimal leaf chlorosis and no reproductive damage. 

Quantity and quality of crested wheatgrass seed collected at 
the end of the fallow year are shown in Table 2. Herbicide 
treatments did not increase the number of seedheads produced 
by individual grass plants in any year. However, the greatest 
number of seedheads occurred on sites with high productive 
potential. Herbicide treatments significantly increased seed 
yield per plant in all years. Based on a maximum of 1.5 m 
between crested wheatgrass plants, seed yield on herbicide- 
treated plots over 3 years ranged from about 9 to 26 kg/ha. 

Table 1. Triazine residue (ppm) in April, downy brome yield (kg/ha) in June, and downy brome seed (no./m*) in September of 3 fallow years after one 
application of 0.56 kg/ha atrazine or 1.12 kg/ha simazine in the fall of 1970, 1971, or 1972.’ 

Precipitation 

(cm) Triazine residue Downy brome 

Year and treatment (Oct. -June) O-2.5 2.5-5 5-7.5 Yield Seed 

1970 1970-71 1971 
Control 29 co.04 <0.04 co.04 881 aZ 29,000 a 
Atrazine 0.28 0.13 0.07 120b 4,400 b 
Simazine 1.22 0.37 0.18 27b 4,900 b 

1971 1971-72 1972 
Control 24 co.04 <0.04 co.04 522 a 28.000 a 
Atrazine 0.36 0.17 0. IO 131 b 7,900 b 
Simazine 0.92 0.43 0.08 72b 9,200 b 

1972 1973-73 1973 
Control 28 co.04 co.04 co.04 879 a 31,200a 
Atrazine 0.17 0.07 0.07 76b 4,300 b 
Simazine 0.77 0.32 0.22 24b 4,300 b 

’ Triazine residue data are the means of three locations. Other data are the means of six locations. 
’ Within-year treatment means for downy brome yield or downy brome seed followed by different letters are significantly different at the 0.05 probability level as determined by 
Duncan’s multiple range test. 
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Table 2. Effects of 0.56 kg/ha atrazine or 1.12 kg/ha simazine on seedheads (no./plant), a total seed weight (gm/plant), test weight (mg/lOO seeds), 
germination (%), and root and shoot length (cm) of seedlings from crested wheatgrass seed collected in summer of 3 fallow years’. 

Seedheads Seed weight Test weight Germination Root Shoot 
Treatment 1971 1972 1973 1971 1972 1973 1971 1972 1973 1971 1972 1973 1971 1972 1973 1971 1972 1973 

Control- 462 82 100 l.4b3 2.5b 3.0b 25 24 20b 86.4b 82.3 76.4 3.2 2.7 2.3 5.3 7.1 6.6b 
Atrazine 55 88 126 2.2a 4.3 a 8.7a 25 26 24a 90.9a 78.2 76.8 3.1 2.6 1.4 5.5 7.0 7.la 
Simazine 54 89 135 2.9a 5.0a 7.la 26 25 25a 90.3a 80.2 76.2 3. I 2.6 2.4 5.5 6.6 7.4a 

I Data are the means of three locations in each year. 
p Means without letters indicate no significant difference among treatments. 
:I Within-year treatment means for each characteristic followed by different letters are significantly different at the 0.05 level of probability as determined by Duncan‘s multiple range 

test. 

Responses to treatments were similar among locations in 197 1. 
In 1972 and 1973, seed yield on the check at different locations 
was similar, but seed yield on herbicide treated plots was greater 
on the high potential sites than on the low potential sites. 

Average test weight of crested wheatgrass seeds in 197 1 and 
1972 was not significantly different among treatments. In 1973, 
however, test weights of seed on both herbicide treatments were 
significantly greater than on the control. This response was due 
to a low test weight on the control not to a high test weight on 
treated plots. Test weights were similar among locations in all 
years. Germination of crested wheatgrass seed produced in 
197 1 on the atrazine and simazine treatments was significantly 
Oreater than on the control. In other years germination was b 
similar among treatments. Root length of 14-day-old seedlings 
was similar among treatments and locations in all years. Shoot 
length of 14-day-old seedlings from the 197 1 and 1972 seed 
crop was similar among treatments. Seedlings from 1973 seed, 
however, had significantly longer shoots on the atrazine and 
simazine treatments than on the control. Shoot length was 
similar among locations. In summary, the quantity and quality 
of crested wheatgrass seed were not always improved by 
herbicide treatments in all years at all locations. In no instance, 
however, was herbicide treatment detrimental. 

Triazine residues in the soil in the fall of the fallow year were 
lower after application of 0.56 kg/ha atrazine than following 
application of 1.12 kg/ha simazine. The highest residues, 
regardless of herbicide, were found in the 0 to 2.5 cm and 2.5 to 
5 cm soil depths. Atrazine residues for the 3 years ranged from 

<0.04 to 0.12 ppm at the 0 to 2.5 cm depth and from 0.04 to 
0.09 ppm at the 2.5 to 5 cm depth. In contrast, simazine residues 
were greater and ranged from 0.14 to 0.24 ppm at the 0 to 2.5 cm 
depth and from 0.11 to 0.16 ppm at the 2.5 to 5 cm depth. 
Residue levels at 5 to 10 cm depth did not exceed 0.06 and 0.08 
ppm from the atrazine and simazine treatments, respectively. 
Residue levels, particularly on the simazine treatment, ap- 
proached or exceeded 0.13 ppm, the approximate toxic level for 
crested wheatgrass seedlings, as suggested by Eckert et al. 
(1972). Therefore in areas with an environment conducive to 
fall germination of seeded grasses, triazine damage to seedlings 
may occur. Under those conditions, seeding treatments should 
be delayed until the weather is too cold for germination. Seeding 
could also be delayed until spring in areas where spring planting 
is successful. 

Seedling Year 
Average precipitation for the 3-year study from time of 

seeding in the fall until initial seedling counts in April ranged 
from 15 to 19 cm. From time of seeding until final seedling 
counts in June, precipitation ranged from 20 to 28 cm (Table 3). 
The wettest year at all sites was 1972-73. 

Triazine residues were found at all soil depths sampled (Table 
3). Atrazine residues were below the suggested toxic level for 
crested wheatgrass seedlings at all depths in all years. Simazine 
residues approached or exceeded the suggested toxic level for 
crested wheatgrass seedlings at the 0 to 7.5 cm depth in 1972, 
and the 0 to 5 cm depth in 1973, and at the 0 to 10 cm depth in 
1974. 

Table 3. Triazine residue (ppm) in April, yield of downy brome and tumble mustard (kg/ha) in June, and crested wheatgrass seedling density (no./m2) in 
April and June of the seedling year after one application of 0.56 kg/ha atrazine or 1.12 kg/ha simazine in the fall of 1970, 1971, or 1972. The density 
(no./m’) of established crested wheatgrass plants was determined 1 year after seedling counts.’ 

Year and treatment 

Precipitation 

(cm) 
(Oct. -June) O-2.5 

Weed yield Crested wheatgrass 
Triazine residue Downy Tumble Seedlings Established 

2.5-5 5-7.5 7.5-10 brome mustard April June plants 

1970 1971-72 1972 I973 
Control 8 co.04 co.04 co.04 <0.04 278 a2 20b 79b Ilb lb 
Atrazine 0.08 <0.04 0.06 co.04 9lb 122a 115a 48a 23 a 
Simazine 0.30 0.19 0.14 0.08 53b 84a 102 ab 20b 16a 

1971 1972-73 1973 1973 
Control 28 co.04 co.04 co.04 <o.cM 398 a 57b 13b 2b 0 
Atrazine 0.06 0.06 co.04 co.04 241 b 133a 24a 9a 0 
Simazine 0.16 0.1 I 0.09 0.05 180b 108a 27 a I1 a 0 

1972 1973-74 1974 1975 
Control 20 co.04 co.04 co.04 co.04 157a 21b 33b 2b lb 
Atrazine 0.05 co.04 co.04 co.04 144a 183a 88a 24a 8a 
Simazine 0.12 0.18 0.14 0.16 86b 184a 81a 19a 9a 

1 All data are _the means of six locations. 

2 Within-year treatment means for weed yield, seeding density, and established plants followed by different letters are significantly different at the 0.05 probability level as determined 
by Duncan’s multiple range test. 
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Downy brome yield was significantly less on herbicide- 
treated plots than on the control in 1972 and 1973. In 1974, yield 
on the control and atrazine treatment was similar and signifi- 
cantly greater than on the simazine treatment. The highest 
downy brome yield on herbicide plots occurred in 1973. This 
was probably due to more downy brome seeds in the soil at the 
end of 1972 fallow year on treated plots (Table 1) and high 
precipitation. Average yield of tumble mustard was signifi- 
cantly greater each year on treated plots than on the control 
(Table 3). Tumble mustard is not as competitive as is downy 
brome. It is suppressed by downy brome on untreated areas but 
develops rapidly when competition is reduced. 

The density of crested wheatgrass seedlings on seeded plots 
was significantly greater on the atrazine treated plots than on 
control plots in all years and on both sample dates (Table 3). The 
simazine treatment increased seedling density only in 1973 and 
1974, and in those 2 years both herbicide treatments gave 
similar results. 

Herbicide damage to crested wheatgrass seedlings was noted 
on both sample dates in all years. Damage from the simazine 
treatment was more severe than from the atrazine treatment. 
More damage was noted on sites with loam and silt loam A 
horizons than on sites with a sandy loam A horizon. Seedling 
mortality from the early to the late sample date was severe 
(80%) only in 1972 on the simazine-treated plots on the heavier 
textured soils. Density of crested wheatgrass at the end of the 
seedling year on both herbicide treatments was sufficient to give 
a fully stocked stand of perennial grass. 

Average precipitation from the end of the seedling year until 
the density of established crested wheatgrass plants was deter- 
mined is shown in Table 3 for 1972-73 and 1973-74. Precipita- 
tion for 1974-75 averaged 26 cm. No established plants oc- 
curred in 1974 (Table 3). This failure may be due to the high 
reproductive potential of downy brome at the end of the 1972 
fallow year and more competition from downy brome during the 
1973 seedling year. Very few seedlings established on untreated 
plots in 1973 and 1975. On herbicide-treated plots, more 
seedlings established on sandy loam soils than on silty soils. 
This response may be related to herbicide residue or to crusting 
of silty soils after disturbance to form a massive, vesicular A 
horizon that restricts seedling emergence (Eckert et al. 1977; 
Wood et al. 1977). The stand of established plants on plots 
treated with herbicides in 1973 was double to triple that in 1975. 

Herbage Quality 
Atrazine residues on crested wheatgrass herbage collected in 

July ranged from 0.04 to 0.29 ppm and simazine residues 
ranged from 0.04 to 1.09 ppm. These triazine levels are well 
below the 4 ppm tolerance level established for these herbicides 
for grazing animals (Federal Register 1976). 

Houston and Van der Sluijs (1973) and Kay ( 197 1) found that 
triazine herbicides increased the crude protein content of range 
grasses. In the present study, crude protein of crested wheat- 
grass was significantly increased from 12.0% on the control to 
16.2% with atrazine application and to 18.4% following si- 
mazine treatment. At most locations, the increase due to 
simazine was greater than the increase due to atrazine. The 
influence of both treatments carried through the growing 
season. For example, crude protein on six dates from 3/5 to 6/ 15 
ranged from 17.0 to 11.7% on the control and from 26.4 to 
18.6% on atrazine-treated plots. 

Triazine residues and crude protein in herbage indicated that 
crested wheatgrass on the atrazine and simazine treated plots 
would be safe, nutritious forage for grazing animals. Two 

antiquality factors, however, should be considered. The N03-N 
content of crested wheatgrass herbage from early March to late 
May at five locations ranged from 106 to 48 1 ppm and averaged 
220 ppm on the control compared with a range of 272 to 1,104 
ppm and an average of 872 ppm on atrazine-treated plots. At one 
location, 3,005 ppm N03-N occurred. Therefore, crested 
wheatgrass herbage from the atrazine treatment on all sites but 
one was below the toxicity level of about 2,000 ppm suggested 
by Bradley et al. (1940) and Tucker et al. (1961). Jensen et al. 
( 197 1), however, indicated that oat hay with from 697 to 1,385 
ppm NO:,-N should be fed with caution. Thus, herbage from all 
but one location on any of the sample dates would be in the 
potentially dangerous category. 

Atrazine treatment significantly increased the trans-aconitate 
content of herbage on the early (1.38%) and late (1.40%) May 
sample dates to above the 1 .O% level that is potentially toxic 
(Stout et al. 1967). The Mg content of herbage was above the 
minimum requirement for grazing cattle of 0.20 to 0.25% only 
at two of six locations. Even at those locations the Mg level fell 
below the minimum requirement for cattle by the middle of 
May. Low Mg was accompanied by an increase in K from 1.60 
to 1.9 1% due to treatment. Herbage from the atrazine treat- 
ment was low in Mg but high in K, N, and truns-aconitate. 
These characteristics suggest the possibility of grass tetany 
from treated forage. The incidence could be reduced by 
delaying grazing until crested wheatgrass approached maturity 
or by grazing livestock with a low Mg requirement, such as 
nonlactating animals. 

Application of Results 

Atrazine at 0.56 kg/ha would be the treatment, of choice for 
renovation of sparse stands of crested wheatgrass because: (1) 
weed control was similar to that with higher rates of herbicide in 
the screening study; (2) damage to resident crested wheatgrass 
plants was minimal; (3) herbicide residues in the soil in the fall 
of the fallow year and spring of the seedling year were below the 
toxic level for crested wheatgrass seedlings; and (4) good 
seedling stands and manageable stands of established plants 
were obtained in most years. 

In a renovation procedure weed control creates a temporary 
void in the plant community. Young et al. (1969) pointed out the 
necessity of filling the void with perennial grass plants at the low 
point in the reproductive capacity of weed species. In this study, 
crested wheatgrass was introduced into the void by broadcasting 
seed and stirring the soil with a hoe to cover the seed and create a 
rough surface microrelief. Several methods of seeding could be 
used in practical application. If the area is grazed during the 
fallow year, a seed source must be supplied and planted. This 
could be done by drilling with a standard rangeland drill with 
depth bands or with a grain drill to prevent excessive uprooting 
of resident crested wheatgrass plants. Seed could also be 
broadcast and an anchor chain used to scarify the soil, cover the 
seed, and create a rough surface microtopography. If the area is 
not grazed, the existing seed crop could be dispersed and 
planted by an anchor chain. Supplemental seed could be 
broadcast prior to chaining in years when the resident seed crop 
was not adequate. Dispersal and planting of seed by grazing 
livestock at seed-rip time is not recommended. Uniform distri- 
butions and covering of seed by livestock trampling could not be 
accomplished in the l-year period available for planting and 
establishing a perennial grass stand before weeds again domin- 
ate the site. 

JOURNAL OF RANGE MANAGEMENT32(5), September 1979 335 



Literature Cited 
Bradley, W .R., H.F. Eppson, and A.O. Beath. 1940. Livestock poisoning 

by oat hay and other plants containing nitrate. Wyo. Agr. Exp. Sta. Bull. 
241. 23 p. 

Burau, R.G. 1969. Polarographic estimation of aconitates in plant materials. 
Agr. and Food Chem. 17:1332-1334. 

Eckert, R.E. Jr., J.E. Asher, M.D. Christensen, and R.A. Evans. 1974. 
Evaluation of the atrazine-fallow technique for weed control and seedling 
establishment. J. Range Manage. 27:288-292. 

Eckert, R.E., Jr., G.J. Klomp, R.A. Evans, and J.A. Young, 1972. 
Establishment of perennial wheatgrasses in relation to atrazine residue in the 
seedbed. J. Range Manage. 25:219-224. 

Eckert , R.E. Jr., F.F. Peterson, M.K. Wood, and W .H. Biackburn. 1977. 
Properties, occurrence, and management of soils with vesicular surface 
horizons. Final report. Contract 52500-CT5(N) Denver Service Center, 
Bureau of Land Management, Denver, Colo. 116 p. 

Evans, R.A., R.E. Eckert, Jr., and B.L. Kay. 1967. Wheatgrass establish- 
ment with paraquat and tillage on downy brome ranges. Weeds 1550-55. 

Evans, R.A., H.R. Holbo, R.E. Eckert, Jr., and J.A. Young. 1970. 
Functional environment of downy brome communities in relation to weed 
control and revegetation. Weed Sci. 18:154-162. 

Federal Register. 1976. Code of Federal Regulations. Title 40, Protection of 
environment Part 180.220. Atrazine: Tolerances for residue. 

Geigy Chemical Corp. 1965. The determination of chlorotriazine residues 
in plant material, animal tissues, and water using the ultraviolet method. 
Analytical Bull. No. 7. Agr. Analytical Chem. Analytical Dep. Ciba- 
Geigy Chemical Corp. Greensboro, N.C. 

Grunes, D.L., P.R. Stout, and J.R. Brownell. 1970. Grass tetany of rumin- 
ants. Adv. Agron. 22~331-334. 

Houston, W.R., and D.H. van der Sluijs. 1973. Increasing crude protein 
content of forage with atrazine on shortgrass range. Production Res. Rep. 
No. 153, Agr. Res. Serv. U.S. Dep. Agr. Washington, D.C. 10 p. 

Jensen, E.H., R.A. Young, and M.J. Sharp. 1971. Nitrate accumulation 
by oats. Nevada Agr. Exp. Sta. R 80. 7 p. 

Kay, B.L. 1971. Atrazine and simazine increase yield and quality of range 
forage. Weed Sci. 19:370-372. 

Mattson, A.M., R.A. Kahrs, and R.I. Murphy. 1970. Quantitative deter- 
mination of triazine herbicides in soil by chemical analysis. Residue Rev. 
32:37 I-390. 

Morrow, L.A., C.R. Fenster, and M.K. McCarty. 1977. Control of downy 
brome on Nebraska rangeland. J. Range Manage. 30:293-296. 

Paul, J.L. and R.M. Carlson. 1968. Nitrate determination in plant extract 
by the nitrate electrode. Agr. and Food Chem. 16:766-788. 

Robertson, J.H., and C.K. Pearse. 1945. Artificial reseeding and the closed 
community. Northwest Sci. 19:58-66. 

Stewart, G., and A.C. Hull. 1949. Cheatgrass (Bromus tectorum L.) an eco- 
logical intruder in southern Idaho. Ecology 30:58-74. 

Stout, P.R., J.R. Brownell, and R.G. Burau. 1967. Occurrences of truns- 
aconitate in range forage species. Agron. J. 59:21-24. 

Tucker, J .M., D.R. Cordy, L.J. Berry, W .H. Harvey, and T.C. Fuller. 
1961. Nitrate poisoning in livestock. California Agr. Exp. Sta. Ext. Serv. 
Circ. 506. 12 p. 

Wood, M.K., W .H. Blackburn, R.E. Eckert, Jr., and F.F. Peterson. 1977. 
Interrelations of physical properties of coppice dune and vesicular dune inter- 
space soils with grass seedling emergence. J. Range Manage. 31:189-192. 

Young, J.A. R.A. Evans, and R.E. Eckert, Jr. 1969. Population dynamics 
of downy brome. Weed Sci. 17:20-26. 

THINK BAUSCH 6 LOMB.. . FOR / 
GRAPHICAL DATA TRANSFER WORK / 
With a Bausch & Lomb ZOOM TRANSFER SCOPE* 
instrument, you can quickly update a data base or 
prepare a special purpose thematic map without 
expensive data transfer, projection or darkroom 
equipment. These instruments work on the camera 
lucida principle that optically mix aerial 
photographs and data base without projection. 
Compare these performance features with what 
you are now using. 
l Built-in scale and stretch correction systems 
compensate for photographic distortions. j 
l Compact, lightweight design offers total 
portability. Can be used in a lighted office on 
any flat surface. 
l Zoom control instantly matches photograph to 
data base scale. 
l Accommodates all photographic formats 
including transparencies and prints (black and 
white or color). Stereo model (illustrated) helps you 
examine topographical and structural features. 
l Two models feature a photographic mode for 
permanent documentation. 

CALL US AT 716 338-6000 
And let a Bausch & Lomb representative recommend 
the instrument that best meets your needs. Or, send 
coupon for illustrated literature. 
*ZOOM TRANSFER SCOPE and Z.T.S. are trademarks of Bausch 8 

Lomb Incorporated for graphical data transfer instruments. 

In Canada: Bausch 8 Lomb Canada, Ltd. Scientific Optical Products Division, 
2001 L .eslie Street, Don Mills, Ontario, Canada M3B 2MS 

BAUSCH 6 LOMB @ 
Scientific Optical Products Division 
ROCHESTER, NEW YORK 14602 USA 
716-338-6000. TWX 510-253-6189 
TELEX 97-8231, CABLE: BAUSCH 8 LOMB 

336 JOURNALOF RANGE MANAGEMENT32(5), September 1979 



Tolerance of Kleingrass to Herbicides 

R.W. BOVEY, J.R. BAUR, AND E.C. BASHAW 

Abstract 

Herbicides propazine, 2,4-D, dicamba, picloram, tebuthiuron, 
and hexazinone were applied at rates of 0.14 to 2.24 kg/ha pre- 
and postemergence to greenhouse-grown kleingrass plants. 
Kleingrass was tolerant to premergence sprays up to and including 
1.2 kg/ha of propazine and 0.56 kg/ha of 2,4-D. All other 
herbicides and rates were phytotoxic to emerging kleingrass. At 
the early postemergence stage, kleingrass tolerated rates up to and 
including 0.28,+56, and 0.56, and 1.12 kg/ha of picloram, 2,4-D, 
dicamba, and propazine, respectively‘; but it did not tolerate 
tebuthiuron or hexazinone at any rate. At the intermediate 
vegetative stage (5 to 12.5 cm tall), kleingrass tolerated picloram, 
2,4-D, dicamba, and propazine at rates of 0.56, 1.12, and 2.24 
kg/ha, respectively, without injury. Mature kleingrass tolerated 
higher rates of all herbicides than did earlier stages of growth. 

Kleingrass (Panicum cqlorutum L.) is a warm-season peren- 
nial bunchgrass native to South Africa which has potential for 
forage production on pastures and rangelands of Texas (Holt 
and Bashaw 1976). Kleingrass spreads by tillers and rhizomes, 
is above average in protein content and digestibility, and is 
adapted to a wide range of soil and climatic conditions. Once 
established, kleingrass provides good seed, forage and hay 
production. 

Kleingrass is easily established in early spring [ 1.12 to 2.24 
kg pls (pure live seed)/ha] on weed-free, well prepared seedbeds 
with adequate soil moisture. However, kleingrass establishment 
from seed is difficult under weedy conditions since seedling 
growth is slow and seedlings compete poorly with other 
vegetation. Observations (Bovey et al. 1974) and research data 
(Baur et al. 1977) indicate that established kleingrass is tolerant 
to a number of commonly used herbicides such as 2,4-D[2,4- 
dichlorophenoxy) acetic acid], 2,4,5-T [2,4,5trichlorophe- 
noxy) acetic acid], dicamba (3,6-dichloro-o-anisic acid), and 
picloram (4-amino-3,5,6-trichloropicolinic acid). Good weed 
control, 60 to 90 days after planting, is essential for 
establishmept of kleingrass. Few data are available on the 
effects of herbicides on kleingrass during germination (pre- 
emergence) and early seedling growth (postemergence). 

The relative tolerance of kleingrass, Selection 75, to various 
rates of 2,4-D, dicamba, picloram, propazine [2-chloro-4,-6- 
bis (isopropyl-amino-s-triazine], tebuthiuron [N-[( 1,l -dime- 
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thylethyl)- 1,3,4-thiadiazol-2-yl]N,N’-dimethylurea] and hexa- 
zinone [3-cyclohexyli6-dimethyl-amino)- 1 -methyl- l-3, 5-tria- 
zme-2,4( 1 H,3HWdione] was evaluated under greenhouse 
conditions in order to elucidate potentially useful preemergence 
and postemergence herbicides and rates that should be further 
investigated under field conditions for rangeland and pasture 
renovation. 

Materials and Methods 

Kleingrass, Selection 75, was grown in a 1: 1: 1 Houston black clay: 
sand:peat moss mixture in the greenhouse. Twenty-five kleingrass 
seeds were uniformly placed in each pot and covered with 5 mm sand. 
Five to 10 plants were grown in each pot. Plants were watered daily 
with a sprinkler nozzle. Plants treated preemergence and early 
postemergence were planted in pots 9.5 cm-diam by 5 cm-deep; plants 
treated at the intermediate stage of growth were grown in pots 12.7 
cm-diam by 12.7 cm-deep; and plants treated at the mature stage were 
in pots 20.3 cm-diam by 15.2 cm-deep. Herbicides were applied 
preemergence on the day of planting and postemergence when plants 
were about 14, 45 and 90 days old. When treated, average plant 
heights and phenological stages were 2 to 5 cm (1 to 2 leaf); 5 to 12 cm 
(3 leaf); and 30 to 61 cm (3 to 4 leaf) for the early postemergence, 
Intermediate and mature growth stages, respectively. At the mature 
stage, many plants had produced reproductive culms. 

A late, mature stage (437 days old) of kleingrass, buffelgrass 
(Cerzchrus ciliuris L.), King Ranch bluestem [Bothriochloa ischue- 
mum (L.) var. songurica (Rupr.) Celarier & Harlan], green sprangle- 
top [Leptochlou dubiu (H.B.K.) Nees], sideoats grama (Boutelouu 
curtipendulu (Michx.) Torr.], common Bermudagrass [Cynodon 
ductylon (L.) Pers.], and plains bristlegrass (Seturiu mucrostuchyu 
H.B.K.) plants grown in half-liter containers was also included. 
Before treatment, herbage of these grasses was removed several times 
to a stubble height of 10 cm and allowed to regrow. New growth was 
about 3 months old when sprayed with herbicide. 

Herbicides applied were the potassium salt of picloram, the alkanol- 
amine salt of 2,4-D, the dimethylamine salt of dicamba, and wettable 
powders of propazine (80%), tebuthiuron (80%), and hexazinone 
(90%). Herbicides were mixed with water and sprayed at a volume of 
93.5 L/ha at rates of 0.14, 0.28, 0.56, 1.12 and 2.24 kg/ha in a 
laboratory spray chamber (Bouse and Bovey 1967). Five replications 
(pots) were used per treatment. After herbicide treatment, plants were 
returned to the greenhouse for observation. Herbicide injury counts 
were made by visually estimating percent desiccation and/or dead 
plants per pot. If plants showed complete desiccation, they were 
considered dead. Preemergence and postemergence treatments were 
evaluated 14 and 30 days after treatment. Intermediate and mature 
stages were evaluated 1 and 2 months after treatment. 

All studies were conducted in the greenhouse from June to Decem- 
ber 1977. Each portion of the study (preemergence, postemergence, 
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intermediate, and mature stages) was repeated at least twice and data 
were pooled for presentation in this paper. Significant differences 
among herbicides were evaluated by analysis of variance and Dun- 
can’s multiple range tests. 

Results and Discussion 

Preemergence Treatments 
As preemergence sprays, propazine and 2,4-D were less 

injurious to kleingrass then were tebuthiuron, hexazinone, 
dicamba, and picloram (Table 1). Desiccation with propazine at 
1.12 kg/ha or less was not significantly different than that 
observed with untreated plants. Desiccation with propazine 
applied at 2.24 kg/ha was significantly greater than that for 
untreated plants, but was less injurious to kleingrass than most 
other herbicides and rates. Preemergence application of 
propazine showed the most promise for further evaluation under 
field conditions. 

Table 1. Percent desiccation (injury) of greenhouse grown kleingrass 1 
month after treatment with selected herbicides applied preemergence.’ 

Herbicide 0 
Rate (kg/ha) 

0.14 0.28 0.56 1.12 2.24 

kg/ha, respectively, without significant injury. Kleingrass also 
tolerated 0.56 kg/ha of 2,4-D without significant injury. How- 
ever, when 112 or 2.28 kg/ha of 2,4-D, dicamba, or picloram 
were used, considerable plant injury occurred. Typical injury 
symptoms with growth-regulator type herbicides (2,4-D, di- 
camba and picloram) were epinasty, swollen crowns, prolifer- 
ated growth, and death of some plants, especially at the higher 
rates of application. Kleingrass was severely injured by all rates 
of tebuthiuron and hexazinone. Most plants were killed with 
rates as low as 0.28 kg/ha of hexazinone and 0.56 kg/ha of 
tebuthiuron. These materials should not be used on kleingrass at 
this early stage. 

Intermediate Stage 
Most herbicides were less injurious to kleingrass at the 

intermediate stage than at early growth stages (Table 3). 
Tebuthiuron injured no kleingrass at 0.14 kg/ha. Propazine did 
not affect kleingrass at any rate at the intermediate stage of 
growth (5 to 12.5 cm tall). Kleingrass was not affected by rates 
of 1.12 kg/ha of 2,4-D and dicamba, and 0.56 kg/ha of 
picloram. Similar rates of 2,4-D, dicamba and picloram are 
commonly used for weed and brush control. Hexazinone was 
extremely phytotoxic at all rates. 

Propazine 6b 5b 8ab 6b 11 ab 15a 
Tebuthiuron 6c 77b 76b 95 a 99a 98a 
Hexazinone 6b 95 a 98a 97a 99a 99a 
2,4-D 6c 32 bc 3lbc 27 bc 77a 53 ab 
Dicamba 6d 34c 67b 93a 99a 88a 
Picloram 6d 46c 74b 94a 99a IOOa 

’ Values in horizontal rows followed by the same letter are not different at the 5% level of 
significance. Each value represents I5 observations evenly distributed among three 

experiments. 

Kleingrass tolerated rates of 2,4-D up to and including 0.56 
kg/ha, but did not tolerate tebuthiuron, hexazinone, dicamba, 
and picloram at rates as low as 0.14 kg/ha as preemergence 
sprays. Hexazinone was the most injurious to kleingrass of all 
herbicides tested. Tebuthiuron was also extremely injurious to 
germinating kleingrass. Seedling growth was also damaged by 
preemergence application of low rates of dicamba and picloram. 
Consequently, these materials would probably not be success- 
ful as preemergence treatments for kleingrass in the field. 

Early Postemergence 
Propazine is normally considered a preemergence herbicide, 

although it could be used on seedling kleingrass shortly after 
germination. Small kleingrass plants (2 to 5 cm tall) tolerated 
rates of propazine up to and including 1.12 kg/ha without 
detectable injury (Table 2). Kleingrass treated early post- 
emergence was also more resistant to dicamba and picloram 
than preemergence treatments and it tolerated 0.56 and 0.28 

Table 2. Percent desiccation (injury) of greenhouse grown kleingrass 1 
month after treatment with selected herbicides applied early post- 
emergence. l 

Herbicide 0 0.14 
Rate (kg/ha) 

0.28 0.56 1.12 2.24 

Propazine Ilb 7b 13b 14b Ilb 25 a 
Tebuthiuron IIC 47b 88a 97a IOOa 99a 
Hexazinone II b 93 a 99a IOOa IOOa 1OOa 
2,4-D Ilb 14b 22b 26b 68a 82 a 
Dicamba IIC 19c 16c 17c 45 b 71a 
Picloram Ilc 17c 18c 35b 57a 71a 

I Values in horizontal rows followed by the same letter are not different at the 5% level 
ofsignificance. Each value represents 15 observations evenly distributed among threeex- 

periments. 

Table 3. Percent desiccation (injury) of greenhouse grown kleingrass 2 
months after treatment with selected herbicides applied at an inter- 
mediate stage of growth.’ 

Herbicide 0 0.14 
Rate (kg/ha) 

0.28 0.56 1.12 2.24 

Propazine 19a 12b 12b 12b llb Ilb 
Tebuthiuron 19d IOd 4oc 87b 99a IOOa 
Hexazinone 19c 7lb 99a IOOa 100 a IOOa 
2,4-D 19bc 19bc 14c 15c 23 ab 29a 
Dicamba 19b 23b 12b 16b 20b 52a 
Picloram 19c 19c 22c 3oc 66b 89a 

1 Values in horizontal rows followed by the same letter are not different at the 5% level of 
significance. Each value represents IO observations evenly distributed among two 

experiments. 

Mature Stage 
Propazine did not injure the early mature stages of kleingrass 

(30.5 to 61 cm tall) when applied at rates up to and including 
2.28 kg/ha (Table 4). All other herbicides caused less injury 
than at earlier stages of growth. Dicamba, 2,4-D, and picloram 
did not injure kleingrass at rates up to and including 1.12 kg/ha 
and they produced only slight injury at 2.24 kg/ha. Tebuthiuron 
did not injure kleingrass at 0.56 kg/ha or less. Hexazinone, 
however, caused considerable injury (52% desiccation) when 
applied at 0.28 kg/ha and it killed most aerial growth at rates of 
0.56 kg/ha and higher. 

Table 4. Percent desiccation (injury) of greenhouse grown kleingrass 2 
months after treatment with selected herbicides applied at the early 
mature stage of growth.’ 

Herbicide 0 0.14 
Rate (kg/ha) 

0.28 0.56 1.12 2.24 

Propazine 15a IOb 9b 8b lob 12ab 
Tebuthiuron 15c 16c 15c 2oc 57b 89a 
Hexazinone 15c 29c 52b 99a 94a 99a 
2,4-D 15b 19ab 15b 21 ab 17ab 24a 
Dicamba 15b 17ab 15b 15b 17b 21a 
Picloram 15b 19b 16b 15b 18b 29a 

’ Values in horizontal rows followed by the same letter are not different at the 5% level of 
stgnificance. Each value represents IO observations evenly distributed among two 

experiments. 

338 JOURNALOF RANGE MANAGEMENT32(5), September 1979 



Table 5. Percent desiccation (injury) of seven greenhouse grown grasses 2 months after treatment with selected herbicides applied at the mature stage of 
growth. 

Herbicide and 
rate (kg/ha) 

Tebuthiuron 

Hexazinone 

2,4-D 

Dicamba 

Picloram 

0 
0.56 
1.12 
2.24 

0 
0.56 
1.12 
2.24 

0 
0.56 
1.12 
2.24 

0 
0.56 
1.12 
2.24 

0 
0.56 
1.12 
2.24 

Kleingrass Buffelgrass 

20 25 
79 100 
68 100 
87 100 

20 25 
98 100 

100 100 
100 100 

20 25 
20 22 
20 68 
20 60 

20 25 
20 64 
20 42 
20 56 

20 25 
30 5 
30 58 
30 92 

King Range Green Common Plains 
bluestem sprangletop Sideoats grama Bermudagrass bristlegrass 

20 40 30 30 30 
79 70 42 84 63 
92 70 30 96 74 

100 90 37 100 97 

20 40 30 30 30 
100 96 98 99 94 
100 100 100 100 100 
100 100 100 100 100 

20 40 30 30 30 
10 54 33 40 30 
30 50 40 30 30 
30 50 33 30 30 

20 40 30 30 30 
20 30 30 30 30 
10 30 30 30 30 
20 38 30 30 30 

20 40 30 30 30 
30 50 65 60 58 
43 60 77 60 46 
30 72 94 83 54 

Tebuthiuron,and hexazinone, at 0.56 kg/ha, substantially 
injured greenhouse-grown kleingrass (79 and 98% desiccation) 
that was over 1 year old (Table 5). Higher rates of tebuthiuron 
(1.12 and 2.28 kg/ha), however, did not produce complete kill 
of kleingrass tissue, whereas hexazinone killed all aerial 
growth. The injury response of other grasses to tebuthiuron, 
such as buffelgrass, King Range bluestem, green sprangletop, 
Bermudagrass, and plains bristlegrass, were similar to that of 
kleingrass. However, sideoats grama resisted tebuthiuron, even 
at rates of 2.24 kg/ha. Hexazinone at all rates was highly 
injurious to all grasses. Dicamba and 2,4-D at rates as high as 
2.24 kg/ha did not appear to damage mature plants of kleingrass 
or other grasses included in the study. Buffelgrass, however, 
showed sensitivity to higher rates of both herbicides. Picloram 
caused no injury to kleingrass or King Range bluestem, but 
caused extensive desiccation of buffelgrass, green sprangletop, 
sideoats grama, and Bermudagrass, especially at .2.24 kg/ha. 

Conclusions 

Propazine shows promise as a preemergence and early 
postemergence treatment in kleingrass since it controls a variety 
of germinating broadleaf and grassy weeds with little damage to 
kleingrass. Tebuthiuron, hexazinone, 2,4-D, dicamba, and 
picloram were highly injurious to kleingrass as preemergence 
herbicides. At the early postemergence stage, kleingrass 
tolerated rates of dicamba and 2.4-D up to 0.56 kg/ha and 
picloram up to 0.28 kg/ha. At the intermediate and mature 
stages of growth, kleingrass usually tolerated 2,4-D, dicamba, 
and picloram at rates of 1.12 kg/ha or higher. Tebuthiuron and 
hexazinone were highly phytotoxic to kleingrass at most rates 
and stages of growth but have shown promise for control of 
smutgrass [Sporobolus poiretii (Roem. & Schult.) Hitchc.] 
(Meyer and Baur 1977) and certain species of brush (Bovey et 
al. 1975; Nickels and Stritzke 1977). Several grasses responded 

similarly to kleingrass when rates of 0.56, 1.12, and 2.28 kg/ha 
of tebuthiuron were used. Sideoats grama, however, was 
tolerant of tebuthiuron treatments. Hexazinone at 0.56 to 2.24 
kg/ha killed most grasses. Dicamba, 2,4-D, and picloram were 
less injurious to most grasses as foliar sprays with the exception 
of buffelgrass, which showed injury only at higher rates. 
Picloram as a foliar spray injured most grasses at higher rates 
with the exception of kleingrass and King Range bluestem. 

At all stages of growth, one would consider greenhouse- 
grown plants more susceptible to herbicides than those planted 
in the field. Consequently, under field conditions, higher 
herbicide rates than those indicated in this study may be safe. 
Herbicides are more phytotoxic to greenhouse plants because 
(a) they are more succulent and leaves have less cuticle 
development for inhibiting herbicide absorption, (b) the plant 
roots and the herbicide are confined to a small volume, and (c) 
pots are watered daily, resulting in optimum distribution of the 
herbicide into the root zone of the treated plants. 
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Invasion of lmperata cylindrica (L.) Beauv. by 
Eupatorium Species in Northern Thailand 

J. LINDSAY FALVEY AND PRAKOB HENGMICHAI 

Abstract 

The pattern of invasion of native Imperata cylindrica swards by 
Eupatorium in the highlands of northern Thailand was studied by 
the technique of comparing invasion at different sites of known 
history. Eupatorium ground cover decreased with increasing 
distance from the night camp of cattle. Variations in the curves 
between different villages was attributed to the number of years of 
sustained grazing each site had undergone. A more detailed study 
of one area showed a high correlation (r=0.887) between mean 
percent Eupatorium and the number of years of grazing, but not 
for estimated average stocking rate at each site. The correlation 
coefficient between percent Eupatorium and the product of the 
number of years grazing and estimated average stocking rate at 
each site was also high (r=0.894). Some agronomic data for E. 
adenophorum in one area are also presented. 

The highlands of north Thailand are populated by seven main 
ethnic groups who practice shifting cultivation on the steep 
slopes. While their prime agricultural interest is in subsistence 
crops or cash crops, primarily opium, ruminant livestock in the 
form of cattle, buffalo, and goats are also raised. Of these, cattle 
are present in the greatest numbers by far, and represent a 
relatively high income-producing potential (Falvey 1977). 

Imperata cylindrica (L.) Beauv. is distributed throughout 
most of the tropical world, where it is usually considered to be a 
weed and has therefore mainly been studied in terms of control 
(Iven 1975). In the highlands of northern Thailand, however, it 
forms the basis of the present grazing industries. Imperata often 
populates the abandoned swiddens of shifting cultivators and 
persists through its fire-evading characteristics. Fires escape 
from the annual preparation of new swiddens and bum large 
proportions of the highlands each year. 

It is envisaged the Imperata pastures will remain important in 
the highland situation because, although productivity of cattle 
grazing these native pastures is low (Falvey et al. 1978), 
increases in productivity can be obtained through simple supple- 
mentation (Mikled 1976). Animal production figures from more 
tropical countries where Imperata is the main pasture are 
considerably higher (Magadan et al. 1976), a factor that is 
probably related to the relative vigor of the swards due to 
differences in soil fertility and other environmental conditions. 
A compounding problem of the lower vigor of Imperata swards 
in the highlands of north Thailand is the invasion by unpalatable 
broadleafed species of the Eupatorium genus under grazing. 

Eupatorium odoratum (L.) (also known as Chromolaena 
odorata (L)R.M. King and H. Robinson) is widely distributed 
in the tropics although it is believed to be a native of the West 
Indies and Central America. It is a perennial, diffuse, scramb- 
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ling plant with a deep taproot (Holm et al. 1977). It can grow up 
to heights of 3 meters under favourable environmental condi- 
tions and its invading ability is enhanced by prolific annual seed 
production and a profuse branching habit (Holm et al. 1977). An 
allelopathic effect of Eupatorium species has also been 
suggested (C. Parker, pers. comm.). The species cannot usually 
persist in a closed canopy forest situation as the plants have 
light requirements (Ivens 1975), although E. adenophorum may 
be more tolerant to shading than E. odoratum, at least in the 
seedling stage (Auld and Martin 1975). Both species prefer 
well-drained soils (Holm et al. 1977). In the highlands of north 
Thailand (latitude 17”-24”N), Gibson (1976) has noted that E. 
udenophorum is usually encountered at altitudes greater than 
1,100 metres while E. odorutum occurs at the lower altitudes 
although there are exceptions to the trend. 

The mechanism of invasion by Eupatorium into grazed 
swards of Imperata has not been defined. Casual observations 
indicate that invasion by Eupatorium increases with the length 
of time an area of Imperata has been grazed. The shifting 
cultivation pattern of the highland dwellers and the associated 
removal of villages at intervals of lo- 15 years have meant that 
the effects of high levels of weed invasion have been avoided. 
Increased population in the area and decreased land available for 
cultivation due to government activities such as reforestation, 
have significantly reduced the scope of village removal and 
have therefore highlighted the problem of Eupatorium invasion 
of Imperata pastures and, to a certain extent in cropping areas. 

This paper attempts to describe some of the dynamics of 
Eupatorium invasion, some characteristics of the species in the 
environment of the highlights of north Thailand, and the 
probable role of the species in vegetational change. 

Methods 

This work was conducted during 1976-77 at various sites in the 
highlands of northern Thailand at altitudes ranging from 700- 1,400 
metres. The proportion of Eupatorium species at approximately 60 
random sites at varying distances around the night camp of cattle was 
estimated by visual estimation of the percentage ground cover at six 
villages. For the purposes of this study no distinction was made 
between the different Eupatorium species. The villages chosen for this 
study had all raised cattle at numbers greater than 20 head for varying 
numbers of years. The number of years the villages had been located at 
that site, or alternatively, the number of years for which cattle had 
been raised were also recorded. 

At Pa Kia, the research site of the Thai-Australian Highland 
Agricultural Project, a similar though more detailed study was 
conducted. Information concerning the stocking pressure a given area 
may have received in a particular year was available as were accurate 
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Fig. 1. Meun percent Eupatorium invasion into nutive Imperata pastures in terms of ground cover at vurying distances from six villuges. 

total stock numbers per year. The parameters used and their derivation 
are presented in Table 1. 

Agronomic data for E. adenophorum in the form of flowering time, 
seeding time, height, depth of roots, density in pure swards, and dry 
matter per plant were recorded at Pa Kia. Nutrient content of 
Euputorium was also recorded. These data were collected from a stand 
of E. adenophorum at Pa Kia, an area of granite-derived soils where 
cattle have been raised for- more than 5 years. 

Results 

Figure 1 describes the relationship between the percentage of 
Euputoriurn at varying distances from six villages. The curves 

described are, in each case, convex to the origin, although there 
is some variability within curves. The degree of invasion at a 
particular distance from the village varies with the village 
concerned. 

In Figure 2 the average ground cover of Imperuta at varying 
distances from the same six villages as those used in Figure 1 are 
presented. The general shape of these curves shows an expo- 
nential tendency at lower values on the distance scale although 
the overall tendency may be a straight line. The Imperata 
ground cover at a particular distance from the village varied with 
the village concerned. 
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Fig. 2. Meun percertt Imperata ground cover at varying disruncesfrom six villages. 
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Table 1. Parameters used in the analysis of Euputorium invasion data at Pa 
Kia. 

Table 2. Correlation coeffuzients between various parameters and Eupa- 
toriurn ground cover at Pa Kia. 

Term Explanation 

Distance from the camp. 

Potential average stock 
numbers per year. 

Maximum number of 
stock per year. 

Number of years grazing 

Estimated average stock 
numbers per year 

The estimated straight-line distance from the night 
camp of cattle. 

The average number of stock present in 1 year that 
could have grazed on the area in question under 
the free range conditions. 

The maximum number of stock present during I 
year that could have grazed on the area in ques- 
tion. 

The number of years that cattle had been allowed 
access to that area. 

The average number of stock that were present in 
1 year adjusted by the proportion of their graz- 
ing time estimated to be spent in that area. 

The degree of correlation of Eupatorium ground cover in the 
vicinity of Pa Kia to various parameters is presented in Table 2. 
Correlation coefficients between the percentage Eupatorium 
ground cover and the parameters “distance from the camp” and 
the “maximum number of stock” that grazed each area in 1 year 
were reasonably high, while the value for the correlation to the 
number of years grazing was the highest. Correlation co- 
efficients between Eupatorium percentage ground cover and the 
products of some other parameters were high, in particular the , 
product of “number of years grazing” and “estimated average 
stock numbers per year.” 

Figure 3 presents the data for the mean percentage of 
Euputorium over various years of grazing at Pa Kia. The straight 
line relationship calculated from this data was Y= -4.4+ 19.6 
X and is also included in the graph. The data for the relationship 
between the percentage Eupatorium ground cover and the 
product of the terms “number of years grazed” and “estimated 
average stocking rate” are presented as Figure 4. The straight 

Parameter r 

(A) Distance from camp 0.489 
(B) Potential average stock numbers per year 0.083 
(C) Maximum number of stock per year 0.591 
(D) Number of years of grazing 0.887 
(E) Estimated average stock numbers per year 0.293 
(A) x (B) 0.384 
(A) x (C) 0.346 
(A) x (D) 0.000 
(A) x (E) 0.173 
(D) x (E) 0.894 
(D) x (B) 0.781 
(D) x (C) 0.761 

line relationship calculated from the data was Y= - 1.6+3.2 X. 
Figure 5 presents the degree of Euputorium invasion within 

an area of radius 1 km (excluding areas of difficult access) around 
seven villages, by the number of years the villages have been 
established or raised cattle in numbers greater than 20 head. The 
curve shows a general upward trend and a relationship of the 
form Y = 43.96 + 2.7 1X was calculated. 

Agronomic data about E. adenophorum in the vicinity of Pa 
Kia are presented in Table 3. Flowering appeared to be uniform 

Table 3. Some agronomic details of Eupatorium udenophorum at Pa Kia. 

Characteristic 

Month of flowering 
Month of first seed set 
Average height at maturity (cm)(March) 
Maximum height at maturity (cm)(March) 
Density in pure sward (plants per m’) 
Mean root depth(cm) 
Maximum root depth(cm) 
Mean dry matter per mature plant(g) 

Value 

February 
Mid-March 
135 
243 

5.1 
56.5 
78.0 

Leaves and flowers(March) 17.9 
Woody stem 112.8 
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Fig. 3. Mean percent Eupatorium ground cover at various sites grazed for varying periods at Pa Kiu. 
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Fig. 4. Mean percent Eupatorium ground cover versus the product oj number oj years-estimated average stocking rates. 

regardless of site, but seed maturity seemed to be related to site 
exposure or moisture stress. Analysis of oven-dry E. adeno- 
phorum on g/10/77 showed nitrogen and phosphorus contents 
of 2.13% and 0.25% respectively. 

Discussion 
Invasion of Eupatorium species into Imperuta cylindrica 

pastures is most probably related to grazing pressure, which 
would be expected to decrease with increasing distance from a 
village where cattle usually return of an evening. The curves in 

Figure 1 indicate similar trends, and the difference in curves can 
probably be related to the duration of the grazing pressure, as 
indicated by Figure 5. That this relationship is linear rather than 
exponential is at variance with a previous suggestion (Falvey 
and Hengmichai 1978). Curves showing the increase in 
Imperuta with increasing distance from the village show a 
slightly different shape, indicating that weed species other than 
Eupatorium may be involved in some instances. However, the 
proportion of ground cover by Eupatorium indicates that it is the 
dominant weed. There did also seem to be a positive 

2 3 A 6 6 9 IO II IA 13 IA 
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Fig. 5. Meun percent Eupatorium ground cover within un urea oj I km from different tdllages where gru;ing ojoccessible sites hus occurredjor varying lengths of 
time 
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correlation (although data are not presented) with the distances 
cattle were forced to move out to graze with time; as the years 
progressed, cattle found less edible pasture in the areas closer to 
the village. 

The simple correlation coefficients calculated from data at Pa 
Kia also indicate that the principal factors related to Eupatorium 
invasion are distance, grazing pressure, and years of sustained 
grazing. As distance is actually related to grazing pressure, it 
can possibly be eliminated in this discussion. The highly 
significant relationships between the product terms of “number 
of years grazed” and terms related to stocking pressure, in 
particular, the subjective term “estimated average stock 
numbers per year” indicate further that these factors may be the 
principal ones relating to Eupatorium invasion. Other variables 
that have been suggested (Falvey and Hengmichai 1978), such 
as topography, altitude, and soil type, seem to be less important 
with respect to invasion of Imperata. 

It is possible to speculate on the role of Eupatorium in the 
changing environment of highlands of northern Thailand in the 
light of these data and other work. Imperata, which often 

Increased land pressure in the highlands of north Thailand has 
rendered the previously useful Euputorium phase a liability, 
because villages may not have the old option of moving. Thus 
lmperuta pastures can be lost and animal production suffer 
because, although Impercltcl is not commonly viewed as a 
valuable pastures species, it is of value to the present grazing 
industry and will most probably remain so even with the advent 
of improved pastures (Gibson and Andrews 1978) and sup- 
plementary feeding (Falvey and Mikled 1978). The data pro- 
vided in this paper, while not complete, do provide greater 
insight into the problem now being faced in the rangeland 
grazing industries of the highlands of north Thailand. 
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Range Fertilization: Plant Response and 
Water Use 

J. ROSS WIGHT AND A.L. BLACK 

Abstract 

During the IO-year study, herbage production on an unferti- 
lized, mixed prairie range site in eastern Montana averaged 1,047 
kg/ha and ranged from 720 to 1,321 kg/ha. Elimination of 
nitrogen (N) and phosphorus (P) deficiencies by fertilizing in- 
creased herbage yields an average of 114% (ranging from a low of 
32% in a “dry” year to a high of 218% in a “wet” year). Nitrogen 
was the major growth-limiting plant nutrient with measurable 
responses to P occurring only when N was nonlimiting. Single 
high-rate applications were about equal to annual N applications 
when compared on an annual rate equivalent basis. Species 
composition varied as much among years as among fertilizer 
treatments. At N rates of 336 kg/ha or less, cool-season grasses 
increased in about the same proportion as did forbs and shrubs, 
maintaining a relatively constant composition of the major species 
groups. On unfertilized plots, herbage yields and water use 
reached maximum values of about 1,250 kg/ha and 265 mm, 
respectively, regardless of further increases in available water. 
Unfertilized plots produced an average of 2.60 kg/ha for each 1 
mm of precipitation received as compared with 5.81 kg/ha on 
fertilized plots. 

species. Goatsbeard (Tragopogon dubius) and fringed sagewort 
(Artemisia frigida) were the major forb and shrub respectively. 

‘l‘hls paper discusses the results of four separate but similar experi- 
ments. Experiment 67A was initiated in 1967 and consisted of 
factorial combinations of 0 and 45 kg N/ha, and 0 and 20 kg P/ha 
applied annually through 1976. Treatments were replicated four times 
on a 6- by 15-m plots, Experiments 69A consisted of single appli- 
cations of 0, 112,336, and 1,008 kg N/ha and 0, I 12, and 224 kg P/ha 
applied in factorial combinations in 1969. Treatments were replicated 
twice on 6- by 6-m plots with P treatments as main plots and N 
treatments as subplots. Experiment 70A, initiated in 1970, was similar 
to 69A with the addition of a 672 kg N/ha treatment. Experiment 7 1 A, 
initiated in 197 1, was similar to 69A and 70A except that only two P 
rates (0 and 224 kg/ha) were used and treatments were applied in a 
randomized complete block rather than a split-plot design. All 
fertilizer was applied in early spring using ammonium nitrate and 
concentrated superphosphate as the N and P sources, respectively. 

To provide a common basis for comparison, analysis, and evalu- 
ation across experiments, treatments from experiments 69A, 70A, and 

Range fertilization in the northern Great Plains has been 
7 I A are also expressed in terms of annual rate equivalents (ARE). The 

researched extensively during the past three decades. Recent 
ARE was calculated as total N applied/number of years. For example, 

reviews of this research clearly established that nitrogen (N) is a 
the ARE of a single application of 336 kg/ha would be 336, 168, 112, 

major growth-limiting factor in the northern Great Plain (Rogler 
and 42 kg/ha for the first, second, third, and eighth year, respectively, 

and Lorenz 1974; Wight 1976). Plant response to phosphorus 
of the experiment. Power and Alessi (197 1) and Houlton (1975) 
showed about equal forage response to equivalent amounts of N 

(P) is much less than to N and occurs primarily as N becomes whether it was applied in a single application or in several smaller 
nonlimiting (Lorenz and Rogler 1972; Wight 1976). Despite the 
demonstrated limiting effects of N and P deficiencies on plant 
growth, range fertilization is not a commonly accepted practice 
because of its cost and its possible long-term ecological effects. 
This paper reports long-term effects of fertilization on herbage 
yields and species composition of native range and relates the 
vegetation responses to climatic conditions. 

Methods 

The study was conducted on a sandy, glaciated plains range site 
with a 1 to 2% slope located near Sidney, Mont. Soil was of the 
Williams series, classified as a member of the fine-loamy, mixed 
family of Typic Argiborolls. For the past 28 years, annual precipita- 
tion averaged 349 mm with 79% occurring during the April-September 
growing season. Vegetation belongs to the Bouteloua-Curex-Stipa 
(blue grama-threadleaf sedge-needleandthread) faciation of the mixed 
prairie association (Weaver and Albertson 1956). Basal cover, 
measured by the point method, was about 13%, half of which was 
clubmoss (Selaginella densa). Western wheatgrass (Agropyron 
mithii), needleandthread (Stip comatu), prairie junegrass (Koeleriu 
cristutu), and threadleaf sedge (Curexjilijolia) were the major forage 

applications over a period of a few years. These results indicated a 
quantitative carryover of unused fertilizer N. 

Herbage yields were determined from one 0.25- by 4.0-m, or one 
0.5- by 2.0-m quadrat in each plot, handclipped at ground level. 
Location of sampling quadrats was changed each year to avoid 
sampling areas previously clipped to ground level. Yield samples were 
taken when the major grass species had reached maturity. usually 
about mid-July. Harvested plants were separated by species, oven- 
dried at 65’C, and weighed. Species composition was determined on a 
weight basis. During November each year, all remaining herbage in 
each plot was harvested to a IO-cm height to prevent litter accumu- 
lation. 

Soil water content and available soil water were determined for only 
the unfertilized plots and were estimated from biweekly soil water 
measurements at a weather station located adjacent to the experimental 
plots. Measurements were made by the neutron method in three access 
holes to a 120-cm depth by 30-cm increments. Precipitation was 
recorded daily at the field-weather station from March to October and 
at a nearby experiment station the remaining months. 

Precipitation-use efficiency was calculated as units of forage 
produced per unit of precipitation received between harvests. Fall 
regrowth, which was generally less than 100 kg/ha, was not included 
in the yield estimates. 
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contents measured during the study period. Plant-available water was 
calculated as the soil water available at the beginning of the growing 
season plus precipitation that occurred between the beginning of the 
growing season and harvest. In this study, April 15 and July 15 were 
considered the beginning of the growing season and harvest, res- 
pectively. 

Results and Discussion 
Herbage Production 

Annual precipitation during the IO-year study period aver- 
aged 13 % above the long-term ( 1949- 1976) average (Table 1). 
Of the three below-average precipitation years (1968, 1970, 
197 I ), herbage production on the unfertilized plots was drought 
restricted only in 1968 and 197 1. 

Average annual herbage yields of all unfertilized plots are 
summarized in Table 1. Lowest yields were generally associ- 
ated with years with lowest precipitation. In 1968 and 197 1, the 
precipitation was only slightly below the long-term average, 
and the herbage yields were 788 and 720 kg/ha. respectively. 
Yields were also low in 1973 despite above-average precipi- 
tation. This was due in part to untimely distribution of precipi- 
tation: during April and May there was a 38-day period when 
only 7 mm was received. In 1970, a below-average precipi- 
tation year, the reverse happened: a high precipitation in April 
and May plus some carryover soil water from 1969 resulted in 
yields of the same magnitude as in the above-average precipita- 
t ion years. 

Yields on the unfertilized plots reached maximum values near 
1,250 kg/ha and did not increase much beyond this level, 
regardless of increases in precipitation or plant available water 
(Table 1). This level of maximum production was reached with 
as little as 263 mm of plant available water in 1967, whereas 439 
mm of plant available water in 1969 did not increase yields 
above the 1967 level. On this range site, water was a limiting 
factor only up to the 1,250 kg/ha yield level. 

Wight and Black ( 197 I ) found that herbage yields from 
Northern Great Plains rangelands usually averaged less than 
1,100 kg/ha and that yield increases due to additional water 
seldom exceeded 550 kg/ha. Similar results were reported by 
Smika et al. ( l965), where doubling the plant available water by 
irrigation increased herbage production an average of only 46%. 
In this study, the maximum yield of about 1,250 kg/ha was only 
65% more than the average yield of the three lowest production 
years ( 1968, 197 1, and 1973). It appears that for the Northern 
Great Plains, maximum potential yield increases due to above- 
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Fig. 1. The herbage yield-N relationship as ajfected by P. 

average annual precipitation are about 50% of the long-term 
average production rate. 

Applications of N and N plus P significantly (P = 0.1) 
increased herbage yields during the IO-year study (Tables 1 and 
2 and Fig. 1 and 2). Magnitude of response varied with both the 
annual climate and application rate. Yield increases due to N 
plus P applied in nonlimiting quantities ranged from a low of 
32% in 1968 toahighof218% in 1972 witha IO-yearaverageof 
I 14%. This is a little lower than the 143% increase reported by 
Lorenz and Rogler ( 1972) working under similar conditions but 
in a 15% higher precipitation zone. 

During the three lowest production years ( 1968, I97 I, and 
1973), yield increases due to fertilization averaged 73%. The 
yields for these 3 years are probably conservative estimates of 
the long-term average yield for this range site, thus indicating 
that N and P deficiencies are reducing herbage production by 
about 550 kg/ha durin g average production years. During 
above-average production years, yield decreases due to N and P 
deficiencies may exceed 2,000 kg/ha. 

,Most of the yield response to fertilization was due to N (Table 
2 and Fig. 1.). Phosphorus increased yields only when applied 
in combination with N and, when N was nonlimiting, increased 
yields an additional 20%. 

Table 1. Annual harvest-to-harvest precipitation; herbage yields on unfertilized (NF) and fertilized (F) plots; precipitation-use efficiency WE); plant 
available water (PAW), and water use (WV). 

1967 I968 I969 1970 I976 Mean 

Precipitation (mm) 
Yield’ (kg/ha) 

NF 
sy x t.,? 
p 

sy x t., 
F-NF 

PL’E (kg/ha-mm) 
NF 

377 316 527 342 330 493 424 394 368 376 39h 

II00 1057 
93 - 

lb08 2315 
IO3 - 

I .46 1. I4 

2.93 l.hO 
4.38 5.81 

304 314 
128 133 

__I____ 

1276 788 I245 1205 720 I215 763 933 1321 
186 34 II2 84 58 84 13 71 92 

2323 1041 3538 3466 1529 3866 1332 2008 2535 
410 I04 434 201 107 240 107 I93 I72 
I .82 I .32 2.84 2.88 2. I’ 3.18 1.74 2. I5 I .92 

3.38 2.42 2.36 3.52 2.18 1.46 1.80 2.37 3.59 
6.16 3. I9 6.71 IO. I3 4.63 7.84 3.14 5. IO 6.89 

NF 
PAW (mm) 
WU (mm) 

263 199 439 328 212 368 348 309 366 
227 I72 259 265 183 263 245 221 265 

‘.\\crage from all expcrlments 
‘I Iic liiedn plu4 or minus “Sy X t., .. 15 the %I’/( confidence intcrval of the mean 

\\cr+c 01 plot\ ulth N and 1’ nonlimiting from all experiments 
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3OOOi profile. Under conditions where water moves through the 
profile, fertilizer N losses could be significant. 

When yields were averaged over the entire study period, the 
single, high-rate N applications were slightly more efficient 
than comparable annual applications. Average annual yields for 
the annual 45 kg N/ha treatment of experiment 67A and the 42 
kg N/ha ARE treatment (single applications of 336 kg N/ha) of 
experiment 69A were 1,702, and 1,863 kg/ha, respectively. 
This small difference was due in part to the “N-sink” effect as 
discussed by Power (1972) and Wight (1976). In experiment 
67A, maximum yield responses to annual applications of 45 kg 
N/ha did not occur until after the fourth year or until a total of 
180 kg N/ha had been applied. With single, high-rate N 
applications, maximum responses occurred the same year as 
application. Also, the initiation of experiment 69A coincided 
with 2 years of above-average growing conditions, which 
allowed for maximum response to the applied N. Because of the 
sink effect, the most effective N treatments in terms of N use- 
efficiency may be a high (150 to 250 kg/ha) initial N application 
followed by annual or periodic ARE applications of 30 to 50 
kg/ha. Rates and/or frequencies of N application could be 
varied in response to climatic conditions. 

The initiation of three experiments (69A, 70A, and 71A) in 
consecutive years, which included both above- and below- 
average precipitation, provided an opportunity to observe 
possible treatment-year interactions. In 197 1, on plots where N 
and P were nonlimiting, first-year herbage yields averaged, 
1,936 kg/ha in experiment 7 1 A as compared with 1,433 kg/ha 
in experiments 69A and 70A. In general, there is more response 
to fertilizer, particularly high rates, the first year of application 
than in succeeding years because the fertilizer-stimulated root 
system is able to reach and extract soil water that was not 
available to the unfertilized roots (Lorenz and Rogler 1967). 
Also, there was probably a much greater carryover of soil water 
from the “wet” years of 1969 and 1970 on the previously 
unfertilized plots of experiment 7 IA than on the previously 
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Fig. 2. The herbage yield-N relationship as ajfected by climate. 

The relationship between yield and N rate can be expressed 
bye the equation Y = AXb where Y is yield (kg/ha) andX is N rate 
(ARE’s) Fig. 1 and 2). Figure 1 shows that most of the yield 
response to N occurred at the lower rates with only small 
increases in yield per added increment of N as N rate increased 
beyond 40 to 50 kg/ha. Economically, the most effective N rates 
would be in the lower ranges. 

Longevity of single, high-rate N applications is shown in 
Table 2. The 336 and 1,008 kg N/ha rates still had a significant 
residual effect on yields in 1976, 8 years after application. 
Power (1972) indicated that N is not likely to be leached through 
the soil profile in the Northern Great Plains. This is because very 
little water moves through soil profiles of semiarid rangelands 
under cover of perennial vegetation as indicated by the soil 
profile-primarily an accumulation of lime in the upper 1 m of 

Table 2. Herbage yields (kg/ha) as affected by N and P fertilization (kg/ha) for experiment 69A. 

Fertilizer treatment 

N P 1969 1970 1971 
Year 

I972 1973 I974 1975 1976 Mean 

0 
0 
0 

Mean 

0 
112 
224 

1188 1484 797 1205 646 I155 1270 
1250 1069 757 1152 665 952 1437 
1254 IO96 758 1252 766 1242 1512 
1231 1216 771 1203 692 1 II6 I406 

1012 IO95 
953 I029 

1235 II38 
1063 IO87 

112 
112 
112 

MEAN 

0 
112 
224 

2536 1876 1050 1501 1104 1621 1563 1283 I566 
2999 1508 848 1319 883 I164 1435 1117 I409 
3362 1951 925 1380 823 1200 1361 1003 I500 
2966 1778 941 1400 936 1328 1453 1134 1492 

336 
336 
336 

MEAN 

0 
112 
224 

3177 2564 1122 2189 1165 1500 1667 1522 I863 
5277 323 1 1002 2978 834 1455 2003 I176 2244 
473 1 3224 1174 2859 1341 1384 1659 1385 2319 
4395 3006 1099 2675 1113 I446 I776 1361 2109 

1008 
1008 
1008 

MEAN 

0 
112 
224 

2328 2945 1276 4108 1171 2075 I902 I643 2181 
3849 3620 1263 4032 795 1583 2097 1877 2389 
4194 4514 1727 3716 1562 1910 2386 1457 2683 
3457 3693 1422 3952 1176 1856 2128 1659 2418 

LSD’ 560 SF 209 539 183 232 252 193 163 
LSD 971 551 361 934 317 781 743 334 381 
LSD 1416 775 472 886 366 568 618 395 271 

‘LSD’s are for the N means, N at same P level, and P at same N level, respectively, with error probability=O. I. 
“Slgnlftcant N X P interaction. 
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fertilized plots of experiments 69A and 70A. In most other mustard plants may have been sufficiently palatable to 
respects, the three experiments were very similar throughout the encourage heavy grazing, thus reducing their detrimental 
study. effects. 

Species Composition 

The effects of range fertilization on species composition is a 
major ecological concern. Although this study contributes some 
knowledge of range species responses to fertilization, the results 
are limited in application because of the absence of grazing. 
Results of experiment 67A (Table 3) showed that species 
composition varied considerably among years on the unfertil- 
ized plots. Total perennial grasses, for example, varied from a 
low of 33% in 1976 to a high of 71% in 1973. The forbs and/or 
shrubs varied inversely with the grasses, whereas the sedges 
remained relatively constant throughout the study. Western 
wheatgrass and needleandthread accounted for much of the 
variation in percent grasses; whereas goatsbeard and fringed 
sage accounted for nearly all of the variation in the percent of 
forbs and shrubs. 

In agreement with other range fertilization experiments 
(Wight 1976), the cool-season species responded most to N 
fertilization. Blue grama, the major warm-season species of this 
site, was generally not affected by N rates up to 33 kg/ha but its 
percent composition was reduced as yields of the other species 
increased. At N rates above 336 kg/ha, blue grama yields 
decreased. Sedges responded least to fertilization so they also 
became a smaller portion of the total as production of other 
species increased. 
Water and Precipitation Use 

The effect of N on species composition was relatively minor 
and varied with years. One of the largest N-induced changes in 
species composition occurred in 1972 and 1973 with a 6-fold 
increase in percent goatsberd and a corresponding decrease in 
percent perennial grasses, primarily western wheatgrass and 
needleandthread. 

The effects of single, high-rate N applications and annual N 
applications of smaller magnitude were generally similar with 
the single, high-rate N applications increasing the percentage of 
grasses in some instances and the percentage of forbs and shrubs 
in others. The major difference between the single, high-rate N 
applications and the 45 kg N/ha applied annually occurred in 
1972, a year of tansy mustard (Descuruinia pinnatu) infestation 
throughout eastern Montana. On plots that had received single 
applications of 336 kg/ha N or more plus P, tansy mustard yields 
ranged from 300 to over 4,000 kg/ha. Without P and regardless 
of the N rate, tansy mustard was absent or only a minor 
component of the vegetation complex. 

Plant available water for the April 5 to July 15 growing 
season, as determined from weather station soil water and 
precipitation data, ranged from 199 to 439 mm, reflecting 
variability in annual precipitation amounts and distribution 
(Table 1). Previous work by Wight and Black ( 1978) showed 
that N fertilization had little effect on plant available water but it 
increased water use by as much as 17%. Water use, which was 
determined only for the unfertilized plots, did not fluctuate as 
much as did precipitation and plant-available water but 
increased linearly with plant-available water to a maximum of 
about 265 mm (Table 1). Above this level there was little or no 
further increase in water use, regardless of the amount of water 
available. In this study, water use (evapotranspiration) during 
the April 15 to July 15 growing season accounted for 59% of the 
annual precipitation. Wight and Black ( 1978) reported a similar 
percentage of 6 I%, and they found that with N fertilization 70% 
of the annual precipitation was used during the growing season. 

Tansy mustard had a degrading effect on the species compo- 
sition of the infested plots in subsequent years. In extreme cases 
of infestation, growth of nearly all perennial grasses was 
suppressed, resulting in secondary successions beginning with 
fringed sagewort and weedy annuals. The tansy mustard infes- 
tation was limited almost entirely to 1972 and some carryover 
into 1973. We can only speculate on what interaction grazing 
may have had on this infestation. The young, fertilized tansy 

A lack of linear correlation between the harvest-to-harvest 
precipitation and herbage yields on unfertilized plots reflects 
both the importance of precipitation distribution within the year 
and the upper yield limit of about 1,250. kg/ha, beyond which 
there were no further yield increases, regardless of the amount 
of precipitation or plant available water. During periods when 
annual precipitation is average or less most of the time, the yield 
limit would be reached only infrequently and correlation 
between precipitation and yield would probably be increased. In 
this study, N fertilization effectively removed the nutrient- 
induced yield limit, allowing water (precipitation) to sustain 
yields well beyond the 1,250-kg/ha limit. Excluding 1973, an 
anomalous year, the harvest-to-harvest precipitation accounted 
for half of the variability in herbage yields on fertilized plots (r”! 
= 0.50; n = 9). By measuring annual precipitation between 
July 1 and June 30, rather than between July 15 and July 14, the 

Table 3. Yearly variation in species composition (%) on unfertilized (NJ and plots fertilized with 45 kg N/ha annually (NJ& for experiment 67A. 

Year and N treatment 
1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 Mean 

Species N, N,, N, N,, N, N,, N, N,, N, N,, N, N,, No NC, No NG No Ne No Na No N,, LSD' 
Western-wheatgrass 17 13 17 15 11 10 14 12 20 14 16 28 27 16 18 18 20 11 10 13 17 15 11 12 
Blue grama 5 4 8 8 11 11 10 5 9 6 12 2 15 5 12 5 13 3 8 9 10 6 7 10 
Prairie junegrass 7 8 5 13 9 10 7 6 12 12 7 1 11 2 16 6 19 18 8 4 10 8 11 11 
Needleandthread 7 9 6 10 8 18 10 19 13 30 9 9 17 9 12 15 8 14 2 13 9 15 9 11 
Threadleaf sedge 14 7 21 12 13 9 11 11 17 13 8 7 7 19 11 19 14 10 9 5 12 11 12 13 
Goatsbeard 3 3 0 0 7 6 4 11 1 1 6 39 6 32 8 10 3 7 7 14 4 12 9 9 
Other forbs 8 10 7 10 12 10 15 3 3 221 47 5 12 9 14 5 13 3 11 6 10 11 
Fringed sage 33 40 29 27 18 24 19 26 16 22 14 8 4 6 3 16 4 27 7 12 15 21 16 17 
Total grass 36 35 37 47 40 48 43 43 56 61 46 39 71 33 63 44 62 47 33 44 49 44 20 20 
Total sedge 20 13 25 17 22 11 17 17 22 14 10 810 22 15 21 17 12 16 13 17 15 14 14 
Total forbs 10 13 7 10 18 17 19 14 4 2 28 46 13 39 20 19 17 12 34 23 17 19 17 17 
Total shrub 35 40 31 17 20 24 21 26 18 22 16 8 6 6 3 16 4 29 16 20 17 22 17 18 

I The values in the first and second columns are for comparing means among years at the same N-level and means between N-levels within the same year, respectively V=O. 1). 
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correlation was improved significantly ? = 0.85; m = 9). 
During some years, a significant portion of the annual precipita- 
tion occurred within a few days prior to harvest and was only 
partially reflected in that year’s measured production. For 
example in 1969 and 1970, 105 and 34 mm of precipitation 
occurred the last 13 and 3 days, respectively, of the growing 
season. 

On rangelands where precipitation is normally the only 
source of water. its efficient use is critical for maximizing plant 
urowth. Wight and Black (1978) reported that fertiiization not b 
only increased the efficiency with which plants utilized water, 
but it also made more of the precipitation available for plant use 
by improving soil water recharge. In this study, precipitation- 
use efficiency averaged 2.60 and 5.8 1 kg/ha-mm on un- 
fertilized and fertilized plots, respectively (Table 1). 

Results of these experiments indicate that range fertilization 
can be used effectively to increase herbage production without 
harmful effects to the vegetation complex. 
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Range Fertilization: Nitrogen and Phosphorus 
Uptake and Recovery Over Time 

A.L. BLACK AND J. ROSS WIGHT 

Abstract 

Little information has been published concerning the long-term 
effects of N and P fertilization on nutrient cycling and availability 
of N and P as related to quantity and quality of native grassland 
herbage. Factorial combinations of ammonium nitrate at rates of 
0, 112,336, and 1,008 kg N/ha and concentrated superphosphate 
at rates of 0, 112, and 224 kg P/ha were broadcast once in the 
spring of 1969 on a native range site (Boufeloua-Carex [Stipa] 
faciation of a mixed prairie association). During the next S-years, 
plant N and P content of grasses and nongrasses increased for 
periods of time proportionated to the rate of N and P applied. 
Plant N content tended to be low in “wet” years and relatively 
high in “dry” years. Conversely, plant P content tended to be high 
in “wet” years and relatively low in “dry” years. After the first 2 
years, the increase in plant N and P uptake, resulting from a given 
level of N-P fertilization, continued at a rather stable rate as 
compared with the unfertilized check. In 1973, the unfertilized 
check had 20,700 kg/ha of root material in the upper 30 cm of soil. 
The fertilized (336 kg N/ha plus 224 kg P/ha) grassland had 24,310 
kg/ha of root material which contained 116 kg/ha more N and 8 
kg/ha more P than did the check. Therefore, the below-ground 
root system is a nutrient-deficient sink which has a high potential 
to immobilize relatively large quantities of applied N and P 
fertilizer materials. This study revealed the long-term benefits of 
N and P fertilization on forage quality which may persist for 
several years after yield responses are no longer apparent. 

Authors are soil scientist and range scientist, respectively, U.S. Dep. Agr., Science and 
Education Administration. Agricultural Research, Northern Plains Soil and Water 
Rewarch Center. P.O. Box 1109. Sidney, Montana 59270. 

The study is a contribution from the U.S. Dep. Agr.. SEA, and Montana Agricultural 
Experiment Station. Sidney, Montana, Journal Series No. 828. 

Manuscript received July IO, 1978. 
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In the northern Great Plains, cycling and availability of 
nutrients to plants are controlled largely by climatic factors- 
primarily soil temperature and available soil water. Availability 
of nitrogen (N) and phosphorus (P) influences both quantity and 
quality of the forage produced. The amount of water that 
becomes available for plant use and the efficiency with which it 
is used is greater in a fertilized than an unfertilized grassland 
ecosystem (Wight and Black 1978). Nitrogen fertilization 
usually increases the amount of water becoming available for 
plant use by increasing soil water extraction and over-winter 
recharge. 

Our knowledge of N and P cycling has been increased 
considerably in recent years. Two recent reviews of range 
fertilization research in the northern Great Plains have been 
published (Rogler and Lorenz 1974; and Wight 1976). Power 
( 1972) described the N-cycle of native grasslands and postu- 
lated that “nitrogen may be eliminated as a growth-limiting 
factor within a soil-plant system by providing sufficient in- 
organic N to completely saturate the capacity of the system to 
immobilize N, thereby setting up new equilibrium conditions 
whereby annual immobilization and irreversible losses are 
balanced by mineralization plus inorganic N additions. ” 

Our knowledge of the P-cycle is not as complete for native 
grasslands as it is for the N-cycle. However, Cole et al. (1977) 
developed a P-flow simulation model based on field data and 
published research, which integrated the effects of soil pro- 
perties, moisture, plant phenology, and microbial decompo- 
sition of organic matter. Although soil properties and soil water 
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may interact strongly with P availability to plants, the entire 
P-cycle resembles the N-cycle, as described by Power (1972), 2.5 
and a similar hypothesis could be developed for P. t \ 

One major difficulty in testing such hypotheses is that few 
previous range fertilization studies have been conducted long 
enough to quantify the flow rates and balance the N, or P, 
cycling within the soil-plant ecosystem. Quantifying these 
processes is inherent in determining the resulting quantity and 
quality of the grassland forages produced. The importance of 
forage quality in beef production on rangeland was emphasized 
by Rogler and Lorenz ( 1957, 1969). Improved levels of N and P 
in rangeland forages have been maintained by single high-rate 
or annual low-rate applications of N and P fertilizer for 4 to 6 
years (Thomas 1961; Read 1965; Smoliak 1965; Black 1968; 
and Power and Alessi 197 1). 

The objectives of this paper are to consider the &year annual 
variations in plant N and-P-content and uptake as influenced by 
N and P fertilization and available water supplies, and to 
evaluate nutrient cycling of N and P over time in relation to the 
published hypotheses of Power (1972) and Cole et al. (1977). 

.= 0 
*= 112 
@= 336 
-= 1008 

I I I I I I I 
69 70 71 72 73 74 75 76 

YEAR 

Materials and Methods 

Details of the study site, experimental design, fertilizer treatments, 
and harvesting methods are given in previous papers (Wight and Black 
1972, 1979). At the beginning of the study, soil properties were 
reported (Black and Wight 1972), which included soil texture, pH, 
organic matter, total soil N and NO,-N, and NaHCO, soluble P. This 
experiment design was a randomized block, split-plot with P treat- 
ments of 0, 112, and 224 kg P/ha as main plots and N treatments of 0, 
I 12, 336, and 1,008 kg N/ha as subplots. Fertilizer treatments were 
applied in a single application in 1969. 

The species composition of the plant community in 1969 was 
described in detail by Wight and Black (1972) and it was again 
described after 8 years (Wight and Black 1979). Unless otherwise 
specified, we grouped plant species into two major categories: grasses 
[western wheatgrass (Agropyron smithii), blue grama (Bouteloua 
grucilis), prairie junegrass (Koeleria cristutu), and needleandthread 
(Sripu comutu)] and nongrasses [threadleaf sedge (CurexfiliJoliu) and 
other sedges, goatsbeard (7’rugopogon dubius) and other forbs, 
fringed sagebrush (Artemisiujrigidu) and other shrubs]. Plant N was 
determined by the Kjeldahl method modified to exclude plant nitrates 
(Jackson 1958), and percent crude protein was calculated (% N x 

6.25). Plant P was determined colorimetricallv following wet oxida- 
tion of plant tissues (Jackson 1958). All significant differences in 
above-ground plant N and P concentrations and uptake discussed 
significant at the 5% confidence level unless otherwise indicated. 

In 1973, 5 years after we applied the initial N and P fertilizer 
treatments, we took 20-cm diameter soil cores to a 30-cm depth, sliced 
the core horizontally into selected increments, and by soaking and 
washing procedures, separated plant root material from the soil. Goetz 
( 1969) and Power and Alessi (197 I) working on similar soils found 
that 807~ or more of the root material under native range was contained 
in the top 30 cm of soil profile. Three soil cores were taken within both 
the unfertilized and the fertilized (334 kg N/ha plus 224 kg P/ha) plots, 
and total dry weight of root material, N and P content of roots, and 
total N and P uptake in the roots were determined. Soil samples were 
also taken periodically by 30-cm increments to a 3-m depth and soil 
NO:,-N was determined by the phenoldislphonic acid method 
(Jackson 1958). 

Fig. 1. Average plant N content of grasses as influenced by N fertilization and 
years. 

western wheatgrass and blue grama. 
Plant N and P content and uptake of the above-ground portion 

by the grasses and nongrasses (Figs. I , 2, 3, and 4) were 
abnormally high in the fertilized plots the first year of the study 
( 1969) for three reasons: First, growing season precipitation 
(April 1 to July 15) was the highest of all study years; second, 
the soil profile was moist throughout the root zone to a 2-m 
depth at the beginning of the growing season; and third, the 
relatively high rates of N and P applied were readily available to 
plants under these moisture conditions because only limited 
quantities of applied N and P had time to be immobilized into the 
soil-root-organic matter sink-system. Some of these factors 
were still operative the second year for the two highest rates of N 
and P applied. However, in 1970, all N and P rates reached a 

2.5 I/ 
b \ 

Kg N/ha 
.= 0 
*= 112 
@ = 336 
-= 1008 

Results and Discussion 

Shrubs and forbs consistently had a higher plant N and P 
content regardless of fertilization than western wheatgrass or 

69 70 71 72 73 74 75 76 

blue grama (data not shown). The unfertilized sedges, needle- YEAR 
andthread, and particularly junegrass, had the lowest N and P Fig. 2. A 
content. but with N and P fertilization they were about equal to 

verage plant N content of nongrasses as influenced by N fertilization 
and years. 
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Fig. 3. Average plant P content of grasses as influenced by Nfertilizer applied 
alone, P fertilization, and years. 

YEAR 

Fig. 4. Average plant P content of nongrasses as influenced by P fertilization 

relatively stable rate of availability in relation to the unfertilized 
grassland system, as shown by the N- and P-uptake data 
presented in Figures 5 and 6. 

Plant N and P content 
Since our data showed that plant N content of grasses and 

nongrasses was not significantly influenced by P fertilization, 
we averaged N content data for each N rate over all P-fertilizer 
treatments (Figs. 1 and 2). Variations in N content of both 
grasses and nongrasses were influenced (in order of importance) 
by rate of N applied, years (climate), and the year by N-rate 
interaction. 

After the first 2 years, variations in N content of grasses and 
nongrasses within each N treatment were related primarily to 
available water supplies and to the quantity of forage produced. 
For example, in 1972, a “wet” year, forage production was 
high and plant N content decreased because the lush plant 
growth diluted plant N contents (Figs. 1 and 2). Conversely, in a 
“dry” year, such as 1973, production was low and N content 
increased within each level of N applied. This illustrates what 
many livestock producers have known for a long time, that beef 
production can be lower in “wet” than in drier years. 

Plant P content of grasses significantly decreased as N rates 
increased without P fertilization, but when 112. or 224 kg P/ha 
was applied, N rates had no significant influence on plant 
P content. For this reason, we presented (Fig. 3) plant P content 
of grasses as an average of all N rates of the 112 and 224 kg P/ha 
treatments, whereas for the 0 kg P/ha treatment, N rates are 
presented individually (Fig. 3). 

Without P fertilization, the 112,336, and 1,008 kg/ha rates of 
N depressed plant P content significantly for 2,7, and more than 
8 years, respectively. The negative effect of applying N- 
fertilizer alone on plant P content obtained in this study agreed 
with previous research (Smika et al. 1960; Cosper et al. 1967; 
Black 1968). Adding either 1 12 or 224 kg P/ha increased the P 
content in the above-ground plants to an adequate level for 
livestock feed in a maintenance ration (National Research 
Council 1976). Without P-fertilization, N applied alone de- 
creased plant P content far below adequate levels for livestock. 

and years. 

Plant P content of the nongrasses was controlled primarily by 
rate of P applied, and secondly years, with no significant 
interaction between N- and P-fertilizer treatments. Therefore, N 
rates were combined within each P rate and the mean plant P 
content as influenced by P rates and years are shown in Figure 4. 
Plant P content of the grasses and nongrasses varied consider- 
ably among years. However, the availability of native and 
added P was controlled principally by available water supplies 
after the first 2 years. For example, in “wet” years, like 1972 
and 1975, plant P content of the grasses and nongrasses was 
relatively high within each fertilizer treament (Figs. 3 and 4). 
Conversely, in “dry” years such as 197 1 and 1974, plant P 
content was low. These trends were most conspciuous when no 
P fertilizer was applied. However, the actual P levels main- 
tained in both grasses and nongrasses with P fertilization, 
regardless of year effects, was 30 to 50% greater than when no P 
was applied. 

Plant N- and ,P-uptake 
Plant N uptake for the unfertilized native grassland system 

over the 8-year period was 97 kg/ha, averaging 12 kg N/ha/yr. 
Without P added, plant N uptake was 58, 125, and 198 kg N/ha 
greater than the check for the 112,336, and 1,008 kg/ha N rates, 
respectively. With P added, plant N uptake was 54, 169, and 
273 kg N/ha greater than the check for the 112,336, and 1,008 
kg/ha N rates, respectively. Phosphorus fertilization improved 
plant N uptake for 2,4 and at least 8 years for the 112,336 and 
1,008 kg/ha rates of N, respectively, as compared with the same 
N levels without P fertilization. 

However, the same amount of N uptake has occurred, or will 
probably occur, with and without P fertilization for the 1 12 and 
336 kg N/ha rates (Fig. 5). Extrapolation of the curves in Figure 
5 shows that plant N uptake should reach the same amount, with 
or without P added, in 6 years for the 112 kg N/ha rate and in 13 
years for the 336 kg N/ha rate. Regardless of P fertilization, one 
could anticipate that the 112, 336, and 1,008 kg N/ha rates 
should still be increasing average N uptake 0.5,2.6, and 10.1 kg 
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Fig. 5. Accumulative plant N uptake above the unfertilized check as influenced 
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N/ha/yr, respectively for a period of 6, 13, and more than 13 
years. 

The actual amount of N fertilizer recovered in the harvested 
above-ground portion for the I 12,336, and I ,008 kg/ha rates of 
N after 8 years was 51.4, 37.1, and 19.6% without P, 
respectively, and 48.6,50.5, and 27.1% with P added, respec- 
tively. Several more years of data would be needed before the 
maximum recovery of N-fertilizer could be obtained for the two 
highest rates of N applied. 

For a given rate of N applied, accumulative P uptake by plants 
for the I 12 and 224 kg/ha rates of P were not significantly 
different. Therefore, only plant P-uptake data for the 0 and 224 
kg/ha P rates are shown in Figure 6. Cumulative P uptake by 
range plants in the unfertilized system was 12.6 kg P/ha over the 
8-year period, averaging 1.6 kg P/ha/yr. The increase in plant P 
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Fig. 6. Accumulative plant uptake above the unfertilized check as influenced by 
various N rates, with or without P, during the d-year period. 
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uptake, resulting from adding 224 kg/ha of P alone, was only 
2.6 kg P/ha over the 8-year period, averaging 0.3 kg P/ha/yr. 
However, when 112, 336, and 1,008 kg N/ha were applied in 
combination with 224 kg P/ha, plant P uptake increased an 
additional 12.3, 24.1, and 32.6 kg P/ha above the check in 8 
years, averaging 1.5, 3.0, and 4.1 kg P/ha/yr, respectively. 
With P fertilization, plant P uptake increased 98, 19 I, and 258% 
above the check with 112, 336, and 1,008 kg N/ha applied, 
respectively. Plant recovery of P fertilizer in the above-ground 
forage harvested for the high N rate was 27 and 15% for the I I2 
and 224 kg/ha rates of P, respectively, after 8 years. 

After the first 2 years, the increase in plant P uptake resulting 
from N and P fertilization continued to increase at a rather stable 
rate in relation to the unfertilized native grassland system. Since 
197 1, plant P uptake from the 0, 112, 336, and 1,008 kg/ha N 
rates with 224 kg/ha of P applied increased 0.3, 0.9, 1.2, and 
2.5 kg P/ha/yr, respectively, above the check. If we assume that 
the difference due to N and P fertilization continued at the same 
levels as they did during the last 6 years of the study, then the 
224 kg/ha rate of P should increase plant P uptake for 738,235, 
167, and 76 years for the 0, I 12, 336, and 1,008 kg/ha rates of 
N, respectively, if the above-ground herbage was harvested and 
removed from the land each year. In an actual grazing system, 
where appreciably smaller amounts of P would be removed, P- 
fertilizer effects would undoubtedly last almost indefinitely. 

Root-Plant-Soil N and P Relationships 
Soil cores were taken within the fertilized (336 kg N/ha plus 

224 kg P/ha) and unfertilized plots and total root material, N and 
P content of roots, and N and P uptake by roots, was determined 
by selected soil depth increments (Table 1). Fertilized plots had 
24,3 10 kg/ha of root material in the upper 30.5 cm of soil as 
compared to 20.700 kg/ha for the check. These amounts of root 
material resembled that reported by Goetz ( 1969) but are a little 
less than those reported by Power and Alessi (1971). The 
fertilized grassland system not only had 3,6 10 kg/ha more root 
material, but the N and P contents of the roots were much higher 
than those from the unfertilized system. Root material obtained 
from fertilized plots contained 1 16 kg/ha more N and 7.7 kg/ha 
more P than did root material obtained from unfertilized plots. 
These data illustrate the potential of the grassland ecosystem to 
immobilize relatively large quantities of N and P fertilizer in the 

Table 1. Distribution of berbage root material, N and P content of roots, 
and N and P uptake by roots as influenced by N-P fertilization 5 years 
after initial application. 

___ _____ 
Total Total Total 
root Root N N in Root P Pin 

Soil depth material content roots content roots 
(cm) (kg/ha) (%) (kg/ha) (%) (kg/ha) 

Unfertilized 
o- 3.0 I 1,250 1.03 116 .079 8.9 

3.0- 9.0 5,110 .75 38 .076 3.9 
9.0- 15.2 1,810 .64 1-J .070 1.3 

15.1-23.9 I.430 .60 9 .057 .8 
23.9-30.5 1,100 .55 6 .054 .6 

Total ‘0,700 181 15.5 

Fertilized (336 kg N/ha plus 224 kg P/ha) 

o- 3.0 14,180 1.45 206 ,099 14.0 
3.0- 9.0 5,400 .97 53 .I01 5.5 
9.0- 15.2 1,870 .83 16 .087 1.6 

15.1-13.9 1,650 .87 14 .070 1.2 
23.9-30.5 1,210 .77 9 .073 .9 

Total 24,3 IO 997 23.2 



below-ground root system. 
In 1973, soil N03-N determinations were made by 30-cm 

increments to a 3-m depth in the unfertilized check and the 
fertilized (336 kg N/ha plus 224 kg P/ha) plots. The check 
contained 9 kg/ha, of soil N03-N while fertilized plots still 
contained 47 kg/ha, 5 years after application. Therefore, 
fertilized plots contained 38 kg/ha more soil NO,-N and 116 
kg/ha more N in the roots than did unfertilized plots. By 1973, 
we could account for 163 kg/ha more N than from the check in 
the aboveground herbage harvested from fertilized plots. We 
applied 336 kg/ha of N and by 1973 we could account for 38, 
116, and 163 kg/ha of applied N in the soil, roots, and above- 
ground herbage, respectively, which totals 3 I7 kg N/ha or 94% 
accountability of the initial 1969 application. 

Since relatively high amounts of N are tied-up in the below- 
ground root system of fertilized plant communities, it is 
understandable that the release of this N through natural 
decomposition processes to the available N pool for later uptake 
by above-ground herbage would be a very slow process. 
Therefore, the projected time length that plant N and P uptake 
would be influenced by high N and P rates (as discussed earlier) 

may be very realistic for the cool-semiarid climate of the 
northern Great Plains. 

Since unfertilized systems contain relatively large quantities 
of root material with low N and P content, the root system itself 
has a high potential to immobilize relatively large quantities of 
any inorganic N or P..fertilizer material applied. This im- 
mobilized portion of the N and P fertilizer applied will not 
become available for cycling to the above-ground herbage until 
the inorganic soil pool of available N is nearly exhausted. Even 
though yield responses to 112 and 336 kg/ha N rates ceased 
sometime during the &year period, plant N uptake was still 0.5 
and 2.6 kg N/ha greater, respectively, in fertilized than in un- 
fertilized check plots after 8 years. The source of this N is 
undoubtedly from mineralization of organic matter, principally 
plant root material. 

Conclusions National Research Council. 1976. Nutrient Requirements of Beef Cattle. Fifth 

have assumed that when the production of a fertilized grassland 
system had decreased to the same level as the check, there 
would be no further benefits to be obtained from fertilization. 
The results of this study showed that the benefits of N and P 
fertilization on important herbage quality factors persisted after 
yield responses had ceased. Such quality factors as plant P 
content become even more important in relation to livestock 
production in P-deficient rangeland in the glacial till soil regions 
of the northern Great Plains (Black 1968; Black and Wight 
1972). 

In this study, we applied relaively high rates of N and P 
fertilizer principally to identify the possible production potential 
of a typical range site in the northern Great Plains climate if soil 
N and P were not limiting in the soil-plant system. We recognize 
that maximizing forage production is not the most economical 
or desirable target. Nevertheless, the results of this study 
indicated the hazards of making economic and management 
decisions solely on production without considering the long- 
term benefits of N and P fertilization on both production and 
forage quality-benefits that may persist for several years after 
yield responses are no longer apparent. 
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Range Rehabilitation Enhances Cotton Rats in 
South Texas 

FRED S. GUTHERY, TERRY E. ANDERSON, AND VALGENE W. LEHMANN 

. Abstract 

During August 1961 in Kleberg County, Texas, cotton rat 
density was four times greater on areas planted to exotic grasses 
than on native rangeland, and density was six times greater on 
rootplowed areas. A regression model using standing crop bio- 
mass of herbaceous vegetation and percentage composition of 
standing crop furnished by sida, bristlegrasses, and sumpweed 
plus ragweed explained 81.4% of the variation in cotton rat 
density. 

Study Area and Methods 

Data were collected on the Santa Gertrudis Division of the King 
Ranch, Kleberg County, Texas, during August I to August 24, 196 1. 
Topography was flat to gently rolling and soils were sandy clay loams 
of the Czar-Delfina-Orelia Association. 

Rodents play important roles in the ecology and management 
of rangelands (Gross 1969; Vallentine 1971). These animals 
may positively (Bond 1945) or negatively (Norris 1950) 
influence plant succession. Although small herbivores usually 
dissipate less than 5% of the energy stored in net primary 
production (Chew and Chew 1970; French et al. 1976), their 
activities can further curtail herbage production. Fitch and 
Bentley (1949) reported that rodent populations are potentially 
capable of removing 33% of the annual forage production on 
California rangelands. This results from trampling of vegetation 
and from close cropping during the growing season. Foster 
(1965) found that grazing by microtine rodents removed 
current-season stem primordia of perennial grasses in south- 
eastern Idaho. A population of 160 voles (Microtus sp.)/acre in 
California removed 85% of the volume of vegetation and 
diminished seed fall from grasses in the vole diet by 70% (Batzli 
and Pitelka 1970). Clearly, knowledge of factors influencing 
rodent population dynamics is necessary for full understanding 
of plant community dynamics. 

Treatments consisted of improved grasslands, native range, and 
rootplowed areas. Improved (rootplowed and seeded) areas had an 
herbaceous stratum dominated either by King Range bluestem (Both- 
riochlou ischaemum) or buffelgrass (Cenchrus ciliaris), which are 
introduced species. Windmillgrass (Chforis spp.) and Texas winter- 
grass (Stipa leucotricha) dominated vegetation on native areas. 
Bristlegrasses (Setaria spp.) and forbs, principally sida (Sida spp.) 
and western ragweed (Ambrosia psilostachya), dominated vegetation 
on areas that had been rootplowed twice about 10 years prior to the 
study. A moderately dense shrub stratum, consisting mainly of 
huisache (AcaciaJ’arnesiana), honey mesquite (Prosopis glandulosa), 
and granjeno (Celtis pallida), was present on both native and 
rootplowed areas. 

Snap-trap transects were established to index cotton rat density, 
including 5, 8, and 14 transects on improved, native, and rootplowed 
areas, respectively. Twenty-two traps, baited with rolled oats, were 
placed at 5-yard intervals in each IO-yard transect. Traps were 
operated from 1700 to 2000 hours the first and second days of trapping 
and from 0700 to 1000 hours the second day. The lines were run at 1 -hr 
intervals during each 3-hr period. The dependent variable used in 
subsequent analyses was the total number caught per 9 hr. Weather, 
which influences probability of capturing rodents, was uniform during 
the study. 

During 1958 through 1960, cotton rat (Sigmodon hispidus) 
irruptions (Haines 1963) occurred in Texas. Densities were still 
exceptionally high in portions of south Texas during the summer 
of 1961, where Anderson (unpublished report) removed 3 10 
cotton rats from 2.07 acres during a 96-hr period. The apparent 
density, ignoring ingress and peripheral areas of influence, was 
149/acre. On a second area of similar size, Anderson removed 
75/acre during a 24-hr period. Davis (1974) reported that 
several hundred rats per acre are not uncommon during such 
irruptions. 

Standing crop biomass of vegetation was determined by clipping a 
25ft2 plot adjacent to and at the center of the 27 snap-trap transects. 
The clippings were weighed wet, air-dried, and weighed dry to the 
nearest ounce. Species composition of vegetation along the transects 
was estimated visually. 

The purpose of this paper is to compare cotton rat densities 
during the 196 1 irruption between improved and unimproved 
rangeland, and to examine habitat features that aided in ex- 
plaining differences in rodent density among range treatments. 

Twenty-two independent variables (Table 1) were examined as 
habitat features that may have influenced cotton rat density. Besides 
determining univariate correlations, we used for maximum R2 option 
of the stepwise multiple regression procedure of SAS (Barr et al. 
1976) to select the best four-variable model for predicting cotton rat 
density. We combined the percentage composition of certain plant 
taxa to create independent variables because their growth forms were 
similar. Both composition and physiognomy are important features of 
habitat. 

Results and Discussion 

Guthery is assistant professor, Department of Range and Wildlife Management, Texas 
Tech University, Lubbock. At the time of the research, Anderson was with the U.S. Fish 
and Wildlife Service, San Antonio, Texas, and Lehmann was wildlife biologist for King 
Ranch, Inc., Kingsville, Texas. Anderson’s current address is 2229-A South Holke Road, 
Independence, Missouri, and Lehmann’s is P.O. Box 185, Carrizo, Springs, Texas. 

The authors thank V.W. Lehmann, Jr., and W. Turner for field assistance. 
This paper is publication number T-9-194 of the College of Agricultural Sciences, 

Texas Tech University. 

A total of 680 cotton rats was captured on the 27 transects. 
The mean catches per 9 hr were significantly different (PcO.0 1) 
on native (6.1 t 1. l), improved (23.62 1.4), and rootplowed 
(36.6k4.7) areas. The means suggest that cotton rat density was 
about four times higher on improved areas and about six times 
higher on rootplowed areas, when compared to native areas. 
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Table 1. Independent variables used to develop a model for cotton rat 
density in Kleberg County, Texas, in August 1976 and simple corre- 
lations (r) with the density index. 

Variables r 

Standing crop biomass of herbaceous vegetation (wet) 
Standing crop biomass of herbaceous vegetation (dry) 
Mean height of herbaceous vegetation 
Number of genera in clippings (diversity) 
Number of downed logs along transect 
Percentage composition of standing crop by 

all forbs 
Iva plus Ambrosia 
forbs less Iva and Ambrosia 
Iva 
Ambrosia 
Sida 
all grasses 
panicoid grasses 
nonpanicoid perennial grasses less Stipa and Chloris 
Paspalum plus Panicum 
Chloris plus Stipa 
annual grasses plus Chloris 
Seraria 
Stipa 
Chloris 
annual grasses plus Chloris and Stipa 
brush 

~____ 
** Significant at PCO.01 
* Significant at PCO.05. 

0.44* 
0.52** 
0.07 
0.39* 
0.3 I 

0.25 
0.13 

-0.20 
0.27 

-0.02 
0.76** 

-0.26 
0.46* 
0.03 
0.27 

-oso** 
-0.29 

0.57** 
-0.37 
-0.25 
-0.38 
-0.01 

Univariate correlations revealed that the percentage compo- 
sition of sida was the most powerful predictor of cotton rat 
density (Table 1). Cotton rat density also was correlated 
positively with percentage composition of the standing crop 
furnished by bristlegrasses, standing crop biomass of herba- 
ceous vegetation, and number of genera per clipping. Density 
was negatively correlated with percentage composition of Texas 
wintergrass plus windmillgrasses. 

A four-variable regression model (P>O.OOO 1) accounted for 
8 1.4% of the variation in the cotton rat density index. The 
partial regression coefficients indicated that the catch per 9 hr 
increased by one animal with each increment of (1) 2 oz/25 ft* in 
standing crop biomass (dry) of herbaceous vegetation 
(P<O.Ol), (2) 1.17 o in percentage composition of sida (PC- 
0.05), (3) 2% in percentage composition of bristlegrass 
(P<O.O5), and (4) 4% in percentage composition of the variable 
sumpweed (Iva sp.) plus western ragweed (P<O.O5). These 
figures may be valid only within the range of values recorded in 
this study. 

The apparent importance of sida to cotton rat habitat is 
difficult to explain. Sida apparently provides little cover, but the 
seeds and herbage may serve as food. However, since cor- 
relation does not necessarily indicate a cause-effect relation- 
ship, presence of sida may only reflect other habitat parameters 
that truly influenced cotton rat abundance. For example, per- 
centage composition of the standing crop furnished by sida was 
correlated with number of species per clipping (r=0.59, 
P<O.Ol) and with percentage composition of the standing crop 
furnished by bristlegrasses (r=0.5 1, P<O.Ol). The latter two 
variables, as previously discussed, were positively correlated 
with cotton rat density. Also, sites with more sida had lower 
percentages of Texas wintergrass plus windmillgrass (Y= 
-0.38, P<O.O6), and this variable was negatively correlated 
with the density index. 

The importance of standing crop biomass in determining 
cotton rat density was expected . These animals attain greater 

Table 2. Comparison of cotton rat habitat parameters 
values by range treatment, Kleberg County, Texas. 

on average 

Habitat 
parameter 

Range treatment 

Improved Native Rootplowed 
(n=5) (n=8) (n= 14) 

Standing crop biomass 
(lb/25 ft*, dry) 

Diversity (number of 
genera/25 ft*) 

Percentage composition of 
standing crop by 

bristlegrasses 
sida 
sumpweed plus ragweed 
Texas wintergrass plus 

windmillgrass 

3.1 1.8 3.3 

4.2 6.4 8.4 

8.0 1.9 7.9 
0.0 2.9 12.4 
1.4 3.1 15.6 

18.0 60.6 23.1 

abundance at higher successional levels (Phillips 1936), and 
standing crop biomass increases with succession. Also, stand- 
ing crop biomass varies directly with structural vegetative 
cover, which, in our experience, is an indicator of habitat 
preferred by cotton rats. 

Bristlegrasses, sumpweed, and ragweed supply relatively 
large seeds that are eaten by many species of wildlife (Martin et 
al. 195 1); these foods probably were important to cotton rats. 
Also, because sumpweed and ragweed are single-stemmed 
forbs with dense canopy foliage, they provided freedom of 
movement at ground level with simultaneous concealment from 
raptors. 

Our findings generally agree with those of other studies in 
south Texas. Powell (1968), working in San Patricia County, 
found that rodent populations comprised primarily of pygmy 
mice (Baiomys tayfori) had higher densities on rootplowed than 
on untreated areas. However, scalping with a blade and root- 
plowing and raking resulted in lower densities than on untreated 
areas. Powell concluded that the cover provided by downed 
brush contributed to the attractiveness of rootplowed areas to 
rodents, which would tend to support our observations. 

Guthery (1977, 1978) trapped four sites in Zavala County, 
Texas. His data indicated that during 1975 the site which 
supported the highest standing crop biomass of herbaceous 
vegetation and the greatest percentage composition of western 
ragweed experienced a cotton rat irruption, whereas populations 
were stable or increased slightly on other sites. The irrupting 
population crashed, however, in 1976, during a period of low 
rainfall. 

Conclusions 

Range rehabilitation in south Texas provided habitat condi- 
tions that were suitable for high cotton rat populations in 196 I. 
The mechanisms involved appeared to be an increase in 
standing crop biomass of herbaceous vegetation and increases in 
the percentage composition of standing crop by plant taxa that 
potentially supply food to cotton rats, namely bristlegrasses, 
sumpweed, and ragweed (Table 2). Percentage composition of 
sida, though highly correlated with our density index, likely 
reflected other habitat features that were truly attractive to 
cotton rats. Cotton rats achieved the highest densities on 
rootplowed areas that supported a diverse flora composed 
principally of lower-successional forbs and grasses. 
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Differential Response of Subalpine Meadow 
Vegetation to Snow Augmentation 

DENNIS H. KNIGHT, SAM W. WEAVER, C. RICHARD STARR. AND WILLIAM H. ROMME 

Abstract 

Experimental results from two subalpine meadows in Wyoming 
suggest that prolonged snow cover due to winter cloud seeding 
could increase the productivity of dry meadows while causing a 
decline in the productivity of mesic meadows. Shifts in species 
composition may also occur. Though statistically significant, the 
observed effects were subtle and would be expected primarily in 
areas where larger snow drifts could develop. 

Snowfall in the Rocky Mountains is important not only as a 
major supply of water for the adjacent semiarid plains, but also 
as a factor regulating plant growth on mountain rangelands. 
Numerous studies have demonstrated how plant growth and 
species composition vary along natural gradients of snow cover 
duration (Gjaerevoll 1956; Billings and Bliss 1959; Holway and 
Ward 1963; Billings 1969; Gorchakovskii and Shiyatov 1971; 
Canaday and Fonda 1974; Weaver 1974; Knight, Rogers and 
Kyte 1977), and several experimental studies have shown how 
the artificial accumulation of snow with fences can cause 
changes in alpine tundra and mountain meadow vegetation 
(Webber et al. 1976; Weaver and Collins 1977). These studies 
were stimulated in part by an interest in the potential on-site 
ecological effects of snowpack augmentation by winter cloud 
seeding and have shown how prolonged snow cover may cause a 
reduction in plant productivity, apparently by reducing growing 
season length. The effect is slight if the duration of snow cover 
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is increased by less than a week, but may be considerable where 
snow persists longer. 

Our study was motivated similarly by the prospect of winter 
cloud seeding in the Medicine Bow Mountains of southeastern 
Wyoming. In addition to studying the effect of snow duration on 
forest understory vegetation (Knight et al. 1977), we initiated an 
artificial snow accumulation experiment in two subalpine 
meadows, one dry and one mesic. For 5 years plots were 
subjected to a snow cover duration 7-9 days longer than paired 
control plots. No previous snow-duration experiments had been 
done in the types of meadow which we studied (a dry Sibbaldia- 
Polytrichum meadow and a mesic Carex-Poa-Plantago 
meadow). 

Methods 

The study was conducted in Headquarters Park on the west side of 
the Medicine Bow Mountains. The two meadows were located within 
200 meters of U.S. Highway 130, the dry meadow being at an 
elevation of 3,109 m and the mesic meadow at 3,054 m. Starr (1974) 
found soil moisture to be one of the most important factors differ- 
entiating the meadows of this Park, dry meadows developing a 
moisture deficit by early July, mesic meadows having moist soil until 
late July, and wet meadows remaining moist throughout the growing 
season. The two sites selected for our experiment are typical of the dry 
and mesic meadows in that area. 

A randomized complete block design was used for the experiment, 
with 5 pairs of plots (each 1.5 m”) in each meadow. The 5 pairs were 
located in a homogeneous area of about 12 x 25 m, the plots of each 
pair appearing visually to be very similar in species composition. One 
plot of each pair was randomly selected to receive the snow treatment, 
which consisted of shovelling by hand of a sufficient amount of snow 
for the plots to remain snow-covered for 7-9 days longer than the 
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control plots. Although it is generally assumed that cloud seeding 
would prolong snow cover only 3-5 days (Leaf 197 1; Frank 1973), 
drifted snow that results from seeding could persist for a longer period 
(Weaver and Collins 1977). We chose a treatment which appeared to 
be the maximum possible that could occur as a result of winter cloud 
seeding. 

The snow treatment was applied each spring from 1973 to 1977. In 
addition to retarding plant growth for a 7-9 day period, the treatment 
also increased the water and nutrients (in the snow) available to that 
plot by several hundred percent. This aspect of the treatment will be 
discussed. 

In addition to noting the snow-free date for each plot during each 
year of the experiment, seasonal patterns of soil moisture and soil 
temperature in the primary rooting zone (lo-25 cm) were determined 
for each plot in 1977, the fifth and last year of the experiment. Soil 
moisture was measured gravimetrically and temperature was measured 
with a soil thermometer. Rooting zone soil water holding capacity was 
estimated in each meadow by multiplying percent soil moisture 24 
hours after saturation in the field and bulk density measured with the 
pit method (Black 1965). 

The 5-year treatment effect was determined by analysis of variance 
on current-year, season’s end, above-ground biomass data collected 
on August 1 l-12, 1977, from 0.5 x 1 .O m plots located in the 
approximate center of the l.5m2 treatment and control plots. Above- 
ground growth appeared to have been completed by that time in all 
plots. All vegetation was clipped to the soil surface and then frozen 
until species separation could be done in the lab. A subsampling 
procedure was used for the two dominant species of the dry meadow, 
Sibbuldia procumbens and Polytrichum juniperinum. Otherwise, the 
entire samples were sorted by species, with species nomenclature 
following that of Dom (1977). All samples were dried at 55°C for 48 
hours after species separation, with dry weights being determined to 
0.01 g. 

Results 

Figure 1 illustrates the degree to which the treatment prolong- 
ed snow cover, compared to the control plots, and the annual 
variation in snowfree date during the 5-year period. The early 
melt of 1977 can be attributed to the light snowfall which 
occurred throughout the central Rocky Mountains during the 
1976-77 winter. Despite below-average snowfall, the soils of 
both meadows were filled to field capacity in the rooting zone 
(mesic meadow 97%, dry meadow 52%). 

The vegetation of the dry and mesic meadows responded 

MESIC 

‘g73 DRY 

MESIC 

‘g74 DRY 

ME% 

‘g75 DRY 

MESIC 

‘g76 DRY 

MESIC 

‘g77 DRY 

I 5 IO I5 20 25 I 5 IO 15 

JUNE JULY 

Fig. 1. Snow cover durution on the control (stippled) and treatment plots of the 
mesic und dry meudows during the j-year study period. In 1978 the meudows 
were snow-covered until July 13, due to the heavy winter snowfall. 
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Table 1. Dry weight biomass (g/m*) of all species found on the control and 
snow-treatment plots at the dry meadow in Headquarters Park, Medi- 
cine Bow Mountains, Wyoming. The data were collected after applying 
the snow treatment for five consecutive years. 

Species 

Sibbaldia procumbens 
Polytrichum juniperinum 
Curex hoodii 
Achilleu lunulosa 
Polygonum bistortoides 
Juncus drummondii 
Viola adunca 
Agrostis thurberiana 
Arenuriu rubella 
Potentillu diversifolia 
Luzula spicata 
Erigeron sp. 
Pou reflexa 
Gentianu amorillu 
Phleum alpinum 
Thluspi montanum 
Antennuria sp. 
Hierucium gracile 
Scutteluria brittunii 
Ltwisiu pygmaea 
Other species 

Total green biomass 
- 

Control 

x 

42.0 
9.8 
4.1 
2.3 
2.1 
1.6 
1.4 
1.2 
I .o 
0.7 
0.5 
0.4 
0.2 
0.2 
0. I 
0. I 
0. I 
0. I 
0.4 
0. I 
1.7 

67.8 

Treatment 

x F 

62.0 16.21 (pC.05) 
9.9 0.0001 

12.0 5.25 
3.0 2.00 
3.6 2.32 
2.5 1.99 
2.8 0.97 
0.9 1.05 
1.9 10.41 (p<. 10) 
1.3 0.56 
0.’ 
0.1 
0. I 
0.2 
0.’ 
0.5 

0.2 

0. I 
1.6 

101.7 17.80 (pC.05) 

differently to the snow treatment. The mean total drv weight 
(g/m2) of treated dry meadow plots was 50% higher (P>95%) 
than the control plots (Table 1), whereas in the mesic meadow 
the treated plots had 44% less (p>95%) biomass than the 
control plots (Table 2). Dry meadow species having a pro- 
nounced increase with prolonged snow cover were Sibbuldiu 
procumbens ( +47%), Arenuriu rubellu ( +90%), and Carex 

Table 2. Dry weight biomass (g/m*) of all species found on the control and 
snow-treatment plots at the mesic meadow in Headquarters Park, 
Medicine Bow Mountains, Wyoming. The data were collected after 
applying the snow treatment for five consecutive years. 

Species 

Control Treatment 

x x F 

Carex hoodii 55. I 
Pou reflexu 53.4 
Pluntago tweedii 17.0 
Trisetum spicatum 14.0 
Erigeron sp . ’ 10.7 
Juncus drummondii 9.0 
Senecio dimorphophyllus 7.2 
Rununculus alismuefolius 6. I 
Veronica wormskjoldii 5.8 
Phleum alpinum 2.6 
Potentilla diversifoliu 3.4 
Thluspi montunum 1.8 
Achilleu lunulosa 1.6 
Pou ulpinu I .4 
Epilobium halleunum 0.8 
Gentiunu umurillu 0.7 
Sperguluriu rubiu 0.6 
Rorippu curvipes 0.6 
Polygonurn bistortoides 0.4 
Violu sp. 0.4 
Scutteluriu brittonii 0.3 
Sibbuldiu procumbens 0.04 
Other species 3.8 

Total green biomass 191.6 

38.8 
10.4 
‘3 ? __ ._ 

1.5 
7.3 
4.7 
6. I 
7’ 
1:; 
I .o 
7.9 
7.3 
5.6 
0.5 
0. I 

1.8 
0.6 
I .4 
0.4 

9 13 _.__ 

10.97 (p<. IO) 
0.38 
0.88 
1.18 
0.79 
0.06 
1.14 
3 77 _._ 
1.24 
2.39 
4.44 
0.71 
0.40 

17.53 (p<. IO) 



hoodii (+ 195%, not significant); none of the dry meadow 
species declined significantly. In the mesic meadow decreases 
in biomass were noted for Carex hoodii (-29%, not significant) 
and Poa rejlexa (-80%). Two mesic meadow species appeared 
to increase with the 5-year snow treatment (Thlaspi montanum 
(+305%) and Potentilla diversijolia (+229%), though the 
differences are not significant at the 90% confidence level. 

Although the treatment plot soils remained saturated and cold 
(unfrozen, 0.5”C) for a longer period while snow-covered, 
equilibration with the control plots occurred within 12 days after 
becoming snow-free on the dry meadow and within 2 I days on 
the mesic meadow. The dry meadow soil (O-20 cm) was 
saturated at 52% dry weight, the mesic meadow at 97%; but by 
July 7, 1977, the soil moisture in the two meadows was at 25% 
and 40%) respectively. 

Discussion 

Our results add a further dimension to the ongoing impact 
analysis of snowpack augmentation by cloud seeding, primarily 
in showing that different types of meadows may respond 
differently to increased snowfall. In this discussion we suggest 
an explanation for our results and evaluate their relevance to 
actual cloud seeding. 

In addition to delaying growth in the spring and thereby 
shortening the growing season, our snow treatment also in- 
creased the water and nutrients entering the soil and probably 
facilitated litter decomposition (Webber et al. 1976) and min- 
eralization. Despite the potential benefits of additional water 
and nutrients (atmospheric nutrient input), the snow treatment 
caused a reduction in season’s end biomass at the mesic 
meadow. It seems probable that growing season length is the 
limiting factor on our mesic (Carex-Poa-Pfantago) meadow, a 
conclusion reached also by Weaver and Collins (1977) for 
subalpine Festuca idahoensis meadows in Montana and by 
Webber et al. (1976) for Colorado alpine tundra. Indeed, the 
northern and central Rocky Mountains are characterized by a 
short, cool growing season that is often terminated by water 
stress due to a lack of effective summer precipitation. Adding 
water late in the summer might lengthen the growing season, but 
the addition of water as snow in the spring only shortens it due to 
prolonged snow cover, at least on some meadows. The soil is 
normally saturated at the time of snowmelt (Starr 1974) and, 
therefore, the additional water from snow would not be impor- 
tant for plant growth. 

Although a shortened growing season appears to be the 
limiting factor imposed by our treatment on the mesic meadow, 
nutrients also could become limiting after a period of abnormal 
leaching. Some nutrients are added with the snow (Knight, 
unpublished data), but we do not know if that quantity balances 
the amount that could be leached by the additional water. The 
normal snowpack is more than adequate to leach these 
meadows, however, and for this reason we tend to place more 
credence in the shortened growing season hypothesis. Addition- 
al data on nutrient loss are needed to be confident. 

A different explanation is obviously required for the dry 
meadow, where biomass increased even though dormancy was 
prolonged by the snow treatment. Here too the soil was 
saturated in the rooting zone by melting snow (even during the 
low snowpack year of 1976-77), suggesting that additional 
water would not be effective. However, the additional water 
may have wet the soil to a greater depth than normal, thereby 
providing, via the deeper plant roots or capillary movement 
from below, a greater supply of water for plant growth. 

Unfortunately, we monitored soil moisture only in the major 
rooting zone (IO-25 cm). Additional water accessible by 
deeper roots could prolong the growing season into the summer, 
thereby allowing the increased productivity observed on the 
treatment plots. The additional nutrients contributed by the 
increased snowpack could have further stimulated plant growth 
on those plots, an effect which could result from cloud seeding 
as well. 

It is possible that the positive effect of increased snowpack on 
the dly meadow was observed only because of the dry condi- 
tions during the 1976-77 winter. Although the soil in the major 
rooting zone was saturated, it may not have been wetted as 
deeply as followin, 0 a normal amount of snowmelt. Thus, the 
snow treatment could have allowed a normal level of produc- 
tivity. the control plots bein, ~7 below normal. The effect of the 
dry uinter was not observed at the mesic meadow, but here, 
unlike the dry meadow, there is considerable surface runoff 
from upslope. The mesic meadow receives water from a larger 
area, whereas the dry meadow receives only water that falls on 
the site. 

Therefore, we cannot prove that the increased biomass 
observed on the dry meadow treatment plots was the result of a 
single low-snowfall year or the cumulative effect of 5 years of 
added snow. In either case, however, the dry meadow respond- 
ed differently than the mesic meadow, a conclusion relevant to 
evaluating the ecological impact of cloud seeding. 

Snowbank experiments do not exactly duplicate the effect of 
a cloud seeding operation. For example, the potentially toxic 
seeding agent, silver iodide, is not used. Also, in order to 
maintain snow cover for 7-9 days on our treatment plots it was 
necessary to increase the snow by several hundred percent (due 
to the islaud or clothesline drying eaect). Cloud seeding 
probably will increase snowfall by only 15-20%. which would 
normally delay plant growth for no more than 3-5 days on sites 
where drifting does not occur (Leaf 197 I ; Haeffner and Leaf 
( 1073). Our results. therefore. show the most extreme changes 
expected on level sites and the probable responses for sites 
where larger snow drifts could develop if more snowfall 
occurred (probably a small proportion of the landscape). 

From another perspective, our results suggest that drastic, 
undesirable changes in mountain meadow vegetation are now 
likely to occur as a result of snowpack augmentation. The 
changes that do occur will be variable from one site to another 
and difficult to detect. Slight shifts in species composition may 
occur. but with no serious consequences of which we are aware. 
The objective of winter cloud seeding, however, is to add more 
water to western watersheds, a potential benefit for many people 
on the adjacent semiarid plains. Users of this additional water 
could become dependent on it. After many years of additional 
water flowing through soils, effects may become apparent that 
are difficult to predict from a short-term experiment. 
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Herbage Yield and Nitrate Concentration in 
Meadow Plants as Affected by Environmental 
Variables 

F.B. GOMM 

Abstract 

Livestock losses from NO,, poisoning vary among locations. An 
understanding of the effect of environmental factors on NO,, 
accumulation in meadow plants may aid in management of 
meadowlands to reduce these losses. Controlled studies were 
undertaken to determine the effect of soil moisture, temperature, 
irradiance, and soil fertility on the yield and NO,, concentrations in 
herbage tissue of slender sedge (Carex praegracilis W. Boott), 
beardless wildrye (Elymus triticoides Buckl.), Nevada bluegrass 
(Poa nevadensis Vasey ex Scribn.) and reed canarygrass (Phalaris 
arundinacea L.). Reed canarygrass consistently yielded higher 
and contained higher concentrations of NO:, than the other species. 
Herbage yields were higher in all plants grown for 45 days at 30°C 
than in those grown for 45 days at 15°C. Yields were also higher in 
plants grown with 42.0 W/m’ than they were in plants grown with 
4.2 W/m?. Concentrations of NO,, were highest when plants were 
grown in unsaturated soil, with 4.2 W/m2, and they increased with 
fertilization. The NO,, concentrations obtained could be toxic to 
cattle (lethal NO,,-N level = 0.21%), especially when the plants 
were grown at 30°C in dry soils. When meadow plants were grown 
in saturated soil, the NO,, concentrations were never high enough 
to be toxic, even when the plants were heavily fertilized. 

The incidence of livestock loss from nitrate poisoning varies 
among plant species and localities. While some species or types 
of forage are recognized as potentially dangerous at one 
location, they may never cause trouble in another location. 
Areas not previously identified as supporting dangerous types of 
forage have reported losses after cultural practices were chang- 
ed or fertilizers were used. 

I hc author i\ ;1 range scientist. Crops Research Laboratory. Scwnce and Education 
Admlnlwatwn. U.S. Department of Agriculture. Logan. Utah X4322. 

The report involv~scooprrativc investigation by the Scicnccand Education Administra- 
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Nitrogen fertilizer is important for increasing forage yields 
where grasses are the dominant species. High rates of fertilizer 
N. however, increase the N content of these plants (Willhite et 
al. 1955; and Rumburg 1969, 1972). Cattle ingesting such 
high-N feeds may develop nitrate poisoning. The property of 
causing nitrate poisoning, however, is not limited to fertilized 
plants; poisoning can also occur when cattle graze environ- 
mentally stressed plants. Primary factors known to affect the 
accumulation of N in plants include nutrient supply, soil 
moisture level, temperature, light, soil type, herbicides, and 
disease (McKee I 962). 

Normally, the NO,, taken from the soil by plants is converted 
into ammonia, amino acids, protein, and other proteinaceous 
compounds. The N in herbage often is erroneously considered 
to be entirely in the proteinaceous forms. Environmental 
stresses that upset the photosynthesis-respiratory balance can, 
however, cause dangerous amounts of NO,, to accumulate in 
plant tissues (Deinum I97 I ; and Murata 1969). 

Rumburg ( 1972) observed that the concentration of N in 
herbage of species native to flood meadows of eastern Oregon 
increased rapidly after fertilizer was applied. It reached a 
maximum level in IO- 14 days then decreased gradually until the 
N concentration of the fertilized herbage equaled that of non- 
fertilized herbage. It is not known how much of the N in the 
herbage was NO:{-N, how long the NO,, persisted in the plants, 
or whether any species accumulated excessive amounts of NO,,. 
The object of this study was to determine the effects of 
variations in temperature, h-radiance, soil moisture content, and 
fertilizer rate on yield and NO,, accumulation in four species 
important in the flood meadows of eastern Oregon. 

Materials and Methods 

The study was conducted in a growth room where temperature, 
irradiance, and soil moisture were controlled in a4-phase experiment. 
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Plant plugs (6 cm diameter X 6 cm long) of slender sedge (Carex Table 1. Herbage yield and NO,-N concentrations in meadow plants grown 
~ruearacilis W. Boott), Nevada bluegrass (Pea nevadensis Vasey ex at 15°C in medium-moist soil. 

&r&n.), beardless wildrye (Hyrnus triticoides Buckl.), and reed 
canarygrass (Phalaris arundinacea L.) cut from meadow sod were 
refrigerated until placed in pots to commence growth. One plug was 

Treatment Yield (g/pot) (NO:,-N(s)’ 

placed in each pot( I5 x 15-X 15 cm) and filled with 2.5 kg of coarse Species 
sand. Temperature was controlled by heat from lights, auxiliary heat Slender sedge 0.5%” 0.35a 

- 
source, fans, and ventilation. Irradiance was controlled with banks of 
fluorescent and incandescent lights programmed for 16 hours of light 
per day. Soil-moisture levels were maintained by adding water to 

Nevada bluegrass 
Beardless wildrye 
Reed canarygrass 

.30a 
.58b 
.87c 

- 
.64b 

approximate the desired moisture regime. Water was applied by pour- 
ing 100 cc of water every 2nd day into pots of the medium moist 
regime and 100 cc of water every 4th to 6th day in pots of the low 
moisture regime. Water was added to water-tight containers as 
necessary to maintain the saturated regime. 

The following levels of control were imposed: 
1. Air temperatures of 15”C-+3 and 3O”C+-9. Fluctuations were 
associated with light and dark periods. 
3 _. Irradiances of 4.2 and42.0 W/m”. The lower light treatment was 
shaded from direct lighting. 
3. Soil moisture of low (approximately IO bars), medium (approxi- 
mately 0.3 bar) and saturated (0 bar). Moisture tensions were 
approximated from pressure chamber values and water content of 
samples selected from moisture treatments. The exact moisture 
tensions experienced by the plants were not known because of the 

Duration of growth (days) 
45 
65 
85 

0.37a 
.5 lb 
.78c 

0.5lb 
.39a 
.58c 

lrradiance level (W/m’) 
4.3 
41.0 

0.12a 
.99b 

0.78b 
“a .__ 

Fertilizer rate of N (kg/ha) 
0 0.5la 0.36a 
I IO .57a .49b 
‘20 .56a .M-K 
440 .58a .57c 

’ Anuly\e\ of variance NO:,-N included only sedge and canarygrass because so many 
bluc~rass and wildrye plants died. thereby reducing the numbers ofdntn available for these 

method of applying water and because the soil of the intact plug was \pace\. 
finer textured than was the potting sand. ? WithIn column and treatment groups followed by different letters ;Lre significantly dif- 

4. Ammonium sulfate fertilizer 0, 180, 360,720 mg N/pot. These 
t’crcnt at P<O.O5 according to Duncan’s multiple range test. 

rates determined for surface area were equivalent to 0, -1 IO, 220, 
and 440 kg N/ha. and lower irradiance level. At this low temperature, fertilizer 
Environmental conditions maintained in the four phases of the failed to increase yields. 

experiment were as follows: 
Phase I. Temperature at 15°C; irradiance at 42.0 W/m2 and 4.2 
W/m”; soil moisture at medium regime. 
Phuse 2. Temperature at 30°C; h-radiance at 42.0 W/m2 and 4.2 
W/m’; soil moisture at medium regime. 
Phuse 3. Temperature at 15°C; irradiance at 4.2 W/mZ; soil moisture 
at low, medium, and saturated. 
Phuse 4. Temperature at 30°C; h-radiance at 42.0 W/m2; soil 
moisture at low, medium, and saturated. 
Treatments were stratified for temperature by time and for irradi- 
ante by location and shading. Moisture treatments were stratified 

within irradiance treatments. Species were randomly located within 
moisture treatments, and fertilizer treatments were randomly allotted 
within species in three replicated blocks. Plants were harvested at 
three periods of growth. 

The plant materials were dried at 65°C for 48 hours, weighed for 
yield and ground for NO:I-N analyses. The micro-Kjeldahl appara- 
tus and techniques of Bremner and Edwards ( 1965) and Bremmer and 
Kenney ( 1966) were used, as modified by the Soil Testing Laboratory 
of Oregon State University, to determine concentrations of NO,-N. 
All oxidized N was considered to be NO:,-N. 

Results and Discussion 

Dormancy of the plants was broken by refrigeration, and 
plants began to grow soon after they were potted and placed in 
the growth room. All species appeared to grow normally with an 
irradiance of 42.0 W/m’. Bluegrass and wildrye began growth 
with 4.2 W/m”, but many of these plants died within 45 days 
under this low L-radiance and were not included in the NO,, 
analysis for phases I and 3. 

Canarygrass contained higher concentrations of NO,,-N than 
did sedge. The concentration was higher at 85 days of growth 
with 4.2 W/m” than it was at shorter growth periods, and it 
increased with increased rates of fertilizer. 

Phcrse 2 - temperuture 30°C, medium moist soil. Canary- 
~X;~SS yielded more than the other species, and all species c 
yielded more when grown with an h-radiance of 42.0 W/m” than 
they did when grown with 4.2 W/m* (Table 2). Yield increases 
with fertilizer rate were small, and only the yield difference 
between fertilized and unfertilized treatments was statistically 
significant. 

Table 2. Herbage yield and NO,-N concentration in meadow plants grown 
at 30°C in medium-moist soil. 

Treatment Yield (g/pot) NO:,(%) ., 
Species 

Slender sedge 
Nevada bluegrass 
Beardless wildrye 
Reed canarygrass 

0.15a’ O.hla 
.15a .6ha 
.2la .67a 
.38b I .‘5b 

Duration of growth (days) 
I5 
30 
45 

0.20b 
. l5a 

.4oc 

0.88b 
.68a 

.84b 

lrradiance level ( 

4.2 42 .O 

W/m:‘) 0.14a 
.35b 

I .03b 
.58a 

Main Effects Fertilizer rate of N (kg/ha) 

P/use I -temper&we at 15OC, medium moist soil. Canary- ylo O.Zla 0.45a 

grass yielded significantly more than the other species. Blue- .24b .76b 
2’0 .26b .93c 

grass yielded least, while sedge and wildrye produced inter- 440 .27b I .06d 
mediate yield? (Table 1). The plants grown for 85 days with 
42.0 W/m’ yielded more than they did at shorter growth periods 

I &ithln colun~n and trmtment groups followed by different letter\ are significantly 
diftcrcnt at P<O.O5 according to Duncan’s multiple range test. 
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4.2 W/m* 

/ 

0-O 

,_-0-------o 
42.0 W/m’ 

0 a 
15 doys growth 

0. 
zf 0 110 220 440 

‘*;/ o/O 
0.5 

,/ 

oA.O W/m* 

I 45 days growth 

110 220 

FERTILIZER N, kg/ha 

440 

Fig. 1. Average NO,-N concentrations in meadow plants grown at 30°C in 
medium moist soil as affected by irradiance, fertilizer rate, and length of 
growth period. 

The concentration of NO,,-N in canarygrass was twice as 
large as the concentration in the other species. The NO-:,-N 
concentration was also greater in plants grown at 4.2 W/m2 than 
it was in those grown at 42.0 W/m2 and increased with each 
increase in fertilizer rate (Fig. 1). 

Phuse 3 -temperature IS’C, irradiance 4.2 W/m”. Yields 
were extremely low from this phase of the experiment. The 
plants yielded the most at 45 days of growth, and yields 
decreased at the longer periods of growth (Table 3). Under this 
low temperature-low light condition, the yield response to 
fertilizer and soil moisture levels was nonsignificant. 

Concentrations of NO,%-N were higher in plants grown for 85 
days than for shorter periods and were highest in canarygrass. 
Plants grown in saturated soil were significantly lower in NO:,-N 
concentration than those grown in unsaturated soil. Fertilization 
significantly increased the NO,{-N concentration, but increases 
were not consistent with increasing fertilizer rates. 

Phase 4-temperature 30°C, irrudiance 42 .O WJmz. All 
plants appeared to grow well under these high temperature and 
light conditions. Canarygrass yielded more than the other 
species. bluegrass yielded more than wildrye, and sedge yielded 
the least (Table 4). Yields generally increased as plants aged, 
but the differences in yield at 15 and 30 days of growth were not 
significant. Yields also increased with increasing rates of 

Table 3. Herbage yield and NO,-N concentrations in meadow plants grown 
at 15°C with an irradiance of 4.2 W/m2. 

Treatment 

Species 
Slender sedge 
Nevada bluegrass 
Beardless wildrye 
Reed canarygrass 

Yield (g/pot) NO,-N (%)I 

0.16~’ 0.34a 
.05a - 

.07b - 

.16c .80b 

Duration of growth (days) 
45 
65 
85 

Moisture lever’ 
Low 
Medium moist 
Saturated 

0.14c 0.55b 
.Olb .51b 
.08a .66c 

0.1 la 0.74b 
.Ila .78b 
.IOa .20a 

Fertilizer rate of N (kg/ha) 
0 0. IOa 0.45a 
I10 .Ila .53b 
‘30 
440 

ITa . _ .68c 
.I la .63c 

’ Analyx~ of variance of NO,!-N included sedge and canarygrass only because so many 
blucgra\s and wildrye plants died. thereby reducing the number of data available forthese 

specie\ 
.’ Within column and treatment groups followed by different letters are significantly 

dlttrrent at /‘<(I.05 according to Duncan’s multiple range test. 
’ Lou. about IO bars; medtum moist. about 0.33 bar; and saturated. about 0 bar. 

fertilizer and soil moisture. It should be noted, however, that the 
increase with increased soil moisture was due to the high yield 
of canarygrass in saturated soil. The other species produced 
more when grown in unsaturated soil than they did in saturated 
soil (Table 5). 

Canarygrass contained the highest concentration of NO:,-N; 
concentrations in the other species were similar to each other 
and changed very little through the growing period. Plants 
grown in saturated soil contained low concentrations of NO,-N, 
only 10% as much as that in plants grown in unsaturated soil 
(Fig. 2). 

Interaction Effects 
Highly significant differences were detected for growth 

period, h-radiance, moisture, and fertilizer effects on NO,, 
concentrations at both temperature regimes. Fertilizer, how- 
ever did not cause increases in dry weight when plants were 
grown at 15°C (Table 6). This is an important consideration in 
that increasing rates of fertilizer N in cold spring weather could 
increase the concentration of NO,, in the forage without in- 

440 

!O 

medium saturated 

SOIL MOISTURE 

45 days growth 

low medium saturoted 

LEVEL 

Fig. 2. Averuge No:,-N concentrutions in meadow plunts grown for 15 and 45 
duys us uJfected by soil moisture undjertilizer levels. Plunts were grown at 
30°C und 42.0 W/m”. 
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Table 4. Herbage yield and NO,-N concentrations in meadow plants grown phase 1 at 15°C for 45 days. Maximum yield at 45 days of 
at 30 “C with an irradiance of 42.0 W/m*. growth was also higher for plants grown at 30°C than for those 

Treatment Yield(g/pot) NO,-N (%) 

Species 
Slender sedge 
Nevada bluegrass 
Beardless wildrye 
Reed canarygrass 

0.18a’ 
.3oc 
.26b 
.69d 

0.37a 
.35a 
.35a 
.52b 

Duration of growth (days) 
I5 
30 
45 

0.24a 
.27a 
.55b 

0.43b 
.35a 
.41b 

grown at 15°C. 
The highly significant 2-, 3-, and 4-way interactions of phase 

4 (Table 6) and yield response (Table 4) indicate that reed 
canarygrass grown for 45 days at 30°C with 42.0 W/m2 would 
yield more herbage when the soil was saturated and when 
fertilizer was applied at the 440 kg N/ha rate than it would at 
lesser moisture and fertilizer levels. The 3-way interaction of 
orowth period x moisture X fertilizer indicates also that the c 
plants as a group may have responded similarly to the reed 
canarygrass but probably not to the same degree. Dry weight 
measurements, however, show that yields of sedge declined as 

Moisture level2 the soil moisture level increased, and bluegrass and wildrye 
Low 0.2la 0.55b yielded more from the meduim moisture treatment than from the 
Medium moist .35b .58b saturated (Table 5). 
Saturated .49c .06a 

NO,-N Accumulation 
Fertilizer rate of N (kg/ha) The dominating effect of soil moisture on the concentration of 

0 0.29a 0.23a 
I IO .34b .33b 

NO,, was well demonstrated (Fig. 2); the usual response is for 

“0 .36b .46c 
the concentration of NO,, to be high in plants fertilized with high 

440 .42c .56d rates of N. Plants grown in saturated soil, however, were low in 

’ Within column and treatment groups followed by different letters are significantly dif- 
NO,, and within the safe range-less than 0.2 1% NOrI-N, (Binns 

torent at PCO.05 according to Duncan’s multiple range test. I956)-even when fertilized with 440 kg N/ha. 
’ Low. about IO bars; medium moist, about 0.32 bar; and saturated, about 0 bar. High NO,,-N concentrations in the plants from phase 2 (Table 

creasing forage yield. 
Significant 2-, 3-, and 4-way interactions (Table 6) make 

determinations of optimum conditions for plant growth and 
accumulation of NO,, difficult. These highly significant interac- 
tions indicate that the four species grew and accumulated NO,, 
differently in response to the different levels of growth period, 
soil moisture, irradiance, and fertilizer. The problem becomes 
one of determining which set of conditions will give the highest 
yield of dry matter and which conditions cause the lowest and 
highest NO,, concentrations. 

Yidtl 

1) indicate that plants may accumulate higher concentrations of 
NO:{ when grown at 30°C than when grown at 15°C as in phase 1 
(Table I ). Species x irradiance and species x moisture 
interaction (Tables 6, 7 and 8) also indicate that plants grown at 
4.2 W/m2 in less than saturated soil gave the highest concen- 
trations of NO:%. Although it is not possible to determine the 
significance level of the species x temperature x irradiance x 

moisture x fertilizer interaction from these experiments, the 
results indicate that of the species tested maximum concentra- 
tions of NO:{ will occur in reed canarygrass when heavily 
fertilized and grown at high temperature, low it-radiance, and 
unsaturated soil conditions. Meadows will be lowest in NO,, 
when composed of sedge, bluegrass, and wildrye species and 

The species x it-radiance x growth period interaction in when temperature is rel&vely low, irradiance high, and the soil 
phase 2 (30°C) was highly significant but in phase 1 ( 15°C) the is saturated. 
interaction of these factors was nonsignificant. This indicates Several authors have reported studies that help explain the 
that the different species responded differently to irradiance results of this experiment. D’Aoust and Tayler ( 1969), and 
levels at the two temperature regimes. With irradiance of 42.0 Tisdale and Nelson ( 1966) have reported on the importance of 
W/m”, plants grown in phase 4 at 30°C for 15 days developed at adequate soil moisture, temperature, and oxygen for microbial 
a faster rate and were phenologically similar to those grown in action in the soil and for the efficient use of the N by plants; and 

Van Schreven and Sieben (1972) showed that the NO,, content 

Table 5. Yield of meadow plants grown for 45 days at 30°C with 440 kg 
of the soil decreased and NH4 increased after the soil was 

N/ha. 
waterlogged. Because of the reducing and denitrifying con- 
ditions prevailing in saturated soil and because the fertilizer 

Dry weight of herbage at 3 moisture levels 
applied was (NH&SOd, the NH, probably was not oxidized to 

k/PO0 
NO:, before absorption. Apparently, with an irradiance of 42.0 

Species Low Medium Saturated W/m’ the NH,-N absorbed by the plants was readily assimilated 

Phase 4: plants received 42 .O W/m’ 
into protein compounds. 

Slender sedge 0.43c’ 0.33b 0.21a The accumulation of NO:, in plants is influenced by the 

Nevada bluegrass 0.30b 0.59c 0.18a amount of available soil NOlj, and the shading caused by dense 
Beardless wildrye 0.40a 0.54b 0.39a urowth as that resulting from heavy applications of fertilizer b 
Reed canarygrass 0.69a 1.14b 3.4oc may cause NO:, concentrations to increase further. The 

Phase 2: plants received 4.2 W/m2 
characteristic growth habit of a plant could, therefore, affect its 

Slender sedge - 0.16 accumulation of NO,,. Since the activation of nitrate reductase is 
Nevada bluegrass - 0.35 a light-stimulated reaction, the NOx concentration is expected to 
Beardless wildrye - 0.08 be higher in plant parts that are grown in shade than in plant 
Reed canarygrass - 0. I9 tissues exposed to full sunlight. Fertilization of a dense stand of 
’ Xlc~ns n ithin species followed by different letters are significantly different at P<O.O5 reed canarygrass is therefore more likely to result in a high 
,Icccvdiq to Duncan’s multiple range test. concentration of Not3 in the lower stems than is fertilization of 

362 JOURNALOF RANGE MANAGEMENT32(5), September 1979 



Table 6. Analysis of variance with dry weight and NO,-N concentration as dependent variables. 

Source of variation 
Dry weight NO,-N concentration Dry weight NOT-N concentration 

df F ratio df F ratio Source of variation df F ratio df F ratio 

Growth period(G) 
Error a 

lrradiance (I) 
GXI 

Error b 
Species (S) 

GXS 
IXS 
GXIXS 

Error c 
Fertilizer (F) 

GXF 
IXF 
GXIXF 
SXF 
GXSXF 
IXSXF 
GXIXSXF 

Error d 

Growth period(G) 
Error a 

Irradiance (I) 
GXI 

Error b 
Species (S) 

GXS 
IXS 
GXIXS 

Error c 
Fertilizer(F) 

GXF 
IXF 
GXIXF 
SXF 
GXSXF 
IXSXF 
GXIXSXF 

Error d 

Phase’: temperature lS’C, medium moist soil 
2 19.31** 2 15.20** 
4 4 
1 280.63** 1 848.88** 
2 28.50** 2 61.03** 
6 6 
3 24.04** 1 164.23** 
6 1.46 NS 2 11.03** 
3 14.92** 1 91.35** 
6 1.16NS 2 4.92* 

36 12 
3 0.56 NS 3 13.10** 
6 0.75 NS 6 2.87** 
3 0.23NS 3 1.45 NS 
6 0.48 NS 6 4.09** 
9 0.65 NS 3 2.28 NS 

18 0.93 NS 6 5.45** 
9 0.7 1 NS 3 3.51* 

18 0.84 NS 6 2.28* 
114 72 

Phase 2: temperature 3O”C, medium moist soil 

2 75.95** 2 8.74* 
4 4 
1 779.80** 1 130.38** 
2 140.74** 2 1.52 NS 
6 6 
3 38.65** 3 67.29** 
6 13.61** 6 6.56** 
3 27.82** 3 24.33* 
6 16.34** 6 5.20** 

36 36 
3 2.93* 3 60.57** 
6 2.02 NS 6 4.73** 
3 0.84 NS 3 4.84** 
6 3.07** 6 2.52* 
9 1.48 NS 9 1.82 NS 

18 1.44NS 18 2.54* 
9 1.19NS 9 1.46 NS 

18 1.33 NS 18 1.81* 
I44 144 

Growth period(G) 
Error a 

Moisture (M) 
GXM 

Error b 
Species (S) 

GXS 
MXS 
GXMXS 

Error c 
Fertilizer(F) 

GXF 
MXF 

GXMXF 
SXF 
GXSXF 
MXSXF 
GXMXSXF 

Error d 

Growth period(G) 
Error a 

Moisture (M) 
GXM 

Error b 
Species(S) 

GXS 
MXS 
GXMXS 

Error c 
Fertilizer(F) 

GXF 
MXF 
GXMXF 
SXF 

GXSXF 
MXSXF 
GXMXSXF 

Error d 

Phase 3: temperature 15°C irradiance 4.2 W/m’ 

2 11.28* 2 68.48** 
4 4 
2 1.51 NS 2 272.64** 
4 4.59* 4 19.47** 

12 12 
3 95.64** 1 474.20** 
6 6.11** 2 4.09* 
6 2.70* 2 38 39** ._ 

12 2.22* 4 7.83** 
54 18 

3 l02NS 3 14.54** 
6 3.09** 6 3.59** 
6 0.33 NS 6 0.57 NS 

12 1.56 NS 12 4.44** 
9 0.94 NS 3 2.24 NS 

18 1.98** 6 5.56** 
I8 0.64 NS 6 2.13NS 
6 2.12** 12 2.88* 

216 108 

Phase 4: temperature 30°C irradiance 42.0 W/m* 

2 228.37** 2 55.79** 
4 4 
3 326.22* 2 1578.86** 
4 86.29** 4 15.31** 

12 12 
3 407.65** 3 67.20** 
6 130.57** 6 13.67** 
6 120.74** 6 “17.54** 

12 39.46** 12 4.65** 
54 54 

3 26.61** 3 Il2.76** 
6 19.89** 6 8.17** 
6 5.11** 6 2 1.97** 

I2 5.84** 12 4.26** 
9 16.04** 9 I .80 NS 

I8 16.19** 18 3.47** 
I8 8.61** 18 2.58** 
36 16.08** 36 3.47** 

316 316 

.’ Significant at the 0.05 and 0.01 level of probability, respectively. 

Table 7. Nitrate concentration in meadow plants when grown for 45 days at Table 8. Nitrate concentration in meadow plants when grown for 45 days at 
30°C with 440 kg N/ha. 15°C with 440 kg N/ha’. 

Percent NO:,-N at 3 soil moisture levels 

Species 

Slender sedge 
Nevada bluegrass 
Beardless wildrye 
Reed canarygrass 

Low Medium Saturated 

Phase4 plants receiving 42.0 W/m2 
I .32b 1.07b O.Ola 
0.83b 0.61b 0.08a 
0.77b 0.96b 0.04a 
0.94b 0.99b 0.04a 

Percent NO,-N at 3 soil moisture levels 
Specie5 Low Medium Saturated 

Phase I plants receiving 42.0 W/m” 
Slender sedge - 0.27 - 
Nevada bluegrass - 0.39 - 
Beardless wildrye - 0.32 - 
Reed canarygrass 0.55 

Slender sedge 
Nevada bluegrass 
Beardless wildtye 
Reed canarygrass 

Phase 2 plants receiving 4.2 W/m’ Phase 3 plants receiving 4.2 W/m’! 

- 0.82 - Slender sedge 0.25 0.47 0.14 
- 0.84 - Nevada bluegrass 0.70 0.54 0.23 
- 1.80 - Beardless wildrye 0.40 0.70 0. I I 
- 2.43 - Reed canarygrass I. IO I.24 0.62 

-__ 
’ Mcdn\ u ithin qxcles followed by different letters are significantly different at P<O.OS 

’ kc~usc of the niortallty ot blucga\\ and wildrye plant\ only mean value\ are prebenied 

accordInp to Duncan’s multiple range test. 
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stands dominated by sedge or bluegrass, which are relatively 
short, narrow-leafed plants. 

Conclusion 

Since N03-N concentrations as low as 0.2 1% can be lethal to 
cattle, meadow plants grown with an ix-radiance of 4.2 W/m2 or 
grown in dry soil may contain toxic concentrations of N03, 
especially if fertilized. Even plants grown with an n-radiance of 
42.0 W/m2 and fertilized with N at rates of 110 kg/ha or higher 
should be considered potentially dangerous for 6 weeks or 
longer after the fertilizer is applied. When meadow plants are 
grown in saturated soil, however, the plant tissue apparently 
does not accumulate toxic concentrations of NO,. 
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Foods of Primary Consumers on Cold Desert 
Shrub-Steppe of Southcentral Idaho 

MARK K. JOHNSON 

Abstract 

Trophic relationships of rabbits, black-tailed jack rabbits, 
pronghorn, sheep, and cattle were examined on the Idaho Na- 
tional Engineering Laboratory Site in southcentral Idaho. Grasses 
were the most important foods of lagomorphs and livestock. 
Pronghorn depended mostly on basin big sagebrush, common 
winterfat, and saltbushes. If jack rabbits increase in the future, 
severe competition for forage with livestock may result. 

Large portions of the shrub-steppe of Idaho are winter grazed 
by sheep (Ovis ah-es), cattle (Bos tuurus), and native wild 
herbivores. Unregulated grazing can lead to poor range condi- 
tion, poor condition of wild herbivores, and poor livestock 
performance. Range managers must assess quantitatively the 
combined impacts of different herbivores on range resources 
before planning grazing operations. 

The Idaho National Engineering Laboratory (INEL) Site in 
southcentral Idaho is managed by the U.S. Department of 
Energy and the U.S. Bureau of Land Management lets grazing 
leases for about 60% of the area (Johnson 1978). Sheep and 
cattle use these areas and each grazes in common with wild 
herbivores but the domestic animals do not use the same areas. 
The most important wild herbivores on the site are pronghorn 
(Antelocapra americana) and rabbits (Sylvilagus spp). Black- 
tailed jack rabbit (Lepus calijornicus) populations may become 
periodically important. During the present study jack rabbit 
population densities were extremely low on the study area. 

The purpose of this paper is to report potential levels of diet 
competition between herbivores which use the INEL Site. Since 
the study area is typical of the shrub-steppe of southern Idaho, 
the results of this study have potential for guiding range 
management over wide areas of the northern Great Basin area. 

Study Area 

The INEL Site occupies about 23 1,500 ha of the upper Snake River 
Plain in portions of Clark, Bingham, Jefferson, Butte, and Bonne- 
ville counties, Idaho. The large area needed for isolation of nuclear 
facilities provided a unique, large area situated in a northern cold 
desert shrub habitat. The climate of the area is characterized by hot 
summers and cold winters. Annual precipitation is about 18 to 20 cm 
(7-8 inches) (Atwood 1970). Between 1950 and 1977 the recorded 
extremes were 36.6 cm (14.4 inches) and 11.4 cm (4.5 inches) Hamiss 
and West 1973). 

Soils are generally shallow and textures range from clays to sandy 
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loams. Large portions of the site are covered by basalt flows and many 
of the soils tend to be gravelly to rocky (Chugg et al. 1968). 

Vegetation is characteristic of a northern cold shrub biome. Plant 
taxa extant of the INEL Site have been described by Atwood (1970) 
and 10 major vegetational associations have been mapped (Hamiss 
and West 1973). Most of the area is dominated by basin big sagebrush 
(Artemisia trident&z) associations. Primary understory species are 
Indian ricegrass (Oryzopsis hymenoides), bottlebrush squirreltail 
(Situnion hystrix), wheatgrasses (Agropyron spp.), common winterfat 
(Eurotia lanata), and bluebunch wheatgrass (Agropyron spicatum) 
(Hamiss and West 1973). Crested wheatgrass (A. desertorum) was 
planted on the fringes of the INEL Site where sagebrush was chained. 

Current uses of the INEL Site include environmental research, 
livestock grazing, and the activities of reactor facilities. Sheep and 
cattle are only allowed in peripheral portions of the INEL Site. 
Livestock have not been allowed in some central areas of the INEL 
Site for more than 20 years. 

Methods and Procedure 

Fecal materials from cattle were collected from four different areas 
along the western portion of the INEL Site. From each area about one 
gram of material was collected from each of 50 different cow chips and 
these materials were placed together to form a composite sample. At 
least 50 different sheep pellets were collected for making composite 
samples from each of four different areas grazed by sheep. Sheep 
grazed areas in all portions of the INEL Site where grazing was 
allowed, and on the western border sheep allotments were between 
cattle allotments so that grazing occured on a variety of habitats as it 
did for cattle grazing. Cattle and sheep grazed generally in the area 
during late winter and spring but some grazing occurred in the fall. 
From January through March (winter) 1976, at least 50 different 
pronghom pellet groups were placed together to form a composite 
sample for each of seven different sites. All winter samples were from 
areas grazed by sheep. During July I976 (summer) composite samples 
of pronghom pellets were made in similar manner from 17 different 
sites. Rabbit fecal pellets were collected from 12 areas and jack rabbit 
fecal pellets were collected from six areas in July 1976. Summer- 
collected samples from pronghorn and lagomorphs were taken from 
areas were sheep and cattle grazed, as well as from areas where no 
grazing was allowed. The lagomorph fecal pellets were randomly 
collected without regard for age. Since lagomorph fecal pellets can last 
for years in arid environments (Flinders and Crawford 1977), these 
samples roughly represent an annual dietary for lagomorphs using the 
INEL Site. On one sheep bedding ground fecal pellets were present 
where no sheep had been since 1974, supporting the contention that 
decomposition is very slow on the INEL Site. Since all of these 
herbivores are highly mobile, the areas where they defecate may differ 
from where they feed. Therefore, no attempt was made to describe 
vegetational aspects of each collection site. Since pronghom are free 
ranging and grazing allotments are large (hundreds of hectares), it is 
obvious that pronghorn and livestock have daily access to many 
different vegetational associations, while lagomorphs are exposed to 
fewer different areas. All fecal samples collected for this study were 
taken from areas of basin big sagebrush associations. 
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Anthony and Smith (1974) reported that a sample of 15 pellets 
appeared adequate for describing a deer diet. There is no reason to 
suspect that the 50 samples used to make each composite for the 
present study were not adequate for estimating the diets of herbivores. 
Although the composition of fecal material may not be identical to the 
dietary of a herbivore, botanical compositions of hand mixtures were 
not significantly different from digested residues for reindeer (Ran- 
gifer sp.), cattle, and bison (Bison bison) (Dearden et al. 1975). 
Rumen versus fecal contents of bighorn (&is sp.) and deer were 
similar regardless of digestive processes (Todd and Hansen 1973). I 
am confident that fecal contents accurately represent the dietary of 
herbivores studied here. 

Botanical compositions of herbivore diets were determined by 
microscope analysis of cornposited fecal material. The analysis 
technique was the same as that reported by Sparks and Malechek 
(1968). Microscope field: were examined for plant fragments at 100 x 
under a binocular microscope. Five slides were made per cornposited 
fecal sample and 20 fields wefe examined on each slide, so that 100 
fields were quantified for each composite. There were 5,600 micro- 
scope fields quantified during the study. Westoby et al. ( 1976) 
reported that microscope analysis of materials in stomachs was not 
accurate for animals that browse desert shrubs. However, their 
technicians had less than a year of training. Technicians with more 
than 5 years were used to perform analysis for the present study and 
were trained to estimate plant compositions so that results fell within 
5% of the actual percentage of any plant in a mixture. In tests, 
technicians were able to reliably distinguish and quantify species such 
as rubber rabbitbrush (Chrysothamnus nauseousus) versus douglas 
rabbitbrush (C. viscidiflorus), and desert wheatgrass versus bottle- 

brush squirreltail, which Westoby’s workers could not distinguish. 
Dietary similarity was indexed using Kulczynski’s formula 

@sting 1956:77). Trophic diversity was calculated with Shannon’s 
formula (Hurtubia 1973:885). Spearman’s rank correlation coefficient 
(Snedecor and Cochran 1973-1974) was used to indicate where the 
degree of diet similarity was significantly high. Statistical significance 
was accepted at the 5% level unless otherwise indicated. Data in this 
paper are means If: standard errors unless otherwise indicated. Names 
of plants follow the recommendations of Beetle (1970). 

Results and Discussion 

Although livestock grazing occurred on separate allotments, 
the similarity of sheep and cattle diets was 78%, indicating that 
there would be a high potential for competition if animals grazed 
on the same range. Most of the overlap was caused by common 
use of cheatgrass brome (-25% each), needleandthread (Stipa 
comutu) (-10% each), and common winterfat (~25% each). 
Cattle and sheep used significant amounts of wheatgrass (= 11% 
and 24%, respectively) and both herbivores used small amounts 
of a variety of forbs (Table 1). In the Great Basin sheep and 
cattle on sagebrush range often eat many of the same foods 
(Cook 1954; Olsen and Hansen 1977). Cattle seem to prefer 
grasses regardless of the range they graze (Julander 1955; 
Hansen and Reid 1975; Hansen and Gold 1977). Sheep are 
generally more selective than cattle (Olsen and Hansen 1977), 
but during spring sheep use many young, succulent grasses 

Table 1. Average (*SE) relative densities (96) of plant tkagments in feces of 5 different herbivores fkom the National Engineering Laboratory Site. 

Plant taxa’ 
cow Sheep 
(4 sites) (4 sites) 

Pronghom Black-tailed 
Winter Summer Rabbit jack rabbit 

(7 sites) (17 sites) (18 sites) (6 sites) 

Wheatgrasses 
(Agropyr~~ VP) 

Cheatgrass brome 
(Bromus rectorwn) 

Bluegrasses 
(Pea spp) 

Needleandthread 
(Stipa comatu) 

Indian ricegmss 
(Oryzopsis hymenoides) 

Common winterfat 
(Eurotiu lunatu) 

Basin big sagebrush 
(Artemisia tridentata) 

Vetches 
(Astragalus spp) 

Mum-o globemallow 
(Sphaeralcea munroana) 

Plains pricklypear 
(Opuntia polyacantha) 

Phlox 
(Phlox spp) 

Fleabanes 
(Erigeron spp) 

Spiny hopsage 
(Grayia spinosa) 

Bottlebrush squirreltail 
(Sitanion hystrix) 

Pinnate transymustard 
(Descuraniapinnuta) 

Douglas rabbitbrush 
(Chrysothamnus viscidiflorus) 

10.523.1 

25.62 18.2 

11.827.3 

14.926.2 

29.42 18.5 

2.620.6 

0.4kO.5 

0.4kO.3 

0.520.6 

0.420.3 

23.5218.7 

23.lk14.1 

0.1 +o. 1 

0.4kO.4 

9.8k6.9 

1 .o-Lo.7 

25.5228.7 

ll.lk7.3 

11.1~10.0 

64.92 14.8 

0.2kO.2 

1.621.6 

0.520.6 

0.5kO.4 

1.5k1.5 

0.2eo.2 0.720.6 

0.1 +o. 1 

0.4kO.2 

0.4kO.3 

0.1+0.1 

0.220.2 

18.92 10.1 

26.724.1 

16.726.7 

9.lk4.1 

8.323.6 

0.620.3 

5.322.9 

0.2a0.2 

O.l%O.l 

3.1+ 1.3 

0.920.4 

18.Ok5.9 

10.124.7 

10.4k3.5 

12.225.0 

7.6~2.8 

5.6k5.5 

4.821.8 

7.8k3.8 

9.4+ 1.7 

3.7? 1.2 

co. 1 

0.720.5 

3.9k3.6 

36.7k27.6 

6.425.8 

19.1+ 16.8 

0.320.2 

7.126.5 

8.8k8.0 

1.820.8 

4.024.4 

8.2k9.5 

0.2kO.2 

2.2k2.2 

0.3kO.2 

’ Other taxa identified in trace (<2%) amounts were prairie junegrass (Koeler-iu cristuru), sand dropseed (Sporbolus cryptandrus), sixweekgrass (Vulpia octoJloru), douglas sedge 
(COW-X douglasi) buckwheats (Erigonum spp), Hawk’s beard (Crepis sp), common russianthistle (Salsolu k&i), common yarrow (Achiflea millijolium), thorn skeletonplant 
(Qgodesmia @no& wallflowers Oysimum spp), russian olive (Eleugnus ungustijooliu), redstem filaree (Erodium cicururium), beardtongue (Pentstemon sp), granite pricklygilia 
(WrodacNon purgers), arrowleaf balsamroot (Balsumorhizu suggitutu), greasewood (Sarcoburus vermiculurus), field bindweed (Convolvulus urvensis), Indian paintbrush (Castil- 
lija angustifoliu) goosefoot (Chenopodium sp), and anthropods. 
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(Pechanec 1949; Thetford et al. 197 1). My findings were 
similar to those reported by other authors and many of the plants 
eaten by livestock-on 
elsewhere. 

the INEL Site were the same as those eaten 

Pronzhorn diet diversity was greater in summer (2.22) than in 
winter ( I .14). Diets were similar to those reported by Olsen and 
Hansen ( 1977) for pronghom in the Red Desert of Wyoming. 
The new, succulent growth of many species is taken by 
pronghom (Table 2); but as these plants mature, food habits of 
pronghom on the INEL Site apparently shift primarily to 
sagebrush and saltbushes as in the Red Desert. However, on the 
INEL Site significant amounts of common winterfat are also 
taken. Some pellets collected in northern portions of the study 
area where there are a few large pure- stands of common 
winterfat were found to contain only parts from this plant. At 
least some pronghom were feeding extensively in these areas. 
Whether this species is a more important winter food for certain 
individuals than sagebrush or saltbushes in unknown. However, 
common winterfat was also important summer food, as was 
sagebrush. Other foods that were important in the summer diet 
were vetches, munro globemallow (Sphaeralcea munroana), 
and plains pricklypear (Opuntia polyacantha). Pronghom diets 
were not very similar to those of sheep and cattle, indicating that 
the proper use of native range by livestock should not interfere 
with forages preferred by pronghorn. 

Table 2. Percentage similarity and Spearman’s rank correlation coef- 
ficients for herbivore diets from the Idaho National Engineering 
Laboratory Site. 

Diet Comparison 
Percentage Spearman’s 

similarity RHO P’ 

Sheep vs cattle 
Sheep vs rabbit 
Sheep vs jack rabbit 
Sheep vs. pronghom - (summer) 
Sheep vs pronghorn-(winter) 
Cow vs rabbit 
Cow vs jack rabbit 
Cow vs pronghom - (summer) 
Cow vs pronghorn-(winter) 
Rabbit vs pronghorn-(summer) 
Jack rabbit vs pronghom - 

(summer) 
Rabbit vs pronghorn-(winter) 
Jack rabbit vs pronghom- 

(winter) 

78 +0.82 0.001 
56 +0.58 0.020 
45 +0.48 0.090 
33 +0.29 0. I 14 
14 -0.05 0.400 
51 +0.49 0.030 
35 $0.25 0.200 
24 +0.24 0.162 
15 +0.02 0.397 
36 -to.13 0.330 

26 -0.03 0.395 
13 0.00 0.398 

II -0.14 0.337 

’ Low values (-CO. IO) indicate that diets are significantly similar. 

A wide variety of plants have been reported in the diets of 
rabbits (Turkowski 1975; Hansen and Gold 1977). On the INEL 
Site rabbits consumed mostly grasses, although a variety of 
shrubs and forbs were also eaten. Diet overlaps with livestock 
were 56% for sheep and 5 I % for cattle. Obviously, depending 
on stocking rates, serious competition could occur since live- 
stock graze the INEL during spring to take advantage of young, 
succulent grasses. Nuttall cottontail (S. nuttallii) and pygmy 
rabbit (S. iduhoensis) are both present on the study area. 
but only one sample collected in this study was taken in the 
vicinity of a pygmy rabbit colony. Therefore, most of the pellets 
used in diet analysis were from nuttall cottontails. Analysis of 
food habits data for pygmy rabbits on the INEL Site indicates 
that this species is a heavy user of sagebrush leaves (Doug 
Wilde, personal communication). Although I did not find high 
dietary overlap between pronghom and rabbit ( 13% winter and 
36% summer), similarit :ies between py gmy rabbit and prong- 

horn diets may be much higher, especially in winter. However, 
the abundance of sagebrush on the study area suggests that the 
species would not interfere with each other when seeking food 
More research is needed to study relationships between these 
native herbivores. 

The majority of plant fragments identified in jack rabbit feces 
were from grasses, but a variety of other plants were taken. 
Some of the grasses taken were the same as those reported from 
other areas (Currie and Goodwin 1966; Hayden 1966; Sparks 
1968). The authors reported strong seasonal shifts in jack rabbit 
food preferences, and Hayden ( 1966) suggested that in desert 
areas preferences were strongly influenced by the need to 
maintain water balance. Certain of the succulent plants taken by 
jack rabbits on the INEL Site, such as plains pricklypear, may 
be seasonally very important to jack rabbits even though they 
are a minor component of the annual diet. Forbs such as 
common winterfat and munro globemallow each made up 8% of 
the annual diet of jack rabbits and were responsible for 
significant similarities in diets of jack rabbits and the other 
herbivores. Use of grasses, however was the major similarity in 
the diet of jack rabbits and that of the other herbivores. 

The greatest potential for serious competition between 
herbivores on the INEL Site is during spring when young 
grasses are more abundant. After this period livestock are 
moved to summer ranges. Since cattle and sheep graze on 
different allotments and since pronghorn food habitats are so 
different from those of the other herbivores, concern on the 
INEL Site should be mainly for competition between lago- 
morphs and livestock. Rabbits require cover for protection from 
predators. On the INEL Site rocky, basalt outcrops in the central 
area provide this cover, but these outcrops are few in the areas 
where livestock are grazed (Johnson 197’S). As long as livestock 
grazing is prohibited from the center of the INEL Site, compe- 
tition between rabbits and livestock can not be considered a 
problem. Jack rabbits are not restricted to this protective cover 
and, therefore, might pose a serious threat to livestock opera- 
tions if they become abundant. 

Use of range without deterioration is possible only with 
careful management for proper grazing pressure so that enough 
forage is available for animals. Estimation of proper stocking 
rates is often based on relative intake rates of the different 
herbivores. An average black-tailed jack rabbit uses about 0. I 
kg of dry forage per day (Cavender and Hansen 1970) and an 
average cottontail consumes about 0.02 kg per day (Hansen and 
Gold 1977). A range cow (454 kg) and a range ewe (34 kg) 
consume about 13.5 kg and I .4 kg of dry forage per day, 
respectively (Cook 1970). If each species of herbivore ate the 
same foods, equivalent numbers of animals could be estimated 
by dividing the intake rate of one animal by the intake rate of 
another. These animals do not feed identically and calculations 
must account for differences in diets. Animal equivalents 
should be estimated according to: 

Higher Intake 
Number of smaller 

Rate per Animal x 1 herbivores that 
= consume forage 

Lower Intake fractional diet equivalent to that 
Rate per Animal similarity of one of the larger 

herbivore. 

Using this rationale about 31 black-tailed jack rabbits are 
equivalent to 1 range ewe and about 392 are equivalent to 1 
range cow on the INEL Site (Table 3). For rabbits about 1350 
are equivalent to a range cow and about 119 are equivalent to a 
range ewe. My result is similar to the report of Vorhies and 
Taylor (1933) that about 30 black-tailed jack rabbits were 
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Table 3. Approximate number of rabbits and black-tailed jack rabbits 
which remove the same forage as a 454-kg range cow or a 34-kg range 
ewe on the INEL Site. 

Livestock species 
Equivalent numbers of lagomorphs 
Rabbits Black-tailed jack rabbits 

cow 1350 392 
Sheep 119 31 

equivalent to 1 sheep in Arizona, but Currie and Goodwin 
(1966) estimated that it only took about six black-tailed jack 
rabbits to remove forage for a sheep in Curlew Valley, Utah, 
which is less than 100 km south of the INEL Site. Obviously, 
these relationships vary among sites and the estimates reported 
here should not be used to generalize for other studies. 

Common use of range by different herbivores can result in 
better use of forage and higher productivity of red meat (Cook 
1954). This fact is simple when livestock producing goods for 
human consumption are the common users, but the evaluation 
of trade-offs between livestock and wildlife are not so simple. 
Although lagomorphs are edible, only small numbers are ever 
harvested for human use. On the INEL Site, sport hunting is not 
allowed, so that none of this production can be considered 
human food. Even though they are probably important ecologi- 
cally and aesthetically, lagomorphs on the INEL Site may 
appropriately be considered as pests if their presence limits the 
production of goods for humans. Hansen ( 1972) estimated that 
the amount of forage consumed by jack rabbits in Colorado was 
sufficient to produce $7.4 million worth of beef. Jack rabbits 
were rare on the INEL Site when the present study was 
conducted and probably did not interfere with livestock pro- 
duction. However, according to French et al. (1965) jack rabbit 
populations are cyclic on the INEL Site and once reached 
densities of 1.3 per ha. Using this figure for density, the 
potential value of forage that might be removed by jack rabbits 
when they are abundant on the INEL Site can be estimated from: 

No. of jack Ha’s grazed Intake rate Fractional 

rabbits per ha x by livestock ’ of jack rabbits x Diet X 

Similarity 

Days of 
Value of forage removed 

Grazing 
X Kg Of red meat x Value of _ from an area by jack 

Kg of forage red meat - rabbits 

A reasonable assumption is that 10 kg of forage is needed to 
produce 1 kg of red meat (Hansen 1972). Current market prices 
of beef and mutton are approximately 70 cents and 50 cents per 
kg live wt, respectively. Grazing is allowed to about 139,000 ha 
of the INEL Site, and during a population high that forage 
removed by jack rabbits in 3 months might be worth a little more 
than $40,000 if used for production of beef or about $37,000 if 
used for production of mutton. Grazing seasons and numbers of 
animal units per allotment on the INl%L Site vary from year to 
year (A . . Warren Ahlstrom, personal communication) so that the 
actual value of forage removed by jack rabbits also varies. There 
is no good way to estimate the amount of forage that might be 
available to livestock if jack rabbits did not feed during any part 
of the year. There are complex ecological relationships involved 
that are poorly understood. If jack rabbits become abundant on 
the study area in the future, there will be an excellent oppor- 
tunity to study the actual grazing and economic relationships 
between these herbivores and compare results with the ideas 
presented here. The large numbers of lagomorphs that are 
equivalent to range livestock on the INEL Site suggest that 
control of leporids may not provide an economical way to 
maintain desired levels of livestock production. 

Relationships between grazing animals are complex. Some of 

the ideas about these relationships presented here are approxi- 
mations based on the best information available. There is a need 
to increase our understanding of grazing relationships so that 
management can be performed with greater precision and 
produce higher yields of products from the range. 
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Creeping Bluestem Response to Prescribed 
Burning and Grazing in South Florida 

LARRY D. WHITE AND W. STEVE TERRY 

Abstract 

Many research studies have developed guidelines for managing 
wiregrass ranges to improve utilization of relatively unpalatable 
Aristidu and Sporobolus spp. This traditional management has 
generally produced low livestock returns. Recent management 
trends have been toward the promotion and utilization of more 
desirable bluestems, paspalums, panicums, etc. This study was 
initiated to determine how wiregrass management affects excellent 
creeping bluestem pastures. Results indicate that prescribed 
burning stimulated reproductive culm development at the expense 
of foliage production. Grazing of burned areas with dominance of 
reproductive culms resulted in a substantial decrease in creeping 
bluestem tiller survival and herbage production. Continuous 
grazing of burned areas allows the more grazing resistant wire- 
grasses and shrubs to increase and probably accounts for the 
present expanse of wiregrass ranges. Deferment of grazing until 
seedset of desirable grasses following late winter burning would 
promote the development of productive bluestem pastures. Pre- 
scribed burning is a recommended practice to be continued for 
south Florida; however, it should occur after cattle have been 
removed from the pasture. A rotation system with fire every 3 to 5 
years is suggested to improve ranges from wiregrass to bluestem 
dominance and to maintain creeping bluestem pastures. 

The current financial crisis of many ranchers has greatly 
emphasized the value of range forage- for cow-calf herds in 
Florida. Many Florida cattlemen continue to utilize range as 
winter roughage following prescribed burning. Research has 
demonstrated that burning improves nutritive value of wire- 
grasses (Aristidu and Sporobolus spp.) for 2 to 3 months after a 
fire (Hughes 1970; Hilmon and Hughes 1965; Halls et al. 1957) 
while unburned areas are grazed free-choice by cattle only after 
close utilization of recent burns. After wiregrasses reach matur- 
ity, within 4 to 6 months after a fire , cattle prefer to graze the 
more palatable warm-season grasses year-long (Hughes I 970), 
ie., panicums, bluestems, paspalums, etc. Hughes recom- 
mended heavy use of pineland threeawn (Aristidu strictu), the 
predominant wiregrass in south Florida, after winter burning 
and deferment of grazing during the late spring and summer to 
encourage the better grasses. Yarlett ( 1963) concluded that 
the process of repeated burning and uncontrolled grazing on 
fresh burns decreased desirable forage species such as creeping 
bluestem (Schizachyriurn stolonijk) and created the present 
wiregrass ranges. 

_ 
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This paper describes the leaf area. basal area. tiller density 
and herbage production response of creeping bluestem on 
burned and unburned grazed flatwoods range in south Florida. 
Florida. 

Study Area and Methods 

The study was conducted on the Agricultural Research Center at 
Ona, Florida. Grazed and ungrazed range pastures dominated by 
creeping bluestem on Myakka-Immokalee fine sand soils were pre- 
scribe burned after IO years of protection from fire. Paired plants were 
sampled for leaf area index (LAI), basal area, tiller density, and 
biomass of leaves and culms of creeping bluestem. 

Two l6-ha lightly grazed pastures, one unburned and one burned 
March 1974, were sampled in September 1974 and October 1975. 
Forty IO-pin point frames were utilized to sample for vegetative cover 
on both areas in September 1974. Twenty point frames were used 
thereafter, since graphical analysis indicated this number to be 
sufficient to obtain results within 5% of the mean (based on 40 
quadrats) (Kershaw 1964). 

One 4-hectare ungrazed pasture was sampled in September 1974. 
burned in January 1975, and resampled in October 1975. Twenty 
systematically located point frames per pasture were used for sampling 
before and after burning. In October 1975, ten systematically located 
square 0.25 m2 quadrats were clipped from each of the pastures plus an 
ungrazed unburned area adjacent to the 4 hectare pasture. Clipped 
biomass was sorted to dead and live (with live further sorted to 
creeping bluestem vegetative material and culms and other plants). 
Dry weight was determined after oven-drying at 65°C for a mini- 
mum of 48 hours. Tiller counts of creeping bluestem were made on 
each clip quadrat prior to harvest. A paired t test at the 95% level of 
probability was used to test differences between treatments. 

Results 

Total leaf area index (LAI) on a south Florida flatwoods range 
significantly decreased from 1974 to 1975 on grazed unburned 
and grazed burned pastures (Table I). The highest LA1 (0.668) 
was measured in 1974 on the grazed unburned pasture which 
was similar to that on the grazed burned pasture. Also, one 
cyrowing season after burning, the ungrazed pasture did not 
zgnificantly change in LA1 compared to measurements (0.468) 
on the same area prior to the March burn. The second growing 
season total LA1 on the burned grazed pasture had significantly 
decreased below the LA1 on the grazed unburned pasture. 

Species responded differently to the grazing and burning 
treatments (Table I ). Creeping bluestem had significantly 
higher LA1 on unburned and grazed pastures compared to 
burned and grazed pastures both growing seasons. A significant 
decrease in LA1 resulted only on the grazed pasture one growing 
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SZIW~ after hunting. The LA1 on the grazed and humed pasture 
continued to decrease (significantly) the xcond growing 
season, I974 to 1975. 

pa\tui-e. The ratio of reproductive to vegetative tillers further 
illueates the first growing season effects of burning. 

The percent basal area of creeping hluestem was significantly 

higher (16.5%) on the grazed unburned pasture in 1974 a\ 
compared to the ungrazed unburned (6.0%) and grazed burned 
pa\tu~‘e\ (I .X%). In 1975, there was a significant difference 
between the grazed unburned (I I .X%1 pasture and the ungwed 
humed (2.5%) and grazed burned (3.5%) pastuics. 

Other grasses had a significantly lower LA1 prior to hwning 
on parture I compared to the grazed unhurncd pasture (Table I ). 
However, both pastures were similar in 1975 even after burning 
pasture I. The grazed burned pasture maintained a similar LAI 
both growing seasons after the fire and was not significantly 
different from the grazed unburned pasture. Grasslike plants 
!sed$es and rushes) were not frequently encountered on the 
pll\tux\: however, the highest LA1 occurred on the grazed 

hurned pasture the first growing season after burning. The 
highest total forb LAI occurred on the grazed burned area the 
first growing season. Generally, forhs were not significantly af- 

fccted by xawn. grazing. or burning treatments. The LAI ofall 
\hrubh combined was significantly higher on grazed pastures 
compared to the ungrazed pasture especially one growing 
waon after burning. 

Total herbage biomass at the end of the 1975 growing season 
was significantly higher on the ungrazed unburned pasture due 
to dead standing crop as compared to the other treatments (Table 
31. Total biomass was significantly lower on the grazed burned 
pa\tui-e two gnwing seasons after the fire than on the other 
:1rci,\. 

Creeping hluestem biomass distribution among leaves (L) 
and culms (C) further substantiated the significant shift from 
wsetative to reproductive material the first growing season 
after hurninf (Table 3). The C/L ration on the ungrazed burned 
31~ fully illustrates the potential reproductive to vegetative 
emphasis the first year after burning. Two years after burning 

followed by cattle grazing still resulted in a hisherC/Lratio than 
on the ongrwed unburned or grazed unburned areas, although 
thi\ later ratio was substantially less than first year grazed 
huming results. Total biomass of creeping bluestem tillers was 
rt~nificantly lower on the grazed pasture. especially two grow- 
1”~ seasons after the fire. 

The first prow@ season after the fire on the un&razed area 

The total tiller density of creeping bluestem on the ungrazed 
and humed pasture was significantly different from density on 

the other pastures (Table 2). The lowest tiller density occurred 
on the humed and grazed pasture two growing seasons after the 
till‘. On the ungrared pature. burning resulted in a significant 
~~~creaw in repmductive tillers. Stimulation in flowering by 
humin: wa\ evident the first growing season after burning (Fig. 
11. Honcvcr. within two growing seasons after burning (March 
lY74 bum) followed by cattle sraring. the density of tiller5 was 
Gmilar to density on the unburned grazed pasture. The lowest 
vcgcutivs tiller density on the grazed and burned pasture was 
significantly lower than that of the ungrazed and unburned 

thcrc was not a significant difference in total tiller biomass; 
howrver. there was a significant shift from vegetative to 
wp!nductive tiller biomass with a decrease in leaf tissue 
development. On the grazed areas culm biomass was similar 
hetwccn burned and unburned area\; however, leaf biomass was 

wh\tantially (significantly) lower on the grazed and burned 
au\. 

Discussion and Conclusions 

All lmensurements indicate a physiological shift in carbohy- 



drate energies from vegetative leaf biomass dominance in 
ungrazed and unburned pastures to that of massive reproductive 
development the first year after a fire. These results support the 
findings of other researchers on the effects of fire on bluestems 
and southeastern range species in general (Daubenmire 1968). 
Hilmon and Hughes (1965) concluded that the value of tire in 
the wiregrass type had been demonstrated. “Fire improves 
quality and productivity of wiregrass forage, aiding distribution 
of cattle, stimulating native grasses to produce seed, and 
checking growth of undesirable shrubs.” Yarlett (1970) re- 
ported the normal reproductive to vegetative tiller ratio for 
creeping bluestem as I :5 on unburned ungrazed south Florida 
range. The ratios observed in this study following burning 
approxunate the 2: I described by Branso” (l953), a condition in 
grasses he considered to be intolerant to grazing. The results 
indicate the grazing of burned areas greatly decreased vegeta- 
tive biomass. Therefore grazing of fresh bums apparently 

results in considerable herbage intake of tillers that have bee” 
stimulated to fotm reproductive culms. Most range literature 
clearly illustrates that heavy grazing of plants during develop- 
ment of reproductive culms results in the most damage to the 
plants. 

In conclusion, these results and understanding of past range 
burning and grazing practices would appear to explain Yarlett’s 
(I %3) conclusion as to the development of ranges dominated by 
wiregrasses rather than bluestem. Principal causes for this 
change in species dominance on burned and grazed pastures arc 
continued grazing preference for bluestem following a fire, little 
preference for wiregrasses after 34 months following the bum, 
and the probable physiological conditions of bluestem tillers 
(reproductive emphasis over vegetative development) which 
would greatly increase bluestem susceptibility to grazing. 
Hilmon and Hughes (1965) reported that “wiregrass” adapta- 
tion to sprout quickly after the tire coupled with early decline in 
quality and palatability operate to maintain or increase the 
abundance of wiregrasses in the type. Hence results indicate the 
management for creeping bluestem will require deferment of 
grazing until seed-set following afire ifmaximum tiller survival 
and herbage production are desired. This type of management 
recommended by Yarlett and Roush (1970) should allow the 
development of highly productive south Florida ranges domin- 
ated by creeping bluestem rather than the less desirable wire- 
gmsses and shrubs. This type of program is contrary to that of 
Duvall and Hilmon (1965) where “deferred grazing and de- 
ferred rotation grazing” were considered unsuccessful in the 
South on wiregrass dominated ranges. The apparent reasons for 
failure of the rotation type system compared to the bum-rotation 
system as suggested here was their objective in managing 
wiregrass rather than bluestem. 
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Improvement of Gulf Cordgrass Range with 
Burning or Shredding 

J.W. McATEE, C.J. SCIFRES, AND D.L. DRAWE 

Abstract 

Shredding or burning during the spring, summer, or winter 
increased the live gulf cordgrass standing crop, decreased the dead 
gulf cordgrass standing crop, and increased the percentage of 
plants supporting inflorescences by the end of the first growing 
season after treatment on a clay site. The most favorable growth 
responses resulted from treatment in the spring, apparently 
because subsequent rainfall was greater than following summer 
treatments. Shredding generally stimulated herbaceous yields 
more than burning. Presumably the heavy mulch cover after 
shredding improved moisture relationships relative to the bare 
surface following fires. Burning or shredding resulted in less 
favorable responses on a saline fine sand than on the clay site. 
However, on the saline fine sand as on the clay site, shredding 
promoted production of gulf cordgrass more than did burning. 
Both methods are effective for improving gulf cordgrass range for 
livestock grazing, but burning is apparently the more economical 
alternative. 

Gulf cordgrass [Spurtinu spurtinue (Trin.) Hitchc.] is a 
highly productive warm-season perennial which grows in al- 
most pure stands along the Texas coast. Stands ofgulf cordgrass 
cover several thousand hectares, providing a potential forage 
resource for significant numbers of livestock roefinger and 
Scifres 1977). Gulf cordgrass provides a forage source when 
other vegetation is scarce, particularly during droughts. How- 
ever. its coarseness and low palatability in the mature state 
preclude use by livestock when other range forages are 
available. Conversely, new shoots are relished by livestock, 
especially following removal of the mature, rough topgrowth. 
Therefore, gulf cordgrass ranges have traditionally been burned 
at the convenience of the land manager for use as a source of 
reserve feed. Burning gulf cordgrass range not only increases 
the palatability to grazing animals (Allen 1950) but also 
improves the stands for use by wildlife such as sandhill cranes 
~C’I~IIJ c~tmtrcler~sis L.), whooping cranes (G. umericunu L.), 
Canadian geese (Bruntu cunudensis L.) and wild turkeys 
~Mclctr,qris ,qwllopu~~u L.) (Personal communication, Frank 
Johnson, Aransas National Wildlife Refuge, Austwell. Texas. 
1975). However, only recently has a concerted research effort 
emerged for development of prescribed burning techniques for 
optimizing use of gulf cordgrass range. 

Although gulf cordgrass is a warm season species, it general- 
ly stays green year round under the 280- to 300-day growing 

season of the Coastal Prairie. The mild fall and winter seasons 
and an average annual rainfall exceeding 90 cm are not 
conducive to adequate field curing of range forages on the 
Coastal Prairie. Cool season forage, aside from that furnished 
by Texas wintergrass (St@ leucotrichu Trin. dz Rupr.), is 
generally composed of low-producing annuals of the genera 
Hordewn and Bromus. Thus, even with a sound supplemental 
feeding program, condition of range livestock deteriorates 
significantly from late fall to early spring. Gulf cordgrass is a 
potential alternate source of green forage during the cool 
months and during the dry summer stress period if the mature, 
coarse topgrowth is removed to allow production of new growth 
which is more palatable and accessible to grazing animals. 
Moreover, crude protein, digestible energy, and phosphorus 
contents of regrowth following burning is increased signifi- 
cantly compared to mature topgrowth (McAtee et al. 1979; 
Oefinger and Scifres 1977). Previous research emphasized 
burning in late fall and early winter (Oefinger and Scifres 1977). 
However, no information was available relating new growth 
production to timing of top removal treatment. This study was 
designed to evaluate topgrowth production of gulf cordgrass 
following burning or shredding at various seasons. 

Materials and Methods 

The study was conducted on the Coastal Prairie and Gulf Coast 
Marshes, an area of maximum development of gulf cordgrass in Texas 
f McAtee et al. 1978). Experiments were located on the Rob and Bessie 
Welder Wildlife Refuge near Sinton and on the Aransas National 
Wildlife Refuge near Austwell. The gulf cordgrass community on the 
Welder Refuge was located between coastal marshes dominated by 
hydric species and coastal prairie dominated by mixed-brush (Pro- 
sopis-Acucia). Soils of the coastal marsh were Aransas-Victoria1 
clays. which are extremely sticky and plastic when wet, cracked when 
dry, and typified by slowly permeable profiles. The community on the 
Aransas Refuge was located between coastline vegetation, dominated 
by various halophytes and water-tolerant species, and live oak 
(Quercws virgirkmu Mill.) Savannah on the uplands. Soil of the 
Aransas Refuge study site is primarily Galveston fine sand with 
inclusions of Veston silt loam. Annual rainfall of the study locations 
varies from 38 to I25 cm, usually exceeds 90 cm, and is characterized 
by peaks in the early spring and fall. Hot summers, short mild winters, 
and high relative humidities are characteristic of the study areas. 

Burning and shredding treatments were installed on the Welder 
Refuge on April I 1, July IO, and on December 1 I, 1975. Treatments 
on the Aransas National Wildlife Refuge were applied on June 6 and 
September 6, 1976. Plots, I5 by 30 m, were surrounded by disced 
firelines approximately 4.6 m wide. Three treatments were replicated 
in randomized complete block designs at both locations. 

Variables monitored immediately before and during burning in- 
cluded fine fuel load (oven-dry standing crop of gulf cordgrass, other 
grass plant material, standing dead herbaceous plant materials, and 
mulch); instaneous wind speeds and wind direction at 2 m with a 
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hand-held anemometer; gravimetric soil-water content of five samples 
from 0 to 7 cm deep within each plot; soil temperatures at 5 cm deep; 
air temperature at 3 m; and relative humidity at 2 m with a hand-held 
psychrometer. 

All bums were installed as headfires after backfiring a safe distance, 
usually 5 to 7 m. Temperatures were measured on the Welder Refuge 
at the soil surface, the mulch surface, the top third of the gulf cordgrass 
canopy, and approximately 25 cm above the canopy top of three 
individual gulf cordgrass clones during the bums using a 12-point, 
continuously recording thermograph. Estimates of maximum tem- 
peratures during bums on the Aransas Refuge were based on reaction 
of heat-sensitive tempils placed at the soil surface, within the upper 
third of the canopy top, and immediately above the canopy top in 
individual clones. Three temperature monitoring stations were placed 
in each plot. 

Shredding treatments were installed immediately following com- 
pletion of the bums. The gulf cordgrass standing crop and mulch were 
sampled the day before treatment, and periodically thereafter by 
clipping ten 0.25-m2 quadrats equidistantly spaced on a diagonal 
across each plot. Gulf cordgrass regrowth standing crop was converted 
to percentages based on prebum standing crop within each plot. Data 
were subjected to arcsin of the square root transformation, as sug- 
gested for percentage values which cover a broad range (Steel and 
Torrie 1960), before conducting analysis of variance. Mean separation 
was accomplished with Duncan’s multiple range test. 

Posttreatment moisture/temperature relationships were evaluated 
on June 2, 1976, to aid in interpreting growth responses of gulf 
cordgrass to the treatments. Three mulch samples were recovered from 
each plot in the Welder Refuge and water content , determined 
gmvimetrically. Temperatures were recorded at 1 m above the soil 
surface, at the soil surface and at 8 and 15 cm below the soil surface on 
September 10, 1975, on plots treated on July 10, 1975, and on 
untreated plots on the Welder Refuge. Soil was sampled at the same 
time at 15, 15 to 30, and 30 to 45 cm deep for gravimetric deter- 
mination of water content. 

Foliar cover, basal cover, average plant height, number of inflore- 
scences, and stage of inflorescence development were recorded on 
three permanently marked plants in each plot at 77 to 90 days after 
treatment on the Welder Refuge and after 28 to 30 days on the Aransas 
Refuge. Top weights of permanently marked plants were estimated 
from foliar volume measurements based on prediction equations of 
McAtee et al. (1978). Influence of season of treatment on average 
number of inflorescenses of individual gulf cordgrass plants was 
determined using counts for the first evaluation period in which 
inflorescenses appeared. Rainfall was monitored with gauges installed 
in the center of the study area. Each environmental variable and plant 
growth variable was subjected to analysis of variance and differences 
among means were isolated with Duncan’s multiple range test. 

Results and Discussion 

Burns in April on the Welder Refuge were conducted with an 
average relative humidity of 78% and air temperature of 2 1.3”C. 
Average wind velocity was 21 km/hr with gusts to 25 km/hr. 
Total fine fuel load averaged 11,584 kg/ha of which 24% was 
live, standing gulf cordgrass (Table 1). Plant diversity is 
typically low in these stands (McAtee et al. 1978), and standing 
dead fine fuel was composed primarily of gulf cordgrass. Thus, 
gulf cordgrass accounted for approximately 64% of the total 
standing fine fuel for bums in April. Estimates of standing crop 
also serve to indicate the relative amount of plant material 
deposited on the soil surface by shredding. The shredder, set 
about 15 cm above ground line to prevent damage to crowns of 
gulf cordgrass, deposited a continuous layer of plant residue 
approximately 24 cm deep on the soil surface, which increased 
weight of the mulch cover by 90% at 3 months after treatment 
(Table 2). 

Standing crop of untreated gulf cordgrass was relatively 
stable for the duration of the study (Table 2). Standing crop of 

Table 1. Average weight (kg/ha) of fine fuel at time of burning gulf cordgrass on the Welder Wildlife Refuge near Sinton in 1975, and on the Aransas 
National Wildlife Refuge near Au&well, Texas in 1976. 

Fine fuel components’ 
Live plants 

Location Bum date Gulf cordgrass Other species Standing dead Mulch Total 

Welder Refuge April 2835 bc I 394 cd 4520 b 2835 a 11584 ab 
July 1778 a 1768d 7681 c 4701 c 15928 d 
December 2062 ab 12a 7326 c 5142~ 14543 c 

Aransas Refuge June 4448d 677 b 2802 a 3316b 10942 a 
September 3328 c 951bd 4283 b 3359 b 11921 b 

’ Means followed by the same letter within a column are not significantly different at the 0.05 level of probability according to Duncan’s multiple range test. 

Table 2. Percentage of mulch and dead and live cordgrass, based on pretreatment weights, present at various times after burning or shredding on April 11, 
1975 on the Welder Wildlife Refuge, near Sinton, Texas. 

Months after treatment’ 

Attribute Treatment 0 3 6 7 11 15 27 

Live cordgrass None 1OOa 90a 98a 101 a 108a 101 a 102a 
Bum 1OOa 95a 132b 156~ 199f 18Ode 129b 
Shred 1OOa 154c 169 cd 202 g 225 g l%ef 154c 

Dead cordgrass None 1OOg 112h 106gh 106gh 102g 108 gh 107 gh 
Bum 1OOg la 7a 16b 27c 37d 72e 
Shred 1OOg Oa 2a 9ab 27c 37d 88f 

Mulch None 1OOd 1OOd 95d 101 d 101 d 1OOd 103d 
Bum 1OOd Oa Oa 4ab 2ab 27b 49c 
Shred IOOd 19Oe 107d 98d 86a 6Oc 49c 

’ Means within an attribute followed by the same letter are not significantly different at the 0.05 level of probability according to Duncan’s multiple range test. 
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live gulf cordgrass did not differ significantly among sampling 
dates and varied no more than 10% from pretreatment values as 
a result of sampling error. Following the burn in April, 
however, live standing crop of gulf cordgrass increased steadily 
for almost a year. During that time period, 69.8 cm of 
precipitation fell, about 80% of the long-term average (Drawe et 
al. 1978), of which 8.6 cm occurred during the month after 
treatment. 

The standing crop of live gulf cordgrass had essentially 
doubled at I year after burning compared to pretreatment values 
(Table 2). Standing crop of green gulf cordgrass on shredded 
plots was greater than on burned plots after treatment in the 
spring at all evaluation dates, except after 15 months. This 
differential was attributed to the buffering effect of the heavy 
mulch layer against evaporation of surface soil water. Surfaces 
of the burned plots were essentially bare for the entire summer 
following burning and supported only 22% of the pretreatment 
mulch cover after 1 1 months. 

During June, July, and August after burning in April, 22.6 
cm of precipitation occurred and 27.4 cm were received during 
September and October. No standing dead gulf cordgrass 
occurred on plots burned or shredded for 6 months following 
treatment in the spring (Table 2). 

As the older shoots died in late fall the year of treatment, the 
standing dead fraction steadily increased. However, weight of 
standing dead material had not been fully replaced, compared to 
pretreatment levels. by 27 months after burning or shredding in 
the spring. The proportion of live to dead standing gulf 
cordgrass, based on weight, was intluenced by treatment at 
other dates as described for treatments applied in April on the 
Welder Refuge. In addition, changes in mulch weights from 
treatment were essentially the same as those related in Table 2, 
regardless of treatment date. Therefore, for the sake of space, 
only the yields of live gulf cordgrass following treatments at 
other dates will be discussed, regardless of location. 

Based on grazing studies in South Texas, Oefinger and 
Scifres ( 1977) found that burned gulf cordgrass range could 
support I AU/4 ha for at least 6 months following burning large 
pastures in the late fall. Under grazing pressure, regrowth is 
apparcnfly stimulated so that use of standing crop data does not 
necessarily retlect absolute carrying capacities. However, rela- 
tive comparisons in carrying capacity changes induced by treat- 
ment may be used to exemplify treatment differences. If 25% of 
the green standing crop is utilized by grazing animals and I2 
L,‘day are required per animal unit, about 5X AUD’s/ha were 
availltble on untreated plots 6 months after spring burning. In 
contrast, over 78 AUD’s/ha were available on burned plots and 
about 100 AUD’s/ha on shredded areas. Potential of these 
trcatnlents for altering carrying capacity is further amplified 
when one considers that standing, mature gulf cordgrass is of 
lo\\ nutritional value compared to regrowth (McAtee, et al. 
1979) and is used by livestock only when other forages are not 

u\ailable. whereas the regrowth is readily sought out by cattle. 
Burns in July were conducted under the lowest average 

relative humidity (72% ) of seasons of treatment evaluated and 
highest air temperature (3 I .3”(Z). Wind velocity averaged 1 I 
hm, hr with gusfs to I7 km/hr. Green standing gulf cordgrass 
comprised only I.778 kg/ha of the fine fuel load (Table I), 
about I I ‘/( of the total. The greatest proportion of the fine fuel 
load was comprised of standing dead plant material. Although 
standing fine fuel moisture content differed little from that 
during spring burns (49 and 43%, respectively), the character of 
the t’ucl load and environmental conditions during the summer 
burn resulted in hot. sweeping fires. During the fires, an average 
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maximum temperature of about 300°C was recorded between 
gulf cordgrass clones at the soil surface, and 425°C were 
achieved at the mulch surface. A maximum temperature of 
656°C was achieved in the gulf cordgrass canopy and tempera- 
tures as high as 850°C were recorded at 30 cm above the canopy. 
The heat profile generated was exemplified by results of 
monitoring a typical gulf cordgrass bunch during the burn in the 
summer on the Welder Refuge. Highest temperatures were 
recorded at 2 cm above the canopy (910°C) while lowest 
temperatures occurred at soil surface (450°C) (Fig. I). There 
was a lag in the attainment of temperature peaks, proceeding 
from the canopy top to the soil surface, but the duration of 
maximum temperature attained increased from the soil surface 
to the canopy top. 

Fig. 1. Fire tempruturcs within u guljc’ordgruss clone during the summer burn 
trt the Welder Wildlije Rejuge, Sinton, Texus. 

Although replacement of topgrowth occurred more rapidly 
the month after treatment on shredded than on burned plots, live 
(rulf cordgrass standing crop decreased sharply after treatment 
&ring the summer on the Welder Refuge (Table 3). This initial 
difference was attributed to 3.8 cm of rainfall received during 
the 30 days following treatment. Subsequent standing crops of 
green gulf cordgrass on shredded plots were significantly higher 
than on burned plots only at 8 months after treatment. Ap- 
parently, the heavy mulch layer caused by shredding, 3.2 times 
greater after I month than prior to treatment (data not shown), 
did not provide a buffer against surface moisture losses adequate 
to encourage significantly more regrowth than occurred follow- 
ing burning. Burning essentially removed the mulch cover for 
over 5 months, and the amount of mulch was only 43% of the 

Table 3. Green gulf cordgrass as a percentage of pretreatment standing 
crop after burning or shredding at two dates on the Welder Wildlife Re- 
fuge near Sinton, Texas. 

Months Treatment date ( 1975)’ 

after J* 10 December II 
treatment None Bum Shred None Burn Shred 

0 IOOcd IOOcd IOOcd IOOd IOOd IOOd 

0.4 - - IOOd la 4a 

I 103cd 4a 39b - - 
3 9X cd 58b 66 bc l08d 27 b 34b 

5 IO1 cd 95 cd 115de - - 

6 - IO1 d 89c IOOd 
x l08d I l5de 154f - - - 

I I 101 cd l67f l6lf - - - 

IK - IOld 136e l93f 
‘7 IO’cd I17 de l42ef - - - -_ 

’ \tL.,l~~, \\ ~ttlln ., ~IC“I~IIICIII d,ttc tolloued by the wmc Icttcr art‘ IIOI \~gmtrcanrty dlttewnt 
,I[ lll~’ 0 !,5 IC\Cl ‘rccc,ltllll~ 10 Ihncall'\ multiple range te\t. 
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pretreatment at 23 months after the fires (data not shown). 
Burns during December on the Welder Refuge were con- 

ducted with the highest relative humidity (82%) and lowest air 
temperature ( 19.I”C). Average wind velocity was 1 I km/hr 
with gusts to I5 km/hr. Standing fine fuel load was comprised 
primarily of gulf cordgrass (Table I ). Standing fuel moisture 
content was nearly 40% but mulch moisture content was 29%. 
Although fuel moisture contents were high, maximum fire 
temperatures differed little from those recorded for the summer 
burns which resulted in hot, sweeping fires. 

Gulf cordgrass regrowth following treatment in December 
developed considerably slower than following burning or shred- 
ding at other seasons. Only 0.7 cm of rainfall were received the 
month following treatment, and total rainfall for January, 
February, and March was I .9 cm. By early spring, 3 months 
after treatment, there was no difference in the amount of 
regrowth following burning or shredding and green gulf cord- 
grass standing crop was only 27 to 34f% of pretreatment values 
(Table 3). In contrast, regrowth was 58 to 66% of the pre- 
treatment value by 3 months after treatment in the summer. 
Moreover, top growth production had completely replaced or 
exceeded pretreatment standing crops by the same time period 
after burns in the spring (Table 2). Standing crop of green gulf 
cordgrass was significantly reduced for at least 6 months after 
shredding in the winter, standing crop of green cordgrass was 
essentially twice that of pretreatment standing crop. 

Rainfall totalled 2X.7 cm for the 90-day period following 
burning in June 1976 on the Aransas Refuge. However, the 
stand did not respond, relative to replacement of live standing 
cordgrass (Table 4). as rapidly as stands treated in April Table 2) 
or July (Table 3) on the Welder Refuge in 1975. The 
reappearance of standing dead gulf cordgrass was also slower 
(da;a now shown), and the response to burning or shredding in 
September on the Aransas Refuge was slow compared to 
responses on the Welder Refuge (Table 4). By May, X months 
after treatment in September, live gulf cordgrass standing crop 
on burned or shredded plots was significantly less than that on 
undisturbed areas. It &as first assumed that elimination of 
mulch cover from the fine sands for the X -month period 
following burnin, 0 reduced rate of regrowth. However, the 
mulch cover was the same or higher than pretreatment values on 
shredded plots for the g-month period (data not shown), and 
regrowth of gulf cordgrass differed little from that of plants on 
burned plots. Apparently. improvement of gulf cordgrass range 
on sandy soils has less potential than for clay soils probably 
because-of the lower mhisture-holding capacity of the sandy 
soi I . 

Differential responses of gulf cordgrass to shredding or 
burning on the Welder Foundation was partially explained by 
changes in the moisture contents of the mulch and surface soil. 
On June 2, 1976, mulch from untreated areas contained 35% 

Table 1. Green gulf cordgrass as a percentage of pretreatment standing 
crop after burning or shredding at two dates on the Aransas National 
Wildlife Refuge near Au&well, Texas. 

Months 

after 

treatment None 

Treatment date (I 976)’ 

June 6 September 6 

Bum Shred None Burn Shred 

IOOd IOOd IOOd IOOd IOOd IOOd 
I 
7 

rc 
I2 

IOOd l5a 10a l04d 7a 2la 
IOXd 42b 58b _ 

- l03d 59c 61 c 
l03d 86c 97cd - _ - 

lettc’r art‘ not 

moisture. Mulch from plots burned in July or December 
contained only 12% moisture, whereas those shredded sup- 
ported a mulch cover containing 47% moisture. Presumably, 
these relationships also would be reflected in soil moisture 
status following treatment. For example, on July IO, 1975, 
following treatnient on September IO, the soil contained 33% 
soil moisture at 0 to 8 cm deep. However, the surface 8 cm of 
soil from burned areas contained an average of 12% moisture 
whereas surface soil from shredded plots contained 35% 
moisture. At the same time, when soil temperatures were 25 to 
26°C in the surface 2 cm of shredded or untreated plots, they 
were 39°C on burned plots. 

Both shredding and burning increased the production of 
intlorescences thegrowing season after treatment. Only I to 3% 
of the gulf cordgrass plants produced inflorescences on un- 
plots. Following burning, from I9 to 56% of the plants 
produced intlorescences with the greatest percentage occurring 
the prowinp season after burning in the spring. Shredding also 
increased the number of inflorescences compared to no treat- 
ment but not as much as burning. From IO to 29% of the plants 
produced inflorescences following shredding with the greatest 
percentage of plants tlowering following treatments in the 
spring. 

These data indicate considerable potential for prescribed fire 
or shredding for improving gulf cordgrass rangeland. Greatest 
potential for improvement appears to be 
sandy sites, presumably due ‘to 

on clay rather than 
differences in soil moisture 

storage capability between soils. ing in the 
spri n,, based 

Burning or shredd 
on herbaceous yields, appeared more favorable 

than the same treatments in the summer or winter. Ths response 
was attributed to the more favorable moisture relationships 
following treatme nt. Sharrow and Wright ( 1977) reported that 
soil-water depletion was greater following burning than after 
mechanical top removal of tobosagrass (Hiltrritr rulrtic*rr) except 
in clq years. The difference was attributed to the greater watcl 
demand of the luxuriant growth on burned plots. In our study, 
rainfall following treatments in the summer equalled that 
at‘tcr treatments in the spring but pulfcordgrass yield was IOWL‘I 
on plots treated in the summer. High summer air teniperaturcs 
apparently accelerated moisture loss from the treated surfaces 
compared to treatment in the spring. especially those bared b> 
burning. 

About I .6 hr/hl were required for shredding the rank gulf _ _ 
cordlgrass stands in these studies. Although some initial increase _ 
in $111 f cordgrass 
the rising costs 
advar,tage to prescribed burning. 

regrow th usually occurred following burning, 
of fue I and labor may lend the economic 
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Digestible Energy and Protein Content of Gulf 
Cordgrass following Burning or Shredding 

J .W. McATEE, C. J. SCIFRES, AND D.L. DRAWE 

Abstract 

Digestible energy and crude protein content of green gulf cord- 
grass forage was significantly increased for 30 to 90 days after 
burning or shredding on the Coastal Prairie. Within 30 days after 
treatment, digestible energy content ranged from 2,414 to 2,891 
kcal/kg in regrowth on burned areas, and from 1,879 to 2,602 
kcal/kg on shredded areas compared to 1,612 to 1,917 kcal/kg in 
green leaves of plants from untreated areas. Crude protein content 
at the same time was 9 to 11% following burning or shredding 
compared to 4 to 5% in green plant material from untreated areas. 
Differences in the nutritional components varied more with time 
after sampling within a season of treatment when they varied 
among seasons of treatment or between methods of treatment. 
Therefore, both burning and shredding have potential for 
increasing nutritional value of gulf cordgrass during the cool 
season, a period when other green forages are scarce on the 
Coastal Prairie. 

The Coastal Prairie and Gulf Coast Marshlands occupy more 
than 3.8 million ha of highly productive rangelands in southeast 
Texas (Gould 1975). The extremely high production potential 
ofthese grasslands for both livestock and wildlife is attributed to 
a growing season of more than 300 days, annual average rainfall 
of 5 I to 124 cm, and deep, fertile soils. However, with the 
exception of Texas wintergrass (St@ leucotrichu Trin. & 
Rupr. ), most forages are warm-season grasses. Since, mild, wet 
winters are not conducive to effective curing of standing 
forages. livestock producers of the area seriously need a source 
of green, nutritious forage during the winter. 

Gulf cordgrass [Spurtim~ spurtinm (Trin.) Hitchc.] is a well- 
adapted, native. perennial species which occurs in almost pure 
stands along the Texas coast. Although gulf cordgrass is a 
warm-season plant, it actively grows during most of the year if 
subjected to a treatment such as burning (Oefinger and Scifres 
1977: McAtee et al. 1979). Formerly managed primarily as a 
source of reserve feed for use during drought, it has recently 
been studied as a potential source of winter grazing. Gulf 
cordgrass is unpalatable and coarse when mature, but removal 
of the old growth by burning or shredding stimulates production 
of succulent regrowth which is relished by cattle (Oefinger and 
Scifres 1977: McAtee et al. 1979). The objective of this study 
~‘as to monitor digestible energy and crude protein contents in 
trrcen gulf cordgrass foliage following burning or shredding at = 
various times of the year. 
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Materials and Methods 

Burning and shredding treatments were applied to I5 by 30-m plots 
on a gulf cordgrass stand on the Rob and Bessie Welder Wildlife 
Refuge near Sinton, Tex., on April 11, July 10, and December 11, 
1975. The same treatments were applied to a gulf cordgrass com- 
munity on the Aransas National Wildlife Refuge near Austwell, Tex., 
on June 6 and September 6, 1976. Experiments were designed as 
randomized complete blocks arranged as split plots with three repli- 
cations. Soils, climate, characteristics of the gulf cordgrass stand, 
methods of treatment application, and growth responses were dis- 
cussed by McAtee et al. (1979). 

Triplicate, 500-g samples of green leaf tissues were harvested from 
10 permanently marked plants in each plot for digestible energy and 
crude protein analyses. All treatments were sampled at the same time 
so the time from treatment to collection varied somewhat among 
seasons of treatment. Leaf tissue was collected at 0,22,78, 133,232, 
323, and 688 days after treatment in July; at 0,90, 168,223,322,442, 
and 807 days after treatment in April; and 0. 12,77, 172, and 537 days 
after treatment in December on the Welder Refuge. Collections were 
made at 0, 3 I, 8 I, 344 days after treatment in June and at 0, 28, and 
235 days after treatment in September on the Aransas Refuge. Samples 
were freeze-dried and ground to pass through a 0.8-mm mesh screen. 
Duplicate, 0.3 to 0.5-g subsamples from each collection were 
analyzed for crude protein content using the micro-Kjeldahl method 
(Harris 1970). Digestible energy was determined on duplicate 0.5-g 
subsamples using the first stage of the in vitro method of Tilly and 
Terry ( 1963) plus the neutral-detergent (cell-wall) procedure (Van 
Soest and Wine 1967). 

Results and Discussion 

Digestible energy content of green gulf cordgrass leaves from 
untreated plots varied seasonally. Digestible energy content 
tended to decrease in late fall and to increase during the spring 
(Table 1). The samples of regrowth in July following burning in 
April 1975 on the Welder Refuge were highest in digestible 
energy content, 2,485 kcal/kg. Digestible energy content of 
shoots of shredded plants tended to be higher than in green 
tissues of plants collected from untreated plots in July, but 
significantly lower than in regrowth from burned plots. There 
was little difference in digestible energy content of shoots from 
burned and shredded plots at other evaluation dates following 
treatments in April. Digestible energy contents of shoots from 
both treatments were higher than in green tissues from untreated 
plants in November the year of treatment. However, there was 
no difference between plants from treated and untreated areas in 
May of the following year. Although there was a trend toward 
higher digestible energy contents of the burned or shredded 
plants until July of the third growing season after treatment, 
there was no significant differences among treatments. The 
reason for relatively low digestible energy contents during July 
1977. compared to the same date in 1976, was difficult to 
explain unless attributed to variation in rainfall between years. 
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Table 1. Average digestible energy (kcal/kg) and crude protein content (%) of gulf cordgrass green leaves after burning or shredding on April 11,1975, on 
the Welder Wildlife Refuge near Sinton, Texas. 

Date’ ______ - 
I975 1’)7h IV77 

Attribute Treatment Pretreatment July Sept. Nov. May June July 

Digestible energy None 1988 bc 19lObc 1855 b 1651 a 1921 bc 19l4bc 1531 a 
Burn 1967 bc 2485 d 1999c 19llbc I949 bc 1960 bc 1076 a 
Shred I968 bc 213hc 2017c 1912bc 2019c I997 c I625 a 

Crude protein None 5.hh 4.hcd 4.h bed 4.7 cde 4.4 bc 2.9 a 4.hcd 
Burn 5.hh 7.0k 6.0 i 4.9 def S.Oef I.4 bc 4.8 de 
Shred 5.hh h.4j 5.2 fg 5.4gh 5.hh J.lb 4.6 bed 

__~__ ________ ~_ 

’ Means followed by the same letter within an attribute are not \ipnificantly different at the 0.05 level according to Duncan’\ multiple ranse teht. 

About 3 1 cm of rainfall were received in June and July of I976 
whereas I8 cm were received the same months in 1977. 

Trends in digestible energy content following April treat- 
ments on the Welder Refuge (Table 1) were similar to those 
reported by Oefinger and Scifres (1977) following burning of 
culf cordgrass in the fall on the Coastal Prairie. In that study, 
chighest levels of digestible-energy were generally attained in 
regrowth during the first 2 to 3 months following the fires. As 
with the present study, the elevated digestible energy contents 
persisted for about 6 months after burning. 

Crude protein levels of green tissue from untreated gulf 
cordgrass plants on the Welder Refuge (Table I) were also 
comparable to those reported by Oefinger and Scifres ( 1977). 
Apparently, crude protein rarely exceeds 6% in mature, green, 
gulf cordgrass foliage. Crude protein following treatment of 
plots in April 1975 on the Welder Refuge followed the same 
trends as for digestible energy (Table I ). However, the increase 
in crude protein was only about 2% higher than values obtained 
from green tissues of untreated plants in July following burning 
in April. Oefinger and Scifres ( 1977) reported that crude protein 
content of new shoots harvested within a month after burning 
exceeded I I %, and that elevated crude protein levels could be 
maintained for 4 or 5 months if continuous regrowth were 
stimulated by grazing. Without grazing animals to continuously 
force new growth, such dramatic increases in protein content of 
gulf cordgrass following top removal is apparently short lived. 
Trends in crude protein content of regrowth following shredding 
in April on the Welder Refuge were similar to those following 
burning (Table 1). 

Changes in both digestible energy and crude protein contents 
were most pronounced in samples recovered relatively shortly 
(22 days) following burning or shredding in mid-July (Table 2). 
At that sampling date, digestible energy content of regrowth 
following burning was 2,819 kcal/kg and 2,602 kcal/kg 

following shredding, compared to I .9 I7 kcal/kg in green leaves 
from plants on untreated plots. Crude protein content of 
untreated foliage was 4.6% contrasted to I I .4%- of shoots 
following burning, and 8.7% following shredding. The 
dramatic increase in crude protein and digestible energy content 
was only temporary, however, since regrowth apparently 
matured relatively rapidly. Crude protein values obtained in 
September, 78 days after burning in July (Table 2), 
corresponded to values obtained in July, 90 days after burning 
in April (Table I ). Thus. the change in nutritional status was 
attributed to age of regrowth rather than to season of collection 
or season of treatment. Also, although there were some apparent 
differences in levels of the nutritional components in regrowth 
between burned and shredded areas following treatment in July, 
no consistent trend could be identified. This response indicates 
that both treatments apparently functioned simply as methods of 
top removal. However, season of treatment and associated 
production responses would likely intluence choice of treatment 
method. Shredding increased standing crop compared to 
burning, regardless of season of treatment, and the difference 
was most pronounced following treatment in the summer 
(McAtee et al. 1979). 

That age of regrowth was more intluential than season of 
sampling was also exemplified by levels of the nutritional 
components in regrowth sampled in late December after burning 
on December IO (Table 3). Both the digestible-energy and crude 
protein contents of regrowth shortly after winter burning cor- 
responded closely to levels in regrowth collected within a month 
after burning in July. Digestible energy levels of regrowth 
following burning in December were highest into early March 
1976. 77 days after treatment. Although regrowth from shred- 
ded plots at this time was not as high in digestible energy content 
as that from burned areas, it was significantly higher than in 
green leaves from untreated areas. Digestible energy content 

Table 2. Average digestible energy (kcal/kg) and crude protein content (%) of gulf cordgrass green leaves after burning or shredding on July 10,1975, ou 
the Welder Wildlife Refuge near Sinton, Texas. 

Date ’ 
1075 l97h -. _ 

Attribute Treatment Pretreatment Aug. Sept. Nov. Mar. June 
_ 

Digestible energy None 1930 bed 1917 bc l855b lh5l a IO2 I bed I914 bc 
Bum 1850b 2819i ‘521 h 21 l3cf 2’44 p 2Olhcde 
Shred 1992 b-e 303 h ‘274 g 2058 de 29lOfc 1965 bed 

Crude protein None 4.4b 4.h bc 4.6 bc 4.7 bc 4.4b 3 .9 ;I 
Bum 4.9 cd I I .4j 7.4 h 5.7 f h.Xg 5.2de 
Shred 5.5 ef 8.7 i 5.hef 5.8f h.hg 4.5 bc 

I Means followed by the same letter within an attribute are not significantly different at the 0.05 level according to Duncan’s multiple range test. 

I’,-; 

June 

15.11 a 
1623 a 
Ih24Ll 

-I.7 bc 

4.x hcd 
4.5 hc 
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Table 3. Average digestible energy (kcal/kg) and crude protein content (%) of gulf cordgrass green leaves after burning or shredding on December 11, 
1975, on the Welder Wildlife Refuge near Sinton, Texas. 

Date’ _____ 
I975 1976 

Attribute Treatment Pretreatment Dec. 23 Mar. June 

Digestible energy None lb36 ab I bb0 ab 1921 c l914c 
Burn 1746b ‘784 g 2863 g 2194d 

Shred l74bb 2573 f 2398 e 2206 d 

Crude protein None 4.hb 4.7b 4.4 ab 3.9a 
Burn 4.8b I l.bd 8.OC 4.7b 
Shred 4.8b 9.1 c 8.5~ 4.hb 

’ Means followed by the same letter within an attribute are not significantly different at the 0.05 level according to Duncan’s multiple range test. 

1977 ____ 
June 

1531 a 
I643 ab 

l7’7b 

4.7 b 
4.5 ab 

4.hb 

was reduced by midsummerafter the winter bum but was higher 
than that of leaves from plants on untreated plots. Crude protein 
content following the treatments was maintained at 8.5 to 8.9% 
into spring and was slightly higher than leaves from mature 
plants into the summer. The maximum increases in nutritional 
levels in gulf cordgrass foliage coincide with the peak stress 
period, relative to green feed shortages, for range livestock on 
the Coastal Prairie. 

Changes in digestible energy and crude protein content of 
gulf cordgrass following burning or shredding on the Aransas 
Refuge followed trends similar to those discussed following the 
same treatments on the Welder Refuge. Whether treatments 
were applied in September or June 1976, greatest increase in 
nutritional components occurred within a month after treatment 

Table 4. Average digestible energy (kcal/kg) and crude protein content (%) 
of gulf cordgrass green leaves after burning or shredding on September 
6, 1976, on the Aransas National Wildlife Refuge near Austwell, Texas. 

Days after treatment’ 
Attribute Treatment 0 ‘8 134 

Digestible None lhlhab Ihl’ab 15h4a 
energy Burn 1621 ab 2414d 165.3 b 

Shred l580a 1879~ 1571 a 

Crude protein None 4.5 bc 4.2 abc 3.9a 
Burn 4.3 abc I l.4e 4.7c 
Shred 4.3 abc 7.3d 4.0ab 

’ Xlc;rn\ tollowcd by the same letter u ithin an attribute are not \lgniticantly dltferent at the 

0 OS lc\cI :rccordlnp to Duncan.5 multlple range te\t. 

Table 5. Average digestible energy (kcal/kg) and crude protein content (%) 
after burning or shredding on June 6, 1976 on the Aransas National 

Wildlife Refuge near Austwell, Texas. 
____ 

Date’ 
I97h I977 

Pre- 
Attribute Treatment treatment July Sep. June 

Digestible energy None 15lOab IhO7 bc I403 a 1564 abc 
Burn 15% abc 2550 f l98hd Ih34c 
Shred 1584 bc 2X8 e 1923d IhO9 bc 

Crude protein None 4.3 ab 4.2 ab 3.ha 3.9ab 
Burn 4.hb 9.3e 7.8d 4.0ab 
Shred 4.4b 7.7d 0.3 c 4.2ab 

’ .\Ic;III~ lollouctl h> the ~mc letter M [thin an attrihute tire not qnlficantly ditt’erent at the 

0 0.S Ic\cI according to Duncan.4 multiple range te\t 

(Tables 4 and 5). Both treatments increased digestible energy 
and crude protein content in the green leaves, with greatest 
increases generally occurring in regrowth from burned plots. 
This trend was especially pronounced with crude protein 
content, which ranged from 9 to 1 1% for the first 30 days 
following burning. 

These data indicate that digestible-energy and crude-protein 
content are significantly increased for 30 to 90 days after 
burning or shredding of gulf cordgrass on the Coastal Prairie. 
Crude-protein content of young regrowth ranged from 9 to over 
1 I%, comparable to mature leaves of grasses such as Bell 
rhodesgrass (Chloris guyuna Kunth cv. “Bell”) and green 
sprangletop [Leptochloa dubia (H.B.K. Nees)] (Polk et al. 
1976). Both burning and shredding removed mature, unpala- 
table foliage and standing dead material and stimulated young 
leaf growth. However, gulf cordgrass range is extremely rough 
because bases of the plant are large and elevated, the stands are 
frequently inundated, and the cost of shredding exceeds that of 
burning. Therefore, fire appears to be the most practical 
approach to improvement of gulf cordgrass range. Relative to 
crude protein and digestible energy content of regrowth, season 
of burning apparently would not be critical as long as moisture 
was adequate for maximum regrowth. Based on the time of most 
critical need for green range forage on the Coastal Prairie, late 
fall or early winter burns are most logical. Also, a program 
designed to burn a portion of the range at each season might be 
advantageous where large areas of gulf cordgrass are available 
for inclusion into a single grazing management operation. 
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Differentiation of Serviceberry Habitats in the 
Wasatch Mountains of Utah 

STEVEN YAKE AND JACK D. BROTHERSON 

Abstract 

Utah serviceberry (Amelunchier utuhensis Koehne) and its 
habitats were studied in the Wasatch Mountains of central Utah. 
Twenty-five populations were selected and sampled for various 
biotic and abiotic environmental variables. Regression, cor- 
relation, cluster, and discriminant analyses were used to analyze 
the data. Sites of northern exposure exhibited a more luxuriant 
vegetation than southern exposures. Although all the study sites 
contained Utah serviceberry as a dominant or subdominant plant, 
they can be classified into three major habitat types according to 
associated dominants and/or geographical location. These groups 
are serviceberry-dominated foothill knolls; oak-serviceberry- 
dominated northern exposures; and serviceberry-dominated 
southerly exposures. 

Analyses demonstrated overlap between the major selected 
habitat types. The most distinct habitat was the foothill knolls; the 
least distinct was the southern exposed serviceberry habitat. The 
serviceberry habitat on southerly exposures is environmentally 
intermediate between the foothill knolls and higher elevation 
northern exposed sites on which serviceberry shares dominance 
with oak. Discriminant analysis indicated that pH, slope, sand, 
soluble salts, and clay were the environmental factors most 
important in distinguishing between the major habitat types. 

Fig. 1 . Mtrp (If tile clistt~ihrrtiorl itr tllc ~c~e.stcl’tl Utritcd Sttrtcs of Utth tld 
Species of the serviceberry genus (Amelunchier) are wide- .~tr.dtrtooti .sct.~~ic~rhc~t:~. 

spread in North America. Some species are highly prized 
ornamentals (Theiss 196 I), while others are widely recognized 

Utah serviceberry is common in several of the life zones of 

for their forage value (Richens 1967; Martinka 1968; Plummer 
the Wasatch Mountains. It occurs in conifer stands, in mixed 

I 969; Stevens 1970). Most of the past work on serviceberry in 
mountain brush stands, and in mixtures with Utah juniper and 

the West has been done with Saskatoon serviceberry (A. 
big sagebrush (Anderson 1974; Christensen 1964; Plummer 

u11r$oliu Nutt.). However, Utah serviceberry (A. utuhensis 
1969). 

Koehne) is also recognized as an important browse species 
Little work has been reported on habitat relations and 

Plummer 1969) and is found growing throughout much of the 
composition of plant communities that support Utah service- 

western United States (Fig. I). 
berry as a dominant or subdominant species. The purpose of this 

In the past, there has been some confusion concerning the 
study was to document the habitat relationships and community 

characteristics of various Amelunchier species. Cruise (I 964) 
composition of Utah serviceberry to provide useful information 

indicated that hybrids occur freely in the genus and that specific 
to land managers. 

limits have been difficult to determine. Historically, Utah 
serviceberry has been considered a variety or subspecies of 
Saskatoon serviceberry (Jones 1946), the two being separated 
by the pubescent mature leaves of Utah serviceberry (Jones 
1946; Harrington 1954). However, some populations of what 
otherwise appears to be Utah serviceberry have glabrous leaves 
in Arizona and Nevada (Jones 1946). The two taxa appear to 
prefer different habitats, with Utah serviceberry reported as 
preferring dryer sites than Saskatoon serviceberry (Plummer 
1969). Kecent taxonomic treatments (Hitchcock and Cronquist 
1973; Welsh and Moore 1973) consider Utah serviceberry to be 
a valid species. 

The authon are graduate student xxi associate professor. Drpartnlcnt ot Botany and 
k~n~c Science. Br!gham Young Uniwwty. Prwo. Utah 84602. 

Ilanttwlpt received August 7. 1970. 

Study Area 

Populations of Utah serviceberry were studied in the summer of 
1975 in the Diamond Fork and Sheep Creek drainages of the Wasatch 
Mountains in Central Utah (Fig. 2). The study area supports oak 
(Qtrerc-us gctmhelii) and other mountain brush species intermingled in 
a complex pattern. This vegetatve mosaic forms a discontinuous 
transition zone between aspen and coniferous forests above and 
(grassland and/or sagebrush covered foothills below. Annual precipita- b 
tion in the study area averages about 50 cm (Bailey 1977). Elevation 
ranges from 2,050 to 2,225 m. The areas have served as a summer 
range since the late 1800’s for sheep and cattle and locally as valuable 
winter range for mule deer. In places. overgrazing by domestic 
livestock is apparent, but in general the ranges are in good condition, 
as can be seen from the relative importance of major plant species 
(Table 1). 
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Fig. 2. Mtrp (4 tk st~rc& area showing study site locations. 

Met hods 

Twenty-five populations of Utah serviceberry were selected in three 
habitat types. The first type is typified by an oak canopy overstory 
with an understory in which Utah serviceberry is prominent. Ten oak- 
serviceberry stands were selected for study and adjacent to them ten 
serviceberry dominated stands were chosen. The serviceberry stands 
were similar to the oak-serviceberry stands except that they lacked an 
oak overstory and occurred on more southerly exposures. The third 
group of stands (five in number) were also dominated by Utah 
service-berry but were situated on dry, foothill knolls. At each site a20 
x 20 m study plot (.04 ha) was delineated. Each plot was subsampled 
with twenty-five quadrats (0.25 m”) distributed uniformly across the 
surface of ;he plot- in five rows of five quadrats each. An-estimate of 
commonness of understory species were arrived at by dividing each 
quadrat into four subunits of equal size and noting the occurrence of 
the species in both quadrats andquadrat subunits. Living plant cover, 
litter. rock, and bare soil were estimated using the cover class 
categories (1 = 0 -5%, 2 = 5 -25%;3 = 25 -50%;4 = 50 -75%;5 
=75 -95%; 6 = 95 - IOO%) suggested by Daubenmire (I 959). Plant 
cover was subdivided into shrubs, perennial forbs, perennial grasses, 
and annuals for estimating purposes. In addition, species appearing in 
the .04-ha study plot but not in the 0.25 m” quadrats were also 
recorded. 

Soil samples using a tube sampler soil probe were taken from the top 
I5 cm of the soil profile in five of the 0.25-m’ quadrats. Samples were 
taken in quadrats at the corners and the center of each 20 x 20 m study 
plot and were pooled for analysis. Soil texture was determined by 
procedures outlined by Bouyoucos ( 1936, I95 I >. The hydrogen ion 
concentration (pH) and total soluble salts were determined on a 1: I 
water to soil paste (Russell 1948). Soil depth was estimated from l-m 
penctrometef probes (Greenwood and Brotherson 1978). 

Aspect was-determined for each site and transformed for analysis 
using- the equation A’COS (A max -A) + 1 (Beer et al. 1966). Inthis 
cquaiion A’-is the transformed aspect code, A max is the aspect which 
has the greatest growth potential (in this case 45’), and A equals the 
hcadillg m azimuth degrees. Under this system a northeast aspect 
\+,ould receive a designation of 2.0 while a southwest aspect would be 
designated with a 0.0. Intermediate aspect would then vary from 2 to 0 
in both directions. Elevation for each site was estimated to 7.5 minute 
quadrangle topographic maps. 

Table 1. Prominent species in the three habitat types along with their listed 
importance values. Figures represent constancy times average percent 
cover. 

Pou prutensis 
Lathyruspauciflorus 
Stipa columbiana 
Physaria newberryi 
Penstemon leonardii 
Astrugalus convallarius 
Taruxacum officinale 
Bromus ciliatus 
Rosu woodsii 
Melica bulbosa 
Oryzopsis hymenoides 
Comandra pallida 
Symphoricarpus oreophilus 
Aster adscendens 
Agropyron cristatum 
Allium ucuminatum 
Machaeranthera canescens 
Amelanchier utahensis 
Chrysothamnus viscidiflorus 
Artemisia tridentata 
Purshia tridentata 
Balsamorhiza sagittuta 
Quercus gambellii 
Trugopogon dubius 
Prunus virginiana 
Viola adunca 
Bromus carinatus 
Chaenactis douglasii 
Symphoricurpus tetonsis 
Elymus glaucus 
Chenopodiumfremontii 
Muhonia repens 
Koeleriu cristata 
Eriogonum brevicaule 
Eriogonum heracleoides 
Cynoglossum officinale 
Giliu aggregata 
Oenotheru caespitosa 
Gayophytum ramosissimum 
Poa navadensis 
Viguieru multiflora 
Crepis ucuminata 
Agropyron trachycaulum 
Mentzelia albicaulis 
Chrysothamnus nauseosus 
Lithospermum ruderale 

14 
11 
34 
28 
21 
20 
19 
I5 
14 
10 
3 

102 
91 
53 
44 
34 
32 
31 
28 
16 
16 
12 
IO 
9 
6 
4 
2 
5 
- 
- 

12 
17 
5 
I 
9 
5 
I 
1 
- 
- 
- 

4 
1 
- 
- 
- 

- 
- 
5 
6 

19 
17 
24 

4 
12 
4 
5 

17 
66 
15 
50 
18 
29 
27 
15 
13 
16 
14 
2 
2 
3 
4 

31 
7 

10 
7 

32 
47 
20 

4 
14 
4 
2 
2 
3 
2 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
2 

22 
1 

21 
2 

IO 
11 
6 
9 
5 
2 
1 
1 
7 
5 

13 
3 
- 
- 

79 
55 
53 
44 
30 
11 
8 
6 
9 
4 

34 
18 
14 
6 
5 
3 

Within each plot seedlings and mature plants of serviceberry were 
counted. Seven mature individuals were measured for the following: 
stems per clump, height of clump, game use, age class. and incidence 
of cedar-apple rust (Gymnosporungium incorzspicuum Keron). Game 
use was estimated on a scale of 1 (seedings) through 4 (decadent 
plants,. In addition, the three largest individuals were aged from a 
stem section taken from the largest stem of the clump. Statistical 
analyses used were regression, correlation, analysis of variance, 
Newman-Keuls multiple range test (Cochran and Snedecor 1976), 
cluster (Sneath and Sokel 1973), and discriminant (Klecka 1975). 
DiLfersity values were computed using the equation B= l/Cpi2 where B 
is the diversity index and pi is a measure of the relative abundance of a 
species in a given plot (MacArthur 1972). 

Results and Discussion 

Prominent species in the three habitat types along with their 
importance values are listed in Table 1. As shown, serviceberry 
becomes increasingly important as one moves from the moist 
northern exposed oak-serviceberry sites to the dry foothill 
knolls. Diversity figures (Table 2) indicate the oak-serviceberry 
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Table 2. Vegetational parameter relationship existent between the three Table 4. Environmental parameter relationships existent between the three 
habitat types of Utah serviceberry. Figures represent means. Signifi- habitat types of Utah serviceberry. Figures represent means. Signifi- 
cance levels based on analysis of variance statistics. cance levels based on analysis of variance statistics. 

Oak- Foothill- 

serviceberry Servicebeny Site-parameter Oak-serviceberry Serviceberry servicebeny 

Total living cover 
Percent shrub cover 
Percent forb cover 
Percent grass cover 
Percent annual cover 
Mean clump age/stand 
Mean clump height/stand 
Mean stems/clump 
Mean density/stand 
Reproduction (mean no. of 

individuals/plot) 
Game use 
Incidence of cedar apple 
Percent litter cover 

36.84 30.92 
58.51 57.91 
35.59 25.57 
14.40 I I .73 
0.80 4.58 

28.90 24.53 
(cm) 121.50 127.90 

21.09 16.86 
32.20 27.90 

Foothill- 
serviceberry 

24.08* - 
34.54** 
24.84 
28.30* 
10.76 
16.54** 
78.60** 
28.20 
32.00 

PH 
Slope (9) 
Sand (7c) 
Silt (c/c) 
Clay (%) 
Salt (ppm) 
Aspect 
Elevation(m) 
Soil depth (dm) 
Exposed rock (%I 
Bare soil (%) 

7.40 
13.60 
39.46 
77 34 __._ 
38.40 

377.70 
.79 

2163.00 
1.90 

10.68 
21.8 

7.64 7.9* 
15.2 19.0 
44.84 64.24* 
31.0 10.80 
34.26 ‘4.96* 

335.6 393.60 
.75 .66 

3174.00 3131.00 
1.33 I .48 

15.56 7.28 
25.94 39.92** 

rust 

2.68 2.88 2.79 
2. IO 2. I2 2.29 
I .54 I .50 I .40 

23.00 9.30 18.00 
Diversity 10.27 9.35 

SIgnltkxncc Icvcl = 0.05 
Sbgnlticancc It3d = 0.01 

’ Ih\ci\it) Indc\c = I/\‘pi’ bad upon cunopy cwc‘r b;~Iuc’\ 

9.23 

sites showed higher mean diversities even though the dif- 
ferences were not statistically significant. Total living plant 
cover increased from the foothill-serviceberry sites to the 
northern exposed oak-serviceberry sites. The oak-serviceberry 
sites also had a higher percentage of shrubs and forbs, more 
litter, older serviceberry plants, and slightly greater game use 
(Table 2). 

Serviceberry dominated habitats on south slopes had more 
annuals and fewer forbs in their vegetation than the oak-service- 
berry sites but both showed similar shrub cover (Table 2). 
Serviceberry plants were on the average younger and taller on 
these southern exposed sites. 

The vegetation of the foothill-serviceberry sites was low in 
shrub cover, high in grasses and annuals, and showed limited 
game use. The serviceberry individuals on these sites were 
younger, smaller, and more shrubby than on the other habitats. 

In order to clearly define environmental similarities and 
differences between the three habitat types discriminant analy- 
sis (Klecka 1975) was used. The abiotic parameters used in this 
analysis were soil texture, soil pH, soil soluble saltes, elevation, 
aspect, and slope. The discriminant analysis correctly classified 
on the basis of these six parameters 70% of the oak-serviceberry 
sites, 80% of the foothill-serviceberry sites, and only 40% of the 
serviceberry sites (Table 3). Those oak-serviceberry and 
foothill-serviceberry sites not classified correctly were placed 
with the serviceberry habitat. This suggests that the habitat of 
serviceberry sites is intermediate between that of oak-service- 
berry and the foothill-serviceberry. Comparisons based on 
abiotic factors were made among the three groups (Table 4). 

Significance level = 0.05 
Slgnlficance level = O.OI 

The figures represent means and define the observed environ- 
mental similarities and/or differences found among the three 
habitats. The serviceberry-dominated sites represent a some- 
what intermediate habitat between the other two. This is, 
perhaps, best evidenced by pH (Table 4), which gradually 
increases from oak-serviceberry to foothill-serviceberry and 
was the variable selected via discriminant analysis as the best 
discriminator between the three habitats. 

The textural classes, sand, silt, and clay along with pH and 
percent bare soil were the variables found to be significantly 
different among the three habitats according to analysis of 
variance (Table 4). When the s$nificant relationships were 
examined (Table 5) a!! the sigmtlcant pairs (Newman-Keuls 
multiple range test) occurred between the foothill-serviceberry 
and oak-serviceberry habitats while no significant differences 
existed between the foothill-serviceberry and serviceberry 
habitats or between the serviceberry and oak-serviceberry 
habitats. These relationships also indicate that the serviceberry 
habitat is not significantly different from either the foothill- 
serviceberry or the oak-serviceberry habitats but is transitional 
or intermediate between them. 

Table 5. Results of analysis of variance on environmental variables found 
to be significantly different between three habitat types of Utah service- 
berry. 

___- 
Parameter Habitat types Significance 

_ 

PH Foothill-serviceberry. Oak-serviceberry .05 
Clay Foothill-serviceberry, Oak-serviceberry .05 
Silt Foothill-serviceberry, Oak-serviceberry .Ol 
Sand Foothill-serviceberry. Oak-serviceberry .05 
Bare 

soil Foothill-serviceberty, Oak-serviceberry .Ol 

Table 3. Percent of stands classified correctly into three habitat types of 
As a part of the discriminant analysis, functions are derived 

Utah serviceberry by discriminant analysis utilizing environmental data. which compute an artificial index for classifying the sites. Three 
functions were derived from our analysis and their coefficient 
values are shown in Table 6. 

Percent classified in each group 

Oak- Foothill- 
The coefficients correspond to the values of the discrimi- 

Vegetation No. of stands serviceberry Serviceberry serviceberry 
nating variables given in the input data and are used to compute 
a discriminant score. The discriminant score is computed bv 

Foothill- 
serviceberry 

Serviceberry 

Oak- 
serviceberry 

5 

10 

10 

30 

70 

20 

40 

30 

80 

30 

< 
multiplying the discriminating variables by their corresponding 
coefficients. By summing these and adding the constant, it is 
possible to compute ordination values. The coefficients are 
derived in a way which produces the discriminant scores in 
standard form. This means that over a!! cases in the analysis, a 
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0 Foothill- serviceberry 
0 Serviceberry 
A Oak- serviceberry 

Table 7. Relationships between dependent and independent variables along 
with equations generated in stepwise regression analysis. 

0 Equation Sig. RZ r 

0 

Fig. 3. T,rw dimensioned scheme oj the interrelationships oj the 25 
uttri1 serviceberry us depicted bJ discrimincmt unulysis. 

Diuriminent Function I 

stunds of 

single function score will have a mean of zero and a standard 
deviation of one. Therefore, any score for a single case 
represents the number of standard deviations that case is away 
from the mean of all cases on a discriminant function. Each case 
will have a score on each function. 

By utilizing functions 1 and 2 (Table 6) to compute the 
ordination values the sites were plotted in two dimensional 
space (Figure 3). It can been seen from this figure that the sites 
of the serviceberry habitat exhibit a much larger spread than 
those of the other groups. The lines around each group are only 
approximate and were-placed there in an effort to delineate the 
probable boundaries of each group. As shown, 80% of the 
serviceberry sites fall in a pattern placing the group somewhat 
intermediate between the oak-serviceberry and foothill-service- 
berry habitats. 

Table 6. Discriminant functions generated in discriminant analvsis of - ” 
environmental data related to the three habitat types of Utah Service- 
berry. 

Discriminating- Discriminant Function Coefficients 
variables - 

Function I * Function 2 Function 3 

Salt -0.00156 -0.0007 I 0.00146 
PH -0.1773 0.21515 -0.2 I880 
Sand -0.01896 -0.01000 0.00502 
Silt -0.035 14 0.00164 0.00166 
Slope 0.00486 -0.01878 -0.00950 
Constant 4.15349 -0.83330 I .01480 

multiplying the discriminating \ariablc\ by their respective coefficient. 
and addlnp the constant. It i\ possible IO compute ordination values. 

summing 

To define the relationships between environmental factors 
and biological parameters stepwise regression analyses were 
run. The analyses were grouped into two general categories 
(Table 7): those dealing with charactristics of community 
vegetation and those dealing with charactristics of Utah 
serviceberry. The community characteristics examined were 
total living plant cover, and percent cover of shrubs, forbs, 
“rasscs and annuals in the vegetation. The serviceberry t 

I. Livingcover=-.27X,-5.4X,+.24X,+6.34X,+53.2 .OOl .85 .92 
2. % shrubs=7.93X,+.34X,+l2.36X,+2.7 .05 .32 .57 
3. Qforbs=7.4X,+.54X,+.48Xz+.42X,-7.9 .05 .4l .64 
4. %grass=.l2X,,-.36X,-.41X,,--.01X1,+41.8 .OOl .6l .78 
5. 9 annuals=2.9lX,-.42X,,+ 19.8 .05 .26 .5l 
6. Age=. 14X1,-.33 +.02X1,-18.4 .OOl .55 .74 
7. Density=4.78X,+1!l .22X,.05X,+29.4 .Ol .43 .65 
8. Serviceberry height=30.04X,-2.03X,+107.5 .OOl .5l .7l 
9. Game use=29X,X,-.OOlX,,+.004X,,+3.6 .Ol .52 .72 

10. Disease=.OO9X,-.I8X,-.OIX,“+““X,,+.002X,,-2.7 .OOl .71 .84 
I I. Reproduction=-.16X,-.OO7X,,-.OO9X,,-.40X,+4.2 .05 .36 .60 

X,=aqxct: X2=% rock cover; X,,=pH; X,=fines; Xr,=soil depth: X,;=game use; Xi= 
litter: XH=soluble salts; X,=clay; X,,, =clumps/stand (density); X,,=bare soil: X = 
% shrub: X,.,=sand; X,,=‘height: X,,=resistance; X16=livinp cover: X17=elevati&; 
X,x=510pe: x’,!,=‘/ grass. 

characteristics studied were age, density, height, reproduction, 
game use, and incidence of disease. 

Total living plant cover correlated with soil depth, pH, 
percent fines, and percent rock cover (equation 1, Table 7). As 
soil depth increased, plant cover also increased. This would 
indicate more fertile growing conditions with respect to plant 
cover and/or better soil building processes and watershed 
protection due to increased canopy coverage. Hydrogen ion 
concentration (pH) would also be influenced by cover, 
becoming lower with increased litter and litter decomposition, a 
result of greater cover. 

With respect to the general ecology of growth form types in 
the vegetation (equations 2-5, Table 7) the data indicate that 
shrub cover is highest on sites with fine soils, a somewhat 
northerly aspect, and elevated game use. Forb cover follows 
similar patterns with the added parameters of high clay content 
in the soil and increased amounts of litter correlating and 
suggesting more moist and fertile conditions on these sites. 
Grass cover on a site shows different trends correlating with 
percent sand and low soluble salts in the soil, exposed rock, and 
low shrub cover in the vegetation. The grasses, then, do better 
on dryer and less fertile sites as the high sand and low soluble 
salt values indicate. Annual cover was negatively associated 
with total living cover and aspect indicating their restriction to 
the poorer, dryer areas of southern exposure where there are 
more open areas (Table 4) and competition is less severe. This 
would parallel data published by Crowther and Harper (1965) 
wherein they also found the annual habit most important on dry 
inhospitable sites. 

The characteristics of serviceberry examined in correlation 
analysis (equations 6- 1 1, Table 7) indicate that the older, taller, 
more dense stands were those of higher elevation, moist 
northern slopes with deeper, more fertile soils. Bare soil was 
least in these areas. On these northern exposed sites the snow 
would stay longer making them more moist and thus more 
conducive for healthy growth and longer life of the serviceberry 
plants. 

A factor correlating with serviceberry height was game use. 
The positive association is due to the fact that the less use there 
was the higher our recorded use value. This would indicate that 
the plants get taller when used less as forage. 

The incidence of the disease, cedar apple rust, on Utah 
serviceberry was highest at the lower elevations, on the more 
northerly exposures and steeper slopes. The disease also hit 
hardest those plants growing on low salt and fine textured soils. 
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Reproduction in Utah serviceberry correlated to four 
independent variables, all of which were negatively associated. 
The most important variable was game use. With increased 
game use, Utah serviceberry seedlings due to their small size 
and succulence would be more likely to be used by the foragers. 
This would mean less chance of encountering seedlings on the 
site itself. The other variables-aspect, density of serviceberry 
shrubs, and percent grass in the flora-are all associated in such 
a way as to place the sites with greatest reproduction on the more 
moist northern exposures with high densities of Utah service- 
berry. A high percentage of grass cover on the habitat may make 
it difficult for seedlings to become established due to compe- 
tition or grass may indicate a xeric habitat of southern exposure. 

Game use correlated with four factors. These include: aspect, 
soil depth, height of serviceberry plants, and elevation. Except 
for height of serviceberry plants, these factors apparently act on 
<Tame use indirectly through their effect on the shrub. For S 
example it is difficult to conceive of aspect directly affecting the 
browsing habits of the herbivore. However, the more moist, 
northerly exposure should produce more palatable forage and 
thus more animal use. The more severely browsed specimens 
were found predominately on the northern exposures, at higher 
elevtions in the oak-serviceberry habitat. This was apparent for 
sites less than 100 yards apart. 

Game use of Utah serviceberry was also highest where shrubs 
and forbs predominate. As mule deer are known to feed heavily 
on forbs during the summer season (Kufeld et al. 1973) the 
higher percentage of forbs on sites where the shrubs show 
greater game use may indicate preferential habitat for foraging 
and thus heavier game use of these sites should not be 
considered accidental. 

In general, several basic trends can be observed. The shrubs 
and forbs are positively associated with the finer soils and tend 
to occur together. Both shrubs and living cover are negatively 
correlated with grasses and annuals which prefer the sandy, 
coarser soils. Living cover is also positively associated with 
percent fines in the soil and with sites of greater soil depth. 
Other factors also influenced by or correlated to living cover 
include aspect and acidity. The acidity of the soil increases as 

the living cover increases. Aspect also influences percent forbs 
in the vegetation and the number of stems per serviceberry 
clump. This would indicate that the wetter northern exposures 
support a more lush vegetation. 

Utah serviceberry as a species occupies a rather wide range of 
habitat types. It does in our area, however, appear to do best on 
moist northern exposures at higher elevation with deep, finely 
textured soils which exhibit low pH and soluble salts. On such 
sites the serviceberry shrubs show greater incidence of game use 
and disease. This relationship is most interesting and might best 
be explained due to the increased vigor and greater succulence 
of the individual plant on such an area. It would appear likely 
that the succulent plant would also be more easily parasitized 

than those plants occupying sites of more stressed habitats, the 
succulent plants should also be more preferable as forage. 
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Interference of Sand Sagebrush Canopy with 
Needleandthread 

JOSEPH H. DAVIS, III AND CHARLES D. BONHAM 

Abstract 

The influence of sand sagebrush (Artemisk filifolia) on the 
biomass of several components of needleandthread (Stipa comata) 
was studied on grazed and ungrazed sites in eastern Colorado. The 
components examined were seeds, stems-leaves combined, 
crowns, and total plant biomass. A significant grazing x 
association interaction was observed in terms of seed biomass and 
stem-leaf combined biomass. Sagebrush afforded protection for 
needleandthread from grazing, which outweighed the effects of 
interference on grazed sites. In contrast, on the ungrazed site 
needleandthread biomass was greater in the open than underneath 
the sage. These results imply that a comparison of yield in pure 
and mixed stands on grazed sites are not valid for measuring 
interference effects between shrubs and grasses. The advantage of 
measuring several plant components in competition studies was 
also discussed. 

It has been recognized si nce the early 1 900’s that overgrazing 
has given a competitive advantage to less desirable forage 
plants and has resulted in poor range conditions (Wooton 1908). 
Fluctuations in vegetation responses resulting from range 
management manipulations are best understood only when 
interference relationships can be accurately described (Hanson 
et al. 193 1; Stoddart et al. 1955). 

Effects of interference between sagebrush (Artemisia spp.) 
and grasses have been previously documented (Robertson and 
Pearse 1945; Blaisdell 1949; West and Tueller 1972; Ritten- 
house and Sneva 1976). Often these effects were studied in the 
greenhouse or in pots placed in the field (Robertson 1972; 
Bailey and Gupta 1973; Rennie 1974) and such experiments 
have been criticized because the extrapolation of results from 
artifical environments to natural conditions was of questionable 
value (Harper 1961; Palmblad 1968a,b; Risser i 969). 

Many experiments of plant interference, even those per- 
formed under natural field conditions, had parameters that 
consisted solely of collective aboveground and belowground 
components (Bailey and Gupta 1973; Rennie 1974; Rittenhouse 
and Sneva 1976). Harper ( 196 1) noted that as density increased, 
the allocation of assimilatory products to the various organs of 
the plant may change. This indicated that a more critical 
examination of these component organs would be in order. 
Some recent research has dealt with components such as leaf, 
stem. seed, crown and root biomass (Grafius 1972; Rennie 
1974). 

Many studies involving interference between shrubs and 
forage grasses have tended to emphasize shrub control treat- 
mcnts or effects on reseeding practices (Robertson 1969; 
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Schlatterer and Tisdale 1969; Eckert et al. 1972; Scifres and 
Polk 1974). Perhaps because of limited practical applications, 
studies strictly concerned with the ecological aspect of inter- 
ference between grasses and shrubs are few in number. Eco- 
logical studies involving forage species in association with sand 
sagebrush (Artemisia filzyoliu Tort-.) are virtually nonexistent. 

The purpose of the present study was to determine the effects 
of interference and grazing on total aboveground biomass of 
needleandthread (Stipa comutcz Trin. & Rupr.), and furthermore 
how individual aboveground compartments of this grass were 
affected by interference from sand sagebrush and grazing. 

Site Description 

The Eastern Colorado Agriculture Research Center is located in the 
Central Great Plains about 27 km north of Akron in the sandhills of 
northeastern Colorado. The elevation averages 1,300 m and the 
topography varies from nearlyJeve1 to slightly rolling dunes (Sims et 
al. 1976). The study site has a continental climate with hot, dry 
summers, mild, dry autumns, cold winters, and moist, cool springs 
(Trewartha 1968; Sims et al. 1976). Average annual precipitation 
ranges between 33 and 43 cm, of which 75 to 80% occurs during the 
growing season (USDA 1975). There are about 140 frost-free days 
starting in mid May and ending in early October (Dahl 1963). The area 
frequently experiences high intensity summer storms with hot, dry 
periods between storms being common. 

This study was conducted on Blakeland loamy sand which has a 
deep sandy profile. Moisture penetration is rapid and deep, which 
prevents great losses as a result of evaporation. Rapid drying of the 
surface soil contributes to reduction of evaporation at lower depths and 
moisture is given up rapidly to plant roots (USDA 1975). The drainage 
pattern is undefined in the dune area, and the soils are relatively low in 
organic matter. 

The study site was located in an area moderately grazed since 1970. 
A 0.2-hectar exclosure was used as an ungrazed site, while the area 
outside of the exclosure served as the grazed site. The exclosure had 
not been grazed since 1953. 

Sims et al. (1976) described the native vegetation of this area as 
heterogeneous, consisting of short, mid, and tall grasses, as well as 
mixtures of cool- and warm-season species. The major species include 
blue grama [Bouteloua gracilis (H.B.K.) Steud.], prairie sandreed 
[Calamovilfa longifolia (Hook.) Scribn.], needleandthread, sand 
bluestem (Andropogon hallii Hook.), western wheatgrass (Agropyron 
smithii Rydb.), and sand dropseed [Sporobolus cryptandrus (Torr.) 
Gray]. Sand sagebrush occurs as the principal shrub and sun sedge 
(Care-x heliophila Mack.) is the principal dryland sedge. Common 
forbs in the area include perennial ragweed (Ambrosia coronopifolia 
Tort-. and Gray), cudweed sage (Artemisia ludoviciana Nutt.), wild 
alfalfa (Psoralea tenuifora Pursh), and bush morning glory (ZPO- 
moeae leptophylla Torr.). 

Methods 

Twenty-four cages, approximately 1 m2 in area, were used as mini- 

JOURNAL OF RANGE MANAGEMENT32(5), September 1979 



exclosures to define sampling areas in the grazed pasture. The cages 
prevented grazing during the current year. Twelve cages were placed 
around sand sagebrush plants which had needleandthread plants 
growing as understory species. The remaining 12 cages were paired 
with the others but were placed in the open pasture away from the 
intluence of sand sagebrush plants. Inside the 0.2-ha exclosure the 
ungrazed treatments consisted of sampling 12 plots of needleand- 
thread plants in association with sand sagebrush and 12 plots con- 
taining needleandthread plants away from the sagebrush. 

Sampling was conducted over a four- to five-day period at two 
stages of plant development. The first sampling period was the last 
week in June, when needleandthread was fully matured but prior to 
seed shatter. The second sampling period was the last week in July. At 
this time, sand sagebrush had reached its full potential biomass. 

Six cages which contained a sagebrush plant were sampled during 
each period. Six plots within the long-term exclosure were also 
sampled. A paired cage or plot which did not contain a sand sagebrush 
plant was sampled at the same time in addition to each cage or plot 
which contained a shrub. 

Sampling the sand sagebrush-needleandthread association con- 
sisted of clipping the aboveground biomass of four separate groups of 
plants: needleandthread, sand sagebrush. other grasses, and forbs. The 
paired cages in the open were treated similarly, with the exception of 
the shrub. An area of I rn’) was marked around sand sagebrush plants 
and in the open in the 0.2-ha exclosure. These areas were sampled in 
the same manner as described for cages. Individual needleandthread 
plants in each plot were also counted. 

Needleandthread components (stems and leaves, crowns, and seed) 
were separated by hand. All plant material was oven dried at 70°C and 
weighed. Seven variables useful in the data analysis were obtained: 
( I ) biomass of needleandthread seed, (2) biomass of needleandthread 
crown. (3) biomass of needleandthread stems and leaves, (4) total 
needleandthread biomass, (5) biomass of other grasses, (6) biomass of 
forbs. and (7) density of needleandthread/plot. 

Effects of interference resulting from needleandthread grass 
association with sand sagebrush were examined by measuring the 
biomass of several components of needleandthread. A covariate 
analysis was used to initialize all plots with respect to biomass of other 
(Trasses and forbs, and density of needleandthread/plot. A factorial 
design was utilized to determine significant main effects of sampling 
date, grazing, and association, as well as significant interactions. 
Statistical significance was based on a 0. IO level of probability. 

Results and Discussion 

Significant main effects of sampling date and presence or 
absence of grazing were observed in terms of biomass of 
seeds/m”. Significant interactions of date and grazing and 
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action, of grazing x association, was most interesting with 
regard to plant interference. An interpretation of this relation- 
ship indicated that grazing pressure outweighed interference 
effects (Fig. I A). In the open pasture on grazed sites there was 
less seed biomass than in plots associated with shrubs. 
Apparently, the shrub acted as an exclosure and protected 
understory needleandthread plants from grazing. In contrast, 
the opposite situation was evident in the exclosure. Needleand- 
thread plants in the open had more seed biomass than those in 
association with sand sage. Therefore, in ungrazed areas the 
interference effect of sand sagebrush suppressed seed pro- 
duction. This effect was not evidenced in the grazed areas 
because the protective nature of the shrub resulted in a grazing 
X association interaction. 

In terms of combined biomass of stems and leaves. only the 
effects of grazing and the grazing x association interaction were 
significant. This biomass combination interaction was the most 
interesting from an mterterence standpoint (Fig. 1 B). Sand 
sagebrush protected understory needleandthread plants in the 
grazed pasture so that biomass was greater in the shrub- 
associated plots than in the open pasture. Grazing masked inter- 
ference effects on the grazed site, but plants in the open within 
the exclosure exhibited greater stem and leaf biomass. The 
effect of the shrub interference was to suppress needleandthread 
yield which was detectable only in plots protected from grazing. 

In terms of crown biomass of needleandthread, statistical 
significance resulted only between grazed and nongrazed 
treatments. Grazing X association interaction was not signifi- 
cant. Stems and leaves, because of their accessibility, were 
obviously affected by past livestock grazing. Association with 
the shrub-protected needleandthread foliage and resulted in a 
significant grazing x association interaction. Since moderate 
grazing did not affect the crown biomass, protection provided 
by the shrub was of little consequence. 

An analysis of total aboveground biomass of needleandthread 
plants showed only the main effect of grazing to be statistically 
significant. The grazing x association interaction of total 
biomass was not significant, but its pattern was worthy of note 
since it was generally the same as that of the seed and stem and 
leaf grazing x association interaction (Fig. IC). This 
interaction indicated that the protective nature of the shrub did 
not allow a valid comparison to be made between pure and 
mixed stands in the grazed pasture. 
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A greenhouse study of the effects of sand sagebrush 
interference on needleandthread may indicate that this shrub 
suppresses grass yield, as was indicated in the exclosure of this 
study. However, to extrapolate such results to a grazed 
condition would be a mistake. For under grazing pressure, the 
protective nature of the shrub caused yields of needleandthread 
to be greater in the shrub understory than in the open pasture. 
Therefore, since effects of grazing far outweigh those of 
interference, it becomes a formidable task to quantify compe- 
tition based on comparison of grazed pure and mixed stands. 
Field experiments measuring effects of interference between 
shrubs and grasses should, therefore, be performed on ungrazed 
sites which preferably have been protected for several years. 

In studies of shrub and grass interference effects. in ex- 
closures where grazing is not confounded with association, 
examination of plant yield is a valid comparison. Results from 
this study suggested that plant yield or biomass might not be the 
best parameter to measure effects of interference of successional 
changes related to these effects, especially in areas with a 
history of grazing. Plant yield in the presence of a shrub does not 
appear to be adversely affected because of confounding with 
grazing. Over a long-term period, however, grass yields have 
been shown to decrease in the presence of shrubs (Rittenhouse 
and Sneva 1976). The grazing x association interaction of this 
study indicated that the protective nature of the shrub on grazed 
areas will not allow valid comparisons to be made between 
yields of plants associated with a shrub and yields of plants in 
the open to determine effects of the shrub interference. Some 
characteristic besides yield would be beneficial in detecting this 
decrease on grazed sites over a short term. Perhaps gross 
energy, cover, or crown diameters would provide more accurate 
estimates of the effects of the shrub on grasses. 

This study indicated that measurements of several plant 
components rather than total biomass alone were more sensitive 
in detecting changes which resulted from the combined effects 
of grazing and association. Significant grazing x association 
interaction was detected using biomass of seeds and stems and 
leaves, whereas total plant biomass did not indicate a significant 
interaction. 

As optimum production of forage plants becomes more 
important in an increasingly populated world, knowledge of the 
relationship between valuable and undesirable plants in associ- 
ation with each other becomes a necessity. This work has 
csamined the effect of sand sagebrush on the yield of several 
components of needleandthread. It has also shown that effects 
of association can be confounded by grazing pressure, and 
measures of yield alone in grazed areas may lead to erroneous 
conclusions regarding the effect of the shrub. In addition, this 
study has shown that measures of the biomass of multiple 
components of a grass are more sensitive in detecting the 

combined effects of plant interference and grazing than are 
measurements of total aboveground biomass alone. 
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Forage Yield, Phenological Development, and 
Forage Quality of an Agropyron repens x A. 
spicatum Hybrid 

FRANCISCO PEREZ-TREJO, DON D. DWYER, AND K.H. ASAY 

Abstract 

Studies were conducted to evaluate the potential of the Agro- 
pyron repens (L.) Beauv. x Agropyron spicatum (Pursh) Scrib. & 
Smith hybrid as a forage grass. The hybrid was compared with its 
parental species for phenological development, chemical compo- 
sition, in vitro dry matter digestibility, and acceptance by sheep. 
The new species was highly productive, maintained a high nutri- 
tional value, especially in its fall regrowth, and was readily 
accepted by sheep. In most respects it was intermediate to its two 
parents. Results of these studies indicate the hybrid has potential 
as a forage species under certain rangcland conditions. 

Demand on western rangelands to meet livestock needs 
within a multiple-use framework has resulted in a more scienti- 
fic approach to livestock production in order to use the land 
more efficiently. Introducing more desirable and productive 
forage plants into appropriate range plant communities is one 
possibility for intensifying management. Wide hybridization 
has been successfully used in the past to bring about desirable 
characteristics in grasses for livestock production (Buckner et 
al. 1967, 1972). More than 250 interspecific hybrids among 
Triticeae species (Agropyron. Elymus, Sitanion, et al.) have 
been produced at Logan, Utah by D.R. Dewey (1976). 

One of the most promising of these is the fertile hybrid 
(Agropyron repens (L.) Beauv. (quackgrass) X Agropyrorl 
spicutum (Pursh.) Scribn. & Smith (bluebunch wheatgrass) 
(Dewey 1976). The purpose of hybridizing these two species 
was to combine the plant type, early growth, palatability, and 
drought resistance of bluebunch wheatgrass with the general 
vigor and productivity of quackgrass. Considerable variation 
still exists in the hybrid population used in this study, so it has 
not been released for general use. A testing and recurrent 
selection program is in progress on several Utah Range sites to 
eliminate undesirable variants and produce a genetically stable 
population. 

The objectives of the present study were to evaluate the 
present form of the hybrid for its potential as a forage species by 
comparing phenological patterns, productivity, digestibility, 
chemical composition, and acceptance by sheep with its 
parental lines. 

Materials and Methods 

The plants used in this study were located about 5 km (3 miles) north 
of the Utah State University campus, Logan. The two parents and the 
hybrid were transplanted from the greenhouse to the field in the spring 
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of 1975 in a randomized and complete block design, with four 
replicates. Each plot measured 3.34 mS and contained two rows of 
eight plants each. Precipitation for the study area in 1976 and its 
comparison with the long-term average are shown in Table I. 

Above-ground biomass was harvested on June 28 and September 
16. 1976. On each of these dates plots were clipped 2.5 cm above the 
soil surface, and results were reported on a dry matter basis. 

Phenological patterns were recorded using the method outlined by 
West and Wein (1971). In this method the various identifiable 
phenologic changes that occur during the plant’s life cycle are each 
identified by numbers rangin, ~7 from I through 17. In vitro dry matter 
digestibility (IVDMD) was analyzed by the Tilley and Terry technique 
( 1963) as described by Harris ( 1970). Dry matter and crude protein 
were analyzed using the A.O.A.C. method ( 1960). Cell wall contents, 
lignin. cellulose were analyzed by the Van Soest (1970) method. 

Livestock acceptance of the three grasses was tested using four 
mature ewes placed in individual stalls with three-compartment 
feeders. so that the animals had equal access to each of the three 
forages. The four animals were fed alfalfa during a 2-week adjustment 
period and then offered 0.9 kg of each of the three test species for two 
consecutive days. The position ofeach grass species was rotateddaily. 
Salt and water were offered free choice. 

Results and Discussion 

Primary Production 
On the June 28 harvest, quackgrass clearly yielded the most 

biomass, producing 4.7 times more forage than bluebunch 
wheatgrass and 1.4 times more than the hybrid (Fig. 1). 
Quackgrass and the hybrid produced 8,880 and 6.5 18 kg/ha, 
respectively, while bluebunch wheatgrass produced I.884 
kg/ha. Differences among the three species were much less at 
the September 16 harvest. The hybrid’s production for this 
regrowth period was 35% above the average of the parents. 
Total production for the season was 14,352 kg/ha and I I ,42 1 
kg/ha for quackgrass and the hybrid, respectively, and 3,708 
kg/ha for bluebunch wheatgrass (Fig. I ). 

Phenological Patterns 
The significance of phenological patterns becomes apparent 

when they can be related to the nutritional changes in the plants 
(Bailey 1973; Cook and Harris 1950, 1968; Lyttleton 1973). 

During the first sampling period before the harvest on June 
28, bluebunch wheatgrass showed a faster rate of phenological 
development than quackgrass or the hybrid (Fig. 2). The latter 
two were quite similar in the development until June 15. 

Phenological stage. between June 28 and September 1, which 
was regrowth following clipping, indicated that bluebunch 
wheatgrass again showed faster phenological development. 
Quackgrass and the hybrid attained only the fifth leaf stage 
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Table 1. Monthly precipitation (inches) for the study area for 1976 and the long-term average. 

J 
~_ 

F M A M J J A s 0 N D Total 

1976 
Long-term 
average 

.98 3.08 2.71 3.17 .87 1.98 I.14 1.93 .6l .79 .04 .08 17.38 
1.63 I .45 1.74 2.12 1.86 I .78 .34 .87 .94 I .43 1.79 I .64 17.59 

while bluebunch wheatgrass achieved the second boot stage 
during regrowth following the June 28 harvest (Fig. 2). 

In Vitro Dry Matter Digestibility-IVDMD 
This test does not intend to predict in vivo dry matter 

digestibility of the three grasses studied, but to provide com- 
parative estimates. 

The IVDMD of all three grasses decreased between the May 
15 and June 15 samplings (Table 2). This decrease has been 
observed in other studies and is due apparently to increases in 
cellulose and other structural polysaccarides and changes in leaf 
to stem ratios with maturity (Bailey 1973; Cook and Harris 
1950). In the period between August 1 and September 1, the 
IVDhID of quackgrass and the hybrid decreased significantly 
(a<O.O 1). Bluebunch wheatgrass maintained on IVDMD near 
7 If/(. By the September 1 sampling, no significant difference in 
IVDMD was found between the hybrid and its parental lines 
(Table 1). 

Table 2. In vitro dry matter digestibility (% of dry matter) of the three test 
grasses at four harvest dates. 

Species May I5 June I5 Aug. I Sept. I 

A. x A. spicatum repens 72.8 68.1 63.6 68.4 
AgropJron repens 77.4 69.0 59.0 66.8 
Agrop~ron spicutum 74.5 64.5 71.5 70.2 

--- Average of 2 parents for both harvests 

1794 _. 
I7 . -- 

IOU,1 

6518 

A. r;!)~ca:um Hybrid A. repcns 

-_-- 
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Fig. 1. Dry mutter production oj the three test grasses at two dates of harvest. 
Fig. 2. Phenological pattern of the three test 

t0 June 28 and September 16 harvests. 
grasses on three dates, each prior 
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The increase in IVDMD found between August 1 and 
September 1 in the hybrid and quackgrass reflects the extensive 
fall regrowth of these two grasses (Fig. 2). This increase in 
IVDMD was also observed in tall fescue by Buckner et al. 
( 1967). 

Chemical Composition 
The nutritional quality of the three test grasses was measured 

throughout the growing season in terms of chemical tests that 
indicate the availability of nutrients and easily digestible 
components of the forage. These chemical components were: 
cell-wall contents, cellulose, lignin and crude protein. 

Cell-\vall Co~2tents--CWC 
This portion of the forage dry matter is composed primarily of 

cellulose, hemicellulose, and lignin and represents a measure- 
ment of less digestible plant parts. These substances normally 
increase with plant maturity (Bailey and Ulyatt 1970; Barnes 
1973). Bluebunch wheatgrass had the highest concentrations of 
CWC (63.5%) for both spring and fall harvests (Table 3). A 
higher proportion of stems was observed in bluebunch wheat- 
Grass than the other two species and stems have a greater 
Concentration of less digestible structural carbohydrates (Bailey 
1973; Mackenzie and Wytam 1957). 

Between May 15 and June 15, the CWC of both quackgrass 
and the hybrid- increased significantly but remained lower than 
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Table 3. Cell wall content (% of dry matter) of the three test grasses at Table 5. Crude protein content (% of dry matter) of the three test grasses 
four harvest dates. at four harvest dates. 

Species May I5 June 15 Aug. I Sept. I Species May 15 June I5 Aug. I Sept. I 
.~ 

A. x A. spicatum repens 45.2 61.2 53.9- 59.4 A. X A. spicwtum repens 26. I 13.4 23.2 19.4 
AgropJron repens 43.7 58.2 57.4 55.5 Agroypron repens 25.0 15.0 22.9 17.6 
AgropJron spicutum 54.2 63.6 50.3 63.5 ASgt-opJrott spictrtum 20.9 12.0 17.5 17.5 

~-S1)ll.!l, ‘Jnlons gr;1\4c\ bithun dates) = 3.95. 
'-~1L,, I,llnong yav3 ulllllll datt‘\l = I 44. 

bluebunch wheatgrass (Table 3). The was true for the samplings 
on August I and September 1, and the CWC content of the 
hybrid was not significantly different from that of quackgrass. 
This similarity indicates similar rates of maturation in both 
species. 

Cellrllose 
This polysaccharide provides a measure of the digestibility of 

the cell walls to the grazing animal (Van Soest 1967). 
Between the May I5 and June 15 samplings, all three grasses 

showed a significant increase (c~O.01) in cellulose content. 
This increase in cellulose between the fourth leaf stage and the 
heading stage is probably due to a greater stem to leaf ratio 
(Bailey 1973; Burton et al. 1964; Cook and Harris 1968). 
Bluebunch wheatgrass was the highest in cellulose, the hybrid 
was intermediate at both dates, and quackgrass showed the 
lowest cellulose content for these two dates (Table 4). 

Table 4. Cellulose content (% of dry matter) of the three test grasses at 
four harvest dates. 

Acceptance by Sheep 
The plant materials that were harvested on the June 28 and 

September 16 dates were throughly mixed and offered in 
compartmented feeders to four sheep. Though inadequate 
forage was produced during the season to conduct a preference 
study of sufficient length of time, there was enough plant 
material to conclude that the three grasses were readily accepted 
by all four sheep. We could not distinguish a difference in plant 
preference among the three grasses under the conditions of the 
study. 

Conclusions 

The quackgrass x bluebunch wheatgrass hybrid has good 
productive capabilities, especially in its regrowth following 
harvest. It is somewhat slower in reaching maturity than 
blucbunch wheatgrass, and its regrowth is mostly vegetative, of 
very high nutritional value and digestibility. Results of this 
work suggest the hybrid has potential as a rangeland forage and 

merits further testing, especially on dry range sites and under 
conditions of grazing. 

Species May I5 June I5 Aug. I Sept. I Literature Cited 
A. repens X A. spiwtum 

AgropJron repens 
Agrop~ron spicatum 

21.0 30.6 26.9 26.0 A.O.A.C. 1960. Official methods of analysis (9th ed. ). Association of Official 
20.3 28.4 26.8 24.5 Agricultural Chemists. Washington, D.C. 832 p. 
27.2 33.0 33.1 28.8 Bailey, R.W., and M.J. Ulyatt. 1970. Carbohydrate and lignin composition 

‘-~‘),,.,,, ‘anlong \pt’cte\ hIthin date\) = I .47. of detergent-extracted residues from pasture grasses and legumes. New 
Zealand Alrr. Rex. 13:591-604. 

aftemlath forage after harvest was noticed by Bailey (1973). 
Bluebunch wheatgrass remained highest in cellulose on all 

The cellulose content of the three species decreased on the 

sampling dates, 

August 1 and September I sampling dates. This decrease 

which would help explain the consistently 
higher CWC levels observed in this species. 

principally reflects the copious vegetative growth that occurred 

after the June 28 harvest. A similar decrease in cellulose in the 

Ligrh 
This aromatic polymer is deposited throughout the plant as it 

matures making it less digestible to herbivores (Harkin 1973). 
The three grasses studied showed no significant difference in 
lignin content at any of the four sampling dates. Lignin content 
increased significantly from May 15 to June 15. 
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Crude Protein 
As shown in Table 5, a marked decrease in crude protein 

content occurred in all three grasses between May 15 and June 
15. The sharpest decline occurred in the hybrid. This drop in 
crude protein with plant maturity has been extensively docu- 
mented (Cook and Harris 1950; Lyttleton 1973; Wallace and 
Denham 1970). The hybrid maintained relatively high crude 
protein content for the samplings on August I and September I 
(Table 5), implying a high nutritional value for the fall regrowth 
of the hybrid. Bluebunch wheatgrass maintained the same level 
of crude protein on August 1 and September I, while that of 
quackgrass decreased. 
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Barbwire Russian Thistle Seed Germination 

JAMES A. YOUNG AND RAYMOND A. EVANS 

Abstract 

Barbwire Russian thistle (Salsolu paulsenii) is the dominant 
species of severely degraded plant communities in the most arid 
portions of the Great Basin. The seed germination of this alien 
annual plant was compared with that of common Russian thistle 
(S. iberica). In general, the two species of Sufsolu have similar 
germination characteristics. However, there were important dif- 
ferences that apparently favor barbwire Russian thistle in arid 
environments. These advantages were (a) less restrictive after- 
ripening requirements that allow some germination at a broader 
range of temperature sooner after maturity, (b) more rapid 
germination at low temperatures during the first 10 days of 
incubation, and (c) dehiscence of seeds without the necessity of the 
plants uprooting and tumbling. 

Barbwire Russian thistle (Salsola puulsenii) has only scant 
coverage in range management literature because only recently 
has it been widely recognized in the western United States as a 
separate species from Russian thistle (S. iberica). 

Russian thistle is one of the most widely occurring alien 
annuals in western North America. This weed was first intro- 
duced into the United States in I873 or 1874 in flax (Linunr sp.) 
seed brought from Russia and sown near Scotland, South 
Dakota (Stevens 1943; Robbins et al. 1952). Severa! Canadian 
provinces and I6 western states of the United States were 
infested by 1895. Russian thistle now infests all of the western 
portion of North America. 

Barbwire Russian thistle is native to southeastern Russia and 
central Asia (Allen 1964). It was probably introduced to the far 
western United States sometime between I89 I - I9 I3 (Beatley 
1973). Coville ( 1893) did not collect barbwire Russian thistle in 
his extensive botanical explorations on the Death Valley 
Expedition of 1891. Alice Eastwood, the noted California 
botanist, collected barbwire Russian thistle near Barstow, 
California in I9 I3 (Beatley 1973). Barbwire Russian thistle 
occurs in California, Nevada, and Utah (Munz 1968; Anony- 
mous I 969). 

We do not know exactly when barbwire Russian thistle 
invvaded the Carson Desert of northwestern Nevada. During the 
1960’s Beatley ( 197 I ) established that there were distinct 
taxonomic entities of Russian thistle in the southern Great 
Basin. Publication of Beatley’s work stimulated our interest and 

Authors are range xientisth. U.S. Department of Agriculture. Science and Education 
Adrllinl~tration. Agricultural Research. Renewable Resource Center. Univ. of Nevada. 
920 Valley Rd.. Reno 89512. 

Till\ btud} i\ u contribution from The U.S. Dep. Apr.. SEA. AR.. and the Agr. Exp. 
St&r.. Unib. of Noada. Rena. Journal Set% No. 423. 

hlanu\cript rcccl\cd Augmt 29. 1978. 

390 

observation in the Carson Desert and we observed what ap- 
peared to be the last stages of replacement of Russian thistle by 
barbwire Russian thistle in the desert rangeland communities of 
the area. Such replacement has not occurred in many ruderal 
communities or in areas of irrigated, intensive agriculture. 

Previous studies (Young and Evans 1972; Evans and Young 
1972) have enumerated many of the seed and seedbed ecology 
characteristics of Russian thistle. The purpose of this 
investigation was to conduct similar comparative studies of the 
seed and seedbed ecology of barbwire Russian thistle. 

Methods 

We collected seeds from numerous populations of barbwire Russian 
thistle growing in degraded plant communities in the northern Carson 
Desert. Collections were made in November of 1974, 1975, and 1976. 
Entire plants were pulled before the mature seeds started to fall and 
after initial post-harvest drying the seeds were hand threshed, cleaned, 
and stored in paper bags until moisture equilibrium was reached. 
Further storage, until germination tests were conducted, was at room 
temperature in the laboratory. 

The potential vegetation and soils of the northern Carson Desert 
have been enumerated by Billings (1945). The area where we collected 
seeds was first degraded by bands of sheep near the wool and lamb 
shipping-point at Wadsworth, Nev., and later by cattle on and adjacent 
to the Pyramid Lake Indian Reservation. The degraded plant com- 
munities were invaded first by Russian thistle and during the 1940’s by 
halogeton (Hulogetotz glomerutus). Extensive control measures for 
halogeton killed native shrubs in this area. 

In all germination tests, four replications of 100 seeds each were 
arranged in dark germinators in a randomized block design. Seeds 
were placed on nontoxic germination paper in petri dishes for testing. 
Seeds were considered germinated when the seedlings uncoiled and 
the hypocotyl arch had risen. Incubation time was 4 weeks with 
weekly germination counts. In one test, germinating seeds were 
counted daily. 

Germination tests were conducted at the time of seed harvest and 
1,3,5, and 6 months after harvest. Constant incubation temperatures 
were -6, -4, -2, 0,2,5 and through 45°C and 5”-C increments. 
Alternating temperature regimes consisted of 16 hours in each 24-hr 
period at each lower constant temperature, and 8 hr at all possible 
higher temperatures. For example 0°C was alternated with 2,5,10, 
15, 20, 25, 30, 35, 40, and 45’C, but 40°C was alternated with 45°C 
only. 

TO directly compare the rate of germination of barbwire Russian 
thistle and Russian thistle we incubated 4-month old seed of both 
species at 2, 5, 10, 15, 20, 25, 30, 35, and 40°C and counted ger- 
mination daily through 1 week. The Russian thistle seeds were 
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collected from an agricultural field at Reno, Nevada. 
We placed seeds of barbwire Russian thistle on the surface, or 

buried them 0.5, and 1, 2, 3.4, or 5 cm deep in a sandy soil in beds 
prepared in the greenhouse. The soil was obtained from a barbwire 
Russian thistle community in the Carson Desert and was compacted in 
the beds to approximate the bulk densities of field profiles. In addition 
to the soil burial, we also placed seeds on the soil surface and covered 
them with I cm of annual grass litter, or sprinkled the seeds on the top 

of the litter. The seedbeds were kept moist with a mist nozzle. 
Emerging seedlings were counted daily. 

We prepared aqueous solutions of -4, -6, -8, -10, -12, and 
- I6 bars osmotic potential by dissolving appropriate amounts of 
polyethylene glycol or NaCl in distilled water. Both of these materials 
produce reduced osmotic potentials; however, the NaCl solutions 
often are toxic to germinating seedlings even though they have been 
used in many studies, while properly prepared polyethylene glycol 
solutions subject the seeds only to differences in moisture stress. Seeds 
of barbwire Russian thistle and Russian thistle that were 6 months old 
were incubated at 15°C in the reduced osmotic potentials. The seeds 
were arranged in plastic boxes with the osmotic solutions using the 
procedures described by Young et al. (1968). The procedure involves 
placing seeds in a matrix pf ground Styrofoam with the solutions at 
different osmotic potentials. 

To determine the dispersal pattern and germinability of barbwire 
Russian thistle seeds we collected 120 soil samples 5 by IO cm in 
surface area and 2.5 cm deep from a barbwire Russian thistle 
community in the Carson Desert. Samples were collected in December 
1974 and 1975 after most of the seeds had fallen from the plant. 
Samples were collected at the stem base, 0. I, 0.5, and I .O m from the 
stem in each cardinal direction. The number of germinable seeds was 
determined by standard bioassay techniques in the greenhouse (Young 
et al. 1969). 

We collected 100 soil samples from a barbwire Russian thistle 
community in the Carson Desert in May 1974 and 1975. Each soil 
sample was 300 cm’) in surface area and 2.5 cm deep. Considerable 
(Termination had occurred by the time the samples were collected; b 
seedlings were removed. To determine the germinability of seeds 
remaining in the soil after the initial field germination, we divided 
each sample into six subsamples for different bioassay treatments. 
Seeds in the bioassay were kept wet with (a) control (tap water), (b) 
aqueous solutions of I .O mM potassium nitrate (KNOtI), (c) 0. I mM 
KNO:{. (d) 0.01 mM KNO,$, (e) 0.28 mM gibberellic acid (GA:,), (t) 
0.56 mM GA,, or (g) the combination of 0.56 mM GA:{ and 0. I mM 
KNO,!. The procedures and concentration of germination enhance- 
ment additives were suggested by previous studies by Evans and 
Young ( 1975). 

Table 1. Germination (%) at constant and alternating temperatures of barbwire Russian thistle seeds 1 month (December) and 6 months (May) after 
harvest. Means for 1974, 1975, and 1976.” 

Cold period 
temperature 

l6hr 
“C 0 

-6 
-4 
-2 

0 

2 
5 

10 

2 IO 

I month after harvest 
Warm period temperature 8 hr 

“C 
I5 20 25 30 35 

0 
0 
0 

16a-c 

24a-c 

0 ’ 
0 
0 

24a-c 
26a-c 

20a-c 

0 0 0 0 
0 0 0 0 
0 0 6c 0 

20a-c 18a-c 37a 20a-c 

32ab 32ab I9a-c 22a-c 
32ab 25a-c I9a-c 20a-c 
l2bc l2bc 27a-c 20a-c 

0 0 
0 0 
0 0 

27a-c 7c 
27a-c 22a-c 

l8a-c l4bc 
I8a-c 20a-c -_____ 

I5 

20 
25 
30 
35 
40 
45 

8c I Ibc 

l5bc 

25a-c 

6c 
IOC 

6c 
0 
6c 
6c 

Cold period 
temperature 

l6hr 
“C 0 2 5 IO 

6 months after harvest 
Warm period temperature 8 hr 

“C 
I5 20 25 30 

-6 
-4 
-2 

0 
2 
5 
IO 

I5 
20 

0 
0 
0 

6lg-i 

0 0 0 0 
0 0 8no 2no 
8no l8L-0 22L-n 68e-g 

73c-g 88a-d 87a-e 86a-e 
93ab 89ad 91ab 85a-c 

0 0 0 
I6L-0 0 0 
8la-f 24k-n -~ 48h-j 
78a-g 79a-g _ 70d-g 
88a-d 90a-c 78a-g 

94a 87a-e 

74b-g 
94a 

80af 

88a-d 

91ab 76a-g 86a-e 
89a-d 80a-f 84a-e 
79a-g 85a-e 93ab 
75b-g 8 I a-f 8la-f 

25 
30 35 
40 

45 

80a-f 7ld-g 85a-e 
62f-i 6lg-i 

75b-g 

~~___ 

6c 

0 
0 
0 
0 

35 

0 
0 
0 

63f-i 

84a-e 
70d-g 

88a-d 

87a-e 
88a-d 

40 

0 
0 
0 
0 

I Ibc 

3c 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

29j-m 

3= 
29j-m 
25k-n 

3Oj-I 

86a-e 
43i-k 

26k-n 
I7L-0 

43ik 

20 

0 

I2L-0 

I om-0 

8no 

I Om-0 

6no 
2no 
20 
0 

” Means followed by the same letter are not significantly different at the 0.01 level of probabtlity 35 detcrmincd hy Duncan’4 muk~ple range IC\I. l-or I-c&r\ con\cn~cncc. m~.m, n,,1 

Gpnificantly lower than the maximum, our definition of optimum. are underlined. 
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Results 

Temperatures for Germination 
Barbwire Russian thistle seeds germinated soon after harvest, 

but the optimum germination [defined as germination not 
statistically (P=O.Ol) lower than the maximum] was rather low 
(Table 1). Seeds germinated at a range of temperatures from -2 
to 30°C. Maximum germination was below 40% and there was 
little difference in germination among the cold and cool- 
temperature regimes. 

Ajterripening 
The germinabil ity of barbwire Russian thistle seeds increased 

over the winter, as-measured by both the temperature regimes 
support germination and the percentage of germination at given 
temperatures (Table 1). This increase in germinability fits the 
concept of afterripening (Mayer and Poljakoff-Mayber 1963), 
in which germination increased with storage time after harvest 
and is relatively independent of storage conditions. By 6 months 
after harvest the number of temperature regimes that supported 
germination had almost doubled and average germination had 
increased from 18% to 60% at the temperatures where some 
germination OCC urred. The mean of all temperatures, including 
those where no germination occurred , increased from 8% to 
44(/( when the afterripening was satisfied. The average opti- 
mum for germination had increased from 23% to 85%. This 
increase in germination occurred gradually during the winter 
after harvest (data for intermediate test not shown). 

By early in the spring following maturity. barbwire Russian 
thistle seeds germinated with no limitations by seedbed temp- 
erature. Some germinated at practically all temperature com- 
binations that would prevail in seedbeds in the Artemisiul- 
grasslands (Evans et al. 1970). 

The pattern of limited germination immediately after harvest 
and gradually increasing germination during the winter is 
similar in both barbwire Russian thistle and Russian thistle 
~\r’oun~ and Evans 1972). Barbwire Russian thistle seeds 
~7cncrally mature in October. a month earlier than common z 
Russian thistle seeds; however, some overlap i n maturation may 
occur. In December. barbwire Russian thistle seeds germinated 
in 35 ‘/( more temperature regimes (Table I ) than Russian thistle 
\ccds did (Young and Evans I972 ). However, overall germina- 
tion uas lower because the additional germination of barbwire 
Russian thistle was mainly at cold to very cold temperatures 
\J,hcrc percentage germination was relatively low. 

To compare directly the rate of germination of barbwire 
Russian thistle and Russian thistle we conducted an experiment 

Table 2. Greater (+), less (-) or equal (=) germination (%) of barbwire 
Russian thistle seeds compared to Russian thistle for I through 7 days 
incubation at 2 through 40 “C. Test run in March 1974,4 months after 
harvest. Zeros indicate no germination by either species. 

Incubation 
temperature 

~_ - - ~_____~_______ .--_-___ __ ___- 
Days of incubation ___ 

CT) I 2 3 4 5 6 7 

0 = +29 $25 +32 
5 0 0 -thO +72 t7h +47 +38 

IO 0 -98 i-91 +x0 +54 +28 +I8 
15 +y3 + 90 +83 +35 +-37 +I5 +9 
20 +90 +90 +79 +49 +30 +I3 +10 
‘5 -_ fh’) +h2 +43 +2x + : -22 -24 
30 -31 +7x +59 +17 +9 f4 --7 
35 - 17 +02 +47 +54 +49 +73 +29 
40 - so + -40 + 30 +22 t 5 +5 = 

in March 1974. March is the time of the earliest germination of 
barbwire Russian thistle in communities of the Carson Desert. 
Barbwire Russian thistle seeds had a decided advantage in rate 
of germination at incubation temperatures below 30°C for the 
first 5 to 7 days (Table 2). After the first day the shorter the 
incubation time during the first week the greater the advantage 
to barbwire Russian thistle. Wallace et al. (1968) stressed that 
one of the most important factors in the establishment of 
Russian thistle was rapid germination. After germination has 
begun, the radicle must elongate, enter the soil, and start 
supplying moisture before the seedling desiccates in the typi- 
cally harsh environment of the seedbeds where this species 
grows . 

Table 3. Emergence (%) of barbwire Russian thistle seedlings from various 
planting depths (cm) in a sandy soil and on top of or beneath 0.5 cm of 
annual grass litter.” 

-____ _.______ 
Planting depth Emergence 

Bare soil surface 
0.5 

% 
36b 
93a 

I .o 90a 
2.0 90a 
3.0 82a 
4.0 37b 
5.0 8c 

Under0.5 cm litter 93a 
On surface of0.5 cm litter 33b 

” Means followed by the same letter are not significantly different 
probability as determined by Duncan’s multiple range test. 

at the 0.05 level of 

Emergence 
Barbwire Russian thistle seeds germinated on the surface of a 

bare seedbed, but the germination there was low, only slightly 
more than one-third (39%) of that under minimum soil coverage 
(Table 4). Litter coverage of seeds compensates for lack of soil 
coverage. The emergence of barbwire Russian thistle in a sandy 
soil was not significantly (P=O.Ol) reduced until burial was 
greater than 3 cm. 

Germiwtion under Low Osmotic Potentids 
Russian thistle seeds are noted for relatively high germination 

under very low osmotic potentials (Young and Evans 1972). 
Considering the barbwire Russian thistle has replaced Russian 
thistle in what are generally known as “salt desert” plant 
communities, one would expect that barbwire Russian thistle 
could also germinate under greatly reduced osmotic potentials. 
However, the expected results were not obtained when seeds of 
both species were compared with reduced osmotic potential 
created with polyethylene glycol (Table 5). When the osmotic 

Table 4. Germination (%) of barbwire Russian thistle and Russian thistle 
seeds in reduced osmotic potential created with polyethylene glycol or 
NaCI.” 

Barbwire Russian thistle 

Osmotic potential Polyethelene 
-bars glycol NaCl 

0 93a 93a 
4 58cd 48c-e 
0 53c-e 50c-e 
8 38d-g 28f-g 

I’ 
lh 

33d-g ‘Og-h 
lhgh ‘b 

-___ 
Russian thistle 

Polyethylene 
glycol NaCl 

95a 95a 
95a 68bc 
89ab 54c-e 
66bc 46c-f 
64bc 33d-g 
55cd 24f-h 

umc letter are not Gpnituntly dlffercnt 
by Duncan’5 multlple range test. 

at the O.OI level ot 
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Tab!e 5. Emergence of barbwire Russian thistle seedings with and without 
potassium nitrate (KNO:,) and/or gibberellic acid (GA:,) added to soil 
samples collected from the northern Carson Desert and tested in the 
greenhouse.” 

Treatment5 Seedlings/m’ 

Control hOd 
KNO,, I .O mM I40bc 
KNO:: 0. I mM 200a 
KNO,: 0.0 I mM I OOcd 
GA., 0.27 mM I 3Obc 
GA., 0.56 mM I IObcd 
KNO:: 0. I mM I hOab 
plus GA,: 0.56 mM 
_ 
” \tc&111\ I~~llowctt h) the \dnl~ tcttcr arc‘ not rlgnlficantlj cllttcrcnc at rhc 0 01 Ic\cI ot 
t~lc~hdhllll~ ,I\ cl~kmi~~netl hy Ihrican’s iiiultiplc range Ic\t 

potential was reduced with NaCl, germination of the two 
species was not significantly (P=O.Ol) different. In inter- 
preting these data, one should be aware that (a) not all soils in 
the Carson and associated salt deserts have surfaces that are high 
in soluble salts (Billings 1945) and (b) many studies have shown 
an inverse relation between germinability under low osmotic 
potentials and the ability to persist and grow under these 
conditions (e.g. McGinnies 1960). 

Dispersal of seeds 
During the late fall and early winter period when barbwire 

Russian thistle seeds have fallen, most of the seeds are located 
under the canopies of the still rooted plants (Fig. I ). This 
indicates that barbwire Russian thistle seeds disperse without 
the plants being uprooted and tumbling. In this characteristic 
barbwire Russian thistle is in sharp contrast to Russian thistle 
(Evans and Young 1972). Russian thistle plants, in western 
Nevada, must tumble before the seeds are dispersed. Ecotypes 
of Russian thistle with self-dispersing seeds have been reported 
in mid-western United States (personal communication F. 
Wertman, Control Seed Laboratory, Hopkins, Minn.). When 
both species grow in the same community, barbwire Russian 

400 

% 

G 
2! 
i 200 

?I 
z 

0 
Sfem 

0.1 
Canopy Edge 
faveroge/ 

METERS FROM STEM 

Fig. 1. Germinahle seeds oj harbwire Russian thistle per mi oj soil at selected 
distancesjrom the stem ojmature plants. Values are meansjor samples taken 
in the four cardinal directions and in 2 years (1974 und 1975). Samples were 
tested in greenhouse. 
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thistle seeds may be dispersed and lying on the soil and available 
for germination before midwinter storms uproot and tumble 
Russian thistle plants to disperse their seeds. 

Enchancing Germination 
Field observations in the Carson Desert indicated most seeds 

of barbwire Russian thistle germinated in the early spring. To 
determine the germinability of the remaining barbwire Russian 
thistle seeds, we treated bioassay samples from field seedbeds 
with a source of nitrate (as KNO:,) and gibberellin (GA,,), the 
two substances known to greatly enhance germination of some 
seeds (Mayer and Poljakoff-Mayber 1963; Evans and Young 
1975). The addition of 0. I mM KNO:, greatly enhanced 
germination (Table 6). The addition of GA,, also enhanced 
germination, but not as much. The soils of the Carson Desert are 
characteristically deficient in available nitrate-N. Any micro- 
environmental condition that favored nitrification and there- 
fore accumulation of nitrate apparently would favor the 
(Termination of barbwire Russian thistle. c‘ 

Discussion 

Interpretation of the comparative seed ecology of barbwire 
Russian thistle and Russian thistle is aided by the knowledge 
that the species have been reported to hybridize freely (Beatley 
1973). Where populations of both species integrate. hybrid 
swarms showing varying degrees of introgression are common. 
Wc carefully avoided collected seeds from populations ofeither 
\pccics that exhibited great morphologic variability. Despite the 
occasional hybridization between the species they usually 
OCCUPY distinct habitats and they have been shown to be physi- 
logically different and morphologically dissimilar (BeatIcy 
1972). 

As would be expected of two closely allied species the seed 
~rermination of both is relatively similar: but there are subtle and 2 
not-so-subtle differences between them. The most important 
differences that imply an advantage for barbwire Russian 
thistle are: (a) less restrictive afterripening requirements which 
al low some germination at more temperatures and sooner after 
maturity; (b) more rapid germination at low temperatures during 
the first few days of incubation; and (c) dehiscence of seeds 
without the necessity of the plants uprooting and tumbling. 

The relatively low germination of barbwire Russian thistlc 
under reduced osmotic potentials may be a competitive ad- 
vantage in disguise. There may be an inverse relation between 
~~crminability under osmotic stress and persistence in such 2 
environments. 

Literature Cited 

Allen, P. 1964. Salsola L. p. 104-107. In: Flora Europaea. Vol. I. Cambridge 
Univ. Press. 

Anonymous, 1969. New weed menaces desert ranges. Utah Sci. 30:31. 
Beatley, J.C. 1971. Ecological and geographic distribution of the vascular 

plants of southern Nye county and adjacent parts of Clark, Lincoln, and 
Esmeralda counties, Nevada. Univ. of Calif. Press, Los Angeles. 49 p. 

Beatley, J.C. 1973. Russian-thistle (Salsola) species in Western United States. 
J. Range Manage. 261225-226. 

Billings, W.D. 1945. The plant associations of the Carson Desert Region, 
Western Nevada. Butler Univ. Bot. Studies. 7:89-123. 

Coville, F.V. 1893. Botany of the Death Valley Expedition. Conr. U.S. 
Nat. Herb. 4. Govt. Printing Office, Washington D.C. 363 p. 

Evans, R.A., H.R. Holbo, R.E. Eckert, Jr. and J.A. Young. 1970. 
Functional environment of downy brome communities in relation to weed 
control and revegetation. Weed Sci. IS: l54- 162. 

Evans, R.A. and J.A. Young. 1972. Germination and establishment of 
Salsolu in relation to seedbed environment. II. Seed distribution, Germina- 
tion and seedling growth of Salsola and microenvironmental monitoring of 
the seedbed. Agron. J. 64:219-224. 

393 



Evans, R.A. and J.A. Young. 1975. Enhancing germination of dormant seeds 
of downv brome. Weed Sci. 23:354-357. 

Wallace, A., W .A. Rhods, and E.F. Frolich. 1968. Germination behavior of 
Salsola as influenced by temperature, moisture, depths of planting and 

Mayer, A:M. and A. Poljakoff-Mayber. 1963. The Germination of Seeds. gamma radiation. Agroi. J. 6&267-268. 
Pergamon Press, Oxford. 236 p. Young, J.A. and R.A. Evans. 1972. Germination and establishment of 

McGinnies, W. J. 1960. Effects of moisture stress and temperature on germin- Salsola in relation to seedbed environment. I. Temperature, afterripening, 
ation of six range grasses. Agron. J. 52:159-162. and moisture relations of Salsola seeds as determined by laboratory studies. 

Munz, P.A. 1968. Supplement to a California Flora. Univ. Calif. Press. Agron. J. 64:214-218. 
Berkeley. 224 p. Young, J.A., R.A. Evans, and R.E. Eckert, Jr. 1969. Population dynamics 

Stevens, O.A. 1943. Russian thistle life history and growth. North Dakota Agr. of downy brome. Weed Sci. 17:20-26. 
Exp. Sta. Bull. 326:3-20. Young, J.A., R.A. Evans, R.O. Gifford, and R.E. Eckert, Jr. 1968. 

Robbins, W.W ., A.S. Crafts, and R.N. Raynor. 1952. Weed Control. Mc- Germination of medusahead in response to temperature and afterripening. 
Graw Hill Book Co., Inc. New York. 503 p. Weed Sci. 16192-95. 

Impacts of Off-Road Vehicles on Infiltration 
and Sediment Production of Two Desert Soils 

R.E. ECKERT, JR., M.K. WOOD, W.H. BLACKBURN, AND F.F. PETERSON 

Abstract 

Impacts of motorcycle and 4-wheel drive truck traffic on infil- 
tration rate and sediment production were evaluated on two desert 
soils. Infiltration was similar for both soils; however, more 
sediment was produced from a surface with exposed mineral soil 
than from a gravel-mulched surface. Infiltration was 3 to 13 times 
greater on the coppice soil beneath shrubs than on interspace soil 
between shrubs, but sedimentation was 10 to 20 times greater on 
interspace soil. Infiltration was less and sediment yield was 
greater after soil was disturbed by vehicular traffic, and after 
reformation of the surface crust, particularly on interspace soil. 
High sediment production from interspace soil was attributed to 
reduced infiltration after 10 minutes. The soil then became 
saturated and unstable, was dispersed by raindrop impact, and 
particles were carried in runoff water for the remaining 20 
minutes of the test period. Coppice soil had a high infiltration rate 
for the entire test period and did not become saturated. In 
addition, the high organic matter and aggregate stability of 
coppice soil prevented soil movement, though some runoff oc- 
curred. 

responses of agricultural lands (American Society of Agri- 
cultural Engineers 1971) and of forest and rangelands (Lull 
1959). Many of the site-specific effects, however, are un- 
known. The objective of this study was to evaluate the initial 
impacts of two types of ORV’s on the infiltration rate and 
sediment production characteristics of two desert soils in 
response to simulated rainfall. 

Description of Study Areas and Methods 

, 

Off-road vehicle (ORV) traffic is a major factor in the 
management of recreational lands (Bury et al. 1976). The 
consensus among scientists is that ORV’s damage fragile 
desert habitats and that much more information is needed before 
official sanction is given for their continued use over extensive 
areas (Stebbins 1974). Although formalized research may not 
be necessary to establish that damage does occur. it would help 
to quantify the extent of damage in response to variables such as 
soil. moisture content, slope, and kind of traffic. Some of this 
information can be obtained from research on the effects of soil 
disturbance and compaction on the hydrological properties and 

____ 

The study was conducted on two sites in southern Nevada. Blue 
Diamond has a vegetative composition typical of the creosote bush 
(Ltrr-I-eu trideututa) type with a shrub crown cover of 8.3%. Soil is a 
loamy-skeletal, carbonatic, thermic, shallow, typic Paleorthid. Cry- 
stal Springs has a vegetative composition typical of the blackbrush 
(ColeoSy,le rumosissimum) type with a shrub crown cover of 25.5%. 
Soil is a loamy skeletal, mixed, thermic, shallow, typic Durorthid. 
Two major types of surface soils are found on each site: the “coppice 
soil” on the low, small dunes under shrubs and the mostly barren 
“interspace soil” between shrubs. The A horizons of the coppice soil 
arc weakly subangular blocky structured, gravelly, sandy loams that 
are soft and relatively permeable. The interspace s&Is have gravel 
pavements. These are either a single-layer embedded in the mineral 
soil. or several pebbles thick, forming a gravel-mulch over the mineral 
soil. The 2 to 6 cm thick loamy, crusted A horizon is massive, has 
vesicular pores, and is broken into 8- 15 cm diameter polygons. The 
crusted interspace soil slakes and disperses readily when wetted. The 
coppice-type soil covers 14.2 and 34.7% of the surface at the Blue 
Diamond and Crystal Springs sites, respectively. while interspace soil 
cobers 85.8 and 65.3%, respectively. 

1h1nnz llle resxrch. mthor\ uerc ranse wicntist. U.S. Dcpartnwnt ot’ Agriculture. 
Sk&At. Rmc~ahlc Rc\ourcc Center. Univckty of Nevada 920 Valley Road. Reno 
X9.5 I?. gxtluatc rcwurch a\\l\tant: as\i\tant prokswr ot range and hatmhed managc- 
incnt. and prolcs\or ot plant. ~ul. xid uater wience4. IJniv. ofNevada. Rem. NV 89512. 
\\(xd‘\ .md Blackhum‘\ currt‘nt address i\ the Range Science Department. Texa\ A&M 
I’iii\c1411). Collcgc Station 77843. 

The \\ork rcprcwnt\ coopcratl\c In\e\tigation\ of the U.S. Dep. Agr.. SEA-AR. and 
~hc .\g~. E\p. SM.. L’IIIL. of Ne\xia. Rem. Journal Serw No. 400. The rexarch WI\ 
wpp~wt~~l 111 part h) the Bureau of Land Management. L.S. Dep. Interior. 

\I,III~I~CI 1171 rccc~\cd Septcinhcr 5. 197X. 

Motorcycle (50 passes), truck (20 passes), and control treatments 
were imposed in August, 1975, at both locations, and in January, 
1970, at Blue Diamond and in April, 1976, at Crystal Springs. 
Different dates were used in 1976 in order to obtain similar surface- 
soil moisture conditions on the two sites at time of treatment. 
Motorcycles were trail-bikes (350 lb) and the truck was a X-ton pickup 
operated in 4-wheel drive. Vehicles were generally “hot rodded” up 
and down slopes of 2 to 5% at about 30 km/hr. Tracks were made in a 
straight line so that both coppice and interspace soils were disturbed. 
Average track depth on the motorcycle treatment on interspace soil 
was I .O cm and I .5 cm on coppice soil. Average track depth on the 
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R.E. ECKERT, JR., M.K. WOOD, W.H. BLACKBURN, AND F.F. PETERSON 

Abstract 

Impacts of motorcycle and 4-wheel drive truck traffic on infil- 
tration rate and sediment production were evaluated on two desert 
soils. Infiltration was similar for both soils; however, more 
sediment was produced from a surface with exposed mineral soil 
than from a gravel-mulched surface. Infiltration was 3 to 13 times 
greater on the coppice soil beneath shrubs than on interspace soil 
between shrubs, but sedimentation was 10 to 20 times greater on 
interspace soil. Infiltration was less and sediment yield was 
greater after soil was disturbed by vehicular trafftc, and after 
reformation of the surface crust, particularly on interspace soil. 
High sediment production from interspace soil was attributed to 
reduced infiltration after 10 minutes. The soil then became 
saturated and unstable, was dispersed by raindrop impact, and 
particles were carried in runoff water for the remaining 20 
minutes of the test period. Coppice soil had a high infiltration rate 
for the entire test period and did not become saturated. In 
addition, the high organic matter and aggregate stability of 
coppice soil prevented soil movement, though some runoff oc- 
curred. 

Off-road vehicle (ORV) traffic is a major factor in the 
management of recreational lands (Bury et al. 1976). The 
consensus among scientists is that ORV’s damage fragile 
desert habitats and that much more information is needed before 
official sanction is given for their continued use over extensive 
arcas (Stebbins 1974). Although formalized research may not 
be necessary to establish that damage does occur. it would help 
to quantify the extent of damage in response to variables such as 
soil. moisture content, slope, and kind of traffic. Some of this 
information can be obtained from research on the effects of soil 
disturbance and compaction on the hydrological properties and 
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responses of agricultural lands (American Society of Agri- 
cultural Engineers 197 1) and of forest and rangelands (Lull 
1959). Many of the site-specific effects, however, are un- 
known. The objective of this study was to evaluate the initial 
impacts of two types of ORV’s on the infiltration rate and 
sediment production characteristics of two desert soils in 
response to simulated rainfall. 

Description of Study Areas and Methods 

The study was conducted on two sites in southern Nevada. Blue 
Diamond has a vegetative composition typical of the creosote bush 
(Lto-I-cu tridmtutu) type with a shrub crown cover of 8.3%. Soil is a 
loamy-skeletal, carbonatic, thermic, shallow, typic Paleorthid. Cry- 
stal Springs has a vegetative composition typical of the blackbrush 
(Coleo<qyIre r-utnosissimum) type with a shrub crown cover of 25.5%. 
Soil is a loamy skeletal, mixed, thermic, shallow, typic Durorthid. 
Two major types of surface soils are found on each site: the “coppice 
soil” on the low, small dunes under shrubs and the mostly barren 
“interspace soil” between shrubs. The A horizons of the coppice soil 
are weakly subangular blocky structured, gravelly, sandy loams that 
are soft and relatively permeable. The interspace soils have gravel 
pavements. These are either a single-layer embedded in the mineral 
soil. or several pebbles thick, forming a gravel-mulch over the mineral 
soil. The 2 to 6 cm thick loamy, crusted A horizon is massive, has 
vesicular pores, and is broken into 8- I5 cm diameter polygons. The 
crusted interspace soil slakes and disperses readily when wetted. The 
coppice-type soil covers 14.2 and 34.7% of the surface at the Blue 
Diamond and Crystal Springs sites, respectively, while interspace soil 
covers 85.8 and 65.3%, respectively. 

Motorcycle (50 passes), truck (20 passes), and control treatments 
were imposed in August, 1975, at both locations, and in January, 
1976, at Blue Diamond and in April, 1976, at Crystal Springs. 
Different dates were used in 1976 in order to obtain similar surface- 
soil moisture conditions on the two sites at time of treatment. 
Motorcycles were trail-bikes (350 lb) and the truck was a %-ton pickup 
operated in 4-wheel drive. Vehicles were generally “hot rodded” up 
and down slopes of 2 to 5% at about 30 km/hr. Tracks were made in a 
stmight line so that both coppice and interspace soils were disturbed. 
Average track depth on the motorcycle treatment on interspace soil 
was I .O cm and I .5 cm on coppice soil. Average track depth on the 
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truck treatment was 1. I cm on interspace soil and 2.0 cm on coppice 
soil. Soil moisture measured by the neutron surface probe was between 
- 8 and - I5 bars (air-dry soil) at time of treatment at both locations 
and in both surface soils. Shrubs were cut at ground level and removed 
from the coppice area. Runoff plots (0. I4 m”) were placed in five 
replications of each soil on each treatment. Simulated rainfall was 
applied at the rate of 3.4 cm/hr for 30 minutes with a mobile infiltro- 
meter (Blackburn et al. 1974). This rainfall rate represents a return 
frequency of about 4 years at Blue Diamond and of about I5 years at 
Crystal Springs (Miller et al. 1973). 

Volume of runoff was measured every 5 minutes for 30 minutes and 
sediment was accumulated over 30 minutes. Five-minute and terminal 
infiltration rates were calculated from runoff data and are expressed in 
cm/hr. Sediment production is expressed in kg/ha. After the first 
simulated rainfall event plots were covered with plastic and the soil 
crust was allowed to dry and reform. This process required less than a 
month in the hot part of the year and several months in the cool part of 
the year. After the crust had reformed, a second simulated rainfall 
event was applied to the same plots as previously described and runoff 
and sediment data were collected. The effects of crust condition were 
evaluated because, in spite of the return intervals calculated from a 
short period of records from valley weather stations, high intensity 
rainfall events can reoccur on upland locations over a much shorter 
time. 

Results and Discussion 

Infiltration was similar on both soils; however, sediment 
production was greater at Blue Diamond (Table 1). The charac- 
teristic gravel-embedded pavement in a silt loam vesicular A 
horizon at Blue Diamond suggests a greater potential for 
suspended sediment in runoff water than does the gravel-mulch 
surface over a vesicular, sandy loam A horizon at Crystal 
Springs. 

Type of surface soil had the greatest effect on infiltration and 
sediment production. Infiltration was from 3 to I3 times greater 
on coppice soil and sediment production was 10 to 20 times 
greater on interspace soil. Again, soil characteristics appear to 
be the determining factor. For example, coppice soils have a 
nonvesicular surface with a well-aggregated, fine subangular 
blocky structure that transmits water rapidly (Lull 1964). The 
aggregated structure is also more resistant to dispersion and 
movement in runoff (Storey et al. 1964). The A horizons of 

Table 1. Mean terminal infiltration rate (cm/hr) and sediment production 
(kg/ha) in response to variables in 1975 and 1976. Simulated precipita- 
tion was applied at the rate of 3.4 cm/hr for 30 minutes. 

Variable 

Terminal infiltration’ Sediment production’ 

1975 1976 1975 1976 

interspace soils are vesicular and massive. Water moves slowly 
through this surface, saturation occurs quickly, the silty, weakly 
structured soils becomes unstable, and fine-textured particles 
are susceptible to dispersion and movement in runoff 
(Blackbum 1975; Rose 1966). 

Infiltration rates on the motorcycle and truck treatments were 
similar to each other and less than controls (Table 1). Sediment 
production was also similar for both vehicle treatments and 
generally was greater than controls. Average infiltration rates 
were lower after crust reformation and average sediment pro- 
duction was unchanged (Table 1). The crust condition x soil 
interaction showed that the infiltration rate of the coppice was 
reduced from 3.0 to 2.4 cm/hr, and that of the interspace was 
reduced from I .4 to 0.5 cm/hr after crust reformation. Although 
the main effects showed no difference in sediment production 
between crust conditions, the interaction showed that more 
sediment (356 kg/ha) was produced after interspace soil crust 
reformed than when first disturbed (265 kg/ha). Sediment 
production from coppice soil was the same between crust 
conditions. The crust condition X vehicle interaction showed 
the infiltration was reduced from 2.1 to 1.1 cm/hr and sediment 
was increased from 187 to 359 kg/ha as the result of crust 
reformation after the truck treatment. Most of the reduction in 
infiltration rate and the increase in sediment production oc- 
curred after the interspace soil crust had reformed. The lowest 
infiltration rate (0.2 cm/hr) and the highest sediment production 
( 1,338 kg/ha) occurred at Blue Diamond on reformed crust after 
the truck treatment. 

The vehicle treatment x soil interaction (Table 2) shows that 
the already low infiltration rate on interspace soil is changed 
little by treatment compared with the control. The high infil- 
tration rate on the coppice soil, however, generally is reduced 
by vehicular treatment, particularly by the truck treatment. In 
contrast, vehicular treatments did not increase the sediment 
from coppice soil compared with the control, but greatly 
increased the sediment load on the interspace soil, particularly 
for the truck treatment. The stable structure of the coppice soil 
evidently resists dispersement and movement even when 
infiltration is reduced and runoff is increased. The rapidly 
saturated and poorly aggregated interspace soil is more easily 
dispersed and moved after disturbance, but is generally stable 
when undisturbed (Stebbins 1975) in spite of low infiltration 
and high runoff rates. 

Table 2. Mean terminal infiltration rate (cm/hr) and sediment production 
(kg/ha) on coppice and interspace soils in response to traffke treatments 
in 1975 and 1976. Simulated precipitation was applied at a rate of 3.4 
cm/hr for 30 minutes. 

Study site 
Blue Diamond 
Crystal Springs 

1.9a 1.4a 
1.8a 1 .5 a 

222 a 
116b 

457 a 
109b 

Terminal infiltration’ Sedimentproduction’ 
Treatment and Soil 1975 1976 1975 1976 

Soil 
Coppice 
Interspace 

2.7 a 
0.9b 

2.6a 
0.2b 

33b 
306 a 

30b 
537 a 

Motorcycle 
Coppice 
Interspace 

2.8 a 2.5 b 9b 36 cd 
0.2 d 0.2c 376 a 509 b 

Vehicle treatment 
Motorcycle 1 .5 b 1.3 b 192a 237 ab 
Truck 1 .6b 1 .2b 273 a 451 a 
Control 2.2 a 1 .7 a 42b 126b 

Crust condition 
Disturbed 2.1 a 1 .5 a 147 a 282 a 
Reformed 1.5b 1 .3b 192a 284 a 

’ Infiltration and sediment means within year and variable followed by different letters are 

significantly different at the 0.05 level of probability as determined by Duncan’s multiple 
range test. 

Truck 
Coppice 
Interspace 

2 .O b 2.2 b 85 b 45 cd 
1 .I c 0.1 c 461 a 857 a 

Control 
Coppice 
Interspace 

3.2a 3.1 a 4b 9cd 
1 .4c 0.4c 8lb 244c 

’ Infiltration and sediment means within year followed by different letter\ are significantly 

different at the 0.05 level of probability as determined by Duncan‘\ multiple range tc\t. 
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Fig. 1. lnjiltration curves jo r the coppice and gravel-embedded interspace soils Fig. 2. Infiltration curves for the coppice and gravel-mulched interspace soils 
on the truck and control treatments at Blue Diamond. Signijicance of dij- on the truck and control treatments at Crystal Springs. Sigmjicance oj dij- 
jerences over time on each soil within a treatment (letters A-D); between jerences over time on each soil within a treatment (letters A-D); between soils 
soils within a treatment (letters Y-Z); and on each soil between treatments within a treatment (letters Y-Z); and on each soil between treatments (aster- 
(asterisk) was determined by Duncan’s multiple range test at the 5% level isk) was determined by Duncan’s multiple range test at the 5% level ojpro- 
of probability. bability. 

The impacts of vehicular traffic are the result of soil damage (Fig. 2) although the magnitude of difference was less than that 
due to shear and compaction (Harrison 1976). Shear damage at Blue Diamond. Infiltration rate of the gravel-mulched inter- 
would result in destruction of the protective desert pavement, space soil decreased over time, however, the decrease was not 
powdering of fine soil material, and filling the cracks between as rapid as for the corresponding treatment on the gravel- 
surface polygons. All these physical disturbances would in- embedded interspace surface at Blue Diamond. _ - 
crease the potential for water and wind erosion. Compaction 
increases bulk density and decreases pore space (Lull 1959). The high infiltration rate of undisturbed interspace and 

Wilshire and Nakata ( 1976) used penetrometer data to show that coppice soils after 5 minutes is probably due to the volume, size, 

soil compaction was the dominant consequence of intense and continuity of large pores (Musgrave and Holton 1964) and 

motorcycle use. Davidson and Fox (1974) showed that bulk perhaps to cracks between poygons. After these pores and 

_ density and macropore space decreased with compaction by cracks are filled with water, infiltration rate of interspace spoils . . 
vehicular traffic. Changes in these characteristics probably declines rapldly to a low rate* This rate depends on the 

decrease both the amount of water a soil can hold and perme- movement of water through strata with a small amount of pore 

ability so that water runoff is increased. With increased runoff, space (Musgrave and Holton 1964) that is characteristic of the A 

the soil powdered by shear effects would be susceptible to horizon of interspace soil with discontinuous, air-filled vesi- 

movement along the track. Since water will continue to collect cles. Undisturbed coppice soil would probably have a high 

and run in the track, the cumulative effects of ORV impacts may infiltration rate for much longer than 30 minutes. Roundy et al. 

not be known for years or decades after the original disturbance (1978), for example, found an infiltration rate of 7.) cm/hr on a 

(Vollmer et al. 1976). shrub coppice after 1 hour with an application rate of 8.4 cm/hr 

The time x vehicle x soil interaction indicated different on soil initially at field capacity. Disturbed, dry interspace soil 

infiltration responses at the two locations. At Blue Diamond has a high infiltration rate for 5 minutes because of macropore 

(Fig. I ), infiltration rate of the coppice soil for the truck space. Although vesicles in interspace soils are, at least tem- 

treatment was similar for the first 15 minutes, then decreased porarily, destroyed by disturbance, the structureless A horizon 

during each of the three succeeding 5-minute periods. In slakes and disperses when saturated and many of the mac- 

contrast, infiltration of the coppice soil for the control did not ropores may be sealed by fine soil particles (Musgrave and 

decrease over the 30-minute period. Infiltration of the inter- Holton 1964) and infiltration decreases rapidly. In addition, 

space soil on both the truck and control treatments was similar. compaction reduces the number and size of macropores. Com- 

Both decreased rapidly after 10 minutes, ‘then decreased more paction, loss of structure and macropore space, and mixing of 

slowly for the remaining 20 minutes. Infiltration rate of both surface and subsurface horizons all contributed to a reduction in 

\oils on the truck and control treatments was similar after the infiltration after 10 to 15 minutes on disturbed coppice soil. 

initial 5 minutes, then infiltration on both treatments was The infiltration response over six, 5-minute periods allows a 
significantly greater on the coppice soil than on the interspace better understanding of sediment production characteristics of 
soil after each 5minute period. Infiltration on the coppice soil soils than does terminal infiltration. Gifford (1968), Jager 
was similar for the truck and control treatments for the first 15 (1972), and Blackburn (1975) found lower infiltration rates and 
minutes. For the remainder of the trial, infiltration was less for higher sediment production on soils initially wet than on those 
the truck treatment. The coppice soil showed a similar response initially dry because those initially wet, particularly the inter- 
to time on the truck and control treatments at Crystal Springs space soil, reach saturation more rapidly. Since interspace soil 
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reaches saturation quickly due to low infiltration rate, more 
time is available during a rainfall event for dispersion and 
movement of soil particles in runoff water. If saturation and 
dispersion on interspace soil occur early in a precipitation event, 
as at Blue Diamond, about 20 to 25 minutes are available for 
sediment production. If these processes occur late in an event 
or are of less magnitude, as was the case at Crystal Springs, less 
time is available for sediment production. These processes did 
not occur in coppice soil. Coppice soil disturbed by the truck 
treatment still had characteristics that permitted fairly high 
infiltration rates through most or all of the test period and the 
surface soil did not become saturated. If saturation did occur late 
in the test period, the time for dispersement and movement of 
soil particles was short. In addition, the structure of this soil 
contributes to stability against soil movement, even though 
some runoff may occur (Table 2). 

Soil dispersed and suspended in runoff water from simulated 
rainfall may or may not respresent an erosion loss from similar 
natural events. The runoff and suspended sediment on the study 
plots were collected before the sediment could settle. Under 
natural conditions, such sediment could settle without moving 
far from its source, since the interspaces are only gently sloping, 
flat or depressional. Unless the slope is steep and the interspace 
areas are connected, runoff and suspended sediment usually will 
not move off-site. Sediment data do represent a potential soil 
loss if conditions for off-site movement are favorable and the 
loss would continue over time because vehicle tracks form 
channels to concentrate water and move sediment. For example, 
Wilshire and Nakata ( 1977) measured trail depths of up to 24 cm 
about 1 year after an ORV event and after one intense rainstorm. 
Soil loss from a single trail was estimated at 150 metric tons 
from a slope between 20 and 26” and 68 m long. 

Results of this study suggest several ways to reduce damage 
from off-road-vehicle traffic. Organized and repetitive ORV 
events should be restricted to areas of minimal environmental 
importance to prevent extensive watershed damage. Casual 
ORV use would be least damaging on gentle slopes, on sites 
with a high proportion of coppice surface soil, and on sites with 
a gravel-mulch cover of the mineral soil. 
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Cattle Diets on a Fertilized Blue Grama Upland 
Range Site 

KRIS HAVSTAD, REX D. PIEPER, GARY B. DONART, JOE D. WALLACE, F.J. CORDOVA, AND EUGENE E. PARKER 

Abstract 

Botanical composition of cattle diets was similar for cattle 
grazing a nitrogen- fertilized and unfertilized upland range site. 
Sand dropseed and blue grama were the major dietary compo- 
nents on both fertilized and unfertilized treatments. Fertilization 
did not influence the content of these two species in the diet. 
Galleta made up a larger portion of the diet on the unfertilized 
pasture than on the fertilized pasture during the spring and had a 
higher preference index on the unfertilized pasture. Scarlet globe- 
mallow comprised a greater proportion of the diet of cattle grazing 
on the fertilized pasture than for those grazing on the unfertilized 
pasture during the summer. Diversity indices indicated that diets 
of cattle grazing the unfertilized pasture were more diverse than 
those of cattle grazing on the fertilized pasture. 

General, widespread acceptance of rangeland nitrogen fertili- 
zation is moderated by two factors. First, indications are that the 
effects of fertilizer depend upon soil, plant, climate, and 
management characteristics, and each combination should be 
evaluated separately (Heady 1975). Second, the inflated cost of 
N fertilizer dictates an accurate assessment of the benefits 
accrued by the grazing animal. 

In New Mexico, nitrogen fertilization of blue grama range- 
land has been extensively investigated. In general, nitrogen 
additions have increased total yearly production, leaf surface 
area, culm weights, seed head numbers and density, crude 
protein content, and in vitro digestibility of blue grama (Boute- 
IOU grucili’s) (Banner 1969; Kelsey et al. 1973; Pieper et al. 
1974). 

Examination of chemical content of steer diets at Ft. Stanton, 
New Mexico, indicated that nutritive constituents (crude pro- 
tein, in vitro organic matter digestibility, and acid detergent 
fiber) were closely related to stage of maturity of both nitrogen 
fertilized and nonfertilized plants (Cordova 1977). Voluntary 
forage intake levels were similar across treatments. Nitrogen 
fertilization did not appear to improve nutritive content of steer 
diets other than to maintain dietary crude protein content at a 
maintenance level during the winter dormant season (Cordova 
1977). 

Examination of botanical composition of steer diets at Ft. 
Stanton indicated that nitrogen addition (45 kg N/ha) decreased 
the proportion of grass content in diets (Allison et al. 1977). 
However, drought reduced availability of grass for the steers. 
Deficient precipitation severely reduces blue grama cover, and 
decreases are greater on nitrogen-fertilized treatments (Hyder et 

Authors are former graduate assistant. professor, associate professor, professor, and 
tormer graduate assistant, respectively, in the Department of Animal and Range Sciences, 
New Mexico State University. Las Cruces, and Superintendent, Fort Stanton 
Experimental Ranch, Capitan, New Mexico. 

Tl114 report i\ Journal Article 688. Agricultural Experiment Station. Neu Mexico State 
I’m\ I~:[\ Crucc\ 88003. 

‘fhc author\ u ish IO thunh Dr. Rcldon F. Beth and Dr. Herman Kie\lmc for critical 
rc\ IC’\\ \ 01 the manuscript and Dr. G. Morris Southuard tar ad In the statktikl analy\l\. 

,\IMIUXI Ipt rcccI\cd Scptcmber 6. 1970. 

398 

al. 1975; Donart and Pieper 1974). 
This experiment was conducted during years of nearly 

average precipitation. The purpose of the study was to compare 
botanical content of cattle diets on a nitrogen-fertilized and non- 
fertilized upland blue grama range site. 

Experimental Procedures 

The study was conducted on the Fort Stanton Experimental Ranch 
in the foothills beween Sierra Blanca and the Capitan Mountains in 
southern Lincoln County, New Mexico. Allison et al. (1977) have 
discussed the study area, climatic patterns, the esophageal-fistulation 
collection procedure, and the procedure for determination of dietary 
botanical composition by the microhistological method adopted from 
Sparks and Malechek (1968). This study was restricted to the upland 
portions of the pastures studied by Allison et al. (1977). 

The unnamed soil series of the upland site is a member of the mesic 
family of Typic Haplustolls. These soils are generally calcareous 
below 15 cm, are not stony or gravelly, and are well drained. 

In mid-June 1975 urea (45% N) was broadcast with a tractor-drawn 
spreader across a 55-ha pasture at a rate of 45 kg N/ha. The fertilizer 
application was repeated in mid-June of 1976 at a rate of 50 kg N/ha. 
This marked the tenth consecutive year this pasture has been fertilized 
with urea. An adjacent 63eha pasture served as the nonfertilized 
control. 

Six esophageally fistulated steers were utilized for diet determina- 
tion. Three steers were initially assigned to each treatment for the 
duration of the study. During the 4-day collection periods, the steers 
were rotated daily to different collection locations on the upland site on 
each treatment. Periods of collection were June, July, August, 
September 1975, and January, March, June-July, August, and Sep- 
tember 1976. 

A dietary diversity index (Shannon’s information function H’ 
Shannon and Weaver 1948) was calculated for each sampling period 
for diets resulting from each nitrogen treatment. Peet (1974) expressed 
H’ as: 

H’ = -C~=lPiIOgPi 

where P. is the percentage of importance for each species. P. is 
estimated by: P. =ni/N where ni is the number particles per species !md 
N is the total ‘number of all species. The probability-based index 
provides insight into seasonal shifts in botanical compositions of cattle 
diets (Hurturbia 1973; Hansen and Reid 1975). Relative preference 
indices were calculated in the ratio of % composition by weight of a 
species in the available herbage to the % composition by weight in the 
diet (Krueger 1972). 

Heterogeneity of variances for dietary composition required use of 
an approximation procedure instead of analysis of variance. The 
approximation associated with this procedure reduced the sensitivity 
of the statistical tests. Statistical tests between treatment means at each 
date were made by the use of the Student t test approximation (t’) 
(Lentner 1972). 
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Results and Discussion 

Available Herbage 
Total available herbage was considerably greater on the 

fertilized pasture than on the unfertilized pasture during the fall 
of 1975 and all of 1976 (Fig. I ). Herbage weight of the 
important perennial grasses, blue grama and sand dropseed 
(Sporobolus cryptundrus), was also much higher on the fer- 
tilized pasture than on the unfertilized pasture. However, galleta 
(Hilmiu jmnesii) and total forb production was greater on the 
unfertilized pasture. 

Herbage weight increased during the growing season despite 
grazing by cattle and declined during the dormant season 
because of physical losses and cattle utilization. 

Botanical Composition of Diet 
Numerous species were identified during analysis of the 

botanical composition of cattle diets, but only five species were 
highly important components of these diets. These species were 
galleta, Carruth sagewort (Artmisitr ccwuthii), scarlet globe- 
mallow (Sphuer-crlceu cocciuea), sand dropseed, and blue 
grama. The seasonal occurrence of these species as major 
dietary components is presented in Table I. 

Seasonal trends in diet composition during summer and 
winter were similar under the two treatments. Scarlet globe- 
mallow was a major dietary component during early summer, 
before warm+eason grasses initiated summer growth. There 
were no differences (IPO.05) in dietary content of scarlet 

Table 1. Means and standard errors for dietary composition (9%) of major species on the upland site. 

Blue grama Sand dropseed 
Species 

Galleta Scarlet globemallow 

-___ 
-._____ _ 

Carruth sagewort 
Season 

1975 
June 
July 
August 
September 

1976 
January 
March 
June-July 
August 
September 

Fert. Unfert. Fert. Unfert. Fert. Unfert. Fen. Unfert. Fert. 

925 10+3 20? 13 26& 14 0 0 36+-23 302 13 4k2 
1426 2220 265 IO 262 10 0 3-to 24k 13 14k3 3+-l 
2025 29+ 10 42+_1 24+1 123 3+-l 4-+0 4-+2 ItO 
20+2 24&O 4Ok4 3825 2+-o 151 121 l&O 7-+0 

2420 2026 42 +4 3023 626 622 0 0 824 
25+3 1226 4023 1423 Ilk7 37’-2 0 0 621 
2321 12-eo 24+2 2057 3k2 Ilk2 2152 27+11 3+0 
1820 18&O 41k3 25 k5 3+1 722 6&O 650 0 
14+2 14kO 3323 27 +-7 2+1 622 18+-IO 6-t-O 4kl 

Unfert. 

1721 
12-+2 
8&l 
4+0 

2225 
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globemallow between treatments on any date (Table 1). Forage 
availability of this species was below 100 kg/ha at this time 
(Havstad 1977). 

The warm-season grass species blue grama and sand drop- 
seed were the main dietary components during all seasons 
except early summer for the fertilized treatment. These two 
species comprised 40-50% of the available herbage on this 
treatment (Fig. 1). Seasonal forage availability of blue grama 
and sand dropseed varied between 200 kg/ha and 1,100 kg/ha. 
Occasionally, mat muhly (Muhlenbergia richardsonis) ex- 
hibited greater seasonal forage availability than either blue 
grama or sand dropseed (Havstad 1977). However, mat muhly 
comprised less than 5% of the plant ground cover and did not 
constitute a major portion of the diet during any season of the 
year. 

Similar seasonal trends in botanical dietary composition 
occurred on the unfertilized treatment with one exception. 
During mid-spring, the cool-season grass galleta constituted 
37% of cattle diets. Forage availability of this species at this 
time was 235 kg/ha (Fig. 1). Abundance of this species on the 
fertilized treatment was slight, less than 2% of the plant 
composition. However, the difference in galleta herbage availa- 
bility was probably a function of its greater abundance in the 
unfertilized pasture and not because of a reduction resulting 
from nitrogen addition on the fertilized pasture (Havstad 1977). 

Seasonal dietary content of sand dropseed and blue grama on 
the unfertilized treatment was similar to that of the fertilized 
treatment. The relatively low amounts of sand dropseed in the 
diet during mid-summer, late winter, and mid-winter on the 
control treatment were attributed to (1) lower sand dropseed 
forage availability, and (2) palatability and greater availability 
of grasses of secondary dietary importance. Both factors may be 
attributed to the absence of nitrogen. 

Preference Indices 
Preference indices for blue grama varied considerably on 

both pastures during all sampling dates and were not consistent- 
ly higher or lower on either pasture (Table 2). Preference indices 
for this species were highest during the winter (January) and 
spring (March) period. Sand dropseed, on the other hand, 
seemed to have slightly higher indices on the unfertilized 
pasture, but was highly preferred during the summer on both 
treatments. The only time that the preference index fell below 

Table 2. Relative preference indices for major components of the diet on 
fertilized (F) and unfertilized (U) blue grama rangeland. 

Date 

Scarlet 
Blue Sand globe- Carruth 

grama dropseed Galleta mallow ~____ sagewort 
F U F U F U F U F U 

6175 
7175 
8175 
9175 
l/76 
3176 
6176 
8176 
9176 

d’ d a a -2 - - a _ _ 

d c a a - de a a - - 
b a a a c d b - c 
b c 

E 
a - - i--a 

: : c 

- b _ _ _ _ 
t-c --aa 

b c acca--a 
d c :a-cab-- 
d c b a a c a a a a 

’ Preterence indice\ mere ranked a\ follows: 
;I I .X or greater-definite preference 
b I .3 - I .7 - \ome preference 
c 0.X - I .Z -no prefcrcnce 

d 0.3-0.7-avoidance 

1 .O was during March 1976 (Table 2). 
Preference indices for the forbs scarlet globemallow and 

Carruth sagewort were consistently high when enough herbage 
of these species was present to graze. There is little evidence to 
suggest that fertilization changed the preference for these 
species. 

Dietary Diversity 
The information theory diversity index (H’) expresses the 

richness (number of species) or abundance of species in the 
diets. Seasonal values for dietary diversity are presented in 
Table 3. Values of H’ illustrate the greater diversity of plant 
species in diets selected on the unfertilized treatment. The high 
diversity value for mid-summer reflected similar forage availa- 
bility for many plant species. The low di;/ersity value for the 
mid-winter period reflected low forage availability for many 
plant species. On the fertilized treatment, the relatively low 
diversity index for January-March and August reflected the 
dietary importance of the two main forage-producing species 
blue grama and sand dropseed. 

Table 3. Diversity indices (H=) of cattle diets on upland site. 

- 
Season 

1975 
June 
July 
August 
September 

Fertilized Unfertilized 

.755a’v2 .80 b 

.785a .905b 

.79 a .915b 

.81 a .805a 

1976 
January .715a .88 b 
March .76 a .82 b 
June-July .855a .89 b 
August .79 a .965b 
September .86 a .895b 

’ Mean\ In the same row followed by the same lower case letter are not significantly 
dltkrent (PC. I ). 

’ Dltterences between means tested using a pooled T-test. 

Discussion 

Under nitrogen fertilization diets were generally less diverse, 
but seasonal trends in diversity were similar between treatments 
for the major dietary species. The major effect of nitrogen 
addition was upon herbage standing crop, and. this factor 
slightly influenced dietary botanical composition for individual 
species. 

Examination of seasonal trends in dietary content of indivi- 
dual species indicated three major points. First, forbs play an 
important role in botanical dietary composition, especially 
during periods when the major perennial grass species have not 
yet initiated growth. Forbs such as scarlet globemallow and 
Carruth sagewort were preferred when they were available. 
There was some indication that nitrogen fertilization increased 
preference and palatability of scarlet globemallow. Second, the 
bulk of diets is comprised of major perennial grass species. 
These species, such as blue grama, should be the focal point for 
determining and evaluating current utilization and stocking 
rates. Third, seral species, such as sand dropseed. can provide a 
high-quantity feed source that will be preferred by the grazing 
animal during specific seasons of the year. However, although 
fertilization increased sand dropseed herbage considerably, 
preference indices were sometimes higher on the unfertilized 
pasture (Table 2). In summary, the shortgrass rangeland of 
central New Mexico is a heterogeneous vegetation type and 
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livestock grazing can exploit many components of the vegeta- 
tion complex. Nitrogen fertilization of these rangelands reduces 
the extent to which the vegetation is exploited by the grazing 
animal. 

Nitrogen fertilization increased grass production and enabled 
stocking rates to be increased providing increased livestock 
uains per unit area (Dwyer and Schickedanz 197 I). No major 
differences in botanical composition of the diet selected by the 
“razing animals on fertilized and unfertilized blue grama 2 
rangeland were realized. The use of nitrogen on these range- 
lands would be dependent upon the amount of increased beef 
production realized and its relation to the costs of nitrogen 
fertilizer and its application. 
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Relative Annual Broomweed Abundance As 
Related to Selected Climatic Factors 

R.K. HEITSCHMIDT 

Abstract 

Regression models were developed to predict relative abun- 
dance of annual broomweeds on a Texas rangeland as a function of 
selected climatic factors. Based on 16 years’ data, above-average 
precipitation in May and below-average daily maximum tempera- 
tures in April were the principal climatic factors most closely 
associated with heavy infestations of annual broomweeds for any 
given year (R’ = 0.902). Similar models developed from bimonthly 
and trimonthly averages were less precise than monthly averages 
for predicting relative abundance of annual broomweed. 

Common broomweed [Xanthocephalum drancunculoides 
(DC.) Shinners], roundleaf broomweed (X. sphaerocephalum 
(Gray) Shinners vars. sphaerocephalum*, and Texas broom- 
weed (X. taxanum (DC.) T. and G.] comprise an annual 
broomweed complex indigenous to most rangelands of Texas i 
(Gould 1975). Heavy infestations of mature annual broom- 
weeds can seriously reduce forage production and utilization by 
livestock (Rittenhouse et al. 1978). 

Scifres et al. (197 I) studied the annual phenological develop- 
ment of common broomweed from College Station to Spur, 
Texas, from 1968 through 1970. During these 3 years. pheno- 
logical progression was quite similar regardless of study 

Author i\ assistant professor of ranye science. Texnb A&M University Rehearch and 
Eurnsion Center. V&non. 

Thia report is published with approval of the Director. Texas Agricultural Experiment 
Station. as TA I-63. 

Manuscript received September L I, 1978. 
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location. Although some seeds germinated in the fall and 
survived over winter, most germinated in early spring. Rapid 
elongation of the primary stem occurred from early April to July 
with rigid floral branches formed in June and floral buds formed 
in July. Peak flowering occurred in September and October. At 
the time of flowering, plants ranged from 3 to 5 dm tall. 

Although herbicidal control of annual broomweeds has been 
investigated (Scifres et al. 1971; Jones et al. 1977; Beck and 
Sosebee 1975). only limited data are available to facilitate 
prediction of those years when dense annual broomweed stands 
will occur. It has generally been hypothesized that moist, mild 
falls and winters followed by wet, cool summers are conducive 
to heavy annual broomweed infestations (Rittenhouse et al. 
1978). The objective of this study was to evaluate the relation- 
ships between selected climatic factors and annual broomweed 
infestations in Texas rangelands. 

Methods 

Relative values ranging from +2 to -2 were assigned for each year 
from I96 I through 1976 to describe annual broomweed abundance at 
the Texas Experimental Ranch (TER) near Throckmorton (Table 1). 
Relative values were utilized because quantitative data for all 16 years 
were lacking, although data were available for several years. Thus, 

local ranchers and researchers, who had observed annual broomweed 
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Table 1. Relative abundance of annual broomweeds at the Texas Experi- 
mental Ranch from 1961 through 1976. 

Year Relative abundance’ 

1961 -2 
19h2 -2 
19h.3 -2 
19h4 -2 
19h.5 +I 
19M -2 
I9h7 -2 
1968 +2 
1969 -I 
1970 0 
1971 -2 
1972 0 
1973 -1 
1974 -2 
1975 +2 
1976 -1 

’ Kclative abundance values are sparse (-1). light (- I). moderate (0). heavy (+ I) and 
ewuwzl~ heavy (+J). 

infestations during this period, were consulted before relative values 
were assigned for each year. 

Long-term weather data from TER (Tex. Agr. Exp. Sta. 1977) were 
used as independent variables. First, averages and standard deviations 
were calculated for each of the I2 calendar months over the 16 years. 
Monthly parameters were: precipitation (mm), average daily tempera- 
ture (‘C), average daily maximum temperature, and average daily 
minimum temperature. Monthly values for any given year exceeding 
one standard deviation of the average for the 16 years were then 
assigned a relative value of either +2 or -2. For example, average 
precipitation plus or minus one standard deviation for March, over the 
16 years, was 39.6k28.5 mm. In 1961, March precipitation was 71.4 
mm (+2) and in 1963 no precipitation was received in March (-2). 

Next, new averages and standard deviations were calculated for 
those years not assigned a value of either +2 or -2. Values exceeding 
one standard deviation of this average were assigned a value of either 
+ I or - I. All other years were then assigned a relative value of zero. 
Thus. average precipitation for March for those years within the range 
of39.6228.5mm was33.8mm withastandarddeviationof 13.2mm. 
Precipitation in March of 1962, 1965, and 1967 was 30.0, 17.3 and 
61.2 mm, respectively, and relative values were thus assigned of 0, 
- I and + I, respectively. 

In addition to monthly averages, relative values were determined for 
bimonthly and trimonthly averages to ascertain if certain average 
conditions for a period exceeding I month might be useful in 

predicting annual broomweed success. Average Julian date of last 
spring and first fall freeze and length of frost-free growing season were 
also calculated and relative values assigned for each year. 

Correlation coefficients were then calculated, and a series of 
stepwise linear regression were run using maximum increase in R* 
values and backwards elimination procedures. Independent variables 
used to predict annual broomweed success for any given growing 
season were: monthly, bimonthly, and trimonthly parameters from the 
previous September through August of the current year; length of 
previous year’s growing season; date of previous year’s first fall 
freeze; and date of current year’s last spring freeze. 

Results 
Correlation coefficients for each independent variable and 

relative annual broomweed abundance suggested cooler than 
normal temperatures were important for annual broomweed 
success (Table 2). Average daily maximum temperature was the 
only parameter significantly correlated with annual broomweed 
abundance (r= -0.56, P=O.O28), although average daily 
temperature and average daily minimum temperature were also 
negatively correlated with annual broomweed abundance. 
These latter two negative correlations would be expected since 
all three temperature variables were significantly and positively 
correlated with each other (P<O.O5). 

From the stepwise regression analyses, more precise relation- 
ships were identified. Since the results were similar for both the 
maximum increase in R’ and the backwards elimination pro- 
cedures, only the results from the former are presented. Using a 
significance value of P=O.O5 for inclusion of an independent 
variable in the maximum R’ improvement model, the model 
based on monthly means included two variables, bimonthly 
means three variables, and trimonthly means one variable. Final 
R2 values were 0.902, 0.713, and 0.303, respectively. Co- 
efficients, their estimated standard errors, and stepwise R* 
values were as follows: 

t = -0.748 + 0.787 X, R2 = 0.549 

(+-0.198) 

k = -0.688 + 0.994x,- 0.691X, R2 = 0.902 
(+-0.101) (+-0.105) 

where ? is predicted relative annual broomweed abundance, X1 
= relative precipitation for May, and X, = relative average 
daily maximum temperature for April. Similarly, values for the 
model based on average conditions over a 2-month period were: 

P = -1.093 + 0.731x, R2 = 0.380 
(k0.259) 

Table 2. Correlation coefficients for relative annual broomweed abundance various climatic factors based on monthly averages for precipitation (mm) and 
temperature (“C), and annual averages for date of first fall frost, last spring frost, and length of growing season. 

Broomweed abundance 
Precipitation 

Broomweed 
abundance 

I .ooo 

Average daily Average daily Length of 
Average daily minimum maximum Date of last Date of first previous year’s 

Precipitation temperature temperature temperature spring frost fall frost growing season 

0.272 -0.409 -0.356 -0.564” 0.268 -0.212 -0.016 
1 .ooo -0.389 -0.100 -0.556’ -0.060 -0. I82 0.000 

Average Daily 
temperature 

Average daily 
minimum temperature 

Average daily 
maximum temperature 

I .ooo 0.787** 0.884** 0.056 0.388 0.158 

1 .ooo O.h03* 0.458 0.354 0.05 I 

I .ooo -0.047 0.492 0.256 
Date of last 

spring frost 
Date of first fall frost 

I .ooo 0.035 -0.225 
1.000 0.463 

Length of previous 
year’s growing season 1.000 

“P<O.o5 
I’<O.O I 
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i/= -1.189+ 0.876X, - 0.577x, R’ = 0.660 
k(O.205) (20.184) 

t= -1.117+ 0.939x, - 0.608 X, 0.298X:, R” = 0.714 
(20.201) (-to. 177) (t0.208) 

where X, = relative precipitation from May I to June 30, X., = 
relative average maximum daytime temperature from March I 
to April 30, and X, = relative precipitation from July I to 
August 3 1. For the model based on average conditions over a 

3-month period. relative precipitation from July 1 to September 
30 wasA the only variable (X,) identified for inclusion in the 
model Y = -0.720 -0.598 (20.252) X, with an /? = 0.303. 

Average precipitation for May for the 16 years was 86.8 mm 
and average daily maximum temperature in April was 25.7”C. 
In those years with heavy annual broomweed infestations (+2), 
precipitation in May averaged 164.9 mm (+2) and average 
daily maximum temperatures in April averaged 23.4”C (- I ). 
Entering these values into the model predicted relative annual 
broomweed abundance was I .99. Similarly, in those years 
when annual broomweeds were sparse (-2), precipitation in 
May averaged 53.9 mm (- I ) and average daily maximum 
temperature in April averaged 26.9”C (+2). In this case, the 
model predicted relative annual broomweed abundance of 
-3.06. For the bimonthly model, years with very heavy annual 
broomweed infestations (+2) had an average precipitation from 
May 1 to June 30 of 22 1.5 mm (+2), an average daily maximum 
temperature from March 1 to April 30 of 2 I .“C (-2) and an 
average precipitation from July I to August 30 of 165.00 mm 
(0). Entering these relative values, the model predicted a 
relative annual broomweed abundance of 1.98. In those years 
when annual broomweeds were sparse (-2), relative values for 
the three variables were 0, +2, and + 1 respectively, and a 
relative annual broomweed abundance of -2.03 was predicted. 
Because of low R2 value for the trimonthly model, relative 
annual broomweed abundance was not predictable when 
average relative values for those years with either sparse or 
heavy infestations were entered. 

Discussion 

Based on the monthly model, above-average precipitation in 
May and below-average daily maximum temperatures in April 
are the two most important parameters influencing annual 
broomweed success. Furthermore, from this model, a seem- 
ingly biologically sound scenario for annual broomweed 
success can be developed. One would expect annual broom- 
weeds to require only a short period of warm spring temperature 
to germinate. Following initial germination, a period of cooler 
than normal temperatures (March) would conceivably increase 
the probability of seedling survival. However, regardless of the 
number of seedlings established, abundant precipitation would 
be required shortly after germination and seedling establishment 
to facilitate growth during the period of rapid stem elongation 
(May). 

It is doubtful that precipitation received during May is of any 
particular significance, other than this was the minimum time 
span over which the data were averaged. In actuality, it is highly 
probable that a model based on weekly averages would have 
more precisely identified those conditions whereby annual 
broomweed success might be assured. It follows that average 
precipitation from April 15 to May 15 may have provided a 
greater R2 value than that based on average precipitation for the 
entire month of May. A similar argument can be made for the 
below average daily maximum temperature in April. 

Since 1977 and 1978 were not included in these analyses, 
relative annual broomweed success in those years can be 
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examined as a partial “validation” of the above models. A 
relative value of + 1 was assigned to 1977 since annual 
broomweed abundance at TER was moderately heavy. Climatic 
data from the ranch indicated precipitation in May of 1977 was 
1 19.9 mm (+ 1) and average daily maximum temperature in 
April was 23.2”C (- I ). In 1978, annual broomweeds were 
nonexistent and a relative value of -2 was assigned. Precipita- 
tion in May was 49.8 mm (-2) and average daily maximum 
temperature in April was 25. I” (0). The monthly model pre- 
dicted relative values of 1 .OO and -2.68 for 1977 and 1978, 
respectively. Thus, annual broomweed success in both years 
was predictable from the model based on precipitation received 
in May and average daily maximum temperature in April. 

The generally accepted hypothesis that moist, mild falls and 
winters are conducive to abundant broomweed populations the 
following year is questionable. The model based on monthly 
averages identified precipitation in September as the eighth best 
independent variable, increasing R” by only 0.002. No other fall 
precipitation values were selected prior to the model achieving a 
R” value of I .OO. Average daily maximum temperature in 
October was selected as the third variable in the model. but the 
0.025 increase in R2 was not significant. Furthermore, the 
regression coefficient was positive, thereby suggesting that 
higher than normal temperatures in October facilitate annual 
broomweed success the following year. Similar results occurred 
from the model based on bimonthly means. 

Additional field data collected in the fall in 1977 and spring of 
1978 also suggested mild, moist fall conditions are not im- 
portant to annual broomweed success the following year. 
Because of very dry fall conditions in 1977, 1 was unable to 
locate any appreciable number of germinating annual broom- 
weed seedlings. Although dry conditions persisted throughout 
the winter and spring, I found areas by late March in 1978. in 
both native and recently rootplowed range, with annual broom- 
weed seedling densities exceeding 400 plants/m”. However. by 
mid-May, plant populations were eliminated because of inade- 
quate precipitation. Precipitation in March was above normal 
(f 1) while precipitation in April was well below normal (-2). 
From the above regression models, it can be hypothesized that 
normal precipitation in April and above average precipitation in 
May would have created a propitious situation whereby seedling 
survival and growth would have been maximized. Thus, even 
with the extremely dry fall and winter condition in 1977, the 
potential for heavy annual broomweed infestation in 1978 was 
not eliminated until the dry conditions in April were encounter- 
ed. 

It should be noted in light of these analyses, the linear 
regressions do not necessarily imply cause and effect relation- 
ships. Furthermore, although basically sound biological 
relationships are suggested from the analyses. quantitative 
ecological studies of annual broomweed germination, establish- 
ment. and survival on these rangelands are needed. 
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TECHNICAL NOTES 

A Feces-Urine Separator for Making Total Fecal Collections 
from the Female Bovine 

R.J. KARTCHNER AND L.R. RITTENHOUSE 

Abstract 

A simple, effective urine deflector is described for use in making total 
fecal collections in female cattle. A standard fecal bag is used with only 
slight modifications. 

Total fecal collection bags have been used in many grazing and 
confinement trials to determine feed digestibility and intake in cattle 
(Harris et al. 1967). Male cattle have generally been used in studies of 
intake and digestibility because separation of urine and feces is not the 
problem that it is in female cattle. However, some intake and 
digestibility information, particularly that relating nutrition to female 
physiological processes, must be obtained from the female. 

A bag designed by Garrigus and Rusk ( 1939) has been widely used 
to collect feces and has worked well, having the advantage of distrib- 
uting the weight over the back of the study animal. Without modifica- 
tion, however, this bag is not suitable for use on female cattle because 
the flap between the legs would deflect urine directly into the bag. 

Gorski et al. (1957) described a bag that provided for separate 
collection of urine and feces. Harness adjustment is critical with this 
bag because any shift in separator alignment will result in mixing or 
loss of urine or feces, or both. 

This paper describes a simple feces-urine separator for use with a 
modified Garrigus-Rusk bag in collecting the total fecal output from 
female cattle. 

Materials and Methods 

The urine deflector was constructed of a piece of burlap sewed 
between two 1 Z-inch x 1 &inch layers of waterproof material (12-0~ 
plastic laminated nylon fabric). The burlap was cut in a circular strip to 
fit over the tail head (Fig. 1). The deflector was attached to the animal 
with a hypoallergenic biological adhesive such as that used in tagging 
livestock in saleyards (Fig. 2). 

Proper adjustment of the deflector was imp&ant. The top edge of 
the deflector should be set as low as possible and still deflect the urine. 
Cement was applied across the vulva to insure proper positioning of 
the detlector. The deflector does not, however, remain glued in the 
region of the vulva. This will not affect the effectiveness of the 
detlector if properly positioned. 

The bag described by Garrigus and Rusk (1939) was modified by 

When the initial work was done, authors were graduate assistant, Animal Science 
Department. and associate professor, Rangeland Resources Program, Oregon Agricultural 
Experiment Station, Burns, Oregon 97720. (Oregon Agricultural Experiment Station 
Technical Paper NO. 465). Currently, Kartchner is research animal scientist-nutrition, 
Livestock and Range Research Station, Route I, Box 3, Miles City, Montana 59301. 
Rittenhouse is assistant professor, Department of Range Science, Colorado State 
University, Fort Collins 80522. 
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bringing the flap, which is normally positioned between the hind legs, 
into an upright position and holding it there by a small triangular 
“snap-out” piece on each side (Fig. 3). These served the dual role of 
keeping the flap in place and preventing loss of feces on each side, 
particularly when the animal lies down. When the fecal bag was placed 
on the animal, the upright flap was positioned between the two 
deflector layers. In this way, the fecal material was directed into the 
bag and urine was deflected to the ground. 

Discussion 

The urine-feces separator described by Gorski et al. (1957) has the 
disadvantage of having bag and separator connected. Consequently, 

Fig. 1. Dual-jlap urine dejlector showing attachment to burlap strip. 
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Fig. 4. Pmmon 0, orrorhed hag n,irh midvenrra DW~ orrotii,ne,lr 

any shift in bag position as a result of accumulating fecal malter will 
a1w cause a shift in separator positi”“. In contrasl, the deflectur 
described herein is attached directly t” the animal and is suspended 
indrpendently “f the bag. Therefore, a shift in hag position has n” 
effect “n the position of the detleclor, and fecal collecti”” and urme 
detlection can he effective even with a substantial downward shift in 
hag position. The detlecmr, as described here, is “at suitable for urine 
collection. 

The detlector and hag described have been used successfully with 
heifers and dry and lactating cows for intake triads at Burns. Oregun: 
Vernon, Texas; and Miles City. Montana. In the upright position. the 
flap did not interfere with suckling by the calf. Fecal collrclions were 
satisftctory Although xfunl fecal 10s~ was not measured. observed 
losses from test animals in field trials were negligible when Ihe 
deflector was prqerly posilioned. Urine c”ntaminati”n of feces was 
alw minimal. 

It i\ possible, in the event the animal hccomes frightenedand begins 
huckinp. that the has can be thrown over the tail head. This problem 
can he minimized by rclocattng the buokles attached to the side of rhr 
hnmcu to a position on the girth strap near the rnidvcntral line of the 
mmnl (Fig. -I). 
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Safety Modifications for Operations and Transportation of the 
Rangeland Drill 

JOHN S. SPENCER, VICTOR M. RASHELOF, AND JAMES A. YOUNG 

Abstract 

The drill-arm assemblies of rangeland drills modified to make furrows 
are diffkult and dangerous for one person to raise and secure. A simple 
mOdifiCatiOn for Safe lifting of these drill arms is described. For 
transporting rangeland drills on equipment trailers, loading ramps, wheel 
chocks, and tie-downs were developed and tested. All of these modifications 
make the use of rangeland drills safer and easier. 

The operation of a rangeland drill is an important part of the success 
or failure of any seeding job. The rangeland drill is a well-engineered, 
time-tested piece of equipment (Anon. 1970). The addition of 
modified arms to the rangeland drill increases the versatility of this 
implement (Asher and Eckert 1973). In the operation of any piece of 
heavy equipment, safety is of prime importance. Our purpose in this 
technical note is to report on simple modifications for the rangeland 
drill that enable it to be operated and transported more safely. 

Lifting Drill-arm Assembly 

The standard drill-arm assembly can be lifted by one person, if care 
is taken. The modified drill-arm assembly weighs about 160 lb (73 kg) 
with weights removed. This assembly is very difficult for one person 
to lift because the chain that secures the drill arm must be drawn 
through the slotted keeper as the arm is being lifted. There is danger of 
(a) back strain; (b) hand injury, if the arm slips while the chain is being 
taken up; and (c) loss of a foot, if the arm assembly drops. Lowering 
the arm is equally dangerous. 

To alleviate this safety problem, we tried raising and lowering the 
arms with a heavy-duty axle jack. This technique proved unsatis- 
factory because of difficulty in maintaining jack contact on the back of 
the arm as it rose in an arc as the arm swung up and out. Besides being 
dangerous because of the slipping, this procedure was slow, and 
operator acceptance was poor. 

We devised a simple method by which one person can safely lift the 
drill-arm assembly with a cable ratchet hoist. A 9-inch (23-cm) 

Rodb inch(l2mml 

shaped over top of SLipport pott With 

suffic/bnt clearatze insid for hook of 
rot&et hoist, apprtaxhnate~y 

/2linchO&?nn) 

, wt frcxn piece of stock I2 inches 

I t3’cm) lrng 

i;wk. welded?o structuralmembW of 
disc arm just ahead of disc bwrkrg, 
but far enough olvrry to protect tiihg fnnn ltwt 

angle-iron post and a loop of OS-inch-diameter (12-mm) rod were 
welded above each arm assembly (Fig. I); the post was welded to the 
drill frame. A corresponding loop was welded to the drill arm. The 
post was made so that its length equalled the minimum length of the 
cable ratchet hoist when the arm was completely raised. The minimum 
length of the hoist we used was 20 inches (51 cm). For hoists with a 
longer minimum length, the height of the post would have to be raised 
accordingly. 

One person can easily operate the hoist lever-arm to lift the 
drill-arm assembly while standing clear of the arc of travel of the disc. 
Even in the unlikely event of ratchet-hoist or welding failure, the 
operator would not be exposed to the falling arm. The capacity of 
commercially available hoists ranges from 1 to 2.5 tons, far more than 
the weight of the arms. The commercially available ratcheted cable 
hoist we used can be reversed for lowering. 

The cost of materials for the modification is about $16.00 per 
drill-arm assembly. The welding should be attempted only by an 
expert, whose skill is required to insure that the welds can withstand 
the load and to avoid damage to the assembly during the welding. 

While the rangeland drill is being used for seeding, the bolt securing 
the disc vertical adjustment can loosen and shear, allowing the disc to 
twist over flat to the ground. The operator, usually along, must get the 
disc up off the ground before resuming work or even returning to a 
farm shop. The ratchet hoist is small enough to be carried handily on 
the rangeland drill during seeding. With the hoist it is easy for the 
operator to lift and secure the disc. It is also much easier to reestablish 
the vertical adjustment if the disc-arm assembly is suspended where it 
can be rotated. 

Ramps for Loading Drill on Equipment Trailer 

For transporting the rangeland drill relatively short distances on 
highways, an equipment trailer is often used. In the field it is necessary 
to construct ramps of planks and blocks so that the drill can be rolled 
up the side of the trailer. To avoid the time-consuming construction of 
ramps and transportation of the materials for them, we designed 
portable steel ramps with nonskid surfaces (Fig. 2). 

8 feet /2.44mld 

& fF (1 3.1 ’ 

_J L L’ J 
/Tapered 

bincb 09mm) back 8 inches 
Grating shown on& 0s 

62 
stra&ht line in front anti 

square stock /ZOCmj protile views and omitted 
from top view 

Hx76x6mm) Serrated safety grating, _ i ix lx&h angle 
I25x25x6mmJ 

Trailer side 

galvanized, f2gauge. a L J 

type of expanded meta/ 
shaped in this cross section 

Detail of ramp supported 
against trailer 

Fig. 1. Pictoriul skrtch ojcertuin elements oj rungeland drill, showing position Fig. 2. Rumps jor loading rungeland drill. 

oj OIW set oj mod~jicution purrs jor lljting drill-urn1 assembly. 
The ramps were constructed of serrated safety grating. For an 

Author\ are research technician. Agricultural Research/Science and Education 
equipment trailer with a deck 25 inches (64 cm) high, the ramps were 8 

Administration U.S. Department of Agriculture; general manager, Steelmaster 
kbrications Inc.;and range scientist. A.pr. Res./Sci. and Educ. Admin., U.S. Dep. Agr.. 

feet (2.44 m) long. For an extra margin of safety, the grating was 

Rcncv+ublc Resource Center. University of Nevada, 920 Valley Road, Reno 895 12. 
reinforced with two pieces of 2-x 3-x 0.25-inch (5 l-x 76-x6-mm) 

Thi\ study is a contribution from Apr. Re\./Sci. and Educ. Admin., U.S. Dep. Agr., angle iron. The ramps are attached to the trailer by resting them on lips 
~IKI the Agr.. Sta.. Univ. of Nevada. Reno 89512. 

Rlanuw-ipt received August 18. 1978. 
of 1 -x I- x 0.25-inch (25- x-25- 6-mm) angle iron, welded to the trailer 
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Rod6zinch (ZZmml diameter 
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Fig. 3. Wheel chocks for securing rrrngelund drill. 

frame. One of the attachment lips on the trailer is fixed and the other is 
adjustable, so both the half- and full-sized rangeland drills can be 
loaded with the same ramps. 

These l9-inch-wide (4%cm) ramps with nonskid surfaces make it 
easy to back the drill onto the trailer. They weight 133 lb (60 kg) each 
and must be handled by two persons, but this is not a problem because 
the drill should never be loaded without two people being present. 
Cost of the two ramps is about $232.00 for materials and $96.00 for 
fabrication. These ramps are suitable for low trailers only. For high 
trailers or trucks, a fixed dock or suitable lift truck or crane should be 
used for loading and unloading the rangeland drill. 

Wheel Chocks 

We have had difficulty in keeping the rangeland drill from shifting 
on the trailer bed during transportation on rough roads. Wooden 
chocks were used to block the wheels, but they had to be spiked to the 
trailer bed and often were lost in the field. 

A simple set of wheel chocks was constructed from pipe 4 inches 
( 10 cm) in diameter and angle iron 3 x 3 x 0.25-inches (76 x 76 x 6 
mm) (Fig. 3). A loop on the outside of the chocks provides a means for 
chaining them down so they will not shift. This permits attachment 
without splitting the planking by repeated nailing. Although designed 

-Cushion 

cl. Loops fash/oned for 
inside ckwrance 

for use in 
blocking 

transporting the drill, the chocks are a good safety device for 
the wheels when the drill is parked or being serviced. 

Tie Downs 

For convenience in securing the rangeland drill in transport, we 
habe added to it four tie-down points (Fig. 4). These ties are 
constructed of 0.75-inch (19~mm) rod and welded to the frame. When 
they have been used with the previously described wheel chocks. 
transportation of the rangeland drill on an equipment trailer over 
rough roads has proven simple and safe. 
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BOOK REVIEWS 

Rangeland Management and Ecology in East Africa. Edited 
by D.J. Pratt and M.D. Gwynne. Hodder and Stroughton: 
London, Sydney, Auckland, and Toronto, 1977. 3 10 p., Illus. 
Available in United States through Robert E. Krieger Publish- 
ing Co., Inc., 645 New York Ave., Huntington, N.Y., 11743, 
$23.50. Paperbacks available in developing countries, $5 SO. 

This state-of-the-art text about range management in east Africa 
(Kenya, Tanzania, and Uganda) is most welcome. It represents a 
technological milestone in providing the basis for enlightened man- 
agement of the neglected range resource in these areas. Its appearance 
is timely because of the growing concern for the status and manage- 
ment of rangelands throughout Africa. From the Foreward by E. W. 
Mitchell to the final chapter, “Utilization of Wildlife,” by D.R.M. 
Stewart, the text provides a comprehensive treatment of ecology and 

management based on the research, experience, and observations of 
25 eminent specialists in range and related management on the east 
African scene. The book succeeds well in combining the myriad of 
fragmented information dealing with east African rangelands under 
one cover. 

The publication began with the formulation of the East Africa 
Rangeland Classification Committee over a decade ago. Though the 
committee’s life spanned only 5 years, it succeeded in bringing 
together those people throughout east Africa who, over the late 
colonial period and through early independence, had accumulated a 
wealth of knowledge on ungulate use of the region’s natural grass- 
lands. First drafts of the chapters were completed before the committee 
dissolved in the late sixties. Today, only six of the contributors to this 
legacy of knowledge remain in east Africa. 

The book, treating 30 distinct topics, is well organized under 7 
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broad sections. The sections treat principal fields of inquiry from 
rangeland classification to classes of livestock and their management. 
Particularly well covered are the general areas, stocking rates, grazing 
capacities, and management systems. The consequences of improper 
management are properly and repeatedly emphasized. Highlighted are 
discussions of plant succession, the need for condition and trend 
monitoring, and rangeland restoration through bush control and 
reseeding of depleted ranges. 

The editors enhanced the book by frequent reference directing the 
reader to closely related material elsewhere in the text. A thorough 
glossary is provided along with two appendices dealing with important 
east African range plants and survey and research methods. Neither 
detracts from the book’s usefulness. 

The book’s value as a field manual is increased by innovative 
organization. For example, the chapter on diseases, which traditional- 
ly constrain development, discusses each malady in a sequence 
including causes, symptoms, treatment, and prevention in a way that 
permits on-the-spot diagnosis. The only serious omission is the 
application of management as affected by social and political forces. 
These influences play a dominant role in dictating resource use in this 
part of the world. Surely the editors are correct when they say this 
could be the subject for another book-effective range management 
tailored to fit the different tribal customs and grazing traditions. 

Rungeland Munugement and Ecology in East Ajrica will have wide 
appeal, reaching from ranchers to researchers. It should become a 
standard reference for universities teaching courses in range manage- 
ment or ecology. I believe it will long be valued as a handbook for 
practicing range managers throughout eastern and central Africa. I 
consider it mandatory reading for those who anticipate range or 
wildlife work in the tropics. Jon Skovlin, La Grande, Oregon. 

interesting in light of the well-known tenacity of range weeds in the 
Great Basin. Historic losses in aquatic, amphibian, and reptilian 
populations are partly laid to overgrazing by incidental mention but 
this is done with too little documentation. 

The volume is well-prefaced and has abundant references on the 
natural history of this region. It also has numerous maps, tables and 
species lists and it is well indexed by subject, locality, and taxon. A 
future treatise could be improved by a fuller treatment on the effects of 
human influences.--Nicholas Van Pelt, Nicasio, California. , 

Proceedings of the Fifth Midwest Prairie Conference. Edited by 
David C. Glenn-Lewin and Rodger Q. Landers, Jr. Iowa State 
University, Ames, Iowa 50011, 1976. 230 p. $3.50. This compen- 
dium, published in 1978, brings together almost 50 papers which will 
be useful to those concerned with the ecology of rangelands and 
woodlands on the eastern fringe of the grasslands. Arranged under 
three main sections, 21 papers are on ecological studies, 17 on 
restoration and management, and 11 on history, politics and educa- 
tion. The diversity of papers should provide a good reference for future 
work in this area. 

Strategies for Protection and Management of Floodplain Wet- 
lands and Other Riparian Ecosystems. Technical coordination by 
R. Roy Johnson and J. Frank McCormick. USDA Forest Service 
GTR-WO-12. 1978. Washington D.C. 410 p. This symposium 
consists of 55 invited, contributed, and poster-session papers in three 
basic sessions on characteristics, values, and management of tlood- 
plains wetlands and other riparian ecosystems. It includes a position 
papers by agencies, a number of technical papers on specific long- 
established problems, and several aspects of riparian ecology which 
have only recently become known. 

Symposia and Reports 

Intermountain Biogeography. Edited by Kimball T. Harper 
and James L. Reveal. Great Basin Naturalist Memoirs. No. 
2. Brigham Young University Press. Provo, Utah, 1978.268 p. 
$15.00 

EXTENSION FOREST MANAGEMENT 
SPECIALIST 

COOPERATIVE EXTENSION 
UNIVERSITY OF CALIFORNIA 

This book contains the proceedings of a symposium held at 
Missoula, Mont., in June, 1976. The symposium pertains to advanced 
long-term research on the ecology and geography of Intermountain 
life-forms centering in the Utah-Nevada region and extending into 
adjacent states. Rangeland species and communities figure prominent- 
ly in 8 of 15 chapters. Other chapters will be of interest to resource 
specialists in wildlife, fisheries, forestry, and botany. 

Nearly all papers reflect years of study by individual biologists or 
intensive cooperative efforts over a number of years by agencies or 
universities. The papers complement and often refer to each other, and 
what could have been a regional symposium of unrelated contributions 
holds together nicely. 

“Isolation” is perhaps the keynote-most of the authors evaluate 
the application of the “theory of island biogeography,” which has 
greatly influenced current thinking, to the status of Great Basin 
organisms-their origins, mobility, and vulnerability to extinction. 
The results are intriguing and may provide guidance for policy 
making. For example, the paper by Brown on small mammals of the 
high Basin ranges shows that such species cannot rebuild their 
numbers from outside sources. They may be especially extinction 
prone unless carefully provided for within the system. The papers by 
Plummer and Durant on Artemisiu, and West et al. on pinyon/juniper 
highlight the need for, and basis of, discrimination within range 
genera and cover types usually “lumped” into a common broad 
category. In a similar vein, the work of several of the authors shows 
the uniqueness of several locales on the public lands. 

Speculations by Harper et al. about the “niche expansion” of plants 
growing in the Basin ranges without their usual competitors are 

Responsibilities: Provide leadership and coordination for a 
statewide forest resources education program with empha- 
sis on management of forest resources and problems of 
private forest landowners. Plan, develop, and administer 
workshops, short courses, and other extension education 
activities. Provide training and support for county-based 
staff. Serve as liaison between university, individuals, and 
the public and private organizations in management of 
forest resources. 

Qualifications: Advanced degree in forest management or 
closely related field, or equivalent experience, with 
professional understanding and interest in a broad range of 
resource fields related to forest land management. 

Application: Closing date: October 31, 1979. Refer to 
Position #7821 Rev. Applications and information may be 
obtained from Personnel Administrator, Cooperative Ex- 
tension, 331 University Hall, University of California, 
Berkeley, CA 94720. 

An Affirmative 
Employer. 

Action/Equal Employment Opportunity 
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