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Rangeland 
Environment 

MICHEL BAUMER 

Abstract 

Management and the 

Management of the rangelands of the world for multiple use is a 
complicated process. Rangeland productivity can be increased by 
several means. However, some of these means have undesirable 
ecological consequences. There is a need for integration of range 
ecosystems management on a world-wide scale under an ecological 
framework. 

Rangeland uses are multiple, but first among them comes graz- 
ing. Recreation is becoming increasingly important also but nearly 
exclusively in developed countries. Forestry, game production, 
nature parks, military fields, etc., are other uses. 

The utilization of rangeland for any of these purposes can be 
made with or without control. If the control is a rational plan based 
on: 

1) an inventory of the resources, 
2) the calculation of the productive capacity under various 
systems of exploitation, 
3) the regular and sustained harvest of a series of products 
without overexploitation of the capital assets which is made 
by the natural resources and the environment, 

then it can be called a true “management.” 
Such true management-which should rather be called amin- 

ugement, to keep the word created by the French foresters of the 
XVIIth century, and its meaning (Baumer et Rey 1974)-is envi- 
ronmentally sound. Unfortunately, its application to the immense 
rangelands of the world is far from being achieved everywhere. 

Rangelands are situated for a large part in the developing coun- 
tries, and some of the less developed countries in the world are 
entirely made of rangelands or deserts or both. 

From what can be seen in the rangelands of developed countries, 
such as the U.S.A. or Australia, it is obvious that range manage- 
ment specialists know the technical means to make the rangelands 
productive and to keep them in good condition, whatever their use 
is. However, not all the rangelands of even these countries are in a 
good condition, able to give sustained and regular products. In the 
Third World, most of the rangelands are not managed at all and are 
freely open to overexploitation. For some countries, for which 
range resources are the largest source-if not the only one-of 
internal and external income, this lack of management is a suicide 
as it leads to greater impoverishment of the already poor 
populations. 

Rangeland Uses 

The effects of the Lack of management of the rangelands are 
known. These include soil erosion, salinization, sand dune forma- 
tion, air pollution by smoke of forest fires, lack of water, pollution 
of water, quantitative reduction and qualitative degradation of the 
vegetational cover, including deforestation and degrassing, unbal- 
ance between animal species, etc. (Baumer 1978). Let us consider 
how the environment is variedly affected by the various strategies 
of rangeland use. Most of these strategies consist either in increas- 
ing the yield of the ranges or in improving their productivity. 
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The simplest way to increase the production of the rangelands is 
to extend the managed acreage. Range productivity can be 
increased without modifying the range by enlarging the possibili- 
ties of its development by removing the limiting factors which 
rendered certain areas unusable as rangeland, e.g., by removing 
stones. On the one hand the absence of the favoured species before 
the area was open did not allow its specific consumers and decom- 
posers to be present; thus the harmful species will colonize more or 
less rapidly the new, desired species. As far as the other phytopha- 
gous and pathogenic organisms in neighbouring ecosystems are 
concerned, the change in ecological conditions may result in distur- 
bances that can hardly be foreseen; thus, about 1000 species of 
Arthropods are estimated to have settled on lucern after its intro- 
duction with irrigation in the Central Valley of California (Van den 
Bosch et Stern 1969). On the other hand, insofar as the full spread- 
ing of habitats in the range is accompanied by an intervention into 
the ecosystem, some detrimental ecological factors may not have 
completely disappeared. This condition occurs when severe intra- 
specific competition weakens the newly introduced or favoured 
species, e.g., when a high density of vegetation does not allow a 
sufficient water supply to plant individuals. 

The increase in production of the rangelands can be obtained by 
spreading of species in the whole of its potential area. While it 
colonizes new ecosystems, the introduced element can carry consu- 
mers on to its new habitats; at a later stage, the consumers may 
become so powerful that they attack in force their original range. 

A third strategy to extend the managed acreage of rangeland is 
the introduction of a species by man in new ecosystems where the 
periodic conditions were not compatible with the evolutionary 
characteristics of the new species concerned. Usually, the genie 
pool of the introduced population is so limited that it does not 
resist attacks by aboriginal consumers and decomposers. 

Ecological Management 

In addition to increasing production of the rangelands, ecologi- 
cal management will also aim at increasing their capability for 
productivity. 

Let us briefly consider some of these practices and their environ- 
mental effects. 

First, the lengthening of the time during which a rangeland is 
used or the shortening of the time necessary to each generation, 
either of fodder plants or, on the contrary, of grazing animals, 
affects the environment. For example, fast-growing plants have 
less elaborate structures, especially protective ones, such as cuticle, 
or have more rudimentary substances reducing digestibility, which 
facilitate their consumption by stock or game, and their destruc- 
tion by enemies: its results in an increased fragility of the system. 

Second, increasing the production of useful biomass per acre is 
commonly obtained by multiplying the strata of useful vegetation 
in the rangeland: trees over shrubs over grasses as in the “deheisa” 
system of Portugal and Spain. On the contrary, the reduction of 
the canopy to a single layer, or further the discontinuity in that 
single layer, are self developing factors which induce an increasing 
reduction of the productivity and a consequent impoverishment of 
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the environment. Forexample Lozinskij (1962) noted that colonies 
of certain destructive caterpillars “appear in areas overgrazed by 
cattle, an overgrazing which results in the destruction of the under- 
growth and herbaceous vegetation, the cracking of soil and the 
clearing of forest. . . At the same time, insectivorous birds and 
entomophagous insects are destroyed”. 

Third, production of optimum density of population is an other 
practtce to increase productivity of the rangeland. It also induces 
important environmental effects, of which the most important 
probably is the homogenization of agrosystem, by elimination or 
reduction of the interspecific competition: this requires a careful 
study of the effects upon all the elements of the system and on the 
downward links in the food chain; for example the protection of 
pastures against insects is an application of attempts to modify 
interspecific competition aiming at favouring consumption bycat- 
tle; but the use of low specificity chemicals can be harmful to cattle, 
and via the latter, to man. Consumption or decomposition of 
biomass is important to man. It has even been considered (Eckardt, 
1974) that meadow plants have developed towards a strategy which 
increases the green biomass produced when they are grazed to 
allow the maintenance of a sufficient photosynthesis. 

Fourth, it is also possible to increase the productivity by improv- 
ing the species. Species can be improved by increasing the perfor- 
mances of cultivated plants and bred cattle; for example, by 
selecting high yielding forage plants or by increasing the number of 
muscular fibres per kilogramme of veal or the protein content of 
Legumes sprouts. The aim is to increase the biomass of useful 
products in comparison with the total biomass of the individual. 
Among the consequences are broader requirements of nutrients 
and, therefore, an impoverishment of the environment if more 
inputs, such as fertilizers or irrigation, are not brought into the 
system; on the contrary, if these inputs are brought into the system, 
there occurs a risk of pollution of the environment. 

Fifth, another way to improve the species is to ameliorate their 
quality, such as palatability of a forage plant or flavour of meat. 
Numerous processes aiming at that kind of improvement tend to 
channel the use of energy and metabolites, for example cutting 
grass at the stage it is the most nutritious. These processes are 
producing so-called wastes which, in fact, may become inputs into 
other systems; for example, the cut horns of a cow becoming crude 
material for craftmanship. . . or for manure. 

Environmental Impacts 
All these interventions are not without effect on the environment 

and especially on the sensitiveness of crops and livestock to ene- 
mies. They may often result in a greater fragility and thus a lower 
resistance to parasites, predators, and nuisances. The use of 
machinery in the ranges causes changes in the relations which 
should not be overlooked, as Lincoln pointed out (1969). A strik- 
ing example of sensitization of the environment to nuisances and 
especially to diseases comes from the homogenization of the biota; 
each narrowing of a genie pool constitutes a danger. Examples are 
numerous; thus, since 1955 the number of bovine breeds which are 
raised in France declined from 30 to a few, and 90% of artificial 
inseminations are made with the sperm of only five bull breeds. 

For An Other Development in a New International Order 
These few data underline the extreme complexity of the environ- 

mental effects of rangeland uses. They show there exists neither 
permanent solution nor hierarchy in the values of strategies, nor 
ideal recipe, nor all-purpose solution. That, a century after Darwin 
and Haeckel, some people aim at searching for an ideal technique 
show that mechanism and fixism still left deep impressions, as 
Labeyrie (1977) reminded recently. 

Another conclusion can be drawn, which concerns mainly the 
developing countries, and therefore should concern all of us: envi- 
ronmentally sound solutions to the problems of the rangeland uses 
are known, but they are not applicable except in the context of 
An Other Development, aimed at creating a New International 
Order. 

As Professor Goran Sterky, of the Swedish Agency for Research 
Cooperation with Developing Countries pointed out in a recent 
issue of “Development Dialogue” (1978): An Other Development 
is totally man-centered. As it was defined and elaborated in the 
1975 Dag Hammarskjiild Report (“What Now”), An Other 
Development should be: 

need-oriented being geared to the satisfaction of man’s needs, 
both material and non-material, 

endogenous stemming from the heart of each society, which 
defines in sovereignty its values and the vision 
of its future, 

self-reliant relying on the strength and resources of the 
society which pursues it, rooted at the local 
level in the practice of each community, 

ecologically sound utilizing rationally available resources in a 
harmonious relation with the environment, 

bored on structural originating in the realization of the conditions 
transformation for self-management and participation in 

decision-making by all. 

We wish that, taking into consideration the recommendations of 
many strong voices in the U.N. system and elsewhere, including 
those of Albert TCvoCdjri: (1978) Mostafa K. Tolba, Paul-Mare 
Henry (1975), and others, there be immediately developed through 
existing structures such as F.A.O. and the Man and Biosphere 
project, an intensive effort at the world scale for an ecological 
management of our only one earth, specially of the rangelands of 
its poorest parts, the arid and semiarid zones. 

It is a matter ofjustice. It could become a matter of death or life, 
for all of us. 
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Table I. Mean leaf water potentiais and standard errors (-bars) of greenhouse grown blue grama and western wheatgm for the leaf-press and pressure 
chamber at three times of the day. 

Species 
0600 1200 1645 

Leaf-press’ Pressure chamber Leaf-press Pressure chamber Leaf-press Pressure chamber 

Blue grama 7.7V f 1.22 8.64” f 2.09 11.25b” f 1.22 i6.83b f 1.80 11.12bc f 1.09 15.5Zb f 2.34 

Western wheatgrass 7.43” f 1.19 13.4ob f 2.02 9.67” f 0.88 21.1V f I.98 9.0@ f 1.53 i5.50b f 2.30 

‘Means with different superscripts are significantly different at 5% level. 

Because of difference in chamber sizes, IO- to 20-cm leaf seg- 
ments were used in the pressure chamber and 5-cm leaf segments 
in the leaf press. Leaves were inserted into the pressure chamber 
with a 2.54 cm of the cut base remaining above the retaining lip. 
Pressure was applied at the rate of 0.7kg/cm*/sec, and when 
moisture was exuded from the cut edge the pressure was 
recorded. After the cut leaf was inserted into the leaf press and 
the cap locked, pressure was increased at the rate of 
O.Skg/cm*/sec and the pressure at each end point recorded. 
However, as water stress increased, the second and third end 
points were not always evident. The first end point, when water 
was initially exuded from the cut leaf edge, was always detecta- 
ble. Pressure chamber and leaf press measurements were sum- 
marized over 8 days, by species and sampling time, with multiple 
mean comparisons, standard errors, and regression coefficients. 

Results and Discussion 

Leaf press measurements for blue grama varied from -5.98 to 
-10. I I, -10.23 to -12.72, and -8.94 to -16.24 bars over the8daysat 
0600, 1200, and 1645, respectively. Pressure chamber 
measurements for the three times were -5.34 to -17.54, -11.81 to 
-24.82, and -10.23 to -26.05 bars, respectively. Measurements for 
western wheatgrass varied from -5.52 to -10.43, -7.93 to -I 1.38, 
and -6.55 to -I 1.55 bars for the leaf press; and -8.68 to -19.02, 
- 15.05 to -25.28, and -8.68 to -25.0 I bars for the pressure chamber 
at 0600, 1200, and 1645, respectively. 

Pressure chamber measurements of leaf water potential for 
both species follow an expected pattern: leaf water potential at 
0600 is highest following night-time equilibration of soil mois- 
ture in the root zone and stomata closure; low leaf water poten- 
tials at 1200 represent the peak transpiration period, with the 
1645 reading delineating a mid point between active transpira- 
tion and stomata closure (Hutcheson and Knight 1974). Mea- 
surements for the leaf press follow a similar trend, but small 
increases observed for the leaf press in periods of water stress are 
generally measured as large increases with the pressure chamber. 

Comparisons on blue grama for the two water stress measur- 
ing apparatuses were similar before and after peak transpiration 
(Table 1). The data suggest a direct comparison of the methods 
would be useful at 0600 or 1645 on blue grama. The same trend 
is not apparent for western wheatgrass. The lack of change at 
0600 and 1645, for blue grama, represents a physiological adap- 
tation for fixing C& and conserving water (Dye et al. 1972, 
Trlica and Singh 1974) and the Lack of sensitivity of the leaf 
press for measuring high leaf water deficits, rather than a time 
when the two methods can be directly compared. 

Leaf water potentials for the two methods are poorly corre- 
lated for both species, with the exception of the predawn mea- 
surements for blue grama (Table 2). Hutcheson and Knight 
(1974) measured the diurnal and seasonal trends of water poten- 
tial for blue grama with a thermocouple psychrometer. Under 
ideal growing conditions predawn measurements are comparable 
with our observations with both the leaf press and the pressure 
chamber, while the 1200 and 1645 observations are comparable 
only with the pressure chamber. 

Differences in leaf water potential estimates for the two 
methods are dependent on the atmosphere surrounding the leaf 
as pressure increases. The complete leaf is enclosed in the leaf 
press and pressure is equal on all vegetative material. The atmos- 
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Table 2. Regression coelficients (r) comparing kaf water potentkis, 
obtained by two methods, for blue grama and western wheatgrass. 

Snecies 0600 

Time 

1200 1645 

Blue grama 

Western 
wheatgrass 

0.62 0.34 0. I4 

0.25 0.07 0.33 

phere within the pressure chamber is equal on the leaf within the 
chamber, but a rubber retaining cork, which holds the leaf in 
place, allows water to be forced out the cut edge of the leaf into 
a different atmosphere. At higher pressure readings the retaining 
cork may restrict water flow by acting as a pincher on the leaf. 
Therefore, the pressure chamber may over-estimate internal leaf 
water deficits. 

Conclusions 
The leaf press has logistical and safety advantages over the 

pressure chamber. Predawn measurements with the leaf press are 
generally equivalent to similar predawn collections with the pres- 
sure chamber if soil moisture and temperature are optimum. 
Comparisons are erratic during periods of water stress, and large 
increases in leaf water potential measured with the pressure 
chamber are measured as small changes with the leaf press. 

The leaf press may be used to estimate predawn water poten- 
tials of herbaceous species under ideal growing conditions when 
a general trend is adequate. The leaf press is not recommended 
for accurate water stress determinations on range grasses at peak 
transpiration nor for predawn estimates when soil moisture is 
limiting. 
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Seasonal Diurnal Variation in Composition 
of Cow Diets 
D.R. KIRBY AND J.W. STUTH 

Abstract 

Seasonal diets between fall 1977 and spring 1979 were collected 
in morning and evening from esophageally fistulated cows in the 
Post Oak Savannah of east-central Texas. Chemical content of 
diurnal diets were similar within a season except CP was higher in 
evening collections as compared to morning collections during fall. 
Cows appeared to select for energy (IVDOM) over CP. Botanical 
composition of morning and evening diets differed only during 
summer. Since the cows spent more time during hot summer 
afternoons in the shade of woody plants, less grass and more forbs, 
vines, and woody vegetation were selected. Research based on 
morning diet collections only might result in biased samples. 
Recognition of nutritional and environmental stresses with poten- 
tial to alter grazing behavior of animals is critical for accurate 
sampling of livestock diets. 

The most successful means of evaluating the forage consumed by 
grazing livestock is through the use of esophageally fistulated 
animals (Theurer et al. 1976). The minimum number of animal- 
sampling-days required to estimate dietary componentsaccurately 
may pose a problem from a lack of animals and/or a limited 
number of sampling-days. Some researchers have used twice-a-day 
sample collections. Van Dyne et al. (1964) and Bedell (1971) 
reported little difference in crude protein (CP) content between 
morning and evening diets. Van Dyne and Heady (1965a) indicated 
diets higher in CP were selected during the evening, and Kothmann 
(1966) reported significantly more CP and gross energy in evening 
diets. According to Obioha et al. (1970) morning diets of cows in 
spring and afternoon diets in fall were higher in nitrogen content. 
However, several workers have concluded that diurnal (within 
day) variation in dietary nutrient content is small in comparison to 
among-days variation (Weir and Tore11 1959; Lesperance et al. 
1960; Obioha et al. 1970). Limited information is available on the 
influence of diurnal (within day) sampling on the botanical selec- 
tion by grazing cattle. Van Dyne and Heady (1965b) indicated that 
animals grazed more selectively during the afternoons than morn- 
ings. Obioha et al. (1970) reported animals selected more grass 
than forbs in the morning, but reversed this selection in the 
afternoon. 

The purpose of this study was to determine the effect of time of 
forage collection as influenced by season on the chemical and 
botanical composition of cow diets. 

Methods 
Six, equally stocked paddocks, 1.5 to 2.5 ha, were selected in the 

Post Oak Savannah of east-central Texas. Details of experimental 
paddocks and climate were reported by Kirby (1980). Diets were 
sampled early morning and late evening for two days at the begin- 
ning and end of the seasonal grazing periods; spring (March to 
June), summer (June to September), and fall (September to 
December). Each seasonal grazing period was terminated at 50% 
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utilization of the key management species, little bluestem (schiz- 
achyrium scoparium) and brownseed paspalum (Paspalum 
plicatulum). 

Four esophageally fistulated cows were grazed on each paddock. 
Animals were penned in late afternoon after grazing had ceased. 
Following removal of cannula a I-hr morning collection was con- 
ducted at approximately 0800 hours. Animals were then allowed to 
graze holding paddocks. Animals were then again penned at mid- 
afternoon, and a I-hr collection conducted at approximately 1600 
hours. 

Dietary samples from each cow were thoroughly mixed and two 
subsamples removed. One subsample was frozen, lyophilized, 
ground to pass a l-mm screen in a Wiley mill and used in determi- 
nation of nutrient content. Crude protein was determined by the 
micro-Kjeldahl method (AOAC 1970), and in vitro digestible 
organic matter (IVDOM) on an ash-free basis utilizing the fermen- 
tation stage of Tilley and Terry (1963) followed by extraction in 
neutral fiber detergent (Van Soest and Wine 1967). The remaining 
subsample was composited over animals by paddock, time and 
date of collection, then frozen and lyophilized. Botanical analysis 
followed the microscopic technique described by Kothmann 
(1968). 

The percentages of CP, IVDOM, and forage classes in diets were 
subjected to analysis of variance. Significant differences among 
morning and evening collections by season, paddocks, dates, and 
cows were separated by Duncan’s new multiple range test (Steel 
and Torrie 1960). 

Results and Discussion 

Chemical content of early morning and late evening diets of the 
cattle were similar within seasons with one exception (Table 1). 
Evening diets had significantly lower CP content than morning 
diets during the fall grazing period. However, the relative magni- 
tude of this difference was small when compared to seasonal 
differences in nutrient content of cattle diets. Diet quality differen- 
ces in fall were similar to those reported by Van Dyne and Heady 
(1965a) in California and Obioha et al. (1970) in Nebraska for 

Table 1. Crude protein (s) and in vitro digestible organic matter selected 
seasonally by cows gnwing morning and evening in the Post Oak Savan- 
nah. 

Collection time 

AM 
PM 

AM 
PM 

Season 
Spring Summer Fall 

crude protein 
11.6 al 8.3 a 8.2 a 
11.1 a 8.0 a 7.4 b 

in vitro digestible organic matter 
62 a 57 a 49 a 
62 a 57 a 51 a 

1Means in the same nutrient component and column with a common suffix are not 
significantly different (KO.05). 
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Table 2. Forage class (%) and plant parts (%) selected seasonally by cows 
grazing morning and evening in the Post Oak Savannah. 

Forage Season 
class and Spring Summer Fall 
plant part AM PM AM PM AM PM 

Grass 64a’ 
Leaf 55 
Stem 
Live 6!: 
Dead 3 

Forb 24 a 
Leaf 20 
Stem 4 
Live 24 
Dead 0 

woody 12a 
Leaf I1 
Stem I 
Live 12 
Dead 0 

Total 
LeafStem 6: I 
Total 
Live: Dead 

32:1 

62 a 
55 
7 

59 
3 

28 a 
24 
4 

26 
2 

IO a 
9 
I 

IO 
0 

6:l 

13:l 

84 a 76 b 76 a 78 a 
81 74 63 67 

3 2 13 II 
83 76 75 77 

I 0 I I 

6a II b 3a 3a 
6 10 3 3 
0 I 0 0 
6 II 3 3 
0 0 0 0 

10 a 13 a 21 a I9 a 
9 I3 20 I8 
1 0 1 I 

IO I3 21 I9 
0 0 0 0 

241 32:l 6:l 7:I 

99:1 -2 99:1 99:l 

‘Means in the same season and row with a commcm suffix are not significantly dif- 
ferent (WO.05). 
*Dead material was not identified in cattle diets for this date and time. 

cattle, and Kothmann (1966) in Utah for sheep. These workers 
speculated that the diurnal differences in chemical content of diets 
resulted from changes in plant part(s) or species selected and/or 
fluctuations in chemical content of the plants. In this study, total 
digestible nutrient (i.e. IVDOM) content of fall diets nearly 
approximated 52%, the maintenance level required by a dry, preg- 
nant, mature cow, whereas CP was significantly above their main- 
tenance requirement (5.9%). Under these conditions, cows might 
be selecting forage which had higher IVDOM. No differences 
occurred between the IVDOM and CP contents of diets selected in 
morning and evening for spring and summer diets. 

Diurnal variation in selection among grasses and forbs occurred 
only during the summer grazing period (Table 2). Morning and 
evening diet collections in spring and fall contained similar percen- 
tages of grasses, forbs, and woody vegetation. In addition, the total 
leaf:stem and live:dead ratios within a season were similar. In 
summer, less grass and more forbs and woody vegetation were 

selected in afternoon compared to morning diets. Afternoon diets 
in the summer were selected in 5 to 100 C higher air temperatures 
than those in the spring or fall, and cows spent more time grazing in 
the shade of woody plants. Therefore, once-a-day, consecutive 
sampling at a specific time might result in biased samples. Recogni- 
tion of nutritional and environmental stresses which have potential 
to alter grazing behavior of animals is critical for accurate sam- 
pling of livestock diets. 
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Prescribed Burning during Winter for Main- 
tenance of Buffelgrass 
W.T. HAMILTON AND C.J. SCIFRES 

Abstract 

Neither a single burn during late winter nor a second burn 2 
years later reduced the density of mixed brush dominated by 
blackbrush acacia, honey mesquite, and twisted acacia which had 
invaded buffelgrass seedings on the South Texas Plains. Based on 
canopy cover and height, most woody species had recovered to 
preburn status after two growing seasons. Buffelgrass responded 
by a flush of spring growth during the year of burning and cumula- 
tive herbage production exceeded that of unburned areas for three 
growing seasons after the single burn. However, during dry grow- 
ing conditions, less buffelgrass herbage was produced on burned 
than on unburned areas. A second burn tended to increase huffel- 
grass herbage production compared to the single burn. However, 
when moisture became limiting, less herbage wasalso produced on 
the twice-burned areas. Disappearance of buffelgrass, attributed 
primarily to grazing, closely paralleled herbage production, with 
the greatest disappearance occurring the first growing season after 
the burn. 

Common buffelgrass (Cenchrus ciliaris L.) is a productive, 
introduced, warm-season perennial used extensively in the south 
Texas Plains for tame pasture and for seeding rangeland following 
root plowing. Crude protein content of buffelgrass forage exceeds 
that of many native species during the 260 to 280-day growing 
season (Varner and Blankenship 1978). Land-use conversion from 
native grasses to buffelgrass requires large investments, especially 
when seeding is preceded by intensive mechanical preparation such 
as root plowing, raking, and stacking. Such investments are often 
depreciated rapidly by reinfestation of seeded areas by mixed- 
brush species such as honey mesquite (Prosopis glandulosa var. 
glandulosa), blackbrush acacia (Acacia rigidula), and twisted aca- 
cia (Acacia tortuosa) (Box and White 1969). 

Buffelgrass pastures are not usually burned but are sometimes 
shredded to remove rough vegetation and to suppress brush 
regrowth. Buffelgrass yields usually diminish as brush invades the 
pastures and, without maintenance practices, often may be 
seriously reduced within IO years after planting. 

Periodic fires are effective in maintaining grasslands by suppres- 
sion of woody plants (Sauer 1950; Humphrey 1962; Box et al. 1967; 
Daubenmire 1968; Scifres 1980). Increasing costs of fuel, labor, 
and equipment associated with mechanical practices, and the rising 
costs of herbicides and their application have stimulated interest in 
fire as an alternative method for maintaining improved rangeland 
(Scifres 1978). Fine fuel loads produced by buffelgrass the first 
several years following establishment normally exceed minimum 
requirements for conducting effective prescribed burns (Scifres 
1980). 

The primary objective of this study was to evaluate late-winter 
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prescribed burning as a method for suppressing woody plant 
regrowth in buffelgrass pastures. 

Materials and Methods 

Study Site Description 
The study was conducted on the Cerrito Prieto Ranch, about 24 

km south of Encinal in the west-central portion of the South Texas 
Plains (Gould 1975). The 31-year average annual precipitation at 
the ranch is approximately 50 cm, with peaks occurring in May and 
September. The climate of the area is characterized by hot 
summers and short, mild winters. The experiments were estab- 
lished on a gray sandy loam range site. Soils are primarily of the 
Copita series, a fine-loamy, mixed, hyperthermic Aridisol of the 
Ustollic Calciorthid subgroup. The soil is moderately deep, moder- 
ately permeable and calcareous, and is underlain by sandstone 
(Stevens and Arriaga 1977). Topography is gently rolling with 
generally less than 3% slopes. 

The experimental area was broadcast seeded to common buffel- 
grass in 1967 following root plowing, raking, stacking, and burning 
of brush piles. Woody plant stands on the area were typical for 
similarly treated rangeland of the region based on the time lapse 
since treatment. Primary species on the experimental area were 
honey mesquite, blackbrush acacia, and twisted acacia with lesser 
amounts of desert yaupon (Schaefferia cunezfolia), leatherstem 
(Jatropha dioica), whitebrush (Aloysia lycioides). lotebush (Zizy- 
phus obtuszfolia), Berlandier wolfberry (Lycium berlandieri), 
spiny hackberry (Celtis pallida), guayacan (Porlieria angustzfolia), 
tasajillo (Opuntia leptocaulis), and guajillo (Acacia berlandieri). 

Burning Procedures and Vegetation Evaluation 
Late-winter burns were selected on the premise that invading 

woody species would be suppressed with minima1 risk ofdamage to 
forage species (Scifres 1980; Mayeux and Hamilton 1979). Two 
3-ha plots within a IO-ha enclosure were burned on February 7, 
1977. One-half of each plot which was burned in 1977 was burned 
on February 9, 1979. Four permanently marked belt transects, 3.7 
m by 61 m, were established in each plot before the initial and 
second burns and four transects were established on adjacent 
untreated areas. Experimental design was a randomized complete 
block with two replications. 

Woody plant height, canopy diameter, and number of live plants 
by species were recorded along each transect before burning and at 
approximately 4.6, 10, 17,23,25,27 and 33 months after burning. 
Immediately before installation of the fires, fine fuel load was 
harvested from 25, 0.25-mz sampling areas, equidistantly spaced 
across each plot. Fuel samples were oven dried at 60°C for 24 hr 
and water content calculated on a wet-weight basis. 

Weather data obtained immediately prior to initiation of burns 
included instantaneous wind speed at a height of 2 m, wind direc- 
tion, air temperature, relative humidity, and soil temperature at a 
depth of 5 cm. In addition, six soil samples were collected at 0 to I5 
and I5 to 30 cm depths from each plot for estimating soil water 
content gravimetrically. Before burning in 1979, soil-water sam- 
ples were also recovered from 30 to 45 cm deep. 

Burns were conducted as headfires following backfiring on the 
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lee side of the plots to an average distance of 15 m (Scifres 1980). Table 1. Fuel and weather conditions at the time of ignition of bums for 
Sets of heat-sensitive pellets mounted on asbestos plates were suppression of woody plants invading buffelgrass on the South Texas 
placed at four locations in each burn for estimating maximum Plains, En&al, Texas. 

temperatures. The tempil sets were placed at IOcm, 50cm, and I m 
above the soil surface during the burn in 1977, and at IOcmand50 
cm for the burn in 1979. 

Burn date (February) 

Ten exclosures, 3.8 m in circumference and constructed of 9-ga, Variable 1977 1979 

Fig. 1. Cumulative buffelgrass herbage production (kg/ha) at various 
dates after burning in February I977 on the South Texas Plains near 
Encinal. Asterisks indicate significantly more herbage producedfor the 
interval sinre last clipping (P5.0.5). 

I5-cm mesh wire, were equidistantly spaced diagonally across each 
plot. The study area was grazed with cows at approximately I 
AU/8 ha from 60 days after burning for about I7 months. The 
pasture was then deferred for IO months, and thengrazed continu- 
ously at the same stocking rate until termination of the study. 
Buffelgrass standing crop inside each exclosure and at I m from the 
exclosure in a randomly selected cardinal direction was harv- 
ested to ground line within a 0.25-m? quadrat at 4,6, IO, 17,23,25, 
27 and 33 months after the first burn. Exclosures were moved to 
new locations after each harvesting date. Herbage production was 
calculated as the average difference between herbaceous standing 
crop measured the preceding sampling period on the grazed area 
and that within the exclosure at the current sampling period (NAS- 
NRC 1962). Disappearance was estimated as the difference 
between the herbaceous standing crop on the grazed area and that 
within the exclosure at the current sampling period. Disappear- 
ance represented herbage utilization by livestock and losses such as 
trampling, consumption by rodents and insects, and weathering. 
Buffelgrass foliar cover was estimated at 24 and 33 months follow- 
ing the initial burn with 50, IO-point frame samples in each plot. 

Data were subjected to analysis of variance, and differences 
among means were determined with Duncan’s multiple range test 
at the 5% level. 

Results and Discussion 

Burn Conditions 
Woody plant density on the area burned February 7, 1977, was 

adequate to impair fine fuel production and continuity, especially 
in the immediate vicinity of the woody plants. In addition to low 
fine fuel load (1,140 kg/ha) and poor fuel continuity, the wind 
speed, I3 km/ hr at headfire ignition, diminished to 8 km/ hr 
shortly after ignition (Table I). Relative humidity was 89% at 
headfire ignition and increased to 100% during the burn. Fine fuel 
water content was 23% at ignition. The burn blackened an esti- 

Fine fuel load (kg/ ha) 
Standing crop 
Mulch 

Fine fuel water content (%) 
Soil-water content (%) 

o-15 cm 
15-30 cm 
30-45 cm 

Maximum burn temperature (C) 
at 15 cm 

Wind speed (km/ hr) 
Wind direction 
Air temperature (C) 
Soil temperature at 5 cm (C) 
Relative humidity (%) 

1120 2448 
20 882 
23 14 

16 
19 

225 223 
8-13 O-8 

SE E/NE 
16 14 
14 II 
89 40 

14 
14 
13 

mated 80% of the surface area. 
Conditions for the second burn (February 9, 1979) were more 

favorable than for the initial burn. Fine fuel load averaged 3,320 
kg/ ha, relative humidity was 40%, and fine fuel water content was 
I4%, all within the limits suggested for successful range burning in 
South Texas (Scifres 1980). However, wind velocity was only 8 
km/hr at ignition, and diminished to calm before burnout. Other 
variables, such as soil moisture, soil temperature, air temperature, 
and maximum fire temperatures were similar for the two burns. 

Buffeigrass Production 
The plots burned in I977 had produced significantly more buf- 

felgrass herbage (E.05) by late May, approximately 4 months 
after the burn, than was produced on unburned areas (Fig. 1). Soil 
water was adequate at the time of the burn (Table I) to promote 
early spring growth on the burned areas. In addition, 30.5 cm of 
precipitation occurred on the study area between the date of burn- 
ing and the herbage harvests in May. However, from May 24 to 
harvests in mid-July, only 4. I cm of precipitation were received. 
During that period, the unburned plots produced significantly 
more buffelgrass that was produced on the burned plots but cumul- 
ative herbage production was higher on the burned areas (Fig. I). 
Greater herbage production on the unburned plots (1,230 kg/ ha) 
than on burned plots (360 kg/ha) during the next I I months 
nullified the difference in cumulative herbage production between 
treatments. This response was attributed to dry growing condi- 
tions, since only 2 I .2 cm of precipitation were received during this 
period. However, buffelgrass herbage production on the burned 
plots was significantly greater for the December 1978 sampling, 
compared to that of unburned plots. During that period, June to 
December 1978, 51.5 cm of precipitation was received. Thus, 
cumulative buffelgrass herbage production was greater on plots 
burned once compared to that of unburned plots for 29 months 
following the burn, even though standing crop on burned areas was 
reduced more than that on unburned areasduringdry periods (Fig. 
1). 

As with the initial burn, soil water content at the time of the 
second burn in February 1979 (Table I) was apparently adequate 
for rapid growth initiation of the buffelgrass. Although I2 cm of 
precipitation occurred from the time of the second burn to sam- 
pling in May 1979, 70% of the rainfall fell within 3 weeks of the 
sampling. The plots burned twice had produced 838 kg/ ha of 
herbage by May 1979, while those burned once and the unburned 
plots had produced no additional herbage since the date of the 
second burn (data not shown). 

No significant precipitation occurred on the study area from 
June to the final sampling in mid-December 1979. Cumulative 
buffelgrass herbage production following the second burn (2,460 
kg/ ha) tended to exceed that on the unburned plots (1,440 kg/ ha) 
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by December, 1979. There was no additional herbage production 
during the same period on the plots burned once. The greatest 
amount of cumulative buffelgrass herbage production during the 
extremely dry period from May through December 1979 occurred 
on the unburned plots. 

Thus, burning promoted buffelgrass herbage production by mid 
spring following each fire, but less herbage was produced on 
burned than on the unburned plots as soil water was depleted 
during the summer. Apparently, the lush buffelgrass growth pro- 
moted by burning depleted available soil water more quickly than 
water was consumed on the unburned plots. Sharrow and Wright 
(1977) reported that increased soil temperature stimulated the 
growth of tobosagrass (Hilaria mutica) when moisture was not 
limiting, which caused subsequent reductions in soil water and 
nitrates. In our study, this consumptive depletion of soil water 
usually resulted in less buffelgrass herbage production on burned 
than on unburned plots during subsequent dry periods. However, 
significant rainfall following the dry periods resulted in more 
buffelgrass herbage being produced on burned than on unburned 
plots for the first two growing seasons following burning. 

Foliar cover of buffelgrass 24 and 33 months after the first burn 
did not differ significantly among the treatments(data not shown). 
However, there was a trend toward slightly greater buffelgrass 
foliar cover on the burned plots (62%), compared to unburned 
plots (56%) after 24 months. 

Buffelgraas Disappearance 
The plots burned in February, 1977, and theadjacent, unburned 

plots were stocked with cows in April I977 (approximately 60 days 
following the burn) at a stocking rate of 1 AU/8 ha. Cumulative 
buffelgrass disappearance (Fig. 2) closely paralleled the cumulative 

SAMILIND DATES 

Fig. 2. Cumulative buffelgrass herbage disappearance (kg/ha) at various 
dates after burning in February 1977 on the South Texas Plains near 
Encinai. Asterisk indicates that signiJicantly more herbage disappeared 
for that sampling period (PS.05). 

buffelgrass herbage production (Fig. I). Cumulative disappear- 
ance for the 15-month grazing period on the burned plots was 6,270 
kg/ ha compared to 5,230 kg/ ha on the unburned plots, represent- 
ing 88% and 69% of the cumulative herbage production, respec- 
tively. Although the difference in herbage disappearance between 
burned and unburned plots was significant only at the first harvest 
date (May 1977), there was a trend toward greater cumulative 
herbage disappearance from the burned than from the unburned 
plots for the next I3 months. These data confirm other reports that 
grazing animals prefer the fresh, new growth following burning 
over that on unburned areas (Scifres 1980; Oefinger and Scifres 
1977; Wright 1974, 1976, 1978). 

Woody Plant Responses 
Blackbrush acacia, twisted acacia, and honey mesquite 

accounted for more than 95% of the woody plant canopy on the 
study area. Preburn canopy cover of woody plants on the area 
averaged 8%. 

The density of live plants was not altered by burning, regardless 
of species or whether the areas were burned once or twice. 
Moreover, woody plant height replacement was similar to canopy 
replacement following both burns, and canopy replacement fol- 
lowing the second burn followed the same pattern as replacement 
after the first burn. Therefore, only the data on canopy replace- 
ment following the first burn are presented. 

Honey mesquite canopy cover, as reflected by canopy diameters, 
progressively increased on the unburned plots during the course of 
the study (Fig. 3). Reductions in December 1978, compared to 
canopy measurements the previous June, reflect expected seasonal 
variations. In contrast to unburned plots, honey mesquite canopy 
diameters on burned plots tended to be less than preburn estimates 
for 6 months following the initial burn. However, canopy cover of 
honey mesquite on the burned plots exceeded the preburn values 
after IO months. Regardless of time of post burn measurement, 
canopy cover of honey mesquite on burned areas was less than that 
on unburned areas. 

69 UNIUENED 
B WINED 

“ONE” ME5OUITE AL, OTNEI WOODY ?LANlS 

TWIIED ACACIA 

5177 7177 ii/n 5175 12171 

Fig. 3. Sum of woody species canopy diameters expressed as apercent of 
preburn canopy estimates at various dates after burning buffegrass in 
February 1977 on the South Texas Plains near En&al. Asterisks indi- 
cate significant differences in sums of canopy diameters compared to 
preburn estimates (pS.05). 
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Canopy cover of blackbrush acacia was significantly reduced 
(p1.05) compared to preburn estimates, at 4 months after the 
initial burn in February 1977 (Fig. 3). Moreover, canopy cover of 
blackbrush acacia tended to be less than preburn estimates until 
June 1978, the second growing season after the burn. In compari- 
son, canopy diameter of blackbrush acacia on unburned areas in 
June 1978 was significantly greater than preburn. 

There was a strong trend toward reduced canopy diameters of 
twisted acacia on burned areas, compared to preburn measure- 
ments, for 6 months following the first burn (Fig. 3). However, the 
twisted acacia canopies had recovered by November 1977 and were 
significantly greater than preburn canopy cover estimates by June, 
1978. 

The category “all other woody plants” included desert yaupon, 
leatherstem, whitebrush, lotebush, Berlandier wolfberry, spiny 
hackberry, guayacan, and guajillo, and accounted for less than 5% 
of the woody plant cover. Although canopy diameters of all other 
woody plants tended to be reduced, compared to preburn esti- 
mates, for 4 months following the initial burns, they equalled or 
exceeded preburn canopy diameters at all other evaluation dates 
(Fig. 3). 

Conclusions 

These data indicate that fire has the potential for maintaining 
productivity of buffelgrass pastures which are being invaded by 
mixed brush. Although cool-season burns did not kill the woody 
plants because of the ability of most species typical of South Texas 
mixed-brush communities to resprout following damage to top- 
growth, there was a reduction in brush canopy cover and heights 
following burning. This canopy and height reduction apparently 
contributed to increased herbage production during the spring 
following the fires when moisture was not limiting. Based on 
regrowth of woody plants in this study and under a rainfall regime 
considered normal for the study area (about 50 cm precipitation 
annually for the last 30 years), it appears that cool-season burns 
about every third growing season will suppress and maintain 
mixed brush at acceptable levels. However, care should be exer- 
cised in timing burns to coincide with years of normal or above- 
average preburn rainfall because of the increased water demand 
imposed by the luxuriant buffelgrass growth following burning. 

Also, it appears that maintenance burning program should be 
initiated before the woody plants reach the height and canopy 
cover of those in this study, perhaps 4-6 years after clearing and 
seeding. The blackbrush acacia, honey mesquite, and twisted aca- 

cia plants averaged I .2, I .O and I .6 m tall, respectively, at the time 
of the first burn. Burning sooner after establishment ofbuffelgrass 
would not only subject smaller woody plants to the fire but would 
also help ensure a heavier, more continuous load of fine fuel. 
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SRM Election Results 

The Elections Committee composed of Wally Gallaher (Chairman), Herbert Fisser, Lee Carr, Bob Newlin, and 
Floyd Kinsinger met in Denver, December 8, to count ballots for new officers. Elected officers are: 

First Vice President - Gerald W. Thomas 
Second Vice President - Joseph L. Schuster 
Directors 1982-1984 - Thomas E. Bedell 

- Don D. Dwyer 
Present Directors Jack R. Miller and S. Clark Martin will leave the Board in February, 1982. 
The following members of the Colorado Section served as ballot counters under the supervision of the Elections 

Committee: John N. Baker, Jim Stone, Bob Buttery, Allan Strobel, Eric B. Janes, Dave Kathman, Bob Wagner, 
Lee Carr, Len Hendzel, Bob Newlin, Wally Gallaher, Gordon Bentley, Jeff Burwell, Edward C. Dennis, E.T. 
Bartlett, William V. McGinnies, C.H. Wasser, Dick Antonio, Allen Schroeder, Larry R. Rittenhouse, Terry Foppe 
Wendell Hassel 

Ballots and tally sheets are retained in the Denver office for one year for review. A total of 1,639 ballots were cast, 
or approximately 31 percent of the voting membership. 
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Summer Grazing of Sagebrush-Grass Range 
by Sheep 

R.O. HARNISS AND H.A. WRIGHT 

Abstract 

Sagebrush-grass range normally grazed in the spring and fall can 
be grazed in the summer to provide a maintenance ration for ewes 
if their lambs are weaned early. Moderate grazing (57-99 sheep 
days/ha) in early or late summer did not change vegetative compo- 
sition or yields. Heavy grazing (185-198 sheep days/ha)in the early 
summer decreased yields of grasses and the cushion-forb Hoods 
phlox. Late summer grazing did not change the grass or forb yields. 
Sagebrush yields increased in the sagebrush subtype where balsam- 
root was abundant under early summer grazing. 

Each decade since the early 1900’s, sheep numbersgrazing tradi- 
tional high mountain summer ranges have been declining. The 
major reasons for decline have been to lessen watershed damage 
and to avoid losses caused by predators or poor herders. Because of 
these and sheepmen’s needs to maximize wool and lamb produc- 
tion, we decided to investigate the use of traditional spring-fall 
sagebrush-grass range in the summer to maintain ewes that had 
their lambs weaned early. In this paper we are reporting the effects 
of summer grazing on two sagebrush community subtypes and ewe 
weight responses during the summer season. Doyle et al. (in press) 
reported on breed weights, longevity, reproductivity, wool produc- 
tion, and lamb production between comparable groups of sheep 
sent to sagebrush-grass and high mountain summer ranges. 

Study Area and Methods 
The study was conducted on the U.S. Sheep Experiment Station 

at Dubois, Idaho, at an elevation of 1,646 m. Average annual 
precipitation is 28 cm with peaks in January due to snow and May 
and June due to rain. Topography is level to undulating with 
varying amounts of lava outcrops in all of the study pastures. The 
vegetation consists of threetip sagebrush (Artemisia tripartita) 
with an understory mixture of grasses and forbs. Two subtypes of 
the sagebrush-grass community are identifiable by the amount of 
arrowleaf balsamroot (Balsamorhiza sagittata) present. The sub- 
type with balsamroot (balsamroot subtype) is generally positioned 
in the swales. The subtype without balsamroot (pricklygilia sub- 
type) generally has more granite pricklygilia (Leptodactylonpun- 
gens) and is generally positioned on the lava outcrops. 

Three treatments (early summer grazing, late summer grazing, 
and no grazing) were applied in each of the two subtypes on 0.4-ha 
pastures. Four sheep grazed each subtype at a heavy rate (185 to 
198 sheep days/ ha) to permit rapid assessment of the retrogressive 
effects on the plant community. Early summer grazing occurred 
during a 20-day period starting about July 7; late summer grazing 
occurred during a 20-day period starting about August 16 each 
year. 

Estimates of total ground cover, yields, and frequencies by 
species were obtained from 10 randomly located 0.89-m? plots in 

The authors are range scientist, lntermountain Forest and Range Experiment 
Station, Forest Service, U.S. Department of Agriculture, Ogden, Utah, and Horn 
professor, Department of Range and Wildlife Management, Texas Tech University, 
Lubbock, Texas. 

The support and cooperation of the SEA-Agricultural Research personnel at the 
U.S. Sheep Experiment Station, Dub&, Idaho, is acknowledged and appreciated. 

Manuscript received March 10, 1980. 
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each of five O&l-ha permanent plots in each pasture in 1965,1967, 
1969, 197 1, 1972, and 1974. The weight-estimate method was used 
to estimate species yields (Pechanec and Pickford 1937). Utiliza- 
tion was estimated by plant species each year on 30,0.89-m plots 
in each 0.4-ha pasture. Photographs were taken in the pastures in 
the same years that production was measured. 

To ascertain the animal response, four 16.2-ha pastures in the 
pricklygilia subtype were grazed by 87 to 155 mature sheep in early 
and late summer at a moderate rate. A group of inbred Columbia, 
Rambouillet, and Targhee ewes, ranging from 2-10 years of age 
was split randomly and weighed on and off two pastures each 
period. Ewes were weighed after an overnight fasting period of 
about 15 hours. The early and late periods began each year at the 
same time as on the smaller 0.4-ha pastures. The length of the 
grazing periods was set to maintain a moderate grazing rate 
between 86 to 99 sheep days/ ha. Vegetation on a 0.8-ha portion of 
each 16.2-ha pasture, selected for comparable topography, vegeta- 
tion, and distance to water, was sampled similarly to the 0.4-ha 
pasture in 1965, 1972, and 1974. 

Differences in ground cover and herbage weight of species and 
species categories on the 0.04-ha permanent plots in each pasture 
between 1965 and subsequent years were used in an analysis of 
variance to distinguish vegetation changes between the three treat- 
merits in a subtype. The study is not replicated in the true statistical 
design sense, but because site differences between pastures of the 
same subtype are believed to be negligible, the analysis of variance 
design is assumed to be correct. 

Relative values were calculated to illustrate the vegetation trends 
because of the natural variation in herbage production between the 
grazed and ungrazed pastures and between years (Fig. 1). First the 
airdry production of a species (P) for each year(y) was expressed 
as a ratio (V) of the grazed (g) to the ungrazed (u) pastures; i.e., Vgy 
= Pgy/Puy. Using the ungrazed pasture as a base accounts for 
yearly differences in production caused by normal fluctuation in 
temperature and precipitation. The resulting ratios for a grazed 
pasture for the years 1967, 1969, 1971, 1972, and 1974 were then 
expressed as a percentage (RV) using 1965 ratios on the grazed 
pastures as the base; i.e., RVgy = (Vgy/Vg1=)*100. This latter 
step accounts for pasture differences by scaling the data to a 
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Fig. 1. Relative cover on two sagebrush subtypes, 1965 IO 1974. 
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Table 1. Yield (kg/ha) and standard deviation of the major species and 
species categories for the ungrazed pastures on two sagebrush subtypes 
averaged over a IO-year period. 

Species 
Pricklygilja 

subtype 
Balsamroot 

subtype 

Shrubs 
Threetip sagebrush 
Douglas rabbitbrush 
Granite pricklygilia 
Gray horsebrush 

258 f 57 
5lf 26 
41 f I5 
52 f I2 

Total shrubs 419 f 54 

Grasses 
Bluebunch wheatgrass 
Indian ricegrass 
Nevada bluegrass 
Sandberg bluegrass 
Needleandthread 

150 f 34 
21 f 19 
l7f II 
l6f 8 
32f I7 

Total grasses 247 f 69 

Forbs 
Arrowleaf balsamroot 
Tapertip hawksbeard 
Hoods phlox 

T 
13f II 
37f 24 

Total forbs 99f 41 

298 f 39 
30f 18 
4f 2 

33 f IO 

371 f 37 

122f 40 
IOf II 
22f I4 
27 f 23 

3f 3 

202 f 85 

346 f 74 
76 f 45 
22 f 20 

556 f I50 

Total vegetation 768 f 122 II35 f 233 

common base of 100. This technique is similar to that used by 
Harniss and Murray (1973) in analyzing long-term burning trends 
on sagebrush-grass range. 

Results 

Subtype Differences 
The pricklygilia subtype pastures produced greater yields of 

shrubs and lower yields of forbs than the balsamroot subtype 
(Table I). Threetip sagebrush, Douglas rabbitbrush (Chrysorham- 
nus viscidiflorus), granite pricklygilia, and gray horsebrush (Tetra- 
dymia canescens) contributed to the greater yield of shrubs in the 
pricklygilia subtype. Balsamroot and tapertip hawksbeard (Crepis 
acuminata) contributed most to the greater yield of forbs in the 
balsamroot subtype. 

The frequency data parallel the yield data with higher rabbit- 
brush, pricklygilia, and horsebrush and lower balsamroot frequen- 
cies in the pricklygilia subtype. Grasses, other than bluebunch 

Table 2. Average percentage use of major plant species by sheep in early 
and late summer on sites with and without balsamroot. 

Species 

Pricklygilia subtype Balsamroot subtype 
Early Late Early Late 
summer summer summer summer 

Shrubs 
Threetip sagebrush 
Douglas rabbitbrush 
Granite pricklygilia 
Gray horsebrush 

Grasses 
Bluebunch wheatgrass 
Indian ricegrass 
Nevada bluegrass 
Sandberg bluegrass 
Needleandthread 

Forbs 
Arrowleaf balsamroot 
Tapertip hawksbeard 
Hoods phlox 

I f I’ If 2 2+ 2 3fl6 
60 f 24 49 f I8 35 f 28 49 f 24 
38 f 37 39 f 32 27 f 31 43 f 39 
18 f I9 I3 f I3 I2 f I6 I5 f 21 

65 f 23 67 f I8 57 f 20 58 f 23 
62 f 27 57 f 20 49 f 32 57 f 29 
58 f 32 71 f 22 60 f 22 71 f 21 
47 f 21 45 f 22 37 f I6 45 f 28 
70 f 16 71 f 22 46 f 34 68 f 23 

- 47 f I3 39 f 18 
56 f I6 54 f 22 42 f I6 33 f I7 
33 f 27 34 f 24 I7 f I6 34 f 30 

‘Average utilization under heavy grazing; f standard deviation from 1965-1974. 
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wheatgrass (Agropyron spicatum), appear to have varied more in 
frequency from year to year than did the shrubs or forbs. 

Grazing use was generally heavier in the early summer on the 
pricklygilia subtype than on the balsamroot subtype (Table 2). In 
late summer, grazing appears to be more similar on both subtypes. 
Sheep grazed very little sagebrush in either subtype. The shrubs, 
rabbitbrush and pricklygilia, and most of the forbs were grazed 
moderately. Grazing was heavy on all the grasses. Bluebunch 
wheatgrass, Indian ricegrass (Oryropsis hymenoides), needleand- 
thread (Stipa comata), and Nevada bluegrass (Poa nevadensis) 
were preferred species and grazed about equally. Sandberg blue- 
grass (Poa secundu) was generally grazed less than the other 
grasses, possibly because of its tendency to mature and dry before 
the summer grazing started. 

Ground cover decreased significantly on the pricklygilia subtype 
and changed little on the balsamroot subtype pastures (Fig. I). 

;hy;;sGr=lW 

In the pricklygilia subtype no differences in shrub production 
resulting from early or late grazing could be detected after 10 years 
(Fig. 2). In the balsamroot subtype, total shrub production 
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Fig. 2. Relative shrub production on IWO sagebrush subtypes, I965 to 
1974. 
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Fig. 3. Relative gross production on two sagebrush subtypes, 1965 to 1974. 

increased under the early summer grazing treatment but showed no 
change in late summer after 10 years. Most of the increase was due 
to the change in threetip sagebrush. Rabbitbrush and horsebrush 
production was highly erratic on both subtypes; however, until 
1971 early summer grazing appeared to depress rabbitbrush pro- 
duction while the trend of horsebrush may have been slightly 
upward under both early and late summer grazing. A reason for the 
rabbitbrush return to the 1965 level in 1974 may be that following 
grazing the first year, new growth in later years occurred within the 
old grazed crown making it difficult for sheep to utilize. 

Grasses 

icantly so. Under late summer grazing, none of the grasses changed 
significantly, although the trends appear to be generally down- 
ward. Sandberg bluegrass appeared to increase under both seasons 
of summer grazing in the pricklygilia subtype. In the pricklygilia 
subtype, bluebunch wheatgrass production decreased under early 
summer grazing but did not decrease under late summer grazing. 

FORE 

PRICKLYGILIA BALSAMROOT 

120 TOTALFORBS (11 

Total grass production in 1974 was significantly lower than at 
the beginning of the study for both subtypes on the early summer 
grazed pastures (Fig. 3). On the balsamroot subtype, production 
trends of bluebunch wheatgrass, Indian ricegrass, and needleand- 
thread under early summer grazing were lower although not signif- 

L 

Table 3. Average weight change (kg/ha) of sheep grazing at a moderate 
rate on sagebrush-grass range in the summer. 

Sheep 
Year numbers 

1968 113 
1969 143 
1970 142 
1971 155 
1972 149 
1973 151 
1974 87 

Average 

‘SD/ ha = sheep days/ hectare. 

Weight change per head 

SD/ha’ Early summer Late summer 

91 +2.3 -l-3.4 
94 +3.2 -1.8 
91 -0.2 -0.3 
99 -0.1 -1.4 
96 +0.9 +2.0 
96 +1.3 +0.6 
57 +1.3 -3.8 

+1.3 -0.2 

a- 
'65 '61 '69 '71 '72 '14 
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Fig. 4. Relo:iveforbproducrion on two sagebrush subtypes. 1965 to 1974. 
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grasses. Heavy grazing in our study possibly reduced the delete- 
rious effects on sagebrush and confounded the beneficial effects on 
the grass and forb classes more than under more moderate grazing, 
especially in late summer. 

The decrease in grass production caused by early summer graz- 
ing and the little change caused by late summer grazing agrees with 
the findings of Pearson (1964) and Wright (1967) that grazing is not 
very harmful to grasses when they are dormant. For grasses that 
are not dormant-those that are green and photosynthesizing- 
grazing continues to be harmful through the hot summer period. 
During the early summer grazing period, bluebunch wheatgrass 
and Sandberg bluegrass are generally dormant, while needleand- 
thread, Nevada bluegrass, and Indian ricegrass are not yet dor- 
mant. All grasses are dormant during the late summer period. 

The use of an ungrazed pasture as a control upon which to base 
the effects of a grazing treatment needs to be examined. In this 
study, the protection of the ungrazed pasture was beneficial to 
plant growth and production until about 1969. After that, some of 
the species, such as rabbitbrush, bluebunch wheatgrass, and 
Hoods phlox appeared to decline in yields. Two factors might have 
contributed to the decline. One, the old dead plant material may 
have built up until it affected yields by limiting light or reducing 
soil warming; two, the growth habits of the plants may have 
changed enough to inhibit yields. This natural decline in the con- 
trol would tend to mask the deleterious effects of heavy grazing. 
Perhaps more significant trends would have occurred if the control 
pasture had been lightly grazed to maintain yields. 

The lack of significant change in the forbs, especially balsam- 
root, may be due to the time of grazing. Balsamroot had flowered 
and often set seed by the time early grazing began in July. By 
August, when late grazing began, it had dried and began to shatter. 
Sheep-grazing after seed set is probably not too harmful and may 
have assisted in knocking off and planting the seed, contributing to 
a modest increase in plant numbers to compensate for any reduced 
production by older plants. 

Sagebrush-grass range that is moderately grazed in the summer 
can maintain ewes whose lambs have been weaned early and yet 
not be detrimental to the vegetation. In a study comparing the& 
ewes with a comparable set of ewes grazed traditionally on high 
mountain summer range. Doyle et al. (In press) found little differ- 
ences in reproduction, longevity. wool production, or lambs mar- 
keted. 

On the sagebrush-grass range at Dubois, Idaho, a moderate 
grazing rate in the spring is 30 to 49 sheep days/ ha. Sheep can graze 
about 90 sheep days/ ha in the summer without apparent damage 
to the vegetation. In the fall, up to 148 sheep days/ ha can be grazed 
with a beneficial effect on the vegetation. An optimal mix of 
grazing during the spring, summer, and fall should benefit, or at 
least maintain, productivity of sagebrush-grass. 

Use of traditional sagebrush-grass spring-fall range in the 
summer would be an alternative to using high mountain summer 
range for sheep grazing if irrigated pastures or supplemental feed 
were available and lambs could be weaned early. Today, energy 
cost of feeding lambs in dry lot should be considered versus the 
relatively inexpensive forage on the summer range. The high sheep 
losses due to predators and poor herders on summer ranges may, 
however, balance the feed cost in some areas. 

Moderate summer grazing of sagebrush-grass range may pro- 
vide ranchers and land management agencies with opportunities to 
maintain sheep numbers, maintain or improve range conditions, 
and reduce grazing pressure on high mountain summer ranges as 
well. 
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Comparison of Four Methods to Estimate the 
Dissolved Nitrogen Fraction in Range 
Plants 
D.J. SIMONSON, R.M. HANSEN, AND M.J. TRLICA 

Abstract 

Aboveground biomass of four range species was collected at 
several phenological stagesand total nitrogen wasdetermined. The 
dissolvable nitrogen fraction within these samples was estimated 
utilizing four techniques: (1) in vivo nylon bag digestion in a 
rumen-flstulated Bison bison; (2) in vitro Tllley and Terry plus 
pepsin; (3) neutral detergent fiber; and (4) laboratory detergent 
fiber. Total nitrogen concentration in all plant species studied was 
highest during early growth and decreased with advancing matur- 
ity. A similar amount of nitrogen was removed from dead or 
dormant plant materials using any technique, but significantly 
more nitrogen was removed from green succulent material utilizing 
the nylon bag technique than was removed with the three labora- 
tory assays. The amount of nitrogen removed from plant foliage 
was highly correlated among techniques. Equations were deve- 
loped to predict nitrogen losses with the nylon bag technique using 
dissolved nitrogen values obtained from any of the other three 
techniques. 

Growth and health of livestock have beenassociated withdigest- 
ible protein in range forage (Cook et al. 1977). Conventional 
feeding trials, conducted with animals maintained in chambers 
where rates of ingestion and egestion are accurately measured, 
have been universally accepted as the most accurate method for 
determining the digestibility of forages. However, feeding trials are 
laborious, expensive, and limited to the study of the digestibility of 
only a single plant species or mixture at a time. 

Both wild and domestic herbivores usually select plants or parts 
of plants that contain more digestible protein than the average 
available (Swift 1948; Cable and Shumway 1966; Dietz 1970; 
Bedell 1971; Wallace, et al. 1972). Plant protein content normally 
decreases with phenological maturation, while the fiber fraction 
(complex carbohydrates) increases. This change usually is accom- 
panied by a decrease in daily food intake of herbivores (Van Soest 
and Moore 1965; Nagy et al. 1969). 

The digestion indices of feeds are correlated for cattle using the 
conventional digestion trials and the in vivo nylon bag technique 
(Gallinger and Kercher 1964; Chenost et al. 1971; Quinton 1972; 
lshizaki et al. 1976). Quinton (1972) found nitrogen loss from 
nylon bags in a rumen was similar to that lost with conventional 
feeding tests. 

The digestion coefficients determined by use of the in vitro Tilley 
and Terry technique usually correlate with those from conven- 
tional digestion trials (Tilley and Terry 1963; Pearson 1970; Rug- 
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1’Dissolved nitrogen fraction” is designated as nitrogen losses from any of the four 
techniques. 

giero and Whelan 1976; Urness et al. 1977; Milchunas et al. 1978). 
However, Taylor et al. (1960) Urness et al. (1977) reported that the 
Tilley and Terry technique yielded dry matter digestion indices that 
were significantly lower than those of conventional trials. Van 
Dyne (1962) found good agreement between the Tilley and Terry 
and nylon bag procedures. 

The neutral detergent fiber (NDF) procedure for determining 
cell wall constituents is commonly used for estimating total fiber 
fraction in forages (Goering and Van Soest 1970). Presumably this 
assay separates dry matter of plant materials into the dissolvable 
cell contents, which are 98% digestible, and the cell wall constitu- 
ents, which are primarily structural carbohydrates that are incom- 
pletely available and vary in digestibility. Since the majority of the 
digestible nutrients received by a ruminant are derived from the 
cellular protoplasm, the NDF fraction appears to be a good indica- 
tor of forage quality in many instances. 

The purpose of this study was to compare nitrogen losses from 
forage samples of four shortgrass prairie species utilizing in vivo 
(nylon bag), in vitro (Tilley and Terry), and detergent separation 
techniques. 

Methods 

Plant materials utilized in this study were obtained from the U.S. 
Dep. Agr. Central Plains Experimental Range approximately 57 
km north of Greeley in northeastern Colorado. The vegetation of 
the study area is typical shortgrass prairie with an approximate 
elevation of 1650 m. Average annual precipitation varies from 25 
to 38 cm, with 80% occurring from May through September 
(Jameson 1969). 

Aboveground plant materials were collected in the middle of the 
months of March, May, June, July, and August, 1977. Forage was 
clipped to simulate grazing by a large herbivore, like a bison (Bison 
bison). Plant species chosen were western wheatgrass (Agropyron 
smithii), common Russianthistle (Sulsolu kali), scarlet globemal- 
low (Sphaeralcea coccinea), and fringed sagewort (Artemisiafrig- 
ida). These plants have been reported as important range forage 
plants (Peden et al. 1974; Vavra et al. 1978; Flinders and Hansen 
1972; Schwartz and Nagy 1976; Hansen and Gold 1977) on the 
study area. 

The clipped plant materials were saved and dried in paper sacks 
at SSO C in a forced air drying oven until no additional moisture 
loses were recorded. The oven-dried samples were ground in a 
Wiley mill over a l-mm screen. 

The procedures used to estimate the dissolved nitrogen (N) 
fraction from the plant materials were: the in vivo microdigestion 
nylon bag (Quinton 1972), in vitro microdigestion Tilley and Terry 
with pepsin (Tilley and Terry 1963; Pearson 1970), NDF (Goering 
and Van Soest 1970), and laboratory detergent fiber (LDF) tech- 
niques. Nitrogen fractions were determined using one standard 
microkjeldahl method (AOAC 1970). 
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Four duplicate samples of each plant materials for each date of 
collection were analyzed for total N before treatment. Four dupli- 
cates of each sample were then subjected to each of the four 
separation techniques and each fibrous residue wasanalyzed for N. 
The difference between initial N content and N content of the 
residue represented nitrogen lost as a result of separation 
technique. 

In the nylon bag procedure 2-g samples of each plant material 
were placed inside bags made of fine mesh (47 threads/cm) nylon 
and suspended for 48 hours in the rumen of a fistulated bison. The 
bison was a resident of a native range pasture adjacent to the study 
area. Standard procedures (Van Dyne 1968; Quinton 1972) were 
followed and, after removal from the bison’s rumen, the samples 
were washed alternately in cold and hot tap water until no color in 
the wash water was evident. The in vitro procedure was conducted 
using rumen fluid obtained from the fistulated bison. Laboratory 
detergent fiber in plant materials was determined using the same 
apparatus and procedure as for the NDF technique. However, a 
powdered detergent (alconox) was used in the LDF procedure. 
This detergent is commonly used in research laboratories for wash- 
ing glassware and is inexpensive compared to NDF solution. The 
NDF solution was made according to specifications of Goering 
and Van Soest (1970) and the LDF solution was 8 g dry alconox 
powder dissolved in 1 liter of deionized-distilled water. The pH of 
the NDF solution was 7.0 and that of the LDF solution was 9.5. 

Analysis of variance was conducted to determine if significant 
(KO.05) differences existed among species and techniques. Signif- 
icant means were separated using Tukey’s Honest Significant Dif- 
ference Test (HSD) and T-test procedures (Snedecor and Cochran 
1967). Linear regression was used to study the degree of association 
among different techniques. 

Results 

More nitrogen was removed from green plant materials (those 
collected in early summer) with the nylon bag technique than with 
the in vitro, NDF, or LDF techniques (Table 1). The quantity of 
nitrogen dissolved with the nylon bag procedure from dead plant 
materials collected in March was usually similar to that removed 
by the other three laboratory techniques. However, more N was 
removed from the western wheatgrass samples collected in March 

by NDF and LDF techniques than was removed by the nylon bag 
or in vitro techniques (Table 1). More N was removed from western 
wheatgrass samples collected in May and June utilizing the nylon 
bag technique than using any of the other techniques. A similar 
amount of N was removed from western wheatgrass collected in 
July and August utilizing any of the four technique, except that the 
NDF technique resulted in removal of significantly more nitrogen 
in August samples than did the nylon bag technique. 

Use of the nylon bag technique resulted in significantly more N 
being removed from scarlet globemallow samples from each collec- 
tion than did any of the other techniques (Table 1). The nylon bag 
bag technique also resulted in significantly more N removal from 
common Russianthistle samples collected from May through 
August. All four techniques removed a similar fraction of N from 
fringed sagewort samples collected in March. However, more, N 
from fringed sagewort samples collected in May and June was 
removed with the nylon bag technique than with the in vitro or 
LDF treatments. In addition, more N was removed utilizing the 
nylon bag technique than all other techniques when fringed sage- 
wort was sampled in July and August. 

Discussion 
The dissolved nitrogen fraction removed by the nylon bag tech- 

nique was generally similar to that removed by the in vitro, NDF, 
or LDF techniques when total N in the plant materials was low. 
Possible reasons for this could be: (I) total nitrogen or dissolvable 
nitrogen was in such low concentration that the sensitivity of the 
technique was inadequate to distinguish among differences, or (2) 
the small fraction of dissolvable nitrogen could be removed equally 
well by detergent treatments or by microbial activity. 

Presumably the sensitivity of all four techniques for estimating 
small quantities of dissolvable N is poor. An accurateestimation of 
N digestibility, however, does not require high precision since a 
small fraction of a percentage difference in dissolvable N will 
probably not affect animal performance. 

Dissolved nitrogen and cell contents were positively correlated 
and there was a high similarity among all four techniques when the 
cell content percentage was low (Fig. I). High cell wall percentages 
(such as found in plant materials collected in March) apparently 
affected and partially inhibited microbial breakdown of plant cells 

Table 1. Average nitrogen (g/100 g DW) before treatments and the amount of nitrogen removed by one of four sepnration techniques. Samples were the 

aboveground parts of four range plant species obtained on five dates in 1977 from shortgrass prairie in northeastern Colorado. 

Separation technique’ 
Plant species Date collected Before treatments NB TT NDF LDF 

Western wheatgrass March 1.01ar 0.59ar 0.54a 0.79b 0.71b 
May 3.80h 3.57d 3.OOc 2.65b 2.25a 
June 2.22c 1.9Oh l.66a 1.75a 1.61a 
July I .47d I. IOab I.Ola 1.19b 1.09ab 
August 1.23ad 0.83a 0.87ab 0.98b 0.88ah 

Scarlet glohemallow March 1.21a 1.01d 0.57a 0.9lc 0.71b 
May 2.77b 2.59d 1.91b 2.12c 1.73a 
June 2.39b 2.19d 1.71b 1.92~ 1.56a 
July 2.42b 2.19c 1.68b 1.72h 1.45a 
August 1.94c 1.72b 1.22a 1.14a 1.15a 

Common March 0.86a 0.47ab 0.4la 0.59b 0.53b 
Russiantbistle May 3.08b 2.88~ 2.13ab 2.25b 2.03a 

June 2.87b 2.88~ 2.02a 2.16a 2.32b 
July 2.87b 2.6lb 2.24a 2.14a 2.19a 
August 2.2lc l.86b l.4la 1.27a 1.45a 

Fringed sagewort March 1.39a 0.9Oa 0.8la l.09a I.Ola 
May 3.35b 3.OOc 2.25a 2.87~ 2.45a 
June 2.18~ 1.76b 1.28a l.68b l.33a 
July 1.61ad l.l7b 0.87a 0.91a 0.79a 
August 1.82d 1.36b Lola 1.09a 1.08a 

IIn viva nylon ,tk~g technique (NB). in,vitro Tilley and Terry technique (TT). neutral detergent fiber technique (NDF), and laboratory detergent fiber technique (LDF). 
?Means for a gwen,plant species for, dlfferent months followed by the same letter are not significantly different @<0.05). 
‘Means for scparatlon techniques wrthin B month followed by the same letter are not significantly different @<0.05). 
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Fig. 1. Linear regressionsforgrams (g)of nitrogen lost per 1OOgdry weight 
ofplant sample with percentage cell contentsfor the nylon bag technique 
(NB), in vitro Tilley and Terry technique (TT), neutral detergent fiber 
techique (NDF), and laboratory detergentpber technique (LDF) Plant 
species included Agropyron smithii, Sphaeralcea coccinea, Salsola kali 
and Artemisia frigida obtained onfive dates during 1977from shortgrass 
prairie in northeastern Colorado representing new growth to oldmature 
forage. 

in the nylon bag and in vitro techniques. In addition, some of the N 
in the cell contents was probably not dissolved because of this 
surrounding lignified structure. Detergents were not selective for 
phenological stage in the breakdown of the cell wall structure. 
Separation of cell wall and cell contents is a standard procedure 
(Goering and Van Soest 1970) and the dissolved N fraction origi- 
nates primarily from cell contents. 

Plant samples with relatively high amounts of protoplasm (such 
as materials collected in May and June) apparently can be effi- 
ciently diffused of dissolvable materials by microbial activity in the 
nylon bag technique (Fig. 1). Microorganisms are presumably able 
to dissolve most N found in cell contents plus some of the N 
fraction found incell walls. Detergent treatmentsappear to remove 
N from the cell protoplasm and, as expected, were not effective in 
dissolving N within the cell wall. 

The N contained in cell walls is such a small percentage of total N 
(5 to 10%) (Van Soest 1966) that it alone does not appear to cause 
the large discrepancy found between the nylon bag technique and 
detergent technqiues during periods of high total N. Detergent 
treatments possibly were leaving some of the dissolved N fraction 
remaining with the cell walls. Fonnesbeck (1976) found some 
dissolved N remained after treating high protein forages with the 
neutral detergent solution. 

Results of this study suggest that detergent techniques can be 
used to accurately estimate the dissolved N fraction (apparent 
digestible N) of an in vivo trial when forages are fibrous and low in 
crude protein. However, plant materials high in protein concentra- 
tion during active growth can be more accurately measured for 
dissolvable N using an in vivo digestion trial. However, nitrogen 
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Fig. 2. Linear regressions of gram (g) of nitrogen lost per 100 g dry weight 
of plant sample for the nylon bag technique (NB) versus rhe vitro TXley 
and Terry technique (TT), NB versus the neutral detergent fiber 
technique (NDF), and NB versus the laboratory detergent fiber 
technique (LDF). Plant species included Agropyron smithii, 
Sphaeralcea coccinea, Salsola kaliand Arteinisia frigida obtainedonfive 
dates during 1977 from shortgrass prairie in northeastern Colorado 
representing new growth to old mature forage. 

removed by the nylon bag technique was found to be highly 
correlated (r > .97) with the loss of N from all plant materials 
subjected in the in vitro, NDF, or LDF techniques. Predictive 
equations could, therefore, be used to estimate N removed by the 
nylon bag technique from dissolved N levels obtained by any of the 
three laboratory techniques (Fig. 2). 

A similar amount of dry matter was removed from plant mate- 
rials when the LDF technique was employed as when the NDF 
technique was used (p < 0.05). Van Soest and Wine (1967) indi- 
cated that separation of cell walls from cell contents beyond the pH 
range of 4 to 8 caused portions of the cell wall to become dissolva- 
ble. However, the laboratory detergent solution with a pH of 9.5 
was no more active in removal of N from the four plant species 
examined than was the neutral detergent solution of the NDF 
technique. 
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Energy Biomass from Large Rangeland 
Shrubs of the Intermountain United States 
GORDON A. VAN EPPS, JERRY R. BARKER AND C.M. MCKELL 

Abstract 

Large individual plants within a few species of rangeland shrubs 
were studied in several Intermountain States for their potential use 
in establishing biomass fuel energy plantations. Their locations 
were based on reports in the literature, suggestions from various 
range researchers, and personal knowledge. Biomass and other 
shrub physical characteristics plus site data were recorded for big 
sagebrush (Artemisia tridentala), fourwing saltbush (A triplex 
cunescens), big saltbush (A. lentiformis), greasewood (Surcobatus 
vermicuhztus), rubber rabbitbrush (Chrysothamnus nuuseosus), 
and spreading rabbitbrush (C. linifolius) in 34 locations. Samples 
of current year’s growth and woody tissue were analyzed for burn- 
ing qualities (heat of combustion, sulfur, moisture, and ash con- 
tent). Greatest biomass per plant of the individuals sampled was 
found in greasewood with fourwing saltbush, rubber rabbitbrush, 
and sagebrush following in decreasing order. Burning qualities 
varied among the species analyzed. The heat of combustion of the 
woody material from all shrubs was approximately 4500 Kcal/kg, 
but current year’s growth varied considerably among species. 

Numerous investigators are considering woody plants as a 
renewable resource for energy. Most of the studies are related to 
forest lands and more specifically to those producing deciduous 
trees. Blankenhorn et al. (1978) reporting on a natural forest 
biomass site in Pennsylvania have determined that the electrical 
energy produced from burning biomass would beabout 8%greater 
than the sum of all input energy. In California the feasibility of 
using chaparral as a renewable energy resource was considered in a 
seminar by the Pacific Southwest Forest and Range Experiment 
Station (1976). Part of the incentive for usingchaparral would bea 
reduction in fire hazard. 

As alternative energy sources are examined for their feasibility, 
it is logical to ask if highly productive native shrubs growing on 
millions of acres of arid and semiarid rangelands of the western 
United States have a potential for use as energy fuel from their 
biomass. Although uncertainties exist in producing woody bio- 
mass for energy fuels, arid lands shrubs offer several advantages 
that may be very favorable (Cox 1979). Shrubs could be grown on 
marginal crop lands and multiple-use rangelands; they would offer 
little or no competition for irrigation water; generally shrubs have 
but little need for fertilizer application; and within the wide diver- 
sity of native shrubs a number of species have a potential for 
relatively large biomass production on various soil conditions. To 
obtain the most favorable biomass production potential, large 
biotypes of range shrubs were targeted for study. 

Various reports have indicated that large individual shrubs or 
even populations of large plants have developed under favorable 
site conditions. For a period of years the Society for Range Man- 
agement maintained a committee to receive and publish reports of 
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giants shrubs. Pase reported finding a very large sagebrush (Arte- 
misiu widentutu) east of Kanab, Utah (1956); Nord declared he 
found a prize bitterbrush fbrshiu tridentatu in Lassen County, 
California (1962), but Driscoll found an even larger bitterbrush 
(1963). Schneegas and Nord (1967) claimed to top the list with a 
monarch-size big sagebrush. Other reports of shrubs and their 
biology are included in publications edited by McKell et al. (1972) 
and Stutz et al. (1975). 

The research reported in this paper is phase one of a two-phase 
project. The objectives of this phase were to locate large shrubs 
within natural shrub populations, measure their standing biomass, 
density, and burning quality relative to their potential use inestab- 
lishing shrub energy plantations. Also, to provide background 
information on soil and site conditions, the soil surface was 
sampled in areas where the large plants were located. 

Methods 

Individual plants were selected for this study on the assumption 
that they would express a genetic ability to grow large and at a 
faster rate than the norm for the species. On the basis of this 
assumption, we shall refer to these large plots as biotypes within 
the shrub populations which, according to Stebbins (l950), are 
plants of a given genotype. Such large biotypes would be valuable 
if they would be capable of suprior growth under arid conditions 
with but a minimum of management on various soil types. Cur- 
rently research is in progress to test the assumption that large 
shrubs are genetically and physiologically different from smaller 
plants in adjacent areas. 

Shrub species chosen for study were fourwing saltbush (Atriplex 

Table 1. Locations where giant shrubs were reported growing. Areas were 
subsequently visited for observations, measurements, and collection of 
seeds or propagation material. 

Utah 

Nephi Canyon 
Jericho Sand Dunes 
Callao Road 
Maeser 
Davis Spring Road 
Huntington 
Johnson Canyon 
Nephi Field Station 
Antimony 
Monticello 
San Rafael Swell 
St. George 
Island Park 
Colo-Utah Border, Hwy. 650 
Henrieville 
Wyoming 
Buffalo Bill Reservoir 
Rock Springs 
Black Rock Butte 
Upper Slide Lake 

Nevada 

Wells 
New Pass 
Fallon 
Quail Canyon 
Palmetto Wash 
Willow Creek 
Pyramid Lake 
Horse and Cattle Conservation 
Range 
Cold Spring 
Colorado 
Little Dolores Canyon 
Dove Creek 
Rangely 
Meeker 
Idaho 
Fourth of July Canyon 
Bruno 
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Table 3. Soil analysis summary. Range of values from 32 natural shrub growing sites. 

Jpefles 

Big sagebrush 
Fourwing saltbush 
Greasewood Rubber rabbitbrush 
Spreading rabbitbrush 
Big saltbush 

,*umoer OL 

II 
7 
3 6 
2 
3 

PH 

7.2-7.7 
7.0-8.2 
7.9-9.5 
7.5-7.9 7.3-7.7 
7.5-8.3 

ECe CEC 
(mmhox/cm) (me@ 100 g) 

0.3-1.5 2.8-21.5 
0.4-1.1 3.7-20.2 
0.7-5.9 7.2-17.1 
0.4-1.7 1.6-19.6 0.4-0.8 6.1-21.5 
0.8-3. I 3.7-14.7 

Soil class 

Sand-silt loam 
Sand-silt loam 
Sandy loam-clay loam 
Sand-clay loam 

sand silt Loamy loam 
Sandy loam 

ties in size and biomass production. Big sagebrush was consistently 
the tallest among the species sampled and spreading rabbitbrush 
was the shortest. 

In comparison with regular-size plants, large sagebrush plants 
were twice as tall and more than 3 times greater in cover than 
normal sized plants. Biomass production of large plants was over 
six times greater than average ones. However, fourwing and big 
saltbush had the greatest ground cover and stem basal circumfer- 
ence whereas big sagebrush had the least. Large plants of grease- 
wood provided the most biomass while large sagebrush yielded the 
least. Differences between large and average size biotypes within a 
species at any given location appeared to be associated with site 
favorability. 

The stand density of big sagebrush and greasewood was greater 
for stands of the smaller sized shrubs than for the larger shrubs 
(Table 2). Plants may compensate for a smaller size with a greater 
density to obtain an optimum biomass per unit area. Further 
research is needed to clarify the relationship of shrub biomass 
production to density. These data can be used only as a comparison 
at this time and for the conditions described. 

Soil chracteristics at the native growth site were more uniform 
than expected (Table 3)and are presented here to show the range of 
values that would be encountered in a biomass production pro- 

gram. Surface soil pH was basic at all sites. Values varied from 7.0 
to 9.5. As expected, greasewood was found growing on the most 
alkaline soils. The electrical conductivity values varied from 0.3 to 
5.9 mmhos/cm. The higher electrical conductivity values under 
which greasewood and big saltbush were growing was lower than 
expected as these species are normally found growing on highly 
alkaline soils. Values of electrical conductivity at these levels would 
be inhibitory to the growth of most crop plants (Maas and Hof- 
fman 1977). Soils on which greasewood plants were growing exhi- 
bited a range of variability in salinity whereas soils under spreading 
rabbitbrush were relatively uniform. The soil cation exchange 
capacity (CEC) of shrub study sites was highly variable. Values 
ranged from 2.8 to 21.5 meq/ 100 g. The soil textural classes where 
large biotypes of big sagebrush were growing showed the greatest 
variation, whereas greasewood soil was least variable. The surface 
soil texture was generally a sandy loam at all sites. Field observa- 
tions indicate that spreading rabbitbrush may require more soil 
moisture than the other species. 

The burning quality of arid land shrubs was generally uniform 
with plants of the same species but among species the values were 
different from each other (Table 4). Regardless of species, percent 
ash, sulfur, and moisture were consistently lower for the woody 
material than for the current year’s growth. Greasewood had the 

Table 4. Burning quality of five cold-desert shrubs from various locations through the Intermountain area. Each value is the average of three or more 
plants except the grand mean for each species. 

Ash Sulfur Moisture Heat of combustions 

woody Annual’ Woody Annual woody Annual Woody Annual 
Site (%) (%) (%) (%) (%) (%) (K=l/ Kg) (KM]/ Kg) 

Big sagebrush 
Little Dolores 3.1 6.8 0.04 0.18 28.6 55.9 4567 4729 

Maeser 3.0 6.5 0.04 0.19 22.0 55.4 4723 4735 
Buffalo Bill 3.2 6.8 0.02 0.14 26.6 55.9 4683 4640 
Black Rock 3.2 6.8 0.01 0.17 22.8 56.8 4586 4688 

Mean 3.1 6.7 0.03 0.17 25.0 56.0 4639 4698 

Fourwing saltbush 
Jericho 2.5 9.9 0.05 0.03 24.9 64.2 4542 4358 
Utah-Cola. 3.5 9.9 0.10 0.51 43.3 52.3 4487 4292 
Callao Road 3.5 9.9 0.10 0.51 20.4 55.5 4486 4292 

Mean 3.5 9.9 0.08 0.35 29.5 57.3 4505 4314 

Greasewood 
Davis Spring 1.6 19.8 0.18 0.42 27.7 71.9 4708 3680 
Palmetto - - - 48. I 62. I 4699 3837 
Monticello 1.8 20.6 0.30 0.50 26.2 67.3 4772 348 1 

Mean 1.7 20.2 0.24 0.46 34.0 67. I 4726 3666 

Rubber rabbitbrush 
Huntington 2.8 7.6 0.04 0.18 53.0 62.5 4623 4837 
Monticello 2.5 7.2 0.03 0.21 50.0 53.8 4535 4767 
Palmetto - - - - 27.2 45.0 4808 4878 
Antimony - - - 48.6 58.7 4745 4815 

Mean 2.7 7.4 0.04 0.20 44.7 55.0 4678 4832 

Spreading rabbitbrush 
Nephi F.S. - - - - 56. I 59.9 4505 4421 
Henrieville - - - - 49.2 58.4 4613 4537 

Mean 52.7 59.2 4559 4479 

‘Annual refers IO current year’s growth. 
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Table 5. Estimated yield and energy potential for big sagebrush, fourwing saltbllsh, greasewood and rabbitbrush. Calculations are based on the highest 
yielding site as reported in Table 2. 

Species 

Average plant biomass 
(dryweight) 
(kg/ plant) 

Plant density in nature’ Estimated potential yield Estimated energy potential 
(no./ ha) (kg/ha) (Kcal/ ha) 

Big sagebrush 15.9 1316 
Fourwing saltbush 33.6 292 
Greasewood 44.8 2174 
Rubber rabbitbrush 29.0 2632 

1 Space plantings at field station or production fields could markedly increase plant density. 

20,924 97,900,OOO 
9,811 44,400,000 

97,395 458,500,OOO 
76,328 366,900,OOO 

lowest percent ash in woody material but the highest percent ash in 
current year’s growth compared with the other species. The high 
percent ash in current year’s growth may adversely influence the 
burning quality of this type of material. Nord found that a high ash 
content in Arriplex leaves tended to impart a slow burningchamc- 
ter to it (Nord and Countryman 1972). Among the six shrub 
species, big sagebrush was the lowest in percent ash. Percent sulfur 
was lowest in big sagebrush and highest in greasewood. Big sage- 
brush also had the lowest percent moisture while spreadingrabbit- 
brush had the highest. Heat produced from the combustion of 
woody and annual material was about the same for each species 
except greasewood. Combustion of greasewood annual growth 
produced less heat than the woody material. 

Although present field data and laboratory results (Table 5) are 
limited, they provide a preliminary estimate of biomass production 
and energy potentials for four rangeland shrubs. Rubber rabbit- 
brush and greasewood have the greatest potential for higher energy 
production because of their ability to grow in dense stands and still 
have relatively high individual plant biomass yield. Under natural 
conditions, fourwing saltbush does not grow as dense as other 
shrubs. However, with minimal management, fourwing saltbush 
plant densities could be greatly increased in spaced plantings. Big 
sagebrush could also be grown in dense stands but in the locations 
studied its individual plant biomass was not as great as that of the 
other species. Being a root and stem sprouter, spreading rabbit- 
brush could develop a dense ground cover in a few years. 

The potential for energy biomass production of these shrubs 
may be increased with minimal management. A possible strategy in 
planning for production of biomass from shrubs in semiarid 
regions would be to grow genetically superior plants in spaced 
plantings to optimize the use of soil moisture. Thus, high stand 
density could be achieved but only under conditions of optimum 
spacing in field plantings. Lipinsky and Kresovich (1979) have 
reported several important concepts in a biomass system approach 
for arid land environments. 

Summary and Conclusion 
At selected sites populations of large shrubs were studied in the 

Intermountain area as to their suitability as a possible source of 
energy fuel from biomass. Locations where shrubs of various 
species were reported to grow were selected for study on the basis 
of recommendations of range research workers and personal 
observations. Three to five individual plants of a given species were 
harvested to determine standing biomass and burning quality. 
Results showed that the heat of combustion of natural shrubs 
varied from 3600 to 4800 Kcal/ kg depending on the species and 
portion of plant burned. Greasewood and rubber rabbitbrush have 
a high energy potential per hectare because of their ability to grow 

in dense stands and still produce a relatively high individual plant 
biomass. 

Many uncertainties exist in producing biomass for energy fuels. 
However, arid land shrub biomass production offers several 
advantages that may be more favorable than other biomass types. 
Shrubs could be planted to utilize available marginal croplands 
and rangelands. With minimal management there would be little or 
no competition for scarce water resources. Furthermore, within 
the wide diversity of native shrubs, a number of species could be 
utilized. Further research will help document the potential for 
rangeland energy production as an additional multiple use inas- 
much as grazing and recreation could still be possibleas a use prior 
to the harvest of shrubs for biomass. 
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Defoliation Impacts on Quality and Quan- 
tity of Forage Harvested from Big Sacaton 
(Sporobolus wrightii Munro) 
MARSHALL R. HAFERKAMP 

Abstract 

Forage quality and quantity and stand vigor of bigsacaton were 
evaluated for seven defoliation systems during 1977 and 1978. Big 
sacaton plants were either shredded monthly, shredded in spring 
/midsummer, spring/early summer, spring, spring/late summer 
/fall, midsummer/fall, or late winter. Forage quality of big sacaton 
was improved by defoliation during both years. With few excep- 
tions, crude protein content was highest in plants defoliated the 
previous month. IVDOM contents were also improved by defolia- 
tion. Digestibility decreased to below 50% in early summer in 
nonshredded plants and in mid summer in all plants regardless of 
prior defoliation treatment. IVDOM increased to above 50% in 
late summer and fall in plots defoliated the previous month. For- 
age harvests during the growing season were greatest from plots 
that were defoliated three or more times and were defoliated in the 
fall. The least amounts of forage were harvested from the plots 
defoliated in spring, spring/early summer and spring/midsummer. 
In the fall and winter the nonshredded and spring defoliated plots 
supported relatively large amounts of forage, and the spring/early 
summer and spring/midsummer plots supported intermediate 
amounts of forage for winter grazing. Stand vigor was maintained 
best by brief periods of defoliation in the spring or spring/early 
summer, followed by defoliation of old forage in late winter. Vigor 
appeared to be decreased by early fall defoliations to a 7.5 cm 
stubble height. The spring/early-summer system provided large 
amounts of high quality forage and maintained stand vigor. This 
system defoliated plants when soil moisture was usually adequate 
for plant regrowth, provided nutritious forage during the growing 
season and provided adequate standing forage for fall and winter 
grazing and protection against damage due to low temperature. 

Big sacaton (Sporobolus wrightii Munro) is a robust perennial 
bunchgrass which occurs from Arizona to western Texas and south 
into Mexico (USFS 1937). The species grows mainly on low alluv- 
ial flats, bottomlands, and arroyos subject to flooding. Big sacaton 
will not generally grow on soils highly impregnated with alkali 
(Wooton and Standley 1912). Although it is a warm-season spe- 
cies, it begins growth early in the spring and may remain green 
throughout mild winters. 
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Early spring growth is readily grazed by animals and big sacaton 
has been mowed during the growing season for hay (Humphrey 
1960). Griffiths et al. (1915) reported big sacaton contained 9.25% 
crude protein when harvested at flowering to a stubble height of 10 
cm. The plants produce a large volume of herbage which cures well 
and reportedly provide a source of good winter forage despite their 
coarseness (USFS 1937). However, Humphrey (1960) reported the 
mature foliage was rarely grazed. Rangemen have long been aware 
that grazing, mowing, or burning can affect yield and quality of 
forage (Youngner 1972). The USFS( 1937) reported theabundance 
of big sacaton had been reduced in many areas by overgrazing, but 
careful management would apparently allow full use of the species 
and maintain stands in a productive state. Sacaton flats can be used 
most effectively by grazing heavily early in the spring and then 
deferring until fall (Humphrey 1960). The Soil Conservation Ser- 
vice (1979) suggests grazing of big sacaton plants no closer than 20 
to 25 cm stubble heights and then resting for 4 to 6 months. Coarse, 
unpalatable mature growth may be removed by burning every 3 or 
4 years with less damage occurring to big sacaton plants burned in 
late winter or early spring before growth begins (Humphrey 1960). 
Bock and Bock (1978) reported that burning an ungrazed big 
sacaton community in the summer and winter in southeastern 
Arizona reduced the height and cover of big sacaton and stimu- 
lated the growth of other grasses and forbs. They found summer 
fires created more bare ground and encouraged a greater number 
and variety of annuals than did the winter fire. 

Previous studies in Texas have shown forage quality of big 
sacaton to decrease with increasing plant maturity (Haferkamp- 
unpublished data). Quality, however, appeared to be maintained at 
a higher level with frequent defoliations. Specific responses to 
defoliation appear to vary by plant species due to intensity, fre- 
quency, and season of defoliation as associated with climate, soil 
fertility, and light. Many researchers have reported dry matter 
production of grasses to be affected by both frequency and height 
of defoliation (Holscher 1945; Jameson and Huss 1959; Peterson 
1962; Auda et al. 1966; Burton et al. 1969). Total dry matter 
production can be reduced by close or frequent clipping, but 
digestible dry matter may be increased by an increased frequency 
of clipping (Burton et al. 1963). Increases in forage quality appear 
to result from maintaining plants and plant parts in a younger stage 
of development. 

This study was designed to investigate the impact of defoliation 
on forage quality and quantity and stand vigor of established big 
sacaton, selection “PMT-820”, growing on the South Texas Plains. 

Materials and Methods 

Site Description 
Big sacaton “PMT-820” was drilled in 1968 on 197 cm centers on 

an Orelia clay loam (Typic Ochraqualfs, Fine-loamy, Mixed, 
Hyperthermic) soil in McMullen County, Texas. Average annual 
precipitation for the area is 58 to 61 cm with greatest amounts 
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Table 1. Schedule of defoliation treatments rpplkd in 1977 and 1978 to a big sacaton located in the South Texas Plains near Whitsett. 

Spring 

Sample, seasons and dates 
Summer Fall 

Treatments 
1977 
1978 

Mid Late Early Mid Late Early 

May II June 8 July I August 3 September 3 October 1 
April 26 May 26 June 22 July 20 August 23 October 6 

Nonshredded --I - - - - 

Monthly (spring/fall) X2 X X X X X 

Spring/ mid-summer X X X - X 

Spring/early summer X X X - - 

Spring X X - - - 

Spring-late summer/fall X X - X X 

Mid-summer/fall - - X X X 

1Standing crops were not estimated and plants were not shredded on these dates. 
*Standing crops were estimated and plants were shredded on these dates. 

occurring during May, June, and September. Summers are gener- 
ally hot and dry, and growing seasons are over 300 days in length. 
Rainfall has been above average every year since the planting was 
initiated, and the plants have formed essentially solid stands. 

Defoliation Treatments 

Forage Quality 

Beginning in May 1977, the established stand of big sacaton was 
subjected to seven defoliation treatments (Table I). Treatment 
plots (3.7 by 9.2 m) were arranged in a randomized complete block 
design with four replications. The area was fenced to preclude 
grazing by domestic livestock. Prior to fencing, the area had been 
grazed by cattle and forage harvested to a 15cm stubble height was 
approximately 1,783 kg/ ha. 

Plots were shredded to approximately a I5cm stubble height in 
1977, and all plots were shredded to a 7.5-cm stubble height in 
February 1978 to remove the remaining standing dead material. 
With one exception, plots were shredded to the 7.5-cm stubble 
height during 1978 and againduring April 1979. During April 1978 
the treated plots were mistakenly shredded to a 15-cm stubble 
height. At each date, all shredded material was raked off the plots. 

Forage Harvested 

Forage samples for quality determinations were collected by 
clipping forage to the I5-cm and 7.5cm stubble heights in the 1977 
and 1978 sampling periods, respectively. Samples were collected 
on each shredding date and in January, February, and December 
1978, and in February 1979. Approximately five samples were 
collected randomly across the plots scheduled for shredding, or 
from 1.2-m wide buffer zones on plots not scheduled for shredding. 
Workers were cautious to not resample previously clipped plants 
on the plots not shredded the previous month. Following harvest- 
ing, samples were sealed in plastic sacks, frozen on dry ice, trans- 
ported to the laboratory, and stored at below 0°C. Prior to 
analysis, samples were placed in paper sacks, oven dried in a forced 
draft oven at 600 C for 48 hours, and then ground to pass a l-mm 
screen. 

Samples used for estimation of the amount of forage harvested 
were collected before each plot was shredded. In 1977 forage 
samples were clipped to a 15-cm stubble height in three I X 0.5-m 
subplots located in each plot. If a plot was not scheduled for 
shredding, forage harvested was not estimated. The 1977 shredding 
and harvest dates were May 1 I, June 8, July 7, August 3, Sep- 
tember 3, and October 1. 

Samples from two replications of each shredding treatment were 
analyzed for dry matter, organic matter, in vitro digestible organic 
matter (IVDOM), and total nitrogen content. Dry matter was 
determined by oven-drying at 105°C for at least 12 hours. Oven- 
dried samples were then placed in a muffle furnace at 550° C for 3 
hours for organic matter determinations. All chemical constituents 
analyzed in the samples were expressed on an oven-dry, organic 
matter basis. 

In 1978 the method for estimating the amount of forage harv- 
ested was modified. Ten randomly located plants per plot were 
clipped to a 75-cm stubble height, and forage harvests were derived 
by multiplying the average weight per plant by the average number 
of plants per plot. The average number of plants per plot was 
determined in June 1978 by counting the number of plants in each 
of five systematically placed I X 0.5 m subplots per main plot. The 
1978 shredding and harvest dates were March 30, April 26, May 26, 
June 22, July 20, August 23, and October 6. Forage harvests were 
estimated on all plots in October and December 1977, and October 
1978 to provide estimates of standing forage on undisturbed plots. 

The Kjeldahl procedure (A.O.A.C. 1970) was used in determina- 
tion of nitrogen content of the forage samples. Percent nitrogen 
was then multiplied by 6.25 and expressed as percent crude protein. 

Digestible organic matter was determined employing a 48-hour 
fermentation of samples with rumen liquor (Tilly and Terry 1963) 
followed by neutral detergent fiber extraction (Van Soest and 
Wine 1967). Data were presented as percent IVDOM corrected by 
a standard forage of known in vivo digestibility. 

Table 2. Rainfall (cm) for January 1976 through June 1979 for the big 
sacaton site located on the South Texas Plains near Whit&t, Texas. 

Month 1976 
Years 

1977 1978 1979 

Average maximum foliage heights were measured with leaves 
extended on plots designated for shredding in 1977, and on all plots 
after April 1978. Measurements were taken at each clipping site or 
at five to ten random locations in the plots not scheduled for 
shredding. The plants heights provided an additional measure of 
plant response to defoliation. 

Average maximum foliage heights were measured and all plots 
were shredded to a 7.5-cm stubble height on April 6, 1979. Plants 
were allowed to regrow until June 13, 1979, at which time plant 
heights were measured and standing forage was estimated to pro- 
vide an index of plant vigor for comparing plant response to 2 
consecutive years of defoliation. 

January 0.9 12.1 1.9 8.1 
February 0.0 5.8 3.2 3.7 
March 2.2 2.2 0.0 2.5 
April 13.2 21.2 1.5 11.8 
May 20.7 4.4 10.0 5.2 
June 1.1 11.4 14.1 16.5 
July 17.6 I.1 10.7 
August 4.2 0.2 12.4 
September 9.0 10.5 8.2 
October 21.6 19.6 1.6 
November 8.8 7.2 8.6 
December 6.6 0.2 7.7 

Total 111.9 95.9 79.9 
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Statistical analysis of the data consisted of an analysis of,var- 
iance for IVDOM and crude protein within months, within years, 
and pooled over years. The interaction of treatment and year was 
tested and Duncan’s multiple range test was performed as indi- 
cated to test differences between treatments. 

Results 

Approximately 96 and 80 cm of rainfall fell on the study site 
during 1977 and 1978, respectively (Table 2). An additional 48 cm 
fell prior to mid-June 1979. The rainfall pattern was characterized 
by relatively dry periods during the early spring, summer, and 
winter of 1977 and the winter and spring of 1978. In addition, only 
0.25 cm of rainfall occurred from June 8 to July 22, 1978. 

Forage Harvests and Plant Heights in 1977 and 1978 
Approximately 1,783 kg/ ha of big sacaton were removed when 

plots were defoliated in mid spring of 1977 (Table 3). In late spring 
an average of I, I92 kg/ ha was harvested from the defoliated plots. 
The rate of regrowth progressively declined with defoliations in 
early and midsummer. Defoliation of plots shredded the previous 
month removed an average of 830 kg/ ha big sacaton forage in July, 
527 kg/ha in August, and 117 kg/ha in September. The initial 
harvest of the midsummer/fall plots in 1977 removed 3,386 kg/ha. 
However, regrowth was slow, and the depressed growth was attrib- 
uted to the lack of rainfall and soil moisture, when only 1.3 cm of 
rainfall occurred in July and August. 

Heights of early spring defoliated plants ranged from 64 to 75 cm 
in late spring. Maximum heights of 106and 115 cm were recorded 
in midsummer for plants defoliated in late summer/fall and in 
early fall for plants in the nonshredded plots, respectively. Min- 

During the May to October 1977 harvest period, over 4,000 
kg/ ha of forage were removed by the monthly, spring/mid- 
summer, spring/late-summer/fall and midsummer/fall treat- 
ments. Plots in each ofthese treatments were defoliated three times 
or more during the season and three of the treatments included fall 
harvests. Approximately 2,900 and 3,800 kg/ha of forage were 
harvested from the spring and spring/ midsummer plots, respec- 
tively. By early winter the nonshredded and spring treatments 
supported the most forage of 4,610 and 1,406 kg/ ha, respectively. 
Standing forage on the other treatments ranged from 55 1 to 743 
kg/ ha. Accumulated forage harvests including the residue remain- 
ing on the plots not shredded in the fall ranged from 5,694 to 4,295 
kg/ ha for 1977 treatments (Table 3). 

imum heights of 14 to 25 cm were recorded for the spring/mid- 
summer treatment in August and the midsummer/fall plots in 
September, respectively. 

In mid-spring 1978, approximately 500 kg/ ha of forage were 
removed by all except the spring treatment (Table 4). Replication 
one of this treatment was consistently more productive than other 
plots of this block. The cause of the greater productivity was not 
determined. The relatively small amounts of forage, 640 kg/ ha and 
410 kg/ ha harvested in mid and late spring of 1978, respectively, 
resulted from a previous dry winter and a total rainfall of 4.7 cm 
during February, March, and April (Table 2). By early summer, 
forage harvested from the monthly, spring/midsummer and 
spring/early-summer plots averaged 1,302 kg/ha. Growth was 
undoubtedly enhanced by the increase in soil moisture from 24.1 
cm rainfall received in May and June. Forage harvested from the 
plots treated monthly was less than 300 kg/ ha and 609 kg/ ha in 
midsummer and late summer, respectively. The midsummer harv- 
est of previously defoliated plots was the only one to yield less than 
300 kg/ha in 1978. Lack of rainfall had reduced plant regrowth 
when only 0.25 cm rain fell from June 8 to July 22,1978. The initial 
harvest of the midsummer/fall plots removed 3,054 kg/ha. The 
regrowth after the initial harvest was greater than in 1977 and was 
in part due to increased rainfall and improved growing conditions. 

During the 1978 treatment period, approximately 4,000 kg/ ha 
were harvested from the monthly and spring/late-summer/fall 
defoliated plots and 5,200 kg/ ha were harvested from the midsum- 
mer/fall plots. These plots were defoliated three or more times and 
all were defoliated in the fall. Approximately 2,000 kg/ ha were 
removed from the other three treatments by harvesting during 
spring to midsummer. The nonshredded and spring defoliated 
plots supported 6,204 and 4,83 I kg/ ha of big sacaton forage in the 
fall and the plots defoliated in spring to early or midsummer 
supported approximately 1,500 kg/ ha. 

Big sacaton plants averaged 30 to 40 cm in height by April 1978 
regardless of defoliation treatment. Through early summer the 
plants in the nonshredded and midsummer/fail plots were not 
defoliated and were the tallest, averaging 99 and 83 cm, respec- 

Plant heights in (March) 1978 indicated nonshredded plants (39 
cm) were significantly taller than plants in the other treatments. 
Plants defoliated only in the spring averaged 35 cm, and those of 
other treatments ranged in height from 29 to 30 cm. These data 
suggest that at least a slight decrease in plant height occurred with 
any defoliation during the 1977 growing season. 

Table 3. Forage harvested (kg/ha) from big sacaton stands defoliited to a 15 cm stubble height on the South Texas Plains near Whitsett, from May 11 to 
December 6,1977. 

Treatments 

Sample seasons and dates Accumulated 
Spring Summer Fall Winter forage 

Mid Late Early Mid Late Early Early 
harvested and 

--- -- residue on 
May II June 8 July 7 Aug. 3 Sept. 3 Oct. I Es--- plots 

Nonshredded - - 

Monthly (spring/fall) 1,783 1,363 
(576)’ 

Spring/ mid-summer 1,783 1,280 
(528) 

Spring/early summer 1,783 1,093 
(443) 

Spring 1,783 1,106 
(886) 

Spring-late summer/fall 1,783 1,118 
(304) 

Mid-summer/ fall - - 

805 579 117 
(305) (928) (134) 

756 475 - (311) (257) 

930 - - 

(273) 

- - 1,157 
(215) 

- 3,386 
(2,709) (fi) 

2,992s 
(560) 

345 
(271) 

4592 
(192) 

4942 
(475) 

I,6912 
(1,112) 

588 
(213) 

4,610 4,610 
(1,155) 

702 5,694 
(206) 

725 5,019 
(187) 

743 4,549 
(354) 

1,406 4,295 
(968) 

551 5,197 
(216) 

715 4,774 
(172) 

‘Standard Deviation 
Wtese values were not included in the accumulated yields, because the plots were not defoliated in October. 
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Table 4. Forage harvested (kg/he) from big eacaton stands defoliated to a 7.5 cm stubble height on the South Texas Plains near Whitsett from April 26 to 
October 6, 1978. 

Treatments 

Nonshredded 

Monthly (spring/fall) 

Spring/ mid-summer 

Spring/early summer 

Spring 

Spring-late summer/fall 

Mid-summer/fall 

Spring 
Mid 

April 26 

- 

574 
(324)’ 

494 
(154) 
476 

(249) 
1,190 
(962) 
(Z) 

- 

Sample seasons and dates 
Summer 

Late Early Mid Late - -- 
May 26 June 22 July 20 Aug. 23 

- - - 

369 1,221 282 596 
(195) (351) (187) (334) 
338 1,216 196 

(117) (203) (67) - 

381 1,469 
(490) - 

- 
(131) 
627 - - - 

(352) 
333 - - 2,189 

(148) (492) 
- - 3,054 892 

(1,498) (278) 

Fall 
Early 
Oct. 6 

1,630 

929 
(361) 

1,442 
(334) 

1,643 
(692) 

4.83 1 
(3,040) 

1,142 
(415) 

1,283 
(371) 

Accumulated 
forage harvested 
and residue on 

plots 

I.630 

3,971 
(I.677) 
3,686 
(802) 

3,969 
(1,493) 
6,648 

(4,250) 
4,130 

(1,208) 
5,229 

(2,019) 

‘Standard Deviation 

tively. Plants in the spring and spring/late-summer/fall treat- 
ments, averaged 66 and 69 cm, respectively, in early summer, and 
they were significantly taller than the 50 to 52 cm average height for 
plants defoliated monthly, or in spring/midsummer, and spring 
/early summer. The difference in June heights may have reflected 
the previous year’s treatment. Minimum plant heights of 16 to 19 
cm were recorded in midsummer for the monthly, spring, mid- 
summer, and spring/early-summer treatments. 

Forage Quality in 1977 and 1978 
Forage quality of big sacaton forage was significantly affected 

by defoliation and weather conditions in 1977 and 1978. Crude 
protein content was significantly different among treatments in 
1978 in all except the late-summer sampling period. Similarly the 
IVDOM content was significantly different among treatments 
except for the mid- and late-summer harvests. These summer 
harvests followed very dry and hot periods and the weather condi- 
tions appeared to enhance maturation of forage as well as reduce 
regrowth on recently defoliated plants. The lack of regrowth pre- 
vented collection of a forage quality sample from replication two of 
the midsummer/fall treatment. Replications two and four were 
drier than one and three. 

During the 1978 harvest crude protein and IVDOM contents 
differed significantly among treatments from midsummer 1978 to 
late winter 1979. In contrast to 1977, forage quality was not signifi- 
cantly different between treatments during spring and early 
summer 1978. Rainfall was greater during May through Sep- 

tember of 1978 compared to 1977, although a dry period occurred 
during June and July which prevented regrowth in block two of the 
monthly and spring/early-summer treatments. The probable cause 
of lack of significant treatment effect in spring and early summer 
1978, however, was a reduction in standing dead forage in samples 
collected from the nonshredded and midsummer/fall plots. In 
1977 treatments were begun with 1,783 kg/ ha standing forage 
above the 15 cm stubble height which contained some standing 
dead forage, but all plots were defoliated to 7.5-cm stubble height 
in February 1978 to remove the influence of standing dead. 

Big sacaton forage contained 0.6 to 5.8% more crude protein 
during spring through late summer harvest in 1978 than in 1977. 
IVDOM content was 0.8 to 8.3% greater during the spring through 
early-fall harvest in 1978 than in 1977. The 1977 crude protein and 
IVDOM contents, however, averaged I .7 to 1.1% and 7.5 to 8.2% 
greater, respectively, during the early and late winter collections. 
The improved quality during the spring, summer, and early fall of 
1978 was due to decreased standing dead in some forage samples 
and the better growing conditions provided by the increased rain- 
fall in 1978. Fall regrowth in response to 30.1 cm rainfall in 
September and October improved forage quality in the winter of 
1977-78, and early hard freeze caused a decline in forage quality in 
the winter of 1978-79. 

The 1977 and 1978 crude protein and IVDOM contents were 
pooled for ease of presentation of defoliation effects. Significant 
treatment-by-year interactions were found for crude protein con- 
tent for all but the late-summer collection and for IVDOM content 

Table 5. Average percentage crude protein contained in big sacaton fonge harvested from the South Texas Plains near Whitsetl during May 1977 to 
February 1979. 

Sample seasons and dates 
Spring Summer Fall ‘- Winter 

Mid Late Early ‘Mid Late Early Early Mid Late - _-- -A-- - 
1977-78 - June 8 July 7 Aug. 3 Sept. 3 Oct. 1 Dec.7 Jan. 26 Feb. I6 

Treatments 1978-79 April 26 May 26 June 22 July 20 Aug. 23 Oct. 6 Dec. 26 - Feb. 9 Average 

Nonshredded lO.Ib’ 9.M 7.Od 5.8~ 5.2d 6.4e 5.8d 5.4e 5.8e 6.8c 
Monthly (spring/fall) 12.3a ll.5ab 10.5a 10.3a l1.9a 12.la I2.4a lO.9a 10.8a 11.4a 
Spring/mid-summer 12.0ab 10.4bal 8.9~ 9.7a lO.Ob 10.9bc 9.6bc 9.lbcd 8.6c 9.8b 
Spring/early summer l2.3a I1.2bc 9.4abc lO.2a 10.3b lO.6c 8.5~ 8.9cd 7.6d 9.9b 
Spring l2.9a l2.4a IO.lab 7.5b 7.3c 8.6d lO.Obc 8.6d 7.7d 9.4b 
Spring/late-summer/fall 12.1a 10.3cd 9.3bc 7.2bc 6.6cd 10.9bc 10.9ab lO.Oabc 10.2ab 9.7b 
Mid-summer/fall l2.8a 10.7bc 7.2d 6.4bc 10.9ab Il.5ab I 1.3ab IO. lab 9.8b lO.Ob 

‘Means within a column followed by the same letter are not significantly different at the 95% level according lo Duncan’s new multiple range test. 
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Table 6. Average percentage IVDOM contained in big sacrton forage harvested from the South Texas Plains near Whit&t during May 1977 to February 
1979. 

Treatments 

Nonshredded 
Monthly (spring/fall) 
Spring/ mid-summer 
Spring/ early summer 
Spring 
Spring/late summer/fall 
Mid-summer/fall 

Sample seasons and dates 
Spring Summer Fall Winter 

Mid Late __.___Mid----- Early Late Early Early Mid Late - - 
1977-78 - June 8 July 7 Aug. 3 Sept. 3 Oct. I Dec. 6 Jan. 26 Feb. 16 
1978-79 April 26 May 26 June 22 July 20 Aug. 23 Oct. 6 Dec. 26 - Feb. 9 Average 

56ab’ 52a 47a 4% 4lc 42d 38c 36c 34c 43c 
54ab 53a 53a 48a 46b 53ab 5Oa 45a 41a 49a 
54ab 55a 53a 47ab 45b 50bc 47ab 39bc 38b 48a 
58a 53a 53a 46bc 46b 49c 44ab 42ab 38ab 48a 
55ab 55a 5Oa 46bc 44b 44d 42bc 4Obc 37b 46b 
51b 53a 54a 46bc 44bc 52abc 47ab 41ab 4Oa 48a 
54ab 52a 48a 47ab 50a 55a 49a 46a 40ab 49a 

‘Means within a column followed by the same letter are not significantly different at the 95% level according to Duncan’s new multiple range test. 

for the mid and late-summer and late-winter collections. The sig- 
nificant interactions were due to several factors: the standing dead 
forage contained in nonshredded samples in 1977, thedifference in 
rainfall for the 2 years, and the missing data due to lack of plant 
regrowth during dry periods. 

Crude protein contents were significantly increased by defolia- 
tion in 1977 and 1978 harvests (Table 5). Averaged across all dates 
the plants defoliated monthly contained the most crude protein 
and the nonshredded plants contained the least amount. Plants of 
all treatments contained over 9% crude protein in spring. By early 
summer, treatment effects became obvious and plants defoliated 
during the spring contained significantly more crude protein than 
plants which had not been defoliated. Midsummer quality was 
improved by the early summer shredding and the monthly, spring- 
/ midsummer, and spring/early summer plants contained signifi- 
cantly greater crude protein content than other plants. By late 
summer all plots except the nonshredded had been defoliated at 
least once, and forage from the monthly, spring/midsummer, 
spring/early summer, and midsummer/fall treatments contained 
the most crude protein. Each of these plots had been defoliated 
during the previous 2 months. Plants defoliated in early summer or 
later contained over 10% crude protein in the fall, significantly 
more crude protein than in spring defoliated plants. Plants defol- 
iated at any time during the harvest period contained significantly 
more crude protein than the nonshredded plants during the fall and 
winter. By late winter the plants defoliated in the fall contained 
significantly more crude protein than plants of all other treat- 
ments. Plants defoliated the last time in midsummer contained 
more crude protein than plants shredded last in spring or early 
summer. 

IVDOM contents did not appear to change as rapidly with 
defoliation as the crude protein contents. Averaged across all dates 
the monthly and midsummer/fall plants contained the higher per- 
centages of IVDOM and the nonshredded plants contained the 
least (Table 6). The IVDOM contents were similar among treat- 

ments during spring and early summer. Digestibilities by.early 
summer, however, decreased to below 50% in the plants that had 
not been previously shredded. By midsummer IVDOM contents of 
all treatments had decreased to below 50%, and differences due to 
defoliation were not obvious. The midsummer/fall plants con- 
tained approximately 50% IVDOM in late summer. The digestibil- 
ity of these plants was significantly greater than for other plants 
shredded a month earlier, monthly and spring/ midsummer treat- 
ments, but there was not an obvious explanation for this differ- 
ence. Plants shredded in late summer were the only plants that 
contained over 50% IVDOM in the fall. All plants shredded in 
early summer or later, however, contained significantly more 
IVDOM in fall than nonshredded or spring treated plants. A 
similar trend in IVDOM occurred in winter collections. The plants 
shredded during the growing season consistently contained more 
IVDOM than the nonshredded plants, although consistent differ- 
ences were not obvious among other treatments. 

1979 Response 
Standing forage and plant heights were again measured in spring 

and early summer 1979 to evaluate the effects of 2 consecutive 
years of shredding on big sacaton stands. Plant heights were mea- 
sured and all plots were shred to a 7.5-cm stubble height on April 6, 
1979. Plants were then allowed to regrow and stands were sampled 
for plant heights and standing forage on June 13, 1979. 

By April 6, 1979, plants of the nonshredded treatment were the 
tallest (Table 7). Plants defoliated in spring through midsummer 
were intermediate in height and any plants that had beendefoliated 
in the fall were the shortest. A similar trend was found for heights 
of regrowth measured in late spring 1979. Standing forage in late 
spring was also greatest for plants of the nonshredded treatment. 
The spring and spring/ early summer defoliations appeared to have 
minimal effects on standing forage. Any treatment with a fall 
defoliation appeared to be the most detrimental to the vigor of big 
sacaton stands. With the exception of the spring-late summer/fall 
and midsummer/fall treatments there appeared to be a trend for a 

Table 7. Plant heights (cm), plant weights(g), and standing forage (kg/ha)at a clipping height of 7.5cm on June 13,1979, for blg sacrton stands defoliated 
at different frequencies. 

Height 
Mid spring Late spring Standing forage-June 1979 

Treatments April 6, 1979 June 13, 1979 Per plant (g) Total (kg/ha) 

Nonshredded 84a 1 74a llla 3,285a 
Monthly (spring/fall) 48e 45e 3oc 1,188de 
Spring/mid-summer 56d 61b 40bc I ,852cd 
Spring/early summer 70b 61b 52bc 2,265bc 
Spring 69c 72ab 68b 2,769ab 
Spring/late summer/fall 46e 46e 23c 876de 
Mid-summer/fall 36f 49e 33e 1,090de 

IMeans in the column with the same letter a~ not significantly different at the 95% level according to Duncan’s new multiple range test. 
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Table 8. The total amount of big sacaton forage (kg/ha) harvested during 
the sampling periods, May to December 1977 and April to October 1978, 
and the total amount of forage (kg/ha) left as residual during the two 
winters. 

Treatments Total Harvested Residual 

Nonshredded 10,814 0 10,814 
Monthly 9,665 8,963 702 
Spring/mid-summer 8,705 6,538 2,167 
Spring/early summer 8,518 6,132 2,386 
Spring 10,943 4,706 6,231 
Spring-late summer/fall 9,321 8,776 551 
Mid-summer/fall 10,003 9,288 715 

decreased plant weight and yield with an increase in the number of 
times plants were defoliated. The exposure of fall defoliated plants 
to low winter temperatures may have been a factor in reducing 
plant vigor during the winter of 1978. Several researchers reported 
die-out of some grass species following the cold winter. Greater 
death losses were observed on areas defoliated late in 1978, thus 
resulting in smaller standing crops during the winter. 

Management Implications 
During the 1977 and 1978 growing seasons, the largest amounts 

of forage were harvested from plots that were defoliated three or 
more times and were defoliated in the fall (Table 8). The least 
amounts of forage were harvested from plots defoliated in spring, 
spring/early summer and spring/midsummer. In the fall and win- 
ter the nonshredded and spring defoliated plots supported rela- 
tively large amounts of forage and the spring/early summer and 
spring/ midsummer plots supported intermediate amounts of for- 
age that were available as roughage for grazing livestock. 

Stand vigor was maintained best by brief periods of use in the 
spring or spring/early summer, followed by utilization of old 
forage in late winter. Harvesting to a stubble height of less than 7.5 
cm may have been too severe and a taller stubble height needs to be 
maintained during the winter to provide some protection against 
low temperature winter die-off. 

Maintenance of high quality big sacaton forage was related to 
plant maturity and rainfall. A higher level of forage quality was 
maintained by removing old growth before spring. With subse- 
quent defoliations and adequate soil moisture plants regrew, pro- 
ducing new herbage which was higher in quality than the more 
mature forage remaining from earlier defohations. 

Based on these data the spring/early summer system provided 
large amounts of high quality forage and maintained stand vigor. 

This system defoliated plants when soil moisture was usually ade- 
quate for plant regrowth, provided nutritious forage during the 
growing season, and provided adequate standing crop for fall and 
winter grazing and protection against damage due to low 
temperature. 
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Crude Protein, Crude Fiber, Tannin, and 
Oxalate Concentrations of -33 Astra&zZus 
Species 

A.M. DAVIS 

Abstract 

Piant introduction collections grown at the Western Regional 
Plant Introduction Station for preliminary evaluation and seed 
increase were evaluated for crude protein, crude fiber, tannin, 
oxaiates, and readily detectable alkaloids. Sixty-eight Astrugalus 
accessions representing 33 species and 1 unidentifled accession had 
a range of 8.2 to 24.2% crude protein, 113 to 28.6% crude fiber, 4.2 
to 10.0 mg/g tannin,and 0.15 to 1.10% oxalntes. Species with more 
than 18% crude protein and less than 28% crude fiber (i.e., compar- 
able to good quahty alfalfa (Medicago sativa) bay) and acceptable 
levels of tannin and oxaiate were A. canadensis, P.I. 19978 and A. 
siliquosus, PI. 330696. None of the accessions tested gave a posi- 
tive Dragendorff reagent color test for alkaloids. Some of the 
species reported are known to be selenium accumulators and/or 
contain toxic nitro-compounds that may be damaging to grazing 
animals. A. siliquosus is a species that contains nitro-compounds 
and will accumulate selenium. 

The genus Astrugulus is widely distributed throughout the tem- 
perate regions of the world, but is particularly abundant in the 
temperate regions of North America, Europe, and Asia. The most 
common use of Astragalus is forage for livestock and wildlife, but 
Uphof (1968) listed 32 species known to have been used by man for 
food, medicine, cosmetics, substitutes for tea or coffee, or sources 
of vegetable gums. 

The USDA Plant Introduction System has introduced 99 species 
and many unidentified accessions of Astragalus in recent years. 
Some species have been shown to be selenium accumulators (Davis 
1972). Only a few have had sufficient alkaloids to respond posi- 
tively to a Dragendorff reagent color test as modified by Burns 
(1964) and reported by Davis (1973). Two introduced species, A. 
cicer and A. falcatus (cicer and sicklepod milkvetch), are being 
used in range revegetation and reclamation (Barneby 1964). Others 
are being evaluated for their forage potential. 

Chamberlain and Matthews (1%9) reported that the genus 
Astragalus has the most extensive speciation of any genus in 
feguminosae, with 370 recognized species in Turkey. Komarov 
(1965) described 575 species of the known 849 species found in the 
USSR. Some of the species are known to exist in both countries. 
North American speciation has been cataloged by Barneby (1964), 
who recognized about 500 species and developed descriptions and 
distribution maps for 368 of these. 

Seventeen of the 33 Astragalus species reported here were shown 
to accumulate selenium (Davis 1972); these species are so- 
designated in Table 1. Investigations by Williams and Barneby 
(1977), Williams and James (1975) and Williams et al. (1976) have 
shown that nitro-compound toxicity is common in the Astragalus 
genus. They showed that five of the species presented here have 
proven toxic to animals. A. canadensis L. and A. falcatus Lam. 

Author is research agronomist, Western Regional Plant Introduction Station, U.S. 
Dep. Agr., Agr. Res. Serv. 

This report is a contribution of the Western Regional Plant Introduction Station, 
U.S. Department of Agricultural. in cooperation with the College of Agriculture 
Research Center, Washington State University, Pullman 99164. Scientific Paper No. 
5195 of the latter. 

Manuscript April 25, 1980. 
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appear to be among the more hazardous. Others with nitro- 
compounds were A. galegiformis L., A. kotschyanus Boiss., and A. 
siliquosus Boiss. Unpublished data from M.C. Williams show that 
A. filicaulis, A. glycphyllus, A. hamosus, A. odoratus, A.podocar- 
pus, A. refractus, and A. trimestris also contain nitro-compounds 
in toxic quantities (personal communication). 

Materials and Methods 

The Astragalus species were grown at Central Ferry, Washing- 
ton, and were of diverse geographical origins. The annual species 
were sampled and analyzed the season of establishment and the 
perennials were sampled and analyzed the following year. The soil 
was “Chard” coarse-loamy, mixed, mesic calcic haploxerolls, 
which developed on bars along the Snake River. This soil has 
generally good internal and external drainage. Water was applied 
throughout the growing season to maintain vigorous growth. 
Accessions were seeded in rows 1.5 m wide and 6 m long and after 
establishment were sidedressed with 67-87-O-l 1 kg/ ha (N-P-K-S). 
Nitrogen was added to assist in the breakdown of the barley straw 
from the previous crop year. Forage samples were taken from all 
plants to the row. Plots were cultivated and hand hoed for weed 
control. 

The 68 accessions reported in this paper represent 33 species and 
I accession that has not been identified. These represent about 
one-third of the species held by the Western Regional Plant Intro- 
duction Station. 

Whole stem samples were taken in duplicate from all above- 
ground parts of the plants at bloom stage; leaves, stems, petioles, 
scapes, and flowers were combined to make a composite sample. 
These samples were dried in a thermal draft oven at 80’ C, ground 
to 20-mesh fineness and stored at 200 C and 35% relative humidity 
until analyzed. Crude protein was estimated by determining Kjel&hl 

nitrogen (AOAC 1970) and multiplying by 6.25; crude fiber was 
determined by the method outlined in AOAC (1970), tannin by the 
method of Burns (1963), and oxalic acid by the method of Dye 
(1956). All accessions were checked for alkaloids using the Dragen- 
dorff reagent color test as modified by Bums (1964). 

Results and Discussion 

The crude protein, crude fiber, tannin, and oxalic acid levels in 
various Astragafus species are presented in Table I. 

Crude protein variation was less in this collection than in the 
collection from USSR reported by Davis (1973). This report 
includes accessions from Europe and Asia, as well as from North 
America. The highest crude protein (24.290) was found in A. 
canadensis, P.I. 232539 from Wyoming, and the lowest (8.2%) in 
A. missouriensis. P.I. 199780 from Canada. The average crude 
protein found in the annual species was 12.4%; the average for the 
perennial species was 14.6%. Only A. conadensis (2accessions) and 
A. siliquosus equaled or exceeded the 18% found in good alfalfa 
hay (Miller 1958). 

Crude fiber varied from 32.5% for A. boeticus, P.I. 23325, a 
large robust coarse perennial species, to 11.3% for A. edulus, P.I. 
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244273, an intermediate-sized annual. Few accessions were as high 
in crude fiber as good alfalfa hay (280/o), as reported by Miller 
(1958). In fact, only three accessions exceeded 25% crude fiber 
(Table 1). When samples were collected at full bloom, crude fiber 
was low, as indicated by these data. 

Annual species averaged less crude fiber than perennial species, 
16.8% and 18.6%, respectively. This overall crude fiber average was 
lower than previously reported by Davis (1973) and was due to a 
different species complex. 

Tannin levels were generally low. Only two were higher than 10 
mg/g. Donnelly and Anthony (1969) reported that more than 25 
mg/g tannin was required in Lespedezu cuneata (Dum.) G. Don 
before animal acceptance was impaired. The average levels found 
in this collection were 1 mg/g lower than in the previous report 
(Davis 1973), and no problems with acceptance due to tannin 
would be expected. The average for the annual species was 5.7 
mg/g and for perennials, 6.2 mg/g. 

Oxalates were particularly low. All were less than 1% with an 
average of 0.36 oxalic acid equivalent. Morton et al. (1959) 
reported that a mature sheep requires 45 g oxalic acid equivalent 
before toxicity would develop. On this basis, a sheep would have to 
ingest 12.5 kg of dry matter containing 0.36 oxalate before toxicity 
would develop. The average oxalate level for annual species was 
less than that for the perennials, 0.36% and 0.40% respectively. 

None of the accessions in this collection produced a positive 
Dragendorff color test for alkaloids. 

These results and the previous report (Davis 1973) indicate that 
fomge quality in the Asrrugulus genus is highly variable among 
species and accessions within species. This is well illustrated by the 
21 accessions of A. humosus in this report. These varied from 
14.2% to 10.7% in protein, from 21.0% to 11.9% in crude fiber, 
from 7.2 mg/g to 3.5 mg/g in tannin and from 1.10% in 0.15% in 
oxalates. Plants in this genus, with notable exceptions, are lower in 
crude protein and crude fiber than good alfalfa hay and none of the 
accessions analyzed had tannin levels or oxalic acid equivalents 
high enough to be dangerous or to curtail utilization by livestock. 

Ranchers in western states need productive, quality leguminous 
forages that will grow in areas where alfalfa is not adapted. Some 
Astrugulus species now being tested by federal and state agencies 
may meet this need, although feeding trials should be conducted 
before any accession is seeded for forage production to avoid 
introducing undesirable plants into the forage complex. 

The utilization of some species or accessions may be limited by 
inherent characteristics such as poor seed production, selenium 
accumulation, inability to withstand repeated defoliation or 
drought, or the presence of alkaloids or nitro compounds. New 
research on Asrrugulus is locating accessions, free of such undesira- 
ble characteristics, that may become important sources of forage 
on farms, ranches, and ranges of western America. 

Table 1. Protein,erude fiber,taudn,md oralte content in 33 Astragdus species and 1 unidentified accession. 

Species acid 
Plant inventory Protein Crude fiber Tannin’ Oxalic 

number Origin (%) (%) (ma/ a) (%) 
ulpinus 232536 
umericanus 236743 
bisulcatusJ 241039 
boeticus 233225 
campylorhynchus’” 220280 
campylorhynchu.8” 220770 
campylorhynchu.?” 227008 
canadensis’ 199778 
canadensis’ 232539 
charborasicus 330693 
charborasicus 330694 
cicer 066515 
cicer 206404 
cicer 206405 
colureocarpus 223245 
commixtus’” 220161 
c0rrugaru.P 220156 
cymbacecarpossr 318944 
cymbaecarposs” 318946 
edulus’” 244273 
falcatu? 066440 

. 2.3 jilicauhs 220769 
fdicaulisl” 314141 
galegi/ormiP 206406 
globicepss 172376 
glycyphyllusz*’ 234686 
glycyphyllus2~’ 235070 
hamosussA 214096 
hamosuss*’ 214103 
hamosu?” 226627 
hamosu?” 227351 
hamosus3A 227440 
hamosu8’ 244274 
hamosuss” 244275 
hamosu?” 244276 
hamosusSA 244308 
hamos&” 287767 
hamosu?” 287768 
hamosus3” 287769 
hamow.?” 302856 
hamosu?” 302857 
hamosu.8’ 307949 
hamosu8’ 311360 

Wvolnina 16.6 13.6 5.9 0.91 
Canada - 
Utah 
Israel 
Afghanistan 
Afghanistan 
Iran 
Canada 
Wyoming 
Iran 
Iran 
Turkey 
Sweden 
Turkey 
Afghanistan 
Afghanistan 
Afghanistan 
Spain 
Spain 
Spain 
USSR 
Afghanistan 
USSR 
Turkey 
Turkey 
Denmark 
Switzerland 
Spain 
Spain 
Iran 
Iran 
Iran 
Spain 
Spain 
Spain 
Spain 
Italy 
Italy 
Italy 
Italy 
Italy 
Algeria 
Spain 

14.6 16.1 
15.5 15.5 
14.5 
8.9 

10.2 
9.9 

18.4 
24.2 
13.8 
16.7 
14.4 
14.9 
15.0 
11.2 
9.6 
9.0 

11.6 
12.2 
13.6 
16.0 
11.2 
11.9 
15.5 
14.4 
14.8 
14.6 
13.7 
11.2 
11.0 
14.2 
13.7 
12.3 
13.9 
12.7 
13.3 
12.5 
13.5 
13.9 
14.0 
10.7 
13.5 
13.6 

32.6 
28.6 
25.8 
21.4 
14.8 
15.8 
23.3 
24.1 
17.8 
17.7 
18.5 
19.8 
23.6 
24.0 
12.7 
12.0 
11.3 
14.9 
21.7 
17.7 
15.1 
20.9 
16.5 
14.0 
13.8 
21.0 
19.6 
14.9 
14.4 
18.0 
17.7 
15.1 
13.3 
16.5 
12.0 
II.9 
12.9 
13.9 
12.2 
13.4 

5.9 

:.: 
6:6 
6.9 
5.9 
4.5 
5.9 
4.5 
5.9 
4.5 
5.5 
4.5 
7.2 
7.1 
5.9 
5.0 
5.5 

:4 
712 
6.9 
7.2 
8.6 
8.6 
5.9 
6.9 
5.9 
5.9 
7.2 0.19 
5.7 0.28 
5.9 
5.9 
5.5 
6.4 
4.5 
5.5 
5.0 
4.5 
6.4 

f :‘: 

0.89 
0.46 
0.19 
0.29 
0.24 
0.22 
0.29 
0.29 
0.24 
0.28 
0.58 
0.51 
0.56 
0.23 
0.16 
0.42 
0.60 
0.40 
0.21 
0. I7 
0.27 
0.25 
0.34 
0.21 
0.56 
0.52 
0.16 
0.17 
0.23 

0.31 
0.17 
0.19 
0.38 
0.22 
0.84 
1.10 
0.21 
0.19 
0.18 
0.15 
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Table 1. Contbmsd 

Species acid 
Plant inventory Protein Crude fiber Tannin’ 

number 
Oxalic 

Origin (%) (%) (mglg) (%) 

hamosu?” 
hamosus’” 
hamosuss~” 
hamosus3” 
incurs& 
kotschyanu.8’ 
macrorrhizus 
macrorrhizus 
macrorrhizus 
mexicanus 
missouriensis 
odoratus’ 
podocarpu?*’ 
refractus( 
scorpiurus 
siliquosuss*4 
SP. 
striatuss 
striatus2 
suffalca tus 
tribuloides’*s 
tribuloideszS3 
tribuloides’” 
trimestris’ 

311361 
311362 
311363 
3 18937 
318948 
33069s 
28777 I 
28772 

318949 
214097 
199780 
223335 
214098 
214099 

12.8 
13.7 
13.0 
12.6 
14.5 
12.5 
16.2 
IS.2 
16.7 

14.9 
13.5 
16.6 
14.4 
13.5 
23.3 
16.6 
16.0 

16.1 
8.2 

13.5 

222036 
330696 
331372 
232547 

IS.0 
10.8 
12.8 

236749 
220572 
220085 
220155 

20.3 
13.5 
IS.7 
13.8 
IS.2 

17.8 
18.8 
13.4 
16.0 
16.7 
19.7 
21.4 
23.0 
23.5 
20.7 
21.8 
23.1 

4.2 
5.0 
5.0 
4.2 
5.0 
5.5 

:.; 
519 
6.1 
6.6 
7.7 
4.9 
5.9 
4.5 
6.4 
5.5 
5.0 
7.0 

220157 
214102 

Spain 
Spain 
Spain 
Spain 
Spain 
Iran 
Spain 
Spain 
Spain 
Spain 
Canada 
Iran 
Spain 
Spain 
Afghanistan 
Iran 
Ethiopia 
Montana 
Canada 
Afghanistan 
Afghanistan 
Afghanistan 
Afghanistan 
Spain 

10.8 
9.4 

10.4 
10.3 

17.7 
19.8 
18.1 
17.0 

6.2 
10.0 
5.0 

Mean 13.7 17.8 5.9 
Standard deviation 2.6 4.1 I.2 
C.V. 19.3 23.2 20.8 

0.20 
0.39 
0.28 
0.28 
0.39 
0.26 
0.55 
0.38 
0.36 
0.36 
0.29 
0.23 
0.22 
0.24 
0.50 
0.51 
n 7‘ 

4.2! 
0.65 
0.23 
0.20 
0.21 
0.24 
0.22 

0.36 
0.21 
58.5 

lGallotanic acid equivalent 
Selenium accumulator 
‘Annual species. 
‘Contains toxic nitro compounds 
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Fertilization of a Native Grassland in the 
‘Depresibn de1 Rio Salado’, Province of 
Buenos Aires: Herbage Dry Matter Accumu- 
lation and Botanical Composition 
H.D. GINZO, MARTA COLLANTES, AND O.H. CASO 

Abstract 

The objective of this study was the evaluation of herbage pro- 
duction and botanical composition of a native grassland, (“flechil- 
la?‘), of the Salado River Basin fertilized, during 3 years, with 0, 
381, or 762 kg&a-‘*yr-’ of ammonium sulphate alone or combined 
with 0 or 208 kg-ha-‘*yr-’ of triple superphosphate. Annual dry 
matter accumulation of herbage, (ADMA), was restricted by a 
negative water-balance in the soil during the first experimental 
year. A linear response to ammonium sulphate rate, irrespective of 
triple superphosphate, was observed. In the following years the 
relationship between ADMA and ammonium sulphate became 
progressively quadratic, and it was manifest firstly in the plots 
fertilized with superphosphate. The response to superphosphate 
seemed to be due to an environmentally stimulated growth demand 
more than to a phosphorus deficiency in the soil. Ammonium 
sulphate promoted the growth of gramhtoids and decreased that of 
legumes and forbs. Superphosphate increased the proportion of 
legumes and ameliorated the detrimental effect of ammonium 
sulphate, but only few species reflected the effect of fertilization. 
Because (a) the sward reacted remarkably to the addition of a 
nitrogenous fertilizer, and (b) its main legume species, Medicogo 
polymorpha, (annual), was scarce, it is suggested that the sward’s 
herbage production could be substantially increased by its enrich- 
ment with perennial legumes provided that their growth and 
expansion were assisted by periodic additions of a phosphorous 
fertilizer. 

The so-called ‘Depresion de1 Rio Salado,’ best translated as 
‘Salado River Basin,’ is a vast area of about 58.000 km2 in the 
Province of Buenos Aires, Argentina. 

Its shape is almost triangular; the base extends from (approxi- 
mately) 34” 50’ S, 57“ 55’ W to 38’00’5P 35’ W along the coast, and 
its vertex lies somewhere near 36’30’ S, 61” 1O’W (Vervoorst 1967) 
(Fig. 1). 

Since the introduction of English cattle breeds in the last cen- 
tury, the main agricultural enterprise in the Basin has been cattle 
production on the basis of continuous stocking of native grass- 
lands (Vervoorst 1967). These account for 70% of the Basin’s area. 
In the course of the last two decades, however, there has been an 
increasing trend to a mixed kind of livestock management: breed- 
ing and fattening. In order to fatten steers in the same farms, 
cattlemen increased forage production through the substitution of 
cultivated perennial grasslands for the native ones. However, this 
action has been taken without assessing, as a first step, the produc- 
tion potential of some of the best native grasslands of the region. 
We consider the best grasslands because not all of them are suitable 
for steer fattening; e.g. those thriving on solonetzic soils (Ginzo et 
al. 1980). 

Authors are research scientists, Centro de Ecofisiologia Vegetal (FECIC- 
CONICET-Fund. M. LILLO), Serrano 661, 1414 Capital Federal, R. Argentina. 

Authors wish to acknowledge Dr. Ratil Arraras Vergara for having permitted the 
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Od 
Kilometers 

Fig. 1. lYhe Salado River &sin (greyed), (After Vervoorst 1967). 7’he 
approximate location of rhe experimental site is represented by the black 
square. 

In view of the foregoing we decided to determine the production 
potential of a “flechillar,” one of the most productive herbaceous 
communities of the Basin (Vervoorst 1967), through its fertiliza- 
tion with ammonium sulphate and triple superphosphate. It 
deserves mentioning that some of the Basin’s native swards have 
been fertilized particularly with phosphorous sources (Vida, 
Aponte, pers. comm. 1975), and, on the whole, substantial incre- 
ments in meat production have been observed. 

We chose ammonium sulphate and triple superphosphate 
because they are sources of most of the major nutrients needed for 
an active plant growth. As it is well known that chemical fertiliza- 
tion may alter the botanical composition of a grassland (Thurston 
1969; Rogler and Lorenz 1974; Rabotnov 1977), we also evaluated 
the fate of some of the most conspicuous species of the “flechillar.” 
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Materials and Methods 
The experimental site was located near the town of Veronica 

(35’ 24’ S, 5P 20’ W), (Fig. I). The monthly distributions of rainfall 
and mean air temperature from September 1975 to October 1978 
are represented in Figure 2. That figure also depicts the soil-water 
balance as calculated by Thornthwaite and MatherS (1957) 
method. Rainfall and temperature were recorded at Punta de Indio 
(35” 18’ S, 56” 15’ W), 25 km away from the experimental site. The 
experimental site consisted of a fenced homogeneous stand of a 
native grassland, which botanical composition (Table I) was very 
similar to that of a “flechillar”(Vervoorst 1967) Mizczynski (pers. 
comm. 1978) classified the site’s soil as Vertic Argiudol (pH = 6.5; 
E.C. = 0.7 mmho/cm in the O-O.2 m layer). 

Commercial ammonium sulphate (21% N, 24% S) and triple 
superphosphate (46% P205) were applied, respectively, at the fol- 
lowing annual rates ((kg-kg) l ha ): O-O, O-208, 381-0, 381-208, 
762-0, and 726-208. Each fertilizer combination was broadcast by 
hand twice each year: 70% of the annual rate in spring (10-17-75, 
IO-I-76 and IO-7-77), and the remaining 30% in autumn (4-7-76, 
3-16-77 and 3-30-78). 

The fertilizer treatments were arranged in six randomized 
blocks. Each experimental plot was 4 m square and included a 2-m 
square centered subplot. Herbage samples were taken from the 
subplot. The area to be sampled was demarcated by an iron frame 
of I .O X 0. I m. Herbage was clipped to 0.03 m height. A plot sample 
was composed of four subsamples of 0.21 rn2 each. The first 
position of the frame in the subplot was chosen at random; the 
other three positions were selected in such a way that no one 
overlapped with the preceding. Each plot was mown to 0.03 m with 
a garden flail-mower after sampling. Hay was raked away from the 
plots thereafter. 

The frequency of sampling was determined by the sward’s inten- 
sity of regrowth, particularly that of the plots fertilized with the 
highest doses of ammonium sulphate and triple superphosphate. 
Usually the experiment was sampled when the height of the canopy 
was between 0. I and 0. I5 m. Each sample was separated into 
graminoids, (grasses and sedges), legumes and forbs in the labora- 
tory. Fractionation of the first seven harvests was made after 
ovendrying at 80°C. After having noticed that the fractionation of 
fresh material was both easier and more precise with fresh material, 
herbage samples were stored at -2oOC until fractionation and 
ovendried at 80°C thereafter. 

Fifteen harvests were made during the 36 months of this study. 
Three, six, and five harvests were taken in the course of the first, 
second, and third experimental years, respectively. These years 
were arbitrarily chosen to extend from October 17, 1975, to 
October 1, 1975; October 1, 1976, to October 7, 1977, and October 
7, 1977, to October 18, 1978. 

The harvests of each year were added and dry matter yield was 
expressed as annual dry matter accumulation (ADMA), as sug- 
gested by Hodgson (1979). 

Phytosociological surveys were made before (9-25-75) the first 
and after (I l-29-78) the last addition of fertilizers. A list of species 
for each plot was compiled and to each species particular frequency 
and cover-abundance values, as defined by Braun-Blanquet (1950) 
were assigned. A symbol N” was employed for representing the 
frequency, N, and the cover-abundance, n, scales. 

Soil pH was measured on soil samples taken at depths of 0.05, 
0.1, and 0.2 m. They were quickly wetted with distilled water. 
Before 24 h had elapsed, the soil was pasted for electrometric 
measurement of pH (Jackson 1964). Significant differences 
between means were evaluated by cluster analysis (Gates and 
Bilbro 1978). 

Results 
We shall not present the data corresponding to the individual 

samplings of herbage and soil pH because the quantitative effect of 
fertilization was clouded, in some occasions, by unknown seasonal 
influences. These, however, did not affect the qualitative effect of 
fertilization. 
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Fig. 2. Average monthly values of mean air temperature, rainfati, and 
soil-water balancefor Punta de India, 25 km away from the experimental 
site. 

Table 1. Main species of the “tlechilhw” at the beghming of the experimen- 
tal period. Survey made in September 25, 1975. 

Species Braun-Blanquet’s Index’ 

Gaudinia fragilis (L.) Beauv. 
Dallisgrass (Paspalum dilatatum Poir.) 
Piptochaetium bicolor (Vahl.) Desv. 
Bothriochloa laguroides (DC.) Pilg. 
Phalaris aquatica L. 
Panicum decipiens Ness. 
Stipa neesiana Trin. et Rupr. 
Black medic (Medicago polymorpha L.) 
Hypochoeris spp. L. 
Cerastium glomeratum Thill 
Plumeless thistle (Carduus acanthoides L.) 
Oxalis martiana Zucc 

V’ 
V2 
V’ 
V’ 
V’ 
V’ 

IV’ 
V’ 
V’ 

IV’ 
IV’ 
IV’ 

‘Frequency scufe. v: 80.1-100%; IV: 60.1430 %; I I I: 40.1~60%; II: 20. I-lo%; I: up to 
20%. 
Cover-crbundance scale. 5: any number of plants, with cover >lS% of the reference 
area; 4: ibid., with cc~ver S&75$; 3: ibid, with cover 2S-50%; 2: ibid, with cover S-25%; 
I: numerous plants, but cover <S%; or scattered plants, with cover <S%; + : few 
plants, with small cover. 

The annual additions of ammonium sulphate increased herbage 
ADMA, although the shape of the relationship varied with time 
and triple superphosphate fertilization (Fig. 3). The ADMA 
response to ammonium sulphate was linear and independent of 
superphosphate in the first year. The amount of herbage harvested 
per unit of ammonium sulphate was about 24 kg/ kg. This rate was 
50% lower than that calculated for the no-superphosphate plots in 
the following year. In the second year ADMA was quadratically 
related to ammonium sulphate in the plots which had been fertil- 
ized with superphosphate. A quadratic function also described the 
ADMA-ammonium sulphate relationship in the third year and it 
was independent of triple superphosphate rate. 

Average annual values for the components of the sward’s gross 
botanical composition are presented in Tables 2 and 3. Before 
fertilization the botanical composition of the “flechillar,” on a 
weight basis, was: 96% graminoids, 2% legumes, and 2% forbs. 
Fertilization did not modify the relative amount of graminoids in 
the sward in the first year: it did so, and particularly the addition of 
ammonium sulphate, in the following years (Table 2). However, 
the effect of ammonium sulphate in the second and third years 
differed in that there was a conspicuous linear trend in the propor- 
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Table 2. Average relative amount (% weight) of grmninoib as affected by fertilization. 

Period 
o-o O-208 

Fertilizer combination 
381-O 38 I-208 

sin?./%+ 
762-O 762-208 mean SE. 

10/17/75-4/7/76 76. IO’ 84.50” 8i.IC 82.67 84.16a 85.50” 82.35 3.58 

101 l/764/26/77 79.49 76.15” 82.2gb 81.6ib 87.57b 85.62b 82.19 2.1 I9 

10/7/77-IO/ 18/78 58.9V 59.68’ 72Mb 71.91b 78.18b 76.26b 69.56 4.498 

Means in .% row supervised by tbe same letter are not significantly different at a=0.05. 
‘arcsine transform of percent values. 

tion of gtaminoids during the second year but not in the third one. 
In general, superphosphate did not affect the gmminoid fraction. 
There was an overall decrease in the relative amount of 
graminoids-which was particularly noticeable in the plots not 
fertilized with ammonium sulphate-in the third year. 

The variation of the “forbs” fraction was complementary of that 
of the graminoid fraction because the former was the other large 
component of the sward, except in the spring of 1976. Conse- 
quently, we do not present its values for the samples in which 
graminoids and forbs were the only components of the sward. The 
relatively amount of forbs was depressed by ammonium sulphate 
more or less independently of its proportion in the sward (Table 3). 
Actually, even in the presence of legumes, the proportion of 
forbs mainly depended on that of graminoids. 

The proportion of legumes was increased by triple superphos- 
phate and adversely affected by ammonium sulphate (Table 3). 
Nevertheless, the particular combination of 381 kgeha-‘*yi’ of 
ammonium sulphate with 208 kg*ha-‘*yr-’ of triple superphosphate 
resulted in relative amounts equal to (third year) or higher (second 
year) than those of the control treatment. The highest rate of 
ammonium sulphate was definitely harmful to legume growth. 

In the course of the 38 months elapsed between the phytosocio- 
logical surveys the populations of relatively few species showed 
conspicuous changes in size and density resulting from the fertiliza- 
tion regime imposed to the experimental grassland. (Table 4). The 
frequency of Dallisgrass (Paspalum dilatatum) was neither modi- 
fied by ammonium sulphate nor by triple superphosphate; its 
cover-abundance value (density) was, however, slightly increased 
by ammonium sulphate, independently of superphosphate fertili- 
zation. Ammonium sulphate tended to increase both the frequency 
and density of Phalaris aquatica, particularly in the absence of 

triple superphosphate. The frequency of Piptochaetium bicolor 
was unaffected by fertilization; ammonium suiphate, however, 
increased slightly its density and the effect was more noticeable in 
the absence of superphosphate. Fertilization did not affect the 
density of Stipa neesiana, but it extended its population. In this 
respect, the effect of superphosphate was more conspicuous than 
that of ammonium sulphate. Both ammonium sulphate and triple 

PCriOd 
otx.17, 1975 
ocT.1, I976 @ 

OCT.1 , ISZS d 
OCT.7, 1977 

wr.7, I977 v 
OcrIo, 1910 

8 I 

0 381 762 

AMMONIUM SWIWATE - Kg. ha-! yr -I 
Fig. 3. Herbage annual dry matter accumulation of a “@chillar” as 

affected by ammonium sulphate and triple superphosphate. Open sym- 
bol.. no-superphosphare. Closed symbols: 208 kg*superphosphare*ha-’ 
l yr . 

Table 3. Awage relative amounts (% weight) of legumes and forbs as affected by fertiiiution. 

Sampling dates 

Second year 
IO/ l/76 
11/12/76 

O-O 

7.42” 

O-108 

I 7.9Eb 

Fertilizer combination 
381-O 38 t-208 

Legumes 
sin~‘J%l 

l * i2.58b 

762-O 

* 

762-208 

2.59” 

mean 

10.14 

S.E. 

3.322 

Third year 
io/7/77 
11/17/77 
IO/ i8/78 

9.2tY 17.42 8.35” * * 11.66 4.3 I 

Second year 
IO/ l/76 
11/12/76 

Third year 
10/7/77 
li/i7/77 
IO/ i8/78 

7.10” 8.48” 

Forbs 

6.71’ 4.7Y 

20.75b 19.7sb 

2.5Sb 

15.29b 

2.7ob 5.39 0.959 

15.69 22.10 

Means in a row superscribed by the same letter are not significantly different at (I = 0.05. 
‘arcsine transform of percent values. 
ZNegligible amounts or abscence. 
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Table 4. Main plant species are frequency and cover-abundance values changed because of fertilization. 

Fertilizer combination 

Plant species 

Dallisgrass 
Pholaris aquarico 
Piprochoerium bicolor 
Slip0 neesiona 
Knotroot bristlegrass 
Prairie grass 
Black medic 
Gamochaera spicata Cabr. 
Hypochoeris spp. 

September 25, 
1975 
o-o 

v2 ’ 
V’ 
V’ 

IV’ 
111’ 

I’ 
V’ 
* 

V’ 

o-o 

v2 
IV’ 

V’ 
I’ 
V’ 
I’ 

Ill’ 
V’ 
V’ 

O-208 

v2 
III’ 

V’ 
II’ 
11’ 

I 
III’ 

V’ 
V’ 

November 29, 
1978 
381-O 

VZ 
IV2 

v2 
I’ 
V’ 
I’ I 
:I 
v2 

381-208 762-O 762-208 

v2 V’ V’ 
V’ VZ V’ 
V’ V’ 

III’ IIT III’ 
II’ 1112 112 

III’ I’ II’ 
II’ 

; 
I’ 

V’ V’ 
v2 v2 v2 

~FrequtWy scale. v: 80.1-100%: IV: 60.1-8oy~; 111:40.1-60y~; II: 20.1-40~~: I: up lo 20%. 
Cover-abundance scak. 5: any number of plants. with cover >75% of the reference area; 4: ibid, with cover SO-75%; 3: ibid. with cover 25-50%; 2: ibid, with cover 5-25%; I: 

numerous plants. but cover <5%: or scattered plants, with cover SS%; +: few plants, with small cover. 
‘Absent. 

superphosphate tended to decrease the frequency values of knot- 
root bristlegrass (Sefuria geniculura). The effect of the latter fertil- 
izer was more intense than that of the former. Density, on the other 
hand, was markedly increased by the highest rate of ammonium 
sulphate, independently of superphosphate. These fertilizers did 
not modify greatly the species’density, which was lowest except in 
the plots fertilized with superphospate only. 

At the time the last phytosociological survey was made black 
medic was the most conspicuous legume present in the grassland 
community. Its density was highest in the plots fertilized with 
superphosphate only. 

The frequencies of Gamochaera spicala and Hypochoeris spp. 
were not altered by fertilization: their respective densities, how- 
ever, were modified to different extents. In fact, the cover- 
abundance values of G. spicata seemed to be independent of 
fertilization, whereas those of Hypochoeris spp. were conspicu- 
ously decreased by ammonium sulphate. 

The fluctuation ofaverage pH values with depth was minimal, so 
that we present only the data for the upper 0.05 m as representative 
of the O-O.2 m layer. We observed a definite decreasing effect of 
ammonium sulphate in the second year only (Table 5). Actually, 
the absence of the same trend in the third year was due to a strong 
interaction between ammonium sulphate and date of sampling. 
The interaction was due to seasonal effects on the magnitude-but 
not the sign-on the slope of the pH-ammonium sulphate 
regression. 

Discussion 
The stimulating effect of fertilization on herbage production 

and, also, its modifying effect on the basic botanical composition 
of the “flechillar” were not surprising from a qualitative viewpoint. 
In fact those are well-documented effects of fertilizers, and particu- 
larly of those which contain nitrogen (Thurston 1969; Rogler and 
Lorenz 1974; Rabotnov 1977). The response of the “flechillar” to 
ammonium sulphate seemed to be conditioned by the sign of the 
water-balance in the soil. This balance was negative during the first 

Table 5. Mean pH values for the upper 0.05-m soil layer of fertilized plots. 

year, and the value of ADMA was the lowest observed (cf. Figs. ? 
and 3). When the soil water balance became almost null, the 
sward’s overall dry matter accumulation and the response to fertili- 
zation were highest. If dry matter accumulation and fertilizer 
influence had depended solely on the amount of available water in 
the soil, dry matter accumulation in the third year would have been 
equal to or higher than that of the previous one because the soil 
water balance was positive and the site was not flooded at any time 
of the growing season. The difference lay in the changing response 
of grassland growth to ammonium sulphate; it shifted from linear 
to quadratic as time passed. Clearly, Mitscherlich’s Law of Dimin- 
ishing Returns was operating because some mineral nutrients in 
the soil must have become limiting for growth. 

Although soil pH values may not have been faithful indicators of 
the true reaction of the soil solution (cf. Russell 1973), they were 
decreased to values as low as 4. I in some sampling occasions. The 
availability of some of the major nutrients = N, P, K, S, Ca, and 
Mg-becomes progressively lesser as soil pH decreases from cu. 5.8 
downwards (cf. Buckman and Brady 1963). A glance at both the 
mean pH values and their corresponding ranges (Table 5) suggests 
that pH induced deficiencies of some nutrients, even of those added 
with the fertilizers, might have been brought about by ammonium 
sulphate hydrolysis as well as by its stimulating effect on plant 
growth. 

Cogliatti (1978) found that the soil of this “flechillar” was defi- 
cient in P. In the field, however, regrowth did not respond regularly 
to triple superphosphate fertilization. When it did, it was imme- 
diately after the spring and autumn fertilizations in the second 
experimental year. It seems that the response to superphosphate 
was due to a strong demand for growth rather than to an actual 
deficiency of P in the soil. 

Ammonium sulphate fertilization led to the elimination of the 
relatively small population of legumes. On the other hand, it poised 
the spread of other herbs, mainly rosette plants, through the stimu- 
lation of grass growth (cf. Tables 4 and 5). However, 3 years of 
chemical fertilization were insufficient for evoking welldefined 

Period o-o O-208 
Fertilizer combination 

381-O 381-208 762-O 762-208 mean S.E. 

Feb. 24, l976- 5.64’ 5.54” 5.74n 5.5@ 
Apr. 7, 1976 (5.2-6. I)’ (5.1-6.4) (5.2-6.4) (5.1-5.9) 

Sept. 25, l976- 5.99^ 5.84’ 5.84” 5.74’ 
Apr. 24, 1977 (5.66.2) (5.5-6.2) (5.3-6.4) (5.1-6.1) 

Oct. 7, l977- 5.85’ 5.71’ 5.63’ 5.51’ 
Oct. 18, 1978 (5.2-6.75) (5.1-6.55) (4.8-6.4) (4.6-6.4) 

Means in a row superscribed by the same letter are not significantly different at (I = 0.05. 
‘range. 

5.48L 5.36’ 5.55 0. I84 
(4.9-6.0) 

5.56b 5.45b 5.74 0.112 
(4.8-6.3) (4.75-6.1) 

5.41’ 5.IT 5.54 0.343 
(4.3-6.5) (4. I-6.45) 
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floristic changes in the “flechillar” (Table 4). If there were any, they 
might have been blurred because Braun-Blanquet’s scales of fre- 
quency and cover-abundance are rather subjective and the plots 
were small for reasonably precise phytosociological surveys. 
Nevertheless, the spread and density of some specific populations 
varied very clearly. Ammonium sulphate increased the density of 
Dallisgrass, the most important warm-season component, and 
checked the expansion of the two most important hemicrypto- 
phytes of the community: Gamochaeta spicata and Hypochoeris 
spp. Apparently, these species were favored by the clipping regime 
although we do not know whether clipping modified the effect of 
fertilization on species dynamics. 
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Fertilizer Effects on Above- and Below- 
ground Biomass of Four Species 
JERRY L. HOLECHEK 

Abstract 

Research was conducted in a greenhouse at Bozeman, Montana, 
and on coal mine spoils at Colstrip, Montana, in 1975 to determine 
production characteristics of four species when nitrogen and phos- 
phorus fertilizer was applied at a low rate and when not applied. 
Aboveground biomass, belowground biomass, and the root to 
shoot ratio of fairway crested wheatgrass (Agropyron cristatum), 
critana thickspike wheatgrass (Agropyron ahystachyum), and 
fourwing saltbush (Atriplex canescens) were increased by fertilizer 
application. Root depths of crested and thickspike wheatgrass 
were increased by fertilizer application. Ranger alfalfa (Medicago 
sativa) responded differently to fertilizer application in the green- 
house and field experiments. Crested wheatgrass had a higher root 
to shoot ratio than the other three species when fertilizer was not 
applied. This may explain why this species has been successful in 
the Northern Great Plains. 

During the research the author was graduate assistant, Department of Animal and 
Range Sciences. Montana State University, Bozeman. He is currentlyassistant profes- 
sor of range ecology, Department of Animal and Range Sciences, New Mexico State 
University, Las Cruces 88003. 

This article is published as Journal Series No. 869, Montana Agricultural Experi- 
ment Station, Bozeman, Montana. 

The application of nitrogen and phosphorus fertilizer has had 
variable effects on plant establishment and productivity in range- 
land revegetation studies. Most research has shown that nitrogen 
and phosphorus fertilizer did not increase seedling emergence or 
survival (Hull 1963, Cook 1965, Bryan and Murphy 1968, Farmer 
et al. 1974, Holechek 1979). Generally, nitrogen and phosphorus 
fertilizer application has increased the vigor of cool-season grasses 
(Black 1968, Wight and Black 1972, Mason and Miltimore 1972, 
Ryerson et al. 1974). Close correlations have been made between 
the increased yield of cool-season grasses resulting from nitrogen 
and phosphorus fertilization and increased depth and quantity of 
roots in the Northern Great Plains (Van Dyne 196, Black 1968, 
Mason and Miltimore 1972). Increasing these root parameters 
allows better soil moisture extraction. Nitrogen fertilization gener- 
ally does not benefit legumes because nitrogen fixing bacteria are 
associated with these plants (Brady 1974). However, phosphorus 
application has, in most cases, increased legume production 
(Brouse and Burzlaff 1968, Martin et al. 1965, Brady 1974). Gener- 
ally, nitrogen and phosphorus fertilizer has increased shrub pro- 
duction (Gibbens and Pieper 1962, Bayoumi and Smith 1966, 
Anderson et al. 1974, George and Powell 1977, Barrett 1979). 

The research was funded by the U.S. Forest Service Surface Environment and 
Mining(SEAM) Programand was part of Cooperative Agreement No. 16,(USC581; 
58 la-58 Ii). 

The objectives of this research were to determine the effects of 
nitrogen and phosphorus fertilizer application on root to shoot 
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ratios and root depths of four species planted in a greenhouse at 
Bozeman, Montana, and on strip mine spoils at Colstrip, Mon- 
tana. The four species used in the investigation included critana 
thickspike wheatgrass (Agropyron dusysfachyum), fairway crested 
wheatgrass (Agropyron cristatum), ranger alfalfa (Medicago sat- 
iva), and fourwing saltbush (Atriplex canescens). 

Methods 
In late winter of 1975, a representative sample of surface topsoil 

was taken from strip mine spoils at Colstrip, Montana, and trans- 
ported to a greenhouse owned by Montana State University at 
Bozeman. Approximately 88 kg of soil materials were weighed and 
placed in each of 24 rectangular frames on greenhouse benches. 
Fourwing saltbush, critana thickspike wheatgrass, ranger alfalfa, 
and fairway crested wheatgrass were randomly assigned to the 
experimental units. This resulted in six replications of each species 
in a completely randomized design. Experimental units were 
broadcast seeded on the basis of pure live seed per square meter on 
March 22. Seeds were incorporated into the spoils material by 
hand cultipacking. All seeds in the study had been recently tested 
for germination. Fourwing saltbush seed was dewinged. Ranger 
alfalfa seed was inoculated with nitrogen-fixing bacteria. Fairway 
crested wheatgrass, critana thickspike wheatgrass, and ranger 
alfalfa were broadcast seeded at 538 pure live seeds/m’. This 
seeding rate was used to compensate for the uneven depth of 
broadcast seeding (Vallentine 197 I). Fourwing saltbush was 
seeded at a reduced rate (108 pure live seeds/m*) to lower intraspe- 
cific competition. Water and temperature were controlled so that 
average conditions at Colstrip foreach month wereapproximated. 
Nitrogen and phosphorus fertilizer was randomly applied to one 
half the experimental units seeded to each mixture immediately 
after germination. The rates of application were 37 kg/ ha of nitro- 
gen and 94 kg/ ha of phosphorus. 

Experimental units, 9 X 10 m, were established on strip mine 
spoils at Colstrip that had been previously ripped and topsoiled 
during the same period. The study was set up with three blocks of 
eight experimental units. The four species were assigned randomly 
to each block. Seeding was accomplished by broadcasting and then 
cultipacking on April 4. The same seeding rates were used as in the 
greenhouse study. Nitrogen and phosphorus fertilizer was applied 
at the same rate used in the greenhouse to one half the experimental 
units in each block after germination. Data concerning the emer- 
gence and survival of the four species in the field and greenhouse 
experiments are given by Holechek (1980). The mean annual pre- 
cipitation for the Colstrip area is approximately 40 cm (Sindelar et 
al. 1973). Precipitation during the 1975 growing season was 107% 
of the average. Data concerning the physical and chemical charac- 
teristics of the soil material on the study area are given by Holechek 
(1976). 

Aboveground biomass in the greenhouse was evaluated by clip- 

ping each experimental unit on July2,1975. Belowground biomass 
was evaluated immediately after clipping by placing soil material in 
screens and flushing with water. 

Aboveground biomass was clipped on August 19, 1975, in the 
field experiment. The methods used in collecting belowground 
biomass were modified slightly from those used by Bartos and 
Sims (I 974). Belowground biomass samples were collected on each 
experiment unit with a portable gas operated soil sampler on 
August 26, 1975. Weeds were pulled up around the area of sample 
collection so belowground biomass would represent the seeded 
species. 

In order to evaluate root elongation of the four species in the 
greenhouse, each species was planted in boxes with glass sides. 
Fertilizer was applied to one half the boxes at the same rate used to 

evaluate biomass. Root boxes were replicated for thickspike and 
crested wheatgrass but not for ranger alfalfa and fourwing sah- 
bush. On June 28 rooting depth was evaluated in the greenhouse. 
Rooting depth in the field experiment wasevaluated on August 27, 
1975, by excavating 15 plants from each experimental unit. 

Differences in aboveground biomass, belowground biomass, 
root to shoot ratios, and rooting depths were analyzed by analysis 
of variance using the procedures of Steel and Torrie (1960). 
Newman-Keuls tests for significance was used to rank treatment 
means. 

Results 
Aboveground biomass, belowground biomass, and root to 

shoot ratios of the four species in the greenhouse and field experi- 
ments are given in Table I. Only results statistically significant 
(K.05) will be discussed. Fertilizer application significantly 
increased aboveground biomass of all four species in the green- 
house experiment. In the field, fertilizer application significantly 
increased the aboveground biomass of crested and thickspike 
wheatgrass. Belowground biomass was significantly increased by 
fertilizer application for all species in the greenhouse. In the field, 
fertilizer application significantly increased the belowground bio- 
mass of crested wheatgrass, thickspike wheatgrass, and fourwing 
saltbush. Fertilizer application significantly increased the root to 
shoot ratios of crested wheatgrass, thickspike wheatgrass, and 
fourwing saltbush in both experiments. 

Rooting depths of the four species in both experimentsare given 
in Table 2. Crested and thickspike wheatgrass had significantly 
(x.05) greater rooting depths on fertilized compared to unfertil- 
ized experimental units in both experiments. Fourwing saltbush 
had a greater rooting depth than the other three species in the 
greenhouse. However, statistical comparisons were not made 
because of lack of replication. In the field fourwing saltbush had a 
significantly (K.05) greater rooting depth than the other three 
species. 

Table 1. Aboveground biomass, belowground biomass, and root to shoot ratios in the field and greenhouse experiments. 

Greenhouse” 

Agropyron dasystachyum 
Agropyron cristatum 
Medicago saliva 
Atriplex canescens 

Field” 

Aboveground biomass 
(kg/ ha) 

Fertilized Unfertilized 

1074. 316’ 
I151’ 315” 
569b 327 
539 284 

Belowground’ biomass 
(kg/ha) 

Fertilized Unfertilized 

2054b 327b 
2178” 420’ 

32Sb 683’ 
744’ 204’ 

Root/Shoot 
Fertilized Unfertilized 

1.91” I .03b 
1.8Y 1.33’ 
1.20b 0.W 
1.39b 0.7P 

Agropyron dasystachyum 19T 91b 280’ 
Agropyron cristatum 118b 61’ 275’ 

139 hfedicago sativa I 73a l43b 
Atriplex canescens 67 56” 90” 

‘Statistical comparisons and significance are valid only within each column. 
‘Treatments with different letters are significantly different (Iy.05) using Newman-Keuls Test. 
%elowground biomass is presented on an ash-kc basis. 

b 

I3 
2lV 
w 

1.42b I .05bE 
2.33’ 1.80” 
I .OP 1.21b 
1 .34b 0.86’ 
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Table 2. Root depths (cm) of the four species in the greenhouse and field 
experiments. 

Greenhouse Field 
Fertilized Unfertilized Fertilized Unfertilized 

Atriplex canescens 50.6 45. I 35.3 31.7 
Medicago sativa 43.8 42.9 23.6 23.1 
Agropyron cristatum 28.1 21.23 17.0 14.02 
Agropyron dasystachyum 25.8 19.32 17.5 13.52 

1 Fertilized and unfertilized treatments with Atriplexcanescens and Medicago safiw in 
the greenhouse were not compared statistically because of lack of replication 
*Fertilized and unfertilized treatments differed significantly at X.05. 
‘Fertilized and unfertilized treatments differed significantly at X.01. 

Discussion 
Data from this research showed that nitrogen and phosphorus 

fertilizer influenced individual species much differently. Differen- 
ces between the greenhouse and field studies demonstrate that 
weather conditions also play a big role in plant response to fertil- 
izer application. Environmental conditions in the greenhouse were 
much different than those in the field. This same kind of difference 
exists in environmental conditions between years. For this reason, 
data from any I year of study involving fertilizer application must 
be interpreted with considerable caution. This study also shows the 
danger of applying greenhouse data to conditions existing in the 
field. 

Crested and thickspike wheatgrass had greater aboveground 
biomass, belowground biomass, root to shoot ratios, and rooting 
depths when fertilizer was applied in both experiments. Black 
(1968) reported that nitrogen and phosphorusfertilizerapplication 
increased root weight and depth of crested wheatgrass in Montana. 
Other studies are available showing nitrogen and phosphorus fer- 
tilizer increased the vigor of cool-season grasses by increasing root 
weight and length (USDA 1961, Cook 1965). 

Several studies have shown that nitrogen and phosphorus fertil- 
izer increased the vigor and aboveground production of crested 
wheatgrass (Eckert et al. 1961, Cook 1965, Power and Alessi 1970, 
Depuit and Coenenberg 1979). The results from the present study 
are consistent with these past findings. 

Considerable data are available showing crested wheatgrass is 
highly adapted to the harsh climatic conditions existing on the 
Northern Great Plains (Reitz et al. 1936, Houston 1957, Rogler 
1960, Lodge et al. 1972, Depuit and Coenenberg 1979). In this 
study, crested wheatgrass had a significantly higher(K.01) root to 
shoot ratio than the other three species when fertilizer was not 
applied. This may explain why crested wheatgrass can withstand 
periodic drought and defoliation better than many native species. 
A greater root biomass in relation to vegetative biomass should 
theoretically result in greater efficiency of soil moisture use because 
of a reduced transpiration rate. 

The response of ranger alfalfa to nitrogenand phosphorus fertil- 
izer application in the greenhouse and field experiments was not 
consistent for aboveground biomass, belowground biomass, and 
root to shoot ratios. Since this species was inoculated with 
nitrogen-fixing bacteria, its productivity was probably much less 
limited by nitrogen than the grasses’. In the field, competition from 
weeds was greater than in the greenhouse. Weed productivity was 
significantly (X.05) increased by fertilizer application. Ranger 
alfalfa may have had a competitive advantage over weeds in the 
field experiment when fertilizer was not applied because it was less 
limited by nitrogen availability. The application of phosphorus 
without nitrogen may increase ranger alfalfa biomass. This nut- 
rient has been found to be more limiting to legume production than 
nitrogen (Brady 1974). 

Fourwing saltbush aboveground biomass, belowground bio- 
mass, and root to shoot ratios were all significantly (K.05) 
increased by nitrogen and phosphorus fertilizer application. It 

appears that fertilizer application could be very effective in aiding 
the establishment of this species. 

On fertilized and unfertilized experimental units in the field and 
greenhouse studies, fourwing saltbush had a greater root depth 
than the other three species. Research is available showing good 
initial and long-term establishment of fourwing saltbush on mine 
spoils at Colstrip (Depuit and Coenenberg 1978, Holechek 1980). 
Rapid root elongation may explain why plantings of this species 
have been successful. 

Conclusion 
Based on the evidence of this research, nitrogen, and phosphorus 

fertilizer applied at a low rate after seedling emergence increased 
above-ground biomass, belowground biomass, and root to shoot 
ratios of fairway crested wheatgrass, critana thickspike wheat- 
grass, and fourwing saltbush. It appears that low application rates 
of nitrogen and phosphorus fertilizer may be beneficial in improv- 
ing establishment of these three species on harsh areas in the 
Northern Great Plains where fertility is low. 
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Chemical Composition of Native Range 
Grasses Growing on Saline Soils of the South 
Texas Plains 
J.H. EVERITT, M.A. ALANIZ, AND A.H. GERBERMANN 

Abstract 

Durhrg the growing seasons of 1976 and 1977, six native range 
grass species and a composite of miscellaneous grasses growing on 
Saline Clay and Rolling Hardland range sites (both sites have 
saline soils) in south Texas were analyzed for percentage content of 
crude protein (CP), P, Ca, Mg, K, and Na. Levels of CP, P, K,and 
Na were generally highest after periods of adequate rainfall in late 
spring, summer, and early fall and lowest in late fall as the grasses 
went into dormancy. Levels of Ca and Mg remained relatively 
stable through the growing season and showed little relationship to 
rainfall. Grasses from the Saline Clay site had slightly higher levels 
of the chemical constituents than those grasses from the Rolling 
Hardland site. 

Over 2 million ha of rangeland within the South Texas Plains is 
seriously affected by soil salinity (Godfrey et al. 1973). The area 
with the greatest percentage of salt-affected soils occurs primarily 
on the Neuces, Frio, and Rio Grande River watersheds (Fanning et 
al. 1965). Appreciable concentrations of soluble salts in the upper 
profile of these soils limit plant growth (Davis and Spicer 1965; 
Fanning et al. 1965). The range sites made up of these soils are 
characterized by large bare soil areas or “slicks” with surface 
deposits of Na and Ca salts which decrease herbaceous biomass 
production. Attempts at reseeding these sites with improved 
grasses have generally been unsuccessful (Fanning et al. 1965). 
Thus, cattle grazing on these sites are primarily dependent on 
native vegetation for forage. 

Little information is available on the nutrient content of native 
grasses growing on the saline range soils of south Texas. A knowl- 
edge of the nutritive value of the grasses growing on these soils 
would greatly enhance the management of these ranges. Our objec- 
tive was to characterize the crude protein (CP) and mineral compo- 
sition throughout the growing season for a 2-year period for six 
grasses growing on a Saline Clay range site and six grasses growing 
on a Rolling Hardland range site. 

Study Area and Methods 

This study was conducted on the Manges Ranch, 25 km north of 
Roma, Texas, in Starr County. The climate is mild with short 
winters and relatively warm temperatures throughout the year. 
The average length of the growing season is 300 days (USDC 1970). 
Summer temperatures and evaporation rates are high. The average 
annual rainfall is 43 cm. Average rainfall is lowest in January or 
February and highest in May or June and September. The topo- 
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graphy is nearly level to gently undulating with a few hilly areas 
broken by caliche and gravely ridges. Two major range sites occur 
on the ranch: Saline Clay and Rolling Hardland. Both are made up 
of saline soils. The saline Clay site is comprised of Catarina soils 
(Palleustollic Torrents) whereas the Rolling Hardland site is made 
up of Maverick soils (Ustollic Camborthids). 

Both sites are dominated by a variety of woody plants and 
grasses. The vegetation of these sites is similar to that described by 
Thompson et al. (1972). The most abundant grasses from each site 
were selected for chemical analyses. Six species of grasses plus a 
composite of miscellaneous species were sampled monthly from 
each range site during the growing seasons of 1976 and 1977. The 
six grasses collected from the Saline Clay site were curly mesquite 
(Hilaria belangeri). whorled dropseed (Sporobolus pyramidatus), 
plains bristlegrass (Setaria macrostachya), pink pappusgrass (Pap- 
pophorum bicolor), Arizona cottontop (Digitaria californica), and 
white tridents (Tridens albescens). The six grasses collected from 
the Rolling Hardland site were red grama (Bouteloua trifida), curly 
mesquite, whorled dropseed, pink pappusgrass, Arizona cotton- 
top, and plains bristlegrass. Red grama and whorled dropseed are 
generally considered as invader species on these sites. However, 
their abundance warranted determining their nutritive status. The 
other grasses are classified as having fair-to-good grazing values 
(Thompson et al. 1972). Cattle grazed both sites intermittently 
throughout the year. 

Cornposited samples from 15 or more plants were collected at 
random for each grass species at the end of each collection month. 
Due to heavy grazing, plant collection at specific stages of growth 
was difficult. Most species were in early leaf and vegetative stages 
of growth in March, April, and May, and reached maturity in June 
or July. Most grasses remained in the mature stage through Sep- 
tember or October and reached dormancy by November. Whole 
grass samples (both leaves and stems) were clipped 2 to 3 cm above 
ground, air dried at 65°C for 48 hours, ground in a Wiley mill 
through a l-mm mesh screen, thoroughly mixed, and stored in 
sealed jars. An attempt was made to sample grazed plants. Rainfall 
was recorded monthly during the 2-year period. 

Plant samples were analyzed for crude protein (CP), P, Ca, Mg, 
K, and Na. Total N was determined by the Kjeldahl method (Peech 
et al. 1947). Nitrogen levels were multiplied by 6.25 and expressed 
as 9” CP. Levels of Ca, Mg, K, and Na were determined by atomic 
absorption spectrometry (Boettner and Grunder 1968). Lantha- 
num oxide was added to Ca and Mg samples to reduce interfer- 
ence. Phosphorus was determined by the rapid digestion method 
(Bolin and Stramberg 1944). Samples were analyzed in duplicate. 

Soil samples were taken for salinity analyses in June 1976, 
December 1976, and April 1977. Five samples were taken at ran- 
dom from each site, each at 15-cm increments to a 6Ocm depth. 
Soil salinity was determined on the saturated extract using a 
conductivity meter (U.S. Salinity Laboratory Staff 1954). The 
mean electrical conductivity (ECe) value and standard deviation 
were determined for each increment on each date. 
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Table 1. Eiectricai conductivity (ECe) of tbe soii extracts from Roiiing Hardland md &iine Clay range sites in Starr County, Texas. Valuesare expressed 
in M-cm increments in soil depth. 

ECe of soil extracts (mmhos/cm) 
Range site and 
Sampling date 

Rolling hardland 
June 1976 
December 1976 
April 1977 

Saline clay 
June 1976 
December 1976 
April 1977 

O-IS cm 15-30 cm 30-45 cm 45-60 cm 

XI S. D.’ x SD. x S.D. x . S.D. 

6.8 2.6 ii.6 3.9 13.4 3.2 14.0 3.1 
9.7 3.3 12.9 4.2 14.2 2.8 13.4 2.6 

10.0 3.1 is.3 3.5 16.9 3.0 16.4 1.2 

4.4 2.2 9.4 3.4 13.5 2.5 15.4 2.1 
5.6 1.6 11.0 3.0 16.0 1.8 17.9 1.4 
5.7 2.5 10.5 3.3 15.4 2.6 17.9 1.3 

I,?-= Mean 
*S.D. = Standard deviation 

Nutrient data for Ca, Mg, K, and Na were summarized for all 
sampling dates for the 2 years. The mean and standard deviation 
for each of these minerals were determined for each species. 

Results and Discussion 
Soil Salinity 

grasses sampled from both range sites is presented in Table 2. 
Individual monthly data is not shown for these minerals. Plains 
bristlegrass contained the highest levels of Ca among the grasses 
analyzed from both sites. Calcium levels of grasses from both sites 
showed little or no relation to either season of year or rainfall and 
remained relatively stable throughout the growing season. These 

Table I shows the soil salinity in i5-cm increments from 0 to 
60cm depth for the Saline Clay and Rolling Hardland range sites 
for three dates during the study. The ECe values of the saturated 
soil extracts were similar for both sites; however, the 0 to 15cm 
and 15 to 30-cm increments on the Roiling Hardland site had 
higher ECe values than those on the Saline Clay site. The 0 to 
i5cm depth on the Roiling Hardiand site had an average ECe 
value of 8.8 as compared with 5.2 from the Saline Clay site. The 
ECe values, as related to the effect on plant growth by the U.S. 
Salinity Laboratory Staff (1954) are as follows: above 8.0 
mmhos/cm, only moderately salt-tolerant species grow well; and 
above 12.0 mmhos/cm, only the most salt-tolerant species survive. 
Based on these guidelines, the average ECe values for both sites 
would be considered in the high salinity range. 

7 ARIZONA coTTowloc 
___-_ ClWR CACCUSORAS8 

A 
___..__ PLAN”, DRISTLL ORAS8 
-._ WllITL TRlDmS 
-CURLY YCSQUITE 
---wllOnLCD DROCSLED 
_ MISCELLANEOUS WANES 

Crude Protein (CP) 
Among the grasses sampled from both sites, whorled dropseed 

and plains bristlegrass usually contained the highest CP levels (Fig. 
I). Grasses were generally highest in CP after periods of adequate 
rainfall during late spring, summer, or early fall, and lowest during 
late fall or periods of low rainfall and high temperatures during the 
summer. These findings generally agree with those reported in 
other south Texas studies (Varner and Blankenship 1978; Everitt et 
al. 1980). The grasses sampled from the Rolling Hardland site did 
not always respond with increased CP content following increased 
rainfall. This was particularly evident in July 1976. This pheno- 
menon may be related to the higher salinity levels in the upper soil 
profiles on this site combined with the high summer temperatures. 
Crude protein levels in grasses did not vary greatly between the two 
years even though rainfall during the 1977 growing season was 
about one-half of that received during the 1976 growing season. 

- ARIZONA COlTOlltOoC 
--_ PINK MWUWRASI 
--_.. PLAINS BRIOTLLIIIA88 

CURLY Yl!saUltL 
___ ~yL.AROPSrro 

M YISCCLLAWCOUS eRASaL, 

Phosphorus 
Whoried dropseed contained the highest P levels among the 

grasses sampled from the Saline Clay site, whereas on the Roiling 
Hardiand site, whoried dropseed, Arizona cottontop, and plains 
bristlegrass had the highest P levels (Fig. 2). Phosphorus levels 
followed the same general trend as CP, being highest following 
periods of higher rainfall during the growing season and lowest 
during late fall and during periods of low rainfall and high temper- 
atures in summer. Phosphorus levels in those grasses from the 
Saline Clay site were consistently higher during both years of the 
study than in grasses from the Roiling Hardland site. 

Calcium, Magnesium, Potassium, and Sodium 

I8 ; 

L IO 2 
I 0 E 
0 0 2 

1976 - -I976 ISTT- -1977 

The 2-year average content of Ca, Mg, K, and Na for each of the 

Fig. 1. Monthly (March-Nowmber) crude protein content of six gross 
species and o composite of miscellaneous grossesgrowingon Soline Ck~y 
(A)ond Rolling Hordhand (B) range sites in Starr County, Texas. during 
the growing seasons of 1976 and 1977. 
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Table 2. Average content of calcium, nugnesimw, potassium, and sodium in range grasses growing on Rolling Hardland and S8linc Clay range sites in 
Starr County, Texas. 

Range site 
and species 

Ca Mg K Na 

XI S. D.’ x S. D. x S. D. x S. D. 

(% dry matter) 

Rolling hardland 
Plains bristlegrass 
Arizona cottontop 
Pink pappusgrass 
Whorled dropseed 
Red grama 
Curly mesquite 
Misc. grasses 

Saline clay 
Plains bristlegrass 
Arizona cottontop 
Pink pappusgrass 
White tridens 
Whorled dropseed 
Curly mesquite 
Misc. masses 

0.69 0.19 0.16 0.03 1.06 0.31 1.40 0.41 
0.56 0.12 0.14 0.02 1.39 0.44 0.08 0.04 
0.50 0.16 0.09 0.02 1.21 0.43 0.17 0.12 
0.62 0.11 0.14 0.03 0.78 0.35 1.01 0.33 
0.66 0.15 0.07 0.02 0.56 0.19 0.03 0.0 I 
0.53 0.11 0.08 0.02 0.68 0.33 0.04 0.03 
0.64 0.09 0.14 0.02 0.97 0.27 0.29 0.09 

0.68 0.13 0.16 0.03 1.23 0.33 1.26 0.28 
0.58 0.16 0.13 0.02 1.46 0.38 0.07 0.03 
0.61 0.18 0.11 0.02 1.47 0.36 0.06 0.03 
0.67 0.15 0.11 0.03 1.53 0.41 0.18 0.14 
0.60 0.10 0.17 0.03 I.15 0.29 1.32 0.36 
0.51 0.15 0.10 0.03 0.87 0.29 0.05 0.02 
0.63 0.13 0.17 0.04 0.93 0.14 0.48 0.20 

* S.D. = Standard deviation 
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Fig. 2. Monthly (March-November) phosphorus content of six grass 
species and a composite of miscellaneous grassesgrowing on Saline Clay 
(A) and Rolling Hardland (B) range sites in Starr Couruy, Texas during 
the growing seasons of 1976 and 1977. 

results are in close agreement to those reported by Nelson et al. 
(1970) and Everitt et al. (1980). 

The mean Mg content of grasses ranged from 0.07% in red 
grama from the Rolling Hardland site to 0.17% in whorled drop- 
seed and miscellaneous grasses from the Saline Clay site. Except 
for a slight decrease in several species during the fall, Mg levels 
were generally stable throughout the growing season and showed 
little relationship to season. Other workers have reported similar 
findings (Nelson et al. 1970; Munshower and Neuman 1978; Eve- 
ritt et al. 1980). 

Lawton and Cook (1954) in their review of the role of K in plant 
nutrition indicated that most grasses contained between 0.80 and 
1.50% K. Most of the grasses analyzed in this study contained K 
levels within this range. Potassium levels had the same general 
monthly trend as that shown for CP and P. 

Sodium content of grasses was quite variable among the species 
sampled from both sites. Plains bristlegrass and whorled dropseed 
contained the highest levels of Na among the grasses sampled from 
both sites. Except in red grama and curly mesquite, Na levels of 
grasses followed the same general monthly trend as that shown for 
CP and P. These findings are in general agreement with those 
reported for grasses growing on sandy and red sandy loam range 
sites in south Texas (Everitt et al. 1980). However, studies in New 
Mexico and Idaho have shown no relation between date and Na 
content of grasses (Nelson et al. 1970; Murray et al. 1978). 

These results are indicative rather thandefinitive sincedata were 
collected from only a single study area for each site. Moreover, 
sample selection by researchers has often shown to underestimate 
the quality of food selected by livestock (Van Dyne and Tore11 
1964). However, since the vegetation of the study areas was typical 
to that described for the Saline Clay and Rolling Hardland sites 
(Thompson et al. 1972), these data should provide a general index 
to the nutrional quality of comparable grass species growing on 
these sites in south Texas. 
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Vegetative and Reproductive Growth of Blue- 
bunch Wheatgrass in Interior British Columbia 

DEE A. QUINTON, ALASTAIR MCLEAN, AND DARRYL G. STOUT 

Abstract 

Vegetative and reproductive growth of hluebunch wheatgrassin 
interior British Columbia has been documented for a Iyear 
period. Plants began growing immediately after snow melt in the 
spring, with measurable growth occurring where soils had warmed 
to 6 f 0.5’ C at lkm depths. Growth ceased from 7 May to 15 
July and plants fully matured from 7 July to 10 August with actual 
dates for each particular site being dependent upon the local 
microclimate. Fall regrowth was not predictable, occurring only 
during 1973. Seed production was erratic, unpredictable from our 
data, and not of sufficient magnitude to sustain the grass popula- 
tion if improper grazing is allowed. 

Bluebunch wheatgrass (Agropyron spicutum) was the major 
plant species of the pristine vegetation complex of dry areas from 
the Canadian Rockies south to the mountain ridges of Mexican 
Sonora and from the Cascades east to the short-grass prairies 
(Harris 1967). In British Columbia, this species was the dominant 
plant on 1,295,OOO ha of rangeland in climax condition, contribut- 
ing 95% of the total yield of herbage from the Agropyron- 
Artemisiu community, 74% of the total yield from the 
Agropyron-Poe community, and 34% of the total yield from the 
Agropyron-Festuca community (Tisdale 1947). 

In the northwest, bluebunch wheatgrass is of considerable eco- 
nomic importance. As the dominant species on excellent condition 
ranges, it furnishes spring-fall and often winter grazing for live- 
stock which are a principal industry of the region. If resource 
managers are to manage the range effectively and maintain sus- 
tained optimal production of livestock, they must have an under- 
standing of the key forage species. Because of this, bluebunch 
wheatgrass has received considerable ecological (Heady 1949, Har- 
ris 1969, Benson 1973, Stocker 1975, Daubenmire 1978), manage- 
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ment (Branson 1956, Wilson et al. 1966, Mueggler 1975, Blaisdell 
and Pechanec 1949, Rickard et al. 1975, Hormay and Talbot 1961, 
and others) and physiological (Mcllvanie 1942, Anderson and 
McNaughton 1973, DePuit 1975) attention. 

Despite numerous general descriptions, there have been few 
direct attempts to fully document the phenological development 
(Sauer and Uresk 1976, Blaisdell and Pechanec 1949) of bluebunch 
wheatgrass or to explain its growth development (Hyder and 
Sneva 1963). In all cases, the researcher has to assimilate pieces of 
information on these two topics from articles concerned with other 
facets of the autecology of this grass. In this paper, we describe 
phenology and reproductive growth of bluebunch wheatgrass at 
two locations in the southern interior dry belt of British Columbia, 
an area where scant information about the species is available. 

Study Area 
One of the two sites selected represented the big sagebrush 

(Artemisia tridentata)-bluebunch wheatgrass community and the 
other represented the lower limit of the bluebunch wheatgrass- 
rough fescue (Festuca scabrelfu) community or the lower and 
upper grasslands, respectively. Both sites were located in fenced 
exclosures, protected from livestock grazing, and were pure stands 
of bluebunch wheatgrass in excellent condition. 

The lower grassland site (Tranquille) was 5 km northwest of 
Kamloops at 296 m elevation on a Brown Chernozemic sandy loam 
soil consisting of colluvium over lacustrine deposits. Topography 
was gently sloping (I to 3%) to the southeast with good drainage. 
The site had been fenced for 45 years, being grazed only by wild 
deer during that time. The adjacent range was in poor condition 
from heavy grazing. Decreasers of the zone were Agropyron spica- 
turn and Lomatium macrocarpum. Increasers were Artemisia tri- 
dentata, Sporobolus cryptandrus, and Chrysothamnusnauseosus. 
Invaders were Bromus tectorum. Descurainia sophia, and Salsola 
kali. The average annual precipitation was 24 cm. 

The upper grassland site (Minnie Lake) was 21 km southeast of 
Quilchena at I 112 m elevation on an eluviated Dark Gray Cherno- 
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Table 1. Average air temperature and r&fall for April to October at two sites lo interior British Cohrmbia. 

Site 

Tranquille 

Minnie Lk. 

Tranquille 

Minnie Lk. 

Year Apr. May 
1971 10 15 
1972 7 16 
1973 9 I5 
Ave. 9 15 

1971 5 IO 
1972 6 10 
1973 6 10 
Ave. 6 10 

1971 0.18 1.91 
1972 0.63 1.37 
1973 0.25 1.60 
Ave. 0.35 1.63 

1971 0.79 3.66 
1972 1.47 2.11 
1973 0.58 1.55 
Ave. 0.95 2.44 

Temperature (O C) 
Month 

June July Aug. Sept. Oct. Avg. 

16 22 23 14 8 IS 
18 21 21 13 6 I5 
18 21 20 17 9 16 
17 21 21 14 8 

II 17 18 8 3 IO 
12 16 16 8 3 10 
12 16 15 I1 4 II 
12 16 16 9 3 

Precipitation (cm) 

Total 
3.56 1.88 0.91 0.78 0.71 9.93 
3.94 2.26 2.87 1.32 1.24 13.63 
I .63 0.20 0.5 1 I .98 2.31 8.48 
3.04 1.45 I .43 1.39 1.42 10.68 

4.78 1.19 1.80 2.18 2.87 17.27 
6.36 1.52 5.71 1.80 2.31 21.34 
2.28 0.36 0.53 2.46 4.06 11.83 
4.47 I .02 2.70 2.15 3.08 16.81 

zemic sandy clay loam soil over glacial till of mixed orgin. Topo- 
graphy was a gentle (5%) southeast slope with good drainage. The 
site, fenced in 1968, was previously used as winter pasture by the 
Douglas Lake Ranch and had been very lightly grazed by an 
occasional animal for several years. This zone is characterized by 
Festuca scabrella and Agropyron spicatum as decreasers; Poa 
pratensis. Achilles Ianulosa. and Antennaria umbrinella as 
increasers; and Bromus tectorum, Verbascum thapsus. and Eri- 
geron compositus as invaders. The average annual precipitation 
was 30.5 cm. 

Methods 300 
Fifty plants at each site were randomly selected and identified 

with coloured stakes. To estimate accumulative phytomass pro- 
duction, 40 of these plants per site were clipped to 5cm stubble 
height each week from initiation of growth in April to cessation of 
growth in the summer, and again in October to killing frost. The 
clippings were bulked for groups of 10 plants, dried at 800 C and 
weighed. The ten remaining plants were used as controls from 
which leaf and culm growth data were gathered. Each plant was 
hand compressed and measured from the soil surface to determine 
average leaf and culm lengths. Lengths of outermost leaf sheaths 
were substituted for culm lengths when culms were not visible. 
Growth cessation was estimated visually and statistically using 
Duncan’s new multiple range test. 

25- 

20. 

15 - 

IO - 

E 5- 
; 
tj 

O- 

hanquilh 
1971-• 
1972---. 

An additional 30 plants per site were identified and used to 
estimate phenological stages visually. The boot stage was desig- 
nated as occurring when seed heads were present as a distinct 
swelling enclosed by the leaf sheath. Early head and full head were 
considered to be when IO%and 90% respectively, of the heads were 
out of the boot. Early and late flowering were similarly defined at 
10% and 90% levels. At termination of flowering the anthers 
discoloured and dried up. Culms and spikes were counted for each 
plant to quantify reproductive potential. Basal areas were taken to 
determine if size of plant was related to reproduction. 

Weather data were collected with thermographs in Stevenson 
screens and with Victor rain gauges. Soil temperature at 10,25, and 
50 cm depths were taken biweekly April to November and periodi- 
cally through the winter. Soil samples for gravimetric moisture 
content determinations were taken biweekly at 5,10,25, and 50 cm 
depths April to November. 

JFMAMJJA SOND 

Months 

Data were analyzed with analysis of variance and Duncan’s Fig. 1. Soil temperature ot a depth of 10 cm at two sites in interior British 
multiple range test. Columbia 

Results 
Environment 

The Tranquille site was 5’C warmer than the Minnie Lake site 
(Table I) except for April when there was only a 3°C difference in 
average temperatures. July and August were the hottest months. 
The coolest June and warmest July and August occurred in 197 I. 
The coolest August and warmest fall was 1973. Early spring 
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temperatures were variable with 1972 being the coolest April and 
warmest May at Tranquille while 1971 was the coolest April at 
Minnie Lake. 

Soil temperatures reflected the average air temperatures. The 
Tranquille site was generally 6°C warmer than the Minnie Lake 
site April through October (Fig. I). Soils started warming in April, 
reached maximum temperatures during late July or early August 
and cooled rapidly during September and October. 

The warmest April and June soil temperatures at 10 cm were in 
1973. A temperature lag was apparent at SO-cm depths (data not 
shown) while soils at IO-cm depths responded rapidly to surface 
effects from local weather. Temperature profile trend curves, how- 
ever, closely parallel each other at both depths for each site. 

The Minnie Lake site received more precipitation (Table I) than 
the Tranquille site. The wettest year was 1972, whereas 1973 was 
the dryest year studied. During I97 I, Tranquille was relatively wet 
from May through July and drier from August through October, 
while Minnie Lake was wet from May through October. 

Despite receiving more precipitation, the Minnie Lake site had 
less soil moisture at IO-cm depths (data not shown) than the 
Tranquille site except during early spring. Soil moisturesat Minnie 
Lake were lower thanat Tranquilleat 25-cmdepths during April of 
1971 and 1973, during August and September of 1972, and from 
August through October of 1973. Soils were recharged by spring 
snow melt to depths greater than 75 cm with the exception of 1973 
when moisture penetrated only to a depth of 28 cm at the Tran- 
quille site. 

Lower soil moisture content at Minnie Lake can be explained by 
the presence of more organic material in the surface horizon hold- 
ing more moisture, thus making it subject togreater evaporationat 
this windy site. Conversely, the Tranquille site allowed deeper 
infiltration through sandy and gravelly subsoils, thus water was 
more readily available at greater depths and persisted in the soil 
longer. 

Tronquille 
1971 -. 
1972-- - -* 
1973 -.-- 

73 7 AMJJASON 

0’ I L I I I t I 

A M J J A S 0 N 

Months 

Fig. 2. Soil moisture at a akprh of 25 cm ar IWO sites in interior British 
Columbia. 

Vegetative Growth 

Cumulative phytomass yields from plants clipped to 5 cm stub- 
ble are shown in Figure 3. The Minnie Lake site had an extended 
growing season in all years and significantly (X.05) greater 
production than the Tranquille site during 1971 and 1972. Fall 
regrowth was measurable but not of sufficient magnitude to graph 
at Tranquille in 1973. 

Extrapolation of yield curves to zero production gave growth 
initiation dates from mid March to 7 April at Tranquille and from 
I5 April to 28 April at Minnie Lake. Comparison of initiation date 
to environmental data showed that growth started at soil tempera- 
tures of 6.0 f 0.5’C at 10 cm depth. Averageair temperatures were 
within 1°C of soil temperatures. Soil moisture at both sites had 
been recharged from spring thaws. 

The exceptional yield (Fig. 3) from the Tranquille site in 1973 
was possibly a result of warm soil temperatures enhancing rapid 
growth during early March. Soil temperatures of 120 C by I April, 
when soil moisture was still available, allowed rapid regrowth 
between clipping dates and thus a large cumulative yield for 
clipped plants. In comparison, the total yield from control plants 
clipped only after growth ceased (28 June) was 2.8 g/plant. 

Phytomass production ceased 9 May to 16 May at Tranquille 
and 24 June to 6 July at Minnie Lake. Growth of bluebunch 
wheatgrass at Tranquille started 24 f 3 days earlier than Minnie 
Lake and lasted 35 to 45 days. Incontrast, Minnie Lake with cooler 
temperatures and more surface moisture produced growth over a 
60 to 75day period. Environmental factors affecting growth cessa- 
tion were not clearly defined. For example, at growth cessation soil 
temperatures at 10 cm depths ranged from WC to 15°C at Tran- 
quille and from 1 I°C to 15OC at Minnie Lake: air temperatures 
ranged from 12oC to 16.Cat Tranquilleand from 13’Cto 1SoCat 
Minnie Lake. Soil characteristics prevented comparison of percent 
soil moisture between sites, although it was noted that at growth 
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Fig. 3. Cumulativephyromass yield of bluebunch wheatgrassar rwosites in 
interior Brirish Columbia. 
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cessation moistures at 25 cm depths in 1971 at Tranquille and in 
1972 at Minnie Lake were still above early April levels for 1973. 
Thus moisture was not considered to be the controlling factor. This 
appears to contradict studies demonstrating a correlation between 
yield of crested wheatgrass (Agropyron desertorum) and previous 
moisture (Currie and Peterson 1966). However, when considering 
the extremes of summer temperature, winter temperature and 
drought that typically occur on bunch grass ranges, the yield for 
any given year is likely to be controlled by an interaction of factors 
although precipitation may be the dominant factor over long 
periods of time. 

The leaf curves (Fig. 4) were more difficult to extrapolate to 
zero. However, leaf growth initiation was observed to be in mid 
March at Tranquille and mid April at Minnie Lake. Snow patches 
were still present on the sites one week previously and soil tempera- 
tures at 10 cm depths were only slightly above freezing. 
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Fil. 4. Leofgrowth of bluebunch wheotgross ot two sites in interior 
Columbia. 

British 

Leaf growth at Tranquille had ceased by 1 June in 1971 and 1972 
and by 1 May 1973. Leaf growth ceased at Minnie Lake by 7 July in 
1971 and 1972 and by 20 June 1973. Average leaf lengths were 30.5 
f 9 cm at Tranquille and 29.3 f 10 cm at Minnie Lake. Average air 
and soil temperatures at this time had not reached optimum of 
2oOC (DePuit and Caldwell 1975) and percent soil moisture was 
highly variable. 

Culms were longest in 1972 (Fig. 5) when a period of rapid 
elongation occurred at the latter stages of active growth. Average 
culm lengths were 18.8 cm and 17.8 cm at Tranquille and Minnie 
Lake, respectively. The longest and shortest culms were measured 
at Minnie Lake in 1972 and 1971, respectively. 

Fall regrowth of leaves and culms occurred only during 1973, the 
year of higher than average September and October precipitation 
and temperatures, in the 3 years of this study (Fig. 4). Where some 
regrowth was present at Minnie Lake as well as at Tranquille, it 
was not sufficient to be graphed. 
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Fig. 5. Culm growth of bluebunch wheotgrossot twositesin interior British 
Columbia. 

Reproductive Growth 
Phenological stages of vegetative and reproductive growth are 

shown in Figure 6. The variability amongst years was more com- 
pressed for early reproductive growth stages at the Minnie Lake 
site than for the Tranquille site with comparable phenological 
stages between the sites being about 1 month apart. As maturity 
progressed, the variability among years within stages at Tranquille 
was compressed as were the time intervals between sites for com- 
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Fig. 6. Phenologicolstoges of bluebunch wheotgrossot two sites in interior 
British Columbia. 



parable stages. Thus the development of reproductive organs 
occurred later at Minnie Lake but maturity was reached in 59 f 8 
days compared with 77 f 7 days to reach maturity at Tranquille. 

The number of spikes (Table 2) per plant was not significant at 
either site with the exception of 1973 at the Tranquille site. How- 
ever, spike production in 1971 and 1973 at Minnie Lake was 
biologically meaningful since many plants produced a small 
number of spikes where only the odd plant produced spikes in 
1972. This light production of seed could possibly maintain the 
stand of grass in the absence of use or with optimum management 
of the use of the grass. 

Spike numbers did not correlate well with tiller numbers or with 
basal areas of the plants (Table 2). The maximum number of spikes 
( 140) at Tranquille was produced by a plant of 63 cm* area having 
192 tillers and the maximum number of spikes (15) at Minnie Lake 
was produced by a 120 cm* plant having 114 tillers. Individual 
basal areas for plants at Tranquille ranged from 27 cm* to 192 cm* 
and from 19 cm* to 141 cm* at Minnie Lake. Tillers at Tranquille 
ranged from 49 to 299 per plant compared with 43 to 325 per plant 
at Minnie Lake. 

Table 2. Average size, numbers of tillers, and number of spikes for blue- 
bunch wbeatgrass at two sites in interior British Columbia. 

Component 

Avg. basal area (cm*) 

Avg. no. of tillers/plant 

Avg. no. of spikes/plant 

Year 

1971 
1972 
1973 

1971 
1972 
1973 

1971 
1972 
1973 

Site 
Tranquille Minnie Lake 

III 90 
61 69 
73 87 

I81 149 
107 173 
163 I56 

0.0 1.9 
0.2 0.6 

46.0 1.6 

Discussion 
The initiation of growth in bluebunch wheatgrass has not been 

adequately documented. Mcllvanie (1942) in Montana found pale 
shoots I5 mm long hidden in plant crowns while snow was present 
and soils were still frozen in March. Supportively, Evans and 
Tisdale (1972), Hyder and Sneva ( 1963) in Oregon, Tisdale (1947) 
in British Columbia, and Wilson et al. (1966) in Washington, 
report growth starting from the first week to the latter part of 
March. In contrast, Tisdale (1947) listed bluebunch wheatgrass in 
the upper grasslands of British Columbia starting to grow on I I 
April. April dates are also supported by Blaisdell and Pechanec 
(1949) at 1675 m elevation in Idaho and by DePuit and Caldwell 
(1975) in Utah. Blaisdell and Pechanec (1949) further stated that 
spring growth started 7 days after snow melted and that the pre- 
vious fall regrowth resumed growth after a winter dormancy. This 
is supported by Wilson et al. (1966), who reported additional 
growth of leaves of 2.5 to 5.0 cm by 3 April. Harris (1967) stated 
that roots remained dormant until soil temperatures reached 8 to 
IOOC in late April or early May. 

We found from phytomass production and growth data that 
production of bluebunch wheatgrass was first measurable from 
mid March to 7 April in the lower grasslands (396 m) and from mid 
April to 1 May in the upper grassland (1097 m). We further found 
that dates of initiation of first leaf growth corresponded to soil 
temperatures of 0.0 to 2.00 C at 10 cm soil depth and that initiation 
of measurable production corresponded to soil temperature of 6.0 
f O.S°C at 10 cm soil depths, at all sites and dates. Anderson and 
McNaughton (1973) found that fully grown plants reduced their 
transpiration and photosynthetic rates 50% and 30%, respectively, 
when roots were cooled to 30 C. Thus, a plant would be quiescent as 
temperatures approached zero, producing active growth only 

when temperature increased. It is therefore apparent that blue- 
bunch wheatgrass begins active growth as soon as soils warm to 5 
to 6O Cat 10 cm depths with growth accelerating until the optimum 
of 20 to 25’C (DePuit and Caldwell 1975) is reached, providing 
other environmental factors remain favourable. 

Growth of bluebunch wheatgrass ceases when moisture becomes 
limiting and higher temperatures prevail (DePuit and Caldwell 
1975). Several researchers (Tisdale 1947, Blaisdell and Pechanec 
1949, and Hyder and Sneva 1963, Wilson et al. 1966) found growth 
ceased in June. However, Heady (1950) at elevations ranging from 
800 to 2530 m in Montana found that bluebunch wheatgrass 
matured 10 July at lower elevations and 19 August at higher 
elevations, and Sauer and Uresk (1976) in Washington reported 
active vegetative growth of bluebunch wheatgrass from 15 
December to 15 September in an unusually wet year. We found 
vegetative growth ceased as early as 7 May and as late as 15 July 
and that plants fully matured from 7 July to IO August. We further 
found that fall regrowth of bluebunch wheatgrassat our location is 
erratic and unpredictable, although common at other sites 
reported in the literature. 

We found seed production to be very poor, especially at the 
upper grassland site, and to be extremely variable among plants 
and years with no apparent relationship to tiller numbers or basal 
areas. No individual plant consistently produced spikes. Since our 
studies were conducted on protected sites in excellent condition, 
the vigor of the plants should have been good. Daubenmire (1978) 
studied variability in flowering of bluebunch wheatgrass in 
Washington and reported similar erratic results. 

From the above discussion, it appears that the growth and 
development of bluebunch wheatgrass follows a continuum from 
low to high elevations with growth being dependent on soil temper- 
atures and local weather conditions. Management of the grass for 
optimum sustained production will thus require specific knowl- 
edge of the current year’s stage of plant development at each 
grazing site and flexibility in range and grazing management from 
range users. 

In British Columbia, range readiness traditionally occurs when 
bluebunch wheatgrass is 15 to 18 cm tall on about 8 April on the 
lower ranges to 10 May on the upper ranges (McLean and Mar- 
chand 1%8). This means that grazing will occur during the boot 
and early flowering stages when the grass is most susceptible to 
injury (Wilson et al. 1966, Mcllvanie 1942, Blaisdell and Pechanec 
1949). Since seed production on our ranges is not sufficient to 
maintain them under continual or improper use, grazing manage- 
ment becomes critical. Early spring grazing and the removal of 
animals would allow aftermath growth most years and a partial 
recovery and nutrient storage in the plants. However, unpublished 
data indicates that aftermath growth is variable and cannot be 
relied on. The alternatives are then to graze lightly as early as 
possible in the current growing season for the site concerned, or to 
delay grazing until plants have become dormant at that site. We 
recommend a rotation of spring and fall grazing. This will ahow 
spring use of the plants when they are most nutritious and also 
remove unpalatable mature stems periodically in the fall and in this 
way avoid continually grazing the same plants year after year, thus 
improving utilization. Mueggler (1975) estimated that bluebunch 
wheatgrass subjected to a single clipping at head emergence 
required 9 years to recover. Our unpublished data and Wilson et al. 
(1966) support the observation that repeated defoliation to ground 
level during the boot stage results in complete disappearance of 
bluebunch wheatgrass from rangeland. Therefore, our manage- 
ment proposals are absolutely necessary to sustain the grass popu- 
lation. Also, heavy fall grazing improves cattle dispersal, results in 
more uniform utilization during succeeding grazing periods, and 
reduces interspecific competition. This practice thus alleviates the 
detrimental effects of grazing on the species (Mueggler 1972). 
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Response of Small Mammals to Livestock 
Grazing in Southcentral Idaho 

MARK K. JOHNSON 

Abstract 

The effects of livestock grazing on populations of wildlife have 
been addressed in two recent studies on the INEL Site. However, 
studies were performed by measuring indices of abundance among 
areas where different practices had occurred prior to initlation of 
study. There is no proof that differences detected among the areas 
actually resulted from the land use practices. Studies should be 
conducted with replication and strict controls before correlated 
data can be accepted as indicators of cause and effect relationships. 
The large variation in the occurrence and densities of small mam- 
mals among areas with the same or similar uses suggests the need 
for further studies to resolve conflicting conchions. 

described (Johnson 1979, Reynolds and Trost 1980). Twenty-five 
specific study transects were systematically established over the 
INEL Site; 12 were in the central area, which has not been grazed 
by livestock for more than 20 years, and 13 were in the livestock 
grazed periphery. Each transect was 700 m long (Fig. I). Cattle and 
sheep grazed on separate allotments for several years prior to the 
study. Cattle generally grazed during winterand spring while sheep 
usually grazed during spring. 

Material and Methods 

Each end of transects was marked with an aluminum plate (18 X 

Recently four areas were studied on the Idaho National Engi- 18 cm) attached to an iron reinforcement stake. Piates were 

neering Laboratory (INEL) Site to compare the effects of sheep stamped with the transect number (l-25), the date of establishment 

grazing on vertebrate populations (Reynolds and Trost 1980). (July 1975) and the initials of investigators. Each transect number 

During the same period (1976 and 1977) 1 compared indices of was suffixed with a letter to indicate whether the location was 

small mammal abundance among 25 different areas on the INEL ungrazed (U), grazed (G), or near the common border for the areas 

Site. My data do not corrobrate the conclusions of Reynolds and (B). Five of the transects were near the border but each transect was 

Trost regarding small mammals, but identify site specific variation totally in or out of the grazed area. 

in small mammal abundance. Common plants in the vicinity of each transect were visually 
ranked as to abundance in July 1976. In April 1977, 50 point 

Study Areas locations were systematically chosen about each transect and the 
height of the shrub closest to each location was recorded. Twenty- 

The location and description of the INEL Site have been recently five points were placed on each side of a transect at 25m intervals. 

The author is assistant professor, School of Forestry and Wildlife Management, 
Each point was jrn from the transect. If no shrub occurred within 1 

Louisiana State University, Baton Rouge, Louisiana 70803. m, then the height recorded was 0 m. At each of the same SO points 
This research was conducted under contract EY-76-S-071-1526 between the U.S. 

Department of Energy and Colorado State University. 
a 0.1-m? wire loop was placed in the ground and the number of 

Manuscript received May 28, 1980. cottontail (Syfvilagus spp.) pellets was counted. Simultaneously, 
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Fig. 1. A map of the INEL Sire in central Idaho indicaring the location of 
25 transects distributed between livestock grazed and ungrazed areas. 

the occurrence of each plant was recorded for every loop. Alto- 
gether, 1250 loops were sampled during the study. 

Burrows of small mammals, northern pocket gopher (77zomo- 
mys talpoides) mounds, and tracks of ord kangaroo rats (Dipodo- 
mys ordii) were counted along a 6-m wide strip adjacent to either 
side of each transect. Burrows were placed into three categories: 
townsend groundsquirrel (Spermophilus townsendii), least chip- 
munk (Eutamias minimus), and mouse-sized. Only freshly used 
burrows were counted. 

The topography of each area was ranked from l-3 as hilliness 
increased. Rockiness and sandiness of soils were classed as des- 
cribed by Chugg et al. (1968). 

Rank order of plant abundance or frequency in loops was tested 
for significant associations by Friedman’s tests (Conover 1971). 
Heights of shrubs were compared between areas and species by 
Student’s t tests (Snedecor and Cochran 1973). 

Results and Discussion 
The livestock grazed periphery contained the flatest topography 

while the central areas were more rolling and contained numerous 
basalt outcrops. Soils in the center of the INEL Site also contained 
more sand compared to the periphery, where rockiness was higher. 

Rank order of plant abundance was significantly similar 
between areas (T = 0.85; p < 0.05). Dominant shrubs were basin 
big sagebrush (Artemisia tridentata) and douglas rabbitbrush 
(Chrysothamnus viscidiflorus). The upper shrub canopy was gen- 
erally composed of sagebrush. Average heights of shrubs did not 
differ between areas @ > 0.10). Other shrubs that occurred were 
Utah juniper (Juniperus osteosperma), spiny hopsage (Grayia spi- 
nosa), saltbushes (Atriplex spp.), and other sagebrushes. 

Relative frequency of occurrence for plants in loops was highly 
associated among areas (T = 0.94:p< 0.05) indicating that vegeta- 
tional composition was highly similar among the transects regard- 
less of whether grazing was by cattle or sheep, or whether there had 
been no grazing. Some differences in the understory composition 
were apparent. Most striking of these was the lack of wheatgrasses 
(Agropyron spp.) and pricklypear (Opuntiapolyacantha), and the 
higher frequency of bottlebrush squirreltail (Sitanion hystrix) in 
grazed areas compared to ungrazed areas. However, there was 
proof whether this result was related to livestock grazing or to 
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Table 1. Small mammal abundance indices associated with perm;mnent 
transects on the Idaho National Engineering Laboratory Site in 1977. 

No. of 
cottontail 

rabbit No. of No. of No. of No. of 
pellets ground- least No. of ord pocket 

Transect per O.lm* squirrel chipmunk mouse kangaroo gopher 
identifier (XfSE) burrows burrows burrows rat tracks mounds 

1u 7.M 1.2 
2u 2.8f 0.5 
3u 1.9f 0.3 
4u 0.2f 0.1 
SU 5.2f 0.7 
7u 5.8f I.1 
8U 8.lf 1.7 
9u ll.ti 1.5 

IOU 3.8f I.1 
IIU 3.lf 0.4 

6B 
12B 
13B 
208 
25B 

l.2f 0.3 
0.6f 0.2 
1.4* 0.5 
0.2It 0.1 

19.lf. 2.3 

14G 
15G 
16G 
17G 
18G 
19G 
2lG 
22G 
23G 
24G 

0.9ct 0.2 
0.5f 0.1 
0.7* 0.2 

0.5It 0.2 
0.4* 0.1 
O.lf 0.1 
0.3f 0.1 
0.3* 0.1 

< 0.1 
2.lf 0.5 

I3 
I 

I9 
22 

I5 

22 

89 
I5 
I5 
8 

36 

2 

I 
6 

31 
38 
9 5 
6 II 

7 

3 

II 5 
7 
4 
9 
6 

I7 9 

II 
IO 4 

I5 
19 10 
13 I8 

8 28 
6 

I7 I2 

II 

5 
3 

1 

43 
3 5 
7 5 
3 4 
5 I4 

I5 6 4 

other ecological relationships. 
Cottontail pellets were most abundant in the central areas 

were ground squirrel burrows (Table 1). Ord kangaroo rat tracks 
were present only in the central areas and on three transects where 
the soils were very sandy. Significant associations (p < 0.05) were 
found between cottontail pellet abundance and hilly topography. 
Cottontails on the INEL Site were most abundant where basalt 
outcrops provided cover (Johnson 1979). The association of ord 
kangaroo rats with sandy soils is common knowledge and it was 
surprise to find a significant relationship of tracks vs. soil sandiness 
(p < 0.05). Numbers of burrows were not correlated with topo- 
graphy or soil characteristics and did not differ between grazed and 
ungrazed areas @ > 0.10). 

There are strong associations of cottontail and ord kangaroo 
distributions with environmental characteristics that are unrelated 
to livestock grazing. The ecological factors that control the distri- 
butions of the other small mammals are less well known but the wide 
variation in indices of abundance among transects in very similar 
vegetation and the lack of difference between grazed and ungrazed 
areas suggests that livestock grazing does not limit the distribution 
of the important small mammals on the INEL Site. These results 
do not support the conclusion of Reynolds and Trost (1980). 
addition, their data (p. 124) indicatea difference of only about 15% 
between total populations of small mammals on grazed 
ungrazed areas (I 87 total captures in ungrazed sagebrush vs. I59 
grazed sagebrush). This difference is well within the normal range 
of variation that should be expected among sites selected 
random. 

Reynolds and Trost (1980) did obtain a large difference in small 
mammal density between a natural area and one converted 
crested wheatgrass (Agropyron desertorun). Although, I did not 
study small mammal abundance on converted areas, it is fascinat- 
ing to note that Reynolds and Trost (1980)also obtained high small 
mammal densities on one converted site while low densities 
occurred on only one site. This is hardly proof that livestock 
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grazing or conversion significantly affected small mammal densi- respond very rapidly to ecological change. It is not necessary to 
ties. This additional information is further testimony to the large conduct long term grazing studies to detect these responses. How- 
variation in small mammal densities that can be expected regard- ever, replication in the experiment is essential. 
less of land use. Experiments must be conducted before cause and 
effect relationships can be suggested from ecological data. Literature Cited 

The wide variation reported here suggests that theabundance of Chugg, J.C., W. Jorgensen, and M.A. Fosberg. 1968. Special soil survey- 
small mammals is highly site specific. Reynolds and Trost (1980) Butte County. Idaho Water Resources Board Report No. 5. 99 p. 
and I chose areas with long histories of use or non-use by livestock C 
for our studies. Neither they nor 1 studied the effects of livestock 

onover, W.J. 1971. Practical nonparametric statistics. John Wiley and 
Sons, New York. 462 p. 

grazing. Studies should be conducted by placing livestock into Johnson, M.K. 1979. Coyote food habits on the Idaho National Engineer- 
grazed areas where populations of small mammals exist and have ing Laboratory. J. Wild]. Manage. 43:952-956. 
been studied. Dynamic changes in the populations should be moni- Reynolds, T.D., and C.H. Trost. 1980. The response of native vertebrate 
tored over time and compared with controls to determine whether populations to crested wheatgrass planting and grazing by sheep. J. 

livestock grazing significantly affects the welfare of wild animals. Range Manage. 33:122-125. 

Since reproductive potential is high, small mammal populations Snedecor, G.W., and W.C. Cochran. 1973. Statistical Methods. The Iowa 
State Univ. Press. Ames. 593 p. 



A Method for Forecasting Potential Losses 
from Grasshopper Feeding on Northern 
Mixed Prairie Forages 
GEORGE B. HEWITT AND JEROME A. ONSAGER 

Abstract 

Information on the potential loss of forage that might be 
expected from grasshopper feeding in a given season would benefit 
ranchers and land managers if the loss could be estimated in the 
spring before peak forage production. A method was developed for 
forecasting such losses on the northern mixed prairie when most 
species of grasshoppers are in the 3rd and 4th instars. The method 
is based on the assumptions that forage losses (forage consumed + 
destroyed) are directly proportional to grasshopper size and den- 
sity and that during the period between the 3rd instar and death, 
which usually does not exceed 46 days, density decreases linearly to 
0. Using feeding ratios (weight of forage destroyed/weight of 
adults), losses/day were calculated for each of 26 grasshopper 
species and for 3 groups of species separated by weight. Forecasted 
loss estimates for any population can be estimated if the density 
and species are determined, or a loss of 43 mg/grasshopper feeding 
day could be used as a general average if species cannot be identi- 
fied. Forecasted losses are related to grasshopper density and to 
observed losses at one site in Montana during a 3-year period. 

Grasshoppers continue to be the most widespread and destruc- 
tive pests on rangeland in the western United States. In 1979, for 
example, 7.2 million acres were treated by APHIS to prevent 
forage and crop destruction (Shannon Wilson, personal communi- 
cations). Several workers have reported in the review paper by 
Hewitt (1977) on the effect of grasshoppers on the rangeland 
ecosystem. Estimates of forage losses have been determined for 
individual species and field populations after the losses have taken 
place; however, information has not been available on which to 
forecast losses. Forecasting is difficult because of the many highly 
variable interactions between an unstable environment and grass- 
hopper development. Seasonal weather patterns directly affect the 
density of newly hatched nymphs in the spring and the growth and 

Authors are with the Rangeland Insect Laboratory, Agriculture Research Service, 
U.S. Department of Agriculture, Bozeman, Montana. 
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maturation of adults during the summer and fall when eggs are 
laid. Precipitation and cool weather can not onlycauseearly instar 
mortality and reduced feeding, but also promote above-normal 
forage production that may offset the forage destroyed by grass- 
hoppers. However, forage losses depend mainly on grasshopper 
density, species composition, and weather conditions from the 
time of hatching until death in the fall. The effect of weather on 
grasshopper populations cannot be predicted, but information on 
species and density can usually be obtained before much forage has 
been destroyed. 

Planning for the control of grasshoppers during outbreaks or 
population increases would be facilitated if losses could be forecast 
in the spring before forage production peaked. Ranchers could use 
such forecasts in determining the correct stocking rates and use of 
rest rotation pastures. This paper describes a method of forecasting 
forage losses on the northern mixed prairie of the United States. 
Forage loss predictions are related to grasshopper density and to 
forage reduction in clipped plots during a 3-year period 1975-1977 
in Montana. Forecasts are based on the grasshopper species pres- 
ent and their density when the majority of the individuals are in the 
3rd and 4th instars, which is after moderation of very high levels of 
natural mortality that occur among earlier instars (Pickford 1960), 
but is before forage losses become significant (Hewitt 1979). The 
proposed method for forecasting losses was developed for use by 
range people and extension personnel and thus an attempt was 
made to present a quick and efficient method that would have wide 
application. 

Methods and Materials 

Grasshoppers were collected from several locations in Montana 
and Wyoming over several years. For 26 species, dry weights were 
determined of both sexes of the 4th and 5th instars and adults. 
These 26 species were divided into three groups on the basis of 
adult dry weight (weight of sexes averaged): Group A (O-65 mg), 
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Group B (66-120 mg), and Group C PI20 mg). The amount of 
forage destroyed (consumed + wasted) by nymphs of Cumnula 
pellucida (Scudder) and Amphitornus colorudus (Thomas) from 
hatching to the adult stage was obtained from the literature (Misra 
and Putnam 1966). The total forage destroyed (810 mg) by these 
two species was divided by the total adult dry weight (179.2 mg) to 
obtain a nymphal feeding ratio of 4.5. This ratio was multiplied by 
the average dry weight of individuals within both the 4th and 5th 
instar to give the amount of forage destroyed during the two instars 
by each of the 26 species (Table 1). 

of adults of the 26 species to give the forage destroyed/ day by each 
species (Table 1). 

The amount of forage destroyed by the 26 species was estimated 
by using 46 days as an average life span beginning with the 4th 
instar; 7 days were allowed for each of the last instars, and 32 days 
for adult life. The average loss/day was determined for each of the 
three groups by totaling the losses for the 4th and 5th instar and the 
adults for each species within the group. Thus, estimated average 
group losses per day/ species were 26 mg for those species in Group 
A, 49 mg for those in Group B, and 109 mg for those in Group C. 

Information on the amount of forage destroyed on a daily basis Density data from grasshopper populations during 1975 
by adults of Melanoplus sanguinipes (F.), M. infantilis Scudder, through 1977 near Roundup, Montana, were used to verify the 
M. foedus Scudder, and Aulocara elliotti (Thomas) was obtained forecasting method. These were the same density data that were 
from the following sources: Parker (1930), Barnes (1955), Smith used earlier to support a study of hatching and development in 
(1959). Mitchell and Pfadt (1974), Hewitt et al. (1976), Hewitt relation to forage growth, temperature, and precipitation. (Hewitt 
(1978), and unpublished field data. Adult feeding ratios for these 1979). Twenty collections of grasshoppers were taken weekly along 
species were determined by dividing the amount of forage des- transect lines near a l-ha exclosure; 22 such collections were made 
troyed/day by the average dry weight of the adults and then in 1975 from May l4Gct. 6; 19 in 1976from May 255Sept. 28; and 
averaging the four feeding ratios to obtain an adult feeding ratio of I6 in 1977 from May IO-Aug. 17. Collections were made by using a 
.65. This adult ratio (.65) was multiplied by the average dry weight vacuum quick trap during the evening or after dark when tempera- 

Table 1. Estimated forage loss for rangeland grasshopper species, grouped wcordiog to adult dry weight, for a 46day period (both 4th and 5th instan last 
7 days each and adults live 32 days). 

Species 

Estimated forage loss (m&2 
Dry wt X DrywtX Dry wt 

Dry wt (mg)r 4.5 X .92 4.5 x .77 X .65 

4th instar 5th instar Adult 4th instar 5th instar Adult/day Total species 

Aeropedellus clovotus (Thomas) 
Ageneoteffix deorum (Scudder) 
Amphirornus colorodus (Thomas) 
Cordilloctis occipitalis occipitalis 

(Thomas) 
Melonoplus dowsoni (&udder) 
Melonoplus infonrilis &udder 
Philbostromo quodrimocutotum 

(Thomas) 
Psoloesso delicotulo (&udder) 
Trochyrhochys kiowo (Thomas) 

Total 
Avg. loss per day per species 

Aulocoro elliotti (Thomas) 
Encoptolophus sordidus costolis 

(Scudder) 
Hesperotettix viridus (Thomas) 
Phoetoliotes nebroscensis (Thomas) 
Melonoplus bowdirchi conus Hebard 
Melorwplus confusus Scudder 
Molonoplus glodsroni Scudder 
Melorwplus occidentohs (Thomas) 
Melonoplus songuinipes (F.) 

Total 
Avg. loss per day per species 

Arphio consperso Scudder 
Arphio pseudonietono (Tliomas) 
Hodrotettix rrijkrciorus (gay) 
Melorwplus bivirtorus (Say) 
Meksnoplus pockordii !&udder 
Metotor pordolinus (Saussure) 
Sphorogemon equole (Say) 
Xonthippus corolripes buckelli 

(Hebard) 

Total 
Avg. loss per day per species 

10.7 
11.8 
19.3 

GROUP A dry wt = 0 to 65 mg 
22.2 45.8 
27.4 58.8 
38.0 63.7 

44.3 76.9 29.8 1074.8 
48.9 94.9 38.2 1366.2 
80.0 131.7 41.4 1536.5 

10.6 12.7 32.1 43.9 44.0 20.9 756.7 
18.7 26. I 55.2 77.5 90.5 35.9 1316.8 
12.5 28. I 52.1 51.8 97.4 33.9 1234.0 

14.0 
12.0 
18.8 

38.6 
28.0 
26.4 

20.6 59.4 58.0 71.4 1364.6 
21.0 43.0 49.7 72.8 1018.5 
26.7 40.6 77.8 92.6 1015.2 

10683.3 
25.8 mg 

20.4 
GROUP B Dry wt = 66 to 120 mg 

45.6 85.1 84.5 158.0 2012.1 55.3 

22.9 
19.3 
23.8 
22.7 
18.4 
36. I 
19.2 
22.9 

56. I 
52. I 
66.2 
71.6 
76.2 
52.3 
62. I 
60.3 

22.5 
21.5 
67.2 
47.6 
35.4 
22.4 
32.4 

67.9 86.3 94.9 235.3 2125.4 
41.8 80.2 80.0 144.8 1892.0 
56.4 101.8 98.5 195.4 2412.3 
83.7 110.2 94.0 290. I 2675.3 
37.6 117.2 76.2 130.3 2644.9 
62.0 80.4 149.5 214.8 2037.9 
31.8 95.5 79.5 110.2 2176.9 
52.0 92.7 94.9 180.2 2204.7 

20181.5 
48.8 mg 

GROUP C Dry wt = > 120 mg 
61.0 124.0 93.2 211.4 2883.8 

100.8 165.7 89. I 349.3 3884.8 
164.0 243.6 278.2 568.3 5912.1 
147.2 21 I.0 197.1 510.1 5097.6 
93.1 171.3 146.6 322.6 4030.8 
38.5 198.1 92.7 133.4 4347.7 
58.5 220.8 134.1 202.7 4928.8 

80.6 
107.7 
158.3 
137.2 
111.3 
128.8 
143.5 

93.0 249.6 170.5 384.0 385.0 590.8 8963.0 

40048.6 
108.8 

‘Weights are the averages of both sexes. 
znymphal feeding ratio = 4.5,adult = .65; .92= adjustment for mortality among 4th instar nymphsassuming linearpopulationdecay tozeroover46days. .77= adjustment for 
mortality among 5th instar nymphs. 
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tures were low and grasshopper activity was at a minimum. Thus, a 
I / 2-mr cage was put in place along the transect line, and trapped 
arthropods were vacuumed into a net placed in a 20.3cm diam. 
vacuum hose. The insects were transferred from the net into Ber- 
lese funnels at the laboratory. The number of specimens of each 
grasshopper species, the instar, and the sex were then determined. 

Saran cages (6X6 m) were erected within the exclosure to deter- 
mine forage production and losses caused by arthropods (mainly 
grasshoppers). The following 4 treatments were set up, each with 3 
replicates: 

1. Cage effects; i.e., cages with no insects inside (methyl para- 
thion was sprayed inside the cages when the nymphs were 2nd 
and 3rd instars). 

2. Grasshopper and cage effects; i.e., cages raised on blocks 10 
cm high to allow arthropods to move in and out. 

3. Grasshopper effects; i.e., plots (6X6 m) inside the livestock 
exclosure with no cages but exposed to feeding by arthropods. 

4. Livestock and grasshopper effects; i.e., plots (6X6 m) out- 
side the exclosure with no cages where both livestock and 
arthropods were feeding. 

All treatment plots were located on areas that had been mowed 
early in the spring to eliminate the previous year’s plant growth. 

Eighteen quadrats (1/2mr) within each plot were clipped at 
ground level in September 1975 and August 1976 and 1977. The 
vegetation in each quadrat was separated into grasses, forbs, and 
fringed sagewort, oven-dried (600 C), and weighed. 

Results and Discussion 
The method described for forecasting annual forage losses 

caused by populations of rangeland grasshoppers is based on two 
general assumptions: 

1. Forage losses (forage consumed -I- wasted) are directly pro- 
portional to the average weight of individuals within each 
species and to their density. 
2. During the time of greatest forage loss (4th and 5th instars 
and adult stage), the density decreases linearly to zero at the 
end of 25-46 days (14 days as nymphs and 1 I-32 days as adults, 
depending upon density). 

This linear density decay rate is not valid foran entire generation 
of grasshoppers, but has proved to be practical for the 3rd, 4th, and 
5th instars and the adult stages (Hewitt et al. 1976, Onsager 1978). 
The actual length of life may vary considerably among species and 
years. Theaduh life span of Melunopfussunguinipes. the d minant 

R species within this study, may be greatly affected by weathe nd by 
nutritional factors (Scharff 1961). Onsager et al. (1981) found that 
the average longevity of mixed populations of rangeland gras- 
shoppers decreased as density increased. A portion of this data is 
reproduced her as Figure 1. Parker (1930) has shown that feeding 
response to temperature is linear and seasonal heat accumulation 
above a feeding temperature threshold of 20” C affects the amount 
of forage lost since grasshoppers feed more readily at m-35’ C 
than at lower temperatures. However, the method described here is 
based on averages and extreme deviations could cause forecasting 
errors. Some species hatch and develop early in the summer and 
others later; thus, the time when most of the grasshoppersare in the 
3-4 instars varies with species and hatching temperatures at the 
infestation site. 

Estimated daily forage losses for grasshoppers within the three 
groups is shown in Table 1. These losses are comparable with 
estimates reported by Stoliarov (1977) in Russia. He determined 
that daily food consumption ranged from 10 to 33 mg for small- 
sized species, from 30 to 40 mg for middle-sized species, and was ca 
100 mg for Large species. By use of group averages reported in 

DENSITY ~QRASSWOPPERS/M21 

Fig. 1. ReQtionship between density of rongeland grasshoppers when the 
stage of development averaged midway between 3rd and 4th instars and 
average subsequent longevity at 20 sample sites on rangeland at Sheri- 
dan, Wyoming. 1980. In $’ = 4.556 - 0.3965 (In X); p = <0.05. 

Table I, annual losses could be forecast according to the following 
procedure: 

1. Determine grasshopper density and species composition at 
the time most grasshoppers are in the 3-4 instars. Estimate 
density by any one of several methods (Onsager 1977) and 
species composition by identifying species in samplescollected 
with a sweep net and determining the relative abundance of 
each. 
2. Distribute the grasshoppers into the threegroupsaccording 
to their size and determine the density per group. 
3. Determine the estimated longevity from Figure 1 and mul- 
tiply that life span in days times the density. The product is 
“grasshopper feeding days” (GFD), per unit area. 
4. Multiply the GFD by the average loss/group, which gives 
the forecasted forage lost per unit area (mr) by that particular 
population for the growing season. 

Forage losses also could be estimated when the forecaster is 
unable to identify the grasshopper species. Most grasshopperpop- 
ulations on native rangeland in Montana and Wyoming are com- 
posed of species from all of the three groups, but most individuals 
fall within groups A and B. 

The total number of grasshoppers collected during the 3-year 
period was placed in groups as follows: 2409 in Group A, 3 I76 in 
Group B, and 287 in Group C. These ratios are multiplied by the 
suggested loss for each group (Table I) and the result is an average 
loss of 43 mg/ GFD, which is suggested for use when species cannot 
be identified. This figure, which is based on feeding during the 4th 
and 5th instar and adult stage, is only slightly less than the loss 
figure of 44.3 mg/day that was the mean of data on forage destruc- 
tion by populations of both nymphs and adults in many studies, 
summarized by Hewitt (1977). Putnam (1962) reported that the 
amount of forage destroyed/day by adults under field conditions 
was 53 mg for Amphitornus coloradus (Group A) and 96 mg for 
Cumnulupellucida (Group B). Hewitt (1978) from tests with field 
cages reported that destruction by adults was 35.3 mg/day for 
Melanoplus infantilis (Group A) and 60.9 mg/day for Aulocara 
elfiottii (Group B). These loss estimates are similar to the estimates 
for the three groups that include, feeding by 4th and 4th instar 
nymphs. 

These procedures were used to forecast potential forage lossesat 
the Roundup site from data collected in 1975, 1976, and 1977. 
Results are shown in Table 2. Each year was different in terms of 
grasshopper density, development, plant growth, and weather 
conditions. 

In I975 grasshoppers began hatching on June 7 and were present 
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Table 2. Forecasta of aMUd forage losses due to grasshopper feeding near Roundup, Montana during a J-year period, 1975-1977. 

Year 

1975 

Forage 
Grass- Mean loss Expected loss based Results of cliuoine studies 

hopper longevity GFD Forecasted loss’ on observed GFDz Est. loss &t. reduction 

group No/ M2 (days) GFD (me) kg/ ha lb/acre kg/ha lb/acre kg/ha lb/acre kg/ha lb/acre 

A 8.1 29 235 26 63 55 
B 19.0 29 551 49 274 241 
C 1.6 29 46 109 51 45 

Total 388 341 
AlI groups 28.7 29 832 43 363 319 719 633 235 206 1473 1296 

1976 

A 7.4 43 318 26 84 74 
B 2.5 43 108 49 53 47 
C 0.3 43 13 109 15 13 

Total 152 134 
All groups 10.2 43 439 43 191 168 141 128 226 199 1019 897 

A 4.8 46 221 26 58 51 
B 1.6 46 74 49 36 32 

1977 C 1.5 46 69 109 76 67 
Total 170 150 

All groups 7.9 46 363 43 158 139 53 47 0 

‘Forecasts made on July 17, 1975, July 8, 1976. and June IS, 1977. 
%ased on species composition by group, the estimated average mg of forage/GFD was 46, 35, and 46 for the 3 consecutive years. 

0 503 443 

longer in the fall than in either 1976 or 1977. They reached a peak 
density of 40/m* in July. Melanoplus sanguinipes made up 53% of 
the population. Two forecasts of forage losses were made on July 
17; one based on predicted GFD’s within the three groups and one 
based on GFD’s of the groups combined. In addition the observed 
GFD’s are reported for the entire season based on the collections 
from the date of forecast to the end of the collecting period. This 
latter information would not normally be obtained when forage 
losses are forecast on a one-time basis. It should be noted the loss 
forecasts on July 17, 1975 (388 and 363 kg/ ha) are much less than 
the expected loss for the entire summer (719 kg/ ha). This was due 
to an unpredicted increase in GFD’s caused by migration of late 
instar nymphs and adults into the study area following the initial 
July 17 forecast. It would also be assumed that the clipped plots 
would show a greater loss than 235 kg/ ha. However, above- 
average rainfall and cool temperatures (details reported by Hewitt 
1979) favored plant growth and plants remained greenall summer. 
Thus, a large part of the destroyed forage probably was replaced 
and the clipped plots did not give a true picture of theactual forage 
destroyed. 

and with the understanding that local environmental conditions 
may affect any forecast. A decision to control rangeland gras- 
shoppers should always be followed with additional field observa- 
tions until control is actually initiated, thus, a large increase or 
decrease in grasshopper density could be detected beforecontrol is 
attempted. Whenever grasshoppers are present, some forage loss 
must occur, regardless of the effect of the environment on the 
grasshoppers and plant development. The ultimate decision of 
control must be made by the rancher or land manager based on the 
amount of forage he can afford to lose. 
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A 3-Year Evaluation of Taste Aversion 
Coyote Control in Saskatchewan 
CARL R. GUSTAVSON, JAMES R. JOWSEY, AND DONALD N. MILLIGAN 

Abstract 

Taste aversion programs using lithium chloride (LiCl) in sheep 
baits and carcasses have been applied in Washington to one sheep 
herd for 2 years; applications have been made in California and in 
Saskatchewan on 46 herds over 3 years. Ten of these 46 herds were 
available for statistical analysis, indicating a significant reduction 
in the percent of sheep lost to coyotes. All applications have 
suggested reduced sheep losses to coyotes (Canis latrans). This 
method of predation control may cost less than traditional tech- 
niques, save sheep, and should allow coyotes to carry out positive 
functions in the ecosystem. 

Our purpose has been to alter the predatory behavior of coyotes 
(Cunis lotruns) in “natural” settings to reduce sheep losses. Our 
working model (Gustavson et. 1979) was based on experimental 
evidence from rats in the laboratory. Data from most field settings 
remain indicative, and subjective, even when precautions are 
taken. Laboratory findings involve objectively measured, discrete 
responses in controlled settings. Laboratory studies have a high 
degree of control resulting in internal validity but may lack the 
external validity needed for generalization to the field. We con- 
ducted laboratory studies (Gustavson et al. 1974; Gustavson et al. 
1976) under varied conditions to improve external validity while 
maintaining confidence in our conclusions. Several field investiga- 
tions have been conducted with primary applications being made 
by researchers, (Gustavson, et al. 1976; Ellins et al. 1977; Stream 
1976). 

The first application (Gustavson et al. 1976) was conducted in 
southeastern Washington. A 12.15km2 ranch was baited at 
approximately 1 bait/ 0.04 km*. Some difficulty was experienced in 
evaluating sheep losses to coyotes. There was no less than a 40% 
decrease, and as much as a 62% decrease in sheep lost to coyotes. A 
second researcher-oriented study (Ellins et al. 1977) was conducted 
in Antelope Valley, California. This study used ten bait stations for 
the entire valley and reduction in expected losses was demon- 
strated, even on nearby herds that had not been treated. 

Following our application in Washington (Gustavson et al. 
1976), the Washington Game Department replicated our study on 
the same ranch (Stream 1976). The ranch was baited at a level of 
one bait/O.345 km2 and the baits were consumed. The game agent 
experienced difficulties in evaluating losses to coyotes, and in order 
to avoid conflict with the rancher, the data were reported in a 
format different from Gustavson et al. (1976) above. When these 
data are recalculated as reported above (Gustavson et al. 1976), a 
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4060% reduction was again demonstrated. 
These three studies represented a standardized procedure. The 

experimenter (scientist or game agent) baited the range, recorded 
consumption of sheep baits, and consulted with the ranchers to 
evaluate losses. This evaluative procedure has two problems which 
make interpretation of the results difftcult: (1) The single flock - pre 
treatment - post treatment design makes statistical evaluation of 
the significance of reductions impossible, (2) The measurement of 
sheep losses is particularly susceptible to observation biases. These 
difficulties could be rectified with an appropriate experimental 
design. Ideally, applications should be made on at least 20 geogra- 
phically separate herds found to be equivalent across many 
parameters such as geography, climate, size of flock, coyote den- 
sity, and management practice. These flocks would be randomly 
assigned to one of five groups for a 3-yeartreatment program. One 
set of four flocks would be treated with LiCl/sheep baits and 
carcasses. A second set of 4 flocks would receive LiCI/ horse baits, 
a third set would receive sheep baits without chemicals, the fourth 
set would receive NaCl/sheep baits and carcasses, and finally no 
baiting. All areas would be treated with equivalent numbers of 
baits. All sheep and coyotes would be equipped with radio teleme- 
try devices for identification and location. Treatments would be 
conducted in a double blind design to reduce the influence of 
experimenter bias on the part of trained evaluators in the field. 
Daily counts of losses and baits consumed would be recorded. 
Results from this type of study could be expected to produce 
somewhat unequivocal results on yearly losses and indicate which 
component of the treatment program was responsible for reduc- 
tions if they occurred. 

Two major practical problems make the implementation of this 
design in the field unlikely if not impossible. Both problems are 
financial. A minimum of 35 full-time researchers would be 
required to conduct this study, 32 field workers, one person to 
make baits and prepare solutions for carcass lacing, one person to 
control the double-blind procedures, and an overall coordinator. 
Personnel costs for this project would be very high. The second 
problem requires a financial solution to an ethical problem. In 
order to conduct this study, all other forms of predator control 
must be suspended. If privately owned flocks were to be used, 
prudence would dictate that all losses be financially reimbursed. 
Another solution to this problem would be to have project-owned 
flocks on rented land. Both solutions would be expensive indeed. 

Until large sums of money become available for this research or 
serendipitous arrangements occur which would provide the 
number of fulltime volunteers, land, and sheep required for the 
study, it would seem sage to continue evaluation programs under 
less than optimal conditions. Several possible research plans are 
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Table 1. Location, iand area, flock size, and reported percent of flock lost to coyote8 for 10 nncbes treated with LICI in Saskatchewan. 

Site 

I 

: 
4 
5 
6 
7 
8 
9 

IO 

Reported % of flock lost to coyotes 

Location Land area Km2 Mean flock size 1975 1976 1977 1978 

Craven 2.59 227 10.97 I.32 0 0 

Glenavon Rockhaven 5.18 3.89 832 315 4.96 5.15 0 1.96 3.70 7.36 2.63 3.34 
Brendenbury 2.59 369 2.13 0 0 0 
Atwater 3.89 

24:: 
58.82 9.80 0 0 

Marsden 10.36 2.37 1.87 0.91 2.43 
Canora 2.59 I05 27.5 0 0 0 
Foam Lake 2.59 988 8.75 2.25 0.88 6.55 
Meyronne 7.77 1299 3.34 0.56 0.93 0.36 
Tompkins 25.90 0.67 0 0.73 3875 3.19 

Total 67.35 Total 10508 Mean % lost 12.72 I .84 1.38 1.60 

available which restrict the interpretation of information but do 
not negate ail utility of the studies. Rather than attempting to 
control for the effect of certain variables, it is often possible to 
attempt to correct for them. The evaluation represented in this 
paper is restricted in interpretation, but valuable. Discussion of 
these restrictions and the utility of thedata will be postponed to the 
conclusion of the paper. 

1975, 1976, 1977, and 1978, for each of these 10 herds. A one-way 
analysis of variance for ranked data (Winer 1962) indicated that 
the decrease in sheep lost to coyotes across years was significant, S 
(3) = 17.73, p <.005. 

Method 
During the winters of 1976, 1977, and 1978, quantities of baits 

composed of approximately 1008 ground sheep meat containing 6g 
of LiCl(1976) and 4g of LiCl(l977 and 1978) wrapped and tied in 
sheep hide were made and frozen for preservation. Beginning in 
April of each year the baits were distributed to wool growers that 
had contacted the Animal Industry Branch of Saskatchewan Agri- 
culture Department. Each manager was assisted in bait distribu- 
tion. Demonstrations of carcass injection were provided. A supply 
of LiCl for the injection of more carcasses was left with each 
manager. Weather conditions necessitated that some pastures in 
the northern portion of the province be baited by airplane. Pas- 
tures in the southern portions of the province were baited by 
horseback, or from a pickup truck. When possible, baits were 
placed at coyote “digs”under fences. Managers were instructed to 
inject dead sheep and lambs with LiCl or to dispose of them. 

An economic estimate can be made for the results of this pro- 
gram on these 10 herds. Provincial standards suggest the value of 
sheep at $4O/head. At this rate, $53,465 worth of sheep were lost in 
1975 compared to a mean of $6,76O/per year in the same herds in 
1976, 1977, and 1978. This represents a decrease of S46,705/year. 
In previous years, the province esti 

? 
ted the cost of the 1080 

poisoning program at $250 per herd. he province estimated the 
cost of the taste aversion program at $25-35/herd/year. The over- 
all reduction in cost of predator control would be 86% to 
9ONyear. 

Discussion 

Pastures were targeted to be baited at I bait/O. I62 km*. Baiting 
was restricted to the pastures, except at site I I where permission to 
bait a surrounding cattle area was granted. This “buffer” area of 
baiting may be useful when possible. Cooperation from the manag- 
ers was good, even though many were somewhat skeptical of the 
proposed technique. 

The preliminary reports of this study and other field investiga- 
tion of taste aversion coyote control have been criticized on the 
basis of a lack of experimental control groups for comparison, as 
though this were a decisive condemnation (Griffiths, et al. 1978). 

While “sham”controls have not been used, other control proce- 
dures have been used for comparison (see Ellins et al. 1978). A 
simple one-group placebo procedure is an inadequate control, but 
the lack of any control procedure is not the important issue that 
must be considered before a discussion of the results of this study. 
Important and meaningful scientific research can be conducted 
without the use of experimental techniques. McK. Agnew and 
Pyke (1969) very clearly described the value of, and occasion for, 
the use of observational techniques: 

Many of the pastures were subjected to a detailed examination in 
June 1976 and many of the original baits had been removed. Many 
sites were discovered in which wool remains were similar to those 
found in our previous field studies, and indicated coyote bait 
consumption. 

Results 

During the 3-year program a total of 46 herds have been treated 
with LiCl/ baits and LiCl/laced carcasses. Twenty-four of these 
herds were treated in 1977 and/or 1978 only. Twenty-two herds 
began partcipation in 1976. of these 22 herds, three did not finish 
the study that’ year, three herds did not have 1975 coyote loss 
records, three herds did not remain with the project through 1978, 
baits were distributed at extremely low densities for one herd, one 
herd suffered very high identified domestic dog losses during 1978 
before alternative elimination could be initiated, and finally, this 
manager and one other refused to maintain continued baiting or 
carcass lacing through each season, even though baits were placed 
yearly. 

it should not be surmised that because naturalistic observation is 
employed to study somewhat gross behavior units, and requires 
little in the way of elaborate equipment, it is no longer in vogue or 
has outlived its usefulness, or it is a simple method and needs little 
training. All of these inferencesareerroneous. Thereare manyareas 
of study in which it is impossible, for ethical, moral, political, or 
practical reasons, for the researcher to manipulate events or to 
experiment. In addition, certain types of information can only be 
obtained in field or naturalistic studies. For example, if we want to 
investigate the phenomenon of hibernation, or famine, or juvenile 
gangs, we must use naturalistic observation for at least some portion 
of our study. . . Although at times this method is comparable to a 
crude sieve, it is still a valuable source of important and durable data 
in the hands of a skilled researcher. 

Ten herds have completed the 3-year program and fulfilled the 
necessary requirements for statistical analysis. Table 1 shows the 
general geographical location, the mean number of sheep, the land 
area baited, and the percent of the flock reported lost to coyotes in 

One obvious advantage of this method is its superiority to casual 
observation and hit-and-miss recording or tabulating of events. A 
second advantage is that it does not require that events necessarily 
be manipulated or controlled; therefore, all sorts of subject matters, 
normally taboo to experimental science, become open to this form 
of study. Another advantage of a thorough understanding of this 
method is in terms of the relationship of this approach to other 
methods. The four principles of naturalistic observation (detaikd 
observation, accurate recording, non-participant observation, and 
grouping or classification) have application to all the other sieves of 
science in greater or lesser degrees. Often the data gathered by the 
method of naturalistic observation provides guidelines for later 
inquiry with more sophisticated sieves. . . Finally, this method can 
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be practiced by the. . . scientist who has limited resources. In 
attempting to be analytical, passive, and accurate, it is often amaz- 
ing what fascinating chunks of information we can produce. 

In the most conservative terms, the results of this evaluation 
indicate that LiCI/ baits and LiCl sheep carcasses placed in sheep 
flock areas, along with coyote trapping and shooting techniques 
used as in the past, reliabily reduced reported losses to coyotes 
compared to reported losses when these flock areas are treated with 
1080 poison baits along with trapping and hunting techniques. The 
design of this evaluation does not allow for the specification of the 
nroaram variables which are responsible for the loss reduction. 
Observer biases and reliability may have affected the reporting of 
sheep lost to coyotes in this study. These observers were sheep 
managers that had approached the Animal Industry Branch for 
permission to use poison 1080 on their range. They were openly 
skeptical about the LiCl alternative offered them. Under these 
circumstances observer biases might be expected to be in the 
direction opposite the effect reported here. No obvious changes in 
the trapping or hunting successes could be ascertained from the 
very general information available to the project. Some increases 
in the number of coyotes killed/year in the province could be 
speculated because of increasing prices for coyote pelts. However 
the 1080 program was reduced in the research areas, thus eliminat- 
ing one effective mortality factor. This evaluative design does not 
allow specification of the effect changes in activity on the ranch 
may produce due to the different baiting systems involved in 1080 
and LiCl use. Both baiting programs employ similar if not identical 
procedures. We cannot demonstrate that taste aversion condition- 
ing was responsible for changes in reported losses, as opposed to 
repellent or other possible processes involved in LiCl placement. 
However, if parsimony is to valued in scientific activities, the 
experimental results obtained in laboratory studies with coyotes, 
wolves, ferrets, red-tailed hawks, and albino rats must also be 
considered in the interpretation of our field observation. The 
weight of this evidence makes an aversion explanation more plau- 
sible than other alternatives. 

Whatever the mechanism involved, the information collected in 
Saskatchewan suggests that a successful coyote LiCl control pro- 
gram can be established which is economically superior to other 
ongoing programs. It should consist of a baiting program prior to 
the introduction of sheep on the range. Baits should have at least 
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IOOg ground sheep, 4g If LiCI, wrapped and tied in an untreated 
piece of sheep hide. These baits should be distributed at about I 
bait/O.162 km2 along fence lines, coyote digs in fence lines, gates 
and coyote run areas. Baits should be replaced when removed by 
coyotes. Sheep killed by coyotes should be immediately “laced” 
with LiCl as should stillborn lambs or other sheep losses. If car- 
casses are not “laced”, they should be disposed of to prevent 
scavenging. 

Future research in the laboratory using procedures prescribed 
by previous research on many species should be used to develop 
new techniques for application in wild canids and other animals. In 
the field, careful recording of the circumstances and events which 
occur during applied projects should provide a data base that will 
allow the classification of circumstances and techniques which are 
likely to produce positive outcomes and specify the important 
variables that should be controlled if the opportunity should arise 
to conduct an adequate field experiment. 
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Identification of Subspecies of Big Sage- 
brush by Ultraviolet Spectrophotometry 

MARK L. SHUMAR, JAY E. ANDERSON, AND TIMOTHY D. REYNOLDS 

Abstract 

The three subspecies of big sagebrush (Artemisia tridentata) are 
dominant shrubs over much of the Intermountain West. Because 
the subspecies differ in palatability and habitat requirements, 
researchers and resource managers have become increasingly con- 
cerned with their identification. Subspecies have been identified by 
leaf morphology, ultraviolet (UV) fluorescence, or chromato- 
graphy. Fluorescence of leaf extracts under short-wave UV light 
provides a convenient technique for distinguishing between A.t. 
vaseyana and the other two subspecies, but this technique will not 
distinguish between A.t. tridentata and Ad. wyomingends. Chro- 
matographic techniques can differentiate between all of the sub- 
species, but the methods are tedious. We describe a technique for 
distinguishing all three subspecies by UV spectrophotometry. 
Alcohol leaf extracts of the three subspecies produce relative 
absorbance graphs that differ markedly from oneanother between 
230 and 280 nm. 

Shrubs of the big sagebrush (Artemisia tridentata Nutt.) com- 
plex are dominant in the vegetation over much of the Great Basin 
and the arid plains and valleys of the Intermountain West. Recent 
studies have contributed to our understanding of the evolutionary 
history and phylogenetic relationships of the members of this 
complex (Beetle 1960, Beetle and Young 1965, Winward 1970, 
Hanks et al. 1973, McArthur and Plummer 1978) and emphasized 
the differences in palatability among the various species and sub- 
species (Brunner 1972, Hanks et al. 1973, Schlatterer 1973, McAr- 
thur and Plummer 1978). Within the species A. tridenrutu, three 
subspecies and three forms of the subspecies A.t. vuseyuno are 
generally recognized (Winward 1970, Schlatterer 1973, Winward 
Bnd Tisdale 1977). These are: A.t. tridentutu, A.t. wyomingensis, 
A. t. vaseyana form vaseyana, A. t. vaseyana form spiciformis. and 
A. tridentuta “X” (Winward and Tisdale 1977). Because the sub- 
species differ markedly in palatability, range managers and 
researchers have become increasingly concerned with their identifi- 
cation. In some instances, however, the variability in morphology 
makes subspecies and forms difficult to differentiate (West et al. 
1978). 

Subspecies of big sagebrush have been identified by leaf mor- 
phology (Winward 1970, Brunner 1972, McDonough et al. 1975, 
Winward and Tisdale 1977), phenology (Winward and Tisdale 
1977), or chemotaxonomic methods involving ultraviolet fluores- 
cence (Winward and Tisdale 1969, Stevensand McArthur l974)or 
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chromatography (Holbo and Mozingo 1965, Winward 1970, 
Brunner 1972, Hanks et al. 1973). Fluorescence under long-wave 
ultraviolet light of leaf extracts in water or alcohol provides a 
convenient field or laboratory technique for distinguishing A.t. 
vaseyana from either A.t. wyomingensis or A.t. tridentata but it 
will not discriminate between the latter two subspecies (Winward 
and Tisdale 1969). Chromatographic techniques can differentiate 
between all of the subspecies, but the methods are time-consuming 
and tedious by comparison, and at least one (Winward 1970) 
involves the use of benzene, which is thought to be a carcinogen. 

Studies in our laboratory indicate that alcohol extracts from 
leaves of the three subspecies produce characteristic ultraviolet 
absorbance patterns. This paper describes the spectrophotometric 
technique and presents typical absorbance spectra for the three 
subspecies. 

Materials and Methods 

Fifty-two samples of A.t. vuseyunu and 125 samples of A.t. 
tridentata were collected from various locations in southeastern 
Idaho, northern Utah, and southwestern Montana. Over 620 sam- 
ples of A.t. wyomingensis were taken from the Idaho National 
Engineering Laboratory Site in southeastern Idaho. Additional 
samples from herbarium specimens of the various subspecies were 
analyzed. Each field sample consisted of 5-10 g of leafy material, 

0 .30- ssp. wvominaensis 

I1 I I II 1 1 II 1 I 
220 240 260 260 

WAVELENGTH (nm) 

Fig. 1. Relotive obsorbonce OS o fiction of wovelength for leaf extracts of 
Artemisia tridentata tridentata and A.t. wyomingensis. Vertical bars 
indicate 95% confidence intervols bosed on stondord errors for 30 som- 
p/es chosen ot rondomfrom the totolpool of samples thot wereonolyzed 
for each subspecies. 
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collected by clipping one or more peripheral branchlets from an 
individual sagebrush plant. Samples were first identified by mor- 
phological analysis (Brunner 1972, Hankset al. 1973, McDonough 
et al. 1975, Winward and Tisdale 1977) and the fluorescence tech- 
nique (Winward and Tisdale 1969). 

For spectrophotometric analysis, approximately 0.1 g of leaf 
material was ground with a mortar and pestle, mixed with 10 ml of 
70% ethanol, and allowed to stand for 15 minutes. The mixture was 
then filtered through Whatman No. 1 filter paper in a Biichner 
funnel. Approximately 0.3 ml of the green- to yellow-colored 
extract was diluted with 10 ml of 70% ethanol. Absorbance was 
then measured at 5-nm increments from 220-285 nm inclusive with 
a Beckman DU spectrophotometer equipped with a Gilford Model 
220 optical density converter and absorbance indicator. Absor- 
bance values varied depending upon the concentration of the 
extract. Therefore, relative absorbance values were calculated by 
setting the maximum observed value for each sample equal to one. 

Results and Discussion 

Samples of A.t. tridentata, A.t. wyomingensis, and A.t. 
vaseyana consistently produced relative absorbance graphs that 
differed markedly from one another (Figs. 1 and 2). We have 

I, 1 1 , , r l I.1 I I 220 240 260 280 ’ 
WAVELENGTH (nm) 

Fig. 2. Relative absorbance as a function of wavelength for leaf extracts of 
Artemisia tridentata vaseyana. Vertical bars indicare 95% confidence 
intervals as described for Figure 1. 

shown the three patterns on two graphs in order to depict the 
confidence intervals for each subspecies clearly and to emphasize 
the striking contrast between A.t. tridentata and A.t. wyomingen- 
sis. A.t. triahtata always produced a plateau in relative absorbance 
between 240 and 270 nm and then descended rapidly beyond 270 
nm. In contrast, relative absorbance for A.t. wyomingensis 
decreased almost linearly from 220 to 265 nm and remained almost 
constant beyond 265 nm (Fig. 1). Values for A.t. vaseyana 
decreased more rapidly than those for A.t. wyomingensis between 
220 and 240 nm but did not differ significantly from those for A.t. 
wyomingensis beyond 240 nm (Figs. 1 and 2). Relative absorbance 
values did vary somewhat from sample to sample, but as shown by 
the confidence intervals, the pattern was consistent for each sub- 
species. The results were the same regardless of whether fresh or 
dried leaf material was used. Likewise, use of ephermeral or per- 
sistent leaves yielded similar absorbance graphs. 

All samples produced consistent patterns for their respective 
subspecies, as identified by leaf morphology and the ultraviolet 
fluorescence test, except for five of 33 samples from a stand of what 
was tentatively identified as A.t. vaseyana in Curlew Valley, Idaho. 

These samples produced absorbance patterns that were similar to 
A.t. tridentata from 220 to 245 nm, but the absorbance then 
decreased rapidly, becoming constant after 265 nm as did A.t. 
wyomingensis and A.t. vaseyana (Fig. 3). In addition to the unus- 
ual relative absorbance patterns, these Curlew Valley samples had 
leaf morphologies that made positive identification difficult, and 
they showed a very pale bluish-cream fluorescence under ultravi- 
olet light, rather than the intense bluish-cream characteristic of 
other samples of A.t. vaseyana. These observations suggest that 
these five samples were from hybrids between AJ. tridentata and 
A. t. vaseyana. 

2ho ’ ’ ’ 240 ’ ’ 260 1 I 260 1 

WAVELENGTH hm) 

Fig. 3. Pattern of relative absorbance for samples of Artemisia tridentata 
which are thought to be hybrids between A.t. vaseyana and A.t. triden- 
tata. 

Stevens and McArthur (1974) attempted to quantify the fluores- 
cence nature of sagebrush by using a spectrophotometer to mea- 
sure transmittance through leaf extracts at 364 nm. Their test 
revealed no differences between A.t. tridentata and A.t. wyomin- 
gensis at that wavelength. We obtained similar results at wave- 
lengths greater than 320 nm; however, the patterns for those 
subspecies between 240 and 280 nm are strikingly different (Fig. I). 
Thus, the spectrophotometric technique appears to be particularly 
useful in discriminating between A. t. tridentata and A. t. wyomin- 
gensis, the two taxa that are most difficult to separate by any other 
technique. 

An experienced technician can prepare a sample and measure its 
absorbance values in 20 to 30 minutes using a manual spectropho- 
tometer. We conclude that the technique provides a convenient 
and rapid method for differentiating between the three subspecies 
of A. tridentata. 
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Response of Chihuahuan Desert Mountain 
Shrub Vegetation to Burning 

GARY M. AHLSTRAND 

Abstract 

The effects of fire on vegetation in the desert mountain shrub 
community were studied on 3 to 7-year-old burned sites near the 
northern limits of the Chihuahurn Desert. Coverage and fre- 
quency of redberry juniper (Juniipcruspinchotii) and frequency of 
whitebail acacia (Acacia texends) were lower, while frequencies of 
catclaw mimosa (Mimosa biunc~em) and skeleton goldeneye 
(Viguiera stenoloba) were higher on burned sites when_compared 
with unburned paired piants. Lechuguiiia (Agave lecheguil&, 
sotoi (DasytYrion leiophylbun), and sacahuista (No&r spp.) suf- 
fered losses in excess of 50% on burned sites. With the exceptions 
of sideoats grama (Bouteloua curtipendula) and bull muhiy 
(Muhlenbergia emersleyi), ail grasses had recovered or showed 
increases by the end of three growing seasons. Ail grasses had 
recovered or increased on 6 to 7-year-old bums. Recovery of 
burned piants was predominately by vegetative means, suggesting 
that periodic fires can be used to maintain or even increase grass 
coverage at the expense of shrubs in this community. 

The response of native vegetation to burning has been the sub- 
ject of numerous papers, especially over the last 25 years. Little, 
however, has been reported concerning the effects of fire on vegeta- 
tion of the Chihuahuan Desert. Kittams (1973) observed the recov- 
ery of vegetation I to 3 years after burning in desert mountain 
shrub communities located near the northern limits of the Chihua- 
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huan Desert. Bunting and Wright (1977) reported theeffectsof fire 
on desert mountain shrub vegetation 2 years after burning in the 
Texas Big Bend country. 

Kittams (1973) noted that in burned desert mountain shrub 
communities, catclaw mimosa (Mimosa biuncifera). skunkbush 
(Rhus aromatica), silver dalea (Dalea argyraea), skeleton golden- 
eye (Viguiera stenoloba). mountain mahogany (Cercocarpus mon- 
tanus), scrub oaks (Quercus spp.), redberry juniper (Juniperus 
pinchotii) and alligator juniper (J. deppeana) usually recovered 
through some form of vegetative sprouting. He observed that 
lechuguilla (Agave lecheguilla), datil (Yucca baccata), and mature 
soto (Dasylirion leiophyllum) were usually killed by fire. ,Bunting 
and Wright (1977) found that fire reduced shrub cover and total 
grass cover 43% and 72% respectively in a desert mountain shrub 
community 2 years after burning. Coverage of forbs and half 
shrubs increased 650%. The fire significantly reduced the density or 
cover of sideoats grama (Bouteloua curtipendula), blue three-awn 
(Aristida glauca), sotol, and lechuguilla, whereas coverage contrib- 
uted by skeleton goldeneye tripled through vigorous sprouting and 
seedling establishment on the burned area (Bunting and Wright 
1977). 

Information pertaining to other species common to the Chihua- 
huan Desert is available from studies conducted elsewhere. Mor- 
tality rates for cholla (Opuntia imbricata) and pricklypear (0. 
phaeacantha) two growing seasons after a prescribed burn on the 
Texas High Plains averaged 45% and 68%, respectively (Heirman 
and Wright 1973). Pricklypear mortality was 3270 the first year 
following a prescribed burn (Cable 1967) and 28% the second 
growing season after an experimental tire (Reynolds and Bohning 
1956), in two separate studies conducted in the Arizona Sonoran 
Desert. Survival of ocotillo (Fouquieria splendens) following a 

62 JOURNAL OF RANGE MANAGEMENT 35(l). January 1999 



wildfire in the Sonoran Desert was 33Ycfor heavily damaged plants 
and 50% for plants only scorched (White 1969). Regeneration 
occurred primarily through basal sprouting. Algerita (Berberis 
trifoliolata) sprouted vigorously following a wildfire in south cen- 
tral New Mexico (Dwyer and Pieper 1967). 

The objective of this study was to document longer term effects 
of fire on vegetation in the mountain shrub community of the 
Chihuahuan Desert by examining 3 to ‘I-year-old burned areas. 

Study Area 
The study sites are in the Guadalupe Mountains of Eddy 

County, New Mexico, and Culberson County, Texas. The moun- 
tains, primarily limestone, are part of a Permian reef complex 
termed the Capitan Barrier Reef. The area’s semiarid, continental 
climate is characterized by mild winters, warm summers, and 
summer showers. The mean annual temperature is 19” C (63” F) at 
1,352 m (4,435 ft) in this community at Carlsbad Caverns National 
Park, and annual frost-free days average 226 (U.S. Department of 
Commerce 1967). Mean annual precipitation is 36.6 cm (14.4. in), 
but has ranged from less than 12 cm (4.6 in) to 110 cm (43.2 in)per 
year. Nearly 90% of the annual precipitation occurs between May 
and October. 

Characteristic desert mountain shrub vegetation in the Guada- 
lupe Mountains includes lechuguilla, sotol, and redberry juniper. 
Prickly pear and sacahuista (Nolina spp.) are generally abundant, 
and grama and three-awn grasses are common in the community. 
Vegetation of the area has been described by Gehlbach (1967), 
Bunting (1978), and Northington and Burgess (1979). 

Methods 
Seven sites that burned between 1967 and 1971 in the desert 

mountain shrub community of the Guadalupe Mountains were 
sampled during the summer of 1974. A similar unburned site was 
located near each burned site for comparison. Shrub intercepts 
were measured by species along ten 25-m (82 ft) lines placed at 5-m 
(16.4 ft) intervals in each pair of sites. Fifty 20 X 50-cm (7.9 X 19.7 
in) plots were sampled at 5-m (16.4 ft) intervals along each inter- 
cept line using a frame. Species included within or overlapping the 
plot frame were recorded according to one of six cover classes with 
midpoint cover percentages of 2.5, 15.0, 37.5,62.5, 85.0, and 97.5 
(Daubenmire 1968). Coverage was calculated for individual spe- 
cies from intercept and plot data, and frequency was determined 
for species sampled with the plot frame. Sampling adequacy was 
determined by a species area curve and by plotting cumulative 
mean coverage (Mueller-Dombois and Ellenberg 1974). 

Burned sites were located using fire narrative records for Carls- 
bad Caverns and Guadalupe Mountains National Parks. No infor- 
mation concerning fire intensity, defined as the product of fuel 
energy consumed and rate of fire spread (van Wagtendonk 1974), 
was available, but fuels were estimated not to exceed 1.1 X 10s 
kg/ha (0.5 ton/acre) for litter and cured grasses and 1.6 X 104 
kg/ ha (7 tons/acre) for living vegetation. Annual precipitation was 
near normal for the period since the fires, except for the year 
preceding the sampling period, when drought conditions 
prevailed. 

Except for two paired sites, all sampling was conducted within 
the boundaries of either C’arlsbad Caverns or Guadalupe Moun- 
tains National Parks on sites that had been protected from live- 
stock grazing. The seven paired sites ranged in elevation from 1,490 
m (4,900 ft) to 1,770 m (5,800 ft) on 5 to 55% slopes with mixed 
aspects. Four of the fires were lightningcaused and occurred 
during June; one each in 1967 and 1968, and two in 1971. Fires in 
April 1968, March 197 1, and August 197 1 were humancaused. The 
burned areas ranged from 1 to 50 ha (2.5 to 125 acres). 

Site elevations were read from U.S. Geological Survey 7.5 min 
topographic series quadrangles; slopes were determined with an 
Abney level; and exposures were measured with a hand compass. 

Coverage and frequency of major species on the paired sites were 

compared between burned and unburned sites using analysis of 
variance and Chi-square analyses, respectively. Student’s t-test was 
used to determine differences in coverage by growth forms on 
burned and unburned sites. Differences were judged to be signifi- 
cant at the 0.05 level. 

Taxonomic nomenclature follows Correll and Johnston (1970). 

Results and Discussion 
Of the 95 species sampled in the 7 paired sites, 47 were common 

to 2 or more of the paired sites. Because drought conditions 
prevailed throughout the sampling period, few annuals were pres- 
ent and perennial forbs were not abundant. Most grasses were 
identified using vegetative characteristics. 

Coverage and frequency of redberry juniper were less on burned 
than on unburned sites. Kittams (1973) observed that a considera- 
ble amount of heat is required to ignite this species, but once 
ignited it burns so vigorously that usually all the branches are 
killed. Regeneration occurs slowly through crown sprouts. Burned 
junipers in the present study regained up to 50% of their mature 
height during the 3- to 7-year recovery period, and the 25 to 50 
years predicted by Kittams (1973) for top-killed plants to re- 
establish their prebum stature is a reasonable estimate. 

The frequency of whiteball acacia (Acacia texensis) was greater 
on unburned than on burned sites. Although this dwarf acacia is set 
back by fire, this effect may be only temporary until new colonies 
can form from rhizomes. 

Burning induces vigorous crown sprouting in catclaw mimosa 
(Cable 1975, Carmichael et al. 1978). It may recover from burning 
in as little time as 5 years (Kittams 1973). Although catclaw 
mimosa was not abundant on any of the sites in this study, its 
frequency was greater on burned than on unburned sites. 

Skeleton goldeneye was more frequent on burned than on 
unburned sites. Kittams (1973) predicted this species would 
increase through root and crown sprouts 2 to 3 yearsafter burning. 
An increase was evident on 3-year-old bums and it persisted 
through to ‘I-year-old burned sites. 

Coverage and frequency of sotol were 75% less on burned than 
on unburned sites. The sheath of dead leaves surrounding the trunk 
makes this species especially susceptible to fire, and plants with 
fire-girdled trunks usually die. Sprouting occurs only from the 
terminal bud in lightly to moderately burned plants (White 1969, 
Kittams 1973). The present study as well as that of Kittams (1973) 
found that surviving sotol regain most of their cover within 3 years, 
but many more years will be required for plants to accumulate 
shaggy bases of dead leaves. 

Sacahuista was less frequent on burned sites than on unburned. 
Sprouting occurred from the outer portion of the caudex in most 
plants that survived burning. Kittams (1973) measured a 48% loss 
of sacahuista on a 197 I burn. This burn was studied 3 years later, as 
a part of the present study. Frequency and coverage for sacahuista 
on the burned site were 53% and 47% respectively, of those present 
on the unburned partner site. 

The frequency of lechuguilla was reduced on burned sites,and its 
average coverage on burned sites was 19% of that on unburned 
sites. The plant usually dies if more than half of its green leaves are 
scorched (Kittams 1973). Surviving plants recover slowly from 
burning. A few rhizomatous offshoots were observed in the area of 
top-killed lechuguilla on a site burned 3 years previously. Fires of 
the intensity usually experienced in this area are effective in reduc- 
ing lechuguilla. 

Although prickly pear was not abundant on any of the sites, this 
species was susceptible to fire on most of the study sites. Usually 
only the lower pads were damaged by fire, and upper surviving 
pads often formed roots when in contact with soil. Mortality rates 
ranging from 28% to 68% have been reported for this species in 
other fire studies (Reynolds and Bohning 1956, Humphrey and 
Everson 1951, Cable 1967, Heirman and Wright 1973). 

Wavy cloakfern (Notholaena sinuata) was present on four 
unburned sites and only one burned site. Coverage was greater on 
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Table 1. Mean coverage by growth tom on burned and unburned sites 3 and 6 to 7 years l fler the occurrence of fire. Data are percenbps. 

Growth form 

Graminoids 
Forbs and ferns 
Woody shrubs 
Rosette shrubs and stem 

succulents 
Total around cover 

Burned 

55.3 
5.0 
6.5 

5.5 
72.3 

Three-year sites s4 Six to seven-year sites n = 3 

Unburned Difference Burned Unburned Difference 

54.0 +2 53.3 35.3 +511 
6.3 -21 3.0 2.0 +50 

10.3 -37 6.1 8.7 -23 

17.5 -69’ 6.7 20.3 -67 
88.1 -18 69.7 66.3 +5 

lSignificantly different at the 0.05 level of probability. 

unburned sites, suggesting a susceptibility to fire by this species. A 
single plant was observed growing through the remains of a lechu- 
guilla killed 3 years before in a fire, thus indicating establishment of 
wavy cloakfern after the fire. 

annual growth increments in woody species add relatively little to 
the total above ground biomass, years will be required for many of 
these species to reestablish their preburn stature. 

Black grama (B. eriopoda) was twice as frequent on burned as on 
unburned sites. Humphrey (1949) and Reynolds and Bohning 
(1956) reported that black grama density decreased on burned sites 
in southern Arizona. Jameson (1962) presented data that showed 
productivity and cover by this species were decreased on burned 
sites in northern Arizona, but the effects were largely overcome 
within 2 years after burning. Although black grama is initially set 
back by fire, the long-term effect found in the present study was to 
stimulate vegetative growth through stolon production. 

Losses of 50% or more for lechuguilla, sotol and sacahuista were 
apparent on burned sites. Surviving top-killed plants of the latter 
two species regained much of their preburn coverage in three 
growing seasons. Burned lechuguilla showed little evidence of 
recovery. 

The frequency of hairy tridens (Erioneuron pilosum) and slim 
tridens (Tridens muticus) increased on burned sites. Both species 
are indicators of overgrazed conditions (Pohl1978), so the increase 
following fire may be the response of seral species to reduced 
competition from other plants. 

Plains lovegrass (Eragrostis lugens) and three-awn grasses (Aris- 
tida spp.) were other species encountered more frequently on 
burned than on unburned sites. The mean coverage by these species 
on burned sites was at least 5% greater than on unburned sites. 

Hairy grama, black grama, plains lovegrass, blue grama, wolf- 
tail, slim tridens, curly muhly and hairy tridens had all increased or 
at least recovered on burned sites three growing seasons after 
burning. Only sideoats grama and bull muhly were reduced on 
these sites in comparison with unburned sites. All grasses had 
recovered and some showed increases on 6 to 7-year-old burned 
sites. Wright (1974) and Neuenschwander et al. (1978) reported 
that recovery of perennial and annual grasses in western Texas 
was complete one to three growing seasons after burning. A signifi- 
cant increase was seen in overall grass coverage on 6 to 7-year-old 
burns in the present study. Total grass coverage on burned sites 
was equal to that on unburned sites after three growing seasons. - 

Although the majority of species encountered in this study have 
Other grasses appeared to recover more slowly from burning. 

When compared with unburned sites, there were no significant 
differences for wolftail (Lycurus pheloides) or blue grama (B. 
gracilis) on 3-year-old burned sites, but the frequency of both 
species was greater on 6 to ‘I-year-old burned sites. Dix (1960) 
noted essentially no change in the frequency of blue grama on 
burned and unburned sites 1 to 4 growing seasons after burning. 
The frequency of sideoats grama was less on 3-year-old burned 
sites than on unburned sites. Bull muhly(Muhlenbergiaemersleyi) 
was reduced on 3-year-old burns and showed no significant differ- 
ences on 6 to 7-year-old burns when compared with unburned 
partners. No significant differences were found for hairy grama (B. 
hirsuta) or curly leaf muhly (M. setifolia) on the paired sites. 

Although not included in the statistical treatment because they 
did not appear in a majority of the sites sampled, mountain maho- 
gany, skunkbush, scrub oaks, silver dalea, mescal bean (Sophora 
secundiflora), algerita, and ocotillo reproduced and grew from 
vegetative sprouts after burning. Neither sprouts nor seedlings of 
desert ceanothus (Ceanothus greggii) were often seen on any of the 
sites. 

developed fire-surviving adaptations, extensive fires have not been 
frequent in this vegetation type, at least in recent times. Grass cover 
was weakened by livestock grazing, which began during the late 
1800s and persisted at least through the first half of this century. 
The reduction in grass cover prevented accumulation of fine fuels 
necessary for carrying fire through the vegetation and shifted the 
competitive balance in favor of shrubs. National Park Service fire 
records show that lightning-caused ignitions are fairly common in 
this vegetation type, but they have usually been suppressed before 
much area burned. Fire scarred stems, charred branches, charcoal, 
and other evidences of fire are seldom encountered in this habitat. 
Primary stem diameters of redberry juniper and scrub oaks, and 
densities of lechuguilla, sotol and sacahuista also suggest that fire 
has been absent from most of this area for many years. 

Coverage data from 3 and 6 to 7-year-old paired sites are sum- 
marized by growth form classes in Table 1. Fire-induced mortality 
in sotol, lechuguilla, and sacahuista was responsible for a signifi- 
cant decrease. in rosette shrubs on burned sites. Woody shrubs 
exhibited a trend of decreased coverage on burned sites. No differ- 
ences were significant for coverage by forbs and ferns between 
burned and unburned sites or between grasses on 3-year-old 
burned and unburned sites. Coverage of grasses on 6 to 7-year-old 
bums had increased significantly over that on unburned sites. 

The practices of suppressing fire and excluding livestock graz- 
ing, both in effect for more than 30 years on much of the study area, 
have permitted grasses, as well as woody and rosette shrubs, to 
accumulate in quantities sufficient to support fires over extensive 
areas. With periodic burning of perhaps every IO to I5 years in this 
community, grasses can be expected to increase as shrub cover is 
reduced. In the absence of additional fires, coverage by shrubs can 
be expected to slowly increase again at the expense of grasses. 
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The Persistence of Fenitrothion Insecticide 
in Red Maple (Acer rubrum L.) and White 
Birch (BetuZa papyfifem (Marsh.)) Deer 
Browse 

L.E. LAPIERRE 

Abstract 

From May 15 to November 15, 1977, vegetation plots were 
monitered on a constant basis in order to obtain the concentration 
of fenitrothion in red maple and white birch deer browse. The data 
obtained indicates that the concentrations tend to be as high as 
21.413 ppm for the red maple and 19.371 ppm for the white birch 
immediately following the spray application. However, the con- 
centrations are below 0.010 ppm 120 days following the applica- 
tion. Fenitroxon was detected in two of the samples taken from the 
sprayed plots. None was detected within the control plots. There is 
no evidence in the literature that a concentration of fenitrothion of 
the magnitude detected would have obvious effects on deer popula- 
tions during their winter yarding. 

Fenitrothion, 0, Odimethyl O-(4 nitro-m-tolyl) phosphorothi- 
oate, has been used since 1969 tocontrol spruce budworm (Choris- 
toneura fumiferuma (Clemens)) in the forest of the Canaan Game 
Reserve, New Brunswick, Canada. Various workers (Shishido et 
al. 1972, Miyamoto 1969, Nigam et al. 1971) have previously 
shown the short persistence and fate of fenitrothion in a natural 
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environment. Furthermore Yule and Duffy (1972) and Sundaram 
(1974) demonstrated that fenitrothion can persist in a coniferous 
forest in concentration rangingfrom 0.80 to 0.14 ppm over a 5-year 
period. 

This project evaluated residual concentrations of fenitrothion 
and its oxygen analogue in red maple (Acer rubrum) and white 
birch (Eerulupupyriferu (L.)). Previous studies by CrOte (1976) and 
unpublished data obtained by the author from monitoring deer 
yards in southeastern New Brunswick indicate that red maple and 
white birch play an important role in the diet of the white-tailed 
deer (Odocoileus virginianus (Zimmerman)) during the winter 
yarding. It was anticipated that a high concentration of fenitro- 
thion might have a negative effect on the intestinal rumen flora and 
consequently disrupt the energy requirements of the deer during 
their winter yarding. 

Study Area and Methods 

The field experiments were located in the Canann Game Reserve 
area 34 km northwest of Moncton within longitude 65” 30’ and 
latitude 46O 20’. The experimental spray plot was located 5 m from 
Alward Brook inside spray block 279 of the 1977 spray program. 
The control plot was located along the south side of the Canaan 
River approximately 17 km from the sprayed plot. The control plot 
was not sprayed during the 1975, 1976, and 1977 programs. 
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The sampling plots were surrounded by forested aeas dominated 
by red spruce (Piceu rubens (Moench)), and black spruce (Picea 
mariuna (L.) (M.11)). Logging of these species occurred 10 years 
ago in areas where the experimental plots were established. A 
young growth of red maple and white birch varying from 1.5 to 3 m 
in height formed the major, lower vegetation within the plots. The 
upper canopy was composed of mature red maples, grey birch 
(Bet& populifolia (Marsl.)), and aspen (Populus tremuloides 
(Michx.)). Both habitats selected were identical in vegetation com- 
position, All sampling plots were located in areas where deer 
browsing had been observed during the winters of 1975 and 1976. 
The sprayed plots were treated with twoaerial applications of three 
ounces active ingredient/ hectare of fenitrothion in an oil emulsion 
between May 26 and June 3, 1977. 

pesticide. The light concentration which appeared following the 
spray programs is more than likely due to aerial drift. The oxygen 
analogue of fenitrothion, fenitroxon, was detected in only two 
samples taken from the sprayed plots at concentrations of 0.004 
and 0.15 ppm; no detection was obtained from the control samples. 
Results from both samples of browse indicate a persistence of the 
pesticide throughout the entire sampling period within the sprayed 
plots. However the concentration available to the deer during the 
browse period is considered to be below 0.010 ppm. 

Table 1. Fenitrothion residues in red maples (Acerrubrwn) and white birch 
(Betda ptq&fera) deer browse for the 1977 aerial budworm spray pro- 
gram. 

The sampling plots measured 10 m*. Samples were collected 
from the 15th of May through the 15th of November 1977. A total 
of 80 samples were collected and processed. 

The browse samples were clipped with pole and hand pruners. 
About IO cm were cut at random from terminal twigs ensuring a 
representative sampling of the entire tree. Twenty to 30 g were cut 
into small pieces and placed in I10 ml glass bottles. While in the 
field, the bottles were filled with pesticide-grade ethyl acetate and 
covered with plastic snap lids which had previously been lined with 
alumininum foil. Within 2 hrthese bottles were refrigerated at 2“ C 
until extraction. 

Fenitrothion (ppm) 

Extraction of the insecticide and its derivatives from 20-g sam- 
ples of foliage was accomplished within 15 days following the 
collection date. The macerated samples were placed in a Waring 
blender with enough ethyl acetate (pesticide grade) to bring the 
volume to 150 ml. Using an external rheostat, the sample was 
blended at gradually increasing speeds until it formed a pulp. A 
Buckner funnel (Reeve Angel) filter paper, and 2 cm pad of anhy- 
drous NazS04 were used to separate solid plant residues from the 
extract. Plant solids remaining in the funnel were rinsed with ethyl 
acetate to ensure total recovery of the residue. The resulting dark- 
green solution was evaporated to about 10 ml in a 500 ml round 
bottom boiling flask on a Buchli Roto evaporator. This residue 
was dissolved in 50 ml of pesticide-grade acetonitrite, and was 
partitioned twice with 25 ml of pesticide-grade hexanes. The polar 
layers were evaporated to about 20 ml and placed on an activated 
charcoal column previously rinsed with 50 ml presticide-grade 
benzene. A 20 mm ID column was used with the following packing: 
glass wool; lO,NazSO4 mixture of SB activated charcoal (BDH), 4 
Celite 503 and lOkNaaS04. An electrical vacuum pump providing 
270 mm Hg suction was used for elution using 100ml benzene ethyl 
acetate (25:75), followed by IO ml benzene. The eluate was flushed 
to a small volume of about 10 ml for analysis. This sample was 
refrigerated until analysis. 

Time relative to 
application 

- 15days 
_ 5 days 
_ lday 
1st spray 
+ ISmin 
+ 12hr 
+ I day 
+ 2days 
+ 3 days 
+ 5 days 
-I- 6 days 
+ IO days 

2nd Spray 
-I- II days 
i- 12days 
+ 14days 
+ ISdays 
+ 30days 
+ 60days 
i- 90 days 
i- 120 days 
+ I50 days 

Sprayed plots Control plots 

Maple Birch Maple Birch 

0.05 0.01 0.00 0.00 
0.01 0.01 0.00 0.00 
0.01 0.01 0.00 0.00 

21.41 19.37 0.01 0.01 
16.72 14.20 0.01 0.01 
Il.32 9.02 0.01 0.0 I 
8.76 7.79 0.01 0.01 
5.31 6.33 0.01 0.01 
1.82 2.44 0.00 0.02 
0.97 3.41 0.00 0.01 
0.79 1.22 0.00 0.00 

19.39 9.31 0.01 0.01 
12.03 3.21 0.00 0.01 
7.63 2.42 0.00 0.02 
3.28 1.02 0.00 0.00 
0.74 0.09 0.00 0.00 
0.06 0.07 0.00 0.00 
0.02 0.03 0.00 0.00 
0.02 0.01 0.00 0.00 
0.01 0.01 0.00 0.00 

Discussion 

Analysis 
Fenitrothion in the extract was analyzed by gas-liquid chroma- 

togrophy done on a gas Tracer Model MT 270 equipped with an 
automatic sampler; Hewlett-Packard Model 767 I A with interface, 
and an automatic calculator Spectra physics auto Lab 1. The 
detector was a FPD system. Operating conditions of the gas chro- 
matograph were: glass column I .83 M X 0.64 cm, column packing 
chromasorb W 80/ 100 mesh, liquid phase 3.6% OV 101. The 
carrier gas was helium with a flow rate of 13 kg/cm*. 

Oral administration of 14C fenitrothion at a dose level of 0.5 
mg/ kg results in absorption of the pesticide and its appearance into 
the blood and internal organs of rats. However, after 4 days, the 
concentration in the blood was less than .OOl ppm (Miyamoto 
1969). Hollingworth et al. (1967) have indicated that the greater 
part of r*P and 14C fenitrothion is excreted in the urine within 24 hr 
and that excretion is virtually complete with 96 hr. Barber and 
Nagy (1971) studied the influence of several pesticides on rumen 
bacteria of deer. With concentration of 1, 10, 100, and 1000 ppm of 
fenitrothion, cellulose digestion was respectively 83%, 63%, 25%, 
and 12.6% of the control. After a period of 72 hr, all inhibition had 
ceased. Production of volatile fatty acids was little affected at 1 
ppm or 10 ppm of the pesticide. At 100 ppm, fenitrothion caused a 
slight decrease in fatty acid concentrations. Schwartz et al. (1973) 
studied the effects of certain pesticides on rumen function; they 
concluded that fenitrothion did not affect the digestion of dry 
matter and cell wall constituants. 

In relating my findings to the work of the above authors, 1 can 
find no evidence to support the hypot,hesis that a concentration of 
fenitrothion of the magnitude, which 1 have detected in this study, 
would directly affect the white tail deer population of this area 
during winter yarding activities. 

Results 
Results of the analysis as given in Table I are expressed in units 

of ppm as sampled. Due to insufficient time and funds, dried 
samples were not processed. The concentration of fenitrothion 
varied from 21.41 ppm in the red maple to 19.37 ppm in the white 
birch, immediately following the spray. The concentration within 
both species diminished rapidly following the spray application, 
and 30 days following the initial application, all concentrations 
were below 1 ppm. 

The control plots were relatively free of contamination from the 
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Effects of Two Years of Irrigation on Revege- 
tation of Coal Surface-mined Land in South- 
eastern Montana 
EDWARD J. DEPUIT, CHESTER L. SKILBRED, AND JOE G. COENENBERG 

Abstract 

Responses of reseeded vegetation in the first two growing sea- 
sons (1978 and 1979) to irrigation on topsoiled sodic mine spoils 
are presented. In terms of above-ground productMy and stand 
composition, irrigation significantly promoted growth of seeded 
perennial grasses and legumes in total. This stimulation was most 
pronounced in 1979 for the cool-season grasses, slender wheat- 
grass, smooth bromegrass and western wheatgrass and the invad- 
ing cool-season legume yellow sweetclover. Other cool-season 
grasses and warm-season grasses were stimuiated by inifini irriga- 
tion, but were either unaffected or retarded (due to competitive 
relationships) by continued irrigation. Productivity of invading 
annual weeds was significantly curtailed by irrigation by 1979. 
Although differences in composition occurred, total stand produc- 
tivity was similar for irrigated and nonirrigated plots in 1978, a 
year of above-average precipitation. In 1979, a drier year, total 
stand productivity was nearly three times higher under irrigation 
than nonirrigation. In the first year of study (1978), a higher 
measured index of stand structural diversity occurred under irriga- 
tion. This relationship became reversed in 1979, with higher struc- 
tural diversity in nonirrigated plots. Root biomass was 
significantly higher in nonirrigated than in irrigated plots. This 
difference between irrigation and nonirrigation was most pro- 
nounced in the applied topsoil zone. Root distribution was skewed 
towards shallowest soil depths under irrigation to a far greater 
extent than under nonirrigation. 

Impacts of coal surface mining in the western United States will 
increase during the coming decades, and much mined land will be 
reclaimed for rangeland use. Moisture availability is often a major 
factor affecting revegetation of mined land in this region (May 
1975). In arid areas irrigation may be the only means to establish 
vegetation rapidly (Aldon 1978). Success with both sprinkler and 
drip irrigation systems on mined land has been reported in the 
Southwest (Bengson 1977; Aldon et al. 1976; DeRemer and Bach 

Authors are associate research plant ecologist and research assistants in reclama- 
tion, respectively, Reclamation Research Unit, Montana Agricultural Experiment 
Station, Montana State University, Bozeman 59717. 

This report involves a study through the Montana Agricultural Experimeat Station 
cooperatively funded by the Science and Education Administration, U.S. Department 
of Agriculture, and the Decker Coal Company, Decker. Montana. 

Manuscript received March 3, 1980. 

1977; Gould et al. 1978). Although the semiarid Northern Great 
Plains coal province receives more precipitation than the South- 
west, large seasonal and yearly fluctuations suggest a great utility 
of irrigation there as well. Mined land research in North Dakota 
(Ries et al. 1977, Ries et al. 1978) has indicated positive effects of 
temporary irrigation in terms of initial vegetation establishment, 
productivity, and species composition. 

Ries and Day (1978) and Ries et al. (1976)distinguished between 
sustained irrigation and irrigation for establishment only, the latter 
being recommended for establishment of nonirrigated pasture. 
The objective of temporary irrigation is initially to establish vege- 
tation which will survive when irrigation terminated. Sustained 
irrigation of mined lands was recommended only for sustained 
production of a given agricultural crop, or if necessary for leaching 
of excess soil salts. Irrigation may also be beneficial in extending 
the seeding season and in promoting growth of warm-season spe- 
cies which in the past have proven difficult to establish. One major 
concern in using temporary irrigation is vegetation response after 
irrigation cessation. 

This study was conducted to evaluate vegetation responses of 
seeded coal mined lands to 2 years of summer irrigation. Sustained 
irrigation was employed rather than initial irrigation due to neces- 
sary requisites for concurrent evaluation of four sodic subsoil 
amendments (DePuit et al. 1979). This report will summarize 
vegetation data relative to irrigation only. Objectives of this phase 
of the project included: 

I) Evaluation of effects of supplemental irrigation on vegeta- 
tion establishment, structure, composition, diversity and pro- 
ductivity during the first two irrigated growing seasons. 
2) Definition of effects of irrigation on root biomass and 
distribution. 

Study Area and Methods 

This study was conducted on a 1.0 ha topsoiled spoil site at the 
West Decker coal mine in southeastern Montana. General charac- 
teristics of this area were presented by Sindelar et al. (1973). 
Climate is semiarid continental, with long, cold winters and short, 
warm summers. Annual precipitation averages 29 cm,’ and is most 

‘At Decker, Montana, from N.O.A.A. records. 
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concentrated and dependable in the spring months of April 
through June. Annual precipitation in the years of this study, 1978 
and 1979, was 49.2 and 24.4 cm, respectively. The frost-free grow- 
ing season averages 100 to 105 days, with July typically the warm- 
est month. Most vegetation in the study area is characteristic of 
northern mixed prairie, although areas of pine woodland and 
riparian vegetation do occur. Dominant plant species on good 
condition mixed prairie sites are a diverse mixture of cool-season 
perennial grasses and forbs, although warm-season species are 
frequently present in subdominant concentrations. Retrogressed 
and/or harsh sites are usually dominated by various shrub and 
half-shrub species. 

Replaced overburden was considered sodic and moderately 
saline, with an average sodium adsorption ratio of 22.9and electri- 
cal conductivity of 3.4 mmhos/cm. Approximately 70 cm of non- 
sodic, nonsaline sandy loam topsoil was applied to all 
experimental plots in the fall of 1977, after application of five soil 
amendment treatments (control [nonamended], gypsum, CaCls, 
gypsum •t CaCh + NH4NOJ and gypsum+ CaCh+ NH4S04) to the 
sodic spoil. Study design was a partially randomized block, with 
three replications of each amendment treatment under both irrioa- 
tion and nonirrigation. Treatment/replicate sub-plots measured 
approximately 12 X I8 m. Vegetational data relative to irrigation 
will represent mean data for all five soil amendment treatments 
under irrigation vs. nonirrigation. No significant differences in 
vegetation parameters were discerned among amendment treat- 
ments during the first 2 years of study. 

Following topsoiling, the seedbed was prepared by chisel plow- 
ing, disc plowing, and harrowing. A dormant fall seeding of study 
plots was accomplished on November 14, 1977, using a Brillion 
“sure stand” grass seeder. The seed mixture was predominately 
composed of native plant species, and was applied at an overall rate 
of 28 kg/ ha (25 lb/ A) of pure live seed. Species seeded were western 
wheatgrass (Agropyron smithii), thickspike wheatgrass (A. dasys- 
tachyum), slender wheatgrass (A. trachycaulum), beardless wheat- 
grass (A. inerme), pubescent wheatgrass (A. trichophorum), green 
needlegrass (Stipa viridula), prairie sandreed (Calamovilfa longi- 

folia). blue grama (Bouteloua gracilis). smooth bromegrass (Bro- 
mus inermis), sainfoin (Onobrychis viciaefolia). and fourwing 
saltbush (Atriplex canescens). Following seeding, all plots were hyro- 
mulched with wood fiber at a rate of 2242 kg/ ha (2000 lb/acre). 
Study plots were uniformly fertilized at a rate of 30 kg/ha (27 
lb/acre) available N and 33 kg/ ha (30 lb/acre) available P on June 
13 and September 6, 1978. 

A sprinkler irrigation system was established in the spring of 
1978 for application of supplemental water to those plots to be 
irrigated. The period of supplemental irrigation during 1978 
extended from June 3 to September 29, and in 1979 from June I2 to 
September 12. Approximately IO cm (4 in.) of irrigation water were 
applied to the irrigated plots over 6 to 7 days during these periods. 
A total of approximately 70 cm (27.5 in.) of supplemental water 
was applied during the summer irrigation period in 1978 and 85 cm 
(33.5 in.) in 1979. Natural precipitation during the growing season 
(April-September) was above-average in 1978 (33.9 cm) and 
below-average in 1979 (18.1 cm). Precipitation plus irrigation thus 
supplied nearly equal amounts of water to irrigated plots during 
the April-September period in 1978 and 1979 (103.9 and 103.1 cm, 
respectively). 

Aboveground vegetation measurements were conducted in 1978 
and 1979 along permanent 22-mm transects established diagonally 
across each of the 30 experimental subplots. Vegetation was 
sampled for initial seedling density, canopy cover, frequency, and 
aerial biomass by means of systematically placed sampling quad- 
rats along these transects. 

Initial plant density (plants/m*) was determined on May 27, 
1978, by counting the number of seedlings within twenty 20X20 cm 
quadrats per experimental subplot. Seedlings were counted within 
each of the following plant classes: perennial grasses, annual 

88 

grasses, shrubs, legumes, and forbs. 
Plant canopy cover, frequency, and aerial biomass data were 

collected on July 3l-August 1, 1978, and July 30-August I, 1979. 
Plant canopy cover was estimated using the techniques of Dauben- 
mire (1970). Plant frequency was based upon canopy cover data. 
Ten 20 X 50 cm quadrats were sampled per subplot. Canopy cover 
was first estimated for five plant classes (i.e., total perennial 
grasses, annual grasses, shrubs, legumes, and forbs)and then for all 
individual plant species. Plant community diversity was evaluated 
using the Shannon-Weiner Function (H’, Shannon and Weaver 
1973) as derived from canopy cover values for individual species 
(Bonham 1974) using specific methods of Munshower and DePuit 
(1976): 

where Pi is the cover-derived percentage of importance for each 
species (long base IO was used-in the equation). Higher index 
values represent higher diversity. 

Plant aboveground biomass was estimated by hand harvesting 
to ground level all live vegetation within seven .25 m* quadrats per 
subplot. Harvested vegetation was separated into the following 
plant classes: perennial grasses, annual grasses, shrubs, legumes, 
weedy forbs, and other forbs. Samples were oven dried and 
weighed to estimate dry weight of vegetation per unit area. 

Belowground (root) biomass was estimated in August, 1979, by 
extracting 4-cm diameter soil cores using a portable soil auger. Soil 
cores were segregated into three depth increments within the top- 
soil (O-22.5, 22.5-45.0, and 45.0-67.5 cm) and sodic subsoil 
(67.5-90.0, 90.0-l 12.5, and 112.5-157.5 cm) zones. Two soil core 
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Fig. 1. Stand composition (based upon canopy cover) of irrigatedand non- 
irrigated plots, Soil Amendment-Irrigation Study, Decker, Montana. 
1978 and 1979. 
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.‘ig. 2. Stand diversity rekxtionships between irrigated and nonirrigated 
plots bared upon canopy cover in 1978 and 1979, Soil Amendment- 
Irrigation Study, Decker, Montana. 

locations were sampled per subplot at representative sites which 
had been harvested previously for aboveground biomass determi- 
nation. Root material was washed from each core sample, oven- 
dried and weighed. Root biomass data are presented on a dry 
weight basis. 

Results 
General Vegetation Development 

Plant germination and initial development were relatively slow 
and uneven among plots in spring, 1978, despite unusually high 
precipitation. By midsummer of 1978 establishment of seeded 
vegetation was judged successful on irrigated plots but only margi- 
nal on nonirrigated plots. By late 1978 the study site had become 
dominated by weedy forbs of family Chenopodiuceue, primarily 
summercypress (Koch2 scopariu) and Russian thistle (Sulsofa 
kuli). By midsummer of 1979, stand establishment in even the 
nonirrigated plots was considered successful. Thickspike and 
slender wheatgrasses were dominant, followed by smooth brome- 
grass, pubescent wheatgrass and western wheatgrass. Yellow 
sweetclover (Melilotus officinalis) (nonseeded) was the dominant 
legume. Weeds of Chenopodiuceae had largely disappeared from 
irrigated plots in 1979, but summercypress was still conspicuous in 
nonirrigated plots. 

Treatment Effects on Aboveground Vegetation Development 
Analysis of preirrigation initial seedling density data indicated 

no significant differences in perennial grass, annual grass, legume, 
and weedy forb density between plots to be subsequently irrigated 
and nonirrigated. 

In 1978 total aboveground biomass was nearly identical for 
irrigated and nonirrigated plots (Table I). However, perennial 
grass biomass (Table 1) and canopy cover (Table 2) were signifi- 
cantly higher in irrigated than in nonirrigated plots. Weedy forb 
biomass was higher, although not significantly so, in nonirrigated 
plots. 

A greater number of significant differences in biomass and cover 
between irrigated and nonirrigated plots occurred in 1979 than in 
1978 (Tables I and 2), possibly due to effects of lower precipitation 

Table 1. Comparison of mean aboveground plant bromass of all irritrated and non-irrigated Plots, 
Soil Amendment-Irrigation Study, Decker, Montana, July31,1978, 1979. 

Dry Aboveground Bromass (Kg/ha)’ 
1978 1979 

Plant Category Irrigated Non-irrigated Irrigated Non-irrigated 

Perennial grasses 
, _ Tuna_ _ - _ _ _ _ -lzlg - - , ?_ -4~2~a__-___-il~6~ - - i 
___----_------- ____--_---_----- 

I-- 
i5~ - - - - - - - - -s;a - _____-__-____---- 

Annual grasses 
, 

I lla 10a ___-_-_--__------ L ___----_-me---- 
--------- 

Legumes I - -4ia- - 
__--_--___----- 

38a I I 1531a 630b I _____---_------ ___-_-__-___----- 

Weedy f orbs2 
,_ ~5~a_ _ _ _ _ _ _ _7x5; _ _, _____-______----- 

I 19b 422a I ___----_------- ___-_-_-____----- 

I-lisr---- ------- 
-_----_---------- 

Other f orbs lla I I 10a 8a I ___-------s--e- ___-_-__-___----- 
____---_----v-w ________-____---- 

Trees I 0 0 I I la Oa I ___---__---- --- ___-____-___----- 
--- ----- 

Total live biomass 
,- ~6~a_ _ _ _ _ _ _ -9xla , - -5T9xa- - - - - - - T266b 

I I -__-__--------- __--_------------ 

--- 
Standing dead biomass I--~---------O 

-_--_-_-_-__----- 
I I 184 306 I -__-------w--v- ___----- ------ _-_ 

Ground litter (mulch) 1--3z- 
----------- ___-________----- 

2 I I 674 1095 I _____--_------- -__-_---_-----s-s 

1 Values within bacbured blocks followed by same letter not significantly different at 5% level 
2 ,saZso& kali + Chempodium atbwn + Koch&z scoparia 
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Fig. 3. Canopy cover responses of selected plant species to irrigation (I) 
and nonirrigation (Nl) in 1978 and 1979. Soil Amendment-Irrigation 
Study. Decker, Monrana.1 

‘Species abbreviations are as follows: Agrra = Agropyron trachycattlum. Britt = 
Bromw inermis, Agsm = Agropyron smithti, Meof = Melilotus o/ficinolis, Agda = 
Agropyron dasystachyum, Agtri = Agropyron trichophorum. Agin = Agropyron 
inerme. Etogr = Boutelotm grocilis. Co10 = Calmavovilfa longifolia. Kosc = Kochia 
scoporia. and Saks = Salsolo kali. 

in 1979. Total stand biomass in 1979 was significantly higher under 
irrigation than with no irrigation. Perennial grass biomass of 
irrigated plots was near’iy four times that of nonirrigated plots in 
1979. Legume (primarily yellow sweetclover) biomass and cover 
had also become significantly higher in irrigated plots by 1979. 
Conversely, 1979 weedy forb biomass and cover declined greatly in 
irrigated plots, resulting in significantly higher weed biomass in 
nonirrigated plots. 

The irrigated stand contained a higher proportion of cool- 
season perennial grasses than the nonirrigated stand in 1978 (Fig. 
1). This relationship was repeated in 1979, although it was less 
pronounced due to a greater percent increase in cool-season species 
in nonirrigated plots from 1978 to 1979. During the first irrigation 
year (1978) stand composition of warm-season perennial grasses, 
although small, was higher under irrigation than nonirrigation 
(Fig. 1). However, in 1979 composition by warm-season grasses 
was higher in nonirrigated plots. 

Legume stand composition was slightly higher.in irrigated than 
in nonirrigated plots in both 1978 and 1979 (Fig. 1). However, 
weedy forb composition in irrigated plots in 1978 was considerably 
lower than that in nonirrigated plots. In 1979 this difference in 
weed composition was accentuated. 

Data of Figure 1 show that in 1978 composition was moreevenly 
distributed among plant classes in irrigated than in nonirrigated 
plots, the latter being largely dominated by weedy forbs. Effects of 
a second year of irrigation had altered this by 1979, with more even 
distribution of composition among plant classes in nonirrigated 
than in irrigated plots. These plant class relationships were mir- 
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Fig. 4. Plant frequency responses of selectedplant species to irrigation (I) 
and nonirrigation (NI) in 1978 and 1979, Soil Amendment-Irrigation 
Study. Decker. Montana’. 

1 Species abbreviations are as follows: Agtra=Agropyron trachycatdum. Brin=Bro- 
mus inermh. Agsm=Agropyron smithii, Meof=Melilotw officinalis. Agda=Agro- 
pyron dosystachyum, Agtri=Agropyron trichophorum. Agin=Agropyron inerme. 
Eogr=Bouteloua gracilis. Calo=Colmavovilfa longijolia. Kosc=Kochia scoparia. 
and Saka=Salsola koli. 

rored in diversity as determined by cover of individual species, 
depicted graphically in Figure 2. In 1978, evenness of cover distri- 
bution among species was greater in irrigated than in nonirrigated 
plots, leading to a higher calculated overall stand diversity (H) in 
irrigated plots. By 1979, the second year of irrigation, higher even- 
ness and diversity index values occurred in nonirrigated plots. 

Slender wheatgrass was the dominant cool-season species most 
favored by irrigation. Canopy cover of this species was signifi- 
cantly higher in irrigated than in nonirrigated plots both initially 
(1978) and in the second year of study (1979)(Table 2). Although it 
increased in canopy cover from 1978 to 1979 in both irrigated and 
nonirrigated plots, its rate of increase was greater in irrigated plots 
(Fig. 3). The stimulation of this species may have been due to both 
higher vigor of individual species and/ or greater distribution, since 
frequency values were also higher in irrigated plots (Fig. 4). The 
response of smooth bromegrass to irrigation was nearly identical 
to that of slender wheatgrass, indicating it to be a cool-season 
species highly responsive to irrigation. 

Although cover of the cool-season grass western wheatgmssand 
legume, yellow sweetclover, were insignificantly higher in irrigated 
than in nonirrigated plots in 1978, by 1979 they had become 
significantly stimulated by irrigation (Table 2). Since their patterns 
of canopy cover and frequency from 1978 to 1979 in irrigated and 
nonirrigated plots were similar to those of slender wheatgrass and 
smooth bromegrass (Fig. 3 and 4), they must also be considered 
species highly responsive to irrigation. 

Thickspike wheatgrass was a dominant cool-season perennial 
grass which was significantly stimulated by irrigation in the initial 
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Root biomass data were collected in 1979 only. In interpreting 

root data it must be recognized that biomass figures represent total 
live plus dead root material. Thus, these biomass figurescannot be 
considered estimates of current year (1979) productivity, but are 
more properly comparative indices of overall 2-year productivity 
between irrigation treatments. 

year of this study (1978) (Table 2). However, by the second year of 
irrigation (1979) cover was nearly identical (insignificant differ- 
ence) between irrigated and nonirrigated plots (Table 2, Fig. 3). 
Furthermore, distribution of this species (frequency, Fig. 4) 
declined from 1978 to 1979 in irrigated plots while increasing in 
nonirrigated plots. These data indicate that although thickspike 
wheatgrass may be stimulated by initial irrigation, continuance of 
irrigation may have no beneficial effect. The higher rate of cover 
increase in nonirrigated plots (Fig. 3) and decline in frequency in 
irrigated plots (Fig. 4) from 1978 to 1979 would suggest a possible 
detrimental effect of continued irrigation on this species, probably 
due to increased competition from more responsive species. Pubes- 
cent wheatgrass exhibited a canopy cover irrigation response patt- 
ern somewhat similar to that of thickspike wheatgrass. 

Table 2 (and Figs. 3 and 4) indicate that the initial (1978) 
promotion of warm-season grass composition by irrigation was 
primarily due to blue grama, which exhibited significantly higher 
cover in irrigated plots. From 1978 to 1979, however, cover of this 
species declined in irrigated and increased in nonirrigated plots, 
leading to nearly identical cover in the two treatments by 1979. 
Frequency of blue grama declined substantially in irrigated plots 
from 1978 to 1979, while remaining nearly constant in nonirrigated 
plots. These data indicate that although this species was signifi- 

Figure 5A presents 1979 root biomass data by soil depth incre- 
ment for irrigated and nonirrigated lots. Total profile root biomass 
was significantly higher in nonirrigated plots. Fig. 5A shows this to 
have been due to biomass differences in the topsoil zone. Root 
biomass at deeper soil depths (i.e., in the subsoil zone) was still 
higher in nonirrigated plots, but generally not significantly. Per- 
cent root distribution data of Figure SB indicate that a higher 
proportion of total root biomass occurred in the topsoil zone closet 
to the soil surface (O-22.5 cm) in irrigated than in nonirrigated 
plots. Conversely, proportion of total biomass in lower portions of 
the topsoil and in subsoil zones was higher in nonirrigated plots. 
These data show that although absolute biomass was much higher 
in upper portions of the profile in nonirrigated plots, distribution 
of roots among soil depths was far more even than in irrigated 
plots. Root distribution in irrigated plots was more markedly 
skewed toward the shallowest (O-22.5 cm) depth range, presuma- 
bly due to higher water availability near the soil surface with 
irrigation. 

Figure 5A shows that biomass was significantly higher in the 
topsoil than in the subsoil depth zones in both irrigated and 
nonirrigated treatments. The drastic decline in root biomass across 
the topsoil-soil interface (i.e., from 45.0-67.5 cm to 67.5-90.0 cm 
depth ranges) was probably partially due to rooting habits of 
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cantly stimulated by initial irrigation, continued irrigation exerted 
definite negative effects. Competitive exclusion of blue grama by 
cool-season species more responsive to continued irrigation is a 
logical cause. 

Prairie sandreed, another warm-season perennial grass, exhi- 
bited low cover in 1978, and no significant differences occurred 
between irrigated and nonirrigated plots. However, from 1978 to 
1979 cover increased substantially in nonirrigated plots, while 
remaining constant in irrigated plots (Fig. 3). This led to signifi- 
cantly higher cover under nonirrigation in 1979 (Table 2). Fre- 
quency of this species was higher in nonirrigated plots both in 1978 
and 1979 (Fig. 4). 

Data of Table 2 and Figures 3 and 4 indicate that differences in 
weed composition and growth between irrigated and nonirrigated 
treatments were primarily related to responses of summercypress, 
a warm-season annual forb. Summercypress cover was significantly 
higher in nonirrigated than in irrigated plots in both 1978 and 1979 
(Table 2). Although cover declined under both treatments from 
1978 to 1979, the rate of decline was far greater in irrigated plots, 
with negligible cover of this species under irrigation by 1979 (Fig. 
3). Furthermore, frequency declined drastically from 1978 to 1979 
in irrigated plots while increasing slightly in nonirrigated plots. 
These data indicate that both vigor and distribution of summercy- 
press were reduced under the irrigation program of thisstudy. This 
was probably due to increased competition from irrigation- 
responsive, cool-season, perennial grasses and the legume yellow 
sweetclover. 

Cover and frequency of another warm-season annual weed, 
Russian thistle, were high and statistically similar in irrigated and 
nonirrigated treatments in 1978. Cover and frequency declined 
from 1978 to 1979 in both irrigated and nonirrigated treatments. 
The rate of 1978-1979 frequency decline was more rapid in irri- 
gated plots (Fig. 4), and 1979 cover by this species under irrigation 
was negligible (Fig. 3). These data suggest a somewhat similar 
retardation of this species by irrigation to that for summercypress. 
However, the lack of significant differences between treatments in 
1978 and 1979 shows Russian thistle to have been less specifically 
reduced by irrigation than summercypress. 

Treatment Elffects on Below-Ground Biomass 
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seeded mixed prairie grassland plant species, which generally con- 
centrate most root growth in the upper 2 feet (60 cm) of soil. 
However, certain inimical physical and chemical characteristics of 
the sodic-saline subsoil may also have directly affected root pene- 
tration and growth. Within the topsoil zone in the nonirrigated 
treatment, there occurred a significant rise in root biomass from 
the 22.5-45.0 cm to the 45.0-67.5 cm zone immediately overlaying 
the sodic subsoil (Fig. SA). Although this pattern was somewhat 
mirrored in the irrigated treatment, the subsequent increase was 
slight and not significant. The relatively high concentration of 
roots in the topsoil zone immediately above the sodic subsoil in 
nonirrigated plots may have been related to increased lateral 
spreading of roots in the former zone in lieu of deeper penetration 
into the subsoil. This would suggest that increased root distribu- 
tion at deeper depths may have occurred under non-sodic subsoil 
conditions. 

gated plots. This indicates that with adequate initial establishment, 
perennial grasses may out-compete weeds for supplemental irriga- 
tion water. Ries et al. (1978) further suggested that weed growth on 
mined spoils could be reduced by a combination of later seeding 
date (July) with supplemental irrigation. 

Sustained irrigation during the second year of this study (1979) 
was also accomplished during the summer, and again significantly 
promoted perennial grass and legume productivity. However, 
important changes in species composition from 1978 to 1979 
occurred which were attributable to effects of prolonged irrigation. 
Such changes were also noted in certain earlier studies on semiarid 
rangeland (e.g., Hubbell and Gardner 1944, Klages and Ryerson 
1965). Composition by warm-season grasses and less irrigation- 
responsive cool-season grasses was reduced by competitive inhibi- 
tion from a limited number of highly responsive cool-season 
species. This led to reduced eveness of cover distribution among 
species and lowered stand diversity under irrigation in 1979. 

Discussion 
Initial (1978) summer irrigation in this study significantly pro- 

moted first-year establishment of seeded perennial grasses in total. 
The fact that this promotion occurred during an abnormally “wet” 
year would indicate that even greater benefits might be expected 
during drier years and/ or in more arid regions. Results showing 
positive effects of irrigation are similar to those of other revegeta- 
tion studies in this region (Ries et al. 1978, Farmer et al. 1974). 

Certain early water spreading studies in Montana and elsewhere 
in the Northern Plains on mixed western wheatgrass-blue grama 
ranges (Branson 1956, Houston 1960, Hubbardand Smoliak 1953) 
found that while total stand productivity was stimulated by supple- 
mental water, stand composition was altered by a strong favoring 
of western wheatgmss over blue grama. This relationship is cer- 
tainly supported by second-year (1979) data of the present study. 

First-year summer irrigation significantly stimulated develop- 
ment of the warm-season perennial grass blue grama. Beneficial 
effects of supplemental water on this species have been noted in 
other revegetation trials (Ries et al. 1978) and in certain native 
range studies (Klages and Ryerson 1965, Detling 1979, Bokhari 
and Dyer 1973). Promotion of establishment and growth of this 
and other warm-season species by summer irrigation would be 
expected due to effects of higher moisture availability in the 
summer when such species exhibit maximal growth (Perry 1976). 
Initial summer irrigation may be an effective means of promoting 
establishment of warm-season species on mined lands in the North- 
ern Great Plains, as suggested by Power (1978). Such species have 
proved exceptionally difficult to establish in preceding mined land 
studies in this region (DePuit et al. 1978; DePuit and Coenenberg 
1979). Ries et al. (1977) noted that use of temporary mined land 
irrigation effectively lengthens the season of seeding, and that use 
of irrigation may greatly influence species composition of the 
established stand-especially in relation to season of seeding. 
Later (i.e., June-July) seeding dates, made possible by temporary 
irrigation, could further promote development of warm-season 
grasses. This possibility is being researched in a concurrent mined 
land study in southeastern Montana. 

Stimulation of western wheatgrass and smooth bromegrass by 
irrigation on rangelands in the Northern Plains region has often 
been noted (e.g. Hanson et al. 1976). Slender wheatgrass is a 
short-lived cool-season grass that often matures late enough to be 
classed as drouth intolerant. This species is often found naturally 
on relatively moist sites on semiarid western rangelands (Morriset 
al. 1950, Miller et al. 1969) and possess a relatively inextensive root 
system (Pavlychenko 1937). Its promotion by irrigation in this 
study is therefore not unexpected. 

In their review of water availability effects on root and shoot 
growth, Peters and Runkles (1967) stated that both the rate and 
extent of root growth is controlled by water stress. They concluded 
that both above- and belowground plant growth tend to diminish 
with increasing water stress, but that root growth is less reduced 
than shoot growth. Aboveground biomass data of the present 
study concur with this. However, greater root growth under higher 
water stress in the nonirrigated treatment would appear to contra- 
dict the above generalization. It should be noted that low rates of 
water infiltration were the rule during irrigation, resulting in fre- 
quent surface satuaration and ponding. It is possible that excessive 
soil moisture near the soil surface in irrigated plots may have 
retarded root growth due to reduced soil aeration (Danielson 1967, 
Kramer 1969). 

Data of this study showed reduced weed development in irri- A major concern in use of temporary or sustained irrigation as a 
reclamation practice is response of vegetation after irrigation is 
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stopped. Klages and Ryerson (1965) noted adverse effects on pro- 
ductivity (and changes in species composition) of a native range- 
land plant community 2 years after termination of sustained 
(3-year) irrigation. Results of a spent oil shale revegetation study in 
Colorado (Harbert and Berg 1978) indicated a slight reduction in 
vegetation cover the first year following cessation of temporary 
(l-year) irrigation. However, this cover reduction was followed by 
progressively increasing cover in subsequent years. 

Plant response following irrigation termination may be largely 
governed by rooting patterns as affected by supplemental water 
(Ries and Day 1978). Danielson (1967) noted that deep and/or 
extensive rooting should be encouraged by varying the specific 
design (timing, duration, etc.) of irrigation to lessen probability of 
drouth damage to vegetation if irrigation is terminated. The gener- 
alization of higher root production relative to shoot production 
with more xeric soil conditions in grassland ecosystems has often 
been made (e.g., Peters and Runkles 1967, Weaver 1958). Certain 
studies have shown increased root-shoot ratios of herbaceous 
plants with increasing dryness of the soil (Bray 1963; Struick 1965; 
Struick and Bray 1970) although exceptions to this pattern have 
been noted (Sims and Singh 1971). Madison and Hagan (1962) 
noted fewer and shallower roots of bluegrass turf under frequent 
irrigation. 

Data of this study after 2 years of irrigation demonstrated 
significantly lower total root biomass (and correspondingly lower 
belowground:aboveground plant biomass ratios) in irrigated than 
in nonirrigated plots. Furthermore, a higher proportion of roots 
occurred in shallowest soil depths under irrigation. Whether or not 
this reduced, shallower root development with sustained irrigation 
will result in decreased ultimate plant survival and productivity 
will only be determinable after sampling in future years when 
irrigation has been terminated. It may well be, as suggested earlier, 
that shorter irrigation durations (i.e. one summer season or less) 
will be more desirable in terms of achievement of revegetation 
goals. 

The sudden drastic decline in root biomass across the topsoil- 
:subsoil interface in the present study was somewhat atypical in its 
degree. It may have been related to the more compacted condition 
and/ or slightly higher clay contents in subsoil, which would tend to 
inhibit root penetration. A more likely explanation involves effects 
of the higher sodium concentration in the subsoil zone. Effects of 
excess soil salts in inhibition of root elongation and hastening of 
root maturation have long been noted (Kramer 1969). 

Conclusions 
While it is recognized that much additional research is required 

to fully evaluate the use of irrigation as a practice in revegetating 
mined lands in semiarid regions, results of this study allow the 
following conclusions to be drawn: 
(1) One year of supplemental summer irrigation significantly stim- 
ulated first-year productivity of seeded perennial grasses, pro- 
moted warm-season perennial grass development, and increased 
stand diversity. Significantly stimulated species included thick- 
spike wheatgrass, slender wheatgrass, smooth bromegrass, and 
blue grama. Initial summer irrigation for establishment can thus trc 
tentatively recommended if reestablishment of a diverse and pro- 
ductive plant community is a reclamation goal. 
(2) Sustained (2-year) summer irrigation significantly promoted 
productivity of the total stand, perennial grasses and legumes. 
However, evenness of cover distributionamong seeded species was 
reduced as highly irrigation-responsive species competitively inhi- 
bited less responsive species, leading to a reduction in stand diver- 
sity. Species highly stimulated by 2 years of irrigation were 
exclusively cool-season: slender wheatgrass, western wheatgrass, 
smooth bromegrass, and yellow sweetclover. The warm-season 
species prairie sandreed and blue grama were especially retarded 
by 2 years of irrigation. Sustained irrigation can only be recom- 
mended in terms of increased total aboveground productivity. 
(3) Irrigation significantly depressed productivity of invading 

warm-season annual weeds, which were competitively inhibited by 
stimulated seeded perennial grasses. Summercypress wascurtailed 
to the greatest extent under irrigation, although Russian thistle 
was also reduced. Irrigation may have utility in terms of weed 
control. 
(4) Two years of irrigation caused development of significantly 
reduced, more shallow root systems and lower belowground- 
aboveground biomass ratios than those under nonirrigation. 
Effects of termination of irrigation on vegetation characteristics in 
relation to these root growth patterns must be assessed by future 
measurements. 
(5) Root biomass was significantly higher in the applied topsoil 
zone (O-57.5 cm) than in the sodic subsoil zone, the former of 
which contained 88 to 94%of all root material. Lack of deeper root 
penetration into the subsoil may have been partially attributable to 
normal root distribution patterns of the rangeland plant species, 
but was probably also affected by the sodic condition of the 
subsoil. 
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Brush Control with Herbicides on Hill Pas- 
ture Sites in Southern Oregon 
L.A. NORRIS, M.L. MONTGOMERY, L.E. WARREN, AND W.D. MOSHER 

Abstract 

Silvex alone or with 2,4-D in a 1:l ratio at about 3 to 4 kg/ha 
gave 60 to 10% control of many brush species including poison 
oak, Oregon oak, and maples. Picloram at 1 kg/ha plus 2,4-D at 4 
kg/ha was most effective with respect to the amount of picloram; 
however, the mixture of 1 kg/ha plus 2 kg/ha respectively, was 
nearly as good. Complete pasture renovation in this area requires 
brush control, burning, fertilization, and seeding of desirable spe- 
cies. Picloram and 2,4-D disappear from soils in 29 months with no 
significant leaching into the soil profile at these study sites. Herbi- 
cide discharge in streamflow was small, representing 0.35% and 
0.014% of applied picloram and 2,4-D. We believe that nearly all of 
the herbicide discharged from these watersheds represents residue 
deposited in dry stream channels or that mobilized by fall rains 
from adjacent streambanks. Significant overland movement of 
herbicides from upslope did not occur on these study areas. The 
probability of crop damage from irrigation with water from these 
watersheds is low. 

Herbicides are valuable tools for vegetation management on 
pasture and mngelands. Southwestern Oregon has approximately 
I million acres which can be managed either as dry land pasture for 
cattle and sheep or as forest land for timber production. Much of 
this land has been converted from forest to pasture use. When 
seeded with desirable species and properly fertilized, areas like 
these can support 2.4 animal-unit-months per ha. However, inva- 
sion by a variety of brush species such as poison oak (Rhus 
diversilobu), wild rose (Rosa spp.), Ceunothus spp., blackberries 
(Rubus spp.), etc., can substantially reduce the carrying capacity of 
these sites. Effective and environmentally safe practices are needed 
to control woody species as part of the overall strategy for pasture 
improvement. 

Murphy et al. (1975), Cannon (1974,1977), Mosheret al. (1973), 
and others have shown the economic benefits of removing brush 
and properly managing accessible range sites. Many woody plants 
can be controlled adequately with phenoxy herbicides (Murphy et 
al. 1975; Cannon 1974, 1977). Other more resistant species such as 
poison oak, Oregon oak (Quercus kelloggii), wild rose, and black- 
berries are more effectively controlled with combinations of 4- 
amino-3,5,6-trichloropicolinic acid (picloram) and 
2,4_dichlorophenoxyacetic acid (2,4-D) (Gantz and Laning 1963, 
Hart 1966, Mosher et al. 1973). Rancher experience in the Douglas 
County, Oregon, area has shown that mechanized clearing or a 
combination of chemical control and fire can remove the brush. 
Seeding with perennial grasses such as perennial ryegrass (Lolium 
perenne) and inoculated subclover (Trifoh’um subterraneum) after 
treatment is important. These areas can produce 4,000 to 5,000 

The authorsare, respectively, chief research chemist, Pacific Northwest Forest and 
Range Experiment Station, U.S. Department of Agriculture, Forest Service, Corval- 
lis, Oregon 97331; senior instructor, Department of Agricultural Chemistry, Oregon 
State University, Cowallis. Oregon 97331; field research development specialist. The 
Dow Chemical Company, Davis, California 95616; and Douglas County extension 
agent, Roseburg, Oregon 97470. 

Authors acknowledge the substantial contribution of Berl Oar in installing and 
operating the stream flow and precipitation recording equipment, and (with Duane 
Moore) in collecting water and soil samples for chemical analysis. 

Manuscript received March 10, 1980. 

kg/ha of high quality legume-grass forage if properly fertilized 
(phosphorus and sulfur) and managed after these treatments have 
been applied. 

Many of these hill-pasture sites in southwest Oregon are impor- 
tant sources of water for domestic and agricultural uses on nearby 
farms. Herbicide residues in stream water could adversely affect 
water quality. Picloram is a particularly active chemical which is 
more persistent and mobile in soil than many brush-control herbi- 
cides (Grover 1973, Norris 1970). Picloram has been found in some 
streams flowing from herbicide treated areas (Davis et al. 1968, 
Norris 1969, Bovey et al. 1974). 2,4-D is not as persistent nor 
mobile in soil as picloram; but under certain conditions, it may be 
washed from treated areas in measurable quantities (Barnett et al. 
1967). The movement, persistence, and fate of these chemicals in 
soil and water are important in determining the likelihood that 
stream water quality will be adversely affected. 

The objectives of this study were to (I) determine the effective- 
ness of several herbicides in controlling woody species as part of a 
dry land pasture improvement program, and (2) measure the 
movement, persistence, and fate of picloram and 2,4-D in soil and 
water after application of these herbicides to typical watersheds.’ 

Materials and Methods 

This study was conducted on two locations several kilometers 
apart. The Boyer Ranch studyarea,east of Roseburg, Oregon, had 
a 30-year history of burning every few years and normal grazing 
before this study. The soil series are Climax on the upper slopes 
and Dixonville on the lower. Both soils are heavy, dark clay soils 
which are slightly acid, have 3 to 4% organic matter content, and 
are derived from basic basalt. The Ronk Ranch study area, 
southwest of Roseburg, Oregon, isa forest site recently cleared and 
burned to make pasture. The soil is the Rink-Dement series 
(derived from sandstone) which is a reddish silt loam about I m 
deep and contains 3 to 4% organic matter. Average annual rainfall 
in the area is about 85 cm. 

Herbicide Application and Vegetation Response 
The woody plants on the study sites are typical of the vegetation 

complex in northwestern California and western Oregon and 
Washington. The most prominent species are manzanitas (Arcto- 
tuphyfos spp.), Ceanothus spp., Oregon oak, poison oak, wild rose, 
madrone (Arbutus menzesii), and blackberries. We determined the 
effectiveness of aerially applied mixtures of 2,4-D and picloram 
(4: 12 and 2:l3 ratios) and silvex4 [2-(2,4,5- 

‘Mention of pesticides and proprietary products does not constitute an endorsement 
or recommendation for use by USDA nor does it imply registration under FIFRA as 
amended. 
~TORDON@‘ldl Mixture Weed and Brush Killer contains 64.7 g picloram plus 240 g 
2,4-D per liter as tri-isopropanol amine salts (product of The Dow Chemical 
Company). 
‘TORPON@ 212 Mix!ure Herbicide contains l2Og picloram plus 240g2,~Dperlitcr 
as tn-~sopropanol amme salts (product of The Dow Chemical Company), 
*KURON@ Low-Volatile Brush and Weed Killer contains 480 g per liter of silvex as 
propylene gylcol butyl ether esters (product of The Dow Chemical Company). 
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Table 1. Control of woody plants on Boyer Ranch study area. 

Percent brush control2 
Rate of application Poison oak Oregon oak Madrone Rose Cheatgrass growth3 

Treatment’ (kg/W 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 

Silvex 3.4 82c 50 98ab 50 - - IOOa 98 150 175 
Picloram + 2,4-D 1.15 + 2.3 93a 77 93c 84 100 95 1OOa 98 200 225 
Picloram + 2.4-D 2.3 + 4.6 88ab 90 99a 95 100 100 1OOa 100 200 225 
Picloram + 2,4-D 1.2 + 4.6 90ab 91 95bc 92 95 100 IOOa 100 225 250 
Untreated - - Od 0 Od 0 0 0 Od 0 100 100 

‘Treated June 17, 1969. 
2Average control for 20 plants per treatment 26 months after treatment and one estimate for whole plot 38 months after treatment. Control rated on scale of 0 to 10 (0 is no 
control, IO is dead top with no sprouts) and converted to percent based on untreated checks; the figures represent canopy reduction for that species. Figures in a given column 
with a lower case letter in common are not significantly different at the 95% probability level based on Duncan’s new multiple range test. 
)&ass growth is visual estimate of increased growth compared to untreated check. 

trichlorophenoxy)propionic acid] alone or combined with 2,4-Ds 
at a I:1 ratio on several woody species. 

On the Boyer Ranch, adjacent 2- to 2.5ha watersheds were 
treated with 3.4 kg/ ha silvex, I .2 kg/ ha picloram plus 4.6 kg/ ha 
2,4,-D*, or 1.15 or 2.3 kg/ ha picloram plus 2.3 or 4.6 kg/ ha 2,4-D3. 
At the Ronk Ranch, adjacent watersheds about 2 ha in size were 
treated with 1.2 kg/ ha picloram plus 4.6 kg/ ha 2,4-D or 3.4 kg/ ha 
each of silvex plus 2,4-D. Treatments were applied in early June by 
helicopter as thin invert emulsions (93.5 liter/ ha) with an oil:water 
ratio of 1:3 (1% LTA-14 inverting agent). Rainy weather prevailed 
for 3 days prior to the application, and fog and mist persisted on 
the 2 days of application. The maximum temperature during appli- 
cation was 1PC. 

Herbicide effectiveness on woody plants wasestimated 26and 38 
months aftertreatment byratingona scaleof t lO(Odenotingno 
effect, and 10 denoting complete plant kill wit % no resprouting). 
Response of 20 plants on random transects in each plot area was 
estimated and subjected to analysis of variance with a Duncan’s 
multiple range test of specific differences. The ,average rating for 
each treatment was converted to percent control for each species 
based on the untreated check. The rating system accounts for 
top-growth reduction which reflects canopy reduction. On the 
Ronk Ranch, the area was burned 16 months after herbicide 
application, fertilized, and planted to inoculated subclover and 
perennial ryegrass. The volume of grass growth at the rating peri- 
ods 26 and 38 months after treatment was estimated visually 
compared to adjacent untreated areas. About 21 months after 
spraying, 100 2-06 Douglas fir (Pseudorsuga menziesii) seedlings 
were planted in the plots treated with picloram to assess the resid- 
ual effects of this herbicide on transplanted conifers. 

Herbicide Residues 
We determined the behavior of 2,4-Dand picloram on the Boyer 

Ranch by treating a 7-ha watershed with 2.3 kg/ ha picloram and 
4.6 kg/ ha 2,4-D. Spray distribution and deposit was evaluated 
using 10.2- X 12.7-cm Mylar cards on 15 X 15 cm-aluminum 
plates. The plates were above the brush (about 2 m above the 
ground) on posts. Cards were located on three transects across the 
upper (22 cards), middle (22 cards), and lower (10 cards) parts of 
the watershed. A cluster of four cards in a 0.4-m* area near the 
center of each transect was also used to evaluate deposit variability. 

A 90” V-notch weir and water-level monitoring station were 
installed in the channel of the intermittent stream at the bottom of 
the watershed (site 1). A 46-cnidiameter culvert placed upright in 
the streambank served as a stilling well and was connected to the 
pond behind the weir through a small pipe. A FW-1 stream-level 
recorder was installed on top of the stilling well, and a recording 
rain gage was nearby. Water from site 1 flows into a larger stream 
which was sampled at site 2, approximately 400 m downstream 
‘ESTERON@ 99a Concentrate Low Volatile Herbicide contains 480 g per liter of 
24-D as the propylene glycol butyl ether ester (product of The Dow Chemical 
Company). 

6Conifer seedlings 2 years in nursery seedbed (2-) and none (-0) in secondary plant bed 
before outplanting. 
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from the weir. Water passing site 2 flows into a larger stream 
sampled at site 3, which is 1,500 m downstream from the weir. Site 
3 is at a U.S. Geological Survey stream-level recording station. 
Precipitation record and sampling dates are in Table 5. 

Water samples were stabilized with sodium hydroxide (to pH 12) 
until analyzed for herbicide residues. Soil samples were collected 
from three different soil pits on each transect at each sampling time 
and frozen until analyzed. Samples of the soil profile, in 15-cm 
segments, were taken from a clean face of the pit to eliminate 
contamination with surface residues. Tools were carefully cleaned 
between each collection. 

A much more limited herbicide residue study was conducted on 
the Ronk Ranch. A 5-ha watershed was treated with 1.68 kg/ha 
picloram and 6.72 kg/ ha 2,4-D. Water sampling site 1 was a small 
spring in the middle of the treated area, while site 2 was a depres- 
sion at the base of the slope where water collected before it was 
discharged through a culvert onto a relatively flat pasture. 

Herbicide Residue Analysis 
Herbicide residues were extracted, purified, and measured using 

the procedures described by Norris (1970) and Norris et al. (1977). 
In general, water samples were acidified, extracted with ether, and 
the ether extracts methylated with diazomethane before microcou- 
lometric gas chromatography. Herbicide residues in soil were 
extracted with sodium hydroxide, and after acidification were 
extracted with ether. The ether extract was purified using a Woelm 
basic alumina column and, after methylation, the residues mea- 
sured by microcoulometric gas chromatography. Analytical 
results were corrected for recovery (water: 83 f 4% picloram, 94f 
4% 2,4-D; soil: 74 f 5% picloram, 80 f 5% 2,4-D). 

Results 

Vegetation Response 
All treatments gave effective woody plant control for 2 years on 

the Boyer Ranch (Table I). However, the following year poison 
oak and Oregon oak began to sprout in the plot treated with silvex 
and to some extent in the plot treated with 2.3 kg/ ha 2,4-D plus 
1.15 kg/ ha picloram. Control of these species with 4.6 kg/ ha 2,4-D 
plus 1.2 kg/ ha picloram or 4.6 kg/ ha 2,4-D plus 2.3 kg/ ha piclo- 
mm persisted into the third year. The brush control with all treat- 
ments allowed good recovery of the annualgrassespresent, mainly 
cheatgrass (Bromus tectorum). The improvement in grass growth 
persisted and allowed a considerable increase in carrying capacity. 

On the Ronk Ranch, the combination of herbicides plus fire 
provided excellent overall control of woody plants(Table 2). Most 
conifers, maples, and oaks, some as tall as 10 to 15 m, were killed by 
4.6 kg/ha 2,4-D plus 1.2 kg/ ha picloram. At the time of treatment, 
other species present included blackberries and black raspberries, 
thimbleberry (Rubusparviflorus), blueblossom (Ceanothus thyrsi- 
jlorus), snowbrush (Ceanothus velutinus), willow (Salix spp.), 
black poplar (Populus balsamifera), madrone, and huckleberry 
(Vaccinium sp.). These plants were essentially all eliminated by this 
treatment. Silvex plus 2,4-D did not provide as complete control of 

JOURNAL OF RANGE MANAGEMENT 35(l), January lg@ 



Table 2. Control of woody plants on Ronk Ranch study area. 

Treatment’ 

Silvex + 
2.4-D 
Picloram + 
2,4-D 
Picloram + 
2.4-D 
Untreated 

Percent brush control* 
Rate of after 38 months 

application Doug- Poison Oregon Ryegrass 
(kg/ ha) las fir Maples’ oak oak growth’ 

3.4 + 3.4 95 45 60 - 200 

1.2 +4.6 97 75 85 70 200 

1.68 + 6.72 98 90 93 90 300 
- 0 0 0 0 100 

‘Treated June 17, 1969. 
*Average percent control of each species for the respective treatment by visual 
inspection 38 months after application. Control rated on basis of 0 to IO (0 is no 
control, IO is dead top with no sprouts) and converted to percent based on untreated 
checks. 
‘Includes vine maple (Act-r circinatum) and bigleaf maple (Acer mucrophyllum) with 
stems up to 25 cm in diameter and I5 m tall. 
%3ass growth is visual estimate of percent improvement over untreated check. 

the larger trees and sprouting species as the mixtures containing 
picloram. The overall brush reduction was greater than indicated 
by the figures for degree of control in Table 2 because of the nearly 
complete kill of other brush species. Grass recovery was excellent. 

Douglas-fir seedlings (2-O stock) were planted 21 months after 
application of 1.2 kg/ha picloram and 4.6 kg/ha 2,4-D. They 
showed no visual symptoms of toxicity from residues of picloram 5 
months after planting (26 months after application of herbicide). 
Perennial ryegrass and subclover were well established in all plots 3 
years after spraying. 

Herbicide Residues 
Herbicide Deposit 

Most of the application was made at the Boyer Ranch while the 
helicopter was traveling downhill, perpendicular to the spray inter- 
ception card transects. At least one flight was made across the top 
of the watershed and included the upper line of cards. Spray 
deposition averaged 3.5 kg/ ha 2,4-D and 2.4 kg/ ha picloram; but it 
was highly variable among spray interception stations, even on the 
four cards clustered within a 0.4 mz area (Table 3). 

The coefficients of variation are substantially smaller for data 
from the four clusters, but a Bartlett’s test (Netter and Wasserman 
1974) showed no significant difference between the variances for 
clusters and lines for 2,4-D. For picloram, the difference was 
significant (p<O.O5), but the magnitude of the actual difference 
was not large. These data illustrate the difficulty of trying to 
estimate herbicide deposition accurately based on sampling with 
spray cards. A large number of samples are needed to assess spray 
deposit. Based on data from only the upper line, 65 spray cards 
would have been needed to estimate spray deposit within 10% of 
the population mean at the 95% probability level. Using data 
points from all parts of this watershed, 195 samples would be 
required to obtain this same level of accuracy. 

Herbicide Residues in Soil 
Herbicide residues in soil were studied only on the Boyer Ranch 

study area. No soil samples were collected immediately after appli- 
cation. We calculated the initial concentrations of herbicide in the 
surface 0- to 15-cm layer of soil were 0.8 ppm 2,4-D and 0.4 ppm 
picloram, based on the intended rate of application and a 60% 
interception of spray material by overstory vegetation (Altom and 
Stritzke 1972). Based on these assumptions, the residues of 24-D 
and picloram measured in the 0- to l5cm layer of soil after 10 
months reflect a 98% and 85% loss, respectively, of the initial soil 
residue level (Table 4). If first order kinetics apply, the half-life was 
54 days for 2,4-D and 112 days for picloram during this period. 
These values are within the estimates for picloram reported by 
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Table 3. Spray deposit’ based on analysis of herbicide on 10.2-X 12.7-cm 
Mylar spray interception cards. 

Transect2 Fourcard clusterJ 
Position on slope -g S C x S C 

Lower 
2,4-D 
Picloram 

Middle 
2,4-D 
Picloram 

kg/ ha Percent kg/ha Percent 

2.50 1.03 41 2.79 0.69 25 
1.87 0.74 40 I .83 0.46 25 

1.76 0.97 55 2.11 0.17 8 
1.28 0.67 52 1.48 0.09 6 

Upper 
2,4-D 
Picloram 

5.69 2.20 39 5.84 0.56 IO 
3.83 1.37 36 3.07 0.45 I5 

Mean4 
2,4-D 
Picloram 

3.50 2.43 69 3.58 1.76 49 
2.43 1.56 64 2.13 0.79 37 

‘Mean 6). standard deviation (S), coefficient of variation (C). 
2Data for each of three transects across watershed. Lower line IO cards, middle line 22 
cards, upper line. 22 cards. 
WXtster of four cards in a 0.4 m2 area near the center of the transect. 
‘Mean values for all lines or clusters. 

Hamaker et al. (1968) and Grover (1967) but substantially larger 
for 2,4-D than usually reported (Altom and Stritzke 1972, Plumb 
et al. 1977). Between lOand 18 months after application, picloram 
and 2,4-D residues disappeared from the 0- to 15cm depth of soil 
at rates equivalent to half-lives of 150 and 300 days. These long 
half-lives reflect the declining rate of herbicide degradation which 
commonly occurs as residue levels approach zero. We believe both 
2,4-D and picloram would have exhibited shorter half-lives if our 
sampling had been concentrated in the first 60 days after applica- 
tion. Mixed order kinetics are expected in long term studies of the 
disappearance of 2,4-D and picloram from soil (Norris 1970). 

There was no evidence of 2,4-D leaching below 15 cm in the soil. 
Maximum picloram penetration was 45 cm at 10 months in this 
heavy, clay soil. No picloram residues were detected below 15 cm, 
more than 10 months after application. These results are in general 
agreement with other studies of herbicide mobility in soil. Piclo- 
ram is considered mobile in soil; but in nearly all field studies, most 
of the herbicide is in the top 15 cm of soil and the concentration 

decreases sharply with depth in the soil profile (Merkle et al. 1966, 
Baur et al. 1972). 

Herbicide Residues in Water 
Bayer Ranch. The results of analysis of stream water for herbi- 

cide residues at the Boyer Ranch are in Table 5. Precipitation, 
stream discharge, and herbicide discharge data for site I are in 
Figure 1. 

Table 4. Average herbicide residues (ppmw) In soil from Boyer Ranch 
study area after aerial application of 2.3 kg picloram and 4.6 kg 2.4-D per 
he&r.’ 

Depth in soil Months after application 

(cm) Herbicide IO I8 29 

O-15 

15-30 

30-45 

45-60 

2,4-D 0.017 0.010 02 
Picloram 0.064 0.022 0.00 I 
2,4-D 0 0 0 
Picloram 0.005 0 0 
2.4-D 0 0 0 
Picloram 0.001 0 0 
24-D 0 0 0 
Picloram 0 0 0 

‘Average of nine plots, three on each of three transects. 
20 means less than 0.001 ppmw. 
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Fig. 1. Daily precipitation exceeding 0.5 cm in 24 hours, stream discharge, and herbicide discharge at the weir (site I) on a hill-pasture after aerial 
application of 2.3 kg/ha picloram and 4.6 kg/ha 2,4-D. Streamwater discharge between December 21 and January I were estimated using a linear 
regression relating discharge at site I to discharge at site 3. 

The stream sampled at site 1 was dry at the time of herbicide 
application in June and remained so until the first significant 
rainfall on September 18. This rain formed some puddles in the 
stream channel but no runoff into the basin behind the weir. A 
water sample collected in a small puddle about 5 m upstream from 
the weir contained 0.11 ppm picloram, but no 2,4-D. Rain begin- 
ning on October 7 filled the weir basin, and the first flow of water 
over the weir occurred on October 8. Relatively little water flowed 
from the watershed between October 9 and October 27, when an 
intense storm occurred. No samples were collected during the 
October 27 storm. There was no significant precipitation between 
November 6 and a period of intense storm activity beginning 
December 8. There was continuous stream discharge for the next 4 
months. The last water sample with a detectable residue of 2,4-D 
was taken from the weir basin on October 21. Picloram residues 
were detected only twice between October 21 and January 1. No 
herbicide was detected in any water sample collected at site 1 over 
the next 1.5 years. 

The concentration of herbicide we detected is considerably lower 
than those reported in several other studies (Bovey and Scifres 
1971, Davis et al. 1968, Trichell et al. 1968). In those studies, 
however, streamflow occurred within 10 days of application, com- 
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pared to 3.5 months in this study. 
The discharge of herbicide from the watershed was calculated 

from water discharge and the average herbicide concentration for 
the period represented by a water sample (Fig. 1). An equipment 
malfunction resulted in loss of streamwater discharge data from 
December 21 through January 1. We developed a linear regression 
to estimate streamwater discharge at site 1 based on discharge at 
site 3 during this period. The discharge measured at site 3 . 
accounted for 83% of the variation in discharge at site I calculated 
using the regression equation. 

Approximately 0.014% (4.5 grams) of the 24-D and 0.35% 
(57.14 grams) of the picloram applied to the watershed were dis- 
charged in stream water in the 7 months between the time of 
application and the time the last sample containing herbicide was 
collected. Herbicide discharge occurred during each streamflow- 
generating storm in October and early November. After the 4-week 
dry period in November and early December, no herbicide dis- 
charge was detected during two storms until a particularly intense 
storm occurred around December 20. This storm, which washed 
out the dam, caused what we estimate to be the largest outflow of 
picloram (no 2,4-D) during the study. No herbicide discharge was 
detected after January 1. 
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Based on its length and width, the dry stream channel occupies 
0.2% of the total area of the watershed. We believe most of the 
herbicide discharged from the watershed represents material which 
was mobilized during periods of heavy precipitation from the 
channel and banks of the intermittent stream. The rapid dissipa- 
tion of herbicide in the soil and insignificant leaching in the profile 
were probably important factors in minimizing stream 
contamination. 

Water samples collected at site 2 did not show significant 
residues of herbicide except for October 2 I, when a single sample 
containing 0.007 ppm picloram was collected (Table 5). At site 3, 
only three samples contained detectable herbicide. The lack of 
residues in samples collected on the same dates at sites 1 and 2 
suggests the picloram in the samples from site 3 were not coming 
from the treated watershed. Streamwater sampling continued at all 
three sites for 2 years after the application with no further residues 
detected. 

Ronk Ranch. Herbicide residue data for water samplescollected 
at sites I and 2 at the Ronk Ranch are in Table 6. Site 1 was only 
damp, and site 2 was dry between the time of application and the 
first significant rain in September. Maximum residue levels were 
lower than at the Boyer Ranch, but averages were higher and 
persisted for a longer period of time. 

The last samples which contained detectable herbicide residues 
were taken on December 18. The first storm of sufficient intensity 
and duration to result in the movement of water from the 
watershed towards a nearby perennial stream occurred on 
December 21, but the water samples at site 2 did not contain 
detectable residues at that time. Water samples were collected 
periodically at sites 1 and 2 for the next 20 months, but no further 
residues were detected. 

Residues in samples collected at site I probably represent herbi- 
cide deposition on the ground immediately adjacent to the spring 
and their subsequent movement over the surface during precipita- 
tion, rather than ground water pollution. The general synchrony of 
residues with storm events and the lack of long-term, low level 
outflow at site 1 supports this hypothesis. Residues in water sam- 
ples collected at site 2 were probably mobilized in the stream 
channels and banks between sites 1 and 2. Water movement over 
compacted animal trails was observed during storm periods and 
probably also contributed to the residues detected at site 2. 

Table 5. Herbicide residues (ppmw) in streamwater from Royer Ranch 
study area after aerial application of 2.3 kg picloram and 4.6 kg 2,4-D per 
hectare in June. 

Samp- 
ling date Precipita- Stream sampling site’ 

. 2 
(month- yg) I 2 3 

dav) 2.4-D Picloram 2.4-D Picloram 2,4-D Picloram _. 

9-18 
IO-9 
IO-13 
IO-21 
II-14 
I l-24 
12-l 
12-9 
12-19 
12-24 
l-l 
l-244 

2.5 
7.9 
0 

3.0 
5.0 
0 

0. I 
2.0 
6.8 
9.9 
4.6 

IR.6 

03 

0.022 
0 
0.003 
0 
0 
0 
0 
0 
0 
0 
a 

0.1 IO 
0.043 
0.064 
0.039 
0 
0 
0 
0 
0 
0.012 
0.001 
0 

0.001 
0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0.007 
0 
0 
0 
0 
0 
0 
0 
0 

0.001 
0.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0.001 

‘Site I is at base of the watershed. Site 2 is 400 meters from site I on a strcam which 
receives water from the watershed. Site 3 is approximately 1,590 m from the watershed 
and receives water from both sites I and 2. 
*Cumulative precipitation between sampling dates. 
YI means less than 0.001 ppmw 

The amount of herbicide discharged from the Boyer Ranch 
watershed was small and can be accounted for by mobilization of 
residues in or near the stream channel. Picloram is often cited as a 

‘Last date when detectable levels of herbicide occurred. Water samplingcontinuad for ‘9ased on data from clipped plots, observations of W.D. Masher, and local rancher 
the next 1.5 years. experience. 

Table 6. Herbicide residues (ppmw) in water from Ronk Ranch study area 
after application of 1.6 kg pkloram and 6.8 kg 2,4-D in June. 

Water sampling site’ 
Sampling Precipita- 1 2 

date ation* 2,4-D Picloram 2.4-D Picloram 
(month-day) (cm) 

9-18 2.5 0.005 0.007 0.010 0.057 
IO-IO 1.9 0.002 0.035 0.007 0.07 I 
IO-15 
IO-24 
IO-30 
II-5 
I l-13 
II-17 
1 l-23 
I l-30 
12-8 
12-l I 
12-184 
12-21 
12-30 

2.4 0' 
I.2 0 
1.6 0 
2.8 0 
0.4 0 

0 0 
0.2 0 
0. I 0 
0.5 0 
2.0 0 
2.9 0 

1.62 0 
8.13 0 

0.016 
0.001 
0 
0.003 
0 
0.001 
0 
0 
0 
0 
0.001 
0 
0 

0.003 0.049 
0 0.007 
0 0.006 
0 0.019 
0 0.010 
0 0.010 
0 0.004 
0 0.002 
0.001 0.003 
0 0.026 
0 0.002 
0 0 
0 0 

‘Site I is a small spring in the treated area. Site 2 is a small pool at the bottom of the 
watershed. 
U3mulative precipitation between sampling dates. 
‘0 means less than 0.091 ppmw. 
‘Last date when detectable levels of herbicide occurred. No residues detected in 
samples collected over next 1.5 years. 

Discussion 
Brush Control and Pasture Rehabilitation 

Although control of brush was good with all treatments, it was 
best with I .2 kg/ ha picloram plus 4.6 kg/ ha 24-D. The I :4 ratio of 
picloram to 2,4-D in this mixture seems better from an economic 
standpoint than the I :2 ratio. The use of fire to help remove much 
of the woody top growth adds to the impact of the herbicide, 
reduces residues of picloram in the soil, and provides a good 
seedbed in which to plant desirable grass seed. Treated areas 
should not be burned for at least 3 months after spraying to 
maximize drying for a good burn. 

All herbicide applications were effective in controlling the 
brushy species that dominated both the Boyer and Ronk Ranch 
study areas. Pasture rehabilitation included burning the year after 
herbicide application, then aerial application of 224 kg/ha 040-O- 
20s fertilizer and later seeding with 22.4 kg/ha inoculated subter- 
ranean clover. Once established with a proper fertilization 
program, subterranean clover competed well with most of the 
brush species. Grazing by sheep, goats, or cattle inhibited brush 
regeneration effectively. If adequate stocking rates of clover are 
achieved and grazing intensity is controlled, poison oak, wild rose, 
madrone, black oak, and white oak will be eliminated from similar 
pastures in this area. 

Studies of pature improvement in this area indicate effective 
brush control with successful establishment of subclover will 
increase forage (Cannon 1977, Mosher et al. 1973). Yields in these 
trials went from less than 1,100 kg/ ha dry matter before treatment 
to between 4,400 and 5,500 kg/ ha after treatment. The midsummer 
quality of the feed improved from 3 to 4% protein before to 6 to 
10% after treatment. Prior to pasture rehabilitation, the area sup- 
ported 20 to 30 goats and sheep for part of the year. Currently, the 
same area is able to carry 150 sheep and 15 to 20 cattle for several 
months of the year.7 

Herbicide Residues 
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persistent mobile chemical, but in this environment neither its 
persistence nor mobility were sufficient to contribute residues 
greater than 0.1 mg/ liter from upslope sites to the stream. The lack 
of measurable residues in samples collected more than 7 months 
after application substantiates this conclusion. 

Evans and Duseja (1975), Bovey et al. (1974), and Davis and 
Ingebo (1973) all reported substantial residues of picloram in 
runoff water collected close to treated areas soon after heavy 
precipitation. In most cases, however, residues were low or not 
detected more than 3 months after application. In each case, 
herbicide residues appeared to have been mobilized during precipi- 
tation and, after several such events, residue levels decreased. Our 
results follow a similar pattern except the residues we found were 
lower but were detected for a longer period after application. Of 
course, there was essentially no rainfall the first 3 months after 
application at our study sites, so residues were available fordecom- 
position for a longer period than in the experiments cited above. 

The concentration of 2,4-D we found in runoff waterat both the 
Boyer and Ronk Ranches would not cause injury in either 
sprinkler- or furrow-irrigated soybeans or sugar beets (Bruns et al. 
1973). The concentration of picloram detected in samples collected 
through December 24 (0.012 to 0. I 10 mg/ liter) would injure sensi- 
tive crops (Bovey and Scifres 197 1). Irrigation would not normally 
be practiced at that time of year, however, so the probability of 
crop injury is small. Dilution and adsorption with downstream 
movement will reduce the concentration of herbicides in the water, 
further minimizing the risk of crop damage. Where stream water 
for irrigation may be taken close to areas scheduled for treatment 
with picloram (or 2,4-D), buffer zones of untreated land should be 
left on either side of stream channels to minimize the entry of 
herbicide to the water. The residue levels of picloram and 24-D 
which occurred in stream water actually discharged from the 
watershed did not exceed levels suggested as safe (less than 0.035 
mg/ liter) for aquatic animal species (Woodward 1979, Newton and 
Norgren 1977). 

The increased carrying capacity achieved in this program and 
the negligible adverse environmental effects should make such hill 
pasture rehabilitation attractive to land owners in this area. 
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The Occurrence of Anagyrine in a Collection 
of Western American Lupines 

A.M. DAVIS 

Abstract 

The alkaloid anagyrine found in some Lupinus species has been 
shown to cause the teratogenic condition known as “crooked calf 
disease.” A collection of western American lupines held by the 
Western Regional Plant Introduction Station was grown at Pull- 
man,. Washington, to determine the extent and levels of anagyrine 
in these accessions. The plants were field grown on Tucannon soil, 
a fine-silty, mixed, mesic pachic Haploxerolls. Anagyrfnedetermi- 
nations were made by gas/liquid chromatography. Accessions that 
were positive for anagyrine in June 1977 were resampled and 
verified in 1978. Anagyrine and total alkaloids were higher in April 
and markedly diminished by July. Seeds were higher in total 
alkaloids and anagyrine, when present, than was mature 
vegetation. 

Lupines (Lupinus sp.) frequently dominate the western range 
landscape in mid summer with their tall spikes of blue, purple, 
yellow, or white flowers. Speciation and species distribution are 
extensive in the western United States. Rydberg (1922) listed 80 
species in the Rocky Mountains and adjacent plains. Tidestrom 
(1925), Dayton et al. (1937), Peck (1941), Davis (1952), Hermann 
(1966), and Hitchcock and Cronquist (1976) have alsocontributed 
to the knowledge of speciation and distribution of lupines in 
western range states. 

Stockmen have long recognized the toxicity of lupines in the fall 
when the pods and seedsare ripe, but the vegetation was thought to 
be of lower toxicity during the growing season. Sampson (1952) 
and Stoddart and Smith (1955) indicated that most lupine poison- 
ing occurs in sheep, but it may occur in other classes of livestock. 
The Agricultural Research Service (Anonymous 1968) noted that 
“crooked legs and other congenital deformities occur in newborn 
calves if cows graze toxic lupines between the 40th and the 70th 
days after breeding.” Shupe (1970) distinguished between lupine- 
induced crooked calf disease and a similar genetically induced 
disease. 

Keeler (1973a) determined that there were four major alkaloid 
peaks commonly associated with extracts from teratogenic lupines 
and established that the fourth sequential major peak contained 
the teratogenic agent. The toxicity of this peak was not appreciably 
influenced by the total alkaloid level in the plant tissues. Through 
the use of gas-chromatography/ mass-spectroscopy, Keeler 
(1973b) established that peak 4 was sometimes made up of two 
compounds, anagyrine and P-isolupanine, with the latter, when 
present, making up less than I/ 8 of the material in the peak. Oral 
administration of the lupine extracts, with and without the peak 4 
compounds, to cows in the sensitive period of pregnancy (40-70 
days) produced classic lupine toxicity symptoms, but only cows 
given extracts containing peak 4 alkaloids produced crooked 
calves. The compound a-isolupanine was not present in all terato- 
genie examples (Keeler 1973b). 

Author is research agronomist, Western Regional Plant Introduction Station, U.S. 
Dep. Agr. Agr. Res. Serv.. Pullman, Washington 99164. 

This report is a contribution of the Western Regional Plant Introduction Station, 
U.S. Dep. Agr., in cooperation with the College of Agriculture Research Center, 
Washington State University. Pullman 99164. Scientific Paper No. 5375 of the latter. 

Manuscript received April 25, 1980. 

Keeler (1976) and Keeler et al. (1977) found that anagyrine had 
broad occurrence in Lupinus cuudutus (tailcup lupine) and L. 

sericeus (silky lupine). Keeler (1973a) reported that a large propor- 
tion of his sample from central Idaho contained anagyrine (peak 4) 
at levels of 1.44 g/kg or higher. He also showed that lupines 
collected where crooked calf disease is unknown produced no 
anagyrine peaks or the quantities were less than 1.44 g/kg. The 
only exception was one location where the anagyrine levels were 
high enough to have produced crooked calves, but the area was 
only grazed with dry stock. 

Anagyrine levels in vegetation were higher when the plants were 
small and growing vigorously. As flowering advanced and matur- 
ity approached, the alkaloid levels in leaves and stems diminished. 
The seed and seed pod levels were higher than any of the mature 
vegetative parts (Keeler etal. 1976). This would make late-breeding 
COWS vlunerable, while mature seeds were still in the pods, during 
July, August, or September. 

This paper reports the occurrence of anagyrine in 65 accessions 
from 19 perennial species of native, western American lupines. 

Materials and Methods 

The collection of lupines reported herein originated in the west- 
ern U.S. from 460 m elevation for L. luteolus (bushy yellow lupine) 
and L.. andersonii (Anderson’s lupine) to 2300 m for L. alpestris 
(mountain silvery lupine); from dry sagebrush-dominated desert 
for tailcup lupine, L. erectus (tall silvery lupine), and silky lupine to 
wet meadows and streambanks for L. polyphyllus (Washington 
lupine) and L. burkei (Burk’s lupine). 

The PI 344000-numbered series was collected in 1968 from the 
state of Idaho and the immediate surroundings in Oregon, Mon- 
tana, and Washington. 

The collection was grown in 1976-1977-1978 at the SCS Plant 
Materials Center, Pullman, Washington. The soil was Tucannon, a 
fine-silty, mixed, mesic pachic haploxerolls with a gentle south- 
ward slope. Plants were established by seeding in greenhouse flats 
the first week in February 1976 and transplanted to the field in 
April. Spacing was 150 cm between rows, 45 cm between plants in 
the row, and 90 cm between accessions within the rows. Only 
natural precipitation was available after transplanting. Vegetation 
samples were collected in June 1977 by randomly picking represen- 
tative stems, including leaves, flowers, and buds, if present. Stems 
from 10 plants of each accession were combined into a single 
sample. Samples were dried 24 hours in a thermal draft oven at 90” 
C and ground in a to 20-mesh fineness. 

The composite sample was thoroughly mixed and 2 subsamples 
of 0.5 g each were placed in a 200-ml Ehrlenmeyer flask with 30 ml 
of 5% acetic acid. The sample was shaken for 1 hour and filtered 
through a sintered glass funnel, under vacuum when necessary. 
The sample was washed twice with 15 ml of the 5% acetic acid 
solution and all washings were combined. The filtrate was caught 
in 30 ml of chloroform to which ammonium hydroxide had been 
added to bring the resultant solution to pH 9.5. The sample was 
partitioned into 30 ml of chloroform three times and the chlorform 
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Table 1. Distribution of anrgyrine in a collection of Lupines from the 
western U.S. 

Species 

Number 
Number exceeding PI 

tested 1 A4 g/kg Number 

adsurgens Drew. 
(Drew lupine) 

alpestris A. Nels. 
(mountain silvery 
lupine) 

andersonii S. Wats. 
(Anderson’s lupine) 

argenteus Pursh 
(silvery lupine) 

aridus Doug. 
(dry ground lupine) 

burkei S. Wats. 
(Burk’s lupine) 

caudatus Kell. 
(tailcup lupine) 

erectus Hend. 
(tall silvery lupine) 

evermannii Rydb. 
(Everman lupine) 

gartieldensis 
C.P. Smith 

(Garfield lupine) 
humidicola A. Nel. 

(lowland lupine) 
latifolius Lindl. 

(broadleafed lupine) 
leucophyllus Doug. 

(velvet lupine) 
luteolus Kell. 

(bushy yellow lupine) 
nevadensis Hell. 

(Nevada lupine) 
oreganus Hell. 

(Oregon lupine) 
polyphyllus Lindl. 

(Washington lupine) 
sericeus Pursh 

species 

I 

2 

I 

5 

I 

4 

6 

3 

I 

2 

I 

I 

9 

I 

I 

I 

I 

22 

7 

0 

I 

I’ 

23251 I, 344657, 
344659, 344662 

344664, 344670, 344675 

284724, 344682, 344716, 
344124 
344678, 344619, 344681 

34472 1 

344658, 344663, 344666 
344674. 344691, 344707 

232580 

344654, 344671, 344683, 
344695,344702, 344125, 
356830 
344696 

1Commercial cultivar (Russell Hybrid) 

was evaporated at 403 C and - 1 / 2 atmosphere vacuum on a rotary 
evaporator. Analysis of seed was complicated by the formation of a 
gel when the chloroform and acetic acid were mixed. This was 
overcome by centrifuging the mixture and drawing the chloroform 
and alkaloid from below the gel. The dry residue was taken up in 
2.5 ml of absolute Ethanol containing 1 g 4-aminoantipyrene per 
500 ml of ethanol as an internal standard for gas chromatography. 
The alkaloids were separated and quantified using a gas chromato- 
graph equipped with flame ionization detector, a glass column 0.63 
cm in diameter and 183 cm long, packed with Anakrom ABS? 
90- 100 mesh and 3% OV-17 liquid phase. Separation was isother- 
mal at 24oOC. The carrier gas was nitrogen at 40 cc/min at 2.8 
kg/cm?. 

- 
I.18 
1.08 

) 
- 

; 
- 

- 
4.47 
3.83 
- 
- 
4.88 
- 
- 

- 
- 

2.16 
- 

2.51 
3.04 
- 

- 

5>0 
- 
5.70 
8.93 
- 

Reference samples were furnished by Dr. Richard Keller, U.S. 
Dep. Agr. Poisonous Plants Research Laboratory, Logan, Utah 
8432 1. Identification and quantification of anagyrine were based 
on those samples. 

Silky lupine 
23258 I 
344649 
344652 
344654 
34467 I 
344676 
344680 
344685 
344683 
344686 
344687 
344689 
344694 
344695 
344698 
344702 
344717 
3447 I9 
344720 
344125 
356829 
356830 

- 
- 
- 

3 

- 
- 
- 
2.15 

7.99 Il.98 
8.92 10.22 
9.14 21.32 
5.63 14.90 

II.58 10.65 
3.82 16.16 
4.29 Il.86 
4.13 14.04 
2.63 7.79 
5.48 I I.51 
3.08 II.07 
7.89 14.83 
5.90 25.47 
2.93 12.18 
9.40 15.47 
5.70 15.17 
5.63 16.84 
6.78 19.48 
9.45 24.10 
7.31 19.21 
6.40 25.78 
I .47 21.20 

Results and Discussion 

‘June 1977 harvest 
‘No anagyrine detected. 

‘Less than I g/kg. 

The lupine species tested for anagyrine in June 1977 and pres- 
ented in Table 1. The number of accessions in each species tested 
and the number of accessions that contained anagyrine in excess of 

g/kg total alkaloids but no anagyrine were PI 344652,344598 and 
344720. 

‘Mention of a trademark or proprietary product does not constitute a guarantee or 
warranty of theproduct bythe USDAanddoesnot implyitsapproval totbeexclusion 
of other products that may also be suitable. 

Tailcup lupine was generally higher in total alkaloidsand anagy- 
tine than silky lupine. Total alkaloids and anagyrine content varied 
independently in both species. The highest total alkaloid level in 
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the critical level of 1.44 g/kg reported by Keller (1973a) are also 
given. Accessions from nine species did not show any anagyrine, 
whereas accessions from 10 species and a commercial ornamental 
cultivar had anagyrine in sufficient quantities to cause crooked 
calves. Lupinlrs kpidus Dougl. ex. Lindl. (prairie lupine) is a well 
known poisonous lupine. Its teratogenicity was not studied 
because it was not identified in the collection. 

Tailcup lupine and silky lupine are the two species previously 
reported as causing crooked calves. From the data presented, some 
collections of these species had low levels of anagyrine and would 
present no hazard during the sensitive period of pregnancy. lndict- 
ing or exonerating a whole species on the basis of only one or two 
samples is hazardous. The possibility of making an incorrect deci- 
sion about a species is exemplified by only three of the five acces- 
sions of tailcup lupine and seven of the 22 accessions of silky lupine 
having toxic levels of anagyrine. Even though there were eight 
species without anagyrine, the limited sampling of these species 
cannot be construed to mean that all collections of these species 
will also be free of the teratogen. 

Levels of anagyrine and total alkaloids found in the initial 
screening of tailcup lupine and silky lupine are presented in Table 
2. Anagyrine does not make up a major portion of the total 
alkaloid spectrum in tailcup lupine but when present in silky 
lupine, anagyrine is frequently the predominant alkaloid. An 
exception was silky lupine, PI 344671, with I I S8 g/kg total alka- 
loid and only 1.18 g/kg of anagyrine. Accessions with over 9.00 

Table 2. The distribution of anrgyrine and total alkaloids in tailcup lupine 
and silky 1upine.l 

Anagyrine (g/kg) Total alkaloids (g/kg) 
Vegetation Seeds Vegetation Seeds 

Tailcup lupine 
284724 
344682 
344716 
344718 
344722 
344724 

6.44 
4.21 
1.27 
-2 

2.41 
2 

- 
- 
- 

4.70 
5.00 

12.67 
- 
6.58 
2.88 

- 

23.75 12.26 
17.19 19.10 
8.96 27.00 
7.95 19.48 

16.06 28.80 
18.18 21.66 



Table 3. Anagyrine and total diuioids in vegcbtion and scedd 

Pi No. Species 4/ I9 

Anagyrine (g/kg) Total alkaloids (g/kg) 

Harvest Date Harvest Date 

(Vegetation) Seed (Vegetation) Seed 

5/iO 616 715 616 715 

344668 
344657 
344659 
344662 
284124 
344682 
344122 
344724 
344721 
344678 
344679 
344658 
232580 
34467 I 
344676 
344702 
344696 

mountain silvery lupine 8.77 5.95 3.22 3.21 4.83 14.85 12.86 36.67 
silvery lupine 12.15 9.58 2.35 2.62 4.63 12.98 ii.88 14.58 
silvery lupine 5.82 6.50 1.52 I.54 2.49 15.23 5.66 14.91 
silvery lupine 4.47 4.52 I .49 I.38 4.83 21.81 12.49 27.89 
tailcup lupine 15.37 9.83 6.44 6.32 4.70 23.75 7.75 12.26 
taiicup lupine 12.36 5.33 4.27 4.67 5.00 17.19 5.00 19.10 
tailcup lupine 11.84 5.1 I 2.47 3.17 6.58 16.08 7.58 28.80 
tailcup lupine 4.24 I.35 2 2 2.88 18.18 6.58 21.66 
Everman lupine 16.93 8.16 4.7 I 2.17 5.83 15.07 6.82 25.27 
tall silvery lupine 9.48 2.37 1.45 I .66 6.72 13.38 6.72 17.20 
tall silvery lupine 4.96 2.84 1.50 1.52 7.15 12.69 7.15 13.27 
velvet lupine 6.09 1.12 z 2 5.17 15.23 2.89 28.95 
Mt. Rose lupine 14.57 12.20 6.03 6.23 6.29 14.51 8.09 15.23 
silky lupine 9.54 5.76 I.18 I .06 4.41 I I.58 3.63 10.65 
silky lupine 4.30 3.54 1.08 2.0 I 3.82 6.21 3.82 16.62 
silky lupine 12.16 5.22 2.51 1.57 5.70 12.48 5.48 15.17 
species 6.45 4.12 4.22 3.02 2.41 13.94 12.90 8.75 

’ 1978 harvest. 
Xess than I g/kg anagyrinc. 

tailcup lupine was found in PI 344724 at 18.18 g/kg, with an 
associated anagyrine level of less than I g/kg. PI 344682 had 17.19 
g/kg total alkaloids and 4.27 g/kg anagyrine in June 1977. 

Young rapidly growing tissue was equal to or higher in anagy- 
rine than seeds (Table 3). By the June sampling dates, the levels in 
vegetation had dropped and remained below those found in seeds 
from the same accessions. The highest total alkaloid level found in 
seeds of tailcup lupine was 28.80 g/kg in PI 344722, with 6.58 g/kg 
anagyrine. Seeds of mountain silvery lupine, PI 344688, had the 
highest total alkaloid content of this species at 36.67 g/kg and also 
contained 4.83 g/kg anagyrine. 

Total alkaloids cannot be ignored. Lupine toxicity must be 
considered in addition to crooked disease if strains of lupines are to 
be used in revegetating ranges. Data presented in Tables 2 and 3 
indicate that considerable variation exists in total alkaloids. Vege- 
tation of silky lupine, PI 344683, had the lowest total alkaloids of 
any accession tested in June 1977,2.63 g/kg. Seed of this accession 
contained only 7.79 g/kg total alkaloids. Anagyrine was not 
detected in either forage or seed of this accession. 

The results of resampling the accessions that were anagyrine 
positive in 1977 are presented in Table 3. Those accessions that 
failed to show anagyrine throughout the sampling period were 
excluded, even though there was anagyrine present in the young 
rapidly growing plants (see Table 1). The data agree with the 
conclusion of Keller et al. (1976) that anagyrine and total alkaloids 
are high in the spring and reduced as plants mature throughout 
bloom and seed set. 

Lupine seeds have been considered a primary source of poison- 
ing. The accessions listed in Table 3 varied from 2.41 g/kg anagy- 
tine the ornamental cultivar, PI 344696, to 7.15 g/kg in tall silvery 
lupine, PI 344679. The highest level of total alkaloids (55.66 g/ ka) 
was found in Nevada lupine, PI 356828, an accession that con- 
tained no anagyrine in the seeds. No accession produced anagyrine 
in the seeds when there was none in the vegetation. 

Lupines native to the western U.S. exhibit varying amounts of 
anagyrine and total alkaloids. Variation within species and acces- 
sions is available for exploitation. The variation in anagyrine and 
total alkaloids within a species can be utilized to develop non-toxic 
varieties for range improvement. The following accessions were 
either free of anagyrine or had concentrations below the critical 
level of 1.44 g/kg: Drew Lupine (L udsurgens), PI 284704?_mountain 
silvery lupine, PI 356827; dry ground lupine (L aridus), PI 344693; 
silvery lupine, PI 232569, PI 232570; Burk’s lupine, PI 344672; 

tailcup lupine, PI 344718, PI 344722; Garfield lupine (L garfieden- 
sis), PI 344648, PI 344684; lowland lupine (L.. humidicolu), PI 
273275; broadleafed lupine (L. latifolius), PI 284720; velvet lupine 
(L. leucophyllos), PI 344650, PI 344656, PI 344706, bushy yellow 
lupine, PI 284722; Nevada lupine, PI 356828; silky lupine, PI 
23258 I, PI 344649, PI 344652, PI 344654, PI 344680, PI 344685, PI 
344686, PI 344687, PI 344689, PI 344694, PI 344698, PI 344719, PI 
344720, PI 356829 and L. sp. 284727. It should be possible to 
develop low total alkaloid and essentially anagyrine-free strains 
from the major species for reseeding, thus reducing the level of 
lupine toxicity and crooked calf disease now experienced by some 
ranchers in many sections of the western states. If these perennial, 
long-lived legumes are to be used for range reseeding, an intensive 
program of breeding is needed. 
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Reseeding by Eight Alfalfa Populations in a 
Semiarid Pasture 

M.D. RUMBAUGH 

Abstract 

Eight nlfnlfa populations were seeded in a dryland pasture in 
northern Utah. Densities of mature plants, seeds, seedlings, and 
l-year-old plants were measured in each of 3 years. The popula- 
tions did not differ for mature plant stands or seed production. 
There was a higher rate of seedling survival for populations that 
primarily originated from Medicago sativu rather than M.falcata. 
All populations had some one-year-old plants persisting to replace 
mature plants killed by disease or rodents. 

Alfalfa (Medicago satin and A4. falcata) is a valued component 
of pastures in subhumid environments. Its contribution to live- 
stock production in dryland pastures and modified rangelands of 
semiarid areas is less well documented, although Townsend et al. 
(1975) regarded alfalfa as one of the most promising forage 
legumes for dryland seedings in the Great Plains. Hervey (1960) 
reported that lamb gains increased after alfalfa and crested wheat- 
grass (Agropyron desertorum) were interseeded into native sod in 
Wyoming. The introduction of the dryland alfalfa cultivar 
‘Nomad’was one of the most successful techniques used to improve 
antelope (Antilocapra americana) ranges in southeastern Oregon 
(Yoakum 1979). After 36 separate aerial seedings on more than 
26,000 ha, alfalfa constituted 10% of the vegetation present for 6 
years or longer. Lee and Rothwell (1966) and Norman (1968) 
successfully used alfalfa pasture to supplement native pasture for 
sheep and cattle in Australia. Vallentine et al. (1963) recommended 
the use of alfalfa in sagebrush zone range sites in Utah where 
annual precipitation averaged 30 cm or more. The merit of using 
alfalfa for supplementing native pasture or for interseeding will 
depend on the longevity of plants and the ability of the species to 
reseed in a droughty environment while subjected to grazing. 

Kilcher and Heinrichs (1965), Pearse (1965), and Rumbaugh 
and Pedersen (1979) presented evidence that alfalfa lived up to 23 
years in environments that received 20 to 30 cm average annual 
precipitation. Gomm (1974) reviewed results from more than 50 
seeding experiments on 1 I vegetation types in dryland areas of 
Montana. Annual precipitation at the study locations ranged from 
an average of 20 to more than 50 cm. Alfalfa either failed to become 
established or the stands declined rapidly in more than half of these 
plantings. The causes of the declining stands were not stated. 
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Gomm (1964) did find that ‘Ladak’ alfalfa and ‘Madrid’ sweet- 
clover (Melilotus officinalis) established equally well in a dryland 
experiment where the seedbed was prepared with a moldboard 
plow. 

Nichols and Johnson (1969)concluded that biennial sweetclover 
was well adapted as a legume for rangelands with heavy clay soils in 
western South Dakota whereannual precipitationaveraged 39 cm. 
Natural reseeding was successful every 2 years and sufficient hard 
seed remained in the soil to safeguard against elimination of the 
species in a season when drought killed the seedlings. They believed 
that periodic seedset would provide sweetclover stands whenever 
growing conditions were suitable. Similar data and observations 
with alfalfa have not been reported. A mature stand of alfalfa in 
northern Utah was available as a study site to provide such 
information. 

Methods 

Eight populations of alfalfa were seeded at the rate of 2.8 kg/ ha 
on May 20, 1954, in a one-replicate planting with plots 12.2 m wide 
and 76.2 m long on the contour of a slightly sloping field. The site, 
located 2 km southeast of Snowville, Utah, previously had been 
used for dryland wheat (Triticum aestivum) production. Precipita- 
tion at Snowville averages 28 cm annually and the elevation is 
1,420 m. Soils are of the Xerollic Haplargids-Xerollic Calciorthids 
Association. The eight alfalfa populations seeded were 1) M. fal- 
cata from Coal Springs, South Dakota, 2)‘Grimm’, 3) ‘Ladak’, 4) 
‘Nomad’s) ‘Ranger’, 6) ‘Rhizoma’, 7) ‘Sevelra’, and 8) ‘Utah Com- 
mon’. After alfalfa establishment, the field was used as early spring 
pasture for cattle. The animals were removed before June each 
year. 

Seed production and seedling stand counts were estimated in 3 
years from ten randomly placed 30.5 X 6l.O-cm (12 X 24-in) 
sampling frames in each $opulation. The frames were repositioned 
on each date on which data were recorded. Sampling dates were 
July 5 and September 20, 1977; May 30 and September 25, 1978; 
and June 26 and September 17, 1979. The counts on the first 
sampling date of each year were considered to represent maximum 
seedling density in the spring of that year. Seed production was 
estimated from the number of plump seeds hand threshed from 
each sample in September. All counts were transformed to num- 
bers/m? prior to statistical analysis. Every mature plant in the 
experiment was counted in 1977 as described by Rumbaugh and 
Pedersen (1979). Numbers were estimated in the spring of 1978 and 
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1978, and again in September 1979. Mortality was moderately 
high. Figure 2 illustrates the changes in the numbers of seedlings 
and young plants observed in the two time sequences. Within each 
sequence, the count in the first year was of seedlings and the count 
in the second year was of young plants. The first sequence showed a 
decline in average density from 19.1 to 2.2 seedlings/m2 from 
spring to fall 1977. However, 2.6 young plants/m* were counted in 
the spring of 1978 and 1.7/ m2 in the fall of that year. The density of 
young plants in 1979 for the second sequence was 1.5 per m2 or 
about half that of seedlings in the fall of 1978. No attempt was 
made to distinguish 2-year-old plants from older ones. Alfalfa 
plants were noted for having deep and extensive root systems 
capable of extracting moisture from rather dry soils. I believe that 
any plant surviving two summer drought periods would continue 
to survive until it was killed by disease or rodents. 

Conclusions 

Alfalfa persisted and maintained satisfactory plant stands for 25 
years in a semiarid environment. Apparently, plants may be heav- 
ily grazed in the spring and still produce sufficient seeds and 
seedlings to replace mature plants dying from disease, rodent 
damage, or environmental stress. The eight populations evaluated 
did not differ in stand density or in the amount of seed produced. 
There was some evidence that M. sutivu populations had more 
seedlings and possibly higher seedling survival than did popula- 
tions of M. fulcutu or their hybrids. 
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Biomass Estimation in a Young Stand of 
Mesquite (Prosopis spp.), Ironwood (Oheya 
tesota), Palo Verde (Cercidium floridium, 
and Parkinsonia aculeata), and Leucaena 
(Leucaena leucocephala) 
PETER FELKER, PETER R. CLARK, JOSEPH F. OSBORN, AND GLEN H. CANNELL 

Abstract 

Simple methods for estimating standing biomass in a stand of 
tree legumes containhtg the genera Prosopis, Cercidium, Olneya, 
Leucaena, and Parkinsonia are reported. Fresh and dry biomass 
were related to height and stem diameter measurements for 212 
leguminous trees ranging in biomass from 0.04 to 17.8 kg using 
linear regression. The dry matter content of the above-ground 
biomass of these genera ranged from 40 to 56% and the stem dry 
matter percentage ranged from 70 to 96%. The best functional 
form of the model was log10 dry weight (kg) = 2.55 log basal 
diameter (cm)-1.25, which had an rJ of 0.956 for 212 samples. 

The leguminous trees and shrubs such as mesquite (Prosopis), 
palo Verde (Parkinsonia aculeata and Cercidium jloridium) and 
ironwood (Olneya tesota) occur on at least 30 million hectares in 
southwestern United States (Parker and Martin 1952) and may 
constitute a significant biofuels resource for southwestern United 
States. Easy methods for estimating this biomass from diameter 
and height measurements would facilitate biomass estimation in 
experimental plots designed to screen for biomass productivity and 
in regional surveys attempting to quantitate the biofuels resource 
potential. Whisenant and Burzlaff (1978) have reported highly 
significant regression equations relating stem area at ground level, 
stem area 60 cm above the ground, and canopy area with the fresh 
standing biomass of native mesquite (Prosopis) stands in Texas. 

Whittaker and Marks (1978) suggested that parabolic cone 
volume, which is the product of area and height measurements, is 
the preferred variable for estimating biomass with linear regres- 
sions. Whittaker and Marks (1975) clearly point out the utility of 
converting height and trunk diameter measurements and biomass 
determinations into log-log form to allow the regression to find the 
preferred power, e.g., linear, quadratic, or cubic, for the desired 
expressions. We have examined linear regressions similar to that 
reported by Whisenant and Burzlaff (1978) and parabolic cone 
volume expressions and log-log regressions suggested by Whit- 
taker and Marks (1975) in deliberately established mesquite bio- 
mass plantation in southern California. Coefficients for converting 
fresh weight to dry weight and for partitioning dry matter into leaf 
and woody tissue have also been examined. 

Methods 

Part of a 9-month-old tree legume biomass varietal trial in the 
California Imperial Valley was harvested for thesedeterminations. 
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Two hundred and twenty trees representing four replicates of 55 
entries were harvested in December with a chain saw at ground 
level and weighed within 0.5 hours. North American Prosopis 
native to California and Arizona constituted 117 of the trees, 
South American Prosopis alba and P. chilensis constituted 63 of 
the trees, and other tree legumes Leucaena leucocephala (Hawaii 
Giant K-8), Parkinsonia aculeata, Olneya tesota, Cercidiumjlori- 
dium, and Prosopis tamarugo constituted the remaining 32 trees. 
The origin of the South American Prosopis accessions was des- 
cribed in an earlier paper (Felker et al. I98 I) with the exception of a 
few accessions collected from southern Californian ornamentals. 
Seed of Parkinsonia aculeata, Olneya tesota, and Cercidiumflori- 
dium were obtained from plants growing in southern California. 
The stem diameters, heights, and fresh biomass for the 9-month- 
old plants ranged from 0.16 cm to 7.65 cm, 26 cm to 446 cm, and 
from 0.04 to 17.8 kg, respectively. Prosopis tamarugo had the 
smallest biomass, height, and stem diameter; Parkinsonia aculeata 
had the greatest height (446 cm); and Prosopis alba had the greatest 
fresh biomass. 

After weighing the trees in the field, four replicates of each of the 
genera involved, i.e., Prosopis chilensis, Prosopis albc, Cercidium 
jloridium, Parkinsonia aculeata, Prosopis glandulosa var. tor- 
reyana, Leucaena leucocephala, Olneya tesota, and the South 
American-introduced ornamental Prosopis alba, were reduced to 
IO to 30-cm lengths and placed in burlap bags in a 35” C forced air 
drying oven. The larger pieces came to constant weight at 35“C 
after 8 weeks and then were subjected to an additional 24-hr 100“ C 
drying period during which they lost less than I%. The entire trees 
in burlap bags were reweighed for moisture content determina- 
tions. The leafy material from the oven-dried samples was manu- 
ally separated from the stems and twigs and reweighed. 

Linear regressions were computed for several variables. It was 
suspected that different genera might differ considerably in their 
growth habit, moisture content, and percentage of leafy material. 
Accordingly, the results are grouped into South American species, 
North American native species, and all other genera. As shown in 
Table 4 this proved to be a reasonable assumption. At the time of 
harvest the natives were at least partially defoliated while the South 
American lines were in full leaf. 

Results and Discussion 

A comparison of various expressions relating stem diameter 
(2r), basal area (rrrz), and stem volume (nrsh/3) to fresh weight of 
the harvested trees are given in Table 1. Linear regressions with 
stem volume (&h/3) have been reported to be the preferred 
variable for developing linear regressions with biomass because it 
incorporates both height and basal area components (Whittaker 
and Marks 1975). Linear regressions between stem volume and 
fresh biomass for the desert tree legumes had lower r2 values than 
for basal area versus fresh biomass. In view of the difficulty in 
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Table 1. Regrewdon equations relating basal area, stem diameter, and stem volume to fresh biomass. 

Species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

South American Prosopis 
North American Prosopis 
Other species 
All species 

X 

Basal area 
(cm2) 

Log basal 
arca 
(cm*) 

Log stem dia. 
(cm) 

Log stem dia. 
(cm) 

Stem dia. 
(cm) 

Stem vol. 
(cm’) 

Log stem vol. 
(cm? 

Equation parameter’ 

Y P Y intercept Slope 

Fresh wt. -.379 .342 
(kg) :E -A65 .366 

.918 -.365 .404 

.913 -537 .363 

Log fresh .986 -.882 I .29 
(1;) .936 -.989 1.42 

.946 -.683 1.19 

.959 -.863 1.30 

Log fresh .986 -1.02 2.58 
.936 -1.14 2.85 & 
.946 -.807 2.38 
.959 -.999 2.60 

Fresh wt. .724 -1.23 11.60 
(kg) .829 -3.99 13.51 

.849 -4.94 18.73 

.772 -3.63 14.22 

Log fresh .870 -.965 .341 
(Z) .886 -.934 .371 

-922 -.649 .293 
.877 -.804 .324 

Fresh wt. .902 -.974 .00302 
(kg) .860 -.097 .00390 

.899 -1.19 .00290 

.902 -.770 .00312 

Log fresh .986 -2.18 .920 
.933 -2.12 1.11 
.93 I -1.87 .827 
.953 -2.27 .948 

lEquation parameters are for equationy = mx +b where x and y are functions listed in the respective columns and r is the correlation coefficient. There are 63. I I7,32,and 212 
trees harvested nspectively for South America, North America, other and all species. 

obtaining height and basal diameter measurements, further com- 
putations with stem volume variables were not examined. 

As previously reported by Whisenant and Burzlaff (1978), a very 
good correlation was obtained for all legumes between basal area 
and fresh weight. The expression y = 0.323x wherey is the fresh 
weight in kg and x is the basal area in cm* was also obtained by 
these workers (Burzlaff, pers. comm.). It can be seen that this 
expression agrees quite well with the regression we have observedy 
= 0.363x - 0.537 for all legume species. The best linear regression 
between basal area and fresh weight yields a negativey intercept 
that predicts all stem diameters less than 1.3 cm have a negative 
biomass. The poor fit for the smaller trees suggested the expression 
between basal area and fresh weight could betterbe represented by 
an equation of higher power. A linear regression of log-log trans- 

Table 2. Moisture content and leaf and stern dry matter partitioning for 
several tree leyme genera. 

formed biomass and stem area data had a higher fl and a slope of 
1.30 indicating that an expression intermediate between linear and 
quadratic provided a better fit of the data. It is redundant to the use 
log of area, rather than log of diameter, since the squared term for 
the radius will appear as a constant in the regression equation. This 
is confirmed in Table 1 where log-log transformations of diameter 
versus biomass and area versus biomass have identical correlation 
coefficients. 

Stem dry matter 
Stem + leaf 

Dry matter’ dry matter 
Accession (%) (%) 

Prosopis alba (0039) 49f2bc 71f2c 
Prosopis alba (0 163) Mf2b 80f3b 
Prosopis chilensis (0009) 48stIbc 76f4bc 
Prosopis glandulosa var. lorreyana 

(0001) 56f3a 95f la 
Cercidium ftoridium (0324) 51 f 1 b 96f2a 
L.eucaena leucocephalrr (0 147) 4Of2d 70f Ic 
Olneya tesota (0343) 5Of6b 78f3bc 
Parkinsonia aculeata (0322) 44f3cd 81f5b 

‘Moisture content and dry matter partitioning was determined for four entire trees of 
each of the above species. Means followed by same letterare not significantly different 
at 5% level. The dry matter contents are expressed as percent of fresh weight. 

The coefficients used to convert fresh biomassdata to dry matter 
data are listed in Table 2. The dry matter contents were determined 
for four entire trees of each genus in the trial and for the other 
accessions included in a related biomass trial (e.g., 0163 and 0039). 
The percentage dry matter varied from a low of 40% for the 
Leucaena leucocephala to a high of 56% for the Prosopisglandu- 
losa var. torreyana. At the harvest time, the P. glandulosa var. 
torreyana was considerably defoliated because of its winter decidu- 
ous habit and this is reflected in both a high dry matter and 
percentage stem matter content. The appearance of the P. glandu- 
loss var. torreyana was deceptive as many senescent leaves still 

Table 3. Regression eqoations for&osopisand other tree legumes relating 
log10 stem diameter to log10 dry matter. 

Equation parameter’ 
Kind of tree m b n rz 

South American Prosopis 2.558 -1.310 63 .986 
North American Prosopis 2.847 -1.392 117 .936 
Other species 2.286 -1.072 

2:: 
.935 

All species 2.546 -1.25 .956 

IValues are computed for regression equation y = mx + b where y = log10 of dry 
biomass, x = 10~0 of stem diameter, r = correlation coefficient, and n = number of 
trees. 

88 JOURNAL OF RANGE MANAGEMENT 35(l). Januaty 1982 



Table 4. Regression equations for individually measured, weighed, and 
oven-dried trees of several species relathg log10 stem diameter to log10 
dry biomass. 

Species 

Prosopis alba (0039) 
Prosopis alba (0163) 
Prosopis chilensis (0009) 
Prosopis glandulosa var. 

Equation parameter’ 

m2 b n r’ 

2.11 -1.02 4 0.83 
2.31 -1.13 4 0.85 
1.43 - .48 4 0.99 

var. rorreyana (000 I) 2.14 -1.30 3 0.99 
Cercidiumfloridium (0324) 1.97 -0.8 I 4 0.73 
Leucaena leucocephala (0147) 2.11 -1.09 4 0.99 
Olneya Iesota (0343) 3.22 -1.23 4 0.36 
Parkinsonia actdeata (0322) 2.14 -0.96 4 0.83 

lValues are computed for regression equation x = mx + b where y = logu~ of dry 
biomass,x=lo~oofstemdiameter.r=corrrlation~efficien~and~= number of trees. 

appeared on the tree when it had a 95% stem plus wood percentage. 
The low leaf content of the Cercidium is not due to defoliation as it 
is evergreen, but is probably due to the extensive chlorophyll 
content of its trunk and stems which act as a surrogate for photo- 
synthetic leaf surfaces. 

To convert the fresh weights to dry matter, a factor of 0.56 was 
used for all North American native trees (117), and a factor of 0.49 
was used for all the South American nondeciduous trees (63), 
except where the actual dry matter content was determined, e.g., P. 
alba (0163) and P. chilensis (0009). After conversion of all fresh 
weights to dry weights the regressions were recalculated in dry 
weight form using the best expression, i.e., log dry weight versus 
log diameter (Table 3). To examine possible differences among 
genera and life form, the expressions were grouped into similar 
taxa. Little differences between these major divisions are apparent 
and we suggest the overall expression be used. 

Though regressions on only four points are of questionable 
value, regressions for the individually harvested, dried and 
reweighed accessions (0001,0009,0039, and 0163) were computed 
and compared with the overall regression in Table 3 because they 
are part of a preliminary companion study on water use efficiency 
(Felker et al. 1980). These values, reported in Table 4, exhibit 
considerable variation with the P. chilensis (0009) yielding the 
lowest slope (m) value. Surprisingly, the regression equation for 
the 4 P. chilensis trees does not yield markedly different results for 
the overall equation. For example, if the overall regression from 
Table 3 were used for the average 5.02 cm diameter for the 75 
nine-month-old P. chilensis (0009) trees reported elsewhere (Felker 
et al. 1980), the average tree would have a dry biomass of 3.42 kg. If 
the equation for P. chilensis in Table 4 were used the average dry 

biomass would be 3.35 kg. The corresponding dry matter yields per 
hectare for the 1.52 m spacing are 14,725 and 14,423 kg ha-‘, 
respectively. 

In a previous study (Felker et al. 1980) the fresh biomass, as 
calculated from the Whisenant and Burzlaff (1978) regression, was 
greater for Leucuenu leucocephula (Hawaii Giant K-8) than for 
Prosopis. However, when the moisture contents reported here are 
taken into account, PTosopis ulbu and P. chilensis had greater dry 
matter production than the Leucuenu leucocephula. 

Conclusions 

The linear regression relating basal area to fresh weight reported 
by Whisenant and Burzlaff (1978) closely agrees with our regres- 
sion for the same variables. Unfortunately, this regression pre- 
dicted negative biomass for trees of stem diameter less than I .3 cm. 
Omission of the b term would have avoided negative biomass 
predictions for smlill stem diameters but the resulting equation 
would not have fit the remaining data as well. A log-log regression 
of basal stem diameter with biomass correctly predicted the bio- 
mass of trees with small stem diameters and yielded a higher r2. 

The regression equations reported here should only be used on 
immature trees with stem diameters in the range of 0.16 to 7.65 cm 
since that is the range on which the calibration regression was 
based. Trees with diameters larger than 7.6 cm may use equations 
developed by Whisenant and Burzlaff (1978). The separate regres- 
sions calculated for the “other” legumes Olneyu, Cercidium, Pur- 
kinsoniu and Leucuenu were only based on measurements of four 
trees, but these separate regressions do not differ greatly from the 
combined regression for all trees. As a first approximation it is 
reasonable to use the regressions for “all legumes” for the genera 
other than Prosopis until more regressions are developed. 
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A Dissimilarity Coefficient and Its Use 
CHARLES D. BONHAM 

Abstract 

A coefficient of dissimilarity was used to test hypotheses con- 
cerned with standing crop of individual plant species occurring on 
two soil types and subjected to two levels of cattle grazing. It was 
concluded that variations in relative biomass of individual species 
changed with grazing, but biomass by species did not vary over the 
growing season on deep sandy soils. 

The need to study range ecological associations on a quantitative 
basis has long been recognized. As more quantitative range 
research is conducted, subsequent analysis of data will be facili- 
tated if probabilistic statements can be used to make inferences or 
draw conclusions about the data. Non-normality of most ecologi- 
cal data limits their use in statistical analysis. 

A specific need exists for testing values obtained from similarity 
coefficients, since these coefficients are used extensively in making 
range ecological comparisons. These coefficients are certainly use- 
ful in assessing differences among various groups of data which are 
thought to be similar in some respect, such as species composition 
of vegetation or dietary composition. However, the probability 
distributions of these coefficients have not been studied. Yet, these 
distributions could be used in making quantitative comparisons of 
various combinatorial occurrences of ecological similarities. Prob- 
ability statements, coupled with ecological knowledge, could 
enhance the significance of studies of range ecological associations. 

Quantitative approaches to plant community comparisons have 
been employed by plant ecologists for several decades (Gleason 
1920, Archibald 1949, Cottam and Curtis 1949, Bray and Curtis 
1957, Curtis 1959). Reviews have been made concerning the appli- 
cations of Jaccard’s (1902) community coefficient (Gleason 1920, 
Cottam and Curtis 1949, Bray and Curtis 1957, Curtis 1959). 
Jaccard compared community A with community B by expressing 
the number of species common to both communities as a percen- 
tage of the total number of species for A plus B. Cottam and Curtis 
(1949) concluded that the correlation coefficient previously pro- 
posed for species associations could not be used for stand compari- 
sons. 

Species presence, frequency, basal area, and density data from 
plant communities have been used singly and in combination to 
arrive at a community coefficient based on modifications of Jac- 
card’s formula (Gleason 1920, Dice 1945, Cottam and Curtis 1949, 
Curtis and Greene 1949, Hanson 1955, Bray and Curtis 1957, 
Curtis 1959, Dix 1959). Studies of alpine communities have also 
used Czekanowski’s index (Ward 1961, Holway 1962, Bonham 
1966). 

Another coefficient is relatively unknown but should be consi- 
dered only because it allows some important ecological similarity 
hypotheses to be tested statistically. In particular, interest may be 
in determining whether the amount of similarity between two 
communities differs significantly from the similarity of two other 
communities. This approach in comparison is perhaps more easily 
tested statistically than a single value of similarity between two 
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communities. The index is actually one which measures the degree 
of dissimilarity rather than similarity based on the fact that the 
amount of variance in a sample group is a common measure and 
indicates the degree of dissimilarity relative to the mean value. 1 
developed the test procedure for R.M. Hansen to use for marmot 
diet comparisons (Hansen 1975). The value could be appropriately 
referred to as the Community Dissimilarity Coefficient (CDC) and 
defined as 

CDC = $fAi - fa$ (1) 
n 

where fi is the relative measure of species i characteristics (cover, 
etc.) encountered in the community sampling process. The sub- 
scripts A and B represent communities A and B, respectively, 
which are being compared for their amount of dissimilarity and n is 
the total number of species encountered in the sample. It is desira- 
ble to know whether this coefficient differs significantly from 
another dissimilarity value for two other communities. In which 
case, a statistical test can be developed. The value of CDC is the 
average of squared differences as determined over all species in the 
two communities. 

It can be shown that if 

E(x) = cc. (2) 

where p is the measure of the population mean for a given x 
measurement, then the expected value, E(x), or mean of CDC, is 

E&DC) = v(fA) + Pzf + v(fB) + /.t; - 29 ‘If (3) 

A B A B, 
where V is the variance and fA and fa are the characteristics of 
interest in communities A and B, respectively. If relative measure- 
ments are used for all species, and thus sum to 1009& and the same 
species are assumed to occur in both communities, then 
and equation (3) reduces to 

~~ = /.rf 
A B 

E[CDC] = V(fA) + V(fa). (4) 
It follows then that the mean of the squared differences in equation 
(1) reduces to equation (3) for unequal means and equation (4) for 
equal means. The latter will always be the case when data are 
relative values such as the example in this paper. 

Therefore, to test CDCr (communities A and B) against CDG 
(communities C and D) for the two community groups, respec- 
tively, for statistical significance involves a variance ratio test 
because the mean squared differences are a sum of two variances 
when two groups of communities are independent and the means 
are equal. 

A test of CDC differences is easily made by forming a ratio of the 
larger variance to a smaller variance which follows the F- 
distribution with (m-1) and (m-1) degrees of freedom and where nl 
and nz are sample sixes from community groups l(A and B) and 2 
(C and D), respectively. The condition nr = rr~ must be met to 
obtain equation (4). Therefore, 

F (m-1, m-1) = Larger CDC 
Smaller CDC ’ 

(5) 
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Table 1. Value of the CDC cakukted for herbage yklds of specks on two soil types, on grazed and ongrazed areas, and for two seasons of growth. 

I 2 

- .OlO 

3 

.Ool 

.008 

4 

.015 

.005 

.014 

5 

.009 

.032 

.014 

.035 

6 

.006 

.013 

.007 

.009 

.013 

7 

.OlO 

.034 

.015 

.037 
BOO 
,015 

8 

.013 

.019 

.016 

.017 
,025 
,001 
.027 
- 

Com- Growth 
munity period 

1 July 
2 July 
3 Sept. 
4 Sept. 
5 July 
6 July 
7 Sept. 
8 Sept. 

Grazing Soil type 

Grazed Deep sand 
Ungrazed Deep sand 
Grazed Deep sand 
Ungrazed Deep sand 
Grazed Sandy plains 
Ungrazed Sandy plains 
Grazed Sandy plains 
Ungrazed Sandy plains 

Confidence limits for an individual value of CDC are calculated 
using Chi-square values and 

p[ CDCn <CDC< CDCn ]= 1-o. (6) 

x2(1-a), n 
X2 

(o),n 
An estimation of the individual variance terms from equation (4) 

will facilitate an understanding of the testing procedure, By defini- 
tion, 

V(ffi) = E [ffi - j~fi]z. (7) 
Since each fi\i is an average or mean, the Central Limit Theory of 
statistics is useful for obtaining an estimate of the V(f&) and PAi. 
That is, means tend to be normally distributed with a mean p and a 
variance of a21 n, where 132 is the variance of the observations. Since 
E(CDC) is a variance, E(CDC) in equation (3) can be obtained 
from 

V(f&) = 
&f, - Gi)2 (1) , 

n-l n 

where n 
& = XfAi 

n 
(9) 

100 = 
n 

since fAi is a relative measure and sums to 100%. Furthermore, a 
rearrangement of equation (8) results in 

XfAi2 - (XfA# 

V(f‘.ii) = n 
($) (10) 

n-l 

( 10,ooo ) 
= (Xf.4i2) - n 

n(n-1) (11) 

An Example 
I chose a data set consisting of individual species standing crop 

measured on two soil types (deep sand and sandy plains) with and 
without a history of cattle grazing and used two seasons for obser- 
vations, July and September. The hypotheses of interest included 
(a) there are no differences in individual species standing crop 
between soil type, (b) there are no species biomass composition 
changes due to cattle grazing on a given soil type, and (c) there are 
no differences in seasonal responses of plants relative to biomass 
with respect to soil types and grazing. 

To test any one of the several hypotheses, I used standing crop 
data for 40 species which occurred in at least one of the areas 
sampled. Some species occurred only under one condition, i.e., 
ungrazed deep sand area. The data were then converted to a 
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relative percentage basis and these were used to calculate a CDC 
value (equation (1)) for each combination of soil type, grazed 
condition, and season (Table 1). 

A test of differences in variation of relative species biomass for 
grazing between July and September and ungrazed plants on deep 
sand involved the ratio of community groups 1 and 3 compared to 
2 and 4 (Table 1). This ratio is O.OOS/ 0.001~ 5.0 which is an Fvalue 
with 33 d.f. for each group. Degrees of freedom depend only on the 
number of species that occurred in at least one community. The 
tabular F is 1.80, which is significant atp = 0.05. The sandy plains 
soil type is also significantly different at p = 0.05. The latter ratio 
resulted from 5 and 7 compared to 6 and 8 (Table 1). Therefore, it 
was concluded that the variation in relative biomass of individual 
species did change with grazing. Ecological implications were not 
assessed for this paper. 

A test of differences in variation caused by grazing vegetation on 
the soil types involved the ratio of community groups 2 and 4 
compared to 6 and 8 (Table 1). This ratio was significant atp = 
0.05. Thus, variability was different for the two soil types when 
ungrazed because the deep sand had a larger variation in species 
relative biomass. The grazed areas likewise differed by soil type 
and the difference occurred since species biomass varied between 
July and September in sandy plains soil. 

Does variability in plant species b,iomass differ from grazing 
vegetation of deep sandy soils from July to September? This ques- 
tion is answered by the ratio of 3,4 over I,2 from Table 1. F = 
0.14/ .OlO = 1.4, which is not significant at p = 0.05. Therefore, 
species biomass does not vary over the season as a result of grazing 
vegetation of deep sandy soils. 

Any two communities can be compared by splitting each com- 
munity into halves with regard to sampling, calculating the var- 
iance (CDC) for each community and comparing this variance 
(CDC) to another community variance (CDC) of interest. Recall 
that the CDC is calculated by differences on a specie-by-specie 
basis (equation (1)). Temporal comparisons can be made for a 
single community by partitioning the community into two parts 
and observing the measured characteristics over two or more time 
periods. 

The proposed coefficient which measures theamount of dissimi- 
larity existing between two groups of communities has wide appli- 
cations. The approach permits testing for statistical differences as 
long as communities (or parts) can be paired on a basis that is 
ecologically meaningful, calculating a variance and testing the 
latter value against another variance of a pair of communities. A 
confidence interval which gives the range of variations expected to 
occur between the two communities can also be placed on the CDC 
of any pair-wise communities. 
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Long-term Effects of Fertilization and Sub- 
clover Seeding on Northern California 
Annual Range 
CHARLES E. VAUGHN AND ALFRED H. MURPHY 

Abstract 

The long-term effects of P and S fertilizers and subclover seeding 
on northern California annual range production and composition 
were measured during a 20-year study. Following an initial calibra- 
tion period, two pastures were seeded and fertilized; pasture A 
prior to the 1968 growing season and pasture B prior to the 1973 
growing season. After treatment pasture A produced significantly 
more forage annually. It also produced significantly more winter 
forage, and winter and annual forage N than either of two adjacent 
untreated control pastures during the period from 1973 to 1979. 
This was due primarily to an increase in native legumes because 
subclover averaged only 7% of cover. Treatment on pasture B gave 
similar responses, but the relative increases in forage production 
were larger (annual production increased about 2,000 kg/ha com- 
pared to 1,200 kg/ha on pasture A), and winter forage N concen- 
trations were significantly higher than on pasture A. This was due 
to the greater subclover component (36%) on pasture B. The 
significant increases ln forage production and protein indicate that 
subclover seeding and appropriate fertilization are practical ways 
of improving utilization of northern California annual range. 

Rangeland, most of it dominated by annual herbaceous species, 
occupies an estimated 14.5 million hectares in California and 
supplies about 60% of the total feed required for meat animals 
produced on the state’s farms and ranches (Reed 1974). Despite the 
obvious importance of annual rangeland to the livestock industry, 
much of it is characterized by low forage productivity, particularly 
during winter, and low summer forage quality (Murphy et al. 
1973). With increasing demands being made on the available land- 
based resources, it would appear that increasing, or even sustain- 
ing, present livestock production levels will certainly require more 
intensive management programs. 

Much of the possibility for intensifying the utilization of availa- 
ble range is in the potentially more productive annual grasslands 
and annual grass-woodlands. Early experiments indicated that P 
and S fertilizers increased forage production and improved the 

Authors are staff research associate, and specialist and superintendent, University 
of California, Hopland Field Station, Hopland. California 95449. 

Theauthors would like to thank Dr. M.B. Jonesand Dr. R.M. Loveformanuscript 
review, Dr. D.M. Center for help with statistics, and Mr. B. San Diego for assistance 
with sampling. 

quality of resident annual pastures deficient in these nutrients 
(Conrad 1950, Williams et al. 1956, Bentley et al. 1958). A major 
part of this response was due to stimulation of growth by annual 
legumes, and significant residual effects have been observed for 
several years following P and S applications (Jones 1974). Nursery 
trials throughout California (Jones and Love 1945) indicated that 
the introduced annual, subterranean clover (i”kifolium subterru- 
neum L., commonly referred to as subclover) was widely adapted. 
Early attempts at establishing good persistent stands of subclover 
were difficult because of management and inoculation problems. 
Many of these problems have subsequently been resolved (Jones et 
al. 1978). The nutritional advantages of subclover-annual grass 
pastures compared to resident annual pastures are well docu- 
mented (Torte11 et al. 1972, Jones 1974). Inreviewingearlystudies, 
Love (1967) estimated that the 12 million hectares of California 
annual grassland, or potential annual grassland, could be made 
three to four times more productive by fertilizing and seeding with 
improved plant species. 

While these important nursery and fertility trials established that 
considerable potential did not exist for improving the productive- 
ness of annual grassland, they were largely feasibility investiga- 
tions conducted mostly on small plots for relatively short periods. 
Large fluctuations in production and botanical composition were 
also observed to result from changes in annual weather patterns 
(Talbot et al. 1939) and such site variables as soil capability, slope, 
and exposure (Bentley and Talbot I95 1, Biswell 1956). This made it 
important that investigations be extended to long-term studies on 
annual pastures of agriculturally practical size. A study on the 
long-term effects of seeding and fertilizing on California annual 
grassland productivity and composition was conducted on the 
research facilities at the University of California Hopland Field 
Station. 

Methods 

This 20-year study was conducted in north-coastal California, 
160 km north of San Francisco on the University of California 
Hopland Field Station. The climate has been described as Mediter- 
ranean or subhumid to humid mesothermal (Gowans 1958). Rain- 
fall averages 90 cm annually, mostly received between October and 
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May. The herbaceous vegetation is dominated by annuals. 
The 115ha experimental area was divided into four pastures 

(designated pastures A, B, C, and D), which shared a common 
corner. These pastures had been grazed regularly by sheep since 
1952. The soils were described as upland, predominantly medium- 
textured, overlying sandstones and shales of the Franciscan For- 
mation (Gowans 1958). Elevations ranged from 240 to 460 m. All 
pastures had southwest exposures with mostly moderate slopes 
(O-30%). 

The study was divided into three treatment periods. The 8 years 
from 1960 to 1967 comprised the calibration period. Botanical 
composition and both winter and annual production on the unim- 
proved pastures were calibrated during this first period. The 
second period began in the fall of 1967 when pasture A was 
drill-seeded with inoculated, lime-pelleted (Jones et al. 1978) sub- 
clover seed (cultivar ‘Mt. Barker’) at the rate of 13.5 kg/ ha. The 
pasture was also fertilized at planting and again in the fall of 1968 
and 1969. Phosphorus and S were applied because soils in the area 
are commonly deficient in these nutrients. Fertilization dates, 
sources, and rates are shown in Table 1. The effects of this first 
improvement program were measured over the next five growing 
seasons (1968-1972). The third treatment period began in the fall 
of 1972. Pasture B was fertilized and seeded with a mixture of 
subclover cultivars ‘Mt. Barker’, ‘Geraldton’, ‘Dinninup’, and 
‘Woogenellup’at the rate of 20 kg/ha. Both pastures A and B also 
received follow-up fertilizer treatments (Table I). In addition, 
pasture A was reseeded in the fall of 1976 to improve the subclover 
stand. The seeding was a mixture of cultivars ‘Geraldton’, ‘Din- 
ninup’. and ‘Woogenellup’at the rate of 20 kg/ ha. During the final 
seven growing seasons (1973- 1979), the relative effects of these 
treatments on pasture production, composition, and herbage N 
content were determined. 

Table 1. Fertilizer application dates, somws, and rates used on the im- 
proved pastures A and B. 

sheep. Stocking rates were kept moderate to minimize stress to the 
animals, averaging about 310 sheep days/ha/year on a whole- 
pasture basis. This varied from year-to-year, both within and 
between pastures, and was adjusted to utilize available feed. Pitt 
and Heady (1979) observed that only very heavy sheep grazing 
rates, where the animals were under stress, produced any signifi- 
cant residual impacts on annual forage production and botanical 
composition. They concluded, however, that these impacts were 
short-term and managerially insignificant. Such heavy intensity 
was not a factor in this study, and it was assumed that the effects of 
grazing rate differences were insignificant in comparison to the 
impacts of pasture improvement and weather. 

Results and Discussion 

Winter Forage Production 
The effects of seeding and fertilization on winter forage produc- 

tion are illustrated in Figure I. Winter production on the unim- 
proved control pastures C and D declined after the 1960-1967 
calibration period and was significantly lower on both pastures by 
the 1973-1979 treatment period (Fig. 1). A decrease was also 
observed on pasture B during the 1968-1972 period, before this 
pasture received any improvements. Previous observations from 
1955 to 1958 on these same pastures indicated that average winter 
forage production was about 700 kg/ ha (Jones et al. 1957, Murphy 
et al. 1961). This suggests that the higher winter production (1940- 
1,460 kg/ ha) observed during the calibration period of this study 
was likely due to more favorable winter weather conditions in the 7 
years from 1960 to 1967. There was no similar decline in winter 
productivity on pasture A, however, which was seeded and fertil- 
ized prior to the 1968 growing season, and there was a significant 
increase in production on pasture B after treatment (Fig. 1). Dur- 
ing the final period of the study (1973-1979) winter forage yields 
were significantly higher on both these treated pastures than either 
of the unimproved pastures. 

Application rates (kg/ ha) 
Pasture A Pasture 

Date applied Fertilizer source P s P S 

lo/67 SSP 31 42 - - 
9168 SSP 38 50 - - 

IO/69 Soil S 90 - - 
9172 SSP 28 38 

IO/72 GTP*+NaP%Wl S n & - - 
9174 SSP - - 18 24 
9176 SSP 9 12 20 26 

IO/78 TSP4Soil S 18 90 19 97 

‘Single superphosphate 
*“Golden treble” (sulfur-fortified treble superphosphate) 
“Trisodium phosphate 
‘Treble superphosphate 

Twenty l-m diameter wire mesh exclosures were distributed in 
the grazed areas of each pasture. Forage production was measured 
in the winter (February) and at the end of each growing season 
(May) by clipping a 0.1-m* quadrat of herbage at ground surface 
from within each exclosure and from a similar adjacent grazed 
area. Clipped herbage was oven-dried at 600 C and weighed. The 
exclosures were moved after each clipping within small, botani- 
cally similar sampling areas to avoid repeatedly sampling the same 
location (Pitt and Heady 1979). Botanical composition was deter- 
mined at the May sampling date by a modification of the step-point 
method of Evans and Love (1957). Fifteen points were taken in 
each sampling area and 300 points in each pasture. Nitrogen was 
determined on the 1973- 1979 herbage by micro-Kjeldahl analysis. 
Because the exclosures could not truly be considered as replica- 
tions, mean comparisons were done by Student’s “1’‘-test. Botani- 
cal composition percentages were first subjected to arcsi& 
transformation. 

Beginning in 1959, the pastures were continuously grazed by 

Fig. 1. Mean winterforage dry matter (DM)production onfour Carifornia 
annucrl pastures. Shaded columns indicate production after P and S 
fertilization and seeding subclover. Means within treatment periods and 
pastures (reading horizontally and vertically)followed by the same letter 
are not signifcantly different (X0.05) according to Stuakntk “t” test. 

These results indicate that fertilized subclover-grass pastures 
increased in forage production during the critical winter lambing 
season, and also minimized the between-year production variation 
so common on annual pastures in California’s Mediterranean-type 
climate (Heady and Pitt 1979). Love and Williams (1956) suggested 
this as a benefit of pasture improvement, but after only 4 years’ 
observations. 
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Fig. 2. Mean annual forage dry matter (DU)production on four Calvor- 
nia annual pastures. Shaded columns indicate production after Pond S 
fertilization and seeding subclover. Means within treatment periods and 
pastures (reading horizontally and vertically)follo wed by the same letter 
are not significantly differem (X0.05) according to Student’s “t” test. 

The effect of pasture improvement on percentage botanical 
composition is summarized in Table 3. Individual species were not 
considered of managerial importance, and have therefore been 
included in larger vegetative groups on the basis of forage value 
and botanical similarity (Love 1954). The desirable annual grasses 
included soft chess (Bromus mollis) and slender oat (Avena bar- 
bata). Undesirable annual grasses (less palatable and of lower 
forage value) on these pastures were dominated by silver hairgrass 
(Aira caryophyllea), annual fescues (Festuca spp.), and medusa- 
head (Taeniatherum asperum). The miscellaneous forbs included 
primarily filaree (Erodium spp.) and the native legumes, mainly 
true clovers (Trifolium spp.). 

Annual Forage Production 
Figure 2 shows the effects of pasture improvements on total 

annual forage production. Unlike winter production, total annual 
production on the unimproved pastures did not decline. This 
supports the conclusion that the winter forage productiondeclines 
were due to more favorable early-season growing conditions dur- 
ing the calibration period of the study. Seeding and fertilization 
increased annual production more than winter production. Both 
pastures A and B were significantly more productive after 
improvement, and they were also significantly more productive 
than the unimproved pastures C and D (Fig. 2). Annual produc- 
tion increases averaged about 1,200 kg/ha on pastures A, com- 
pared to about 2,000 kg/ ha on pasture (Fig. 2). This may have been 
due partly to the fact that pasture A was the most productive 
pasture during the calibration period (KO.O5), and was therefore 
less response to fertilization and seeding. Pasture B had lower 
inherent productivity and more dramatic response to 
improvement. 

Table 3. Botanical composition (%) of two California annual pastures 
before and after subclover seeding and P and S fertilization treatments. 

Desirable Undesirable 
annual annual Misc. Native 
grasses grasses forbs legumes Subclover 

Pasture A 
Pre-treatment 
(1960-1967) 32 I3 39 I6 0 
Post-treatment 
(1968-1979) 21 26 22 23 7 

i (df= 18) 2.839*’ 6.438**2 5.454** I.91 INS3 

Pasture B 
Pre-treatment 
(1960-1972) 20 I6 53 

Post-treatment 
(1973-1979) I6 IS 21 

Nitrogen Content t (df=l8) 
Herbage N uptake and concentration were measured during 

1973-1979 (Table 2). It appeared that the benefits of the pasture 
improvements were better reflected in forage quality than produc- 
tion. While seeding and fertilizing about doubled winter forage 
production during the period from 1973 to 1979 (Fig. l), the 
average N uptake of this forage was at least tripled in comparison 
to the untreated pastures C and D (Talbe 2). This was due to the 
significantly higher herbage N concentrations on the improved 
pastures. The effects on annual forage quality were similar, again 
because of significantly higher herbage N concentrations on the 
improved pastures. Similar responses to P and S fertilizers have 
been observed in previous studies (Jones 1974) and it was suggested 
that the effects were due largely to the stimulation of growth by 
legumes, both seeded and native. These late-season increases in N 
content (representing about 11% crude protein) are extremely 

0.996Ns 0.690Ns 8.893** 0.579Ns 

‘+P < 0.05 
z**tJ < 0.01 
JNsNot significant 

Pitt and Heady (1978) observed that weather patterns have 
significant influence on botanical composition on annual range. 
Annual changes due to temperature and rainfall fluctuations might 
partially mask the effects of pasture improvement. However, by 
comparing the improved pastures A and B to the unimproved 
control pastures C and D during similar time periods, trends in 
botanical composition due to seeding and fertilizing should be 
apparent. 

Despite large between-year variation, there were only two signif- 
icant (KO.05) trends in botanical composition change observed 
on pastures C and D. Undesirable annual grasses increased on both 

Table 2. winter and rnnual mean herbage N uptake and concentmtion on 
four California annul pastures during the period 1973-1979. 

Winter Annual 
N uptake N concentra- N concentra- 
N untake tion N uptake tion 

Pasturer (k8/ha) (%) (kg/ ha) (%) 
A 4o.oc* 2.8Ob 92.7~ 1.70b 
B 43. Ic 3.31c 96.3c 1.84b 
C 16.9b 2.15a 40.8b I .43a 
D I I.la 2.17a 29.3a I .42a 

1Pastures A and B were previously by fertilized with P and S and seeded with sub- 
clover. 
2Means within columns followed by the same letter are not significantly different 
(KO.05) according to Student’s “I” test. 

important on California annual range where summer forage pro- 
tein is often below livestock maintenance levels. It has been demon- 
strated that summer protein content on well-managed 
subclover-annual grass pastures can be adequate for animal needs 
(Jones 1974). 

Botanical Composition 

II 0 

I2 36 
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pastures from 1960-1967 calibration period to the 1968-1979 
period from (18 to 26% and 17 to 22% on pastures C and D 
respectively) and native legumes decreased from 18 to 1 I% on 
pasture C during the same period. It would appear that these trends 
were primarily due to different weather patterns during the study 
periods. For this reason, the increase in undesirable annual grasses 
observed on pasture A (Table 3) was probably as much a result of 
weather patfrns as seeding and fertilizing. 

It was obvious from the botanical composition data that a much 
better subclover stand developed on pasture B where vegetative 
cover averaged 36% subclover after seeding and fertilizing. The 
relatively poor subclover growth on pasture A (7% of vegetative 
cover) was probably a result of several factors: poor commercially 
available rhizobia on the first seeding (Jones et al. 1978); competi- 
tion from ineffective native rhizobia associated with the large 
native legume population (Table 3); and an historically unprece- 
dented two-year drought (City of Ukiah Fire Department- 
unpublished records) which coincided with the second seeding on 
pasture A in 1976. The larger component of subcover on pasture B 
quite likely contributed to the significantly higher winter herbage 
N concentrations observed from 1973 to 1979 (Table 2), and also 
helps to explain the more dramatic winter and annual production 
increases on this pasture following treatment (Fig. I and 2). A 
previous study (Vaughn and Jones 1976) also indicated that fertili- 
zation resulted in greater forage production and N uptake by 
subclover compared to five locally common species of native clov- 
ers. It would also appear that the successful seeding program had 
the beneficial effect of at least partially suppressing the increases in 
percentage composition of undesirable annual grasses which was 
observed on the other three pastures. 

The subclover stand on pasture A was not good, but fertilization 
resulted in a large increase in native legumes (significant at P 
<0.06), so that total legum cover averaged 30% after treatment 
(Table 3). This was an important contribution to the significantly 
higher herbage N values observed on pasture A compared to the 
unimproved pastures C and D (Table 2). 

It is likely that the significant post-treatment declines in miscel- 
laneous forbs (primarily filaree) observed on both pastures A and 
B were a result of lusher, taller growth being stimulated by fertiliza- 
tion. Bentley et al. (1958) observed a similar significant decline in 
forbs, dominated by broad-leaved filareee (Erodium botrys), fol- 
lowing the application of S fertilizers, and Pitt and Heady (1979) 
reported that filaree declined when taller annual plants were 
favored. 

The decrease in desirable annual grasses on pasture A may have 
resulted from P and S fertilization. Williams et al. (1956) reported 
that superphosphate fertilizers increased legume growth at the 
expense of the resident annual species, which consisted mainly of 
broad-leaved filaree, and the desirable annual grasses wild oat 
(Avena faruu) and soft chess. While these shifts in botanical com- 
position on the improved pastures were the result of complex 
annual environmental variables (Pitt and Heady 1978), it appears 
that they were primarily a function of the relative ability of each 
species to compete for the added nutrients. 

Summary and Conclusions 
This long-term study indicated that seeding subclover and fertil- 

izing with P and S were both of benefit on annual grassland 
pastures. Taking into account the poor subclover stand on pasture 
A, it would appear that fertilization accounted for essentially all of 
the post-treatment increase in annual forage production (Fig. 2) 
and winter and spring forage N content (Table 2) observed on this 
pasture. This was apparently due to the stimulation of native 
legume growth (Table 3). The results on improved pasture B were 
similar, but the relative increase in forage production were larger 
and winter forage N concentrations were signifcantly higher (Table 
2). This was probably due to the much larger percentage of sub- 

clover on pasture B (Table 3). The benefits of subclover growth 
were even more striking in view of the fact that pasture B had 
significantly lower productivity than did pasture A during the 
1960-1967 calibration period (Figs. I and 2). 

These increases in winter forage production and spring forage 
quality are particularly important for sheep management on Cali- 
fornia annual pastures. Lambing generally occurs during late fall 
and early winter, normally a season of low forage production on 
unimproved range. And while summer forage dry matter may be 
adequate, it is usually below maintenance protein levels. The 
results of this study suggest that planting the self-reseeding sub- 
clover, accompanied by appropriate fertilization and good inocu- 
lation, is a practical way of improving productivity and utilization 
of annual upland pastures in north-coastal California. 
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Effect of Range Condition on 
Performance of Steers Grazing 
hills Range in Nebraska 
DAVID J. POWELL, D.C. CLANTON, AND J.T. NICHOLS 

Abstract 

Two areas of native SandhiIls range were used to determine the 
effect of range condition on the quality of diet and performance of 
grazing steers. Pasture 1 was in high good-excellent condition 
(75%), pasture 2 was in low good condition (58%). Pastures were 
stocked according to recommended rates. At the end of the grazing 
trial, utilization was full (54%) for both pastures. The grazing trial 
was continuous from June 1 to September 22,1978. Three 2-year- 
old esophageal fwtuhted and 3 intact yearling steers were used in 
each pasture for diet and fecal collections during a S-day-period 
once each month. Ten Hereford yearling steers were used to mea- 
sure weight gains in each pasture. Diet samples were analyzed for 
in vitro organic matter digestibility (IVOMD) and crude protein 
(CP). Fecal production divided by indigestibility was used to pre- 
dict intake. IVOMD was 58.6 and 63.4% and CP was 10.2 and 9.4% 
for pasture 1 and 2, respectively. Differences were not significant 
(X.05). IVOMD and CP declined (K.01) from period 1 through 
period 4 in both pastures. IVOMD decreased (K.OS)more during 
the grazing trial in pasture 1 (high good-excellat condition) than 
pasture 2 (low good condition). Organic matter intake (OMI) was 
lower (X.05) for pasture 1(74 g/kg W”‘) than for pasture 2 (83 
g/kg W75). OMI was lower (P<.OS) in period 4 than in previous 
periods. OMI was’not different (B.05) between fist&ted and 
intact steers. Average daily gains (.78 and .72 kg) per day for 
pastures 1 and 2, respectively were not different (D.05). 

The Sandhills of Nebraska consist of about 12.5 million acres of 
rangeland. This is the largest expanse of grassland in the Great 
Plains and supports about 1.5 million cattle. Approximately 55% 
of the range in the Sandhills is in good to excellent condition, while 
the remaining 45% is classified as fair and poor condition (Bose 
1977). 

The purpose of range condition classification is to provide an 
estimate of the vegetation that is present on a given site compared 
to climax vegetation. This provides a basis for estimating trend, 
productivity, feasibility of range improvements and suggested 
stocking rates. 

It is generally assumed that low condition range supports a 
higher percentage of plants that are low in nutritive content and 
forage production. If true, this could reduce the qualitative and 
quantitative intake of grazing animals, which in turn would affect 
their performance. Cook et al. (1965) stated that when good and 
poor condition ranges were grazed to comparable degrees of utili- 
zation, the nutrient content of diets collected via esophageal fistu- 
las were not different. Lewis et al. (1977) conducted an 8-year study 
to compare the effect of range condition on steer gains when 
pastures were grazed to a comparable degree of utilization. They 
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the Diet and 
Native Sand- 

found that excellent condition ranges produced the most gain per 
ha (13.17 kg) but were intermediate in average daily gain (.77 kg); 
the good condition ranges were intermediate in gains produced per 
ha (1 I .80 kg) but had the highest average daily gain (.8 1 kg); the fair 
condition ranges were lowest in gain per ha (11.35 kg) and average 
daily gain (.72 kg). 

The objectives of this study were to: (I) evaluate the effect of 
range condition on the qualitative and quantitative intake of yearl- 
ing steers, (2) evaluate the effect of range condition on the perfor- 
mance of yearling steers, and (3) determine the effect of esophageal 
fistula on the quantitative intake of grazing steers. 

Methods and Procedures 

Study Site Description 
The study was conducted at the University of Nebraska Sand- 

hills Agricultural Laboratory located 6 km northeast of Tryon, 
Nebraska. This area is within the 43 to 48 cm precipitation zone 
and consists primarily of range classified as a sands range site. Soils 
are predominately Valentine fine sands, which have internal drain- 
age from adequate to excessive. Organic matter content was low, 
averaging about .81% and soil pH averaged approximately 6.8 
(Burzlaff 1962). 

Determination of range condition and initial stocking rates were 
based on procedures used by the Soil Conservation Service, U.S. 
Dep. Agr. for this area. Utilization was determined by placing wire 
enclosures in each pasture so that ocular judgements could be 
made on the differences in the amount of forage inside and outside 
enclosures. 

The grazing trial was from June 1, 1978, through September 22, 
1978. Rainfall from June through September was 13.16 cm. This 
was 7.62 cm below the average amount normally received during 
that time of year (Hergert 1980). 

Pasture 1 was a 60.7-ha pasture in high good-excellent condition 
(75%). The stocking rate was calculated to be .44 ha per animal per 
month. At the end of the grazing trial utilization was full (54%). 

The predominant forage species were blue grama (Boureloua 
gracilis), lead plant (Amorpha canescens), little bluestem (Schiz- 
achyrium scoparium), needleandthread (Stipa comata), prairie 
sandreed (Calamovilfa longifblia), land switchgrass (Panicum 
virgazum). 

Pasture 2 was a 41.5-ha pasture adjacent to pasture 1. Range 
condition for this pasture was low good (58%) and the stocking rate 
was calculated to be .65 ha per animal per month. At the end of the 
grazing trial utilization was full (54%). The predominant grass 
species consisted of the same species as pasture 1 but included 
significant amounts of Scribners panicum (Panicum scribneria- 
num). sixweeks fescue (Festuca octaflora). and western ragweed 
(Ambrosia psilostachya). 

Sample Collection Procedures 

Three 2-year-old esophageal fistulated steers were used for diet 
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and fecal collection in each pasture. To increase the number of 
animals for edimating intake, three crossbred intact yearling steers 
were used for total fecal collections in each pasture. 

Ten Hereford yearling steers were grazed in each pasture to 
measure weight gains during the grazing trial. Average weight at 
the beginning of the grazing trial was 250.3 kg. 

Diet sampling and fecal collections using bags were made during 
a 5day period once each month. The collection periods were June 
5 through 9, July 3 through 7, July 31 through August 4, and 
August 31 through September 4. 

Weigh periods for steers were 28, 28, 21, 22, and 14 days, 
respectively. Steers were weighed following an overnight removal 
from feed and water. 

Diet samples were collected at approximately 6 a.m. each morn- 
ing for about 45 minutes of grazing time. Screen bottom collection 
bags were used to allow drainage of excess saliva. Animals were not 
fasted prior to diet sampling. Fecal collections were made in the 
morning and evening, subsampled and composited into one fecal 
sample for each animal per day. All samples were ground through a 
20-mesh screen in a Wiley Mill. Fecal samples fromeach steer were 
composited within each period, thus one sample per animal per 
period. Diet samples were not composited. 

Diet and fecal samples were analyzed for both dry and organic 
matter content. Diet samples were also analyzed for crude protein 
(CP) (A.O.A.C. 1975). In vitro organic matter digestibility 
(IVOMD) of diet samples was determined using the Barnes (1969) 
revision of the Tilley and Terry (1963) procedure. 

Intake, expressed on an organic matter basis, was determined 
using the following equation. 
kg organic matter intake (OMI) = 

kg fecal organic matter output 
% indigestible diet organic matter 

Data was analyzed using the general least squares model as 
presented by the Statistical Analysis System (SAS) (1979). A 
regression analysis was performed regressing actual weights of the 
Hereford steers on time for each pasture and then comparing the 
regression coefficients with a t-test (Steel and Torrie 1960). 

Results and Discussion 

Digestibility 
In vitro organic matter digestibility was lower (X.05) for pas- 

ture 1 (high goodexcellent condition) than for pasture 2 (low good 
condition) (Fig. 1). Least square means and standard errors for 
1VOM D (%) were 58.6 f 1 .O and 63.4 f 1 .O for pastures 1 and 2, 
respectively. In contrast, Cook et al. (1962) found that digestibility 
was higher (X.05) in diets of sheep grazing good condition range 
than poor condition range. They attributed this to a higher percent 
of grass species in diets from good condition range as compared to 
diets from poor condition range. 
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Fig. 1. Digestibility trends throughout thegmzing trial of steer dietsfrom 
ranges dtflering in range condition (Summer, 1978, Sandhills Agri- 
cultural Laboratory). 
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Increasing maturity of the forage was evident as combined 
IVOMD values of pastures 1 and 2 decreased (X.01) from period 
I through period 4 (Table 1). Similar results were reported by 
Scales et al. (1971) using yearling cattle grazing Sandhills range in 
northeastern Colorado and by Streeter et al. (1968) in western 
Nebraska. 

Table 1. Least square means by period for in vitro organic matter digesti- 
bility, crude protein, and organic matter intake (Summer, 1978, Sand- 
hills Agricultural Laboratory). 

Period IVOMD CP OMI 

% %ofOM g/kg W7’ 
I. June5-9 66.P 13.Sb 77.8b 
2. July 3 - 7 62.2 9.3 78.7 
3. July31 -Aug4 62.7 8.2 82.8 
4. Aug.3I- Scpt 4 52. I 8.1 74.0 

Ssi I.4 .2 2.0 

‘Means within a column am cubic (K.05) 
bMeans within a column arc quadratic (K.05). 

In vitro organic matter digestibility for pasture 1 decreased from 
period 1 through period 4; however, IVOMD for pasture 2 
remained relatively constant from period 1 to period 2, increasing 
in period 3, and then decreasing in period 4 (Fig 1). This interaction 
was significant (K.01). Because diet samples were not analyzed 
for botanical composition, it was difficult to determine if a species 
preference by cattle caused this pasture by period interaction. In 
vitro organic matter digestibility for pasture 1 probably declined 
because of late summer temperatures (Van Soest et al. 1978), 
advancing maturity (Scales et al. 1971, Smith et al. 1968, Streeter 
1966, Ventura et al. 1975) and the lack of forage regrowth due to 
the absence of later summer precipitation. 

In pasture 2, sixweeks fescue was the predominant cool-season 
grass in low areas which also received the heaviest grazing use. 
Visual observations of grazing cattle indicated that this species was 
consumed until late June, when it matured and dried up, after 
which animals began consuming mostly warm-season grasses. Ref- 
erences were not found that evaluated the forage quality trend of 
sixweeks fescue. However, Cook and Harris (1952) conducted a 
summer grazing trial on a foothill site of northwestern Utah to 
compare the forage quality trend of cheatgrass (Bromus tectorum) 
to crested wheatgrass (Agropyron desertorum). They found that 
throughout the grazing season crested wheatgrass was higher than 
cheatgrass in total digestible nutrients, but lower in othercarbohy- 
drates. Another study by Cook and Harris (1968) revealed that 
cheatgrass may be deficient in digestible energy for grazing sheep 
after the end of May. Also, throughout the grazing season crested 
wheatgrass furnished considerably more digestible energy than 
cheatgrass. 
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Fig. 2. Crudeprotein trends throughour thegrazing triolofsteerdietsfrom 
ranges dyfering in range condition (Summer, 1978, San&ills 
Agricultural Laboratory). 
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Crude Protein 
Crude protein was higher (K.05) for pasture 1 (high good- 

excellent condition) than for pasture 2 (low condition) (Fig. 2). 
Least square means and standard errors for CP (%) were 10.2 f 
and 9.4 f 2 for pastures 1 and 2, respectively. Likewise, Goebel and 
Cook (1960) reported that protein content of clipped forage sam- 
ples was higher (X.05) from good condition range than poor 
condition range. 

Cook and Harris (1952) compared the protein content of cheat- 
grass to crested wheatgrass. They found that at comparable growth 
stages crested wheatgrass was higher (K.05) in total protein than 
cheatgrass. Another study by Cook and Harris (1968) showed that 
after May cheatgrass was deficient in digestible protein for grazing 
sheep, while crested wheatgrass provided considerably more di- 
gestible protein throughout the growing season. 

Increasing maturity of the forage was evident as combined CP 
values of pastures 1 and 2 decreased (X.01) from period 1 through 
period 4 (Fig. 2). Likewise, Scales et al. (1971) found that crude 
protein declined from 16% in May to 6.2% in November. Similar 
results were reported by Smith et al. (1968) and Rosiere et al. 
(1975). Streeter et al. (1968) attributed the decrease in nitrogen 
content of steer diets to a continual decline in nitrogen content of 
forage species consumed throughout the summer grazing season. 

Crude protein for pastures 1 and 2 decreased from period 1 
through period 4, such that a pasture by period interaction did not 
exist (m.05) (Fig. 2). Crude protein probably declined because of 
late summer temperatures (Van Soest et al. 1978), advancing 
maturity (Scales et al. 1971, Smith et al. 1968, Streeter et al. 1968) 
and the lack of forage regrowth due to the absence of late summer 
precipitation. 

Intake 
Organic matter intake was lower (K.05) for pasture 1 (high 

good-excellent condition) than for pasture 2 (low good condition) 
(Fig. 3) because IVOMD was lower for pasture 1 than pasture 
(Fig. 1). Least square means and standard errors for OMI of 
pastures 1 and 2 were 74.0 f 2.6 and 83.0 f 2.5 g/kg W.76, 
respectively. 

I L 3 0 

Fig. 3. Intake trends throughout the grazing trial of steers grozing ranges 
differing in range condition (Summer, 1978. Sondhills Agricullurol 
Laboratory). 

The combined OMI values for both pastures remained stable 
from period 1 to period 2, increasing in period 3 and then declining 
in period 4 (Table I, Fig. 3). The change from period to period was 
significant (K.05). The increase of OMI during period 3 is due to 
the increase of IVOMD for pasture 2 during period 3 (Fig. 1). In 
period 4 OMI declined due to the decline of IVOMD(Table 1, Fig. 
1). 

Likewise, Scales et al. (197 1) found that dry matter intake of 
steers increased from 52 g/kg W7’ in July and then declined to 39 
g/kg W.75 in November. In contrast, Smith et al. (1968) and 
Streeter (1966) reported that dry matter intakes were highest in late 

Fig. 5. Weights of yearling steers rhroughout rhe grazing triolfrom ronges 
dijfering in ronge condition (Summer, 1978, Sondhilis Agricultural 
Laboratory). 

summer. Streeter (1966) explained that the combination of 
increased digestiblity and dry matter content of consumed forage 
resulted in an increase of forage consumption. 

Organic matter intake for pasture 1 remained stable from period 
1 to period 3 and then declined in period 4 (Fig. 3). However, for 
pasture 2, OMI increased from period 1 to period 3 and declined in 
period 4 (Fig. 3). But this interaction was not significant (E-.05). 

Esophageal Fistulated vs Intact Animals 
The esophageal fistula has been widely used to collect forage 

samples for many years. This technique allows researchers to 
obtain representative forage samples, actually consumed by the 
animal, for chemical analysis. 

Organic matter intake of the esophageal fistulated steers was not 
different (n.05) from the intact steers (Fig. 4). Least sgmre 
means for OMI for both types of animals were 78 g/kg W . 

-- 

r 

Fig. 4. Make trends offistuloted and intact steers throughout the grazing 
trio1 (Summer, 1978, Sandhills Agricultural Luborotory). 

Organic matter intake of the fistulated and intact animals was 
not (m.05) affected by pastures. In pasture 1, least square means 
for the fistulated and intact animals were 71 and 77 g/kg W.75, 
respectively. In pasture 2, least square means for the fistulated and 
intact animals were 85 and 80 g/kg W.75, respectively. However, the 
pasture by type of animal interaction was not significant (K.05). 

Organic matter intake of fistulated and intact animals increased 
from period 1 through period 3 and decreased during period 4. This 
period by type of animal interaction was not significant (ZP.05) 
(Fig. 4). It appears that the esophageal fistula did not affect intake. 

Weight Gains of Grazing Steer Calves 
There was no difference (K.05) in average daily gain between 

steers grazing pastures 1 and 2. Steers in pasture 1 gained .78 kgper 
day, while steers in pasture 2 gained .72 kg per day. Regression of 
steer weights over time with regression coefficients and standard 
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errors for pastures 1 and 2 is shown in Figure 5. Since forage 
quality of steer diets was similra and forage availability was not a 
factor, the weight gains of the steers were not different. . 
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Cattle Grazing Influence on a Mountain 
Riparian Zone 
LEONARD ROY ROATH AND WILLIAM C. KRUEGER 

Abstract 

A combination of management and physical topographic con- 
straints caused cattle to concentrate on the riparian zone early in 
the grazing season in 1977 and 1978. A large percentage of cattle 
days and vegetation utilization on the riparfan zone occurred in the 
first 4 weeks of the grazing period. Utilization on herbaceous 
vegetation was 76 and 72% in 1977 and 1978, respectively. Impact 
of grazing on the most prevalent species, Kentucky bluegrass was 
minimal. Shrub use increased with increased maturity of herbace- 
ous vegetation. Utilization of major shrubs was not excessive in 
either year, and very likely had no long-term effects on either the 
abundance or vigor of the shrubs. 

Riparian zones are those areas associated with streams, lakes, 
and wet areas where plant communities are predominately influ- 
enced by their association with water. They are key areas for a wide 
variety of uses. Fisheries and wildlife biologists have suggested 
mountain riparian zones are critical habitats in maintaining viable 
populations of fish, birds, small and big game animals (Ames 1977, 
Hubbard 1977). These areas are extremely important in providing 
forage and water for domestic animals (Phillips 1965, Cook 1966). 
Watershed specialists have indicated that the riparian zone plays 
an integral role in water quantity and quality (Horton and Camp- 
bell 1977). The U.S. government land management agencies, com- 
mitted by law to manage for multiple use, have identified riparian 
zones as critical management areas. 

These areas, critical to so many uses, are often subject to great 
impacts from users. Wildlife and livestock concentrate in these 
areas, creating a substantial impact on browse and herbaceous 
vegetation. Recreationists camp, picnic, fish, and hunt along the 
streams, occassionally inflicting considerable damage on the area. 
Roads and logging activities can also greatly affect the riparian 
zone. It becomes apparent that this zone is subject to combined 
impacts of many activities centered on it. Often the users which are 
so dependent on a riparian zone are also principal instruments of 
damage. 

Thus, the riparian zone has become a center of attention for 
range, wildlife, and watershed scientists, conservationists, govern- 
ment agencies, and livestock producers. The result of this is conflict 
of interest and opinions as to the relative impact of any given 
activity. 

The purposes of this study were to measure the use of herbaceous 
and woody vegetation on a mountain riparian zone as well as 
quantify the amount of livestock use on that zone. 

Shrubs are often identified as principal vegetation components 
in considering influences on riparian zones; therefore, considerable 
emphasis is placed on explaining amount and pattern of shrub use. 
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The interactions between herbaceous vegetation maturity and 
availability with shrub utilization will be discussed. The measure- 
ments of vegetation use combined with observations were used to 
develop a qualitative assessment of livestock influences. 

Study Area 

The research was conducted on one unit ofa U.S. Forest Service 
allotment in the southern Blue Mountains, approximately 55 km 
south of John Day, Oregon. The riparian zone is characterized by 
seasonally subirrigated Kentucky bluegrass (Poapraetensis) mea- 
dows ranging from 20 to 150 m wide, bordered by steep north and 
south slopes. This riparian zone extended the full 8.9 km of the unit 
and ranged in elevation from 1,440 to 1,545 m. The north slopes are 
forested with Douglas fir (Pseudotsuga menziesii) where slopes 
range from 30 to 70%. South slopes are dominated by mountain 
big sagebrush (Artemisia tridentata ssp. vaseyana) and bluebunch 
wheatgrass (Agropyron spicatum). The slope on these areas varied 
from 20 to 60%. 

The meadow was subdivided into two types. The dry bluegrass 
meadow type was characterized by Kentucky bluegrass, junegrass 
(Koeleria cristata). mountain brome (Rromus marginatus). 
Columbia needlegrass (Stipa columbiana), and western snowberry 
(Symphoricarpos occidentalis). The wet meadow type was charac- 
terized by Kentucky bluegrass, Baltic rush (Juncus balticus), 
sedges (Carex spp.), slender wheatgrass (Agropyron trachycau- 
/urn), Columbia needlegrass, and numerous forbs including cinque- 
foil (Potentilla spp.), western yarrow (Achilles millefolium), and 
pussytoes (Antennaria rosea). In each of the meadow types, blue- 
grass was by far the most abundant species, comprising 46% of the 
vegetation by weight and 65% of the perennial grasses. Forbs 
constituted about 24% of the vegetation composition, while sedges 
and other grasses comprised 20 and 970, respectively. Columbia 
needlegrass and slender wheatgrass combined to form about 1 
percent of the vegetation. 

A shrub component including mountain alder (Alnus incana), 
willow (Salix spp.), and red-osier dogwood (Cornus stolontfera) 
was present near the stream channel. Shrubby cinquefoil (Poten- 
till0 fruticosa), twinberry (Lonicera involucrata), and bog birch 
(Retula glandulosa) occurred occasionally in wet meadows. Cur- 
rant (Ribes spp.), roSe (Rosa woodsii) and mountain silver sage- 
brush (Artemisia cana spp. viscidula) were interspersed through 
both meadow types. 

Methods 

The procedures for assessing the impact of grazing entailed: (1) 
intensive sampling of vegetation for vegetation disappearance each 
week employing the double-sampling technique described by Wilm 
et al. (1944). This sampling regime employed a 0.25 m%quare 
frame. Three pace transects of ten plots per transect were examined 
each week. The transects were spaced evenly, dividing the riparian 
zone into thirds along the stream course. Plots were randomly 
located along each transect. A combined regression equation deve- 
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loped from two clipped sample plots per transect across all three 
transects was used for species weight estimate correction. Ten 
movable cages in 1977 and 15 in 1978 were used to account for 
vegetation regrowth. (2) Shrub utilization data were obtained by 
double-sampling procedures from shrubs in five one-tenth ha plots 
per year. Every shrub within the plot was estimated for leader 
weight remaining. Five clipped samples per species were used to 
correct the weight estimates. Percentage available shrub leader 
removal was estimated for every shrub in the plots as well as 30 
randomly chosen shrubs outside the plot. Weight removal was 
calculated from weight remaining and utilization data. (3) All 
cattle were individually marked and cattle numbers and move- 
ments were observed on the riparian area. There were nine live- 
stock sampling days in 1977 and 19 sampling days in 1978. (4) 
Observations were also made on pattern of forage utilization over 
the grazing season, including order of plant utilization and appar- 
ent plant palatability. 

Table 2. Herbage removal and snimsl days per week on tbe riparian zone 
for 1977 snd 1978. 

Herbage removal/ wk Animal days/ wk 

kg/ha % number % 
1977 416al 22 

64b 4 
117b 6 
l25b 7 

1978 374a I8 
247b 12 

85c 4 
oc - 

999 19 
651 I2 
466 9 
538 IO 

946 I5 
609 I2 
623 10 
825 12 

1Values within years for kg/ ha per week designated with different letters are signifi- 
cantly different, E.05. 

The grazing season began on June 29 and June 23, producing a 
grazing season of 48 and 53 days for 1977 and 1978, respectively, 
for 250 cows and their calves each year. Crossbred cow-calf pairs, 
primarily of Hereford, Angus and Shorthorn breeding grazed the 
area. The grazing season each year corresponded phenologically to 
anthesis of Kentucky bluegrass. The first season (1977) was drier 
than usual, causing vegetation to mature earlier, but the following 
year (1978) had normal precipitation. 

Standard analysis of variance and Duncan’s new multiple range 
test were used to test for differences in vegetation weekly disap- 
pearance data. Chi-square statistics were used to detect differences 
in proportion of animal days and vegetation versus proportion of 
time by period. Additionally, this test was used tocompare propor- 
tion of animals and proportion of vegetation removal per period. 
The term significant means (p1.05 unless otherwise specified. 
Statistical procedures follow Steel and Torrie (1960). 

was also a trend of progressively smaller amounts of vegetation 
removal as the grazing Season progressed. Significantly more utili- 
zation per week (Table 2) occurred during the first grazing period 
than any other period. During the last 3 weeks of 1977 and the last 2 
weeks of 1978, no significant vegetation use on the riparian zone 
could be resolved even though animal days increased. Use on the 
adjacent vegetation types became more prevalent during the last 2 
weeks for both years. The steep south slope type bordering the 
riparian zone was most used during this time. 

Results 
The riparian zone on this unit occupied 44.6 ha, which consti- 

tuted I .9% of the total land area and produced approximately 21% 
of available forage on this pasture. Because of livestock concentra- 
tion, limitations on livestock movements imposed by steep slopes, 
and erratic distribution of watering areas away from the creek, the 
riparian zone accounted for 8 1% of the total herbaceous vegetation 
on the unit removed by livestock in both 1977 and 1978. The 
utilization of herbaceous vegetation on the riparian zone in 1977 
was 76%, which equaled 1,845 kg/ ha vegetation removal (Table 1). 
Utilization in 1978 was 2,089 kg/ ha or 72% of the available forage. 
Percentage utilization on perennial grasses was 83 and 75% for 
1977 and 1978, respectively. The average yield of herbaceous vege- 
tation for 1977 was 2,268 kg/ ha compared to 2,795 kg/ ha in 1978. 
The yield difference reflected lower growing season precipitation 
received in 1977, which was 49% of 1978 precipitation. 

The herbaceous vegetation use, by period, was comparatively 
large during the first portion of the grazing season (Table 1). There 

Shrub use on the riparian zone was different in 1977 compared 
to 1978 (Table 3). Average utilization of leaders was significantly 
greater in 1977 than in 1978 for willow, currant, rose, and snow- 
berry. Utilization on alder was not significantly different between 
years. High degrees of utilization on leaders were also prevalent on 
twinberry and bog birch in 1977; however, insufficient samples 
were taken to test the difference between years. 

The total utilization of available shrubs on a weight basis was 
48% in 1977 and 31% in 1978 for all species combined. Willows 
provided 37% of the shrub weight used on the area in 1977, but 
accounted for only 27% of the total shrubs available. Twinberry 
appeared to be used greatly in excess of its percentage availability. 
Rose, snowberry, and currant combined were used comparable to 
their percentage presence. These species had 15% of the weight use 

Table 3. Percentsge shrub utilization and weigbt removal for 1977 and 
1978. 

Shrub Area occupied % avail. % leader % wt. 
1977 Ha % area wt. util removed 

Table 1. Herbage removal and animal days on the riper&n zone for 1977 
and 1978. 

Alder 
Willow 
Rose 
Currant 
Snowberry 
Dogwood 
Bog birch 
Twinberry 
Shrubby 

cinquefoil 

9.8 
1.6 

1.2 

0.2 
0.6 
0.05 

72 57 39 47 
12 27 64 37 

34 
9 14 57 I5 

53 
2 T 61 T 
4 T 48 1 

T 75 T 

0.15 I T 21 T 

1977 

1978 

Time grazed Herbage removal Animal days 
wks % kg/ha % numbers % 

3.7 55 1539 83 3696 69 
1.0 15 64 12 651 I2 
1.0 I5 117 4 466 9 
1.0 15 - 125 4 538 IO 
6.7 1845 5351 

4.7 61 1757 84 4448 69 
1.0 I3 247 12 609 I2 
1.0 I3 85 4 623 IO 
1.0 I3 0 4 825 I2 
7.7 2089 6485 

13.60 

1978 
Alder 
Willow 
Rose 
Currant 
Snowberry 
Dogwood 
Bog birch 
Twinberry 
Shrubby 

9.8 
1.6 

1.2 

0.2 
0.6 
0.05 

0.15 
13.60 

72 61 28 I2 20 54 :: 
8 

9 12 32 II 
20 

2 T 
4 6 28 5 
- T 44 T 

I 0 
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and comprised 14% of the shrubs available. Alder, on the other 
hand, was not preferred, providing 57% of the available shrub 
production but only 47 percent of the total use on shrubs. The 1978 
weight utilization had the same trend found in 1977, but at lower 
levels. The pattern of shrub utilization was different between years. 
In 1977, utilization was initiated at the time when cattle came into 
the unit and was progressive throughout the season. This was a 
year of low precipitation and rapidly advancing herbaceous vege- 
tation maturity when the cattle began grazing. Additionally, her- 
baceous forage production was low (Table 1). Willow was utilized 
in excess of its percentage availability. Rose, snowberry, and cur- 
rant use was approximately the same as availability. The only 
shrubs which were obviously avoided by livestock were shrubby 
cinquefoil and mountain silver sagebrush. 

In 1978 (a normal precipitation year), shrub utilization during 
the early portions of the grazing season was low. Even preferred 
species were used very little during the first 4 weeks of the grazing 
season. When shrub utilization began, more selectivity was demon- 
strated than in 1977. Willow and currant received the most use at 
that time. Alder was not used until later in the season. Species such 
as dogwood and rose, which had received considerable use in 1977, 
received little or no use in 1978. 

Cattle Days on the Riparian Zone 
Number of cattle and the duration of time spent on the riparian 

zone are important factors in assessing the net impact of cattle on 
that zone. A characteristic pattern of livestock time spent on the 
riparian zone was evident. The proportion of cattle days compared 
to the proportion of grazing time by period revealed that, in 1977, 
the percentage of cattle days spent on the riparian zone in early 
periods was significantly larger than the percentage of time by 
period (Table 1). The percentage of cattle days spent on the ripar- 
ian zone reflected a managerial influence on cattle movements. 
Cattle were turned on at a single gate where the road funneled the 
cattle onto the riparian zone. Therefore, nearly the whole herd was 
on the riparian zone at the initiation of the grazing season. 

They remained on the riparian zone 7 to 10 days with some 
animals progressively dispersing onto other areas. Cattle numbers 
on the riparian area stabilized after about 21 days at 35 to 40% of 
the herd with other cattle moving back and forth between upland 
types and the riparian zone. This movement was more prevalent in 
1977 primarily because of limited water availability away from the 
riparian area, due to limited precipitation. An important factor to 
note is that the livestock dispersed before the forage became 
limiting. 

The trend in percentage of animals per week was the same for 
both years, showing progressively fewer animal days per week 
through the sixth week. However, the last week reflected an 
increase in animal days on the riparian zone. Number of cattle days 
on the riparian zone were based on actual sightings. The portion of 
the cattle which moved between the uplands and the riparian zone 
may not have been included in the observation data representing 
some error. The observed number of animal days on the riparian 
zone could account for only 7 1 $%c and 8 1% of the vegetation disap- 
pearance for 1977 and 1978 respectively, calculated from average 
daily consumption of 11 kg dry matter. 

Discussion 
Physical limitations on cattle movements imposed by slope and 

management practice of turning the cattle in at one point contrib- 
uted to concentrating the cattle on the riparian zone early in the 
grazing season. The utilization resulting from this action repres- 
ented a large proportion of the total season use on the riparian 
vegetation (Table 1). However, the percentage of total forage 
removed was significantly greater than the percentage of animal 
numbers for that period. Johnstone-Wallace and Kennedy (1944) 
reported intake values of 32 lb/day (14.6 kg/day) dry matter for 
cattle using bluegrass when forage was highly available. They, as 
well as Hodgson and Wilkinson (1968), reported marked declines 

in forage intake when herbage availability per unit area decreased, 
even though total forage available was not limiting. Similar pat- 
terns of herbage intake displayed by the cattle on the riparian zone 
combined with trampling losses of forage as described by Laycock 
and Harniss (1974) could explain a substantial portion of the 
disparity between percentage forage consumed and percentage of 
cattle days spent grazing. 

Cattle using the riparian zone showed little inclination to use the 
south slopes bordering that area through most of the grazing 
season even though utilization on riparian vegetation progressively 
reduced available forage. 

During the last 2 weeks of the grazing season observation of 
cattle indicated that there was increased use on the associated 
south slopes. This probably occurred because of a combination of 
factors. During this period of both years a substantial amount of 
rainfall occurred, which is known to increase the palatability of 
cured vegetation (Springfield and Reynolds 1951). Nighttime low 
temperatures were dropping to -2 to 8’C on the riparian zone and 
a noticeable cold air accumulation could be felt in the early even- 
ings and early mornings. Behavioral scientists have indicated that 
animals tend to avoid cold pockets in bedding and grazing (Arnold 
and Dudzinski 1978). Therefore, it seems most plausible to think 
that the use on the slopes was due to differential palatability and 
microclimate-induced animal behavior response. 

Kentucky bluegrass was the dominant grass species on the ripar- 
ian zone and probably exerted major control over the relative 
stability of these plant communities. Grazing on Kentucky blue- 
grass was at a level which has been demonstrated to have small 
impacts on vigor and cover. Etter (195 1) found bluegrass clipped to 
1 inch, seasonlong for 4 years, did not reduce numbers of shoots or 
rhizomes. However, some reduction in yield was shown. Volland 
(1978) reported that production of a previously continuously 
grazed riparian zone increased significantly for 6 years after defer- 
ment was initiated. After that time, production decreased progres- 
sively. At the end of 11 years of deferment, the ungrazed area had 
lower production and root mass than the adjacent continuously 
grazed area. Grazing on the riparian zone reduced the height of 
Kentucky bluegrass to about 1 inch after4 weeks and that level was 
maintained for the duration of the grazing season. It seems 
unlikely, based on the growth habit and physiology of bluegrass, 
that cattle grazing bluegrass meadows over a 6-week time span 
from early to mid-summer would cause sufficient impact to reduce 
the cover of Kentucky bluegrass. The impact of grazing on the 
other herbaceous vegetation on the same unit in the year previous 
to the study on the riparian zone indicated that use was much lower 
on the herbaceous component when the unit was deferred until 
mid-August. This phenomenon was probably produced by a com- 
bination of low relative palatability and cold air accumulation on 
the meadows. Apparently, the utilization of herbaceous compo- 
nents in the riparian zone can be manipulated by changing season 
of use. 

The impact of grazing on shrubs was more difficult to assess 
because of the variability of shrub utilization caused by year effect 
and lack of information on the response of riparian shrubs to 
summer utilization. Aldous (1952) published information report- 
ing the response of shrubs to degree of winter utilization. Those 
results indicated that willow responded to 50% annual utilization 
of leader material with increases in production of 248, 118, and 
164% in successive years. With this in mind, willow was within a 
limit of utilization in 1977 and 1978 that should allow for increases 
in production (Table 3). Red-osier dogwood was used relatively 
heavily in 1977. However, the height regrowth, leader lengths and 
numbers were exceptionally large the following year. Utilization 
on dogwood was light in 1978. Aldous (1952) indicated that red- 
osier dogwood could not withstand 90% annual utilization for a 
prolonged period over several years, but 25% annual utilization 
had not negative impacts over years. Therefore, dogwood on this 
area should tolerate use 1 year at moderate levels followed by a 
year of light utilization. Insufficient evidence is available from the 
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literature to predict the influence of grazing on other shrubs. 
Observations indicated the dry year induced livestock to use 

browse more than they did in a more mesic year. Cattle grazing this 
unit in 1976 when it was deferred until fall utilized browse heavily 
on the riparian area, even though utilization of herbaceous vegeta- 
tion was low. Apparently, season of use and degree of shrub 
utilization were related to palatability of the available herbaceous 
vegetation and perhaps to change in the palatability of the browse 
itself. 

Conclusions 
Combinations of factors caused cattle to concentrate within the 

riparian zone early in the grazing season and to use a relatively high 
proportion of the vegetation during the first 4 weeks of the grazing 
period. After this period cattle numbers on the riparian zone 
stabilized and remained consistent until shortly before a pasture 
change. 

Pattern of shrub utilization was related to relative vegetation 
palatability on the riparian zone and adjacent areas and showed a 
great deal of variation according to years and season of use. Shrub 
use tended to increase as the season progressed. Shrub utilization 
was lowest when herbaceous vegetation was lush and very palata- 
ble and greatest when herbaceous vegetation was coarse and 
mature. 

The influence of grazing on Kentucky bluegrass was apparently 
minimal as far as maintenance of cover and plant vigor was con- 
cerned. Additionally, grazing pressure apparently was not depress- 
ing yield. The greatest quandary is the problem of maximizing 
shrub growth and optimizing herbaceous plant yield. Seemingly, 
the management requirement which would benefit shrubs most, 
grazing when the herbaceous component is lush, would shift utili- 
zation away from shrubs. However, this action could have the 
greatest potential for damaging the herbaceous component. Con- 
versely, late season grazing minimizes impact on herbaceous com- 
ponents but increases shrub utilization. 
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Decomposition of Common Curlymesquite 
Herbage on Edwards Plateau Rangeland, 
Texas 
JAMES F. GEORGE AND FRED E. SMEINS 

Abstract 

Decomposition of common curiymesquite herbrge from a con- 
tinuously, heavily grazed pasture and one pasture of a 4-pasture 
deferred rotation grazing system was investigated on the Edwards 
Plateau of Texas. Decomposition of herbage in Utterbags was 
slmliat for both pastures. Approxlmateiy 40% of the original 
herbage weight was lost during the 345day study. Average decom- 
position rate was 2.19 mg/g/day. Rate of decomposition during a 
238day period was significantly related to antecedent potential 
evaporation and precipitation since the preceding collection date 
and cumulative time. Percentage nitrogen and percentage ash 
content increased while percentage carbon and carbon/nitrogen 
ratio decreased over time in the decomposing herbage. 

Decomposition of plant materials is an essential process in the 
cycling of nutrients in natural ecosystems. Decomposition rates 
influence release of nutrients to the active pool as well as the 
accumulation of litter and nutrients in the litter layer. This study 
was conducted to investigate the decomposition of common curly- 
mesquite (Hiluriu behgeri (Steud.) Nash), a dominant herbace- 
ous species on Edwards Plateau rangeland in Texas. Specific 
objectives were: (1) to compare decomposition rates of common 
curlymesquite herbage from two pastures under different long- 
term grazing management; (2) to determine the relationship 
between decomposition and environmental factors; and (3) to 
determine chemical characteristics of the decomposing herbage. 

Study Area and Methods 

Field data were collected on the Texas Agricu!tural Research 
Station, Texas A&M University, near Sonora, Texas. The Station 
is located within the southwestern portion of the 9,700,000-ha 
Edwards Plateau (30” IYN, lOlo 30’W) (Gould 1975). The Station 
consists of 1,402 ha at a mean elevation of 735 m. The growing 
season averages 240 days and precipitation averages 557 mm with 
peaks in spring and fall. Vegetation is a short and midgrass grass- 
land with spraying densities of woody plants (Quercus spp. and 
Juniperus spp.) that occur singly or in clumps. Soils are clayey- 
skeletal, montmorillonitic, thermic, Lithic Haplustolls (Soil Con- 
serv. Serv. 1968). The Station is divided into pastures used for the 
study of grazing management systems. 

Common curlymesquite was collected from two 32-ha pastures. 
One pasture, designated the continuous pasture, has been under 
heavy continuous grazing (5.4-4.6 ha/AU) with cattle, sheep, and 
goats in the ratio of 60:20:20 since 1949. The second pasture, 
designated the rotation pasture, was grazed lightly (16 ha/AU) 
with cattle and goats from 1949 to 1%9, and has been in a Cpasture, 
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George is now senior environmental scientist, El Paso Natural Gas Co., El Paso, 
Texas. 
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3-herd deferred-rotation grazing system (5.2 ha/AU) with cattle, 
sheep, and goats in the ratio of 60:20:20 since 1969. 

The litterbag technique was used to study decomposition (Wie- 
gert and Evans 1964). Dormant common curlymesquite herbage 
was clipped from each of the two pastures in January 1976 and 
oven-dried at 65°C. Five grams were placed in 15 X 15 cm fiber- 
glass screen litterbags with mesh size of 2 mm. On May 20, 1976, 
three replications of litterbags from each pasture were placed on 
the soil surface in a grazing exclosure and secured at each corner 
with steel nails. On each collection date, one litterbag from each 
replication per pasture was collected, for a total of 6 litterbags per 
collection date. Time between collection dates varied from 13 to 73 
days over a 345day period. Litterbags were placed in individual 
paper sacks and transported to the laboratory where soil adhering 
to the litter was removed. The litter was dried at 65O C and weighed. 
Litter was ground to pass a 0.5-mm (40 mesh) sieve and stored in 
airtight plastic bags. Total nitrogen was determined by the micro- 
Kjeldahl method (Ass. Official Anal. Chem. 1970). Carbon was 
determined by the modified Walkley-Black method of Bremner 
and Jenkinson (1960), and ash residue was measured by heating at 
4500 for 8 hours. Precipitation, temperature, and potential evapo- 
ration data were obtained from Station records. 

Results and Discussion 

Herbage decomposition in litterbags, measured as percentage of 
initial weight remaining, exhibited a characteristic exponential 
curve (Fig. 1). The exponential loss of weight, typified by rapid 
initial weight loss followed by a decelerating rate, is commonly 
found in decomposition studies (Olson 1963). Because decomposi- 
tion of herbage from the two pastures did not differ (x0.05) 
between pastures for any collection date, the data were combined. 

Fig. 1. Decomposition of herbage in litterbagsfrom continuous and rota- 
tion pastures on the Sonora Research Station. 
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Table 1. Aver8p decomposition of common curlymesquite herb8p in 
litterb8~ on the Sonor Research St8tion me8sured 8s percenW?e of 
initirl weight rermining urd We of decomposition(r). The v8lues repres- 
at the poded drtr of the continuous8nd roWion p8stures(N = 6/d8te). 

Collection Time Percentage of 
date (days) initial weight 

5120176 0 100 
6/01/76 13 92.6 
$129176 41 88.6 
7129176 71 75.4 
8/ 17176 90 73.4 
9102176 106 72.2 

11/04/77 169 66.8 
l/12/77 238 61.0 
3125177 311 58.6 
4129177 345 56.2 

Wig/day) 
- 

5.94 
1.32 
5.70 
1.28 
1.10 
1.22 
1.32 
0.57 
1.32 

Therefore, all discussion of herbage decomposition will involve 
pooled data for both pastures. 

Rate of decomposition was determined by the formula of Wei- 
gert and Evans (1964): 

r= log, (Wo/ Wt, x 1000 

where: k-to 
r = rate of decomposition in mg/g/day 
WO = initial weight at time zero 
wt = weight at time t 
t = time in days. 

Decomposition rate (r) was 2.19 mg/g/day for the entire 345 
day study period (Table 1). Rate of decomposition during the 
growing season (May 20-November 4) was 2.75 mg/g day, but 
decreased to 0.90 mg/g/day during winter. Time required for 
one-half of the initial weight of material to decompose (Tl/ 2) was 
calculated by the solution 0.5 = evkt for t, which is -I (log, 0.5)/k= 
Q&93/k, where k is the percentage weight loss per day (Olson 
1963). Tl/2 was calculated as 453 days. 

Through day 238, multiple regression analysis indicated that 
over 96% of the variation in decomposition rate (r) of common 
curlymesquite herbage was accounted for by abiotic factors and 
cumulative time. Antecedent potential evaporation since the 
preceding collection date, cumulative time and total precipitation 
since the preceding collection date increased the coefficient of 
determination (R2) by0.5 1,0.30, and 0.15, respectively. The regres- 
sion equation was: 

r = 8.07 - 0.028(X1) - 0.019(X2) + 0.008(X3) 

where: 
r = rate of decomposition in mg/g/day 

Xl = total measured potential evaporation (mm) since the 
preceding collection date 

X2 = cumulative time (days) 
X3 = total precipitation (mm) since the preceding collection 

date 

Standard error of the estimate of the regression equation was 
about 27% of the mean observed values of r (X= 2.80 mg/g/day). 
The regression equation was significant at the p<O. 10 level. Miss- 
ing climatological data prevented development of a regression 
equation for the entire 345 days of the study. The relationship 
between abiotic factors and decomposition rate has been shown by 
Jenny et al. (1949) and Hunt (1977). Nyhan (1976) also found time 
and environmental factors to most accurately predict decomposi- 
tion of blue grama (Bouteloua grucilis [H.B.K.] Lag. ex. Steud.) 
herbage. Vossbrinck et al. (1979) concluded that abiotic factors 
play a minor role in decomposition of blue grama litter. They 
determined that microbial and mesofauna activity contributed 
most to decomposition amounts and rates. Thus, correlations of 
abiotic factors to decomposition rates is more probably related to 
their influence on activity of decomposer organisms rather than as 
a direct influence on decomposition. The 2-mm mesh bags used in 
this investigation would have been sufficiently large for mesofauna 
to be active according to these authors. 

Percentage nitrogen increased in decomposing herbage with 
time (Table 2). This is in accord with the results of other studies 
(Koelling and Kucera 1965; Pendleton 1972; Sowden and Ivarson 
1974). At day zero, percent nitrogen in herbage from the continu- 
ous pasture was significantly greater than that from the rotation 
pasture. Throughout the study, percentage nitrogen was generally 
greater in decomposing herbage from the continuous pasture, 
although differences between pastures were not significant after 
day zero and became less pronounced with time. Percentage nitro- 
gen was negatively correlated with percent of initial herbage weight 
remaining in litterbags. Correlation coefficients were -0.83 and 
-0.91 for herbage from the continuous and rotation pastures, 
respectively. 

Sowden and Ivarson (1974) found that increased nitrogen per- 
centage of decomposing forest litter was related to weight loss of 
the litter. Although percentage nitrogen in decomposing herbage 
increased with time, the amount of nitrogen held in decomposing 
herbage decreased from 38.8 to 26.1 mg N per 5 g herbage and from 
29.2 to 22.4 mg r\r per 5 g herbage for the continuous and rotation 
pastures, respectively. This difference in nitrogen content repres- 
ents return to the soil nitrogen pool or assimilation by soil 
organisms. 

Percentage carbon of the decomposing herbage decreased signif- 
icantly from May to July and from November to the following 
April for both pastures (Table 2). This decrease in percentage 
carbon over time agrees with results of De LaCruz and Gabriel 
(1974) for decomposing Juncus roemerianus Scheele leaves and 
Nyhan (1975) for decomposing Bouteloua gracilis herbage. Corre- 
lation coefficients between percent carbon and percent of initial 
herbage remaining were 0.99 and 0.99 for herbage from the contin- 

T8ble 2. Chemical ch8r8cteristics of decomposiog herb8ge in Utterb8gs from continuous 8d robtion p8stures on the Sonor Reaewch St8tioo. 

% Nitrogen % Carbon C/N Ratio %Asb 
Pasture Pasture pasture Pasture 

Sample date Time (days) Continuous Rotation Continuous Rotation Continous Rotation Continuous Rotation 
5120176 0 0.777 bed’ 0.585 a 54.2 c 57.5 c 69.8 98.2 19.1 a IS.0 a 
6/01/76 13 0.682 abc 0.617 ab 
6129176 41 0.633 a 0.578 a * 
7129176 71 0.684 abc 0.608 ab 47.2 b 49.6 b 69.0 81.6 27.7 b 28.0 b 
S/17/76 90 0.653 ab 0.698 abc * 
9102176 106 0.694 abc 0.613 ab l 

11/04/76 169 0.750 abed 0.721 bc 46.1 b 49.4 b 61.5 68.5 31.8 c 27.1 b 
l/12/77 238 0.813 cd 0.766 c * 
3125177 311 0.797 cd 0.812 c * 
4/ 29177 345 0.868 d 0.743 c 42.3 a 41.4 a 53.1 51.0 38.4 d 37.6 c 

1Values followed by different letters in the same column am different at the 0.05 level. 
*Carbon, Cl N ratio and ash not determined for these dates. 
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uous and rotation pastures, respectively. 
Carbon/ nitrogen (C/N) ratio of decomposing herbage in litter- 

bags decreased throughout the study (Table 2). Because the C/N 
ratios were determined from means, they were not statistically 
analyzed. However, some trends are evident. In the early stages of 
the study, the C/N ratio of herbage from the rotation pasture was 
much higher than that from the continuous pasture. However, by 
day 345, C/N ratios were nearly equal between pastures. The 
importance of carbon/ nitrogen ratios in controlling decomposi- 
tion rates was stressed by Hutchings and Martin (1934) and Wit- 
kamp (1966). 

Percent ash in decomposing common curlymesquite herbage 
increased from 19.1 to 38.4% for herbage from the continuous 
pasture and from 15.0 to 37.6% for herbage from the rotation 
pasture (Table 2). Both increases were significant at the 0.05 level. 
Percentage ash in decomposing herbage was highly negatively 
correlated with percent of initial herbage weight remaining in 
litterbags. Correlation coefficients were -0.99 and -0.99 for her- 
bage from the continuous and rotation pastures, respectively. Per- 
centage ash in decomposing common curlymesquite herbage 
obtained in this study agree with Koelling and Kucera (1965) for 
percent ash in decomposing bluestem herbage. 

This work documented information on dynamics of decompos- 
ing common curlymesquite herbage on the Edwards Plateau of 
Texas and will contribute to a knowledge of nutrient cycling in this 
grassland. Rate of decomposition of common curlymesquite her- 
bage was shown not to differ between the two grazing treatments. 
Chemical constituents of decomposing herbage did differ early in 
the decomposition process, but became more similar with time. 
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Monoterpenoid Content of Pygmy Rabbit 
Stomach Ingesta 

SUSAN M. WHITE, BRUCE L. WELCH, AND JERRAN T. FLINDERS 

Abstract 

During mid-January 1979, ingesta samples were collected from 
the stomachs of ten wild pygmy rabbits. The ingesta samples were 
analyzed for big sagebrush and monoterpenoid content. Big sage- 
brush comprised 97% of the material in the ingesta and was the 
only forage containing monoterpenoids. Monoterpenoid content 
of the ingesta was only 230/o of expected levels. This major loss 
(77%) of monoterpenoids may occur during mastication. Loss of 
monoterpenoids from mastication by pygmy rabbits was measured 
in an airtight rabbit chamber. Twelve times more monoterpenoids 
were recovered during the rabbit feeding trials (big sagebrush and 
rabbit) than during the control tests (big sagebrush only). 

Recent dietary studies indicate that pygmy rabbits (Bruchlugus 
iduhoensis) have a near obligate relationship with sagebrush (Arte- 
misiu sp.) (Green and Flinders 1980). Green and Flinders (1980) 
and Wilde (1978) found 99% of the winter diet of pygmy rabbits 
was sagebrush. Only the sage grouse (Centrocercus urophasianus) 
and some wintering populations of mule deer (Odocoileous hemio- 
nus) and antelope (Antilocapra americana) depend on big sage- 
brush to the degree pygmy rabbits do (Kufeld et al. 1973; 
Sundstrom et al. 1973; Braun et al. 1977). 

Sagebrush contains monoterpenoids (volatile oils) that exhibit 
antimicrobial properties (Nagy and Regelin 1977). These proper- 
ties are postulated to reduce microbial digestion in ruminants 
(Longhurst et al. 1968; Radwan 1974). Values ranging from 15 to 
50% sagebrush in the diets of deer are said to cause digestive 
disturbances, and in some cases sufficient to cause death in deer 
(Nagy et al. 1964; Nagy and Tengerdy 1968; Wallmo et al. 1977; 
Carpenter et al. 1979). Welch and McArthur( 198 1) and Welch and 
Pederson (198 1) questioned whether monoterpenoids cause diges- 
tive disturbances in mule deer. Welch and Pederson (1981) hype- 
thesized that through volatilization during mastication and 
ingestion, mule deer could greatly reduce the interaction of mono- 
terpenoids with rumen microorganisms. Cluff et al. (1982) found 
monoterpenoid levels in mule deer rumens were considerably 
lower than in forage consumed by the deer. Severson et al. (1968) 
reported that antelope may consume large amounts of big sage- 
brush (up to 90% of the diet) without apparent detrimentaleffects. 
The purpose of this study is to test the hypothesis that the monoter- 
penoid level in the stomach ingesta of pygmy rabbits is significantly 
less than expected from the forage ingested. 

Materials and Methods 
Pygmy rabbits inhabited a big sagebrush (Artemisia tridentata) 

and bitterbrush (Purshia tridentata) community located on the 
U.S. Sheep Experiment Station near Dubois, Idaho (Green and 
Flinders 1980). From this population, 10 pygmy rabbits were killed to 
determine monoterpenoid content of big sagebrush in thestomach 
ingesta. Rabbits were killed on January 12 and 13, 1979, and the 
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stomachs immediately removed and frozen with dry ice. A compo- 
site, vegetative sample (current year’s growth) of big sagebrush was 
collected at the same time and location where the rabbits were 
killed. Vegetative samples were also frozen with dry ice. 

At the laboratory, stomach ingesta and sagebrush were imme- 
diately placed in a freezer (-35” C) for storage. Stomach ingesta 
were removed from the stomach lining and weighed, and rein- 
gested food pellets were separated from other stomach contents. 
Reingested pellets or soft feces are products of the cecum; the 
rabbit takes them directly from the anus and swallows them whole 
(Moir 1968). Fourteen grams of stomach ingesta were placed in a 
125 ml erlenmeyer flask with 25 ml of absolute ether and placed on 
a shaker for 20 hours. The ether extract was decanted from the 
stomach material into a 50 ml volumetric flask with one ml of 
carvone standard (31.25 g/250 ml) and enough ether to bring to 
volume. Reingested pellets from the stomach were treated in the 
same manner except only 3 to 5 g of pellets were placed in ether 
with .2 ml of carvone standard, and ether extract was concentrated 
by reduced pressure to 10 ml. 

The sagebrush samples were ground in liquid nitrogen and 
monoterpenoids extracted by Soxhlet extraction using absolute 
ether (Welch and McArthur 1981). All ether extracts were ana- 
lyzed for monoterpenoids by gas chromatographic techniques out- 
lined by Welch and McArthur (1981). Drjl weights of all material 
(stomach and vegetative) were obtained to express monoterpenoid 
content on a dry weight basis. 

Microscopic techniques as described by Flinders and Hansen 
(1972) were used to determine the relative percent frequency of 
sagebrush in the stomach ingesta of the 10 pygmy rabbits. These 
values were used to calculate the concentration of monoterpe- 
noids, on a dry matter basis, in stomach ingesta. 

One male pygmy rabbit, from a captive colony of rabbits at 
Brigham Young University, was used to measure loss of monoter- 
penoids through the ingestion processes. An airtight rabbit 
chamber, through which a constant flow of compressed air (1,500 
ml/minute) could pass, was d&igned to hold a rabbit and sage- 
brush. Air from the rabbit chamber passed through glass tubing 
and bubbled through two successive 500 ml flasks containing 300 
ml of absolute ether to trap the monoterpenoids. The flasks were 
placed in an ice bath to minimize ether evaporation. 

Three tests were conducted under standard conditions. These 
conditions were: (1) on the first day at 6130 a.m. a big sagebrush 
plant was selected, tagged, and current year growth sampled; (2) 
the sagebrush sample was immediately transported to the labora- 
tory, where 50 g of sample was placed in the rabbit chamber with 
the rabbit; (3) the air was turned on at 7 a.m. and off at I p.m.; (4) 
ether from the flasks was concentrated to about 6 ml; .2 ml of a 
carvone standard was added and then brought to a 10 ml volume; 
(5) monoterpenoids were measured by gas chromatograph; (6) the 
next day, the same big sagebrush plant was again sampled at 6:30 
a.m. and steps 3 through 5 repeated, except the rabbit was removed 
from the rabbit chamber (control). 

These steps made up the first test. The next test began with the 
selection of a new big sagebrush plant. Temperature in the rabbit 
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chamber remained constant (24“ C) throughout testing. 
Throughout both tests, the rabbit chamber contained a dish of 

guinea pig pellets and a water bottle. Pygmy rabbits are negatively 
sensitive to extended periods without food (personal observation). 
The rabbit was not fasted except for test 3, when all food was 
removed 12 hours prior to testing. To create minimal disturbance 
the rabbit stayed in the chamber for the duration of pretesting and 
testing, being removed only when sagebrush alone was tested. 

The amount of trapped monoterpenoids from the three tests was 
expressed in milligrams. Paired comparisons were used to deter- 
mine significant differences (Huntsberger 1967). 

Results 
Stomach ingesta of pygmy rabbits contained 97% sagebrush on 

a dry matter basis. Total monoterpenoid content for the big sage- 
brush plants being eaten by the pygmy rabbits was 2.94% dry 
matter. Total monoterpenoid content of pygmy rabbit stomach 
ingesta was 0.607% dry matter, and reingested pellets contained 
0.048% dry matter; together this represents 77% less monoterpe- 
noids than found in the big sagebrush plants being eaten. Individ- 
ual monoterpenoid fractions of the ingesta showed a similar 
reduction in monoterpenoid levels as compared with the composite 
sagebrush sample (Table 1). 

Table 1. Summary of monoterpenoid fractions found in fresh big sage- 
brush and in rabbit stomach ingesta, expressed as percent dry matter. 

Percent 
mono- 

terpenoids 
Monoterpenoid Fresh Stomach Reingested lost from 
fractions sagebrush content pellets stomach’ 

Pinene .03 .013 .OOO 55.3 
Camphene .08 ,023 .002 67.8 
1,8-Cineol .25 .015 ,000 93.8 
D-Camphor .44 .084 .025 75.2 
Unknowns 2.14 ,472 .021 76.3 

Total 2.94 .607 .048 77.0 

‘(Stomach + pellets) 

0.97 
= Percent of monoterpenoids remaining in stomach, 

Amount of monoterpenoids in big sagebrush 
100 - percent remaining = Percent monoterpenoids lost from stomach. 
0.97 is the proportion of big sagebrush found in the stomach. 

Total trapped monoterpenoids for sagebrush alone from the 
rabbit chamber and for sagebrush and the rabbit were .53 mg and 
6.66 mg respectively (Table 2). a-Pinene content for sagebrush 
alone was 0 mg and with the rabbit was 0.07 mg. With sagebrush 
alone in the chamber, no camphene was recovered, while 1.07 mg 
of camphene was recovered with a rabbit in the chamber. 1,8- 
Cineol content for sagebrush alone was 0 mg, while with a rabbit, 
1.14 mg was recovered. Recoverable camphor with sagebrush 
alone was 0.45 mg and with a rabbit 4.33 mg was recovered. 
Unknown monoterpenoid content for sagebrush alone was 0.08 
mg and with a rabbit was 0.05 mg. The difference between mono- 

Table 2. Total recoverable monoterpcnoids from an airtight rabbit cham- 
ber with and without a rabbit present. Data expressed in mg. 

Sagebrush with rabbit Sagebrush without 
rabbit 

Monoterpenoids Test I Test 2 Test 3 x Test I Test 2 Test 3 7 

a-Pinene 0.14 0.07 0.07 
Camphene .36 2.86 1.07 
l,I-Cineol 3.42 1.14 
Camphor 1.25 1.43 10.31 4.33 0.47 0.49 0.38 0.45 
Unknowns .07 .03 .04 .05 .05 .20 .08 

Total 1.82 1.46 16.70’ 6.66 .47 .54 .58 .53 

‘Test in which the rabbit was fasted I2 hours prior to testing. 

Freeland, WJ., and D.H. Jnnxen. 1974. Strategies in herbivory by mam- 
mals: The role of plant secondary compounds. Amer. Natur. 108:269- 
289. 
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terpenoids trapped from sagebrush alone and from sagebrush 
being fed upon by the rabbit was statistically significant. 

The third test, in which the rabbit was fasted 12 hours prior to 
testing, recovered 16.70 mg total monoterpenoids, while with only 
sagebrush in the chamber 0.58 mg were trapped. 

Discussion 

The individual monoterpenoids found in big sagebrush collected 
from Dubois, Idaho, and stomach ingesta were nearly the same. 
This supports the assumption that the big sagebrush sampled in the 
area where pygmy rabbits were killed was similar to the big sage- 
brush eaten by the rabbits. 

Results of stomach analysis of pygmy rabbits showed a signifi- 
cant loss (77%) of monoterpenoids as compared with big sagebrush 
from the same location, 

Recent studies indicate microbial fermentation may occur in the 
stomach and does occur in the cecum of rabbits (Alexander and 
Chowdhury 1958; McBee 1971). Nagy et al. (1964) showed that the 
monoterpenoids of big sagebrush when in high enough concentra- 
tions, suppress the in vitro growth, cellulose digestion, volatile 
fatty acid production, and gas production of mule deer rumen 
microorganisms. These monoterpenoids could negatively interact 
with pygmy rabbit stomach and cecal microorganisms. It appears 
from this study, however, that pygmy rabbits have developed 
mechanisms that reduce the amount of monoterpenoids by 77% in 
stomach ingesta, thus greatly reducing any adverse interaction 
between monoterpenoids and microorganisms. Cluff et al. (1982) 
reported a significant reduction in the levels of monoterpenoids in 
the rumen of mule deer. Welch and Pederson ( 198 1) observed that 
o-Pinene and camphor were lost from the digestion solution dur- 
ing in vitro digestibility trials. 

Three mechanisms have been proposed that could reduce the 
monoterpenoid level in the ingesta of the herbivore: (1) loss that 
occurs through clipping, mastication, and rumination by rumi- 
nants (Welch and Pederson 1981); (2) body heat during ingestion 
of plant material causing release through eructation (Welch and 
Pederson 1981); and (3) absorption through the rumen wall and 
into the blood where it is excreted by the kidneys(Cook et al. 1952; 
Freeland and Janzen 1974). Our discovery of a 77% loss of mono- 
terpenoids from sagebrush in the stomach contents of pygmy 
rabbits prompted us to test the hypothesis that monoterpenoids are 
volatilized during mastication and ingestion. This was tested by 
using an airtight rabbit chamber. Results of rabbit testing showed 
12 times more recoverable monoterpenoids (6.66 mg) were col- 
lected from air passed through a chamber with a rabbit and sage- 
brush in the chamber than with sagebrush alone (.53 mg). The third 
rabbit chamber test, in which the pygmy rabbit was fasted 12 hours 
prior to testing, recovered 31 times more monoterpenoids. These 
results illustrate the importance of volatilization of monoterpe- 
noids during the act of ingestion. 
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Cattle Diets in the Blue Mountains of 
Oregon, I. Grasslands 

JERRY L. HOLECHEK, MARTIN VAVRA, JON SKOVLIN, AND WILLIAM C. KRUEGER 

Abstract 

Esophngeally iktulated cows were used to determine cattle diets 
on grassland range in northeastern Oregon in 1976,1977, and 1978. 
Idaho fescue, bluebunch wheatgrass, and Sandberg bluegrass were 
the most common species in the diets. Forb consumption declined 
while grass consumption increased with seasonal advance from 
late spring to fall. Food habits depended hugely on phenological 
development of forage species. Forbs were preferred over grasses 
early in the grazing season; then afterforbs reached maturity, cattle 
were selective for the plants that remained green. Diet shnilarities 
were compared between periods within years, and between years 
within periods. When diets were pooled into late spring, early 
summer, late summer and fall groups, late spring diets were least 
similar to the others. Diet variation from year to year was also less 
later in the grazing season. Utilization of Idaho fescue and blue- 
bunch wheatgrass should be considered in grazing management 
decisions on grasslands in the Blue Mountalns. 

Efficient range management depends, in part, on the identifica- 
tion of plants that are palatable and nutritious to livestock. There is 
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growing interest concerning important forage species on mountain 
rangelands in the northwestern United States because of problems 
in determining proper stocking rates and allocating forage between 
livestock and wildlife. 

Presently, information involving cattle diets on range in nor- 
theastern Oregon and southeastern Washington is limited to utili- 
zation studies reported by Pickford and Reid (1948), Harris (l954), 
and Miller and Krueger (1976). The objectives of this study were to 
determine important forage species in cattle diets with seasonal 
advance and among years on grassland range in the Blue Moun- 
tains of northeastern Oregon. 

Experimental Site and Procedures 

The study area was located on the Starkey Experimental Range 
near La Grande, Oregon. The area was situated on a gentle south- 
facing slope above Meadow Creek at an elevation of 1,250 m above 
mean sea level (Fig. I). Precipitation averages 53 cm and comes 
primarily in the winter and spring. In about one year out of two, 
there is sufficient summer precipitation to produce fall regrowth. 
Precipitation occurring on the study area during 3 years of study is 
presented in Table I. 

Two l20-ha range units having the same grazing history were 
established. Vegetation structure of the pastures was nearly identi- 
cal. Plant species characteristic of the Palouse prairiedominate the 
pastures (Strickler 1966). Vegetation is repr,esentative of the blue- 
bunch wheatgrass-Sandberg bluegrass (Agropyron spicatum-Poa 
sandbergii) and ponderosa pine-Idaho fescue (Pinus ponderosa- 
Festuca idahoensis) associations as originally described by Daub- 
enmire and Daubenmire (1968) and identified by Ganskopp 
(1978). These associations occupy 50 and 15% of each pasture, 
respectively. A Sandberg bluegrass-bluebunch wheatgrass (Poa 
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were made every other week with the fistulated animals. Fistulated 
cows were grazed continuously on the pasture under study in all 
periods. The sampling scheme involved collecting two samples 

: from each cow on the same week on a biweekly basis. The collec- 
tion procedure involved hazing the fistulated cows to various parts 
of the pasture and allowing them to graze freely untilat least 1 kg of 
grazed forage was acquired. To show trends in diet botanical 
composition, the grazing season was divided into four 28-day 
periods which were June 20 to July 18 (late spring), July 19 to 
August 15 (early summer), August 16 to September 12 (late 
summer), and September 13 to October 10 (fall). A total of 16 
samples was collected for each period. 

The microhistological technique of Sparksand Malechek (1968) 
was used in botanical analysis of diet samples. Sixty microscope 
fields were examined at 100X for each sample. 

Differences in consumption of individual species among periods 
and years were determined using analysis of variance (Steel and 
Torrie 1960). Similarity indexes (Oosting 1956) as applied to diet 
analysis (Olsen and Hansen 1977) were used to evaluate the repeat- 
ibility of diet constituents between periods within years and within 
periods between years. 

Results and Discussion 
During the 3 years of study, 18 grass species, 26 species of forbs 

and 4 shrubby species were found in cattle diet samples. Diet 
botanical composition was diverse in the late spring when nearly all 
the plants were green. However only a few species were consumed 
after the forage reached maturity. Springfield and Reynolds (195 1) 
and Reck (1975) reported that cattle selected a wide range of forage 
species when plants were young and growing, but only a few species 
were selected after forage reached maturity. 

When samples were pooled across years and periods, bluebunch 
wheatgrass’ and Idaho fescue comprised 57% of the diet (Table 2). 
Idaho fescue was less abundant than bluebunch wheatgmss but 
was more preferred on the basis of 70 by weight consumed to 
relative cover on the pasture. However, because standing crop data 
were not collected, a quantitative preference value was not 
assigned. Sandberg bluegrass was the most common species on the 
pastures (Table 2) but comprised only 8% of thediet. Pickford and 
Reid (1948) and Uresk and Richard (1976) reported cattle had a 
low preference for Sandberg bluegrass. Other grasses contributing 
at least 1 TO of cattle diets pooled across periods and years, included 
prairie Junegrass, western needlegrass, and cheatgrass brome. 

lScientific names of plants are given in Table 2 and follow Garrions and Skovlin 
(19’6). 

Western yarrow was the most important forb in diets and the 
only one comprising 1% or more of cattle diets in the latter half of 
the grazing season during 3 years of study. This forb species 
remains green after most of the otherforbs havematured. Pickford 
and Reid (1948) reported western yarrow was used throughout the 
grazing season on the Starkey Range and was a preferred species. 

Arrowleaf balsamroot occurred erratically in cattle diets early in 
the grazing season. It comprised less than 1% of the plant cover and 
was found in rocky parts of the pasture that had received light use 
in the past. In late spring cattle sometimes consumed an entire 
plant but by maturity it was ignored. Pickford and Reid (1948)also 
reported that arrowleaf balsamroot was one of the most palatable 
plants on the Starkey Range when it was green. 

Wyeth eriogonum was the most common forb on the pastures 
but received relatively little use because its low growth form and 
woody nature caused it to be unavailable and unpalatable. Several 
species of lupine and mules ear wyethia were important in cattle 
diets during particular collections. However, they never comprised 
more than 2% of the diet when samples were pooled across years 
and periods. Availability probably limited their consumption. 

Common snowberry was the only shrub occurring in cattlediets 
in more than trace amounts because it was found only on small 
areas occupied by ponderosa pine. Cattle used snowberry through- 
out the grazing season when they encountered it, but they usually 
grazed parts of the pastures where it was unavailable. 

During all 3 years, cattle diets shifted toward more grass and 
fewer forbs as the grazing season advanced (Table 3). This is 
probably explained by reduced forb palatability with phenological 
advancement. Pickford and Reid (1948) reported similar trends in 
grass and forb consumption on the Starkey range. 

Grass consumption ranged from a low of 54% in late spring, 
1978, to 91% in fall, 1977. Other investigators have reported 
grasses to be the most important component of cattle diets (Cook 
et al. 1963, Van Dyne and Heady 1965, Galt et al. 1969; Cooket al. 
1967, Beck 1975). In this study, when they were green, forbs were 
highly preferred relative to grasses. Vavra (1972) reported cattle 
preferred forbs over grasses on shortgrass range during early stages 
of phenological development. 

Cattle diets were significantly lower (K.05) in forbs in 1977 
than in the other 2 years. The spring and early summer of 1977 were 
drier than 1976 or 1978 (Table 1) and many forb species 
approached maturity when cattle grazing was initiated. Advanced 
phenology explains the relatively low consumption of forbsduring 
the first half of 1977 compared to the other 2 years. 

Although forbs were more important in cattle diets in 1978 than 
in 1976 or 1977, fewer forb species were found in diet samples in 

Table 3. The percent by weight of important species found in cattle diets in 1976, 1977, and 1978. 

Species 

Bluebunch wheatgrass 
Cheatgrass brome 
Idaho fescue 
Prairie junegrass 
Sandberg bluegrass 
Western needlegrass 

Total grasses 
Western yarrow 
Arrowleaf balsamroot 
Wyeth eriogonum 
Lupine 
Mules ear wyethia 

Total forbs 

Common snowberry 
Total shrubs 8 6 3 8 6 7 5 5 5 5 6 6 

1976 1977 1978 
Early Late Early Late Early Late 

Late sum- sum- Late sum- sum- Late sum- sum- 
spring mer mer Fall spring mer mer Fall spring mer mer Fall 

16b 28. 34’ 36’ 28b 3rb 3e 39’ ISb 18b 2Tb 28” 
I T - - 1 2 3 5 

ISb 36’ 3V 34’ 41’ 34b 3Zb 23’ Ilb 26. 3Y 2V 
3 4 3 4 2 I 2 4 2 1 I 7 
2 5 3 : 2 2 5 12 8 16 15 14 
5 2 4 

64b 86’ 90’ 85 78b 79b 90’ 91’ 54’ 70” 9V 8P 
5 

: 
4 3 

: : L + 
l(r 

$ 
2b lb 

3 T - 10 - T 
T T T T 3 4 1 T 
4 T T - 4 5 - - 

3 2 T T 
28 Sb 7b ? 16 14 5 4 41’ 2Sb B F 

7 4 4 7 5 4 4 4 3 A 5 5 

‘%4eans with dimerent superscripts within the same row and year are significantly different at the .OS level. 
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1978. Vavra (1972) reported fewer forb species in cattle diets in a 
year when growing season precipitation was above average. He 
attributed this to higher availability of the preferred species. 

The mid-season movement of cattle in 1977 resulted in little 
change in diets. Forb consumption was actually lower after the 
move which further suggests that the reduction in forb consump- 
tion in early summer during the 3 years was the result of advanced 
phenological development. 

Grazing pressure was lighter in 1977 than in 1976 or 1978 
because cattle grazed both grassland pastures rather than one. 
However, cattle diets were similar in the latter half of the grazing 
season in all 3 years. 

Idaho fescue had more green leaves than other grasses in the 
summer and it was preferred. In the latter part of the grazing 
season, cattle purposely sought Idaho fescue plants which had 
received heavy grazing pressure earlier in the season because 
regrowth was more available on these plants. Beck( 1975) reported 
that plant phenological development was the primary factor 
influencing cattle diet selection in southeastern Colorado. 

The erratic consumption of Sandberg bluegrass in different 
periods and years is explained by phenological development. In 
1976 and 1977 this species had already approached maturity when 
grazing was initiated. However, heavy rainfall occurred during the 
summer of 1977 and Sandberg bluegrass showed considerable 
regrowth in the fall. Significantly more (K.05) of this species was 
used in the fall than during the late spring or summer. Pickford and 
Reid (1948) reported increased utilization of Sandberg bluegrass 
after late summer rainfall. In 1978 Sandberg bluegrass remained 
green much longer and significantly more (X.05) was found in 
diets. 

Similarity indexes comparing diets among the four different 
periods (Table 4) revealed that diets in late spring were the least 
similar in 1976 and 1978. Late spring grazing occurred when 
availability was greatest and all forage species were green and 
immature. There was less forage available for selection later in the 
season as grazing removed some forage and maturity made other 
species less palatable and hence larger similarity values were 
observed. As expected, the drought year of 1977 did not follow the 
same trend. Diets were similar summer long due to limited 
availability. 

Table 4. The percent similarity of cattle diets comparing grazing periods, 
within years. 

Period comparison 1976 
Year 
1977 1978 

LS-ESu’ 46 78 59 
LS-LSU 51 71 48 
LS-F 51 61 49 
ESu-LSu 76 75 68 
ESu-F 74 65 66 
LSu-F 82 74 74 
ILS = late spring, ESu = early summer, LSu - late sumtner, F = fall. 

When similarity indexes were calculated, comparing individual 
periods among years, the same trends were evident (Table 5). Diets 
in the late spring period when availability was greatest were the 
least similar among years. Late summer and fall diets were quite 
similar, indicating that differences in selection due to differences in 
annual forage availability are more pronounced during the early 
stages of the grazing season. 

Conclusions 
In late spring when availability was greatest, cattle diets were the 

most diverse. As the grazing season progressed, fewer plant species 
were consumed and the more repeatable diets became among 
periods and years. Idaho fescue and bluebunch wheatgrass were 
the most important diet constituents. Most of the similarity indiets 
among years and periods can be attributed to the amounts of Idaho 
fescue and bluebunch wheatgrass in the diet. Cover data indicate 
that Idaho fescue was more limited on the pastures than was 

Table 5. The percent similarity of cattle diets comparing years within each 
grazing period. 

Year 
Comparison 

1976-1977 
1976-1978 
1977-1978 

Late 
spring 

48 
46 
38 

Grazing Period 
Early Late 

summer summer 

70 76 
45 66 
44 65 

Fall 

72 
67 
72 

bluebunch wheatgrass and therefore the most preferred forage 
species. However, both Idaho fescue and bluebunch wheatgrass 
should be considered in grazing management decisions on moun- 
tain grasslands. Forbs were important diet constituents particu- 
larly early in the grazing season. When allocating forage to wildlife 
and livestock, forb use by cattle should be considered. During 
drought years increased use of important grass species can be 
expected early in the grazing season and management should be 
incorporated to prevent overgrazing of key species. 
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Nitro Compounds in Introduced Astragahs 
Species 
M.C. WILLIAMS AND A.M. DAVIS 

Abstract 

Leaves of foreign Astragdus species were examined for the 
presence and type of poisonous aliphatic nitro compounds. 
Twenty-two (24%) of the 92 species examined tested positive for 
nitro compounds and 70 (76%) tested negative. Three nitro- 
bearing species, Astragalus bodeanus Fisch., Astragahs isfalrani- 
cus Boiss., and Astragalus siliquosus Boiss. synthesized 
3-nitro-l-propanol (3NPOH). The other nitro-bearing species 
synthesized 34tropropionic acid (INPA). Ten taxonomic sec- 
tions had a high percentage of nitro-bearing species. Chemotaxo- 
nomlc relationships in Astragalus suggest that most, lf not all, of 
the other species in these IO sections would synthesize nitro 
compounds. 

Many Astragalus species foreign to the United States, particu- 
larly those from Europe and Asia, are suitable for introduction for 
use as forage and omamentals, or for reclamation in the United 
States. Some species could be used to revegetate areas of the 
western United States depleted by overgrazing or disturbed by 
strip mining and other causes incident to the exploration for new 
sources of energy. Because about 67% of the land in the 11 western 
contiguous states is rangeland, these species would likely be exten- 
sively used as forage by both livestock and wildlife. Introduced 
Astragalus must, therefore, be examined for toxicological proper- 
ties to insure that no harmful species are released. 

More than half of the 558 species and varieties of North American 
Astragalus synthesize toxic aliphatic nitro compounds, and 
another 5% accumulate toxic levels of selenium from the soil or 
synthesize unidentified toxic compounds associated with locoism 
(Williams and Barneby 1977a). Presumably, a sizable number of 
the approximately 1,500 Old World and South American species 
would also be poisonous and could become troublesome pests if 
introduced on western ranges and pastures. 

Interception of the poisonous Astragalus before their release 
would prevent future livestock losses, range deterioration, time 
and expense of developing unsuitable species, and ultimately, 
costly eradication programs. Over 35 purposefully introduced spe- 
cies have become costly weed problems in the United States (Wil- 
liams 1980). More than half of these are poisonous. 

The most common poisons found in Astragalus in North Amer- 
ica are the nitro compounds (Williams and Barneby 1977a). These 
compounds are subdivided into those that are catabolized in the 
digestive tract of ruminants to 3-nitro-I-propanol (3-NPOH) or 
3-nitropropionic acid (3-NPA) (Williams and James 1975). The 
former is more toxic to ruminants because it is more rapidly 
absorbed from the digestive tract. 

Old World and South American Astragalus leaflets sampled 
from herbarium specimens were analyzed qualitatively for nitro 
compounds. Nitro compounds in Astragalus are relatively stable 
and they have been detected in leaves from herbarium specimens 
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over 100 years old. About 7% of the species examined were positive 
for nitro compounds (Williams and Barneby 1977b). Astragahs 
species were often chemotaxonomically related so that the nitro- 
bearing species were grouped in taxonomic sections or subgenera. 

Germplasm of over 150 Astragalus species has been brought into 
the United States and grown at the Western Regional Plant lntro- 
duction Station. Some of these species are the subject of active 
research, while others have already been released for seeding as 
named cultivars. To prevent the accidental release of poisonous 
Astragalus, we examined many of these species for the presence 
and type of nitro compounds. 

Materials and Methods 

The Poisonous Plant Research Laboratory received 114 speci- 
mens or accessions of Old World Astragalus from the U.S.D.A., 
Western Regional Plant Introduction Station, Pullman, Washing- 
ton. Sixty-eight were received as seed and 46 as dried plants from 
collections made in the station nursery. Eight species were received 
as seed from the U.S.D.A. Soil Conservation Service (SCS) Plant 
Materials Center at Aberdeen, Idaho. Samples of two species were 
collected from plots at the Agronomy Farm, Logan, Utah. 

Ninety-two species of Old World Astragalus were present in the 
124 accessions. Sixty-two were identified as to species; 30 were 
identified only by a plant introduction number. The 30 unnamed 
species were assumed here to be different species, although possible 
duplication may be found upon identification. 

Fifty seeds of each species were scarified and planted in 15.2-cm 
pots in the greenhouse. As soon as sufficient foliage was available 
to produce 25 g of dry weight, the aerial parts were harvested and 
dried at 600 C. Dried plant material from each accession was 
combined and ground to pass a 16-mesh/cm screen before analy- 
sis. The concentration of nitro compounds is highest when plants 
are in vegetative to pre-bloom growth. The concentration of nitro 
compounds in Astragalus declines after seed is formed. 

All accessions of Astragalus were analyzed quantitatively for 
nitro compounds by the method of Cooke (1955) as modified by 
Williams and Norris (1969). In a few instances when germination 
was poor or when plants failed to develop under greenhouse condi- 
tions, plants were assayed qualitatively by the method previously 
described (Williams and Barneby 1977a). 

The type of nitro compound (3-NPOH or 3-NPA) was deter- 
mined by thin-layer chromatography. Approximately 0.5 g of 
dried plant was extracted for 24 hr at room temperature in 50 ml of 
80% ethanol and filtered to remove solid material. The filtrate was 
extracted twice with 50-m] aliquots of benzene. The ethanol extract 
was evaporated to dryness on a rotary evaporator, and the residue 
was redissolved in 2 ml of 95% ethanol. The ethanol solution was 
hydrolyzed with 8 ml of 3 N HCl on a steam bath for 3 hr, by which 
time the total solution was reduced to 1 ml. The extract was 
chromatographed on silica gel plates in 5:3 benzene:methanol. The 
nitro compounds were visualized with a diazotized p-nitroaniline 
spray of Majak and Bose (1974). The Rf values of the spots were 
compared with those of authentic samples of 3-NPOH and 3-NPA. 

Results and Discussion 
Twenty-two of the 92 species examined (24%) tested positive for 
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Table 1. Nitro compounds in introduced AstraEahs. 

Identification number Species Origin 
Nitro analysis 

(mg NCWg of plant) Type of nitro compound 

D 2012 
PI 220158 
PI 380748 
PI 289649 
PI 318944 
PI 244273 
PI 66440 
PI 220769 
PI 383593 
PI 307949 
PI 227444 
D 2140 
PI 223335 
PI 314223 
PI 214099 
PI 330696 
PI 241587 
PI 221431 
PI 214102 
PI 420694 
PI 420686 
PI 420693 

A. alopecias Pail. 
A. bakaliensis Bge. 
A. bodeanus Fisch. 
A. bourgaeanus Coss. 
A. cymbicarpos Brot. 
A. edtdis Coss. & Durieu 
A. falcatus Lam. 
A. filicatdis F. & M. 
A. glycyphyllos L. 
A. hamosus L. 
A. isfahanicus Boiss. 
A. macropterus DC. 
A. odoratus Lam. 
A. peduncuiaris Royle 
A. refractus C.A.M. 
A. siliquosu Boiss. 
A. sinicus L. 
A. tephrosioides Boiss. 
A. trimestris L. 
Species 
Species 
Snecies 

U.S.S.R. 
Afghanistan 
Iran 
Spain 
Spain 
Spain 
U.S.S.R. 
Afghanistan 
Turkey 
Algeria 
Iran 
U.S.S.R. 
Iran 
U.S.S.R. 
Spain 
Iran 
Taiwan 
Afghanistan 
Spain 
U.S.S.R. 
U.S.S.R. 
U.S.S.R. 

5.9 
8.0 
6.6 

11.2 
6.4 
_I 

56.4 
6.7 
5.2 

11.5 
10.5 
84.8 
50.8 
28.7 
9.6 
9.1 
_I 
5.6 
9.4 

14.1 
11.0 
9.9 

No spot 
3-NPA 
3-NPGH 
3-NPA 
3-NPA 
- 

3-NPA 
3-NPA 
3-NPA 
3-NPA 
3-NPOH 
3-NPA 
3-NPA 
3-NPA 
3-NPA 
3-NPOH 

- 
No spot 
3-NPA 
3-NPA 
3-NPA 
3-NPA 

IInsufficient material for quantitative analysis. Qualitative analysis indicated a concentration of 4 to 8 mg of NQ/g of plant. 

nitro compounds (Table 1) and 70 species (76%) tested negative. 
All accessions of an individual species were either positive or 
negative for nitro compounds. Astrugulus bodeanus Fisch., Astru- 
galus isfuhunicus Boiss., and Astrugulus siliquosus Boiss. synthes- 
ized 3-NPOH at 6.6 to 10.5 mg NOe/g. Both A. isfahunicus and A. 
siliquosus are in section Eheiochrus. Astragulus bodeunus is in 
section Megulocystis. 

Emory milkvetch (Astrugulus emoryanus var. emoryanus 
(Rydb.) Cory), a native of Texas and New Mexico, synthesizes 5 to 

9 mg of NOs/g of plant as 3-NPOH. During an unusually heavy 
infestation of this plant in 1975, mortality of cattle and sheep on 
range near Roswell, New Mexico, was between 2 to 3% with 
morbidity 15 to 20% (Williams et al. 1979). All known foreign 
3-NPOH-bearing Astrugulus would also be highly toxic to 
ruminants. 

Several Old-World sections of Astrugulus that include 3 to 15 
species each have a high percentage of nitro-bearing species (Table 
2). Chemotaxonomic characteristics of the nitro-bearing Astrugu- 

Table 2. Taxonomic sections of Astragdu~ that contain significant percentagee of nitro-bearing species. 

Astragalur section 

Brachycarpus Boriss. 

Buceras Bge. 

Hemiphaca Kar. Jt Kir. 

Hemiphragmium Bge. 

Melanocercis Bge. 

Meb’lotopsis Gontsch. 
Oroboidei A. Gray 

Severzowia Bae. 
7heiochru.s Bge. 

Uliginosi A. Gray 

No. of species 
worldwide’ No. of species No. of nitro-bearing 

f examined species Nitro-bearing species 

8 2 2 A. densiflorus Kar. 8~ Kir. 
A. heterodontus Boriss. 

8 3 3 A. bubaloceras Maire 
A. humosus L. 
A. trimestris L. 

15 3 2 A. macropterus DC. 
A. williamsii Rydb.2 

10 10 5 A. aboriginum Richards.2 
A. australis (L.) Bge. 
A. cottoni M.E. Jones* 
A. himalayanus Klotzsch 
A. polycladus Bur. 8~ Franch. 

7 4 3 A. hermoneus Boiss. 
A. massiliensis Lam. 
A. sirinicus Ten. 

3 I I A. melilotoides Pall. 
6 4 4 A. eucosmus B.L. R0bins.l 

A. oroboides Hornem. 
A. politowii Krylov 
A. robbinsii (Oakes) A. Grays 

3 2 1 A. compositus Pavlov 
6 2 2 A. isfahanicus Boiss. 

A. siliquosus Boiss. 
9 6 6 A. canadensis L.2 

A. falcatus Lam. 
A. odoratus Lam. 
A. oreganus Nutt. ex T. & G.2 
A. pedunculuris Royle 
A. uliginosus L. 

‘Approximate number of species. 
~Asrragalw species found in North America. 
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1~s suggest that most, if not all, of the other species in these sections 
synthesize nitro compounds. Some of these species have been 
identified as nitro-bearing through analysis of leaflets from herba- 
rium specimens (Williams and Barneby 1977a; Williams and Bar- 
neby 1977b). Four sections, Hemiphaca, Hemiphragmium, 
Oroboidei, and Uliginosi, have nitro-bearing species in both Asia 
and North America. 

All species examined in section Uliginosi (Old World = section 
Eudomus), Astragalusfalcatus Lam. (sicklepod milkvetch), Astra- 
galus odoratus Lam., and Astragaluspeduncularis Royle, synthes- 
ized 3-NPA compounds. Three other species from this section, 
Astragalus canadensis L., Astragalus oreganus Nutt. ex T. & G., 
both from North America (Williams and Barneby 1977a) and 
Astragalus uliginosus L. from China, are also nitro-bearing (Wil- 
liams and Barneby 1977b). Sicklepod milkvetch was introduced 
into the United States about 1920 and has been studied extensively 
(but not toxicologically) for over 50 years. The plant was recom- 
mended for range seeding. The discovery of high levels of 3-NPA 
(up to 84 mg N&/g) in sicklepod milkvetch foliageand its toxicity 
to livestock has resulted in the recommendation that the species 
not be seeded and that existing stands be eradicated (Williams et al. 
1976). 

Astragalus hamosus L. of section Buceras is of interest because it 
is being considered for introduction into Australia (Desborough 
1976). Australia has no indigenous Astragalus. The two species 
now found there, Astragalus hamosus L. and Astragalussesameus 
L., were inadvertently introduced. Astragalus hamosus appears to 
be excellent sheep forage and grows well on Australian range. A 
cultivar of A. hamosus, loman, derived from germplasm intro- 
duced from Israel, has been registered with the New South Wales 
Department of Agriculture (anonymous 1977). Four accessions of 
A. humosus (seed from Spain, Iran, Turkey and Algeria) grown in 
Logan, Utah, synthesized 9 to 11 mg N&/g as 3-NPA in leaves. 
Leaf samples of A. hamosus sent from Australia assayed 10 mg 
N&/g (Williams 1980). Two other members of this 8-member 
section Astragalus bubaloceras Maire (Williams and Barneby 
1977b) and Astragalus trimestris L., are known to synthesize nitro 
compounds. 

The nitro content of A. hamosus is so low that the plant would be 
only marginally toxic to livestock under range conditions. No 
problems have been encountered in Australia to date; however, the 
effects on livestock that graze Astragalus with low levels of 3-NPA 
over long periods are unknown. 

Several conclusions may be drawn concerning the potential use 
of foreign nitro-bearing Astragalus as forage in the United States. 
First, no species should be released that synthesizes miserotoxin or 
any other compound that catabolizes to 3-NPOH in ruminants, 
Such speices would be unsuitable for utilization in any capacity, 
even as ornamentals, because of the danger that they might escape 
and become a poisonous weed in pastures and ranges. This group 
of Astragalus would include A. bodeanus, A. isfahanicus, and A. 
siliquosus and possibly all other species in sections Megalocystis 
and Theiochrus. 

Species containing nitro compounds that are catabolized to 
3-NPA in ruminants range from highly poisonous to virtually 
harmless. In general, species with a leaf content of 20mg NGz/g or 
higher (dry wt) as 3-NPA would be classified as poisonous and 
unsuitable for release. These could cause both acute and chronic 
poisoning in livestock. Most 3-NPA species in this category are 
noted for wide fluctuations in nitro content that may reach 60 to 80 
mg N&/g in leaves during vegetative-to-bloom stage of growth. 
This group included all species so far examined in section Uliginosi 
and Astragalus macropterus DC. of section Hemiphaca. As natu- 
ral components of ranges and pastures in the western United 
States, the indigenous 3-NPAAstragalus have not been recognized 
as a livestock-poisoning problem. One possible exception is A. 
canadensis which has reportedly caused cattle losses in Oregon. 
Chronic and acute poisoning have been produced experimentally 
in ruminants with both A. canadensis and sicklepod milkvetch 

(Williams and James 1978; Williams et al. 1976). 
Astragalus species that synthesize 10 to 19 mg N&/g as 3-NPA 

would be moderately toxic; but under range conditions, acute 
poisoning would rarely occur. Chronic poisoning could occur if the 
plants were heavily grazed during vegetative growth when 3-NPA 
content was highest. 

Species that synthesize less than 10 mg NOz/g as 3-NPA are 
marginally toxic. Toxicity is apparent with the chick bioassay but 
only in doses of 6 to 9% of body weight. Seeding these species so 
that they comprised a major part of the available forage might 
produce chronic poisoning. Extended feeding studies with cattle 
and sheep should be conducted with Astragalus species that syn- 
thesize 3-NPA at 5 to 15 mg N&./g to determine if pathological 
changes occur. The analyses reported here are based on a small 
sample of individual species, many grown under greenhouse condi- 
tions, which may not correspond to nitro analyses under range 
conditions. 

More than 50% of the North American Astragalus accessions 
previously examined synthesized nitro compounds (Williams and 
Barneby 1977a). Based on the foreign introductions studied, nitro 
synthesizing species would not be expected to exceed 30 to 35% of 
future introductions, while 65 to 70% of the 1,400 to 1,500 known 
foreign Astragalus species would be free of harmful compounds. 
Besides nitro compounds, some Astragalus species accumulate 
selenium to toxic levels. Davis (1972) found toxic levels of selenium 
in 25 of 48 introduced Astragalus species grown in soils containing 
18 ppm selenium. Such species could be hazardous to livestock if 
they were seeded on seleniferous soils in the western United States. 
A recommended screening process for new Astragalus introduc- 
tions should include (I) analysis for the presence and type of nitro 
compound; (2) a study on selenium accumulation; and (3) toxico- 
logical studies with laboratory and domestic animals to insure that 
no other toxic compounds are present. The Astragalus that were 
shown to be free from toxic components would provide an ade- 
quate reservoir of species from which useful cultivars could be 
developed without releasing potentially harmful species. 
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Dietary Overlap between Sheep, Cattle, and 
Goats when Grazing in Common 
V.R. SQUIRES 

Abstract 

The chemical and botanical composition of the diets of esopha- 
geally fistulated sheep, cattle, and goats was monitored over a 
period of 1 year at intervals of approximately 2 months. The 
animals were grazing together in a poplar box (Eucalyptuspopul- 
neo) woodland community with an understory of shrubs, chiefly 
Cassia and Eremophila spp., and an herbaceous field layer of 
grasses and forbs. Diet quality, as assessed by in vitrodigestibility, 
was highest for sheep in all seasons. The degree of dietary overlap, 
and hence potential competition, was greatest between goats and 
cattle. Both goats and cattle had a high proportion of browse 
plants in their diets. Discussion centres on the degree of overlap in 
the diets and the complementarity of grazing under common-use. 

and three awns, (Aristida) spp., and forbs (chiefly Composites and 
Chenopods). The availability and botanical composition of the 
field layer species were obtained by hand clipping 80 quadrats (lmz) 
on six occasions, at bimonthly intervals. The contribution of 
shrubs and trees to the amount of forage on offer was not assessed 
quantitatively. The height and frequency of occurrence of tree and 
shrub species along 80 m of belt transect were recorded. 

Semiarid rangelands in Australia produce forage which can be 
utilized by more than one kind of animal-usually cattle ?r sheep. 
Common-use grazing, the concurrent use of the rangeland by more 
than one kind of animal, has been advocated as a means of maxim- 
ising animal production (Merrill and Miller 1961). As a prerequi- 
site to studies on animal and rangeland productivity under 
common-use grazing, it seemed desirable to evaluate the degree of 
potential competition between livestock species as indicated by the 
extent to which they select the same plant species. 

Esophageal fistulas were installed in six sheep (Merino wethers), 
six cattle (Angus yearlings), and six goats (of feral origin). A 
minimum of four animals of each species were used in the diet 
study. Collections of extrusa were made every 2 months by intro- 
ducing the fistulated animals into a 20-ha paddock of known 
botanical composition. During the period when collections were 
not being made, the animals were grazed together on an adjacent 
area of similar botanical composition. 

Dietary preferences of livestock are commonly assessed by 
means of esophageally fistulated animals (Van Dyne and Tore11 
1964). Several studies in western New South Wales involving 
comparison of diets selected by livestock when grazing together 
have been reported. Wilson et al. (I 975) studied diets of sheep and 
goats in a rosewood-belah (Heterodendrum-Casuarina) wood- 
land, and Wilson (1976) compared the diets of sheep and cattle in a 
semiarid grassland. Squires (1980) compared the diets of sheep, 
cattle, and goats grazing in a poplar box (Eucalyptus populnea) 
woodland. Attempts to assess the degree of dietary overlap by 
livestock species are less commonly reported. The study by Hansen 
and Reid (1975) is typical of many in North America in which the 
interaction between wildlife and range livestock was assessed. 

Dietary samples were collected over a 45-50 minute period after 
an overnight fast. Collections were made from each animal species 
group in turn on successive days. Extrusa from each of the indivi- 
duals/comprising an animal group were collected and analysed 
separately, Samples obtained were analysed for botanical compo- 
sition by hand sorting the fresh extrusa into the component species. 
For convenience in considering the results, four major plant group- 
ings were used: shrubs, grasses, forbs, and dead material. The sub 
sample for determination of nitrogen and phosphorus content and 
in vitro digestibility were frozen, freeze dried, and ground in a 
Wiley mill. Nitrogen was determined by an automated Kjeldahl 
method. In vitro digestibility was determined by the method of 
Minson and McLeod (1972), using correction according to a stand- 
ard herbaceous forage for which the in vivo digestibility was 
known. A preference index as proposed by Taylor (1973) was 
calculated as follows: 

PI = % in diet - % available x l0 
% in diet + 70 available 

The present paper summarises information gathered over a 
l-year period from a study involving sheep, cattle, and goat diets 
under common-use grazing in a semiarid woodland. Both chemical 
and botanical composition of the diets were evaluated. Degree of 
dietary overlap was assessed. Full details of the methods employed 
and the results of comparisons of diets selected by the three live- 
stock species are in Squires (1980). 

where % in diet and 70 available refer to the proportion of a given 
forage species in the diet and the pasture on offer, respectively. The 
index has scale from -10 to i-10 indicating relative preference. A 
value about zero would indicate selection in proportion to 
availability. 

Methods 

The study was conducted during 1974-75 at the CSIRO Coo- 
labah study site in northwest New South Wales. The study area, 
located in a semiarid poplar box woodland, had a dense understory 
of shrubs, principally turpentine (Eremophila), hopbush (Dodo- 
nea). and cassia (Cassia) spp. The field layer was dominated by 
grasses, chiefly speargrass (Stipa), greybeard grass (Amphipogon), 

Degree of diet overlap was assessed by means of the simple index 
proposed by Dunbar (1978) in which the percentage points from 
each dietetic class which are common to both animal species are 
summed. Values are expressed as a coefficient in the range of 
O-100. 

Results 

Botanical Composition 
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There were 96 species on offer in the study area but diets con- 
tained a maximum of 18 species. Of these, only 12 weresufficiently 
conspicuous to warrant attention. For ease of presentation the 
diets will be considered in the four categories referred to above. 
Goats ate more shrubs than either sheep or cattle at all samplings 
but the differences failed to reach significance on some occasions 
(Table 1). Sheep maintained a high proportion of green grass in 
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Table 1. Trends in diet selected by sheep, cattle, and goats in a semiarid woodland community in northwest New South Wales.1 

Dietary component October I974 January 1975 
Date of sampling 

March 1975 May 1975 Julv 1975 Sentember 1975 1 
Shrubs/Trees C< S<G G<G=S N.S.2 S<C=G S<C<G S<C<G 
Forbs and sub shrubs G<C=S N.S. N.S. N.S. N.S. S>C=G 
Grasses c<c=s G=C<S N.S. C<G<S G<C=S G<S=C 
Dead G<S<C S<C<G G=C<S N.S. N.S. C=G<S 
Range of values 
Shrubs/Trees-4 to 57% of diet 
Forbs and sub shrubs-l to 35% of 

diet 
Grasses-9 to 70% of diet 
Dead-3 to 70% of diet 

lDerived from ANOV with 71 d.f. 
2N.S. = not statistically significant at 5% level of probability. 

their diets in all occasions despite a low level of availability. Cattle 
did not harvest the generally sparse and short purple lovegrass 
(Eragrostis lacunaria), which was the major component of the diet 
of sheep. Instead cattle selected senescent variable spear grass 
(Stipa variabilis) when other forages were in short supply. Forbs 
were a minor part of the diet in all but spring because of low 
availability. 

Diet Overlap 

Burr daisies (Calotis spp.) and the chenopods, grey copper burr 
(Bassia diacantha) and goosefoot (Chenopodium anidiophyllum), 
were the principal forbs in spring and contributed 30% to the diet 
of both sheep and cattle. Seasonal variation in green forage on 
offer is shown in Table 2. 

The degree of diet overlap varied seasonally (Table 4). The 
overlap was greatest between sheep and cattle and least between 
sheep and goats. Degree of overlap was lowest during the summer 
(January) when the proportion of shrubs and browse in the diets 
showed the greatest divergence (Table 1) and hi ,hest in autumn 
when all three livestock species ate considerable amounts of grass. 

The utility of the index of diet overlap is obviously sensitive to 
the fineness of the division of forage classes. The greatest apparent 
overlap occurred when the forages were grouped into broad cate- 

Chemical Composition 
Sheep maintained a higher quality diet than either cattle or 

goats. In vitro digestibility values averaged 5-6 percentage points 
higher than cattle or goat diets. Digestibility was low (<SO%) in 
most seasons reflecting the high intake of shrubs of low digestibil- 
ity (Wilson 1977). Percentage nitrogen in the diet was highest in 
sheep (1.26%) lowest in cattle (1.17%) and intermediate in goats 
(1.20%). Seasonal variations in the nitrogen and phosphorus con- 
tent of the forage on offer and the in vitro digestibility of the diets 
selected are shown in Figure 1. 

Preference Index 
Sheep were the most highly selective. Their preference for green 

grass was shown by the PI values of +8 and higher which were 
associated with purple lovegrass (Table 3). Cattle showed a high 
preference for copper burr and for goosefoot (-I7 and i-6 respec- 
tively). Goats preferred to browse mulga (Acacia aneuru) and, on 
occasions, graze burr daisies (i-6). The generally rare mulga grass 
(Thyridolepis mitchelli) and bandicoot grass (Monochatherpara- 
doxu) were highly preferred and had PI values in excess of +9 but 
were rarely contributing more than 2% to the diet. 

Table 2. Seasonal variation in green forage dry matter on offer in the field 
layer.* 

Weight and percentage of each component 

Sub 
Date of Grass Forbs Shrubs2 Total 
harvest kg/ha % kg/ha % kg/ha % kg/ ha 
Oct. 1974 1372 73.0 359 9.6 653 17.3 2384 
Jan. 1975 695 63.4 I I.5 8.0 550 27.6 1390 
Mar. 1975 611 95.9 3 0.4 23 3.7 637 
May 1975 694 95.3 4 0.6 30 4.1 728 
July 1975 520 96.6 

90.0 :, 
0.1 18 3.2 538 

Sept. 1975 195 0.0 7 4.0 219 

‘IX edible shrubs and trees were not assessed quantitatively. These data refer only to 
forage clipped from the ground. 
‘Principally, woody Malvaceae and Chenopodiaceae. 
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Fig. 1. Seasonal variations in quality offorage on ofleer and in digestibility 
of the diet selected. In vitro digestibility values shown represent the mean 
value for all animals (sheep, cattle. and goats). 
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T*ble 3. Relative Preferace vah& for major Species in the diets of sheep, cattk, and gdats in six collection periods from October 1974 to September 1975. 

Dates 

Oct. 1974 Jan. 1975 Mar. 1975 May 1975 July 1975 
c c-s 

Sept. 1975 
Species S c G s C G S C G S C G S C G 

Shrubs and trees* 
Acacia oneuro ++3++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ t+ ++ 
Dodoneo viscose _, _ _ _ - _ - - - - + + - +++ +++ - - - 
Apophyllum onomolum _ _ _ _ - _ - - - + + + + ++++- - + 

Forbs and sub sub shrubs 
&ssio diocontho +3 +7 -I +4 +8 +I +2 +8 +I +I +7 +2 +2 +8 +3 +2 +6 +2 
Chenopodium onidiophyllum -t-2 +6 +4 +4 +7 +4 +4 +7 +4 +6 +8 +3 +2 +6 +I +2 $5 +1 
Colotis spp. +7 +6 +6 +6 +6 +2 +5 +3 +2 +6 +3 +l +5 +4 +I f7 +5 +1 

Grasses 
Stipo voriobifis (green) i-8 +6 +5 +7 +2 +4 +7 +4 +5 +6 +4 +2 +7 +4 +2 +7 +6 +5 
Stipo voriobilis (dry) -4 +3 -2 -4 +7 -3 +2 +7 +4 +2 +6 +3 +3 +7 +2 -3 +2 -4 
Erogrostis locunorio +8 +3 +7 +8 +2 +6 +7 +2 +6 +8 +3 +7 +8 +3 +6 +9 +3 f7 
Ponicum effusum +8 +7 +6 +8 +6 +6 +8 +7 +7 
Amphipogon coricinus +2 +5 +3 +7 +7 +6 +6 +7 +5 +7 +7 +6 +7 +6 +6 +3 +5 +4 
Aristido jerichoensis +2 +4 +I +4 +5 +3 +4 +5 +4 +6 +6 +4 +5 +6 +7 +2 +4 +3 

‘Main body of table refers to the preference index values (see text). Values can range from -10 to i-10 
A value of 0 represents selection in proportion to availability. 
*With shrubs there was no accurate measure of forage on offer but the amount on offer was reasonably constant. 
‘+means that the shrub species was preferred on a particular sampling occasions. 
g-means that the shrub was avoided. 

gories ‘grass’, ‘forbs’ and ‘shrubs’ (Table 4). Overlap was reduced 
when the index was computed from data derived from individual 
forage species (Table 4). The maximum dietary overlap for four 
key forage species, three grasses, and a chenopod sub shrub, is 
shown in Table 5. 

Discussion 

The choice of similar plant species indicates a possibility of 
competition between animal species but it is not by itself evidence 
of competition. One animal species must be shown to be limiting 
the productivity of another before competition is established. 

While it is convenient to consider the dietary components as 
falling into groups such as forbs, grasses, or shrubs, it can mask 
real differences in diet selection. The same plant species were found 
in the diets of all three livestock species but the proportions varied. 
Sheep, and to a lesser extent goats, selected a high proportion of 
the grasses purple lovegrass, panic, and the green regrowth of 
variable spear grass, switching their attention to edible browse 
such as mulga, hopbush, and warrior bush (Apophyllum anoma- 
lum) in the dry period. The small green shoots from grasses and 
forbs contributed only a small amount to the diet of cattle. These 
were differences between the livestock in their minimum standards 
for acceptability of a forage species; e.g., cattle continued to eat 
senescent variable speargrass well after it had ceased to be accepta- 
ble to sheep or goats. These differences in diet selection can be very 

Table 4. Seasonal variation in the degree of dietary overlap1 among sheep, 
attk, and goata when grazing in common. 

Sheep vs cattle Cattle vs goats Goats vs sheep 
Time BY J-‘Y BY 
of year species2 Pooled’ species Pooled species Pooled 

Oct. 1974 72.3 88.2 55.5 60.3 66.1 66.9 
Jan. 1975 54.9 71.4 40.3 47.7 52.8 53.8 
Mar. 1975 25.8 92.6 49.2 91.1 60.4 94.6 
May 1975 40.2 83.8 64.8 92.5 66.3 76.3 
July 1975 39.3 74.4 58.7 84.3 43.5 59.4 
Sept. 1975 71.8 89.3 52.9 71.3 60.6 66.0 

‘Based on the sum of percentage points from each dietary component (Table 1) which 
are common to both species. 
2Dietary overlap based on individual forage species. 
‘Dietary overlap based on categories of plants (grasses, forbs, shrub etc. 
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important. As Harrington (1978) has pointed out, the animal diet is 
selected at the plant species level and any manipulation of the 
grazing animal is management (conscious or unconscious) of the 
vegetation at the same level. Where dietary overlap occurs, separa- 
tion could develop during critical periods of the year. In periods of 
adequate forage the plants selected by sheep, cattle and goats might 
be expected to be similar but as the dry period sets in and growth 
ceases the separation of animal diets would become apparent. 
Some evidence is seen in the present study, where at the initial 
sampling the same plant species were present in the diets of all 
livestock species. After a long dry spell had set in, only three species 
were common to all livestock diets. Because the periods following 
good rains will produce adequate forage on most sites, then it is the 
periods between these favourable times that are critical. The peren- 
nial grasses purple lovegrass, greybeard grass, panic, and variable 
speargrass are the basis of the diet in dry times, and at the same 
time shrubs such as hopbush and warrior bush increase in the diet. 
Mulga was favoured by all livestock species but its contribution to 
the diet was limited because of low availability. 

Because the diets of sheep, cattle and goats were not identical, it 
follows that a herd comprising two or three livestock species would 
spread grazing pressure more equitably between plant species than 
would a monospecific herd. Further discussion of this important 
aspect is to be found in Harrington (1978). Merrill et el. (1966) 
showed that grazing two or more kinds of livestock on mixed 
vegetation (edible shrubs, grasses, and forbs) had two main bene- 
fits. First, more and different vegetation was grazed, which equal- 
ized the grazing load. Second, each animal benefits from the 
grazing by the two other kinds provided the stocking rate is not too 

Table 5. Maximum dietary overlap among sheep, cattle and goats when 
grazing four key forage species under common use.’ 

Sheep vs Cattle vs Goats vs 
Forage species cattle goats sheep 

Purple lovegass 30.7 30.7 42.1 
Variable speargrass 45.8 40.4 29.8 
Copperburr 18.8 0.3 0.3 
Mulga 2.3 11.9 2.3 

‘Based on the sum of percentage points from each forage component eaten which was 
common to the diet of both livestock species. 
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Bottom Sediment: a Reservoir of Escherichia 
cob in Rangeland Streams 
G.R. STEPHENSON AND R.C. RYCHERT 

Abstract 

Escherichio COP concentrations of bottom sediment and overly- 
ing water were determined from a variety of streams in southwest- 
ern Idaho by a one-step most probable number technique. Results 
show E. coli concentrations of bottom sediments to be from 2 to 
760 times greater than from the overlying water. E. coticoncentra- 
tions of bottom sediment were found to be resuspended following 
disturbance simulation and a rainstorm event, contributing to 
pollution of the overlying waters. It is, therefore, suggested that 
microbial analysis of bottom sediments be considered a part of 
water-quality evaluations for rangeland streams. 

During the past decade, Federal legislative action has brought 
attention to sources of nonpoint pollution related to livestock 
grazing on public lands. Collectively, the National Environmental 
Policy Act of 1969, the Federal Water Pollution Control Act 
Amendments of 1972, and the Federal Land Policy and Manage- 
ment Act of 1976 have specified the need to establish criteria for 
identifying pollution sources and to improve environmental qual- 
ity of streams through improved management. 

To achieve the goals set forth in these acts, many research 
programs have been initiated to identify and document pollution 
sources. One of the findings has been the implication that livestock 
grazing on western rangeland watersheds is a source of bacterial 
pollution of streams (Darling and Coltharp 1973; Doty and Hoo- 
kano 1974; Buckhouse and Gifford 1976; Skinner et al. 1974; 
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Stephenson and Street 1978). Researchers have had difficulty, how- 
ever, explaining variations in bacterial indicators occurring in 
many of the studies (Buckhouse and Gifford 1976; Darling and 
Coltharp 1973; Kunkle 1970; Skinner et al. 1974; Stephenson and 
Street 1978). 

These variations can be characterized by two questions: (1) why 
do fecal coliform counts remain relatively high in some streams 
after livestock have been removed from the area, and (2) what is the 
source of sudden fecal coliform increases in stream runoff from 
rainstorms or snowmelt? Wildlife have been suggested as the 
source in question one (Fair and Morrison 1967; Stuart et al. 1971; 
Walter and Bottman 1967; Doran and Linn 1979), while for ques- 
tion two, Stephenson and Street (1978) suggest that fecal coliforms 
remain in soil and adjacent streambanks to be flushed into the 
streams during subsequent runoff. 

In an attempt to more fully answer the above questions, we 
began a study in 1979 on southwestern Idaho rangeland, utilizing 
eight sampling sites on six separate shallow stream segments within 
varying land-use practices. Our objective was to evaluate stream 
bottom sediments as a possible reservoir of bacterial pollutants 
available to overlying surface waters via resuspension. 

In previous work relating possible bacterial pollutants to stream 
bottom sediment, none of the studies have dealt with rangeland 
environments. In a study of the Greenwater River Watershed in 
Washington, Varness et al. (1978) found that concentrations of 
fecal coliforms increased dramatically during periods of human 
use. Since rainfall and surface runoff were minimal, they suggested 
that fecal coliforms might be surviving in sediments. 

Matson et al. (1978) found mean fecal coliform counts in sedi- 
ment to be 2,500 times greater than in the overlying water, 
upstream of a sewage treatment plant on the Shetucket River in 
northeastern Connecticut. Downstream of the treatment plant 
effluent discharge site, the fecal coliform counts for the sediment 
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Fig. 1. Location of sampling sites. 

averaged only 230 times greater than for the overlying water. The 
downstream sampling site had a higher mean water velocity, lower 
organic content, and a larger mean particle size, which, in part, 
explained the lower ratios of indicator organisms. 

Van Donsel and Geldreich (1971) recovered 100 to 1,000 times 
more fecal coliforms in river mud than in the overlying water. 
Gerba and McLeod (1976) determined that estuarine sediment 
may contain up to a 70 times greater concentration of fecal coli- 
forms than the overlying water. The presence of sediment was 
found to increase the survival of Escherichia coli in sea water. 
Faust et al. (1975) found that montmorillinite clay enhanced the 
survival of E. coli in an estaurine environment. Greater than 80% 
of indicator organisms (fecal streptococci and fecal coliforms) were 
directly associated with suspended sediments in Upper Chesapeake 
Bay (Sayler et al. 1975). Dredging in the Mississippi River released 
sediment-bound fecal coliforms into the water (Grimes 1975). 

These studies have demonstrated that a definite relationship 
exists between elevated E. co/i concentrations and bottom sedi- 
ments, as compared with those in the overlying waters in large 
rivers and estuaries. In this study, we attempted to show that these 

Table 1. Stream characteristics of sampling sites at thnessampks were COI- 
Iected. 

Site 

1 
2 
3 
4 

5 
6 
7 
8 
9 

Date Flow Avg. width Avg. depth 
(1979) ml/s (m) (m) 
812 0.14 2.4 0.2 
812 0.11 3.6 0.2 
812 0.34 4.8 0.3 
6111 <o. I 0.9 0.1 
6119 CO. 1 0.9 0.1 
6125 <o. 1 0.8 <o. I 
7112 co. 1 0.5 <o. 1 
812 <O.l 0.3 <o. I 
6/11 <o. 1 0.9 0.1 
812 45.0 25.0 1.2 
8113 0.3 3.0 0.2 
5121 1.3 3.0 0.5 
5121 1.3 3.0 0.5 
7112 0.2 2.5 0.3 
7124 0.2 2.2 0.3 
819 0.1 2.0 0.2 

relationships also exist in western rangeland streamsand should be 
a part of rangeland waterquality evaluations. 

Site Characteristics 
The study sites selected for this investigation (Fig. I) are located 

along the Boise and Snake River systems, two of the major drain- 
ages in southern Idaho. Except for the Boise River site (No. 6), all 
sites were selected in areas where livestock are grazed in the drain- 
age area directly upstream. Figure 1 gives the relative location of 
each site and Table 1 gives stream characteristics. Site-usedescrip- 
tions are given in Tables 2 and 3. 

The rangeland streams used in this study can generally be char- 
acterized as intermittent, often with extreme variations in tempera- 
ture and flow. Streambeds range from bedrock todeepalluvium of 
varied size fractions, with alluvial channels far more numerous 
than bedrock channels. The channel segments at the study sites are 
all alluvial, with textures ranging from silt to coarse sand. 

Methods 

Water and sediments were sampled using sterile, wide-mouth 

Table 2. E. co/i concentrations in bottom sediment and overlying water during spring and early summer, 1979. 

E. cofi bottom 
Date Sample Site No. and use E. coli/ml sediment/ water ratio E. colilg sediment 

May 21 sediment 
water 

; 6.1 31 65 
0.2 - - 

July 12 sediment 
water 

t 1* 4.5 10 310 
0.45 - - 

May 21 sediment 8 33.0 37 204 
water 8 0.9 - - 

June 11 sediment 5 \ 813.3 145 8579 
water 5 5.6 - - 

June 11 sediment 4 97.8 51 617 
water 4 1.9 - - 

June 19 sediment 4 2’ 263.0 11 2097 
water 4 23.0 - - 

June 25 sediment 4 594.0 43 3694 
water 4 13.8 - - 

July 12 sediment 4) 73.0 3 4563 
water 4 24.0 - - 

*Site use description 
I. Irrigated pasture; winter livestock feeding. 
2. Heavily grazed; livestock and big game. 
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Table 3. E. CON concentrations in bottom sediment and overlying water and sediment organic carbon percentages during summer, 1979. 

Date Sample Site No. and use E. colilml 
E. coli bottom 

sediment/water ratio E coli/g sediment % organic carbon 

July 24 sediment 91 165.0 127 802 4.3 
water 

= 
August 9 sediment water 9 I 9 

August 2 sediment 
water 

August 2 sediment 11 
water 

1.3 - - - 

52.0 760 655 4.9 
0.2 - - 

37.0 17 3702 7.7 
7.9 - - 

1.9 >I0 27 3.1 

‘I 
<0.18 - - 

August 2 sediment 3 3* 2.8 >I5 49 0.7 
water 3 

t 
<0.18 - - - 

August 2 sediment 2 1.5 8 205 0.6 
water 2 0.18 - - - 

August 2 sediment 0.5 >2 167 0.7 
water <0.18 - - 

*Site use description 
1. Irrigated pasture; winter liwstock grazing 
2. Forested; big game; moderate livestock grazing. 
3. Heavily grazed; livestock and big game. 
4. Mostly urban; some grazing. 

bottles, with sediment samples taken at 1 to 2cm depths. Serial 
IO-fold dilutions were made of sediment and water samples with 
0.1% peptone and the E. coli MPN (most probable number, 5 
tubes/dilution) was determined in TMS medium, according to the 
recovery procedure of Dufour and Marino (1978). The TMS 
medium ingredients are: mannitol, 5g; tryptone, 20g; NaCl, 5g; 
salicin, 0.5 g; tryptophane, 1 g; Triton X-100,1 ml; distilled water, 1 
liter; pH 7.0. The MPN tubes were incubated for 2 hours at 35’C, 
then for 22 hours at 44.5’C. Gas positive tubes were tested for 
indole production by adding 10 drops of Kovac’s reagent, with gas 
positive/indole positive tubes used to compute the MPN. The 
TMS medium represents a modification of medium A-l (Andrews 
and Presnell 1972), which provides for greater recovery of E. co/i 
than the 72-hour APHA procedure (American Public Health 
Association 1976). All sediment MPN values represent the mean of 
triplicate sediment sample MPN’s. 

between the organic matter content and the E. coli concentration in 
the sediment of the six stream sites studied. Since the number of 
samples evaluated was small, this relationship was not statistically 
significant. Rabbit Creek, Grimes Creek, Mores Creek, and the 
Boise River (Site Nos. 1, 2,3, and 6, respectively) are streams that 
flow from watersheds with moderate to low levels of grazing. One 
would not expect a strong correlation between organic matter 
content of bottom sediment and E. coli, unless fecal coliforms were 
deposited in the sediment; i.e., in streams located in the more 
heavily grazed watersheds. However, animals such asdeer, elk, and 
rodents, and the activity of humans may be a source of organic 
input to streams where there is no grazing close by. From our 
preliminary data, and that reported by Gerba and McLeod (1976), 
bottom sediment organic matter seems to play a significant role 
relative to fecal coliform survival. 

Stream bottom disturbance was simulated by raking an area of 
about 4 mz with a lawn rake for about 30 sec. This vigorous action 
gave rapid, uniform dispersion of the bottom material for about 20 
meters downstream. Surface water samples were then collected 
from the plume at IO-set intervals at a static point 5 to 10-m below 
the disturbance site, as the plume moved downstream. The E. coli 
MPN was then determined, as previously described, along with the 
suspended sediment concentration (American Public Health Asso- 
ciation 1976). 

Figures 2 and 3 present E. coli and suspended solid concentra- 
tions from disturbance simulations. These indicate an increase in 
the E. coli concentration of the overlying downstream water when 
the bottom sediment is sufficiently disturbed. These results com- 
pare favorably with results from the modeldeveloped by Matson et 
al. (1978), which indicated the potential for resuspension of E. coli 
in the water column with an increase in riverdischarge (i.e.,distur- 
bance of the bottom sediment). 

All samples were kept on ice until taken to the laboratory, where 
they were assayed within 24 hours after collection. 

Results and Discussion 

Table 2 shows that for each stream examined, the E. coli counts 
for the sediment, though varied, on a volume basis are higher than 
for the overlying water. These variations may reflect input (e.g., 
fecal loading from increased grazing), survival, bottom sediment 
disturbance, and possibly transient multiplication of the microor- 
ganisms. The latter possibility is suggested, particularly by the 
increase of E. coli per gram of sediment, on the Highland Valley 
site between June 11 and July 12. The cattle grazing intensity 
remained constant during this time and all large game animals had 
moved out to higher, more isolated back country by June 1. 

Table 3 shows that sediment-to-water ratios of E. coli concentra- 
tions continued to increase in the sediment during the latter part of 
the summer. There was also a positive relationship (r = 0.82) 

During our investigation, the only significant increase in stream- 
flow from the watershed study sites occurred on August 13,during 
a short duration rainfall event. Cottonwood Creek (Site No. 7) was 
the only readily accessible site (Figure 1) with a continuous 
recorder. It is mostly urban with some grazing. Figure 4 illustrates 
the stream hydrograph and the rainfall record for August 13, at this 
site. The times at which samples were collected are indicated on the 
hydrograph, as are the E. coli concentrations of the samples and 
the corresponding suspended sediment concentrations. Between 
the first and last sampling, as the suspended sediment concentra- 
tion increased, the E. coli concentration increased IO-fold. How- 
ever, between the first and second sampling, the E. coli 
concentration decreased slightly, while the suspended sediment 
concentration increased 12-fold. As seen in Figure 4, the second 
sample was taken at the beginning of an increase in streamflow, 
after a sudden decrease. The peak streamflow between samples two 
and three probably supplied sufficient energy to disturb enough 
additional bottom sediment to cause resuspension of more E. coli. 

Results from this naturally occurring event compared favorably 
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Fig. 2. Disturbance simultion, June 19.1979, Highland Valley Creek (site 
No. 4). 

with the simulated disturbance tests, and were what we would have 
predicted. However, we have yet to investigate layering associated 
with the bottom sediment, microbiological adsorption incorpo- 
rated within, and the energy required to caum resuspension. 

Saunders (1%7), in a theoretical study of the growth kinetics of 
attached stream bacteria (“bottom slime”), listed three factors that 
influence break-up of the bottom mass: (1) degree of utilization of 
absorbed nutrients and decomposed cell materials; (2) formation 
of gas bubbles; and (3) stream turbulence. 
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Fig. 3. Dbturbance simulation. July 24, 1979, Reynolds Creek-056 site 
(Site No. 9). 
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Fig. 4. August 13, 1979, Cottonwood Creek Hydrograph (Site No. 7). 

Although we have not yet studied the dynamics of sediment fecal 
coliforms in detail, we are presently evaluating more storm runoff 
events to clarify the effect of stream dynamics on E. coli adsorption 
and release. 

Summary and Conclusions 
Variation in concentrations of bacteria1 indicators from streams 

have previously been recognized (Darling and Coltharp 1973; 
Stephenson and Street 1978; and Kunkle 1970). These variations 
occur as elevated counts in streams following removal of livestock 
from the grazed allotments, and increased counts during stream 
runoff from rainstorm and snowmelt. In an attempt to explain 
these phenomena, the results of our investigation show E. coli 
concentrations of bottom sediment of streams to be 2 to 760 times 
greater than that of the overlying water. Data obtained from 
disturbance simulations and from a rainstorm event indicate that 
E. coli concentration of bottom sediments are resuspended and 
could substantially contribute to pollution of the overlying waters. 

We, therefore, suggest that the elevated fecal coliform indicator 
counts reported by the above authors are mostly the result of 
resuspension of the stream bottom sediment and organic matter, 
tather than from a source extraneous to the stream at the time of 
increased runoff. We further suggest that the organic matter con- 
tent of the sediment may have a critical influence on the survival 
and/or multiplication of the bacteria. 

Because of these results, microbiological analysis of stream bot- 
tom sediments should probably be considered a part of stream 
water-quality evaluations. The bottom sediment mass may be a 
significant reservoir of fecal microorganisms, when the contribut- 
ing watershed is not grazed, or during the post-grazing period. 
Even minor disturbances of the organic bottom mass, at the 
stream-sediment interface, can cause resuspension of the E. co/i or 
other indicators, thereby increasing the possibility of pollution of 
the overlying water body. 

As rangeland management plans are revised, methods are being 
developed for identifying and controlling nonpoint sources of 
pollution. Waterborne indicators should not be the sole criterion 
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for determining potential non-point sources of pollution, since 
many viable organisms are deposited in the bottom sediments. 
When stream samples are analyzed for indicator microorganisms, 
results may be misleading unless stream bottom sediment is also 
analyzed. 

Literature Cited 
American Public Health Association. 1976. Standard methods for the 

examination of water and wastewater. 14th ed. American Public Health 
Association, Inc., Washington, DC. 1193 p. 

Andrews, W.H., and M.W. Presnell. 1972. Rapid recovery of ficherichiu 
coli from estuarine water. Appl. Microbial. 23521523. 

Buckhouse, J.C., and G.F. Gifford. 1976. Water quality implications of 
cattle grazing on a semiarid watershed in southwestern Utah. J. Range 
Manage. 29: 109-l 13. 

Darling, L.A., and G.B. Coltharp. 1973. Effects of livestock grazing on the 
water quality of mountain streams. In: Proc. Symp., Water-Animal 
Relations, College of Southern Idaho, Twin Falls. Water-Animal Rela- 
tions Comm. USDA-ARS, Kimberly, Idaho. p. 1-8. 

Doran, J.W., and D.M. Lhm. 1979. Bacteriological quality of runoff water 
from pastureland. Applied and Environ. Microbial. 37:992-1000. 

Doty, R.D., and E. Hookano, Jr. 1974. Water quality of three small 
watersheds in northern Utah. U.S. Dep. Agr.-FS, Res. Note, INT-186.6 
P. 

Dufour, A.P., and R.T. Marina. 1978. A 24hour most probable number 
technique for enumerating E. coli. Paper presented at annual meeting of 
the American Society for Microbiology, Las Vegas, Nevada, May 10-13. 

Fair, J.F., and S.M. Morrison. 1967. Recovery of bacterial pathogens from 
high quality surface water. Water Resour. Res. 3:799-803. 

Faust, M.A., A.E. Aotaky, and M.T. Hargadon. 1975. Effect of physical 
parameters on the In Situ survival of Escherichia cofi MC-6 in an 
estaurine environment. Appl. Microbial. 30:800-806. 

Gerba, C.P., and J.S. MeLcod. 1976. Effect of sediments on the survival of 
Ercherichio coli in marine waters. Appl. Environ. Microbial. 32: I 14-120. 

Grimes, D.J. 1975. Release of sediment-bound fecal coliforms by dredging. 
Appl. Microbial. 29: 109-I 11. 

Kunkle, S.H. 1970. Concentrations and cycles of bacterial indicators in 
farm surface runoff. In: Proc. Conf. on Agr. Waste Manage., Cornell 
Univ., Ithaca, New York. p. 49-60. 

Matson, E.A., S.G. Hornor, and J.D. Buck. 1978. Pollution indicators and 
other microorganisms in river sediment. J. Water Poll. Contr. Fed. 
50:13-19. 

Saunders, III, W.M. 1967. The growth and development ofattached stream 
bacteria, Part 1. Theoretical growth kinetics ofattached stream bacteria. 
Water Resour. Res. 3:81-87. 

Saykr, G.S., J.D. Nelson, A. Justice, and R.R. CoInelI. 1975. Distribution 
and significance of fecal indicator organisms in the upper Chesapeake 
Bay. Appl. Microbial. 30~625-638. 

Skinner, Q.D., J.C. Adams, P.A. Rechard, and A.A. Beetle. 1974. Effect of 
summer use of a mountain watershed on bacterial water quality. J. 
Environ. Qual. 3:329-335. 

Stephenson, G.R., and L.V. Street. 1978. Bacterial variations in streams 
from a southwest Idaho rangeland watershed. J. Environ. Qual. 7: l50- 
156. 

Stuart, D.G., G.K. BissoMette, T.D. Goodrich, and W.D. Walter. 1971. 
Effects of multiple use on water quality of high mountain watershed: 
Bacteriological investigations of mountain streams. J. Appl. Microbial. 
22: 1048-1054. 

Van Donsel, D.J., and E.E. Geldretch. 1971. Relationships of Salmonellae 
to fecal coliforms in bottom sediments. Water Res. 5: 1079. 

Varness, KJ., R.E. Pacha, and R.F. Lapen. 197%. Effects of dispersed 
recreational activities on the microbiological quality of forest surface 
water. Appl. Environ. Microbial. 3695-104. 

Walter, W.G., and R.P. Bottman. 1967. Microbiological and chemical 
studies of an open and closed watershed. J. Environ. Health. 30: 157-163. 

JOURNAL OF RANGE MANAGEMENT 35(l), January 1982 123 



TECHNICAL NOTES 

Growth Response of Two Saltbush Species to Nitrate, 
Ammonium and Urea Nitrogen Added to Processed Oil 
Shale 
STEVEN G. RICHARDSON AND C.M. MCKELL 

Abstract 

Nitrate nitrogen promoted good growth of cuneate saltbush (Atripkx 
cuneata) and gardner saltbush (A. garaberi) on processed oil shale in a 
glasshouse pot experiment, but ammonium and urea nitrogen were not 
utilized effqctively in growth. 

Processed oil shale is virtually devoid of plant available nitrogen 
(Institute for Land Rehabilitation 1979 and Berg 1973). This defi- 
ciency can be corrected by fertilizer application but the chemical 
form of the nitrogen applied may affect the plant response. For 
example, tobacco growth in sand culture was much greater when 
the nitrate form of nitrogen was supplied in the nutrient solution 
than when ammonium was the nitrogen source (McEvoy 1946). 
Greater growth response to nitrate than ammonium nitrogen was 
also observed for tobacco and tomato on fumigated soils in which 
nitrification activity by soil microorganisms had been retarded 
(McCants et al. 1959; Morris and Gidden 1963). 

Having been mined from underground and retorted at high 
temperature, processed oil shale is biologically sterile and thus 
microbial nitrogen transformations would not occur. An experi- 
ment was conducted to determine how two salt tolerant subshrubs 
from northeastern Utah, cuneate saltbush (Atriplex cuneata) and 
gardner saltbush (Atriplex gardneri), would respond to nitrate, 
ammonium and urea nitrogen added to processed oil shale. 

Methods 

Plastic cottage cheese cartons (24 oz. size) without drain holes 
were filled with 700 grams of air dry, quarter-inch-screened paraho 
processed Colorado oil shale. The shale had an ECe of 10.6 
mmho/cm and a pH of 9.0. Phosphorusas NaH2P04 wasadded to 
each pot at the rate of 46 ppm. Nitrogen was applied at the rate of 
40 ppm as either urea, (NH&SO4, NH4C1, NaNa or CA(NQh. 
An additional treatment of 80 ppm N as Ca (NOJb was also 
included. Rooted cuttings of cuneate saltbush and gardner salt- 
bush were then planted in the fertilized shale. Distilled was added 
by weight daily to maintain a soil moisture percentage of 23.5. 
There were 5 replications of each fertilizer treatment per species. 
Shoots were harvested 60 days after planting, and oven-dry 
weights were measured. 

At the time of the researchauthors were Research Associateand Director, Institute 
for Land Rehabilitation, Utah State University Logan 84322. 
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Table 1. Dry weights (g) of cuneate saltbush and gardner saltbush shoots’ 
grown on processed oil shale treated with various forms of N fertilizers. 

ppm 
Fertilizer N A. cuneata A. gardneri 

Urea 40 0.5150 a 0.3732 a 
(NH&S04 40 0.3260 a 0.2014 a 
NH&J 40 0.3402 a 0.2478 a 
NaNCb 40 0.9324 b 0.8261 b 
Ca(NW 40 1.1878 c 0.7715b 
Ca(NOJb 80 I .7834 d 1.5622 c 

1 Means followed by the same letter within each species are not significantly different at 
the .Ol level using Duncan’s multiple range test. 

Results and Discussion 

There was a much greater growth response by both species to the 
nitrate form of nitrogen than to ammonium or urea nitrogen 
(Table 1). Apparently, ammonium or urea were either less availa- 
ble than nitrate or were toxic. Ammonia toxicity is a possibility 
when ammonium salts are applied to alkaline processed oil shale. 
At a pH of 9 for the processed shale used in this study much of the 
ammonium (NH;) is converted to ammonia (NB) (DuPleiss and 
Kroontje 1964), and NHa at external concentrations of only0.15 to 
0.20 millimoles per liter have been shown to be toxic to seedlings of 
several crop species (Bennett and Adams 1970). Urea may also be 
toxic to plant roots (Cook 1962). 

Ammonium may have been less available for absorption due to 
volatilization loss of NHs which is enhanced at high pH (Fennand 
Kissell 1975). Under field conditions, the high surface tempera- 
tures (Striffler et al. 1974) that may develop in the black-colored 
processed oil shale would tend to increase volatilization of ammo- 
nia. Incorporation of ammonium fertilizers into processed shale 
rather than just applying them to the surface should decrease 
volatilization loss. 

It does not seem likely that the lack of growth by cuneate and 
gardner saltbushes when processed oil shale was fertilized with 
ammonium salts was due to an inability to absorb NH4’. Two other 
saltbush species, fourwing saltbush (Atriplex canescens) and 
shadscale (Atriplex confertifolia), were both able to absorb Nb’ 
and nitrate (NOJ-) equally well (Wallace et al. 1978). However, it is 
not known what metabolic or other effects high internal concentra- 
tions of NH4’ versus NOs- might have on these saltbush species. 

Poor utilization of urea by the saltbushes in this study may have 
been related to the biological sterility of processed oil shale. The 
lack of ammonifying and nitrifying bacteria may have rendered 
urea nitrogen unavailable. This problem could be overcome by 
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inoculating processed shale with topsoil containing these microor- 
ganisms. Inoculation would eventually occur through wind trans- 
port of soil particles, but the process would be speeded by 
mechanically spreading topsoil or mixing topsoil into the shale. 
The soil surrounding the roots of container-grown transplants 
might also serve as a source of inoculum. 

The significantly greater growth of cuneate saltbush with cal- 
cium nitrate (Ca(NCJjh*4HeO) than with sodium nitrate (NaNCh) 
could indicate a high calcium requirement for this species. How- 
ever, the high calcium content of untreated processed oil shale 
(Berg 1973) casts some doubt upon this interpretation. The true 
reason for this result remains to be learned. 

In conclusion, nitrogen dynamics in processed oil shale and the 
mineral nutrient requirements of native plant species are poorly 
understood. The results of this experiment do suggest that growth 
of cuneate saltbush and gardner saltbush, and perhaps other spe- 
cies, on unmodified processed oil shale will require fertilization 
with nitrate nitrogen. 
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An Esophageal Fistula Dilator 

D.M. ANDERSON AND D.L. MERTZ 

An esophageal fistula dilator is described. The tool can he used to exert 
an even pressure around the tistuln perimeter to stretch a shrunken fistula 
and allow the successful insertion of a closure device larger in diameter than 
that of the original fistula. With this instrument the process of enlarging the 
esophageal fistula is accomplished immediately in a time-saving, efticient 
manner compared to increasing the diameter of the fistula gradually by 
periodically increasing the diameter of the closure device. 

In the event of loss or removal of an esophageal plug or cannula, 
the fistula diameter will begin to shrink. The amount of closure will 
depend upon the length of time the plug orcannula has been out of 
the fistula and the length of time since the fistula was established. 
Newly established esophageal fistulas will close at a faster rate than 
those fistulas that are well established. Thus, fistula closure is more 
of a problem when animals with recently established fistulas have 
their plugs or cannulas removed for extended periods of time. Once 
the fistula diameter has decreased in size, reinserting the original 
plug or cannula may be impossible without cutting or tearing 
tissue. This process can produce much stress to the animal besides 
inducing scar tissue formation around the fistula, thus reducing the 
efficiency of the animal for future diet collections. 

One method to reduce animal stress when closing a shrunken 
fistula is to have available a range of plug or cannula sizes. By 
starting with a small size diameter plug or cannula and daily 
expanding the diameter size, eventually the original device can be 
used. An alternative method, which is less time consuming, 
involves enlarging the fistula diameter by applying a continuous 
pressure on the fistula wall, thus stretching the fistula before 
inserting the original diameter closure device. 

This paper describes an esophageal fistula dilator that exerts an 
even pressure around the fistula perimeter using eight fingers. 

Authors are research animal scientist and machine shop supervisor. 
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Since there is no cutting or tearing of tissue when using the esopha- 
geal fistula dilator the animal can be restrained with just a halter 
and lead rope using the same procedure as when cannulas or plugs 
are being inserted or removed. The fistula diameter can be enlarged 
immediately by turning a threaded ring. Once the original fistula 
diameter has been established with the dilator, the closure device 
can be put in place with minimal effort followed by the removal of 
the dilator. 

The Dilator 

Enlarging the shrunken esophageal fistula immediately followed 
by inserting the closure device should take place in an orderly 
manner (Fig. I; a, b, and c). The dilator is composed of four 
components (Fig. 2). By turning the knurled dilator barrel [A] in a 
clockwise direction while holding the finger captivator ring [Bland 
dilator body [C] stationary, the eight dilator fingers [D] can be 
forced open. Depending on the number of turns given to the 
knurled dilator barrel [A], a shrunken tistula of 19-mm diameter 
can be expanded 200% to a diameter of 57-mm. This will allow a 
52-mm diameter closure device to be inserted into the fistula. 
Lesperance et al. (1974) report that a minimum size esophageal 
fistula opening in cattle would be 50-mm. With this tool, an 
esophageal fistula closure device that maintains at least a 50-mm 
diameter size, can be established. 

Once the fistula closure device has been inserted through the 
57-mm hole in the dilator and secured, the tool can be removed. By 
turning the finger captivator ring[B]counterclockwise, thedilator 
fingers are released and the dilator components [A], [B], and [C] 
(Fig 2) can be removed leaving the fingers [D] to be removed 
individually. The result will be a properly inserted fistula closure 
device (Fig. Ic). 

Application 

The esophageal dilator described in this paper represents an 
improvement over the spatula dilator described by Bredon and 

1 Letters in brackets refer to material in Figure 2. 
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years of maintenance-free service reducing the long-term costs of 
cages. These cages have been used for over 4 years in 141.65-ha 
pastures with as many as 400 Santa Gertrudes (horned and polled) 
cows and bulls. Since there are no trees in these pastures, livestock 
frequently use the cages for rubbing and scratching; however, not 
one has been damaged, or failed to protect the Im2 necessary for 
the plot frame. 
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Preliminary Study of Some Insects Associated with Range- 
land Shrubs with Emphasis on Kochia Prostrata 
T. BLAINE MOORE, RICHARD STEVENS, AND E. DURANT MCARTHUR 

Abstract 

The introduced and potentially useful range shrub Kochia prostrata 
(prostrate kochin) and its naturalized herbaceous congener K. scoparia 
(annual kocbia) both appear to be excellent hosts for the lygus bug (Lygus 
desertinus). However, lygus bugs were abundant only on concentrated 
Kochia stands and not on K. prostmta growing intermixed with other plant 
species. Therefore, it is recommended that prostrate kochia be planted in 
mixtures with other plant species in range rehabilitation projects so that 
high insect populations are not encouraged. Lygus bugs spend much of the 
summer on both Kochia specie-s but move to associated plants when the 
associates flower. Although lygus bugs were found in abundance on pros- 
trate kochia, no major damage to the plant was evident. Prostrate kochia 
apparently is not the overwintering egg host-plant for lygus bugs. On 
prostrate kochia, seven other identified insect species (six families) as well 
as several unidentiRed taxa were also collected. These additional species 
were mostly short-time residents in low numbers. Flea beetles (Psyloides 
punctulata) were occasionally abundant. 

In the semiarid Intermountain West, the reclaiming of ranges by 
seeding is an important objective of state and federal agencies and 
private individuals. An introduced semishrub, prostrate kochia 
(Kochia prostrata), shows promise of fulfilling many restoration 
needs (Keller and Bleak 1974; McArthur et al. 1974, 1978; Britton 
and Sneva 1977; Davis 1979; Frischknecht and Ferguson 1979). 
The Russians recognized the value of this plant for forage as early 
as 1923 (Balyan 1972). Soviet scientists more recently have been 
conducting experimental studies on morphology, taxonomy, phy- 
siology, and nutritive quality of prostrate kochia (Balyan 1972; 
Shamsutdinov and Nazaryuk 1978). A native of much of Eurasia 
(central Europe to Manchuria), it has been seeded in several parts 
of the Soviet Union and in neighboring countries (Shishkin 1936: 
Balyan 1972; Nemati 1977; Moghaddam 1978). 

The literature shows little has been done with insects inhabiting 
prostrate kochia. Balyan (1972) reported prostrate kochia to be 
resistant to disease and insects. Gegechkori (1975) reported Trioza 
kochiae and T. bathiashvillii on prostrate kochia growing in the 
semidesert regions of eastern Georgia and the Khosro state pre- 
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serve of Armenia U.S.S.R. 
In some test plantings of prostrate kochia in Utah, substantial 

insect numbers were observed inhabiting this introduced shrub. To 
have a better understanding of the insects that are associated with 
prostrate kochia, a project was started to determine how many and 
what kinds of insects had an affinity for it. 

Methods 

Spot checks for insects on prostrate kochia were made in 1977 to 
see which insects were present. Many lygus bug, (Lygus deserti- 
nus), flea beetles (Psylloides punctulata), and leaf hoppers (Cica- 
dellidae) were present.on prostrate kochia during the months of 
June and July. 

In 1978, three collection stations were set up in plantings of 
prostrate kochia on the Snow Field Station, Ephraim, Utah. Other 
plantings of prostrate kochia (Santa Clara, Washington County, 
Utah; Gordon Creek, Carbon County, Utah; and seven locations 
in Sanpete County, Utah) were checked occasionally for insects. 
Quantitative studies were made at the Snow Field Station collec- 
tion stations. Collections were made at intervals between June 4 
and October 28 by taking 10 sweeps with an insect aerial net (ring 
diameter = 30 cm). This amount of sweeping consistently covered 3 
m2 of plant cover. The number of insects was counted by species 
and recorded for each station and collection date (Table 1). Checks 
for insects on associated plants were also made in an effort to make 
a preliminary assessment of insect movement to and from prostrate 
kochia. 

Results and Discussion 

Insect numbers found in 1977 suggested that two species of 
insects were sufficiently abundant to warrant further investigation. 
They were the tiny flea beetles and lygus bugs. Flea beetles, how- 
ever, were only sporadically abundant in 1978 (Table 1). During 
1977, the flea beetles were on the plants until late June and then 
suddenly disappeared. Other insect species were found both years 
in small numbers. Many were either pollen feeders or insect preda- 
tors. Substantial numbers of lygus bugs remained on the plants 
until October (Table 1). 

Before the shrubs were in bloom in early summer of 1978 at the 
Snow Field Station, many plant species were checked for insects. 
Lygus bugs were found in significant numbers on prostrate kochia, 
but no specimens were picked up on other shrubs in the area. As 
soon as white rubber rabbitbrush(Chrysothamnusnauseosusalbi- 
cuulis) began to bloom (September-October), many insects could 
be f&nd on the flowers of this species. The white rubber rabbit- 
brush not yet in bloom was devoid of insects. The number of lygus 
bugs on the rabbitbrush was high and quite constant during the 
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Table 1. lmect Numbers (no. insects/3 m’ found on the subshrub Koch& prostrata at Snow Field Station, Ephralm, Utah. 

1978 
3/22- 

515 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
614 15 0 0 0 0 0 0 8 1 0 1 0 0 0 0 
617 15 0 0 0 0 0 0 56 0 80 0 0 0 0 2 
6/12 12 25 3 90 0 0 2 6 0 0 0 0 2 0 0 
6123 22 6 4 16 2 2 1 28 I 3 0 2 1 2 0 
713 25 4 2 58 2 I 9 40 I 6 0 2 3 10 0 
7/11 60 0 I I 1 0 0 50 0 104 0 0 0 0 I 
7117 80 17 2 58 I I 0 13 I 2 0 3 2 6 0 
7/29 63 54 0 12 3 1 0 0 3 0 0 I 0 5 0 
8/2 78 69 4 27 4 9 0 2 0 0 0 0 3 7 0 
-I 

S/l5 47 121 3 8 2 4 0 0 0 2 0 0 2 5 0 
S/l9 204 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8/28 33 20 1 12 3 4 2 0 0 0 0 0 1 1 0 
9113 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

IO/4 10 0 0 0 4 0 0 0 0 0 0 0 0 0 0 
IO/28 0 0 0 0 I 0 0 0 0 0 0 0 1 2 0 

complete flowering period. No immature lygus bugs were found on 
rabbitbrush. On the prostrate kochia during this same period, 
there were at least half as many nymphs as there were adult insects, 
and, on occasions, many more. 

Checks were subsequently made on basin big sagebrush (Arre- 
misia tridentata tridentata), black sagebrush (A. nova), oldman 
wormwood (A. abrotanum), silver sagebrush (A. canu), Pacific 
aster (Aster chilensis adscendens), and several less abundant 
shrubs, grasses, and forbs that were not in bloom. Lygus bugs were 
found only on the aster. Many shrubs were checked periodically 
throughout the remainder of the summer and fall. Lygus bugs were 
found on each species only during their flowering period. Prostrate 
kochia did not bloom until August, but the lygus bug numbers 
were high through July and August, indicating that the attraction 
of these insects for prostrate kochia is not limited to the flowering 
period. 

In late June a large patch of annual kochia (Kochia scoparia) 
was observed near Snow Field Station and lygus bugs were abund- 
ant, perhaps more so than on prostrate kochia. A check on another 
patch about 1.6 km away showed lygus bugs were as abundant 
there as on any patches of prostrate kochia. Lygus bugs were 
equally abundant on both Kochiu species throughout the summer. 

At the Mercury, Nevada, atomic test site, Knight (1968) reported 
lygus bugs were frequently found on prin,ess plume (Stanleyea 
pinnata) and low rabbitbrush (C. viscidiflorus). Lygus bugs also 
occurred on 22 additional species of forbs and shrubs. Knight’s 
study was taxonomic; therefore, it is assumed that insects were 
collected only when the plants in question were flowering. The 
lygus bugs at the Mercury site were most abundant during June, 
and declined in July and August, until only one specimen was 
taken in October. The lygus bugs at Mercury may be adapted to 
avoid the extreme desert heat, thus indicating that the species 
completes its life cycle early in the year in synchrony with the 
nondormant phases of many resident plant species. 

At our stations, numbers of lygus bugs on prostrate kochia 
remained high from June through August, with the greatest 
number present on August 19 (Table I). Knight’s experience with 
collecting indicated that most mirid adults could be picked up only 
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during the brief flowering period; they appear during this timeand 
when dormant plants start new growth. Lygus nymphs feed on the 
tender leaves of the host plant, passing through their nymphal 
instars, and become mature at about the time the plant is in bloom 
(Knight 1968). 

Among the plant feeding mirids, the greater number of species is 
apparently limited to a single host species or genus. A few have a 
wide range of food plants. Even among species that breed on a 
single host plant, a general dispersal usually takes place! At the 
time of emergence and mating, individual females of the lygus bug 
will scatter to various plants near the host where they developed, 
but they will probably not feed on these plants (Knight 1968). 

Knight (1968) stated that most members of the family Miridae 
have a one-year life cycle, but some are known to have two genera- 
tions per year, and in rare cases, three or four. When two genera- 
tions are produced within a year, the host plants are those 
producing succulent growth throughout the growing season. With 
these types of plants, the tiny nymphs find a maximum amount of 
sap for food. This was confirmed in the current study. The fact that 
nearly all nymphs found were on prostrate kochia indicates that 
this species most likely provides essential nutrients for instardevel- 
opment. According to Moghaddam (1978), high water reserves 
occur in the leaves of prostrate kochia, which could provide essen- 
tial water and food requirements for the nymphs. 

In September 1978, efforts were made to see if lygus eggs were 
present in the stems of prostrate kochia. A large number of wounds 
were found on stems and leaves. When 200 stems and associated 
leaves were checked, none had eggs in them. The difference 
between the oviposition wounds and feeding wounds could not be 
determined without positive evidence of the presence of eggs. Since 
the proboscis is used to prepare the way for the ovipositor, presum- 
ably the two different functional types ,of #wounds would be very 
similar. We expected that the feeding wounds would produce dead 
plant tissue in their immediate vicinity. This phenomenon, how- 
ever, was not observed from the outside of the stems and leaves, 
nor was excessive discloration noted. 

Single species stands of prostrate kochia and annual kochia look 
to be excellent hosts for lygus bugs. Haws et al. (1973) reported a 
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similar relationship between the blackgrass bugs(Labops spp.) and 
single species grass seedings in Utah. Prostrate kochia plantings 
with l-m spacing provided ideal microclimates of humidity, 
temperature, and protection for the lygus bugs at Snow Field 
Station, resulting in high bug numbers. Lygus bugs would not have 
the same ideal environment if plants were scattered and intermixed 
with other species. This was confirmed in checks of outplantings 
where prostrate kochia was growing intermixed with other species 
and lygus bugs were absent or in low nuIn’- 

Conclusions 

Prostrate kochia and annual kochia, in concentrated stands, 
proved to be excellent host plants for lygus bugs. Lygus bugs were 
absent or in very low numbers in areas where prostrate kochia was 
intermixed with other species. Because prostrate kochia is an 
introduced species that appears to have range improvement poten- 
tial in the Intermountain West, additional insect plant relationship 
information is needed. 
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Chemical Quality and Sediment Content of Runoff Water 
from Southeastern Montana Rangeland 

EARL L. NEFF 

Abstract 

Chemical quality of surface runoff water from rangeland sites with 
tie-textured soils in southeastern Montana was good to excellent with 
average total dissolved solids GO0 mp/liter. This quality is better than that 
of most municipal water supplies in the same geographic ama. Erosion 
from these sites was also low, averaging <l,SOO kg/ha per year. 

Surface runoff stored in small ponds is the main water supply for 
range livestock in the northern Great Plains because most streams 
are ephemeral and suitable groundwater is too deep for economical 
well drilling. Most previous investigations have studied quantity 
rather than quality of stock water supplies, but Soiseth (1975) 
reported that runoff and reservoir water quality in southeastern 
Montana was good to fair, and that the chemical quality of water 
stored in ponds could deteriorate to poor during the grazing season 
as water levels decrease by evaporation. 

Author is research hydraulic engineer. U.S. Dep. Agr., Agr. Res. Serv.. P.O. Box 
I109 Sidney, Montana. 

This report is a contribution from the Western Region, U.S. Dep. Agr.. Agr. Res., 
Serv., in cooperation with the Bureau of Land Management, U.S. Dep. Interior,and 
the Montana Agr. Exp. Sta., Journal Series No. 1092. 
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The objective of the study reported here was to assess the chemi- 
cal quality and sediment content of runoff water from fine- 
textured rangeland soil in southeastern Montana. 

Site Description and Methods 
This study was conducted about 29 km south of Ekalaka in 

southeastern Montana. The climate is arid to semiarid continental, 
with cold, dry wintersand warm summers. Averageannual precipi- 
tation is about 309mm. 

Runoff samples were collected from 10, O.&ha watersheds- 
eight on claypan range site where the average slope is 1 to 5% and 
two on a saline-upland range site where the average slope is 3%. 
Soils of the claypan range site are in the Bickerdyke and Bascovy 
series, which are members of the very fine and fine, respectively, 
montmorillonitic, Borollic Vertic Camborthids. The soils of the 
saline-upland range site are in the Dilts series, a member of the 
family of clayey, montmorillonitic, acid, frigid, shallow Ustic Tor- 
riorthents. Vegetation on the claypan site included thickspike 
wheatgrass (Agropyron dasystachyum), western wheatgmss (A. 
smithii). Sandberg bluegrass (Poa secunda), junegrass (Koeleria 
cristata), big sagebrush (Artemisia tridentata), and pricklypear 
cactus (Opuntia polycantha). Blue grama (Bouteloua gracilis), 
buffalograss (Buchloe dactyloides), and clubmoss (Selaginella 
densa) dominated small residual pedestals of coarse-textured 
material. On the saline-upland range site, alkali sacaton (Sporobo- 
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Table 1. Runoff water quality. 

Elec. conductivity, mmhos/cm 
Manganese, mg/ liter 
Iron, mg/liter 
Calcium, mg/liter 
Magnesium, mg/ liter 
Sodium, mg/ liter 
Total dissolved solids, mg/ liter 
Sediment, mg/liter 

Saline-upland range site Claypan range site 
Unfurrowed Furrowed Unfurrowed Furrowed 

Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. Min. Avg. 

0.58 0. IO 0.23 0.83 0.30 0.42 0.35 0 0.06 0.13 0 0.06 
0.07 0 0.02 0.02 0 0.01 0.07 0 0.01 NR2 NR NR 

17.30 0 3.00 0.05 0 0.02 9.16 0.39 1.80 NR NR NR 
0.59 0.01 0.22 * ’ * 1.52 0.15 0 0.04 0.10 0.05 0.08 
0.47 0.01 0.11 * * 0.49 0.04 0 0.01 0.03 0.02 0.03 
7.50 1.10 3.30 * * 13.40 1.52 0.45 0.88 I .76 0.78 1.30 
390 0 100 600 160 250 200 0 IO 20 0 7 

3615 315 1650 3835 710 1670 1085 95 390 660 215 370 

‘Results from one sample. 
1NR = No record. 

1u.s airoides), Nuttall alkaligrass (Puccinellia airoides), and Nuttall 
saltbush (Atriplex nuttallii) were the dominant plants. Half of the 
watersheds at each site were contour furrowed with a RM-25 
(Vallentine 1971) contour furrower. Runoff samples werecollected 
by automatic pumping-type samplers that drew samples at lo- 
minute intervals during each runoff event. These samples were 
analyzed by routine laboratory procedures to determine electrical 
conductivity, major cations, and sediment content. Total dissolved 
solids were computed from the equation: 

supplies in eastern Montana. For example, the TDS in the munici- 
pal water supply in Sidney, Montana, is 1,000 mg/liter; in Baker, 
Montana, it is 1,200 mg/liter; and in Ekalaka it is 600 mg/liter. 

where: 

TDS = 0.819(EC) - 86.9 [II 

There is some indication that the salt content of runoff water 
increases with increasing contributing area. The TDS of samples 
collected in June 1977 from the 0.8-ha experimental watersheds 
averaged about 150 mg/ liter; a sample from Buffalo Creek, with a 
drainage area of about 4,000 ha, taken in May 1977, had about 600 
mg/ liter; and a sample from Box Elder Creek, with a drainage area 
of about 260,000 ha, also taken in May 1977, had about 850 
mg/ liter. The samples from the larger drainage areas were taken 
during a time of relatively high discharge and the concentrations 
probably increased during the Season as the flow subsided. 

TDS = total dissolved solids in mg/liter, and 
EC = electrical conductivity in micromhos/cm 

at 2YC. 

Equation [I] has a correlation coefficient equal to 0.99 and was 
developed (Soiseth 1975) from water samples collected during a 
study in the same general geographic area in 1971-1973. 

Samples were collected from all of the unfurrowed watersheds, 
but only two of the furrowed watersheds produced runoff, because 
rainfall during this period of record did not exceed the furrow 
water storage capacity on the other three furrowed watersheds 
during any single storm. 

Results and Discussion 
I collected more than 300 water samples during runoff events in 

1977 and 1978. About I /3 of these were randomly selected for 
initial laboratory analysis to determine whether the amount and 
range of chemicals were great enough to justify analyzing all 
samples. Results from 97 samples are summarized in Table I, Since 
each of the subsamples was well within acceptable quality stand- 
ards and since the ranges of values in the subsamples were rela- 
tively narrow, 1 decided that it was unnecessary to analyze the 
remaining 200 samples to assess the runoff water quality. 

Contour furrowing did not affect the sediment concentrations of 
samples from either the saline-upland or the claypan range site. On 
the saline-upland site, sediment concentrations averaged about 
1,700 mg/liter from both the furrowed and the unfurrowed areas. 
On the claypan site, they averaged about 400 mg/liter. These 
concentrations represent sediment yields of about 170 kg/ ha per 
cm of runoff from saline-upland range site and about 40 kg/ ha per 
cm of runoff from the claypan range site. Converting these concen- 
trations to annual yield values results in the estimates that the 
long-term average annual sediment yield from the saline-upland 
range site will not exceed 1,400 kg/ ha per year from the native 
range uplands and 650 kg/ ha per year from the contour-furrowed 
areas. Comparable values for the claypan range sites are 225 and 
120 kg/ha per year. These values compare favorably with the 
rangeland soil loss tolerance of 4,500 kg/ ha per year established by 
the U.S. Department of Agriculture (U.S. Dep. Agr., Resources 
Conservation Act Coordinating Committee 1980; Wight and Sid- 
doway 1980). 

Because these values are so low, other erosion characteristics are 
of little more than academic interest, since it is questionable how 
applicable these results are to other areas with higher erosion rates. 
However, there are two observations that 1 should note. 

Runoff events from the contour furrowed watersheds were few, 
so the results shown for these watersheds represent fewer samples 
than do the results for the unfurrowed watersheds. In addition to 
the tests shown in Table 1, I also tested a few samples for nitrate 
nitrogen and phosphate phosphorus. The maximum amount of 
nitrogen measured in any sample was 0.06 mg/ liter, and the nitro- 
gen content of most samples was only a trace. The phosphorus 
content was less than 0.2 mg/liter. 

Because no single ion tested or measured was present in harmful 
amounts, the best way to describe the quality of this water is by 
total dissolved solids (TDS). Soiseth (1975) presented a table that 
defined livestock water quality as “good” if the TDS value is 
between 0 and 1,000 mg/liter while others (Stephenson 1973; 
Wetchert and Freeman 1970) listed 5,000 mg/liter dissolved solids 
as the upper limit for consumption by livestock. Of the samples 
reported here, even those with the highest concentrations (600 
mg/liter) are well below this upper limit. In fact, these samples are 
of better quality than many of the domestic and municipal water 

1. Sediment concentration appears to be much lower during 
periods of snowmelt than during periods of rainfall runoff. This is 
only an indication because in most cases the sediment samplers 
were not operating during snowmelt periods because of the possi- 
bility of equipment damage from freezing. However, runoff sam- 
ples were taken during two snowmelt events. The first of these was 
in May 1972, when a late-season snowstorm occurred after the 
samplers were placed in operation for the summer. The second 
event occurred in September 1973, when an early-season snow- 
storm occurred before the samplers were shut down for the winter. 
Only a trace of sediment was in the samples collected during the 
first snowmelt event; all the sediment was held in suspension, and 
no particles were visible to the naked eye. Sediment concentration 
in samples from the second snowmelt event averaged 400 mg/ liter 
from the saline-upland range site and 70 mg/liter from theclaypan 
range sites. 

2. On both the claypan and the saline-upland range sites the 
sediment concentrations during midsummer thunderstorm events 
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tended to be highest at the beginning of the runoff event and to 
decline rapidly to a relatively constant concentration for the 
remainder of the event. In contrast, concentrations were lower and 
fairly uniform throughout both early- and late-season runoff 
events. This difference is probably related to the higher rainfall 
intensities and shorter durations associated with thunderstorm 
events. 

Conclusion 

Two conclusions may be reached from this study: 
1. The chemical quality of surface runoff water from saline- 

upland and claypan range sites in southeastern Montana is good to 
excellent. It is, in fact, better than the quality of many municipal 
water supplies in the same area. 

2. Erosion rates from these upland watersheds are well below 
acceptable limits and do not significantly contribute to down- 
stream sediment loads. Downstream sediment yield apparently 
results from bank and channel erosion that occurs after surface 
runoff becomes concentrated and channelized in rates and 
amounts with sufficient erosive power for particle detachment and 

transport. 
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Viewpoint 

Forage Good Enough for Cattle Production: When! 
E.R. BEATY, GRADY V. CALVERT, AND J.E. ENGEL 

The longest running promise in the South is probably having 
forage quality high enough to fatten beef cattle. We keep hearing 
about these new varieties, legumes and management techniques 
but the forage never quite makes it as good as we hope. Without 
reviewing in detail factors that influence forage quality, and actu- 
ally digestibility, suffice it to conclude that all forage plants in early 
stages of growth have high digestibility and forage produced early 
will fatten cattle. By the same biology, forage on these same forage 
plants later in the year usually has long periods of low quality when 
cattle don’t gain or may even lose weight. In the South, with its long 
growing season, low forage quality may persist for many weeks. 
We want and need to increase the length of time when we have high 
quality forage. Nation-wide we want to maintain spring-like forage 
all summer long. Then we can grow and fatten cattle all season 
long. 

Perennial forage grasses usually are made up of three parts (I) 
green leaves, (2) dead leaves, and (3) stems. In the spring these 
grasses are almost entirely green leaf, and digestibility will be above 
65%. In the case of winter grazing crops such as wheat, oats, and 
ryegrass digestibility of leaves may be 80% or higher (Kilcher and 
Troelsen (a) 1973). 

Grass leaves live 60 to 80 days before being replaced by young 
leaves and then the old leaves die. At time of leaf death soluble 
energy and protein contained in the old leaves are translocated out 
to roots, new leaves, or stems and the dead leaf becomes a fibrous 
residue. The digestibility of the dead leaf is usually under 45%. 
Shortly after the leafdies, molds, fungi, bacteria, and leaching strip 
the energy and protein further. When grazed by cows, dead forage 
may even require an outside energy input to digest it (doesn’t 
contain enough energy to digest itself). Green leaves are energy 
accumulators and at leaf death they become energy dissipators. 
The end product of leaf energy loss is soil organic matter. Thus at 
any specific time a dead leaf may contain a large number of 
decomposition products. It is suspected that a number of the 
N-containing intermediate decomposition products are toxic. A 
forage such as tall fescue, where dead leaves contain up to 2% N, 
could contain substantial amounts of these toxic nitrogenous 
residues. 

Green leaf death in late spring and summer is usually caused by 
shading of mature leaves by young leaves, old age, N transfer, dry 
weather, or seedhead production. When the seedheads start to 
grow, the mature leaves are sacrificed to get the energy to grow 
them. Consequently when seedheads appear, stems and dead 
leaves accumulate rapidly and forage digestibility decreases. The 
mature stems are only 35% digestible, far too low to fatten cattle 
(Kilcher and Troelsen (b) 1973). 

Beaty is professor of agronomy, Engel is technician Department of Agronomy, 
Univ. of Georgi?, Athens 30602. Calvert is superintendent, Central Georgia Branch 
Experiment SlatIon, Rt 2 Eatonton, Ga. 31024. 
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We know that when seedheads appear on rye, wheat, or ryegrass 
grown for grazing, animal gains are over and it is about time to 
remove the cattle. We now know that soon after the seedheads 
appear the bottom leaves will be dead and in 30 days all leaves will 
be dead. Digestibility of the forage can decrease from 75% to 35% 
in 2 weeks. Dead rye, wheat, or ryegrass forage won’t fatten cattle 
any better than dead fescue, Bahiagrass, or Bermudagrass. The 
leaves die faster during a drouth. Leaves in perennial grasses die of 
shading, old age, or stem production as in annuals except that the 
top leaves are almost always green. We don’t see the bottom leaves 
that are dead. They are there, we just don’t look for them. 

Young cattle grazed for rapid growth and dairy cows require a 
ration that is 70% or higher in digestibility. Corn and cob meal with 
a protein supplement will be approximately 73 to 75% digestible on 
dry matter basis as is well-eared corn silage and both are good cow 
feed. Green grass leaves at 65 to 70% digestible are just barely 
digestible enough to produce rapid gains and milk but stems and 
dead leaves are too low in digestibility to produce much of either. 

High producing dairy cows generally require feedseven higher in 
digestibility than do growing beef cattle. Dry beef cows can winter 
on forage that is 45 to 50% digestible. Heifers intended for breeding 
usually need to grow fast and a need a pasture that is digestible 
enough to grow steers. 

In short the only forage grass adequate to produce rapid gains on 
growing beef cattle or produce milk in dairy cows is green leaves. 
To check the quality of the forage in a pasture, cut a handful of the 
taller forage to a height of I / 2 inch, separate the sample into green 
leaves, dead leaves, and stems and using digestibilities mentioned 
earlier (70%, 45%, 35%, respectively) compute digestibility of the 
sample. If the digestibility is 65% or higher it will be green leaf and 
is an excellent pasture. Ifthedigestibility is below 50%youngcattle 
will lose weight and dairy cattle should not be allowed to graze it. 

A pasture starts off in the spring with all shoots covered with 
green leaves. Before long old leaves are shaded by young leaves and 
die, or seedheads are produced and leaves die. We may run into dry 
weather in May or June and 50% of the leaves die. In the South 
after early spring, it appears that about all the forage in a pasture 
wants to do isdieand overa 300daygrazing period two-thirds of it 
does. Unless the dead leaves and stems are removed, the value of 
the pasture decreases as the amount of dead forage increases. The 
decrease in forage quality as the summer advances is due primarily 
to a management that does not remove the stems and dead leaves. 
Correcting that management deficiency will greatly improve for- 
age quality in summer and fall. 

In the past we thought pasture management consisted of apply- 
ing fertilizer and mowing weeds and seedheads. We now know that 
a pasture that starts out green leaves in the spring may be 60% 
green leaf in July and 25% green leaves in September. Successful 
pasture management in the future must involve maintaining green 
leaves long, and that requires different pasture treatments. 
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j Pasture management and cattle production in the South have 
made progress. By the time we include management factors which 
will keep forage digestibility above 65% season long, we will begin 
to benefit from our natural climatic advantages. 

Our cattle producers will be on the right track when they expect 
forage management that produces a forage with a minimum of 60% 
digestibility. In 10 years the management should be available to 
produce a 70% digestible pasture. 

We know now that southern forage with appropriate manage- 
ment will grow cattle. The mystery of why we couldn’t grow young 
cattle is not such a mystery any more. In the past we were too busy 
growing pounds of dry forage (brag yields) and completing some 
visual color rating or rather meaningless chemical analysis and 
calling it forage evaluation. Cur producing cattle need primarily 
digestible energy and we now kpow that we can produce a forage 50 
to 70% higher in digestibility /than is presently being grazed. 

There are a few other popular ideas we need to replace. The 
concept that dead grass in a pasture is a hay reserve is misleading. It 
isn’t; it is a plant waste product and digestible nutrients have been 
removed. Cattle forced to eat it will lose weight. 

A pretty pasture isn’t necessarily a productive pasture. Mowing 
makes a pasture look better by topping weeds, but low quality 
forage remains concentrated in the bottom 4 inches. Mowing at a 
height of 3 to 5 inches doesn’t improve digestibility of the forage 
left. Pasture mowing as now done is rather cosmetic and is getting 
to be expensive. Properly done it can be a useful tool. 

Most pastures that are high in digestibility will have a number of 
species in it. A pasture where one species dominates is usually low 
in digestibility. A pasture thick enough to shade out competition 
will be thick enough to shade itself out at the same time. An 
accumulation of dead grass parts shades out young clover and 
annual grass seedlings. The bottom leaves are also shaded. If we 

prevent the dead grass from accumulating, it will be much easier to 
get the clover and grasses in and keep the bottom leaves green. 

Once we lose green leaves in a pasture, usually 30 days or more 
will be required to grow the next crop. From a management 
viewpoint, keeping green leaves requires that management antici- 
pates forage quality changes at least 30 days ahead. If we see the 
need, we missed the best time and can now either feed our cattle 
grain or allow them to gain weight slowly. 

The single factor that will improve the economics of the cattle 
industry in the South most is a pasture management program that 
maintains high forage digestibility season-long and produces fast 
gains. We now have the know-how to produce such forage with 
most forage-species. Making the change to high forage quality 
won’t be easy. Change never is easy. We have every reason to 
believe that emphasizing high forage quality will produce better 
cattle much cheaper. 

When will the change to better pasture management come? It 
depends upon when the manager wants its. We have the know-how 
now. Many, however, want to hold on to the old ways and don’t 
understand that cattle production is half nutrition. Up to 10 years 
may be required for wide acceptance of the need for forage produc- 
tion to meet cattle nutritional needs rather than to have forage for 
cows to walk around in. 
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BOOK REVIEWS 

SYMPOSIA AND REPORTS 

Human Ecology in Savanna Environments. Edited by 
David R. Harris. 1980. Academic Press Inc. (London) 
Ltd., 24-28 Oval Road, London NWI, England (or Aca- 
demic Press Inc., 1 I1 Fifth Ave., New York, New York 
10003). 522 p. $49.50. 

This book is based on the proceedings of a conference held under 
the auspices of the Wenner-Gren Foundation of Anthropological 
Research at Burg Wartenstein, Austria, August 1978. Twenty 
natural and social scientists with experience from the African, 
Asian, Australian, and American, Tropics contributed papers. 

Harris explains that the term “human ecology’*. . . deals with.. . 
“the interrelationships that link human populations with the biotic 
and abiotic environments in which they live.” Therefore, the pur- 
pose of the conference was to examine in worldwide, comparative 
perspective the ways in which past and present human populations 
have adapted to, and made use of, tropical savanna environments. 
The subject area is the Intermediate Tropical or Savanna Zone in 
which plant, animal, and human life are closely related to the 
alternation of wet and dry seasons. . . the extensive intervening 
areas between tropical deserts and rain forests. 

This volume consists of an introduction and three parts. The 
introduction describes the environment of the Savanna Zone. Part 
one, “Systems of Savanna Resource Use: Continuities and 
Change,” consists of ten papers dealing with geographic, anthro- 
pologic, and archaeologic perspectives of human life and utiliza- 
tion. Seven authors contributed to part two, “Ecology and 
Management of Savanna Environments,“which examines some of 
the ecological characteristics, management problems, and devel- 
opment prospects of the Intermediate Tropical Zone. Part three, 
“Human Biology of Savanna Peoples,“includes five papers which 
discuss the physiology, nutritional status, and overall bio-medical 
status of savanna people. The book contains numerous figures and 
tables. 

Anyone concerned with the past history, present problems, and 
future prospects of human societies in the tropics will find much 
information in this volume.--Ed. 

NEW PUBLICATIONS 

Terrestrial Plant Ecology. By Michael G. Barbour, Jack H. 
Burk, and Wanna D. Pitts. 1980. The Benjamin/Cum- 
mings Publishing Co., Inc., 2727 Sand Hill Road, Menlo 
Park, California 94025. 604 p. $18.95. 
Barbour, Burk, and Pitts state that, “Our purpose in writing this 

book has been to condense the literature pertaining to ecology of 
wild plants into a digestible survey for the [upper division] under- 
graduate student.” “ This is not a detailed, thorough, unbiased 
reference work, nor does it take us to a new level of understanding. 
Rather, it is a basic synthesis which we hope will be a useful starting 
point for instructors and students.” 

This book consists of four parts. Part I, “Background and Basic 
Concepts,” contains two chapters dealing with an introduction to 
ecology and a brief history of plant ecology. Part II, “The Species 
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as an Ecological Unit,” contains four chapters addressing the 
subject of the environmental complex, population dynamics and 
resource allocation, and species interactions (i.e., competition, 
amensalism, commensalism, protocooperation, mutulism, and 
herbivory). Six chapters in part III, “The Community as an Eco- 
logical Unit,” discuss community concepts, sampling, description, 
succession, productivity, and mineral cycles. “Environmental Fac- 
tors” is the title of part IV which contains sixchaptersdealingwith 
light, temperature, fire, soil water, and plant water relations. A 
seventh chapter in part IV describes the major vegetation types of 
North America. The majority of chapters conclude with a sum- 
mary and are well illustrated with tables and figures including an 
occasional photo.--Ed. 

Beef, Leather and Grass. By Edmund Randolph. I98 1. Uni- 
versity of Oklahoma Press, 1005 Asp Ave., Norman, 
Oklahoma 73019. 286 p. $14.95. 
Beef. Leather and Grass emphasizes the West of the 1940’s and 

1950’s from the standpoint of large-scale cattle ranching in south- 
east Montana on the Crow Indian Reservation. Edmund 
Randolph spent twelve years as a partner in the Antler Ranch on 
the Little Big Horn River near Wyola. During the 1920’s and 
1930’s, Randolph was in partnership with another ranching 
enterprise fifty miles east in the Tongue River Valley. He has had 
more than fifty years of close association with southeast Montana 
and Sheridan, Wyoming, and has been a Montana landowner since 
1925 under the Homestead Act. 

The area Randolph writes about is the land of Sitting Bull, Crazy 
Horse, Buffalo Bill Cody, and the great cattle barons who trailed 
their herds from Texas to the northern grazing lands. The book is 
not a fictional account of a ranch, a “Western”, or an autobio- 
graphy, but a personal observation of the land and its people 
engaged in their successful and sorrowful endeavors. Randolph 
grew up in New York and now lives in Denver. The thirty chapters 
and twelve photographs in Beef. Leather, and Grass, “. . . seeks to 
record what history probably won’t: a vignette of American times 
and customs that may soon be forgotten, but shouldn’t.“-Ed. 

The Soil Resource: Origin and Behavior (Ecological Stu- 
dies 37). By Hans Jenny. 1980. Springer-Verlag New York 
Inc., P.O. Box 2485, Secaucus, New Jersey 07094.377 p. 
$29.80. 
Jenny states that, “Soil is a natural resource. On human time 

scales its mass is nonrenewable. Today, people are becoming aware 
of resource limitations and they want to know about the soil, its 
behavior, and its fate.” This book treats soils as part of terrestrial 
ecosystems and as structured bodies consisting of abiotic and 
biotic components. The author’s updated and expanded lectures 
on soil genesis provide the basis for this textbook style volume. 
Small print paragraphs provide details which can be skipped at 
first reading, while maintaining the concepts and structure by 
reading the standard size print. 

77re Soil Resource is divided into two parts which are preceded 
by an introductory chapter titled “Ecosystems and Soils.“The six 
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chapters of part A, “Processes of Soil Genesis,” discuss soil- 
vegetation water regimes, ions, clay particles, biomass and humus, 
colloids and pedogensis. Part B, “Soil and Ecosystem Sequences,” 
consists of five chapters which discuss the state factors of time, 
parent material, topography, climate, and biotic factors. A sixth 
chapter in- part B discusses factor integration and overviews the 
book. Each chapter concludes with a review and a list of references. 
Also, included is a one page appendix listing the scientific and 
common names of the vascular plant species cited. 

Jenny’s book provides an extensive background forunderstand- 
ing soils, their environmental role, and their interaction with 
vegetation.-Ed. 

Regional Silviculture of the United States (Second Edition). 
Edited by John W. Barrett. 1980. John Wiley and Sons, 
Inc., One Wiley Drive, Somerset, New Jersey 08873.551 
p. $31.50. 
The first edition of this text was published in 1962. Since that 

time, there has been increased concern about environmental qual- 
ity, public land decision-making with public involvement, an 
increased demand for multiple forest benefits, and a multitude of 
legislation and directives impacting silvicultural concepts and 
practices. These areas in need of increased awareness are addressed 
in chapter one, “The Forests of the United States.” Also, the first 
chapter discusses the geology, evolution, climate, and regions of 
the American forests. 

The other ten chapters each discuss a specific forest region. . . 
Northeastern, Lake States, Central, Southern Hardwood, 
Southern Pine, Middle and Southern Rocky Mountain, Northern 
Rocky Mountain, California, Pacific Northwest, and Alaska. 
Within each of the regional chapters, the following major topics 
are usually discussed: location, forest statistics, physical 
envirotiment, major forest type groups, history of use, silviculture 
of the major type groups, and forest benefits; each chapter 
concludes with a bibliography. Fundamental information is 
stressed dealing with edaphic, physiogmphic, climatic site factors, 
ecological relationships, silvical characteristics of predominant 
species, and silvicultural practices. Also included are three 
appendices listing the common and scientific names of the trees, 
insects, and disease organisms mentioned in the text. 

David Smith, author of chapter one, states, “This book is not 
intended to tell any forester what to do, but only to stimulate 
analytical thought about and understanding of a vast and diverse 
stretch of forest geography.” The book acquaints students, for- 
esters, and other resource managers with the current status of 
silvicultural practices for the forests of the United States.--Ed. 

The Arctic and Antarctic: Their Division into Geobotani- 
cal Areas. By Vera D. Aleksandrova. 1980 (English trans- 
lation). Cambridge Universitjr Press, 32 East 57th Street, 
New York, New York 10022. 247 p. $34.50. 
This book was first published in Russian in 1977 and subse- 

quently translated into this edition by Doris L&e. L&e “hopes 
that [her] translation will be useful to students of arctic and antarc- 
tic vegetation, not able themselves to cope with the Russian 
language.” 

Aleksandrova has devoted a lifetime to the study of the flora and 
vegetation of arctic lands above the Polar Circle. The present 
volume is based on her personal experience and knowledge of the 
literature on arctic areas inside and outside of the USSR. Aleksan- 
drova states, “There is now an interest in using the accumulated 
material to formulate a division of the polar lands into geobotani- 
cal areas and in examining, from a uniform point of view, the 
vegetation cover of the circum polar territories of the Arctic north- 
ward from the forest limit to the farthest points of the land and of 
the Antarctic southward from the line of the antarctic 
convergence.” 

To accomplish the above, the author has divided her book into 
five chapters. Chapter I, “Division of the Arctic into geobotanical 
areas”, defines Aleksandrova’s concept of geobotanical areas. She 
divides the vegetation cover so that the total of a plant communi- 
ty’s vegetation characteristics over a given area can be considered 
diagnostic. The second and third chapters, “The geobotanical 
regions of the Arctic: the tundra region” and “...the region of the 
arctic polar deserts,“describe the overall regions and their subdivi- 
sions. Chapter four, “Division of the Antarctic into geobotanical 
areas,“describes the boundary and vegetation covercharacteristics 
of its regions. The fifth chapter, “Conclusions,” reiterates the 
objectives of the book, discusses the characteristics used to differ- 
entiate the geobotanical areas, and discusses the problems of 
information compilation. The book concludes with a 33 page 
reference section, and the author concludes by saying that her book 
is “. . .a first attempt of its kind in the polar literature-will be of 
interest to the investigators who are concerned with studying and 
mastering the vegetation cover in the polar lands.“-Ed. 

Computer Modelling in Agriculture. By N.R. Brockington. 
1979. The Clarendon Press, Oxford University Press, 200 
Madison Ave., New York, New York 10016. 156 p. 
$26.00. 
This monograph was written by Brockington to provide a sim- 

plified and understandable introduction to the use of quantitative, 
computer-based models in agriculture. The author recognizes that 
the fields of engineering and physical sciences have developed and 
applied computer modelling more than agriculture, and *. . .the 
agriculturalist often finds difficulty in identifying with the unfamil- 
iar subject-matter and examples of texts addressed to workers in 
those fields. Nor is he often inclined to take the alternative route 
into the subject via the apparently more theoretical accounts from 
the standpoint of the professional mathematician.“Therefore, this 
monograph. 

Computer Modelling . , . consists of an introduction and five 
other chapters titled: “Constructing Diagrams for Dynamic Sys- 
tems Models”, “Computer Programming for Dyamic Systems 
Models (1): Simple Examples”, “. . . (11): Further Concepts and 
Techniques”, “. . . (111): Event-Oriented Models”, and “Testing 
and Using Models. “Also, two appendices provide example exer- 
cise solutions and FORTRAN programs for example models. An 
eight-page reference section with listings by chapter, an author 
index, and subject index conclude the book. 

Brockington’s monograph is designed for advanced students, 
research workers, and advisers with an interest in building and 
using computer models for describing and managing agricultural 
systems.-Ed. 

The Natural Selection of Populations and Communities. By 
David Sloan Wilson. 1980. The Benjamin/Cummins 
Publishing Company, 2727 Sand Hill Road, Menlo Park, 
California 94025. 186 p. $12.95. 
Wilson states that “this book examines the relationship between 

an individual organism and the community to which it belongs”. 
The main question raised is: “Are we justified, as evolutionary 
biologists, in saying that an individual exists for the function it 
performs in its community? Are there are aspects of an individual’s 
behavior and morphology that can be understood only in terms of 
its role in maintaining a larger adaptive unit?“These questions are 
addressed by developing aconcept and theory of structured demes. 

The book is divided into six chapters: Introduction, “Individual 
Selection and the Concept of Structured Demes”, “Group Selec- 
tion without Strong Altruism”, “The Evolution of Indirect 
Effects”, “The Evolution of Community Function”, and “Multi- 
level Evolution”. This book represents what Wilson hopes “to bea 
fresh approach to the group selection problem, and also extends 
the concepts to an examination of multispecies coevolution”.-Ed. 
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