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Attentiveness of Guarding Dogs for 
Reducing Predation on Domestic Sheep 
RAY COPPINGER, JAY LORENZ, JOHN GLENDINNING, AND PETER PINARDI 

Abstract 

Dogs used to protect domestic sheep from predators are 
expected to be attentive to the animals they guard. However, 40% 
of the sheep producers cooperating in our experimental program 
to assess the potential of Old World dogs to deter predation in the 
United States have expressed dissatisfaction with their dog’s 
attentiveness. In contrast, European shepherds appear satisfied 
with their dogs. In order to find the causes of this apparent 
difference, a series of measured observations was made in Italy, 
and data on 4 different strains of imported guarding dogs working 
in the U.S. were analyzed. The results indicate that the 4strahtsare 
significantly different in attentiveness, although overall it was 
remarkably similar to the actual attentiveness of Italian dogs. The 
attentiveness of livestock guarding dogs can be maximized for U.S. 
sheep producers by (1) selecting strains for superior attentive 
behavior and (2) adjusting management systems slightly to take 
advantage of the dogs’ capabilities. 

Protecting sheep (Ovis aries) from predatory canids with 
another type of canid is the method of choice in parts of Europe but 
until recently has been practically unknown in the United States. A 
few individual sheep producers in the U.S. have been using 
guarding dogs (Canis familiaris) of European ancestry, but until 
the mid-seventies no studies had tested the effectiveness of live- 
stock guarding dogs with a view toward promoting a successful 
technique to the U.S. sheep industry. Initial research by various 
investigators showed promising results (Coppinger and Coppinger 
1981; Linhart et al. 1979; Green and Woodruff 1980, 1982), and 
ranchers from several areas reported significant relief from 
predation. 

In order to analyze the effectiveness of this novel technique, a 
hypothetical model was proposed for an effective canine guardian 
(Coppinger and Coppinger 1980a). The guardian must exhibit 3 
basic behaviors: being trustworthy, attentive, and protective 
toward sheep. In practice, these behaviors overlap and are not 
discrete. For example, a dog might be trustworthy because it is 
totally inattentive or untrustworthy because it is disruptively atten- 
tive. Or it may be unprotective, not because of lack of aggression 
toward potential predators but because of inattentiveness toward 
the sheep. Adequate protection for the producer, however, can be 
achieved only if a minimum standard in all 3 behaviors is main- 
tained by the dog. 

The authors are professor of biology, School of Natural Science, Hampshire 
College, Amherst MA 01002; researchassociate(Lorenz), Livestock Dog Project,and 
research assistants, Livestock Dog Project, New England Farm Center, Hampshire 
College. 

This study was sponsored primarily by grants from the Rockefeller Brothers Fund 
and USDA #59-2259-0-2-l 19-O to Dr. Coppinger at Hampshire College. Thanks are 
due to Paolo Breber who introduced us to the ltalianfield sites and to the sheepherders 
and their dogs, and explained our project to members of the Italian Forestry Service. 
Luigi Potena and his field officers provided housing and guidance in the Foresta 
Demaniale, and Dr. Bernard0 Di Cesare and his officers were guides in the Monti 
della Laga. Mary Walton translated for us during the Demaniale visit. Quinn and 
Marilyn Hamed supported the acquisition of the Anatolian Shepherd Dogs. 
Fernando Cinelli and the Grant McCargo family provided barkless environments for 
data transcription and report writing. Michael Sutherland of the Statistical 
Consulting Center at the University of Massachusetts assisted with analysis of the 
data. Lynn Miller and Lorna Coppinger lent editorial expertise. 

Manuscript received Nov. 29, 1982. 

This behavioral model has been useful for analyses of successes 
and failures of dogs and is now the basis for data collection as we 
attempt to isolate causes of good guarding ability or a breakdown 
or lack of that ability. We will address trustworthiness and 
protectiveness in future papers. In this paper, we present results 
obtained in a series of studies and experiments on attentiveness. An 
attentive dog is one that pays attention to and follows the sheep. 
Attentiveness implies a social bond between dog and sheep which 
results in the dog constantly maintaining contact with the flock. 

Studies on livestock guarding dogs contain several implicit 
assumptions, most importantly that the. behavior of the dogs 
toward sheep and predators is in part genetic. Most investigators 
report on dogs with traditional guarding heritages (Linhart et al. 
1979, Coppinger and Coppinger 1980b, Green and Woodruff 
1980), although the work of Black (198 1) with Navajo dogs led to 
his conclusion that almost any breed of dog will do if raised and 
trained in the proper environment. 

The extent to which successful performance of a livestock 
guarding dog is based on a genetic predisposition and/or training 
is beginning to receive experimental verification. Arons (1981), 
testing a time-honored technique reportedly held in value by some 
Old World shepherds, and indeed noted by Darwin (1972[ 1839]), 
suckled pups on ewes. That stage of development may not be a 
critical period for socialization, and in fact the suckled pups 
showed no greater attentiveness to sheep than did normally raised 
pups. In addition, Green and Woodruff (1980) indicated that Great 
Pyrenees and Komondors first introduced to sheep at ages greater 
than 6 months were sometimes successful, which implies either a 
predisposition for flock guarding or an extended critical period of 
socialization. 

Our interviews with shepherds in Italy, Turkey, and Yugoslavia 
suggested that nearly 100% of their dogs are attentive, that is, the 
dogs are always near the flock and are paying enough attention to it 
so that they know when something goes wrong. Data from the 
experimental working dogs we have placed on U.S. farms, 
however, show that of those dogs judged to be trustworthy with 
sheep, only slightly better than half are attentive. Since the major 
inhibition of attentiveness to sheep among American dogs seems to 
be their attachment to people, a series of observations was designed 
to test whether sheepdogs working in Italy were focused on the 
sheep or on the shepherds. 

We returned to Italy to determine if, or how, the attentiveness of 
American guarding dogs differs from that of their Italian 
counterparts. We assumed that the genetic composition of the 
strains of dogs we imported in 1977 is similar to the many strains of 
Maremmas at work in the Abruzzi Mountains where some of our 
dogs originated a generation ago. Furthermore, since wolves 
(Canis lupus) prey upon sheep in the Abruzzi Mountains (Boitani 
1982), we assumed that shepherds would still be selecting dogs that 
could protect the flocks. Any differences we measured would 
probably be due to the working environment and would give us 
insight into methods for improving livestock guarding dogs for 
work on U.S. sheep ranges. 
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Methods and Materials management systems, each dog’s health and behavior. freouencv of 

Dogs in the United States 
US. dogs in this study were progeny of dogs imported from Italy 

(Maremma), Turkey (Anatolian Shepherd), and Yugoslavia (Shar 
Planinetz). They were all purchased for the project by the senior 
author in situ, with the exception of 8 Anatolian Shepherds 
donated by members of the Anatolian Shepherd Dog Club of 
America. Dogs acquired were from working stock or the 
immediate offspring of working parents. The Maremma purebred 
puppies were the product of a single sire, while the Shar Planinetz 
were descended from 2 unrelated sires and 3 sisters. Therefore, the 
term “strain” is substituted for “breed” in order to give a truer 
representation of results. The limited sample size of the parental 
generation does not allow a determination of any between-breed 
differences. 

Pups were raised normally by their mothers for at least 8 weeks 
at the Hampshire College or the senior author’s kennel, always 
with sheep nearby. After weaning, 200 pups were placed with 139 
sheep producers throughout the United States. The producers were 
a self-selected group who expressed an interest in cooperating, had 
20 or more sheep, commercial intent, and were willing to answer an 
annual questionnaire. The pups were delivered randomly, with 
little choice allowed as to breed or sex. Placements began in 
September, 1978, and were continuing at the time of data 
collection. 

Dogs were placed in a variety of conditions, with flocks of 2 
dozen sheep which grazed in fenced pasture near the barn, with 
larger flocks grazing in pastures of several dozen acres, with bands 
of a thousand or more sheep grazing over unfenced range or fenced 
range of several hundred acres (Table 1). In the U.S., continuous 
supervision of sheep is typically minimal, except on summer moun- 
tain pastures where a mounted shepherd is usually in attendance. 
On smaller farms and on well-managed range operations, sheep are 
housed or gathered at night. However, it is not unusual in the U.S. 
for some flocks to be unattended from one day to the next. 

Farmer/cooperators were given written and oral information on 
how to manage a guardian dog and were asked to contact us with 
questions or problems as they arose. In turn, we explained the 3 
basic behaviors and what to look for to ensure that each behavior 
was being properly expressed. In December, 198 1, questionnaires 
for the 200 dogs were sent to the cooperators for their observations 
during the calendar year. The form contained questions on sheep 

Table 1. U.S. cooperator rating of dogs’attentivenessindifferent manage 
ment systems, 1981. 

Excellent Fair Total number 
or good (%) or poor (%) reported’ 

Type of operation 
Range 62 38 13 
Fenced 61 39 72 
Mixed 40 60 15 

Total 100 

Numberofsheepguarded 
O-100 55 45 40 
100-1000 61 39 46 
WOO+ 63 38 16 

Total 102 

Behavior of sheep 
Flock 59 35 16 
Loose flock 58 38 66 
Scattered flock 45 50 19 

Total 101 

Overall attentiveness 59 41 102 

predation before and after the dog’s arrival, and a’checklistafor 
rating each dog’s performance. Spot checks on accuracy of 
responses were made by Coppinger or Lorenz, who visited some of 
the sites where the dogs worked. For this paper, only the responses 
for attentiveness were used. Also only those U.S. dogs that were at 
least a year old (n= 110) at the time the questionnaire was sent were 
selected from the responses. 

Dogs in Italy 
Italian shepherd dogs (in Italian, Pastore Maremmano- 

Abruzzese) were observed in 3 areas of the central Appenine 
Mountains during June and July, 1982. The areas were chosen 
because of the numbers of dogs working there, and the similarity of 
the environment to that of U.S. intermountain ranges (Taylor et al. 
1979). Sheep are trucked in for spring and summer grazing. We 
were introduced to the farmers and their shepherds by Paolo 
Breber, a native and local authority on the use of livestock 
guardings dogs in Italy, and interviewed them using the format of 
the U.S. questionnaire. 

The population of sheep and dogs for 2 areas was estimated in 28 
sheep camps and crosschecked with the farmers. Grazing in this 
part of Italy commenced after the morning milking and cheese 
processing, from about 10 a.m., and lasted until about 4 p.m. 
Sheep were guided over the grazing allotment by the ever-present 
shepherd. In the late afternoon the sheep were milked again, put 
into netting enclosures, and sheep and dogs were left for the night. 

In the Monti della Laga the sheep were grazed in the forest. 
These flocks were usually unattended by the shepherd, but the dogs 
followed them closely. The dogs were actually performing very 
much like dogs are expected to in the U.S.: being trustwothy, 
attentive, and protective without a shepherd present. Sheep were 
released and directed toward the grazing areas after the morning 
milking, left, and gathered again in the late afternoon for the 
evening milking. We could not do a formal study in this area 
because both dogs and sheep were for the most part invisible 
among the trees, and the shepherds could give us no information as 
to the proportion of successful dogs. 

In the Gran Sasso we estimated a total of 5,000 sheep and 50 
dogs, or about 1 dog per 100 sheep. Sheep were grazed in flocks of 
about 300 with one shepherd and anywhere from 0 to 5 dogs per 
flock. Daily counts fluctuated slightly, but on June 28 we counted 
37 dogs attending the various flocks and 7 adult dogs (16%) 
remaining in 18 camps. Attentive dogs were reasonably tenacious 
to a particular flock or shepherd on a daily basis although there 
was some switching of flocks by some dogs. 

In the Foresta Demaniale there were about 3,000 sheep and 35 
dogs, with 5 dogs remaining in camp during the grazing period. 
Again, flock size averaged 300 with 1 shepherd and 1 to 5 dogs. One 
operation had 3 dogs that were inattentive and some dogs that 
switched flocks during the day, complicating data collection. 
However, sheep and dog management in both areas was similar, 
and interviews with shepherds confirmed our estimates of the 
number of dogs. 

Three types of observational data were obtained to test the 
attentiveness of each dog to sheep or to shepherd, all based on the 
locations of the dogs relative to sheep or shepherd: proximity, 
orientation, and sidedness (on which side of the flock was the dog 
relative to the shepherd). Each dog was observed for 4 continuous 
hours when shepherd, sheep, and dog were out at pasture together. 
Any general inattentiveness of dogs was investigated by driving to 
the camps during the day when the sheep were out grazing and 
searching for dogs that were unattached to the flock. Recording of 
information was done on portable tape recorders, with standarized 
data transcribed at the end of each day. 

The first observations were made on the proximity of the dog to 
both shepherd and sheep, and the length of time it spent at that 
location. For a movement to qualify as a separate observation, the 

The number changes between categories because some individuals did not answer all dog had to take a minimum-of S-steps and stop for at least 15 
the questions. seconds. For the analysis, average distances of a dog from the 

276 JOURNAL OF RANGE MANAGEMENT 36(3). May 1983 



shepherd and from the sheep were computed for the data for each 
4-hour period as follows: 

average distance to shepherd (column): ijf .A 
j=l +' 

average distance to sheep (row): $ if i+ /N 
i=l 

where j = colt&n dog is in 
i = row dog is in 
f = frequency of appearances of dog in box 
N = total number of observations per dog 

Both distances were entered in Figure 2 in the appropriate column 
or row. Dogs which were sheep-attentive were predicted to have 
low row scores, while those following the shepherd would have 10~ 
column scores. 

The second set of observations was made on each dog’s orienta- 
tion to shepherd or sheep. Often, for example, a resting dog 
would become alert and follow, when the shepherd started to 
move, or might follow the sheep even though the shepherd was 
inactive. When a dog moved and then stopped, the observer 
recorded an “A” if the dog was closing the distance between itself 
and the shepherd, or a “B” if it was approaching the sheep. If the 
observer could not tell or if the movement was not applicable (i.e., 
the dog chased a rabbit, or the dog, sheep and shepherd were 
moving single file up a trail), 

? 
recorded a “C.” The dog’s score 

was given as a percent different in the total number of A’sand B’S: 
A - B. 
- 
A+B 

Dogs which were attentive to sheep would tend to have high 

negative scores since they would be closing the distance between 
themselves and the sheep, irrespective of the shepherd. 

The third set of observations were made on which side of the 
flock the dog stopped relative to the shepherd. A visual line was 
drawn through the middle of the flock of sheep parallel to the 
movement of the sheep, and each time the dog moved and then 
stopped it was given a plus (i-) if it stopped on the same side of the 
line as the shepherd, or a minus (-) if on the opposite side. If the 
movement was obscure or not applicable, a zero (0) was recorded. 
Again, a dog’s score was determined as the percent difference in the 

total number of pluses and minuses recorded: (+) - (-) Data for 
(+) + (-) 

sidedness would place a sheep-attentive dog randomly with respect 
to the shepherd and thus result in a low score. 

FAIR 2 
t 1.7 19 1.9 

t 

34 

Go00 1 
19 

EXCELLENT 0 1 
, 1 I 
I 1 I I 

M X s A 

Fig. 1. U.S. cooperaror rating of attentivertess of 98 adult dogs, by strain. 
Average scores are presented f S.E. (vertical lines). Sample sizes are 
presented beneath averages. ANOVA. 601. Duncan mult@le range 
tests, 6.01, showing homogeneous subsets, are indicated. M= 
Maremma; X=Crossbred; S=Shar Planinetz; A=Anatolian. 

Table 2. U.S. cooperator rat&q of attentive doRs from 4 Renetk stdm, 
1981. ANOVA, 6.01. 

Strain 

Maremma 
Crossbred 
Shar Planinetz 
Anatolian 

Excellent Fair or Total number 
or good (%I poor (%I reported 

81 19 26 
68 32 34 
42 58 19 
37 63 19 

Results 

Dogs in the United States 
The responses of American sheep producers were analyzed 

separately according to their type of operation, number of sheep, 
and flocking behavior of sheep (Table 1). Overall, 59% of their 
dogs rated excellent or good in attentiveness. Note that the 
percentages are fairly uniform except for dogs switched between 
open range and fenced pasture, in the excellent/good column. 

Table 2 and Figure 1 give the percentages of attentiveness for 
four genetic strains of dog. Differences in overall attentiveness 
between strains is significant at the .Ol level. The Duncan multiple 
range test shows that the Maremma and Crossbred strains are not 
significantly different from each other in attentiveness, and neither 
are the Crossbred, Shar Plainetz and Anatolian subset 
significantly different from each other. The Maremma and 
Crossbred subset, however, are significantly more attentive than 
the Crossbred, Shar Planinetz, and Anatolian subset. The overlap 
of the Crossbred with each subset is not surprising, since this strain 
is mostly Maremma X Shar Planinetz crossbreedings. 

Dogs in Italy 
The scores for attentiveness of the dog to sheep or shepherd 

could be arranged independently for each set of observations 
(proximity, orientation, or sidedness), based on prediction. Since 
orientation and sidedness scores are continuous (i- 1 .O to -I .O), 
separation into discrete categories is somewhat arbitrary. There- 
fore, the data for these two sets of observations are arranged 
according to the score the dog received for proximity, to see if there 
is agreement between these various methods (see Table 3). 

Figure 2 gives the average proximity of 33 dogs to shepherds and 
sheep. Generally it was assumed that dogs whose average location 
score was above the diagonal in Figure 2 were tending to follow the 
shepherd, while those below were following the sheep. Of course 
dogs could be following both so for analytical purposes we 

3 -15 
PmxlrrrY Q I.0 

SHEPHERO 

15 -100 

0 -15 I5 -100 ,100 

A 

B 

C 

D 

1 2 3 4 

Fig. 2. Average distances to shepherd andsheep of 33 Italianpredator con- 
trol dogs. Letters and numerals on right and bottom axes are discussion 
references (see text). 
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categorized dogs whose average score lay in a diagonal box (Al, 
B2, C3 or D4) as sheep/shepherd-attentive. 

Thirteen dogs (39%) were located above the diagonal, which 
suggests that they were more shepherd-attentive than the 20 dogs 
(61%) below the diagonal which were in closer proximity to the 
sheep. However, 12 of the 33 dogs (36%) were in boxes C3 and D4, 
right on the diagonal, which indicates a possible dual attraction. If 
we then look at the numbers remaining in boxes above and below 
the diagonal, we find 14 (42%) following sheep and 7 (21%) 
following shepherd. 

Table 3 gives the average orientation and sidedness scores for the 
33 Italian dogs. The orientation prediction here is that dogs 
strongly oriented toward the shepherd would have high positive 
scores while those oriented equally to both shepherd and sheep 
would have low scores, random as to sign. 

The orientation data in Table 3 show 9 dogs (27%) with positive 
scores of 50% or greater indicating that better than 3 out of every 4 
times a dog moves it closes the distance between itself and the 
shepherd. Dual attraction to sheep and shepherd was displayed by 
14 dogs (42%) with 6 positive and 8 negative scores of 49% or lower. 
Orientation to sheep appeared in 10 dogs (30%) with negative 
scores above 50%. 

The prediction for sidedness is that a dog attentive to sheep 
would be randomly located as to the side of the flock where the 
shepherd was. Random location would be indicated by a low score 
((+)-(-PO) and a random sign. A preference for the shepherd’s 
side of the flock would be shown by a high score ((+)>(-)) with a 
positive value. A dog showing equal attraction for shepherd and 
sheep would be random as to sidedness when it was following sheep 

Table 3. Predictions and scores of orientation end sidedness experiments, 
listed according to proximity scores. 

Proximity 

Orientation Sidedness 
Actual Actual 

score Predmon x score Prediction z 

Shepherd- 
attentive 

1.00 
1.00 
.89 
.71 (+) high + .76 
.65 
60 
.50 

Shepherd/sheep- 
attentive 

60 
SO 
44 
.26 
.22 
.20 (+/-) low -403 
.09 
.06 

-.25 
-.37 
-.78 

-1.00 

Sheep- 
attentive 

.02 
SKI 

-.06 
-.22 
-.25 
-.28 
-.56 (+) high -.49 
-60 
-.67 
-.73 
-.83 
-.85 
-.88 

-1.00 

1 .oo 
.90 
.70 
.65 (+) high + .69 
.54 
.54 
.47 

I .oo 
.72 
.58 
.46 
.38 
.36 (+) modei”&+ .35 
.32 
.I6 
.I4 
.I2 
.06 

-.I0 

.78 

.74 

.66 

.56 

.32 

.30 
22 (+I-) low +.17 
.20 

-.06 
-.I2 
-.20 
-.25 
-.36 
-.42 

but nonrandom when following the shepherd. Thus (+) would be 
greater than (-), but a more moderate score would be predicted. 

In the experiment for sidedness, 7 dogs (23%) scored moderate 
(.33 to 66) and positive, and 14 dogs (45%) scored low (0 to .32) of 
which 5 were negative. Two dogs with moderate negative scores 
(-.42 and -.36) were placed in the sheep-sided group even though 
their scores were higher than predicted. In both cases these dogs 
appeared to be avoiding the shepherds and shepherd-sided dogs. 

Although there is fair agreement within each category, individ- 
ual dogs changed categories within the different sets of observa- 
tions. In several cases it was obvious that there were other factors 
influencing the dog besides just sheep and shepherd. In one case a 
shepherd beat a dog which then avoided him, appearing to be a 
sheep-attentive dog; in other cases there were dominance struggles 
between dogs which influenced their scores. 

Discussion and Conclusion 

Although direct comparisons between the US. and Italian data 
cannot be made due to differences in data collection, the high 
numbers of observations involved in both sets of data and the 
minimum of 1 year’s practical experience of the cooperating 
farmers revealed a consistency in the reports and hence impart 
reliability to the scores. 

American sheep producers rated 59% of their dogs to be atten- 
tive to sheep. Between strains of dogs, there was a significant 
difference @<.Ol) in attentiveness ranging from 8 1% excellent or 
good, to 37% (Table 2). We could detect no environmental differ- 
ences in the way each of these strains was managed, and in fact 
precautions were taken in the distribution of dogs in order to guard 
against any biases. It is noteworthy that dogs raised in different 
management systems (fenced vs. open range) have the same per- 
centages of good/excellent dogs. 

Observations of Italian dogs indicated that these dogs behave 
very much like the ones working in the U.S. However, the Italian 
management system differs enough from U.S. systems to make 
even their inattentive dogs valuable as livestock protectors. Man- 
aging sheep in the Gran Sasso and Foresta Demaniale involved one 
6-hour grazing period per day. The sheep were milked in the 
morning and accompanied out onto the range by dogs and shep- 
herd. Thirty-seven percent of the dogs in the regioneither stayed in 
camp or were following the shepherd and not the sheep; 29% of the 
dogs were following both shepherd and sheep. Therefore, only 34% 
were truly attentive to the sheep alone, and would no doubt rate an 
“excellent” in attentiveness from a U.S. sheep producer. 

Looking at Figure 2, we find that half the dogs are below the 
diagonal, and so are sheep-attentive dogs, thus approaching the 
59% good/excellent sheep-attentive dogs in the U.S. The discre- 
pancy between the Italian claim of 100% attentive dogs and the 
50% we measured is due to the Italian system of managing sheep, 
which provides a framework that keeps all the dogs on the job for 
at least part of the day. Shepherd-attentive dogs follow the shep- 
herd and thus attend the sheep during grazing. Dogs in camp are 
surrounded by sheep for that portion of the day when the sheep are 
back in camp. Sheep-attentive dogs follow the sheep out for the 
day and then back in the evening. Thus, dogs of varying ability are 
useful in their total system. 

That this following instinct has a genetic component is suggested 
by the data on U.S. guarding dogs (Figure 1 and Table 2), and by 
the similarity between the frequency of ideal performances of 
Italian and American dogs (Table 2 and Figure 2), even though 
management on the two continents is quite different. This is not to 
suggest that there are not environmental influences on the behav- 
ior, but simply to point to the fact that in a given area certain dogs 
are more predisposed to show this behavior, and that the predispo- 
sition is probably genetically based. By implementing a program of 
selective breeding, then, the frequency of attentive dogs could be 
greatly improved. 

In the meantime, dogs with less than adequate attentive behavior 
could reduce losses to predators on U.S. pastures and ranges if 
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producers would adapt their management systems enough to take 
advantage of the talents their dogs do have. People-oriented dogs 
must he weaned from People to sheep, or provided with a shepherd. 
Dogs that spend their time at the barn and not with the sheep must 
also he taught to stay with the flock. If corrective measures do not 
work, it may be time to get a different dog, one that better suits an 
individual’s livestock management system. 
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Molybdenosis in an Area Underlain by 
Uranium-bearing Lignites in the Northern 
Great Plains 
LAURA R. STONE, JAMES A. ERDMAN, GERALD L. FEDER, AND HEINRICH D. HOLLAND 

Abstract 

In the fall of 1975, cattle grazing to the north of an abandoned 
uranium mine on Flint Butte in Harding County, S. Dak., showed 
signs of molyhdenosis, a disease due to molybdenum-induced 
copper deficiency. To identify the source of the problem, plant, 
water, and soil samples were collected on a grid design over a 16 
km* (- 9 miles*) area around Flint Butte. Uranium, molybdenum, 
and copper concentrations were determined in western wheatgrass 
(Agropyron smith@ and sweetclover (Mililotur officindis); 
molybdenum and copper concentrations and pH were determined 
in pond waters; and the pH of soils was determined. Ratios of 
copper to molybdenum in the forage were found to be below 2:1, 
the lowest value considered safe for cattle. Molybdenum concen- 
trations in some surface waters were extremely high. These condi- 
tions are related to the outcrop of uranium- and molybdenum- 
bearing llgnites at Flint Butte and in the nearby Flint Hills. Similar 
lignites are widespread, and It is likely that nutritional problems of 
the type e?countered in the Flint Butte area exist in similar geo- 
logic terrain over a broad region of the northern Great Plains. 

Several thin beds of uranium-bearing lignite were stripmined at 
Flint Butte, in the northwestern corner of South Dakota (Fig. 1) 
during the mid-1960’s. These beds represent the Lodgepole facies 
(Stevenson 1956) in the Tongue River Member of the Fort Union 
formation. The lignite was taken by truck to an ashing plant in 
southwestern North Dakota, where it was burned to concentrate 
the uranium (U). The kilns at the plant operated from July 1963 to 
May 1967. 

In 1968, black angus cattle grazing near the former ashing plant 
exhibited the following symptoms: excessive weight loss, severe 
diarrhea, and grayed coats (Christianson and Jacobson 1971). 
Calves were the most severely affected. Sheep were also affected, 
but to a lesser degree. The cattle were first treated for possible 
bacterial infection. When they did not respond to treatment, radia- 
tion sickness was suspected. However, the levels of grama radia- 
tion in the pastures did not exceed normal background levels. 
Finally, analyses of soil and fecal samples from the area around the 
plant revealed abnormally high concentrations of molybdenum 
(MO); a sample of the ashed lignite from the partly dismantled 
plant contained 3,200 ppm MO. The health problem was diagnosed 
as molybdenosis, a MO-induced copper (Cu) deficiency. Molybde- 
num contamination from the ashing plant was clearly the source of 
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Fig. 1. Location of the Flint WItte study area, and other areas in eastern 
Montana and western North and South Dakota underlain by uranium- 
bearing lignite. (Adapted from Denson and Gill 1956: Rpiringos et al. 
1965; Stevenson 1956.) 

the problem. Molybdenum is strongly associated with the U- 
bearing lignites in the Cave Hills area of which Flint Butte also is a 
part (Pipiringos 1966), as well as in the surrounding region (Den- 
son and Gill 1956). 

In the fall of 1975, cows and calves grazing to the north of the 
abandoned uranium mine on Flint Butte showed symptoms similar 
to those of the cattle that had grazed near the ashing plant. The 
abandoned mine was suspected as the source of the contamination. 
According to Deutscher et al. (1982), analyses of weathered grass 
and hay samples revealed relatively low Cu levels (1.5-3.3 ppm), 
and samples of blood and liver from cattle contained low concen- 
trations of Cu, especially in the liver. Liver Cu levels in 5 mature 
cows that were slaughtered averaged only 8 ppm, dry-weight basis. 
In the western parts of the United States these levels are typically 
30-100 ppm in the dried tissue (Church et al. 1971, p. 458). Since 
MO was normal in both the forage (0.8-4.4 ppm) and cattle tissue, 
the problem appeared to be due to a Cu deficiency. 
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In September and October of 1978, we interviewed several 
ranchers in northwestern South Dakota and in southwestern 
North Dakota. These interviews showed that strikingly similar 
problems exist in these areas. Some ranchers observed that in years 
of especially high rainfall the range plants thrive, but that the cattle 
do poorly in certain pastures. Naturally occurring lime and salts 
were evident in widespread “seep” areas. In some pastures, calves 
tend to have chronic diarrhea. They exhibit gaunt, unthrifty frames 
and do not gain weight. Calves brought in from outside the region 
had normal liver Cu levels. Copper levels in these calves dropped 
significantly after 9 months spent in some pastures (Dr. Bart Berg, 
veterinarian, Hettinger, North Dakota, personal communication 
1978). Levels as low as 5 ppm Cu were recorded (Harding County 
Agricultural Extension Office, 1976). Black cows gave birth to gray 
calves, and hair loss from the ears and between the rear legs of 
cattle was noticeable. 

Molybdenosis results from the interactions of Cu, MO, sulfide, 
and sulfate in the rumen and tissues of ruminants, which make Cu 
metabolically unavailable. Molybdenosis is a worldwide problem; 
it has been reported not only in the United States, but also in 
Canada, Great Britain, New Zealand, and the Soviet Union. The 
biochemistry of the disease has been discussed by Church et al. 
(197 1) and by Huisingh and Matrone (1976). 

In a survey of MO toxicity in the western United States, Kubota 
(1975) found that cattle grazing on forage containing IO-20 ppm 
MO showed symptoms typical of molybdenosis. Webb and Atkin- 
son (1965) reported that 5 ppm MO in forage is the approximate 
upper level tolerated by cattle in Ireland; Alloway (1973) and 
Thornton (1977) have suggested that values as low as 2 ppm are 
important in MO-induced hypocuprosis in cattle. Others believe 
that it is not high concentrations of MO alone, but the ratio of Cu to 
MO that is the cause of molybdenosis. The recommended Cu:Mo 
ratio in cattle forage is about 6:l (Dollahite et al. 1972); Cu:Mo 
ratios below 21 will lead to the development of molybdenosis 
symptoms (Miltimore and Mason 1971; Dollahite et al. 1972). 
Dietary Cu can be administered in the form of salt licks that are 
supplemented with Cu sulfate, or by injections of Cu glycinate 
(Dye and O’Harra 1959). These methods raise the Cu level in the 
rumen so that the effective Cu:Mo ratio is higher than 2: 1 (Dye and 
O’Harra 1959). 

In October 1978, a study was designed to determine the extent of 
the molybdenosis problem around Flint Butte. The objective was 
to determine whether there are specific areas in the vicinity of Flint 
Butte that are hazardous to cattle, and if the hazard is related to the 
local geology. If so, it might be possible to identify other areas in 
the region where similar problems to cattle could be expected. The 
U, MO, and Cu concentrations in selected forage plants, the con- 
centrations of MO, Cu, and pH of water, and soil pH were deter- 
mined. The availability of MO to plants increases under conditions 
of high pH (Alloway 1973), so MO levels in the forage could be 
increased by the alkaline conditions that prevail in many soils of 
the northern Great Plains. 

Methods 

Sampling Design 
A grid design with a sample spacing of approximately 500 m (- 

1600 ft) was established in an area of over 16 km* (- 9 miles*); Flint 
Butte was near the center of the grid (Fig. 2). Soil samples repres- 
enting the upper 15 cm (6 in) of the soil profile were collected at 
each of 81 sites for pH determination. We tried to collect samples 
of western wheatgrass (Agropyron smithii) and sweetclover (Meli- 
lotus of~cinalis) at each site, but there were some “holes” in the 
design due to the absence of one or both species at some sites; only 
77 wheatgrass samples and 58 sweetclover samples were obtained. 
Western wheatg ss was sampled because it was widespread in the 
area; it also pro uces high quality hay and provides year-around 
grazing for liv 3‘ stock (Freeman 1979). Sweetclover was sampled 
because it is a highly palatable forage plant for cattle and has a high 
protein content (Miles 1970). Like most legumes, sweetclover is a 
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Fig. 2. Detailed map of Flint Butte and vicinity, showing location of 
mine, the grid sampling design for plants and soils. and the location 
of the six pond-water samples (W). Contour intervals are given in 
feet. (Adapted from U.S. Geological Survey 7.5minute series 
topographic maps, Ludlow and Ludlow SE quadrangles.) 

6lo accumulator and therefore, sites with soils that contain anom- 
alous levels of MO should be more easily detected. Plant samples 
were composited from several individual plants within a 10-m (- 
30 ft) radius of each sampling site. In a few cases, sampling loca- 
tions were moved to points where the wheatgrass and sweetclover 
were present. All of the relocated sampling points were within 100 
m (- 330 ft) of the originally intended site. Vegetation samples 
were taken in a manner which minimized contamination by soil. 

Surface water samples were collected at the 6 ponds indicated in 
Figure 2. Sediments suspended in most water samples were 
removed by means of a Milliporer pressure syringe apparatus using 
0.45 micrometer filters. At two sites the high concentration of 
sediment made filtering difficult; sediment was removed from these 
samples by centrifugation in the laboratory prior to filtering. The 
pH was determined at each site using a Digi-sense pH meter. 

Analytical Methods 
All methods of analysis used in this study are standard tech- 

niques currently in use in the laboratories of the U.S. Geological 
Survey (USGS) in Denver, Colorado. Plant samples were air dried 
and ground in a Wiley mill to pass a 1.3-mm sieve. They were not 
washed since they were meant to be representative of forage as 
ingested by cattle on the rangeland. Portions of the ground samples 
were ashed at 5000 C in a muffle furnace. The samples were 
analyzed in randomized order for Cu, MO, and U. Cu and MO were 
determined by the methods outlined by Nakagawa (1975) and 
Nakagawa et al. (1975). The samples were aspirated in a Perkin 
Elmer Model 306 atomic absorption unit. Uranium was deter- 
mined by the method of Huffman and Riley (1970). Fluorescence 
was measured on a Jarrell Ash Model 26-000 solid state 
fluorimeter. 

Water samples were. analyzed for Cu and MO in the laboratories 

‘Use of trade names is for descriptive purposes only and does not imply endorsement 
by the U.S.G.S. 
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of the Water Resources Division, USGS, Denver, Colorado. The 
samples were aspirated into an Inductively-Coupled Plasma Emis- 
sion Spectrometer. 

The soil samples were dried at room temperature and were 
sieved to minus 10 mesh (2mm). Soil pH was determined in the 
laboratory by the method outlined by Peech (1965). 

Results 

Geochemicd Patterns 
The concentration of U and MO in both wheatgrass (Fig. 3aand 

3b) and sweetclover (Fig. 3c and 3d) is strongly correlated with the 
local geology. High concentrations of both metals were found in 
samples associated with the uraniferous Tongue River member. 
The U concentrations in the ash ranged from<0.4 ppm (0.4 ppm is 
the lower limit of detection) to 4.0 ppm in wheatgrass, and <0.4 to 
50 ppm in sweetclover. Concentrations of MO (dry-weight basis) 
ranged from< 1 to 44 ppm in wheatgrass, and from 1 to 203 ppm in 
sweetclover; the highest values occur in samples taken at the mine. 

Copper concentrations in forage showed no consistent relation- 
ship to the local geology. However, the concentrations of Cu in 
wheatgrass ranged from only 0.2 to 1.6 ppm on a dry-weight basis; 
these values are well below the levels judged optimal for cattle 
nutrition. Concentrations of Cu in sweetclover were generally 
nutritionally adequate and ranged from 4.6 to 10.7 ppm. The 
pattern of the Cu:Mo ratio was found to be similar to the MO 
patterns shown in Figures 3b and 3d; the lowest ratios were asso- 
ciated with the areas of highest MO concentrations. In wheatgrass, 
the Cu:Mo ratios ranged from 0.01 to 1.1, well below the critical 
threshold value of 2: 1. The ratios for sweetclover ranged from 0.03 
to 5.9; 41 of the 58 values fell below the critical Cu:Mo ratio. 

The soil pH showed no clear relationship to topography or to 
geology (Fig. 4), and has been discounted as a factor in controlling 
the MO levels in the plants of this area. The correlations between 
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Fig. 3. Uranium and molybdenum concentrations in western wheatgrass (a 
and b) and in sweetclover (c and d). Dashes indicate that samples were 
unavaihzble at the site. Cross-hatched areas are underhtin by the Tongue 
River Member of the Fort Union Formation, and the bold contour 
indicates the outcrop of the Lodgepole facies which contains the uranium- 
bearing [ignites. Areas not cross-hatched are underlain by the Ludlow 
Member of the Fort Union; dotted lines indicate outcrops of non- 
uraniferous lignites. (Geology adapted from Stevenson 1956). 
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Fig. 4. 7’7~ pH of surface soils. (Geologic detail explained in b&me 4.) 

the soil pH and MO content of both plant species were not signi!% 
cant at the 95% confidence level. 

The MO concentrations in the water samples are shown in Figure 
5. Molybdenum concentrations ranged from I I to 910 I.rg/ L, which 
are well above the concentration of 1 pg/L that is considered 
normal for surface waters in the region (Feder and Saindon 1976). 
There was no apparent relationship between the pH and MO 
concentration in the water samples. All of the Cu concentrations 
were in a range which is close to the normal value of about IO ug/ L. 
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Fig. 5. Molybdenum (vg/ L) in pond waters. (Geologic detail exphu’ned in 
Figure 4.) 
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The geochemical anomalies are clearly stratigraphically con- 
trolled. The highest U and MO concentrations and the lowest 
Cu:Mo ratios in forage plants generally occur near outcrops of the 
Tongue River Member of the Fort Union Formation. Major 
anomalies occur not only in the mined area of Flint Butte, but also 
to the northwest in the undisturbed area on the Flint Hills (Fig. 2). 

Seasonal Variation 
In 1976, the Agricultural Extension Service in Harding County 

conducted a study of the seasonal effects on Cu and MO levels in 
forage. Deutscher et al. (1982) reported that Cu concentrations 
decreased from an average of 4.3 ppm in samples collected in June, 
to 2.7 ppm in samples collected in the September-October period. 
Concentrations of MO in the same forage samples remained con- 
stant throughout the season. 

We conducted a somewhat similiar study in the Flint Butte area. 
Vegetation at 8 of the grid-point sites sampled in October 1978 
were resampled in August 1979. The results (Fig. 6) are similar to 
those reported by Deutscher et al. (1982). The Cu levels, on dry 
weight basis, in the 8 samples of wheatgrass collected in August 
1979 ranged from 3.5 to 10 ppm, whereas the 8 samplescollected at 
the same sites in October 1978 ranged from 0.2 to 1.5 ppm. On the 
other hand, the MO concentrations in wheatgrass from these grid 
points remained fairly constant. The same relationship is evident 
for sweetclover: Cu levels in sweetclover were lower in the October 
samples than in August samples, and the MO concentrations were 
again fairly constant. Although the Cu levels were lower in the 
October samples, sweetcover sampled at that time was not nutri- 
tionally deficient. The Cu:Mo ratios were, however, critically low 
in both species during both seasons. 

It appears, then, that as the season progresses the Cu concentra- 
tions in forage decrease while MO concentrations remain fairly 
constant. This may cause some areas to become Cu deficient, and 
MO anomalies in some localities may aggravate the deficiency. 

Regional Implications 
Denson and Gill (1956) compiled a generalized section of geo- 

logic formations, most of which are uraniferous, that are exposed 
in southeastern Montana and adjacent areas in North Dakota and 
South Dakota (Table 1). Many of these exposures occur as hills or 
buttes that are underlain by uranium-bearing strata. The locations 
of some of these hills and buttes are shown in Figure 1. Sedimen- 
tary rocks of Late Cretaceous through Eocene age generally have a 
dip of - 2-7 m per km (lo-40 ft per mi) to the northeast into the 
Williston Basin of North Dakota. The lignite-bearing beds com- 
prise a sequence that is - 600 m (2000 ft) thick (Denson and Gill 
1956). 
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Fig. 6. Copper and molybdemun concentrations in western wheatgrass and 
sweetcoverfrom 8 sites thar were sampledfirsr in October 1978 (bargraph) 
and later in August 1979 (open bargraph). 

The overlying younger volcanic tuffs found in the Arikaree 
Formation and White River Group are mildly radioactive. It is 
thought that U and MO in the lignite were probably leached from 
the overlying tuffs by oxidizing groundwater and deposited in the 
reducing environment of the lignites; field evidence supports this 
theory. The lignites that dip into the Williston Basinand lie uncon- 
formably below the Oligocene and Miocene tuffs contain the high- 
est concentrations of U and MO (Denson and Gill 1956). These 
high concentrations occur in the upper parts of the stratigraphi- 
tally higher beds regardless of age (Fig. 7). 

EXPLANATION 
. . . . . . . . . . . . . 
Radioactive lignite Nonradioactive lignite 

Fig. I. Diagrammatic section across northwestern Sourh Dakota and sourhwestern North Dakota showing stratigraphic distribution of uranium-bearing 
lignite. (From Denson and Gill 1956,) 
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In the vicinity of Flint Butte, the lignites in the Lodgepole facies remobilized the U and MO into the area immediately surrounding 
of the Tongue River Member of the Fort Union Formation are the butte. 
stratigraphically higher and closer to the unconformity below the We propose that the conditions that are causing Cu-MO imbal- 
radioactive tuffs (which have since been completely eroded) than antes in cattle at Flint Butte probably occur in geologically similar 
those of the Ludlow Member of the Fort Union Formation. Ura- areas elsewhere in the region. An incidence of Mo-induced Cu 
nium and MO were therefore concentrated in the Tongue River deficiency in cattle from western Manitoba has been described by 
strata. Subsequent weathering of the Tongue River strata has Doyle and Fletcher (1977). 

Tabk I. &+nerag& section of formations exposed in southeastern Montana and adjacent p&s of North and South Dakota (from Dcnson and Gill 
1956). 

System Series 
Thickness 

Group, formation, member in feet Lithologic characteristics (italics added) 

Quaternary- Holocene and- --------- O-100 Silt, sand and gravel in dunes, terraces, and alluvial fans along main 
Pleistocene. stream channels 

Miocene- Arikaree Formation--- 260 

Massive greenish-white to ash-gray tuffaceous sandstone and siltstone 
with a few thin beds of quartzite and volcanic ash. Dominantly of 
aeolian origin. Contains local occurrences of carnotitet in calcareous 
siltstone in the Short Pine Hills. Caps most of the high buttes of 
eastern Montana and North and South Dakota. 

- Unconformity 
Massive buff to pinkish-tan tuffacerous siltstone and claystone. Con- 

tains abundant vertebrate remains. Well exposed in Chalky Buttes 
Brule Formation- O-240 and Little Badlands of North Dakota. Preserved only in pre-Arikaree 

landslide blocks in Slim Buttes and Short Pine Hills of South Dakota. 
Not present in southeastern Montana. 

White 
River 
Group 

Oligocene 

Chadron Formation-- O-160 

Dark-gray bentonite and light-gray tuffaceous claystone, siltstone and 
sandstone. Basal unit consists of coarse-grained conglomeraticsand- 
stone. Lower part at many places weather golden yellow. Carnotite 
occurs in upper part of formation in the Slim &ares. 

Tertiary- 

- Unconformity 

Eocene- Golden Valley Formation- O-175 
Gray to yellow sandstone, sihstone, and purplish-gray to white kaolinitic 

clay. Contains a few thin lenticular beds of lignite and carbonaceous 
shale. In the Little Badlands where closely overlain by Oligoceneand 
Miocene rocks, carbonaceous bea!s are radioactive. 

Sentinel Butte Member ~60 
Dark-gray bentonitic claystone and shale, buff to brown sandstone with 

numerous beds of lignite which are radioactive in HT. Sentinel, 
B&on, and Chalky Buttes. Contains carnotite-bearing sand- 
stone at Whetstone Butte. 

Tongue River Member- 600-i- 
Fort 

Paleocene- Union Paleocene-Union 
Formation L 

Massive gray to tan sandstone, s&stone, and shale. Contains many 
lenticular beds of quartxite and thick persistent beds of lignite. For- 
mation has large deposits of uranium bearing lignite in Medicine PoQ 
and clove Hills areas, and at Lodgepole Butte. 

Cannonball Member-. O-300 
Marine dark-gray and brown sandstoneand shale with large limeycon- 

cretions. Intertongues and thins to the west with the Ludlow 
Member of the Fort Union Formation. 

Gray to light-yellow-tan sandstone, gray shale, and thick lmticular beds 
of lignite. Contains radioactive lignite deposits in the Slim Buttes and 

Ludlow Member- 350 Cave, Long Pine and Ekaktka Hills. Local &posits of uranophanet- 
bearing sandstone in the Slim Buttes. 

Hell Creek Formation-- 425 

Dark-gray bentonitic claystone and gray-brown lenticular sandstone. 
Many concretions and thin lenses of iron carbonate. Contains thin 
lenses of lignite in upper part. Local occurrence of camotite in sand- 
stone in the Long Pine Hi&. 

Upper 
cretaceous- Cretaceous- Fox Hills Sandstone---- 25-75 

Pierre Shale-- 500+1 
exposed 

‘Uranium-hearing minerals of secondary origin. 

Marine grayish-white to brown sandstone. 

Marine dark-gray to brownish-black bentonitic claystone and shale 
containing large limestone concretions and thin beds of bentonite. 
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High concentrations of MO in forage and water appear to have 
caused molybdenosis-a MO-induced Cu deficiency-in cattle 
grazing in the vicinity of Flint Butte in northwest South Dakota. 
The high concentrations of MO are clearly related to high concen- 
trations of this element in lignites of the Tongue River Member of 
the Fort Union Formation. The lowest Cu:Mo ratios and the 
highest MO concentrations occur in plants growing on soilsderived 
from this stratigraphic unit. Grasses were found to be Cu deficient, 
and the concentrations of MO in all forage samples ranged from 
less than 1 to 203 ppm. All surface water samples from the study 
area contained more than 10 pg/L MO, well above the normal 
value of 1 pg/L. 

Uranium and MO were probably deposited epigenetically in the 
Lodgepole facies of the Tongue River member by the same pro- 
cesses that enriched lignites of Upper Cretaceous through Eocene 
strata in these elements over a wide region in the northern Great 
Plains. Oxidized ground water probably leached U and MO from 
Oligocene and Miocene tuffs and redeposited the metals in the 
reducing environment of the lignites in the underlying strata. The 
lignites closest to the unconformable contact below the tuffs, con- 
tain the highest concentrations of U and MO regardless of age. 

Uranium- and MO-rich lignites are now exposed at the surface in 
large parts of the northern Great Plains. Molybdenum is mobile 
under wet, oxidizing conditions; exposure of the lignites to air, 
shallow oxygenated groundwater, and surface. waters therefore 
releases MO to the environment. Molybdenum in solution is read- 
ily available to plants. When forage and water containing high 
concentrations of MO are ingested by cattle, copper becomes meta- 
bolically unavailable to the rumen. If these conditions persist, 
tissue Cu begins to be depleted, and molybdenosis results. 

The Cu-MO imbalance in cattle in the Flint Butte area is due to 
conditions that probably affect areas over a broad region of the 
northern Great Plains. The high concentrations of MO in the Flint 
Butte area are associated with high concentrations of U; other 
U-rich areas may also contain levels of MO that are unhealthy for 
cattle. 

Disruption of rock and soil during mining can mobilize enough 
MO to cause pronounced molybdenosis in cattle. Elsewhere in the 
region, naturally occurring release of MO into the environment 
from U-bearing lignites may also cause molybdenosis. 
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Effect of Soil Contamination on the Mineral 
Composition of Forage Fertilized with 
Nitrogen 
H.F. MAYLAND AND F.A. SNEVA 

Abstract 

Mineral analysis of forage from a nitrogen (N) fertilizer, field 
study produced unexpectedly high iron (Fe) concentrations which 
were correlated with the N fertilizer level (r’z.92) and the percen- 
tage N in the forage (+=.94). The high Fe values were presumed to 
be associated with dust on the leaves. The objective of this study 
was to determine the level of soil contamination on the forage 
sample and the contribution of mineral in the contaminant to that 
measured in the sample. Soil contamination of plant tissue samples 
was calculated from the dilution of soil titanium (Ti) assuming that 
the uncontaminated tissue contained 0 g Ti/g. Tissue harvested 
from the 0,28,56, or 84 kg N/ha treatments contained 23,49,48, 
and 60 mg soil/g, respectively. Significant N fertilizer effects would 
have been accepted for each element tested if soil contamination 
had been ignored. Correcting for contamination resulted in signifi- 
cant N-fertilizer effects on the concentrations of sodium, potas- 
sium, manganese, iron, and zinc but not magnesium or calcium in 
the forage. Some of these effects may be explained by the acidifying 
effect of the N fertilizer source. 

Interest in mineral cycling under semiarid pasture conditions led 
to the investigation of elemental concentrations in forage that had 
received annual nitrogen (N) fertilizer applications during a 4-year 
period. Initial chemical analysis indicated that fertilizer N 
increased the concentrations of both N and iron (Fe) in the forage. 
Because Fe concentrations exceeded 300 pg/g, we suspected that 
the forage samples were contaminated with soil. 

Procedures based on the ability of the plant to descriminate 
against the uptake of soil aluminum (Al), Fe, and titanium (Ti) 
have been developed to measure the degree of soil contamination 
in plant tissue (Healy et al. 1974, Metson etal. 1979, and Nes 1975). 
Metson et al. assumed that Fe values of 80, 100, and 100 pg/g for 
grass, clover, and other herbage, respectively, were threshold con- 
centrations between endogenous (absorbed internally by the plant) 
and exogenous (external as dust) Fe. They also assumed that 
threshold concentrations of Al were 70, 100, and 120 pg/g for 
grass, clover, or other herbage, respectively. In each case forage 
mineral concentrations were corrected for soil contamination 
based upon these threshold values of Fe or Al. They found reaso- 
nable agreement between the two estimates, although in some 
instances the amount of soil contamination estimated from the Fe 
values was considerably higher than that derived from the Al data. 

Nes (1975) reported good correlations between sample ash and 
Ti concentrations when plant samples were contaminated with 
known amounts of soil. Metson et al. (1979) reported good agree- 
ment in calculated contamination levels when using the Ti, Al, or 
Fe discrimination technique. However, a limited number of sam- 
ples were used in the latter study. 

Titanium might provide a highly sensitive measure of soil con- 
tamination because of its low concentration, less than 3 pg/g, in 

Authors are with the USDA, Agricultural Research Service, Kimberly, Ida. 83341 
and Burns, Ore. 97720, respectively. 
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plants and the large discrimination factor of 10,000 to 500,000 
between the concentration in soils and in plants (Mitchell 1960 and 
Shacklette 1980). These discrimination values are compared with 
values of 500 to 3000 for Fe and 1000 to 5000 for Al(Mitchel1 1960 
and Shacklette 1980). This advantage for Ti, however, is valid only 
if the analytical sensitivity is similar for each of the elements. 

The objectives of this study were to utilize the Ti method to 
measure the level of soil contamination, to identify endogenous 
levels of elements measured in plant tissue, and to determine the 
real effect of N fertilization on endogenous mineral concentrations 
in the forage tissue. Previous authors have given little detail to the 
methodology. Therefore, additional discussion is directed to the 
mineral dilution technique as a means to calculate endogenous 
mineral values. 

Methods and Procedure 

The experiment was conducted on a previously established field 
of crested wheatgrass (Agropyron deserrorum (Fisch. ex Link) 
Schult.) located on a sandy loam xerollic camborthid soil on the 
Squaw Butte Experiment Station near Burns, Ore. The experiment 
consisted of a randomized block design with 3 replications. The 
plots were fertilized each autumn for 4 years with 0,28,56 or 84 kg 
N/ha as ammonium nitrate (N&NOs). The fourth year’s growth 
was hand clipped at a 3-cm stubble height in mid summer, dried at 
55’C, ground to pass through a l-mm sieve, and stored over 
phosphorus pentoxide (PzOs) desiccant. Samples were analyzed 
for total N by the Kjeldahl procedure which was modified to 
include nitrate. Mineral concentrations were determined by atomic 
absorption with either flame or flameless (for Ti only) atomization 
of samples previously digested in a 3: 1 mixture of nitric:perchloric 
acid (HNOa:HC104) and appropriately diluted. Methods of soil 
(<LOO pm) or titanium dioxide (TiQ) additions to forage samples 
produced linear responses (r2=.99) to Ti measured in the 0 to 500 
Fg/g range. The coefficient of variation of these analyses was 
about 5%. 

Soil pH was determined on a saturated paste of a composite 
sample taken from 0 to 15-cm depth in each plot. A composite soil 
sample, collected from the 0 to l-cm depth and passing through a 
100-m sieve, was dry ashed at 550” C overnight and then digested 
with HNC~:HC~O.I (3: I) prior to elemental analysis. The soil con- 
centration of the tissue samples was determined from the dilution 
of soil Ti or Fe assuming 0 or 80 pg/ g endogenous Ti or Fe in the 
plant, respectively. The endogenous mineral concentration (M.) in 
the forage was calculated as follows: 

M; = [M, - (Ti&k/TLj)k - Ti,lTL)) 

where Mg and M. were the mineral concentrations in the plant and 
soil sample, respectively, and Ti9 and T$ were the Ti concentra- 
tions in the plant and soil samples, respectively. For the Fe proce- 
dure, soil Fe concentration was substituted for Ti; and plant Fe 
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Table 1. Mean mineral concentrations in soil md forage, the ratio of the mimrai concentration hi soii to that endogenous in the piant (caicuiated by the 
titanium dilution technique) and the endogenous mineral concentration in forage fertiiized with four rates of N. 

Mineral 

Na 
K 
Mg 
Ca 

Mn Fe 
Zn 
Ti 

COW. in 
soil 

I.630 
18,200 
17,000 
55,000 

390 16,300 
29 

4,785 

Cont. in forage 
Apparent Endogenous 

- Pglg - 
93 30 

10,900 10,600 
1,840 I,1 IO 
4,400 2mO 

63 47 861 123 
I8 I7 

218 0 

Mineral 
ratio 

54 
2 

I5 
28 

8 132 
2 

>4785 

Endogenous mineral cont. for each fertilizer N rate (kg/ ha) 
0 28 56 84 

- Icgig - 
47 22 24 26 

8,900 10,600 11,800 I1,100 
not significant 
not significant 

32 47 50 62 59 163 2: 
I3 18 19 20 

concentration minus 80 pg/g was substituted for Ti,. 
Data were analyzed by analysis of variance and the effects of N 

fertilization on the factors under consideration were partitioned 
into linear and quadratic components. 

Results and Discussion 
Forage samples were processed and analyzed for various ele- 

ments. Data from these initial analyses were identified as apparent 
concentrations because they were not adjusted or corrected forthe 
effects of soil contamination. The apparent concentration means 
across all N treatments are shown in Table 1. Analysis of variance 
of these data indicated significant [X.01 for magnesium (Mg), 
Calcium (Ca), Fe, and zinc (Zn) and X.05 for sodium (Na), 
potassium (K), manganese (Mn), and Ti] effects of fertilizer N on 
mineral concentrations in forage (not shown). The response to 
fertilizer N rates was linear (IV.01) for each element while the 
quadratic was significant (X.05) only for K and Zn. 

Forage Fe concentrations (not shown) were positively correlated 
with both N fertilization rate (+.92) and forage-Nconcentrations 
(r2=.94). It was not known whether this occurred because of (1) 
N-enhanced plant nutrition, (2) fertilizer N decreased soil pH and 
increased mineral availability and uptake by plants or (3) soil 
contamination. The positive correlation (rJc.98) between Fe and 
Ti suggested that soil contamination may have biased the apparent 
mineral concentration data. 

Soil contamination and apparent mineral concentration data 
were next corrected by the Ti dilution technique. Soil contamina- 
tion was calculated as 23,49,48, and 60 mg/g of sample for the 0, 
28, 56, and 84 kg N/ha fertilizer treatments, respectively. Mean 
values for the corrected mineral data, hereafter called endogenous 
values, are shown in Table 1 for each N treatment and across ail N 
treatments. 

Analysis of variance of the endogenous data indicated signifi- 
cant (p<.OI for Fe and Zn and X.05 for Na, K and Mn) effects of 
fertilizer N on forage mineral concentrations. The response to 
fertilizer rates (Table 1) was significantly linear (p<.Ol for Mn, Fe, 
and Zn and X.05 for Na and K) for these minerals whereas the 
quadratic was significant (K.05) for N and Zn. Fertilization had 
no effect on endogenous Mg and Ca concentrations. 

The analysis of variance was also used to measure the impor- 
tance of correcting forage mineral values for soil contamination. 
The corrected, or endogenous values, were significantly different 
(p<.O I) from the apparent values for Na, Mg, Ca, Mn, and Fe, but 
not different (PC.01) for K or Zn values. 

Endogenous mineral values calculated by the Ti procedure were 
compared with those calculated by the Fe procedure. The endogen- 
ous mineral concentrations were not different (X.2) when the two 
procedures were compared. Forage Fe values calculated by the two 
procedures would not be compared because all values were set at 80 
pg Fe/g for the Fe method. The Fe values corrected by the Ti 
method (Table 1) were 62,59,163 and 209 pg/ g for the 0,28,56 and 
84 kg/ ha N fertilizer rates, respectively. This range in endogenous 
Fe reduces the confidence placed on the assumed endogenous 
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value of 80 pg Fe/g in grasses. 
The reduction in soil pH (6.9,6.3,6.1, and 5.8 at N rates of 0,28, 

56, and 84 kg/ha, respectively) would increase soil-Fe and Mn 
solubility and uptake by plants (Hodgson 1963 and Horvath 1972) 
thus explaining the increase in endogenous forage Fe and Mn 
values with increasing N fertilization rates (Table 1). The N fertil- 
izer tended to retard morphological development and produced 
plants with large, thin leaves and larger leakstem ratio (Hyder and 
Sneva 1961). Leaves of the N fertilized plants were not erect, but 
folded or bent in a way which positioned them closer to the ground 
and exposed them to more dust. 

Conclusions 
Significant N fertilizer effects would have been accepted for each 

element tested if soil contamination, as measured by the Ti dilution 
technique, had been ignored. Correcting these apparent values for 
soil contamination still resulted in significant N fertilizer effects on 
Na, K, Mn, Fe, and Zn concentrations, but the effects of N on 
forage Mg and Ca concentrations were not significant. Calculated 
values based on the 80 pg/g threshold value for Fe were not 
different than those based on 0 pg/g for Ti, except that the effect of 
N fertilizer increased endogenous Fe concentrations. The effect of 
soil pH on forage Fe uptake would reduce the acceptability of the 
Fe dilution technique to determine the effect of soil contamination, 
especially where plants are grown on soils where pH differs. 

The ratio of mineral concentration in soil to that in plant tissue 
was not as large for Fe and Ti as suggested from literature values. 
This may have occurred because of a lower mineral concentration 
in this soil or an incomplete recovery by the wet ashing procedure. 
Nevertheless, concentrations of these two elements were useful 
when calculating the amount of soil contamination in forage. Soil 
treatments that alter the concentration of endogenous Fe, or even 
Ti, in the plant will reduce the accuracy of this procedure. 

The concentration of Fe or Ti may vary with soil particle size. 
Thus the choice of soil particle size that is chosen to represent the 
dust on the plant sample may be very crucial. Extraction or solubil- 
ization of soil and plant samples should use the same procedures to 
account for similar solubiiities in the soil and dust fractions. If the 
reference soil sample accurately represents the contaminating dust 
on the forage then the Ti procedure is preferred, because Ti and Fe 
can be analyzed with equal sensitivity and the Ti method allows 
measurement of treatment effects on endogenous Fe concentra- 
tions in tissue. Both Fe and Al concentrations in forage plants are 
believed to be more responsive to small changes in soil pH than is 
Ti, but that must still be investigated. 

Washing fomge samples immediately after harvest reduces the 
amount of soil contamination, but washing is not always possible, 
nor is extensive washing desirable because of the potential loss of 
some endogenous minerals like K. Techniques are available that 
allow correction for soil contamination and associated minerals. 
Corrections based on ash content (Thompson and Raven 1955) are 
of no value when studying grasses, because endogenous silicon 
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dioxide (Si@) may be as high as 8% (Mayland unpublished data). 
The usefulness of the mineral dilution technique will depend on 
how closely the dust contamination on the plant sample resembles 
that of the soil sample used to determine Al, Fe, or Ti and the other 
minerals. 
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DUES SCHEDULE Re@ar Student Smteining Emeritus Imtitutionel Member Mditionml 

ARIZONA ................... s 43.00 S 22.00 s 64.00 s 30.W s203.W s43.W.. ......... 23.00 
CALIFORNIA ............... 4S.W 23.00 68.W 30.00 225.00 45.00 ........... 23.00 
COLORADO ................. 42.00 22.00 62.00 29.00 202.W 42.00.. ........ .22W 
IDAHO ...................... 42.00 22.00 62.00 29.00 202.00 42.00.. ........ .22.W 
KANSAS-OKLAHOMA ....... 43.00 22.W 62.00 29.00 203.00 43.00.. ........ .23.W 
MEXICO .................... 44.00 24.00 64.00 31.00 204.W 44.00.. ........ .24.W 
NEBRASKA ................. 44.00 22.00 64.00 31.00 204.00 44.00 ........... 24.00 
NEVADA .................... 42.00 22.00 62.00 29.00 202.00 42.00.. ........ .22W 
NEW MEXICO ............... 42.W 21.00 62.00 29.00 202.00 42.00.. ........ .22.W 
NORTHERN GREAT PLAINS. 43.00 23.00 633.00 30.00 203.00 43.00.. ......... 23.00 
INTERNATIONAL MNTN .... 43.00 23.00 63.00 30.06 203.00 43.00.. ......... 23.00 
PACIFIC NORTHWEST ...... 45.00 25.00 65.00 32.00 205.00 45.00.. ........ .25.w 
SOUTH DAKOTA ............ 44.00 23.00 63.00 30.W 204.00 44.00.. ........ .24.w 
SOUTHERN ................. 45.00 25.00 65.00 32.00 205.00 45.00.. ......... 25.00 
FLORIDA ................... 45.w 25.00 65.W 32.00 205.00 45.00.. ......... 2S.W 
TEXAS ...................... 43.00 21.50 63.00 30.00 203.00 43.00.. ......... 23.00 
UTAH ....................... 43.00 23.00 63.00 30.00 203.00 43.00.. ......... 23.00 
WYOMING .................. 43.00 22.00 63.00 30.00 203.00 43.00.. ......... 23.00 
NATIONAL CAPITAL ........ 42.00 22.00 62.00 29.00 202.00 42.00.. ......... 2200 
NORTH CENTRAL .......... 42.00 22.00 62.00 29.00 202.00 42.00.. ......... 2200 
UNSECTIONED .............. 40.00 20.00 60.W 27.00 20.00 40.00 ........... 20.00 
LIFE MEMBERSHIP--600.00 (INSTALLMENT PLAN--2W EACH YEAR + REGULAR DUES FOR 3 YEARS) 

Family 
Fint Each 
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Plant-Soil Relationships on Bentonite Mine 
Spoils and Sagebrush-grassland in the 
Northern High Plains 
CAROLYN HULL SIEG, DANIEL W. URESK, AND RICHARD M. HANSEN 

Abstract 

Plant canopy cover, standing crop, and soils were sampled on (1) 
old (unreclaimed), (2) reclaimed, (3) semireclaimed (newly mined) 
bentonite mine spoils and (4) native sagebrush-grass rangelands in 
southeastern Montana. Plant cover and standing crop were higher 
on sagebrush-grass rangelands than on all bentonite spoils. Scurf- 
less saltbush (Atriplex suckleyi) was the most successful and 
abundant plant on bentonite spoils. Soil chemical analyses indi- 
cated that low pH, excessive salinity and sodium, plus soil compac- 
tion were limiting for plant growth and establishment on bentonite 
spoils. 

Biological renovation of bentonite clay mine spoils in the north- 
ern Great Plains represents an important and challenging problem 
for reclamation specialists. The bulk of the world’s supply of 
mineable sodium bentonite is in the region (Knechtel and Patter- 
son 1962), and surface mining for bentonite will likely disturb a 
larger land area than is disturbed by coal mining, at least in the 
state of Montana (National Academy of Science/National 
Academy of Engineering 1973). Further, bentonite spoils are diffi- 
cult to revegetate. Physical and chemical properties of the spoils 
materials, sparse and low quality topsoil, low annual precipitation, 
and livestock grazing present problems in reclamation of these 
lands (Hemmer et al. 1977). 

Published information is rare on revegetation techniques, natu- 
ral plant growth, and soil properties of bentonite spoils. Hemmer 
et al. (1977) attempted to enhance plant establishment on bentonite 
spoils by using various methods of seeding and seed bed prepara- 
tion. Bjugstad (1979) and Bjugstad et al. (1981) reported on shrub 
plantings in bentonite spoil material. The purpose of the current 
investigation was to provide baseline information on plant com- 
munities and soils associated with bentonite mine spoils and native 
sagebrush-grass rangelands in an effort to (1) evaluate the success 
of reclamation efforts; (2) identify plant species adapted to bento- 
nite spoil environments; and (3) identify soil (or spoil) properties 
which limit plant growth. 

Study Area and Methods 

This study was conducted in Carter County, Mont., approxi- 
mately 9 km west of Alzada (Fig. 1). The study area was ona dense 
clay-clayey-saline upland range site complex (Ross and Hunter 
1976), in a sagebrush-saltbush/southeastern grassland vegetation 
type (Payne 1973). Elevations ranged from 1000 to 1100 m. Major 
shrubs were big sagebrush (Artemisia tridentata) and plains 
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and Range Experiment Station, Rapid City, S. Dak., in cooperation with the South 
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Study sites: 
o =Old spoils o = Semireclaimed spoils 
ta = Reclaimed spoils l = Sagebrush-grass 

Fig. 1. Map of the study area, with regional orientation, showing the loca- 
tions of the 12 study sites near Alzada, Mom. 

prickly pear (Opuntia polyacantha). Prevalent grasses included 
western wheatgrass (Agropyron smithii). buffalograss (Buchloe 
dactyloides), and blue grama (Bouteloua gracilis). Scarlet globe- 
mallow (Sphaeralcea coccinea) was the most common forb. Unre- 
claimed mine spoils were dominated by scurfless saltbush (Atriplex 
suckleyi). The characteristically scanty vegetation of reclaimed 
spoils was generally composed of scurfless saltbush, crested wheat- 
grass (Agropyron cristatum), and western wheatgrass. 

The area receives an annual average of 37 cm of precipitation, of 
which nearly 50% (18 cm) is accumulated between May and July 
(National Oceanic and Atmospheric Administration 1976): In 
1979 and 1980,26 and 35 cm of precipitation were received, respec- 
tively. The growing season (May to July) total for 1979 was 15 cm, 
while only 1 I cm was received during this period in 1980. Snowfalls 
are frequent from November through April, accumulating an 
annual average of 95 cm. The mean temperature is 7.80 C, ranging 
from -6.4O C in January to 22.6” C in July. 

Bentonite, a sodic montmorillonitic type clay, has been mined 
from the Belle Fourche and Mowry shale formations in this area 
for over 60 years (Knechtel and Patterson 1962). Bentonite is pri- 
marily used in oil well drilling mud and as a reservoir sealant, but is 
also used to clarify wine; as a binder in cosmetics, chocolate, and 
aspirin; and is important in the production of a remarkable variety 
of products (Hemmer et al. 1977). The clay is mined with scrapers 
and crawler tractors (Fig. 2), resulting in pits less than 5 ha in size 
and rarely deeper than 15 m. Mining companies often have several 
pits open at one time to meet market demands for various grades of 
the clay. 

Before reclamation laws were passed in the late 1960’s, the 
overburden and cleanings (a mixture of bentonite and overburden) 
were left in steep piles, without any attempt to revegetate them. 
Thus, old mine spoil heaps are essentially devoid of vegetation and 
severely eroded (Fig. 2). Spoil piles made after 1968 have been 
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contoured, covered with a thin layer of topsoil and seeded. Because 
of the patchiness of both the mining and the attempted revegeta- 
tion, a broad spectrum of spoil types is present, which afforded the 
opportunity to examine plant-soil relationships on recently mined 
spoils, older spoils, and in native vegetation. 

Twelve 60 X 60 m (0.36 ha) study sites were selected: IO on 
bentonite mine spoils established between 1952 and 1978 and 2 in 
the adjacent unmined vegetation (Fig. 1). 

The study sites were classified into four types: (I) old mine spoils; 
(2) reclaimed spoils; (3) semireclaimed spoils; and (4) sagebrush- 
grass rangeland. Five study sites were established on old mine 
spoils (12 to 28 years old predating reclamation laws) which were 
steep and sparsely vegetated. Three sites were established on 
reclaimed mine spoils (5 to I2 years old) which had been con- 
toured, spread with topsoil and seeded with a mixture of wheat- 
grasses (Agropyron spp.) and yellow sweetclover (Melilorus 
qfficiicinolis). Two sites were established on (recently mined) semire- 
claimed bentonite mine spoils. Both of these semireclaimed spoil 
sites were constructed, contoured, and spread with topsoil in 1978. 
Of these 2 sites, one spoil area was seeded in 1979, while the steep 
grade of the other spoil prevented seeding. Two additional study 
sites were established in gently undulating unmined big sagebrusb- 
grass rangeland. All sites were grazed by sheep and cattle. 

Plant canopy cover was estimated on the I2 sites during late 
spring, mid-summer and late summer of 1979 and 1980. Plant 
canopy cover was estimated in I50 quadrats (20X 50cm)placedat 
I-m intervals along 3 permanent 50-m line transects on each site 
using methods modified from Daubenmire (1959). Canopy cover 
was visually estimated by the use of7coverclasses:O= lessthan I% 
cover; I = I to 5%; 2 = 5 to 25%; 3 = 25 to 50%; 4= 50 to75%; 5= 
75 to 95%; and 6 = 95 to 100% cover. Plants were identified using 
Nickerson et al. (1976). 
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Plant standing crop was estimated by harvesting all plants 
except big sagebrush at ground level annually at estimated peak 
production (late July) on all sites. Harvesting was conducted in ten 
20 X 50 cm quadrats on each of 3 permanent transects. Plant 
species were separated in the field, oven dried in the laboratory at 
60” C for 48 hours, and weighed. 

Twenty soil samples were taken on each site. A grid pattern with 
15-m spacing was used to distribute the samples throughout the 
sites. The samples were taken toa depth of IO-cm witha 5-cm soil 
probe mounted on a drill truck. Four composite subsamples were 
prepared for analysis from the 20 samples on each site: 2 were 
obtained by mixing and halving the first IO samples, and 2 more 
were obtained in a similar manner from the next ten samples. Soil 
analyses conducted by the U.S. Testing Company in Richland, 
Wash., included pH, electrical conductivity, and availablelevels of 
potassium, calcium, magnesium, nitrate nitrogen, sodium, sul- 
phur, and boron. 

Soil compaction was measured with a hand-held penetrometer 
scaled from 0 to4.5 kg/cm>. The load required to read 4.5 kg/cm’ 
was 7.7 kg. Twelve measurements were taken on each site every 3 
weeks from May to October 1980. 

One and two-way (incorporating both years) analysis of vu- 
iance and Tukey’s multiple comparison procedure (Kleinbaum and 
Kupper 1978) were used to compare plant canopy cover, average 
aboveground biomass, and the soil physical and chemical proper- 
ties among site types. Chi square contingency tables and Spear- 
man’s rank order correlation coefficient (Steel and Torrie 1980) 
were used to compare plant composition between years. 

Results 

Canopy Cover 
Total plant canopy cover was higher (x0.05) on sagebrush- 

grass rangelands (averaging 32%), when compared to all bentonite 
mine spoils (Table I). The shrub species with the highest percen- 
tage cover on the sagebrush-grasslands included big sagebrush 
(19%), broom snakeweed (Gutierrezia sarothrae) (<I%), and 
plains prickly pear (<I%). Grass cover was approximately 14% of 
the total cover, and was dominated by western wheatgrass, green 
needlegrass (Stipo viridula), and buffalograss. Twenty-eight forb 
species contributed only slightly to the total plant cover. The forb 
species contributing most to the plant cover were Hood’s phlox 
(Phlox hoodii) and selaginella (SelagineNa demo). Lichen (Parme- 
lia chlorochrae) lover averaged 3%. 

Canopy cover on reclaimed mine spoils (12%) was greater 
(IrO.05) than cover on old and semireclaimed mine spoils (Table 
I). The most prominent plant speciesonreclaimed bentonite spoils 
was scurfless saltbush (Fig. 3). followed by western wheatgrass and 
crested wheatgrass. Forty-two plant species were present on the I I- 
and 12-year-old reclaimed spoils, while plant coverwas limited to 
I9 species on reclaimed mine spoils 5 and 6 years old. Buffalograss 
and tumblegrass (Schedonnordus poniculatus) were important 
plants on the 1 I- and IZyear-old spoils. 

Plant canopy cover averaged 3% on both semireclaimed bento- 
nite mine spoils and on old spoils (Table I). Scurfless saltbush 
provided the most cover of I9 species found on semireclaimed 
spoils, followed by Russian thistle (Salsola kali)and wheatgrasses. 
Scurfless saltbush provided over 50% of the canopy cover on old 
spoils (Table I). Other common plant species contributing less 
than I% each were curlycup gumweed (Grind& squarrosa), 
bushy knotweed (Polygonurn ramosissimum), foxtail barley(Hor- 
deum jubatum), and big sagebrush. 

Plant canopy cover decreased from 1979 to 1980 on 2ofthe4site 
types. Canopy cover on the sagebrush-grass rangelands and 
reclaimed mine spoils was lower (EuO.05) in 1980 than in 1979. 
Canopy cover was not different between the 2 years on the old mine 
spoils. The semireclaimed spoils were the only sites to show an 
increase (EyO.01) in canopy cover in 1980 (see Fig. 4 for general 
trends). The rank order of plant species on the 4 site types was 
significantly (KO.05) correlated for the 2 years, indicating that 



Table 1. Two-year average percent plant canopy cover, litter, bereground, and percent cover of major plant specks on bentonite mine spoils end sage- 
brush rangeland, near Alzada, Mont. 

% Plant canopy cover 
Mine spoils 

Species Old Reclaimed Semireclaimed Sagebrush-grass 

Total cover’ 3.0 12.0 3.0 32.0 
Litter 4.0 13.0 2.0 21.0 
Bareground 92.0 81.0 94.0 53.0 
Grasses 

Agropyron cristatum 0.3 
Agropyron smithii 0.1 :*: 0.1 6.8 
Bouteloua gracilis 0:1 0.3 
Bromus japonicus CO. 1 0.1 0.4 
Buchloe dactyloides 1.3 2.7 
Ho&urn jubatum 0.6 0.1 CO. I 
Koelerio cristata <O.I co. 1 0.3 
Poa sandbergii 0.1 CO. 1 0. I 
Schedonnardus paniculatus CO. I 0.5 0.1 
Stipa viridula 0.1 0.1 co. I 3.3 
Other grasses* co. 1 0.1 CO. I 

Forbs 
A triplex suckleyi 2.2 5.9 2.7 <o. I 
Gilia congesta <o. I 0. I 
Grindelia squarrosa 0.1 co.1 CO. 1 0.1 
Machaeranthera canescens 0.1 0.2 CO. I 
Phlox hoodii 1.0 
Plantago patagonica CO. 1 0. I 
Polygonum ramosissimum 0.1 0.1 CO. I <o. 1 
Salsoia kali <O.I 0.1 0.3 CO. 1 
Selaginella densa 0.6 
Sphaeralcea coccinea co. I CO. 1 0.4 
Vicia omericana 0.2 0.2 
Other forbs’ 0.2 0.1 <o. I 0.2 

Shrubs 
Artemisia tridentata 0.3 <o. 1 18.6 
Gutierrezia sorothrae <O.l 0.5 
Opuntio polyacantha <o. I 0.6 
Other shrubs4 co. 1 0.2 

Lichen 
Pormelia chlorochrae CO.1 CO. 1 CO. I 3.2 

‘Two dimensional cover. 
2Agropyron dasytochyum. Bromus inermis. Bromtu tectorum, Sporobohrs spp. 
3Achillea mirrcfolium AIlium textile. Asclepiap spp., Astragalur crassicarpw, Atriplex argentea, Avena app., Colochortw nuttallii, Chenopodium etbum, Crtstum SPP,, 
Cryptantha embttwa. Cymopterta ~c~ulis. Draba spp., Erysimum asperum, Kochia scoparia. Lqptda redowskii, Liatris punctata. Monoleppb nutetttim, Mustneon dtvart- 
catum. Oenothera caespitosa. Petalostemon ptupureum. Psoralecr tenutflora, Sueda fruricsoa, Taraxacum oficinale, nagopogon dub& unknown forbs. 
‘Atriplex gardneri, Chrysothamntu nauseosus, Sarcobatus vermiculotus. 

plant species composition on each site type did not change between 
years. 

Standing Crop 
Average standing crop for the 2 years combined was higher 

(X0.05) on sagebrush-grass rangelands than on the mine spoils 
(Fig. 4). Harvested plant material on sagebrush-grass rangelands 
averaged 428 kg/ha/yr. Plant species with the greatest standing 
crop in decreasing order, were western wheatgrass, lichen, green 
needlegrass, and buffalograss (Table 2). Total forb production 
averaged 53 kg/ ha and included 15 species. Major forbs were 
Hood’s phlox, scarlet globemallow, and curlycup gumweed. 

Standing crop was higher (X0.05) on reclaimed mine spoils 
than on old spoils and semireclaimed mine spoils, although in 
1980, the biomass for reclaimed spoils was not greater than other 
spoils (Fig. 4). Harvested plant material on reclaimed mine spoils 
averaged 23 1 kg/ ha/ yr (Table 2). Scurfless saltbush provided most 
of the harvested plant material, followed by western wheatgrass 
and crested wheatgrass. Buffalograss, tumblegrass, common yar- 
row (Achilles millefolium), hoary aster (Machaeranthera canes- 
tens). dandelion (Taraxacum oflcinale). and American vetch 
(Vicia americana) were abundant species on the 1 l- and lZyear- 
old relcaimed mine spoils. 

Average standing crop per year was not significantly different 
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(-0.05) on semireclaimed mine spoils (91 kg/ ha) and old spoils 
(56 kg/ ha) (Fig. 4). Scurfless saltbush biomass on semireclaimed 
spoils averaged 76 kg/ ha for both yers, followed by Russian thistle, 
western wheatgrass, and Nuttall’s monolepis (Monolepis nuttalli- 
anu) (Table 2). 

Nearly 50% of the harvested plant material on the old mine 
spoils consisted of scurfless saltbush (Table 2). Wheatgrasses, fox- 
tail barley, and bushy knotweed were less important contributors 
to the total standing crop. Five plant species including eriogonum 
(Eriogonum sp.), common yarrow, and curlycup gumweed were 
found only on 1 old mine spoil site. 

Yearly differences in standing crop on the various sites were 
similar to trends reported for plant canopy cover. Standing crop 
was lower (KO.03) in 1980 on sagebrush-grass rangelands and 
reclaimed mine spoils than in 1979, while production increased 
(X0.01) from 1979 to 1980 on the semireclaimed spoils (Fig. 4). 
Aboveground biomass on old mine spoils did not differ signifi- 
cantly from 1979 to 1980. 

!3oil.9 
The results of the soil chemical analysis are presented in Table 3. 

Available levels of calcium and magnesium were similar on bento- 
nite mine spoils and sagebrush-grass rangelands. However, pH, 
other nutrient concentrations, electrical conductivity (CQ, and 
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soil compaction (Table 4) were significantly different between 
bentonite spoils and sagebrush-grass rangelands. 

Average pH varied from 5.6 on old hentonite mine spoils to 7. I 
on sagebrush-grass rangelands (Fig. 5). Average pH on old spoils 
were lower (KO.05) than on all other sites, while the pH on 

reclaimed spoils, semireclaimed spoils, and sagebrush-grasslands 
were similar. pH values were highly variable on old spoils and 
reclaimed spoils, ranging from strongly acid to neutral, while 
values on semireclaimed spoils and sagebrush-grass rangelands 
were all between 6.5 and 7.4. 

Potassium, nitrate nitrogen, and total sodium concentrations 
did not differ between old and semireclaimed mine spoilsand were 
higher on these sites than on reclaimed bentonite spoils and 
sagebrush-grasslands (Table 3). Values were similar on reclaimed 
spoils and sagebrush-grasslands. EC, generally demonstrated sim- 
ilar trends, although the average EC, value on sagebrush-grass 
rangelands was nonsaline (I.5 mmhoslcm) and values on the 
bentonite mine spoils were all in the saline range (from 5.5 to 9.3 
mmhos/cm) (Fig. 6). EC. on old bentonite mine spoils displayed 
the greatest variability. 

Sulphur and boron concentrations averaged from I, 159 to 2,753 
ppm and from 1.7 to 3.3 ppm, respectively (Table 3). Soil sulphur 
concentratmns were similar on the bentonite mine spoils and 
higher (P<O.O5) than concentrations onthesagebrush-grass range- 
lands. Boron concentrations did not differ on semireclaimed 
spoils, reclaimed spoils, and sagebrush-grasslands and were higher 
(P<O.O5) on these sites than on the old bentonite mine spoils. 

Average soil compaction values ranged from I.7 kg/cm’on the 
sagebrush-grass rangelands to 3.6 kg/cm2 on old bentonite mine 
spoils (Table 4). Average soil compaction was similar on the mine 
spoil sites and significantly higher(K0.05) than on the sagehrush- 
grasslands. 

Discussion 
This study provided evidence that biological renovation of hen- 

tonite mine spoils is a challenging problem, but without some 
attempt to r&aim spoil piles, plant growth will be severely limited 
by the chemical and physical properties of the spoils materials. In 
spite of the yearly variations in plant canopy cover and standing 
crop, which were attributed to precipitation fluctuations and live- 
stock grazing, reclamation efforts (conturing, spreading topsoil, 
and seeding) on the sites in this study provided slightly encouraging 
results. The addition of topsoil to the spoil piles did not always 



Table 2. Two-year mean estimated &ending crop (kg/ha) of major piant species on bentonitc mine spoiis and adjacent sagebrush-grass rangeiands, near 
Aim&, Mont. (big sagebrueh excluded). 

Plant standing crop (kg/ ha) 

Mine spoils 

Species Old Reclaimed Semireclaimed Sagebrush-grass 

Grasses 
Agropyron spp. 
Agropyron cristatum 
Agropyron smithii 
Bouteloua gracilis 
Bromus japonicus 
Bromus tectorum 
Buchloe dactyloides 
Hordeum jubatum 
Koeleria cristata 
Poa sandbergii 
Schedonnardus pankubtus 
Sporobolus sp. 
Stipa viridula 

12.0 
<I 

I 

6 

I 

Forbs 
Achilka milkfolium 
Allium textile 
Astragalus spp. 
Atriplex suckkyi 
Cirsium spp. 
Eriogonum sp. 
Gilia congesta 
Grindelia squarrosa 
Machaeranthera canescens 
Monolepis nuttalliana 
Musineon divaricatum 
Phlox hoodii 
Pkntago patagonica 
Polygonwn ramosissimum 
Salsola kali 
Sphaeralcea coccinea 
Taraxacum officinak 
Vicia americana 
Unknown forb 

<I 

2 

21 

2 

1 
I 

3 

Shrubs 
Atripkx gardneri 
Gutierrezia sarothrae 
Opuntia polyacantha 

<I 

Lichen 
Parmelia chlorochrae <I 

Total 56 

17 
27 

7 
I 

16 
3 

1 
II 
1 
I 

3 

ii6 76 

I 
I 
2 

I 
5 
9 
1 
2 
2 

<1 

I 

4 

3 

9 

166 
4 
II 

24 

8 
4 
2 

60 

2 
<l 

I 
4 

I 
7 
1 

1 
16 
3 

<I 

10 
I 
3 
2 

4 
3 

I1 

Cl 80 

231 91 428 

alleviate undesirable chemical characteristics, which reflected the 
low quantity of topsoil and inadequate coverage of the spoils 
materials. Of the plant species used in the seed mixture, western 
wheatgrass and crested wheatgrass survived to a limited degree, 
while yellow sweet clover failed to become established in most 
cases. The expansion of native plant species from adjacent 
unmined rangelands onto reclaimed mine spoils was a slow pro- 
cess, but the presence of buffalograss, green needlegrass, and a few 

big sagebrush seedlings was evidence that reclaimed spoil piles may 
someday be productive rangelands. However, based on the slow 
plant succession rates observed in this study, it is conceivable that 
over 75 years will be required for the restoration of these disturbed 
sites to productive sagebrush-grasslands. 

Natural plant succession on the old spoils in this study was either 
absent or at best a slow process. Steep spoils mined nearly 30 years 
ago remained barren and severely eroded, with only a few rare 

Table 3. Average soii chemtai vaiues on bentontte mine spoiie sagebrush-grasslands near Aixada, Mont. (O-10 cm depth). 

Soluable 

Available nutrients and 
exchangeable Electrical Micro-nutrients 

Habitat type PH K Ca Mg NOs-N Na conductivity S B 

ppm -meq/ IOOgm- 
zz 

ppm meq/ IOOgm mmhos/cm ppm 
Old mine spoils .I 

Bf 340s 
2V 8.4” 8.6’ 24.8 6.7 2753’ I.7 

Reclaimed spoils 2Y 8.1” 3.5b 12.0s 5.5’b 2371’ 
Semireclaimed spoils 6.9 

3.1b 
414. 21. 7.3” 13.9” 21.3’ 9.Y 

Sagebrush-grasslands 7. lb 300b 
2675’ 3.3b 

IP 8.9’ 2.7b 3.4s 1.9 i15* 3.1b 

lMeans for each measurement followed by same letter superscript were not significantly different (t30.05). as tested by Tuckey’s multiple comparison procedure. 
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Table 4. Average penetrometer readings (kg/cm*) on bentonite mine spoils 
and sagebrush-grass rangelands in 1980 near Aizada, Mont. 

Treatment N’ ? CF 

Old spoils 480 3.6” f 0.05 
Semireclaimed spoils 288 3.0” f 0.07 
Reclaimed spoils 192 3. I” f 0.08 
Sagebrush-grass rangeland 192 1 .7b f 0.09 

‘Sample size, mean f standard error. 

‘Means followed by same letter superscript were not significantly different (p>O.OS), 
as determined by Tukey’s multiple comparison procedure. 

patches of vegetation. Scurfless saltbush, a native forb, demon- 
strated the highest degree of adaptability to the conditions on these 
spoils, although other plants were present in isolated microhabi- 
tats. Big sagebrush grew on a north-facing slope of one old spoil 
and sandberg bluegrass (Poa sandbergii) and green needlegrass 
were associated with these clumps of big sagebrush. Foxtail barley 
occasionally grew in moist depressions. Litter accumulation, 
important in increasing the organic matter content in soils, was 
uncommon. It is likely that the biological productivity of these old 
spoils will change very little in this century. 

The limited plant growth and production on the bentonite mine 
spoils in this study, when compared to sagebrush grasslands, was 
evidence of a harsh growing medium. The soils analyses indicated 
that the plant establishment problem was not based on nutritional 
deficiencies, but was the result of other physical and chemical 
properties of the spoils materials, suchas low pH, soil salinity, high 
sodium and sulphur concentrations, and soil compaction. 

Soil pH influences uptake of nutrients, with optimum uptake 
levels occurring between pH 6.5 and 7.5 (United States Salinity 
Laboratory Staff 1954). Therefore, although available nutrients 
(potassium, calcium, magnesium, and nitrate) were present in 
adequate amounts for plant growth on the bentonite spoils in this 
study, uptake of these elements was impeded by acidic soils. This 
effect may have bee most pronounced on old spoils, where the pH 
was nearly consistently below pH 6.5. Acidic soils were less com- 
mon on reclaimed and semireclaimed spoils and absent in native 
sagebrush grasslands, which is evidence that the addition of topsoil 
on mine spoils was helpful in alleviating acidic conditions. 

Electrical conductivity above 4 mmhos/cm on the bentonite 
mine spoils was indicative of saline conditions requiring salt toler- 
ant plant species and inhibiting water uptake by plants (United 
States Salinity Laboratory Staff 1954). High sodium concentra- 
tions on the bentonite spoils affected the physical structure of the 
spoils materials, causing soil particles to swell when wet and contri- 
buting to low aeration and impenetrable soil surfaces that crack 
when dry (Fig. 3). This expansion and cleavage of high sodium 
soils is detrimental to plant root structures and often results in low 
survival of plant seedlings. 

Sulphur, a trace element in most soils, was present in large 
quantities, which conceivably contributed to a reduction in soil pH 
values through the formation of sulfic acid or oxidation of sulphide 
to acid (Bjugstad et al. 198 I). Boron, required in very small quanti- 
ties by plants, was present in toxic concentrations for some plants, 
both on the mine spoils and in the sagebrush-grass rangelands 
(United States Salinity Laboratory Staff 1954). The low boron 
levels on the old mine spoils were attributed to leaching from the 
steep slopes. 

High penetrometer readings on the bentonite mine spoils indi- 
cated severe soil compaction. Values on the mine spoils were 
generally twice those of the sagebrush-grass rangelands, oftentimes 
measuring the maximum reading on the penetrometer. Compac- 
tion of the mine spoil material was attributed to the high sodic clay 
content of the spoils material (United States Geological Survey 
1975), the effect of high sodium concentrations (United States 
Salinity Laboratory Staff 1954), to compaction from equipment 
during seed bed preparation (Hemmer et al. 1977), and to compac- 
tion from livestock trampling. 

Hemmer et al. (1977), Bjugstad (1979), and Bjugstad et al. (198 1) 
concurred on the difficulty of establishing plants on bentonite clay 
mine spoils. The results of this study indicate that natural plant 
succession on old bentonite spoils is a slow to non-existent process. 
Reclamation efforts encourage the growth of some plant species 
and lessen the adverse effects of the spoils materials. Research is 
needed to identify plants and methods to compensate for extremely 
varying soil pH, high salinity, and compacted surfaces on bento- 
nite clay spoils. Biologists would be prudent to take advantage of 
the pioneering abilities of scurfless saltbush in the efforts to reno- 
vate bentonite spoil environments in southeastern Montana. 
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Influence of Clay and Organic Matter of 
Rangeland Soils 
Effectiveness 

on Tebuthiuron 

K.W. DUNCAN AND CJ. SCIFRES 

Abstract 

Phytotoxicity of tebuthiuron applied at 0.12,0.25, or 0.5 ppm to 
10 different rangeland soils containing h&ache ln the greenhouse 
was inversely related with clay and organic matter contents. 
However, influences of soil properties were greatest at low 
herbicide dosages and could be masked by increasing tebuthiuron 
application rate. For example, tebuthiuron at 1 or 2ppm killed the 
huisache after 287 days, regardless of soil, whereas 0.12 or 0.25 
ppm killed huisache only when applied to soils with less than 15% 
clay (these soils contained less than 2.5% organic matter). Potential 
for tebuthiuron phytotoxicity appears to be greatly diminished in 
soils containing more than 30% clay. Although the effects of 
organic matter were confounded with soil clay contents in this 
study, variations in clay content consistently accounted for a 
greater proportion of variation in huisache response than did 
organic matter content. 

Pelleted herbicides possess several advantages compared to use 
of foliar-active sprays for range weed and brush control, especially 
reduced drift potential, negligible volatilization hazard, and a 
longer application season (Scifres 1980). Tebuthiuron [IV-(545 
[ l,l-dimethylethyl]-l,3,4-thiadiazol-2-yl)-N,N’dimethylurea] is 
applied as an extruded pellet, and effectively controls a number of 
undesirable species in the South Texas mixed-brush complex 
(Scifres et al. 1979); blackjack oak (Quercus marilundica 
Muenchh.), post oak (Quercus stellata Wang.), and several 
associated species in east central Texas (Scifres et al. 1981); sand 
shinnery oak (Quercus huvurdii Rydb.) (Pettit and Jones 1978); 
creosotebush (Larrea divaricuta Cav.) Jacoby et al. 1982); tarbush 
(Flourensiu cernua DC.) (Ueckert et al. 1982); and other brush 
species. 

Soil-active herbicides such as tebuthiuron depend on rainfall for 
transport into the root zone of the target species (Scifres 1980). The 
degree of longevity of huisache activity in the soil is regulated by its 
susceptibility to leaching, chemical degradation, decomposition by 
microbes, and/or adsorption onto the soil colloids (Kearney and 
Kaufman 1969). Since these processes reduce the amount of 
herbicide available for uptake by plants, an understanding of soil- 
herbicide interactions is of practial importance to range resource 
managers, especially as it influences decisions concerning rate of 
herbicide required for weed and brush control effectiveness. 

Numerous workers (Kearney and Kaufman 1969, Dubey and 
Freeman :969, Hance 1965, Sherburne and Freed 1954, Upchurch 
1958) have indicated organic matter to be the single most 
important soil characteristic in adsorption of substituted-area 
herbicides. Garcia and Gontarek (1976) reported tebuthiuron 
residues to be greatest in the surface 15 cm of soil 14 months after 
application to west Texas rangelands. They suggested that organic 
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matter in the surface layer adsorbed tebuthiuron, thereby 
preventing its leaching. Chang and Stritzke (1977) also reported 
that soil mobility of tebuthiuron was greater in soils with low 
organic matter and clay contents. They found that 40% of the 
tebuthiuron was adsorbed when applied to soil with 4.8% organic 
matter. Tebuthiuron residues at 30 cm deep persisted for more than 
2 years in Axtell fine sandy loam (organic matter ranged from 0.1 
to 4.4%, depending on depth) (Bovey et al. 1982). 

However, Harris and and Warren (1964) indicated that organic 
matter may be responsible for more adsorption of herbicides by 
some soils and clay more important in others, since soil 
compositions vary so greatly. Sheets (1958) and Geissbuhler et al. 
(1963) reported that varying amounts and types of clay minerals 
could influence adsorption of phenylurea herbicides, particularly 
in soils with relatively low organic matter content. There has been 
little definitive research as to the differences in brush control levels 
that may be attributed to variations in soil organic matter and clay 
contents after the application of tebuthiuron on rangeland. 
Moreover, most related research has utilized crops as the assay 
species (Bovey et al. 1982). This study was designed to investigate 
the influence of clay and organic matter contents of rangeland soils 
on the phytotoxicity of tebuthiuron to huisache (Acaciafarnesiana 
L.). 

Materials and Methods 

Effects of soil characteristics on tebuthiuron phytotoxicity were 
investigated in the greenhouse with 10 different rangeland soils. 
Soil samples were collected from the surface 15 cm at sites in San 
Patricia, Robertson, and Brazos counties, Texas (Table I). Soil 
texture by the hydrometer method (Black 1965, Day 1956), organic 
matter content by acid digestion and titration (Mortensen 1965), 
and pH of a I:1 slurry were determined on triplicate subsamples 
from each collection. 

The soils were air dried, screened through 2-mm mesh, and 
placed in plastic pots (1,000 g/pot). Eight to 10 huisache seeds were 
planted approximately 1 cm deep in 30 pots of each soil series. 
Tebuthiuron was applied to the soil when the seedlings were 15 to 
20 cm tall (45 days after planting). Adequate amounts of a 
tebuthiuron stock solution (1 part per thousand active ingredient 
of the 8OYc wettable powder) was pipetted onto the soil surface to 
achieve 0, 0.12,0.25,0.5, 1, or 2 ppm (wt/wt). Each treatment was 
replicated 5 times with each soil series. Treatments were arranged 
in a completely random design, and the experiment was conducted 
twice. 

The huisache plants were watered with surface applications of 
distilled water. Cups were placed beneath each pot to capture 
overlow and leachate which was returned to the soil surfaces. 

Defoliation of huisache was rated on a scale of 0 to IO (0 = no 
defoliation; 10 = complete defoliation) at 63, 97, and 165 days 
following tebuthiuron application. Numbers of dead huisache 
plants were counted at 232 and 297 days following herbicide 
application. 
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Table 1. Organic matter content ($), pH (1:l slurry), textural components (Z), and textural classes of various soils used in experiments to evaluate in- 
fluence of soil properties on response of buisacbe to tebuthiuron. 

Soil 
Subgroup 

Udic Pellustert 
Vertic Haplaquoll 
Cumulic Haplustoll 
Typic Ochraqualf 
Aquic Haplustalf 
Udertic Paleustalfs 
Udertic Paleustalfs 
Udertic Paleustalf 
Vertic Argiustoll 
Alluvium 

Series Textural class 

Victoria Clay 
Aransas Clay 
Odem Fine sandy loam 
Orelia Sandy clay loam 
Delfina Loamy fine sand 
Lufkin Fine sandy loam 
Axtell Sandy loam 
Tabor Sandy loam 
Laparita Sandy loam 
- Loamy sand 

Textural components (%) 
Sand Silt Clay 

I9 I9 62 
I9 21 60 
77 I2 II 
I7 50 33 
84 I2 4 
16 I2 I2 
61 25 I4 
63 30 7 
61 33 6 
78 I4 8 

Organtc 
matter 

(%I 
1.6 
2. I 
1.3 
5.7 
0.9 
I.0 
1.8 
1.0 
2.0 
1.0 

PH 

7.3 
7. I 
1.4 
5.7 
6.0 
1.2 
5.8 
5.4 
5.6 
7.2 

Combined data from the experiments were analyzed using 
stepwise multiple regression analysis with defoliation or mortality 
response as the dependent variable and percentage clay, organic 
matter, and tebuthiuron rate as the independent variables. The 
relationship between bioassay response and the independent 
variables were evaluated based on the functional relationship, 
~‘=a+bl(logX~+l)+b2XX2+b3X3 where F=defoliation rating or 
% mortality, Xl=herbicide rate, X2=% organic matter, and X3=% 
clay. Data from each evaluation date were also used to develop 
simple regression equations for each herbicide rate using huisache 
response as the dependent variable and % clay or Ye organic matter 
content of the soils as the independent variable. The relationships 
between huisache response and the soil characteristics within 
herbicide concentrations were evaluated based on the functional 
relationship, &z-l-b(logX) where ?=defoliation rating or % 
mortality and X=% clay or % organic matter. Differences in b- 
values (slopes) among the simple regression equations (among 
herbicide concentrations) were evaluated with t-tests (aS.05). 

effect of organic matter. The impact of clay content on huisache 
defoliation at 63 days after tebuthiuron application was best 
expressed where 0.5, I or 2 ppm had been applied (Figure 1). 
Tebuthiuron applied at 0.12 ppm defoliated the huisache only 
when applied to soils with relatively low clay and organic matter 
contents. 

Herbicide rate, soil clay content, and organic matter content 
influenced percentage of the huisache population killed at 287 days 
after tebuthiuron application in the same manner as discussed for 
defoliation after 63 days. This relationship was best expressed as, 
% mortality = 45.63 + 84.69 log (herbicide rate + 1) - 5.32 (% 

QQ Q 3 
Results and Discussion 

Soil textures varied from loamy sand to clay (Table 1). Clay 
contents ranged from 4% (Delfina loamy fine sand) to 62% 
(Victoria clay), and organic matter contents varied from 0.9% 
(Delfina loamy fine sand) to ‘5.7% (Orelia sandy clay loam). The 
soils were moderately alkaline to acidic. 

Since huisache response to varying tebuthiuron concentrations 
as influenced by soil characteristics were similar within evaluation 
dates between experiments, data were pooled for presentation. 
Only defoliation responses at 63 days after tebuthiuron application 
and percentage mortality after 287 days will be presented since 
relative huisache response among soils was the same, regardless of 
evaluation date. 

Rate of herbicide application (logCppmw+l]) accounted for 
more variation in huisache defoliation after 63 days(r2=0.45) than 
did varying clay or organic matter contents. Including soil clay 
contents with herbicide rate resulted in the best two variable 
prediction equation, and accounted for 58% of the variation in 
huisache defoliation rating. The three variable equation, 
defoliation rating = 2.67 i- 6.41 log (herbicide rate -I- 1) - 0.42 (% 
organic matter) - 0.05 (% clay) accounted for 61% of the variation 
in huisache defoliation after 63 days. Addition of soil pH to the 
prediction equation did not account for additional variation in 
percentage huisachedefoliation, compared to that attributed to the 
best three variable model. 

Although clay content and herbicide rate resulted in the best two 
variable model, organic matter content was associated with a 
greater regression coefficient than was clay content in the best three 
variable model. This indicates that organic matter can be expected 
to become increasingly important relative to tebuthiuron 
phytotoxicity in soils as clay content declines. 

The influence of clay content on variation in huisache 
defoliation rating within a herbicide rate was greater than was the 

Fig. 1. Relotionsh$s of change in huisoche defoliation (O=no defoliation, 
lO= complete defoliation) with change in soil cloy content (%)ot 63 doys 

following opplicotion of various rates @pmw) of tebuthiuron in a green- 
house. 
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organic matter) - 0.49 (70 clay) with r2=0.5 1. Herbicide rate may 
mask the influence of soil properties as evidenced by 100% 
mortality of huisache in pots treated with 1 or 2 ppm of 
tebuthiuron, regardless of soil. However,the response curve where 
0.5 ppm of tebuthiuron was applied clearly indicated the 
importance of soil clay content in regulating availability of the 
herbicide (Figure 2). Also, substantial huisache mortality resulted 
when tebuthiuron was applied at 0.12 or 0.25 ppmw to soils with 
less than 15% clay and 2.5% organic matter. 

Conclusions 

The influence of soil organic matter and clay contents were 
necessarily confounded in this study. Also, care must be exercised 
in extrapolation results from greenhouse experiments to field 
conditions since the potted plants were constantly exposed to the 
herbicide (no removal by leaching). However, the following 
relationships are important relative to use of tebuthiuron for brush 
control: 

1). The singlemost important variable regulating response of a 
susceptible species to tebuthiuron is application rate. The negative 
influences of soil organic matter and clay contents on tebuthiuron 
activity may be overcome by increasing the rate of application. 

2). Soil clay content is the most important variable regulating 
response of susceptible species (assuming adequate rainfall for 
moving the herbicide into the soil solution) within a tebuthiuron 
application rate. This factor should be given special consideration, 
especially when the application rate is marginal relative to innate 
susceptibility of the target brush species, when making application 
decisions. 

3). Although soil organic matter influences availability of 
tebuthiuron for uptake by plants, organic matter contents of many 
rangeland soils are not great enough to exert significant influence 
on ultimate control levels. 

It is emphasized that these experiments were conducted under 
optimum soil water conditions and with one species. Timeliness 
and extent of rainfall and susceptibility of the target species ulti- 
mately determine whether the influences of clay and organic matter 
contents are exerted on tebuthiuron effectiveness. 
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Distribution of Dry Matter and Chemical 
Constituents in Plant Parts of Four Florida 
Native Grasses 
R.S. KALMBACHER 

Abstract 

Because of the selective nature of grazing livestock, the use of 
whole plant samples to estimate the nutritional potential of forages 
may be misleading. During this 2-year study, the distribution of 
dry matter (DM), crude protein (CP) in vitro organic matter 
digestibility (IVOMD), and concentrations of P, K, Ca, Mg, Mn, 
Fe, Cu, and Zn were determined in the individual leaf blades, leaf 
sheaths, nodes plus internodes, and infloresences of creeping blues- 
tern (Schisachyrium stolonifenrm), lopsided indiangrass (Sorghas- 
trum secundum), maidencane (Panicurn hemitomon), and 
wiregrass (Aristida stricta) when they were in the anthesis stage of + 
maturity. Most of the DM was in the nodes plus internodes (avg. 
45%), while the leaf blades (avg. 18%) generally made up the 
smallest amount of the total plant DM. In a progression from the 
bottom to top of the plant the CP, IVOMD, and most of the 
mineral concentration of the different leaf blades, sheaths, and 
nodes plus internodes increased. Crude protein, IVOMD, and 
most of the minerals of the grasses were higher in leaf blades, 
followed by sheaths, and nodes plus internodes. When compared 
with other grasses, maidencane had a higher proportion of CP and 
minerals in the leaves and nodes plus internodes and a higher 
percentage of plant weight in these parts. Wiregrass was found to 
be similar to creeping bluestem and indiangrass in CP and most 
minerals, but IVOMD of wiregrass parts were lower. Dietary 
requirements for dry, pregnant cows for P, N, Mg, and Cu might 
not be met by any part of the 4 grasses, while apparently adequate 
levels of Fe, Mn, and Zn could be provided by each part. Leaf 
blades and infloresences had sufficient Ca concentrations for dry 
pregnant cows. 

When evaluating pasture quality, the nutritional potential of 
forage may be underestimated by analyzing whole plant samples. 
Cattle seldom consume whole plants, but rather selectively graze 
individual parts. The parts of a plant [infloresence, leaf blade, leaf 
sheath, and culm (nodes plus internodes)] differ in their chemical 
and physical properties depending on their role in the plant. 

Florida’s sub-tropical native forage grasses are low in protein, 
digestibility and mineral concentration (Kalmbacher 1981a, 
I98 I b). This is associated with low soil fertility and high tempera- 
ture during the growing season and the advanced plant maturity in 
winter when most Florida range is grazed. Because evaluation of 
whole plant samples can be misleading, this study was initiated to 
examine the distribution of dry matter (DM), the variation in 
crude protein (CP), in vitro organic matter digestibility (IVOMD), 
and the concentration of certain minerals in parts of 4 important 
grasses. The major increaser on flatwoods range, wiregrass (Aris- 
tida stricta); 2 major decreasers on flatwoods, creeping bluestem 
(Schizachyrium stoloniferum) and lopsided indiangrass (Sorghas- 
trum secundum); and the major decreaser on slough sites, maiden- 
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cane (Panicum hemitomon), were studied. 

Materials and Methods 
In January 1976 creeping bluestem, indiangrass, maidencane, 

and wiregrass were collected from nearby range and were trans- 
planted into 3 30-foot rows at the University of Florida’s Ona 
Agricultural Research Center in the south-central part of the state. 
The soil (Eau Gallie fine sand, a sandy siliceous hyperthermic Alfic 
Haplaquod) was unlimed and unfertilized with a pH of 4.1 and the 
measured double acid-extractable (exchangeable) nutrients were 
as follows: phosphorus (P), 8 kg/ha; potassium (K), 45 kg/ha; 
calcium (Ca), 500 kg/ ha; and magnesium (Mg), 125 kg/ ha; and the 
organic matter content was 2.5%. 

In February 1977 and 1978 plants were burned and allowed to 
regrow until anthesis (flowering), which occurred between mid- 
August and late September, depending on species. At anthesis 100 
tillers from each of creeping bluestem and indiangrass and 200 
tillers from each of maidencane and wiregrass were cut at the soil 
surface in each of 3 rows and cornposited by species. Plants were 
brought to the laboratory and were rinsed to remove sand from the 
stem base. Tillers were divided into parts: individual leaf blades, 
green leaf sheaths, nodes plus internodes (excluding the basal 
internode), and infloresence. The parts were numbered from the 
bottom to top of the shoot, dried, weighed to determine dry matter 
distribution, then ground and analyzed for CP (NitrogenX 6.25) 
in vitro organic matter digestibility (IVOMD), P, K, Ca, Mg, Iron 
(Fe), Manganese (Mn), Copper (Cu), and Zinc (Zn). The methods 
described by Gallaher et al. (1977) and Isaac and Johnson (1976) 
were used for N analysis, and that of Moore et al. (1972) for 
IVOMD. All mineral determinations involved dry ashingat 4500 C 
for 2 hours. Ash was put in solution with 2 ml of deionized water 
followed by 20 ml of concentrated HCl and evaporated to dehy- 
drate silica. After cooling, 20 ml of deionized water followed by 2.5 
ml of 40% HCl were added and brought to a boil. The residue was 
filtered and brought up to a 50 ml volume. Phosphorus concentra- 
tion was determined by a Technicon Auto Analyzer, and all other 
minerals were determined by atomic absorption methods. These 
data represent the means of 2 years with 1 analytical and sampling 
replication per year. 

Results and Discussion 
Distribution of Dry Matter (DM) 

The greatest proportion of DM was found in the node plus 
internode tissue (Table I), which ranged from 38% in indiangrass 
to 54% in creeping bluestem. The other grasses had 42 to 46% of 
their DM in the nodes plus internodes. Leaf blades contained the 
lowest amount of DM, averaging 18%. Dry matter levels in the leaf 
blades of creeping bluestem, indiangrass, and wiregrass were sim- 
ilar with 12 to 14%, but maidencane had 35% of its DM in the leaf 
blades. The proportion of plant DM in the leaf sheaths averaged 
22% and was similar in creeping bluestem, maidencane and wire- 
grass, but nearly twice as high in indiangrass (39%). Except for 
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Tsble 1. Distribution of dry matter and concentration of phosphorus, potassium, calcium, and magnesium in the various plant parts of 4 native grasses at 
the anthesis stage of maturity. Oua, FIa. Averages of 1977 and 1978. 

Grass 
Leaf 
blade 

Plant part 

Leaf Node and 
sheath internode 

Distribution (%) of dry matter 
C. bluestem 12 13 54 
Indiangrass 12 39 38 
Maidencane 35 19 46 
Wiregrass 14 16 42 

Avg. 18 22 45 

Inflor. 

21 
II 
0 

28 
20 

Weighted 
plant avg. 

C. bluestem 
Indiangrass 
Maidencane 
Wiregrass 

Avg. 

C. bluestem 0.39 0.43 0.49 
Indiangrass 0.18 0.32 0.75 
Maidencane 0.39 0.43 0.50 
Wiregrass 0.22 0.3 I 0.48 

Avg. 0.29 0.37 0.55 

C. bluestem 
Indiangrass 
Maidencane 
Wiregrass 

Avg. 

C. bluestem 0.06 0.04 0.04 0.05 0.03 
Indiangrass 0.06 0.03 0.04 0.04 0.03 
Maidencame 0.10 0.10 0.06 - 0.08 
Wiregrass 0.10 0.09 0.08 0.08 0.08 

Avg. 0.08 0.06 0.06 0.06 0.06 

0.09 
0.04 
0.05 
0.07 
0.06 

0.16 
0.28 
0.36 
0.32 
0.28 

Phosphorus% 

0.06 
0.04 
0.04 
0.06 
0.05 

0.03 0.08 0.05 
0.06 0.09 0.05 
0.08 - 0.06 
0.08 0.08 0.08 
0.06 0.08 0.06 

Potassium% 

0.39 
0.43 

0.59 
0.47 

0.45 
0.47 
0.45 
0.45 
0.46 

Calcium% 

0.06 0.04 0.24 0.10 
0.10 0.06 0.08 0.10 
0.12 0.04 - 0.14 
0.12 0.06 0.30 0.22 
0.10 0.05 0.20 0.14 

Magnesium % 

maidencane, which seldom flowers, infloresence DM was lowest in 
indiangrass, intermediate in creeping bluestem and highest in 
wiregrass. 

Crude protein (CP) 
Leaf blade CP was greater than that found in other plant parts 

(Figure 1). The CP increased from plant bottom to top because of 
the gradient of older to younger tissue. Maidencane leaf blade CP 
(weighted avg. 7.8%) was greater than creeping bluestem (@%I), 
wiregrass (4%) and indiangrass (4%). Weighted averages of leaf- 
sheath CP were similar in all grasses (2 to 3%). The nodes plus 
internodes of maidencane tended to be higher in CP than the other 
grasses, especially in the upper third of the plant where CP ranged 
from 3 to 6% (Fig. lc). Infloresence CP was 5% in creeping blues- 
tern, 5% in indiangrass, and 4% in wiregrass. Whole plant CP for 
the grasses was: creeping bluestem, 3%; indiangrass, 3%; maiden- 
cane, 5%; and wiregrass, 3%. 

(avg. 33%), and maidencane (avg. 33%) were similar, but that for 
wiregrass (13%) was low (Figure 2b). Weighted average IVOMD of 
the nodes and internodes (Figure 2c) of indiangrass (38%) was 
greater than maidencane(30%). Creeping bluestem IVOMD (23%) 
was similar to wiregrass (19%). Infloresence IVOMD was 35% in 
creeping bluestem, 29% in indiangrass and 27% in wiregrass. 
Whole plant IVOMD was: bluestem, 28%, indiangrass, 33% maid- 
encane, 30%; and wiregrass, 20%. 

Digestibility (IVOMD) 

Hacker and Minson (1981) published a review of the digestibili- 
ties of temperate and tropical plant parts. Leaf blade digestibility 
of grasses ranged from 46 to 8 1% and increased from plant bottom 
to top. The IVOMD of the stem fraction differed greatly among 
species, ranging from 5 to 85%. They also reported that the inflo- 
resence digestibility of several grasses averaged 61 t?$ and ranged 18 
percentage units within a species. The digestibility data from our 
Florida range grasses are generally lower than those reported by 
Hacker and Minson (1981), but relative differences among plant 
parts and gradients within the plant are similar. 

Leaf blade IVOMD, (Fig. 2a), like leaf blade CP, tended to be 
higher than in other plant parts (Figs. 2b, 2c), and IVOMD 
increased from the plant bottom to plant top. An exception to this 
was leaf blade IVOMD of creeping bluestem, which was nearly the 
same from leaf 1 to leaf 6, but these values tended to be more than 
10 percentage units greater than the weighted averages of other 
grass leaves (creeping bluestem, 39%; maidencane, 28%; indian- 
grass, 25%, wiregrass 25%). The upper leaves of maidencane had 
IVOMD values between 30 and 40$&. The IVOMD values for the 
leaf sheaths of creeping bluestem (weighted avg. 27%), indiangrass, 

Plant P, K, Ca, Mg Content. 
Most of the weighted averages for mineral concentration from 

this study are lower than those published for creeping bluestem in 
the vegetative stage (Kalmbacher 1981a). In this study all grasses 
were burned, and burning promotes reproductive growth (White 
and Terry 1980). There were few practical differences in P concen- 
tration among species (Table l), and the weighted plant averages 
ranged from 0.05 to 0.08% P. Infloresences tended to be higher in P 
than other parts, but it is usual for the reproductive parts to have 
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Fig. 1. Crude protein concentration in the leaf blades (a), leaf sheaths (b), and nodes and internodes (c) in 4 native grasses at anthesis with I being the 
bottom of the plant.and 9 the top. &a. Flu. Averages 1977 and 1978. 

higher P (Smith 1976). A gradient in P concentration in all grasses 
was found with higher values at the top of the plant. For example P 
concentration in maidencane leaf blades ranged from 0.02 to 
O.lO%, sheaths 0.02 to 0.07% and internodes 0.06 to 0.12% from 
bottom to top, respectively. Weighted averages of these and similar 
values were used to obtain the weighted plant values reported in 
Table 1. 

Plant K concentration was very similar among the grasses aver- 
aging 0.46% (Table 1). The nodes and internodes were generally 
greatest in K concentration, blades and sheaths were lowest, while 
the inflorescence was intermediate. Strong trends toward increas- 
ing K concentration in all plant parts were found from the bottom 
of the plant to the top. For example, K concentration in maiden- 
cane leaves ranged from 0.04 to 0.6%; sheaths, 0.06 to 0.73% and 
nodes plus internodes, 0.39 to 0.84% K in the bottom and top, 
respectively. 

0 c. bluestem 0 indiangrass 
amaidencane l wiregrass 

a. BLADE b. SHEATH 

Calcium concentration in the grasses ranged from 0.10 to 0.22% 
and averaged 0.14% (Table 1). Leaf blades (0.2890) were higher in 
Ca than other plant parts and nodes plus internodes were lowest 
(0.05%). Calcium concentration increased from the bottom to the 
plant top, and leaf blades showed more of an increase than other 
parts. 

Magnesium concentration averaged 0.06% (Table 1). Creeping 
bluestem and indiangrass were lower in Mg than maidencane and 
wiregrass. Leaf blades were 0.08% Mg and each of the other plant 
parts averaged 0.06% Mg. There was a small (0.01 to 0.02%) 
increase in Mg from plant bottom to top of three grasses, but in 
maidencane an increase of 0.05 to 0.06% Mg was found in blade 
and stem tissue. 

There was more of a top to bottom gradient in‘the concentration 
of P, K, and Ca within maidencane parts than there was variation 
in the averages for that maidencane part compared with the 

c. INTERNODE P 

0 2 4 6 8 
PLANT PART NUMBER 

Fig. 2. In vitro organic matter digestibility (1VOMD)of the leaf blades (a), leaf sheaths (b), and nodes and internodes (c)in 4 native grasses at anthesis with 
I being the bottom of the plant and 9 the top. Ona, Flu. Averages of I977 and 1978. 
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average P, K, and Ca concentration in the same part of another 
grasses. The other grasses did not have this great range in 
concentration from top to bottom. Creeping bluestem 
(rhizomatous), wiregrass, and indiangrass (bunch grasses) have 
fewer leaves, and nodes plus internodes than maidencane (Figs 1 
and 2), and they have different morphology than maidencane. 
Maidencane is upright with many leaves inserted along the culm, 
and the 4 lower leaves are shaded and senescent. 

Plant Fe, Mn, Cu, and Zn 
The whole plant concentration of these trace elements averaged 

34 ppm Fe; 35 ppm Mn; 2 ppm Cu and 25 ppm Zn (data not in 
table). Blades were usually highest in all elements (50 ppm Fe; 55 
ppm Mn; 2 ppm Cu; 15 ppm Zn), followed by infloresences (30 
ppm Fe; 44 ppm Mn; 2 ppm Cu; 24 ppm Zn). Mineral concentra- 
tion were lowest in internodes (17 ppm Fe; 17 ppm Mn; trace Cu; 
41 ppm Zn) and intermediate in sheaths (28 ppm Fe; 28 ppm Mn; 
trace Cu; 16 ppm Zn). 

Conclusions 
Concentration of CP, minerals and IVOMD differed within the 

plant. Creeping bluestem, lop-sided indiangrass, and wiregrass had 
higher concentrations of CP and minerals and higher IVOMD in 
the leaf blades followed by decreasing concentrations in the 
infloresence, leaf sheaths, and nodes and internodes, respectively. 
Maidencane was found to have higher levels of the measured 
chemical constituents in the leaf blades, followed by lesser 
concentration in the nodes plus internodes and leaf sheaths, 
respectively. 

Not only do these grasses differ in chemical constituents, but 
also in their distribution of DM. Maidencane has a high 
proportion of CP and minerals in the leaves and nodes plus 
internodes, and this, coupled with a high percentage of the plant 
weight in these parts, makes maidencane a more nutritious grazing 
plant. Wiregrass was found to be similar to creeping bluestem and 
indiangrass in CP and most mineral elements as well as 

distribution of DM, but the digestibility of all wiregrass parts was 
lower. 

The dietary requirements (NRC, 1976) of dry pregnant cows for 
P, K, Mg, and Cu might not be met by any plant part of any of the 4 
grasses studied. Dry, pregnant cows could receive sufficient Ca 
from the leaves and infloresences of these grasses. Adequate levels 
of Fe, Mn, and Zn are apparently provided by each plant part of 
the 4 grasses. 

When sampling native pastures to assess the need for protein, 
energy or mineral supplementation, range managers should not 
sample whole plants, but rather the portions of the forages that 
cattle are eating at the time of sampling. This should provide a 
more accurate representation of the diet. 
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A Comparison of Four Methods Used to 
Determine the Diets of Large Herbivores 
MICHAEL L. MCINNIS, MARTIN VAVRA, AND WILLIAM C. KRUEGER 

Abstract 

Esophageal fi’itulafion, stomach content analysis, fecal analysis, 
and forage utilizarion were compared as techniques for determin- 
ing food habits of large herbivores. Each technique was evaluated 
based upon information collected using bi-fist&ted (esophageal 
and rumen) sheep during 2 study phases. In the first study phase, 
microscope slide mounts were made of plant fragments collected 
from the esophagus, rumen, and feces of 10 confined sheep fed a 
hand-cornposited mixture of forage. Dietary composition as deter- 
mined by each technique was compared to the original feed. Stom- 
ach content analysis and fecal analysis produced dietary estimates 
higher in grasses and lower in forbs than the known feed values. 
Esophageal fistulation results were not significantly different from 
the known feed values. In the second study phase, esophageal, 
rumen, and fecal collections were gathered from 16 sheep graxing a 
common plant community. Ocular estimates of forage utilization 
were made concurrently. AU data were converted to percent com- 
position on a dry weight basis for comparisons. Significant differ- 
ences in percent diet composition among techniques occurred for 
18 of the 31 plant species consumed. Diets determined by stomach 
content analysis and fecal analysis were signticantly higher in 
grasses and lower in forbs than those determined by esophageal 
fistulation and ocular estimates of utilization. 

Dietary information of large free-roaming herbivores has 
become an increasingly important tool in resource management. 
Such information allows assessment of nutrient intake of animals 
and evaluation of potential forage competition among herbivorous 
species. Microscopic examination of plant residues recovered from 
esophageal fistulae, stomach contents, and feces are 3 common 
methods of determining food habits of large herbivores. A fourth 
approach to estimating consumption is by observing or measuring 
utilization of forage plants. Associated with each of these methods 
are a number of advantages and disadvantages which have stimu- 
lated discussion as to which is most useful in interpreting food 
habits of large herbivores. 

The use of esophageal fistulation has been successful in defining 
the diets of domestic animals (Vavra et al. 1978) but has not been 
used appreciably with wild ruminants (Rice 1970). Problems asso- 
ciated with esophageal fistulation are: (1) surgery (Rice 1970); (2) 
incomplete collections (Lesperance et al. 1974); (3) grazing behav- 
ior of fistulated animals may differ from that of intact animals 
(Engels and Malan 1973). 

Examination of rumen ingesta has been a widely used technique 
to ascertain diets of domestic and wild herbivores. The essential 
limitations of the technique are: (1) rumen fistulation or sacrifice of 
the animal is required; (2) stomach analysis may be biased toward 
less digestible materials in the diet (Rice 1970). 

Microhistological examination of fecal material has become a 
popular technique in recent years. It does not interfere with the 
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normal grazing habits of the animal (Cracker 1959); is advantage- 
ous when 2 or more herbivorous species are utilizing the same 
range (Korfhage 1974); and is the only feasible procedure to use 
when studying secretive or endangered species where observations 
or rumen collections cannot be conducted (Anthony and Smith 
1974). 

Utilization estimates have been made by several workers to 
determine the diets of large herbivores (Laycock et al. 1972, Smith 
and Shandruk 1979, Johnson and Pearson 198 1). Such estimates, 
especially when ocular, are subject to observer error and personal 
biases (Smith and Shandruk 1979). Furthermore, estimates are 
confounded by “invisible utilization” such as occurs when a plant is 
pulled up by the grazing animal; “extraneous utilization” due to 
trampling or weathering; use too light to be detected; or the pres- 
ence of more than one species of herbivore (Martin 1970). 

Partial comparisons of these 4 techniques have been made. 
Laycock et al. (1972) determined that esophageal fistulation and 
ocular utilization estimates gave similar figures for dietary compo- 
sition of sheep (Ovis aires). Anthony and Smith (1974) found that 
fecal analysis resulted in higher estimates of grasses, trees, and 
shrubs, and lower estimates of forbs as compared to rumen analy- 
sis. Vavra et al. (1978) identified a higher grass component and 
lower forb component in fecal samples as compared to esophageal 
fistula extrusa of steers (Bos taurus). However, these authors 
found similar importance value rankings of individual plant spe- 
cies in diets as determined by the 2 techniques. Smith and Shan- 
druk (1979) identified fewer species in the feces of pronghorn 
(Antelocapra americana) than in rumen samples; and even fewer 
species were recorded by utilization estimates. Johnson and Pear- 
son (1981) found forbs in esophageal samples that were not 
detected in fecal samples. 

The objective of this study was to compare esophageal fistula- 
tion, stomach content analysis, fecal analysis, and ocular utiliza- 
tion estimates as techniques to determine the diets of domestic 
sheep. 

Methods 

The study was conducted in 2 phases: (1) in a feeding trial, 
bi-fistulated (esophageal and rumen) sheep were individually con- 
fined and fed a diet of known composition to compare esophageal 
fistulation, stomach content analysis, and fecal analysis; (2) in a 
grazing trial, bi-fistulated sheep were allowed to select their own 
diets from a native meadow to compare forage utilization esti- 
mates, esophageal listulation, stomach content analysis, and fecal 
analysis. 

Esophageal fist&e were installed in all sheep according to the 
technique of Harris et al. (1967). Closure of these fistulae was 
accomplished by a removable stainless steel plate onto which was 
attached a removable rubber stopper. Rumen fistulae were 
installed in all sheep according to the procedures of McCann et al. 
(1973). 

Feeding Trial 
In early July a field of ladino clover (Wjblium repens)and fawn 

fescue (Festuca arundinaceae) and a separate field of alfalfa (Medi- 
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cage sativa) and orchardgrass (Dactylis glomerata) were mowed. 
One hundred thirty-six kilograms of each of these 2 mixtures were 
ground together in a Gehl120 mobile grinder to reduce particle size 
and insure mixing, thereby eliminating the possibility of animals 
selecting particular species. This forage was combined with enough 
molasses to reduce dust and enhance palatability and fed to 10 
bi-fistulated sheep maintained in separate barn stalls. 

After a S-day adjustment period of this forage, a feeding trial 
lasting 7 consecutive days was conducted as follows: (1) in the 
morning of each day, every animal was outfitted with an esopha- 
geal collection bag and fed the mixture ad libitum; (2) after about 
one-half hour of feeding, the bags were removed, and their con- 
tents collected; (3) rumen ingesta was collected with a pair of tongs 
inserted through the cannula; (4) fecal material was recovered from 
the rectum of each animal; (5) a grab sample of forage was collected 
from each stall; (6) all forage was removed from the stalls each 
evening to prevent feeding at night and help insure feeding the next 
morning. Three microscope slides were prepared for each sample 
following the procedures of Sparks and Malechek (1968). Each 
slide was examined at the rate of 20 fields (systematically selected) 
at 100 power magnification. Frequency of occurrence of each 
species was converted to percent composition by dry weight 
(Sparks and Malechek 1968). These data were averaged over days 
to yield a single mean per sheep for each sampling method. Means 
were compared using Duncan’s new multiple-range test (Steel and 
Torrie 1960) at the 95% confidence level. 

Grazing Trial 
This study phase was conducted on the Hall Ranch of the 

Eastern Oregon Agricultural Research Center in northeastern 
Oregon. The i&ha study area was located on a “dry meadow” 
approximating the description of Hall (1973). The vegetation was 
nearly uniform throughout the area and was dominated by 
Northwest cinquefoil (Potentilla gracilis) and velvet lupine (Lupi- 
nus leucophyllus). A grazing trial was conducted in July to com- 
pare results of the various methods. 

Prior to the trial, 10 randomly selected 0.446m* circular plots 
were established in each of 8 0.1~ha experimental pastures and 
individually protected with wire cages. The green weight of each 
protected species was estimated (Pechanec and Pickford 1937a). 
Immediately following the grazing trial all sheep were removed 
from the study area. Ten 0.446 m* circular plots were located in 
each pasture and used to estimate percent utilization of current 
annual growth by species (Pechanec and Pickford 1937b). 

Sheep were collectively maintained on a 0.8-ha holding pasture 
for 5 days prior to the initiation of the grazing trial to allow the 
animals to become adjusted to the vegetation. At the end of this 
period, 2 sheep were randomly assigned to each of the experimen- 
tal pastures where they remained for the duration of the trial. 

Prior to dawn of each of the 7 consecutive mornings of the trial, 
the sheep were outfitted with esophageal collection bags and 
allowed to graze for approximately one-half hour. At the end of 
this period, esophageal extrusa was collected, and a pair of tongs 
was used to collect rumen ingesta. Every evening of the trial, 
several pellets from as many fresh fecal groups as could be found 
within each pasture were gathered and cornposited by pasture and 
day. Three microscope slides were prepared for each sample as 
previously described. 

The estimated percentage of utilization of each species obtained 
through the utilization technique was multiplied by its average dry 
weight production to estimate the amount eaten (Laycock et al. 
1972). The percent dry weight composition of each species was then 
calculated to enable comparisons with the other techniques. Data 
from each sampling method were pooled separately for each pas- 
ture and averaged over days to yield a single mean for each method 
and pasture. Means were compared using Duncan’s new multiple- 
range test (Steel and Torrie 1960) at the 95% confidence level. The 
similarity between botanical composition of the diets as deter- 
mined by each method was studied using Kulczynski’s similarity 
index (Oosting 1956). 
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Results 

Feeding Trial 
No significant difference occurred between the proportion of 

grass in the control (hand-composited feed) and in esophageal 
extrusa samples (Fig. 1). Rumen samples contained significantly 
less grass than fecal samples, but more grass than either control or 
esophageal samples. The amount of grass in fecal samples was 
significantly higher than found with the other sampling locations 
(Fig. 1). Rumen samples contained a significantly lower forb con- 
tent than did the control or samples of esophageal extrusa. Fecal 
samples contained a significantly lower percentage of forbs than 
samples from other sampling methods. 

Fig. 1. Percent composition of total grasses and forbs in diets as deter- 
mined by three methodsduring thefeeding trial. Methodssharinga com- 
mon letter within forage classes are not significantly different (pCO.05). 

There was no significant difference between the proportion of 
fawn fescue in esophageal samples and in the control (Fig. 2). No 
significant difference between the amount of this grass in rumen 
and fecal samples occurred, but both of these sampling locations 
contained significantly more fawn fescue than the control or eso- 
phageal samples. The amount of orchardgrass in fecal samples was 
significantly higher than as determined by other sampling methods 
(Fig. 2). No significant difference among the amounts of this grass 
in the control, esophageal samples, and rumen samples was noted. 

Fecal analysis demonstrated significantly lower amounts of 
alfalfa than as determined by other methods (Fig. 2). The amount 
of alfalfa in rumen ingesta was not significantly different than that 
contained in esophageal samples, but was significantly lower than 
in the control. The amount in the control did not differ signifi- 
cantly from that found in esophageal extrusa. Ladino clover in the 
control was significantly higher than in rumen and fecal samples, 
but was not significantly different than the amount contained in 
esophageal samples (Figure 2). Similarity between the botanical 
composition of the total diet (averaged over species) for the con- 
trol, and each sampling method suggested that the esophageal 
fistula technique described botanical composition of the control 
more accurately than other methods (Table 1). Thecomposition of 
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Fig. 2. Percent composition of individualforage species in diets as deter- 
mined by three methods during thefeeding trial. Methodssharinga com- 
mon letter within species are not significantly difSerent (60.05). 

Table 1. Simikrity of methods osed to determine diets of large herbivores. 

Comparison 

Feeding Trial 

9% similarity 

Hand-composited feed vs. Esophageal fistulation 
Hand-composited feed vs. Rumen analysis 
Hand-composited feed vs. Fecal analysis 
Esophageal fistulation vs. Rumen analysis 
Esophageal fistulation vs. Fecal analysis 
Rumen analysis vs. Fecal analysis 

Grazing Trial 

98 
89 
80 
90 
82 
88 

Utilization estimate vs. Esophageal fistulation 85 
Utilization estimate vs. Rumen analysis 69 
Utilization estimate vs. Fecal analysis 62 
Esophageal fktulation vs. Rumen analysis 83 
Esophageal fistulation vs. Fecal analysis 76 
Rumen analysis vs. Fecal analysis 93 

rumen ingesta was more similar to that of the control than was 
fecal material. 

Grazing Trial 
Of the 13 graminoids occurring on the study area, 11 were 

identified in diet samples (Table 2). All of these were found in 
esophageal and rumen ingesta. Utilization estimates failed to show 
the presence’ of 4 species of graminoids. Only one species of grass 
was not found in fecal samples. There were significant differences 
among the mean values of the sampling procedures for 8 of the 
graminoids (Table 2). 

Table 2. Percent dry weight composition of forage species identified in the diets of sheep as determined by four methods. 

Percent composition 
Species Utilization Esophageal Rumen 

Graminoids 
Kentucky:bluegrass (Poa pratensis) 8.6a’ 23.F 34.T 
Timothy (Phleum pratense) 15.3. 8.9 139 
Prairie junegrass (Koeleria cristata) 0.5” 3.5b 
Smooth brome (Bromus inermis) 0” 1.6b 1’15 

California danthonia (Danthonia cahfornica) 0.T i.2b 
Western needlegrass (Stipa occidentalis) 
Soft chess (Bromus mollis) : 

t d 
O:? 

l.Sbf 
1.6’ 

Idaho fescue (Festuca idahoensis) 0” O.lb O.lb 
Baltic rush (Juncus balticus) IX 0.9” 1.5. 
Sedges (Carex spp.) 8.9” 8.8” 9.9 
Canada bluegrass (Poa compressa) 0.T 0.2” 0.3” 
Total graminoids 35.5” 50.Sb 67.T 

Forbs 
Field horsetail (Equisetum arvense) 5.4’ 13.ob 13.8b 
Northwest cinquefoil (Potentilla gracilis) 30.5a 20.5 

$f Oregon checkermallow (Sidalcea oregana) IO.@ 5.sb 
Yellow salsify (Tragopogcn dubius) 2.r 7.9 8:6” 
Common dandelion (Taraxacum officinale) 1.0” 1.r ? 
Sticky geranium (Geranium viscosissimum) 0” 
Missouri goldenrod (Solidago missouriensis) 1.4” $ : 
Orange arnica (Arnica fulgens) 1.0” 
Pale agoseris (Agoseris glauca) 3.r ? Z 
Gland cinquefoil (Potentilla glandulosa) rl” ; 
Rose pussytoes (Antennaria rosea) 

: 
: r 

Hook violet (Viola adunca) T T 
Yarrow (Achilles millefolium) 1.3” 0. I” 0.1’ 
Strawberry (Fragaria virginiana) -l- p -r 
American vetch (Vi&t americana) 6.5’ 0.2” 
Rockymountain iris (Iris missouriensis) 0.6” 0.1” ; 
Low fleabane (Erigeron pumilus) d T” 
Autumn willowweed (Epilobium paniculatum) 0.1’ : 
Sheep sorrel (Rumex acetosella) 0.T ; 0.1. 
Prairiesmoke avens (Geum trtfi’orum) T” T” T 
Total forbs 64.4* 48.ab 32.6’ 

dietary composition with the same letters within plant species are not significantly different at the 95 percent confidence level. 
~T=trace; less than 0.1%. 

Fecal 

36.4’ 
l5.F 
2.T 
1.8; 

% 
I:5 

rz 
1.8” 
9.6n 
@ 

72.6’ 

‘23 
l:2” 
6.Sb 
ob 

5 

z 

5 

: 

$ 

: 

Z 
0” 

26.8” 
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Of the 34 species of forbs occurring on the study area, 20 were 
identified in diet samples (Table 2). All of these were found in 
esophageal extrusa. Seventeen species of forbs were found in 
rumen ingesta, four species of forbs were identified in fecal sam- 
ples, and 18 species of forbs were determined to be dietary compo- 
nents by utilization estimates. Significant differences occurred 
among the mean values of the sampling methods of 9 of the forb 
species occurring in the diet (Table 2). Table 1 demonstrates the 
similarity between total dietary composition (averaged over spe- 
cies) as determined by each method. 

Discussion 

Results of the feeding and grazing trials were similar. In the 
feeding (Figure 1) and the grazing trials (Figure 3) there was a 
consistent disappearance of forbs as they passed through thediges- 
tive tract as indicated by lower percentages contained in the feces 
than in the rumen, and lower percentages contained in the rumen 
than in the esophagus. This relationship was consistent with the 
findings of Regal (1960) and Vavra et al. (1978). Cell wall constitu- 
ents were apparently eroded by digestion, rendering discernibility 
increasingly ‘difficult. 

Esophageal Fistula Method 
Microscopic analysis of esophageal extrusa was the single most 

accurate method of estimating diets under the constraints of the 
feeding trial. The discernibility of plant fragments in esophageal 
extrusa was greater than in rumen or fecal samples. Persistence of 
plant fragments in esophageal extrusa was greater than for any 
other sampling procedure since effects of cellular erosion due to 
digestion were probably least. Ingesta collected from the esopha- 
,gus was an actual portion of the diet, and as such was not subject to 
the inherent sampling errors of utilization estimates (Laycock et al. 
1972). 

However, there is at least one reason for regarding the esopha- 
geal fistula method with some suspicion. Plant fragments found in 
esophageal extrusa represent the diet of the animal for only that 
length of time during which the fistula sample is being collected. 
Van Dyne and Heady (1965) reported differences in composition 
for plant parts, plant classes and some plant species when compar- 
ing morning to afternoon sampling. Rumen and fecal samples, 
however, are composed of plants which have been eaten at least 
throughout the entire day, so daily changes in selection are 
considered. 

Stomach Content Analysis 
The gross composition of the diet as determined by rumen 

analysis tended to be higher in graminoids and lower in forbs than 
that determined by utilization estimates (Fig. 3) and theesophageal 
fistula method (Fig. 1 and 3). However, rumen ingesta generally 
contained fewer graminoids and more forbs than fecal material 
(Fig. 1 and 3). The total forb component of rumen ingesta was 
significantly lower than that of esophageal ingesta for both trials. It 
was observed that while the discernibility of graminoids was about 
the same in rumen and esophageal ingesta, fragments of forb 
species were more difficult to recognize in rumen samples. The 
likelihood is that cellular erosion due to digestion was greater for 
forbs in the rumen, thus decreasing their discernibility. 

Norris (1943) noted that succulent forages passed through the 
stomach more rapidly than coarse, fibrous portions of the diet. 
Assuming that such throughput time was more rapid for forbs than 
for grasses in the present study, rumen analysis would tend to 
overestimate the abundance of graminoids and underestimate the 
abundance of forbs. 

Fecal Analysis 
Microsconic examination of fecal material has become one of Conclusions 

the most popular methods of determining the food habits of large Food habits of large herbivores may be described using any of 
herbivores. However, several limitations of the technique have the methods tested. Absolute values of species contained in the 
become apparent in this study. Microscopic examination of fecal diets varied depending upon the method used. Ocular estimates of 
material showed a higher composition of total graminoids and forage utilization resulted in higher mean values for the composi- 
lower composition of total forbs in the diet for both trials than tion of forbs and lower mean values for the composition of grami- 

“nuLAI,oN ISOPHAOIAL SmMrcn COLINN, llCAL AWLISIS 
~SllYAIlS rlsnJLAlloN AMALI,,, 

Fig. 3. Percent composition of totol grominoids ond forbs in diets OS 
determined by 4 methods during the grazing trial. 

other methods (Figures 1 and 3). Diets determined by fecal analysis 
were not as diverse as those determined by the other methods since 
several minor forbs were not found in feces during the grazing trial 
(Table 2). 

These findings were consistent with those of other workers 
(Vavra et al. 1978, Korfhage 1974) and may be explained partially 
on the basis of differential digestibility. It is conceivable that 
certain species of forbs are entirely digested, leaving no residue in 
the feces (Slater and Jones 1971, Johnson and Pearson 1981). In 
other instances plant fragments were present but were so transpar- 
ent that cellular structure was not easily discernible. This was 
particularly true with Oregon checkermallow. Identification of this 
species in fecal material was based more often on the unique 
characteristics of its stellate trichomes than on cellular structure. 
The accuracy of fecal analysis could probably be enhanced by the 
determination of digestibility coefficients of various plant species 
in different phenological stages, and for different animal species. 

Utilization Estimates 
Utilization estimates resulted in a diet lower in graminoids and 

higher in forbs than other methods (Fig. 3), and were most similar 
to results obtained by esophageal fistulation (Table 1). This trend 
was partially substantiated by Laycock et al. (1972) who found the 
composition of grasses in diets as determined by the ocular- 
estimate-by-plot method was less than by the esophageal fistula 
method. Utilization estimates failed to show the presence of 4 
species of grasses and 2 species of forbs (Table 2). Diminutive 
annuals such as soft chess posses weak rooting systems, which may 
have allowed the plant to be pulled out leaving no standing residue 
as evidence of utilization. Laycock et al. (1972) observed such 
“invisible utilization” of mountain knotweed (Polygonurn monta- 
num). Several forbs were either not identified by the other methods 
of dietary determination or found in only trace amounts (Table 2). 
It is likely that use of these species was too light to be detected by 
utilization estimates. 
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noids than any other method. Rumen and fecal analysis 
overestimated less digestible portions of the diet while underesti- 
mating more digestible portions. Examination of esophageal 
extrusa was the most accurate method tested to determine food 
habits of large herbivores. 

If dietary information is to be used to rank forage species impor- 
tant to an herbivore, all methods tested provided adequate data. 
Dietary information is frequently proposed as a data base for 
forage allocation. Given that factors including differences between 
years, physiographic features, and management practices are con- 
sidered and accurately measured, and that responses of animals to 
these various factors are known, then such dietary determinations 
can be important in developing practical forage allocation models. 
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Summer Food Habits of Domestic Sheep in 
Southeastern Montana 
LYNN E. ALEXANDER, DANIEL W. URESK, AND RICHARD M. HANSEN 

Abstract 

The summer food habits of sheep were investigated in a sage- 
brush-grass rangeland in southeastern Montana. Grasses and 
sedges made up 96% of the diets. Prairie sandreed (40%), needleleaf 
sedge (28%), and western wheatgrass (20%) were the most impor- 
tant foods. Forbs and shrubs made up less than 1 and 3% of sheep 
diets, respectively. 

Sheep ranching is a major industry on southeastern Montana 
sagebrush-grass rangeland. Until now nothing has been published 
on the food habits of sheep in southeastern Montana. Some infor- 
mation on sheep food habits has been reported from Colorado, 
Utah, and Idaho rangelands (Harniss and Wright 1982, Mac- 
Cracken and Hansen 1981, Cook et al. 1967, Cook et al. 1965, 
Cook et al. 1961, Cook et al. 1948, and Doran 1943). Sheep diets 
have been reported for high desert ranges of Utah and Wyoming 
(Cook et al. 1962, Severson and May 1967, Olsen and Hansen 
1977) and annual grasslands of California (Heady and Tore11 
1959). Kautz and Van Dyne (1978) reported sheep diets on the 
shortgrass prairie of northeastern Colorado, which had grasses 
similar to those in southeastern Montana. The objective of this 
investigation was to determine the summer food habits of sheep 
grazing on big sagebrush (Artemisia tridentata)-buffalograss 
(Buchloe dactyloides) rangeland in southeastern Montana. 

Study Area and Methods 

The study area was located in southeastern Montana approxi- 
mately 5 km directly west of the town of Alzada. Most of this 
rangeland was under private ownership with some Bureau of Land 
Management (BLM) allotments. Historically, this area has been 
grazed by livestock since the mid-1800’s. The study area was char- 
acterized by moderately rolling hills dominated by a sagebrush- 
buffalograss plant community bordered on the south by Black 
Hills ponderosa pine (Pinus ponderosa) and bur oak (Quercus 
macrocarpa) forest. Elevations ranged from approximately 1000 m 
to I100 m, and average annual precipitation was 37 cm. 

Twenty fresh fecal pellet groups were randomly collected from 
sheep over a 2-day period during June, July, and August 1979. 
After oven drying 48 hours at 6YC, the pellets were ground with a 
Wiley mill through a I-mm mesh screen. Five microscope slides 
were made of each sample. Twenty fields were examined per slide, 
and the fragments of plant species in the fecal material were 
identified and quantified as described by Sparks and Malecheck 
(1968). 

Vegetation data were collected simultaneously with collection of 
fecal pellets on 4 locations (50 m X 60 m) within the study area. 
Frequency of occurrence was obtained by the Daubenmire (1959) 
procedure. Three parallel 50-m transects were placed 30 m apart at 
each site. Frequency was determined in 50 quadrats (20 cm X 50 
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cm) systematically spaced at I-m intervals along each line transect. 
Data were summarized by transect and averaged over the 4 
locations. 

Standing crop biomass of plants was determined in 10 quadrats 
(20 cm X 50 cm) systematically spaced at 5-m intervals along 2 
transects. All plant material was harvested at ground level at the 
end of July, air dried for 2 weeks then oven dried at 60°C for 24 
hours, and weighed. Estimates of standing crop biomass of big 
sagebrush were determined following the procedures of Uresk et al. 
(1977). 

Similarities between botanical composition in sheep diets and 
composition on the rangelands were compared using Kulcynski’s 
similarity index (Oosting 1956) and Spearman’s rank order corre- 
lation. A Chi square contingency table was used to test for monthly 
differences in sheep diets. 

Results and Discussion 

Western wheatgrass (Agropyron smithii) needleleaf sedge 
(Carex eleocharis). (Table 1) and prairie junegrass (Koeleria cris- 
tata) occurred most frequently on the range throughout the 
summer. Prairie sandreed (Calamovilfa long~olia), blue grama 
(Bouteloua gracilis), and tumblegrass (Schedonnardus panicula- 
tus) were common only during the months of July and August. 
However, frequency of green needlegrass (Stipa viridukz) was high 
in June but not in July and August. Changes in plant frequency 
were a result of growth characteristics of the species, sheep use, and 
below-normal precipitation. Forb frequency of occurrence was 
low except for common yarrow (Achilles millefolium) and com- 
mon dandelion (Taraxacum officinale). Big sagebrush and plains 
prickly pear (Opuntia polyacantha) were the dominant shrubs, 
expressing the highest frequencies. Lichen (Parmelia chlorochroa) 
was frequent throughout the study area. 

Western wheatgrass, prairie sandreed, needleleaf sedge, and 
green needlegrass provided most of the aboveground biomass of 
forage (Table 1). The aboveground dry weight of grasses and 
sedges was approximately 363 kg/ha. Forbs made up about 4% of 
the total aboveground biomass. Shrubs provided 341 kg/ha of 
standing crop biomass. Big sagebrush made up 252 kg/ha, of 
which only 37 kg/ha were leaves. Total estimated aboveground 
biomass on the study area was 733 kg/ha. 

Grasses and sedges were the major foods of sheep: 96% in June, 
98% in July, and 94% in August (Table 1). Botanical composition 
of sheep diets were different among months (p<O.Ol). Forty-seven 
plant species were identified in sheep pellets. These included 22 
monocots, 14 forbs, 9 shrubs, and 2 trees. Western wheatgrass, 
common witchgrass (Panicum capillare). prairie sandreed, and 
needleleaf sedge made up 90% of the sheep diets. It is possible that 
excessive grazing by sheep could reduce cover and frequency of 
perennial grasses and sedges. Forbs comprised less than 1% of the 
diet. Common yarrow, prickly lettuce (Lactuca serriola), and sca- 
rlet globemallow (Sphaeralcea coccinea) were the most common 
forbs eaten by sheep, each making up less than 1% of the total diet. 
Big sagebrush comprised nearly 2% of the diet in June, 0.2% in 
July, and 0.7% in August. Ponderosa pine and bur oak were 
ingested by sheep in relatively low quantities, 0.3% and 29& 
respectively. 
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Table 1. Means and standard errors (P f se) of dry weight composition of selected plants in the diets of domestic sheep, percent range frequencies, and 
aboveground dry weight biomasses during summer 1979 near Aluda, Montana. 

Aboveground 
Biomass 

Percent in diets Percent frequency kg/ ha 
June July August June July August 

Names of Plants X f se I f se Z?*se 
Late July 

Slf se Z* se Xi se F* se 

Prairie sandreed 22f 2 47f 3 51 f 4 47 f 9 47 f 9 96f 44 
Needleleaf sedge 48f 3 15f 2 21 f 3 59f 13 70f 12 66f 12 61 f 15 
Western wheatgrass 13f 2 31 f 3 17f 3 55f II 57f 11 59f 11 136 f 22 
Common witchgrass 4f<l 2f<I 2f<I 4f4 6f4 6f4 3f3 
Green needlegrass If<1 If<1 1 f<l 48 f 9 2f I 2f I 36f 15 
Common yarrow I*<1 If<1 If<1 26f 8 21 f 7 24 f 8 15f 5 
Common dandelion 14f 7 12f 7 16f 9 6f2 
Big sagebrush 2f<I If<1 I f<l 24 f 9 24f 8 23f 9 37f 5’ 
Plains prickly pear 20f 7 19f 7 20f 8 88f 50 

‘Big sagebrush dry weight aboveground was 215 kg/ha woody material and 37 kg/ha leaves. 

Similarity indices between sheep diets and available plants were 
36%, 37%, and 40% for June, July, and August, respectively. 
Significant (KO.01) negative Spearman’s ranked order correla- 
tion coefficients (rs) for sheep diet preference indices and forage 
plants were -0.57, -0.49, and -0.52 for June, July, and August, 
respectively. The negative correlation coefficients indicated that 
sheep were seeking plants that were not abundant on the range. 

Plants available on the range and not found in the sheep diets 
were Louisiana sagebrush (Artemisia ludoviciana), Missouri gol- 
denrod (Solidago missouriensis), common dandelion, Patagonia 
Indianwheat (Plantago spinulosa), pussytoes (Antennariaparvvo- 
lia), rose (Rosa sp.), and plains prickly pear. Of these species, 
common dandelion has fragile cell walls and very thin cuticle 
coverings, but we do not believe dandelion could have been over- 
looked if it was present in even a fraction of a percentage in sheep 
diets. Plains prickly pear is occasionally underestimated but sel- 
dom overlooked by microscopic techniques. The similarity indices 
and Sperman’s correlations indicate that sheep ate few forbs and 
shrubs because they preferred grasses and sedges. 

This study showed that sheep were primarily monocot consu- 
mers in southeastern Montana during 1979, with 4 species com- 
prising the majority of their diets. However, most authors 
concluded that sheep prefer forbs and browse to grasses and sedges 
(Cook et al. 1948, Doran 1943, Cook et al. 1965, Cook etal. 1961). 
Our study indicates that sheep do not always prefer forbs and 
browse as indicated in past studies. MacCracken and Hansen 
(198 1) previously arrived at the same conclusion. 
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Responses of Selected Wildlife Species to the 
Removal of Mesquite from Desert Grassland 
DAVID J. GERMANO, ROGER HUNGERFORD, AND S. CLARK MARTIN 

AbSbWt 
Activities of selected wildlife species were observed from Sep 

tember 1976 to June 1978 in an undisturbed velvet mesquite (Pro- 
sopis juljflora var. vehdina) stand, on range cleared of mesquite, 
and in a mesquite stand with spot clearings on the Santa Rita 
Experimental Range near Tucson, Ariz. More black-tailed jack- 
rabbits (Lepus carifornicus), antelope jackrabbits (Lepus aUem], 
and Gambel’s quail (LophorQx gambelii), were seen in undis- 
turbed mesquite andmesquite with clearings than on mesquite-free 
range. Likewise, more bird calls were heard in the undisturbed and 
partially cleared mesquite than on mesquite-free range. Apparent 
differences in bird and mammal populations between the undis- 
turbed stand and the partially cleared stand were not significant 
and were generally small. 

Desert grasslands in southeastern Arizona, south-central New 
Mexico, and southwestern Texas lie in broad belts around the 
bases of mountain ranges (Humphrey 1958). As mesquite invaded 
and increased on these grasslands, perennial grass stands declined 
(Parker and Martin 1952). Much mesquite has been cleared to 
restore grass production, but removal of mesquite is considered 
detrimental to some species of wildlife (Davis and Winkler 1968, 
McCulloch 1972, McCormick 1975). There are indications, how- 
ever, that partial mesquite clearing, in strips or patches, may both 
increase forage for cattle and improve wildlife habitat (Whitson et 
al. 1977). The purpose of this study was to monitor responses of 
selected wildlife species to such partial clearing. Species observed 
were mourning dove (Zenaida macroura), white-winged dove 
(Zenaida asiatica), Gambel’s quail (Lophortyx gambelii), scaled 
quail (Callipepla squamata), desert mule deer (Odocoileus hemio- 
nus crooki), javelina (Dicotyles tajacu), coyote (Canis latrans), 
black-tailed jackrabbit (Lepus callyornicus), antelope jackrabbit 
(Lepus alleni). and desert cottontail (Sylvilagus audubonii). 

Study Area 

The study was done on the Santa Rita Experimental Range 
(USDA Forest Service) near Tucson, Ariz. The climate of the 
range is typical of the semiarid Southwest, with low relative humid- 
ity and daily temperatures sometimes exceeding 38’ C during the 
summer. Avrage annual precipitation in the study pastures ranges 
from 350 to 400 mm. About 60% of the year’s moisture falls during 
the summer rainy season and produces most of the perennial grass 
forage. Effective rainfall is unusual from April through June, the 
driest part of the year. The major shrubs are velvet mesquite, cacti, 
and burroweed (Martin and Reynolds 1973). 

The study area involved two 300-ha pastures and about 300 ha of 
a third (1400-ha) pasture. These study pastures were grazed by 
cattle in a pilot study of a l-herd, 3-pasture, 3-year rotation (Mar- 
tin 1978). No mesquite was removed from the first pasture (Fig. 
1A). Mesquite was removed from 7 patches ranging in area from 
2.8 to 30.4 ha in the second pasture. The patches, comprising one 

Authors are graduate student and professor of wildlife management, School of 
Renewable Natural Resources, University of Arizona, Tucson, 85721; and range 
scientist, Rocky Mountain Forest and Range Experiment Station, Forestry Sciences 
Laboratory, Arizona State University, Tempe 85287. German0 is now at the Biology 
Department, the University of New Mexico, Albuquerque 87131. Hungerford IS now 
deceased; Martin is now retired, residing in Tucson, Ark. 

JOURNAL OF RANGE MANAGEMENT 36(3), May 1993 309 

third of the total area, were cleared by chaining in July of 1976 (Fig. 
1 B). Mesquite in the third pasture was killed with diesel oil in 1955 
(Fig. 1C). The pasture with undisturbed mesquite and the one with 
no mesquite are in different replications of the grazing study and 
were grazed March-October 1977. The spot-cleared unit was 
grazed twice (November 1976February 1977 and March-October 
1978). The herd in the undisturbed pasture consisted of 172 cows 
plus 9 bulls grazing from March through October. The herd in the 
cleared pasture was 52 cows and 2 bulls grazing from March 
through October. Forty to sixty percent of the perennial grass 
herbage remained ungrazed at the end of each grazing period. 
Habitat edge, quantified using a diversity index (Patton 1975), was 
about twice as great in the mesquite with clearings as in the other 
two pastures. 

Methods 

Wildlife observations began September I976 and ended in June 
1978. Four 1,200-m census lines were established perpendicular to 
the drainage pattern in each pasture (Fig. 2). Observations made 
along each census line included (I) monthly visual sightings of each 
species from September 1976 to June 1978, made by walking 21ines 
each morning starting at daylight; (2) call counts for Gambel’s 
quail, scaled quail, mourning doves, and white-winged doves, 
made by walking the transect lines at 2-week intervals in April- 
June 1977 and 1978 (6 times a year); and (3) quarterly counts of 
scats, and pellet groups, made using concentric circular plots 4.05 
mz in area for lagomorph pellets and 40.5 m* for deer pellet groups 
and other scats. 

Three pellet plots were established at each of 10 points, (120 m 
apart) along each census line; one plot on the line; one 20 m east of 
the line, and one plot 20 m west of the line. Counts included deer 
pellet groups and individual pellets or scats of other species. Plots 
were cleared of pellets after each count. 

Each data set was analysed by statistical procedures appropriate 
to the distribution of the data. Analysis of variance was used for 
lagomorph pellet counts and for call counts (after square root 
transformation). Visual census data and counts of deer pellet 
groups were converted to counts per transect for each pasture to 
provide an ordered category contingency table suitable for analysis 
by a method described by Bhapkar (1968). 

Results and Discussion 

Sightings of white-winged doves and desert cottontails were too 
infrequent to establish trends, and mourning dove numbers were 
extremely variable (Table 1). Total sightings, excluding mourning 
doves, were 263 for mesquite with clearings, 201 for undisturbed 
mesquite, and 64 for mesquite-free range. Almost all species appar- 
ently preferred some mesquite to no mesquite, but differences 
between undisturbed mesquite and mesquite with clearings were 
not significant and were generally small. 

Even though there were 4 times as many mourning doves in the 
mesquite with clearings as on mesquite-free range, the differences 
were not significant (Table 1). The fewest mourning doves were 
seen in the undisturbed mesquite range. More than half of all 



mourning dove sightings were recorded in September 1976, when 
305 doves were seen. Most of these were in the recently cleared 
areas. Perhaps some immediate habitat response to chaining made 
the clearings especially attractive at that time. Counts of calling 
male mourning doves were significantly higher in undisturbed 
mesquite (268) and in mesquite with clearings (194) than in 
mesquite-free range (IOS), indicating a higher breeding population. 
Doves are highly mobde, however, and can fly great distances in a 
day to take advantage ,of a particular resource. Mourning doves 
seem to favor some mesquite, at least as perches for calling males. 

Openings produce more seeds for food however. Clearings in 
mesquite should benefit mourning doves by increasing the food 
supply while leaving mesquite trees as nesting and calling sites. 

Too few white-winged doves were seen to test significance, but 
more white-winged doves calls were heard in the undisturbed mes- 
quite (55) and the mesquite with clearings (22) than in the 
mesquite-free pasture (I I). Grasslands provide little food or cover 
for white-winged doves, but spot clearings in mesquite can provide 
suitable habitat. 

Only one Gambel’s quail was seen and only one male was heard 
calling in two years of censusing on the mesquite-free range. The 
large difference in Gambel’s quail seen in undisturbed mesquite 
(22) and in mesquite with clearings (77) was not statistically signifi- 
cant (Table I). 

Twice as many Gamhel’s quail calls were recorded in mesquite 
with clearings (I 1 I) as in the full stand (52). Gambel’s quail were 
often associated with edges of clearings. Many males called from 
the piles of dead mesquite left by the chaining operation (Fig. IC). 
Gambel’s quail greatly benefited from the clearings where thedead 
mesquite trees were left. This agrees with the view that dense 
mesquite stands are not good quail habitat because shade prohibits 
the growth of small herbs and grasses used as food and shrubs used 
as roosts (Gorsuch 1934). Gambel’s quail used both mesquite and 
clearings in the partially cleared pasture. Clearings can be very 
beneficial if mesquite is close by. 

Table 1. The number of mammals and birds sighted per kilometer of trsn- 
sect during the visual censw of the 3 pastures.’ The numbers in paren- 
thesis we the number of snimsls sighted. 

Vegetative characteristics 

Species 

Desert rn”k deer 
Javelina 
Coyote 
Black-tailed jackrabbit 
Antelope jackrabbit 
Desert cottontail 
Mourning dove3 
White-winged dove 
Scaled quai, 
Gambel’s quail 
Total 

MeSq”ik 
Wl& Undisturbed Mesquite- 
clearings mesquite free 

0.24(27) 0.30(B) 0.16(18) 
0.15(17) 0.24(26) O(0) 
0.06(7) 0.05(S) 0.01(1) 

‘0.x%(38) 0.37@l) O.O6b@) 
0.x%(59) O.Ua(39) O.O9b(iO) 
0.02(2) 0.04(4) 0.03(3) 
3.78(399) 0.56(59) 1.02(108) 

O(0) 0.01(1) 0.01(1, 
0.34(X) 0.30(32) 0.23(24) 
0.7&(77) O.Zlab(22) O.O1b(l) 
2X662, 1.62(172) 1 62~172, 



The numbers of scaled quail seen were not significantly different 
among pastures (Table I), but significantly more scaled quail were 
heard calling in the undisturbed mesquite area (61) than the 
mesquite-free range (16). And, although the test did not show a 
significant difference, almost three times as many scaled quail calls 
were recorded in the mesquite with clearings (43) as in the 
mesquite-free range. This shows a definite preference for mesquite 
by scaled quail, at least seasonally when shrubs may be preferred 
sites for male advertisement. Davis et al. (1975) stated that it would 
be wise to leave some mesquite in clearing operations. We agree 
that spot clearing is advantageous for scaled quail. 

Differences in mesquite cover did not result in significant differ- 
ences in numbers of deer seen (Table 1) or in numbers of pellet 
groups counted (46 groups in the mesquite with clearings, 29 
groups in the undisturbed mesquite, and 46 groups in the mesquite- 
free pasture). The lack of significance may be due, in part, to the 
small size of the study area, because the average home range for 
mule deer on the Santa Rita Experimental Range is 7.4 km2 
(Rodgers 1977). Deer could utilize most of the mesquite-free pas- 
ture without venturing more than 0.5 km from mesquite cover. In 
any event, the partial clearings of mesquite in this study did not 
appear to be harmful to deer populations. 

There were no significant differences in the number of javelina 
sighted among treatments (Table 1), and scat counts did not pro- 
vide enough data for testing. Seventeen javelina in one herd were 
seen in the mesquite with clearings. Twenty-six javelina from 
several herds were seen in the undisturbed mesquite range. No 
javelina were seen in the mesquite-free range. These trends are 
generally consistent with results of other research. Removal of all 
the mesquite over large areas apparently reduces or eliminates 
javelina populations. Clearing mesquite in spots, as was done in 
this study, leaves the habitat suitable for javelina. 

There were no significant differences in sightings or scat counts 
among treatments for coyotes (Table 1). However, coyotes were 
more abundant where jackrabbit numbers were high (in pastures 
with mesquite) than on cleared range where jackrabbits were 
scarce. This is what would be expected based on availability of 
preferred prey. 

Fewer black-tailed and antelope jackrabbits were seen on 
mesquitequite free ranges than in undisturbed mesquite or in 
mesquite with clearings (Table 1). Pellet numbers for lagomorphs 
were significantly lower on mesquite-free range (3705) than the 
other two pastures, but differences between undisturbed (8866) 
and partially cleared mesquite (9948) were negligible. These results 
match those for visual sightings. 

The mesquite-free pasture in this study always has a thicker 
growth of grass, but the undisturbed mesquite and partially clear 
mesquite pastures have more burroweed. Rank grass growth and 
lack of shrubby vegetation apparently work to the disadvantage of 
antelope jackrabbits on mesquite-free range. Numbers of black- 
tailed and antelope jackrabbits apparently were not affected by 
partial mesquite clearing but were much reduced on mesquite-free 
range. Although few cottontails were seen during this study, their 
habitat requirements suggest that they, too, would suffer declines 
in large mesquite clearings. 

Within the partially cleared pasture, approximately the same 
number of mammals were sighted in the mesquite (76) as in the 
clearings (74). The only species preferences found were slight (i.e., 
javelina for mesquite and blacktailed jackrabbits and coyotes for 
clearings). Among birds, greater visibility undoubtedly contrib- 
uted to counts that were 190% higher for quail and 450% higher for 

mournina doves in the clearings. Additionallv, though, birds were 
attracted-to the brush piles created by chaining. - 

The number of mammals seen per kilometer of transect was 0.90 
with cattle present and 0.89 with cattle absent. Comparable values 
for quail were 0.57 and 0.5 1. More mourning doves (l.SS/km) were 
seen when cattle were absent than when cattle were present 
(0.82/km) but this difference was almost entirely the result of the 
large number of doves that congregated on the clearings in Sep- 
tember 1976 soon after they were created. The pastures were 
stocked conservatively, and the presence of cattle apparently had 
little if any influence on use of the study pastures by wildlife. 

Conclusions 
Partial clearing of mesquite was far less detrimental to wildlife 

than was complete clearing. For some species partial clearing was 
beneficial. Gambel’s quail benefited greatly from the increased 
edge created by the irregularly shaped clearings. Scaled quail, 
which seem to prefer a more open habitat, may increase more 
rapidly where clearings are surrounded by mesquite. Numbers of 
most mammals and birds were lowest in the mesquite-free range. 
Additionally, German0 and Hungerford (1981) found that lizards 
were also least abundant in areas without mesquite. 

Where desert grassland has been occupied by mesquite, the 
response of wildlife to spot clearing will be predominantly favora- 
ble. The response to large scale complete mesquite removal will be 
unfavorable. Compared with total clearing, spot clearing in mes- 
quite gives a greater diversity of habitat, less visual impact and is 
less detrimental to wildlife; yet, it still increases forage production 
for livestock. 

Literature Cited 
Bbapkar, V.P. 1968 On the analysis of contingency tables with a quanti- 

tative response. Biometrics X329-338. 
Davis, C.A., R.C. Barkky, and W.C. Ha-en. 1975. Scaled quail foods 

in southeastern New Mexico. J. Wildl. Manage. 39:496-502. 
Davfs, R.B., and C.K. Wiokkr. 1968. Brush vs. cleared range as deer habi- 

tat in southern Texas. J. Wildl. Manage. 32321-329. 
Germane, DJ. and C.R. Iiongarford. 19111. Reptile population changes 

with manipulation of Sonoran Desert shrub. Great Basin Nat. 41:129- 
138. 

Humphrey, R.R. 1958. The desert grassland-a history of vegetational 
changes and an analysis of causes. Univ. Ariz. Press, Tucson. 

Leopold, A. 1933. Game management. Charles Scribner’s Sons, New York. 
Martin, S. Clark. 1978. The Santa Rita Grazing System p. 573475. In: 

Hyder, D.N. (Ed.) Proc. First Int. Rangeland Congress, Sot. for Range 
Manage. 

Martin, S. Clark, and H.G. Reynolds. 1973. The Santa Rita Experimental 
Range: Your facility for research on semidesert ecosystems. J. Ariz. 
Acad. Sci. 856-67. 

McCormick, D.P. 1975. Effect of mesquite control on small game popu- 
lations. M.S. Thesis. Univ. Arizona, Tucson. 

McCuBoeb, C.Y. 1972. Deer foods and brush control in southern Arizona. 
J. Arizona Acad. Sci. 7:113-l 19. 

Parker, K.W., and S.C. Martin. 1952. The mesquite problem on southern 
Arizona ranges. USDA Circ. 980. 

Patton, D.R. 1975. A diversity index for quantifying habitat ?dge.” Wildl. 
Sot. Bull. 3~171-173. 

Rodgers, KJ. 1977. Seasonal movement of mule deer on the Santa Rita 
Experimental Range. M.S. Thesis. Univ. Arizona, Tucson. 

Wbitson, R.E., S.L. Beasom, and C.J. S&as. 1977. Economic evaluation 
of cattle and white-tailed deer responses to aerial spraying of mixed 
brush. J. Range Manage. 30~214-217. 

JOURNAL OF RANGE MANAGEMENT 36(3), May 1993 311 



Response of Selected Plant Species Seeded on 
Mule Deer Winter Range 
DONAVIN A. LECKENBY AND DALE E. TOWEILL 

Abstract 

A selection of 13 bunchgrasses, 4 legumes, and 2 shrubs were 
planted in 2 seasons in 5 plant communities within the sagebrush- 
bunchgrass and juniper zones of the Fort Rock mule herd winter 
range in south-central Oregon. Rate of establishment averaged 
3.9% for ail planted species, and it was generally dependent on 
seeding rate, season, and piant community. Standard crested 
wheatgrass, Siberian wheatgrass, smooth brome, hard fescue, and 
antelope bitterbrush established better when pianted in the fall. 
Intermediate wheatgrass, streambank wheatgrass, Ladak alfalfa, 
and hairy vetch established better when planted in the spring. 
From 31 to 3% of the piants of standard crested wheatgrass, 
Siberian wheatgrass, pubescent wheatgrass, hard fescue, and ante- 
lope bitterbrush survived to the sixth growing season. Standard 
crested wheatgrass, Siberian wheatgrass, and pubescent wheat- 
grass survived best in the juniper/big sagebrush-antelope bitter- 
brush community, but antelope bitterbrush survived at a slightly 
higher rate in the juniper/antelope bitterbrush-big sagebrush 
community. 

Shortages of forage for livestock and mule deer (Odocoileus 
hemionus hemionus) in eastern Oregon have increasingly resulted 
in cooperative programs between range and wildlife managers for 
range improvement (Game Division 1967, 1968, 1969). Involved 
agencies planned winter range rehabilitation projects relying on 
methods perfected in Utah (Plummer et al. 1968) for planting 
browse, forbs, and grasses. Seedings of exotic wheatgrasses (Agro- 
pyron cristatum, A. desertorum, A. sibericum) had been estab- 
lished locally in south-central Oregon and were grazed by mule 
deer (Leckenby 1968). Establishment of other grasses, forbs, and 
shrubs could provide a diversity of forage available in fall, winter, 
and spring, but the adaptability of such species to low-productivity 
sites in the sagebrush-bunchgrass and juniper zones was unknown. 
This study was the initial phase of a research project designed to 
help determine which species to plant and how to best design and 
implement rehabilitation of depleted winter ranges for benefit to 
mule deer. Seeds of 13 exotic grasses, 4 exotic legumes, 1 exotic 
shrub, and 1 native shrub were tested in 5 native plant communi- 
ties. Emergence and survival of species was documented for six 
growing seasons, 1969-1974. 

Study Area 

Test seeding plots were established within the Fort Rock mule 
deer winter range in Lake County, Oregon, at 121’ 07’ 30” west 
longitude and between 43O OTand 43” 15’north latitude, 3-10 km 
(2-6 mi) northwest of the settlement of Silver Lake. The climate 
was cool and semiarid to subhumid, with cold winters, warm 
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currently pursuing a Ph.D. in the Department of Fisheries and Wildlife, Oregon State 
University. We thank A.W. Adams, W.E. Olson, L.D. Corm, D.A. Koehler, R.W. 
Roberts, and B.T. Ferry of the Oregon Department of Fish and Wildlife for assistance 
during this study, and especially thank J.L. Schwendiman, both for providing mate- 
rials that were used in the plantings and for his suggestions on species to be tested. 

This research project is primarily financed by Federal Aid to Wildlife Restoration 
funds under P.R. Project W-MR. 

summers, and a short frost-free season (Hampton 1964, State 
Water Resources Board 1969, Pacific Northwest River Basins 
Commission 1969a and 1969b). Most of the annual precipitation 
which averaged 20-25 cm (8-10 in) occurred from November 
through June. Snowfall ranged from 63 to 127 cm (2550in); most 
fell in January (Pacific Northwest River Basins Commission 
1969~). Broad daily and annual ranges in temperature were com- 
mon, and there was a 50% probability of frost on or after 19 July 
and prior to 10 August annually (Eichhorn et al. 1961). 

The prominent shrub-steppe and juniper woodland associations 
were broadly correlated with soil and moisture conditions (Frank- 
lin and Dyrness 1973). Provisional vegetation types (plant com- 
munities) in this area have been identified by Schallig (1971) and 
were similar to those described by others for central and eastern 
Oregon and eastern Washington (Eckert 1958, Driscoll 1962 and 
1964, Dyrness and Youngberg 1966, Daubenmireand Daubenmire 
1968, Daubenmire 1970, Dealy 1971, Franklin and Dyrness 1973). 

The area was a winter range for muledeer of the Fort Rock herd. 
We estimated deer densities were between 27 and 43 deer/ kmz (70 
to 1 10/mi2). 

Methods 

Nineteen species of plants were selected for test seeding. Species 
selected, their scientific names, seed variety names, and seeding 
rates are shown in Table 1. Seeding rates employed (lb seed/acre) 
were usually increased above recommended seeding rates (Hafen- 
richter et al. 1968) to better control invading cheatgrass (Bromus 
tectorum) and rabbitbrush (Chrysothamnus spp.) and to minimize 
the time required to develop satisfactory stands (Hull and Klomp 
1967). 

Test plots were established in plant community stands common 
to mule deer winter range in south-central Oregon (see Schallig 
1971). Five plant communities were selected: (1) a silver sage- 
brush/ Newberry cinquefoil/Richardson’s muhly-Baltic rush- 
sedge (Artemisia canal Potentilla newberryi/Muhlenbergia 
richardsonis-Juncus balticus-Carex) community (hereafter 
referred to as a silver sagebrush basin), (2) a lanceleaf green 
rabbitbrush-mountain big sagebrush/ western needlegrass- 
bottlebrush squirreltail-cheatgrass brome (Chrysothamnus visci- 
diflorus lanceolatus-Artemisia tridentata vaseyana/Stipa 
occidentalis-Sitanion hystrix-Bromus tectorum) community 
(referred to as a green rabbitbrush-big sagebrush flat), (3) a western 
juniper/ mountain big sagebrush/ western needlegrass (Juniperus 
occidentalisl Artemisia tridentata vaseyana JStipa occidentalis) 
community (referred to as the juniper/ big sagebrush/ western nee- 
dlegrass community), (4) a western juniper/mountain big sage- 
brush-antelope bitterbrush/Thurber needlegrass-Idaho 
fescue-bottlebrush squirreltail-bearded bluebunch wheatgrass 
(Juniperus occidentalis/Artemisia tridentata vaseyana-Purshia 
tridentata/Stipa thurberiana-Festuca idahoensis-Sitanion 
hystrix-Agropyron spicatum) community (hereafter referred to as 
the juniper/ big sagebrush-antelope bitterbrush community), and 
(5) a western juniper/antelope bitterbrush-mountain big sage- 
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Table 1. Plant species, varieties, and seeding rates. 

Seeding rate 

Plant species Scientific name Variety’ lb/ acre Seeds per lineal foot 

Standard crested wheatgrass Agropyron desertorum Nordan 16 62 
Fairway crested wheatgrass Agropyron cristatum Fairway 16 10 
Tall wheatgrass Agropyron elongotum Alkar 18 31 
Intermediate wheatgrass Agropyron intermedium Greenar I8 40 
Streambank wheatgrass Agropyron riporium Sodar 20 15 
Siberian wheatgrass Agropyron sibiricum P-21 I6 88 
Pubescent wheatgrass Agropyron trichophorum Topar 24 48 
Smooth brome Bromus inermk Manchar I8 51 
Blue wildrye Elymus gloucus P-2662 20 58 
Russian wildrye Elymus junceus P-9012 16 60 
Hard fescue Festuca ovina duriusculo Durar 48 592 
Big bluegrass Poa ampla Sherman I6 308 
Indian ricegrass Oryzopsis hymenoides - 46 25 
Chickpea milkvetch Astrogolus cicer Cicar 25 80 
Alfalfa Medicago sotivo Ladak 30 148 
Sainfoin Onobrychis vicioefolia Onar 20 8 
Hairy vetch Vicia villosa - 45 20 
Fourwing sahbush Atripkx canescens - 30 36 
Antelope bitterbrush* Purshia tridentata - I2 5 

1Soecies are varietal names provided with seeds suoplied by J.L. Schwendiman, Plant Materials Specialist, USDASoilConservation Service, Plant Materials Center, Pullman, 
W&h. 
ZHand planted. 

. . - 

brush/ bearded bluebunch wheatgrass-Idaho fescue-Thurber nee- 
dlegrass (Juniperus occidentalis/Purshia tridentata-Artemisia 
tridentata vaseyana/Agropyron spicatum-Festuca idahoensis- 
Stipa thurberiana) community (referred to as the juniper/antelope 
bitterbrush-mountain big sagebrush community). Plant names fol- 
low Garrison et al. (1976). 

Five community stands selected on the Ward Lake study area 
were paired with similar community stands on the Nine Mile Ridge 
study area. Paired plant community stands were replications 
selected to be as similar as possible in terms of plant species 
composition, relative species abundance, elevation, and soil type. 

Raw data comprised the summed count of plants emerging or 
surviving in the two subplots within each treatment. Statistical 
analysis with the non-parametric Kruskal-Wallis one-way analysis 
of variance by ranks and the Wilcoxon matched-pairs signed-ranks 
test compared emergence, establishment, and survival of planted 
species by season of planting, fertilization treatment, plant com- 
munity, and replicate area (Siegel 1956). 

Results and Discussion 

Emergence 

A test plot was established within each of the 10 stands. Test 
plots measured 15.3 by 7.3 m (50 by 24 ft) and were fenced to 
prevent grazing by cattle (Bos taurus), black-tailed jackrabbits 
(Lepus californicus), or mountain cottontail rabbits (Sylvilagus 
nuttallii). Seedbeds were prepared by first removing all western 
juniper trees then by repeated raking with a spring-toothed harrow 
to a depth of approximately 20 cm (8 in), until the soil in each site 
was well tilled and no preexisting plants remained. (Juniper stumps 
and roots were not removed from the juniper/antelope 
bitterbrush-big sagebrush stands nor were these plots fenced.) In 
the spring, onequarter of each plot was treated with urea fertilizer 
(45% nitrogen) applied at a rate of 26 kg/ha (142 lb/acre), one- 
quarter was treated with a nitrogen-phosphorus-potassium(NPK) 
fertilizer (23% nitrogen) applied at a rate of 53 kg/ ha (287 lb/acre), 
and the remaining one-half of each plot was not fertilized. The rate 
of nitrogen application on both fertilized portions of each plot was 
12 kg/ ha (66 lb/acre). 

Emergence rates, calculated as the percentage of seeds planted 
which produced an emergent plant, in July 1969 varied from 13.9 
to 0.1% and averaged 4.7% for all species (Table 2). Emergence 
rates appeared dependent on seeding rate. 

Rate of emergence for the 7 wheatgrass varieties tested averaged 
5.2%, and ranged from 8.8% to 2.0% (Table 2). These rates were 
lower than those reported by Cook et al. (1967) for 4 wheatgrass 
species seeded in similar habitat in Utah. In that study, average 
emergence for crested wheatgrass was 4.1% (lower than the emer- 
gence rate for standard crested wheatgrass in this study, but higher 
than the rate of Fairway crested wheatgrass); emergence rates for 
tall wheatgrass, intermediate wheatgrass, and pubescent wheat- 
grass reported by them(9.5%, 10.5%, and 10.8%, respectively) were 
all higher than emergence rates recorded in this study. Similarly, 
Hull (1974) reported a July emergence rate for intermediate wheat- 
grass of 35.7%. 

Species were planted in particular communities according to 
their expected adaptability to the site indicated by a given plant 
community. All species except antelope bitterbrush were mechani- 
cally planted at a calibrated seeding rate (seeds per lineal foot) in 
rows 30.5 cm (1 ft) apart extending the full length of each plot. The 
legumes were mixed with their specific mycorrhizal innoculants 
during seeding. Antelope bitterbrush was hand planted at a depth 
of 2.5 cm (1 inch). One-half of each plot was seeded with its full 
complement of species in fall 1968; the remainder was seeded with 
the full complement of species in spring 1969. Each replicate plant 
community stand was seeded with the same species and at the same 
rate as its counterpart. 

Almost no emergence was recorded for big bluegrass or Indian 
ricegrass in this study. 

Sainfoin emerged at a higher rate than any of the other legumes 
tested (Table 2). 

Of the 2 shrub species tested, hand-planted antelope bitterbrush 
emerged at the highest rate recorded for any species tested (13.9%) 
while almost no emergence of fourwing saltbush occurred (0.2%). 

First-year Establishment 

All plants of the test species that emerged and survived in 2 
randomly selected 30.5 cm* (1 ft*) permanent subplots within each 
treatment were counted. 

Establishment at the end of the first growing season was gener- 
ally slightly lower than July emergence rates (Table 2) and aver- 
.aged 3.9% over all species. Frischknecht (1951) reported that 5-7% 
of the planted seeds produced established plants on a sagebrush 
site in Utah, and that 16-22% produced established plants on a 
mountain brush site. 

First-year establishment rates of pubescent wheatgrass, Siberian 
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Tabie 2. Overall rates of emergence in the first growing season (measured July 1%9), establishment in the first year (mexsured September 1969). and 
survivxi through the dxth year (measured September 1974) of each of the piant species and varieties tested, expressed as a percentage of seeds pin&. 

Plant species Variety Percent emergence Percent establishment Percent survival 

Standard crested wheatgrass Nordan 7.9 6.8 0.8 
Fairway crested wheatgrass Fairway 2.0 1.6 0.1 
Tall wheatgrass Alkar 2.5 1.2 
intermediate wheatgrass Greenar 5.8 4.8 0.2 
Streambank wheatgrass Sodar 3.7 2.6 - 
Siberian wheatgrass P-27 5.7 5.8 0.8 
Pubescent wheatgrass Topar 8.8 9.6 0.3 
Smooth brome Manchar 5.9 5.9 T’ 
Blue wildrye P-2662 2.4 1.5 T’ 
Russian wildrye P-9012 2.4 1.7 0.2 
Hard Fescue Durar 3.7 2.6 0. I 
Big bluegrass Sherman 0.1 T’ - 
Indian ricegrass - 0.3 - - 
Chickpea milkvetch Cicar 2.6 1.0 T’ 
Alfalfa Ladak 3.0 2.9 T’ 
Sainfoin Onar 11.8 4.0 - 
Hairy vetch - 7.3 7.5 - 
Fourwing saltbush - 0.2 0.3 
Antelope bitterbrush - 13.9 13.4 2.2 

‘Trace-less than or equal to 0.05%. 

wheatgrass, hairy vetch, and foutwing saltbush increased slightly 
above emergence rates calculated in July, perhaps due to later 
emergence or difficulty in counting small emergent plants. Chick- 
pea milkvetch and sainfoin declined dramatically in numbers 
between July and September. 

responded better to spring seeding. Establishment rates of Fairway 
crested wheatgrass, pubescent wheatgrass, blue wildrye, Russian 
wildrye, and chickpea milkvetch were not significantly different 
between seasons. 

Rate of establishment between replicates of the same plant 
community did not differ significantly for any species except Siber- 
ian wheatgrass. Siberian wheatgrass established at a greater rate 
@10.05) in the Nine Mile Ridge replicate of the juniper/ big sage- 
brush-antelope bitterbrush community than in the Ward Lake 
replicate. The same results were obtained in later treatments in the 
former area (Roberts 1975) and at Ward Lake (Leckenby and 
Toweill 1978). 

In the silver sagebrush basins, Fairway crested wheatgrass, inter- 
mediate wheatgrass, streambank wheatgrass, pubescent wheat- 
grass, alfalfa, and hairy vetch all established at greater rates than 
tall wheatgrass and chickpea milkvetch. These differences were not 
consistent with differences in seeding rate. 

Our findings compare with grass seeding result variations 
reported elsewhere. Standard crested wheatgrass responded best to 
fall planting in north-central Arizona (Lavin et al. 1973). Spring 
plantings of Fairway crested wheatgrass in Utah produced the 
greatest emergence rates (Cook et al. 1967), and crested wheatgrass 
responded most favorably to spring planting in Colorado, 
although fall seedings were frequently successful (McGinnies 
1960). Intermediate wheatgrass was found to emerge best when 
summer seeded in southeastern Idaho, although fall seedings were 
also successful (Hull 1948, 1974); Cook et al. (1967) reported that 
best results occurred when this species was spring seeded. Pubes- 
cent wheatgrass responded best to spring seeding in Utah (Cook et 
al. 1967). Russian wildrye did not respond significantly to either 
season of seeding in Utah (Drawe et al. 1975). 

On the green rabbitbrush-big sagebrush flats, alfalfa establish- 
ment in the first year was greater than that of any other species, 
while intermediate wheatgrass and hairy vetch establishment 
exceeded that of Fairway crested wheatgrass, tail wheatgrass, blue 
wildrye, chickpea milkvetch, and sainfoin. Streambank wheat- 
grass plants established in greater numbers than tall wheatgrass, 
chickpea miikvetch, and sainfoin. Differences in establishment 
during the first year were, again, not consistent with differences 
between seeding rates. 

Schwendiman (1955) recommended that mixtures containing 
legume seeds should be planted in spring, since fall-germinated 
legumes are more susceptible to freezing damage than are grasses. 
Of the 4 legumes tested in this study, alfalfa and hairy vetch 
responded best to spring seeding. 

In the juniper/ big sagebrush/ western needlegrass community, 
standard crested wheatgrass and Siberian wheatgrass established 
in greater numbers than any other species; establishment of blue 
wildrye exceeded Russian wildrye and smooth brome in this com- 
munity although their seeding rates were similar (Table 1 and 
Table 2). Sainfoin was the least successful species seeded on this 
site. 

Plummer et al. (1968) concluded that fall planting of most 
shrubs is beneficial in that it overcomes dormancy, promotes rapid 
spring growth through vernalization, results in larger seedlings 
able to respond to the earliest favorable spring conditions for 
growth, and effectively reduces seed loss to rodents. In our tests, 
antelope bitterbrush emerged best from fall plantings. Others 
reported that antelope bitterbrush responded better to spring seed- 
ing in northern California (Woolfolk 1959 and 1961, Hubbard 
1960, Hubbard and Sanderson 1961). 

Species tested in this study did not respond significantly to any 
of the fertilizer treatments. 

In the juniper/big sagebrush-antelope bitterbrush community, 
establishment of hard fescue exceeded that of all other species, 
while standard crested, Siberian, and pubescent wheatgrasses all 
established in significantly greater numbers than Russian wildrye. 
Alfalfa established” in significantly greater numbers than either 
chickpea miikvetch or sainfoin. 

Survival 

Establishment of most species tested was different between fall 
and spring plantings. Standard crested wheatgrass, Siberian 
wheatgrass, smooth brome, hard fescue, and antelope bitterbrush 
responded significantly better to fall seeding, whereas intermediate 
wheatgrass, streambank wheatgrass, alfalfa, and hairy vetch 

Only S of the 19 species tested survived to the sixth growing 
season. The numbers of the survivors-standard crested wheat- 
grass, Siberian wheatgrass, pubescent wheatgrass, hard fescue, and 
antelope bitterbrush-declined throughout the 6 growing seasons, 
although individual plants appeared well established. Standard 
crested wheatgrass, Siberian wheatgrass, and antelope bitterbrush 
survived in the greatest numbers- 13,3 1, and 1670, respectively, of 
the number of emergent plants. Corresponding figures were 3% for 
pubescent wheatgrass and 4% for hard fescue. 
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All of the above 5 species survived in the juniper/big sagebrush- 
antelope bitterbrush community. The wheatgrasses survived better 
in that community than in any other in which they were planted, 
but hard fescue was planted in no other community. Antelope 
bitterbrush survived at only a slightly higher rate in the unpro- 
tected juniper/antelope bitterbrush-big sagebrush stands and the 
shrubs were more intensively browsed there than those were in the 
fenced juniper/ big sagebrush-antelope bitterbrush stands. Aver- 
age sizes of shrubs were greater in the fenced plots than in the 
unfenced plots, 35 cm (14 inch) height and 25 cm (10 inch) crown 
diameter vs. 20 cm (8 inch) and 15 cm (6 inch), respectively. 

All legumes failed to survive despite innoculation with their 
species-specific mycorrhizae. Ladak alfalfa persisted the longest, 
lasting through the end of the third growing season. Chickpea 
milkvetch survived to the end of the second season, but hairy vetch 
(an annual) did not reseed and failed to survive beyond the first 
growing season. 

Tall wheatgrass, streambank wheatgrass, and big bluegrass did 
not survive beyond the second growing season. 

Three of the four grass species that persisted through the sixth 
growing season (standard crested wheatgrass, Siberian wheat- 
grass, and hard fescue) and antelope bitterbrush were among the 
species that emerged in significantly greater numbers when fall 
seeded. 

Conclusions 
Emergence rates of plant species tested in this study were 

dependent on seeding rates. Emergence averaged 8% of the seeding 
rate over all species, ranging from 0 to 4Oqe. Emergence rates did 
not differ significantly among plant community replicates, indicat- 
ing that the level of community identification was sufficiently 
precise to minimize site effects on emergence. Species emergence 
rates differed consistently between plant community treatments in 
each study area. 

Emergence rates for most species differed among seasons of 
planting. Most grasses responded best to fall seeding, legumes to 
spring seeding, and antelope bitterbrush to fall seeding. 

Emergence rates were not detectably affected by any of the 
fertilizer treatments tested. 

Only 5 of the 19 species tested survived through the sixth grow- 
ing season-standard crested wheatgrass, Siberian wheatgrass, 
pubescent wheatgrass, hard fescue, and antelope bitterbrush. Sur- 
vival was greatest in the juniper/ big sagebrush-antelope bitter- 
brush sites. Of the five surviving plant species, the best 4 had shown 
greater relative emergence from fall plantings than from spring 
plantings. 

Results of this study suggest that seed mixtures generally recom- 
mended and used in rehabilitation of sagebrush-bunchgrass and 
juniper winter ranges of mule deer establish stands of only exotic 
wheatgrasses. Results were similar for larger projects in such plant 
communities in eastern Oregon (Game Division 1968; Roberts 
1975a, 1975b; Leckenby and Toweill 1978). Unless benefits from 
short-term survival can be demonstrated, expense and planning 
required to include other grasses, forbs, and saltbush in range seed 
mixtures would be more effectively applied in evaluation of project 
benefits to livestock and wildlife. A diversity of seeded plants 
would likely provide succulent forage for longer periods during the 
livestock and deer use seasons, but survival from usually applied 
seed mixtures has not attained such a desirable objective. 
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Food Habits of Nilgai Antelope in Texas 
/ 

WILLIAM J. SHEFFIELD 

Abstract 

A Zyear food habit study of the nil@ antelope (Boswlaphus 
tragocamehs) and its forage selections compared with white-tailed 
deer (Odocoileus virginiamy) and cattle was conducted in south 
Texas. Rumen analyses of 79 nilgai and 40 deer, collected on 
various feeding sites, and bite studies on the same sites using two 
captive nilgai and a trained steer showed no significant difference 
(IQO.05) in forage classes taken between the 2 methods. Nilgai 
preferred to feed on large open areas interspersed with cover and 
ponded water. They were grazers, their average diet consisting of 
60% grasses, 25% forbs, and 15% browse. They aupmented the 
nutritive level of their basic diet by selecting nutritious plant parts 
and changing their selections as the parts appeared, waned, and 
fluctuated in quality with the seasons. When food was scarce, nilgai 
ate more browse, dead vegetation, and dry dung of large herbi- 
vores. The quality and quantity of their forage was within the levels 
published for cattle and North American big game. They main- 
tained a feeding role intermediate between cattle, which used 
mainly grass, and deer, which used forbs heavily. When food 
supply and variety was low, nilgai competed strongly with cattle 
for grass and deer for forbs. The 3 species seem compatible where 
there is good variety of browse and herbage, and control of their 
respective numbers. 

Nilgai antelope, native to India, are one of several species of big 
game exotics that have successfully established themselves as free- 
ranging animals in Texas (Ramsey 1969, Sheffield et al. 1971). 
Nilgai were released in this country without a preliminary investi- 
gation of their ecological compatibility. This study was done to 
learn of their food habits and of the feeding competition among 
nilgai, cattle, and white-tailed deer. It was conducted between 1969 
and 197 1 on King Ranch in south Texas, and is the first food habits 
study on nilgai in North America. No subsequent studies have been 
found in the literature. 

Study Area 

The largest population of nilgai in this country (about 4500 

Sincere appreciation is expressed for partial funding by the Caesar Klebcrg 
Research Program in Wildlife Ecology, Department of Wildlife and Fisheries Scien- 
ces, Texas A&M University, and to Dr. Jack M. Inglis, Department of Wildlife and 
Fisheries Sciences, and Dr. Fred E. Smeins, Department of Range Science, Texas 
A&M University, for comments on the manuscript. 

Manuscript received August IS, 198 1. 
‘Taxonomic nomenclature is according to Gould (1975). 

animals) exists on the Norias Division of King Ranch, where nilgai 
were released in the 1930’s. Norias is a 94,000-ha cattle ranch 
located in Kenedy County, Texas adjacent to Laguna Madre on 
the Gulf of Mexico (Fig. I). 

The topography is generally undulating with slopes varying 
from 0 to 15% (Franki 1960). Elevations range from flats 3 mabove 
sea level to sand dunes 21 m above sea level (U.S. Geological 
Survey 1952, 1956). Soils are infertile, droughty, weakly alkaline to 
slightly acid, underlain by firm or permeable clays, and have a low 
phosphorus content (Davis 1952, Reynolds et al. 1953, Gould 
1975). 

Climatological data (Long 1968; U.S. Weather Bureau 1969, 
1970, 1971) show that the region is semiarid with an average annual 
rainfall of 68 cm and an evaporation rate of 140 cm. The mean 
annual temperature is 23”C, with extremes of over 38°C during 
July and August and lows of -70 C during January. High afternoon 
winds occur most of the year. Frost-free days average 330 per year. 
Short seasonal droughts are common and prolonged droughts 
occur in the region. Heavy dews also occur and at times are the 
principal source of moisture. 

The Norias Division has live oak (Quercus virginiuna) forests 
interspersed with mesquite (Prosopis glandulosu) flats and small 
openings, oak mottes, solid mesquite stands, ephemeral ponds on 
brackish flats, natural openings, and rootplowed rangeland. Com- 
mon native grasses include species of Setaria, Panicum. Paspalum, 
and Aristida. Buffelgrass (Cenchrus ciliaris) and bermudagrass 
(Cynadon dactylon) are abundant introduced grasses. Moist sites 
have species of Carex, Cyperus, Spartina, and Juncus. Cacti 
(Opuntia spp.), croton (Croton spp.), and ragweed (Ambrosia 
psilostachyu) are prominent plants classified as forbs for this study. 

On the rootplowed land brushrows are spaced approximately I 
km apart and serve as shelter for livestock, feral hogs (Sus sp.) and 
wildlife such as the nilgai, white-tailed deer, collared peccary 
(Tayassu tajacu), coyote (Canis latrans), bobcat (Lynx rufu), and 
bobwhite quail (Colinus virginianus). Large numbers of shore- 
birds, wading birds and migratory waterfowl also frequent the 
area. 

Methods 

Study Area Location 
The population structure and ecological distribution of nilgai 

were determined by helicopter censuses and ground checks (Shef- 
field et al. 197 I). The study area was established on 16,000 ha in the 
southeast section of Norias encompassing the Cristal, Rosita, and 
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Fig. 1. Study area on the Nonm Division, King Ranch, Inc. 

southwest part of the Saltillo pastures, where nilgai were consist- 
ently high in number. 

Food Analyses 
Rumen analyses of wild nilgai and deer, bite studies with 2 

trained nilgai and a steer, and field observations were made to 
determine food habits. Nilgai were collected throughout the 2-year 
study. During the second year, a nilgai and deer were collected on 
each hunt. Seventy-nine nilgai and 40 deer were taken. The collec- 
tions were made weekly by shooting specimens with a high- 
powered rifle during their diurnal feedings. They were necropsied 
in the field for rumen analyses and related studies. The entire 
rumens were weighed, volumed, and 500 ml samples of their con- 
tent were frozen for composition and nutritional analyses. The 
point frame method was used for rumen analyses (Chamrad and 
Box 1964). The order of preference of bite study animals for plant 
species was calculated by a modification of the rumen analysis 
formula as follows: 

% bites per plant species X % freq. 
Preference indices = plant occurrence 

% available vegetation 
where, 

% Available vegetation = 
% of ground covered by 
plant species selected 

% available vegetation cover 

Each bite study animal was allowed to feed 1 hour in the same 
location and during the same time of day where each wild specimen 
had been feeding. 

Results from both the rumen analyses and bite studies were 
broken down for each collected specimen and study animal perfor- 
mance by animal species, sex, age class, feeding time, season, cover 
type; and vegetation class, species (when identifiable), and plant 
parts taken. 

Available Vegetation 
The percent of ground cover within reach of nilgai (up to 2.4 m 

high) provided by each plant species was measured by a technique 
modified from Daubenmire (1959). On each animal collection site 
20 plots 1 m*, spaced 20 m apart were surveyed from the spot of kill 
and backtracking along the specimen’s feeding route. Seasonal 
periods were defined as: spring(Mar.-May); summer (June-Aug.); 
fall (Sept.-Nov); and winter (Dec.-Feb.). 

Diet Quality 
The food selections of bite study animals were hand simulated. 

Hand picked components were kept separate by species and frozen 
in plastic bags until analyzed. The components were oven dried, at 
270 C for 24 to 48 hours, ground to powder in a laboratory mill, and 
combined by weight percentages according to the percentage com- 
position of the actual animal selections. 

Analyses were made of the levels of crude protein, calcium, 
phosphorus, moisture (following the procedures of the AOAC 
1970) and cell wall (Van Soest and Wine 1967) in hand simulated 
diets and rumen samples. The levels were compared with levels 
published for certain big game and cattle as an index of the quality 
of diet maintained by nilgai. 

Diet Quantity 
The amount of forage nilgai removed from the range daily was 

estimated based on the dry weight of rumen ingesta, number of 
feedings in 24 hours, and an allowance for rate of passage of ingesta 
from the rumen. The estimate was made for each age and sex 
classes. A passage rate was extrapolated from Mautz and Petrides 
(197 1). The number and population structure of nilgai was derived 
from the census mentioned earlier. The formula used for calculat- 
ing quantity was: 

kg D.W. 
forage = kg D.W. ingesta x No. daily x % fresh 
daily per class animal feedings ingesta 

Results and Discussion 

Preferred Feeding Range 
The rootplowed zones with scattered ponds and cover were the 

preferred feeding range for nilgai. Nilgai used ponds for drinking 
and fed on plants that the pond water was sustained. The principal 
source of browse Norias nilgai consumed came from edges and 
woody patches associated with rootplowed areas. 

The large woodland areas lacked successional stages of vegeta- 
tion provided the quantity and diversity nilgai prefer, and lacked 
sufficiently large openings for long distance visibility and easy 
flight. Dinerstein (1979) found that nilgai in Nepal preferred sub- 
climax habitat with vegetation in middle successional stages. They 
spent much of their time on open short grassland/savanna rather 
than in the contiguous tall grass-rivering forests where visibility 
was poorer, escape more difficult, and predators numerous. This 
was comparable to nilgai use of rootplowed and woodland areas 
on Norias. 

Table 1. Percentages of forage classes consumed by nilgail, deer, and a 
steer, Norim Division, Kiig Ranch, Texas. 

Class 

Nilgai Deer Steer 
Rumen Bite rumen bite 

analysis (1) study (2) analysis (3) study (4) 

Grasses 60 65 23 
Forbs 25 26 60 
Browse 6 6 13 
Mesquite beans 9 3 4 

‘Wild nilgai = mnen analysis; trained nilgai = bite study. 
1 vs. 2 No significant difference (130.05). 
1 vs. 3 Significant difference (KO.01). 
I vs. 4 Significant differences (IyO.01). 

95 
3 
1 
1 
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Table 2. Percentages of forage classes consumed by nil@ by sex and age classes, Norias Division, Khg Rmcb.1 

Nilgai Grasses 

Adult males (I)2 60 
Subaduh males (2) 57 
Trained male calf (3) 52 

Adult females (4) 54 
Subaduh females (5) 68 
Trained subadult female (6) 71 

‘Percentages for trained nilgai determined by bite studies; 
ZPercentages for wild nilgai determined by rumen analysis. 
I vs. 3 Significant difference (x~,p<O.Ol). 
I vs. 4 Significant difference (x~.p<O.Ol). 
4 vs. 6 Significant difference (x’.p<O.Ol). 
2 vs. 5 No Significant difference (x’*p>O.O5). 
3 vs. 6 Significant difference (x~,p<O.Ol). 

Percent of forage classes 

Forbs Browse 

27 4 
30 5 
33 14 

23 II 
21 3 
24 4 

Mesquite beans 

9 
8 
1 

12 
8 
1 

Food Habits 
Of 265 plant species encountered 84 species were grasses, 166 

forbs, and 15 browse. Nilgai used 167 species: 66 grass, 89 forb, and 
12 browse. Herbage was 85% (60% grasses, 25% forbs) of their diet 
(Table 1). Although nilgai did not use browse heavily (except 
mesquite beans used heavily when available), their seasonal use of 
certain browse was significant. 

The greatest difference in selections between wild and the trained 
nilgai was greater use by wildings of mesquite beans and other 
items that require searching. The trained animals used less of these 
items perhaps because they had adequate nutrients in their artifi- 
cial feed, were not as free to move about while feeding, and were 
not as experienced as wild feeders at finding specialty items. Never- 
theless, the wild and trained nilgai fed similarly (Table 1). Buechner 
(1950) and Wallmo (1951) working with trained pronghoms 
(Antilocapra americana), and McMahan( 1964), Watts (1964), and 
Wallmo and Neff (1970) working with white-tailed deer, found that 
study animals selected plants similar to those selected by their wild 
counterparts. 

Adult female nilgai consumed less grass than adult males and 
subadults consumed more forbs than adults (Table 2). On an 
annual basis, the trained nilgai used 13 plant species to a high 
degree, 56 moderately, 98 lightly, and another 98 not at all (Table 
3). The difference in amount and kind of food selected during 
morning and evening feedings was not significant (DO.05). Her- 
bage consumed during morning feedings provided more moisture 
because of usual heavy morning dew. 

Seasonal Selections 
Spring 

The greatest amount of nutritious growth for the year occurred 
in spring. Herbage sprouts, inflorescences and fruits were 43% of 
the nilgai diet. Nilgai made heaviest use of grass in spring when 
their diet was 74% grass, 21% forbs, and 570 browse (Fig. 2). 

Fig. 2. Seosonol ovoilobility ond nilgoi dietary percentages of forage 
classes; nilgoi supplements by principal periods of use; rmd generol 
phenologicol condition of foroge, Norios Division, King Ranch. 

Table 3. Plant species used by trained nilgai on feeding sites from whib wild nilgai were collected, Norias Division, King Ranch. 

Degree of use’ 

High 
Moderate 
Low 
Not used 

Total encountered 

Summer Fall 
Mr F3 M’ F 

- 6 7 6 
- 34 20 30 
- 89 58 74 
- 22 67 42 

151 152 

Number of species used 

Winter_ 
M F 

8 4 
25 23 
30 47 
62 51 

125 

Spring Annually 
M F M&F 

10 10 13 
31 36 56 
53 66 98 
53 35 98 

147 267 

‘High - 3% or more of feeding selections. 
Moderate - I to 3% of feeding selections. 
Low - Trace to 1% of feeding selections. 

2Not in use during this period. 
3F - Trained female nilgai. 
*N - Trained male nilgai calf. 
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Summer 
Early summer had the greatest abundance and variety of vegeta- 

tion for the year and nilgai diets became more varied. By mid- 
summer, however, grazing pressure and hot, dry weather reduced 
the quantity and quality of herbaceous forage. Mesquite beans 
became available in June were heavily used by midsummer and 
constituted 23% of the overall summer diet. Available ground 
cover dropped from 89% (early summer) to 67% (late summer). 
From June through September nilgai made substantial use of seeds 
including those of mesquite, partridgepea (Cussiu fusciculutu), 
crotons, and nightshades (So/unum spp.). Summer diets became 
high in mature stems and leaves. Diets were 48% grasses, 26% 
forbs, 3% browse foliage, and 23% mesquite beans (Fig. 2). 

Fall 
In autumn, just before late season rains, the abundance and 

quality of grasses were lower than during any period except late 
winter. Mesquite beans remained a major dietary supplement 
(11%) until mid-September, then diminished. Available herbage 
was mainly the lower portions of leaves and stems, which became 
94% of plant parts eaten. When autumn rains induced a flush of 
herbaceous growth, nilgai resumed heavy use of upper parts of 
vegetation. Their overall fall diet was 55, 31, and 14% grasses, 
forbs, and browse (mesquite beans 1 l%, foliage 3%). 

Winter 
By midwinter ground cover dropped to 59%. The composition of 

winter diets was 60,28, and 12% grasses, forbs and browse, respec- 

MALE NILGAI 

AVAILABLE HERBAGE 
45r 

35 - 
i 

25 

0 

FEMALE NILGAI 

200 

BREEDING 

MAR MAY JUL SEP NOV JAN 

APA JUN AUG OCT DEC FEB 

Fig. 3. Average live weight of adult nilgai specimens compared with per- 
cent available herbage. Norias Division, King Ranch. Because of preg- 
nancy, June-Aug. weight of females was not suppressed. 

tively. Sixty percent of plant parts taken were lower portions of 
leaves and stems (Fig. 2). 

Despite the waning of green herbage, Punicum. Puspulum. Eleo- 
charis, and Cyperus remained green throughout winter around 
ephemeral ponds where surface water gradually evaporated. Pond- 
site herbs made an important contribution to the supplementary 
items in winter diets. 

Nilgai displayed poorer body condition in late winter than dur- 
ing other seasons. Increased breeding activity, colder tempera- 
tures, and a decline in the quality and quantity of food contributed 
to their poor condition. The weights of adult males correlated 
stgmfrcantly @=0.05; rE0.345) with herbage availability alone. 
Weights of adult females did not correlate significantly @=0.051; 
~0.229) with available herbage because their weight fluctuations 
were influenced by pregnancy (Fig. 3). 

Diet Quality 
Simulated diets based on performances of the trained male nilgai 

calf revealed higher levels of crude protein, calcium, phosphorus, 
and moisture, and lower cell wall content than simulations based 
on the trained female nilgai or steer’s performances (Fig. 4,5). The 
more nutritious diet of the nilgai calf resulted from greater use of 
forbs and browse and less grass than the female or steer. The 
female’s diet was more closely comparable to the average diet of 
wild nilgai (Tables 1, 2). 

Crude Protein 
Simulated diets contained a high of 15.6% crude protein in 

spring to lows in late spring and winter of 7.5% (average 10%). 
Crude protein averaged 9% in rumen samples from 12 wild speci- 
mens collected throughout an annual cycle. Based on the findings 
from studies of steers by Cable and Shumway (1965), rumen 
samples were expected to test higher in protein than simulated 
diets.. Higher protein levels in the simulated diets may have resulted 
from the young trained nilgai selecting higher quality diets than the 
older wild specimens. Younger nilgai (both wild and trained) gen- 
erally selected a higher percentage of more nutritious forage than 
older nilgai (Table 2). Simulated diets of the male calf, 10 months 
younger than the female, averaged 10.9% crude protein compared 
to 9.2% for the female’s diet. The highest crude protein level for 
trained nilgai (15.6%) was within the range of 13-16ssuggested by 

PROTEIN 
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15 
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Fig. 4. Nutritional levels in hand simulations of diets selected by 2 trained 
nilgai and a steer, Norias Division, King Ranch. The nutritional levels 
compared to levelspubhshedfor certain big game cattle (1 = French et al. 
1955; 2 = Diets 1965; 3 = Magruder 1957). 
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Fig. 5. revels of cell waN and moisture in hand simulations ofdiet selected 
by 2 trained nilgai and a steer, Norias Division. King Ranch. 

French et al. (1956) for optimum growth of deer. The low for 
trained nilgai (7.9%) was within the maintenance range of 
5.9-13.9% for various classes of beef cattle (NAS-NRC 1970) and 
above the minimum of 67% for white-tailed deer (French et al. 
1956, Dietz 1965) (Fig. 4). 

Calcium 
Simulated diets of the male nilgai calf ranged form 0.36% cal- 

cium in October to 1.04% calcium in April and November. The 
average amount of calcium was higher in simulations of the calf’s 
diet than the older trained female (Fig. 4). The low level was above 
the 0.18% suggested for growth and maintenance of young bulls 
(NAS-NRC 1970). The range obtained from simulated nilgai diets 
overlapped the 0.30-0.64% range for deer (French et al. 1956, 
Magruder et al. 1957). 

Phosphorus 
The soils of Norias are deficient in phosphorus (Reynolds et al. 

1953). Phosphorus reached its highest level in simulated fall diets 
of the trained calf (0.25%). Levels in simulations for both trained 
nilgai (0.10-0.25%) were lower than the range (0.25-0.56%) sug- 
gested for deer (Magruder et al. 1957) and averaged lower (0.15%) 
than suggested for growing beef bulls (0.18%) (NAS-NRC 1970). 

Calcium-phosphorus ratios in simulated diets of trained nilgai 
ranged from 1.4: 1 to 8: 1 and average 4.5: 1. Rumen samples from 
wild nilgai had more divergent ratios (2: 1 to 11: I), but their average 
(2.6: 1) was more desirable than the average of simulated diets. The 
ratios in prominent forage species tested during this study were as 
divergent as 14:l. 

Calcium is said to interfere with the metabolism of phosphorus 
when the Ca:P ratio is greater than 5: 1 (Dietz et al. 1962, Umesset 
al. 1971). Of the approximately 100 nilgai necropsied or immobil- 
ized and examined, few had visible abnormalities attributable to 
mineral deficiencies or imbalance. The animals may have obtained 
minerals around the mineral feeding stations located at water wells 
and other sites. 

Cable and Shumway (1965) concluded that measurement of 
nutrition in clipped diets of steers was suitable for an indiction of 
the quality of range forage, but was not suitable for determining 
nutritional levels maintained by range animals. On ranges such as 
Norias, where animals have access to supplementary minerals, 
simulations may be no less reliable than in vivo indices of mineral 
levels that wild animals maintain. Close comparison between 
nutritional levels in simulated diets of nilgai and published levels 
for game animals and cattle indicated the levels estimated were a 
useful approximation of the relative diet quality among the classes 
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Diet Quantity 
The dry weight rumen contents of nilgai specimens averaged 2.1, 

1.8, and 1.0 kg for males, females, and subadults, respectively 
(Table 4). From day and night field observations nilgai were 
assigned 3 daily feeding periods. They had 2 diurnal feedings which 
lasted 4 to 5 hr with prime times between 630-1030 hrs. and 
1700-1900 hr. Nocturnal feeding appeared casual and was equated 
to one diurnal feeding to give the 3 feeding periods. An average 
elapsed time between feedings was estimated to be 7-l / 2 hr. Con- 
sidering elapsed time and 10 hr passage time of insesta from one 
feeding through the rumen, 75% of rumen contents of collected 
specimens was attributed to one feeding. 

Table 4. Number of nilgai and average weight of rumen contents by sex 
and age class, Norins Division, King Ranch, Texas. 

Average kg weight 
rumen contents* 

Animal class Number’ Green 

Adult males 869 35 
Adult females 876 27 
All subadults 404 15 

‘Based upon 1970 census (Sheffield et al. I WI). 
%dicated by measurements of 79 nilgai collected. 

Air dry 

2.1 
1.8 
1.0 

The above figures applied to the formula cited under Methods 
gave an estimate of 4.7,4.0, and 2.3 kgdry-weight forage consumed 
daily by male, female, and subadult nilgai, respectively. The aver- 
age daily quantity an individual nilgai consumed was 4 kg. The 
percentage of forage classes in nilgai rumen samples (Table 1) 
multiplied by the 4 kg quantity, gave a daily average for individuals 
of 2.4, 1.0, and 0.6 kg of grass, forbs, and browse, respectively. The 
average daily quantity per animal class times the number of indi- 
viduals per class, products summer, gave an estimate of 8,5 18 kg 
dry-weight forage removed from the range daily by the Norias 
nilgai herd. Halls (1970) reported that dry-weight forage consumed 
daily by big game animals and livestock is roughly 2 to 5% of their 
live weight. Calculations using 2%, produced forage weight com- 
parable to figures obtained for nilgai (i.e., 214 kg avg. wt nilgai 
specimens X 2% + 4.3 kg, compared to 4.7 and 4.0 kg, estimated 
for adult male and female nilgai based on data from this study). 

Feeding Comparisons 
Nilgai vs. Deer 

Herbaceous forage was preferred by nilgai and deer (Table 1). 
Nilgai preferred grass (60%) and deer preferred forbs (60%). Both 
species used mesquite beans heavily but nilgai used slightly more 
(9%) than deer (4%). Deer used a greater variety of nutritious 
supplements than nilgai and did not rely as heavily on any one 
item. Rumens of deer had supplementary items such as mush- 
rooms, lichens, ball mosses (Tillundsia spp.) and tasajillo fruit 
(Opuntia leptocaulis). Fewer of those items were found in nilgai 
rumens and the trained nilgai occasionally selected them. Species 
prominent in the diet of deer and not nilgai were copperleaf(Acaly- 
pha radians), phlox (Phlox, spp.), herbaceous mimosa (Mimosa 
strigillosa), sensitivebriar (Schrankia latidens), pricklypear, tasa- 
jillo, and lime pricklyash (Zunthoxylum fugara). 

When Davis (1951, 1952) studied deer on Norias the nilgai 
population was small and there was more brushland than during 
this study. He found the order of food preference for deer was 
browse, forbs, and grass, respectively. Subsequently, large areas of 
Norias were rootplowed and there was a concomitant increase in 
the nilgai population. Deer became predominately grazers conse- 
quently their food habits became more convergent with nilgai and 
cattle. It cannot be affirmed that competition between nilgai and 
deer would have been greater today had rootplowing not been 
done. Nilgai gave evidence of an ability to use browse heavily when 
more preferred foods were unavailable. It is felt, however, that an 
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important factor contributing to the increase in nilgai was the 
conversion from brush to grassland by rootplowing. 

Adaptive and physical differences among nilgai and deer influ- 
ence their ability to compete for food. The Larger nilgai can reach 
higher than deer for food so they have a deeper vertical food 
stratum then deer or Santa Gertrudis cattle. Where substantial 
fences such as the 1.5 meter-high net wire fences on Norias bisect 
range shared by nilgai and deer, deer have a greater horizontal 
stratum because, unlike the less agile nilgai, deer can easily nego- 
tiate the fences. 

The daily amount of air dry forage consumed by a Norias deer 
(1.3 kg) and percentages of forage classes in deer rumen samples 
provided a daily breakdown for deer of 0.3,0.8, and 0.2 kg of grass, 
forbs, and browse, respectively. By comparison, a nilgai consumes 
2.4, 1.0, and 0.6 kg of grass, forbs, and browse (Table 5). 

Table 5. Annual percentage and daily quantity of forage CIPSWS consumed 
by 3 Speck’ Of animals studied, Noriu Division, King Ranch, Texm. 

Santa Gertrudisj 

Forage Nilgai Deer cattle 

class % kg2 % kg % kg 

Grass 60 2.4 23 0.3 95 8.5 
Forbs 25 1.0 60 0.8 3 0.3 
Browse4 I5 0.6 17 0.2 2 0.2 

Total 100 4.0 100 I.3 100 9.0 

‘Average value per individual animal. 
‘Forage air dry. 
‘Percent derived from feeding performance of a study steer. Total quantity 
derived from studies underway on Santa Ciertrudis cattle in south Texas 
(M.M. Kothmann pers. comm.). 
‘All browse components combined. 

Nilgai vs. Cattle 
Throughout the year, the study steer ate grass almost exclu- 

sively. It was less selective of plant species and parts than nilgai and 
appeared more concerned with quantity of intake. It took an 
average of I, 133 bites per hour while feeding compared to 528 bites 
for the female nilgai and 264 bites for the male nilgai calf. 

During periods of satisfactory range conditions competition 
between nilgai and cattle for grass was not severe because of the 
high diversity and amount of grass. Also, their selections of grass 
did not exactly coincide. They competed strongly, however, for the 
limited grass available during seasonal lows and droughts. 
Interspecific Competition 

The greatest feeding competition occurred between nilgai and 
cattle for grass, nilgai and deer for forbs, and among all 3 species 
for browse seed (Table 6). Although forbs constituted a higher 
percentage of the deer diet than nilgai or cattle diets, the absolute 
intake of forbs by the latter two species rivaled that of deer. Nilgai 
actually consumed more forbs than deer (Table 5). The fact that 
deer relied on high quality forb parts more than high quantity 
intake mitigated the interspecific competition. 

There was strong competition for mesquite beans, perhaps 
acorns (not available during this study), and other seeds. Low 
percentages of browse foliage consumed by each of the animal 
classes and good diversity and quantity of browse year round, 
mitigated nilgaideer-cattle competition for browse. Deer main- 
tained higher dietary percentage of browse, nilgai greater absolute 
quantity of intake, and cattle an equivalent quantity of browse 
intake to deer (Table 5). 

The importance of, and competition for forage classes among 
the animal species was reflected by their quantity of use equival- 
ents. Santa Gertrudis cattle/ white-tailed deer equivalents on 
Norias were developed by Davis (1952). He considered the sea- 
sonal variations in quantity of use of browse, herbs (forbs), and 
grasses by cattle and deer, and calculated that, on the average, 13 
deer (45 kg wt) ate as much as one steer (454 kg wt) on a reciprocal 
forage use basis. This study indicated that equivalent amounts of 

JOURNAL OF RANGE MANAGEMENT 36(3), May 1993 

Table 6. Preferred forage species of nilgai,’ with competition for species 
among nilpi,* deer3 and cattle’ designated by seasons, Nor& Division, 
King Ranch. 

Grasses: 
Paspalum spp. 
Setaria spp. 
Cenchrus spp. 
Eragrostis spp. 
Panicum spp. 
Andropogon spp. 
Vaseyochloa multinervosa 
Aristida spp. 
Bothriochloa ischaemum 
Leptochloa spp. 
Dichanthium annulatum 
Sporobolus spp. 
Cynodon dactylon 
Distichlis spicata 

Sedges: 
Eleocharis spp. 
Cyperus spp. 

Forbs: 
Cassia fasciculaia 
Rhynchosia spp. 
Sida spinosa 
Clematis drummondii 
Solanum spp. 
Croton spp. 
Gailardia pulchella 
Commelina erecta 
Phyla incisa 
Coreopsis spp. 

Browse: 
Lycium berlandieri 
Prospopis glandulosa 
Celtis pallaida 
Quercus virginiana 
Condalia obovata 

NDC6 
ND 
NC 
NC 
ND 
NC 
NC 
NC 
NC 

NC 
NC 
NC 

ND 
ND 

ND 
ND 

ND 
ND 
ND 

ND 
NDC 

ND 
NDC 
ND 
ND 
ND 

NDC 
ND 
NC 
NC 
NC 
NC 

NC 

NC 
NC 
N 
NC 
NC 

ND 
ND 

NDC 
NDC 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NDC 
ND 
ND 
ND 

NDC 
ND 
NC 
NC 

NC 
NC 
ND 
NC 
NC 
NC 
NC 
NC 
NC 

ND 
ND 

NDC 
ND 

ND 
ND 

ND 
ND 
ND 

NDC 
ND 
ND 
ND 

NDC 
NIX 

NC 
ND 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

ND 
ND 

ND 

ND 
ND 

ND 

ND 
ND 
ND 

‘Order of preference of nilgai by forage classes. 
2Determined by bite studies with two trained nilgai and identifiable plant parts in 
rumen samples. 
‘Determined by identifiable plant parts in rumen samples. 
*Determined by bite studies with a study steer. 
‘Plant names are according to Gould 1975. 
6N-nilgai; Ddeer; C-cattle. 

grass were consumed by 1 Santa Gertrudis, 3.5 nilgai, or 28 deer; 
forbs by 1 nilgai, 1.3 deer, or 3.3 Santa Gertrudis; and browse by 1 
nilgai, 3 deer, or 3 Santa Gertrudis. 

Summary and Conclusions 
Norias nilgai are grazers, and eat grasses, forbs, and browse in 

that order. The quantity and quality of forage available strongly 
influences their food selections. Browse is important to nilgai as 
supplementary food. They meet their nutritional requirements by 
selecting nutritious plant parts and changing their selections as 
dietary items appear, wane, and fluctuate in quality throughout the 
year. 

Nilgai, deer, and cattle differ in their preference for forage 
classes, plant species, and plant parts, although there is overlap. 
Differences can be related to size and metabolic rates of the anim- 
als as theorized by Bell (1972). Noris cattle, largest of the species 
studied, select the lowest quality, but ingest the highest quantity of 
food. Grass was their basic diet and they appeared better able to 
sustain themselves on grass than nilgai or deer. Nilgai, interme- 
diate in size between cattle and deer, made heavy use of grass and 
could compete strongly with cattle. Nilgai, however, required a 
more nutritious diet than cattle and consumed a higher percentage 
of forbs and browse. Deer, smallest of the study species, required 
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the least quantity but high quality of food. They consumed the 
highest percentage of forbs and browse and lowest percentage of 
grass. 

The large variety and quantity of herbage is a buffer against 
strong feeding competition, and nilgai, deer, and cattle maintain 
compatible feeding roles under satisfactory range conditions. 
Strong feeding competition among them arises when the variety 
and quantity of herbage diminishes during seasonal vegetation 
lows and drought. At those times, their adaptive and physical 
differences and range management play important roles in their 
ability to compete for food. 

The larger, less agile cattle are more adapted to processing large 
quantities of easily obtainable food, and they are less selective. 
Nilgai, smaller and more agile than the cattle, are better adapted 
for selective feeding. The still smaller, more agile deer are better 
adapted for selective feeding than nilgai or cattle, and fences are 
not a barrier to their feeding range. Under stressed range condi- 
tions cattle must rely on management, nilgai on their feeding 
versatility and an aerial food strata only they can reach, and deer 
on their ability to select sequestered food items and survive on 
lower quantities. 

In the absence of current data applicable to Norias that provide 
substitution rates for dominant range herbivores, a cursory guide 
of 1328 for cattle, nilgai and deer, respectively, might be consi- 
dered. The numbers are not reciprocal and are based only on an 
estimate of the equivalent use of grass (the staple food of cattle). 
Similarly, one nilgai may supplant 1.3 deer based only on their use 
of forbs (the staple food of deer). 
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Fistula Sample Numbers Required to Deter- 
mine Cattle Diets on Forest and Grassland 
Ranges 
J.L. HOLECHEK AND M. VAVRA 

Abstract 

The variation among esophageal fiituiated (EF) cattle in diet 
nutritive content and botanical composition selection was evalu- 
ated on forest and grassland range in the Blue Mountahts of 
eastern Oregon during the summer of 1976. Botanical composition 
of diet samples was determined with microhistological analysis. 
Nutritive value was evahtated by analyses for crude protein, acid 
detergent fiber, permanganate iignin, and in vitro organic matter 
digestibility. Four collections were made from 4 EF heifers during 
each of 4 2&day periods on each vegetation type. Collections were 
alternated between morning and afternoon on each vegetation 
type. EF cattle selected diets of different (X.05) botanical compo- 
sition and nutritive quality in the early morning compared with the 
late afternoon. They grazed open grassland areas in the morning 
and shaded areas in the afternoon. Several more EF cattle and 
collections were required to determine diet botanical composition 
than nutritive quality on both the forest and grassland. A min- 
imum of 4 EF cattle and 4 collections were needed to adequately 
sample diet nutritive characteristics on the grassland and forest 
pastures. The data indicated collections should be rotated between 
morning and afternoon on ranges supporting a mosaic of grassland 
and forest plant communities. 

Studies relating cattle diet nutritive content and botanical com- 
position have been reported for most grassland. range types in the 
United States (Theurer et al. 1976), but data on forest ranges are 
still lacking. With the expected increased demand on forest ranges 
in the West for 180 million more animal-unit-months of grazing 
per year by the year 2000 (Forest and Range Task Force, 1972), 
research concerning livestock production on forest lands should be 
intensified. Guidelines for data accumulation need to be deve- 
loped. In recent years, most of the research evaluating livestock 
diet botanical composition on rangeland has been conducted with 
esophageal fistulated animals. However, the number of samples 
required to estimate dietary components has not been established 
on all ranges types. Van Dyne and Heady (i965a) reported that 3 to 
4 cattle or sheep would sample most dietary chemical constituents 
with 90% confidence within lOYe of the mean on California annual 
grassland range. Other studies on different grassland ranges have 
shown similar results (Obioha et al. 1970, Wallace and Van Dyne 
1970, Rosiere et al. 1975a). More animals are required to evaluate 
diet botanical composition than nutritive content (Van Dyne and 
Heady 1965a,b). This study determined the number of esophageal 
fistula samples required to evaluate cattle diet botanical composi- 
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tion on forest and adjacent grassland range in northeastern Oregon 
in 1976. The influence of collection time on results was also 
evaluated. 

Methods 

Grazing was conducted on one forest and one grassland pasture 
at the Starky Experimental Range and Forest in northeastern 
Oregon in 1976. Pastures were delineated so that approximately 
the same amount of forage was available on each. Details of 
experimental pastures and climate were reported by Holechek 
(1980), Holechek et al. (1981), and Holechek et al. (1982a,b). Both 
the forest and grassland pastures were stocked with 26 yearling 
cattle. Four of the 26 cattle on each pasture were esophageal 
fistulated. The 8 (EF) animals (4 on each pasture) grazed continu- 
ously on each pasture throughout the grazing season, which was 
divided into 4 periods: late spring (June 20 to July 18) early 
summer (July 19 to Aug. 15), late summer (Aug. 16 to Sept. 12), 
and fall (Sept. 13 to Oct. IO). Four sample collections from each EF 
heifer were taken on each pasture during each period. 

The sampling scheme involved taking one early morning and 
one late afternoon collection from each pasture within the same 
week on a biweekly basis throughout the grazing season. Proce- 
dures for morning collections involved penning animals in late 
afternoon and initiation of collection the following morning at 
0730 hours. For afternoon collections animals were penned at 
mid-afternoon and collections were initiated at 1630 hours. 
Penned animals were provided with water. The collection proce- 
dure involved slowly moving the EF heifers through each pasture 
until they started to graze and then allowing them to graze freely 
until at least a i-kg grazed forage sample was acquired. Areas 
selected for collections were based on recent observation of grazing 
activity. A total of 4 samples were collected from each heifer on 
each pasture for each period. 

Fistula samples were collected with screened bottom bags, fro- 
zen immediately after collection, later dried in a forced air oven at 
400 C for 7 days and then ground through a i-mm screen. Crude 
protein was determined by AOAC (1975) methods. Acid detergent 
fiber and permanganate lignin were determined by the techniques 
of Van Soest and Wine (1968) using the micro procedure of Hole- 
chek and Vavra (1983). In vitro digestibility was determined by the 
technique of Tilley and Terry (1963) as modified by Vavra et al. 
(1973). All diet quality data were converted to an organic matter 
basis for statistical evaluation. Data on trends in diet quality and 
livestock performance on the forest and grassland in 1976, 1977, 
and 1978 are given in Holechek et al. (198 1). Diet botanical compo- 
sition data for the same 3 years are given in Holechek et al. (1982a) 
for the grassland and Holechek et al. (1982b) for the forest. 

The microhistological technique of Sparks and Malechek (1968) 
was used in botanical analysis of diet samples. Twenty microscope 
fields were examined at 100 X on each of 3 slides for each diet 
sample. 
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Differences in botanical and chemical composition of livestock 
diets between morning and afternoon within the forest and grass- 
land pastures were evaluated using analysis of variance. The 
number of diet samples required for a given precision level in each 
vegetation type for each period was calculated using the formula of 
Stein (1945): 

N = (t*) (s*) 
d2 

In this formula N is the computed sample size, I is the tabulated 
value for the desired confidence level and the degrees of freedom of 
the initial sample, d is the half-width of the desired confidence 
interval, and sr is the variance of the initial sample (Steel and 
Torrie 1960). Sums of squares associated with heifers and collec- 
tions for each period were partitioned using a completely random- 
ized analysis of variance. Heifer and collection variances were then 
calculated by the formula of Steel and Torrie (1960): 

si s2 
S&l=_” +“- 

mm nl 

In this formula S&, represents the minimum variance, nr repres- 
ents the number of heifers (4), m represents the number of collec- 
tions (4), s& is the sum of squares for heifers, and sb is the sum of 
squares for collections. The minimum variance (.S$,,) was used as 
the variance ($2) in Stein’s (1945) formula to estimate the total 
sample size; the variance for heifers @l/m) was used to estimate the 
number of heifers required; and the variance for collections 
(s&/nlm) was used to estimate the number of collections required. 
This procedure made it possible to determine the optimal number 
of individual cattle and collections needed for determinations of 
diet botanical composition and nutritive components on each 
vegetative type. Because of the small sample size (4 collections), 
collection variances were not further partitioned into variances 
associated with time of day. 

Results and Discussion 
Cattle diet botanical composition on the 2 vegetation types was 

different (K.05) between early morning and late afternoon collec- 
tions. Because diet species interactions between period and time of 
day were generally nonsignificant (p>.O5), data were pooled 
across periods (Table I). During most of the grazing season, 
temperatures were 28” C or more by noon. Cattle on both vegeta- 
tion types preferred to graze in shaded areas in the late afternoon 
probably to escape the heat. Cattle in the afternoon grazed more 

slowly and appeared to be less concerned with achieving fill com- 
pared with grazing in the early morning. In the morning open areas 
may have been preferred because they were warmer. Early morning 
temperatures were often near freezing and open areas were much 
warmer than forested areas due to more sunlight. 

In this study, shrub species were relatively unavailable in the 
open grassland areas of both pastures, but were an important part 
of the understory in forested areas. About 20% of the grassland 
pasture supported a very open stand of ponderosa pine (pinus 
ponderosa) with an understory of Idaho fescue (Festuca idahoen- 
sis) and common snowberry (Symphoricarpos albus). Cattle 
showed a strong preference for the interior or edges of these areas 
in almost all afternoon collections. In the morning they invariably 
chose to graze open grassland areas dominated by bluebunch 
wheatgrass (Agropyron spicarum). Forest cattle almost always 
grazed the forest openings dominated by Idaho fescue and blue- 
bunch wheatgrass in the morning, but in the afternoon they utilized 
the more heavily forested areas dominated by elk sedge (Carex 
geyeri) and common snowberry in the understory and douglas fir 
(Pseudotsuga menziesii) in the overstory. 

It appears fistula collections for diet botanical composition 
determination with cattle should be rotated between morning and 
afternoon on ranges supporting a mosaic of forest and grassland 
plant communities. Kirby and Stuth (1982) found that during the 
summer cattle in Texas preferred to graze in the shade of woody 
plants on post oak Savannah range in Texas. Their study showed 
cattle consumed more forbs and shrubs during the afternoon than 
morning in this period. They concluded that research based on 
morning diet collections only might result in biased samples. Van 
Dyne and Heady (1965b) indicated that cattle grazed more selec- 
tively during the afternoon than mornings on California annual 
grassland range. Obioha et al. (1970) reported cattle selected more 
grass than forbs in the morning, but reversed this selection in the 
afternoon on grassland range in Nebraska. 

The number of diet samples needed for botanical composition 
determination was much greater than for nutritive value (Tables 2 
and 4). Others have reported similar findings using fistulated anim- 
als (Van Dyne and Heady 1965b, Galt et al. 1969, Harniss et al. 
1975). High variability existed between both cattle and collections 
for minor species in the diet and only 60 microscope fields were 
examined per diet sample. Holechek and Vavra (198 1) reported 
that this number of slides gave adequate precision (90% confi- 
dence, 10% of the mean) for species comprising 3% or more of the 
diet but was inadequate for species present in lesser amounts. 
Harniss et al. (1975) reported that a large number of diet samples 
was needed for botanical analysis of sheep diets in eastern Idaho to 

Table 1. Mean percentage weight of important species in cattle diets pooled aeross the grazing season on the forest and grassland vegetation types in the 
morning and evening. 

Vegetation type and collection time 
Forest Grassland 

Species Morning Evening Morning Evening 

’ Idaho fescue (Festuca idahoensis) 26. 16b 25 37b 
Bluebunch wheatgrass (Agropyron spicotum) IT 5b 34’ 24b 
Elk sedge (Corex geyeri) P 17b t 1 
Sandberg bluegrass (Poa sandbergii) 
Miscellaneous grasses 2; 

0 3 
18b 24” 1; 

Total grasses 71. 56b 86. 76b 

Western yarrow (Achiko millefolium) 3 I 4 2 
Miscellaneous forbs 14 18 7 II 

Total forbs 17 19 II 13 

Common snowberry (Symphoricorpos albus) 9 18b r 9 
Miscellaneous shrubs 7 7 2 

Total shrubs lr 25b : Ilb 

‘bMcan~ for each row are different (K.05). 
t=trace. 
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Table 2. The number of cattle diet samples required to determine botanical composition on forest and grrsslmd range. 

Vegetation type and period 

Forest Grassland 

Late Early Late Late Early Late 
Forage species summer spring summer Fall x spring summer summer Fall x’ 

Idaho fescue (Festuca idahoensis) 227 105 58 145 134 164 26 30 31 63 
Bluebunch wheatgrass (Agropyron spicatum) 15 221 281 576 213 65 29 39 41 44 
Sandberg bluegrass (Poa sandbergii) 894 700 998 1167 940 171 336 748 300 389 

Total grasses 13 28 53 19 28 16 8 6 7 9 
Western (Achilles milkfolium) yarrow 467 480 221 106 319 257 193 285 314 262 

Total forbs 76 462 97 I35 192 28 92 116 127 91 
Common snowberry (Symphoricarpos albus) 90 141 342 197 193 294 79 313 584 318 

Total shrubs 143 134 149 68 124 104 26 50 73 83 

Number of animals 
Total grasses 4 6 9 5 6 4 2 2 2 2 
Total forbs 9 24 12 13 15 7 10 13 13 IO 
Total shrubs II 13 14 10 12 14 8 8 7 9 

Number of collections 
Total grasses 3 5 6 4 4 4 4 3 4 4 
Total forbs 8 20 II 7 13 4 9 9 10 9 
Total shrubs I3 10 II 7 10 7 3 6 IO 9 

achieve adequate precision (90% confidence, 10% of the mean) for 
minor botanical constituents of the diet when microhistological 
analysis was used. Van Dyne and Heady (1%5a) reported that as 
many as 9 cattle would be required to sample forage classes on 
California annual grassland range. Galt et al. (1969) reported that 6 
steers would adequately estimate the predominate grass species in 
the diet on semidesert grassland range in Arizona. Based on data 
presented herein, we believe that at least 5 cattle and 6 collections 
are needed to adequately (90% confidence, 10% of the mean) 
sample forage classes, but many more animals and collections may 
be needed for major dietary species. It may be impractical to 
sample species comprising less than 30% of the diet with adequate 
precision (90% confidence, 10% of the mean). Sampling limitations 
should be recognized by researchers when they interpret diet 
botanical composition data from fistulated animals. In our study 
too few cattle and collections may have been used for reliable 
estimates of variances associated with diet botanical composition. 

Cattle diets on both vegetation types were consistently higher in 
crude protein (CP) in the afternoon compared to the morning 
(Table 3). The high CP content of afternoon compared to morning 
diets is attributed to afternoon preference by cattle for forested 
areas where forage was more succulent and less advanced pheno- 
logically compared to grassland areas. Cattle also appeared to 
graze more slowly and selectively in the afternoon. Insects were of 
minor importance on both the forest and grassland pastures and 
did not appear to influence where the cattle grazed. Van Dyne et al. 
(1964) on southwestern Montana bunchgrass range and Bedell 
( 1979) on grass-clover pastures in Oregon reported little difference 
in CP content between morning and afternoon cattle diets. In 
contrast, Van Dyne and Heady (1965a) on California annual grass- 
land range and Kirby and Stuth (1982) on Texas post oak range 
reported the CP content of cattle diets was higher in the afternoon 

Table 3. Nutritive quality of cattle diets on the forest and grassland in the 
morning and evening. 

Vegetation type 
Forest Grassland 

Nutritive measurement Morning Evening Morning Evening 

Crude protein % l0.P 13.1b 11.6= 13.1b 
Acid detergent fiber % 58.2’ 54.7p 56.9 51.7 
Permanganate lignin % 14.r 18.0b 13.7 15.0 
In vitro diaestibilitv % 57.2 57.8 58.6 51.5 _ 
‘.bMeans for each row are different (K.OS). 
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than morning. Our study and that of Kirby and Stuth (1982) are 
consistent in showing that in vitro organic matter digestibility 
diurnal differences in cattle diets are not significant (n.05). Our 
results suggest that collections with fistulated cattle for determina- 
tion of diet quality should be rotated between morning and after- 
noon on ranges supporting a mosaic of forest and grassland 
communities. 

We believe that at least 4 cattle and 4 collections are needed to 
adequately sample nutritive quality on the ranges studied (Table 
4). Van Dyne and Heady (1965a) reported that 2 steers would 
adequately (90% confidence, 10% of the mean) sample most diet 
nutritive parameters on California annual grassland range. 
Rosiere et al. (1975) reported that 4 to 6 steers were needed (90% 
confidence, 10% of the mean) to evaluate diet nutritive content of 
semi-desert range in southcentral New Mexico. Data reported by 
Wallace and Van Dyne (1970) suggested that 3 to 4 steers were 
needed to evaluate diet nutritive quality on sandhill range in Colo- 
rado (90% confidence, 10% of the mean). 

Conclusions 
Results of Van Dyne and Heady (1965a,b), Kirby and Stuth 

(1982), and the present study show diurnal differences can occur in 
cattle diet botanical composition and nutritive quality. It is impor- 
tant to recognize that different range ecosystems have different 
climatic and vegetational characteristics which change throughout 
the year. Therefore researchers must give careful consideration to 
selection of the best sampling time or times for their situation. If 
evaluation of relative differences in diets between pastures is the 
main concern, consistency in sampling time or times is of critical 
importance. 

Length of collection time appears to have considerable influence 
on variability between fistulated animals based on qualitative 
observations made by the authors. Cattle in our study were allowed 
a grazing period of at least 30 minutes and usually much more 
during each collection which resulted in an accumulation of a large 
volume of forage by each animal. Also this gave individual animals 
more opportunity to graze different areas within a pasture which 
minimized the effect of pasture plant community heterogeneity on 
results. 

We believe the same fistulated animals should be kept on the 
same study pasture if at all possible when the study objective is to 
compare diet differences within or between years. This will avoid 
confounding grazing habits of individual animals with dietary 
differences caused by seasonal advance or climatic differences 
between years. In addition fistula samples will better represent the 
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Table 4. The number of cattle diet samples required to determine nutritive quality on forest and grassland range with 90% confidence the estimate is within 
10% of the mean. 

Nutritive measurement 

Crude protein % 
Acid detergent fiber % 
Permanganate lignin % 
In vitro digestibility 70 

Crude protein % 
Acid detergent fiber 70 
Permanganate lignin % 
In vitro digestibility % 

Crude protein % 
Acid detergent fiber % 
Permanganate lignin % 
In vitro digestibility % 

Vegetation type and period 
Forest Grassland 

Late Early Late 
x 

Late Early Late 
spring summer summer Fall spring summer summer Fall x 

25 20 17 14 19 6 15 33 11 I5 
20 II 13 17 15 5 13 16 10 II 
8 13 22 32 19 6 7 13 7 8 

17 9 13 24 16 6 10 8 6 7 

Number of animals 
5 4 4 4 4 2 3 3 4 
4 3 4 4 4 3 

! 
4 3 

4 4 5 7 5 
: 

2 3 4 3 
4 2 4 6 4 2 3 3 2 3 

Number of collections 
5 5 4 4 5 3 5 6 4 4 
5 4 3 4 4 2 4 5 3 4 
2 3 5 5 4 3 3 4 2 3 
4 4 3 4 4 3 3 3 3 3 

nutritive quality of the forage selected because the basal diet can 
significantly influence the chemical composition of the saliva 
(Mayland and Lesperance 1977). For comparing diets between 
pastures the use of the same animals on all experimental pastures 
appears to have many advantages if the same forage species are 
available on each pasture or if all the animals can be kept in a 
nonexperimental pasture having a botanical composition similar 
to that of the experimental pasture. The advantage of this sampling 
scheme is that the number of animals used in sampling can be 
greatly increased since only one group of animals is required. If 4 or 
fewer animals are used as sampling agents, results are not greatly 
confounded by forage preferences of individual animals on each 
pasture. The use of all animals to sample each pasture has the 
additional advantage of reducing labor inputs since fewer collec- 
tions are required. The 2 primary problems with this scheme are 
that more personnel may be required per collectionand that it may 
be difficult or impossible to sample pastures separated by physical 
barriers or large distances. If the same group of animals is used to 
sample each pasture, crossover analysis of variance procedures 
discussed by Cochran and Cox (1957) should be used. 

When diet data are evaluated statistically, only animals pooled 
across collections should be used to obtain an estimate of experi- 
mental error. Collections provide an estimate of variation asso- 
ciated with each animal or sampling error and should be 
considered as subsamples. Steel and Torrie (1960) provide a com- 
prehensive discussion of analysis of variance procedures when 
subsamples are involved. 
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Vehicle Impacts on Northern Great Plains 
Range Vegetation 
GENE F. PAYNE, AND JOHN W. FOSTER, AND WAYNE C. LEININGER 

Abstract 

Three levels of vehicle impact (2,8,32 trips over the same tracks) 
were applied on rangelands near Ashland, Mont., using a four- 
wheel-drive Chevrolet Blazer with mud and snow radial tires. The 
impacts were applied each month, May to September, on pre- 
viously unhnpacted range. Canopy coverage measurements and 
ground and aerial photography were used to evaluate ihe impact 
effects. In the year of impact, canopy coverage measurements 
showed increasing damage to the vegetation as the number oftrips 
increased. Damage was greater on very moist to wet soils than on 
dry soils. Vegetation measurements the year following the impacts 
did not show carry-over damage to vegetation from the 2 and 8 trip 
treatments, except for range hnpacted when the soils were wet. 
These measurements did show carry-over damage to shrubs from 
32 trips, but not to grasses and forbs. Ground and aerial photo- 
graphs in the fit year after the impacts still showed visual evi- 
dence of 8 and 32 trip impacts. Aerial photographs taken the 
second year after the impacts still showed evidence of all 32 trip 
treatments and some 8 trip treatments. Color infrared film gave 
superior results when the vegetation was actively growing. Color 
film was superior when the vegetation had dried. 

Off-road vehicle (ORV) travel has become a major concern of 
federal and state land management agencies and many ranchers. 
Limited research on vegetational impact from ORV’s has been 
done in the deserts of the Southwest and along both eastern and 
western coastlines, but none has been done in the Northern Great 
Plains. A great deal of work has been done on the effects of 
agricultural and military vehicles on soils, but comparatively little 
literature is available on ORV-rangeland relationships. 

The military has done exhaustive studies using aerial photo- 
graphy to assess vehicle impacts on vegetation. Unfortunately, 
only part of this work is available to the research scientist. Still, 
there is a wealth of other information available dealing with the 
photography of vegetation. (See footnote). 

Our primary objectives were to (1) determine the effects of 
vehicle impacts on soil and vegetation and (2) evaluate photo- 
graphy as a means of identifying vehicle impact. 

Study Area 

The study area is 13 km northeast of Ashland, Mont., on the 
Ashland District of the Custer National Forest. The soils on the 

site are predominantly clay loams with some silty clay loams. The 
area has a continental climate with precipitation occurring primar- 
ily during April, May, and June. The vegetation is mixed upland 
prairie and is dominated by crested wheatgrass (Agropyron crista- 
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turn), western wheatgrass (Agropyron smithii), Junegrass (Koele- 
riapyramidata), yellow sweetclover (Melilotus officinalis), and big 
sagebrush (Artemisia tridentata). The crested wheatgrass was 
interseeded into the native vegetation in 1957. 

Other major species include bluebunch wheatgrass (Agropyron 
spicatum), blue grama (Bouteloua gracilis), western yarrow 
(Achilla millefolium), and plains prickly pear (Opuntia 
polyacantha). 

The vegetational composition, on a canopy coverage basis, aver- 
aged 60% grasses and sedges (25 species), 20% forbs (42 species), 
and 20% shrubs (11 species). Total vegetation canopy cover ranged 
from 34% in May to 72% in June and 67% in September. 

Yellow sweetclover was much more common on the south slopes 
of the experimental area. The crested wheatgrass, largely restricted 
to the north slope, was interspersed with the native vegetation but 
was prominent in the general vegetational aspect. 

Livestock had free access to the area during the summer grazing 
period. 

Methods 

Impact treatments were applied in 1976 followed by soils and 
vegetational studies. No treatments were applied in 1977, but 
several of the 1976 evaluations were repeated in June and August. 

A four-wheel drive Chevrolet Blazer with mud and snow radial 
tires was driven 2 times in one track, 8 times in one track, and 32 
times in one track, up and down gentle north and south slopes 
(6-g%) and across the connecting ridgetop. These impact treat- 
ments were applied on adjacent strips of rangeland about the 15th 
of the month, May through September, 1976, using previously 
unimpacted rangeland strips each month. The phenologies of the 
major species at the times of treatment are shown in Table 1. 
Control (no ORV impact) strips were included in the design. The 
statistical model was a strip plot with split-split block 
superimposed. 

Soil surface compaction was measured with a pocket pene- 
trometer (Model CL-700, Soil Test IUC., Chicago, Illinois). 

Soil cracking occurred in the clay soils as they dried in the 
summer. Crack orientation and depths were measured to deter- 
mine whether or not vehicle impact influenced cracking 
characteristics. 

Soil water was measured gravimetrically to a 15 cm depth and 
with a neutron probe to 122 cm the first year. No soil water 
measurements were taken the second year. 

Soil bulk density measurements (first year only) were made on 
samples from the O-7.6 cm and 7.6-15.2 cm levels. 

Infiltration rates (first year only) were tested on soil cores 5.08 
cm in diameter and 15 cm deep taken into the laboratory. The 
technique was that described by Richards (1969) as modified ear- 
lier by Phillip (1957, 1958). 

Vegetational canopy cover estimates were made following the 
method described by Daubenmire (1959). Twenty-five plots were 
taken in each treatment (travel date X trip treatment). Cover data 
were taken immediately after the impacts, 1 month following 
impacts, at the end of the 1976 season and in June and August of 
1977. 
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Table 1. Pbenologicnl stages of vegetation at the times of ORV impact, about the middle of each month. 

Crested wheatgrass 

Bluebunch wheatgrass 

Western wheatgrass 

Blue grama 

Junegrass 

Sweetclover 

Big sagebrush 

May 

Boot 

Vegetative 

Vegetative 

Vegetative 

Boot 

Vegetative 

Vegetative 

June 

Fruit 
formed 

Fruit 
formed 
Fruit 

formed 

Anthesis 

Fruit 
formed 

Early 
flowering 

Vegetative 

July 

Seed 
shatter 
Seed 

shatter, 
dormancy 

Seed 
shatter 
Fruit 

formed 

Fruit to 
seed shatter 

Late 
flowering 

Flower 
buds 

August 

Seed 
shatter 

Dormancy, 
leaf drop 

Seed 
shatter 
Seed 

shatter 
Seed 

shatter to 
dormancy 

Seed 
shatter, 
leaf drop 

Flowering 

September 

Dormancy 

Dormancy, 
leaf drop 
Dormancy, 
leaf drop 

Dormancy, 
leaf drop 

Dormancy, 
fall growth 

Dormancy, 
fall growth 

Late flowering, 
fruit forming 

Plant phenology information was taken according to thesystem 
used by Taylor et al. (1975). 

Color infrared and color print photography were used on the 
ground the first year to follow gross vegetational changes occur- 
ring during the growing season. Also during the first year, the site 
was monitored monthly by aerial photography at scales ranging 
from 1:3,000 to 1: 12,000 using both color infrared and color print 
films in 70 mm format. The area was aerially photographed 3 times 
the second year (1977) with the first and last flights coinciding with 
ground sampling. Aerial photographs were again taken in June, 
1978. The film types used were Kodak Vericolor II 6010 for color 
print and Ektachrome Aero 2443 for color infrared. All photos 
were interpreted visually. 

Impacting soils when they are dry develops a thin layer of loose 
dust, thus reducing the penetrometer resistance. 

Penetrometer reading were again taken in 1977 in June and 
August. The soils were very moist in June and moderately dry in 
August. A summary of the treatment level data (kg/cmr) showed: 

Test Month Trips 
1917 0 2 8 32 
June 2.05a 2.2la 2.52b 2.67b 
August 1.99a 2.13a 2.6lb 2.89~ 
Row values with the same letter are not significantly different at the P=.O5 
level. 

Results and Discussion 

Soils 
In 1976, the year of treatment, soil water in non-impacted (con- 

trol) soils varied from 19% in June to 2.6% in August. When the 
data by months were averaged by treatment, percentage water 
values were: 

Obviously, the effect of 8 trips and 32 trips in 1976 carried over 
into 1977. Although the averages for 2 trips were not significantly 
higher statistically than for nonimpacted soils, they did fit the 
pattern of increasing penetrometer resistance with increasing 
travel over the same tracks. 

It also is well to note that the differences in 1977 were smaller 
when soil was moist (in June) than when it was dry (in August). 

No Impact _...________________................................................ 10.4 a 
2 Trip . . . . . . . . . . . . . . ._ _ . . . . . . . . . . . . _. _ __ . __ 10.2 a 
8 Trip . . . . . . . . . . . _ . _ . _ ___ . . . . . . . . . . . . . ._ . 9.6 b 

32 Trip _.._._.____._..._.._.......................................................... 9.6b 
Values with the same letter are not significantly different at the e.05 level. 

The increasing penetrometer resistance from 0 to 32 trips 
appears to contradict the August and September, 1976, data dis- 
cussed above. It must be remembered, however, that the thin layer 
of dust present in 1976 was not present in 1977, allowing the 1976 
impact on the soil under the dust to contribute in 1977 to the 
increasing penetrometer resistance as trips increased. 

Although Duncan’s multiple range test indicated significant 
differences, the differences were relatively small. 

Bulk density showed some tendency to increase as the number of 
trips increased at the May and June dates when soil water was 
higher. However, these differences were not statistically significant 
except for the 32-trip treatment. There was an increase in bulk 
density with soil drying, unrelated to treatment. 

Penetrometer measurements were more sensitive to the effects of 
ORV impact than bulk density measurements. The lowest pene- 
trometer readings (least resistance to the penetrometer) were on 
nonimpacted soils in May and June at 1.56 kg/cmr. Penetrometer 
readings on the May and June impacted soils increased with travel 
to highs of 3.96 kg/cm2 and 4.39 kg/cm2 for the 32-trip treatment. 

The fact that the penetrometer provided a reasonably sensitive 
indicator of ORV impact while bulk density did not implies that: 
(1) the methodology used in measuring bulk density was inade- 
quate; (2) the compacting effect was limited to a very thin (3 cm or 
less) soil surface layer; (3) the effect of moisture on bulk density 
measurements over-shadowed effect of impact from the vehicle 
wheels; or (4) some combination of these factors affected the value 
of bulk density as an indicator of wheel impact. The literature on 
the subject (e.g. McLeod 1%6, Vanden Berget al. 1957, Liddleand 
Grieg-Smith 1975, Dotzenko et al. 1967) indicates the bulkdensity 
methodology in this study to be the problem. 

The July impacts also caused increasing penetrometer readings 
as the number of trips increased: 1.79 kg/cmzon nonimpacted soils 
to 3.67 kg/cm2 for 32 trips. 

August and September impacts had a reverse effect. Nonim- 
pacted soils had the highest penetrometer readings, 3.19 kg/cmr. 
The penetrometer readings for the impacted soils ranged from an 
average of 2.24 kg/c.2 for 2 trips to 2.74 kg/cm2 for 32 trips. 

Figure 1 shows the effects of ORV impact on infiltration for 2 of 
the 5 months. The soils were very moist in June and dry in August. 
The 32-trip impact was clearly detrimental to infiltration in all 
months. The 2-trip and 8-trip impacts did not differ significantly 
from each other in any month in their effects on infiltration. These 
2 impact levels in May, July, and September had the approximate 
relationship shown in the August graph. 

One of the potentially troublesome consequences of ORV 
impact on moist soils was the development of cracks oriented along 
the wheel tracks as the soils dried. Non-impacted soils had cracks 
but they were not oriented in any particular direction. 
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Fig. 1. Infilrration rates resulting from four levels of OR V impact in June 
and August, 1976. 

In 1976, May impacted soils showed the following soil crack 
depths when they had dried in late summer: 

No Impact .._.________________................................................ 2.5 cm 
2-trip ________________............................................................ 12.3 cm 
I-trip _____________.____._........................................................ 13.3 cm 

32-trip ___________._.___.__........................................................ 24.0 cm 
The June impacted soils showed similar results. Soils impacted 

when they were dry (July, August, September) did not exhibit the 
“wheel track crack” phenomenon. 

In 1977, there was little soil cracking noted in the June analysis; 
however, cracks had developed by August in the May 1976 
impacted soils with the following depths: 

No impact ________.____._..._............................................. 5.7 cm a 
2 trips _______________.__.................................................. 8.0 cm ab 
8 trips .__________.__.._.._.................................................. II.0 cm b 

32 trips . .._________________.................................................. 16.2 cm c 
Values with the same letter are not significantly different at the e.05 level. 

The June impacted soils showed similar results. Soils impacted 
when they were dry (July, August, September) did not exhibit the 
“wheel track crack” phenomenon. 

Again, the cracks in the nonimpacted soils were in many direc- 
tions, while the cracks in the impacted soils followed the direction 
of the wheel tracks. 
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It is possible that the soil cracks developed in wheel tracks could 
be the genesis of serious erosion problems if rainfall came in heavy 
amounts when the cracks were widest and deepest along the wheel 
tracks. 

None of the soil impacts were influenced significantly by north 
vs. south exposures or by uphill vs. downhill travel. 

The June treatment resulted in some wheel ruts in the wet soils. 
These ruts could be the origin of erosion channel problems (Hill 
and Kirby 1948). 

Vegetation 
Plant development for the major species at the five impact 

treatment dates is shown in Table 1. Major growth had taken place 
by the mid-June treatment date, with some growth continuing into 
July. Fall growth began prior to the mid-September treatment 
date. 

An interesting problem arose in measuring canopy cover in 
1976. ORV impacts crushed some vegetation, particularly the 
grasses, to a more horizontal position but did not break off the 
stems. This expanded the polygons (per canopy coverage method) 
of live vegetation, sometimes resulting in higher canopy coverage 
values for impacted vegetation than for the nonimpacted vegeta- 
tion. Some of the crushed vegetation regained its upright stature 
within a week or two. Some clearly was dead. Because of these 
problems, canopy cover sampling taken immediately after impact 
was divided into cover of “affected,” or crushed, vegetation and 
“unaffected’, not crushed, vegetation. Later evaluation of these 
data raised questions as to their value in assessing ORV impacts. 

The vegetation was sampled again I month after the first sam- 
pling (except for the September impact), but without separating 
the plants into the “affected” and “unaffected”categories. In retro- 
spect, these data were considered more indicative of ORV impact 
than the data taken immediately after the impact, and are the basis 
for the following evaluations of the 1976 vegetation responses to 
OR V impact. 

The most useful vegetation data, however, appear to be those 
taken I year later, 1977. These data were completely free of the 
cover measurement problems discussed above and reflect more 
than temporary damage to the vegetation. 

1976 
The data taken I month after impact revealed losses in canopy 

coverage of grasses generally to be greatest from the July impacts 
and least from the May impacts. Grass growth between the May 
treatment and its June measurement obscured some of the initial 
damage. The same is true to a lesser degree from the June treatment 
to its July measurement. 

The lowest canopy coverage losses of grass were from the 2-trip 
impact. The highest losses were from the 32-trip impact. The 8-trip 
impact gave losses generally approaching or about equal to the 
32-trip impact. Percentage loss values among treatment replica- 
tions, compared to nonimpacted grass canopy, ranged from less 
than 1% in a 2-trip treatment to 99% in a 32-trip treatment. 

Forb canopy cover values in this vegetation were low: 1.7% in 
May to 4.6% in August, nonimpacted. As a result, the sampling 
was inadequate for this group of plants and none of the differences 
were statistically significant. Nevertheless, we feel we can make 
some general statements about the ORV impacts on forbs. May 
and June impacts appeared to be less damaging than later impacts. 
The loss with 2 trips was below 5% for May and June. Losses in 
these 2 months for the I-trip and 32-trip impact replications were 
higher, going up to more than 80%. The losses of forb cover in later 
months ranged from 40% to 9070, with the 2-trip losses only 
moderately lower than the 8 and 32-trip impacts. 

Shrub cover on nonimpacted range varied from 6.6% in May to 
15% in September (19-22% of the total vegetational cover). Again, 
many of the differences among treatments, including nonim- 
pacted, were not statistically significant. The data indicated 
increasing damage from May through September at each impact 
intensity. The data also showed generally increasing damage as the 
number of impacts increased. The lowest shrub cover loss 



(impacted compared to nonimpacted) was 5% for 2 trips in May. 
The highest was 100% for 32 trips in August. 

1977 
The grasses did not show any undesirable carry-over effects of 

the 1976 impacts. In fact, the 1977 data showed 24% higher cover 
of grasses on all levels of 1976 impacted range than on nonim- 
pacted range. These differences were not statistically significant. 

Some minor differences in forb cover among 1976 impact dates 
and intensities were found in the June sampling in 1977. These 
differences were no longer present in the August sampling. 

Impact effects on shrub canopy cover in 1976 carried over into 
1977. Shrub cover loss in 1977 was lowest on the May, 1976 
impacts (8%) and highest on the September impacts (12%). The 
May and September values were significantly different statisti- 
cally. The June, July, and August values were intermediate and 
generally not significantly different from either the May or Sep- 
tember values. 

Bare Ground 
The amount of bare ground on the nonimpacted range remained 

about the same, 30-3570, June through August and 5 to 8% lower 
in September. 

Two and 8 trips in May did not significantly affect the amount of 
bare ground compared to nonimpacted range, but 32 trips 
increased bare ground to 52%. 

The 2 and I-trip impacts in June showed small increases over the 
bare ground on nonimpacted range. The 32-trip impact averaged 
45% bare ground, higher than nonimpacted range but lower than 
the 32-trip impact in May. 

On the July impacted range, bare ground was slightly lower with 
the 2-trip impact than with no impact. The I-trip impact had 42% 
bare ground compared to 32% on nonimpacted range, while 32- 
trips had the same amount of bare ground as the nonimpacted 
range. 

Bare ground on nonimpacted range had dropped to 25% by 
September. The 2-trip impact in August showed 16% bare ground 
in September. The 8-trip bare ground was 28% and the 32-trip bare 
ground figure was 55%. 

Field observations helped in the interpretation of the above 
figures. The nonimpacted range did not change much until the 
September reading, when bare ground was lower. This reduction 
was due to the addition of newly cured vegetational material to the 
mulch layer. 

In the May impacts, very little vegetational material was added 
to the mulch, but as the number of trips increased, the residual 
mulch was increasingly pulverized and no longer recognizable. 
Thus, the 32-trip treatment had the most bare ground. 

There was more vegetation present by June, with greater addi- 
tion of vegetational material to the mulch layer through the ORV 
impact. This added material was more resistant to pulverization 
than the old mulch. The 2-trip and 8-trip impacts apparently added 
about as much new material to the mulch layer as they destroyed by 
pulverization of old mulch, so the amount of bare ground was less 
than on the May impacted range. 

Even more current growth was present by July and the 2-trip 
impact added more material than it pulverized, resulting in less 
bare ground than on the nonimpacted range. Eight trips appar- 
ently pulverized a little more mulch than they added, but the 
32-trip impact appeared to add as much mulch material as it 
pulverized. 

By the August impact date, the vegetation was mostly mature 
and dry. Again, 2 trips added considerably more to the mulch layer 
than it destroyed and bare ground was much lower than on nonim- 
pacted range. Eight trips destroyed more than was added, with 38% 
bare ground compared to 25% on nonimpacted range. The 32-trip 
impact was even more devastating, with 55% bare ground as 
compared to 25% on the nonimpacted range. Observations indi- 
cated that 32 trips also removed some plant bases sufficiently to not 
be recognized as plant cover. 

1977 
There were no statistically significant differences in bareground 

related to months of impact, nor were there any significant differ- 
ences in 1977 between no impact, 2-trip impact, and 8-trip impact. 
The 32-trip impact had 2-5% more bare ground than the other 
treatments, including the nonimpacted. 

Growth of, and contribution of mulch from, nonimpacted plants 
adjacent to the relatively narrow ORV tracks appeared to be a 
factor in reducing bare ground in 1977. 

Photographic Imagery 
1976 

Ground photography (color and color infrared, at 9.1 m from 
camera to ground point centered in image) was more sensitive to 
impacts on vegetation than was aerial photography. Uphill and 
downhill travel were distinguishable with ground photography. 
The impacts were more clearly distinguished with ground photo- 
graphy when the vegetation was lying away from the camera than 
when it was lying toward the camera. The $-trip and 32-trip treat- 
ments remained distinguishable throughout the season, but the 
a-trip treatments were not clearly visible for all the sampling dates. 

Aerial photography at the 1:5000 scale (scales tested were 1:3000 
to 1: 12,000) allowed identification of all 8-trip and 32-trip treat- 
ments, but not all the 2-trip treatments. 

In both ground and aerial photography, the color infrared film 
was superior in May, June, and July when the vegetation was 
actively growing. The color film was superior in August and Sep- 
tember when the bulk of the vegetation was dry. 

It was concluded that for season long use, color was the best film 
to use for ground photography. It is recommended that for aerial 
photography, color infrared be used when vegetation is green and 
color used when most of the vegetation has dried. Using one film or 
the other for season long use is not recommended. 

1977-1978 
Ground photography in 1977 clearly showed residual wheel 

tracks and/or damage to sagebrush in 80-85s of the I-trip and 
32-trip treatments photos. Visual evidence of residual damage in 
the 2-trip treatment was seen in 15% or fewer of the ground photos. 
Soil rutting was still evident only in the June 32-trip treatment. 
Carryover visual evidence of impact was greatest in the previous 
year’s May and June impacts and least in the September impacts. 

All treatments but the 2-trip were easily identified on color 
infrared aerial photos taken in June. When aerially photographed 
near the end of July, the ORV tracks were about equally, but 
somewhat less easily, recognizable on the color infrared and color 
photos. The tracks were easily recognizable again in late August 
aerial photography with color film, but not so easily with color 
infrared film. 

Aerial photography was repeated in June, 1978, with color 
infrared film. Four 32-trip treatments, May through August, and 
three I-trip treatments, were still evident. Two-trip treatments 
could not be identified. 

Obviously, the photographic evidence presented us with a 
dilemma. Canopy cover data showed essentially no carry-over 
effect of ORV impacts into 1977 on vegetation except for the 
32-trip treatments, and even those were slight; yet, the photogra- 
phic evidence showed a definite carry-over of impacts. Our only 
conclusion can be that the canopy cover method of vegetational 
analysis as we used it was not entirely adequate for the task. 
Further studies should focus on more refined photography and 
more sophisticated quantification of imagery characteristics. 

Practical Implications 
There clearly is no significant damage beyond the first year to 

living plants (except shrubs as noted above) by vehicles traveling 
up to eight times on the same tracks. This conc!usion assumes that 
soils are not wet enough to be rutted by vehicles. There is increasing 
likelihood of damage carrying over into subsequent years as the 
number of trips in the same track goes above 8. Until vegetation 
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has dried, or cured, drivers should be encouraged not to follow 
other tracks. Wet soils should not be driven on at all. 

The situation changes markedly after the vegetation, particu- 
larly grass, has dried. Breakage of standing vegetation reserved for 
winter grazing becomes a significant factor. It is estimated that 1 or 
2 trips over the same track with the type of vehicle and tires used in 
this study will cause a loss of .06-. 12 acres of cured vegetation per 
mile of travel. The maximum loss of cured vegetation may be as 
much as 0.18 acres per mile for as many as 8 trips on the same track. 
This is essentially total loss of cured vegetation and additional trips 
are of little consequence in this respect. 

It appears that the most practical recommendatpon after forage 
has dried is to minimize the number of new tracks made on a range 
being reserved for winter use. Therefore, drivers should be encour- 
aged to follow existing tracks and roads rather than making new 
tracks. If the range is not being reserved for winter use, then the 
drivers should be encouraged to not follow other tracks. 
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History at the Forest-Grassland Eco- 
in Southwestern Montana 
ARNO AND GEORGE E. GRUELL 

Abstract 

The history and influence of tires was studied at the forest- 
grassland ecotone in high valleys ofsouthwestern Montana. Inves- 
tigations were focused upon several sites having early landscape 
photographs and modern retakes that allow for detection of vege- 
tational changes. Fire intervals were determined for these sites by 
analyzing fire scars on trees. Prior to 1910, mean tire intervnls at 
Pseudofsuga forest-grassland ecotones were 35 to 40 years, and 
probably shorter in grassland proper. Notires were detected on the 
study areasafter 1918. Photographiccompnrisonssnd field inspec- 
tions show a substantial increase in mountain bigsagebrush (Arte- 
misia tridentata subsp. vaseyana) and conifers since 1900. 

In 1979 a study of vegetative changes in the Northern Rocky 
Mountains was initiated based upon retakes of historical land- 
scape photographs, similar to the work of Gruel1 (1980) in Wyom- 
ing. The photographic comparisons included several from the 
high-elevation (1 680 to 2 130 m, 5,500 to 7,000 ft) sagebrush-grass 
valleys of southwestern Montana (principally mountain big sage- 
brush, Arremisia tridentara subsp. vaseyana). Comparisons 
between the late 1800’s or early 1900’s scenes and the present 
vegetation showed the following trend: Sagebrush coverage has 
increased, conifer forests have thickened, and trees have spread 
down slope into former grass or sagebrush communities (Figs. 1 
and 2). Sindelar (1971) and Patten (1969) reported similar succes- 
sional patterns and descriptions by early journalists--e.g., Lewis 
and Clark (Thwaites 1959), Granville Stuart (Phillips 1925), and 
Hayden (1872)-suggest that grass-dominated communities were 
formerly more extensive. 

The same journals and others refer to wildfires, and, considering 
that big sagebrush and young conifers are fire-sensitive, we won- 
dered to what extent fire had influenced these vegetative changes. 
Numerous studies have recognized the importance of wildfires in 
Rocky Mountain forests and grasslands (Alexander 1979, Arno 
1980, Stokes and Dieterich 1980, Wright et al. 1979). However, 
there are few data on presettlement fire frequencies in the high- 
elevation sagebrush-grass valleys, except in northern Yellowstone 
Park (Houston 1973). 

High-elevation sagebrush-grass communities cover several mil- 
lion acres in southwestern Montana (Morris et al. 1976) and adja- 
cent portions of Idaho, and successional changes in these 
communities are important in management of both range and 
wildlife habitat. There is a need to improve knowledge of the 
successional status of big sagebrush and its relationship to past 
wildfires. This knowledge could be used by land managers in 
evaluating the application of prescribed tire for enhancing produc- 
tivity of range and wildlife habitat. Thus, we decided to investigate 
fire history at photo-comparison sites in southwestern Montana. 
We focused the investigation on the forest/sagebrush-grassland 
ecotones because here old growth trees and stumpscould provide 
fire-scar records dating back several centuries. 



Procedures 

Evidence of fire history was gathered in the vtcmtt~es of 7 sites 
along the forest-grassland ecotone where early landscape photo- 
graphs were available (Fig. 3). To obtain a more complete repres- 
entation of fire history throughout the high valleys ofsouthwestern 
Montana, we also sampled 5 additional sites that were geographi- 
cally dispersed from those having early photographs. On each site 
we made a reconnaissance inspection to identify the habitat type 
(potential climax, according to Pfister et al. 1977) and current 
dominant vegetation. Apparent successional changes, such as 
conifer invasion or dead sagebrush beneath young conifers were 
recorded. We examined the fire-scarsequences onold-growth trees 
throughout each area, then chose 2 or 3 with the most intact and 
longest record of fires (Amo and Sneck 1977). Cross-sections were 
removed with a chain saw, taken to the laboratory, sanded, and 
annual growth-rings counted under magnification to identify the 
approximate date of each fire scar (Amo and Sneck 1977). 
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Six of the I2 sites (identified later in Table I) were relatively 
moist and were Pseudotsuga menziesii/Calomagrosris rubescens 
habitat type, Calomagrosris rubescens phase (PSME/CARU- 
CARU; Douglas-fir/pinegrass) or closely related types (Pfister et 
al. 1977). These tit into Fischer and Clayton’s (1983) Fire Group 
Six-moist, Douglas-fir habitat types. Five sites were relatively 
dry. Pseudotsuga/Festuca idahoensis habitat type (PSME/ 
FEID; Douglas-fir/Idaho fescue) and fit Fischer and Clayton’s 
Fire Group Five-cool, dry Douglas-fir habitat types. One espe- 
cially dry forest-edge site was a Pinusflexilis/ Agropyron spicatum 
habitat type (PIFL/AGSP; limber pine/bluebunch wheatgrass). 
This site fit Fischer and Clayton’s Fire Group One-dry limber 
pine habitat types. All sites had ample evidence of several surface 
fires having swept through during the past few centuries. 

Obtaining complete fire-scar records proved difficult on some of 
the sites because logging in the late 1800’s removed much of the 
old-growth. Still, the old, deteriorated stumps remain, and the 
maximum number of fire scars on any of these stumps served as a 
benchmark reflecting the area’s most complete fire history. We 
searched out the most complete scar sequences on living trees or 
sound snags, and were generally able to find scar sequences com- 
parable to those on stumps. Oftentrees with fire woundsextending 
deep into the trunk proved to have more individual fire scars than 
Were apparent externally. Some of these scars were “buried,” in 
that they had healed over completely on the outer surface of the 
tree. 

All sample trees had open catfices with distinct wounds, folds of 
healing tissue, and charcoal resulting from multiple fires. The 
majority of sample trees were Douglas-firs, which generally form 
clear fire scars and can survive for several centuries with a large 
open fire wound (Figs. 4 & 5). This species has thick bark and is 
resistant to initial scarring by a surface fire; thus only trees that 
happened to become prominently scarred relatively early in life will 
be “fire-susceptible”and, with their open fire wound, serve as good 
recorders of subsequent fires. We avoided sampling the severely 
burned trees where repeated tires had possibly destroyed evidence 
of earlier fires. 

In 8 of the sample areas, mean fire intervals (MFls) were calcu- 
lated based upon the fire dates from the singletree having the most 
complete fire record. In the 4 remaining areas, dates recorded on 2 
nearby trees were combined to derive a “master fire chronology” 
(Romme 1980). MFls were calculated using the time period 
between the first fire scar date and that of the most recent pre-I9 IO 
fire. (Organized fire suppression began in about 1910 in this region 
and only one ofthestudy sites hadrecorded apost-19lOfire.a 1918 
fire in sample area 2.) This time period was divided by the number 



of individual fire intervals occurring within it-number of fires 
occurring within it, minus one. In a few cases a fire scar seemed 
likely but not definite. These questionable fire scars were consi- 
dered as l/2 of a fire for MFI calculations. 

The resulting M FIs are a conservative estimate, possibly tending 
to overestimate the average time between fires at a given point on 
the ground. Such conservatism can be expected because of tires 
that were not detected, since they failed to scareven the previously 
scarred sample trees (Houston 1973, Arno 1976, Dieterich 1980). 
Also, one or more early fire scars might have been burned off by 
subsequent tires. This potential over-estimation of the length of 
MFls seems more likely to occur in the dry, PSMI/FEID and 
especially the PlFL/ AGSP habitat type, where fuels are sparse and 
old-growth trees were often confined to rocky microsites. Short 
intervals might have gone undetected because of light fuel accumu- 
lation or slow tree growth, producing a poorly developed scar. 
Still, considerable effort and experience was employed to find the 
most intact fire scar sequences available on each site, and it seems 
unlikely that the resulting fire chronologies missed more than 1 or 2 
spreading tires during the time periods analyzed. 

Results 

Table I summarizes the fire history findings for each site. Indi- 
vidual fire intervals ranged from about 5 to 97 years in the two 
major habitat types (PSME/CARU and PSME/FEID) or tire 
groups. MFls ranged from 21 to 60 years and do not appear 
materially different by habitat type. The overall mean interval for 
pre-1910 fires were41 and45yearson the2majorhabitat types. On 
the other hand, if we estimated that one fire was missed at each site 
per average recording period (214 years), which seems plausible, 
the resulting MFI for each of these two habitat types would be 
about 35 years. 

Dates determined farfirescarsareshown in Figure 6. Thesedata 
do not include sample areas 5 and 12, where actual dates of 
intermediate fires could not be accurately determined. Dates for 
the dry, PSME/FEID sites are only approximate because of 
extremely slow growth and the probability of missing rings, but 
this should have little effect on calculations of MFIs. Individual 
fire dates are spread throughout the recording periods, although 
on certain dates fires occurred in several of the areas. All IO study 
areas burned between about 1789 and 1811, for instance. 



Table 1. Fire history records for sampk stands at the for&-grassland ecotone in southwestern Montana. Data come from fire scar sequences on one or a 
few tree-s having the most compkte records on each site. (Dates shown are approximate.) 

Sample Earliest and 
area no.’ latest fire dates 

PSME/CARUr (moist) habitat type 
2 1777-1854 
3 1726-1890 
84 1662-1902 
9 1734-1871 

II 1566-1856 
I3 1718-1865 

Number of Mean fire 
tires detected interval 

4or5(+4 l/2) 22 years 
4 55 
8 34 
6 27 
6 58 
4 49 

mean = 41 years 

Min. and max. Number of fire-scarred 
interval trees dated* 

IO-34 years 2 
19-85 1 
5-61 2 
7-32 5 

15-97 I 
34-64 2 

PSME/FEID’ (dry) habitat type 
4 1609-1894 
6 1554-1795 
7 1585-1884 

I2 1578-1886 
I4 1694-1862 

10 
6 
6 

I1 
4 

32 
48 
60 
31 
56 

mean = 45 years 

6-53 2 
9-70 2 

IO-94 3 
12-71 2 
31-69 3 

PIFL/AGSP6 (hot, dry) habitat type 
5 1588-1877 5 74 52-97 I 

iLoeations shown on Figure 3. 
2A~ explained in text, MFls were calculated based on the most complete records from one or two trees. 
‘Pseudorsuga menziesii/Colomagrosric rubescms and includes Pseudorsuga/Amica cordifolia and Pseudotsug./Symphoricarpos atbus (PflSter and others 1977). 
‘Data from this site include one Ike date (1871) documented for our sample site by Pierce (1982). 
‘Pseudotsuga menziesii/Festwa idahoensix 

6PinusjlexilislAgropyron spicatum. 
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Fig. 6. Dates ofjire scars ore date = horizontal &sh)ot lOstudy sites in 

the PSMEI CAR U and PSMEI FEID habitot types, arranged from west 
to east. Vertical bars designate the period usedfor calculating mean fire 
intervals (MFI). Dates with a question mark were calculated as lIZfire. 
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Interpretations of Vegetation Succession 

The photo comparisons from valleys of southwestern Montana 
show an increase in sagebrush and conifers over the past 100 years. 
Of 12 early photographs from nonforested sites, only one scene 
suggests heavy sagebrush at time of settlement. Nine photo com- 
parisons indicate an increase in sagebrush density, while 2 scenes 
show no potential for sagebrush, none being in the vicinity. 

inspection of several sites confirms the photographic evidence of 
plant succession. Near the lower timberline, vigorous young 
conifer stands now occur on sites having few or no mature trees or 
stumps. Dead sagebrush (Artemisia tridentata, usually subsp. 
vaseyana), is often found beneath these new stands. Many of the 
scattered patches of aspen on these forest-edge sites have similarly 
been shaded out in the last 100 years (e.g., Figs. 1, 2, & 5). 

Both field inspection and photographic comparisons show that 
in the dry, PSME/ FElD habitat types, trees were formerly con- 
fined to rock outcrops, talus slopes, and other microsites having 
surface rock and little vegetation or fuels. In the past century trees 
have spread from these apparent fire refugia to the less rocky areas 
that supported sagebrush and grass. In the more mesic (PSME/ 
CARU, etc.) habitat types, open stands of conifers (primarily 
Douglas-fir) bordered the grasslands, but, in the absence of surface 
fires, these stands have now filled in with an understory of young 
trees. 

In moist habitat types, growth of Douglas-fir was evidently 
rapid enough to allow occasional trees to become established and 
reach sizes where they were less vulnerable to surface fires. On 
moist sites, it takes about 40 years for Douglas-fir to grow tall 
enough and to develop the corky outer bark that allows it to 
survive a light to moderate surface fire. On dry sites trees develop 
slowly and evidently few were able to reach a fire-resistant size by 
the time the next surface fire swept through the area. This contrasts 
with the warmer climates (at lower elevations) west of the Contin- 
ental Divide and in central Montana where ponderosa pinegrows. 
This species develops fire resistance (corky bark, open branching, 
large buds, and thick twigs) at a much earlier age than Douglas-fir; 
thus ponderosa pine was able to maintain itself in areas having 
surface fires at mean intervals of as little as 6 years (Arno 1980). 

It is evident from our MFI estimates of about 35 to 40 years, and 
the even shorter 20-to 25-year intervals Houston (1973) estimated 



for similar habitat types in northern Yellowstone Park, that sur- 
face fires were rather frequent at the forest-grassland ecotone in 
southwestern Montana. In the somewhat drier grassland proper, 
MFI’s probably were shorter. Considering that mountain big sage- 
brush in these high valleys is generally killed by moderate-to-hot 
wildfires and requires a few decades to spread back into large, hot 
burns (Blaisdell 1953, Harniss and Murray 1973, Wright et al. 
1979), this species was probably much less abundant in the preset- 
tlement era. Conversely many native grasses and forbs could have 
prospered under the pattern of successive fire treatments portrayed 
by our data. This interpretation is consistent with Daubenmire 
(1959), who concluded that the original vegetation of the 
sagebrush-grass semidesert of western North America consisted of 
a dense cover of perennial grasses among which were scattered 
moderate-sized shrubs, chie?y Arremisiu tridentuta. Early narra- 
tives cite extensive, smooth grasslands in the Monida Pass (in 1857, 
Phillips 1925) and Henrys Lake-Raynolds Pass areas (Hayden 
1872), whereas today dense stands of sagebrush are prominent 
there. 

In the high valleys of southwestern Montana, sagebrush was 
probably the historical dominant on sites having either coarse 
(cobbly or sandy) or clayey soils (Morris et al. 1976). Grasses are 
poorly adapted to these soils, which have droughty surface condi- 
tions, whereas deep-rooting big sagebrush is well adapted. 

In contrast, on the widely distributed loamy soils where most of 
the fire history work was done, 10 early photographs suggest that, 
prior to 1900, sagebrush was restricted to small patches or widely 
spaced plants. These fine-textured soils have good potential to 
support densestands of grass. This potential is suggested by inves- 
tigations showing a predominance of perennial grasses on near- 
pristine range sites (Ross et al. 1973). Following fire on the fine- 
textured soils, the perennial bunchgrasses apparently recovered in 
a few years and were present to fuel a subsequent fire. Conversely, 
extensive wildfires burning under hot-dry conditions would have 
resulted in nearly complete destruction of scattered sagebrush. 
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BRANDAIDS Needed? 

Copies of BRANDAIDS, the booklet developed by the Society for Range Management to help 
ranchers weather the difficult financial climate, are available from the Society headquarters, 2760 West 
5th Avenue, Denver, CO 80204. A single copy per individual for a single instance is available free of 
charge. Two to 100 copies may be purchased @75c each, postpaid; more than 100 are 50~ each. Please 
allow 2 weeks delivery after receipt of your order. 
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Huisache Growth, Browse 
Following Burning 

G.A. RASMUSSEN, C.J. SCIFRES, AND D.L. DRAWE 

Abstract 

Exposure of huisache plants to fue for $10, or 20 set on Coastal 
Prairie in June, August, October, or December 1979, and February 
or April 1980 usually killed canopies of 90% or more of the plants. 
However, all burned huisache plants sprouted following treat- 
ment, regardless of season or intensity of burning. Precipitation, 
rather than season of treatment appeared to regulate rate of huis- 
ache regrowth following burning, Huisache 1 to 2 m tall replaced 
their original heights by the end of the second growing season after 
burning. New growth of huisache plants burned in winter con- 
tained more crude protein and phosphorus into late summer, than 
did browse from unburned plants. Differences in crude protein 
contents between twigs from burned and unburned phnts were 
greatest following significant rainfall; there were no differences 
during dry periods. Although burning in late August increased 
number of twigs available for browsing, it did not affect percentage 
of available huisache twigs which were browsed. Large browsers 
(white-tailed deer and cattle) and small animals (rodents and lago- 
morphs) apparently accounted for most browse removal during 
the first 60 to 90 days postburn. However, insects apparently 
consumed most of the huisache browse during the growing season 
following burning in August. 

Huisache (Acacia farneskzna) is a thorny, multi-stemmed shrub 
or small tree which occurs on about 1.1 million ha in Texas, 
primarily in the Gulf Coast Prairies and South Texas Plains (Smith 
and Rechenthin 1964). It is a prolific seed producer (Scifres 1974), 
and the seeds readily germinate after soil disturbance (Mutz et al. 
1978). Moderate to heavy canopy covers of huisache seriously 
reduce production of desirable, warm season bunchgrasses and 
hinder effective management of livestock (Scifres et al. 1982). 

Huisache is not highly susceptible to herbicide sprays normally 
used for range improvement. Only picloram sprays, applied at 1.1 
kg/ ha (a.i.) or more, have effectively controlled huisache (Bovey et 
al. 1970). Mechanical top removal only temporarily suppresses 
huisache. Huisache trees, 15 to 20-years-old grew to half their 
original heights by 5 months after shredding (Powell et al. 1972). 
Box and Powell (1965) reported that shredding, rolling chopping, 
or scalping caused huisache densities to increase on clay sites. 
Rootplowing or rootplowing followed by raking temporarily 
reduced huisache densities (Box and Powell 1965) but, without 
followup management, ultimately resulted in increased huisache 
stand densities (Mutz et al. 1978). 

Prescribed burning required less increase in returns than herbi- 
cides or low-energy grubbing (Bontrager 1977) and may offer 
benefits not possible with other range improvement methods. For 
example, crude protein content of browse plants was increased for 
1 year after burning in southeast Texas (Lay 1956), for longer than 
2 years in Idaho (Leege 1968), and for at least 4 years in Arizona 
(Swank 1956), compared to that of browse from unburned areas. 
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Quality, and Use 

However, seasonal effects must be considered when comparing 
nutritional values of browse from burned with that from unburned 
areas. Increases in crude protein content of browse on burned areas 
may average more than that in unburned plants only during peri- 
ods of most active growth (Dills 1970). The length of time for which 
nutritional values of regrowth are increased varies among browse 
species and with the area on which it occurs. 

Burning may increase availability of browse by stimulating 
sprouts from plant bases, increase browse production with species 
such as willows (Salix spp.) (Leege 1969, Wolff 1978), and allow 
establishment of seedlings of species such as redstem (Ceanorhus 
sanquineus) and certain legumes (Leege 1969, Martin and Cushwa 
1966). Huisache is a preferred summer and fall browse for white- 
tailed deer (Odocoileus virginianus) on clay soils (Drawe 1968). 
However, the thorny spines inhibit browsing so that only the 
outside branches are used. Mechanical top removal increased the 
preference value of huisache eight-fold by removing the thorny 
top, stimulating new growth, and increasing crude protein contents 
of available browse (Powell and Box 1966). 

Objectives of this research were to determine (1) rate of huisache 
topgrowth replacement after burning at different seasons, (2) 
nutritional status of huisache browse after burning, and (3) in- 
fluence of burning on utilization of huisache browse. 

Materials and Methods 

The study area is on the Rob and Bessie Welder Wildlife Foun- 
dation’s Refuge, approximately 11 km north of Sinton, Texas, in 
the Coastal Bend of the Prairies and Marshes Vegetational Area 
(Gould 1975). Climate is subtropical with about 300frost-free days 
annually. Average rainfall for the past 26 years is 91.5 cm with 
peaks in spring and fall. Vegetation development is dictated by 
prolonged wet periods alternated with dry conditions (Gould and 
Box 1965). 

Data were gathered from 3 pastures which were moderately 
grazed yearlong at 5.8 ha/AU. Two pastures are in a Cpasture, 
3-herd grazing system and I is grazed continuously. The study site 
is characterized by Victoria clay (Udic Pellustert) withll% slope 
(USDA 1979). 

The prevalent plant community on the immediate study site is 
Chaparral (Acacia-Prosopis)-mixed grass (Drawe et al. 1978). 
Broadcast bums were applied as headfires in February 1979 and 
February 1980, respectively, to portions of the continuously grazed 
pasture and on 1 pasture in the bpasture rotation system. Data on 
nutritional status of huisache following burning were gathered 
from these pastures. Part of 1 pasture in the Cpasture system was 
rootplowed in 1962 and is dominated by uniform-aged stands of 
huisache which were used for evaluation of browsing use after 
burning. 

Growth of Huisache Following Burning 
Huisache plants were exposed to fire in a portable burning 

chamber (B&ton and Wright 1979) fueled with propane at 1.14 
kg/cmr. The burning chamber was hexagonal, 1 m tall, 1.1 m 
diameter, and had six, 0.16-mm orifices pointed upward at a 300 
angle and oriented toward a 0.5-m diameter circle in the center of 
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the chamber. Sets of 25 each, randomly selected,huisache plants 
were burned for 5, 10, or 20 set at approximately 6O-day intervals 
from June 1979 to April 1980. 

Prior to burning, original height, canopy diameter, diameter of 
each stem at 15 cm above ground line, and number of stems were 
recorded for each tree. Fine fuel loads were estimated based on 
double-sampling techniques. Water content of fine fuel from under 
each tree was determined by oven drying samples at 1OY C for 1 hr, 
60” C for 22 hr, and then at 105’ C for I hr. Instantaneous wind 
speed, wind direction, air temperature, and relative humidity were 
recorded at the beginning of each burn. 

Maximum temperatures generated inside the chamber were 
determined by placing pellets with melting points ranging from 
66’C to 538” C (56” C increments) at approximately 30 and 60 cm 
above ground line next to three randomly selected trees from each 
set for each exposure time. 

Average height, canopy diameter, and number and origin of 
sprouts were recorded for each huisache plant at approximately 
monthly intervals after burning. Model I regression analysis was 
applied to the data with the equation expanded until best fit was 
achieved where P = height or canopy replacement (cm) and X = 

days after burning. Three-way analysis of variance was also app- 
lied to the data to isolate the effects of burning duration, season of 
burning, and time of measurement. Means were separated by 
Student-Newman-Keuls’ test (o=.O5). 

Crude Protein, Prosphorus and Digestible Organic Matter 
Contents 

Crude protein (CP), phosphorus (P), and digestible organic 
matter (DOM) contents of current year’s growth from plants in a 
4. l-ha area burned in February 1979, and in a 16.2-ha area which 
was burned in February 1980 were compared to contents of plants 
on adjacent unburned areas. Twenty to 50 randomly selected trees 
from each plot were sampled. Only twig tips (including leaves) 
from unbrowsed branches were selected for analysis. Amount of 
twig sampled for laboratory analysis was determined by feeling 
down the stem until the thorns became hard and inflexible to the 
touch. Browse was sampled at approximately monthly intervals 
from July 6, 1979 until the end of the growing season (November 
26, 1979). Sampling was resumed in spring after the onset of 
vegetative growth (April 12,198l for the 1980 burn; May 20,198O 
for the 1979 burn). 

Percentage CP was estimated using the micro-Kjeldahl proce- 
dure for nitrogen determination (AOAC 1960). Ground samples 
were digested with sulfuric acid and hydrogen peroxide, and P 
content determined colormetrically. The in vitro technique was 
utilized for determining percent DOM (Tilley and Terry 1963) 
followed by a neutral detergent fiber extraction which completed 
the digestibility estimate (Van Soest and Wine 1967). Heirarchical 
analysis of variance was used to isolate the contribution of trees 
within dates of sampling, dates of sampling within burns and 
burning date to the total variation, and means were separated by 
Duncan’s multiple range test (~.05). 

Huisache Browse Utilization 
Fifteen sampling stations consisting of 4 plants each (3 burned in 

the propane-fueled chamber and one unburned) were established 
in August 1979. One burned tree of each set was surrounded by 
reinforcing wire enclosure 1.8 m tall with 15 by 15-cm openings to 
exclude large browsers (cattle and white-tailed deer). Another 
burned tree in each set was excluded from large browsers, lago- 
morphs, and large rodents by wrapping 2.5-cm-diameter mesh wire 
around the lower 45 cm of the reinforcing wire. Each enclosure had 
an internal area of approximately 1.9 mr. One burned plant of each 
set was not excluded from browsers. Plant height, numbers of 
sprouts, browsed twigs and unbrowsed twigs occurring from 
ground line to 1.8 m were recorded monthly from September 1979 
to December 1979. There was no attempt to distinguish between 
twigs browsed since the last sampling period. No usable browse 
(twig tips on which thorns had not lignified) occurred on plants 

after November 1979, and no additional browse useoccurred from 
November to December, so sampling was ceased until April 1980, 
when vegetative growth resumed, and was terminated in Sep- 
tember 1980. Data were subjected to analysis of variance and the 
means separated by Duncan’s multiple range test (o=.O5). 

Results and Discussion 

Growth of H&ache Following Burning 
Environmental conditions during the individual-plant bums 

were conducive to effective broadcast burns except on April I 1, 
1980 when relative humidity was 82 to 88%, misting occurred 
intermittently, and fine fuel water content was 50 to 56%. 
Moreover, standing dead fine fuel was estimated to be less than 
20% of the total fuel load. Total fine fuel loads under the trees 
exceeded the minimum (about 2500 kg/ ha) suggested by Scifres 
(1980) for effective prescribed burning. 

No huisache plants were root killed by burning, but most were 
top killed. There was no difference ((uz.05) in percent top kill 
among seasons of burning nor was the interaction of season with 
duration of burning significant. Percent top kill of trees exposed to 
fires for 5 set averaged 90% across burning dates which was 
significantly less ((~=.05) than percent top kill of huisache burned 
for 10 and 20 set which averaged 98 and 99%, respectively. 

Differential responses to burning durations were expected since 
cell death is an exponential function of exposure temperature and 
duration (Hare 1961). Maximum temperatures at 30 cm above 
ground line during burning varied from 92oC during the 5 set 
exposures in April 1980 (88% top kill) to 4590 C during the 10 set 
exposures in August 1979 and 20 set exposures in December 1979 
(100% top kill). However, because differences in percentage of 
trees top killed among durations were relatively small, we con- 
cluded that huisache may be top killed by relatively low heats. 
Moreover, the few plants not top killed by burning tended to be 
taller and with greater stem diameter than plants top killed by fires, 
but not significantly so. 

Height of regrowth from plants top killed by burning were not 
significantly different (az.05) among burning durations within a 
season of treatment. Therefore, data from burning durations were 
pooled for each season for further statistical analysis. Huisache 
sprouts from burned plants actively elongated from early March 
through mid-December, but replaced little height during the cool 
season, regardless of season of burning (Fig. 1). Plants burned in 
the middle, or at the end of the growing season had no appreciable 
stem elongation the first month after leaf emergence in the spring. 
The delayed growth was postulated to be the result of reductions in 
stored carbohydrates available to treated plants as noted with 
chamise (Andenostoma fasciculatum) by Jones and Laude (1960). 
Plants burned in December 1979 or February 1980did notdevelop 
new sprouts until after March 1, 1980. Rainfall pattern during the 
growing season after burning also affected vegetative growth of 
huisache, with stem elongation reduced during dry periods, as in 
summer 1980 (Figs. 1 and 2). Rate of height increase of burned 
plants, regardless of date of burning, exceeded that of unburned 
plants, except during the 1981 growing season. Rainfall during 
1979 and 1980,‘77 and 100 cm respectively, was near the annual 
average. However, 138 cm of rainfall, approximately 15OYc of the 
average and the greatest annual amount received during the pre- 
vious 26 years, occurred in 1981 (Fig. 2). 

Based on prediction equations (Table I), lengths of time 
required for huisache plants to replace 50% of their original height 
(Htr~) were 14.3, 14.7, 11.6, 8.5, 7.9, and 8.1 months after burning 
plants 21 m in June, August, October, December, February or 
April, respectively. Thus, plants burned in winter 1979-1980 had 
replaced 50% of their original height by the end of the 1980 growing 
season (Fig. l).Powell et al. (1972) reported that huisache regrowth 
reached an inflection point within 60 days after top removal by 
shredding, then growth rate declined. However, sprouts from 
burned plants elongated rapidly, even in the second growing sea- 
son after burning, except during brief, extremely dry periods. 

336 JOURNAL OF RANGE MANAGEMENT 36(3). May 1983 



300 

275 

250 

225 

200 

175 

i5a 

126 

IOC 

7! 

5( 

2! 

JMIE 15.1979 -0 

NC 15,1979 -0 

OCT 11, 1979 . . -. .. .. ..rn 

OEC 7, 1979 --.-.-.-..o 

FE8 11,198O ------A 

l?l 11,198O ----4 

UllllJI1lJEO - -* 

/ 

c- -- -+--’ 
I- 

I 

’ l * * 
*, l c--- 

_---‘* 
* 

* * 

* 
. 

* 

* 

I 

* / 

/ 

/ 

/ 

/ 
Y 

/ 
/ 

JW AIE @CT MC FE8 Ml JWIIE IIC UT DEC FE1 l?l JHE MC 8CT 

1979 1990 I981 

WE AFTER WRII 

Fig. 1. Regrowth heights (cm) of huisache at various times after burning individualphnts 21 m tall in June, August, October or December 1979 and 
February or April 1980 on the Rob and Bessie Welder Wiidltife Refuge near Sinton, Texas. 
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Table 1. Prediction equations for height change of unburned plants and hdght replacement after burning huisache 21 m in June, August, October, or 
December 1979, and February or April 1980 on the Welder Wildlife Refuge near Sinton, Texas. 

Date burned 

1979 
June 
August 
October 
December 

1980 
February 
April 

Unburned 

Prediction equation’ 

~=I.558O+l.O8llX-0.0811X2+2.6#l. IO-‘X3-3.4830* 10-*X4+1.6506* IO-“X5 
P=3.0131+0.5943X-0.0053X2+2.1317. 10+X3-3.3658* IO-sX4+l.8292* 10-llg 
~=3.2567+0.009lX+5.4052 l IO-sX’+5.4735 l 10*X3-1.4772 l IO-sX’+1.0729 l 10-“X5 
q=2.0593-0.2004X+0.0044X2-I. 1568 l IO-‘X3+ 1.0729 l lO-‘ti 

~=-4.7864+0.4429X+0.0004Xz-3.5888 l 10*X3+4.3526 l IO? 
q=-5.6336+0.9116X-0.0030X*+3.8244 l 10*X3 
%‘=196.3439-0.001 lX+0.0006X2-1.8563 l 10”X3+1.6142 l lBsX4 

r’ 

0.87 
0.90 
0.92 
0.85 

0.90 
0.89 
0.31 

‘Y=Height of regrowth (cm); X=Days after burning. 

Predicted times required for huisache plants 11 m tall to replace 
their original heights (Htlm) were 27.3, 25.7,22.8, 19.8, 18.9, and 
16.8 months after burning in June, August, October, December, 
February or April, respectively. Thus huisache plants had replaced 
their original heights by the end of the second complete growing 
season, regardless of season of burning. Regrowth of plants which 
were < 1 m tall when burned followed the same trend as described 
for plants >I m, but the shorter plants replaced 50% of their 
original height (H&O) within 2 to 3 months, and replaced their 
original height by the end of the first complete growing season after 
burning (data not shown). 

Numbers of basal sprouts per huisache plant after burning were 
not significantly different ((u=.O5) among burning dates, but 
numbers of sprouts were significantly different between size classes 
of plants. Prior to burning, plants 11 m tall averaged two stems 
where those < I m usually consisted of a single stem. Stem numbers 
averaged 7 and 4 on plants 11 m and < 1 m when burned, respec- 
tively, by the end of the first growing season after burning. 

CP, P and DOM Contents of Browse 
Browse from huisache plants burned in 1979 contained signifi- 

cantly more CP in July, August, and October 1979 than did twig 
tips from adjacent unburned plants (Table 2). CP contents of 
browse on burned plants were significantly less in late November 
1979 than in browse from unburned plants. Browse from huisache 
plants burned in 1979 also contained significantly more CP than 
did browse from unburned plants in June and August 1980. 
Increases in CP content of browse from burned plants, compared 
to unburned plants generally coincided with peaks in rainfall. 
There apparently was not adequate time for plants to utilize mois- 
ture from rains (3.1 cm) on May 18 before the May 20, 1980 

25 _ 

---- NOWTW OF MElSURElENT 

Fig. 2. Monthly rainfall (cm) on the Rob and Bessie Elder Wildlife Refuge 
near Sinton, Texas during the period (June 1979-October 1981) that 
h&ache responses tojke were monitored. 

sampling date. Plants sampled on June 20,198O had received 8.41 
cm of rainfall during the 11 days prior to sampling. 

New growth on huisache in the pasture burned in February 1980 
and on an adjacent unburned area was initiated between March 1 
and April 12. The CP contents of browse were greatest the first 
month following initiation of growth, then declined in both the 
burned and unburned plants until August 1980 (Table 2). Crude 
protein contents were greater in browse from burned than from 
unburned huisache plants until midsummer. No precipitation fell 
in July 1980, nullifying differences in CP contents of browse from 

Table 2. Mean crude protein, phosphorous and in vitro digestible organic matter contents ($) of browse from huisache after burning in February 19790r 
1980 and from unburned plants, and the amount of precipitation received since last sampling period on the Rob and Bessie Welder Wildlife Refuge near 
Sinton, Texas.1 

Crude protein (%) Phosphorus (%) Digestible organic matter (%) Precipita- 

Collection 1979 1980 1979 1980 1979 1980 tion 

date 
received 

Burned Unburned Burned Unburned Burned Unburned Burned Unburned Burned Unburned Burned Unburned (cm) 

1979 
July 6 
Aug. 8 
Sept. I6 
Oct. 7 
Nov. 26 

27 a 23 bc 
24 bc I9 e-g 
24 bc 23 bc 

25 b 17 g 
12 i l5h 

1980 
Apr. I2 
May 20 
June 20 
July I2 
Aug. I6 
Sept. I3 

- - 
19 e-g 17g 
22 c-d I8 fg 
20 ef I9 e-g 
23 bc 21 de 
II i l3i 

- 
- 
- 
- 
- 

32 a 23 c 
26 b 21 d 
20 d 17e 
I7 e l6e 
24 c 23 c 
I3 f I3 f 

- 
- 
- 
- 
- 

0.54 a 0.29 de 
0.39 bd 0.28 ef 
0.35 cd 0.29 de 
0.39 bd 0.21 e-g 
0.18 fg 0.24 ef 

- - 51 a-c 
- 53 ab 
- - 57 a 
- - 52 ab 
- - 34 g 

- - 0.65 a 0.28 cd - - 
0.31 de 0.38 bd 0.50 b 0.25 c-e 47 b-e 42 d-f 
0.45 ab 0.34 d 0.40 bc 0.16 de 49 bd 51 a-c 
0.35 cd 0.30 de 0.33 c 0.29 cd 44 c-f 47 b-c 
0.54 a 0.46 ab 0.36 bc 0.27 cd 57 a 50 a-c 
0.12 g 0.12 g 0.12 e 0.16de 4Oe-g 42 d-f 

51 a-c 
53 ab 
51 a-c 
47 b-e 
37 fg 

- 8.3 
- 6.1 
- - 17.1 
- - 15.7 
- - 2.8 

48 b 49 b 2.2 
47 b 47 b 7.2 
38 c 43 bc 5.3 

48 b 48 b 58 a 58 a 2t.5 
46bc 44 bc 2.1 

‘Means followed by the same letter within a nutrient and year of treatment are not significantly different (a=.O5) Duncan’s multiple range test. 
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burned, compared to unburned plants. A high amount of rainfall 
occurred during the first part of August 1980, and CP contents of 
browse from both burned and unburned plants increased signifi- 
cantly, compared to the July sampling. However, CP contents of 
huisache browse from the area burned in February 1980 did not 
differ with that from unburned areas as it had in 1979. 

Variation in P contents of huisache browse after burning fol- 
lowed the same pattern as with CP contents, with browse from 
burned areas generally containing more P than browse from 
unburned areas when rainfall was not limiting (Table 2). Average 
percentage of P during the second growing season of browse from 
burned plants was significantly greater than in unburned plants 
only during the June 1980 sampling period. Concurrent with pre- 
cipitation in August 1980, the P contents increased significantly in 
both burned and unburned browse, compared to that of the pre- 
vious month, but there was no difference in P contents between 
burned and unburned plants. 

Digestible organic matter contents of huisache browse ranged 
from 58% during the growing season to 34% at the end of the 
growing season but varied with amount of precipitation (Table 2). 
DOM contents of browse from burned and unburned plants never 
differed by more than 7% within sampling dates, and differences 
were not significant (ar=.OS). 

Huisache Browse Utilization 
Apparent use of huisache by large rodents and lagomorphs 

(single enclosure) during the month following burning was greater 
than the proportion of new growth apparently used by insects and 
small rodents (double enclosure) (Table 3). After the first month, 
however, there were no differences in percentage of browse 
removed from the two enclosure types. 

During the second growing season following burning, height of 
most twigs p48 cm) within the enclosures suggests that insects 
instead of rodents or lagomorphs were primarily responsible for 
twig utilization, The insect occurring most often on huisache was 
the leaf-footed bug (Mozena obtusa) which sucks sap from plants 
(Hewitt et al. 1974). Leaf-footed bugs were seed feeding on termi- 
nals of growing twigs, and their feeding generally killed twig tips. 
No insects were seen feeding on mature (lignified) branch parts. 

Greatest utilization by large browsers occurred during the first 2 
months following burning of huisache plants (Table 3). Differences 
in use of huisache browse between the enclosure types were insig- 
nificant during the 1980 growing season. Browse utilizationduring 
the 1980 growing season may have been confounded with damage 
by low temperatures. Unbrowsed twig tips were frozen and 
dropped during the winter, causing them to appear browsed. 

Regrowth heights of burned, unprotected plants tended to be 
suppressed but not significantly, when compared to that of plants 
in single and double enclosures. The addition of browsing of large 
animals also caused a significant increase (cu=.O5) in numbers of 
basal sprouts on burned plants. The burned unprotected plants 
averaged 10 sprouts while protected plants averaged 6 or 7 stems by 
September 1980. 

Burned huisache plants produced more than 100 “browsable” 
twigs each during the study period while unburned plants pro- 
duced an average of 18 twigs each. Average air-dry weight of a 
‘browsable” twig tip from burned and unburned huisache plants 
was 0.04 g. Thus, an average huisache plant burned in August 1979 
produced about 5.5 times more usable browse than did an 
unburned plant by September 1980. 

Management Implications 

Although huisache may be top killed by burning at any season, 
essentially all the plants regrow to their preburn stature within two 
growing seasons. Single burns were evaluated in this study but 
there is no evidence that repeated burning would increase 
mortality. 

Burning increases crude protein and phosphorus contents and 
availability of huisache browse. However the amount of usable 
browse produced by huisache is relatively low even after burning, 
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Table 3. Percentage of available twigs browsed within enclosures on 
various dates after burning individual huisache plants in August 1979 on 
the Rob and Bessie Welder Wildlife Refuge near Sinton, Texas. 

Enclosure type’ 
Date of None, None Single,’ Double,2 
measurement unburned burned burned burned 

1979 
September 77 b-e 77 b-e 33 i-l 7 m 
October 77 b-e 47 g-h 21 k-m 16 Im 
November 85 a-e 79 be 65 c-f 61 d-h 

1980 
April 91 ab 36 i-k 41 h-k 58 e-h 
May 50 f-i 63 d-f 21 k-m 28 j-l 
June 93 ab 44 g-j 80 a-d 75 be 
July 62 d-h 75 b-e 61 d-h 62 d-h 
August 65 c-f 41 h-k 42 h-j 47 g-j 
September 98 a 99 a 99a 99a 

‘Means followed by the same letter are not significantly different (6.05) Duncan’s 
multiple range test. 

2Single=large browsers excluded; double=large browsers, large rodents and lago- 
morphs excluded. 

and most heavy browse use occurs for a few months after the burns. 
These results indicate that the primary use of prescribed fire for 

huisache management would be to prevent further development of 
stands. Maintenance of huisache stands in a particular state 
(canopy cover, density) can be achieved by burning at 2-to 3-year 
intervals. Because of huisache tolerance to fire, and since brush 
suppression is usually not the sole objective of prescribed burning, 
other management objectives such as improving botanical 
composition of the forage stand, increasing utilization of otherwise 
unpalatable species, and improved livestock distribution should be 
primary considerations for timing burns on Coastal Prairie. 
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Fire-induced Mortality of Redberry Juniper 
[Juniperus pinchotii Sudw.] 
ALLEN A. STEUTER AND CARLTON M. BRITTON 

Abstract 

Redberry juniper mortality was determined following spring 
broadcast burns in 1979 and 1980, and individual-plant bums with 
3 heat treatments In 1981. Mortality varied from 1 to 100% and was 
related to bud zone location, plant size, site, and growing condi- 
tions. During years of above average precipitation, mortality aver- 
aged 70% for plants with the bud zone above the soil surface 
contrasted to 3% for piants with the bud zone partially below the 
soil surface. Plant size and site factors such as slope and soil surface 
stability appeared to affect the rate at which the bud zone was 
buried by soil, thus producing a fire resistant plant. Plant mortality 
was significantly increased across all size classes and sites when 
burns were conducted under hotter conditions and followed by a 
dry growing season. 

West Texas populations of redberry juniper (Juniperuspinchotii 
Sudw.) which were previously restricted to buttes and escarp- 
ments, appear to have expanded into grasslands since the 1860’s 
(Ellis and Schuster 1968). Lack of periodic fire was thought to be 
partially responsible for this expansion. Wright (1978) estimated 
that grasslands in the Texas Rolling Plains had a natural fire 
frequency of 20 to 30 years. 

The expansion of redberry juniper into grasslands may be due in 
part to relatively recent species adaptations to fire. Biogeographi- 
cal and phenotypic evidence suggests that redberry juniper may be 
a stabilized hybrid of alligator juniper (J. akppeana Steud., 
sprouter) and one-seeded juniper (.I. monosperma Engelm., non- 
sprouter) (Hall and Carr 1968). Hybridization of redberry juniper 
and one-seeded juniper in northwest Texas has been supported 
using chemosystematic analysis (Adams 1972). However, no evi- 
dence of hybridization or introgression from other taxa was found 
(Adams 1975). Redberry juniper is least variable in the west Texas 
“arc” of its distribution. It is most variable in the Trans-Pecos 
where its range overlaps those of alligator and one-seeded juniper. 
Both Adams (1975) and Hall and Carr (1968) felt that redberry 
juniper experienced considerable change in distribution and natu- 
ral selection during the late- and post-Pleistocene era. 

Basal sprouting following top removal is an important pheno- 
typic characteristic of redberry juniper (Vines 1960). Smith et al. 
(1975) reported 99% mortality of I- to 8 year-old redberry juniper 
after mechanical stem removal at the soil surface. Stem meriste- 
matic tissue was generally above the soil surface in this age class. 
However, with older trees soil typically covers the stem meriste- 
matic tissue. Seventeen percent of the mature redberry juniper 
failed to resprout following mechanical top removal (Schuster and 
George 1976). No information is available on redberry juniper 
mortality that may be expected following prescribed burning. 

Redberry juniper is a major brush problem over extensive areas 
of north and west Texas. The objectives of this study was to 
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investigate the potential of prescribed burning for use in control- 
ling redberry juniper. 

Methods 
The study was conducted on the Masterson Ranch, King 

County, and the Potts Ranch, Motley County, Texas. Redberry 
juniper-mixed grass vegetation is characteristic on both sites 
(Steuter 1982). Long-term (30 years) mean annual precipitation is 
59 cm of which 90% occurs during the growing season. Soils on the 
King County area are shallow, rocky Mollisols of the Talpa series 
while those on the Motley County area are deep Alfisols of the 
Miles series. 

Prior to broadcast burning an 800-ha pasture in 1979,200 young 
redberry juniper plants were randomly selected and marked with a 
numbered metal stake. These young plants ranged from 7 to 65 cm 
tall. Fifty young plants were similarly marked prior to the 280-ha 
broadcast burn in 1980. These plants ranged from 16 to 80 cm tall. 
One hundred mature plants consisting of residual live stems and 
regrowth, as a result of chaining in 1975, were also monitored. A 
young plant was defined as being less than 80 cm tall and mature 
plants as greater than l-m tall. 

Broadcast burns were conducted in mid-March with 25% rela- 
tive humidity, air temperature from 20 to 26”C, and windspeed 
from 12 to 24 km/hr. Fine fuel load ranged from 1,800 to 3,500 
kg/ ha. Depending on the treatment year, plant mortality was 
evaluated 6, 18, and 30 months after burning by examination for 
basal stem sprouts. 

The second research phase involved burning redberry juniper 
plants with an individual plant burner (Britton and Wright 1979). 
One hundred and twenty plants were marked in each of 3 size 
classes (35 to 50, 51 to 65, 66 to 80 cm tall). Thirty plants within 
each size classes were randomly assigned to 1 of 4 treatments 
consisting of a control (no heat), light, moderate, and heavy tine 
fuel simulated fires. The plant burner was calibrated using the 
time/ temperature curves developed for mixed grass fuels (Wright 
et al. 1976). The light, moderate, and heavy fuel ratings approxi- 
mated natural fine fuel loads associated with redberry juniper- 
mixed grass habitats in west Texas (Fig. 1). Treatments were 
applied in early April with air temperatures from 20 to 26O C and 
relative humidity from 60 to 75%. Plants were checked 5 months 
after treatment for evidence of living material. 

The location of the swollen bud zone, relative to the soil surface, 
was recorded for plants in both broadcast and individual-burn 
treatments, Chi-square analyses were used to evaluate treatment 
differences at the 95% confidence level. 

Results and Discussion 

Mortality, across all size classes, of young redberry juniper 
broadcast burned in 1979 was 42% at the 6-month evaluation. The 
mortality in this same group of plants following the second, very 
dry growing season had increased to only49%. Thirty months after 
the fire, mortality was 50%. These results indicate that the effects of 
disease, insects, and rodents will not interact with tire to apprecia- 
bly increase the control of established redberry juniper. Mortality 
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rates in following sections of this paper are from the evaluations 
conducted at the end of the first growing season after treatment (5 
to 6 months). 

A wide range in juniper mortality resulted from the broadcast 
and individual plant burn treatment groups (Fig. 2). Location of 
the bud zone relative to the soil surface was the dominant variable 
associated with mortality of redberry juniper plants subjected to 
fires within the range of mixed grass fuel loadings. Post-fire grow- 
ing conditions also appeared to affect mortality following a pres- 
cribed burn. 

Bud Zone Location 
The bud zone of redberry juniper develops from stem meriste- 

matic tissue located in the axil of the cotyledons on a newly 
germinated seedling (Smith et al. 1975). This zone is from one to 
several centimeters above the soil surface (Fig. 3). The rate at which 
the bud zone is covered by soiland thus protected from agrassland 
fire appears to he determined by age, canopy development, slope, 
and soil surface stability. Dead foliage and airborn material fall 
through the juniper canopy and accumulate around the base. On 
shallow, sloping sites the rate at which this material accumulates 
will be reduced due to downslope transport of surface material. 
Mortality due to fire generally declined with increasing sire of 
redberry juniper but appeared to beaffected bysitefactors (Fig. 2). 

Measurements taken from unburned plants indicated that 
young redberry juniper increased in height at the rate of approxi- 
mately 3.8 f 2.2 cm/yr. Similar growth rates have been observed 
for other junipers (Tueller and Clark 1975). Within a site, juniper 
height may be a good indicator of bud zone location. However, 
bud zone location, not redberryjuniper height orage, is the factor 
important in determining mortality rates following fire (Fig. 4). 

The basal bud zone of mature redberry juniper is large, mostly 
buried, and safe from most fires. Only I of 100 marked plants was 
killed by broadcast burning in 1979. The bud zone of this plant had 
been mostly exposed by the chaining operation 4 years earlier. 
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Burning in the drought year of 1980 killed approximately 5% of the 
mature plants. The plants that died typically had a largeamount of 
woody debris from the chaining operation lodged around the base. 
Fire intensity in chained debris was considerably higher than for 
grassland fuels. 

Heat Treatment Effects 
Fire intensity (kcal/n+/sec) is difficult to measure, much less 

simulate under field conditions. The individual plant burner accu- 
rately simulated time-temperature relationships to which a plant is 
exposed during a fire. 

Redberry juniper mortality increased across size classes with 
increased heat treatment (Fig. 5). These resultswere supported by 
observations of increased mortality of large plants growing within 
locally heavy fine fuel accumulations in the 1979 and 1980 broad- 
cast burns. Fires within the range typical of mixed grass fuel loads 
would rarely generate sufficient heat to kill redberry juniper bud 
zones below the soil surface. Fire prescriptions which allow for 
increased fine fuel accumulation and “hot”weatherconditions will 
provide the best control of redberry juniper where the bud zone is 
above or at the soil surface. 

Growing Season Effects 
The growing conditions during 1979 and 1981 were good to 

excellent based on herbaceous production on the study area. Soils 
were moist at the time of burning and precipitation was I8%above 
the long-term average during the growing season. The soil was dry 
at the time of burning in 1980. Growing season precipitation 32% 
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Fig. 4. Mortality rates for young redberry juniperfrom 7 to 80 cm tall and 
burning treatments (1979 and 1981) for plants with bud zones all above 
versus partially below the soil surface. Similar letters within bars repre- 
sent no significant difference (DO.05). 

below average during 1980 combined with record setting summer 
temperatures to produce severe drought conditions on the study 
areas. 

Redberry juniper mortality was increased even in the largest size 
classes following broadcast burning in 1980 (Fig. 2). A comparison 
of 1979 and 1980 mortality rates is confounded by greater fine fuel 
load in 1980. However, the magnitude of difference between mor- 
tality in 1979 and 1981 (wet) versus 1980 (dry) indicates a response 
to growing season conditions independent of fuel load. 

Conclusions 
Prescribed burning can potentially kill a large proportion of 

young redberry juniper if the treatment is applied before the bud 
zone is partially covered by soil. On shallow rocky sites redberry 
juniper plants less than approximately 13 years old (50 cm) had 
mortality from 33 to 100% depending on size and growing season 
conditions. Soil covering of the bud zone may occur earlier on sites 
with deep soils, and gentle slopes. Mortality of planrs with an 
estimated age of 10 to 13 years (35 to 50 cm) on a deep soil site 
burned in a wet year was 13%. Therefore, the interval between fires 
should be correspondingly shorter on these sites to obtain equival- 
ent control of young redberry juniper. Mature redberry juniper 
resprouts following fire. However, about 5% of these plants are 
killed by fire during a dry year. Developing fine fuel loads of 3000 
kg/ ha will appreciably improve the control obtained from burning 
redberry juniper, as will burning in a dry year. However, burning in 
a dry year will negatively affect herbaceous yield and chances of 
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Fig. 5. Mortality for young redberry juniper from 35 to 80 cm tall for 

control, light, moderate, and heavy fine fuel simulation burns in 1981. 
Similar letters within bars represent no sigtjieant difference (JQO.05). 

this should be minimized. Good soil moisture reserves at the time 
of burning are recommended to minimize the chances of reduced 
herbage yield. 
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Fuel-Load Reductions Resulting from Pres- 
cribed Burning in Grazed and Ungrazed 
Douglas-fir Stands 
G. THOMAS ZIMMERMAN AND LEON F. NEUENSCHWANDER 

Abstract 

Prescribed under-story burning was carried out in both grazed 
and ungrazed Douglas-fir stands on the University of Idaho Exper- 
imental Forest. Burning conditions were moderately cool with 
IO-hr time-lag fuel moisture varying from 11 to 19%. Preburn and 
postburn fuel loadings were determined by use of the planar inter- 
sect method. Prebum data indicated greater fuel accumulations in 
grazed stands, 55,460 kg/ha, as compared to ungrazed stands, 
44,710 kg/ha. Difficulty in achieving a satisfactory rate-of-spread 
and llre intensity was encountered due to the combined effects of a 
very dry summer followed by a wet fall. Moist conditions on the 
study site, lack of fine fuels, and accumulation of heavy fuels in the 
grazed portion produced a bum of patchy nature. Fire rate of 
spread varied from 0 to 183 cm/minute with flame height up to 91 
cm. Result was a fuel reduction of 60.2% in the grazed stand and 
35.2% in the ungrazed stand. Prolonged grazing in this area had 
created a dense, overstocked stand with insufficient fine fuels to 
carry a fire, which severely limited the effectiveness of prescribed 
burning. 

Although it has been a practice to utilize livestock to reduce fire 
hazard in forest areas of the western United States (Adams 1975), 
little research has been done to determine the validity of this 
practice. The objective of this paper was to determine the effect of 
prescribed fire on fuel loading in both grazed and ungrazed 
Douglas-fir (Pseudotsuga menziesii) stands. 

In various forested areas of the United States, livestock grazing 
has been a determining factor in the success of many local econo- 
mies (Wahlenberg et al. 1939). Since many western ranchers have 
been dependent upon federal range, numerous areas capable of 
producing palatable forage have been grazed. 

Early in this century, it was widely believed that grazing could 
lessen the number, intensity, and size of fires (Hatton 1920). Fore- 
sters allowed heavy grazing to reduce fire hazard and to promote 
tree growth without consideration for sound range and watershed 
management principles. Heavy grazing has been distinctly advan- 
tageous in lessening the occurrence and intensity of accidental fire, 
due to the reduction of herbaceous undergrowth and hastened 
decay of litter by trampling (Ellison 1960). However, heavy grazing 
has severely damaged palatable species. The amount of understory 
herbage utilized by grazing animals has been considerably less than 
the total produced, though the highly palatable plants have been 
selected first (Froeming 1974). As a result, these species have 
gradually been replaced, often by highly flammable, unpalatable 
species. 

Available research clearly demonstrates that fire has had certain 
beneficial effects on some forested environments. Complete fire 
exclusion in many areas has created dangerous fuel accumulations 
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which have resulted in catastrophic fires, insect and disease build- 
up, range deterioration, changes in wildlife carrying capacity, and 
decreased watershed yield (Ahlgren 1974). Where fuels were per- 
mitted to accumulate, fires increased in severity and damage, and 
offered much greater resistance to control (Dodge 1972). For these 
reasons prescribed burning has been recognized as a valuable land 
management practice. 

This practice has been extremely useful in ponderosa pine (Pinus 
ponderosa) and Douglas-fir ecosystems, with objectives such as (1) 
reduction of fire hazards after logging, (2) exposure of mineral soil 
for seedbeds, (3) control of insects and diseases, (4) thinning of 
dense stands of saplings, (5) increased yield and quality of forage, 
(6) improvement of big game habitat, and (7) modification of 
species composition in different plant communities (Habeck and 
Mutch 1975). 

Zimmerman (1979) described the study area which is approxi- 
mately 12 miles northeast of Moscow in Latah County, Idaho, on 
the East Hatter Creek portion of the University of Idaho Experi- 
mental Forest (Fig. 1). The specific area treated by burning was 
chosen because of the location of natural topographic changes 
which would have contributed to fire suppression strategies, if 
necessary, and the size of area which accommodated a concurrent 
big game study. Plots were located both inside and outside a big 
game enclosure on the southwest slopes of Basalt Hill, elevation 
ranging from 853 m to - 1006 m. Vegetation of the area was 
characteristic of the Douglas-fir/ Ninebark (Pseudotsuga 
menziesii-Physocarpus malvaceus) habitat type, described by 
Daubenmire and Daubenmire (1968). Stages of vegetational devel- 
opment varied from seral to early climax with ponderosa pine and 
Douglas-fir equally represented. 

Zimmerman (1979) studied the effect of grazing on the East 
Hatter Creek area. He found that grazing in the absence of fire at 
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Fig. 1. General location of study area. 
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the normal fire frequency of about every 22 years advanced the 
closure of the overstory, increased the quantity of duff and down 
woody fuel, and reduced the quantity of herbaceous and shrubby 
vegetation. He presented tree age and diameter class data suggest- 
ing that these changes occurred within the last 50 years. Before that 
time, the stands protected from grazing in theenclosure had similar 
averstory as the stands that were heavily grazed. Grazing outside 
the enclosure, based on U.S. Forest Service records, was heavy, 
with utilization averaging 85% for the last 20 years. 

Methods 

Prior to, during, and immediately after burning, measurements 
for temperature, relative humidity, wind speed, IO-hr time lag fuel 
moisture content, surface fine fuel moisture content, surface soil 
moisture content, and estimated cloud cover were collected. Sam- 
ples were collected on north and south aspects under the canopy of 
shrubs and trees and in open areas. 

Fuel-loading was measured by the planar intersect technique 
(Brown 1974). This technique provided thefollowinginformation: 

I. Weights per acre of downed woody material: 
a. Diameter sire classes: 0 to 0.6 cm 

0.6 to 2.54 cm 
2.54 to 7.62 cm 

b. Sound and rotten fuel particles of diameters 7.62 cm and larger 

2. Depth of fuel and forest “oar duff 

Table 1. Fuel moisture and weather data for East Hatter Creekbum trent- 
ment days.’ 

Weight calculations far this inventory were computed by the following 
simplified formulae (Brown 1974): 

a. 0 to 0.6 cm class : w = 0.9533 nc,NI 
b. 0.6 to 2.54 cm Class : w = 1.825 m/N, 
c. 2.54 to 7.62 cm Class : w = 14.52 nc,NI 
d. 7.62+ cm sound : w = 4.656 Zd’c,NI 
e. ,.a+ cm rotten : W = 3.492 Zd4/Nl 
f. duff : W = 14.5 X average depth1 

WherC n = number of pieces sampled 
c = slope correction factor 

Nl = total length of sampling plane 
Zdi = sum of squared diameters 



Vegetative cover was determined by the line intercept method 
(Daubenmire 1968). Dead and standing herbaceous vegetation 
(standing litter) and the 0 I horizon (surface litter) were often the 
fuels that carried the fire. Standing and surface litter samples were 
collected from 20 X 50 cm (0.1 m2) quadrats, oven-dried and 
weighed, then converted to kilograms per hectare values. 

In preparation for burning, firelines were constructed by bull- 
dozer. Burning in the ungrazed area was initiated by firing the area 
adjacent to those lines and then igniting the lower portion and 
permitting the fire to move up hill. In the grazed stand, strip fires 
were used to maintain sufficient burning intensity. Fire weather, 
fuel moisture, and soil moisture data for each burning day are 
listed in Table I. 

Results 

Stand Structure and Condition 
Inspection of the grazed and ungrazed stands prior to burning 

revealed that stand structure and condition differed significantly, 
although they were of similar habitat type, soils, and physio- 
graphy. The ungrazed stand was an open park-like forest, while the 
grazed stand resembled a relatively dense forest with little under- 
story vegetation. Similar densities of large diameter trees occurred 
in both areas, but the stand structure of smaller trees was 
significantly different. Because at least one fire and no grazing 
occurred in one area, while no fires and continuous grazing 
occurred in the other, the difference between the two stands was 
assumed to be the result of grazing-fire interactions. The specific 
effects of grazing by domestic livestock in this habitat type were 
studied by Zimmerman (1979). In Douglas-fir habitat types of 
Idaho, production of forage and shrubs decreased following the 
closure of the overstory canopy (Froeming 1974, Zimmerman 
1979). 

The Douglas-fir stand that was subjected to prolonged grazing 
was comprised of an overstory of mixed sized Douglas-fir and 
ponderosa pine, and an understory ranging from needles to sparse 
shrubs (Fig. 2). Distribution of trees varied from overstocked 
sapling thickets to large and scattered sawtimber. Evidence of 
insect and disease damage was obvious. Understory was character- 
ized by a general lack of both dead down woody and live fine fuels. 
The forest floor fuel ranged from stands of heavily cropped grasses 
and bare ground to needle mats and scattered shrub patches. Soil 
surface litter averaged 0.8 cm while the duff averaged 7.2 cm. 

The stand protected from grazing appeared as a seral stage 
comprised of slightly more ponderosa pine than Douglas-fir. Over- 
story structure varied from well-stocked pole stands of fir to open, 
park-like stands of pine (Fig. 2). The ungrazed stand contained 
fewer snags, rotten stumps, and insect and disease infected trees 
than the grazed stand. Understory ranged from thick mats of 
needle to dense, vigorous stands of perennial grasses and tall 
shrubs. 

Ic.3 
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Fig. 3. Comparison of canopy coverage for grazed and ungrared stands. 
Fig. 5. Comparison of total fuel hadings before and after burning in 

grazed and ungrazed stands. 
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Fuel Inventory 
Bare ground and canopy coverages of trees were greater and 

coverages of litter, forbs, grasses, and shrubs were lesser ongrazed 
than ungrazed sites (Fig. 3). Fuel loadings, greater in grazed 
stands, were comprised of nearly equal distributions of fuel parti- 
cles of greater and less than 2.5 cm in diameter. Preburn fuel 
loading in the ungrazed stand, 45558.4 kg/ha, was not signifi- 
cantly different from that of the grazed Sand, 36.726.4 kg/ ha (Fig. 
5), but was comprised almost entirely of particles less than 2.5 cm 
in diameter (fine fuels). Comparisons of the fine fuel loading 
between the two areas revealed that fine fuels made up 55% of the 
total preburn loading on the grazed areas; while on the ungrazed 
areas they represented 100 percent of the total (Fig. 4). 

Fig. 4. Comparison of surface fuels in grazed and ungrazed stands. 

Surface files of varying intensities were supported and carried by 
the quantity of fuels and continuity of fine fuels in the ungrazed 
stand. Within the grazed stand, the lack of fine fuels prohibited 
rapid movement of fire across the ground. But the presence of large 
size class fuels, shrubs, sapling thickets, snags, stumps, closed 
canopies, and lack of wind presented a significant opportunity for 
the development of crown fires, i.e., fuel combinations that would 
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result in a fire ladder situation. 
The two areas responded differently to prescribed fires. On the 

grazed site greatest reductions were observed in standing litter and 
all fuel sizes greater than 2.5 cm. Numerous trees up to IO cm dbh 
were killed by the fire in the grazed stand. Reduction of total fuel 
accumulation for this area amounted to 60.2% (Fig. 5). On the 
ungrared portion the highest reductions were observed in all size 
classes less than 2.5 cm. Total fuel reduction on this site accounted 
for 35.2% of the preburn total. 

Fire Description 
Higher fuel moisture contents on the grazed portion occurred as 

a result of combination of heavy fuel accumulations and a closed 
canopy shading. This higher fuel moisture, coupled with a lack of 
fine fuels, resulted in a less intense burn. The resultant, slow 
spreading fire burned through the grazed Douglas-fir stand at a 
rate of spread that ranged to .5 m/min with flame heights up to 15 
cm (Fig. 6). The fire consumed the majority of larger size class 
fuels. Only a few healthy trees larger than I5 cm dbh were killed. 
This fire burned in a very patchy pattern, limited by fuel continuity 
and moisture content. 

Quite different results were observed in the ungrazed Douglas- 
fir stand. As a consequence of the abundance of fine fuels, slightly 
lower fuel moisture content, and less canopy coverage, the fire 
spread rapidly, although some of the more shaded areas remained 
unburned. This fire consumed nearly all thefinefuels, top killed 50 
to 75% of the shrubs, and scored only the lower crowns of the 

threes (Fig, 6 and 7). Healthy trees with diameters greater than 
15.24 cm were not harmed by the fire. Observed rate of spread in 
this area was from .3 to I.8 m/min, while surface flame lengths 
varied up to 91 cm. 

Conclusions 

Heavy livestock grazing in the East Hatter Creek portion of the 
University of Idaho Experimental Forest resulted in increased 
downed woody material and early closure of tree canopies. It also 
tended to create ladder type fuels (Zimmerman 1979). Through 
reduction of herbaceous material and trampling of litter, grazing 
increased litter mats, number of trees, and large diameter fuels. At 
the same time, Zimmerman (1979) suggested that grazing was 
responsible for decrease in fine fuels and acceleration of plant 
succession. Total fuel accumulations differed slightly on grazed on 
ungrared sites, but fuel size classes differed significantly. Crazed 
area fuels were characterized by grazed number of large size 
classes, while ungrazed fuels were almost entirely comprised of 
fuels less than 2.5 cm in diameter. 

When grazed and ungrared Douglas-fir stands were prescribed 
burned, fuel weight reductions were greater on the grazed site, but 
administering prescribed fire was more difficult on these sites. For 
fire to consume and spread through the heavily grazed area which 
is dominated by the larger diameter fuels, hotter and drier burning 
conditions are necessary. Such conditions may pose increased 
potential for the rapid movement of surface fires into the crowns 



of the larger trees. In areas dominated by small size class fuels such 
as those on ungrazed sites, surface fires consume a majority of 
available ground fuels, and fires have little potential for crowning 
in larger trees. Fires of this type can be expected to move rapidly 
through an area, quickly exhaust the surplus of fine fuels, and do 
little damage to larger trees. 

Prescribed burning in ungrazed Douglas-fir forest stands will 
produce satisfactory results if strip tires are carried out under the 
following conditions: 

Temperature 50-W F 
Relative Humdity 25&55% 
Wind speed O-l0 mph 
Fuel moisture sticks (10 hr time lag) 10~17% 

Prescribed burning in grazed Douglas-fir stands under these condi- 
tions did not yield results of a degree comparable to burning in 
ungrazed sites (Fig. 7). Most fire managers have recognized that it 
is more difficult to burn in areas that have a closed canopy com- 
pared to areas with open canopies, but few managers have recog- 
nized that this difficulty could have bee” induced by heavygrazing. 

Prescribed fire has advantages in many situations and limita- 
tions in others. One of the major limitations arises from the fact 
that the effects of livestock grazing on fuel accumulations and 
natural fire frequencies have not been well documented. A notice- 
able lack of information also has existed concerning the effects of 
the interaction of livestock grazing and complete fire exclusion. 
Data obtained from this study will not resolve these problems, but 
does demonstrate that, from a fire management standpoint, 
improper grazing can adversely alter natural fuel accumulations in 
Douglas-fir forest ecosystems. 
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Response of Wildlife Food Plants to Spring 
Discing of Mesquite Rangeland in North- 
west Texas 
WILLIAM M. WEBB AND FRED S. GUTHERY 

Abstract 

The response of wildlife food plants to spring discing of mesquite 
rangeland was studied in northwest Texas during 197~80. Discing 
increased the canopy coverage and frequency of Halls panicum but 
usually decreased coverage and frequency of other grasses for at 
least 1 year. Discing promoted western ragweed, amaranth, hairy 
false-nightshade, scarlet gaura, scarlet globemallow, green carpet- 
weed, and silverleaf nightshade and discouraged yellow woodsor- 
rel, plantain, common broomweed, and Gordon bladderpod. 

Soil disturbance by discing creates lower successional communi- 
ties dominated by forbs (Jackson 1969, Turrentine 1971, Derdeyn 
1975, Buckner and Landers 1979). The practice improves food 
supplies for bobwhites (Colinus virginianus), mourning doves 
(Zenaida macroura). white-tailed deer (Odocoileus virginianus), 
and other species. Knowledge of species-specific vegetation 
response to discing is needed to evaluate the efficiency of the 
practice. The objective of this study was to document the response 
of herbaceous wildlife foods to spring discing on rangeland domi- 
nated by honey mesquite (Prosopis glandulosa). 

Study Area and Methods 

The study was conducted on the Pitchfork Ranch about 25 km 
east of Dickens in Dickens and King counties of the Texas Rolling 
Plains. Climate of the area is warm-temperate with dry winters and 
summers (Girdner and Richardson 1970). Average annual precipi- 
tation is 52 cm, but monthly and annual amounts vary widely. 
Precipitation usually is highest in May and June with September 
receiving the next highest amount. The average daily minimum 
temperature in January, the coldest month, is -3°C; the average 
daily maximum temperature in July and August, the warmest 
months, is 36°C. The average growing season is 217 days (4 April 
to 7 November). 

A 30-ha study area was established in March 1978 on a west- 
facing slope. Soils of the area are Woodward-Quinlan loam with 3 
to 15% slopes in uplands (mixed land range site) and Miles fine 
sandy loam with 1 to 5% slopes in lowlands (sandy loam range site). 

Mesquite dominated the overstory vegetation at a density of 
about 440 stems/ ha (B. Gruver, unpubl. data); some tasajillo 
(Opuntia leptocaulis) and netleaf hackberry (Celtis ret&data) 
occurred in the overstory. Dominant grasses were sideoats grama 
(Bouteloua curtipendula) hairy grama (B. hirsuta), blue grama (B. 
gracilis), buffalograss (Buchloe dactyloides), sand dropseed (Spo- 
robolus cryptandrus), fall witchgrass (Leptoloma cognatum), and 
threeawns (Aristida spp.). Major forbs were yellow woodsorrel 
(Oxalis dillenii), scarlet gaura (Gaura coccinea), common broom- 
weed (Xanthocephalum dracuncuculoides), and western ragweed 
(Ambrosia psilostachya). 
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The study area was in a 2,484ha pasture grazed by 212 cows and 
15 to 18 bulls during the study. 

Spring discing began in March 1978 as part of a habitat manage- 
ment program for bobwhites (Webb 1981). Five strips, 6 m wide 
and about 600 m long, were disced 15 to 25 cm deep along con- 
tours. Each strip was disced again in March 1979 and widened to 
9.8 m. Two passes were made with the disc on each strip each year. 
Prior to the 1979discing, 4.5 kglllinois bundleflower (Desmanthus 
illinoensis), 4.5 kg common sunflower (Helianthus annuus), 2.3 kg 
tame sunflower, and a small amount of many-flowered 
pricklepoppy (Argemone polyanthemos) seed were hand broad- 
cast onto each strip. One of the 5 strips was seeded with tame 
sunflower but by early summer grasshoppers had destroyed all 
plants. 

Vegetation sampling was conducted during July 1978, May and 
August 1979, and May 1980. Randomly located, permanent 30.5- 
m lines were established in each of the 5 disced strips and in 
adjacent nondisced areas. During sampling, a steel tape was 
stretched between two stakes and held under tension. A 20X 50-cm 
frame was placed at l-m intervals along the tape and canopy cover 
of herbaceous plants within the frame was estimated (Daub&mire 
1959). Data were transformed ( J x + 0.5) because of a high 
frequency of zeros (Steel and Tbrhe 1960). Both raw and t&s- 
formed data were analyzed by one-way analysis of variance within 
each sampling date; vegetation comparisons are made only 
between disced and undisced areas within sampling dates. Results 
of statistical tests are reported at the 5% level of significance. 

Botanical nomenclature follows Gould (1975). 

Results 

Grass Response 
Spring discing decreasing the canopy coverage and frequency of 

major grasses on the study area during summer (Table I). How- 
ever, coverage and frequency of Halls panicum (Panicum hallii) 
were significantly greater on the disced strips during both 
summers. Discing had no effect on coverage of hairy grama in July 
1978 but coverage of this species was significantly lower on the 
disced strips in August 1979. 

Data from spring sampling also indicated decreased canopy 
coverage and frequency values for grasses on the disced strips 
(Table 2). Coverage of Halls panicum was higher on the disced 
strips in May 1979, but no difference in coverage was detected 
between disced and undisced areas in May 1980. Rescuegrass 
(Bromus unioloides) was the only grass species with higher canopy 
coverage on disced strips than on undisced areas in May 1980. 

Following discing, total canopy coverage of the I I major grasses 
was decreased by about 77 and 78% in July 1978 and August 1979, 
respectively, and by about 87 and 74% in May 1979 and 1980, 
respectively. Halls panicum provided about 37% of the grass cover- 
age on the disced strips in July 1978, 21% in May 1979, 53% in 
August 1979, and 8% in May 1980. 

Forb Response 
Data for the two summer seasons indicated both increases and 
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Table 1. Comparisons between mean canopy coverage (I) and frequency of occurrence (%) of plants in disced strips and nondisced areas in mesquite 
rangeland during July 1978 and August 1979 (N = 150 20 X 50-cm plots per treatment each year). 

Species 

Grasses 
Aristido spp. 
Boutelouo curtipendulo 
B. grocilis 
B. hirsute 
Bromus unioloides 
Buchloe doctyloides 
Erioneuron pilosum 
Hordeum pusillum 
Leptolomo cognotum 
Ponicum haMi 
Sporobolus cryptondrus 

2.7+’ 6.3 21.3 36.7 tr*z 1.7 1.3 26.0 
0.1* 1.4 1.3 7.3 0.4* 1.6 7.3 8.7 
0.5* 5.5 3.3 20.7 0.4* 6.9 7.3 41.3 
0.1 0.6 1.3 7.3 0.1* 1.2 0.1 
0.0’ 0.2 0.0 7.3 0.0 0.0 0.0 ::: 
0.2* 13.6 4.0 45.3 0.3* 5.4 5.3 47.3 
0.9’ 3.9 5.3 20.7 .tr* 0.7 0.7 13.3 
:4* 1 0.5 6.3 0.7 8.0 32.0 11.3 0.0 0.8* 0.0 2.0 10.7 0.0 0.0 

22.7 
3.7* 0.6 57.3 12.7 2.9+ 0.4 38.0 7.3 
1.5* 4.8 18.7 58.7 0.6* 5.1 16.7 62.0 

Forbs 
Ambrosia psilostochyo 
Amoronthus spp. 
Chomoesorocho sordid0 
Desmonthus illinoensis 
Gouro eoccineo 
Helionthus onnuus 
Mollugo verticilloto 
Oxohs dillenii 
Plontogo spp. 
Solonum eloeognt~olium 
Sphoerolceo coccineo 
Xonthocepholum drocunculoides 

2.0* 
3.3; 
0.5 
0.0 
0.9 
0.0 
1.8* 
0.2* 
0.0 
0.7 
I .o* 
0.0 

0.8 
tr 
0.0 
0.0 
1.9 
0.0 
0.1 

E 
0:5 
0.2 
tr 

18.0 
16.0 
8.0 
0.0 

12.7 
0.0 

33.3 
2.7 
0.0 

12.0 
11.3 
0.0 

15.3 

8:: 
0.0 

15.3 
0.0 
4.0 

22.7 
0.0 

11.3 
9.3 
0.7 

Bare ground 50.8’ 18.3 100.0 100.0 

1978 1979 
Coverage Frequency Coverage Frequency 

Disced Nondisced Disced Nondisced Disced Nondisced Disced Nondisced 

7.2* 0.1 
2.7* 0.0 
0.6* 0.0 
0.4 0.0 
1.1 0.6 
4.41 0.0 
1.8* 0.3 
tr* I.4 

;8* * 0.6 0.2 
0.8 0.6 
0.3* 8.0 

52.9* 24.5 

30.0 5.3 
13.3 0.0 
4.7 0.0 
0.0 0.0 

15.3 12.0 
21.3 0.0 
14.0 4.0 
2.7 32.0 
0.7 24.7 

16.7 5.3 
15.3 21.3 
12.7 89.3 

100.0 100.0 

‘*Means significantly different (KO.05). 
*tr = trace (<O.l%). 

Table 2. Comparisons between mean canopy coverage ($) and frequency of occurrence (I) of plants in disced strips and nondisced areas in mesquite 
rangeland during May 1979 and 1980 (N = 150 20 X W-cm plots per treatment each year). 

Soecies 

1979 1980 

Coverage Frequency Coverage Frequency 

Disced Nondisced Disced Nondisced Disced Nondisced Disced Nondisced 

Grasses 
Aristido spp. 
Boutelouo curtipendulo 
B. grocilis 
B. hirsute 
Bromus unioloides 
Buchloe doctyloides 
Erioneuron pilosum 
Hordeum pus&m 
Leptolomo cognotum 
Ponicum hollii 
Sporobolus cryptondrus 

o.l*’ 
0.3 
0.1* 
tr** 
0.8 
0.2* 

* 
br6* 
0.2* 
0.7* 
0.3* 

3.3 2.0 
1.3 5.3 
5.3 4.7 
0.8 1.3 
1.3 22.7 
4.2 7.3 
1.2 0.7 
1.8 
1.4 

:4 

8.7 
6.0 

18.0 
8.7 

29.3 0.1* 
9.3 0.7 

36.0 0.6* 
11.3 tr* 
21.3 2.5* 
44.7 0.7* 
15.3 0.1; 
28.7 1.5 
20.0 0.8* 
0.7 0.7 

56.0 0.8* 

3.0 
2.6 
6.5 
1.8 
0.5 
8.5 
1.3 
1.8 
2.5 
0.2 
6.1 

2.0 30.0 
4.0 11.3 
4.7 32.7 
0.7 11.3 

32.7 15.3 
10.7 52.0 
0.7 16.0 

22.0 24.0 
12.7 22.7 
11.3 6.0 
20.7 64.0 

Forbs 
Ambrosio psilostochyo 
Amoronthus spp. 
Chomoesorocho sordido 
Lksmonthus illinoensis 
Gouro coccineo 
Helionthus onnuus 
Lesquerello gordonii 
Oxolis dillenii 
Plontogo spp. 
Solonum eloeogni~olium 
Sphoerolceo coccineo 
Xonthocepholum drocunculoides 

3.4* 0.4 
2.1* 0.0 
0.99 0.0 
0.1 0.0 
1.1* 0.0 
6.1* 0.0 
0.1* 1.4 
0.2’ 3.3 
tr* 2.4 
1.1* 0.3 
0.8* 1.2 
0.3* 2.3 

28.0 
14.0 
15.3 

I.3 
16.7 
22.7 
2.7 
6.0 
I.3 

18.7 
12.7 

100.0 

10.7 5.8* 
0.0 0.6* 
0.0 3.9* 
0.0 0.3 
0.0 3.0* 
0.0 2.2* 

48.0 0.1 
52.7 0.1* 
74.0 tr* 
10.0 2.0* 
29.3 2.3 

100.0 tr* 

ZO 
0.5 
0.0 
0.1 
0.0 
0.2 
2.7 
0.7 
0.8 
I.9 
0.2 

40.0 
18.0 
26.0 

1.3 
28.0 
14.7 
3.3 
2.7 
0.7 

22.0 
24.7 

1.3 

2.0 
0.0 

11.3 
0.0 
4.7 
0.0 
7.3 

34.0 
26.7 
14.7 
30.7 

9.3 

Bare ground 61.2* 14.1 100.0 100.0 44.0* 23.9 100.0 100.0 

“Means significantly different (KO.05). 
*tr =trace (<O. 1%). 
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decreases in canopy coverage and frequency of annual and peren- 
nial forbs in response to discing (Table 1). In July 1978, forbs 
increased by discing were western ragweed, amaranth (Amorun- 
thus spp.), green carpetweed (Mollugo verticillata), and scarlet 
globemallow (Sphaeralcea coccineu); coverage of yellow woodsor- 
rel decreased significantly. 

In August 1979 coverage of hairy false-nightshade (Chamaesa- 
racha sordida), silverleaf nightshade (Solanum elaeagnifoh’um), 
western ragweed, amaranth, and green carpetweed was signifi- 
cantly higher on disced strips than on undisced areas (Table I). The 
significantly higher coverage of common sunflower on the disced 
strips undoubtedly was due to the seeding. Although 4.5 kg of 
Illinois bundleflower seed were broadcast onto the strips before the 
1979 discing, the species responded poorly. Incorporation of seeds 
too deeply into the soil by the disc may have caused poor emer- 
gence or germination. Forbs having significantly decreased canopy 
coverage in response to discing were yellow woodsorrel, plantain 
(Pluntago sp.), and common broomweed. 

Spring data on forb response to discing were similar to those 
collected during summer. Canopy coverage of western ragweed, 
amaranth, hairy false-nightshade, scarlet gaura, common sun- 
flower, and silverleaf nightshade was significantly higher on the 
disced strips during both years while coverage of yellow woodsor- 
rel, plantain, and common broomweed was significantly lower 
(Table 2). Coverage of Gordon bladderpod (Lesquerellagordonii) 
was lower on disced than undisced areas during May 1979. 

Total canopy coverage of the 13 major forbs was increased about 
225 and 170% during the two summers and 145 and 286% during 
the two springs. The three species that provided most of the cover- 
age on undisced areas (yellow woodsorrel, plantain, and common 
broomweed) were largely replaced on disced areas by western 
ragweed, amaranth, common sunflower, hairy false-nightshade, 
scarlet gaura, green carpetweed, and silverleaf nightshade. 

Discussion 

The response of forb populations to spring discing on mesquite 
rangeland generally was gratifying because some species that 
showed increases are important wildlife foods. Western ragweed is 
a key species for bobwhites in the Rolling Plains of Texas (Jackson 
1969); bobwhites increased on the study area in response to discing 
and other management (Webb and Guthery 1982). Western rag- 
weed, amaranth, and globemallow can be seasonally important in 
the diet of scaled quail (Cullipeplu squamatu) (Ault 1981). Scarlet 
globemallow and western ragweed are eaten by mule deer (0. 
hemionus) in the Rolling Plains of Texas (Sowell 1981), and scarlet 
globemallow is an important forb for pronghorn antelope (Antilo- 
cupru americana) in this region (Koerth et al. 1983). 

In some cases, however, the discing decreased the coverage and 
frequency of important forbs, including plantain and bladderpod; 

these cool-season forbs can be important to scaled quail (Ault 
198 1) and mule deer (Sowell 198 1). Discing earlier in the dormant 
season than March or alternating strips that are disced in succes- 
sive years could mitigate the negative impact on these forbs. 

Although changes in species composition that resulted from the 
discing were largely beneficial to game animals, forb production 
and density on the disced strips appeared undesirably low. Cover- 
age of bare ground averaged 40 to 60% on the strips (Tables 1,2). 
Forb production might be improved by control of mesquite adja- 
cent to the disced areas; the lateral roots of this species are highly 
competitive for surface soil moisture that could be used by her- 
baceous vegetation (Sosebee 1980). Also, fertilization can stimu- 
late forb production on disced areas (Moore 1972, Derdeyn 1975). 
Soil treatments that improve precipitation infiltration rates, such 
as listing or furrow-dyking, might also be beneficial. Whereas the 
above practices likely would improve forb production, they would 
add to the basic cost of discing, which is about $25/ha. 
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Evaluation of a Fertilized 3-pasture System 
Grazed by Yearling Steers 
PAUL E. NYREN, WARREN C. WHITMAN, JAMES L. NELSON, AND THOMAS J. CONLON 

Abstract 

A grazing trial comparing fertilized and unfertilized Ipasture 
systems has shown that the addition of 56 kg nitrogen (N)/ha 
substantially improved forage and beef production. Forage pro- 
duction from the fertilized system was increased by 46% over the 
unfertilized system while per acre beef gains were increased 35%. 
Each Ipasture system utilized crested wheatgrass for spring and 
early summer, native mixed grass prairie for mid and late summer 
and Russian wildrye for fall grazing. Comparison of Hereford and 
Angus-Hereford crossbreds indicated a slight gain advantage for 
the crossbred animals, although the increase was not statistically 
significant. The addition of the biuret supplement Kedlor was 
found to improve gains of steers grazing the native pastures in late 
summer but resulted in decreased gains on fall-grazed Russian 
wildrye pastures. Analysis of the forage samples showed that in all 
samples except one, the addition of N fertilizer increased the 
protein content. 

Studies in western North Dakota have shown that the applica- 
tion of nitrogen (N) fertilizer can improve the production of native 
mixed grass prairie as well as introduced range grasses. Goetz 
(1969) in a study of 4 range sites in southwestern North Dakota 
found that N fertilizer application gave increases in dry-matter 
yields on all range sites. Whitman and associates (1957) found that 
on old crested wheatgrass (Agropyron desertorum) stands 56 
kg/ ha of N gave the most economical returns when the crested 
wheatgrass was cut for hay. Other studies at Dickinson, N. Dak., 
have shown that the use of crested wheatgrass for early spring 
grazing could lengthen the grazing season and increase gains per 
acre from yearling steers (Whitman 1962, 1966). Six years of study 
showed that crested wheatgrass pastures given yearly applications 
of 56 kg N/ha increased beef production 44% per similar untreated 
pastures. 

Rogler and Lorenz (1965) compared 3 rates of N fertilization on 
native mixed prairie grazed season-long by yearling steers at Man- 
dan, N. Dak. The authors found that the application of 45 kg N/ha 
increased the gains per acre by 88% and the forage yield by 49%. 

A study in Nebraska comparing unfertilized season-long and 
rotational grazing systems with similar systems under continous 
fertilization with 33.6 kg/ ha N showed increases in kg/ha beef 
production of 33 and 51% from the rotation and continuous fertil- 
ized range respectively (Stubbendieck 1977). 

The data of Whitman (1962,1966) and Rogler and Lorenz( 1965) 
would indicate that higher gains per acre and increased grazing 
capacity might be achieved by combining early spring grazing of 
crested wheatgrass with summer grazing of native mixed prairie. 
This idea is not new. (Sarvis (1941), Rogler (1944), Williams and 
Post (1945), and Campbell (1952) in separate studies in the United 
States and Canada proposed grazing systems which included 
crested wheatgrass-native in this type of rotational deferment. 

This system of rotational deferment can be carried one step 
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further by the inclusion of Russian wildrye (Elymus junceus) for 
late summer and fall grazing. This system allows each of the 
respective pastures to be grazed when it can provide the most 
benefit to the system. Smoliak (1968) found that yearling ewes 
grazing a rotational system of crested wheatgrass-native-Russian 
wildrye gained 2.0 times as much as similar animals grazing season 
long native. In a study utilizing yearling steers Smoliak (1974) 
found that a similar rotation produced 1.3 to 1.8 times as much 
gain per acre as native range. In the spring of 1972 a 3-pasture trial 
was undertaken at the Dickinson Experiment Station to study 
fertilized and unfertilized systems, the performance of Hereford 
and Hereford-Angus crossbred (BWF) yearling steers and the 
addition of biuret to late summer and fall pastures. 

Methods and Materials 

Each fall Hereford and BWF calves were selected from the 
station herd and placed in drylot. While there they were fed a 
limited grain-high roughage growing ration to produce gains of 
0.51 to 0.68 kg/day. In late April or early May the steers were 
moved to the crested wheatgrass pastures where they remained 
until mid-summer. The native pastures were grazed in mid and late 
summer and the Russian wildrye in the fall. The number of animals 
were kept the same on the fertilized and unfertilized systems, and 
varied only between years and between pastures within the systems 
to maintain proper utilization. Ten head in 1972, and 12 head in 
1973 and 1974 grazed on each pasture during the season. In 1975 
and 1976, 13 head grazed the crested wheatgrass pastures with one 
animal being removed from each set before turning onto native. 
The crested wheatgrass and native grass pastures were each divided 
into 2 parts. One part was fertilized with 56 kg N/ha from ammo- 
nium nitrate each spring while the other part was left unfertilized. 
The Russian wildrye pastures were all fertilized with 56 to 168 kg 
N/ha and 34 kg P2q/ ha. All Russian wildrye pastures were fertil- 
ized in an attempt to improve establishment and production ofthe 
new established stand. 

The crested wheatgrass and Russian wildrye pastures were 
located on previously cropped, gently sloping land with sandy to 
sandy loam soils. The fertilized and unfertilized crested wheatgrass 
pastures were 3.2 ha and 6.5 ha respectively, while the Russian 
wildrye pastures were 3.2 ha each. The 4.8 ha fertilized and 7.3 ha 
unfertilized native pastures were situated on a strongly rolling 
upland site with a predominantly sandy loam soil. 

The dominant species on the native mixed grass pastures were 
western wheatgrass (Agropyron smithii), a needle-and-thread 
(Stipa comata), plains reedgrass (Calamagrostis montanensis), 
green needlegrass (Stipa viridula), needleleaf sedge (Carex eleo- 
charis), Pennsylvania sedge (Carex pennsylvanica), and blue 
grama (Bouteloua gracilia). The forbs included red mallow (Spaer- 
alcea coccinea). fringed sage (Artemisiafrigida), white prairie aster 
(Aster ericoides), goldenrods (Solidago spp.), and many others. 

Exclosure cages were systematically located on the pastures with 
one cage being placed on every .30 ha. Forage samples were clipped 
to ground level inside a .75X 1.5 M frame placed inside and outside 
the exclosure cages. The forage samples were oven dried at 65“ C. 
The samples were then ground in a Wiley Mill using a .5-mm 
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T&e 1. Avcrrp uuuul forage production (oven-dry weight), stocking rrtc md pcrccnt utilbtion. 

Year 
Grazing 
period 

Stocking rate (AUM/ha) 
and 

forage production (kg/ha) 

Unfert. Fert. 

% Utilization 
Days 

grazed Unfert. Fert. 

1972: 
Crested wheat 
Native 
Russian wildrye 

1973: 
Crested wheat 
Native 
Russian wildrye 

1974: 
Crested wheat 
Native 
Russian wildrye 

1975: 
Crested wheat 
Native 
Russian wildrye 

1976: 
Crested wheat 
Native 
Russian wildrye 

5-Year Average: 
Crested wheat 
Native 
Russian wildrye 

5112-717 
717-91 I 
91 l-10/26 

4/26-6/21 
6121-8123 
8/23-11/l 

51 I-6121 
612%914 
9/4-Ill11 

S/13-7/8 
718-913 
9/3-II/25 

516-6128 
6128-8113 
8/13-lo/21 

Stocking 
rate 

2.2 
1.9 

2.6 1834 5.2 2228 
2.6 2652 3.9 3864 

2.5 2185 5.1 2650 
2.9 3450 4.4 5906 

2.8 2480 5.6 4046 
2.3 2759 3.5 4560 

2.7 2873 5.3 3192 
1.9 2594 2.8 3185 

1 z:: 

Forage 
prod. 

2483 
3540 

Stocking Forage 
rate prod. 

Stocking Forage 
rate prod. 

4.3 4671 
2.9 4963 

2.2 1710 

3.3 1826 

3.2 1818 

2.6 2558 

3.2 1843 

2371 4.8 3357 
3000 3.5 4496 

2.9 1951 

56 
56 
56 

56 
63 
71 

55 
71 
70 

56 
57 
54 

53 
46 
69 

55.2 
58.6 
64.0 

36 
30 

59 
43 

46 
44 

68 
29 

60 
54 

53.8 
40.0 

43 
35 

59 

68 
48 

96 

58 
42 

82 

76 
43 

78 

62 
58 

78 

61.4 
45.2 

78.6 

screen. Nitrogen content determinations were made by the Kjel- 
dahl method and multiplied by 6.25 to obtain crude protein 
content. 

The steers were weighed before being placed on the pastures, at 
4-week intervals during the grazing period and when transferred to 
the’next set of pastures. 

In late summer, while the animals were grazing native grass, the 
steers on each pasture were divided into 2 equal sized groups with 
one group being fed Kedlorl, a biuret product, to test whether gains 
on mature native grass could be improved through the use of this 
supplement. When the animals were moved to the Russian wildrye 
they were again separated and those receiving Kedlor on the native 
grass were fed the supplement on the Russian wildrye. The steers 
were fed a 101% protein equivalent block at the rate of one 1%kg 
block per 6 steers. A new block was added when the old one was 
90% utilized. 

respectively. This represents a 50% increase in yields from the 
application of 56 kg N/ ha. The increased fluctuation between years 
was again apparent with the fertilizer application. This response to 
fertilization seems to result from the plant’s ability to take advan- 
tage of the added nutrient. When other factors, such as soil mois- 
ture, are not limiting, the response is good. However, when other 
factors limit plant growth, the added nutrient cannot be adequately 
utilized and therefore the response is much smaller. 

Forage yields from the Russian wildrye were less than the crested 
or native pasture, but the increased utilization of the Russian 
wildrye tended to offset this somewhat (Table 1). 

Results and Discussion 

Forage Production 
Forage production on the unfertilized and crested wheatgrass 

averaged 237 1 kg/ ha for the 5 years of the trial (Table 1). The yields 
fluctuated from a low of 1834 kg/ ha in 1973 to a high of 2873 kg/ ha 
in 1976. The fertilized crested wheatgrass produced an average of 
3357 kg/ ha during this same period, an increase of 42% over the 
unfertilized pasture. The fluctuations in the yield of fertilized 
crested wheatgrass were also greater, ranging from a low of 2228 
kg/ ha to a high of 4671 kg/ha, nearly 2465 kg/ ha difference. 

The average forage production on the native mixed grass pas- 
tures was 3000 and 4496 kg/ ha for the unfertilized and fertilized, 

The annual fluctuations in forage production are due in a large 
part to the amount and timing of the precipitation. The precipita- 
tion was 12.5 and 4.8 cm above the 80-year average in 1972 and 
1975, respectively. In these 2 years, forage production increased 
14% in 1972 and 8% in 1975 over the 5-year average. The 2 years 
with below-average precipitation, 4.3 cm less in 1973 and 8 cm less 
in 1976, produced 18% and 17% less forage respectively than the 
5-year average. While the precipitation in 1974 was 4.3 cm below 
average, forage production was 5% above the 5-year mean. Closer 
examination of the precipitation distribution throughout 1974 
shows below-average precipitation in the first 3 months of the year 
as well as August, September, October, and December, but above- 
average amounts in April and May the 2 most critical months 
during the growing season. 
Beef Production 

‘Gopher State Pro-IOI-Block. Guaranteed analysis: Not more than 105%equivalent 
protein from biuret, triuret, cyanuric acid and urea, of which not more than 14% is 
from urea, calcium 6.9-8.4%. salt 6.3-7.8%. phosphorus (not less than) 5.00% and 
iodim (not less than) 0.031. Vitamin A 45&M USP units per kg and vitamin & 9@oo 
USP units per kg. 

In general steer gains were similar on fertilized and unfertilized 
grass, which might be expected as long as the total available forage 
supply was adequate on both sets of pastures (Table 2). The 5-year 
average does show a slight advantage. 11 kg ADG for the unfertil- 
ized over the fertilized crested wheatgrass. 

Because of the differences in size between the fertilized and 
unfertilized pastures, per acre gains give a more accurate analysis 
of the differences in gain between the systems (Table 3). When per 
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Table 2. Average daily gains in kg/hd/day of steers grazing the fertilized and unfertilized fpasture system. 

Pasture 
1972 1973 1974 1975 1976 5-year avg. 

Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. 

Crested wheatgrass .96ar I.OIa .6Ob .75a .65b .78a .57a .53a .36b .64a .63b 
Native 

.74a 
.34a .35a .82a .73a .82a .69a .88b 1.06a .89a .88a .75a 

Russian wildrye 
.74a 

.68a .66a2 .Sla .38a .16a .23a .l7a .23a .22a .06b .35a .31a 
Average .66a .67a Ma .61a .54a .55a .56b .63a .45a .47a .57a .59a 

‘Means in the same row and for the same year followed by the same letter are not significant at the PC.05 level. 
*All Russian wildrye pastures were fertilized. Those gains listed under unfertilized Russian wildrye are for those animals previously grazing unfertilized crested wheatgrass and 
native. 

acre gains are considered, the advantage of the fertilized system 
becomes apparent. The fertilized crested wheatgrass pasture pro- 
duced 68% more beef than the unfertilized crested wheatgrass 
during the S-year trial whereas the fertilized native pasture showed 
a 53% increase over the unfertilized. 

While season-long grazing of native mixed prairie was not 
included in the trial due to limited facilities, other studies have 
shown smaller per acre gains and a shorter grazing season from this 
type of grazing system. In 2 1 years of data from native mixed grass 
pastures moderately grazed by yearling steers, Rogler et-al. (1962) 
show lower per acre gains as well as a shortened grazing season. On 
moderately grazed native mixed prairie gains were 46 kg/ ha, 25% 
less than was obtained in the present study. The stocking rate for 
the present study was slightly heavier than the moderate rate 
reported by Rogler and associates, although no evidence of over- 
grazing was observed. In addition to higher per acre gains the 
grazing season averaged 178 days, 35 days longer than the season- 
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long system reported by Rogler. 
Average per acre gains for the S-years of the trial on the 3- 

pasture systems show that whereas the unfertilized system pro- 
duced 60 kg of beef per acre the fertilized system produced 81 kg, 
an increase of 35% (Table 3). It is reasonable to assume that if half 
the Russian wildrye pastures had been unfertilized, beef produc- 
tion from these pastures would have been less, thus making the 
percentage increase from fertilization even greater. 

Forage Protein Content 
In 4 years of the trial the forage samples collected on the pastures 

were sent to the laboratory for analysis of protein content. Figure I 
shows the results of these analyss for each pasture and the date the 
forage sample was taken. The fertilized pastures consistently pro- 
duced forage with higher protein content than that of the unfertil- 
ized pastures. The only exception to this was on the native pastures 
on September 14, 1972, when the unfertilized pasture had 1.9% 
more protein than the fertilized. 

1974 1975 

SAMPLING DATES 

5”g 
LDwal 

RWR cw NAT RWR 

1976 

Figure 1: Percent crude protein of forage samples collected on the fertilized and unfertilized crested and native, and the fertilized 
Russian wildrye pastures in 1972, 1974, 1975 and 1976. On the crested and native the height of the lower bar shows the crude 
protein content of forage samples collected from that respective pasture while the extended height of the top bar shows the total 
crude protein content of the other pasture. 



Table 3. Total beef production in kg/ha for each pasture in the fertilized and unfertilized 3-pasture system. 

Pasture 
1972 1973 1974 1975 1976 S-year avg. 

Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. Fert. Unfert. 

Crested wheatgrass 165.5al 87.5b l24.0a 78.lb 133.la 79.8b l28.8a 59.9b 77.7a 68.6a l25.8a 74.8b 
Native 39.2a 26.8a 127.4a 76.0b 144.7a 80.9b 124.7a 98.8b 100.8a 66.6b 107.4a 70.lb 
Russian wildrye 58.5a 57.4a2 67.2a 50.8a 20.6a 29.8a I7.2a 23.5a 28.0a 8.4b 38.3a 34.Oa 
Average 75.8a 56.0b 99.9a 68.6b 87.0a 64.2b 7?.8a 62.7b 63.3a 48.6b 80.8a 6O.Ob 

IMeans in the same row and for the same year followed by the same letter are not significant at the PC.01 level. 
‘All Russian wildrye pastures were fertilized. Beef production values listed under unfertilized Russian wildrye are for those animals previously grazing unfertilized crested wheat- 
grass and native. 

Table 4. Average daily gains (kg/hd/day) for Hereford and Hereford-Angus crossbred (BWF) steers on the fertilized and unfertilized pastures In the 3. 
pasture system (1972-1976). 

Fertilized Unfertilized 
Pasture BWF Hereford BWF Hereford 

Crested wheatgrass .6lal .62a .75a .7la 
Native .8la .72a .76a .75a 
Russian wildrye .35a .32a .34a .27a 
Average .59a .55a .62a .58a 
‘Means in the same row under the same fertility rate followed by the same letter are not significantly different at the X.05 level. 
‘All Russian wildrye pastures were fertilized. The beef production values listed under unfertilized Russian wildrye are for those animals previously grating the unfertili& 
crested wheatgrass and native. 

The National Acadamy of Sciences (1976) suggests that growing 
350 kg steers need 8.5% protein from forge to maintain body 
weight. Figure 1 shows that on July 15, 1972 the crested wheatgrass 
had fallen below the 8.5% limit. In 1972 the unfertilized native 
pasture was below 8.5% on August 12, but its protein increased 2 
percentage points by September 14 so that it was then above 8.5%. 
In all the other years the unfertilized native had less than 8.5% by 
the middle of the grazing period. In 1972 the fertilized native grass 
was below the 8.5% level the entire season. In 1974 and 1975 the 
fertilized native grass fell below 8.5% protein content by the middle 
of the grazing period and in all years was below this level by the 
final clipping date. In 1974 the Russian wildrye never contained 
8.5% protein. In all other years it too had fallen below the 8.5% 
level by the final clipping date. 

BWF vs. Hereford 
Half the steers on each pasture system were Herefords and half 

were Angus X Hereford cross (BWF). These animals were used in 
the study in an effort to determine if there would be any gain 
advantage with the crossbred animals. Table 4 shows the 5-year 
averages for the BWF and Hereford animals on each pasture in the 
2 systems. 

These data suggest that BWF animals did show slightly higher 
per acre gains on all pastures except the fertilized crested. While 
these increases seemed to be rather consistent, they were not statis- 
tically significant at the 5% level. The 5-year averages show the 

BWF’s gained .04 kg/hd/day more than the Herefords on both the 
fertilized and unfertilized pastures. 

Supplement 
During the years of 1973-1975 half of each lot of animals were 

fed the biuret supplement Kedlor. The gains on the native were 
consistently higher for the supplemented animals than for the 
unsupplemented (Table 5). The 3-year average shows a 38% 
increase in ADG for those animals receiving Kedlor. 

The data from the Russian wildrye pastures show that the 
advantages of the supplement on the native pastures was lost on the 
Russian wildrye. These animals consumed abnormally high 
amounts of the supplement, yet gained less than the unsupple- 
mented animals. 

Conclusions 
The use of nitrogen fertilizer on a 3-pasture grazing system 

improved total seasonal forage production 46% and per acre gains 
of yearling steers 35% over a similar unfertilized 3-pasture system. 
In addition to the improved beef production carrying capacity was 
also improved. On the unfertilized system 10 to 12 head of steers 
grazed 20.2 ha for an average of 178 days, while on the fertilized 
pastures the same number of animals required only 14.6 ha during 
a similar grazing period. 

The performance of Hereford and BWF animals on the 2- 
pasture systems was similar with the BWF animals having a slight 

Table 5. Average daily gains (kg/hd/day) of supplemented and nonsupplemented yearling steers on native and Russian wildrye pastures (1973-1975). 

Year 

1973 
1974 
1975 
3-year avg. 

Native’ Russian wildrye 
Supplemented2 Nonsupplemented Supplemented Nonsupplemented 

.74a .26b .3lb .58a 

.96a .79a .2la .l8a 
I .03a .92a .28a .l2b 
.9 la .66b .27a .29a 

‘The steers were fed the biuret supplement Kedlor for approximately the last half of the total time on the native pastures. 
*Means in the same row for the same pasture followed by the same letter are not significantly different at the PC.05 level. 
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but nonsignificant advantage. 
Feeding a biuret supplement to half of each lot of steers during 

the late summer and fall had no significant advantage. The addi- 
tion of the supplement on the native pastures did show some 
improvement but they were more than offset by the losses incurred 
when the animals were fed the supplement on the Russian wildrye 
pastures. 

Laboratory analysis of the forage samples collected throughout 
the grazing period showed an increase in protein when N fertilizer 
was applied. 
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Effects of Annual Applications of Low N Fer- 
tilizer Rates on a Mixed Grass Prairie 
FRANK RAUZI AND MERLE L. FAIRBOURN 

Abstract 

Nitrogen (N) fertilizer at rates of 0,22, and 34 kg/ha was applied 
annually in the spring or fall over a S-year period to a mixed grass 
prairie. Major species present were blue grama (Boutelouu gmci- 
lis), western wheatgrass (Agropyron smith@, and dryland sedges 
(Carex Sp.). Slim leaf goosefoot (Chenopodium leptophyllum) 
and other annual and perennial forbs were also present. Total 
herbage production, crude protein content, mineral concentra- 
tions, species composition and water use data were collected. Total 
herbage yields and crude protein from all the fertilizer treatments 
were signifkantly greater as compared with the control. Nearly all 
of the variation in phosphorus (P), calcium (Ca), potassium (K), 
and magnesium (Mg) concentrations and species composition 
were associated with the seasonal distribution of precipitation 
(years) and not with N-fertilization treatments. 

Extensive research has been done with both annual and single 
applications of nitrogen (N) to native rangelands. Smika et al. 
(1965) reported annual applications of 0,45,90, and 180 kg N/ha 
with 2 different soil water treatments. Lorenz and Rogler (1972) 
reported an 8-year study in North Dakota using annual applica- 
tions of 0, 45, 90, and 180 kg N/ha with and without elemental 
phosphorus. Wight and Black (1979) studied the effect of annual 
applications of 0 and 45 kg N/ha over a IO-year period in Montana, 
and also a single application of 336 kg N/ha vs. annual rate 
equivalent (336, 168, and 42 kg N/ha for first, second, and eighth 
years, respectively). Power (198 1) reported a detailed study of the 
effect of single high rate applications of N vs. annual rate equival- 
ent. One time applications of high N rates on rangelands have been 
reported by Johnston et al. (1967), Houston and Hyder (1975), and 
Rauzi (1977). Single applications of low N rates (22 to 34 kg N/ ha) 
have not been successful. Lodge (1959) reported that application 
rates below 34 kg N/ha in southwestern Canada did not signifi- 
cantly increase dry matter production. Woodmansee et al. (1978) 
found that 30 kg N/ha are needed to support annual plant growth 
on a shortgrass prairie ecosystem. Westin et al. (1955) studied the 
residual effects of 0,22,45, and 90 kg N/ha on native range forage 
production in western South Dakota. They found that 90 kg N/ha 
applied once in 3-years produced more hay per unit of N than did 
30 kg/year applied annually over a 3-year period. Rogler and 
Lorenz (1957) applied annual applications of 34 kg N/ha over a 
6-year period and doubled the yields from a mixed grass prairie 
near Mandan, N. Dak. 

The purpose of this study was to determine if there are residual N 
effects with time from either spring or fall applications of 22 and 34 
kg N/ha rates on total dry matter production, crude protein con- 
tent, forage mineral concentrations, species composition, and for- 
age water use. Crude protein and mineral concentrations are 
shown for only the 3 major species. 

Study Area and Procedure 

The study, conducted from 1974 through 1979, was located in 
southeastern Wyoming at the USDA High Plains Grasslands 

Authors are soil scientist (retired), USDA-Agricultural Research Service, Laramie, 
Wyo. 82071; and soil scientist, USDA-Agricultural Research Service, High Plains 
Grasslands Research Station, 8408 Hildreth Road, Cheyenne, Wyo. 82001, 
respectively. 

Manuscript received July 5, 198 1. 
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Research Station, approximately 7 km west of Cheyenne at an 
altitude of about 1900 m. The soil on the experimental area wasan 
Altvan fine, sandy, clay loam, a member of the mixed, mesic family 
of Aridic Arguistols (Young and Singleton 1977). Altvan soils are 
on nearly level to gently sloping fans and terraces of granitic origin 
and are noncalcareous to 60 cm. The 0 to 15 cm soil depth has a 7. I 
pH (dilution), 3.5% organic matter, and 37 kg/ ha sodium bicarbo- 
nate extractable phosphorus. The soil to the 120 cm depth holds 
about 13 cm of water available to plants. Major plant species of the 
mixed grass prairie consisted of blue grama (Bouteloua gracilis), 
western wheatgrass (Agropyron smithii), and dryland sedges 
(Carex sp.). Other grasses present included needleandthread (Stipa 
comata), junegrass (Koeleria cristata) and sandberg bluegrass (Poa 
secunda). Annual and perennial forbs were also present and their 
abundance varied with the prevailing weather. 

The experimental design was a randomized block with 5 fertil- 
izer treatments and 3 replications. Ammonium nitrate wasapplied 
annually in the spring and fall at rates of 0,22, and 34 kg N/ ha to 24 
by 30 m plots. Fertilizer applications were made each year in late 
October or March for fall and spring, respectively. Five 0.18 m* 
subplot sample areas were randomly located annually on each 
main plot and the previous year’s vegetation was removed to 
ground level by hand rubbing the soil surface in the spring before 
the initiation of new plant growth. Harvest of the subplots was 
done by clipping to ground level and separating the vegetation by 
species. The mature vegetation was harvested each year during 
August and the plant material was weighed and ground in a 
stainless steel mill equipped with a 40-mesh screen. Crude protein 
(Kjeldahl N X 6.25) was determined by the Kjeldahl procedure 
(Bremner 1965). Phosphorus (P) was determined by the vanado- 
molybdophosphoric yellowcolor method in nitric acid system 
(Jackson 1958). Calcium (Ca), potassium (K), and magnesium 
(Mg) were determined by atomic absorption spectrophotometry 
on a perchloric acid digest. All data were reported on a dry weight 
basis. 

Neutron access tubes were placed in each main plot and soil 
water measurements in % by volume were made near April 1 of 
each year and at monthly intervals throughout the growing season. 
Water use efficiency for each plot was determined by adding the 
centimeters of water used from the soil to the growing season 
precipitation and dividing the total centimeters of water into the 
dry matter yield. Water used was evapotranspiration. 

Analysis of variance was made on data for a randomized block 
design and Duncan’s multiple range test was applied at the 5% level 
of probability. 

Results and Discussion 

Herbage Yields 
The amount and distribution of precipitation during the grow- 

ing season influenced N response in herbage production. Western 
wheatgrass is a cool-season species and responds to early spring 
soil water while blue grama, a warm-season species, responds to 
July and August precipitation. 

The April through July precipitation was variable and generally 
least in April and greatest in May (Table 1). Even though the May 
precipitation was greater than for other months, the western 
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Table 1. Annual and April through July precipitation (mm) for 1975 
through 1979 at the High Piains Grassiands Research Station, Cheyenne, 
Wyo. (Unshielded rain gauge). 

Year Annual April May June July Total 

1975 324 20 71 54 47 192 
1976 343 48 60 42 92 242 
1977 351 ‘47 68 50 IO1 266 
1978 319 13 115 79 8 215 
1979 440 17 71 71 46 205 
Average 355 29 77 59 59 224 

wheatgrass did not show significant herbage yield differences 
among treatments (Table 2). While the yields from 1976 through 
1979 showed a trend toward an increase of western wheatgrass 
production on the fertilizer treatments, the differences were not 
significant due to wide variability in two or more treatments each 
year. However, average annual dry matter yields increased from 
204 in 1975 to 395 kg/ha in 1979. The 1979 average yields were 
significantly greater than for other years suggesting that 1979 
conditions with above average precipitation in March, and June 
were near optimum for this species. On an annual basis, yields of 
blue grama were not significantly different between treatments, but 
the 5-year average shows that the 22 kg N/ha spring applied 
treatment produced significantlymoredry matterthan thecontrol. 
There were significant differences in average yields of blue grama 
between years, with the greatest yields occurring in 1977, a year of 
relatively high July precipitation. The dryland sedges had no pro- 
duction increase from the N treatments, but were significantly 
different between years with a marked decrease in 1977 and 1979. 
Forb production, mainly slim leaf goosefoot (Chenopodium lepto- 
phyllum), increased on all N treatments, but especially on the 34 kg 
N/ha treatments. During the 5-year period, forbs accounted for 22, 
25, and 26% of the total herbage produced on treatments of 22 kg 
N/ha spring, 34 kg N/ha spring, and 34 kg N/ha fall, respectively. 
The yields of forbs were due mainly to the 1979 production. The 
forb species made a rapid response to N fertilization that year. 
While precipitation for April was below normal, it had been 
greater. than average during March. Significant differences in 1979 
total herbage yields resulting from the N treatments were mainly 

Table 2. Average 5-year production (kg/ha) of western wheatgrass, blue 
grama, dryiand sedges, and forbs; and total annual herbage from a 
mixed prairie range fertilized annually spring or fail with 0,22, or 34 kg 
N/ha, at the High Plains Grasslands Research Station, Cheyenne, Wyo., 
1975 through 1979. 

Species & year 

Fertilizer N applied (kg/ ha) 
Spring Fall 

Control; 22 34 22 34 Mean 

Western 
wheatgrass 

Blue grama 
Dryland sedges 
Forbs 

161” 271’ 277 2092 301’ 
4oob 473” 42iab 44Sb 44Yb 
162 135” 167 206’ 163” 
llF 271ab 29? 146h 324’ 

Total herbage 
1975 
1976 
1977 
1978 

848” 871” 963’ 854” 937” 
759 1205” 1177” 1049” 1176’ 
76@ I 170” 1028ab 908b 1038*b 
803; 1066.P 102o”p 95ob 1151. 

1979 108-? 1730’” 1711ab 14W’ 1926’ 
.^_ .h ._ ._a Mean 851C 1208” 1179” lW4” 1245” 

‘Values followed by the same letterfora species or total herbage withina year, in verti- 
cal mean column, or as a horizontal mean are not significant at the 0.05 level. 

899 
lO73b 
98ik 
996 

1572 

due to production by the western wheatgrass and forbs. 

Crude Protein 
The average percent crude protein of western wheatgrass, blue 

grama and dryland sedges was significantly increased by N treat- 
ments over that of the control (Table 3). Crude protein concentra- 
tion of the 3 species varied significantly between years, perhapsdue 
to distribution and amount of precipitation. The fertilized vegeta- 
tion produced an average of 32 to 40 kg/ ha more protein annually 
than the control, and the palatability of the grasses and dryland 
sedges may have been enhanced (Samuel et al. 1980). However, 
increased crude protein production did not economically justify 
the fertilization treatments. 

Phosphorus, Calcium, Magnesium, and Potassium 
Average concentrations of P, Ca, Mg, and K of the three major 

species are shown in Table 4. Since these species were essentially 

Tabk 3. Crude protein (%), in western wheatgrass, blue gmma and dryiand sedges from a mixed prairie range fertilized annually, spring or fail, with 0,22, 
or 34 kg N/ha at the High Plains Grasslands Research Station, Cheyenne, Wyo., from 1975 tbrougb 1979. 

Species and year 

Western wheatgrass 
1975 
1976 
1977 
1978 
1979 

Mean 

Control 

7.3”’ 
12.0” 
I 1.8b 
7.8” 
8.8” 

9.9 

Spring Fall 
22 kg N/ha 34 kg N/ha 22 kg N/ha 34 kg N/ha Mean 

10.5” 9.6’ 9.4” 9.5” 9.F 
15.F 13.7 13.3” 14.1. i3.T 
14.4” i3.8a 12.4ab 14.4” 13.4’ 
9.3’ 9.4” 9.P 9.f 9. ic 

l0.Y IO.9 10.3’ 9.9” 9.9b 

i2.V 1 l.4b 10.9 ll.Sb 

Blue grama 
1975 
1976 
1977 

8.P 1i.V 9.6’ 11.0” 
i0.8b 

li.F 10.sb 
13.6’ 13.8” i4.V 14.1’ 13.3a 

9.Sb 11.7” il.9 i0.P 11-V l1.P 
1978 9.r 1 i.Yb 12.7 i1.4.b I I 4ab 1l.P 
1979 8.8b 11.4a 11.3* 12.4’ 11:s 1i.P 

Mean 9.P 
I 

12.1’ 1i.Y 11.9” 12.1” 

Dryiand sedges 
1975 
1976 
1977 
1978 

1979 

Mean 

9.9- i2.P 12.6’ 1i.s 12.5” il.9c 
12.9 i6.4a 15.Vb 15.0ab 15.7 15.0” 
11.4’ 13.7’ i3.iab 12.P 
9.6b 

13.6* i2.8b 
12.3’ 12.9” 13.0” 

9. lb 
12.5” 12.1C 

11.3. 11.6’ 12.1P 11.6. ll.ld 

10.Sb 13.3. i3.V 12.7 13.2” 

‘Each species value followed by the same letter within each year, across treatment means, and within the yearly mean column do not differ significantly at the 0.05 level. 
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Table 4. Average phosphorus, calcium, potassium and magnesium percent concentrations in western wheatgrass, blue grama, and dryland sedges from a 
mixed grass praide range fertilized annually spring or fall with 0,22, or 34 kg N/ha from 1976 through 1979 at the High Plains Grasslands Research 
Station, Cheyenne, Wyo. 

Spring 

Element Control 22 kg N/ha 34 kg N/ha 22 kg N/ha 

Western wheatgrass 
Phosphorus .15a* .l3a .l4a .14a 
Calcium .37a .36a .34a .34a 
Potassium I .26a 1.42a 1.35a I .23a 
Magnesium .06a .05a .06a .07a 

Blue grama 
Phosphorus .l6a .14a .l6a .lSa 
Calcium .48a .40b .43ab .44ab 
Potassium .85a .86a .75a .78a 
Magnesium .08a .09a .08a .08a 

Dryland sedges 
Phosphorus .14a .14a .14a .13a 
Calcium .48a .4lb .46ab .44ab 
Potassium 1.17a l.27a 1.2Oa 1.14a 
Magnesium .09a .lOa .09a .09a 

*Each species value followed by the same letter for an element does not differ significantly at the .05 level. 

Fall 
34 kg N/ha 

.l4a 

.34a 
1.42a 
.07a 

.15a 

.4lab 

.79a 

.O& 

.l4a 

.42ab 
l.23a 
.08a 

mature, the nutrition is similar to what livestock would obtain 
from winter pasture of the forage. Nutrient levels of P and Mg were 
below nutritional requirements of grazing animals during some 
years. The National Research Council (1968 and 1970) has listed 
the requirements as follows: 

Sheep 
Cattle 

(L $I 
Mg 
(%) & 

0.16 - 0.21 0.22 - 0.34 0.18 - 0.20 0.6 - 0.8 
0.16 0.18 - 0.22 0.18 0.6 - 0.8 

because it starts growth early in the season. The blue grama dry 
matter increase in 1977 appeared to be a response to the June and 
July precipitation. Changes in botanical composition of the forage 
were not especially noticeable except for the slim leaf goosefoot in 
1979. This species was very responsive to the N treatments when 
moisture and energy were relatively high. 

Soil Water 

Average phosphorus concentration in western wheatgrass, blue 
grama and dryland sedges, showed no significant differences due to 
treatments. However, all 3 species had differences in P levels 
between years. Except for 1976, most P concentrations were rela- 
tively low, possibly because of P being tied up in decaying plant 
material accumulated from the first years of the study. 

The Ca concentration of the western wheatgrass, blue grama and 
dryland sedges varied between years. Calcium concentration of 
blue grama and dryland sedges for the spring 22 kg N/ ha treatment 
was significantly less than that of the control. This may be due to 
increased growth and thus a dilution of Ca resulting from the 
fertilizer treatment. Adequate Ca for nutritional requirements was 
expected in the forage since Altvan soil has a relatively high 
amount of exchangeable Ca (Fairbourn and Batchelder 1980). 

The 13 cm of available soil water for plant use, if present, is held 
mainly in the top 60 cm of the Altvan soil profile. The coarse sand 
and gravel material below the 6Ocm depth is not capable of of 
holding much available water for plant use. Thus, a greater portion 
of the stored soil water was positionally available for loss through 
evaporation than would occur in a soil of greater depth (Gardner 
and Gardner 1969). During the 5 years of this study, 75% of the 
growing season precipitation events measured I cm or less, contri- 
buting little to soil water storage. The neutron soil water measure- 
ments indicated the amount of water used from the soil by the 
native range plants during a season varied from 0 to 3.9 cm and was 
usually less than 1.5 cm because of availability. There appeared to 
be no consistent trend in soil water use with any of the fertilizer 
treatments. 

The K concentrations in the three species varied between years, 
whereas there was no significant difference between treatments. 
This result could be due to the differences in size of and time 
between precipitation events which would cause variations in the 
leaching of K into the soil from decaying plant materials. Tempera- 
ture variations may also have affected K uptake. The K concentra- 
tions in the plant material were generally not great enough to cause 
a nutrient imbalance that could depress Mg utilization (Fairbourn 
1980). 

-- 
----22 kq N/ha rprino 
. . . . . . . . . . 34 h N/b wpring 

---22 kg N/ha fall 
---34 kg N/ho toll 

The Mg concentration of the 3 species showed no significant 
differences between treatments. The 1977 concentrations in the 
blue grama and dryland sedges were significantly lower than con- 
centrations in other years. The Mg in these forages was only 30 to 
50% of the level livestock require for adequate nutrition. 

Species Composition 
The vegetation dry matter composition by species was influ- 

enced by N treatments and weather as shown by the data of Figure 
1. The 1979 forb production referred to earlier caused a sharp 
decline in blue grama and carex yields that year. These species were 
less competitive with the forbs than western wheatgrass, probably 

Fig. 1. Species percent dry matter composition by weight over a 5-year 
periodfrom a mixed grass prairie fertilized wirh 0.22 or 34 kg N/ha each 
year in the spring orfallfor 5 years, 1975 through 1979. at the High Plains 
Grasslands Research Station, Cheyenne, Wyo. 
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Table 5 . Water use effkiency for N-fertilized treatments of native range, 
1975 through 1979, at Cheyenne, Wyo. 

gen and energy to apply it. The main value of low N rates on 
rangelands would be to increase the palatability and crude protein 
of the herbage to enhance livestock grazing distribution. 

Treatment 1975 1976 1977 1978 1979 

0 kg N/ha 
22 kg N/ha-Spring 
34 kg N/ha-Spring 
22 kg N/ha-Fall 
34 kg N/ha-Fall 

-kg/ ha/cm HzO----- 
45al 29b 27a 34a 5lb 
42a 49a 44a 45a 80b 
48a 49a 37a 41a 77a 
42a 4lab 33a 40a 66ab 
44a 44ab 38a 49a 84a 

‘Values followed by the same letter within colums do not differ significantly at the0.05 
level. 

Water Use Effkiency 
The fertilizer treatments did not make a significant difference in 

water use efficiency until 1979 (Table 5). This could have been due 
to two factors, precipitation distribution and residual N-fertilizer 
effects. Precipitation events of 1 cm or more occurred during each 
month of the 1979 growing season and a more constant water 
supply was available for plant growth than for other years of the 
study. The residual N-fertilizer effect could have been similar to 
that found by Wight and Black (1979) for a 45-kg N/ha annual 
application where maximum yield responses did not occur until 
after the fourth year of their study. 

Conclusions 

The annual application of 22 or 34 kg N/ha in either the spring 
or fall increased significantly the amount of total herbage pro- 
duced compared to the control. Crude protein content in the 
western wheatgrass, blue grama, and dryland sedges was sign& 
cantly increased by the N treatments. The dry matter production 
from the total herbage and the crude protein concentration of 
major species did indicate a sustained residual N effect after the 
first year of the study. However, the work of Power (1981) suggests 
the amount of annual residual N was smallfromlowfertilizer rates 
of 22 and 34 kg N/ha. At this time, neither spring nor fall applica- 
tion appears to have an advantage. 

Mineral composition of the species showed little response to the 
fertilizer treatments, but was mainly affected by annual weather 
differences during the study. 

No great shift in vegetation composition occurred as a result of 
the N treatments except the 1979 increase in slim leaf goosefoot on 
all N treatments. Western wheatgrass increased on all treatments, 
but the increase was not significant until 1979. 

Treatment differences in water use efficiency did not occur until 
1979 and may have been due to precipitation distribution and 
residual N. 

The use of annual low rates of N for increasing herbage produc- 
tion is not economically practical because of the cost of the nitro- 
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Ecological Characteristics and Control of 
Gambel Oak 
D.M. ENGLE, C.D. BONHAM, AND L.E. BARTEL 

Abstract 

Manipulation of Gambel oak for enhanced rangeland values 
must be in accord with ecological principles to ensure desired 
success. Failures in controlling Gambel oak have occurred because 
the growth patterns, morphological characteristics, and carbohy- 
drate storage patterns of the species have not been taken into 
account. However, recurrent control will continue to be necessary 
since grass dominated systems should not be considered to be 
climax in Gambel oak dominated systems. Existing initial and 
maintenance control methods appear to offer only short-term 
solutions, which often result in more troublesome long-term man- 
agement problems. 

Gambel oak (Quercus gambelii) is considered a major brush 
problem species on millions of acres of foothill ranges in Colorado, 
Utah, New Mexico, and Arizona. Creating open grasslands by 
removal of mature stands of Gambel oak from these ranges 
increases watershed values and presents several advantages to the 
livestock producer (Marquiss 1972). The greatest benefits are an 
increase in forage produced for livestock and enhanced livestock 
handling. However, since Gambel oak is a natural part of the 
vegetation, recurrent treatment is required to retain these 
advantages. 

Eradication of Gambel oak is rare by any method, and without 
complete kill prolific sprouting may occur from roots, rhizomes, 
and basal stems. Treated ranges many times assume a “thicket”- 
like appearance several years after an initial oak control effort. 
These sprout thickets differ from the original mature oak stands in 
both their structure and response to control methods. 

Range managers are in need of effective control methods on 
these previously treated areas where abundant oak sprouts are 
difficult to control with conventional methods and present a major 
management problem. We suggest here some reasons for the diffi- 
culty in controlling Gambel oak and propose some possible alter- 
natives for dealing with the Gambel oak sprouts. 

Problems in Controlling Gambel Oak 

Application of Ecological Principles 
Range scientists recognize that proper and wise management of 

ranges includes direct manipulation of the ecosystem. Such manip- 
ulation should be directed in ways that work in accord with the 
natural functioning of ecosystems and should be based upon eco- 
logical principles, that is, particularly competition and succession 
(Vallentine 1971). With increasing costs of fuels and herbicides, 
conventional methods of manipulating oakbrush ranges must con- 
tinue to be cost effective, as well asenvironmentally sound. Yet, the 
demand for meat by an expanding world population is sure to 
place pressure on the livestock producer to increase the productiv- 
ity of rangelands. Range scientists, in some cases, concede that it is 
unwise to continually confront natural ecosystem forces by 
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attempting to remove Gambel oak over broad areas at a relatively 
high cost while ignoring the renewable forage resource supplied by 
the oakbrush. Perhaps it is time for researchers and managers also 
to consider the possible worth of Gambel oak and concentrate 
more on developing its benefits to ranchers and society in general. 
The time may be approaching when range scientists and ranchers 
can no longer afford, economically and politically, to continue 
viewing Gambel oak only as a noxious species. Site specific manip 
ulation of oak will continue to be important, but we will probably 
be unable to eradicate the species. 

Growth and Morphology of Gambel Oak 
Preformed shoots are characteristic of predeterminate species 

such as Gambel oak (Sweeney 1975, Dahl and Hyder 1977). These 
species have winter buds that contain a telescoped, fully formed 
shoot containing primordia of all leaves that will subsequently 
expand the following season. This 2-year process involves bud 
formation in the first year and elongation of the preformed compo- 
nents into a shoot the second year. Only a portion of the winter 
buds become active whereas others remain dormant. If new shoots 
are defoliated, for example, by early spring frost, other shoots 
often develop from dormant buds, depending on the degree of 
defoliation (Kozlowski 1971). 

Gambel oak generally produces two kinds of shoots, i.e., long 
and short. Long shoots have leaves separated by distinct inter- 
nodes and bear lateral buds which may develop either into more 
long shoots or short shoots (Kozlowski 1971, Dahl and Hyder 
1977). Gambel oak sprouts are predominantly long shoots, and are 
more difficult to control than mature oak which have predomi- 
nantly short shoots (Engle 1978). This characteristic of sprouts 
accounts for most difficulties encountered in herbicide control. 
That is, Wilson et al. (1975) suggested that for best control with 
herbicides, woody plants should have a higher proportion of short 
shoots. Carbohydrates and translocatable herbicides are moved 
mostly to the growing young leaves at the tip of long shoots instead 
of to the roots and other storage tissues. Long shoots are more 
prevalent in young trees than in older trees, and by the fourth or 
fifth order of branching, the long shoots bear only short shoots 
perhaps because of a general decrease in vigor (Wilson 1970). 
Therefore, young plants with larger proportions of long shoots are 
more difficult to kill with translocated herbicides than older plants 
(Dahl and Hyder 1977). 

Oak trees ordinarily exhibit the intermittent type of growth 
common to most trees of temperate zones where height growth 
occurs in a single flush of growth (Zimmerman and Brown 1971). 
All the leaf primordia are preformed in the overwintering terminal 
bud and height growth is usually restricted to a single period early 
in the growing season. 

The length of shoot elongation also affects the species’ response 
to defoliation and herbicide applications. Mature Gambel oak 
have been reported to have a short period (24 to 27 days) of shoot 
growth, which is completed by the first week in July (Sweeney 
1973, but Gambel oak sprouts have prolonged and numerous 
elongation periods (Engle and Bonham 1980). The duration of 
elongation in mature oak remains rather constant each year (Swee- 
ney 1975). Gambel oak sprouts probably have a longer period of 
shoot elongation than do mature trees. Species of Quercus have a 
tendency to form “lammas shoots,” which presumably appear 
around Lammas Day or August I (Kozlowski 1971). This type of 
shoot results from bursting and elongation of a current-year termi- 
nal bud on the main shoot or branch. Marquiss (1969) reported a 
late summer regrowth of Gambel oak in late August. Lammas 
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shoots in Quercus are apparently longer than the early shoots of 
the first flush (Wight 1930). However, multiple flushes of growth 
have been reported in sprou?s of two oak species (Boo and Pettit 
1975, Engle and Bonham 1980). Dahl and Hyder (1977) were 
unable to explain the type of shoot growth pattern in the shoots of 
root suckers and stem sprouts resulting from various disturbances, 
but explained that since they usually continue to produce new 
foliage leaves and internodes throughout the growing season, they 
seem to fit the continuous growth pattern. This type of shoot 
extension occurs where maturation of the preformed telescoped 
shoot may be followed immediately by further extension growth 
including both the initiation and development of new or late leaves. 
Since these are long shoots, growth regulating herbicides are 
reduced in their effectiveness (Dahl and Hyder 1977). The combi- 
nation of an erratic or continuous growth pattern and a predomi- 
nance of long shoots at least partly explains the poor root kills of 
Gambel oak sprouts with application of growth-regulating 
herbicides. 

The Root System of Gambel Oak 
It appears that entire oak clumps are interconnected and are the 

product, through clonal development, of a single acorn (Muller 
195 I, Cottam et al. 1959). Van Epps (1974) believed clumps 24 m 
(80 ft.) apart were connected by their extensive root systems since it 
appeared that certain herbicides were translocated from treated to 
untreated clumps. 

The survival ability of Gambel oak, like many other brush 
species, lies in its extensive root system. The root system of Gambel 
oak has been described as widespreading and freely branched, 
consisting of a shallow network of root-like structures which are 
largely rhizomes with only a few short feeding rootlets coupled to a 
system of deep-feeding roots (Baker and Korstian 1931, Chris- 
tensen 1949, Muller 1951). These rhizomes allow an increased 
longevity of the individual plant and the multiplication of individu- 
als under conditions which are too severe for seedling establish- 
ment (Muller 1951, Grover et al. 1970). Root: shoot ratios are very 
large. In fact, 90% of total biomass is below ground in sand 
shinnery oak (Quercus havardii), a closely related sprouting oak- 
brush (Pettit and Deering 1971). This is likely to bea characteristic 
of Gambel oak sprouts that have had the mature top portions 
previously killed or removed. Thus, the potential for survival is 
tremendous. For example, leaf defoliation by goats of 90 to 95% at 
least 2 times per year for several years is necessary to obtain a high 
degree of control (near 95%) (Davis et al. 1975). 

Successional Status of Oak Communities 
We think that the conversion of oak chaparral or oak woodland 

to grassland is in opposition to the force of natural succession and 
results in a man-imposed disclimax. The wooded vegetation is 
likely the higher seral form although a subclimax in some cases and 
a climax in others. It has been suggested that the species forms a 
secondary successional stage in southern and southwestern CO~O- 

rado where it has replaced ponderosa pine (Pinusponderosa) and 
Douglas fir (Pseudotsuga mentiesii) stands which have been 
removed by fire or logging (Brown 1958, Harrington 1964). Oak- 
brush has also been considered a climax type in southwestern 
Colorado where competing species are precluded due to edaphic or 
topographic conditions (Sweeney 1975). In Utah, Gambel oak has 
been considered the climax type (Baker and Korstian 1931, Hay- 
ward 1948, McKell 1950) and also a type successional1Y 
transitional to conifers (Dixon 1935, Lull and Ellison 1950). 

Gambel oak’s response to fire is typical of sprouting shrubs that 
dominate most natural shrublands. An open grassland, whether a 
disclimax or subclimax, will not result from a single fire episode. 
Although fire may top-kill Gambel oak, it usually stimulates 
sprouting, which in turn results in thickening open stands and 
merging of scattered stands into continuous thickets (Brown 1958). 
Fire may also initiate a Gambel oak stage of the pine forest sere by 
removing the competing pine overstory (Dick-Peddie and Moir 
1970). 

Whatever successional terminology is chosen to describe Gam- 

be1 oak communities, one has to acknowledge that such stands are 
now a persistent component of foothill ecosystems of the southern 
Rocky Mountains. We submit that grass-dominated systems, 
other than the interspaces between oak motts, are a lower sere, 
definitely not a climax, and on most of the area will not persist in 
the absence of recurrent oak control efforts by man. 

Carbohydrate Rewrve Storage and Depletion in Gambel Oak 
Poor root kills of Gambel oak, and especially of Gambel oak 

sprouts, have often been the result of poor timing of herbicide 
applications in relation to the pattern of depletion and storage of 
plant food reserves. This has often resulted in higher than normal 
root and crown sprouting, while producing adequate canopy des- 
truction. Kozlowski and Keller (1966) described the pattern of 
carbohydrate translocation in temperate zone woody plants that 
have shoots preformed in the winter bud. The rapid burst of 
growth in internode expansion is usually completed before the 
leaves are fully grown and depends largely on stored carbohydrate 
reserves. Young leaves that have not completed growth do not 
readily export large amounts of assimilates to other plant parts. In 
this case, excess photosynthate is translocated to storage sites only 
after leaf maturation. Mature Gambel oak trees do not begin 
replenishing carbohydrate reserves until after full leaf size is 
reached (Marquiss 1969). However, leaves of expanding shoots or 
seedlings of woody plants generally begin exporting 
photosynthates to storage sites when the leaves reach 30 to 50% of 
full size (Zimmerman and Brown 1971). Boo and Pettit (1975) 
found that carbohydrates begin accumulating in the roots of sand 
shinnery oak when the leaves were one-third to one-half full size. 
Gambel oak sprouts also apparently begin storage in roots before 
leaves are fully expanded (Engle and Bonham 1980). 

A single defoliation, by any method, is known to be most 
tive in accomplishing woody plant kills when plants are defoliated 
at the lowest point in the carbohydrate storage cycle (Cook 1966, 
Berg and Plumb 1972). Ordinarily, sprout vigor is lowest if shrubs 
are defoliated when carbohydrate reserves are lowest near the end 
of the spring flush of growth (Berg and Plumb 1972). Defoliation at 
this time reduces carbohydrate reserves by causing the plant to 
draw on already critically low reserves to produce new photosyn- 
thetic tissue, which in effect “starves” the plant. However, 
improper timing of herbicides and the resultant defoliations at 
higher points in the reserve cycle in Gambel oak sprouts may even 
increase root reserve levels, thus stimulating sprouting potential 
(Engle and Bonham 1980). 

Sprouts of Gambel oak begin accumulating reserves before the 
leaves are fully expanded in the spring and a second period of rapid 
depletion occurs coincident with a vegetative regrowth period in 
the late summer (Engle and Bonham 1980). Mature Gambel oak 
trees exhibit an important difference in that there is only one 
period of depletion during the spring growth period, with the low 
point occurring when leaves are fully expanded (Marquiss 1969). 

Leaf expansion is often used as a guideline for systemic herbi- 
cide applications because of the relationship of leaf expansion to 
net downward translocation of photosynthate. A properly timed 
herbicide application will intercept downward assimilate translo- 
cation so that maximum herbicide concentration will occur in the 
underground organs and damage to the plant will result there 
(Muzik 1970). Boo and Pettit (1975) noted that it is often assumed 
that herbicides should not be applied until leaves are fully 
expanded to obtain downward translocation in many undesireable 
shrub species. This is a valid recommendation for mature Gambel 
oak (Marquiss 1969) since these plants begin to store carbohy- 
drates rapidly at this time and better movement of herbicides to the 
roots also occurs at this time. Boo and Pettit (1975) also observed 
that the previously recommended time for herbicide application 
for sand shinnery oak was when leaves were fully expanded. How- 
ever, their data suggested that roots begin accumulating carbohy- 
drates when leaves were only one-third to one-half full size. 
Maximum downward translocation of systemic herbicides might 
also be accomplished at this time. Likewise, herbicideapplications 
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to Gambel oak sprouts should also be made before full leaf stage is 
reached (Engle and Bonham 1980). 

Methods of Gambel Oak Control 

Effective Initial Plant Kills 
Control efforts to date have emphasized only short-term control 

and few, if any, studies have been concerned with long-term con- 
trol. It has been recognized that to minimize sprouting and to 
realize sustained forage production benefits, even on a short-term 
basis, high initial root kills of mature oak stands must be attained 
(Marquiss 1972). Chaining, a popular method of top removal, and 
other mechanical treatments, although economical on a short-term 
basis (Bartel and Sims 1978), have been unsatisfactory because of 
the prolific sprouting that follows treatment. Resulting thickets in 
just a few years may render these ranges less desirable for livestock 
production than ranges with original mature oak stands. High 
initial root kills of mature stands can be obtained, although proba- 
bly not economically (Bartel and Sims 1978), by proper timing (at 
full leaf stage) of growth-regulating herbicides. Picloram (4- 
amino-3,5,6-trichioropicolinic acid) does offer consistently better, 
although still incomplete, root kills than other herbicides either 
applied alone or in mixtures (Marquiss 1973, Vallentine and 
Schwendiman 1973). On the other hand, intensive mechanical 
methods may or may not be effective on deep soils (Vallentine and 
Schwendiman 1973). Since existing methods appear to eventually 
result in serious sprouting problems, methods are still needed that 
will provide proven long-term control. 

Maintenance Control 
One must realize that using currently available methods to con- 

trol or remove Gambel oak that is less than complete soil steriliza- 
tion or conversion to introduced pasture will ultimately allow a 
sprouting problem. Conventional herbicide applications are inef- 
fective in controlling oak sprouts (Bartel and Rittenhouse 1979). 
These authors have also suggested the use of some promising 
herbicides in a low-rate multiple application control program. 
Herbicides repeatedly applied in this fashion during periods of root 
reserve recharge may accomplish greater root kills, reduce availa- 
ble food reserves for regrowth, and ultimately reduce root:shoot 
ratios to a critical level for plant survival (Engle and Bonham 
1980). 

Biological control of sprouts with repeated browsing by goats 
has proven to be an effective means of near elimination of oak 
sprouts (Davis et al. 1975). However, their use is impractical in 
most situations because of problems in fencing and herding. Also, 
social bias has prevented the development of a market for goats. 

Conclusions 
Since Gambel oak is either a persistent subclimax to conifers or a 

climax species on foothill ranges, an open grassland created with 
oak control methods results in a lower seral stage. Thus Gambel 
oak will continue to return and dominate these ranges in the 
absence of recurrent control efforts by man. Additionally, the 
sprouting ability of Gambel oak inevitably results in sprout 
thickets which are even more difficult to control by any economical 
method. 

Past failures associated with direct, high-cost environmental 
control of Gambel oak indicate that there continues to exist a 
critical need for research in the management and control of Gam- 
be1 oak. Initial and, particularly, maintenance control methods are 
desperately needed that will be economically feasible on a long- 
term basis. To insure future success, researchers and managers 
should consider the ecological characteristics of Gambel oak when 
examining alternatives for controlling the species. 
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Effect of Weedy Annuals on the Survival and 
Growth of Transplants Under Arid 
Conditions 
GORDON A. VAN EPPS AND CYRUS M. MCKELL 

Abstract 

A plant establishment study was conducted in the oil shale lands. Whereas many revegetation studies have been carried out in 
region of northeastern Utah where annual rainfall averages 200 areas receiving more than 30 cm of precipitation, this paperconsid- 
mm. Treatments consisted of annual weed removal for 2 years, for ers the effect of plant competition on the survival and growth of 
1 year, and no removal to test the impact of competition on transplants in an area receiving less than 23 cm of precipitation. 
survival of bareroot and container-grown transplants. Competi- 
tion had a major negative effect on the survival and growth of Methods 
fourwing saltbush (Atriplex canescens), winterfat (Ceratoides 
lanata), prostrate summer cypress (Kochiaprostrata), and russian 
&idry~~(Elymks junceus). At the end of 4 growing seasons only 
21% of the plants survived under normal site competition com- 
pared to 84% survival with 2 years of weed removal. The area of 
plant canopy under the influence of full competition averaged 0.95 
dmr as compared with 4.03 dm* where competition was absent for 2 
years for the same period. 

Plant competition for soil water generally is extreme in arid 
regions. A dense stand of annual vegetation such as cheatgrass 
(Bromus tectorum), halogeton (Halogetonglonzeratus) or Russian 
thistle (Salsola pestzfk) may compete so intensely with seeded or 
transplanted species as to inhibit their establishment or reduce 
their vigor sufficiently to limit survival and growth. Whenever 
surface disturbance occurs, the invasion of annual species is espe- 
cially acute. Thus, any manipulation of the vegetation or soil 
surface that increases water accumulation and retention for benefi- 
cial use by specific desirable plants would be advantageous. 

Numerous researchers studying plant establishment under the 
constraints of stress environments have alluded to the need for 
controlling plant competition. Several of these are Holmgren 
(1956), Hubbard (1957), and Sanderson et al. (1963) in the estab- 
lishment and growth of bitterbrush (Purshia tridentata), Guinta et 
al. (1975), Van Epps and McKell (1977), and staff of the Institute 
for Land Rehabilitation (1979) in establishing several shrub spe- 
cies, and Schubert (1977) in ponderosa pine (Pinus ponderosa) 
regeneration. Springfield (1970) found that grass competition 
adversely affected the survival of fourwing saltbush (Atriplex 
canescens) transplants in New Mexico. Studies in California 
(Clary 1974) indicated the need for controlling competition for2or 
more years. 

In direct seeding, Plummer et al. (1968) specified that competi- 
tion must be low enough for desired species to become firmly 
established. Several methods of removing unwanted vegetation 
were described. Keller (1978) emphasized the importance of reduc- 
ing the annual grasses and forbs for successful range seeding in the 
sagebrush ecosystem. Evans and Young (1977) developed a herbi- 
cide revegetation system that provides management techniques to 
control comnetition in sagebrush {Artemisia) cheatgrass range- 

The study was conducted in the oil shale region of northeastern 
Utah in an area of less than 225 mm of rainfall. Natural vegetation 
surrounding the research site is dominated by shadescale (Atriplex 
confertzyolia) with sagebrush (Artemisia tridentata spp wyomin- 
geniis) and greasewood (Sarcobatus vermiculatus) appearing in 
areas of deeper soils. 

The study site was on a deep alluvial sandy loam fill which 
extended to a depth greater than 120 cm. A soil survey in 1977 
described the soil as a loamy-skeletal, mixed, frigid, calciorthid, 
aridisol. 

All planting stock was grown originally in containers in the 
greenhouse to provide uniformity among plants. The containers 
measured 6 X 6 X 15 cm. Plants were grown in a mixture of soil, 
sand, and peat moss of equal volume for approximately 7 months 
prior to field planting. At the time of planting they were divided 
into those to be planted as container stock and those designated as 
bare root transplants. The latter were removed from the container 
and the soil was shaken from the roots. Thus planting materials 
were similar in genetic and developmental aspects. However, this 
method of obtaining bare root plants yielded transplants with a 
greater fibrous root mass than those generally grown as typical 
bare-root stock. 

The planting site was partially prepared during late summer of 
1976 after seeds had been shed, by removing all annual and peren- 
nial plant growth, leaving the site in a fallowed condition for winter 
moisture accumulation. The entire site was weeded for annual 
seedlings by manual cultivation in the following spring leaving a 
uniform loose shallow soil mulch. Prior to planting on April 5, 
1977, the site was fenced for rabbit and rodent control. The soil was 
moist from a wet snow storm 2 days earlier. Three competition 
treatments were established on 3 X 5.5-m plots: (1) a control where 
all indigenous seedlings were allowed to grow naturally following 
the planting; (2) 1 year of clean cultivation; and (3) 2 years of clean 
cultivation. 

The 4 transplanted species were fourwing saltbush, (Atrz@lex 
canescens, ATCA), winterfat (Ceratoides lanata, CELA), pros- 
trate summer cypress (Kochia prostrata, KOPR), and Russian 
wildrye (Elymusjunceus ELJU). Four plants of each species were 
planted as bare-root and 4 as container-grown plants on a 70 X 
70-cm grid in each of the 3 comnetition treatments. There were . 

Authors are associate professor (stationed at Snow Field Station, Ephraim, Utah 4 repli&ions. All plants recetved only 1 hter of water following 
84627) and professor, Range Science Department and Institute for Land Rehabilita- planting though results from other studies in the area have been 
tion, Utah State University, Logan 84322. 

Authors wish to acknowledge the assistance of Jerry Barker, G. Brock Benson and 
inconclusive as to its value. By May 19, the planting site was rather 

Eric Christensen. The work was supported by White River Shale Project (Sunoco uniformily covered with a dense seedling growth of halogeton, 
Energy Development Company), Utah Agricultural Experiment Station and Snow Russian thistle and limited numbers of cheatgrass plants. All weed 
College. 

Manuscript received January 12, 1982. seedlings in the 1 and 2-year clean cultivation treatments were 

366 JOURNAL OF RANGE MANAGEMENT 36(3), May 1983 



manually hoed or pulled at this time from around and between the 
transplants leaving a loose soil surface mulch. Both treatments 
were kept free of other plant growth for the remainder of the 1977 
growing season and then in 1978 only the 2-year clean cultivation 
plots were maintained free from other plant competition. Yearly 
precipitation averaged 230 mm over the 3 years of the study. 

Survival, plant condition, plant height, and cover data were 
obtained in the fall of each year. Plant condition was determined 
by visual examination, using a 3-numeral scale-O for dead plants, 
1 indicating that a plant was in poor condition, and a 2 indicating a 
vigorous, healthy plant. Plant height was measured from ground 
level to tip of the highest vegetative stem. Crown cover was esti- 
mated using a .25-m frame with IO-cm squares marked off in units. 

Data were statistically analyzed at the end of the second year 
using the Duncan multiple range test at the 1% level. However, to 
follow the trends in survival and growth beyond the planned 
duration of the study, observations were made for 2 additional 
years. 

Results 

Effects of the 3 competition levels on survival were significant 
(X0.0 1) among treatments averaged over all species. At the end of 
the second growing season, corresponding to the end of the treat- 
ment years, average survival of all species regardless of the type of 
plant material used was 47ycfor the control, 72%for 1 year of clean 
cultivation, and 91% for 2 years of clean cultivation. Two years 
later at the end of the fourth growing season, survival in the same 
treatment order was 21, 55, and 84%. Two years of clean cultiva- 
tion were 4 times more effective for plant survival than when plants 
were exposed to natural competition. 

A comparison of planting materials in relation to survival indi- 
cated significance (KO.01). After 2 years bare-root stock showed a 
64% survival, compared with 76% for the container stock. Two 
years later the survival was 49 and 57%, respectively. 

The trend in transplant survival over 4 growing seasons in 
relation to the 3 competition levels and 2 types of plant materials 
appeared to become stable after 3 years (Fig. 1). Plant survival 
rapidly decreased when the annual plants in the l-year clean culti- 
vation treatment were allowed to compete for moisture during the 
second and third growing seasons, which indicated that these 
plants had not become fully established during the first few years 
following field planting. Plant mortality was highest for plants 
growing under natural competition, although the greatest losses 
occurred during the first growing season, especially those planted 
as bare-root stock. Relatively few plants died during the fourth 
growing season under 2 years of clean cultivation. By this time 
plants in the other 2 levels of competition appeared to have already 
reached an adjustment to the moisture stress environment. 

I \\ 
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Fig. 1. Percent survivol trend comparing three competition levels ond 2 
methook of pkmring (BB = bore-root and COcontoiner transplants) 
over 4 growing seasons. Competition removal treatments. readingfrom 
lefr to right were; control I year removal, 2 years removal. 

JOURNAL OF RANGE MANAGEMENT 36(3). May 1983 

(I 

Fig. 2. Percent survival comprison offour plonr species under 3 competi- 
tion levelsfollowing 2growingseosons. Competition removal rreotmenis, 
reading from left to right were control, I year removal, 2 years removal. 

Plant losses during the first few years of establishment must be 
expected as a normal consequence whether from artificial planting 
of transplants or from natural establishment especially where com- 
petition is a factor. Data from the Desert Experimental Range 
(West 1979) showed a large loss of natural seedlings during the first 
2 years followed by a subsequent leveling off in plant mortality. 

Survival of bare-root and container-grown plants was statisti- 
cally different under natural competition and 1 year of clean 
cultivation. Container stock showed a higher survival rate in the 
fall for each of the 4 growing seasons (Fig. 1). The difference in 
survival between planting methods was less for 2 years of clean 
cultivation than for the other 2 levels of competition. Container- 
grown stock showed a survival rate of 25% under natural competi- 
tion, 64% under l-year competition removal, and 85% for 2 years 
of clean cultivation at the end of 4 growing seasons. In contrast, 
bare-root stock survival was 17% under natural competition, 45% 
under 1 year of clean cultivation, and 83% under 2 years of clean 
cultivation. 

Survival of the various species in relation to the competition 
removal treatments at the close of the second growing season 
varied significantly (KO.01) (Table 1 and Fig. 2). Prostrate 
summer cypress appeared to be more capable of withstanding the 
detrimental effects of plant competition during the first 2 years of 
establishment than the other 3 species. Russian wildrye was the 
least capable. Annual plant competition had a negative effect on 
the survival of fourwing saltbush when not controlled for at least 1 
year (Fig. 3). Two years of competition suppression appeared to 
increase the survival of winterfat and russian wildrye grass greatly. 

Fig. 3. Effect of 3 competition levels on percent plant survival between 
species over 4 growing seasons. Competition removal treatments, reading 
from lefr to right were; control 1 year removal, 2 years removol. 
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Table 1. Summary of fall data comparing treatments and species during the 4 years of the study. Means followed with the same letter are not significantly 
different at P-CO.01 value for each varkble and within each factor. 

Species’ 
ATCA 

CELA 

KOPR 

ELJU 

Year 
1977 
1978 
1979 
1980 

1977 
1978 
1979 
1980 

1977 
1978 
1979 
1980 

1977 
1978 
1979 
1980 

Ground covered by plant canopy* 
Survival treatments Height treatments treatments 

Control 1 year 2 year Control I year 2 year Control 1 year 2 year 
(%I (%I (%) (cm) (cm) (cm) (dm*) (dm*) (dW 

72 91 94 6 22 22 - 
22e 8lbcd 91ab 2fis 27bc 38ab .07f 4SObc 8.56 

7 78 91 2 35 44 .06 4.70 8.42 
7 78 91 2 31 36 .08 4.41 6.33 

94 87 97 I3 I7 I8 - - - 
72d 69d 94ab I lef I7de 35abc .37ef 1.73def 3.5Ocde 

9 31 85 3 9 34 .I9 .59 3.94 
9 29 79 2 7 24 .05 .45 2.63 

100 IO0 100 23 39 39 - - 
88abcd 9labc IOOa 24cd 25cd 44a l.5Oef 4.39cd 13.26a 
63 75 100 33 35 48 5.78 7.77 13.78 
63 75 87 I9 20 22 3.53 4.61 4.63 

28 85 94 <I 8 6 - 
7f 47ef 8lcd < lg < I.!? lOg .Olf .if Y5f 
7 37 81 <I 4 I6 .05 .30 2.17 
7 37 81 I 7 I5 .I3 .82 2.54 

‘ATCA - Fourwing saltbush 
CELA - Winterfat 
KOPR - Prostrate summer cypress 
ELJU - Russian wildrye grass 

*No calculations were made on plant cover for 1977 

On a scale of 0 to 2, uncontrolled competition resulted in an 
average plant condition rating of 0.55; I year of clean cultivation, 
0.95; and 2 years of clean cultivation, 1.73. Two years later in the 
fall of 1980 plant vigor was 0.42, 1.05 and 1.67 respectively. There 
was no difference in plant condition rating between types of plant 
materials. Plant condition is a good indicator measurement as to 
the effect of the treatments on a plant’s vitality and growth includ- 
ing its reproduction. 

The interaction of competition treatments and species on plant 
condition was highly significant (X0.01). A significant (X0.01) 
difference was observed between the effects of 2 years of clean 
cultivation and the 2 competition levels at the end of the second 
growing season. Although not significant there was a generally 
observed difference in plant condition between plants grown in the 
control treatment and those in the l-year clean cultivation. The 
average plant conditions of the 3 shrubs was uniformly good but 
the grass plants were poor in comparison. There was no significant 
difference in average plant condition of bare root and container 
grown plants. 

height for plants in the control treatment was 10 cm, those in the 
l-year clean cultivation treatment were 18 cm, and those in the 2 
years of clean cultivation treatment were 32 cm. This compared 
with a height of 6, 16, and 24 cm for each treatment, respectively, at 
the end of the fourth growing season. Two years of clean cultiva- 
tion resulted in an increase in plant height 4 times over the control 
after 4 years. Plant height was significantly (DO.05) greater from 
container-grown stock at 22 cm as compared with bareroot stock 
at 19 cm (Table 1). 

Conclusions 

Plant growth expressed as ground cover was highly significant 
(KO.01) in the categories of competition treatments, planting 
materials and the interaction between treatments and species. The 
total area of ground cover by planted species canopy where no 
competition was removed averaged 0.49 dmzat the end of the first 2 
growing seasons. This compares with 2.66 dm2 for 1 year of clean 
cultivation and 6.37 dm* for 2 years of clean cultivation. Plant 
cover of the 4 species showed various restrictions in relation to the 
3 levels of plant condition (Table 1). 

Intense plant competition from weedy annual species has a 
negative influence on the survival and growth of perennial plant 
species transplanted either as bare-root or container-grown stock. 
Plant species most likely to survive are those which can endure 
competition from annual plants such as prostrate summer cypress. 
The effects of competition reduction are generally reflected in 
greater plant height and cover. Plant species most likely to with- 
stand competition are those best adapted to a site. Species poorly 
adapted to a site apparently are not able to respond to the 
improved control of competition. These studies have substantiated 
the early work of Holmgren (1956), Hubbard (1957) and others as 
to the need for controlling competition when establishing vegeta- 
tion through seeding or by transplants. Improved plant establish- 
ment in arid sites appears to be possible by controlling competition 
of annual weedy forbs and grasses for a period of 1 or 2 years. 

Fourwing saltbush, winterfat, and prostrate summer cypress 
transplants had a significantly larger cover area when grown for 2 
years without competition than those under uncontrolled competi- 
tion. The difference in size of plants in 1978 where subjected to the 
2 competition treatments was many-fold. Russian wildrye, being a 
grass that goes dormant under these arid conditions, appears 
smaller in the fall than in the spring. Russian wildrye produced 
numerous seed heads in the spring when grown for 2 years without 
competition as compared with few seed heads under uncontrolled 
competition. 

Three or more growing seasons may be needed to determine the 
permanent establishment of plants under arid conditions. Plants 
under uncontrolled competition appear to stabilize their survival 
rate by the end of the third year. Springfield (1970) reported that 
fourwing saltbush transplants in the Southwest under no competi- 
tion stabilized in survival during the fourth year following field 
planting, while the survival rate of those growing in competition 
with grass was still declining in the fifth year. 

In the case of plant height there was a significant interaction 
(KO.01). At the end of the second growing season, the mean 

There are large variations among species as to the negative 
impact of plant competition on plant survival and growth. Pros- 
trate summer cypress was noticeably more successful in its estab- 
lishment success than fourwing saltbush, winterfat or Russian 
wildrye. 
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Vegetation Changes from 1935 to 1980 in 
Mesquite Dunelands and Former Grass- 
lands of Southern New Mexico 
J.T. HENNESSY, R.P. GIBBENS, J.M. TROMBLE, AND M. CARDENAS 

Abstract 

On the Jornada Experimental Range in southern New Mexico, 2 
belt transects, 30.5 cm in width and totnling 2,188 m in length, were 
established in 1935 on 2 areas where honey mesquite (Prosopis 
ghzndulosa Torr.) was spreading into black grama [Boutelouu 
eriopoda (Torr.) Torr.] grassland. Maps were made of the transects 
which portrayed the vegetation occurring in each of the 7,180 
contiguous, O.OPm2 plots along the transect. The vegetation on the 
transects in 1980 was compared to that portrayed by the transect 
maps made in 1935. One transect had been read in 1950 and 1955. 
During the 45-year period mesquite attained complete dominance 
and many new mesquite dunes formed. Black grama had a rela- 
tively high frequency in 1935 but bad completely disappeared by 
1980, both on an area grazed by livestock and on an area protected 
from grazing. Mesa dropseed [Sporobolus fZexuosus (Thurb.) 
Rydb.], fluffgrass [Erloneuronpu&hellum (H.B.K.) Tateokalbnd 
broom snakeweed [Xmthocephuhm sarottVae (Pursh) Shinners] 
increased in abundance, even during the drought period between 
1950 and 1955. Only 25% of the perennial forb species encountered 
in 1935-55 were found in 1980. 

The spread of honey mesquite (Prosopis glandulosa Torr.) and 
other shrubs in the Southwest has been well documented, with 
heavy grazing, seed dispersal by domestic animals and periodic 
droughts being advanced as causes contributing to the increase in 
shrubs (Buffington and Herbel 1965; York and Dick-Peddie 1969). 
Mesquite has many features which enable it to exploit altered 
ecosystems. These include rapidly developing, deep taproots and 
long lateral roots, long-lived seeds, high germination rates over a 
wide range of temperature and moisture conditions, ability to 
withstand high negative water potentials, high water use efficiency, 
and the ability to regenerate from underground dormant buds 
following injury (Glendening and Paulsen 1955, Mooney et al. 
1977). 

Mesquite has increased in abundance on a wide range of soil 
types but in southern New Mexico its greatest increase has been on 
sandy soils (Buffington and Herbel 1965). In arid areas mesquite 
typically grows as a low multi-stemmed shrub. These multi- 
stemmed plants entrap drifting sand, forming what has been called 
“coppice dunes” (Melton 1940). Vast areas of former desert grass- 
land have been transformed into hummocky landscapes domi- 
nated by mesquite dunes. Dunes large enough to class as pedons 
have developed soils which are distinct from those of the interdunal 
areas (Giles 1966). Mesquite dunelands have an appearance of 
stability but considerable soil movement was found over a 45-year 
period (Gibbens et al. 1983). The transformation of desert grass- 
lands into dynamic dunelands has resulted in the complete loss of 
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some former dominant plants and in major shifts in abundance of 
other herbaceous plants. 

Early researchers at the Jornada Experimental Range in south- 
central New Mexico witnessed the encroachment of mesquite into 
desert grasslands. They established belt transects across mesquite- 
grassland ecotones and made detailed records of the existing vege- 
tation. During the ensuing years mesquite continued to increase in 
abundance. A comparison of present with past vegetation on the 
transects provides much insight on the reactions of grassland 
species to an increase of mesquite. This information is of value 
both in an ecological sense and in managing mesquite-dominated 
lands as a grazing resource. 

Study Area 

The Jornada Experimental Range, located 37 km north of Las 
Cruces, N. Mex., includes 78,266 ha characterized by basin range 
topography representative of the northern Chihuahuan Desert. 
About 58,470 ha of relatively level plain forms the floor of a closed 
basin at an elevation of 1,260 m. Mesquite occurs on about 63% of 
the plain and large dunefields have formed on the predominately 
sandy soils (Buffington and Herbel 1965). 

The climate is arid, with an average annual precipitation of 231 
mm. Precipitation is concentrated in July, August, and September 
when 52% of the annual total occurs. Summer rainfall usually 
occurs as intense, convective thunderstorms which are of short 
duration and highly localized. In winter, low-intensity precipita- 
tion originates from frontal storms that cover wide areas. The 
frost-free period averages 200 days but vegetation growth is usually 
limited to a shorter period when soil water is available. 

In 1933, a 259~ha (640 acres) exclosure was built on an area 
partially occupied by mesquite. The exclosure was established to 
determine if protection from grazing would allow natural plant 
succession to reestablish a grassland climax. Originally called the 
“Natural Revegetation Exclosure”, this will henceforth be desig- 
nated as Site A. The relatively deep, loamy sands in this area are 
mapped as thermic Typic Haplargids of the Onite series. Soils in 
the mesquite dunes are thermic Typic Torripsamments of the 
Pintura series (Bullock and Neher 1980). An intensive reconnais- 
sance survey was made of the site in 1932 and a vegetation type map 
prepared. In 1935, a 1,731-m belt transect, 30.5 cm in width, with 
stakes every 15.2 m, was laid out in a north-south direction across 
the exclosure and projecting 61 m beyond the boundary fences. 
_ On an area designated as Site B, a 457.2-m belt transect, 30.5 cm 

in width was established across a mesquite duneland-grassland 
ecotone in 1935. Half of the transect fell in mesquite duneland and 
half in grassland. Marker stakes were placed every 15.2 m. The 
transect is located on shallow (<50 cm to caliche layer), thermic 
Typic Paleorthids of the Simona series (Bullock and Neher 1980). 
Dunes large enough to qualify as pedons belong to the Pintura 
series. 

In 1966-68, approximately one-third of the Site A exclosure was 
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sprayed with 2,4,5-T in mesquite control tests. Second applications 
of 2,4,5-T as plot treatments were superposed upon the sprayed 
portion in 1969-72. Approximately 183 m of the Site Btransectfell 
within an area treated with a single application of 2,4,5-T in 1973. 

Methods 

In 1932 a vegetation type map (scale, 16 inch= 1 mile) was made 
of the Site A exclosure. The transect established across Site A in 
1935 followed a north-south grid line 604 m from the west side of 
the exclosure. A map ofthe number and species ofplants occurring 
in each ofthe5,680contiguous0.09m~(30.5X 30Scm)plotsalong 
the transect was made at a scale of 1.02 cm = 30.5 cm (.4 inch = I 
ft). Mesquite dune outlines and profiles were also mapped. The 
Site B transect was mapped in the same manner. In 1950 and 1955 
the Site B transect was remeasured and a record made of all the 
plants occurring in each of the 1,500 contiguous, 30.5 X 30.5.cm 
plots. In 1980, both the Site A and Site B transects were remea- 
sured. All perennial vegetation was recorded for each of the 0.09- 
m2 plots along the transects. Because a road (present in 1935) 
crosses the Site B transect, data from 30.5-m of the transect have 
been discarded. Density and frequency of plant species on dune 
and interdune areas were determined from the original 1935 tran- 
sect maps, from the 1950 and 1955 field sheets and from the 1980 
field sheets. Speciesfrequenciesaregreatly influenced by the size of 
plots used to determine them. The 0.09.m2 plots sampled in 1935 
and 1980 are much smaller than would normally be used for 
determining the frequency of perennial species in the mesquite 
sand dune vegetation type. However, it should be remembered that 
the small plots do represent a 100% sample of the area of interest, 
i.e., a strip of land 30.5 cm wide and the length of the transects. The 
species frequencies used below to make comparisons within a 
transect or between years apply only to the 0.09-m’ plots used on 
the belt transects and should not be construed as representmg a 
“true” frequency for the species in the vegetation type as a whole. 
Nomenclature follows Correll and Johnston (1970). 

Results and Discussion 

Before evaluating vegetation changes over time, it was necessary 
to determine if the herbicide treatments had caused appreciable 
changes in the vegetation. There were 1,128 m of the Site A transect 
within the herbicide treatments. Discarding 30.5-m of data on 
either side of the herbicide plot boundary, comparisons were made 
of frequency percentages of the most abundant species in 1980 on 
treated and nantreated areas. 

Mesa dropseed [Sporobolusflexuosus (Thurb.) Rydb.] was the 
most abundant grass and one which often increases in abundance 
following mesquite control (Herbel and Gould 1970). In 1980, the 
frequency of mesa dropseed on treated and nontreated portions of 
the transect was 1 l.O%and 12.8%, respectively. Rooted frequency 
of mesquite was 15.3% on the treated portion of the transect and 
15.0% on the nontreated portion. The canopy frequency of mes- 
quite was 27.0% and 25.9% on the treated and nontreated portions 
of the transect, respectively. A z-test of the mean frequencies per 
15.2-m transect segments on thetreatedand nontreated portions of 
the transect did not show significant differences (13.05) in the 
frequency of mesa dropseed and rooted or canopy frequency of 
mesquite. Broom snakeweed [Xanthocephalum sarothrae (Push) 
Shinners] had frequencies of 18.4% and 7.2% on treated and 
nontreated portions of the transect, respectively. The mean fre- 
quencies of broomsnakeweed per 15.2-m linesegments were signif- 
icantly different (F7.05) on the treated and nontreated portions of 
the transect. While the difference in abundance of broom snake- 
weed may be the result of the herbicide treatment, it is equally 
likely that it is a reflection of the typical patchy occurrence of this 
species. 

The comparisons of the treated and nontreated portions of the 
transect supported field observations indicating the effect of the 
herbicide treatments had been minimal in the vicinity of the tran- 
sect. Also, there were no visible differences in grazed and non- 

grazed portions of the transect. It was concluded that the transect 
could be analyzed as an entity for comparison with 1935 records. 

The portion of the Site B transect which had been sprayed with 
herbicide was compared to the nonspmyed portion, againdiscard- 
ing the boundary area. The frequency of mesadropseed was 16.5% 
and 20.4% on treated and nontreated portions of the transect, 
respectively. Broom snakeweed had a frequency of 28.7% on the 
treated portion and 30.0% an the nontreated portion. Rooted 
frequency of mesquite was 18.2% and 9.7% on the treated and 
nontreated portions of the transect, respectively. Canopy fre- 
quency of mesquite was 34.7% and 24.0% on treated and non- 
treated portions of the transect, respectively. Comparisons of 
mean frequencies per 15.2-m transect segments of mesa dropseed, 
broom snakeweed, and mesquite by a t-test did not show any 
significant differences (E-.05) between treated and nontreated 
portions of the transect. The effects of the herbicide treatment were 
judged to be minimal and comparisons over time were made 
without consideration of the herbicide application. 

On the 1932 vegetation type map of Site A, 40 types were 
delineated and the composition and cover of plant species given for 
each type. The large number of types resulted from the practice of 
mapping as separate types areas differing in cover percentage, even 
though the dominant plant species were the same. 

Mesquite was represented in all of the types mapped, ranging 
from 3-93% of the species composition. On slightly over half of the 
area, mesquite made up 50% or more of the species composition. 
Broom snakeweed was the second most abundant species and was 
also found in all of the types. Black grama [Bout~louo eriopoda 
(Ton.) Ton.] contributed l-44% ofthe species composition on I62 
ha. However, black grama and other grasses were the majordomi- 



nants on only 9 ha. The picture portrayed by the type map is one of 
an area where mesquite was in the process of occupying a former 
grassland. The change in appearance of grassdominated areas is 
illustrated in Figure 1. 

The formation of mesquite dunes creates a habitat for plants 
which is different from that of interdunal areas. Hence, the Site A 
transect data for 1935 and 1980 has been separated into dune and 
interdune areas (Table 1). During the 45-year period the area in 
mesquite dunes more than doubled. On the transect as a whole, 
frequency of mesquite canopy increased from 12.1% in 1935 to 
26.2% in 1980. 

On the Site A transect, black grama and threeawns (Aristidu 
spp.) have disappeared from both dune and interdune areas (Table 
1). Black grama cannot now be found in the 259-ha exclosure and 
very few plants of threeawn are present. Fluffgrass [E&neuron 
pulchellum (H.B.K.) Tateoka] increased on interdunal areas and 
mesa dropseed increased on both dune and interdunal areas (Table 
1). In 1935, mesa dropseed densities were equivalent to 0.6 and 0.5 
plants per m* on dune and interdune areas, respectively. In 1980, 
mesa dropseed densities were equal to 2.8 and 1.4 plants per m* on 
dune and interdune areas, respectively. 

Both fluffgrass and mesa dropseed are relatively short-lived 
perennials (Dittberner 1971) and their populations fluctuate with 
favorable or unfavorable climatic conditions. Although rainfall in 
1935 was above average (279 mm), the populations of fluffgrass 
and mesa dropseed were probably at a low level because of the 
severe drought (132 mm of rainfall) which occurred in 1934 
(Paulsen and Ares 1962). The 1980 sampling followed a series of 
favorable years (1977-80) when rainfall ranged from 214-396 mm 
and fluffgrass and mesa dropseed populations were at a relatively 
high level. 

Only 2 of the 7 species of perennial forbs present on the transe.ct 
in 1935 were encountered in 1980 (Table 1). The reduction in forb 
species is real but it is not possible to quantify it precisely. Not all 
forbs were identified in 1935 and some of the unidentified plants 
may have been perennials. The perennial forb populations were 
very sparse in both 1935 and 1980. The average density of all forb 
species on dune and interdune areas combined was equivalent to 
0.4 and 0.2 plants per m* in 1935 and 1980, respectively. 

One shrubby species, four-wing saltbush [Atriplex canescens 
(Pursh) Nutt.], was encountered on the transect in 1980 but not in 
1935. On the 1932 type map four-wing saltbush is listed as occur- 
ring in tmce amounts on 158 ha, primarily in types where mesquite 
made up 80% or more of the species composition. The four-wing 
saltbush plants typically grow on mesquite dunes and the increase 
in number of mesquite dunes during the 45-year period has been 
accompanied by an increase in four-wing saltbush. The shrubs are 
now found throughout the exclosure. 

The shrub-like soaptree yucca (Yucca eluta Engelm.) made up 
l-S% of the species composition in all of the 40 types in 1932. In 
1980, only a few individuals of soaptree yucca were observed in the 
exclosure. Broom snakeweed was slightly more abundant in 1980 
than in 1935. On the interdune areas broom snakeweed densities 
were equivalent to 2.3 and 3.3 plants per m* in 1935 and 1980, 
respectively. Since broom snakeweed populations cycle from high 
to low, little can be concluded except that the 1935 and 1980 
samples were taken in years with similar broom snakeweed 
populations. 

For the Site B transect, the vegetation types present in 1935, i.e, 
mesquite duneland and black grama grassland, have been used as a 
base for following changes through years (Table 2). Dune and 
interdune areas are not presented because the actual extent of 
dunes was not recorded in 1950 or 1955. 

On the mesquite duneland portion of the transect, mesquite 
canopy frequency doubled between 1935 and 1980 (Table 2). Over 
half of the increase in canopy frequency occurred between 1935 
and 1950. The increase in mesquite canopy reflects the formation 
of new dunes and an increase in the size of dunes present in 1935. 

Black grama had a relatively high frequency (27.2%) in 1935 but 
was only about half as abundant in 1950. By 1955, the frequency of 
black grama was only 0.9% and none was found in 1980, either on 
the transect or in the vicinity. Mesa dropseed increased in fre- 
quency from 6.3% in 1935 to 15.5% in 1980. Mesa dropseed in 1980 
had a higher frequency on dunes (18.2%) than on interdune areas 
(13.2%). In 1980, densities of mesa dropseed wereequivalent to 2.6 
and 1.8 plants per m* on dune and interdune areas, respectively. 
Fluffgrass, not present in 1935 or 1950, had a higher density and 
frequency than mesa dropseed in 1980 but was found primarily on 

Table 1. Frequency percentage of perennial plant species in 0.09 rnz plots on dune md interdune areas of the Site A transect in 1935 and 1980. 

Dune area Interdune area 
1935 1980 1935 1980 

(N=932) (N=1906) (N=4748) (N=3774) 

Grasses 
Arisrida spp. .4 0 3.4 0 
Boureloua eriopoda (Torr.) Torr. .l 0 8.4 0 
Enoneuron pulchellum (H .B. K.) 

Tateoka 0 .3 .l 6.1 
Muhlenbergia porteri Scribn. 2.3 .2 T’ T’ 
Setaria macrostachya H.B.K. .3 .2 0 0 
Sporobolusflexuosus (Thurb.) 

Rydb. 5.2 17.4 4.4 9.4 

Forbs 
Asrragalus spp. 0 .I 0 
Caesalpinia jamesii (T. & G.) Fisher 

0” 
0 .l 0 

Cassia bauhinioides Gray 0 .2 .2 1.9 
Euphorbia albomarginaIa T. & G. 0 0 .2 0 
Hymenopappus robustus Greene 0 0 1.9 0 
Menrzelia mulriflora (Nutt.) Gray 0 0 .2 0 
Sphaeralcea incana Torr. 0 .I .8 .I 

Shrubs and shrub-like plants 
Atriplex cunescens (Pursh) Nutt. 0 .5 0 T’ 
Prosopis glandulosa Torr. 71.32 70.02 .62 4.12 
Yucca elata Engelm. .I 0 .5 0 
Xanrhocephalum sarothrae (Pursh) 
Shinner 1.8 3.2 15.6 14.2 

‘T = Trace (less than .05%) 
‘Frequency percentage of mesquite canopy. Rooted frequency of mesquite could not be determined from 15% transect map. 
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interdune areas. Fluffgrass densities were equivalent to 3.9 plants 
per rn2 on the interdune areas and 0.6 plants per m* on dunes. 

Forbs were not abundant on the mesquite duneland portion of 
the transect at any sampling date (Table 2). Of 8 species recorded in 
1935 and the 1950’s, only 2 were encountered in 1980. Two species 
not previously encountered were present in 1980. Total forb densi- 
ties were equivalent to 0.5, 2. I, 1.4 and 1.0 plants per m* in 1935, 
1950, 1955 and 1980, respectively. Broom snakeweed increased 
greatly in frequency percentage between 1955 and 1980 (Table 2). 
Densities of broom snakeweed were equivalent to 0.6 and 4.9 
plants per m* in 1935 and 1980, respectively. 

Major changes in vegetation occurred on the grassland portion 
of the transect in the 45-year period. Frequency percentage of 
mesquite canopy increased IO-fold over the entire period, doubling 
from 1955 to 1980 (Table 2). Black grama had a high frequency in 
1935 (70.9%) but declined sharply in abundance between 1950 and 
1955. By 1980, black grama had disappeared from the area. Mesa 
dropseed showed a slight decrease in frequency percentage 
between 1935 and 1950. However, it increased in abundance 
between 1950 and 1955 and by 1980 had a frequency of 20.5%. 
Fluffgrass was not present in 1935 or 1950 but by 1980 was nearly 
as abundant as mesa dropseed (Table 2). The density of mesa 
dropseed in 1980 was nearly equal on dune and interdune areas, 
being equivalent to 2.7 and 2.9 plants per m*, respectively. Fluff- 
grass had densities of 1.0 and 3.5 plants per m* on dune and 
interdune areas, respectively. 

Forbs were relatively more abundant on the grassland portion of 
the transect than on the mesquite duneland portion. Only 3 of the 

13 forb species recorded from 1935-55 were encountered in 1980 
(Table 2). One forb species not present in earlier years was found in 
1980. Total forb densities were equivalent to 3.2, 2.4, 2.5, and 2.4 
plants per m* in 1935, 1950, 1955, and 1980, respectively. Broom 
snakeweed densities were equal to 0.7 plants per m* in 1935 and 4.6 
plants per m* in 1980. 

Soaptree yucca declined in abundance on the grassland transect 
but was still present in 1980. Ephedra @“he&z torreyana Wats.) 
was present on the transect in 1935 but was not found thereafter. 

The disappearance of black grama from both the mesquite and 
grassland portions of the Site B transect and from Site A in the 
short time span of 45 years is striking. Probably the demise of black 
grama is not wholly due to the spread of mesquite. The susceptibil- 
ity of black grama to drought has been documented in several 
investigations (Nelson 1934, Paulsen and Ares 1962, Herbel et al. 
1972). The drought of 1934caused a large reduction in blackgrama 
cover on many parts of the Experimental Range by 1936 (Paulsen 
and Ares 1962). Dead, as well as living, black grama plants are 
shown on the 1935 transect maps and the 1935 living plant frequen- 
cies reflect a declining population. 

Black grama had the greatest loss in abundance between 1950 
and 1955. This period coincided with the 195 1-56 drought which 
was the most severe in the recorded history of the Southwest 
(McDonald 1956). At a rain gauge located approximately 2.8 km 
from the Site B transect, the mean annual precipitation for 1950-55 
was 123 mm as compared to the long-term average of 231 mm. 
Since there was less precipitation in 1956 than in 1955 or 1954, it is 
likely that black grama suffered further severe losses immediately 

Table 2. Frequency percentage of perennial plant species in 0.09 m3 plots of the Site B transect in 1935,1950, and 1980. The transect has been divided into 
what was mesquite duneland and grassland in 1935. 

1935 

Mesquite portion Grassland portion 
(N=750) (N=650) 
1950 1955 1980 1935 1950 1955 19Rn 

Grasses 
Aristida spp. 
Boufeloua eriopoda (Torr.) Torr. 
Erioneuron pulchellum ( H .B. K.) 

Tateoka 
Muhlenbergia porteri Scribn. 
Panicum spp. 
Sporobolus contractus Hitchc. 
Sporobolusflexuosus (Thurb.) 

Rydb. 

Forbs 
Astragalus spp. 
Caesat’pinia jarnesii (T. & G.) Fisher 
Cassia bauhinioides Gray 
Chamaesaracha sordida (Dun.) 

Gray 
Croton pottsi (KI.) Muell. 
Dalea spp. 
Euphorbia albomarginata T. & G. 
Hoffmannseggia glauca (01%) Eifert 
Hymenopappus robustus Greene 
Lesquerella fendleri (Gray) Wats. 
Mehmpodium leucanthum T. & G. 
Ment.&a multiflora (Nutt.) Gray 
Psilostrophe tagetina (Nutt.) Greene 
Solanum elaeagnifolium Cav. 
Sphaeralcea incana Torr. 

.3 
27.2 

0 
.3 
0 
0 

0 
19.5 

0 0 0 0 .2 
.9 0 70.9 56.3 8.6 

0 
0 

17.9 
0 
0 
0 

0 
A 
0 
.I 

17.3 
.7 
0 
0 

6.3 2.0 9.6 15.5 

0 
0 
0 
0 

3.7 2.8 

.2 

.3 

.3 
0 

7.9 20.5 

.I 

.I 

.I 

0 
1.7 

0 0 0 .8 0 0 0 
0 0 0 1.2 0 0 0 
0 .4 .6 .2 .5 2.6 8.5 

3.2 0 
8.9 7.6 

0 0 
0 0 
0 0 
0 0 
0 .9 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
1.5 

0 
0 

0 
.5 
0 
0 
.5 

2.5 
13.9 

0 
2.9 

0 
0 
0 

0 
8.3 

0 
4.3 
2.9 

0 
.3 
0 
0 
0 
0 
0 

0 0 
9.7 8.6 

.6 0 
0 0 

1.1 .6 
0 0 

4.5 0 
.9 0 
0 0 
.3 0 
0 .6 
.2 0 

0 
0 
0 

I.1 
0 
0 

Shrubs and Shrub-like Plants 
Atriplex canescens (Pursh) Nutt. 
Ephedra torreyana Wats. 
JVosopis glandulosa Torr. 
Yucca elata Engelm. 
Xanthocephalum sarothrae 

(Pursh) Shinners 

.7 
0 
0 
0 

0 0 0 
0 0 

25.3’ 26.9’ 
0 0 

0 
.3 

2.5’ 
I.1 

0 
0 

0 0 
0 0 

12.8’ 24.8’ 
I .4 .6 

0 
32.8’ 

0 
8.9’ 
1.7 

4.8 4.1 30.4 5.2 2.3 2.9 28.9 

.I 
16.4’ 

0 

3.7 

‘Frequency percentage of mesquite canopy. 
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following the 1955 sampling. 
The death of black grama permitted other species to occupy the 

former grassland. Mesquite increased steadily, even during the 
drought of the 1950’s, and probably hastened the loss of black 
grama. Mesa dropseed increased in both drought and post- 
drought years. Fluffgrass and broom snakeweed both increased 
greatly in the 1955430 period. Two forbs, twin-leaf senna (Cassiu 
bauhinioides Gray) and leatherweed croton [Croron portsi (Kl.) 
Muell.] exhibited both drought resistance and the ability to 
increase in abundance in the face of increased competition from 
mesquite. 

That drought is a major factor in the spread of mesquite, as 
asserted by Buffington and Herbel (1965) and Fisher (1977), is 
probably correct but the spread of mesquite in southern New 
Mexico probably proceeded as follows: (a) drought stressed black 
grama to a point where some individuals died and reproduction, 
not being efficient in black grama, suffered severely; (b) in favora- 
ble years, open areas in the black grama community were occupied 
by mesquite and other grass and forb species from nearby areas 
before black grama could reoccupy the open areas; (c) establish- 
ment of mesquite drastically modified the site so that extensive soil 
movement occurred and dunes formed; and (d) site modification 
resulted in a less favorable soil water regime and the competition 
from mesquite and other plants rendered the site effectively inac- 
cessible to black grama establishment. 

Wright and Van Dyne (198 1) in their simulation of mesquite 
“invasion,” which is based on Jornada Experimental Range quad- 
rat records, found that mesquite would totally dominate a model 
black grama community within 30 years. Their time frame is 
realistic but not all of their conclusions appear tenable in light of 
the data presented here. They claim an inverse relationship 
between mesquite density and grass abundance. Such generaliza- 
tion certainly does not apply to mesa dropseed and fluffgrass. The 
relationship between grasses and mesquite is perhaps better char- 
acterized as a bimodal one with a sharply declining segment as 
black grama dies out and then a positive relationship between the 
increase of mesquite and the increase in abundance of mesa drop- 
seed and fluffgrass. Wright and Van Dyne (1981) also say that 
though some plants become established each year, the “harsh” 
micro-climate of the interdune area quickly eliminates them. The 
implication that the interdune area is for the most part devoid of 
vegetation, though a common perception, is not supported by the 
data presented here. Mesa dropseed, fluffgrass, broom snakeweed, 
and a few perennial forbs appear to be able to reproduce and 
readily survive in interdune areas, both in dry and wet years. 

The spread of mesquite into the former black grama grassland 
has led to the displacement of many forb species and some shrubs. 
The remaining perennial herbaceous species seem to be well 
adapted for survival in the mesquite duneland situation. Their 

abundance will undoubtedly oscillate with wet and dry climatic 
cyles. The long-lived mesquite appears well adapted to the existing 
climatic regime and will probably maintain its population at exist- 
ing levels for many years. 
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Relationship between Cutler Mormon-Tea 
[Ephedra c&eri] and Coppice Dunes in 
Determining Range Trend in Northeastern 
Arizona 

HARMON S. HODGKINSON 

Abstract 

Range trend is one of the basic components of rangeland inven- 
tories. Understanding the interactions between soil, climatic fac- 
tors, and vegetation aids the range manager in determining and 
predicting trend. Coppice dunes, dune interspace, and vegetation 
were evaluated in northeastern Arizona. Soil with a surface layer of 
loamy fine sand is susceptible to wind erosion. If Cutler Mormon- 
tea is part of the plant community, coppice dunes may form. Range 
trend can be determined and predicted by observing the status of 
the coppice dunes, the dune interspace, and their vegetation. 

Range managers make inventories that are used to develop 
quality range management plans. Range condition and trend are 
two basic components of the inventory. Range condition is the 
present state of vegetation in relation to the natural potential plant 
community for the site. Range trend is a determination of the 
direction of change in range condition or what is currently happen- 
ing to the plant community. 

Interactions between soil and vegetation are important in under- 
standing range trend. If the range manager can understand the 
cause of soil movement and the reaction of vegetation, current 
range trend can be better determined and gross trend changes can 
be predicted. Many rangelands in low precipitation areas are 
unable to support a complete plant cover. Bare ground is natural 
and provides a source for some local soil movement. However, any 
decreases in plant cover will accelerate soil surface movement. 

The purpose of this study was to evaluate the soil and vegetation 
on coppice dunes and dune interspaces in order to understand how 
the dunes and vegetation might be related to current range trend 
and gross trend changes. 

Study Area 

The study was conducted during the summer of 1981 on the 
Hopi Indian Reservation in central Navajo County, Ariz. The 
study site is about 105 km (65 miles) northeast of Flagstaff and is 
part of the Colorado and Green River Plateau major land resource 
area. The area is typified by long, broad rolling mesas and plains 
dissected by major drainages. The closest villages are Oraibi, 35 
kilometers (22 miles) north, and Seba Dalkai, 18 kilometers (11 
miles) southeast on the Navajo Indian Reservation. Annual precip- 
itation at Oraibi is 195 millimeters (7.69 inches) and at Seba Dalkai 
184 millimeters (7.24 inches). About 55% of the annual precipita- 
tion is received in summer thundershowers that are typical of 
storms in the Southwest. The other 45% falls as snow in the winter 
months. June is the driest month. Mean annual temperature at 
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Oraibi is 10.90 C. (5 1.9” F.) and at Seba Dalkai 1 I .7’ C. (53.4’ F.). 
The elevation at the study site ranges from 1615 meters (5300 feet) 
to 1706 m (5600 feet). Drying winds in spring are generally from a 
southwestern direction. 

Methods 

Vegetation 
The present plant communities were evaluated on the coppice 

dunes and dune interspaces. Care was taken to sample each plant 
community separately. Plant composition and yield were deter- 
mined by the ‘*double-sampling” method used by the Soil Conser- 
vation Service (USDA 1976). In the procedure, IO-l-m2(9.6sq. ft.) 
plots were randomly selected on the area to be sampled. All plant 
species were estimated by weight for each plot. Individual species 
on the 2 most representative plots were harvested and weighed. 
Plot correction factors were applied to the estimations. 

Soils 
Pits were dug 165 cm (65 inches) deep with a backhoe in the 

coppice dune and the dune interspace for comparison. Soil charac- 
teristics were determined by methodology given in the. Soil Survey 
Manual (Soil Survey Staff 1951), and Soil Taxonomy(Soi1 Survey 
Staff 1975). The soil in the coppice dune and in the dune interspace 
areas both are of the Sheppard series, a member of the mixed, 
mexic Typic Torripsamments. 

Results and Discussion 

A landscape that has coppice dunes or the potential for coppice 
dunes must have soil that is susceptible to wind movement, wind, 
and vegetation that will withstand deposition. 

Coppice dunes are soil deposits formed by wind in conflict with 
bunch or clump vegetation (Melton 1940). Dunes develop within 
or to the leeward side of plants that can withstand rapid soil 
deposition. In Nevada, Wood et al. (1978) found that coppice 
dunes formed from silt and very fine sands. Near Las Cruces, New 
Mexico, Gile and Grossman (1979) found that soils that have a 
sand, loamy sand, or light sandy loam surface layer form coppice 
dunes. The area between the coppice dunes is defined as dune 
interspace (Melton 1940). 

The Sheppard soil on this study site has a texture of loamy fine 
sand. It formed from the Navajo Sandstone formation that is 
extensive in this area. 

The soils, whether in the coppice dunes or the dune interspace, 
were described identically with the exception of surface structure. 
On the coppice dune, the structure to a depth of 5 cm (2 inches) is 
weak thin platy over weak fine subangular blocky. On the dune 
interspace, the structure to a depth of 13 cm (5 inches) is weak 
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medium and thick platy over weak fine and medium subangular 
blocky. 

Another difference between the Sheppard soil in the coppice 
dune and that in the dune interspace is the depth of the recent 
depositional layer. In thecoppicedune thedepth ranged from 30 to 
92 cm (12 to 36inches); in thedune interspace, itrangedfrom 7.6to 
13 cm (3 to 5 inches). 

The height of the coppice dune is related to the amount of 
erosion and deposition that has occurred. Anderson (1974) states 
that the difference between a mound and an adjacent scoured area 
represents both erosion and deposition. 

Past soil movement is evident in the topography of the Sheppard 
soil (Fig. 1). The coppice dunes on the study site have an average 
height of 0.9 m (3 feet), with a minimum of 0.6 m (2 feet) and a 
maximum of 1.8 m (6 feet). The average diameter is 6. I m (20 feet) 
with a minimum of 3.0 m (10 feet) and a maximum of 13.7 m (45 
feet). The dune interspace averages 12.1 m (40 feet) with a min- 
imum of 30 m (10 feet) and a maximum of 18.3 m (60 feet). 

Wind is the second requirement for the formation of coppice 
dunes. The closest weather station recording representative wind 
speeds is at Winslow, about 80 kilometers (50 miles) south of the 
study site (Sellers and Hill 1974). The study area lies in the windiest 
part of the state where sandstorms are quite common in late winter 
and spring. Also, strong winds usually precede summer thunder- 
storms capable of causing wind erosion. The strongest maximum 
winds range from 64.3 km/hour (40.0 mph) to 73.2 km/hour (45.5 
mph) occurring in late winter and spring afternoons. The winds 
that precede summer thunderstorms reach a maximum of 55.8 
km/hour (34.7 mph) in the afternoon. 

Plants that survive on coppice dunes are those adapted to loose 
aeolian deposits and typically have rhizomes. In southern New 
Mexico, Gile and Grossman (1979) found mesquite (Prosopis 

jullxora) to be the dominant plant on coppice dunes, with an 
occasional fourwing saltbush (Atriplex canescens). Cutler 
Mormon-tea (Ephedra cutleri), an evergreen shrub that has strong 
rhizomes, was the major plant on the coppice dunes in the study 
site (Table I). Like mesquite, Cutler Mormon-tea can withstand 
rapid soil deposition. Indian ricegrass (Oryzopsis hymenoides), 
broom snakeweed (Guiterrezia sarothrae), and fourwing saltbush 
were also present in minor amounts. 

Cutler Mormon-tea is a minor part of the potential plant com- 
munity for the undisturbed Sheppard soil (Fig. 2). The shrub is 
inconspicuous with Indian ricegrass the major grass species. After 
erosion occurs and coppice dunes are formed, the Mormon-tea 
becomes extremely visible (Figure 3). On the dune interspace, 
Indian ricegrass, galleta (Hilaria jamesii), and broom snakeweed 
are the major plants (Table 1). 

E3ble 1. Species, eomposition,andtot*l~nnual yicldinCoppiceDuneand 
Dune Interspee Soils. 

Species 

Comma” Name Scientific Name 

Forbs 
Heath aster 
Russian thistle 

SlX”tX 
Fourwing saitbush 
Cutler Mormon-tea 
Winterfat 
Broom snakeweed 
Fineleaf yucca 

Total annlla, yield kg,ha(lb,ac) 291 (260) 409 (365) 

To determine trend in range condition, several factors must be 
evaluated to know whether the plant community and soil changes 
are improving(upward trend) ordeclining(downwardtrend)from 
the potential for the site. After determining trend, the proper use, 
management, and treatment of the resource can be planned and 
applied. 

The major factors used to indicate trend are the abundance of 
seedlings and young plants, plant vigor, species composition 
changes, plant residues and the condition of the soil surface (pres- 
ence or absence of erosion). All or several factors must be consi- 
dered in relation to each other for a sound determination of trend. 
The importance of these factors vary accordingly to different 
climate, soils, vegetation and the past and/or present grazing 
management. 

There is much conjecture as to the cause of erosion in the 
Southwest. Most researchers (Thornthwaite et al. 1942, Antevs 
1952) believe a combination of drought and overgrazing leaves the 
soil surface vulnerable to wind and water erosion. 



A natural plant community develops in equilibrium with its 
given climate. Plants may increase or decrease in size and fre- 
quency as the climate fluctuates. Where precipitation is low, vege- 
tation may just barely protect the soil surface from excessive 
erosion. The margin to protect the soil is slight. Only light grazing 
and in some cases, no grazing can be permitted and still provide soil 
protection by the vegetation in drought years. Bryan (1950) con- 
cluded that “overgrazing appears to have been merely a trigger pull 
which timed the explosive proccess that was imminent from cli- 
matic causes.” 

In this study, only the soil factor (coppice dunes) in relation to 
the plant community were evaluated in determining trend. How- 
ever, it can be deducted that the presence of coppice dunes on the 
Sheppard soil indicates the range trend at sometime declined and 
still may be declining depending on other factors such as if the dune 
interspace is stabilized with undesirable or foreign plants to the 
potential plant community. Where there are no coppice dunes or 
none forming (the Cutler Mormon-tea beingelevated by soildepo- 
sition), the range trend generally will be improving. 

Conclusion 

Range managers are better qualified in determining range trend 
and predicting gross trend changes through understanding the 
interactions of the soil, climatic factors, and vegetation. 

In northeastern Arizona, soils susceptible to wind erosion must 
be managed carefully. Coppice dunes will form in areas of low 
precipitation, if the soils have a loamy fine sand surface layer, if 
there is considerable wind, if vegetation has been depleted, and if 
Cutler Mormon-tea is part of the plant community. Based on this 
criteria, where coppice dunes are forming, the range trend is down. 
If the coppice dunes have already formed and the dune interspace is 
stabilized with desirable plants of the potential plant community, 
the range trend is generally up. 
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Economics of Gypsum and Elemental Sulfur 
as Fertilizers on Subclover-grass Pastures in 
Northern California 
D.M. CENTER AND M.B. JONES 

Abstract 

Sulfur deficiencies are widespread on the rangeland soils of 
California and the application of sulfur-bearing fertilizers has been 
widely recognized as a promising range improvement on these 
soils. Considerable work has been done on the management and 
ecological aspects of sulfur fertilization of California rangeland; 
however, little or no economic analysis ofthis improvement exists. 
Using existing data from subclover-grass pastures in northern 
California to derive aggregate production functions, optimal 
application rates of sulfur applied as elemental sulfur and gypsum 
were determined using standard marginal analysis. Both elemental 
sulfur and gypsum proved to be profitable means of increasing 
both winter and total yearly production when either harvested hay 
or grazed forage (AUM’s) were considered as products. Using 1981 
material costs and product prices applied to total yearly hay pro- 
duction, the optimum rate of sulfur applied as gypsum with 3 years 
residual was 251 kg/ha for an increased profit of SlOl/ha/yr over 
unfertilized pastures. The optimum rate of elemental sulfur was 
147 kg/ha for a profit increases of S93/ha/yr. When total yearly 
grazed forage was considered the product, optimum application 
rates were 195 kg/ha of sulfur as gypsum and 126 kg/ha for 
elemental sulfur yielding profit increases of S46/ha/yr and 
S48/ha/yr, respectively. Optimal application rates and profitq 
were lower for both hay production and grazed forage when winter 
production was optimized. 

Sulfur deficiencies are widespread on the rangeland soils of 
California (Conrad 1950, Martin 1958). The application of sulfur- 
bearing fertilizers has been widely recognized as a promising 
improvement on these sulfur-deficient areas. Bentley and Green 
(1954), Bentley et al. (1958), and Woolfolk and Duncan (1962) 
showed increases in production of native annual legumes, mostly 
the native clover Trifolium microcephalum. the first year after 
application of sulfur-bearing fertilizers. Conrad et al. (1948) 
reported a large increase in the production of the introduced 
annual legume bur clover (Medicago polymorpha) when sulfur 
was applied. Most of these studies showed increases in the produc- 
tion of the associated resident annual grass species commencing 
the second year after application of sulfur. Walker and Williams 
(1963) reported that the application of sulfur increased the growth 
of common annual grass species in the first year after application 
when their need for nitrogen was satisfied. Production increases 
due to sulfur fertilization have been clearly demonstrated for rose 
clover (Trifolium hirtum) (Arkley et al. 1955, Conrad 1950, and 
McKell and Williams 1960) and subclover (r subterraneum) 
(Jones and Martin 1964; Jones and Ruckman 1966, 1969) two 
important annual clovers commonly seeded on California annual 
range. Several sulfur bearing fertilizers are available for use on 
rangeland. Conrad (1950) compared gypsum and elemental sulfur 
on bur clover and reported no difference between the two carriers 

Authors an post-graduate range ecologist and agronomist, Department of Agron- 
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the first year after application except in areas of limited rainfall 
where gypsum application gave larger yield increases than elemen- 
tal sulfur. No values were reported for the second or later years 
after application. Jones and Ruckman (1966) reported that on 
subclover-grass pastures in north-coastal California 45 kg/ ha ele- 
mental sulfur supplied sufficient sulfur for 2 years while the same 
amount of sulfur as gypsum lasted one year. In a companion study 
on the same site Jones and Ruckman (1969) found that gypsum 
and elemental sulfur with particle sizes less than 0. I5 mm applied at 
45 kg S/ha produced cumulative yield increases above unfertilized 
plots over a seven-year period of 1,400 kg/ ha and 5,500 kg/ ha, 
respectively. When the two carriers were applied at 448 kg S/ ha the 
respective yields were 8,500and 7,000 kg/ ha. Theauthors surmised 
that the lower yield with elemental sulfur at 448 kg S/ha rate was 
due to the side effect of a decrease in soil pH. 

The studies cited above gave little or no consideration to eco- 
nomic analysis of sulfur use on annual range. The objectives of this 
paper are: (I) to use existing data (namely Jones and Ruckman 
1966, 1969 plus unpublished data from those studies), along with 
current economic information as a case study to provide an eco- 
nomic criterion for selecting between gypsum and elemental sulfur; 
(2) to determine economic optimum rates of sulfur application on 
subclover-grass pastures when cut hay or grazed forage (AUM’s) 
were considered as products; and (3) to compare these optimum 
rates with the current recommendations of the Agricultural Exten- 
sion Service. 

Site Description 

The site is located near the Hopland Field Station in the north- 
coastal hills of California. The soil is a Pinole gravelly loam. The 
climate is a Mediterranean type, with a mean annual precipitation 
of 880 mm. The site was seeded to subclover and Hardinggrass 
(Phalaris tuberosus var. stenoptura) previous to the experiment, 
and an adequate subclover stand existed during the experiment 
(Jones and Ruckman 1966). The site did not respond to phospho- 
rus applications. 

Methods 
Data from 2 studies (Jones and Ruckman 1966,1%9) conducted 

at the same time at the same site were combined to obtain data for 
treatments of 0, I 1,22,45, and 448 kg S/h applied as both gypsum 
and elemental to S to subclover-grass plots. Each plot was divided 
into 2 sub-plots and treatments were imposed on one sub-plot in 
the first and the other sub-plot in the second of 2 consecutive years. 
Experimental design was a randomized complete block with 4 
blocks. Winter and total seasonal forage production were deter- 
mined by clipping three separate 930-cmZ quadrats from each 
subplot in January and May of each year. Refer to Jones and 
Ruckman 1%6 and 1969 for further details of the methods of the 
field study. 

Forage production data for each year was analyzed using analy- 
sis of variance. Functions for initial year production of hay were 
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obtained by fitting a negative exponential function of theformy= 
A (I-Be-“), where y is the amount of forage produced and x is the 
amount of S applied in kg/ ha, to the production values for the first 
year after fertilization. Forage production values for carry-over 
years which showed a significant difference (p1.05) among treat- 
ments were expressed as ‘forage from fertilization” by subtracting 
the yield of the zero treatment from all other treatment yields for 
each year. These values were then discounted back to the year of 
application using a cost of borrowed capital of 12%. The zero-S 
yields were added back to the discounted increase in forage from 
fertilization, and these values were summed back to the initial year 
to provide discounted cumulative production values. Negative 
exponential functions were fitted to the values to obtain 
discounted cumulative hay production functions. Quadradic 
functions were also fitted to both the initial year and discounted 
cumulative production values; however, these were discarded 
because they severely overestimated yield at peak forage 
production. Data from sites very similar to the site under 
consideration here using 90 and 112 kg/ ha rates indicate that both 
the initial year and cumulate production functions are very well 
represented by a negative exponential equation and that the 
response is “well behaved” between the 45 and 448 kg/ ha points 
(Jones and Martin 1964, Jones unpublished data). 

Hay produced 
kg/ha 

Elwnont~l S 

I.1 1 olo2040 60 
I 4 

160 320 400 

S applied, kg/ha 

Fig. 1. Initial yeor production functions for hay. 

Initial and discounted cumulative production functions for 
grazed forage were obtained in a similar manner except 560 kg/ ha 
were subtracted as unavailable to grazing animals from each treat- 
ment value in each year before any values were discounted or 
functions were fitted to the data. This was done to provide suffi- 
cient mulch remaining at the end of the grazing season for sound 
management of the range resource (Hooper and Heady 1970). 
Standard marginal analysis (Heady and Pesek 1954) was applied to 
derived production functions to determine optimal application 
rates. 

than gypsum when hay was the product. Optimum application 
rates were higher for elemental sulfur than for gypsum for both hay 
and grazed forage production. Inclusion of significant carryover 
effects into the production function resulted in considerably higher 
optimum application rates for both fertilizers and increased profit 
by $631 ha/yr for gypsum and $34/ha/yr for elemental sulfur over 
optimum rates derived from production functions based on the 
initial year response only. 

Table 1. Prices of products and costs of matedrb and service% 

Item Price Source 
Results and Discussion 

Two separate products were considered for theanalysis, hay and 
grazed forage. As discussed by Workman and Quigley (1974) the 
net price of hay is the appropriate price to value forage, if the 
opportunity exists to harvest and sell hay or if the only alternative 
to grazing is to feed hay. While the harvesting and sale of hay is not 
a common practice in the north-coastal hills of California, the 
purchase of hay as an alternative to additional grazing land is a 
common practice in the area. The net price of hay can be obtained 
by subtracting the cost of bailing and hauling from the market 
price of equivalent hay (Workman and Quigley 1974). 

Fertilizer application S 9.88/ha ($4.00/A) Reed and Horel 1976 
Swathing 17.30/ha ($7.Oo/A) Reed and Horel 1976 
Bailing 12.13/T Reed and Horel 1976 
Hauling 6.62/T Reed and Horel 1976 
Gypsum 66.15/T (.352/kg S) Target Chemical 1980 
Fine elemental sulfur 119.07/T (. 119/ka S) 

Grazing livestock is the most common method of harvesting 
forage in this area, and for many operators lack of proper facilities 
makes the purchase of hay to substitute for additional range 
unfeasible. In these cases the appropriate price of the value of 
increased forage production due to fertilization is the value of 
increased grazing measured in AUM’s. One AUM is equivalent to 
181 kg (400 lbs.) TDN (Shultis et al. 1970). Using a mean botanical 
composition of 40% legumes and 60% annual grasses, mostly 
annual Festuca and Bromus spp. (Jones unpublished data) and 
TDN values of 66% for annual clover and 43% for annual grasses 
(Schneider 1947) a value of 52% TDN was obtained for subclover- 
grass forage. This results in a requirement of 348 kg air-dry 
subclover-grass forage per AUM. 

Hay 66.ls;T - W.L. Brooks, pers. mmm. 
AUM 9.OO/AUM W.L. Brooks, pers. eonun 

Net Prices 

Hay $O.O423/kg 
AUM O.O257/kg 

When hay was the product, gypsum proved slightly more profit- 
able than elemental sulfur while the reverse was true when grazed 
forage was the product. 

Winter Forage 
Due to the seasonal forage production cycle in annual grassland 

operators of year-round grazing systems are faced with a surplus of 

Oypaum 
y=167U011-.6420-~0’XI 

Optimum Rates Based on Total Forage Production 
A significant increase (K.05) in total forage production as 

observed for both gypsum and elemental sulfur in the first 3 years 
after application. Figure 1 contains the initial year, Figure 2 the 
discounted cumulative hay production curves for both gypsum and 
elemental sulfur. 

Elomont~l S 
‘*=14121t1-.461c~*1 
*=0.02 

Table 1 lists the prices of products and the costs of materials and 
services used in the marginal analysis. 

Using the initial year production functions both sulfur carriers 
yielded a profit increase over no fertilization regardless of the 
product considered (Table 2). Elemental S was more profitable 

102040 60 160 320 400 
S applied, kg/ha 

Fig. 2. Discounted cumulative production functions for hay. 
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Table 2. Optimum rates, production, and profits for total yearly production, as hay and grazed forage. 

Elemental S 
Gypsum 
No fertilizer 

Elemental S 
Gypsum 
No fertilizer 

Optimum rate 
kg S/ha 

88 
58 
0 

147 
251 

0 

Hay 

kg/ha hay 

4438 
4192 
245 1 

14,038 
16,040 
7,507 

Grazed forage 
Profit Profit 

Slhalyr Optimum rate AUM’s/ha/hr. Sihalyr 
172 72 11.0 75 
151 43 10.0 64 
106 0 5.4 49 

-3 year discounted cumulative production- 
206 126 11.8 97 
214 I95 13.6 95 
118 0 5.5 49 

Table 3. Production functions for winter forage in kg/ha. 

Hay Grazed forage 
Function RJ Function R* 

Elemental S 4048 ( 1 -.369emcsX) .94 3488 ( 1-.428e-csX) .94 

Gvnsum 3810 ( l-.298e-‘0’X) .93 3250 ( I-.350Con) .93 

forage in the spring and a shortage of feed in early winter, a period 
of high demand due to increased lactation requirements of live- 
stock. Therefore, the increase in total yearly forage production due 
to a range improvement may not be as important as the amount of 
increase in the early part of the growing saeason. Production 
functions for winter forage (clipped mid-January) were derived, 
and standard marginal analysis was used to determine the optimal 
application rates of gypsum and elemental sulfur for the produc- 
tion of winter forage. Significant responses to both sulfur fertilizers 
were observed only in the initial year of application. Table 3 
contains the winter forage production functions for both sulfur 
carriers. Optimum application rates, forage production, and profit 
at optimum application rates are shown in Table 4. Both gypsum 
and elemental sulfur were more profitable than no fertilization for 
either hay or grazed forage production. Elemental sulfur was more 
profitable than gypsum in both cases. In order to compare profits 
at the optimum rate for winter forage with profits at the optimum 
rate for total forage the amount of total forage produced at the 
fertilizer rate which optimized winter forage was calculated. When 
total yearly production was considered, fertilizer rates which 
optimized winter forage gave lower profits for both carriers and 
both products than rates when optimized total forage production. 
This would indicate that it would be more profitable to base 
fertilizer application rates on total forage production. This would 
be the case for hay producers or livestock producers with opera- 
tions such as spring stockers which would allow full utilization of 
spring forage without overgrazing the range during the less pro- 
ductive winter months. However, for ranchers with year-round 
production systems such as ewe-lamb or cow-calf systems who 

Table 4. Optimum rates, production, and profit for winter forage. 

depend mostly on range forage or on range supplemented with hay 
purchased during times of low feed, winter forage production may 
be the limiting factor in determining the carrying-capacity for the 
ranch and forage produced during peak of pasture growth may be 
underutilized. For these ranchers it may be more profitable to base 
fertilizer application rates on winter forage production. 

The studies analyzed here do not provide sufficient data to 
determine an optimal schedule of reapplication as outlined by 
Workman and McMormick (1977). However, the low cost of 
fertilizer materials relative to the cost of application and the expo- 
nential nature of the cumulative forage production curve would 
lead to the intuitive conclusion that it would be likely that the 
optimum reapplication schedule for total forage would not be less 
than 3 years. Since winter forage production showed no residual 
response optimum reapplication should occur every year. With 
yearly applications of sulfur it is likely that the optimum applica- 
tion rate will decrease with time. It would be advisable to monitor 
the sulfur status of the pasture using tissue analysis of the subclover 
(Jones and Martin 1964, Jones et al. 1980) and periodically re- 
evaluate the production functions and optimal application rates. 

Comparison of Calculated Optimal Rates with Current 
Farm Advisor Recommendations 

The recommendation currently given by the county farm advi- 
sor’s office for sulfur fertilization of subclover-grass pasture where 
phosphorus is not limiting is 112 kg/ ha (100 lb/acre) of fine 
elemental sulfur with a tissue analysis 3 years after application 
(W.L. Brooks, Mendocino County Range Farm Advisor, personal 
communication). This recommendation is based on the biological 

Elemental S 

Gypsum 

No fertilizer 

Optimum rate 
kg S/ha 

96 

34 

0 

Hay 

kg/ ha hay 

3964a 
4455b 

3705 
3895 

2614 
245 1 

Profit 
S/ha/yr 

l49a 
172b 

144 
145 

106 
106 

Optimum rate 

67 

25 

0 

Grazed forage 
Profit 

AUM’s/ha/yr. Slhalyr 
9.6 67 

Il.0 80 

8.8 55 
9.0 62 

6.0 58 
5.4 49 

Talculated using winter forage production function. 
bCalcutated using total forage production function. 
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requirements of the pasture for sulfur. For total forage production 
of hay this yields a profit of $205/ha (%84/acre). This is only 
slightly different from profit at the calculated optimal rate for 
elemental sulfur of $206/ha (S84/acre). For winter production of 
grazed forage profit from the optimal rate for elemental sulfur was 
f67/ ha ($27/acre), while the profit from the farm advisor’s recom- 
mendation was $57/ha (123/acre). Profit from the farm advisor’s 
recommendation was calculated as the mean of 1 year with 112 
kg/ ha (100 lb/acre) elemental S applied and 2 years with no 
fertilization applied. 

Summary and Conclusions 
Gypsum or elemental sulfur application proved to be a profita- 

ble means of increasing production of subclover-grass pastures in 
northern California. Optimum rates for hay production were 147 
kg S/ha (131 lb/acre) as elemental sulfur of 251 kg S/ha (224 
lb/acre) as gypsum every 3 years yielding profits of S206/ha/yr 
($84/acre/yr) and %214/ha/yr (%89/acre/yr), respectively. Opti- 
mum application rates and profits were lower for grazed forage 
production, 126 kg/ha (113 lb/acre) for elemental S yielding a 
profit of $97/ha/ yr ($39/acre/ yr) and 195 kg/ ha (174 lb/acre) of 
sulfur or gypsum giving a profit of $95/ha/yr ($38/acre yr) for 
grazed forage. Winter forage was optimized with 67 kg S/ha (60 
lb/acre) yearly as elemental sulfur with a profit of $67/ha/yr 
($27/acre/yr), or 25 kg S/ha (22 lb/acre) yearly& gypsum yielding 
a profit of %O/ha/yr ($24/acre/yr). 

For hay production and stocker-type livestock operations, fertil- 
ization rates should be based on a total yearly production function 
which includes any significant residual responses. For ewe-lambs 
or cow-calf type livestock systems it may be more profitable to base 
fertilizer rates on winter forage production curves. 

Profit from the current farm advisor’s recommendations agree 
well with the profit from the calculated optimum rate for hay 
production. For winter production of grazed forage the current 
recommendations result in a profit of S lO/ ha/ yr ($4/acre/ yr) less 
than the calculated optimum rate. 
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Short-term Changes in a Cottonwood-Ash- 
Willow Association on a Grazed and an 
Ungrazed Portion of Little Ash Creek in Cen- 
tral Arizona 
ROBERT C. SZARO AND CHARLES P. PASE 

Abstract 

Recovery of a cottonwood-ash-willow assochttion from over- 
grazing has been extremely limited over a Qyear period. Seedling 
reproduction and herbaceous cover has increased; however, over- 
story tree species composition has not changed. Tree growth was 
not affected by grazing. The younger, associated, codominant tree 
species differed in composition between the grazed and ongrazed 
plots. 

Grazing is generally thought to have a negative impact on ripar- 
ian zones (Ames 1977, Davis 1977, Platts 1979, Thomas et al. 
1979). The reproduction of many riparian tree species is oftentimes 
virtually eliminated by grazing because young seedlings are pre- 
ferred browse for cattle (Glinski 1977, Martin 1979). In order to 
document the effects of grazing on riparian vegetation, numerous 
exclosures have been set up in the riparian zones of the National 
Forests, in Arizona (Turner et al. 1980). This study examines 
recovery within one such exclosure, 2 and 4 years after fencing. 

Site Description 

The study area is along the Little Ash Creek on the Prescott 
National Forest, about 14.5 km east of Cordes, Ariz., at a longi- 
tude of l12002’30”westandlatitudeof34023’l0”north(T12NR3E 
S33-34). The study area is divided into 2 sections by an exclosure 
originally set up in 1975 to protect the riparian vegetation from 
cattle. The study site within the exclosure is at an elevation of 1,165 
m and the grazed study area is at 1,170 m. Both are in one of 3 range 
units, of approximately 3,300 ha each, that are grazed in rotation 
by a cow-calf herd of about 300 animal units. Riparian habitat 
represents less than 5% of the pasture where the study plots are 
located. Before 1975, both areas were subject to the same grazing 
pressure. After 1975, cattle were excluded from within the exclo- 
sure but not from the remainder of the drainage. The exclosure 
itself is approximately 16.5 ha (40 acres). The remainder of the 
pasture was grazed from March through June 1975 with 300 head 
of cattle and then again with 150 head in September and October. 
Thereafter, 300 head were grazed in November and December 
1976, March through June 1977, November to February 1977-78, 
June through October 1978, and November through February 
1979-1980. Average annual rainfall is about 430 mm (17 inches); 
June-September rainfall makes up 42%, and November-March 
precipitation 44% of the year’s total. 

Methods 

Two study sites along Little Ash Creek were selected-one 
within the livestock exclosure and the other 100 m upstream of the 
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USDA Forest Service, Rocky Mountain Forest and Range Expenment Station, Fort 
Collins, Cola. Szaro is at Station’s Research Work Unit at Tempe in cooperation with 
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Manuscript received November 1, 1981. 

382 

exclosure boundary. Four plots, 5- by 25-m. were selected parallel 
to the stream bed at each site. The initial plot was randomly located 
within the woody riparian vegetation, halfway between the stream 
bed and the outside edge of the riparian stringer. The remaining 
three plots at each site were placed linearly along the stream course 
at least 5 m from the boundary of the previous plot, excluding any 
major food damaged areas to avoid areas of differing overstory. 

The vegetation sampling technique was a modification of that 
used by Daubenmire and Daubenmire (1968) in their analysis of 
forest vegetation of Washington and Idaho. On each 5- by 25-m 
macroplot, all trees greater than 2.5 cm d.b.h. were measured. 
Relative density, relative dominance, relative frequency, and 
importance value were estimated using the formulas given by 
Cottam and Curtis (1956). Woody stems smaller than 2.5 cm d.b.h. 
but taller than I m were recorded as saplings. Those less than I m 
tall were considered as seedlings and were counted in two I- by 
25-m strips on each side of the macroplot. Twenty 20- by 50-cm 
microplots were established at 2.5-m intervals along the long edges 
of the macroplot, with 10 microplots along each edge. Crown 
canopy of each herbaceous species was recorded as a percentage of 
the microplot area. Forest overstory density was measured using a 
modified spherical densiometer (Lemmon 1956, 1957). Only the 12 
squares forming a plus pattern at the front of the densiometer were 
used, in order to get a more directional reading. Density readings 
were taken at the 4 corners of each macroplot looking diagonally 
towards the opposite corner. The same macroplots on both study 
sites were sampled on June 8, 1977, and again on June 6, 1979. 
Differences in radial tree growth in each size category and herbace- 
ous cover were tested with the r-statistic. Differences in canopy 
cover between years and plots were tested with a 2-way analysis of 
variance (ANOVA) (Sokal and Rohlf 1973). 

Results 

The primary tree species on both the ungazed and grazed plots 
were Fremont cottonwood (Populusfremonrii). velvet ash (Fraxi- 
nus velutina). and Goodding willow (Salix gooddingii) (Table 1). 
All other tree species were exclusive to one area or the other. Desert 
willow (Chilopsis linearis), Arizona walnut (Juglans major), and 
Rocky Mountain juniper (Juniperus osteosperma) were found 
only on the ungrazed plot. In contrast, netleaf hackberry (Celtis 
rericulata), Arizona sycamore (Pkztanus wrightii), velvet mesquite 
(Prosopis juliflora). and California buckthorn (Rhamnus califor- 
nica) were present only on the grazed site. Because a number of 
stems of California buckthorn were greater than 2.5 cm d.b.h. by 
1979, it was the only species to show a significant change in 
importance value for any tree species on either site. 

Shrubs, saplings, and seedlings differed on both sites. The 
ungrazed area had 10 velvet ash and 2 cottonwood seedlings and 
some barberry (Berberis haematocarpa), fly thicket (Brickellia 
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Table 1. Tree specks importance values on grazed and ungrazed plots, 
along Little Ash Creek, Adz., in 1977 and 1979. 

Tree species 

Celtis reticulata 
Chilopsis linearis 
Fraxinus velutina 
Juglans major 
Juniperus osteosperma 
Platanus wrightii 
Populus fremontii 
Prosopis jultjlora 
Rhamnus caltfomica 
Salix gooddingii 

Ungrazed 

1977 1979 

21.7 20.7 
68.5 70.4 

8.3 8.3 
8.3 8.3 

150.6 148.9 

43.0 43.6 

Grazed 

1977 1979 

10.4 9.9 

93.5 90.6 

10.2 9.9 
125.5 119.3 
11.5 10.9 

0 17.4 
50.0 43.3 

sp.), and desert ceanothus (Ceanothus greggi) not found on the 
grazed site. The grazed site had 43 California buckthorn shrubs 
and seedlings on the macroplots, whereas, only 1 California buck- 
thorn seedling was found on the ungrazed macroplots. Moreover, 
the grazed macroplots had 14 juniper saplings and seedlings 
(Juniperus deppeana and J. osteosperma) whereas the ungrazed 
macroplots had only 5 juniper saplings and seedlings. 

Percentage of herbaceous cover was significantly greater on the 
ungrazed microplots than the grazed microplots (p10.05, t-test) 
(Table 2). Percentage of cover also increased on both grazed (99%) 
and ungrazed (54%) plots from 1977 to 1979. 

Tree growth was not affected by grazing practice (Table 3). 
Where size class comparisons are possible, average radial growth 
was not significantly different (pSO.05, t-test) for the grazed versus 
ungrazed plots. There was, however, a definitedifference in the size 
class distribution of Fremont cottonwood. On the grazed plot 
there were no cottonwoods with less than 22.5 cm d.b.h., whereas 
48.3% of the cottonwoods on the ungrazed plot were less than 22.5 
cm d.b.h. This difference is reflected in the percent gain in basal 
area between the two plots (Table 4). Total basal area (TBA) for 
cottonwoods on the ungrazed plot increased by 10% from 1977 to 
1979, whereas on the grazed plot, TBA increased by 5.7% during 

Table 2. Percent herbaceous cover on grazed and ungrwd plots on Little 
Ash Creek, Ariz. in 1977 and 1979. 

Ungrazed Grazed 
Species 1977 1979 1977 1979 
Astragalus spp. 0.2 0. I + 0 
Andropogon barbinodis 0.1 + 0 + 
Bouteloua curtipendula 1.3 0.9 0.1 + 
Bromus spp. 0.1 0.6 0 0 
Cynodon dactylon 0 0 0.1 0 
Elymus glaucus 0.1 1.3 0 0.3 
Erigeron diverges 0 0 + + 
Erigonum wrightii +’ 0 0 0 
Galium spp. + 0 0 0 
Gutierreria sarothrae 0.6 0.8 0.6 0.6 
Machaeranthera spp. 0 0 0 + 
Melilotus alba 0.8 0.7 0.3 1.3 
Muhlenbergia spp. 0.2 0 0 0 
Panicum obtusum 0 0.5 0 0 
Sitanion hystrix 0 0.2 0 0 
Sonchus asper 0 0.1 0 0 
Total cover 3.4fO.82 5.21tl.3 l.lf0.3 2.2~tO.5 

IIndicates a trace presence in microplots. 
Wean f standard error. 

the same period. 
On the grazed plot, canopy cover was 77.&3.9%(S.E.) in 1977 

and 78.5f3.2% in 1979. On the ungrazed plot, overstory canopy 
cover was 72.lf3.2% in 1977 and 74.21b3.3% in 1979. There were 
no significant differences in overstory canopy cover either between 
years or between plots (Zway ANOVA, c&0.05). 

Discussion 

The recovery of this riparian area from the effects of grazing has 
been limited by 3 major floods during the study period. Stream 
bank erosion has scoured the soil at least 0.5 m, exposing the upper 
roots of most tree species. Because of the close proximity of all the 
macroplots we feel that any effects due to flooding were similar on 

Tabk 3. Average radtal growth (millimeters) for the domhunt riparian trees along Little Ash Creek, Ariz. 

Tree species 2.Ed.b.h.<7.5 

Ungrazed plot 
Fraxinus velutina 0.8tiO.16 (14)’ 
Populus fremontii 1.40 
Salk gooddingii - 

Grazed plot 
Fraxinus velutina 0.85f0.18 (11) 
Populus fremontii 

G Salix gooddbtgii 

‘Mean radial growth f standard error (NJ 

7.51d.b.h.< 15.0 

0.6Oio. I2 (9) 
1.77fO.23 (6) 
0.75f0.75 (2) 

0.62&O. I4 (10) 
- 
- 

Size classes (cm) 

15.Md.b.h.<22.5 

1.10 
1.7tio.69 (7) 
1.9OIto.50 (2) 

0.73f0.03 (4) 
- 
- 

22.51d.b.h.<45 

1.22ffi8 (13) 
0.93f0.09 (3) 

I. IOf0.00 (I) 
1.05f0.22 (8) 
1.63f0.61 (4) 

451d.b.h. 

2.8&W (2) 
- 

2.10+&O (3) 
- 

Table 4. Overall growth of dominant dparisn tree spedes along Little Ash Creek, Adz. from 1977 to 1979. 

Total basal area (m*/ha) 

Tree species 1977 1979 

Ungrazed plot 
Fraxinus velutina 3&t 0.8 3.5* 1.0 
Populus fremontii 34.3f 5.2 37.8f 5.3 
Salix gooddingii 5.91t 2.3 6.5zt 2.5 

Grazed plot 
Fraxinus wlutina 5.3f 1.8 5.9Zt 2.0 
Populus fremontii 38.3f 12.9 40.4* 13.3 
Salix gooddingii 6.4f 4.5 7.lf 4.8 

‘Mean of Values from the four macroplots f standard error. 

Net gain 
(m2/ ha) 

0.4tio. 19 
3.46zt0.36 
0.59ztO.28 

0.6ktO.23 
2.18fO.65 
0.7Ozto.37 

Percent gain 

15.2 
10.2 
10.1 

11.7 
5.7 

10.9 

Absolute density 
(trees/ha) 

-136 
54Oztl51 
l2M 52 

520&?56 
22M 20 
lOOIt 50 
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all macroplots. 
Herbaceous cover was at least double that on the ungrazed plot 

than on the grazed plot, but still 95% of the total soil surface is bare 
sand or gravel. This agrees with the data of Crouch (1978) who 
found a much greater cover of grasses and forbs on an ungrazed 
versus a grazed cottonwood bottomland in northeastern Colo- 
rado. The difference in herbaceous cover is not a result of a 
difference in overstory cover, because both sites had equal over- 
story cover values. It is probably a result of differences in grazing 
pressure. 

Information on riparian tree species growth isextremely limited. 
Average radial growth in plains cottonwood (Populus deltoides 
var. occidentalis) ranges from 1.7 to 2.5 cm a year in dry habitats, 
and up to 7.0 cm a year in wet habitats (Fowells 1965). The growth 
of Fremont cottonwood in this study was similar to that of plains 
cottonwood on dry sites. In northeastern Colorado, basal area 
decreased on a grazed plot 18% but increased 16% on an ungrazed 
plot (Crouch 1979). Along Little Ash Creek, basal areas increased 
on both sites from 1977 to 1979. However, a look at tree size 
distribution indicates many more younger cottonwoods on the 
ungrazed site as well as some stand reproduction. One might 
expect continued increases on the ungrazed plot for a long period 
but a decrease on the grazed plot as the older trees decline. All the 
trees on both study sites probably were present before the estab- 
lishment of the exclosure, with the possible exception of the single 
cottonwood in the smallest size class. Crouch (1979) estimated that 
an 18-cm d.b.h. cottonwood is approximately 30 years old. Cot- 
tonwood and ash seedling reproduction, however, is higher on the 
ungrazed plot, further indicating the potential recovery of this area 
from grazing, particularly because cottonwood and ash seedlings 
are known to be sought-after browse (Glinski 1977, Martin 1979). 

In conclusion, differences between these two sites, primarily 
resulting from the exclusion of grazing pressure, are subtle at 
present. This indicates that a more complete recovery will require 
many more years of grazing protection. 
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Cattle Trampling of Simulated Ground 
Nests under Short Duration and Continuous 
Grazing 
B.H. KOERTH, W.M. WEBB, F.C. BRYANT, AND F.S. GUTHERY 

Abstract 

Trampling by cattle on simulated ground nests were compared 
between continuous (CONT) grazing at 8.0 ha/steer and short 
duration grazing (SDG) at 5.3 ha/steer. Trampling losses were 
similar under CONT grazing (15%) and SDG (9%) at a nest density 
of l/ha. Percentage trampling loss did not increase at higher nest 
densities under either grazing regime. Nest survival curves indi- 
cated a loss rate of 2.21%/wk under CONT grazing and 2.0%/wk 
under SDG. The data from this study suggest there is no reason for 
concern that SDG with cattle will increase trampling loss of 
ground nests over CONT grazing. 

Knowledge of factors affecting the nesting success of birds is 
essential for proper management. Because many North American 
species nest on the ground, a potential source of egg loss is tram- 
pling by domestic livestock. Reported trampling loss rates for 
ring-necked pheasants (Phasiunus colchicus) and gray partridges 
(Perdix perdix) have been less than 5% in various areas (Eklund 
1942, Knott et al. 1943, McCabe and Hawkins 1946). In Ohio, 
Dambach (1944) found more cavity-nesting birds in grazed than in 
ungrazed woodlots and implied that cavity nesters would be more 
successful than ground nesters when woodlots are grazed. Buttery 
and Shields (1975) ranked summer grazing as having the highest 
potential impact on birds because it occurs during the nesting 
season. They speculated that the benefits of deferred- or rest- 
rotation grazing could be offset by heavy use in other pastures that 
not only reduced food and cover but also increased the trampling 
of ground nests. 

In Texas, the emergence of specialized grazing systems has 
complicated the relation between grazing and trampling losses. 
These systems concentrate livestock in relatively small areas for 
short periods of time. This high stocking density is rotated rapidly 
over the range until the total area has been grazed and then the 
cycle is repeated. Such a regime is called short duration grazing 
(SDG) when the grazing period is 7 days or less (Bryant et al. 1982). 

Westmoreland et al. (1981) and Bryant et al. (1982) expressed 
concern that high stocking densities of livestock under SDG could 
increase nest losses due to trampling. But when Bryant et al. (1982) 
modeled the relative danger to ground nests of cattle grazing under 
various grazing regimes, they suggested that higher grazing losses 
under SDG than continuous (CONT) grazing were unlikely. 
Because this has not been tested, this study was designed to evalu- 
ate losses of simulated ground nests due to grazing by cattle under 
CONT grazing and SDG. 

Study Area and Methods 
The study area was on the Texas Tech University Campus, 

Lubbock County, on the Southern High Plains. The study pastures 
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were on 32 ha (CONT) and 48 ha (SDG) of native rangeland 
dominated by mesquite (Prosopis glundulosu) overstory with an 
understory of buffalograss (Buchloe dactyloides), blue grama 
(Bouteloua gracilis), and broomweed (Xanthocephalum spp.). The 
CONT pasture was stocked at 8.0 ha/steer. The SDG treatment 
was divided into 16, 2.75ha paddocks and stocked at an overall 
rate of 5.3 ha/ steer. When steers were in a paddock, the stocking 
density was 0.83 ha/steer. Under SDG, the single herd of steers 
grazed each paddock 3 days and was rotated through all paddocks 
on a 48-day cycle. 

In May 1981, simulated nests were placed on CONT and SDG 
pastures to achieve 3 densities: 1, 2, and 3 nests/ha. Clay pigeon 
targets (I /nest) were used as simulated nests to avoid confusion 
between a nest lost from predation and one lost because it was 
trampled and also to remove predation as a source of variation. We 
tried using chicken eggs as dummy nests but terminated this 
approach because after 1 week, predation losses exceeded 90% and 
data on trampling losses were not forthcoming. 

Pastures in both treatments were divided into l-ha grids to 
achieve systematic distribution of nests. An effort to simulate nest 
habitat selection by birds was impractical for this study. Each grid 
subsequently was divided into 4, 0.25ha quadrants. A simulated 
nest was placed under natural vegetation in quadrant I at the 
initiation of the study. At 2-week intervals, 1 simulated nest was 
placed in a quadrant until 3 of the 4 quadrants contained a simu- 
lated nest. Simulated nests were examined weekly for 7 weeks, a 
time span that would include the laying and incubation period for 
most birds (Edminster 1954). Consequently, data from each quad- 
rant served as a replication at a nest density of 1 /ha. Nest densities 
of 21 ha and 3 /ha were not replicated but were achieved by combin- 
ing data from quadrants I and II and 1, II, and III, respectively. 
These nest densities were selected because they were consistent 
with previously reported data. Duebbert (1969) found a nest den- 
sity of 1.25/ha for waterfowl in South Dakota and Leopold (1933) 
reported 2.5 nests/ ha for bobwhites (Colinw virginianus). 

Differences in trampling rates between grazing treatments were 
tested using analysis of variance. Linear regression of nest survival 
on time was used to estimate the rate of nest loss/week. 

Results and Discussion 

At simulated nest densities of l/ha, the average trampling loss 
was similar (mO.05) under CONT grazing (15%) and SDG (9%) 
(Table 1). Although one expects grazing losses to increase when 
livestock are concentrated in a short-duration system, several fac- 
tors work against these losses. First, cattle may travel more under 
CONT than under high-intensity-low-frequency grazing (Ander- 
son and Kothmann 1980), which is similar to SDG except fewer 
paddocks are used and there usually are longer periods of grazing 
per paddock. Second, cattle apparently travel less in smaller pas- 
tures than in larger pastures (Herbel and Nelson 1966, Durham 
1975, Malechek and Smith 1976). The probable decreased travel 
under SDG compared to CONT grazing decreased the likelihood 
of trampling loss. Third, at any point in time, 100% of the CONT 
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Table 1. Trempling losses (%) of simulated ground nests under continuous 
and short duration grazing on the study site in Lubbock County, Texes. 
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Fig. 1. Survival curvesjor simulated ground nests under short-duration 

grazing (SDG) and continuous grazing (CONT). 

treatment was subject to trampling whereas only 6% of the SDG 
treatment was subject to trampling. We note also that during a 
40-day laying and incubation period, which is typical for North 
American galliformes (Edminster 1954), only 87% of the SDG 
treatment was grazed whereas 100% of the CONT treatment was 
grazed. 

Percentage trampling loss of simulated ground nests did not 
appear to increase with increased nest densities under either CONT 
grazing of SDG (Table 1). At densities of 2 and 3 nests/ha, tram- 
pling losses were slightly higher under CONT grazing than under 
SDG, but the differences could not be tested statistically. 

Nest survival curves over a 7-week period were similar under the 
two grazing regimes (Fig. 1). Slopes of the curves indicated a nest 
loss rate of 2.21%/week and 2.09%/week under CONT grazing 
and SDG, respectively. 

Almost half (47%) of the simulated nests trampled by cattle 
under CONT grazing were on 3 1 YO of the pasture closest to water. 
This agrees with Buttery and Shields’ (1975) observation that 
livestock concentrations near water could result in high trampling 
loss. 

Conclusions 

Trampling loss is only one of many factors involved in the 
grazing-ground nest interaction. Grazing may predispose nests to 
predation (Errington 1933), or, on the other hand, create spatial 
heterogeneity in herbaceous cover that increases search time by 
predators and reduces the number of nests they find (Bowmanand 
Harris 1980). If grazing is heavy enough, vegetation characteristics 
may be altered such that habitat-selection mechanisms for nesting 
are not triggered for some species (Buttery and Shields 1975). 

Also, trampling losses per se are an incomplete criterion by 
which to judge the effects of grazing regimes on bird production. 
Rotational grazing systems and longer pasture deferment have 
significantly decreased predation on artificial nests compared to 
continuous grazing (Baker 1979). Merrill (1975) reported a higher 
density of Rio Grande turkey (Meleagris gallopavo intermedia) 
nests under deferred-rotation than under continuous, yearlong 
grazing. Because rotational grazing systems often increase her- 
baceous cover and forage production (Merrill 1975), the higher 
densities could have been more a function of better nesting habitat 
than of grazing system impacts on trampling losses, especially since 
turkeys on the Edwards Plateau of Texas prefer to nest where cover 
is at least 46 cm tall (Cook 1972). Bryant et al. (1982) concluded 
that continuous grazing rarely would be preferred over a grazing 
system in management of gamebird habitat, but they noted a 
deficiency in knowledge on the response of wildlife to SDG. 

In spite of the complexity of the relation between grazing and 
trampling losses of ground nests, conclusions can be drawn from 

Nest density 

I/ha 
Z/ha 
3/ha 

Continous grazing Short duration grazing 

N % loss N % loss 

96’ I5 1442 9 
61 11 93 IO 
93 13 141 9 

‘3 replications @ 32 nests/replication. 
23 replications @ 48 nests/replication. 

the present study. First, there appears to be no reason for concern 
that trampling losses by cattle will be higher under the SDG regime 
used in this study than under CONTgrazing, even though stocking 
rates were higher under SDG. By inference, trampling losses 
should be lower under SDG than under CONT grazing at similar 
stocking rates. Lastly, the onlpalternative to reduce trampling 
losses under CONT grazing is to lower the stocking rate. Under 
SDG, however, increasing the number of pastures while holding 
the stocking rate and days of grazing per pasture constant should 
decrease trampling losses. This would occur because a smaller 
percentage of the area would be grazed during any laying and 
incubation period. 
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Seedbed Ecology of Winterfat: Fruits Versus 
Threshed Seeds 
D. TERRANCE BOOTH AND GERALD E. SCHUMAN 

Abstract 
We conducted a series of studies to investigate the seedbed 

ecology of winterfat fruits and threshed seed with the hope of 
This series of studies compare wninterfa1 establishment from clarifying the advantages and disadvantages of each type of 

whole fruits and seed. The studies have demonstrated that the long propagule. 
hairs of the fruit function as ‘anchors’ which help the radicie of a 
germinant to penetrate and hegin growth into the soil. Other General Methodology 
factors associated with the fruit also aid plant establishment. These 
factors have to do with better positive geotropic response of the 

Propagules for all of the studies were of 1979 harvest of NM-333 

radicle and with seedling vigor as measured by radicle growth in 
supplied by USDA-SCS Las Lunas, N. Mex., Plant Materials 

the soil. For these reasons. seediilu establishment is better when 
Center, Wendel Oaks, manager. 

fruits are broadcast, rather ihan whe’n threshed seed is broadcast or 
planted at a 0.64 cm depth. Soaking fruits in water at O’C for 48 
hours significantly improved germination rate and percentage. 
Recommendations are made for field pianting winterfat. 

The fruit of winterfat [Euroriu Ianora (Pursh) Moq.; Cerutoides 
1. (Pursh) J.T. Howell] is a utricle enclosed by two paper like bracts 
which form a sac or compartment. Fine, silky, white, pilose, hairs 
3.2 -6.4 mm (l/8 to I /4 inch) in length are found on the exterior of 
the bracts, these usually forming four dense, spreading tufts. In 
addition to the long hairs, white, stellate pubescence densely cover 
the outer walls of the bracts, especially near the bract tips and the 
pericarp of the utricle. Removal of the pericarp exposes a 
horseshoe shaped embryo around a small dry globule of perisperm; 
these being covered by a naked, transparent testa. A winterfat 
“seed” usually refers to the testa and its contents. “Fruit,“as used in 
this paper, refers to the utricle and its enclosing bracts. The word 
“propaguk” will be used to refer to both fruits and seeds. 

The hairy bracts around the utricle are recognized as an aid to 
dispersal by wind (Hilton 1941, Stevens et al. 1977). Stevens et al. 
(1977) mention the importance of the bracts in protecting the seed 
and reducing precocious germination, therefore, they recommend 
planting fruits. The use of threshed seed is recommended by 
Springfield (1970), who compared emergence and survival of 
winterfat seedlings from seeds and fruits at 4 planting depths and 
reported greatest success with threshed seeds from a surface 
planting; the threshed seed establishing twice as many seedlings as 
the fruits. 

Hilton (1941) investigated the effects of bracts and pericarp on 
germinability of winterfat. He reported a 10.5% reduction in 
germination when seeds were soaked in a decoction obtained from 
soaking whole fruits in distilled water. He also studied the physical 
restraint placed upon the embryo by the presence of the bracts, but 
found no effect other than a brief delay in emergence. Strickler 
(1956) noted that if the pilose hairs of the bracts were not 
sufficiently imbedded in the soil, the bracts remained over the 
cotyledons preventing photosynthesis in the new seedling. He also 
observed higher seedling mortality of seedlings from seeds. 
Winterfat establishes most successfully from on or near the surface 
of the soil during timesof high soil moisture (Hilton 1941, Strickler 
1956, Statler 1965, Sprinfleld 1968 and 1970, Woodmansee and 
Potter 1971). 

Imbibition and Drying 

An evaluation of the moisture retaining capability of the fruit as 
compared to the seed, was made by weighing 100 of both seeds and 
fruits (20 groups of 5). These groups were then soaked in distilled 
water at room temperature. At 2,4,6, and 8 hours, the propagules 
were removed from the water, blotted dry and weighted, then 
returned to the water. A 24 hour weighing was also made and the 
propagules were then placed on absorbant paper exposed to air at 
room temperature 20” C (700 F) and 18% relative humidity and 
were weighed after 2, 4, 6, and 24 hours of drying. 

Seed weight gain from imbibing water leveled off at about 8 
hours. Fruits, on the other hand, were still gaining weight at the 
end of 24 hours. This difference in imbibition probably accounts 
for the lower precocious germination of fruits mentioned by 
Stevens et al. (1977). After 24 hours of imbibition, fruits weighed 
about 2 l/2 times the maximum weight of the threshed seeds, 
which is about the same ratio as the dry propagules [dry seed = 2.6 
mg (9.2 X 10e5 oz.); dry fruit = 6.0 mg (2.1 X 10e4 oz.)]. The bracts 
and pericarp of the fruit offer very little protection from 
dessication. In the first 2 hours of drying, the naked seed lost 98% 
of the maximum weight gained in soaking (Fig. 1) compared to a 
73% loss for fruits. After 6 hours seeds had lost 112% and fruits had 
lost 100% of the weight gained. 

Radicle Penetration 
This study was conducted to determine if penetration of the soil 

surface by the radicle was enhanced when some of the hairs of the 
fruit were embedded in the soil, giving the radicle a restraint to 
push against. 

Ten greenhouse flats were filled with a 1:1 mixture of a sandy 
loam soil and peat moss; except the surface 12.7 mm (l/2 inch) 
which was the soil without the peat moss. The soil surface in all 
flats was purposely puddled by heavy sprinkling to make it more 
difficult for the radicle of a surface germinating propagule to 
penetrate and become established. Each flat was divided into 30 
divisions or seed spots, which were then randomly assigned to one 
of the following seeding treatments: (1) the seed was pressed into 
the soil surface; (2) the seed was pressed into the soil surface and 
held there by a small piece of plastic coated wire (pinned) or (3) the 
fruit was pressed into the soil surface and manipulated to assure 
that some of the long hairs were embedded in the moist soil. Seeds 

Authors are range scientist and soil scientist, USDA Agricultural Research Service, and fruits were dusted with Captan prior to planting. Two hundred 
8408 Hildreth Road, Cheyenne, Wyo. 82001. respectively. 

This research is a contribution from the USDA Agricultural Research Service, in 
propagules were used per treatment. Soil moisture in the flats at the 

cooperation with the Wyoming Agricultural Experiment Station. time of planting was at or near field capacity. The flats were 
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JOURNAL OF RANGE MANAGEMENT 36(3), May 1983 387 



1:;;: ;.:;::;: ;a;, 
0 2 4 6 6 ’ 24 2 4 6 6 ’ 24 

t 
W6l 1 4lY 

I i 

TIN2 I* tlouns 

Fig. 1. Comparison of imbibition andsubsequent drying of winterfatfruits 
and seeds at room conditions (20” C rmd 18% relative humidity). 

them to maintain a desirable uniform moisture and humidity. 
Fifteen days after planting, established plants were counted. A 

live seedling was considered established if the radicle had 
penetrated 10 mm or more into the soil. Greenhouse temperatures 
were between 2 1 to 2P C (70 to 800 F) during the day and about 4.4 
to 100 C (40 to 5oOF) at night. 

Confidence limits (0.05 level) for the proportion of established 
seedlings to total propagules germinating, were calculated by using 
a binomial distribution (Steel and Torrie 1960). 

Greater seedling establishment resulted from fruits (69%) and 
from pinned seed (29%) than from seeds (5%), as is shown in Table 
1. We can conclude that the anchoring effect of the pinned seeds 
and embedded fruit hairs significantly improved radicle 
penetration of the soil with a corollary improvement in the 
establishment of the seedlings. The mechanical advantage of the 
pinned seed or embedded hair is that of counterbalancing the 
upward force that the elongating radicle transmits to the propagule 
as it pushes into the soil. A significant difference between each of 

the 3 treatments indicates there are other factors associated with 
the fruit which aid the establishment of the young plant. From the 
imbibition and drying study we can assume that one of the 
additional factors is the extra weight of the whole fruit. 

Germination Test 
Because all fruits do not contain seeds, a germination test was 

made to compare viability of threshed seeds with that of fruits. The 
test was conducted in a germinator using petri-dishes and moist 
blotters at alternating temperatures of 2 1” C for 16 hours and 4.4O C 
for 8 hours (70 and 400 F). The germination data show the 
maximum germination for seed was 97% after 5 days. Fruits 
germinated 49% after 5 days and 55% after 30 days. This 
information will be used to correct for this germinationdifference 
in the following studies. 

Field Study 
A field study was done in late June 1980 to test the applicability 

of the greenhouse results from the radicle penetration study. 
Number 10 cans with tops and bottoms removed, were placed in 3 
rows of 99 cans each. Inside the cans 10 winterfat propagules were 
planted by (1) broadcasting seed onto the soil surface; (2) planting 
the seed 6.4 mm (l/4 inch) deep or (3) broadcasting fruits onto the 
soil surface. The purpose of the cans, was to prevent seeds and 
fruits from being moved by wind. Each planting method was 
repeated 33 times in each row. After planting, the area was sprinkle 
irrigated to apply 7.6 cm (3 inches) of water. Plots were then 
allowed to dry with no further watering for the duration of the 
study. 

The sprinkling treatment was observed to cause fruit hairs to 
become embedded in the soil; however, no attempt was made to 
compare the number of fruits anchored with the number planted. 

Twelve days after planting, 85 seedlings were growing from 
fruits broadcast on the soil surface, 26 from seed planted 6.4 mm 
(l/4 inch) deep, and 20 from seed broadcast on the soil surface. 

Applying the results of the germination test to the results of the 
field study; we see that using fruits was about 7 times more 
successful than either of the planting methods using seed (Table 2). 

Geotropism Study 
It was observed that radicles of germinants from seed often did 

not show a positive geotropic response (Table 1). This study was 
conducted to determine if there is a difference in geotropic 
response of germinants from seeds and from fruits. 

Fruits take longer to germinate than threshed seed (Hilton 1941, 
Springfield 1970). It was found that presoaking fruits at OOC 
(320 F) for 48 hours, allowed the fruits to germinate in the same 3- 
day period required for germination of threshed seeds, thus 
allowing more accurate comparison of seed and fruit germinants 
for this study. 

To obtain germinant populations of about 250from each type of 
propagule, 520 fruits and 270 seeds were planted. The fruits were 
soaked in water for 48 hours at 0” C (32” F), f 2”) before planting. 
Greenhouse flats of a sandy loam soil were watered to field capac- 

Table 1. Fate of winterfat propagulcs as a percent of numba germinating. 

Plants in which 

Seed 
(94% germination) 

No geotropic 
response 

9.5% 

Plants having a 
radicle < 10 mm 

1.1% 

radicle did not 
penetrate 

84% 

Establishment 

5.3% 

Confidence interval 
(Zfx) 

2.1% to 8.7’ 
Pinned seed 
(89% germination) 

Fruit 
(48% germination) 

8.5% 0.6% 62% 2% 22.1% to 34.5’ 

2.0% 8.3% 21% 6% 59.7 to 71.9% 

Calculated using a mean germination of 92%. 
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Table 2. Winterfat establishment as a percent of propgules germinating in 
the field study. 

Treatment 
Percent Percent 

germination establishment 

Seed broadcast 97 2.1 
Seed planted 6.4 mm (I /4 inch) 97 2.7 
Fruits broadcast 49 17.5 

ity and the propagules placed on the soil surface. No attempt was 
made to anchor the hairs of the fruits in the moist soil although 
some anchoring did occur naturally with subsequent watering. The 
flats were covered with clear plastic to maintain a high moisture 
level in the flats. After 3 days, counts were made of the number of 
propagules germinating, number of germinants in which the radi- 
cle grew up instead of down, and of the number of seedlings which 
became established. A seedling was considered established if the tip 
of the radicle had entered the soil. 

Three hundred seventy-four fruits (72%) germinated in the 3day 
period. The calculated confidence intervals of this study and the 
above germination test indicate that the 17% (30day test) imrove- 
ment following the 48-hour cold soak was a significant improve- 
ment. A similar 24hour soak was not effective. The finding that 
the germination of winterfat fruits is increased by soaking in water 
for 48 hours at O” C (32” F) is supported by observations (Strickler 
1956) that cold treatment 1.1 to 4.4“C (34 to 4oOF) for I week, 
followed by incubation between 17 to 23O C (62 to 74’ F) improved 
germination of both seeds and fruits. 

From fruits, 105 seedlings established (28% of germination). 
Two hundred sixty-nine germinants did not establish; of these 57 
did not show positive geotropism. Two hundred forty-six threshed 
seeds germinated (91%) but only 16 established as seedlings (7%of 
germination). Sixty seed germinants showed no geotropism. 

The confidence intervals for the proportion of fruit germinants 
showing no geotropism (159&0.1160 to 0.1889); of seed germi- 
nants (24%-O. 1900 to 0.2978). Therefore, it can be concluded that 
fruits have significantly fewer germinants which lack a positive 
geotropic response by the radicle. 

Germinants from fruits which did not establish, but which did 
show positive geotropism totaled 212 or 57%. This is significantly 
less establishment than occurred in the radicle penetration study 
(confidence intervals: radicle penetration study= 0.1536 to 0.2665; 
geotropism study = 0.5166 to 0.6170). Remembering that the 
pilose hairs were not anchored in this study, it again demonstrates 
the importance of the embedded hairs of the bracts to seedling 
establishment. 

Seedling Vigor Study 

Seedling vigor was measured by radicle elongation of winterfat 
seedlings from fruits and seed. 

Four root observation boxes, 104 X 61 X 2.5 cm (41 X 24 X 1 
inch) were filled with 45 cm (18 inch) of perlite and a 15-cm (6 inch) 
top layer of sandy loam soil. The plexiglass front was covered with 
opaque paper. The boxes were placed in a controlled environment 
room where the temperature was 21’C (700 F) for 16 hours with 
light, and 4.4”C (40” F) for 8 hours without light. The boxes were 
inclined at 25O to encourage roots to grow along the soil-plexiglass 
interface. 

One hundred threshed seed and 100 whole fruits of winterfat 
were soaked for 48 hours at 00 C f 2” (320 F). After soaking, the 
propagules were randomly placed on the moist soil surface, 25 of 
each to a box, and covered with wet papertowel. Special effort was 
made to insure good contact between the towel, seed or fruit, and 
the soil. 

After 5 days the paper towel was removed, as were non- 
germinating propagules and germinants which did not have a 
radicle firmly established in the soil. Note was made of germinants 
which appeared to lack geotropism. 

The opaque paper was removed from the boxes after 15 day sand 
the length of the radicle measured from the soil surface. A least- 
squares analysis of variance was used to test differences in the mean 
radicle lengths. 

From the 100 threshed seeds in this study, 26 plants established 
and had an average radicle length of 28 mm (1.1 inch) after 15 days. 
Eight germinants did not show geotropism. The 100 fruits pro- 
duced 74 established plants which had an average radicle length of 
46 mm (1.8 inch). This difference is highly significant and indicates 
the superior vigor of seedlings established from fruits. Two fruit 
germinants did not show geotropism. Voorhees (1976) found that 
rates of root growth under the conditions similarto those described 
in the vigor study should not be generally assumed to extrapolate 
to root growth under field conditions. 

Summary and Recommendations 

These studies have demonstrated 3 important ways the whole 
fruit aids seedling establishment. First, the hairs of the bracts 
become embedded in the soil surface and restrain the fruit, thereby 
improving radical penetration of the soil. Second, threshed seeds 
have been shown to have a significant population (up to 24%) of 
germinants which lack a positive geotropic response by the radicle. 
(From a separate study conducted subsequent to submission of this 
paper; we determined that the geotropic deficiency found in 
threshed seed is due to damage to the embryo rootcap during 
threshing. Details of the study will be reported elsewhere.) Third, a 
comparison of seedling vigor, as measured by radicle elongation of 
seedlings established from fruits and from seed, found radicle 
growth from fruits to be almost twice that of seedlings from seeds. 

The key to successful plantings of a shrub is an understanding of 
the way the propagule interacts with its environment, and in using 
this understanding to produce the desired result. On the bases of 
the above results, the literatue reviewed and experience, the follow- 
ing recommendations can be made for improving the planting 
success of winterfat. 

1. Use good, large, healthy appearing fruits (and not threshed 
seed) which have been allowed to afterripen at room temperature 
for 2 months before storage in a cold (0 to 4” C - 32 to 390 F) dry 
environment. 

2. Broadcast the whole fruits. The seedbed must be rough, 
providing numerous places for the fruits to lodge-otherwise most 
of the fruits will be blown off the area being planted. In some 
instances a broadcast seeder, such as a Brillion Seeder’, may 
effectively plant winterfat fruits at the required shallow (6.4 mm- 
l/4 inch or less) depth. 

3. In planting in an area of winter precipitation, plant as late in 
the fall as possible. A snow cover soon after planting will further 
reduce the amount of fruit lost due to the wind. 

4. If working in an area which is likely to have a dry surface soil 
during the winter-plant in the spring when the probability is 
greatest of having extended periods of soil moisture between field 
capacity and saturation. Also keep in mind that the larger the 
young plants are when hot weather 20 to 2P C (70 to 80F) arrives, 
the better the survival. 

5. A spring planting of fruits soaked for 48 hours at 00 C (320 F) 
followed by hand planting in moist soil, can be recommended as a 
technique to enhance establishment of a few plants which may 
serve as sources of fruits for later natural revegetation or as special 
area plantings. The soaked fruits must not dry before germination 
occurs. 
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Germination Requirements of Green Needle- 
grass (Stipa uiriduZa Trin.) 
TIMOTHY E. FULBRICHT, EDWARD F. REDENTE AND A.M. WILSON 

Abstract 

Germination requirements of green needlegrass (Stfpa viridula 
Trin.) were studied because of its potential for use in revegetation 
of disturbed lands. The effects of temperature, light, pbysioiogicai, 
and mechanical treatments on germination of green needlegrass 
seed from 4 sources were examined to determine requirements for 
maximum germination and pot&We causes of dormancy. Opti- 
mum temperatures for germination were 2oOC (constant) and 
20-15’C (16 br-8 br alternation). Germination was highest in 
constant darkness. Greatest germination of tbe most dormant 
source occurred when seeds were either prechilled or treated with 
gibbereilic acid and the lemma and palea was clipped with a razor 
blade. Tbe results indicated that dormancy of green needlegrass 
seeds was associated with a deficiency of endogenous gibbereilms 
and with mecbanicai and permeability restrictions imposed by the 
lemma and paler. 

Green needlegrass (Stipa viridulu Trin.) is a native, cool-season 
perennial bunchgrass common in the northern Great Plains. Sev- 
eral researchers have reported that it has potential for use in 
revegetation of disturbed lands (Rogler 1960, Frank and Larson 
1970, Larson and Carter 1970, Sims and Redente 1974). 

Dormancy of green needlegrass seeds often causes problems in 
stand establishment (Kinch and Wiesner 1963, Fendall and Carter 
1965, Frank and Larson 1970). Rogler (1960) found that an aver- 
age after-ripening period of 7 years was required for seeds of this 
species to exhibit maximum germination. Researchers have 
reported that prechilling imbibed green needlegrass seeds at 2 to 
4’C for 3 weeks (Dawson and Heinrichs 1952; Niffenegger and 
Schneiter 1963) 8.6 weeks (Rogler 1960), and 12 weeks (Wiesner 
and Kinch 1964) reduced or broke dormancy. 

Grabe (1963) broke dormancy of green needlegrass seeds by 
removing a portion of the lemma and pricking the pericarp. Daw- 
son and Heinrichs (1952) found that dormancy was broken by a 
3-week prechill at 4OC combined with either lemma and palea 
removal or scarification in 95% sulfuric acid. They concluded that 
two kinds of dormancy exist in green needlegrass seed: physiologi- 
cal dormancy that can be overcome by prechilling imbibed seed 
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prior to germination and mechanical dormancy caused by the 
lemma and palea. 

Fendall and Carter (1965) examined the influence of the lemma 
and palea on germination of green needlegrass seeds. Water uptake 
during the first 10 hours of germination was limited by the lemma 
and palea, but this was not a factor influencing total germination. 
Oxygen uptake was limited by the lemma and palea. Frank and 
Larson (1970) concluded that presence of an oxidizable inhibitor, 
impermeability of the lemma and palea to oxygen, prevention of 
coleoptile and radicle emergence by the lemma and palea, and low 
seed vigor are among the possible factors involved in dormancy of 
green needlegrass seeds. 

The present study was initiated to provide information concem- 
ing germination requirements of green needlegrass as an aid to its 
use in revegetation. Objectives were to (1) examine the influence of 
temperature, light, and prechilling on germination and (2) identify 
possible causes of dormancy by comparing the effects of prechil- 
ling, clipping the lemma and palea, and treatment with gibberellic 
acid (GA) on green needlegrass germination. 

Materials and Methods 

General Methods 
Green needlegrass seeds were obtained from 2 commercial sour- 

ces, one harvested in South Dakota and one in Montana, and two 
USDA Soil Conservation Service Plant Materials Centers. Seeds 
of accession SD-93 were obtained from the Bismarck, N. Dak., 
Plant Materials Center. Seeds of accession P-15605 were obtained 
from the Bridger, Mont., Plant Materials Center. 

Seeds in all experiments were germinated on standard blue 
blotter paper underlain by a layer of creped cellulose (Kimpack) 
placed in plastic boxes measuring 13.0 X 13.5 X 3.5 cm with tightly 
fitting lids. The substrata were moistened with 100 ml of tap water 
and remoistened when necessary. Four replications of 100 seeds 
each were used in all experiments except as noted for pilot experi- 
ments. Seeds were treated with thiram, bis (dimethylthiocar- 
bamoyl) disulfide, to minimize fungal growth. 

Germination counts were made daily for a period of 28 days after 
planting. Seeds were considered to have germinated when the 
coleoptile and radicle had extended one-half the length of the seed. 
Percent germination was calculated on the basis of the percent live 
seed in each source, i.e., 

(1) 
% germination adjusted = % germination of source X 100 

for live seed y. live seed of source X 
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to adjust for differences in viability among sources. Percent live 
seed in each source was determined in standard germination and 
viability tests. Rate of germination was calculated by the equation 
of Kotowski (1926) for coefficient of velocity of germination 
(CVG) where: 

(2) 
cVG = NW 

WD) 

in which N = number of seeds germinated and D= number of days 
corresponding to each N. 

Influence of Temperature, Light, and Prechilling on Germination 
Effects of temperature, light, and prechilling on germination of 

green needlegrass were examined by germinating prechilled and 
unchilled seed under dark and light conditions in growth chambers 
adjusted for constant temperatures of 5, 10, 15, 20, 25, and 3oOC 
and alternating temperatures of 15-20, 15-25, 20-15, 20-25,25-15, 
and 25-200 C. The prechill treatment consisted of exposing imbibed 
seeds to a temperature of 2 to 4O C for I month. The light treatment 
consisted of 400 PE rnT2 set-’ of photosynthetically active radiation 
for 8 hours daily. Alternating temperatures consisted of 16 hours at 
the first temperature and 8 hours at the second temperature daily. 

Comparative Effects of Prechilling, Clipping, and Gibberellic Acid 
on Germination 

Germination of caryopses with the lemma and palea removed, 
seeds with the lemma and palea clipped, and intact seeds were 
compared in a pilot experiment. Seeds were clipped with a razor 
blade by cutting both ends of the lemma and palea which coverthe 
caryopsis. Care was taken to avoid damage to the caryopsis. Four 
replications of 25 seeds each were germinated in the dark in a seed 
germinator adjusted for a constant temperature of 250 C. 

Following the pilot experiment, the effects of clipping and physi- 
ological treatments on germination were compared. The physio- 
logical treatments consisted of a l-month prechill at 2 to 4O C and 
moistening of the substrata with 100 pg ml-’ GA (gibberellicacid). 
This concentration of GA was selected because a previous experi- 
ment had demonstrated that clipped seeds of the South Dakota 
and Montana sources germinated equally well when treated with 
100,500, 1000, and 1500 pg ml-’ GA. Seeds were germinated in the 
dark in a seed germinator adjusted for 20-l 5°C (16 hours-8 hours). 

Statistical Analyses 
A split-split-plot experimental design was used for constant and 

alternating temperature experiments in the temperature, light, and 
prechilling study. In the study of the effects of prechilling, clipping, 
and GA on germination a completely random experimental design 
was used for pilot experiments and a randomized complete-block 
design was used in the final experiment. Data were analyzed by 
analysis of variance. Duncan’s multiple range test was used at the 
0.05 level of probability to identify significantly different means 
when F values were found significant. 

Results 
InIluence of Tempernture, Light, and Prechiliing on Germination 
Constant Temperatures 

Significant differences in percent germination and rate of germi- 
nation existed among seed sources at constant temperatures. Seeds 
of accession P-15605 exhibited the highest percent germination 
averaged over all treatments. The South Dakota source exhibited 
the highest rate of germination. The Montana source had the 
lowest germination rate and percentage. 

Differences in germination percentages and rates amongsources 
resulted from differences in level of dormancy among sources. 
Accession P-15605 and the South Dakota source were the least 
dormant sources, while accession SD-93 and the Montana source 
were the most dormant sources. Diffrences in seed age and harvest 
date are among the possible factors responsible for differing levels 
of dormancy among the 4 seed sources. 

Percent and rate of germination differed significantly among 

CONSTANT TEMPERATURES 
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Fig. 1. Effects of constant temperatures on germination rate of green 
needlegrass seeds. Means associated with the same letter are not signify- 
candy dyferent at the 0.05 level of probability. 

constant temperatures. Averaged over all seed sources and treat- 
ments, percent germination was highest at 200 C. Rate of germina- 
tion increased with increasing temperature (Fig. 1). There was an 
interaction of seed source with constant temperatures for percent 
germination. Percent germination of P-15605 and SD-93 averaged 
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Fig. 2. Effects of constant temperatures on percent germination (aa@sted 
for live seed) of green needlegrass seedfrom 4 sources. Meansfollowed 
by the same letter are not significantly different at the 0.05 level of 
probability. Since percent germination was aGusted for live seed, it 
sometimes exceeds 100% because of random variation. 
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Table 1. Effects of alternating temperatures (” C) on percent germination 
(adjusted for live seed) of green needlegrnss seed from 4 sourem. 

Seed Source1 

Temperature P-15605 South Dakota SD-93 Montana 

I S-20 79fg 74efg 66de 16ab 
15-25 84gh 66de 5Oc 14ab 
20-15 83gh 77fg 79fg 22b 
20-25 59cd 73ef 53c 12a 
25-15 90h 78fg 59cd 14ab 
25-20 59cd 72ef 58cd 14ab 

‘Means followed by the same letter are not significantly different a1 the 0.05 level of 
prob&ility. Means represent averages over light and prechill treatments. 

over light and prechill treatments was higher at 200 C than at other 
temperatures (Fig. 2). Percent germination of the South Dakota 
source did not differ between 200 C and 25” C. For the Montana 
source, percent germination did not differ significantly among 
constant temperatures. 

Averaged over all seed sources, constant temperatures, and 
prechill treatments, percent germination and rate of germination 
were significantly higher in the dark than in the light. There was an 
interaction of light with constant temperatures. Percent germina- 
tion was higher in the dark than in the light at temperatures below 
20” C but not at temperatures of 200 C or higher( Fig. 3). Prechilled 
seeds exhibited higher percent (Fig. 4) and rate of germination than 
unchilled seeds. 

Alternating Temperatures 
Significant differences in percent germination and rate ofgermi- 

nation existed among seed sources at alternating temperatures. 
Seeds of accession P-l 5605 and the South Dakota source exhibited 
the highest rate of germination. The Montana source had the 
lowest germination rate and percentage at alternating 
temperatures. 

Percent and rate of germination differed significantly among 
alternating temperatures. Percent germination averaged over all 
seed sources and treatments was highest at 20-15” C. Rate of germi- 
nation tended to increase with increasing mean temperature. There 
was an interaction of seed source with alternating temperatures. 
Percent germination of the Montana source and the South Dakota 
source did not differ among the 5 alternating temperatures most 
favorable to germination of each (Table 1). P-15605 germinated 

‘“[ ---- Llpht 
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Fig. 3. Percent germination (adhsted for live seed) of green needlegrass 
seeds as affected by interaction of light with constant temperatures. 
Means associated with the same letter are not significantly dlflerent at the 
0.05 level of probability. 
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Fig. 4. Effects ofprechilling onpereentgermination (adiustedforliveseed) 
of green needlegrass seeds averaged over sources, light treatments, and 
constant temperatures. Means associated with the same letter are not 
significantly direrent at the 0.5 level of probability. 

significantly better at 25-15, 15-25, 20-15, and 15-20°C. Seeds of 
accession SD-93 exhibited higher percent germination at 20-l 5” C 
than at other alternating temperatures. 

Differences among the 4 sources in the effect of temperature on 
germination were related to differences in level of dormancy. As a 
result of relatively lower dormancy, seeds of accession P-15605 and 
the South Dakota source germinated equally well over a wider 
range of temperatures than seeds of accession SD-93. Germination 
of the Montana source did not differ over a wide range of constant 
and alternating temperatures because it was the most dormant 
source and the germination was relatively low at all temperatures. 

Averaged over all seed sources, alternating temperatures, and 
prechill treatments, percent germination and rate of germination 
was higher in the dark than in the light. There was an interaction of 
light with alternating temperatures. Percent germination was not 
higher in the dark at alternating temperatures with a 16-hour 
period at 25OC, but it was higher in the dark at all other alternating 
temperatures. 

Prechilled seeds exhibited significantly higher percent and rate 
of germination than unchilled seeds at alternating temperatures. 
There was an interaction of prechill treatment with seed source. 
Prechilled seeds of the South Dakota source, Montana source, and 
SD-93 all exhibited higher percent germination, while that of 
prechilled P-l 5605 seeds did not differ from percent germination of 
unchilled seeds. 

Comparative Effects of Prechilling, Clipping, and Gibberellic Acid 
on Germination 

Clipped seeds and seeds with the lemma and palea removed 
exhibited significantly higher germination than the intact seeds in 
the pilot experiment (Table 2). Percent germination of seeds with 
the lemma and palea removed was not different from clipped seed. 

Significant differences in percent germination existed among 
physiological treatments and among seed sources in the final 
experiment (Table 3). There was an interaction of physiological 
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Table 2. Effects of lemma and palea removal and clipping on percent Table 3. Effects of prechilling, clipping, and 100 pg ml-’ gtbberellk acid 
germination (adjusted for live seed) of 4 source! of green needlegrass in (GA) on percent germination (adjusted for live seed) of 4 sources of green 
the dark at 2YC. needlegrass after 28 days in darkness at 20-1S’C (16 hours-g hours). 

Seed treatment 
Lemma and 

palea Source 
Seed source Control removed Clipped means 

P-15605 78 130 92 lOOal 
South Dakota 65 94 100 87a 
SD-93 33 39 46 40b 
Montana 9 19 24 18c 
Treatment means 47a 71b 66b 

lMeans followed by the same letter are not significantly different at the 0.05 level of 
probability. The interaction between source and seed treatment was not significant at 
the 0.05 level. 

treatments with seed sources and of mechanical treatments with 
seed sources. Treatment with GA and clipping resulted in higher 
percent germination of the Montana source and P-l 5605 but not of 
the South Dakota source and SD-93. Prechilling increased percent 
germination of the Montana source over that of untreated con- 
trols, but it did not increase percent germination of P-15605, the 
South Dakota source, and SD-93. This was a result of the relatively 
greater dormancy of the Montana source. There was no difference 
between percent germination of Montana seeds treated with GA 
and those that were prechilled. Germination of clipped seeds of the 
Montana source was greater than that of prechilled intact seeds. 
There was no significant difference in percent germination among 
clipped control, clipped prechilled, or clipped GA treated seeds of 
the Montana source, although there was a trend for highest germi- 
nation with the combination of clipping and treatment with GA. 

Discussion 
Successful revegetation of disturbed lands is more likely to be 

achieved if those involved in revegetation projects select planting 
dates based on knowledge of the temperature requirements for 
germination of the species to be planted and knowledge of the 
seasonal temperature and moisture conditions of the area to be 
seeded (Ashby and Hellmers 1955). The temperature optima (20 
and 20-15OC) for germination of green needlegrass seed may 
represent an adaptation for germination under environmental con- 
ditions characteristic of spring. In the northern Great Plains, 50% 
of the annual precipitation is received from April to July (Sindelar 
and Plantenberg 1978). Planting of green needlegrass in thenorth- 
ern Great Plains should be timed so that germination will take 
place during the spring when temperature and moisture conditions 
are most favorable for germination and seedling growth. 

Seed dormancy is recognized as an important adaptation of 
plants that enables them to survive during seasons of adverse 
environmental conditions (Nikolaeva 1977). The prechill require- 
ment of green needlegrass may be an adaptation that prevents 
germination when seeds are disseminated in the summer but allows 
germination to proceed in the spring after seeds have overwintered 
in the soil. Environmental conditions would expectedly be more 
favorable for germination and seedling growth in the spring than in 
the summer. Green needlegrass is often planted in late fall so that 
dormancy will be reduced the following spring when environmen- 
tal conditions are favorable for germination (Schaaf and Rogler 
1960, Larson and Carter 1970). 

Germination of green needlegrass seeds was inhibited by light, 
particularly at temperatures which were suboptimal for germina- 
tion. Possible inhibition of green needlegrass seed germination by 
light was also noted by Niffenegger and Schneiter (1963). The 
effects of light on germination in relation to the factors responsible 
for inhibition and their ecological significance need further study. 

Dormancy of green needlegrass seeds is not caused by an inhibi- 
tor in the lemma and palea since clipped seeds and seeds with the 

Seed treatment P-15605 

Seed source 
South 

Dakota SD-93 Montana 

Control 
Not clipped 
Clipped 

89cdeP 
115b 2 

8 ldefgh 
87cdef 

94cde 
76efghi 

281 
65hij 

Prechilled 
Not clipped 93cdef 77efghi 96cd 47k 
Clipped’ 84defg 62ijk 271 68ghi 

GA 
Not clipped 102bc 87cdef 96cd 49jk 
Clipped 137a 79defgh llefgh 75fghi 

‘Means followed by the same letter are not significantly different at the 0.05 level of 
probability. 
Wnce percent germination was adjusted for live seed, it sometimes exceeded 100% 
because of random variation. 
3Fungal growth tended to depress germination percentages of prechilled clippedseed. 

lemma and palea completely removed germinated equally well. 
Treatment with GA eliminated the prechill requirement of seeds 
from the Montana source. According to Mayer and Poljakoff- 
Mayber (1975), seeds of some plant species appear to synthesize 
gibberellins during prechill treatments. Apparently, dormancy of 
green needlegrass seeds is associated with a deficiency of endogen- 
ous gibberellins and with mechanical and permeability restrictions 
caused by the lemma and palea. Dormancy of Indian ricegrass 
(Oryropsis hymenoides (Roem. & Schult) Ricker), a species with 
which green needlegrass occasionally hybridizes in nature (John- 
son and Rogler 1943), has also been attributed to a possible inher- 
ent deficiency of endogenous gibberellins (McDonald and Khan 
1977). Findings of the present study substantiate earlier reports 
(Dawson and Heinrichs 1952, Fendall and Carter 1965) that dor- 
mancy of green needlegrass is caused by physiological and mechan- 
ical mechanisms. 

Rapid establishment of artificially seeded stands of green needle- 
grass can be enhanced by planting nondormant seeds. One way this 
can be accomplished is to plant Lodorm green needlegrass, a 
variety with reduced seed dormancy that was released in 1969 
(Schaaf and Rogler 1970a, 1970b). However, seed dormancy may 
be desirable for stand longevity since it is an important adaptation 
for seed and seedling survival. Also, much of the green needlegrass 
seed sold commercially originates from native stands. Thus, devel- 
opment of an economical means of breaking dormancy of seeds 
from native sources would be desirable. The beneficial effects of 
clipping on germination indicate that a method of scarifying the 
lemma and palea without damage to the caryopsis could prove 
helpful in stand establishment. Another method of promoting 
germination of green needlegrass that needs to be researched is 
penetration of seeds with gibberellic acid applied in acetone (Khan 
et al. 1973, Tao and Khan 1974). 
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‘Magnar’ Basin Wildrye-Germination in 
Relation to Temperature 
RAYMOND A. EVANS AND JAMES A. YOUNG 

Abstract 

Basin wildrye (Elymus cinereus) is potentially a very valuable 
forage species adapted to saline/alkaline range sites in the Great 
Basin. Poor seed fill and low germination have limited the useful- 
ness of thii species for range revegetation. The recently released 
cultivar ‘Magnar’ tends to overcome these obstacles and offers a 
higher potential for use of basin wildrye on rangelands. In this 
study we compared the germination of ‘Magnar’ and its sister 
selection accession P-155!MJ at 55 constant and alternating temper- 
atures. The seeds of both selections are highly germhrable with 
optimum regimes for temperatures centered around 20° C. ‘Mag- 
nu’seeds had 82% germination at moderate seedbed temperatures 
and 32, 28 and 37% germination at colder, warmer, or widely 
fluctuating seedbed temperatures, respectively. Germination of 
‘Magnar’seeds was most rapid at what became optimum tempera- 
ture regimes for germination. Germination was increasingly 
delayed at extremely warm, cold, or widely fluctuating 
temperatures. 

Historically, stands of basin wildrye (Elymus cinereus) main- 
tained large numbers of cattle and were considered to be a valuable 
forage resource in the Intermountain west (Young et al. 1975). 
Many of these stands were decimated by excessive, yearlong graz- 
ing and cutting for hay by the turn of the century (Lesperance et al. 
1978). Today, degraded plant communities dominated by salt 
rabbitbrush (Chrysothamnusnauseosus sp. consimilis)and grease- 
wood (Sarcobatus vermiculatus) were once basin wildrye stands 
that provided much forage. 

One of the pressing challenges of range management today is to 
improve these saline/alkaline areas for forage production. In the 
Intermountain west these degraded basin wildrye stands are often 
found on private land and, when improved, would add greatly to 
efficient cattle production. 

Where remnant stands of basin wildrye remain, recovery can be 
very dramatic, although sometimes slow, following brush control. 
Where seeding is required, problems are almost insurmountable 
with present technology. The lack of adapted forage species to 
plant on these areas has beena major problem. Yield, viability, and 
germination of seeds from native stands of Great Basin wildrye has 
been low (Young and Evans 1980). 

The Aberdeen, Idaho Plant Material Center (PMC) of the Soil 
Conservation Service, USDA, and the Idaho Agricultural Experi- 
ment Station have been evaluating two accessions of basin wildrye, 
P-15590 and P-5797. The latter accession has been released as the 
cultivar ‘Magnar’ (Howard 1979). A primary characteristic in the 
selection of ‘Magna? was its production of a reasonable yield of 
viable seeds. 

The objective of this study was to evaluate germination in rela- 
tion to temperature of the accession P-15590 and ‘Magna? basin 

Authors are range scientists, USDA, Agricultural Research Service, Renewable 
Resource Center, University of Nevada, 920 Valley Road, Reno 89512. 

This study is a contribution from the USDA, Agr. Rcs. Serv. and the Agricultural 
Experiment Station, University of Nevada, Reno. Journal Series No. 503. 

Manuscript rcceivcd February 3, 1981. 

wildrye. In an earlier study we studied germination of basin wildrye 
from native stands (Young and Evans 1981). 

Methods 

We used seeds of accessions P-15590 and P-5797 of basin wildrye 
obtained from the Aberdeen PMC in 1977 and 1978. In all germi- 
nation tests, treatments were replicated 4 times with 100 seeds each. 
Seeds were placed on one thickness of germination paper in 
covered petri dishes and then wet with tap water. Tests were 
conducted for 4 weeks, with weekly germination counts. Seeds 
were considered germinated when the radicle had emerged 0.5 cm. 
All tests were conducted in dark germinators. Constant germina- 
tion temperatures were 0, 2, 5, 10, 15, 20, 25, 30, 35, and 
404 C. Alternating temperature regimes consisted of 16 hr at each 
lower constant temperature and 8 hr at all possible higher tempera- 
tures in each 24hr period. For example, 0” C was alternated with 2, 
5, 10, 15,20,25,30,35, and 400 C, and 35O C with 40” C only. In all, 
55 constant and alternating temperature regimes were included in 
the germination trials. 

Analysis of variance was used on percentage germination with 
arcsin transformation in relation to the effect of cultivars, tempera- 
tures, and their interaction on data for 1 week, 1 to 2 weeks, 2 
weeks, 2 to 4 weeks, and at the end of 4 weeks. The effects of 
constant and alternating temperatures on each cultivar for each 
time period in terms of germination percentage were statistically 
analyzed using a quadratic response surface (Evans et al. 1982). 
The quadratic response surfaces were composed of a series of 
regression equations, one for each cold (16 hr) temperature 
through the series of warm temperatures (8 hr), with calculated 
values and their confidence limits (Ott 1977). 
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Table 1. Estimated germination (%) and confidence interval for seeds of ‘Magnar’ basin wildrye incubated for 4 weeks at 55 constant and alternating 
temperaturea.~ 

Warm period 8 hr-OC 
Cold period 

16 hr ‘C 
0 2 5 IO 15 20 25 30 35 40 

0 0(13) l(ll) 18(9) 40(8) 54(8) 58(9) 54(9) 4l(8) 20( IO) 0(14) 
2 9(ll) 27(S) 49(7) 62(7) 67(8) 63(7) 50(7) 28(8) 0(12) 
5 37(9) 59(6) 73(6) 78(6) 74(6) 6l(6) 40(6) 9(lO) 

IO 72(9) 86(6) _ 9l(6) 87(6) 74(6) 53(6) 23(9) 
I5 92(10) 97(7) 93(6) 8l(6) 60(7) 3o(lO) 
20 97(lO) 93(7) 8l(6) 6l(7) 3l(lO) 
25 87(lO) 75(7) 54(7) 25(10) 
30 62(lO) 42(7) 13(10) 
35 23(12) 0(12) 
40 Ml71 

‘Optimum values are underlined and are defined as those means that are not lower than the maximum and its confidence interval (60.01). The values in parentheses are one- 
half the calculated confidence intervals. 

The germination profiles obtained from the quadratic response 
surfaces were compared by a discriminate classification of moder- 
ate, colder, warmer than moderate, and widely fluctuating seed- 
bed temperatures (Fig. I). This classification of seedbed tempera- 
tures is based on the results of monitoring temperatures in the field 
(Evans et al. 1970). 

Results and Discussion 

Seeds of both ‘Magnar’ and accession P-15590 of basin wildrye 
are highly germinable (Tables 1 and 2). The germination of these 
seeds is especially notable in comparison to the germination of 
seeds collected from native stands, which rarely exceeds 35 to 40% 
(Young and Evans 1981). 

germination at all classes of seedbed temperatures than P-15590 
(Table 4). The difference for moderate seedbed temperatures was 
only 11%. After I week of incubation, ‘Magnar’ had 14% higher 
germination than accession P-l 5590 at moderate seedbed tempera- 
tures. In Arremisiu range communities the colder than moderate 
seedbed temperatures are usually critical for seed germination and 
seedling establishment (Evans et al. 1970). Except for the 2- to 
4-week period, ‘Magnar’ always had higher germination than 
accession P-15590 at colder than moderate seedbed temperatures, 
but the differences were slight. 

Rate of Germination 

Germination Profiles 
For most profile characteristics, germination of the 2 sources of 

basin wildrye are almost identical. ‘Magnar’ has a slightly higher 
total mean germination (Table 3). ‘Magna? had slightly higher 
germination through 2 weeks’ incubation and accession P-15590 
had higher germination from 2 to 4 weeks’ incubation. 

The percentage of temperature regimes with some germination 
was identical except at the first week of incubation. ‘Magnar’had 
the highest maximum germination and the highest mean optimum 
germination except for 2 through 4 weeks’ incubation. 

For rate of germination, we present data for ‘Magnar’ only 
because the responses of the 2 selections were so similar. Among 
the temperature regimes that eventually became optimum for ger- 
mination, from 52 to 7 1% of the total germination occurred by the 
end of 1 week of incubation (Table 5). Cold-period temperatures 
from 10 through 300 C alternating with 300 C also produced more 
than 50% germination after I week of incubation. Warm-period 
temperatures of 40°C inhibited germination during the first week 
of incubation. With 0 or 2°C cold-period temperatures, warm- 
period temperatures had to reach 200 C for germination to occur. 
Warm-period temperatures of 35 or 40“ alternating with 0 or 2” C 
cold-period temperatures did not support germination during 1 
week of incubation. 

Comparison of Seedbed Temperatures At temperature regimes composed of very low cold-period 
After 4 weeks of incubation, ‘Magnar’ seeds had equal or higher temperatures, the threshold incubation time required to permit 

Table 2. Estimated germination ($) and confidence interval for seeds of accession P-15590 of basin wildrye incubated for 4 weeks at 55 constant and alter- 
nating temperatures.1 

Warm period 8 hr-“C 
Cold period 

I6 hr “C 
0 2 5 IO I5 20 25 30 35 40 

0 O(ll) O(lO) 9(B) 25(7) 36@) 40(a) 3W) 30(7) l6(9) 0113) 
2 7(lO) l9(7) 35(6) 45(6) 49(7) 47(7) 4’X6) 26(7) 6(l1) 
5 3W) 47(5) 57(5) 6V6) 6(X6) 52(5) 38(6) 1 g(9) 

IO 62@) 72(6) 76(5) 74(5) 66(5) 53(6) 33@) 

I5 79(9) 83(7) 8l(6) 73(6) m(7) 40(9) 

20 83(9) 81(7) 73(6) 6W) 40(9) 

25 74(9) 66(6) 52(6) 33(9) 

30 52(9) 3W7) 1 g(9) 
35 l6(lO) O(lO) 
40 o(l5) 

‘Optimum values are defined as those means that arc not lower than the maximum and its confidence intervals (60.01). The values in parentheses are one-half the calculated 
confidence intervals. 
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Table 3. Germination parametcn devckped from qoadrrtic response sorfaces for ‘Magnu’ and accession P-15590 of Basin wildrye. 

Profile characteristics 

Incubation time 
and accession 

or cultivar 

Germination Regimes 
profile with some 
mean germination 

(%I (%I 

Mean of 
regimes 

with some 
germination 

(%) 

Regimes with 
optimum 

germination 

(%I 

Mean 
of 

optima 

(%I 

Maximum 
germination 

f%) 

lweek 
Magnar 
P-15590 

I to 2 weeks 
Magnar 
P-15590 

2 weeks 
Magnar 
P-15590 

2 to 4 weeks 
Magnar 
P-15599 

4 weeks 
Magnar 
P-15590 

19 78 
13 75 

23 a7 
18 a7 

42 91 
30 91 

9 91 
14 91 

50 91 
43 91 

25 9 
17 II 

25 24 
19 20 

48 I5 
34 II 

9 62 
14 33 

55 15 
47 I5 

56 61 
33 37 

39 42 
32 35 

a2 86 
65 64 

II 15 
21 23 

92 97 
74 a3 

germination was very sharp as evidenced by the O/ IOOC regime 
where 98% of the total observed germination occurred in the 
second week of incubation (Table 5). In the second week of incuba- 
tion, under optimum temperatures from 20 to 41% of the total 
seeds germinated with highest germination occurring at the 
regimes with the lowest cold-period temperatures. In the second 
week of incubation, rapid germination occurred at temperature 
regimes of 0,2, or 5” C cold-periods alternating with warm periods 
above 5’ C. 

There was germination of ‘Magnar’ seeds at some alternating 
temperatures with 40” C warm-periods in the second week of incu- 
bation, but only at 25/4O’C was this germination more than 
minimal (Table 5). This trend was continued in the third and fourth 
weeks of incubation. For the 40°C regimes that supported some 
germination, 91 to 100% of the observed germination occurred in 

the second 2 weeks of incubation. Apparently, the regimes alter- 
nating with 400 C are a stress situation for germination of seeds of 
‘Magna? just as much as are very low incubation temperatures. 

During the second 2 weeks of incubation, the optimum tempera- 
ture regimes had only 0 to 11% germination (Table 5). The colder 
alternating temperature regimes that had their maximum germina- 
tion during the second week of incubation had roughly a third of 
their germination during the last 2 weeks of incubation. Germina- 
tion occurred at a constant 5’C incubation temperature only dur- 
ing the last 2 weeks of incubation. 

In general, germination of ‘Magnar’ Great Basin wildrye seeds 
was most rapid at temperature regimes near and slightly warmer 
than the optimum regimes for total germination. Germination was 
increasingly delayed or inhibited at colder, warmer, or widely 
fluctuating temperature regimes. 

Table 4. Percentage germination (96) in rehtton to seedbed temperature and time of incubation for ‘Mapar’8nd accession P-15590 of basin wildrye. 

Seedbed temperaturesr 

Incubation time Moderate Colder Warmer Widely fluctuating 
cultivar or Germination Frequency Germination Frequency Germination 
accession 

Germination 
(%I (%I 

Frequency 
(%I (%I (%I 

Frequency 
(%I (%I (%I 

I week 
‘Magnar’ 40 100 5 45 15 78 7 
P-15590 26 

75 
100 3 45 II 78 5 63 

I to 2 weeks 
‘Magnar’ 32 loo 20 91 9 78 
P-15596 

22 
29 

aa 
100 IO a2 IO 78 14 94 

2 weeks 
‘Magnar’ 71 100 23 73 24 78 
P-15590 

31 
58 

88 
100 I2 73 22 78 ta 88 

2 to 4 weeks 
‘Magnar’ IO 100 11 100 4 100 
P-15590 

10 
17 

100 
100 I3 100 6 84 I5 100 

4 weeks 
‘Magnar’ a2 loo 32 91 28 78 
P-15590 

37 
71 

aa 
100 23 a2 28 78 33 94 

lSubdivision of seedbed temperatures presented in Figure I. 
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Table 5. Percentage of total germination at each of 55 constant and alternating temperatures that occurred within 1 week, from 1 to 2 weeks and from 2 to 
4 weeks incubation for seeds of ‘Magnar’ basin wildrye. 

Cold period 
16 hr-“C 

One Week 
Warm Period 8-OC 

0 
2 
5 

10 
IS 
20 
25 
30 
35 
40 

0 
2 
5 

10 
15 
20 
25 
30 
35 
40 

0 
2 
5 

IO 
15 
20 
25 
30 
35 
40 

0 2 5 IO 15 20 25 30 35 40 
0 0 0 0 0 I4 I4 35 0 0 

0 0 0 0 II 13 2 0 
0 0 21 33 36 32 IO 

26 43 52 57 55 46 
56 63 66 65 58 

68 70 69 63 
71 68 57 

58 35 
3 

One to Two Weeks 

0 2 5 IO I5 20 25 30 35 40 
0 0 0 98 76 64 62 65 I 0 

0 0 80 65 58 60 85 85 0 
0 z 55 48 46 47 55 0 

44 41 41 45 54 0 
36 34 34 35 42 0 

27 30 31 37 0 
21 28 41 73 

I4 32 9 
80 I 

0 

Two to Four Weeks Two to Four Weeks 

0 2 5 IO I5 20 25 1 30 35 40 
0 0 0 2 

0 0 20 
100 36 

24 

24 
35 
24 
I3 
II 

Perspective on Germination 
The development and release of ‘Magnar’ Great Basin wildrye 

apparently has overcome the hurdle of poor germination which 
has, in part, limited the use of this species in revegetation. Other 
characteristics, such as more vigorous seedling growth of ‘Magnar’ 
compared with native strains of Great Basin wildrye also make this 
cultivar a better revegetation candidate (Unpublished data, Agri- 
cultural Research Service, Reno, Nev.). 

Overall high germination of ‘Magnar’ and moderate to high 
germination at the specific temperatures, that characterize periods 
of more favorable soil moisture, promote better establishment 
under rangeland conditions. 

Relatively high germination at colder-than-moderate tempera- 
tures increase chances for establishment of ‘Magna? in saline 
rangelands by allowing seeds to germinate earlier in the spring. At 
this time soil water content is high due to recharge by winter 
precipitation and reduced surface evaporation due to lower 
temperatures and lower incident solar radiation. The higher soil 
water content in early spring results in a higher total soil water 
potential for the germinating seed because of higher soil matric 
potentials and higher osmotic potentials from leaching and dilution 
of surface salts. 

22 24 0 
31 31 38 
I9 I8 21 
7 2 I 
3 0 0 
5 0 0 

8 4 
28 

99 0 
I5 0 
35 0 
0 100 
0 100 
0 100 
2 27 

33 91 
27 99 

0 
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Yield of Three Range Grasses Grown Alone 
and in Mixtures with Legumes 
WJ. MCGINNIES AND C.E. TOWNSEND 

Abstract 

Four legumes and 3 grasses in combination, and the 3 grasses 
alone were evaluated for forage yield and persistence for 9 years in 
north-central Colorado. Sicklepod milkvetch (Astragalus falca- 
tus), alfalfa (Medicago sativa), sahrfoin (Onobrychis vki~ot?a) or 
crownvetch (Coronilla varha) were planted in alternate rows with 
crested wheatgrass (Agropyron &sertorum), Russian wildrye 
(Ebmus junceus), or pubescent wheatgrass (A. trichophorum). 
Crownvetch failed to become established. Salnfoin, a short-lived 
species under Colorado range conditions, was gone within 5 years. 
Alfalfa persisted 7 years; it was killed by a combination of drought 
and pocket gophers. Sicklepod mllkvetch persisted for the entire 
period. This site was too dry for pubescent wheatgrass and its stand 
declined rapidly. Crested wheatgrass with sicklepod milkvetch or 
alfalfa, and Russian wlldrye with alfalfa produced the highest total 
yields. All grass-legume mixtures involving crested wheatgrass and 
Russian wildrye produced significantly more forage than the 
grasses grown alone in 30 cm row spacing. Crude protein content 
was higher for grass-legume mixtures than for the grass alone. 

Planting legumes with grasses for range seedings has been a 
common recommendation. This recommendation has usually been 
based on the assumption that because legumes can fix nitrogen, the 
legume will serve to increase total production. It has also been 
assumed that because legumes usually have a higher protein con- 
tent than grasses, the protein content of the mixture will be higher. 
These assumptions are based on a limited number of studies. In 
North Dakota, a crested wheatgrass-alfalfa mixture produced 45% 
more forage than crested wheatgrass alone (Rogler and Lorenz 
1969). Crude protein of the forage from the crested wheatgrass- 
alfalfa mixture was 136% of that from crested wheatgrass alone. 
The crude protein of the grass from the grass-legume mixture was 
slightly higher than from the grass when grown alone. Rumbaugh 
et al. (1981) reported that crested wheatgrass-alfalfa mixture 
produced four times the yield of crested wheatgrass alone, and that 
the grass component of the mixture produced twice as much forage 
as when the grass was planted without the alfalfa. Thus, the 
increase in productivity of the mixture was due to both the 
increased yield of the grass component plus the addition of the 
legume component. In Canada, alfalfa alone yielded 12% more 
than a crested wheatgrass-alfalfa mixture which in turn yielded 
68% more than crested wheatgrass alone (Ludwick and Smith 
1977). Protein content of the crested wheatgrass component of the 
mixture was 4 1% greater than the protein content of the grass when 
grown alone. 

The objectives of this study were to determine the influence of 4 
legumes on forage yield and quality when planted with 3 range 
grasses in north-central Colorado. 

Authors arc range scientist and geneticist, respectively, USDA, ARS, Crops 
Rcscarch Laboratory, Colorado State University, Fort Collins, Colorado 80523. 

This research involved cooperative investigations of USDA, ARS, Fort Collins, 
Cola., and the Colorado Amicultural Experiment Station. Published with approval of 
the Jkcctor of the Colorado Agricultural Experiment Station. 

Manuscript received July 6, 1982. 
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Methods and Procedures 
The experimental site was on the Colorado State University 

Experimental Range approximately 13 km north of Fort Collins, 
Colo. The soil, a Stoneham loan (Ustollic Haplargid) was a deep, 
well-drained soil formed from mixed alluvial and wind-deposited 
material. Native vegetation was shortgrass; the area had been 
farmed for many years but was planted to crested wheatgrass 
(Agropyron desertorum) about 10 years before the current study 
was established. Elevation was 1,580 m and long-term average 
annual precipitation was 36 cm measured in Fort Collins. 

The plot area was plowed in September 1970 and disked in April 
197 1. It was harrowed and packed just prior to seeding on May 13, 
1971. Grasses were planted in 6 rows 60 cm apart except for the 
grass-only plots where the rows were 30 cm apart. The legumes 
were seeded equidistant between the grass rows. The grasses were 
‘Nordan’ crested wheatgrass (Agropyron desertorum), ‘Vinall’ 
Russian wildrye (Elymus junceus), and ‘Topar’ pubescent wheat- 
grass (A. trichophorum); the legumes were sicklepod milkvetch 
(Astragalus falcatus). ‘Ladak 65’ alfalfa (Medicago sativa), ‘Eski’ 
sainfoin (Onobrychis viciifolia) and ‘Penngift’ crownvetch (Coro- 
nilla varia). Seeding rate was 98 pure live seed/m of row and 
planting depth was 2 cm. All species were seeded with a single-row 
cone seeder equipped with a double-disc opener and a packer 
wheel. Legume seeds were scarified and inoculated with a suitable 
rhizobium. Plot size was 3.4 X 7.6 m. Experimental design was a 
randomized complete block with 4 replications. Alternate rows of 
grasses and legumes minimized interspecific competition during 
establishment and greatly simplified the separate harvesting of the 
grass and legume components. Plots were hand weeded twice 
during the first year. 

Seedling stands were rated in September 1971 on a percentage 
basis where a continuous and uninterrupted row of plants within 
the seeded drill-row equaled 100% and no stand at all equaled 0%. 

Seven harvests were made between 1972 and 1980 with a catcher- 
equipped rotary mower to a stubble height of 5 cm. Herbage from 
grass and legume rows was collected in separate catchers and 
random grab samples from each catcher were taken for oven-dry 
weight determinations. The average harvest date was June 20. This 
is near maximum standing herbage for crested wheatgrass, about 2 
weeks past maximum for Russian wildrye, and about 2 weeks early 
for pubescent wheatgrass. All legumes were flowering at the harv- 
est date. 

Plant material for chemical analyses came from the oven-dried 
samples (dried at 6oOC). Soil material for chemical analyses was 
collected from between the rows and was a composite of 5 sub- 
samples from the surface 15 cm in each plot. Nitrogen was deter- 
mined by a Kjeldahl procedure (Isaac and Johnson 1976). 
Percentage crude protein was calculated by % N X 6.25. Phospho- 
rus from plant materials was measured using a calorimetric proce- 
dure; for soil phosphorus, a bicarbonate extraction was made. 

All data were analyzed and evaluated by analysis of variance 
techniques, and correlation statistics were computed as needed to 
evaluate relationships among measured factors. 

Results and Discussion 
Growing conditions in 1971 were generally favorable, and good 

399 



to excellent stands were obtained for ail species except crownvetch. 
Stand ratings in September, 1971 were as follows: 

Crested wheatgrass 96% 
Russian wildrye 92% 
Pubescent wheatgrass 99% 
Sicklepod milkvetch 82% 
Alfalfa 100% 
Sainfoin 92% 
Crownvetch 40% 

All species survived the winter of 197 1-72 in good condition except 
for crownvetch, which had almost completely disappeared by the 
spring of 1972. 

In spite of a severe drought in 1976 and 1977, crested wheatgrass 
and Russian wildrye stands were still excellent in 1980. Pubescent 
wheatgrass declined slowly before 1976, but it was severely dam- 
aged by the drought in 1977. In 1980, over half of the plots 
containing pubescent wheatgrass did not contain enough plants to 
sample. Those plots that retained a partial stand of pubescent 
wheatgrass had fairly high yields because the grass plants that 
remained were widely spaced and individually were very produc- 
tive. Pubescent wheatgrass plots were heavily invaded by weeds, 
while the crested wheatgrass and Russian wildrye plots were 
almost weed-free. When the study was established, werealized that 
this site was probably marginal for pubescent wheatgrass. This 
severe decline in pubescent wheatgrass should be kept in mind 
when evaluating the results that follow. 

F values for differences among years and treatments for percen- 
tage legume in the mixture and for yield were significant (~K0.01). 
Although sicklepod milkvetch never contributed as high a per- 
centage to the yield as did alfalfa and sainfoin, it maintained itself 
with little decline through 1980 (Table I). Sainfoin produced high 
yields in the first harvest (1972) but subsequently declined and had 
disappeared from the plots by 1978. The decline apparently was 
not drought induced, because the decline occurred during favora- 
ble as well as dry years. Based on this and other studies (Townsend 
et al. 1975), we believe sainfoin is a short-lived species on range- 
lands and its decline and demise was expected. 

Alfalfa also declined and disappeared from the crested wheat- 
grass and Russian wildrye plots by 1980. Fair to poor stands of 
alfalfa persisted in the pubescent wheatgrass plots because the 
greatly reduced grass stand provided less competition during dry 
years than did the full and vigorous stands of crested wheatgrass 
and Russian wildrye. The reduction of alfalfa appeared to be 
caused by the combined effects of drought and pocket gophers 
(7homomys talpoides). Pocket gophers were first found in these 
plots in 1973. They were trapped out each year but they usually 
reinvaded the plots during the winter. Pocket gophers cut stems 
and tap roots below ground level. They would usually go along a 

seeded row killing or severely damaging all the plants they encoun- 
tered. This damage in combination with drought stress eliminated 
most of the alfalfa. Most of the pocket gopher damage was con- 
fined to alfalfa; they only rarely damaged sicklepod milkvetch, 
sainfoin, or the grasses. 

The highest average yields over the period 1972 through 1980 
were from sicklepod milkvetch with crested wheatgrass, and alfalfa 
with crested wheatgrass and Russian wildrye (Table 2). Herbage 
production for plots containing sainfoin was usually lower than 
comparable plots containing sicklepod milkvetch or alfalfa, even 
during the early years of the study before sainfoin had seriously 
declined in stand. However, in 1980, when sainfoin was completely 
gone from these plots, yields of crested wheatgrass and Russian 
wildrye were substantially higher in the sainfoin plots than in the 
comparable plots with a row spacing of 60 cm. We suspected that 
the decomposing sainfoin plants had an effect on residual soil N 
during the earlier years, but soil N in 1980 in the sainfoin plots 
(717 pg N/g) was not higher than in the check treatments (756 Mg 
N/g). 

During the period 1972 through 1980, the average yields for all 
legume and row space treatments were 2,616 kg/ ha for crested 
wheatgrass, 2,251 kg/ ha for Russian wildrye, and 1,945 kg/ ha for 
pubescent wheatgrass. Production of crested wheatgrass and Rus- 
sian wildrye in 60 cm rows averaged 22% more than in rows 30 cm 
apart. Both crested wheatgrass and Russian wildrye are well- 
adapted to this site. If the grass is to be cut for hay, crested 
wheatgrass is preferred because its more upright growth form 
makes haying easy while Russian wildrye is extremely difficult to 
harvest as hay. Russian wildrye may be preferred for grazing 
because of its higher palatability and better regrowth capabilities. 

Sickiepod milkvetch had the best persistence of the legumes. It 
was also effective in increasing total yield when planted with 
crested wheatgrass or Russian wildrye. Sicklepod milkvetch has 
been reported to be potentially toxic to livestock (Williams et al. 
1976). However, we know of no cases of livestock poisoning from 
sicklepod milkvetch. Sicklepod milkvetch is easier to establish 
than many legumes used for range seeding including cicer milk- 
vetch (Astragalus cicer) (Townsend and McGinnies 1972), and it 
has generally shown good persistence in rangeland seedings. 

Crude protein content of both grass and legume herbage in 1978 
and 1980 was above the recommended 7 to 9% (NRC 1970) usually 
suggested as a maintenance ration for livestock on rangeland. 
Crude protein content of the legume component averaged 17.4and 
17.2% in 1978 and 1980, respectively, and was 30 to 85% higher 
than the grass component of the various grass-legume mixtures. 
Crude protein content of the grasses averaged 9.8% in 1978 and 
11.3% in 1980. Protein content of the mixtures was intermediate 

Table 1. Percent of legume herbnge in grass-legume mixtures harvested In June 1972 through 1980. 

Grass and legume 1972 1973 1974 1975 1976 1978 1980 Mean 
Crested wheatgrass 

Sicklenod milkvetch 
Alfalfa 
Sainfoin 
Crownvetch 

Russian wildrye 
Sicklepod milkvetch 
Alfalfa 
Sainfoin 
Crownvetch 

Pubescent wheatgrass 
Sicklepod milkvetch 
Alfalfa 
Sainfoin 
Crownvetch 

lsd 0.05’ 

13 10 II 21 25 25 19 18 
47 44 41 40 51 38 0 37 
46 31 24 26 21 0 0 21 
0 0 0 0 0 0 0 0 

34 20 14 
72 58 48 
77 50 16 

0 0 0 

12 
48 
51 

0 

Il.7 

15 16 45 30 100 
57 55 67 68 85 
56 45 37 19 0 

0 0 0 0 0 

9.4 14.7 16.4 22.4 26.8 

31 
52 
16 
0 

24 12 18 22 
56 31 0 45 
10 0 0 24 
0 0 0 0 

35 
53 

0 
0 

33.9 

36 
62 
30 

0 

12.0 

‘Least significant difference. (I = 0.05. 
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Table 2. Herbage yield (metric tons/ha) of grass nlone and grass-legume mixtures harvested 1972 through 1980. 

Treatment 1972 1973 1974 1975 1976 1978 1980 Mean 

Crested wheatgrass 
Sicklepod milkvetch 
Alfalfa 
Sainfoin 
Grass only 60 cm rows’ 
Grass only 30 cm rows 

2.57 3.18 3.20 3.05 1.84 3.05 4.32 3.03 
1.83 2.84 3.55 3.38 2.23 3.16 3.14 2.88 
1.70 2.82 2.79 2.58 1.63 2.07 3.27 2.41 
2.63 3.52 2.03 2.39 1.53 2.19 2.68 2.42 
2.41 2.50 2.04 2.26 1.20 2.46 2.41 2.18 

Russian wildrye 
Sickleood milkvetch 
Alfalfa 
Sainfoin 

2.57 
2.22 

Grass only 60 cm rows’ 
Grass only 30 cm rows 

1.77 
1.94 
1.46 
1.36 
1.50 

1.64 
2.20 
1.80 

2.64 
3.23 
2.12 
2.77 
I .58 

2.74 1.53 3.29 3.52 2.58 
3.41 2.28 3.93 3.42 2.92 
2.23 1.33 3.10 2.58 2.07 
2.08 1.32 2.87 1.73 2.05 
1.82 0.81 2.35 1.65 1.64 

Pubescent wheatgrass 
Sicklepod milkvetch 
Alfalfa 
Sainfoin 
Grass only 60 cm rows’ 
Grass only 30 cm rows 

2.19 2.15 3.28 2.63 1.36 0.37 1.45 1.92 
1.82 2.28 3.27 3.38 2.00 1.72 2.61 2.44 
I.61 2.00 2.75 2.54 I.16 0.20 1.35 1.66 
2.47 2.61 3.24 2.48 1.47 I .08 1.55 2.13 
1.86 1.99 2.65 2.12 I.19 0.46 0.08 1.58 

Isd 0.052 0.37 0.40 0.53 0.64 0.48 0.53 1.35 0.34 

IPlots originally planted to grass and crownvetch. The crownvetch died out the first year leaving widely spaced grass rows. 
ZLeast significant difTerence, u = 0.05. 

between that of grass and legume components with the protein 
content of the various mixtures depending primarily on the 
amount each component contributed to the mixture. Protein con- 
tent of grasses grown in mixture with legumes was no higher than 
that of grasses grown alone. Soil nitrogen was not significantly 
correlated with either percentage protein in the herbage (r = 0.24) 
or herbage production (r = 0.13). The phosphorus (P) content of 
the herbage showed no consistent relationship to treatment and 
was not related to the amount of P in the soil (r = 0.0 1). Herbage P 
levels averaged 1194 pg/g which was below levels generally consi- 
dered necessary to meet the requirements of (producing) range 
livestock (NRC 1970). 

Conclusions 

Sicklepod milkvetch or alfalfa increased total forage production 
and crude protein percentage when planted with crested wheat- 
grass or Russian wildrye. The increase in yield from alfalfa con- 
tinued at least for 1 year after the alfalfa had disappeared from the 
plots. The reasons why these 2 legumes increased herbage yield 
remain unclear. Perhaps, by fixing nitrogen, the legumes provided 
themselves with a level of nitrogen that stimulated their growth, 
but, because the associated grasses showed no stimulation, it must 
be assumed that none of the fixed nitrogen became available to the 
grasses. When the legumes died, this additional nitrogen should 
have become available to the grasses. However, sampling of the 
soils did not indicate any nitrogen increase. 

Because of its persistence, sicklepod milkvetch was the best 
legume species tested for planting with crested wheatgrass or Rus- 
sian wildrye for range seedings. Alfalfa might have persisted longer 

if it had been possible to keep the pocket gophers under control. 
The experimental site was too dry for pubescent wheatgrass; this 
grass should be restricted to sites receiving considerably more 
precipitation than 36 cm/year. Sainfoin was less effective than 
alfalfa or sicklepod milkvetch for increasing forage yield and was 
less persistent. This species is not suited for range seedings in this 
region. 
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Seasonal Changes in Yield, Digestibility, 
and Crude Protein of Vegetative and Floral 
Tillers of Two Grasses 
LARRY M. .WHITE 

Abstract 

The seasonal change ol dry matter (DM) yield, estimated in vivo 
dry matter digestibility (DMD), and crude protein content of the 
vegetative and floral tillers of ‘Rosana’ western wheatgrass (Agro- 
pyron smithii) and ‘Lodorm’green needlegrass (Stipa viridula) was 
determined on forage harvested April through October on 10 dates 
during 1973 and on 11 dates during 1974. Vegetative tillers on both 
grasses were comparable in seasonal DM yield, DMD, and crude 
protein for both years. Flora tillers of western wheatgrass pro- 
duced only 20% as much forage as did floral tillers of green 
needlegrass; however, they contained on the average 2 and 4 per- 
centage units more crude protein and DMD, respectively, than 
floral tillers of green needlegrass. On an average, floral tillers 
contained 4 and 8 percentage units fess crude protein and DMD, 
respectively, than companion vegetative tillers. When floral tillers 
are harvested before DMD decreases below 5090, they are most 
valuable for maintenance of mature animals. Preventing develop- 
ment of floral tillers would increase DMD but decrease DM yield. 

Range managers, planning their grazing management for native 
rangeland in the northern Great Plains, should consider more than 
dry matter (DM) yield and forage quality of whole plants. They 
should also consider DM yield and quality of floral and vegetative 
tillers. Their ratio can be manipulated by management (Lawrence 
1973, Hyder and Sneva 1963, Field and Whitford 1980). Damage 
or removal of floral primordia prevents floral tiller development 
and the tiller remains vegetative. Lawrence (1973) showed that 
cutting Russian wildrye (Elymus junceus) during late May or early 
June prevented floral tiller development. Hyder and Sneva (1963) 
proposed heavy livestock grazing of crested wheatgrass (Agro- 
pyron desertorum) when the shoots were in the boot stage to 
remove flora primordia. Application of growth regulators can also 
change the ratio of floral to vegetative tillers (Field and Whitford 
1980). Timing of management practices to prevent floral tiller 
development will depend on time of floral primordia initiation. 
Some species such as western wheatgrass (Agropyron smithii), 
prairie junegrass (Koeleria cristata), Russian wildrye, and other 
temperate-origin grasses initiate floral primordia in the fall (Law- 
rence and Ashford 1964, Johnston and MacDonald 1967, and 
Hodgson 1966). However, those species that require vernalization 
for floral induction initiate the floral primordia in the spring 
(Evans 1964). 

Preventing development of floral tillers could reduce forage 
yield, yet increase forage quality if the tillers remained culmless. 
Knowledge is needed of seasonal DM yield and quality of both 
vegetative and floral tillers of major forage species before manage- 
ment systems are formulated that will prevent development of 
floral tillers. 

The author is range scientist, USDA, Agricultural Research Service, Northern 
Plains Soil and Water Res. Center, P.O. Box 110!2, Sidney, Mont. 59270. 

This study is a contribution from USDA, Agricultural Research Service, in coopcr- 
ation with Montana Agr. Exp. Sta., Sidney, Mont. Journal Series No. 1295. 

Manuscript received June I, 1982. 
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The in vitro digestibility of whole plants of western wheatgrass 
or green needlegrass (Stipa viridula) have been studied (Bezeau 
and Johnston 1962, Kamstra 1973, Lawrence 1978, White and 
Wight 1981). Still needed is information on the seasonal change of 
DM yield and DMD of vegetative and floral tillers of western 
wheatgrass and green needlegrass. 

The objective of this study was to determine the seasonal change 
of DM yield, DMD, and crude protein content of vegetative and 
floral tillers of western wheatgrass and green needlegrass. 

Materials and Methods 
The study was conducted on a Shambo soil (fine-silty, mixed 

Typic Haploborolls) 7 km southeast of Sidney, Mont., at an eleva- 
tion of 610 m. Average annual precipitation at this site is 345 mm, 
with 21% received from October through March, 44% from April 
through June, and 35% from July through September. Precipita- 
tion from October 1972 through March 1973, April through June, 
and July through September 1973 was 73, 134, and 129% of 
normal, respectively. Precipitation from October 1973 through 
March 1974, April through June, and July through September 
1974 was 103, 104, and 8 1% of normal, respectively. January and 
July long-term mean temperatures are -13 and 2O“C, respectively, 
and the average frost-free is 125 days. 

The study was conducted during 1973 and 1974 on adjacent 
fields of ‘Rosana’ western wheatgrass and ‘Lodorm’ green needle- 
grass seeded during early September 1971. The land had been 
summer-fallowed during 1970 and 1971. Both species were seeded 
at 30 live seeds per meter of row with a double disc drill with 
openers spaced 18 cm apart. 

Clipping plots were arranged in a randomized, complete-block 
design with 4 replications (each 6 by 20 m) per grass species. Forage 
was harvested from different 0.36-m by 4-m clipping plots with a 
0.4-m border between plots in the western half of each replication 
on 10 dates during 1973 and from the eastern half on I I dates during 
1974. Plants were sampled on a biweekly interval from April 
through July and then monthly through October. At each sam- 
pling date, plants on a previously unharvested plot were clipped 5 
cm above ground and separated into vegetative and floral tillers. 
Plant material was dried at 700 C and ground to pass through a 
l-mm screen before analyses. 

A modified Tilley and Terry (1963) two-stage method was used 
to determine in vitro DMD as previously described by White et al. 
(198 1). To overcome random week-to-week variation, standard 
forage with a known high, medium, and low in vitro DMD were 
included in each run and their deviations from a long-term average 
were used to correct all values. The resulting in vitro DMD values 
were converted to estimated in vivo DMD by using a regression 
equation previously reported by White and Wight (1981): 

Estimated in vivo DMD = 10.78 -I- 0.767 (in vitro DMD); R = 0.87 

This equation was previously determined as the regression of in 
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vivo DMD of 8 forages, fed to sheep, upon the in vitro DMD of A two-way analysis of variance was performed on DM yield, 
these same forage samples determined by the above procedure. DMD, and crude protein of vegetative and floral tillers of each 

Nitrogen was determined with an auto analyzer (Schuman et al. species in each year. All differences discussed in this paper are 
1973) after forage samples had been wet digested on a block significant (o-CO.05) unless otherwise stated. Linear regression 
digestor. Nitrogen concentration was multiplied by 6.25 to esti- analysis was used on DMD and crude protein data for the period 

May-July, when values were declining linearly, to determine the mate crude protein. 
average decrease per day. 
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Fig. 1. Seosonol dry matter (DM) yield [veg. plus floral (A 81 B). veg, ondflorol seporotely (C & D)] estimoted in vivo DM digestibility (E % F), ondcrude 
protein (G % H) (011 meons of 4 replications) of vegetative (veg.) ondflorol tillers of western wheotgross (AGSM) ondgreen needlegross (STVI) during 
1973 ond 1974. Dotes whenfirst heoding(FH).jirst onthesis (FA),first seed rip (FSR), and lOO%aseedripe (SR) wos reochedore notedon the top of Fig A 
& B for green needlegross and on the bottom for western wheatgross each yeor. 
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Results and Discussion 
Dry Matter Yield 

Green needlegrass produced nearly twice as much DM (veg. plus 
floral) as western wheatgrass both years (Fig. IA & B). Green 
needlegrass completed initial DM production when the first seeds 
ripened (late June-early July) each year, whereas western wheat- 
grass did so at first anthesis (early July) the first year and just after 
first heading (late June) the second year. The difference in DM 
production between the 2 grasses was due to the larger amount of 
DM production by the floral tillers of green needlegrass (Fig. 1 C & 
D). DM production by the vegetative tillers was nearly the same for 
both grasses. 

Western wheatgrass vegetative tillers completed major growth 
by first anthesis (early July) the first year and just after heading 
(late June) the second year. Green needlegrass vegetative tillers 
completed major growth when the first seed was ripe. (late June- 
early July). Following a IO-cm rain in early September 1973, 
vegetative tillers of both species produced an additional 0.5 metric 
tons/ ha of DM. When first sampled in late April 1974, DM yield of 
vegetative tillers from both species was the same (Fig. ID). Green 
needlegrass produced significantly more DM than western wheat- 
grass during May (1974) and reached maximum yield 1 week 
earlier than western wheatgrass. The DM yield of vegetative tillers 
fluctuated only slightly during the remainder of the 1974 season. 

Floral tillers of western wheatgrass produced about 20 and 30% 
as much DM as the companion vegetative tillers in 1973 and 1974, 
respectively. Floral tillers of green needlegrass produced about the 
same DM as the companion vegetative tillers at the time of maxi- 
mum DM production in 1973 and twice as much in 1974 (Fig. 1 D). 
Floral tillers of green needlegrass produced maximum DM when 
the first seeds were ripe (late June-early July). Floral tillers of 
western wheatgrass produced maximum DM near first anthesis 
(early July) in 1973 but not until after first anthesis (late July) in 
1974. The DM yield of floral tillers of green needlegrass decreased 
significantly after maximum DM was reached, whereas that of 
western wheatgrass decreased only slightly. This initial DM loss 
was due to seed loss but later it was due to leaf loss plus plant 
respiration. Floral tillers of western wheatgrass did not lose. DM 
from seed loss because seeds do not disseminate until late fall or 
early winter. 

Digestibility 
From late April through mid-May, estimated in vivo DMD of 

vegetative tillers of both species in both years increased slightly or 
remained nearly the same (Fig. 1E & F). From mid-May to late 
August 1973, DMD of vegetative tillers of both species decreased 
an average of 0.16 percentage units/ day from a high of 70% to near 
56%. In 1974, the DMD of vegetative tillers of western wheatgrass 
and green needlegrass decreased 0.25 and 0.22 Percentage units 
/day, respectively, from mid-May until mid-July. Both years the 
DMD of vegetative tillers remained above 50% during September 
and October, which should be adequate to maintain the weight of a 
dry mature cow during the middle third of pregnancy (NRC 1970). 
The DMD of vegetative tillers of western wheatgrass averaged 2 
percentage units more than the DMD of green needlegrass until 
early July and was nearly the same or slightly higher until Sep- 
tember both years. New growth during September 1973 increased 
the DMD of vegetative tillers of western wheatgrass but not that of 
green needlegrass. 

The DMD of floral tillers of both grasses decreased much more 
rapidly than did that of vegetative tillers. The DMD decreased 
below 50% sometime during July or August, depending upon 
species and year. This percentage is below the level established as 
the minimum for maintaining the weight of a dry mature COW 
(NRC 1970). From late June through October, floral tillers of 
green needlegrass averaged nearly 9 percentage units less DMD 
than vegetative tillers. Floral tillers of western wheatgrass, though 
more digestible than those of green needlegrass, averaged nearly 7 
percentage units less DMD than vegetative tillers. The DMD of 

floral tillers of green needlegrass and western wheatgrass was 
nearly 5 percentage units less during the fall of 1973 than 1974. 

Crude Protein 
Crude protein in vegetative tillers of both grasses reached nearly 

25% during late April and early May in both 1973 and 1974 (Fig. 
1 G & H). Crude protein then decreased rapidly until mid-July and 
remained between 10 and 12% during fate summer and fall in 1973 
and between 5 and 10% in 1974. Soil water and nutrient accumula- 
tion from summer-fallowing before seeding probably combined to 
cause greater nitrogen uptake during 1973, thus the higher crude 
protein content in both grasses during 1973 as compared with 1974. 
New growth during August of 1974 apparently increased crude 
protein in vegetative tillers of green needlegrass but not in those of 
western wheatgrass. Crude protein of vegetative tillers for both 
grasses remained adequate p5.9%) for dry mature cows (NRC 
1970) until October of both years. 

By early to mid-July, crude protein in floral tillers of green 
needlegrass fell below the 5.9% level recommended for cows by 
NRC (1970). Crude protein in floral tillers of western wheatgrass 
fell below the recommended 5.9% level in mid-September 1973, 
and in mid-July 1974. 

Conclusions 
Vegetative tillers of green needlegrass and western wheatgrass 

were comparable in DM yield and forage quality in this 2-year 
study. Floral tillers of western wheatgrass produced only 20% as 
much forage as did floral tillers of green needlegrass; however, they 
contained about 2 and 4 percentage units more crude protein and 
DMD, respectively, than floral tillers of green needlegrass. 

Floral tillers are most valuable when they are properly managed. 
For weight maintenance of dry mature cows in the middle third of 
pregnancy, DMD should not go below 50%; therefore whole plants 
of western wheatgrass could be harvested any time before fall for 
animal maintenance. However, whole plants of green needlegrass 
would need to be harvested no later than mid- to late July (White 
and Wight 1981). Green needlegrass could be grazed after July 
because animals prefer vegetative tillers and would avoid the low 
quality floral tillers. 

Green needlegrass could be a more nutritious forage during late 
season if development of floral tillers was prevented by either early 
spring grazing or application of growth regulators. Preventing 
floral tiller development in green needlegrass could extend the 
period when livestock could gain weight from grazing the whole 
plants. Future research is needed to determine whether the trade- 
off in increased forage quality from preventing floral tiller develop- 
ment would offset the decreased DM yield. 
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TECHNICAL NOTES 

An Improved Method for Attaching the Esophageal Fistula 
Bag 

The esophageal fistula has been used for many years to collect 
forage samples representative of the grazing animal’s diet (Van 
Dyne and Tore11 1964). The usual method for attaching the collec- 
tion bag involves suspending the bag from the neck with twostraps 
and tying it back to a girth strap to prevent the bag from slipping 
forward when the animal lowers its head to graze (Fig. I). This 
system has generally been satisfactory. However, some of our work 
has involved as many as 12esophagealfistulated steersatone time. 

Fig. 1. Esophngeolfisruin bag showing eonventionoig~rih smp arrange- 

A means was sought to eliminate the need for the girth strap for 
menL 

holding the bag in position, as this contributes substantially to the 
time required to attach and detach the collection bag. 

Procedure 
To accomplish our objective, a skin “loop”was surgically estab- 

ished along the top of the neckjust anteriortothetop oftheshoulder 
(Fig. 2). In preparation for surgery, the animal received a general 
tranquilizer, and the immediate surgical area was infused with a 
2.5% procaine solution. Two parallel incisions 4-5 cm apart were 
made along the top of the shoulder and neck (Fig. 3). The incisions 
extended anteriorly approximately 10 cm from a point even with 
an imaginary line connecting the highest points of the shoulder 
blades. The strip of skin between the incisions was separated from 
underlying connective tissue and the edges ofthe strip folded under 



and sutured together forming the loop. The remaining skin edges 
were then drawn together beneath thelaop and sutured. Following 
surgery, a penicillindihydrastreptomycin solution was infused 
around and under the sutures, and an intramuscular injection of 
the antibiotic was given according to the manufacturer’s recom- 
mendations. Post-operative care included periodic application of 
petroleum jelly to reduce scab formation for 1 to 2 weeks and 
antibiotic treatment if evidence of infection was found. Careful 
observation of the animalsfollowingsurgeryindicatednoevidence 
of undue discomfort resulting from the operation, and no prob- 
lems of infection were encountered. The sutured areas healed 
rapidly, although the scar tissue remained tender for a period of 
time following surgery. 

To attach the collection bag, the posterior strap suspending the 
bag was slipped through the loop (Fig. 4). This prevents the strap 
from slipping forward when the animal’s head is lowered, thus 
eliminating the need for a girth strap. 

tion due to the rubbing of the s&p. When this happened, the 
animal ceased to graze, as the act of lowering the head increased the 
chafing on the scar tissue, and weight due to filling the bag with 
ingesta increased pressure on the neck. 

After a 6-month period, the loops were tested again. At this time, 
there were no apparent problems of chafing and sore formation, 
even after repeated collections. Steers grazed normally and showed 
no signs of discomfort, even when collection bags were full. It is 
probable that the loop could be used sooner by providing a pad to 
prevent chafing by the support strap. 

Our experience and observations suggest the following advan- 
tages to using the neck loop compared to the conventional girth 
strap: (1) the surgical procedure is relatively simple and, once 
established, the loop is permanent and maintenance free; (2) fewer 
straps required mean less chance of snagging on limbs or fences; 
and (3) less time is required to attach and detach the collection 
apparatus. 
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BOOK REVIEWS 

SYMPOSIA AND REPORTS 

Economics, Ethics, and Ecology: Roots of Productive Con- 
servation. Edited by Walter E. Jeske. 1981. Soil Con- 
servation Society of America, 7515 N.E. Ankeny Road, 
Ankeny, Iowa 50021. 454 p. Paper-$10.00. 
This book is based on material presented at the 35th annual 

meeting of the Soil Conservation Society of America in Dearborn, 
Michigan, August 3-6, 1980. Addressed in this symposium were 
the critical issues in land and water conservation in both the United 
States and Canada. The meeting attempted to bring together the 
facts and values from economics, ethics, and ecology so that natu- 
ral resource professionals could consider all three perspectives 
simultaneously. To accomplish this objective, the book is divided 
into 11 parts and 47 papers dealing with economic realities, ethical 
perspectives, sustained use of natural resources, land planning, 
water management, implications of energy development, the 
future of natural resource use, and technology transfer. A sum- 
mary of a roundtable discussion is included at the end of each part. 

Jeske states, “It is SCSA’s hope that publication of these papers 
will encourage American and Canadian natural resource profes- 
sionals, and others. . . . , to exercise this responsibility about the 
future and thereby bring about-more productive conservation 
efforts in the decade ahead.“-Ed. 

The Southwest Under Stress: National Resource Develop- 
ment Issues in a Regional Setting. By Allen V. Kneese and 
F. Lee Brown. 1981. The Johns Hopkins University Press, 
Baltimore, Maryland 21218.268 p. Paper-$9.50, Cloth- 
$30.00. 
Published for Resources for the Future, Inc., this book examines 

the development-environment conflict in the contiguous states of 
Colorado, Utah, Arizona, and New Mexico. Three issues are 
examined which have implications beyond the Southwest. Those 
issues are: the quantity, quality, and allocation of water; how and 
to what extent theenvironment should bepreserved; and the future 
of the Navajo Indian and other poverty-stricken people. Special 
attention is focused on energy due to the fossil and nuclear fuel 
repository of the Southwest. 

The four parts and 11 chapters of this publication are essentially 
a “final report” resulting from the Southwest Region Under Stress 
Project, a 6-year (1973-1978) cooperative research venture with a 
total of 12 state and federal sponsors. The issues surrounding the 
conflicts between economic growth, environment, and resource 
supply in an ecologically and culturally delicate arid mountainous 
region was the focus of the Project. The overall intent of this book 
is to help inform and guide public policy as it pertains to potential 
large-scale development of the region’s energy resources. 

The text is well illustrated with a variety of tables and charts. 
Also, included is a 1Cpage listing of the other publications result- 
ing from the Southwest Under Stress Project. The authors state 
that, “Much of the information presented and many of the policy 
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alternatives set out are aimed at state and local governments. The 
book is also intended to be an examination of national problems in 
their regional aspects. The authors are convinced that there is far 
too little attention given to the details of the functioning of national 
policy on the ground . . .“-Ed. 

Proceedings of the XIV International Grassland Congress. 
Edited by J. Allen Smith and Virgil W. Hays. 1983. West- 
view Press, 500 Central Ave., Boulder, Colorado 80301. 
878 p. $40.00. 
The 14th International Grassland Congress was held at the 

University of Kentucky, Lexington, June 15-24, 1981. Approxi- 
mately 1500 scientists from around the world participated in the 
Congress, and nearly 500 papers were presented on previously 
unpublished research and developmental projects. Published in 
these Proceedings are 273 selected papers covering basic and app- 
lied research on the production and utilization of forages from 
grassland around the world. 

The 273 papers are divided into Plenary, Invited, and 14 sec- 
tions: Plant Introduction, Evaluation, and Breeding; Seed Produc- 
tion; Soil Fertility; The Nitrogen Cycle; Multiple Use of 
Grasslands; Physiological Processes; Grassland Ecology; Evalua- 
tion Techniques; Management of Grazed and Conserved Forages; 
Mechanization and Treatment of Forages; Utilization of Forages 
in Animal Production; Tropical Grasslands; Transfer of Grassland 
Research Findings; and Socio-Economic Aspects. The Proceed- 
ings conclude with a listing of Congress members by country, an 
acknowledgment page, and an author index.-Ed. 

Remote Sensing for Resource Management. Edited by 
Chris J. Johannsen and James L. Sanders. 1982. Soil 
Conservation Society of America, 75 15 N.E. Ankeny Rd., 
Ankeny, Iowa 50021. 665 p. $45. 
This book is the result of a national conference on Remote 

Sensing for Resource Management held in Kansas City, Missouri, 
October 28-30, 1980. This publication is notan actual proceedings, 
but a collection of presented papers which have been subjected to 
peer review by at least two individuals. 

The text consists of ten parts and 55 papers. The ten parts 
address remote sensing applications to land, water, vegetation, 
soil, coal, agriculture, industry, public agencies, and future opera- 
tional systems. Six appendices deal with remote sensing data sour- 
ces, services, information systems, and acronyms,followed by d 20 
page glossary. 

Johannsen states that “. . . this is the first book compiled to 
illustrate the applications of remote sensing useful to resource 
professionals as conservationists; extension workers; farm cooper- 
ative managers; agribusiness people, and local, state, and federal 
government personnel.” The book is designed as a reference text 
for those dealing with resource inventory and management, and 
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should serve as a good supplemental text for remote sensing 
students.--Ed. 

In-Place Resource Inventories: Principles and Practices. 
Edited by Thomas B. Brann, Louis 0. House IV, and H. 
Gyde Lund. 1982. Society of American Foresters, 5400 
Grosvenor Lane, Bethesda, Maryland 20814.1101 p. $30. 
These are Proceedings of a National Workshop held at the 

University of Main, Orono, Maine, August 9-14, 1981. The Work- 
shop was sponsored by five societies, including the Society for 
Range Management, in cooperation with two agencies of the 
USDA, three USDI agencies, Maine Forest Industries, and the 
University of Maine. 

In-place inventories are defined as a “. . . combination of map- 
ping, sampling, and measuring. Any inventory can be considered 
in-place, provided that the boundries of the inventory unit are 
defined and that the required data are collected within those 
boundries.” 

The objective of this workshop and the proceedings was to 
provide the beginning and practicing inventory specialist alterna- 
tive methods of producing reliable inventories and maps of the 
resources. To accomplish this goal, the workshop consisted of two 
concurrent courses each divided into six panels. The panels in 
concurrent course I-Principles of Resource Inventories-consisted 
of: In-Place Information Needs for Activity Planning, Principles 
of Planning for the In-Place Inventory, Principles of Classifica- 
tion, Principles of Mapping and Remote Sensing, Principles of 
Sampling, and Principles of Analysis and Information Manage- 
ment Systems. Concurrent course II-Practices of In-Place 
Resource Inventories-consisted of: In-Place Information Needs 
for Land-Use Planning, Practices for Inventory Standardization, 
Existing Classification Techniques, Existing Mapping and 
Remote Sensing, Existing Inventory and Sampling Designs, and 
Existing Analytical and Information Management Systems. Also, 
included are the abstracts of 12 poster session papers covering a 
variety of subjects, but emphasizing remote sensing. A total of 191 
papers are in these proceeding representing over 370 participants 
from I I countries and 46 states.--Ed. 
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