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Survey of Professional Attitudes toward 
Range Science Education and Training 

C. R. KIENAST AND C. J. SCIFRES 

Highlight: Questionnaires relative to range science education and training were com- 
pleted by about 120 professionals in the discipline. Respondents were in general agree- 
ment that coursework in the social sciences should receive more emphasis in range 
curricula. Most respondents also stressed the ever-increasing need for development and 
refinement of communicative skills. Natural resource use, planning, and management 
was most frequently cited as an important future problem facing range workers. 
Expertise in public relations also rated high as a future need for rangemen. The 
majority of the respondents indicated that training undergraduates as land resource 
managers should be emphasized instead of utilizing curricula dominated by ‘Strictly 
scientific aspects. ” Most respondents were optimistic concerning future employment 
possibilities for range majors with indications that future graduates might be in increas- 
ing demand for certain areas of industry and business. 

This survey was stimulated by the 
theme of the Society for Range Manage- 
ment’s 1972 meeting: “Range Resources 
and Society’s Needs-A Look Ahead to 
the 21 st Century.” The motive for such a 
theme is obvious. As do dedicated profes- 
sionals in any discipline, range profes- 
sionals are asking questions such as: Does 
our work fill the intended need? Are we 
working in the most fruitful direction? 
What changes in direction should we take 
to most effectively meet future needs? 
Are we adequately educating and training 
the rangemen of the future? 

As Hervey (1964) stated, “What is 
being said today about range managers is 
a response to their effectiveness as they 

At the time of writing the article, the 
authors were student and associate professor, 
respectively, Department of Range Science, 
Texas A&M University, College Station. Kienast 
Presently is a graduate assistant, Utah State 
University , Logan. 

The authors are grateful to Dr. C. L. 
Leinweber, Dr. M. M. Kothmann, Mr. James 
Bluntzer, and Mr. David Polk, Jr., for their 
helpful criticism in developing this manuscript. 
The encouragement of many who suggested 
formal publication of these results after their 
presentation to the Society in Washington, D.C., 
is also acknowledged. 

Manuscript received April 24, 1972. 

presently perform their duties with the 
benefit of yesterday’s university training.” 
Hervey recognized the need for our dis- 
cipline to respond to perpetual change in 
the objectives of society. This need has 
been amplified in the last 5 years with 
intense public interest in the fate of natur- 
al resources. 

There is no dependable, analytical 
method for accurately forecasting educa- 
tional needs to meet future professional 
challenges. However, predictive informa- 
tion can be assembled in a qualitative 
manner by utilizing expert opinion. Ob- 
jectives of this survey were to seek pro- 
fessional opinion regarding (a) important 
attributes of range graduates seeking em- 
ployment, (b) work experience which 
augments formal training in range science, 
(c) coursework background considered 
most desirable in range education pro- 
grams, and (d) future problems and needs 
to consider in range curricula. The res- 
pondents also were asked their opinion as 
to future job opportunities for range sci- 
ence graduates. 

Materials and Methods 

A form consisting of 11 basic questions 
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was sent to Soil Conservation Service 
(SCS), university and college, Bureau of 
Land Management (BLM), Forest Service 
(FS), and ranch management personnel. 
Questions in the survey included: (1) re- 
lative importance of selected personal and 
academic characteristics in employing a 
range science graduate, (2) importance of 
work experience to the undergraduate 
range major, (3) the role of research in 
undergraduate training, (4) opinions as to 
areas of important coursework, present 
deficiencies and any suggested educational 
changes, (5) future management problems 
for rangemen, and (6) areas of work which 
will probably utilize range graduates and 
an opinion as to future employment 
potential. 

About 130 questionnaires were mailed 
with over a 90% response. The forms were 
identified only as to the respondent’s 
present source of employment. The low- 
est number (13) were received from 
ranchers. 

Questionnaires were grouped for sum- 
mary according to employer of the respon- 
dent. However, respondents were asked to 
answer only on the basis of their personal 
philosophy. Questionnaires were sent to 
central administrative offices of agencies. 
Recipients who did not wish to participate 
were requested to pass the form to an 
interested person in the same organiza- 
tion. The questions were of three basic 
types. In the first type, respondents were 
asked to rank several factors in order of 
importance. Respondents listed important 
factors or attributes in answer to a specif- 
ic request in the second type of question. 
The third type of question requested 
discussion of an issue. 

As expected, not all respondents 
wished to answer all questions. Therefore, 
responses were summarized by source and 
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presented as a percentage of the total Table 1. Responses (%) of professional workers relative to attributes considered most important 
number of responses for each question. for range science majors seeking employment. 

Results and Discussion 

Results are discussed from an inte- 
grated viewpoint that resulted from dis- 
cussion by undergraduate range science 
students and university professors. Several 
upperclassmen and professors in addition 
to the authors analyzed and debated the 
responses to each question. 

Attributes of Candidates for Employment 

Attributes 

Grades 
Work experience 
General background 
Applicant’s age 
Nature of coursework 
Personal recommendations 
Personal appearance 
Impression during interview 
College or university attended 

scs Univ. BLM FS Ranchers Avg 

13 25 20 27 20 
16 5 10 18 

:: 
16 

8 4 0 5 8 5 
3 0 0 0 0 <l 

30 27 40 32 9 28 
14 23 20 9 0 13 
5 5 0 0 8 4 
8 11 10 9 25 13 
3 0 0 0 0 <l 

Most surveyed (except ranchers) felt 
that nature of coursework should be the 
primary attribute considered in selecting 
a potential employee from among range 
science majors (Table 1). This, of course, 
reflects the basic need of the college 
student for exposure to sound subject 
matter. Although other attributes of the 
graduate may be highly desirable, his 
coursework background must adequately 
prepare him to meet job requirements. 
Range science graduates need a unique 
background developed to deal with a 
basic natural resource. Therefore, it is 
very important that university personnel 
continue to take special care in develop- 
ing and monitoring educational programs. 
Proper advice and direction may be deci- 
sive in utilization of electives for neces- 
sary breadth and strength in the student’s 
program. 

Table 2. Responses ($6) of professional workers relative to type of experience felt to be most 
important to range science majors seeking employment. 

Type of experience scs Univ. BLM FS Ranchers Avg 
General 
Practical (such as ranching) 
Summer training (as with 

federal agency) 
Research technician (part-time) 
Extension Service technician 

(part-time) 

6 0 0 0 23 6 
33 20 10 20 38 24 

48 41 50 40 31 42 
11 26 20 30 0 17 

2 13 20 10 8 11 

Table 3. Responses (7%) from professional workers toward the value of undergraduates’ partici- 
pating in research projects. 

Opinion scs Univ. BLM FS Ranchers Avg 
Research beneficial 62 84 80 100 57 77 
Research not beneficial 21 16 0 0 29 13 
Depends on type of research 17 0 20 0 14 10 

Only ranchers rated work experience 
as the most important criterion in select- 
ing an employee (Table 1). This can be 
attributed partly to their broad job re- 
quirements and to a, basic belief that 
work experience best qualifies an individ- 
ual for ranch management. Nature of 
coursework and grades were important 
to ranchers but only as indicators of 
technical aptitude for coping with practi- 
cal problems. 

tween two equallyqualified potential 
employees. As with grades, it is assumed 
that extremes would have a direct affect 
on an employer’s decision. General back- 
ground and college or university attended 
were usually considered least important 
by respondents. 

Undoubtedly, an employer’s judgment 
is usually not based on any single attri- 
bute but on overall qualifications of the 
candidate. However, these responses do 
indicate relative importance of attributes 
most often considered by employers. 

important work experience for range 
science majors (Table 2). Ranchers, how- 
ever, considered practical ranching ex- 
perience and summer training almost 
equally important. Obviously, maximum 
involvement in the ranching operation 
during the formative stages of his career 
is desirable for a potential ranch manager. 

SCS personnel ranked grades fourth, 
behind nature of coursework, personal 
recommendations, and work experience 
as important attributes for potential em- 
ployees (Table 1). This response was 
interpreted as indicating relative academic 
performance: that the difference between 
an A and a strong B student would not 
weigh heavily if coursework was sound. 
Conceivably, a broad, sound, subject- 
matter base would be more important 
than an unblemished transcript of less- 
desirable courses. 

Work Experience 

Only ranchers ranked impression dur- 
ing interview in the top three attributes 
for employment (Table 1). Differences in 
personal appearance were apparently con- 
sidered important only in deciding be- 

Application of classroom principles 
may be facilitated by furnishing the 
range science student with practical work 
experience. Lehman (1966) felt that “the 
emphasis should be on the principles of 
the basic sciences, and less on technical 
elaborations.” However, the impact of 
basic knowledge is best realized when 
students practice its direct application. 
While attaining practical experience, the 
student may be exposed to practicing 
professionals and an array of viewpoints. 

Most respondents indicated that sum- 
mer training programs afforded the most 

Most respondents felt that exposure to 
research programs, such as summer work 
with an agricultural experiment station, 
was beneficial (Table 3) if (a) research 
was of such a nature that the student 
could associate the results with a practical 
range management situation, (b) the stu- 
dent functioned directly in the research 
rather than performed only menial tasks, 
and if (c) association with the research 
was not conducive to narrowing the stu- 
dent’s point of view. Most respondents 
felt the present role of research in student 
training should be maintained. SCS res- 
pondents indicated that graduates should 
be able to interpret research results. 
Respondents generally indicated that re- 
search experience would be best spent 
examining broad-range problems rather 
than in emphasizing specific points of 
concern. 
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Table 4. Responses (%) of professional workers relative to the most important areas of course- 
work for proper preparation of range science students. 

Coursework scs Univ. BLM FS Ranchers Avg 

Agricultural engineering 0 0 7 0 8 3 
Agrostology 8 4 0 0 0 2 
Animal science 13 13 0 0 17 9 
Biological science 9 12 12 4 0 7 
Ecology 24 25 19 28 0 19 
Economics and business 4 5 0 0 25 7 
Genetics 0 0 0 0 8 2 
General management 4 0 0 18 0 4 
Mathematics 0 4 0 9 0 3 
Plant science 1 4 6 5 0 3 
Range management 13 9 6 5 17 10 
General resource management 0 4 0 0 8 2 
Social science and communication 16 13 38 13 9 18 
Soils 8 7 6 0 8 6 
Statistics 0 0 0 18 0 4 
Wildlife management 0 0 6 0 0 1 

Table 5. Most important management problems (%) facing range sciences in the next decade. 

Problem areas scs Univ. BLM FS Ranchers Avg 

Adjusting to change 11 4 0 6 10 6 
Basic ecology 5 2 8 6 0 4 
Brush control 3 4 0 0 10 3 
Chemical usage 0 0 0 0 5 1 
Business and economics 12 6 0 6 15 8 
Environmental understanding 12 19 25 32 10 20 
Genetics of plants range 0 0 0 0 5 1 
Plant-soil relations 5 0 0 0 0 1 
Public relations 8 17 8 0 10 9 
Natural resource use, 

planning, and management 39 44 34 50 30 39 
Surface mining 0 0 8 0 0 2 
Watershed management 5 0 17 0 5 5 
0 thers 0 4 0 0 0 1 

Coursework and Formal Training 

As Box (1964) stated, “The range pro- 
fession must act to see that all students 
who call themselves rangemen have train- 
ing acceptable to the profession.” Descrip- 
tions of coursework considered important 
by professionals should be helpful in 
developing range science curricula. Guide- 
lines published by Sampson (1954) reflec- 
ted the classical approach to range educa- 
tion. Several areas he emphasized are 
reflected in the 1971 survey. 

Respondents were in general agreement 
concerning the need for expanding course- 
work in the social sciences and communi- 
cation (Table 4). Emphasis on communi- 
cative skills probably indicates the ever- 
increasing role of range workers in dealing 
with rather broad segments of society. 
This basic need, communicating with 
clientele, was emphasized by Dyksterhuis 
(195 3). Deficiencies in communication 
were also noted by Tisdale (1956) and 
Hervey (1964). Yet, communications 
courses are now an integral part of most 
range curricula. Perhaps a new approach 
should be considered. Instead of risking 
over-emphasis of social and communica- 

tive skills to range students and possibly 
reducing their time for developing a 
strong technical base, perhaps an effort 
should be made to educate society more 
effectively concerning our basic natural 
resource-rangeland .I Then too, effective 
communication is an art usually refined 
through personal and professional 
maturity and experience. 

Traditionally, ranchers have felt that 
rangemen should receive more general 
training in range management (Weaver, 
1953). Ranchers in this survey considered 
economics and business of primary impor- 
tance (Table 4). Hervey (1964) suggested 
incorporation of business courses into 
range curricula some 7 years ago. Ranchers 
considered animal science and range man- 
agement the second most important areas 
of coursework (Table 4). Most ranchers 
pointed out in this survey that the average 
range graduate is usually well grounded 
in range management and animal science. 

‘This argument was posed by a journal reviewer 
during final stages of manuscript preparation. 
It was suggested that perhaps courses in re- 
source management should be offered by the 
public school system. In the opinion of the 
authors, the suggestion has considerable merit. 
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They indicated that agricultural engineer- 
ing, genetics, soils and general resource 
management are also important areas of 
coursework. 

FS respondents indicated a need for 
more coursework in statistics and general 
management in range curricula (Table 4). 
A review of current offerings in several 
university catalogs indicated that statistics 
is required of undergraduates in a few 
range departments. However, biometry is 
probably included in vegetation evalua- 
tion courses taught in most range 
curricula. 

Respondents were also asked to list 
present areas of deficiency in range curric- 
ula. FS and university personnel felt that 
ecology was one area of deficiency among 
range majors. Some suggested replacing a 
portion of current plant ecology courses 
with animal and general ecology courses. 
In four university curricula surveyed, 
requirements in ecology ranged from 7 to 
13 hours. The university with highest 
requirements listed 10 hours in general 
ecology and 3 hours in formal study of 
range ecosystems. Most other universities 
stressed plant ecology. FS personnel indi- 
cated that range science students were 
deficient in proper use of resources re- 
lated to rangeland. The only area of 
science indicated as deficient by SCS 
respondents was a basic understanding of 
soils. 

Future Problems Facing Range Workers 

Natural resource use, planning, and 
management were frequently cited as the 
most important future problems for range 
workers (Table 5). Understanding of en- 
vironmental problems occurred second 
most frequently as an important future 
concern. 

Many respondents felt that adjusting 
to continual and rapid change might be 
critical for contemporary range profes- 
sionals. Range science graduates must be 
familiar with new techniques and methods 
as they are reported to assure their rapid 
and effective implementation. 

In 1953, Dyksterhuis suggested that 
“Perhaps ‘men and their ways’ should 
become an object of formal as well as 
informal study by the range man.” Evi- 
dently, such understanding is still needed. 
Public relations was rated high in the 
present survey as a major future concern 
for range science graduates (Table 5). 
Only FS personnel did not indicate public 
relations activities as a future problem. 
Obviously, the profession will fulfill its 
role only if graduates of the future are 
able to “sell” the public on necessary 
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Table 6. Response (%) of professional workers concerning areas of future emphasis necessary to respondents from industry is a definite 
meet requirements for range scientists. weakness of this survey. 

Areas of future emphasis scs Univ. BLM FS Ranchers Avg 

Multiple-use, long-range planning 
including urban interest 20 27 18 46 0 22 

Basic training in business and 
economics 7 10 9 0 0 5 

Flexibility and broadening 
of training base 6 7 9 9 0 6 

Training as land and range 
resource managers instead 
of as scientists 44 27 37 9 75 38 

Soils and hydrology range 10 0 0 0 0 2 
Ecosystem management and 

basic ecology 10 0 27 0 0 8 
Practical summer training 

for students 3 3 0 0 0 1 
Environmental problems 0 23 0 18 0 8 
Systems analysis and modeling 0 3 0 18 0 4 
Livestock production efficiency 0 0 0 0 25 5 

In the opinion of the respondents, 
fewer range science graduates will be 
needed for research and teaching in the 
immediate future (Table 7). Further, the 
ranching industry may utilize more range 
science graduates as ranching operations 
are consolidated into larger units. How- 
ever, ranching will probably continue to 
provide a minor outlet, relative to num- 
bers, for employment of range graduates. 

Most respondents were optimistic a- 
bout the future availability of jobs for 
range science graduates. None felt avail- 
ability of jobs would decrease, and the 
majority of BLM (83%) and FS (71%) 
respondents predicted an increase in job 
opportunities. About half of SCS and 
university respondents felt that employ- 
ment possibilities will increase in the 
next few years. All replies concerning 
future availability of jobs were apparently 
based on the state of the economy. 
University, BLM, and FS respondents 
predicted that more range science majors 
would be needed to fill future jobs in 
land-use planning and general manage- 
ment (Table 7). SCS participants indicated 
a continuing need for graduates in govern- 
mental agency work. 

procedures for proper rangeland manage- 
ment . Hervey (1964) indicated “. . . a 
need for top-notch range management 
‘salesmen’ who know what they are talk- 
ing about .” Present survey results indicate 
that such a need has not diminished. 
Hervey (1964) questioned: “Are we grad- 
uating technicians who are without train- 
ing in administration and public rela- 
tions?” and issued “. . . a plea for in- 
clusion in the curriculum of carefully 
selected courses that will teach the poten- 
tial range manager how to sell his ideas 
and how to administer his program.” A 
quick scan of range curricula of four 
major universities showed three without 
required coursework in sociology and the 
remaining one with 11 undergraduate 
hours required in sociology and human- 
ities. Evidently, Dr. Hervey’s and Dr. 
Dyksterhuis’ original points, in view of 
the results of this survey, should be re- 
stated even more emphatically. 

Future Roles of Range Professionals 

Areas usually indicated for future em- 
phasis were (a) training as land resource 

Table 7. Responses (%) of professional 
future range science graduates. 

workers relative to potential areas of employment 

managers with less emphasis on “strictly 
scientific aspects” and (b) capabilities in 
multiple-use of natural resources inte- 
grated with long-range planning, including 
urban interests (Table 6). These two areas 
comprised over 50% of the responses re- 
gardless of source. Dyksterhuis (1953) 
analyzed range education as having “. . . 
quite generally the objective of develop- 
ing scientists rather than artisans, arti- 
ficers, or artists.” The expressed need for 
more general practitioners in range was 
indicated from responses to our survey. 
Hervey (1964) suggested two plans at the 
Master of Science level for range science. 
One without thesis requirements was 
designed to develop the broadly-trained 
resource manager. 

Employment Potential 

Most respondents felt that employment 
opportunities with private industry such 
as real estate, banking, and counseling 
services will increase for range graduates 
(Table 7). This same trend was indicated 
by Box (1964) 8 years ago. The lack of 

Area scs Univ. BLM FS Ranchers Avg 

Environmental and 
related agencies 

Governmental agencies 
Land-use planning and 

general management 
Private industry (real estate, 

banking, etc.) 
Range-related foreign 

assignments 
Ranching 
Research 
Teaching 

10 3 8 0 0 4 
37 34 34 18 30 31 

27 45 42 46 20 36 

12 9 8 9 20 12 

0 0 0 9 10 4 
7 3 8 18 20 11 
2 3 0 0 0 1 
5 3 0 0 0 2 

As pointed out by Hervey (1964), the 
impression left by today’s range managers 
and scientists reflects on yesterday’s uni- 
versity training. Papers written by range 
workers in the last decade indicating 
training and educational needs are, in 
most cases, germane to today’s curricula 
needs. The present survey poses more 
questions than it answers. However, these 
results may provide some insight for 
range educators to formulate more effec- 
tive teaching and training programs regard- 
less of present concepts and direction. 
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Responses 
Semidesert Grasses 

to Seasonal Rest 

S. CLARK MARTIN 

Highlight: Perennialgrasses on semidesert range in southern Arizona increased more 
in 8 years under spring-summer (March-October) reef 2 years our of 3 than under 
continuous yearlong grazing 01 any of 13 other rest schedules. A three-pasture grazing 
pastern that orovides sorim-mmmer x~t 2 years in 3 is being rested on the Santa Rita 

Most semidesert grassland and grass- 
shrub ranges in the southwest are grazed 
yearlong. Many, if not most, of these 
ranges produce less forage than they 
could. Continuous yearlong grazing, even 
at moderate intensity, creates zones of 
heavy use around water. But systems of 
rotation and deferment have not always 
been successful either. Too often, the 
start toward recovery during a rest period 
is nullified by the effects of accelerated 
forage removal when the range is again 
grazed. The question is-when, how long, 
and how often should a range be rested? 

Several schedules of grazing and rest 
were evaluated on semidesert grass-shrub 
cattle range. The study was conducted 
from July 1, 1962, to October 31, 1969, 
on the Santa Rita Experimental Range 
near Tucson, Ariz. Rest, as used in this 
paper, is protection from cattle grazing. 

From the standpoint of plant growth, 
a year in southern Arizona consists of 
three rather distinct 4.month periods: 
summer, winter, and spring. Summer 
(July-October) includes the summer rainy 
season and the relatively dry early fall. 
Warm-season perennial grasses make 
almost all of their annual growth, mature, 
and set seed during this period. Winter 
(November-February) is the dormant 
period for warm-season perennial grasses. 

Above-average winter precipitation may 
wet the soil to a depth of 2 ft or more; 
the rate of evaporation is low enough that 
moisture from successive storms accum- 
ulates in the soil. Winter annuals germi- 
nate during this period but make little 
top growth until temperatures rise late in 
February or in March. Spring (March- 
June) begins with a period of early 
growth initiated largely on accumulated 
winter moisture. Spring rains, if any, 
usually end by mid-April. Herbaceous 
plants are dormant due to drought from 
mid-May through June. 

Study Methods 

The experiment included 15 rest- 
grazing schedules applied to plots 20 ft 
square (Table 1). Schedules were assigned 
at random and were replicated three 
times in each of three 45.plot blocks. 
Grazing was excluded during rest periods 
by movable wire exclosures. Replications 
of the schedules were started on suc- 
cessive years to even out possible climatic 
effects. 

Influences other than cattle grazing 
were eliminated insofar as possible. 
Shrubs were removed or killed so they 
would not compete with grasses for 

moisture or nutrients or interfere mech- 
anically with grazing on the study plots. 
Velvet mesquites (Prosopis julif7om bar. 
velutinn) were killed with diesel oil. Bur- 
roweeds (Aplopappus tenuisecfus) be- 
tween plots on the study area were 
grubbed; those on study plots were pulled 
by hand. Cactus and other shrubs that 
would interfere with grazing were re- 
moved with as little disturbance as pos- 
sible. Rodents and ants were poisoned as 
needed. 

Plots were not placed on areas subject 
to runoff or on cattle trails. Short drift 
fences were erected to divert the cattle 
when new trails began to develop across 
plots. 

The basic data consisted of (1) density 
(plants per ft*) by species of perennial 
grasses and perennial forbs, (2) herbage 
production (lb/acre) of annual and per- 
ennial grasses, and (3) ocular estimates of 
utilization (percentage of herbage re- 
moved) on perennial grasses. Densities by 
species were recorded each year on the 
same 2 by 10 ft sample area within each 
20 by 20 ft treatment plot. Herbage 
production and utilization were estimated 
each year on the same 1 by 9.6 ft (9.6 
ft’) sample area within each treatment 
plot. The relation between estimated and 
actual herbage yields on temporary plots 
9.6 ft* was used to adjust ocular esti- 
mates on the permanent samples. Density 
and utilization were measured around 
July 1 each year; herbage production was 
recorded around November 1. 

The most common perennial forbs 
were leatherweed croton (Croton corym- 

Rest frequency 

Season rested 1 year in 3 2 years in 3 3 years in 4 Every yea 

Summer (July-October) x x x 
Winter (Now”ber-February) x x x x 
Spring (March-June) x x x 
Spring-summer (March-October) x x 
Yearlong (July-June, x x 
None x 



Table 2. Seasonal rainfall (inches) and yields (lb/acre, air dry) 
of annual and perennial grass herbage. 

Rainfall Herbage production 

Year 
Nov.- June- Annual Perennial 
Jan. Sept. grasses grasses Total 

1962 4.62 4.65 22 
1963 2.75 7.69 488 
1964 3.58 11.45 138 
1965 1.98 4.80 32 
1966 7.63 9.52 141 
1967 .76 9.53 224 
1968 6.13 5.30 32 
1969 2.27 10.71 156 

Average 3.72 7.96 154 72 226 

27 49 
21 509 
43 181 
57 89 
82 223 

171 395 
99 131 
72 228 

bulosus) and evolvulus (EuoZvuZus 
arizonicus). Common perennial grasses 
were Santa Rita threeawn (Aristida 
glabrata), tall threeawns (A. hamulosa 
and A. ternipes), and Rothrock grama 
(Bou teloua ro throckii). Species groupings 
used in the analysis were perennial grasses 
other than Rothrock grama, total per- 
ennial grasses, and total forbs. Rothrock 
grama was treated separately because it is 
short-lived and changes more from year 
to year than other perennial grasses do. 

1.0 in the final 2 years. Densities of most 
perennial grasses changed from year to 
year regardless of grazing treatment. 

Adjusted means from the analysis of 
covariance showed that total perennial 
grass herbage production (1968-69 aver- 
age) was greatest on plots that had been 
rested March-October 2 years out of 3 
(Table 3). The effects of grazing sched- 
ules on total perennial grass density were 

The response of perennial grasses to 
rest is evident in density changes with 
time. Densities of perennial grasses other 
than Rothrock grama increased under all 
treatments (Fig. 1). Density increases 
under 4-month rest periods generally 
were little if any greater than under 
yearlong grazing, however. For example, 
perennial grass density on plots rested in 
the same season 1 or 2 years out of 3 
increased no more than under yearlong 
grazing regardless of season. Rest 3 

Data for all years were combined in 
analyses of variance. Means for the last 
two measurements (1968 and 1969) were 
also subjected to analysis of covariance, 
using means for the first two measure- 
ments (1962 and 1963) as the covariant. 
Relative rates of change were evaluated 
by regression. 

1.0 Summer rest 

0.8 

Results 

Rainfall and herbage production varied 
greatly from year to year (Table 2). 
Herbage yields of perennial grasses were 
more closely associated with the sum of 
current and past summer rainfall than 
with rainfall during any of several other 
periods, but none of the rainfall-herbage 
production regressions were significant at 
the 95% level. Herbage yields of annual 
grasses, however, were negatively related 
(r = -0.78) to rainfall during the pre- 
ceding June-January. 

0.6 

0.4 

0.2 

0.0 
- 

\ 

g 0.8 

% 0.6 
r Winter rest 

Every year A 

c .- 

g 0.4 
2 

0.2 
Changes in Density 
and Herbage Production 0.0 

Average yields of grasses did not 
change significantly with time during the 
study period. Annual grasses decreased 
slightly under all grazing schedules (r = 
-0.08 to -0.30) but perennial grasses 
increased quite strongly (r = 0.39 to 
0.84). Perennial grass production (average 
for all treatments) was over three times as 
great at the end of the study (1968-69 
average) as at the start (1962-63 average). 

0.6 7 Spring rest 

0.4 - 

1962 63 64 65 66 67 68 69 

The average density of perennial 
grasses increased from 0.2 plant per ft2 
during the first 2 years of the study to 

Fig. 1. Density changes for perennial grasses other than Rothrock grama under rest in summer. 
winter, and spring: A, I year in 3; B, 2 years in 3; C, 3 years in 4; and D, continuous yearlong 
grazing. 
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less clear cut. Although spring-summer 
rest 2 years out of 3 did result in the 
highest total perennial grass density, 
spring rest 1 year in 3, spring-summer rest 
1 year in 3, yearlong rest 1 or 2 years in 
3, and summer rest 3 years in 4 resulted 
in densities that were not significantly 
lower. If data for Rothrock grama are 
removed from the perennial grass totals, 
spring-summer rest 2 years out of 3 
showed significantly higher density values 
than any other treatment except yearlong 
rest 2 years out of 3. 



Table 3. Density (no./ft2) and herbage production (lb/acre, air dry) of perennial grasses. 
(Adjusted 1968459 means from analyses of covariance; 1962-63 means used as covariant.)’ 

Density of perennial grasses 

Rest period Frequency 
Other than 

Rothrock grama All 

Summer 
Winter 
Spring 
Spring-summer 
Yearlong 
Summer 
Winter 
Spring 
Spring-summer 
Yearlong 
Summer 
Winter 
Spring 
Winter 
None 

113 
113 
l/3 
113 
l/3 
213 
213 
213 
213 
213 
314 
314 
314 
414 

0.60bc 0.95b 
0.53bc 0.85b 
0.6Obc 1.31ab 
0.78bc 1.15ab 
0.75bc 1.20ab 
0.27~ 0.87b 
0.4oc 0.61b 
0.47c 0.60b 
1.36a 1.80a 
1.02ab 1.30ab 
0.63bc 1.19ab 
0.38~ 0.66b 
0.51bc 0.82b 
0.43c 0.69b 
0.49bc 0.7Ob 

Herbage production 
all perennial grasses 

72b 
88b 
78b 

1Olb 
88b 
55b 
45b 
53b 

226a 
132b 
106b 

61b 
75b 
66b 
64b 

’ Numbers in the same column followed by different letters are significantly different at 95% level. 

springs, or 3 or 4 winters, out of 4 did 
not help either. Summer rest 3 years out 
of 4, which resulted in a more rapid 
density increase than did yearlong graz- 
ing, was the single exception. 

The 2-year-in-3 schedule provides a 
ready comparison between rest periods. 
Spring-summer rest produced the greatest 
increases in perennial grass density (Fig. 
2). Increases in density of perennial 
grasses under yearlong and spring-summer 
rest were small at first but became more 
pronounced as the study progressed. 

Spring-summer and yearlong rest 2 
years out of 3 were both superior to 

yearlong grazing, and gains under year- 
long or spring-summer rest 1 year out of 
3 likewise showed upward trends. Differ- 
ences among the latter three schedules 
were not significant. We cannot explain 
why grasses responded more strongly to 
spring-summer than to yearlong rest on 
the 2-year-in-3 schedule. Perhaps winter 
grazing between the two spring-summer 
periods may increase seedling establish- 
ment by trampling seed into the soil or 
by removing standing herbage that might 
prevent establishment of seedlings that 
require strong light. 

All species exhibited sharp year-to- 

- 
0.5 

0.0 
1962 63 64 65 66 67 68 69 

Fig. 2. Density changes for perennial grasses other than Rothrock grama on range rested 2 years 
out of 3 for the periods A, March-June; B, July-October; C, November-February; D, March- 
October; E, yearlong; and F, continuously grazed yearlong. 

year changes in density. Grass density and 
yield, which were low in 1962, improved 
on most plots during the study period. 
Year-to-year changes by some species 
were affected by rest, others were not. 

Santa R ita threeawn 
Santa Rita threeawn, the most abun- 

dant perennial grass, increased most on 
plots under spring-summer or yearlong 
rest 2 ye&s out of 3 (Fig. 3). Summer 
protection 3 years out of 4 also helped. 
These protection schedules enabled Santa 
Rita threeawn to maintain increased den- 
sity even under adverse conditions at the 
end of the study. 

Yearlong and spring-summer rest 2 
years out of 3 also increased herbage 
production of Santa Rita threeawn, even 
though yields were lower in 1968 and 
1969 than at their high point in 1967. 
Final yields for ranges rested yearlong 2 
years out of 3 were about twice as great 
as on range grazed yearlong; those rested 
in spring and summer 2 years out of 3 
produced five times as much Santa Rita 
threeawn as did plots grazed yearlong. 

Rothrock grama 

The second most abundant perennial 
grass on the site was Rothrock grama. 
This prolific-seeding, short-lived species 
behaves somewhat as an annual. The 
density of Rothrock grama was very low 
in 1962, and it fluctuated greatly from 
year to year (Fig. 3). Rest 2 years out of 

SANTA RITA THREEAWN 
t-4 A 

,’ 

ROTHROCK GRAMA 

n 

Fig. 3. Density changes for Santa Rita three- 
awn and Rothrock gramu under A, rest March- 
October 2 years out of 3; B, rest year&g 2 
years out of 3; and C, continuous yearlong 
grazing. 

JOURNAL OF RANGE MANAGEMENT 26(3), May 1973 167 



3, whether for a full year or for 8 
months, was of no apparent benefit. By 
1969 the density and yield of Rothrock 
grama were down almost to the original 
1WZl. 

Tall threeawns 

Density and yield of tall threeawns 
increased more under spring-summer rest 
2 years out of 3 than under yearlong 
grazing, but differences among other 
schedules were negligible. 

Annual grasses and perennial forbs 

Yields of annual grasses fluctuated 
very sharply from year to year and were 
not affected by protection schedules (Fig. 
4). 

The final density of all perennial forbs 
was higher under spring-summer rest 2 
years in 3 than under any other schedule, 
but the average rate of increase in density 
during the 8.year period did not differ 
significantly among treatments. The most 
abundant perennial forbs were Arizona 
evolvulus and leatherweed croton. 
Evolvulus, a palatable perennial forb, 
responded as did perennial grasses. Graz- 
ing schedules had no discernible effect on 
density changes in croton which, unlike 
evolvulus, is quite unpalatable. It seems 
reasonable that the palatable species 
responded to rest schedules but the un- 
palatable species did not. 

Utilization 

Average utilization of perennial grasses 
during the study period was heavy. For 
most species, utilization at the end of 
June usually exceeded 60% on plots that 
had been grazed since March 1. Because 
all plots were near water, one original 
concern was that cattle might graze off 
the accumulated herbage from rested 
plots very quickly after the exclosures 
were removed. Actually, the ungrazed 

herbage on plots that were opened to 
grazing in November after summer rest 
still stood out conspicuously 6 weeks 
later (Fig. S), and utilization did not 
approach that of the surrounding range 
until May or June. Apparently, utilization 
was retarded by allowing vegetation to 
mature before grazing started. 

Average utilization of perennial grasses 
at the end of June for all treatments and 
years was over 70% on plots that had 
been grazed continuously for the 
preceding 12 months or that had been 
rested in winter only. Use on plots that 
had been rested in summer then grazed in 
winter and spring averaged 61%. Use on 
plots grazed in summer and winter and 
then rested in the spring was 52%; use on 
plots grazed only in winter was 22%. 
Apparent use as observed at the end of 
June was reduced most by spring rest and 
least by rest in winter. 

Each year of the 3.year cycles that 
provided spring-summer rest 2 years out 
of 3 had a different grazing sequence for 
the 12month period ending June 30. 
There were three sequences: grazed dur- 
ing winter and spring, grazed in winter 
only, and grazed during summer and 
threeawn and Rothrockgrama was highest 
in years when grazed both in winter and 
spring and lowest when grazed only in 
winter (Table 4). Thus utilization was 
cyclic, with heavy, light, and moderate 
levels on successive years. 

Table 4. Effect of gazing schedule on utilh 
tion (%) recorded at the end of June on Santa 
Rita threeawn and Rothrock grama. 

Utilization June 30 

Santa Rita Rothrock 
Seasons grazed threeawn grama 

Winter and spring 65 60 
Wi”kI 15 13 
Summer and winter 33 45 

Average 38 39 

Discussion 

Average increases in density of peren- 
nial grasses verify that there were rela- 
tively few large differences among treat- 
ments (Table 5). The range in treatment 
means in 1962 (0.06 - 0.29) however, 
was less than 20% as great as in 1969 
(0.18 1.32). The greatest gains were 
made under spring-summer rest 2 years 
out of 3, and the second best under 
yearlong rest 2 years out of 3 (Fig. 2). 
Summer rest 3 years out of 4 finished 
high also; but plots under this treatment 

had the greatest initial density (0.28), 
while those rested yearlong 2 years out of 
3 started second from the lowest (0.07). 
Summer rest 3 years in 4 increased grass 
density not quite three times, but year- 
long rest 2 years in 3 increased grass 
density over 11 times. 

The percentage of time study plots 
were ungrazed ranged from 0 on check 
plots to 67 for plots rested yearlong two 
years out of three. Densities of grasses 
other than Rothrock grama increased 
under all treatments. In general, single- 
season treatments that rested the range 
from 11% to 33% of the time increased 
density little if any more than no rest at 
all (T’ = 0.01) (Fig. 6). 

Strengths and Limitations of Results 

These results were obtained on small 

cl $gge density 

p&we density 

n 

0 II 22 25 33 44 67 
Time deferred (percent1 



Table 5. Initial (1962) and final (1969) densities (no./ft2) for perennial grasses other than 
Rothrock grama. 

Season Year 
rested measured 

Frequency of rest 

1 year in 3 2 years in 3 3 years in 4 All years Aver age 

None 1962 
1969 

Increase 
Nov.-Feb. 1962 

1969 
Increase 

.lO .06 .09 

.33 .18 .20 

.23 .12 .ll 
Mar.-Jun. 1962 .lO .13 .ll 

1969 .43 .40 .36 
Increase .33 .27 .25 

Jul.-Oct. 1962 .lO .19 .28 
1969 .40 .24 .82 

Increase .30 .05 .54 

.12 

.32 

.20 

.29 .14 

.52 .31 

.23 .17 

.ll 

.40 

.29 

.22 

.49 

.27 
Mar.-Oct. 1962 .13 .16 .14 

1969 .59 1.32 .96 
Increase .46 1.16 .82 

Y earlong 1962 .12 .07 .lO 
1969 .60 .79 .70 

Increase .48 .72 .60 

plots where the timing of grazing was not 
natural. Another limitation was that the 
study was conducted on range in poor 
condition, where the bulk of the forage 
was produced by increaser or invader 
species. For some applications this rnay 
be an advantage, however, because 
range in poor condition often has not 
improved under grazing systems that were 
acceptable to the rancher. Finally, the 
results were obtained without control of 
grazing intensity, and utilization during 
grazed periods was frequently high. This 
too is encouraging, because occasional 
heavy use is difficult to avoid. 

Results of this study support the view 
that little benefit is gained by resting the 
range for only part of the normal grazing 
period. For example, it does not seem 
likely that any of the five specific systems 
that failed at Woodward, Okla. (Mcllvain 
and Shoop, 1969) would work under our 
semidesert conditions. Nor would 4 
month’s rest out of 16 as advocated by 
Merrill (1969) be expected to help much 
on the Santa Rita. 

Heady (1961) concluded that yearlong 
grazing at reasonable stocking rates was 
the best way to manage California annual 
range. Likewise, this study showed that 
none of the rest schedules improved 
production of annual grasses or of Roth- 
rock grama, a short-lived perennial. Still, 
yearlong grazing is not recommended for 
semidesert range because ranges that 
support only Rothrock grama and an- 
nuals can only be rated as in poor 
condition. Heady’s view that yearlong 
grazing amounts to partial deferment 

every year if grazing is proper, conflicts 
with those of Ellison (1960) and of 
Hormay and Talbot (1961), who con- 
cluded that selective grazing could not be 
avoided under continuous grazing. Re- 
sults of this study would seem to support 
the latter views. Since rest less than 33% 
of the time was not helpful, results in this 
study also would seem to support 
Hormay’s (1970) recommendation that 
up to 40% or more of the range should be 
rested each year. 

Ellison (1956) also suggested that if an 
engineer must use a safety factor of at 
least four in designing a bridge, a range 
manager, because his data are more var- 
iable, should use safety factors at least as 
large. Perhaps spring-summer rest 2 years 
out of 3 will provide a reasonable safety 
factor if forage consumption in a grazing 
period is limited to 50-60% of the herb- 
age on only one-third of the range. 

The importance of fitting a rest sched- 
ule to the needs of the plants is evident in 
past results on the Santa Rita. Rest each 
year May-October or November-April, for 
example, was more detrimental to peren- 
nial grasses than was continuous yearlong 
grazing (Martin, 1970). Both schedules 
rested the range about half the time. Rest 
May-October was the least desirable, 
probably because forage removal during 
the spring was twice as rapid as under 
yearlong grazing. In another study, range 
rested alternate years during the summer 
growing season (about 12% of the time) 
improved no faster than did ranges that 
were grazed yearlong at comparable 
intensities. 
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Past results from the Santa Rita show 
that the impact of weather on short-term 
vegetation changes is often greater than 
the influence of management. Results in 
this study also indicate that forage stands 
will improve in favorable growing seasons 
and decline in drought under almost any 
grazing schedule. Thus, weather effects 
often override treatment effects, and an 
adequate test of a grazing system should 
include good and bad as well as average 
growing seasons. 

A Proposed Grazing System 

Can a feasible grazing system be based 
on the findings of this study? Spring- 
summer rest 2 years out of 3 was the best 
schedule by a wide margin. The essential 
features of a three-pasture system based 
on this result might be: (1) the number of 
cattle will be the total that would be 
carried on the three pastures if all were 
grazed yearlong, (2) the stocking rate will 
be the same each year, (3) only one 
pasture will be grazed at a time, and (4) 
in the event of severe forage scarcity, 
cattle may be moved ahead of schedule to 
avoid livestock losses or damage to the 
range, and the rest schedule will be 
resumed when forage production im- 
proves. The normal schedule would 
provide spring-summer rest and winter 
rest 2 years out of 3 (Table 6). 

Table 6. Scheduled “graze” and “rest” periods 
for a 3-year cycle in a three-pasture system 
that provides spring-summer and winter rest 
2 years out of 3. 

Pasture 

Year Season 1 2 3 

1st Spring-summer Graze Rest Rest 
Winter Rest Rest Graze 

2nd Spring-summer Rest Graze Rest 
Winter Graze Rest Rest 

3rd Spring-summer Rest Rest Graze 
Winter Rest Graze Rest 

The system provides a full year of rest 
before each spring-summer grazing 
period. Winter grazing is scheduled be- 
tween the two consecutive spring-summer 
rest periods. This system is now being 
tested in three three-pasture sets on the 
Santa Rita Experimental Range. Until the 
results of this study are available, we can 
only anticipate how the system will affect 
the range, the livestock, and the rancher. 

Taking the range first, I think the 
system will improve patterns of use and 
increase the vigor and reproduction of 
valuable forage plants. Forage improve- 



ment should be especially great on areas 
where cattle concentrate, as near water. 
Concentrated winter grazing after spring- 
summer rest may aid grass reproduction 
by planting seed by trampling, as Hormay 
(1970) suggests, or by removing old 
growth that might interfere with seedling 
establishment. Spring-summer rest follow- 
ing concentrated winter grazing should 
give seedlings of forage plants a chance to 
become firmly established before they are 
grazed. Spring-summer grazing 1 year in 
3, even if heavy, is not expected to be 
seriously harmful because occasional 
heavy utilization did not prevent im- 
provement of grass stands on study plots. 

If the system produces dense, vigorous 
stands of perennial grasses that fully 
occupy the site, forage production will be 
increased and the establishment of such 
undesirable shrubs as mesquite and bur- 
roweed will be reduced. Reseeding, shrub 
control, or other range improvements can 
be timed to take advantage of the rest 
schedule. Increased herbage production 
together with scheduled rest periods 
should provide opportunities for more 
effective use of prescribed burning for 
vegetation’control. 

Total stocking will be the same as if 
each unit were properly grazed year-long 
and will be the average number of cattle 
required to consume 40% of the perennial 
grass herbage production during the past 
10 years. Thus, the rate of forage con- 
sumption will be approximately tripled 
during grazed periods. Utilization usually 
will not be excessive, however, because 
the scheduled grazing period on each 
forage crop will be only l/3 as long as 
under yearlong grazing. Under spring- 
summer grazing, for example, cattle will 
feed mainly on last year’s ungrazed carry- 
over from March until summer growth 
begins in July, and on current summer 
growth for the remainder of the period. 
Forage consumption July-October, 
although about three times as fast as 
under yearlong grazing, should not be 
much greater than yearlong grazing with 
one-third as many cattle. 

In my opinion, this schedule will 
benefit livestock. The quality of forage 
available March-June will depend on the 
amount of spring growth, but usually will 
be low. Old herbage is better than no 
herbage, however, and it can be supple- 
mented as needed to overcome specific 
nutritional deficiencies. Relatively heavy 
grazing March-June will remove much of 
the accumulated dead herbage. Summer- 
grown grass, therefore, will be relatively 
free of dead material. It should be rela- 
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tively palatable and nutritious, and cattle 
should make acceptable gains. Higher 
stocking rates in summer will increase the 
percentage of plants that are grazed each 
day, thereby keeping more plants in a 
vegetative state, and more nutritious, for 
a longer period. 

Current forage production should be 
ample for the animals during most sum- 
mer growing seasons. This assumption is 
based on the fact that 90% of the 
perennial grass forage is produced during 
the summer growth period, which aver- 
ages about 9 weeks (Culley, 1943). Even 
at the higher stocking rates of this sys- 
tem, forage growth during the average 
summer will be greater than the rate of 
consumption. Thus the anticipated advan- 
tages for cattle are (1) ample carryover 
herbage during the March-June period 
when forage is most often scarce, and (2) 
improved forage quality during the 
summer growing season and early fall- 
the only time when cattle consistently 
make rapid gains. 

For the rancher, one advantage is that 
all the cattle will be in one pasture 
instead of three. Fewer waters and fences 
will have to be watched, and less travel 
by truck or horse will be needed to care 
for the animals. Even if March 1 is too 
early for branding, the effort required to 
move the herd from the winter unit to 
the spring-summer unit will be more than 
offset by reducing the number of pastures 
to be rounded up by two-thirds. The fall 
move would be made at normal roundup 
time. 

Summary and Conclusions 

Fifteen schedules of rest and grazing, 
which ranged from continuous yearlong 
grazing to yearlong rest 2 years out of 3, 
were evaluated on semidesert range from 
1962 to 1969. Three 4-month rest per- 
iods: spring (March-June), summer (July- 
October), and winter (November- 
February) were defined. Protection in 
each season was applied (a) 1 year in 3, 
(b) 2 years in 3, and (c) 3 years in 4, to 
plots 20 ft square. Longer protection 
periods, spring-summer (March-October) 
and yearlong, were applied 1 year in 3, 
and 2 years in 3. In addition, one set of 
plots was protected every winter and two 
sets, the controls, were grazed 
continuously. 

Of the 15 schedules tested, spring- 
summer rest 2 years out of 3 produced 
the greatest improvement in perennial 
grasses. 

The density and herbage yield of Santa 
Rita threeawn and perennial grasses other 

than Rothrock grama generally increased 
from 1962 to 1969 on both rested and 
grazed plots. 

Density and yield of Rothrock grama 
and yields of annual grasses fluctuated 
greatly from year to year and were not 
affected by rest schedules. 

Winter rest did not increase density or 
yield of perennial grasses other than 
Rothrock grama no matter how fre- 
quently applied. 

Spring rest did not increase yields or 
density of perennial grasses other than 
Rothrock grama when applied 1 or 2 
years in 3, or 3 years in 4. 

Summer rest 1 or 2 years in 3 did not 
consistently increase density or yield of 
perennial grasses other than Rothrock 
grama, but summer rest 3 years out of 4 
was beneficial. 

Yearlong rest either 1 or 2 years out of 
3 improved the density of Santa Rita 
threeawn, and yearlong rest 2 years out 
of 3 produced the second greatest density 
gains for grasses other than Rothrock 
grama. 

A three-pasture grazing system based 
on the findings of this study (Table 6) is 
being pilot tested on the Santa Rita 
Experimental Range. It is anticipated that 
this system will benefit not only the 
range but the livestock and the rancher as 
well. 
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Simulated Grazing Manage- 
ment Systems in Relation 
to Shrub Growth Responses 

E. EARL WILLARD AND CYRUS M. McKELL 

Highlight: Little rabbitbrush and snowberry plants were clipped for 5 years to 
simulate annual browsing at the same time each year, under deferred-rotation, 
alternate-rest, and rest-rotation grazing systems at each of three different intensities 
(30, 60, and 90% of herbage removal). The number of new sprouts was increased by 
some clipping treatments and all intensities of clipping in both species. Sprout length 
was reduced by all clipping schedules and intensities of clipping on little rabbitbrush 
but not on snowberry. Mortality of sprouts was high during their first year of growth. 
Carbohydrate reserves were lowered *for both species by some clipping schedules and 
by all intensities of clipping. 

This investigation was undertaken to 
determine the effects of intensity and 
time of clipping on the carbohydrate 
reserves and sprouting responses of two 
wildland shrubs. Little rabbitbrush 
(Chryso thamnus viscidiflorus (Hook .) 
Nutt .) and snowberry (Symphoricarpos 
vaccini&des Rydb.) were selected as 
representatives of the sprouting shrubs 
that are important browse plants for 
livestock and wild ungulates. 

Past research on shrub sprouting has 
been restricted mostly to the effects of 
burning, chemicals, and mowing or cut- 
ting. In such studies all of the top growth 
was removed to determine the effect of 
time of cutting and the resultant carbo- 
hydrate reserve levels on sprouting re- 
sponses. We used clipping to deterrnine 
how browsing might be used to manipu- 
late sprouting. 

Several researchers have reported a 
positive correlation between carbo- 
hydrate reserve levels in roots of woody 
plants and the degree of sprouting (Baker, 
1918; Aldous, 1935; Zehngraff, 1949; 
Jones and Laude, 1960; Tew, 1970). 
Yocum (1945) reported that bud growth 
depended on food reserves. However, 
Wright and Stinson (1970) showed that 
the regrowth following cutting was not in 
direct proportion to the total carbo- 

At the time the article was written, the 
authors were research assistant and professor of 
range ecology, Range Science Department, Utah 
State University, Logan. Willard is now a post- 
doctoral fellow, Ford Foundation, Universidad 
National de1 Sur, Bahia Blanca, Argentina. 

Manuscript received July 6, 1972. 

hydrate reserves in the roots of mesquite 
(Prosopis glandulosa var. glandulosa). 
They believed that factors other than 
root reserves limited regrowth after a 
certain level of carbohydrates was 
restored. 

Donart (1968) and Donart and Cook 
(1970) reported on the carbohydrate 
reserve cycle in snowberry and little 
rabbitbrush following clipping. Plants 
clipped when carbohydrates were at the 
low point in the spring had root reserves 
below those of control plants. Later, the 
reserves increased in clipped plants and 
were higher than in the controls. lntense 
clipping when carbohydrates were high 
reduced root reserves, which condition 
persisted through the growing season. 

McKell (1956) reported sprouting of 
little rabbitbrush plants on which top 
growth had been limited by an extreme 
drought. Sprouts 4-6 inches long were 
also observed where the tops had been 
chopped off to clear research plots. Root 
sprouting of little rabbitbrush is common 
following fire (Stoddard and Smith, 
1955). Mowing has been found to be 
effective in influencing sprouting of 
snowberry (Aldous, 1929). Thus, it is 
clear from the literature that complete 
top removal of these two species in- 
fluences sprouting. 

Methods 
The study area was in a mountainous 

summer range in the Wasatch Mountains 
of northern-Utah. The plots were at 
elevation of approximately 2,080 m 
slopes facing the south and southwest. 
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Annual precipitation during the study 
ranged from 63 to 81 cm, mostly in the 
form of snow. Snow often accumulates to 
depths of l-2 m on the slopes, and the 
spring melt brings the soil moisture con- 
tent to field capacity. Rainfall is normally 
high in the spring and low in July, 
August, and the first part of September. 
Plants complete their growth cycles by 
mid-summer or else exhibit reduced 
growth rates. Several shrub species in the 
area renew growth for short periods when 
precipitation increases in the fall. 

The soils average 75 cm in depth and 
consist of A, B, and B2 horizons. Tex- 
tures range from silt loam at the surface 
to a clay layer at around 75 cm, which 
blends into rocky subsoil. 

Shrubs were clipped to simulate an- 
nual browsing at the same time each year, 
under deferred-rotation, alternate-rest, 
and rest-rotation grazing systems at each 
of three different intensities (30, 60 and 
90% of foliage removal). Control plants 
were left unclipped. Clipping dates were 
established to represent early (June l), 
mid (July 15), and late (September 1) 
season browsing. Clipping schedules were 
as follows: 

1) No clipping 
2) Clipped annually on June 1 
3) Clipped annually on July 15 
4) Clipped annually on September 1 
5) Deferred-rotation, clipped annually, 

with a rotation of dates 
6) Alternate-rest, clipped every other 

year on June 1 
7) Alternate-rest, clipped every other 

year on July 15 
8) Rest-rotation, clipped once each 

year at different seasons for two 
consecutive years and rested the 
third year. 

Clipping treatments were applied for 5 
years (1965-1969). Five plants of each 
species were selected for defoliation at 
each intensity for each of the seven 
schedules. This basic design was dupli- 
cated in order to have a complete series 
of plants for excavation in the spring for 
carbohydrate and sprout measurements 
and again in the fall for sprout measure- 
ments. 

Plants were clipped to simulate grazing 
by livestock, particularly sheep (DeBano, 
1957; Fears, 1966) and wild ungulates. 
The percent removed was estimated 
ocularly. A similar technique was used by 
Child (1970) for desert shrubs in western 
Utah. 

Root samples for carbohydrate anal- 
ysis were collected in the spring of 1970 
at the time when carbohydrate depletion 
was judged to be greatest. Plants were dug 
to obtain as much of the root system as 
possible. The soil was then carefully 
washed from the roots and crowns. Roots 
were divided into three groups: roots 6 
mm or less in diameter, roots greater than 
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6 mm in diameter, and root crowns. The 
root crown consisted of that tissue be- 
tween the first root and the first branch. 
Samples were stored in 95% ethanol for 
future drying and grinding. 

The number and length of sprouts 
were quantified in 1970, when plants 
were excavated in the spring, and again in 
the fall on another series of plants after 
growth had essentially ceased. The dif- 
ference between the number of sprouts in 
the spring and in the fall represented 
mortality. 

Root and crown samples were ana- 
lyzed for total available carbohydrates, 
using laboratory techniques described by 
Trlica and Cook (1971). Weinmann 
(1946) and Smith et al. (1964) have 
defined total available carbohydrates 
(TAC) as the reducing and non-reducing 
sugars, starches, dextrins, and fructosans. 
Results are reported as milligrams of TAC 
per gram of dry material. 

Results and Discussion 

Sprouting Responses 

Little rabbitbrush 

With the exception of plants clipped 
annually on June 1, the average number 
of new sprouts per plant in the spring of 
1970 was greater for clipped than for 
unclipped plants (Fig. 1). Plants clipped 
by the rest-rotation schedule and June 1 
alternate-rest schedule also had more 
sprouts than plants clipped annually on 
June 1. By fall, the number of live 
sprouts had decreased in all clipped plants 
and in a lesser degree in non-clipped 
plants. Plants receiving the July 15 
alternate-rest treatment had more sprouts 
than all systems except the deferred- 
rotation and rest-rotation treatments. The 
control and July 15 alternate-rest treat- 
ment plants had the least sprout mor- 
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tality from spring to fall. 
Sprout numbers in the spring were 

significantly greater for plants that had 
been clipped than for the control plants 
(Fig. 2). Plants clipped at the 30% inten- 
sity had more sprouts than those of the 
60% treatment, but not more than the 
90% treatment. Sprout mortality through 
the growing season reduced sprout num- 
bers, so that the intensity of clipping had 
no effect on number of sprouts in the 
fall. 

Spring sprout length was reduced by 
all clipping intensities (Fig. 2). Plants 
receiving 30% defoliation had signifi- 
cantly longer sprouts than those in the 
60% treatment, but they were similar in 
length to the 90% treatment. By fall, the 
control plants and those clipped 60% had 
longer sprouts than those clipped 90%. 
Plants clipped 30 and 60% had essentially 
the same sprout lengths as non-clipped 
plants by the end of summer. 

Elongation of new sprouts of little 
rabbitbrush in the spring was significantly 
less on plants clipped by various sched- 
ules than for unclipped ones (Fig. 1). 
Plants clipped annually on June 1, July 
1.5, or September 1, or by the June 1 
alternate-rest treatment had shorter 
sprouts than had plants on the other 
clipping schedules. Most clipping sched- 
ules allowed recovery of sprout vigor 
during the growing season. Only those 
plants clipped annually on June 1 or 
July 15 had shorter sprouts than un- 
clipped plants had in the fall. 

Snowberry 

Plants clipped by the deferred-rotation 
and July 15 alternate-rest clipping sched- 
ules had more new sprouts in the spring 
than controls (Fig. 3). No other dif- 
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ferences were observed. By fall, the 
number of sprouts had declined for all 
clipping treatments, but was essentially 
the same for control plants. Only those 
plants receiving the July 15 alternate rest 
clipping schedule had more sprouts in 
September than the controls. Control 
plants and those of the July 15 alternate- 
rest treatment had the smallest percent of 
sprout mortality from spring to fall. 

Sprout numbers in the spring were 
increased by all intensities of clipping. 
The lowest numbers were in controls; the 
highest were in plants clipped 90%. The 
30 and 60% treatments had an inter- 
mediate number of sprouts but were not 
different from each other (Fig. 2). Plants 
clipped 60% had more sprouts than con- 
trols of those clipped 30%. Sprout mor- 
tality was substantial in all plants, ranging 
from 38% on plants clipped 60% to 64% 
for plants clipped 90%. 

No differences in sprout length in the 
spring or fall were found in snowberry 
plants clipped under any clipping sched- 
ules or intensities used in this investiga- 
tion (Figs. 2 and 3). 

Sprout development 

The high degree of sprout mortality on 
these species indicates that the shrubs 
produce more initial sprouts than can be 
supported. Activated buds on the root 
crown of a shrub are dependent on the 
stored carbohydrates for initial elonga- 
tion and leaf development. Limited TAC 
reserves available to these young sprouts 
may result in only the more competitive 
or favorably-located sprouts being able to 
develop to a point of being self-sufficient. 
Those sprouts which have not attained 
self-sufficiency by the time of maximum 
TAC depletion in the spring probably die 
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Fig. 1. Average number (left) and length (right) of little rabbitbrush sprouts in the spring and fall following 5 years of clipping. (Bars labeled with 
the same letter are not significantly different at the .05 level.) 
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Fig. 2. Total available carbohydrates (TAC), average number, and average length of new sprouts 
of little rabbitbrush and snowberry following 5 years of clipping at different intensities. (Points 
on curves labeled with the same letter are not significantly different at the .05 level.) 

soon afterward. 
Sprouts were observed to be in various 

stages of development on June 1 when 
the shrubs were excavated. Some little 
rabbitbrush sprouts were dead at the tips, 
and others were wilted. Since they were 
initiated at or slightly above the soil 
surface, etiolation could not be con- 
sidered operative. 

Many snowberry sprouts had not elon- 
gated sufficiently by June 1 to reach the 
soil surface. Some of those still in the 
mineral soil and others extending into the 
litter and above the soil surface had 
begun dying at the tips. Etiolation was 
much more apparent in some plants than 
in others. 

Snowberry plants produced from one 

to a few water sprouts, with little regard 
to the treatments applied. These sprouts 
were much longer than the associated 
sprouts and apparently masked the gen- 
eral effect of clipping on average sprout 
length. 

Carbohydrate Reserves 

Small roots of little rabbitbrush and 
root crowns of snowberry were found to 
be the most important and active loca- 
tions for carbohydrate reserves. These 
tissues contained the greatest amount of 
stored carbohydrates and were more 
responsive to clipping treatments than 
those of the other storage tissues ana- 
lyzed. Therefore, these tissues are implied 
when referring to TAC reserves. 

Spring 

Fall 
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6/l 7/15 

Little rabbitbrush 
There was no difference in TAC 

among clipped plants at the time of 
spring depletion. However, plants clipped 
annually on June 1 and July 15, alternate 
years on July 15, and by the deferred 
rotation schedule had less TAC than 
non-clipped plants (Fig. 4). 

All three intensities of defoliation 
reduced TAC reserves (Fig. 2). Plants 
clipped at 90% intensity had less TAC 
than plants clipped 30%. 
Snowberry 

Total available carbohydrates were sig- 
nificantly less in plants clipped annually 
on July 15 than in those clipped annually 
on September 1, alternate years on July 
15, or unclipped plants. No other differ- 
ences were detected (Fig. 4). 

Plants clipped at any intensity had 
lower TAC reserves than unclipped 
plants. Reserves decreased as the intensity 
of defoliation increased (Fig. 2). 

Carbohydrate replenishment 
Reserves which are depleted during the 

initiation of spring growth in both species 
are replenished rapidly in June (Baker, 
1967). Soil moisture is adequate for rapid 
growth during the spring due to spring 
snow melt and high spring rainfall 
(Willard, 1972). Thus, plants clipped on 
June 1 had about a month of adequate 
soil moisture for rapid growth and TAC 
storage. 

Little rabbitbrush plants clipped 
annually on June 1 were not fully able to 
replenish reserves used for regrowth. 
However, rest for one complete year 
following June 1 clipping was sufficient 
to allow full recovery. The degree of TAC 
depletion following clipping was much 
less in snowberry than in little rabbit- 
brush (Fig. 4). The favorable spring grow- 
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Fig. 3. Average number (left) and length (right) of snowberry sprouts in the spring and fall following 5 years of clipping. (Bars labeled with the same 
letter are not significantly different at the .05 level.) 
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ing conditions were adequate to allow 
snowberry to fully replenish TAC reserves 
following June 1 clipping. 

The July 15 clipping occurred at a 
time of reduced soil moisture. The spring 
flush of growth lowered the soil moisture 
content, and July and August had less 
rainfall than the other months of the 
growing season (Willard, 1972). There- 
fore, plants of both species were unable 
to make adequate growth to fully replace 
TAC reserves when clipped annually on 
July 15. One full year of rest following 
July 15 clipping was sufficient for snow- 
berry to replace TAC reserves to a level of 
unclipped plants, but insufficient for 
little rabbitbrush. 

September carbohydrate reserve levels 
of unclipped plants of these species are at 
or near maximum for the year (Baker, 
1967). Increased rainfall in September 
provides more suitable growing con- 
ditions than are present in July and 
August. These factors help explain why 
plants of both species clipped on Septem- 
ber 1 were able to fully replenish TAC 
reserves to a level of unclipped plants. 

Grazing Management Implications 

Certain precautions should be ob- 
served in developing a grazing schedule 
for these shrubs. Annual grazing in June 
or July may be harmful to the plants 
through a reduction of TAC reserves. 
Browsing to favor these shrubs should be 
planned for late summer or early fall if 
the grazing season is the same every year. 
0 therwise, schedules should include 
periodic deferment from browsing in 
June and July. Such a grazing scheme 
would also allow important associated 
forage species such as Agropyron inerme, 
Stipa lettermanii, Lupinus laxiflorus, and 
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Geranium fremontii the opportunity to 
recover from initial spring TAC depletion 
and complete most of their annual 
growth. These associated grasses and 
forbs were observed to complete most of 
their growth by the first of September so 
late grazing should help maintain the 
stands of these important forage species. 

Little rabbitbrush plants should be 
browsed lightly in July, August, or 
September to increase sprouting the fol- 
lowing spring. Browsing in July on alter- 
nate years would result in the maximum 
number of live sprouts in the fall. 

Heavy browsing of snowberry in 
August or September should result in the 
initiation of a maximum number of 
sprouts. However, browsing in July on 
alternate years would result in the max- 
imum number of live sprouts in the fall. 

Heavy browsing of snowberry in 
August or September should result in the 
initiation of a maximum number of 
sprouts. However, browsing in July on 
alternate years may allow a maximum 
number of sprouts to survive to the end 
of the growing season. The validity of 
these recommendations should be further 
tested with actual grazing trials. 

Literature Cited 

Aldous, A. E. 1929. The eradication of brush 
and weeds from pasture lands. J. Amer. Sot. 
Agron. 21:660-666. 

Aldous, A. E. 1935. Management of Kansas 
permanent pastures. Kansas Agr. Exp. Sta. 
Bull. 272.44 p. 

Baker, F. S. 1918. Aspen reproduction in 
relation to management. J. Forest. 
16:389-398. 

Baker, R. C. 1967. The effect of season and 
intensity of herbage removal on the physical 
and chemical responses of some range 

plants. MS Thesis, Utah State Univ., Logan. 
Child, R. D. 1970. Recovery of desert range 

plants in various states of vigor during a 
seven year period of non-use. MS Thesis, 
Utah State Univ., Logan. 

DeBano, L. G. 1957. The effect of season and 
degree of use on the physiological response 
and nutritive content of desert forage 
plants. MS Thesis, Utah State Univ., Logan. 

Donart, G. B. 1968. Carbohydrate reserves in 
mountain range plants with respect to phe- 
nological stage of development and artificial 
defoliation. Ph. D. Dissertation, Utah State 
Univ., Logan. 

Donart, G. B., and C. W. Cook. 1970. Carbo- 
hydrate reserve content of mountain range 
plants following defoliation and regrowth. J. 
Range Manage. 23: 15-19. 

Fears, R. D. 1966. The effect of intensity and 
season of use on recovery of desert range 
plants. MS Thesis, Utah State Univ., Logan. 

Jones, M. B., and H. M. Laude. 1960. Relation- 
ships between sprouting in chamise and the 
physiological condition of the plant. J. 
Range Manage. 13:210-214. 

McKell, C. M. 1956. Some characteristics con- 
tributing to the establishment of rabbit- 
brush (Chrysothamnus spp.). Ph. D. Disser- 
tation, Oregon State Univ., Corvallis. 

Smith, D., G. M. Paulsen, and C. A. Ragw. 
1964. Extraction of total available carbo- 
hydrates from grass and legume tissues. 
Plant Physiol. 39:960-962. 

Stoddart, L. A., and A. D. Smith. 1955. Range 
management. 2nd ed. McGraw-Hill, New 
York. 433 p. 

Tew, R. K. 1970. Root carbohydrate reserves in 
vegetative reproduction of aspen. Forest Sci. 
16:318-320. 

Trlica, M. .I., andC. W. Cook. 1971. Defoliation 
effects on carbohydrate reserves of desert 
species. J. Range Manage. 24:418-425. 

Weinmann, H. 1946. Some fundamental aspects 
of modern pasture management. Rhod. Agr. 
J. 43:418425. 

Willard, E. E. 1972. Some factors involved in 
activation of sprouting in little rabbitbrush 
and snowberry on summer range. Ph. D. 
Dissertation, Utah State Univ., Logan. 

Wright, H. A., and K. J. St&on. 1970. Re- 
sponse of mesquite to season of top 
removal. J. Range Manage. 23:127-128. 

JOURNAL OF RANGE MANAGEMENT 26(3), May 1973 



Optimizing the Calf Mix 
on Range Lands with Linear Programming 

BRUCE M. WOODWORTH 

Highlight: When faced with the decision of placing calves 
on two or more ranges, is there an optimum pattern? This 
study has shown the answer to be yes. A linear programming 
analysis was used to incorporate differences in the growth 
rates of steers and heifer calves on two ranges with different 
costs to find the optimum allocation of calves. The proposed 
allocation would have resulted in over a 4% increase in profit- 
ability over that achieved by the actual random allocation. 

Ranch owners or managers are quite often afforded the 
opportunity to place their calf crop on two or more different 
ranges. Each range is generally unique with respect to two 
characteristics of concern to the rancher. The first of these is 
the cost incurred by placing the calves on a particular range. 
The second characteristic is the rate of weight gain realized by 
the animals on that range. In essence there is a gradation from 
extremely lush, nutritious, but expensive land to very barren, 
but cheap, land. In light of these differing characteristics how 
should the calves be allocated to each range? More specifically, 
is there an optimum allocation pattern? 

The question was formulated as a profit maximizing 
problem where the general model is that profit is equal to 
revenue minus cost, which is to say: 

P=R-C (1) 
The analytical technique used in the study is linear program- 
ming. Linear programming requires that the problem be 
expressed as a linear objective function subject to one or more 
linear constraints. The objective function in this case was 
derived from the profit model and the constraining conditions 
are based on the number of calves in several categories. The 
major difficulty in the study was to formulate the objective 
function. This required an identification of all relevant income 
and cost data. For the technique to be appropriate, of course, 
it is necessary to verify that the variables are linearly related. 
This verification was made and the variables were found to be 
so related. 

Background 

In one actual situation, an Oregon rancher1 was faced with 
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allocating his herd to two ranges. One was his own land, 
referred to hereafter as the “inside range,” and the other was 
land leased from the Bureau of Land Management, referred to 
hereafter as the “outside range.” For this particular ranch, it 
was a given condition that grazing permits were available. For 
other ranches, this may not be the case. This, however, in no 
way diminishes the general applicability of the results of this 
study. The fundamental task is that of conducting an objective 
evaluation of the differences between range lands so that a 
given herd can be optimally allocated. It is entirely feasible, in 
fact, that the methodology to be presented here could be used 
to determine if a rancher should seek or keep grazing permits. 

The data for this study represent a S-month period of time 
from May 1 to October 1, 1971. The general operating 
procedure of the ranch can be thought of as beginning on or 
about October 1 of the preceding year. At this time the entire 
herd, which was grazing both ranges, was brought onto the 
inside range. Shortly thereafter, and continuing up to the 
beginning of the time period in question, sales of young calves 
took place. Also during this period, from October to May, 
calves were born. It is this crop of calves that is the subject of 
this study. 

In as much as all animals lived under identical conditions, 
which is to say they all incurred the same costs and had equal 
opportunity for weight gain, the October to May period of 
time was eliminated from the study. In addition, herd bulls 
and future breeding stock were not considered influential in 
the allocating decision. In other words, it was assumed that the 
sole activity of the ranch is to produce cattle for sale at one 
specific time with no regard for future sales. This is not 
considered a restrictive assumption, and with respect to future 
breeding stock this can be incorporated readily into the 
analysis. Reference will be made to this point in a subsequent 
section. 

The herd was allocated to the ranges by animal units with 
one animal unit being a cow and her calf. Since it is common 
practice to place all data on a monthly basis, the primary 
variable was one animal unit per month or one AUM. At the 
May 1 starting point there were 888 AUMs to be allocated to 
the two ranges. The actual allocation, which took place prior 
to this study, was 425 AUMs to the outside range and 463 
AUMs to the inside range. With respect to the outside range, 
there were grazing permits available for 506 AUMs. With 
respect to the inside range, it was the opinion of the rancher 
that his land would support a maximum of 506 AUMs. 
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Revenue Function 
In order to formulate the revenue function* for the profit 

model, the basic data needed was the amount of weight gained 
by the calves. The decision to use weight gain was based on the 
assumption that, although ranges may differ significantly in 
the quantity and quality of forage available, these differences 
would be reflected ultimately in the ending weight of the calf. 
Initially, the only comparison was a simple one of the outside 
range versus the inside range. Subsequent study showed that in 
addition to differences between ranges, there was also a 
difference depending upon the type of calf, whether it was a 
steer or a heifer. It is common knowledge that the two types 
of animals do have different rates of weight gain. This 
differential is apparently very slight, however, which often 
suggests an intuitive conclusion that it is an immaterial factor 
in the decision process. The rancher in question felt this was 
the case, and the allocation of the calves was essentially a 
random process. In anticipation that this could be an 
important factor, and also to be completely objective, it was 
decided to incorporate these differences into the analysis by 
creating a separate variable for each type of calf on each range. 
The variables in the study are as follows: 

X1 - the number of steer AUMs to be placed on the outside 
range 

X2 - the number of heifer AUMs to be placed on the outside 
range 

Xa - the number of steer AUMs to be placed on the inside 
range 

X4 - the number of heifer AUMs to be placed on the inside 
range 

These variables are the unknowns of the study and the 
objective is to determine their values. 

Since these two factors, calf type and range location, affect 
the ultimate sale weight, ideally the data should be the net 
change in gross weight for each type of calf on each type of 
range. On the other hand, the average age of the calves at the 
time of allocation is only 1.5 months. At such an early age, 
there is little significant weight differential between the two 
types. It was estimated that the average weight for both types 
was 150 pounds at the time of allocation. 

Upon round-up and sale, the average total weights for each 
category were as follows: steers outside, 430 lb; heifers 
outside, 409 lb; steers inside, 417 lb; and heifers inside, 397 
lb. Subtracting the average initial weight from the average sale 
weight gives the net increase per calf type as follows: steers 
outside, 280 lb; heifers outside, 259 lb; steers inside 267 lb; 
and heifers inside, 247 lb. To put the weight gain on a 
monthly basis, the above net increases were divided by five, 
which is the length of the time period in the study. The net 
increase by calf type per month is: steers outside, 56 
lb/month; heifers outside, 52 lb/month; steers inside, 53 
lb/month; and heifers inside, 49 lb/month. It should be noted 
that the net increases per month are average figures. It is quite 
typical that calves will gain weight more rapidly at the 
beginning of the grazing period. As the availability of forage 
diminishes, the rate of weight gain does also. In this study the 
calves were placed on a range for the entire 5-month season, 

2Since this study is based on the actual operation of a private ranch, 
all data, including herd size, costs and revenues, have been masked to 
preserve the confidential nature of such information. The result of this 
masking has been to make all these figures artificially high. 
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hence the use of averages is acceptable. It would be acceptable 
in all cases where the quantity and quality of forage remain 
adequate throughout the entire season. 

To complete the revenue function, the net monthly weight 
gains are multiplied by the selling price per pound. For the 
actual use of proposed methodology, it would be necessary to 
have a forecast of the prices. In this study these were known 
and at the time of sale the commercial prices were $0.385/1b 
for steers and $0.34/lb for heifers. Note that the price 
differential between calf types gives further justification for 
distinguishing between them on each range. The revenue 
function for the model is 

R = 21.56 X, + 17.68 X2 + 20.40 X, + 16.66 X, (2) 

This function states that for every steer AUM placed on the 
outside range, that is X1 , total revenue will increase $2 1.56; 
for every heifer AUM placed on the outside range, X2, total 
revenue will increase $17.68, and so forth. 

Cost Function 

The cost data considered to be significant in making the 
allocation decision were the variable costs associated with each 
range. The fixed costs for the ranch were not included in the 
analysis because these costs were of such a nature that they 
would be incurred regardless of how the calves were allocated. 
Therefore, as long as the size of the initial herd remains 
constant, fixed costs will not influence the decision. If the 
objective of the study had been to determine the optimum 
herd size, fixed costs would be an important factor. Since this 
was not the objective of the study, eliminating these costs 
from consideration is justified. Some of the elements in this 
fixed cost category are labor, the operation of certain major 
pieces of equipment, taxes, and depreciation. Obviously these 
are the major cost elements of a ranch operation, and to ignore 
them gives a somewhat distorted view of the profitability of 
the operation. In spite of this, the fact remains that they do 
not influence the allocation decision. 

Outside Range 

There were two elements of variable cost for calves on the 
outside range. The most obvious and easy to determine was 
the price charged by the leasing agency. This figure was $2.18 
per AUM. 

The second cost was that incurred due to animal mortality. 
The number of deaths is a variable element, of course, 
depending on a number of factors. For this study, however, it 
was assumed to be proportional to the number of AUMs 
placed on the range. Actual losses were converted to a 
percentage of the total AUMs, and this figure was termed a 
loss rate. There is a loss rate for both cows and calves, and, of 
course, the cost of the loss of an animal also depends on 
whether it is a cow or a calf. Finally, the figure must be 
converted to a monthly basis. 

Taking the cows as an example, there were six deaths during 
the period of the study out of a total 425 units on the range 
hence : 

6 - = 0.01412 (3) 
425 

This is a percentage figure which means that 1.412% of the 
total number of cows on the range will perish. The percentage 
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of Equation (3) is then divided by the length of time on the 
range, which was 5 months: 

0.01412 = 0.00282 (4) 

This means that 0.282% of the cows will perish per month. 
Next the percentage figure of Equation (4) is multiplied by the 
value of a cow, which in this case was $307 : 

0.00282 (307) = 0.8667 (5) 

The figure is now the proportional cost per month due to the 
death of a certain number of cows. To obtain the actual cost, 
the figure from Equation (5) is multiplied by the, as yet 
unknown, number of AUMs to be placed on the outside range. 
In terms of the variables of the problem this becomes: 

0.8667 (X1 I- X2) (6) 

Following the same procedure for the calves, where there were 
18 deaths valued at $146 each, gives a death rate of: 

1.2366 (X1 -t- X2) (7) 

The total cost of the outside range, C,, is the sum of the rental 
charge and the death rate figures from Equations (6) and (7): 

C, = 1.28(X, + X2) + 0.8667(X, + XJ + 1.2366(X, + XZ) 
(8) 

= 4.2833(X, + XZ) 

One cost not included in this cost function but which could 
be very important for other ranches is a transportation cost. In 
many cases the proposed grazing land is so far away from the 
ranch that the cattle must be moved by mechanical means. 
This would become, then, an additional variable cost. In this 
study, the movement of the cattle to the outside range was ac- 
complished by a drive. 

Inside Range 

With respect to the inside range, which is the private prop- 
erty of the rancher, there are innumerable costs which could 
be considered in formulating the total cost function. As 
pointed out previously, however, they are largely fixed and in- 
dependent of the number of cattle being run. Costs which 
might depend on the number of cattle would be such things as 
feeder, fertilizer, and certain equipment. For the ranch in 
question, it was estimated that this element of variable cost 
amounted to $1 SO per AUM. 

The other major variable cost for the inside range was the 
loss of some animals. This cost was computed in the same 
manner as for the outside range with the only differences 
being the actual losses and the total number of AUMs in- 
volved. There was a total of 463 units on the inside range. For 
the cows, there was one death, hence the proportional cost per 
month multiplied by the, as yet unknown, number of AUMs 
to be placed on the inside range becomes: 

0.1326 (X2 +X4) (9) 

For the calves, there were five deaths, hence: 

0.3154 (X3 t X4) (10) 

The total cost for the inside range, Ci, is the sum of the var- 
iable costs and the death rate figures from Equations (9) and 
(10): 

Ci = 1.50(X, +X4) + 0.1326(X, + X4) + 0.3154(X, t X,> 

(11) 
= 1.948(X, + X4) 

Total Cost 

The total cost function for both ranges is obtained by com- 
bining the individual cost functions of Equations (8) and (11). 
The result is : 

C O+i = 4.283 X, + 4.283 X, + 1.948 X, + 1.948 X, (12) 

The Linear Programming Formulation 

Having obtained all of the necessary cost and revenue data, 
the next step in the analysis is to convert this information into 
the linear programming format. The ultimate format will vary 
depending on the intended method of calculation, but basically 
it requires a mathematical expression of the study objective to- 
gether with any restrictions which exist. 

Objective Function 

The first component of this format is the objective function 
which shows the per unit contribution being made by each 
variable of the problem to the overall objective of the 
problem. The objective in this study is profit, and the variables 
are the two calf types on each range. The per unit contribution 
to profit is determined by following the basic profit model of 
Equation (1) which is to subtract costs from revenue. Taking 
the revenue function, as determined by Equation (2) and 
subtracting the total cost function, as determined by Equation 
(12), results in: 

P=R- C o+i 
= (21.56 X1 + 17.68 X2 + 20.40 X3 + 16.66 X,) - 

(4.283 X1 t 4.283 XZ + 1.948 X3 + 1.948 X,) (13) 

= 17.277 X1 + 13.397 X2 18.452 X3 + 14.712 X4 

Constraining Factors 

The second component of the linear programming format is 
comprised of the constraint equations. A constraint equation 
represents a restriction of some sort on the decision to be 
made. In this study, then, there are certain restrictions on how 
the cattle can be allocated to the two ranges. One set of 
constraining conditions reflects the total number of animal 
units which each range can support. For the outside range this 
is : 

X1 +-X2 <506 (14) 

. . . where 506 is the number of grazing permits available. In 
other words the total of heifer and steer AUMs cannot exceed 
506. For the inside range the constraint is: 

X3 +X&506 (15) 

. . . where 506 is the maximum number of animal units which 
this range can support. This constraint reflects the size of the 
range and the quality and quantity of the forage available. 

A second set of constraining conditions reflects the total 
number of animal units in the herd. There are three restric- 
tions in this set: the total herd, the number of steers, and the 
number of heifers. For the herd: 

x1 + x2 + x3 + x4 = 888 (16) 

. . . where 888 is the size of the initial herd. An estimate of 
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the composition of the herd showed that for steers: 
X1 + X3 = 472 (17) 

. . . where 472 is the initial number of steer calves in the 
herd. For heifers : 

X2 +X4 =416 (18) 

herd. 
where 416 is the initial number of heifer calves in the 

The final constraint reflects a personal requirement of the 
rancher that at least 354 animal units be placed on the inside 
range. This becomes: 

x3 tx, <354 (19) 

This constraint represents a subjective estimate of the most 
efficient manner of operating the ranch. 

The Linear Programming Model 

The complete formulation of the problem is: 

maximize: P= 17.277 X1 + 13.397 X2 + 18.452 X3 

+ 14.712 X4 

subject to: X1 t XZ < 506 

X3 tX& 506 

xi + x2 + x3 + x4 = 888 

X1 + X3 = 472 

XZ +X4 =416 

x3 + x4 < 354 

In this particular format the problem is ready for submission 
to a computer, which was the solution procedure used in this 
study. For hand calculation it is necessary to perform some 
additional manipulation on the constraints. This will not be 
done here, but there are a number of excellent sources which 
explain the procedure. Stockton (1971) for example, has a 
complete yet elementary treatment of general linear program- 
ming, while Hadley (1962) is more suitable for the technically 
inclined. Both these sources are industrially oriented, whereas 
Heady and Candler (1958) treat the subject more in an 
agricultural context. For an example of the use of linear 
programming in range management see Van Dyne (1966). 

Model Results 
The results of the linear programming analysis show the 

values for the four variables to be: 

X 1 = 382 (steers to the outside range) 

X, = 0 (heifers to the outside range) 

X3= 90 (steers to the inside range) 

X 4 = 416 (heifers to the inside range) 

A comparison of these figures with the random allocation 
showed the two to be different. The answer to the primary 
question in this study, therefore, is an unqualified yes. There is 
an optimum pattern of allocation for the two ranges. In 
addition to these values, the linear programming analysis also 
included the profits generated by the optimum allocation. The 
gross3 margin was $14,434.30. This figure is quite misleading, 
of course, due to the use of masked data. 

In an attempt to determine whether the difference between 
the two allocation decisions was truly significant or merely 

30nly gross profits can be determined due to the exclusion of fixed 
costs. 

superficial, reference was made to the true revenue, cost, and 
calf data for the period in question. The actual allocation 
generated a gross margin of $8,594.54; whereas if the 
allocation had been made according to the linear programming 
model, there would have been a gross margin of $9,015.00. 
This amounts to an increase in the gross margin of over 4% per 
month.4 

Obviously the utilization of linear programming for deter- 
mining the heifer-steer mix on a range is an effective means of 
improving the profitability of a ranch operation. It is true that 
this study was concerned with only one ranch, but the 
potential benefit exists for all ranches faced with the same, or 
a similar, decision. There will be variation, of course, among 
ranches and ranges, which will necessitate a period of data 
collection. As this study has shown, the primary data are 
weight gain, cost, and revenue for each animal unit. 

Another major advantage of linear programming is the ease 
with which the technique can be applied. As formulated in this 
study, the solution can be obtained by hand calculation in less 
than an hour. If computer services are available, the solution 
can be obtained in approximately two seconds at a cost of 
$1.66 for computer time. 

Insuring Specific Allocations 
At this point it is appropriate to recall the statement made 

earlier concerning future breeding stock. Looking only at the 
coefficients of the variables X2 and X4 in Equation (13) 
which refer to the heifer calves, there is an implication that the 
majority of heifers will be placed on the inside range due to 
the larger contribution to profit. At this stage of the 
development there is no guarantee that this will happen, but 
the possibility does exist. On the other hand, the weight gain 
data show that heifers will gain more rapidly on the outside 
range. It is important to have future breeding stock gain 
rapidly in order to reach breeding size as quickly as possible. A 
conflict exists, then, between the short range objective of profit 
maximization and the long range objective of herd mainte- 
nance. It may very well be that the importance of rapid weight 
gain could override the lower profitability which would result 
from placing heifers on the outside range. 

It is by means of a constraint equation that a rancher can 
insure achievement of his long range objective. For example, if 
it was decided that 50 heifers were to be retained for future 
breeding stock, and that these animals must go to the outside 
range, then the appropriate constraint would be: 

x* > 50 (20) 

Incorporating this equation into the linear programming 
formulation, although not done in this study, would insure 
that at least 50 heifers would be placed on the outside range. 
In a similar manner the rancher can place his cattle on any 
location he wishes for special purposes. 
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Waterfowl Production 
on Stock-Watering Ponds 
in the Northern Plains 

JOHN T. LOKEMOEN 

Highlight: In a .5-year study of stock-watering ponds in western North Dakota, pond 
size was found to be the major factor influencing duck use. As pond size increased, 
total pair and brood use per pond increased. Pairs used ponds as small as 0.1 acre in 
size, but broods were seldom seen on ponds of less than 1 .O surface acre. Dam-type 
ponds larger than 1.0 surface acre comprised only 29% of all man-made ponds on the 
study area but received 65% of the pair use and 87% of the brood use. Utilization of 
fenced ponds by pairs and broods was not significantly different from utilization of 
unfenced ponds. Grazing rates of 2 to 3 acres per AUM and lower rates permitted the 
development of grassy shoreline cover preferred by pairs and brushy and emergent 
shorelines preferred by broods. Duck pairs were significantly more numerous on older 
ponds and ponds with grassy shorelines but less numerous on ponds that had heavy 
deposits of sediment or were isolated from other wetlands. Broods were significantly 
more numerous on ponds with brushy shorelines and emergent vegetation than on 
those without. Broods were less numerous on turbid and newly constructed ponds. 
The most suitable stock-watering units for maximum waterfowl production were dam- 
type ponds of 1.5 surface acres, or larger, built in gentle to rolling terrain away from 
major sources of siltation. 

Land-use agencies involved with build- 
ing ponds to water livestock are becoming 
more interested in including features that 
will enhance the value of these man-made 
wetlands for wildlife. Planning for these 
programs has prompted questions includ- 
ing: (1) what design criteria result in the 
most attractive waterfowl pond, and (2) 
how should ponds and the adjacent up- 
lands be managed? To answer these ques- 
tions, a study was initiated in 1966 to 
ascertain the relationships between breed- 
ing waterfowl and the design, location, 
and management of man-made wetlands. 

Study Area 

From 1967 through 1970 the study 
was generally confined to the 9- by 4-mile 
Tracy Mountain Study Area located in 
western North Dakota, 9 miles southwest 
of Belfield. Data gathered in 1966 from 
other ponds located in the vicinity of Bel- 
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field and west of Pierre, S. Dak., were 
also used. 

The Tracy Mountain Study area lies in 
a region with cold winters and warm 
summers. The growing season averages 
120 days. The average annual tempera- 
ture at Dickinson, 25 miles northeast of 
the study area, is 40.7”F, and the average 
annual precipitation 15.4 inches (U. S. 
Dep. of Commerce, 1970). Approxi- 
mately 75% of the study area was in the 
Little Missouri River watershed, made up 
of Bainville-Morton Association soils on a 
hilly and extensively eroded badlands 
topography. The remainder was in the 
Heart River watershed, consisting of 
Rhoades-Morton Association soils on a 
rolling topography, 

Eighty-eight percent of the study area 
was rangeland on which the dominant 
vegetation was blue grama (Bouteloua 
gracilis), western wheatgrass (Agropyron 
smithii), and threadleaf sedge (Carex 
filifolia). The remainder was cropland 
planted primarily to feed grains and hay, 
mainly smooth brome (Bromus inermis) 
and alfalfa (Medicago sativa). About 60% 
of the land is managed by the U. S. 
Forest Service as part of the Little 
Missouri River National Grasslands. 

For this report, stock-watering ponds 
were classified into three types similar to 
those defined by Bue et al. (1964): Stock 
ponds, formed by building dams across 
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waterways; dugouts, consisting of steep- 
sided excavations filled by runoff water 
or ground water; and diked-dugouts, con- 
structed like dugouts except with the 
spoil placed in a downstream embank- 
ment so that a shallow area around t’he 
excavation may be flooded. Natural wet- 
lands were mainly small, temporary creek 
pools. 

Methods 

The pond turbidity rating was the 
depth at which a submerged white disc 3 
inches in diameter disappeared from view. 
Pond size and distance between water 
areas were measured from aerial photo- 
graphs. Ponds were considered silted 
when clay sediment deposits covered the 
majority of the impoundment bottom. At 
each pond the percent of surface water 
with emergent vegetation was estimated 
visually; and the amount of shoreline that 
was bare, grassy (grasses and sedges 1 to 
24 inches in height), or brushy was 
measured. Changes in water levels in 
relation to the spillway elevation were 
measured during each pond visit. The 
amount of pond area that was O.O- 1.0, 
1.1-2.0, and 2.1-3.0 ft deep was deter- 
mined by computing the average width of 
the contour and multiplying by the 
length. The height and density of shore- 
line vegetation 6 ft from the water was 
measured with a cover board similar to 
that used by Jones (1968). 

Each year between late April and early 
June, two to four counts of breeding 
pairs of waterfowl were made on all 
ponds on the study area, including creek 
pools, The highest pair count for each 
species for the entire study area was 
chosen to represent the breeding popula- 
tion. Mallard and pintail breeding pairs 
were chosen from the April and early 
May counts, and the breeding pairs of the 
later nesting species were taken from the 
mid and late May counts. 

Two complete brood counts were 
made each year, one in mid-July and one 
in early August. Production was the total 
number of broods observed on the two 
counts less possible duplicate broods on 
the second count. The productivity rate 
was obtained by dividing the number of 
broods by the number of breeding pairs. 

For analyzing duck-habitat relation- 
ships, “pair use” of a pond was the 
average of two pair counts; mallards and 
pintails were totaled from the first two 
counts and the other species from two of 
the later counts. The average number of 
broods seen on the pond during the two 
brood counts was considered “brood 
use.” 

Analyses of duck use by species with 
pond habitat measurements were made 
on an IBM System 360/50 using a correla- 
tion and multiple linear regression pro- 
gram. 
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Results and Discussion 

Of the 68 man-made ponds on Tracy 
Mountain Study Area, 50 were stock 
ponds, 6 were dugouts, and 12 were 
diked-dugouts. The ponds ranged in size 
from 0.04 to 5.9 surface acres and aver- 
aged 1.0 acre. Stock ponds averaged 1.4 
surface acres, dugouts 0.2 acre, and diked- 
dugouts 0.3 acre. Creek pools comprised 
an average of 6% of the water acreage on 
the study area during the 4 years. 

Duck Breeding Population and Production 

The duck breeding population on the 
study area averaged 3.3 pairs per square 
mile, 1.8 pairs per acre of stock-watering 
ponds, and 1.9 pairs per acre of all water. 
This compares with 7.0 pairs per square 
mile and 2.3 pairs per acre of stock- 
watering pond in western South Dakota 
(Bue et al., 1952). The mallard was the 
most numerow of the seven species of 
breeding ducks, comprising 50% of the 
population (Table I). Other important 
species included the American widgeon, 
pintail, and blue-winged teal. Twelve per- 
cent of the breeding pairs were found on 
natural wetlands; the rest were on man- 
made ponds. 

Broods averaged I .4 per square mile, 
0.79 per acre of stock-watering pond, and 
0.83 per acre of all water (Fig. 2). In 
0.83 per acre of all water (Fig. 1). In 
comparison, Bue et al. (1952) found 
broods per acre of man-made pond on 
their study area. Productivity on the 
Tracy Mountain Study Area averaged 
44% during the 4 years. This is in the 
higher range of productivity reported in 
recent prairie studies (Keith, 1961) but 
below the 65% productivity found by 
Bue et al. (1952). Ten percent of the 

Table 1. Duck breeding population and brood 
1967-70. 

broods were observed on creek pools and 
90% on man-made ponds. 

Duck Use by Pond Size and Type 

Of the habitat features considered, 
pond size was most highly correlated (r = 
0.71) with duck use. Pairs used ponds as 
small as 0.1 acre; however, the average 

-number of pairs was higher on the larger 
ponds (Table 2). Sixty-five percent of the 
pair use was on 29% of the ponds that 
were larger than one surface acre. Smith 
(1953) and Berg (1956) reported similar 
findings in Montana. The increase in duck 
use was less than proportional to the 
increase in pond size; the smaller ponds 
had the highest average number of pairs 
per surface acre. Evans and Black (1956) 
reported that duck use per acre of natural 

_. 
Species of duck Total Percent 

94 46 40 

10 5 56 

13 6 22 

11 5 55 

37 18 67 

34 17 49 

7 3 47 

206 100 44 

wetlands varied inversely with size and 
that, although most of the pairs were on 
larger ponds, the smallest areas received 
the heaviest use per acre. 

On a surface-acre basis, pair use did 
not differ significantly (P = 0.05) among 
the three pond types. On a unit-pond 
basis, stock ponds, being larger, were by 
far the most important to breeding pairs. 
The excavated ponds were small, and the 
average pair use per dugout was only 
one-sixth that per stock pond. The aver- 
age pair use per diked-dugout was one- 
third that per stock pond. 

Brood use was also related strongly to 
pond area but somewhat differently 
from pair use (Table 3). As pond area 
increased, the number of broods per pond 
increased; but the highest number of 
broods per acre was found on inter. 
mediate-sized ponds 1 .l-2.0 acres in size 
not on the smallest ponds, as was the case 
with pairs. Ponds under 0.25 acre re- 
ceived virtually no use by broods and 
those under 1 acre little use. Two other 
studies, one of man-made ponds (Berg, 
1956), and one on natural wetlands 
(Evans and Black, 1956), also recorded 
few broods on ponds less than 0.5 acre. 
Only 29% of the man-made ponds on the 
study area were over 1 .O acre in size, yet 
they contained 87 percent of the brood 
use. Average brood use per dugout and 
dikeddugout was 2 to 3% of that per 
stock pond. 

The average brood size for four pond 
size classes was calculated from obsewa- 
tions in which the entire brood was 
sighted (Table 4). When Sheffe’s multiple 



Table 2. Breeding pair use* related to pond size (acres) and type. 

Pond size 

0.04-0.24 
0.25-0.54 
0.55-l .o 
1.1 -2.0 
2.1 -5.0 
5.1 + 

Total 

Average 

Stock pond Dikeddugout Dugout 

Total no. Pair use Pair use Total no. Pair use Pair use Total no. Pair use Pair use 
pond counts per acre per pond pond counts per acre per pond pond counts per acre per pond 

20 4.1 .6 17 2.5 0.5 47 2.3 0.4 
52 2.4 1.0 31 2.9 1.1 10 1.5 0.5 
53 1.4 1.0 5 ** ** 0 - - 
60 1.8 2.9 0 - 0 - 
48 1.4 4.3 0 0 - - - - 
15 0.9 7.1 0 - 0 - - 

248 53 57 

1.9 2.4 2.5 0.8 2.2 0.4 

*Pair use of a pond was the average of two 
**Too few pond counts to calculate use. 

pair counts for each year. 

Table 3. Brood use* related to pond size (acres) and type. 

Pond size 

0.01-0.24 
0.25-0.54 
0.55-1.0 
1.1 -2.0 
2.1 -5.0 
5.1 + 

Total 

Stock pond Diked-dugout Dugout 

Total no. Brood use Brood use Total no. Brood use Brood use Total no. Brood use Brood use 
pond counts per acre per pond pond counts per acre per pond pond counts per acre per pond 

26 0.00 0.00 20 0.00 0.00 53 0.09 0.02 
44 0.13 0.06 25 0.12 0.04 7 0.00 0.00 
56 0.37 0.27 5 ** ** 0 - - 
54 0.68 1.02 0 - 0 - 
46 0.56 1.78 0 - - 0 - - 
14 0.27 2.11 0 - - 0 - 

240 50 60 

Aver age 0.38 0.77 0.06 0.02 0.08 0.02 

*Brood use of a pond was the average of two brood counts for each year. 
**Too few pond counts to calculate &se. 

comparison test was applied, average 
brood size was significantly smaller on 
the O.O- to 1 .O-acre class (P<O.OS) and the 
5.1 -acre and larger class (P<O. 10) than on 
the 2.1- to 5 .O-acre class. Average brood 
size on ponds 2.1- 5 .O acres in size was 
greater than on ponds 1 .l-2.0 acres, but 
the difference is not significant (P = 
0.05). Thus, brood sizes and apparent 
survival of young were higher on the 
intermediate-size ponds, which also re- 
ceived the highest brood use per acre. 
Small ponds may contain insufficient 
surface area for brood security. In 
Canada, Stoudt (197 1) found that broods 
forced to use dugouts about 0.1 acre in 
size survived less than 1 week. On the 
Tracy Mountain Area, ponds over 5.0 
acres may contain smaller broods than 
intermediate-size ponds because they 

Table 4. Average brood size for four sizes 
(acres) of ponds. 

Pond 
size 

Number 
broods 

Average 
size 

0.0-l .o 22 4.7 
1.1-2.0 35 5.9 
2.1-5.0 47 7.0 
5.1+ 15 5.1 

Total or average 119 6.0 

generally form a harsher environment for 
broods by often being deep, open, and 
windswept. 

Duck Use of Fenced and Unfenced 
Shorelines 

Because of compacting by winter 
snows, the height and density of standing 
shoreline vegetation in spring along 
fenced ponds was not significantly greater 
(P = 0.05) than that along unfenced 
ponds (Table 5). Pair use per wetland acre 
did not differ significantly (P = 0.05) 
between the two shoreline types. How- 
ever, by summer, the plants were higher 
on fenced ponds, and the plant density 
was apparently greater (Fig. 2). Brood use 
per wetland acre, however, was the same 
on both fenced ponds and unfenced 
ponds. 

The shoreline comparisons were made 
on grasslands utilized by cattle from May 
1 to November 30 at a moderate rate of 
about 1.5 to 3.0 acres per AUM. Water- 
fowl might respond positively to vegeta- 
tion protected from livestock on ranges 
with heavier grazing pressure. However, 
the increase in waterfowl use would have 
to be considerable to justify the expense, 
because the average cost to fence each 
pond on the study area was estimated at 
$500. 
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Duck Use of Watersheds 

Pair use in the rugged Little Missouri 
River watershed was compared to that in 
the rolling Heart River watershed. The 
average pond size was the same in each of 
the two watersheds; however, the Heart 
River watershed had 3.1 ponds per square 
mile, while the Little Missouri had only 
1.5. Ponds in the Heart River watershed 
had significantly (p<O.O5) more stable 
water levels, less bare shore, more emer- 
gent vegetation, and more grassy shore- 
line than those in the Little Missouri 
River watershed. 

Mallards were equally distributed on 
the two watersheds and were apparently 
little affected by habitat differences 
(Table 6). According to a contingency 
table analysis, pintails, blue-winged teal, 
American widgeon, and shovelers were 
significantly (P<O.O5) more common per 
wetland in the Heart River drainage. 
Gadwall were more numerous in the 
rolling terrain but not significantly so, 
while green-winged teal were more com- 
mon in badland ponds. In all, pairs 
occupied Heart River ponds at twice the 
density of Little Missouri River ponds. 

Although breeding pairs preferred the 
more marsh-like Heart River ponds, no 
direct correlation between the amount of 
pond shoal area and pair use was evident. 



Table 5. Comparison of vegetation measurements and waterfowl use on fenced and unfenced 
ponds, 1967-70. 

Pond Number of Average plant 
Season 

Average plant Average 
treatment ponds surveyed height (inches) density (%) waterfowl use 

Spring Fenced 21 3 11 3 .O pairs/acre 
Unfenced 27 3 8 3.6 pairs/acre 

Summer Fenced 30 12** 48 1.4 broods/acre 
Unfenced 35 7** 28 1.4 broods/acre 

**Significant difference at the 0.05 probability level. 

Table 6. Comparison of pair populations on stock-watering ponds in the Little Missouri and Heart 
River watersheds. 

Species of duck 

Little Missouri River 

Number Pairs/ Per ten t 
Pairs Acre Pairs 

Heart River 
Ratio of 
pairs/acre 

Number Pairs/ Percent between 
Pairs Acre Pairs watersheds 

Mallard 
Gadwall 
Pintail 
Green-winged teal 
Blue-winged teal 
American widgeon 
Shoveler 

Total or average 

123 .88 68 
7 .05 04 
8 .06 04 

13 .09 07 
9 .06 05 

20 .14 11 
2 .Ol 01 

182 1.29 100 

85 
11 
41 

3: 
40 
12 

233 

.89 36 l.O:l 

.12 05 0.4: 1 

.43 18 O.l:l 

.06 03 1.5:1 

.40 16 0.2: 1 

.42 17 0.3:1 

.13 05 O.l:l 

2.45 100 0.5:1 

In Montana, Gjersing (1971) found that 
brood numbers per pond increased as the 
amount of pond area 2 ft deep and less 
increased. 

Duck-Use and Pond Feature Relationships 

The t values of the more important 
relationships between pair use and pond 
habitat factors are shown in Table 7. Pairs 
of mallards and of all species combined 
were positively related to pond age. The 
removal of topsoil and plants during 
construction possibly resulted in lower 
use of ponds less than 5 years old. As 
plants and nutrients gradually increased 
in the pond, use by pairs increased. In the 
eastern United States the reverse usually 
occurs, duck numbers decreasing as ponds 
increase in age (Benson and Foley, 1956; 
Kadlec, 1962). This results from a com- 
bination of factors, including less fertile 
water and soil, less seasonal drying, in- 
creased humic staining, and higher soluble 

iron concentrations (Cook, 1964). 
As the distance from a pond to other 

water increased, use of the pond by pairs 
generally decreased. Mallards, which have 
large breeding territories (Dzubin, 1955), 
were an exception and used even the 
most isolated ponds in the study area. 
Most species, however, apparently were 
unable to utilize a pond providing mainly 
territorial space which was separated 
from water providing the other needs for 
pair support. In studies of small ex- 
cavated ponds, Coach (1950) and 
Hammond and Lacy (1960) found more 
pairs on those near marshes. Coach con- 
cluded that pair use of dugouts was 
related to the density of natural wetlands 
in the vicinity. 

It was difficult to determine the shore- 
line preferences of breeding pairs because 
of the combination of cover types encir- 
cling each pond. However, pairs seemed 
to prefer open shorelines, with American 

Table 7. Computed t values of multiple regression coefficients between 
pair use and certain pond characteristics.’ 

Species of duck 

Pond American Blue-winged All 
characteristics Mallard widgeon teal Pintail species 

Age 2.59** 0.86 1.34 0.18 2.51** 
Distance to 

other water 0.58 -1.47 -1.70* -2.70** -1 80** 
Bare shore 0.87 1.84* -1.40 0.97 1:31 
Grassy shore 1.48 2.19** -1.23 1.21 1.75* 
Silted bottom -1.8 1 * -2.32** 1.83” -1.15 -1.66* 

‘The size of the t value indicates the significance of the association, and 
the minus sign indicates an inverse relationship; * and ** indicate 
probabilities at the 0.10 and 0.05 levels, respectively. 

widgeon positively related to bare and 
grassy shorelines and all species combined 
significantly associated with grassy shore- 
lines. Bue et al. (1952) noted that grassy 
shorelines had more mallard, pintail, and 
blue-winged teal pairs than did bare 
shores. On his study area, shorelines that 
were partly grass and partly bare had 
intermediate use by pairs. 

Pair use by mallards, American wid- 
geon, and all species combined was signif- 
icantly less in silted ponds. A significant 
positive correlation between blue-winged 
teal and siltation resulted because one 
silted pond developed a new fertile sub- 
strata and received heavy use by blue- 
wings. Heavy siltation covers vegetation, 
increases turbidity, and shortens the pond 
life. 

The more important relationships be- 
tween brood use and pond habitat fea- 
tures are shown in Table 8. As with pairs, 
brood use increased as pond age in- 
creased, but decreased notably as the 
distance between ponds increased. Newly 
built ponds in Montana also had less use 
by broods (Gjersing, 1971). Broods, 
unlike pairs, were not significantly in- 
fluenced by siltation, but mallard broods 
were significantly less numerous on 
turbid ponds. 

Pintail broods generally use vegetation 
for escape cover. They were positively 
related to ponds with emergent vegeta- 
tion. Blue-winged teal and American wid- 
geon broods usually move to open water 
for safety. Blue-winged teal were not sig- 
nificantly associated with ponds contain- 
ing emergent vegetation, and American 
widgeon were negatively related to this 
feature. 

Broods of most species were positively 
correlated with brushy shorelines. The 
optimum in brood cover for most species 
appeared to be flooded brush or emergent 
vegetation which allows a brood to 
remain on the water but with overhead 
protection. Berg (1956) found that while 

Table 8. Computed t values of multiple regression coefficients between 
brood use and certain pond characteristics.’ 

Pond 
characteristics Mallard 

Species of duck 

American Blue-winged All 
widgeon teal Pintail species 

Age 4.40** 2.14** 0.77 1.69* 4.73”” 
Distance to 

other water -1.35 -2.60** -1.84” -1.81* -3.18** 
Turbidity -2.43** -0.60 1.14 0.05 -1.53 
Emergent 

vegetation 0.85 -3.55 ** 0.69 2.a9** 0.29 
Brushy shore 2.45 ** 2.21** 0.12 1.18 3.02** 

1 The size of the t value indicates the significance of the association, and 
the minus sign indicates an inverse relationship; * and ** indicate 
probabilities at the 0.10 and 0.05 levels, respectively. 
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pond size was more important to broods 
than plant cover, broods preferred ponds 
with emergent vegetation. Bue et al. 
(1952) noted that broods, as did pairs, 
preferred grassy shorelines rather than 
bare shorelines. In central Montana, 
Gjersing (1971) concluded that “brood 
numbers seemed to respond in a positive 
manner to increases in residual vegeta- 
tion” on the shoreline. 

Management Suggestions 
On the basis of the findings of this and 

other studies, small reservoirs constructed 
for watering livestock can be made more 
beneficial to waterfowl (Fig. 3) if the 
following points are kept in mind: 

1) Pond sire is the most important 
feature affecting waterfowl use. In 
any given unit of rangeland, only a 
set number of ponds are con- 
structed, so to be of the greatest 
value to waterfowl each pond 
should be designed to obtain maxi- 
mum use by duck pairs and broods. 

The smallest pond size recom- 
mended is 1.5 acres because it 
usually would not be reduced to 
less than 1.0 acne in summer, the 
minimum size suggested for brood 
support. The maximum pond size 
need be restricted only by the site 
available and economics; however, 

large ponds have fewer ducks per 
unit area, and more pair and brood 
use will occur on two ponds with 
the same total surface area as one 
large pond. 

2) Of the three pond types examined, 
stock ponds are most important to 
breeding waterfowl because of their 
larger average size. Dugouts and 
diked dugouts are of little use to 
broods and have low unit-pond use 
by breeding pairs. If an excavated 
pond is the only alternative, diked- 
dugouts are more valuable to ducks 
than are dugouts. 

3) ,Ponds should not be built on sites 



where large volumes of sediment 
from eroding clay buttes or coulees 
will wash into the impoundment. 
Thick deposits of sediment reduce 
food and cover plants, shorten the 
pond life, and reduce duck use. 

4) Breeding pairs of most species pre- 
fer grassy rather than bare shore- 
lines, and broods generally seek 
shorelines with clumps of brush or 
emergent vegetation. An important 
part of any plan to increase water- 
fowl productivity is the manage- 
ment of upland cover for nesting. 
Although nest-vegetation relation- 
ships were not a part of this study, 
other authors have noted that 
lightly used or unused upland vege- 
tation containing dead litter from 
the previous year forms the best 
nesting cover for ducks (Moyle, 
1964; Kirsch, 1969; Gjersing, 
1971). 

rolling terrain rather than rugged 
terrain or badlands. 

Many of the new ponds being built in 
western North Dakota are dugouts or 
diked-dugouts of little value to water- 
fowl. If ponds are built on federal lands 
or with federal assistance, wildlife pro- 
duction can be benefited by constructing 
stock ponds that are 1.5 acres or larger. 
On private land the current federal cost- 
sharing rate for construction of stock- 
watering ponds is 60 to 70%. To encour- 
age the construction of ponds that have 
the greatest value to breeding waterfowl, 
the rate should be increased to 90% for 
dam-type ponds and 70% for diked- 
dugouts. For federal lands, guidelines 
should be changed to encourage construc- 
tion of types and sizes in the above 
management suggestions. 
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Effects of Range Burning 

on Kansas Flint Hills Soil 

CLENTON E. OWENSBY AND JOHN BRUCE WYRILL, III 

Highlight: Two tallgrass prairie areas burned annually for 20 (grazed) nnd 48 (un. 
grazed) years ar different fimeS showed differences in soil chemical and physical pro- 
perties. Winter, early-spring, and mid-spring burned ungrared plots were generally 
higher in soil pH, organic ma~fer, and K than late-spring burned or unburned plots. 
Late-Jpring and winter burning lowered soil N on ungrazed and grazed plots. Differ- 
ence~ in soil nutrient levels though srotisricolly significant probably wm not large 
enough to affect plant growth. 

Burning, an old, widely used practice, 
has long been an important ecological 
factor and management tool in the blue- 
stem range area. More than 3 million 
acres of Flint Hills bluestem pasture have 
burned periodically. Much of it is burned 
annually, with late spring burning most 
desirable. Burning is used to obtain 
greater animal gains, promote earlier grass 
growth in the spring, eliminate weeds and 
brush, and to promote uniform grazing 
distribution (Anderson et al. 1970). 

There are also detrimenlal effects of 
burning bluestem range. Dry plant CIOW~S 
of bunchgrasses may burn, destroying 
part or all of a plant. Removing (burning) 
protective top growth and mulch may 
cause erosion and reduce water infiltrat- 
ion into the soil. Removal of mulch also 
may reduce humus and nitrogen additions 
to the soil. 

Most research conducted regarding 

effects of burning on soils has been done 
in forests and woodland areas, where 
burning is relatively infrequent. Many 
have considered results from forests appli- 
cable to grassland areas, but differences in 
forest and grassland soils make such an 
extrapolation unreasonable. 

The effects of fire on chemical and 
physical properties of a loamy upland, 
bluestem-range soil burned at different 
times were studied under grazed and 
nongrazed conditions. 

Materials and Methods 

Experimental Areas 

True Prairie loamy upland range sites 
(Anderson and Fly, 1955) in two experi- 
mental units were studied near Manhat- 
tan, Kans., one grazed and one unwzed 
Soil was a pachic argiustoll; fine, mont. 
morillonitic mesic. 

The ungrared unit was fenced and 
burning initiated in 1926. The original 
ten 2 x 4 rod plots in that area consti- 
tuted five duplicated burning treatments, 
five burned annually and five biennially. 
The study was suspended in 1944, 
resumed in 1950, and continued to the 
present on the same plots burned annu- 
ally. Treatments included winter (Decem- 

ber I), ear@ spring (March 20), mid- 
spring (April IO), and late spring burning 
(May I), and unburned. 

There were two pastures in the grazed 
experimental unit. One (44 acres) was 
burned annually from 1950 to 1971 in 
late spring (May 1); the other (60 acres) 
was not burned between 1980 and 1971. 
Both were stocked at a moderate rate 
(8.0 acre/animal umt) from May I to 
October 1 with yearling steers (500-600 
Ib/hd). The pastures and plots were not 
always burned on exact dates indicated, 
because an effort was made to burn when 
the soil surface was wet to afford maxi- 
mum protection to plant aowns. 

Vegetation was primarily warm-season 
grasses, i.e. big bluestem (Anduopogon 
gerardi Vitman), little bluestem (A. 
scoporius Michx.), and indiangrass (Sor- 
ghastrum nutam (L.) Nash). Numerous 
forbs and a few brush species constituted 
the remainder. 

Procedure for Measuring Chemical 
Properties 

Soii sampling procedure 
Ten soil cores were taken in late 

November, 1970, from each of the non- 
grazed plots and five cores from each of 
three different areas in each of the two 
grazed pastures. The cores (1.5 inches in 
diameter) were taken with a hydraulic 
soil probe to 4 ft (1.22 m) and divided 
into seven depth increments: O-3 3-6, 
6-9, 9-12, 12-18, 18-24, and 24-36 
inches. The subsample soil cores from 
each plot were composited, air-dried six 
weeks, and ground in a mortar to a fine 
powder. 



Soil chemical analysis 

Each soil sample was analyzed for pH, 
organic matter, Ca, Mg, N, P, and K. Soil 
reaction was determined from a 1 :l soil 
(air-dry) -water paste by a pH meter. 

Oxidizable organic matter was deter- 
mined by adding 10 ml 1 N potassium 
dichromate to 1 g air-dry soil, followed 
by adding 20 ml of concentrated Hz SO4 
(Graham, 1948). After 30 minutes, 100 
ml of distilled water was added to the 
solution, which, on cooling, was filtered 
and read in a spectrophotometer at a 
wavelength of 620 m . 

Exchangeable K, Ca, and Mg was 
determined by adding 25 ml of 1~ 
ammonium acetate to 5 g of air-dry soil, 
shaking for 10 minutes on a wristaction 
shaker, and filtering immediately. K in 
the filtrate was then determined by flame 
photometry. One ml aliquots of the K 
extract were diluted to 100 ml with 0.1 N 
HCl ; then Ca and Mg were determined by 
atomic absorption spectrophotometry. 

Available P was determined (4) by 
adding 20 ml of an acid-ammonium fluo- 
ride extracting solution (.025~ HCl + 
.03N NH4F) to 2 g of air-dry soil (Bray 
and Kurtz, 1945). The mixture was shak- 
en 40 seconds and filtered immediately. 
To 6 ml of the filtrate, 2 ml of ammonium 
molybdate-hydrochloric acid reagent and 
1 ml of stannous chloride were added. 
After 6 minutes the solutions were read 
at 660 rnp in a spectrophotometer stan- 
dardized against similarly developed stan- 
dard phosphate solutions 

Total soil nitrogen (o/o) was obtained 
by micro-kjeldahl (Cole and Parks, 1946). 

Bulk Density 

Bulk density was used to determine 
the effect of fire on physical properties of 
the soil. Samples were taken with a heavy 
steel probe that removed 347.3 cc of soil. 
Four samples, taken from the upper 3 
inches (7.6 cm) of soil on all nongrazed, 
burned plots were oven dried and then 
weighed. Average weight of the four 
samples for each plot was divided by 
average volume to determine an average 
bulk density for each plot. 

Statistical Analyses 

A fixed-effect, three-way analysis of 
variance was used on the chemical analy- 
ses. Bulk density values were analyzed by 

6.10 

r 

PH 

6.05 

6.00 

PH 
5.95 

5.90 

5.85 

0 

burned spring spring spring 
burned burned burned 

burned 

TREATMENTS 

Fig. 1. pH of soil from nongrazed plots (averaged over all soil depths). 

a fixed-effect, two-way analysis of vari- 
ance. 

Results and Discussion 

Chemical Properties 

PH 

Soil pH for winter-burned, early-spring 
burned, and mid-spring burned, non- 
grazed plots was significantly higher than 
for plots burned in late spring and for 
nonburned plots (Fig. 1). Anderson 
(1965), studying moisture relations on 
the same plots, found moisture levels of 
burned treatments less than the level of 
the nonburned treatment. However, the 
difference between nonburned and 
burned was greater for the three earlier- 
burned treatments than for the late-spring 
burned treatment. Moisture differences 
may account for the lower pH on the 
late-spring burned and nonburned plots. 
With more water moving through the soil 
profile, more salts would leach from the 
soil and lower its pH. Likewise less water 
moving through the three earlier-burned 
plots would result in fewer salts moving 
from the profile and, consequently, a 
higher pH. Forage yields also have been 
lower on the earlier-burned plots than on 

Table 1. Soil pH, organic matter, Ca, Mg, P, K, and total N under ungrazed pastures, averaged over 
all depths studied. 

PH O.M. Ca P K 
Treatment (%I @pm) @pm) (lb/acre) (; 

Late-spring burned 6.66 3.00 4048.1 740.7 2.21 593 .146 
Nonburned (check) 6.41 3.40 3773.9 547.8 3.31 638 .169 
Difference 0.25 *a 0.40” 274.2 192.9* 1.10” 45+ .023* 

aLSD .OS = * LSD .lO =+ 

the late-spring burned and unburned plots 
(McMurphy and Anderson, 1965). Less 
plant growth would result in less nutrient 
use. 

pH on the late-spring burned, grazed 
pastures was 0.25 higher than on non- 
burned, grazed pasture (Table 1). A simi- 
lar higher pH was noted on the earlier- 
burned treatments than on the unburned 
in the nongrazed plots, but pH on late- 
spring burned plots and unburned did not 
differ. 

The largest pH difference among treat- 
ments in this experiment (0.25 unit) 
contrasts with increases from 0.5 to 3.1 
units in forested areas (Heyward and 
Barnette, 1964; Mayland, 1967). Greater 
increases on forest soil probably result 
from larger quantities of burned material. 
Researchers have noted decreases in pH 
with time after burning, which suggests 
that different data might have been ob- 
tained had soil samples in forest research 
been taken immediately after the fires 
instead of approximately 8 months later 
as in our study. The long history of 
burning in areas we studied probably 
makes the results representative for 
annual burning on pH of loamy upland 
soil. 

Burning effects on soil pH were essen- 
tially the same at all depths. Fairly 
consistent amounts of vegetation were 
burned each year, so a consistent quan- 
tity of salts was deposited. Yearly, salts 
from surface deposition move farther into 
the soil profile and are replaced on the 
surface by salts from the burned vegeta- 
tion, which probably explains the unifor- 
mity observed through all depths. 
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Organic matter 

Soil in the ungrazed area from winter 
burned and early-spring burned treat- 
ments had approximately 0.20% more 
organic matter than soil from mid-spring, 
late-spring, and nonburned plots (Fig. 2). 

There was significantly lower organic 
matter in the grazed, late-spring burned 
pasture than the unburned one (Table 1). 
There was no obvious reason why fire 
reduced organic matter on the grazed 
pasture but not on the nongrazed plots 
with late-spring burning. 

The relationship among burning treat- 
ments for soil organic matter was the 
same for all depths studied. 

In a S-year study using the same 
nongrazed experimental area we used, 
Aldous (1934) found that burning did 
not decrease the soil organic matter. 
Organic matter accumulation is regulated 
primarily by root development rather 
than surface accumulation of vegetative 
material, he explained. 

Calcium 

Soil from the winter burned, non- 

grazed plots had significantly more Ca 
than soil from other burned plots (Fig. 
3). The mid-spring, late-spring, and non- 
burned plots all had essentially the same 
soil calcium content. However, in winter, 
early-spring and mid-spring burned plots, 
Ca levels differed significantly from each 
other. 

Soil Ca was similar on the grazed and 
nongrazed areas for the late-spring burned 
and nonburned plots (Table 1 and Fig. 3). 

Like pH and organic matter, burning 
effects on calcium were the same over all 
depths studied among the burning 
treatments. 

Kucera and Ehrenreich (1962) found 
no significant differences between Ca 
contents of plants grown on burned and 
nonburned areas. But Elwell et al. (1941) 
considered burning to be responsible for 
reducing productiveness of grassland soil 
by placing such minerals as Ca in a form 
readily removed by leaching and erosion. 

Data from our study suggest a certain 
amount of leaching; Ca was observed to 
be higher in earlier burned plots than in 
late burned plots in upper as well as in 

lower soil levels. Higher Ca content in 
winter burned plots likely resulted from 
less water moving through the plots. 

Magnesium 
Soil Mg content in the ungrazed plots 

was highest in the winter burned plot. 
Soil Mg levels in spring burned and 
nonburned plots did not differ signifi- 
cantly from each other (Fig. 4). 

On grazed plots, late-spring burning 
significantly increased Mg content, com- 
pared with no burning (Table 1). 

Phosphorus 
On nongrazed plots burning did not 

affect soil P content (Fig. 5). However, 
on grazed plots late-spring burning signifi- 
cantly lowered soil P content below that 
of nonburned plots (Table 1). 

Potassium 
On nongrazed plots the three early 

burned plots had higher soil K than the 
unburned ones, but the late burned treat- 
ment did not differ from the unburned 
plots in soil K. On grazed pastures soil K 
in the late-spring burned plots was lower 
than in the nonburned plot (Table 1). 
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Differences in soil N existed only in 
the O-3 inch soil layer on nongrazed plots. 
Not burned, early-spring burned and mid- 
spring burned treatments did not differ 
significantly in soil N, but late-spring and 
winter burning lowered soil N more than 
did not burning (Fig. 7). The results are 
inconsistent with the organic matter data. 

In nongrazed plots, late-spring burning 
produced soil nitrogen content .030% 
lower than not burning (Fig. 7). In grazed 
plots, late-spring burning N was .023% 
lower than on nonburned plots (Table 1). 

Aldous (1934), studying the effect of 
burning on bluestem range from the same 
nongrazed experimental area we used, 
found that burning 5 years caused no 
decrease in total nitrogen. 

Physical Properties 

Fire did not affect bulk density of the 
soil (Table 2). Others (Anderson, 1965; 
Hanks and Anderson, 1957; and 
McMurphy and Anderson, 1965), using 
the same experimental area that we used, 
found infiltration reduced in burned 
areas. Infiltration is aided by noncapillary 
porosity of the uppermost portion of the 
soil profile. Good crumb structure at the 
soil surface must be maintained for good 
infiltration. Therefore, some physical 
changes should occur on burning; how- 
ever, they were so slight that they could 

Table 2. Bulk density for indicated burning 
treatments on ungrazed plots (g/cc). 

Burning date Density (g/cc) 

Winter 1.082 
Early-spring 1.037 
Mid-spring 1.051 
Late-spring 1.093 

Not burned 1.093 
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Fig. 7. N of soil from nongrazed plots (average of O-3” depth). 

not be detected by bulk density measure- 
ments we used. 

Conclusions 

Time of burning ungrazed range 
affects fire’s influence on soil chemical 
properties. Winter burning caused most 
changes, with higher soil pH, organic 
matter, Ca, Mg, K, and lower soil N than 
with other treatments. Late-spring burn- 
ing had the least influence, resulting in 
only a decrease in soil nitrogen. The 
strong influence of earlier burning on pH 
and certain mineral salts was attributed to 
reduced infiltration by raindrop action on 
the bare soil. That would reduce salts 
leaching from the soil. 

Bulk density of the O-3 inch layer of 
soil was not affected by fire on nongrazed 
plots. 

Late-spring burned, nongrazed plots 
had slightly lower soil N than plots not 
burned. Under grazing, soil organic mat- 
ter, N, P, and K were lower and soil pH 
and Mg higher on late-spring burned 
pastures than on the nonburned pasture. 
The more pronounced influence of burn- 
ing on grazed plots may be from un- 
known soil differences, or may be related 
to the difference in years the grazed (20) 
and ungrazed (48) areas have been 
burned. It also could be related to greater 
erosional losses of exposed soil and 
deposited salts on grazed areas. Grazing 
reduces mulch cover and increases runoff 
and erosion. Grazed area slopes were also 
steeper than those of the nongrazed area. 

Except for K and N on nongrazed 
plots, effects of fire on soil chemical 
properties were uniform throughout the 
soil depths we studied. We attributed the 
uniformity to leaching over a long period 
of time. 

Since late spring is recommended for 
burning pastures in Kansas Flint Hills, its 
effects on soil properties are especially 

important. We concluded that late-spring 
burning will not appreciably affect physi- 
cal or chemical properties studied of areas 
not grazed. However, late-spring burning 
of grazed areas over a long period may 
cause statistically significant changes in 
soil chemical properties. However, the 
statistically significant changes we 
observed were so small, it seems unlikely 
that they would cause adverse effects to 
native vegetation. 
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Brush Eradicating, Basin Pitting, 

and Seeding Machine 

for Arid to Semiarid Rangeland 

GEORGE H. ABERNATHY AND CARLTON H. HERBEL 

Highlight: A range seeding machine that increased the chances of successful seed- 
ling establishment on arid to semiarid rangeland has been designed and tested on 23 
plots in southern New Mexico. Working behind a standard rootplow, the machine 
picks up brush, forms basin pits, firms the soil, plants seed, and replaces the brush over 
the planted area as a mulch. Laboratory and field research was used to demonstrate 
improved soil conditions for seedling emergence under such a brush mulch. Water 
retention by basin pits was found to be necessary to decrease runoff of the high 
intensity, short duration storms typical to this area. About 50% of the plots planted 
with this equipment were successfully seeded. 

Several million acres of once produc- 
tive rangeland in arid and semiarid areas 
have been invaded by noxious shrubs 
such as creosotebush (Larrea tridentata) 
and tarbush (Flourensia cernua). These 
shrubs produce neither useful forage for 
livestock or wildlife nor adequate ground 
cover to prevent soil erosion. On many 
sites dominated by such shrubs, the soil is 
capable of useful forage production and 
the sustenance of sufficient ground cover 
to limit soil erosion if desirable species 
are established. 

The objective of the study reported 
here was to modify existing equipment or 
to design new equipment that would 
accomplish the following in a single pass 
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over the land: (1) eradicate undesirable 
shrubs, (2) provide a firm seedbed, (3) 
plant seed, and (4) windrow the dead 
brush over the seeded strip to shade the 
ground, improving conditions for seedling 
emergence. 

Both tarbush and creosotebush can be 
eradicated by rootplowing. The only 
plants that survive this drastic treatment 
are those missed in a failure to overlap 
properly. Seedlings of these species do 
not appear to be a problem on large 
rootplowed areas having no seed source 
nearby. Rootplowing equipment is 
commercially available, and, although 

expensive to operate, it effectively eradi- 
cates heavy brush stands. Areas with 
some useful vegetation should not be 
rootplowed because the process often 
kills all vegetation. 

Previous efforts to establish useful 
plant species by seeding after the elimina- 
tion of brush stands have given erratic 
results, generally unsuccessful. Root- 
plowing leaves the soil loose and fluffy, in 
poor seedbed condition. The only reliable 
precipitation occurs in the form of sum- 
mer showers in extreme west Texas, 
southern New Mexico, and southeastern 
Arizona. The small seeds of species 
adapted to this area dictate a planting 
depth of one-fourth to one-half inch. 
High summer temperatures and the low 
water holding capacity of rootplowed soil 
cause unfavorable conditions for seedling 
growth. 

Microclimate Study 
Some microclimatic data, collected on 

the Jornada Experimental Range in 

Table 1. Midday temperatures (“F) of soil with no surface cover and under a light brush cover, 
Jornada Experimental Range. 

Date 

Depth and cover 712 7116 7120 l/21 816 8/10 8117 8124 8131 9118 

l/2-inch depth 
No surface cover 120 121 120 119 126 130 125 129 130 117 
Brush cover 102 105 92 97 101 103 99 101 103 97 

4-inch depth 
No surface cover 97 95 101 95 101 103 99 99 101 96 
Brush cover 83 82 81 82 83 91 89 88 85 84 
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south-central New Mexico, indicated the 
necessity of modifying the micro- 
environment for seedling establishment 
(Table 1). On selected dates, mid-day soil 
temperatures at the l/Z-inch depth with- 
out surface cover ranged from 117 to 
130°F. With a light brush cover, they 
ranged from 92 to 105°F which was 16 
to 28°F lower. Even at the -I-inch depth, 
the soil temperatures were 10 to 20°F 
lower under brush cover. 

A light-chamber study elucidated the 
effects of soil temperatures observed 
under field conditions on emergence and 
initial growth of 12 grass species and 
fourwing saltbush (Sosebee and Herbel, 
1969). We provided two maximum daily 
temperatures, 103 and 12S°F, at the 
l/Z-inch depth, and the soil moisture was 
maintained at field capacity by watering 
daily. Under the high temperature regime, 
survival of 11 species was reduced, and all 
species had stopped growing or were 
growing very slowly at the close of the 
21.day trial. Under the lower tempera- 
tures, all species grew normally. In a 
similar study of 21 days with various 
moisture levels, it took about 2.8 inches 
of water for survival in the low tempera- 
ture regime and 9.1 inches for survival in 
the high regime (Herbel and Sosebee, 
1969). 

In field trials, a fine sandy loam site 
infested with tarbush and a gravelly sandy 
loam site infested with creosotebush were 
rootplowed. During an 82.day summer 
period, 5.X inches and 4.8 inches of 
precipitation vfere recorded at the respec- 
tive sites. Soil moisture was recorded by 
the electrical resistance method with 
fiberglass soil moisture units, Moisture 
potential at the l/2-inch depth on the 
sandy loam site was between 0 and -15 
bars for 5 days on the area with no 
surface cover and 42 days on the area 
with brush cover. Moisture potential at 
the l/%nch depth on the gravelly site 
was between 0 and -IS bars for 23 days 

on the area without surface cover and 40 
days on the area with brush cover 
(Herbel, 1972). 

In another trial, basin pits were con- 
structed by lowering one end of a road 
grader blade about 6 inches deep, then 
raising it as the grader moved forward, 
making basins about 6 ft long. The site 
had a fine sandy loam soil infested with 
tarbush. Soil moisture was recorded at 
the l/Z-inch and Z-inch depths, 6 and 36 
inches from the bottom of the basins and 
on an adjacent flat area. A light brush 
cover and no surface cover were com- 
pared in the pits. During a 55.day sum- 
mer period, 2.5 inches of rainfall was 
recorded. There were more days when the 
moisture potential was between 0 and -15 
bars in the pit than in the adjacent flat 
area (Table 2). Except at the Z-inch 
depth, 36 inches from the bottom of the 
pit, there were more days with available 
soil moisture under the brush cover than 
where there was no surface cover. 

These data show that if uprooted 
vegetation can be placed over seeded 
rangeland, more favorable moisture and 
temperature conditions will be provided 
for germination and emergence. 

Table 2. Number of days that four levels of sail moisture tension were observed at selected depths 
in basin pits and in an adjacent flat area during a 55&y period on fine sandy loam soil, Iornada 
Experimental Rang.% 

Location, depth, and cover 

6-inch from bottom of basin uits 

O-1 bars 

Soil moisture tension 
l-15 bars 15-24 bars > 24 bars 

l/Z-inch depth, no cover 6 17 9 
l/Z-inch depth, brush cover 10 13 6 
Z-inch depth, no cover 7 33 15 
Z-inch depth, brush cover 13 34 8 

36.inch from bottom of basin pits 
l/Z-inch depth, no cover 6 8 7 
l/Z-inch depth, brush cover 7 13 4 
Z-inch depth, no cover 7 25 17 
Z-inch depth, brush cover 7 16 15 

Flat area 
l/Z-inch depth, no cover 1 9 3 
Z-inch depth, no cover 6 16 7 

:; 
6 

17 

42 
26 

Machine Development 

In 1965, the Agricultural Engineering 
Department of New Mexico State Univer- 
sity was contracted to design equipment 
for rangeland seeding that would take 
advantage of this information. Technical 
assistance and financial support were 
provided by the Agricultural Engineering 
Research Division, Agricultural Research 
Service, U. S. Department of Agriculture. 

Equipment available at the Jornada 
Experimental Range included a Cater- 
pillar D-7 equipped with a bulldozer and 
an 8.ft rootplow. Range personnel had 
already designed a planter, fashioned 
after the Oregon Press Seeder (Hyder et 
al., 1961), for use on rootplowed soiLThe 
planter consisted of separate seedboxes 
for chaffy and small seed and a set of four, 
heavy (350 pounds each) press wheels 
spaced 1 ft apart, with an outside band 6 
inches wide. These press wheels, which 
were individually suspended, packed the 
loose soil. A I-inch angle iron with legs 
down was formed around and welded to 
the center of the press wheel band. It 
made a small “V” notch in the seedbed. 
The seed was placed in the pressed “V” 
and covered by drag chains. This seeder, 
which was operated directly behind the 
rootplow, merely rolled over rocks, 
brush, and other plant material. The 
planter was used in 1966 to seed test 
plots. 

It appeared likely that the seeding 
operation would be improved by picking 
up the brush, planting on bare soil, then 
replacing the brush residue on the planted 
strip. Having the brush out of the way 
during seed placement would facilitate 
packing the soil and covering the seed, 
both of which are difficult when the press 
wheel runs over an old plant. The brush 
plants also tend to retain their shape 
better when picked up and conveyed over 
the planter than when run over by the 



heavy press wheels. 
The overhead conveyor of Figure 1 

was fabricated in 1967. The conveyor was 
towed directly behind the rootplow by a 
tongue hitched to the left rootplow 
standard. The conveyor was 4 ft wide. 
Two side delivery rake wheels (Fig. 2) 
were used to gather material from the 8-ft 
rootplow swath. Conveyor flights were 
spaced about 30 inches along the chain. 
The conveyor chain was No. 120 roller 
chain with oversized rollers. The large 
rollers worked very well to move the 
chain along guide channels, but the 
sprockets uwe less satisfactory than nor- 
mal roller chain sprockets. They tended 
to accumulate soil between the teeth and 
run the chain too tight. Conveyor speed 
was about 250 ft/minute. At a forward 
speed of 1 mile/hour, the flights passed 
the pickup point at the front of the 
conveyor every 10 to 12 inches of travel. 
This was satisfactory for large brush 
plants, but more frequent pickup would 
be needed for small material. 

The conveyor flights (Fig. 3) were 
constructed of 2 x 1 x l/S inch channel 
with the legs down. The legs were cut 
away at the ends and a slot was cut in the 
flat portion of the channel for bolting to 
chain flight attachments. No satisfactory 
side attachment link was found from 
chain manufacturers, so a set had to be 
fabricated in the shop. Teeth were welded 
to the trailing leg of the flight. The most 
successful teeth were hot rolled steel rod, 
l/2-inch in diameter and 8 inches long. 
Both longer and smaller diameter teeth 
tended to bend too easily. Larger diam- 
eter teeth bent the flight when an ob- 

struction was hit. The l/2 x 8 inch teeth 
required some straightening, and a short 
piece of pipe was used for this purpose. 
Spring teeth would be desirable, but 
would add considerably to the cost of the 
machine. 

The conveyor was built as a semi- 
mounted implement. A portion of the 
weight was supported by the hitch on the 
rootplow, and the remainder was carried 
on four 10.00 x 15 low pressure imple- 
ment tires. These carried the load well 
but were susceptible to puncture by 
mesquite thorns. Pneumatic tires are 
needed for good flotation, but puncture- 
proofing is a necessity on sites having 
mesquite. 

Observation of the first year’s plots led 
to the conclusion that some form of 
water pending was necessary to establish 
grass seedlings. The best emergence and 

the most vigorous growth had occurred in 
low spots. A power-operated blade was 
installed underneath the conveyor and in 
front of the seeder to drag up basins as 
the machine moved forward. The blade 
was mounted on rigid arms that were 
raised by a hydraulic cylinder. The cylin- 
der linkage was so designed that it did not 
pull the blade down into the soil. Blade 
and linkage arm weights were the only 
downward forces. The pivot center for 
the arms was rather high (18 to 24 
inches), so the force of soil being pushed 
by the blade tended to limit the depth of 
blade operation. A lower pivot point and 
some depth-limiting wheels OT slide might 
have made more uniform basins. 

The blade-lifting cylinder was actuated 
by a solenoid-operated valve. The sole- 
noid was controlled by two roller cam 
switches operating by a shaft connected 



to one of the support wheels with a roller 
chain. Different shaft sprockets could be 
tistalled to adjust basin length. The sole- 
noid valve was excellent for blade con- 
trol, but the switches gave considerable 
trouble until two fully enclosed, high 
quality, cam-operated switches were 
installed. The hydraulic cylinder was 
double-acting. Speed of raising and lower- 
ing was controlled by cylinder size and 
pump speed. A small vane-type pump 
running at about 1000 rpm drove the 
1%.inch diameter cylinder at a reasonable 
speed. Cam lengths were adjusted so that 
the cylinder reached the end of its stroke 
in both directions. This resulted in the 
pumping of some oil through the pressure 
relief valve each time the cylinder reached 
the end of its stroke. The excess time was 
kept to a minimum to avoid heating the 
oil. Basins formed in this research were 
about 12 ft long, with 3 to 4 ft required 
to raise and lower the blade. 

Rootplow standards tend to leave a 
small furrow at the edge of the treated 
strip. The conveyor support wheels ran 
on this strip, making a continuous furrow 
which the blade did not fill. This furrow 
caused some basins to be drained, 
especially on sloping sites. Future designs 
should include some soil-smoothing 
device ahead of the basin-forming blade. 

The conveyor was powered by an 18 
horsepower, air-cooled gasoline engine. It 
was mounted outside the conveyor frame 
and was connected to two hydraulic 
pumps through a chain drive. A small 
pump provided power for the basin- 
forming blade. A large pump was con- 
nected through a flow divider to a 
hydraulic motor to drive the conveyor 
and a hydraulic cylinder that controlled 
the height of brush pickup. Hydraulic 
drive for the conveyor proved to be 
highly desirable. Torque was limited by 
the oil pressure control system, and the 
valve handle could be operated to reverse 
the chain quickly and clear obstructions. 
A wide range of speeds could be obtained 
by (1) changing engine speed, (2) chang- 
ing drive ratios between engine and 
pump, or (3) changing ratios between the 
hydraulic motor and the conveyor drive 
shaft. Use of an hydraulic drive also made 
it possible to power the conveyor through 
the rear shaft as shown in Figure 4, so the 
conveying portion of the chain was also 
the tight side of the drive. 

The planter originally used in the 
experiment had large press wheels. In 
1969, the lower profile version shown in 
Figure 5 was constructed. It also utilized 

the two-box seed-metering system but 
had much smaller wheels. Part of the 
weight of the planter chassis was used to 
press the soil through a rod and spring 
assembly. Future planters should be of 
the unit type, so that spacing can be 
readily changed. If part of the weight of 
the conveyor can be carried by the 
planter, large, heavy press wheels will not 
be necessary. 

Experimental Plantings and Conclusions 

The combination rootplow-seeding 
machine has been used to plant 23 
experimental plots across southern New 
Mexico. Most plots were about 5 acres 
and were seeded with a mix of desirable 
species adapted to the site. Plots were 
planted yearly from 1966 through 1970. 
so a variety of machine configurations 
were used. The conveyor was first used in 
1967, and the basin-forming blade was 
added in 1968. Mechanical improvements 
were made in 1969 and 1970, but these 
had no significant effect on plot work. 

The last complete evaluation was made 
in the fall of 1970. About 50% of the 
seedings were considered successful. 01 
the eight plots which had poor stands, 
seven were on the Jornada Experimental 
Range, where drought prevailed during 
the experiment. Further, the soil on one 
of the sites may be too fragile for this 
treatment. The most successful sites were 
near C&bad, Alamogordo, and Deming. 
A reasonable amount of rainfall occurred 
at all of these locations in 1968 and 
1969. The Deming site was particularly 
droughty in 1970, and the stand rating 
decreased from excellent to good. A 

detailed discussion of results, including 
species response, will be available in a 
companion article by Herbel et al., 1973. 

This research has demonstrated that 
much of the depleted rangeland in 
southern New Mexico can be restored. On 
sites completely dominated by creo- 
sotebush and tarbush, rootplowing fol- 
lowed by seeding with the proper equip- 
ment can be successful. Site requirements 
include: fine-textured soil to resist wind 
erosion, a slope percent low enough to 
resist water erosion, and reasonable rain- 
fall. The planting equipment should 
remove the brush to allow planting on 
bare soil and provide for seed covering to 
a very shallow depth. Small water-holding 
basins must be formed, and the brush 
residue should be placed over the planted 
area. 
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Rootplowing and Seeding Arid Rangelands 

in the Southwest 

CARLTON H. HERBEL, GEORGE H. ABERNATHY, CLYDE 
C. YARBROUGH, AND DAVID K. GARDNER 

Highlight: Twenty-three seedings were made across southern 
New Mexico following roofplowing of creosotebush or rarbush. 
Because of the harsh environment, equipment was used that in 
a single operation killed the brush, formed basin pits, planted 
rhe seed on a firm seedbed, and windrowed the dead brush 
over the seeded area. Good to excellent stands wex? obtained 
o,, 10 plots; 4 had fair stands. Many of the failures were i-e- 
lated to highly erosive or droughty sites, or to soils that form a 
hard surface CIUS~. Even under droughty conditions, there 
generally WAS a good stand of the seeded species where brush 
cover coincided with a low place where watw was concen- 
trated. The species moot easily established on the sandy IO 
loamy sites infested with creosotebush were Lekmnnn and 
Boer lovegrass, black and sideoats grama, yellow bluestem, 
blue pnnic, and fourwing saltbush. On heavier soils, the best 
species were sideoats grame, yellow bluestem, and alkali mca- 
ran. The exact seed mixture for any site depends on manage- 
ment objectives. 

The desirable vegetation on some arid rangeland sites of the 
Southwest has been severely depleted by past grazing abuses, 
droughts, and brush encroachment. On some of these sites, 
natural recovery is slow 01 nonexistent, and seeding desirable 
species is the only hope of recovery. However, establishment 
of seeded species is difficult in arid areas. Sites infested with 
noxious shrubs must be cleared of these plants before being 
seeded. Droughts are frequent and unpredictable. Precipitation 
is more reliable in summer than in the other seasons, so 
seedlings must be established during hot weather. Nearly all 

species adapted to the area have small seed that must be 
planted at the l/4- to l/Z-inch depth. Harsh environmental 
conditions prevail at shallow soil depths (Herb& 1972 and 
Abernathy and Herbel, 1973). 

Plots were seeded at several southern New Mexico locations 
from 1966 to 1970 with experimental seeding equipment 
(Abernathy and Herbel, 1973). The equipment was developed 
for rootplowing and seeding brush-infested ranges in one pass 
over the land. The depth of plowing was 9 inches. This was 
sufficient to kill the major shrubs encountered in these trials. 
The brush from an 8.ft rootplowed swath was windrowed on a 
3.ft swath seeded with a press-wheel seeder. In addition, basin 
pits were formed. Thus, in a single operation, the brush was 
killed; basin pits were formed; seed was planted on a firm 
seedbed; and the dead brush was windrowed over the seeded 
area (Fig. 1) 

Various accessions and species were tested. Most seeds for 
these triels were furnished by the Los Lunas Plant Materials 



Center (Soil Conservation Service, U. S. Department of 
Agriculture and New Mexico State University, cooperating). 
The seed of Marfa black grama was from a harvest of a native 
stand near Marfa, Texas. The seeding rate was 6 to 9 lb/acre of 
a mixture of chaffy seed plus 1 to 2 lb/acre of small, slick 
seed. Different ecotypes of the same species were seeded on 
separate plots, but various mixtures of species were used. 

The plots were seeded in early summer. The stand ratings 
shown in Tables 1 through 3 for the 1966 to 1969 seedings 
were taken in the fall of 1970. The 1970 seedings were 
evaluated in the fall of 1971. 

Jal Site 

A deep sandy site infested with creosotebush (Larrea 
tridentata) on the Dinwiddie Ranch 10 miles west of Jal was 
rootplowed and seeded in 1966, 1967, and 1968. Table 1 
shows the most successful species and ecotypes seeded each 
year. 

The soil was very wet at the time of seeding on June 24, 
1966, from about 2 inches of rainfall on June 19. This was 
followed by about 5 inches of rainfall the latter part of 
August. By October, there was an excellent stand of sideoats 
grama, black grama, and Lehmann lovegrass. However, all 
seedings at this area were heavily grazed in the summer and fall 
each year. By 1970, only a fair stand of the above three 
species remained, probably due to the heavy grazing (Table 1). 
There were only a few scattered plants of the other seeded 
species. The overall stand was rated as poor. 

Over 2 inches of rain fell within a few days after the seeding 
on June 20, 1967. July and August, however, were hot and 
dry, so that by October there was only a poor stand of the 
seeded species. By October, 1970, there was a fair stand of 
sideoats grama and Lehmann lovegrass (Table 1). The overall 
stand was rated as fair. 

Good rainfall in early July followed the 1968 seeding, and 
light showers occurred throughout the summer. By early fall, 
the stand was excellent. By 1970, there was an excellent stand 
of NM 44 black grama; a good stand of Marfa black grama and 
A 130 and A 1685 1 blue panic (Panicum antidotale); and a 
fair stand of sideoats grama, both accessions of blue grama, 
and Lehmann lovegrass (Table 1). The overall rating was good 
to excellent. Only a few scattered plants of A 12751 and A 
12752 Boer lovegrass (Eragrostis chloromelas) were obtained 
during the 3 years at both Jal and Carlsbad. 

Carlsbad Sites 

A shallow, gravelly loam site infested with creosotebush on 
the Hood Ranch, 17 miles south of Carlsbad, N. Mex., was 
rootplowed and seeded in 1966. In 1967 and 1968, a loamy 
site infested with creosotebush on the Ussery Ranch, 12 miles 
east of Carlsbad, was rootplowed and seeded. See Table 1 for 
part of the species and ecotypes seeded each year. 

The soil on the Hood Ranch site was shallow, and the 
rootplow, set to plow at the 9-inch depth, turned up large 
blocks of caliche. About 7.6 inches of precipitation were 
recorded at this site in August 1966. By fall, there was a good 
to excellent stand of fourwing saltbush, sideoats grama, and 
blue grama. By 1970, there was only a fair stand of the above 
three species, probably because of the droughty nature of the 
shallow site. The stand of NM 118 blue grama was better than 
the NM 115 blue grama stand (Table 1). The overall stand was 
rated as poor to fair. 

More than 3 inches of rain fell within a few days following 

Table 1. Part of the species 
and Carlsbad, N. Mex. 

ratings’ for plots at Jai 

Jal Carlsbad 

SDecies and ecotvne 1966 1967 1968 1966 1967 1968 

Fourwing saltbush 
(Atriplex canescens) 

NM 155 
Sideoats grama 
(Bouteloua curtipendula) 

Vaughn 
NM 28 

Black grama 
(Bouteloua eriopoda) 

NM 44 
Marfa 

Blue grama 
(Bouteloua gracilis) 

NM 115 
NM 118 

Eragrostis atherstonei 
NM 500 

Lehmann lovegrass 
(Eragrostis lehmunniam) 

A 14328 
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= good ; f = fair; p = poor; vp = very poor; 0 = none; 

the seeding on the Ussery Ranch on June 2 1, 1967. By 
October, however, only a poor stand of the seeded species 
survived because of the dry, hot conditions prevailing in July 
and August. An excellent stand emerged in the spring of 1968, 
but much of it was lost in May and June. However, by 
September, 1968, there was a good stand. By 1970, there was 
a good stand of sideoats grama, black grama, and blue grama, 
and a fair stand of Lehmann lovegrass. No differences in stand 
between accessions of the same species were observed (Table 
1). The overall stand was rated as good to excellent. 

Over 3 inches of rainfall in early July followed the 1968 
seeding on the Ussery Ranch. This was followed by about 3% 
inches scattered throughout August. By fall, an excellent stand 
of some seeded species was evident. By 1970, there was an 
excellent stand of NM 44 black grama, Eragrostis atherstonei, 
and Lehmann lovegrass. There was also a good stand of Marfa 
black grama, sideoats grama, and blue grama (Table 1). The 
overall stand was excellent. No plants of NM 184 or C 14 
alkali sacaton (Sporobolus airoides) were obtained from the 
three seedings at Carlsbad. 

Alamogordo Sites 

A loamy site infested with creosotebush on the La Luz 
Study Site, Forest Service, 3 miles northeast of Alamogordo, 
N. Mex., was root-plowed and seeded in 1967 and 1968. In 
1969 and 1970, a loamy site infested with creosotebush on the 
McGregor Range, about 25 miles south of Alamogordo, was 
rootplowed and seeded. Table 2 shows some of the species and 
ecotypes seeded. 

About 2 inches of rain fell within 2 weeks after the seeding 
at La Luz on June 22, 1967. This was followed by about 3% 
inches of rainfall reasonably well distributed throughout the 
remainder of the summer. By October the stand was rated as 
good to excellent, particularly under the dead brush cover and 
in the low places. The stand continued to persist, and by 1970 
there was an excellent stand of A 68 Lehmann lovegrass; and a 
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good stand of fourwing saltbush, NM 45 black grama, and A 
84 Boer lovegrass; a poor stand of NM 28 sideoats grama, 
Marfa black grama, and NM 115 blue grama; and a few 
scattered plants of NM 118 blue grama (Table 2). The overall 
stand was rated as excellent (Fig. 2). 

About 1 ‘/z inches of rain fell within 10 days after the 
seeding at La Luz on June 27, l968. This was followed by 
about 4 inches of rainfall from July 24 to August 12. By 
October the stand was excellent. By 1970, there was an 
excellent stand of NM 317 Lehmann lovegrass; a good stand of 
fourwing saltbush, NM 44 black grama, and A 84 Boer 
lovegrass; a fair stand of Marfa black grama and Eragrostis 
atherstonei; and a poor stand of NM 28 sideoats grama (Table 
2). The overall stand was excellent. 

Excellent moisture (about 7 inches of rainfall) occurred at 
the McGregor Site in late summer and early fall of 1969. By 
fall there was a poor to good stand on the eight plots seeded 
July 18-21, 1969. By fall, 1970, the stand was good to 
excellent on the various plots, and the species established 
persisted through droughty 1971. Table 2 gives the rating of 
some of the accessions as of the fall of 197 1. One to four plots 

Table 2. Part of the species seeded and stand ratings’ for plots at 
Alamogordo. 

Species and ecotype 

Four-wing saltbush 
(Atriplex canescens) 

NM 155 
Sideoats grama 
(Bouteloua curtipendula) 

Vaughn 
NM 28 
NM 368 

Black grama 
(Bouteloua eriopoda) 

NM 44 
NM 45 
Marfa 
Sonora 

Blue grama 
(Bouteloua gracilis) 

NM 115 
NM 118 

Yellow bluestem 
(Bothriochloa ischaemum) 

A 1407 
KG 495 

Eragrostis atherstonei 
NM 500 

Boer lovegrass 
(Eragrostis chloromelas) 

A 84 
BF 66 
A 12751 
Catalina 

Lehmann lovegrass 
(Eragrostis lehmanniana) 

A68 
A 14107 
A 14328 
NM 317 
x 11 
x 19 
X 28 
X 38 
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Fig. 2. The foreground shows the untreated creosotebush site at La 
Luz, and the background shows the plot rootplowed and seeded in 
1967. The photo was taken in 1968. Note the desert pavement in the 
untreated area. Also note the edge effects near the untreated area 
caused by rodents and rabbits. Soil erosion has been reduced con- 
siderably on the seeded area. 

were seeded with each accession. NM 44 black grama was 
slightly better than Sonora, and both were superior to Marfa 
black grama. Only a few scattered plants of NM 115 blue 
grama were found, but poor to good stands were obtained 
with NM 118 blue grama. A 1407 yellow bluestem was more 
easily established than KG 495 yellow bluestem. Fair stands 
were obtained on plots seeded with X 38, X 11, and X 28 
Lehmann lovegrass; a good stand was obtained with X 19 
Lehmann lovegrass; and an excellent stand was obtained with 
NM 317 Lehmann lovegrass. The experimental numbers, X -, 
were breeding selections obtained from Dr. L. N. Wright, 
Agricultural Research Service, Tucson, Ariz. The overall rating 
on the eight plots wasgood to excellent. 

Eleven 2-acre plots on the McGregor Range were root- 
plowed and seeded June 15 to 18, 1970. Precipitation was 
slightly above average in July, but August was hot and dry, 
and there were only light showers in September. Despite the 
droughty conditions, most plots had good to excellent stands 
by October. In 1971, winter, spring, and summer were very 
droughty. Table 2 gives the stand ratings observed during the 
fall of 197 1. The same ranking among accessions of black 
grama and yellow bluestem observed on the 1969 seeding at 
McGregor was recorded for the 1970 seeding, Most accessions 
of Lehmann lovegrass were more readily established than Boer 
lovegrass or Eragrostis atherstonei. The overall rating on the 
eleven plots was poor to good, depending largely on the 
accessions seeded on a particular plot. 

In addition to the results shown in Table 2, we had little or 
no success at Alamogordo in seeding the following: Lubbock 
rhodesgrass (Chloris’ gayana); A 13273 bush muhly (Muhlen- 
bergia porteri); common sainfoin (Onobrychis viciaefolia); C 
42, NM 168, or P 2575 Indian ricegrass (Oryzopsis hy- 
menoides); NM 26, NM 184, or C 14 alkali sacaton; NM 164 
creeping dropseed (Sporobolus usitatus); or A 3659 sacaton (S. 
wrightii). We had some success with blue panic; A 16851 was 
superior to A 130. 

Jornada-Creosotebush Site 

A gravelly, sandy loam site infested with creosotebush on 
the Jornada Experimental Range was rootplowed and seeded 
each year from 1966 to 1970. This site occurs on a 2% to 3% 
slope, and the soil is highly erosive. Essentially the same 
species and ecotypes seeded at Alamogordo were seeded at this 



location. There were 1.9 inches of rainfall within 10 days seeded each year from 1967 through 1970. The soil on this 
following the seeding on August 11, 1966, and 0.8 inch in site crusts heavily after a rainstorm. The seeding on August 8, 
September. A fair stand was established by October. Most 1967, was followed by 2.3 inches of rainfall during the 
seedlings succumbed to drought in the winter and spring, remainder of the summer. Poor to fair stands of fourwing 
1966-67. The seeding on July 18, 1967, was followed by two saltbush, NM 28 sideoats grama, tobosa (Hilaria mutica), NM 
heavy storms, each exceeding 2 inches in a short time. In all, 184 alkali sacaton, and A 3659 sacaton were obtained. Nearly 
7.5 inches of rain fell on the seeded site from July 18 to all those plants were growing under the dead brush cover. This 
September 30, 1967. Emergence of the seeded species was initial stand persisted through the years. After the seeding on 
poor because of considerable erosion on the area. The summer July 23, 1968, 6.2 inches of rain fell the remainder of the 
rainfall after the seeding on July 19, 1968, was 4.5 inches. By summer. By October, there was an excellent stand in the 
October, there was a good stand of the seeded species, but by bottom of the basin pits. By 1970, the ratings for those 
the fall of 1969 only a poor stand of fourwing saltbush, accessions that grew were: fourwing saltbush, very poor; NM 
sideoats grama, A 84 Boer lovegrass, and NM 3 17 Lehmann 28 sideoats grama, fair; A 1407 and KG 495 yellow bluestem, 
lovegrass remained. The death loss was due to dry conditions good; NM 184 alkali sacaton, fair; and A 3659 sacaton,poor. 
in the winter and spring, 1968-69. The overall stand was rated fair to good. 

The summer rainfall after seeding on August 7, 1969, was 
1.9 inches. By early fall, good emergence had occurred in 
spots, but most seedlings were desiccated. By 1970, there was 
no evidence of the seeded species. 

The summer rainfall following seeding on August 7, 1969, 
was 2.3 inches. Fair emergence was observed on the area in 
early September, but by October, most seedlings were desic- 
cated. By fall, 1970, all plants had died. 

An area was seeded on the Jornada Experimental Range on 
June 24 and 25, 1970. From July 1 to August 5,2.6 inches of 
rainfall were recorded, but the remainder of August and all of 
September were hot and dry. By mid-August, some seedlings 
had emerged on these plots. However, by mid-September, the 
seedlings were dead. 

Jornada-Tarbush Site 

A heavy loam site infested with tarbush (Flourensia cernua) 
on the Jornada Experimental Range was rootplowed and 

Virtually the same accessions seeded in 1969 at the heavy 
loam site were also seeded on June 25, 1970. The rainfall 
between July 1 and August 5 was 5.6 inches. By mid-August, 
there was good emergence on these plots, but the remainder of 
the summer was hot and dry. By early fall, most seedlings were 
desiccated. 

We had no success in seeding the following on the 
Jornada-tarbush site: Vaughn or NM 368 sideoats grama; KG 
40 Caucasian bluestem (Bothriochloa caucasica); NM 500 
Eragrostis atherstonei; BF 66 or Catalina Boer lovegrass; 

Fig. 3. Four-wing saltbush plant the year following seeding. There were 
enough of these plants to outgrow the competition due to browsing 
by rabbits and rodents. 

Table 3. Species seeded and stand ratings’ for plots at Deming and 
Lordsburg, N. Mex., seeded in 1967 and 1968. 

Snecies and ecotvne 
Deming 

1967 1968 
Lordsburg 

1967 1968 

Fourwing saltbush 
(Atriplex canescens) 

NM 155 
Sideoats grama 
(Bouteloua curtipendula) 

NM 28 
Black grama 
(Bouteloua eriopoda) 

A 3730 
NM 44 
Marfa 

Eragrostis atherstonei 
NM 500 

Boer lovegrass 
(Eragrostis chloromelas) 

A 84 
BF 66 
A 12751 

Lehmann lovegrass 
(Eragrostis lehmanniana) 

A68 
NM 317 

Bush muhly 
(Muhlenbergia porteri) 

A 13273 
Alkali sacaton 
(Sporobolus airoides) 

NM 184 
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Lubbock rhodesgrass; C 42, NM 168, or P 2575 Indian 
ricegrass; A 130 or A 1685 1 blue panic; vinemesquite 
(Panicum obtusum); NM 26 or C 14 alkali sacaton; or NM 164 
creeping dropseed. 

Deming Site 

A loamy site infested with creosotebush on the Smith 
Ranch, 11 miles northeast of Deming, N. Mex. was rootplowed 
and seeded in 1967 and 1968. The species and ecotypes seeded 
are shown in Table 3. Following the seeding on June 27, 1967, 
dry conditions prevailed until July 29. From then until 
September 25, about 4.9 inches of rain fell at this site. By 
October, the stand on the plot was excellent, particularly 
Lehmann lovegrass. Following the seeding on June 20, 1968, 
the rainfall during the summer was above average. By October, 
the stands on both the 1967 and 1968 seedings were excellent. 
The rating on both plots decreased to good by 1970 because 
of droughty conditions. The individual accessions seeded in 
both 1967 and 1968 had the same rating in 1970 (Table 3). 

Lordsburg Site 

A loamy (limy) site infested with creosotebush on the 
Rouse Ranch, two miles south of Lordsburg, N. Mex., was 
rootplowed and seeded in 1967 and 1968. The same species 
used each year at Deming were also used at this location. After 
the seeding on June 26, 1967,2.9 inches of rain fell during the 
summer. By October, the stand was poor, probably because 
the storms were too light to moisten the soil adequately. 
Following the seeding on June 19, 1968, the summer rainfall 
was slightly above average. By October 1968, the stand of the 
seeded species was excellent under the dead brush cover but 
poor elsewhere. The 1967 seeding was poor except in the 
drainages. The overall ratings on both plots were slightly 
higher in 1970 than previously-poor to fair for the 1967 plot 
and fair for the 1968 plot. The individual accessions seeded in 
both 1967 and 1968 had about the same rating in 1970 (Table 
3). 

Discussions and Conclusions 

Twenty-three seedings were made across southern New 
Mexico from 1966 to 1970. At the final rating, 10 of these 
had good to excellent stands, and 4 had fair stands. Many of 
the failures were related to site conditions. We had no success 
in seeding the gravelly, sandy loam site on the Jornada. This 
site has a 2 to 3% slope, and it is highly erosive. Rootplowing 
and seeding on this site must be accompanied by erosion 
control measures. We had little success on the heavy loam site 
on the Jornada. After the first significant rainfall following 
seeding, the soil surface becomes heavily crusted. This reduces 
infiltration and makes it virtually impossible for the small- 
seeded species to emerge. 

Droughty sites are also difficult to seed successfully. Very 
shallow sites, such as on the Hood Ranch, have a limited 
water-holding capacity. Even though a good to excellent stand 
was obtained initially, this was thinned considerably during 
droughty periods. Soils high in lime, such as at Lordsburg, also 
tend to be droughty. 

At Jal, one seeding failed because of grazing pressure 
shortly after the seedlings emerged. Seedlings must be pro- 
tected from heavy grazing during the year of establishment. 
Deferment from grazing during the growing season for 1 to 3 
years aids in establishment of seeded stands. 

Even under droughty conditions, there generally was a good 
stand of the seeded species under the brush cover, particularly 
when the brush covered a low place where water was 

seedlings of fourwing concentrated. Virtually all established 
saltbush were located on such sites. 

Fourwing saltbush requires moister, cooler conditions than 
most grass species used in these trials, and it was often 
browsed by rabbits and rodents. In some instances, browsing 
prevented the saltbush plants from growing more than 6 or 8 
inches tall. It is also likely that some seedlings were killed by 
rabbits and rodents. In at least one instance, the 1967 seeding 
at Alamogordo, the saltbush plants outgrew this damage and 
attained a height of 36 to 42 inches within a year of seeding 
(Fig. 3). Close grazing by rabbits and rodents has also been 
observed on the grasses. Some control measures would 
undoubtedly assist stand establishment. 

The plan& established under the brush cover were generally 
two to three times taller than those established on the areas 
without brush cover. These plants were more likely to survive 
droughty periods and winters. The basin pits also increased 
stand density, but it was important fir the pit to be 
structurally sound. There often was a seeding failure in those 
pits that did not hold water. 

It is also important to seed ecotypes that are easily 
established. In these trials, Lehmann lovegrass was more 
readily established than the other species. The best accessions 
were A 68 and NM 3 17. Good stands of fourwing saltbush 
were established on several plots. It was generally difficult to 
establish Eragrostis atherstonei and Boer lovegrass; A 84 Boer 
lovegrass was superior to the other accessions. 

In seedings at Carlsbad, Vaughn sideoats grama was equal to 
NM 28. In limited comparisons at Alamogordo and the 
Jornada, NM 28 was superior to NM 368. 

In direct comparisons, NM 44 and Sonora black grama were 
superior to Marfa black grama. Generally, NM 115 and NM 
118 blue grama were about equal. 

Of the Asiatic bluestems, A 1407 yellow bluestem was 
better than the others. In limited trials, we were unable to 
establish rhodesgrass or vinemesquite. The viability of vine- 
mesquite seed is very low. Tobosa, bush muhlyj creeping 
dropseed, sacaton, and Indian ricegrass were also difficult to 
establish. Generally, there was little establishment of alkali 
sacaton; NM 184 was slightly superior to C 14. Good stands of 
blue panic were established on some plots; A 130 and A 1685 1 
were about equal. 

The ecotypes most easily established on the sandy to loamy 
sites infested with creosotebush were NM 155 fourwing 
saltbush, sideoats grama (Vaughn or NM 28 in the eastern part 
of New Mexico and NM 28 for the areas further west), NM 44 
or possibly Sonora black grama, NM 115 or NM 118 blue 
grama (at Carlsbad only), A 1407 yellow bluestem, A 84 Boer 
lovegrass, A 68 or NM 3 17 Lehmann lovegrass, and A 130 or A 
1685 1 blue panic. On heavier soils, such as the tarbush site on 
the Jornada,- the best ecotypes were NM 28 sideoats grama, A 
1407 yellow bluestem, and NM 184 alkali sacaton. The exact 
seed mixture for any site depends on management objectives. 
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Germination of Range Plant 
Seeds after Long Periods 
of Uncontrolled Storage 

A. C. HULL, JR. 

Highlight: One hundred sixty-six lots of seed representing 60 species were stored 
from 14 to 41 years in unheated sheds. After 14 years storage only 36 of the IO2 lots 
of grass produced seedlings. Of the 68 lots stored for 20 years, only 16 emerged. After 
27 years of storage no grass seeds were viable. All 24 lots of legume seed produced 
seedlings after 14 years storage. Fifteen lots stored 20 years or more were all viable. Of 
the 21 lots of forb seed stored from 23 to 41 years only Erodium cicutarium produced 
seedlings. Stored for 37 years, this was the oldest seed to germinate. None of five lots 
of shrub seed stored 20 years were viable. 

Some seeds remain viable for several 
hundred years, while others have a short 
life span. Seeds with good longevity are 
usually heavy, with hard and impervious 
coats. Seeds with permeable seed coats, 
such as many cereals and grasses, seldom 
retain their viability more than a few 
years. Longevity of most seeds is in- 
creased by storage at low temperatures, 
low moisture content and humidity, and 
absence of oxygen (Barton, 1953, 1961; 
Cracker, 1945). 

Mirov and Kraebel (1939) recom- 
mended storing seeds of native western 
plants in well-ventilated rooms at ordinary 
temperatures. Tiedemann and Pond 
(1967) tested seeds of 12 southern 
Arizona range grasses that had been 
stored without humidity or temperature 
control for 22 to 28 years. Four of the 
12 species were viable and germinated 
from 3 to 34%. Blake (1935) found that 
seeds of prairie plants stored at room tem- 
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peratures in Nebraska had little viability 
at the end of 5% years. 

Windle et al. (1966) state that the cool, 
dry climatic conditions in southern Idaho 
are ideal for seed storage and that most 
grass seeds stored here will maintain high 
viability for several years. Hafenrichter 
et al. (1965) stored seeds of 2 1 grasses in 
unheated warehouses at four locations in 
the West. At the end of 14 years eight 
grasses germinated 70% at Aberdeen, 
Idaho, but no species germinated 70% at 
the other three locations. They listed the 
Aberdeen climate as cool and dry com- 
pared to that in the other locations. 

All seeds which had been stored at 
least 14 years were tested for viability. 
Recent collections of 10 species were 
used as checks. There were 166 lots, re- 
presenting 60 species. 

The seeds of the range plants and some 
weeds used in this study were obtained 
for experimental and large-scale range 
seedlings or for beet-leafhopper studies 
Seeds were stored in unheated sheds, the 
usual procedure for seed storage in the 
West. The seeds were tested during 1969- 
71 to determine their viability after 
storage for 14 to 41 years. 

We determined emergence by planting 
50 seeds 0.2 inches deep in moist sand in 
a greenhouse where night and day temper- 
atures usually ranged between 52 and 
70°F and 75 and 90”F, respectively. 
Temperature ranges during the study did 
not appear to influence seedling emer- 
gence. Starting two days after seeding and 
continuing for 30 days, emerged seed- 
lings were counted and removed daily. 
For 3 1 to 42 days seedlings were counted 
every 3 days, and from 43 to 60 days, 
every 6 days. Treatments were replicated 
four times, and replications were run 
consecutively during the winters of 1969- 
71. Many species had been tested for 
germination shortly after collection. These 
germination percentages are listed with 
the present tests. 

Description of the Storage Areas 

In 1969, we moved over 250 lots of 
seed from Twin Falls, Idaho, to Logan, 
Utah. The older seeds had been stored 
continuously at Twin Falls. About half 
the lots were stored at LaGrande, Ore., 
until 1960 and then moved to Twin Falls. 
Storage at both locations was in wooden 
frame sheds that had tin sides and roofs. 
Seeds were kept in paper or cloth sacks 
inside wooden, mouse-proof lockers. 
Neither seed containers nor lockers were 
air-tight. Some characteristics of the two 
storage areas follow: 

Results and Discussion 

Species Years storage 

Grasses 
Agropyron cristatum 29 
A. dasystachyuma (3) 18 to 26 
A. desertorum (3) 19 to 24 
A. elongatuma 20 
A. inermea 22 
A. intermediuma (2) 22 to 23 
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Seed lots with the early germination 
and percent seedling emergence in 1969- 
71 are shown in Table 1. Seed lots with 
no emerged seedlings in 1969-7 1 are 
listed below. (The numbers in parentheses 
indicate the number of seed lots for that 
species. An a indicates storage at 
LaGrande until 1960): 

Characteristics Twin Falls LaGrande 

Elevation (ft) 3,750 2,760 
Average annual 

precipitation 8.7 20.3 
(inches) 

Average relative 
humidity (%) 

January 75 70 
July 35 28 

Average temper- 
atures (“F) 

January 27 30 
July 72 71 

Temperature 
extremes (“F) 

Maximum 105 109 
Minimum -26 -22 

Summer air temperatures are several 
degrees higher inside the sheds than out- 
side. For example, during August 197 1 at 
Twin Falls, the extreme maximum and 
minimum inside were 101 and SOoF, com- 
pared to 94 and 40°F, outside. 

Procedures 



A. intermedium Amur” 
A. repen? (3) 
A. sibiricuma (3) 
A. smithiia (3) 
A. spicatuma (3) 
A. subsecunduma (2) 
A. trachycauluma (3) 
Bromus carinatus (3) 
B. erectusa 
B. inermisa (2) 
B. tectoruma (9) 
B. tomentellusa 
Elymus glaucusa (4) 
E. junceusa (2) 
E. salina 
E. triticoidesa 
Festuca arundinaceaa (2) 
F. rubraa (3) 
Orysopsis hymenoides 
Phleum phleotdesa 
Poa bulbosa 
P. secunda (5) 
Forbs 
Descurainia sp. (10 
Salsola kali tenuifolia (5) 

22 
26 to 29 
18 to 25 
27 to 41 
22 to 23 
20 to 24 
19 to 23 
16 to 18 

22 
19 to 20 
28 to 42 

19 
18 to 21 
19 to 25 

30 
23 

21 to 24 
18to20 

41 
25 
36 

28 to 39 

23 tc41 
38 to 41 

Sisymbrium altissimum (5) 39 to41 

Shrubs 
Artemisia tridentata 40 
Atriplex sp. 40 
Cerocarpus ledifoliusa 23 
Chrysothamnus nauseosus 40 
C. viscidiflorus 40 

After 14 years storage, 36 of the 102 
lots of grass seed produced seedlings. Of 
the 68 lots stored 20 years only 16 
emerged. The two best at 20 years were: 
Agrostis alba (50%) and Oryzopsis hy- 
menoides (38%). Twenty-one seed lots of 
eight grasses were stored 27 years or more 
and all failed to emerge. 

Seeds with hard seed coats, such as 
the legumes, retained their viability longer 
than soft-coated seeds, such as many 
grasses. All 24 lots of legume seed pro- 
duced seedlings after 14-years storage. 
Fifteen lots stored 20 years or more were 

all viable when tested. The best viability 
was Trifolium repens, 73% after 25 years, 
and Lotus corniculatus, 65% after 28 
years. No legume seeds were stored be- 
yond 28 years. 

After 23- to 41-years storage only one 
of the 21 forb seed lots emerged. Seeds of 
Erodium cicutarium germinated 5.5% 
after 37-years storage. This was the oldest 
seed to germinate. After 14-years storage 
two of the seven lots of shrub seed were 
viable. After 20-years storage, none of 
the five lots were viable. 

Speed of germination is a species 
characteristic. Within each species, how- 
ever, the younger seeds emerged more 
rapidly than did the older seeds. The 
most rapidly emerging seedlings were the 
annuals, notably: Salsola kali tenuifolia, 
Sisymbrium altissimum, Bromus tectorum, 
and B. aruensis. Close behind were some 

Table 1. Age (years) and emergence (%) of range plant seeds stored at Twin Falls, Idaho and LaGrande, Oregon for long periods in uncontrolled 
environments. 

Species 

Emergence 

Years storage Year grown 1969-7 1 

Grasses 
Agropyron desertorum 

A. elongatum 

A. intermedium 

A. intermedium Amur 

A. sib iricum 

A. spicatum 
A. trichophorum 

Agrostis alba 
A. tenuis oregonensis 
Alopecurus arundinaceus 

A. pra tensis 
Arrhenatherum elatius 
Bromus arvensis 
B. erectus 

B. inermis 

B. tectorum 

Dactylis glomerata 

Festuca arundinacea 
Hordeum bulbosum 
Oryzopsis hymenoides 
Phleum phleoides 
P. pra tense 
Poa ampla 

lga 
17 
14 

2 
19 
18a 
18a 
26a 
22a 

2a 
21a 
18a 
18a 

3 
4 

2oa 
2oa 
18a 
20 
25a 
2oa 
17 
19” 
23a 
17a 
21a 
18a 
lga 

3 
10 

9 
1 

2oa 
18a 
lga 
17 
26 
lga 
18a 
22a 
21a 
2oa 
lga 

85 
86 

96 
85 
83 

80 
84 
95 

79 

90 
82 

90 

88 
100 

93 

91 

85 
82 
85 
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1.5 
3.5 

11 
83 

3.5 
1.0 
1.0 
2.0 
2.5 

93 
0.5 
9.0 
1.0 

94 
80 

4.5 
4.0 

15 
50 

7.0 
21 

8.5 
15 

4.5 
65 

2.0 
4.5 
1.5 

87 
100 

98 
100 

29 
8.0 
4.5 
1.0 

38 
24 

7.0 
6.0 
8.5 
5.5 

15 

Emergence 

Species Years storage Year grown 1969-71 

P. longifolia 

Legumes 
Astragalus cicer 

A. falcatus 

Lathyrus sylvestris 
Lotus corniculatus 

Medicago sativa 

Melilotus alba 
l+ifolium fragiferum 
T. repens 
T. subterraneum 
Vicia tenuifolia 

Forbs 
Erodium cicutarium 
Salsola kali tenuifolia 
Sisymbrium altissimum 

Shrubs 
Artemisia tridentata 
Atriplex canescens 
Purshia tridentata 

2oa 

22a 
lga 
18a 
23a 
23a 
22a 
21a 
17 
17 
28a 
28 
24a 
20 
19 
lga 
lga 

2 

19 
26a 
25a 
25a 
22a 
2oa 
2oa 
lga 

37 

2 
19 
14 

91 
92 

98 
97 
92 
93 

83 

91 
85 
98 

91 
80 
88 
79 
77 

1.0 

43 
54 
55 
10 

8.0 
3.5 
1.5 
3.5 

21 
3.0 

65 
26 
35 
46 
54 
81 
86 

30 
30 
73 
29 
40 
21 
40 
25 

5.5 
67 
93 

53 
3.5 

45 

aStored at LaGrande until 1960. 



legumes: Medicago sativa, Melilo tus alba, 
and the Trifoliums. The slowest seedlings 
to emerge were those from large, thick- 
coated seeds, such as Lathyrus sylvestris, 
Vicia tenuifolia, and Purshia tridentata. 

Each lot of 50 seeds was weighed to 
the nearest .Ol g. Within or between 
species, seed size could not be correlated 
with seed longevity. 

Conclusions 

Even under the cool, dry, and relatively 
favorable storage conditions in this study, 
the percentage and speed of seedling 

emergence decreased with age. Seeds of 
grasses, legumes, forbs, and shrubs stored 
for range seeding should be checked for 
germination. The seeding rates can then 
be adjusted to compensate for low 
viability. 
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Mountain Meadow lmprove- 
ment through Seeding 

RICHARD E. ECKERT, JR., ALLEN D. BRUNER, GERARD J. KLOMP, AND 
FREDRICK F. PETERSON 

Highlight: Three mechanical methods were evaluated for control of the meadow 
weeds-sedge, cheatgrass, and poverty weed. Weed control and seedling stands were best 
on a summer fallow. Seeding in furrows aided seedling survival. A summer fallow- 
furrow technique was the weed control and seeding method used to evaluate grass 
and forb adaptability. Acceptable stands were more difficult to obtain in the cheat- 
grass-poverty weed type than in the sedge type. Seedling stands of Luna pubescent 
and Amur intermediate wheatgrasses were similar and were superior to those of Regar 
bromegrass, Alta tall fescue, and Primar slender wheatgrass. Production of pubescent 
wheatgrass was equal to or superior to that of intermediate wheatgrass. Bromegrass and 
fescue were not as productive as the introduced wheatgrasses. Native slender wheat- 
grass was as productive as the introduced wheatgrasses in a wet year but not in a dry 
year. Alfalfa and sainfoin stands averaged about one plant/3 ft of row. Herbage of 
these forbs was similar in quantity and quality to that in good sage grouse habitat. 

Mountain meadows occur adjacent to 
streams and seeps in mountainous topog- 
raphy in northern and central Nevada. 
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Deep, fertile soils and good soil moisture 
relations from a water table contribute 
to a productive potential much greater 
and species composition much different 
from that on adjacent sagebrush (Arte- 
misia spp.) range. Important tall-statured 
grasses are Nevada bluegrass (Poa nevad- 
ensis), slender wheatgrass (Agropyron 
trac hy caulum), and meadow barley 
(Hordeum brachyan therum). Low grow- 
ing grass and grass-like species include 
mat muhly (Muhlenbergia richardsonis), 
sedges (Carex spp.), and rushes (Juncus 
spp.). Important forbs are western 
y arrow (Achilles lanulosa), common 
dandelion (Taraxacum officinale), Rocky 
Mountain iris (Iris missouriensis), and 
pale agoseris (Agoseris glauca). These 
meadows are small (several hundred 
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square feet to several hundred acres), 
yet the productive potential and species 
composition make them sources of live- 
stock forage (Cornelius and Talbot, 
1955) and the primary summer habitat 
for sage grouse (Centrocercus uro- 
phasianus) in Nevada (Savage et al., 
1969; and Oakleaf, 1971). 

Under season-long grazing and live- 
stock concentration, meadows are sacri- 
fice areas (Cornelius and Talbot, 1955). 
Many are not producing to potential for 
livestock or wildlife, nor is present cover 
protecting the site. Channel cutting, 
lowered water table, and a decrease of 
desirable native grasses and forbs have 
reduced productivity. Low quality mead- 
ow species have increased, and big sage- 
brush (Artemisia tridentata) and rabbit- 
brush (Chrysothamnus spp.) have in- 
vaded (Yoakum et al., 1969). 

We described the present condition of 
mountain meadows in Nevada as fol- 
lows: 1) fair to good condition with de- 
sirable species suppressed by improper 
livestock use. Grazing management will 
improve these areas. 2) Fair condition 
but with desirable species suppressed by 
iris. Improvement of these areas is the 
subject of another study. 3) Very 
poor condition with sedge or cheatgrass 
(Bromus tectorum) and poverty weed 
(Iva axillank). This paper deals with 
improvement of these sites for livestock 
and wildlife by seeding. 

Experimental Areas and Procedures 

The study area was 8 miles north of 
Austin in central Nevada at 7,400 ft ele- 
vation. Precipitation from 1964 to 1971 
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the percentage and speed of seedling 
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Deep, fertile soils and good soil moisture 
relations from a water table contribute 
to a productive potential much greater 
and species composition much different 
from that on adjacent sagebrush (Arte- 
misia spp.) range. Important tall-statured 
grasses are Nevada bluegrass (Poa nevad- 
ensis), slender wheatgrass (Agropyron 
trachycaulum), and meadow barley 
(Hordeum brachyantherum). Low grow- 
ing grass and grass-like species include 
mat muhly (Muhlenbergia richardsonis), 
sedges (Carex spp.), and rushes (Juncus 
spp .). Important forbs are western 
yarrow (Achilles lanulosa), common 
dandelion (Taraxacum officinale), Rocky 
Mountain iris (Iris missouriensis), and 
pale agoseris (Agoseris glauca). These 
meadows are small (several hundred 
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square feet to several hundred acres), 
yet the productive potential and species 
composition make them sources of live- 
stock forage (Cornelius and Talbot, 
1955) and the primary summer habitat 
for sage grouse (Centrocercus uro- 
phasianus) in Nevada (Savage et al., 
1969; and Oakleaf, 1971). 

Under season-long grazing and live- 
stock concentration, meadows are sacri- 
fice areas (Cornelius and Talbot, 1955). 
Many are not producing to potential for 
livestock or wildlife, nor is present cover 
protecting the site. Channel cutting, 
lowered water table, and a decrease of 
desirable native grasses and forbs have 
reduced productivity. Low quality mead- 
ow species have increased, and big sage- 
brush (Artemisia tridentata) and rabbit- 
brush (Chrysothamnus spp.) have in- 
vaded (Yoakum et al., 1969). 

We described the present condition of 
mountain meadows in Nevada as fol- 
lows: 1) fair to good condition with de- 
sirable species suppressed by improper 
livestock use. Grazing management will 
improve these areas. 2) Fair condition 
but with desirable species suppressed by 
iris. Improvement of these areas is the 
subject of another study. 3) Very 
poor condition with sedge or cheatgrass 
(Bromus tectorum) and poverty weed 
(Zva axillaris). This paper deals with 
improvement of these sites for livestock 
and wildlife by seeding. 

Experimental Areas and Procedures 

The study area was 8 miles north of 
Austin in central Nevada at 7,400 ft ele- 
vation. Precipitation from 1964 to 1971 
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ranged from 8.1 to 33.2 inches and aver- 
aged 17.0 inches. Studies were made on 
the “upper” and “lower” sites in the 
meadow complex. 

The upper site was a sheep bed- 
ground with residual vegetation of cheat- 
grass and poverty weed. The stream 
channel was approximately 5 ft deep. 
June minimum and August maximum 
water-table depths from 1965 to 197 1 
were 2.0 and 7.6 ft, respectively. The 
stream flowed most of the year, and a 
check dam impounded water and main- 
tained a water table. Soil is a member of 
a fine, montmorillonitic, frigid family of 
Aquic Haploxerolls. 

Vegetation on the lower site was 
dominated by sedge and suppressed 
cheatgrass with a few big sagebrush and 
rabbitbrush plants. The channel was 12 
ft deep. Leakage under the check dam 
prevented water storage. The stream did 
not flow after July in most years. June 
minimum and August maximum water 
table depths were 3.5 and 18.8 ft, 
respectively. Soil is a member of a fine, 
montmorillonitic, frigid family of 
Cumulic Haploxerolls. Most studies were 
done here because this site is more 
characteristic of depleted meadows. 

Seeding variables were year, site, 
weed control method, and species (Table 
1). We used three weed control 
methods: 1) summer fallow-plow in 
June with a moldboard plow, 2) fall 
plow-plow in October before seeding, 
and 3) fall furrow-furrow with shovel 
-type openers before seeding. Furrowing 
removed competition from a band 
approximately 4 inches deep and 6 
inches wide. A seedbed on plowed treat- 
ments was prepared with a disk-harrow. 
Results through 1967 indicated the 
superiority of the summer-fallow treat- 
ment for sedge control. Cornelius and 
Talbot (1955), Plummer et al. (1955), 
and Rummell and Holscher (1955) also 
found that weedy sod-type vegetation, 
as well as cheatgrass and poverty weed, 
could be controlled by a summer fallow. 
Success of seeding in furrows was de- 
monstrated in the present study, in the 
cheatgrass-type (Eckert and Evans, 1967; 

Table 1. Seeding 
and species. 

Table 2 . Yield 
weed control 

(lb/acre) of competitive vegetation 
treatments at the lower site. 

the first and second years after seeding on four 

Species and treatment 

Weed control 
treatments 

Check 
Fall furrow 
Fall plow 
Summer fallow 

Yield of competitive species 

First year Second year 

Sedge Cheatgrass Sedge Cheatgrass 

577a’ Oa 701a 65a 
276b 208b 432b Oa 

oc 828~ 362b 62a 
oc 324b 281b 126a 

‘Species means within year followed by the same letter are not 
probability level as determined by Duncan’s Multiple Range Test 

significantly different at the 0.1 

and Evans et al., 1970), and on high 
elevation sites in Utah (Hull, 1970). 
Therefore, in 1968 the summer 
fallow-furrow technique was adopted as 
the best method for weed control and 
seedling establishment, and this tech- 
nique was used in 1968 and 1969 
studies. Furrows made after the seedbed 
had been disked were approximately 8 
inches deep and 10 inches wide at the 
top. 

Species seeded were Nordan crested 
(Agropyron desertorum), Amur inter- 
mediate (A. intermedium), Luna pubes- 
cent (A. trichophorum), and Primar slen- 
der (A. trachycaulum) wheatgrasses; 
Regar bromegrass (Bromus biebersteinii); 
and Alta tall fescue (Festuca arun- 
dinaceae). In all years, 24 pls/ft of row 
were fall-planted in 18-inch rows with 
three replications. In 1964, 20-ft single 
rows were seeded. In 1965, intermediate 
wheatgrass was seeded in five 20-ft rows. 
Eight rows, 50 to 100 ft long were seed- 
ed in 1968 and 1969. In these later 
years, Eski sainfoin (Onobrychis vicia- 
efolia) and Ladak alfalfa (Medicago 
sativa) were seeded alone or in alternate 
rows with intermediate wheatgrass. 
These forbs were evaluated as possible 
substitutes for sage grouse food plants, 
such as dandelion and yarrow, not 
found on depleted meadows. 

Weed control treatments were evalu- 
ated by weed yield and performance of 
seeded species. Species performance was 
evaluated by plant density (plants/ft of 
row-pfr), frequency (occupancy/ft of 
row-%), and height for 3 years after 

conducted from 1965 to 1969, year, site, weed method, 

Year Site 

1964 Lower 
1965 Lower 
1965 Upper 
1968 Lower 
1968 Upper 
1969 Lower 

Weed control 
treatment’ 

SF FP FF 
SF FP FF 
SF 
SF - Furrow 
SF - Furrow 
SF - Furrow 

Species’ 

Agde, Agtra, Agin, Fear 
Agin 
Agin 
Agin, Agtr, Brbi, Fear, Mesa, Onvi 
Agin, Agtr, Agtra, Brbi Fear 
Agin, Agtr, Brbi, Fear, Mesa, Onvi 

’ SF = summer fallow; FP = fall plow; and FF = fall furrow. A check was included in 1964 and 
1965. 

* Agde = Nordan crested wheatgrass; Agin = Amur intermediate wheatgrass; Agtr = Luna pubescent 
wheatgrass; Agtra = Primar slender wheatgrass; Brbi = Regar bromegrass; Fear = Alta tall fescue; 
Mesa = Lakak alfalfa; Onvi = Eski sainfoin. 
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planting; and yield. The 1964 and 1965 
seedings were not harvested because of 
small plot size and border effects. Yield 
was evaluated in 1970 and 1971 on the 
1968 seeding and in 197 1 on the 1969 
seeding. 

Water-table observation wells were 
dug to 20 ft, cased with perforated pipe, 
and backfilled with gravel. 

Data were analyzed by analysis of 
variance, and treatment means were 
compared by Duncan’s Multiple Range 
Test. Probability of 0.05 was accepted 
as significant except as noted. 

Results and Discussion 

Weed Control 

Weed control treatments on the lower 
site resulted in significantly different 
kinds and amounts of competing vegeta- 
tion in the first and second years after 
seeding (Table 2). Sedge was dominant on 
the check both years. Fall furrowing 
removed a strip of sedge adjacent to the 
seeded row. During the seedling year, 
sedge reinvaded the furrows and cheat- 
grass invaded the berms in about equal 
amounts. The net reduction in total 
competition was only 93 lb/acre. The 
following year, sedge reinvaded the fur- 
rows and berms, suppressed cheatgrass, 
and total competition was 269 lb/acre less 
than on the check. 

Both plowing treatments controlled 
sedge for 1 year. The fall-plow treatment 
was made after cheatgrass had matured 
and seed was planted in tillage. All 
competition (828 lb/acre) in the seedling 
year was cheatgrass. The summer fallow 
killed most vegetative cheatgrass plants. 
However, escapes and residual seed re- 
sulted in a moderate cheatgrass stand 
(324 lb/acre) in the seedling year. The 
next year sedge had partially reinvaded 
b 0th plowed treatments, suppressed 
cheatgrass, and competing vegetation was 
about half that on the check and about 
equal to that on the fall-furrow treat- 
ment. 

A summer fallow resulted in kinds and 
amounts of weeds on the upper site 
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different from those on the lower. Weed 
yield was 1,190 lb/acre of cheatgrass and 
620 lb/acre of poverty weed, or a total of 
1,8 10 lb/acre compared to 324 lb/acre of 
cheatgrass on the lower site. 

Seeding Establishment 

Seedling establishment of four species 
on three weed control treatments was 
evaluated for 3 years after seeding in 
1964 (Table 3). Precipitation in these 
years was 8.1, 14.9, and 15.1 inches. 
Intermediate wheatgrass had the greatest 
density and frequency in each year. At 
the end of the third growing season, 
density and frequency were 2.4 pfr and 
94% respectively. The fescue stand was 
dense the year after seeding; however, 
frequency data show that this density was 
not uniformly distributed. By 1967, this 
stand had decreased to 0.8 pfr and 36%, 
similar to the crested wheatgrass stand. 
Density of slender wheatgrass decreased 
from 1.3 pfr in 1965 to 0.8 pfr in 1967. 
Frequency remained constant at 60 to 
65%. 

Seedling stands in the summer-fallow 
and fall-plow treatments were similar. 
Density decreased with time, and by 
1966 and 1967 stands on the summer 
fallow were superior to those on the fall 
plow. Seedling stands in fall furrows were 
not as good as those in the two plow 
treatments; however, with time, density 
and frequency were maintained. Plant 
density and frequency in the summer- 
fallow and fall-furrow treatments were 
similar in 1966 and 1967. This was the 
first indication of the possible value of 
furrows for seedling survival on this high- 
potential site. 

Results of the 1965 seeding also indi- 
cated the benefits of a summer fallow for 
weed control and furrows for plant sur- 
vival. Results of the 1968 and 1969 
seedings indicated the superiority of 

Table 4. Yield (lb/acre) of seeded and native species on upper and lower sites in 1970 and 1971. 
Seeded iu fall, 1968. 

1970 1971 

Species Upper Lower Upper Lower 

Pubescent wheatgrass 5784ax’ 2992ay 4227ax 3118ay 
Intermediate wheatgrass 3680bx 3248ay 3973ax 2245by 
Regar bromegrass 1424~~ 1784bx 408bx 1720~~ 
Tall fescue 40dx 1336by 4ocx 692dy 
Slender wheatgrass 3112b - 1213b - 

Native sedge 1879 2286 
Native slender wheatgrass 2000 3230 

‘Year means are compared among species and between sites. Means followed by the same letter 
(a through d) in vertical sequence or by the same letter (x or v) in horizontal sequence are not 
significantly different at the 0.05 probability level as determined by Duncan’s Multiple Range 
Test. 

pubescent and intermediate wheatgrasses 
for seeding meadow sites. 

Acceptable stands of pubescent and 
intermediate wheatgrasses were obtained 
on both the cheatgrass-poverty weed and 
sedge type (average of 2.0 and 3.2 pfr, 
respectively). However, acceptable stands 
of bromegrass, fescue, and slender wheat- 
grass were more difficult to obtain on the 
former (0.7 pfr) than on the latter (3.1) 
type. This is probably due to the greater 
amount of competitive vegetation on a 
summer fallow-furrow treatment of the 
former (1,810 lb/acre) in contrast to the 
latter (324 lb/acre) type. 

Alfalfa and sainfoin stands averaged 
between one plant per 2.7 to 5 .l ft of 
row and 2.4 to 3.1 ft of row, respectively, 
whether seeded alone or in alternate 
rows. These stands were not harvested. 
However, a yield estimate of 50 to 80 lb/ 
acre of sainfoin was based on the work of 
Ryerson and Taylor (1968) in Montana 
under dryland conditions. The alfalfa 
stand had similar productivity. Oakleaf 
(197 l), calculated that a sage grouse 
population of 8 birds/acre (the highest 
density observed in a 4-year study) would 

Table 3. Density (plants/ft of row) and frequency (%) of four species averaged over four weed 
control treatments. Average density and frequency of seeded species on four weed control 
treatments. Seeded in fall, 1964. 

Density Frequency 

1965 1966 1967 1965 1966 1967 

Species 
Intermediate wheatgrass 4.7a’ 2.3a 2.4a 90a 81a 94a 
Tall fescue 3.3b 0.9b 0.8b 60b 45b 36c 
Slender wheatgrass 1.3c 0.9b 0.8b 65b 50b 60b 
Crested wheatgrass 0.3c 0.2c 0.6b 29c 14c 32c 

Weed control treatments 
Summer fallow 3.3a 1.4a 1.2ab 70ab 60a 60a 
Fall plow 3.2a 0.8b 0.8b 58b 44b 38b 
Fall furrow 2.2b 1.5a 1.8a 85a 61a 74a 
Check 0.8~ 0.6b 0.8b 29c 24c 30b 

’ Species and treatment means of density and frequency are compared within year. Means followed 
by the same letter are not significantly different at the 0.05 probability level as determined by 
Duncan’s Multiple Range Test. 

consume about 10 lb/acre of forbs during 
the period of meadow use. The forage 
quality of alfalfa and sainfoin (Jensen et 
al., 1968) and dandelion and yarrow 
(Oakleaf, 1971) showed that crude pro- 
tein, ether extract, and ash in succulent 
sage grouse food plants were equal to or 
slightly greater than that in seeded forbs. 
Crude fiber was about 9% less in meadow 
forbs. Quality of seeded forbs was deter- 
mined on first-cut hay harvested in early 
July, when sage grouse normally occupy 
meadows. 

Through the seeding techniques and 
species used, we established forbs that 
appear to satisfy the quantity and quality 
food requirements of sage grouse. Sage 
grouse preference for seeded forbs has 
been established (Patterson, 1952 and 
Harris, 1972l). Research is needed to 
determine longevity of these forbs in pure 
stands, in alternate rows with sodforming 
and bunch grasses, and under grazing. 

Stand Productivity 

Production in 1970 and 1971 on the 
1968 seeding varied with site, year, and 
species (Table 4). Precipitation was 12.6 
and 23.4 inches during these years on 
both sites. On the upper site in 1970, 
pubescent wheatgrass was the most pro- 
ductive species, followed by intermediate 
and slender wheatgrasses, bromegrass, and 
fescue. In 1971, pubescent and inter- 
mediate wheatgrasses produced similarly 
and significantly more than other species. 

On the lower site in 1970, the wheat- 
grasses produced similarly and signifi- 
cantly more than did bromegrass or 
fescue. In 1971, pubescent wheatgrass 
produced most, followed by intermediate 
wheatgrass, bromegrass, and fescue. 

Pubescent and intermediate wheat- 
grasses produced more on the upper site 
than on the lower site in both years. 

’ Personal communication. Harold L. Harris, 
Soil Conservation Service, Aberdeen, Idaho. 
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Stands were mostly full, and most envi- 
ronmental factors were similar. However, 
depth to water table varied considerably. 
Minimal depths were similar. However, by 
July, 1970 and 197 1, the water table 
averaged 5 ft on the upper site and 8 ft 
on the lower site. By August of both 
years, the water table on the upper site 
still was 5 ft. On the lower site, the water 
table was 15 ft in 1970 and 12 ft in 1971. 
On the upper site, capillary rise above a 5 
ft water table could increase the amount 
of soil moisture available to plants, and 
additional moisture would explain the 
high productivity. On the deeply gullied 
lower site, the water table and capillary 
fringe were below root depth after June 
in most years, and the productive poten- 
tial was that of a dryland environment. 

Production of bromegrass and fescue 
was generally higher on the lower site 
than on the upper site (Table 4). This is 
directly related to the difficulty of 
obtaining a full seedling stand of these 
species and maintaining a productive 
stand with intense competition from 
cheatgrass and poverty weed. Had full 
stands been obtained on the upper site, 
production probably would have been 
greater than on the lower site because of 
the water table effect. 

Herbage yields were also determined in 
1971 for species seeded in 1969 on the 
lower site. Intermediate wheatgrass in 
solid stands (2,150 lb/acre) and pubescent 
wheatgrass (2,300 lb/acre) did not differ 
significantly. Bromegrass (1,42 1 lb/acre) 
and intermediate wheatgrass in alternate 
rows with sainfoin or alfalfa (1 454 lb/ 
acre) produced less, and fescue (614 lb/ 
acre) least. 

Plots of native slender wheatgrass and 
sedge were not included in the experi- 
mental design because stands were too 
scattered. However, production data are 
included in Table 4 for comparative 
purposes. In 1970, native slender wheat- 
grass produced less than did the seeded 
wheatgrasses but more than did brome- 

grass or fescue. Sedge production 
equalled or surpassed that of bromegrass 
and fescue in both years. In the wet year 
of 197 1 production by slender wheatgrass 
(3,230 lb/acre) was similar to pubescent 
wheatgrass, and about 1,000 lb/acre 
greater than intermediate wheatgrass. 

Management Implications 

Conversion of depleted mountain 
meadows to productive stands of seeded 
species will require 1 year non-use during 
the fallow period and 1 or 2 years 
non-use for establishment. Fencing for 
establishment and future management 
may be the only practical means of 
livestock control. 

Large improved meadows should be 
used for livestock and wildlife separately 
from surrounding dryland range. Defer- 
ment of grazing until after sage grouse 
occupancy would be a logical manage- 
ment approach. However, we need more 
research to determine the effects of graz- 
ing systems on the habitat and on sage 
grouse response. 

Fencing and use of small improved 
meadows for livestock production would 
be impractical due to excessive stock 
moving and the few AUM’s of forage 
available. These areas may justifiably be 
managed for wildlife, particularly sage 
grouse, although livestock water should 
be provided. Complete protection from 
livestock is undesirable. Seeded grasses 
can stagnate or become aggressive and 
crowd out wildlife food plants. Also, 
Oakleaf (197 1) found that meadows with 
dense vegetation were not utilized by sage 
grouse. Livestock could be used to open 
the grass stand prior to sage grouse 
occupancy. However, forb palatability 
may dictate development of fenced areas 
within improved meadows seeded only to 
forbs. Seeded grasses would protect the 
site, livestock could utilize the grass to 
open the stand, and the unused forbs 
would be available to wildlife. This is 
intensive management 
needed to reestablish 

but perhaps it is 
maintain, or in- 

crease wildlife populations. 
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Growth and Survival of Perennial 

Tropical Grasses in North Georgia 

E. R. BEATY, ALBERT E. SMITH, AND EDWARD E. 
WORLEY 

Highlight: Coastal, midland, and common bermudagrasses 
and Pensacola and Wilmington bahiagrasses were established 
and grown in the Limestone Valley and upland province of 
Georgia at six rates of nitrogen (N) fertilization. Forage and 
weed yields reflected N fertilization rates. Bermudagrasses out- 
yielded bahiagrasses at high N levels, and weed production 
composed a significant part of the total harvested. Common 
and midland bermudagrass and Wilmington bahiagrass are 
significantly more winter hardy than are coastal bermuda or 
Pensacola bahia. 

Grasses of tropical and subtropical origin, because of their 
aggressive growth habits, tolerance to diverse management 
practices, and production reliability, are becoming more 
important for grazing in the temperate Southeast. Survival of 
common, coastal, and midland bermudagrass (Cynodon 
dactylon (L.) Pers.) and Pensacola and Wilmington bahiagrass 
(Paspalum notatum var. saurae Perodi.) are limited in the 
North and East by winter cold and West by dry weather. 

The purpose of this investigation was to compare the 
perennial summer grasses as to forage production, winter 
survival, and weed production under conditions where stand 
retention and survival become difficult and to establish the 
influence of nitrogen (N) on the forage production and 
survival of these forage grasses. 

Literature Review 

Tennessee line. However, it will winter-kill south of that 
during excessively cold winters and when grown on shallow 
and wet soils. Trial plantings of midland bermudagrass and 
Wilmington bahiagrass by the Soil Conservation Service have 
survived in Oklahoma, northern Arkansas, and Kentucky; and 
common bermudagrass will survive in the Great Lakes Region 
(Burton, Personal Communication). Reported research on 
stand damage to perennial grasses by cold temperatures in the 
Southeast has been limited to specific conditions (Adams and 
Twerski, 1960). 

The relationship between forage yield and height of clip has 
been pointed out by Ethredge and Beaty (1969). In that work, 
forage yields were reduced by 25% when clipping height of 
coastal bermudagrass was increased from 0 to 2.8 inches. Up 
to 2,200 pounds of dry forage was harvested by clipping at 0 
inches, while less than 50 pounds would be harvested by 
clipping at 2.8 inches. 

The significance of clipping height is greater with short- 
growing grasses such as common bermudagrass and bahiagrass 
than with the taller growing coastal and midland bermudas, 
(Beaty et al., 1968), since up to 60% of total vegetation may 
be below 2 inches. 

Recently, it has been shown that atmospheric N can be 
fixed by some bahiagrasses (Kass et al., 1971), while Tan and 
Beaty (1971) have shown that bahiagrass can concentrate 
fertilizer elements in the soil surface. 

Certain varieties of bermudagrass and bahiagrass will grow 
Seasonal forage production patterns of coastal bermuda and 

from central Texas to Kentucky. However, no one variety is 
Pensacola bahia have been established (Beaty et al., 1960 and 

superior over the entire area. Coastal bermudagrass is con- 
1961) and effects of fertilizer on forage production have also 

sidered superior for hay and grazing over much of the Coastal 
been established, (Beaty et al., 1960; and Adams and Stelly, 

Plain (Burton, 1954), while Pensacola bahiagrass has been 
1958). Weed control in pastures is frequently discussed in the 

found to do well on deep sands and nonfertile soils of the 
literature, but weed production and their possible utilization 

same area. (Tan et al., 1970). The northern limits for these 
in perennial forage crops has not been researched. 

species cannot be well defined, as severity of winter cold varies Procedure 
significantly. Central Georgia to Jackson, Miss., has been 
considered the northern limit of Pensacola bahiagrass. Coastal 

The investigation was conducted at Calhoun, Ga., in the 
L* rmestone Valley and upland soil province. The Montivallo silt 

bermudagrass survives on well-drained soils as far north as the loam soil, a widely occurring entisol, had a shallow A horizon 

and was- poorly- drained. -The subsoil was composed of 

The authors are professor of agronomy, University of Georgia, incompletely decomposed shale. At the beginning of the 
Athens; assistant professor of agronomy, Georgia Experiment Station; 
and superintendent, Northwest Georgia Branch Experiment Station, 

investigtion, the surface soil had a pH value of 6.1. 

Calhoun. On June 10, 1963, whole plots of common, coastal, and 

Manuscript received March 20, 1972. midland bermudagrass were sprigged on 1-ft centers, and 
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Pensacola and Wilmington bahiagrass were seeded at 30 
lb/acre. No fertilizer was applied at planting. During the 
springs of 1964 and 1965, 30 lb/acre N were applied to all 
plots. During the spring of 1966 and annually during 1967, 
1968, and 1969, N treatments of 0, 50, 100, 200, 400, and 
600 lb/acre were made on 6-ft by lo-ft split plots. Treatments 
were replicated four times. Nitrogen treatments were split into 
four equal applications: l/4 in late April and l/4 after the 
first, second, and third clippings. Applications of PZ05 and 
K20 were made as indicated by soil tests. 

Plots were clipped when seed heads were observed on the 
200 lb/acre N-treated coastal bermudagrass plots. Clipping 
dates were usually June 5 to 10, July 10 to 20, August 20 to 
30, and October 20 to 25. For forage and weed yields, 25 ft2 
of each plot was clipped and dried at 165’F for dry weight 
measurements. Plot clipping was completed with a sickle bar 
mower set to clip to a 2.5 inch stubble height. Weed 
production was established by clipping on April 18, in 1967, 
1968, 1969, and May 5 in 1970; all species except the crop 
planted were considered weeds. 

On February 5, 1970, forage crop survival was established 
by enclosing 6-inch sod cores in plastic in the greenhouse and 
counting developed tillers on February 27, 1970. Stand 
survival in the field was quantified by visual estimates and 
counting live tillers on May 5 and August 4, 1970. 

Results and Discussion 

Crop Establishment 

All grasses were slow to establish. By late 1964, the 
bermudagrass plots were well established. However, bahiagrass 
plots were not completely established by the first clipping in 
1966, 3 years after seeding. Soils of the Limestone Valley are 
heavier than Coastal Plain soils, and the heavier soil combined 
with cooler temperatures likely influenced establishment of 
the subtropical grasses. The slow establishment corroborates 
the findings of Richardson and Diseker (1965). 

Forage Yields 

Average yields for the different harvested grasses (Fig. 1) 
indicate that coastal bermudagrass would be most desired as 
forage grass, with midland and common bermudagrass being 
second and third. The two bahiagrasses produced 1,500 to 
2,000 lb lower yields as compared to coastal bermudagrass. 

W_ilmington 

I 2 3 4 5 6 
Fig. 1. Yield of three bermudagrasses and two bahiagrasses by N rates 

at Calhoun, Georgia, 19661969. 
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Coastal bermudagrass, where adapted because of its upright 
growth habit, would be preferred for hay production. How- 
ever, the lower-growing common and midland bermudagrass 
would probably produce as much forage for grazing purposes 
as coastal bermudagrass. Over most of the Southeast, grazing is 
the predominate use of bermudagrass. 

Approximately 60% of the forage produced by the low- 
growing bahiagrasses was below the 2.5-inch mowing height 
used in this investigation (Beaty et al., 1968). When yield data 
of bahiagrass reported in Figure 1 are evaluated using that 
evidence, all five grasses would be considered essentially equal 
in yield for grazing purposes, and coastal and midland 
bermudagrass would be superior for haying. The N-fixing 
capacities of bahiagrass have not been delineated, but related 
research suggest significant quantities may be. Stand mainte- 
nance is no problem with bahiagrasses in areas where winter- 
killing does not occur. 

Crop Competition with Weeds 

Plants harvested in this study and classed as weeds included 
Carolina crainsbill (Geranium carolinianurn L.), common vetch 
(Vicia sativa L.), ryegrass (Lolium multijlorium Lam.), little 
barley (Hordium pusillum Nutt), hop clover (Trifolium pro- 
cumbens L.), white clover (T. repens L.), wild onion (Allium 
vineale L.), and Kentucky bluegrass (Pea pratensis L.). During 
early spring, before May 1, when the bermudagrasses and 
bahiagrasses compose only a small fraction of available forage, 
these species are highly nutritious and are readily grazed by 
livestock. However, they are not the species seeded and were 
classed as weeds in this study. During the summer growing 
season, all five seeded grasses produced weed free stands. 

Weed production, as a complement to forage production of 
bermuda and bahiagrasses, was influenced significantly by 
both crop and N rate (Table 1). Lowest weed production was 
on coastal bermudagrass plots; highest weed production was 
on Pensacola bahiagrass plots. These data indicate that under 
environmental conditions of the Limestone Valley soil 
province, coastal bermudagrass competes more vigorously with 
weeds than other grasses investigated. Coastal would appear to 
offer greatest competition to interseeded crops. 

It is possible that certain of the weedy species furnish 

Table 1. Average annual weed production (lb/acre, dry wt) on five 
subtropical grasses treated with various rates of nitrogen fertilizer, 
Calhoun, Georgia 1967-1970. 

Bermudagrass Bahiagrass 

N rate Common Coastal Midland Pensacola Wilmington 

0 451 ;ef 312f 

496 ‘ef 

560 ;zf 323 f c 388 ;’ 

50 526 ;z’ 

100 601 ;z’ 419 iZf 

711;;: 405 “,’ 479 ;“,’ 

636 ;Ef 628 $‘, 577 ,“z’ 

200 790 ;;E 628 ;;’ 768 $; 655 ;Ff 739 ;;‘c 

400 914 ;;‘c 826 t,efc 1014 ;;Ef 1700 iic 1138 ;;c”” 

600 920 ;;‘c 661;;’ 1200 ;;; 1926 i 1699 ;; 

Avis 700 557 815 940 831 

‘Means within a N rate followed by the same subscript letter, and 
means within a column followed by the same superscript letter, are 
not significantly different at the 0.05 level of probability. 
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Table 2. Survival (%) of five subtropical grasses treated with various 
rates of nitrogen fertilizer, Calhoun, Georgia, 1970. 

Bermudagrass Bahiagrass 

N rate Common Coastal Midland Pensacola Wilmington 

0 100; 96aab 92zb 35 ; 100; 

50 98 ;” 100; 100; 16zf 100; 

100 93 zb 100; 98 t” 16zf 100; 

200 98zb 92; 100; 11: 100; 

400 931b 75 bed bc 98 ab a 3 f 95 ab 

600 94 f” 64 ;” 85 ;; 6: 
e 

,,:d 
C 

Avg 96 88 96 15 93 

‘Means within a N rate followed by the same subscript letter, and 
means within a column followed by the same superscript letter, are 
not significantly different at the 0.05 level of probability. 

quality forage during early portions of the grazing season. 
Growth of grazeable weeds in a pasture when the seeded 
species are not growing would appear to be desirable in a 
pasture management program where competition with the 
crop species is not detrimental to forage production. 

Winter Survival 

During 3 of the 4 experimental years, winter survival of all 
species was satisfactory. However, during the winter of 
1969- 1970, mean temperatures were below normal, and cold 
injury to stands was noted in two species (Table 2). Common 
bermudagrass used in this test was of a local ecotype, and 
excellent survival was obtained. 

Survival of coastal bermudagrass on plots treated with up to 
100 lb/acre N was good. However, stand damage increased as 
N rates were increased above 100 lb/acre. Stand reductions of 
8, 25, and 36% on plots receiving 200,400, and 600 lb/acre N 
would indicate Calhoun, Ga., is close to the northern limit of 
dependability for coastal bermudagrass. By August 4, 1970, 
coastal plots had reestablished stands, but much of the season 
had been lost to forage production. Midland bermudagrass 
survived well at this location, except at the 600 lb/acre N 
treatments. 

Stands of Pensacola bahiagrass were damaged at all N levels 
and had not reestablished by August 4, 1970, indicating 
Calhoun, Ga., to be north of the area of adaptation of this 
grass. Stands of Wilmington bahiagrass were excellent up to 
400 lb/acre N. Only at 600 lb/acre were stands noticeably 
reduced. Bahiagrass is only recommended for grazing, and the 
N application should not exceed 150 lb/acre (Beaty et al., 
1969). 

The data obtained in this investigation show that winter 
stand damage to coastal bermudagrass and Pensacola bahia- 
grass may be severe. During some years, winter damage to 
stands may cause forage shortages the following year. By 
selecting midland bermudagrass or Wilmington bahiagrass, loss 
in forage production due to winter injury will be minimal. 
Common bermudagrass is more disease susceptible than 
midland and therefore inferior. Survival and forage yields of 
midland bermudagrass and Wilmington bahiagrass appear to 
make them best suited for forage grasses in this area of 
Georgia. 
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Effect of Plant Moisture Stress 
on Carbohydrate 

and Nitrogen Content 

of Big Sagebrush 

STEPHEN J. DINA AND LIONEL G. KLIKOFF 

Highlight: Delineation of the effects of plant moisture stress on carbohydrate and 
nitrogen content of important range species is needed for proper intensity of range use 
of summer ranges when high plant water stress conditions exist. Water potential of 
big sagebrush shows great seasonal variation, ranging from a low of -70.3 bars in 
September to a high of -8.3 bars in April. Starch content did not significantly change 
in water stressed plants, but sugar con tent significantly increased in leaves, stem, and 
roots. Leaf nitrogen content significantly decreased in water stressed plants, while 
stem nitrogen content significantly increased. Sugar increases in the leaves, stem, and 
roots and nitrogen accumulation in the stem of water stressed plants may be of 
adaptive significance. 

Big sagebrush (Artemisia triden tata 
Nutt.) is an important browse plant on 
western ranges. Since moisture is an 
important environmental factor on desert 
ranges, a clearer understanding of the 
effects of plant moisture stress on carbo- 
hydrate and nitrogen reserves of range 
species such as big sagebrush is useful in 
range management. 

Although the seasonal carbohydrate 
reserve cycle of big sagebrush has been 
studied (Coyne and Cook, 1970), and 
carbohydrate and nitrogen content deter- 
mined during winter and summer range 
conditions (Cook and Harris, 1950; 
Esplin et al., 1937), little attention has 
been given to the effect of plant water 
stress on carbohydrate and nitrogen bal- 
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ante. 
Despite much work showing that 

water stress alters both the carbohydrate 
and nitrogen balance of plants, generaliza- 
tions from the literature do not fulfill the 
need for specific knowledge. This study 
provides some basic information on the 
effect of plant water stress on carbohy- 
drate and nitrogen balance of big 
sagebrush. 

Methods and Materials 

To assess the range of moisture stress 
experienced by big sagebrush in the field, 
plant water potential (WP) measurements 
were obtained from plants growing on a 
south-facing slope (1,640 m elevation) in 
Red Butte Canyon, east of Salt Lake 
City, Utah. Field WP measurements were 
made at weekly intervals from late Au- 
gust to early November, 1969, and during 
April and May, 1970. All WP measure- 
ments were made using the pressure 
bomb technique (Scholander et al., 1965; 
Waring and Cleary, 1967). Determina- 
tions were obtained from more or less 
uniformly sized plants, generally about 
0.5 m tall, between 12:OO noon and 5:OO 
pm. Measurements were obtained from 
three to eight individual plants on each 
sampling date. 

The effect of plant water stress on 
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carbohydrate and nitrogen balance of big 
sagebrush was studied under controlled 
laboratory conditions to separate seasonal 
and other effects on carbohydrate and 
nitrogen content from those due to water 
stress. 

Entire plants approximately 2 to 4 dm 
tall were collected at the field study site 
during late summer and early fall, 1969. 
Plants were packed in wet peat and 
transported to a greenhouse, where root 
systems were washed with tap water and 
dipped into Rootone. They were then 
potted in a uniform loam soil and kept in 
a greenhouse for at least 2 months prior 
to use. Plants were well watered and 
periodically fertilized with a commercial 
liquid mixture during this time. 

Healthy plants were randomly selected 
from those growing in the greenhouse, 
placed into a Sherer-Gillett environmental 
chamber, and acclimated for at least 2 
weeks prior to use. During acclimation all 
plants were well watered. Moisture stress 
was gradually imposed by withholding 
water following acclimation, and time 
elapsing before plants attained the lowest 
WP values was 15 days. The environ- 
mental chamber regime was based on data 
obtained at the field study site during 
August through September (the most arid 
months). Maximum temperature was 29 
OC and minimum 13 “C. Temperature was 
gradually changed in increments of 1 to 3 
units per hour. The chamber was lit with 
fluorescent lamps supplemented by incan- 
descent bulbs and kept on a 14 hr 
light/l0 hr dark photoperiod. 

All plants used were randomly selected 
and removed from the growth chamber at 
the same light phase cycle time * one 
hour. Upon removal from the chamber, 
plant WP was measured with the pressure 
bomb method. All leaves were removed 
and dropped whole into boiling 80% 
ethyl alcohol (ETOH). The entire stem 
system was then sectioned and dropped 
into boiling ETOH, and lastly the entire 
root system was washed with tap water, 
blotted nearly dry, sectioned, and 
dropped into boiling ETOH. All organs 
were in boiling ETOH within 10 to 15 
minutes following removal from the 
chamber. 

Subsequent extraction of reducing sug- 
ars, including hydrolysis of oligosac- 
charides to monosaccharides, was done 
following the procedures of the Official 
Methods of Analysis of the Association 
of Official Agricultural Chemists (ninth 
edition, 1960). Total reducing sugars were 
analyzed using the method of Somogyi 
(1952). The alcohol-soluble nitrogen ex- 
traction procedure followed that of 
Saunier et al. (1968). Total alcohol-soluble 
nitrogen was determined using a micro- 
kjeldahl method and includes chlorophyll 
nitrogen of chlorophyllous organs in addi- 
tion to other alcohol-soluble nitrogenous 
compounds. 
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Starch extraction and hydrolysis fol- 
lowed the procedure of Hassid et al. 
(1940), but maltose produced after amy- 
lase hydrolysis was determined by the 
method of Somogyi (1952). Total 
alcohol-insoluble nitrogen was deter- 
mined with a microkjeldahl technique, 
following the procedures of Chen et al. 
(1964). 

Since virtually all nitrogen of the 
alcohol extracted material is alcohol- 
insoluble protein nitrogen (Chen et al., 
1964), alcohol-insoluble nitrogen values 
are reported as alcohol-insoluble protein 
nitrogen. All reducing sugar, starch, 
alcohol-soluble nitrogen, and alcohol 
-insoluble protein nitrogen data are 
expressed as milligrams per gram of the 
alcohol-insoluble dry weight for leaf, 
stem, and root material. 

Results and Discussion 

Big sagebrush shows great seasonal 
variation in WP, ranging from a high of 
-8.3 bars in April to a low of -70.3 bars 
in September (Table 1). Both August and 
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Fig. 1. Carbohydrate content of leaf, stem, 
root, and total carbohydrate content of the 
entire plant (sugar plus starch of leaves, 
stems, plus roots) at various plant water 
potentials (bars). 

Table 1. Water potential (bars) of big sage- 
brush in Red Butte Canyon at 1,640 m eleva- 
tion. 

Month Range Mean 

August -36.5 to -49.1 -42.1 
September -42.7 to -70.3 -54.6 
October -22.7 to -43.4 -30.9 
November -12.4 to -33.8 -24.3 
April - 8.3 to -11.0 - 9.8 
May - 9.7 to -16.5 -12.8 

September, 1969, were unusually arid 
months with precipitation being 38% and 
23%, respectively, of the long term (18 
year) monthly mean (Dina, 1970). Thus 
the lowest WP values found in the field 
were probably lower than in most years. 
Carbohydrate and nitrogen balance was 
examined over the WI? range of -8.3 to 
-38.9 bars. This range includes WP’s 
experienced by plants in the field during 
all months except September. 

Figure 1 shows the effect of decreasing 
plant WP (increasing water stress) on the 
sugar and starch content of leaves, stems, 
and roots and total carbohydrate (sugar 
plus starch) of the entire plant (leaves, 
stem, plus roots). Analysis of variance 
indicates a curvilinear regression is signifi- 
cantly different (0.05 level) from a linear 
regression in some cases. In those 
instances where there is significant curvi- 
linearity in the regression, the parabolic 
regression line is plotted. Regressions of 
leaf, stem, and root starch are not signifi- 
cant (from zero) at the 0.05 level. In 
contrast, regressions of total carbohy- 
drate, leaf, and stem sugar are significant 
at the 0.01 level. The regression for root 
sugar is significant at the 0.05 level. 
Coefficients of determination of signif- 
icant regressions range from 0.54 to 0.82, 
indicating that a substantial amount of 
variation in carbohydrate content is 
accounted for by variation in plant WP. 

Starch content did not significantly 
change with water stress in any organs of 
big sagebrush. However, there is a signifi- 
cant increase in sugar content and total 
carbohydrate of the entire plant (Fig. 1). 

In big sagebrush plants subjected to 
water stress, cellular growth is probably 
reduced, and thus sugars accumulate in 
the sugar pool. Hodges and Lorio (1969) 
found a marked increase in sugars and 
total carbohydrate in the bark of water 
stressed loblolly pines, but no difference 
in the degree of starch degradation in 
stressed versus non-stressed controls. 
They attributed this to the reduced 
growth of stressed trees. Iljin (1957) has 
suggested that reduced growth with water 
stress may result in sugar accumulation. 

Coyne and Cook (1970) reported that 
growth rate in eight desert range species, 
including big sagebrush, was inversely 
related to carbohydrate content. 

Figure 2 shows the effect of water 
stress on alcohol-soluble nitrogen (soluble 
N) and alcohol-insoluble protein nitrogen 
(protein N) content of leaves, stem, and 
roots and total N (soluble plus protein N) 
of the entire plant (leaves, stem, plus 
roots). Regressions of protein N of leaves 
and roots, and soluble N of the stem are 
significant at the 0.01 level. The 
regression for stem protein N is signifi- 
cant at the 0.05 level. Regressions of total 
N and soluble N of the leaves and roots 
are not significant at the 0.05 level. 
Coefficients of determination of signifi- 
cant regressions range from 0.52 to 0.68. 

Soluble N in the stem increases signifi- 
cantly with decreasing plant WP. Protein 
N of the stem and roots did not decrease 
with decreasing plant WP, but there is a 
significant decrease in leaf protein N (Fig. 
2). These relationships indicate that the 
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Fig. 2. Nitrogen content of leaf, stem, root, 
and total nitrogen content of the entire plant 
(soluble plus protein nitrogen of leaves, stems, 
plus roots) at various plant water potentials 
(bars). 
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increase in stem soluble N with water 
stress is not due to nitrogen shifts within 
the root or stem, and since total N of the 
plant does not change significantly with 
water stress, the increase in stem soluble 
N must be a result of translocation of 
protein hydrolysis products from the 
leaves. 

Bonner (1950) states that water stress 
may induce proteolysis in leaves and 
translocation of soluble N products from 
the leaves. Protein hydrolysis, coupled 
with an increase in soluble nitrogen com- 
pounds, is not uncommon in plants sub- 
jected to water stress (Petri and Wood, 
1938 ; Chibnall, 1954; Kemble and 
Macpherson, 1954; Parker, 1969). Gates 
(1957) found that in water stressed to- 
mato plants, leaf nitrogen decreased and 
stem nitrogen increased due to transloca- 
tion of nitrogen from leaves to the stem. 

The significant increase in protein N in 
both the stem and roots of big sagebrush 
with decreasing plant WP, but a decrease 
in leaf protein N (Fig. 2), indicates that 
protein synthesis is occuring in the stem 
and roots while protein hydrolysis is 
occurring in the leaves. Since there is no 
significant change in total N of the plant 
(Fig. 2), these relationships represent 
quantitative nitrogen shifts within the 
plant. 

The stem of big sagebrush has corky 
layers which occur between the annual 
rings of xylem (Diettert, 1938 cited in 
Parker, 1968) and this may help to retain 
stem moisture (Parker, 1968). Water 
stress, as measured with the pressure 
bomb, measures xylem sap tension 
(Scholander et al., 1965; Waring and 
Cleary, 1967). Thus water stress in the 
leaves may well have been more severe 
than in either roots or the stem at a given 
pressure bomb WP determination. 
Bordeau (1954) found that when leaves 
of oak seedlings had died of drought, 
roots were still alive. Actual water deficits 
in the stem and roots were apparently not 
severe enough to preclude protein synthe- 
sis, over the range of WP’s measured in 
this study, whereas in leaves protein 
synthesis was impaired and a net decrease 
in protein N occurred. 

Conclusions 

Parker (1956) suggests that increasing 
sugar content may result in a decrease in 
transpiration water loss. Sugar increases 
found for big sagebrush subjected to 
water stress may be significant to the 
water relations under conditions of high 
plant water stress. During water stress 
sugars may protect the RNA-DNA com- 

plex, as well as enzymes; and when sugars 
do not increase with drought, cellular 
injury may rapidly occur (Parker, 1969). 
Thus sugar increases in all organs of 
sagebrush with decreasing plant WP may 
be of adaptive significance. 

Gates (1968) has described the re- 
sponse of plants during moisture stress as 
a senescent decline, and the response 
upon cessation of moisture stress as a 
physiologically young state. The senes- 
cence of leaves of woody plants is accom- 
panied by a decline in ability to synthe- 
size protein and by liberation of soluble 
nitrogenous compounds that move into 
stems or roots for storage (Luckwill, 
1968). Nitrogen shifts reported for big 
sagebrush suggest an adaptation, similar 
to a senescent decline associated with the 
onset of dormancy, for conservation of 
nitrogen during periods of water stress via 
storage in the stem. As water stress 
becomes less severe, the nitrogen pool 
within the stem may be mobilized and 
utilized in renewed cellular growth. 

As reported by Coyne and Cook 
(1970), the twigs of big sagebrush are an 
important reserve storage site for carbo- 
hydrate. As shown in this study, the twigs 
and stem are also an important reserve 
storage site for nitrogen, especially during 
conditions of plant water stress. Over- 
grazing during summer range conditions, 
when plant water stress is likely high, 
could be detrimental, since much of the 
stored nitrogen and carbohydrate would 
be removed and range quality could 
therefore be adversely affected. This 
study indicates a need for further exami- 
nation of the relationships among WP and 
carbohydrate and nitrogen content under 
simulated and actual browsing conditions 
over several years. Such studies would 
provide a better understandi ng of grazing 
effects under various plant water stress 
conditions. 
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Efficiency of Water Use and 
Associated Characteristics 
of Lehmann Lovegrass 

L. NEAL WRIGHT AND A. K. DOBRENZ 

Highlight: Efficiency of water use of five lines and the cultivar ‘A-68’ of Lehmann 
lovegrass (Eragrostis lehmanniana Nees) was related to seedling drought tolerance and 
to physiological and morphological plant characteristics. Components of efficiency of 
water use (transpired water and dry matter produced) and the values of water-use 
efficiency (measured as the number of units of transpired water per unit of dry matter 
produced) varied among lines. Line L-38 was most efficient in water use (water-use 
efficiency value of 1351, had the highest percentage of survival, 32.4%, (seedling 
drouth tolerance) and produced the most dry matter (8.31g). The ratios of maximum 
recorder deflection of petroleum ether extract and the total area of optical deflection 
of petroleum ether extract to dry weight of leaves were variable among lines and signi- 
ficantly associated with efficiency of water use and seedling drouth tolerance. High 
deflection values were associated with high efficiency of water use and high percentage 
of survival. Stomate density was different among lines and was higher on the upper 
surface than on the lower surface of the leaf blade. Stomate density was not signifi- 
cantly associated with efficiency of water or seedling drouth tolerance. 

The complex and unpredictable arid 
environments are most limiting to plant 
life during the early stages of germina- 
tion, emergence, and seedling growth 
(Wright, 197 la). With improved geno- 
types for plant establishment and survival 
during early stages of growth, a primary 
concern is an understanding of plant 
characteristics which permit their per- 
formance under stress environments of 
aridity. 

Water is a major component of an 
aridland environment that influences all 
plant growth during establishment, sur- 
vival, and production of dry matter of 
rangeland grasses. Quantity and distribu- 
tion of available water may limit plant 
growth under conditions of aridity. When 
moisture is restricted during the growing 
season, the efficient use of available water 
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determines the level of productivity. Gen- 
otypes improved for stand establishment 
and survival can be genetically manipu- 
lated for increased or decreased response 
for efficiency of water use. 

Lehmann lovegrass (Eragrostis 
Zehmanniana Nees) is a rangeland grass 
that has shown the capability of accept- 
able seedling establishment on desert 
grasslands of the Southwest for the past 
35 years. Efficiency of water use of 
genotypes selected for superior stand 
establishment and survival ability (Wright 
and Brauen, 197 1) may be greater, lesser, 
or the same as unselected types. The 
current investigation of Lehmann love- 
grass was designed to study: (a) the 
efficiency of water use, (b) the relation- 
ship of seedling drouth tolerance and 
efficiency of water use, and (c) the 
association of transpired water, dry 
matter production, stomate density, and 
petroleum ether extract (plant waxes) 
determination with efficiency of water 
use and seedling drouth tolerance. 

Miller and Hunt (1966) presented an 
extensive review of water requirements of 
crop plants and reported that efficiency 
of water use and drouth tolerance of 
rangeland grasses were not associated. 
They stated that several authors reported 

heritable variability among genotypes 
within species, suggesting the possibility 
of developing improved strains for 
efficient use of water. Efficiency of water 
use of weeping lovegrass (I?. cur&a 
(S&ad.) Nees) (Wright, 197 lb) showed a 
negative association with seedling drouth 
tolerance in seedling and mature plants 
(Wright and Dobrenz, 1970). Weng and 
Quinones (1969) did not detect differ- 
ences among strains of vine-mesquitegrass 
(Panicurn obtusum H. B. K.) for effi- 
ciency of water use. They concluded that 
high production of dry matter could not 
be used to select for low water use of 
vine-mesquitegrass. A positive association 
has been reported between increased 
production of dry matter and higher 
water use of three perennial grasses 
(Mathias et al. 1971). 

A comprehensive review of plant 
waxes was presented by Kolattukudy 
(1970) and Wettstein-Knowles (1970). 
Kolattukudy stated that plant surfaces 
are covered with a complex mixture of 
lipids, which are called plant waxes. He 
concluded that the primary function of 
such wax was to protect the plant from 
excess water loss through transpiration 
and other hazards of stress environments. 

Stomate density of blue panicgrass 
(Panicurn antidotale Retz.) varied with 
age of leaf blade. Differences of stomate 
density were not found (Dobrenz et al., 
1969) between the base, middle, and tip 
of individual leaves, while the lower leaf 
surface had significantly higher stomate 
density than the upper leaf surface of the 
same leaf blade. Stomate density and 
efficiency of water use were not associ- 
ated. However, low stomate density was 
significantly associated with drought tol- 
erance of blue panicgrass. 

Materials and Methods 

Performance for seedling drouth 
tolerance of Lehmann lovegrass lines was 
investigated by Wright and Brauen 
(1971). They reported mean survival per- 
centages of 32.4, 30.2, 27.3, 20.1, 6.0, 
and 2.5 for lines L-28, L-38, L-19, A-68, 
L-24, and L-4, respectively. These six 
lines, including the cultivar ‘A-68’, were 
chosen to represent the extremes of 
seedling drouth tolerances. 

Single plants of uniform genotypes 
from apomictic seed were established in 
plastic containers (4.2 liter) with a hole 
for size zero rubber stopper at the base of 
the container for drainage during plant 
establishment. Screened pea gravel was 
placed in the container to bring the 
weight of the container, cork, and gravel 
to 500 g. Containers were filled with 
2,000 g of a soil mixture. The mixture by 
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volume was 3 parts of sandy clay loam 
soil and 1 part peat moss with 100 g 
organic fertilizer and 3 g sulfur added per 
20 kg of the soil mixture. Plants were 
grown in the greenhouse, where tempera- 
tures ranged from 32” C maximum and 
20” C minimum with 40% average rela- 
tive humidity. The statistical design was a 
randomized complete block of 16 con- 
tainers of each line with 4 replications of 
4 subsamples of each line. 

When plants of each line were three 
weeks old, the soil was covered with 11 g 
of coarse Styrofoam to reduce evapora- 
tion from the soil surface. Rubber stop- 
pers were placed in the drainage hole of 
the containers and a wire support (70 g) 
was inserted in each container to support 
the developing stems and leaves. Water 
was added to bring the soil moisture to 
field capacity. Total weight of each con- 
tainer was 3,120 g (500 g for container, 
rubber stopper, and gravel; 2,000 g of 
soil; 70 g for wire support; 11 g of 
Styrofoam; and 539 g of water). Con- 
tainers were weighed daily, and when soil 
moisture was depleted to 50% of field 
capacity, water was added to return each 
container to its original weight (3,120g). 

When all plants had produced a flower- 
ing inflorescence, leaf impressions were 
obtained to determine density of 
stomate. The silicone rubber technique 
(Sampson, 1961) was used to take im- 
pressions from the upper and lower leaf- 
blade surfaces. Impressions were made of 
two leaf blades of one plant (subsample) 
of each line chosen at random from each 
replication. Five microscope fields of 
each impression were chosen at random, 
and the number of stomates were 
counted. Magnification was 200X, and 
the surface area was 0.6mm2 per micro- 
scope field. 

Petroleum ether extract determina- 
tions were obtained from one plant (sub- 
sample) of each line chosen at random 
from each replication. Three leaf blades 
were removed from each plant and placed 
in petroleum ether for 2.5 hours. The 
extract was diluted with 2 parts ethanol 
to 1 part extract. The solutions were 

assayed spectrophometrically, and the op- 
tical density of a specific wave length 
(274 nm) was determined. Maximum 
recorder deflection and total area of 
optical deflection of the petroleum ether 
extract of each line were recorded. 

Individual plants (subsamples) were 
harvested at the end of 25 days in three 
components: dry matter above 15 cm, 
dry matter from 0 to 15 cm, and roots. 
The plant parts were dried at 80” C and 
weighed. 

The grams of water added during the 
study, minus the grams evaporated from 
check containers covered with Styrofoam 
without a plant, were used to calculate 
the amount of water transpired by each 
plant. 

Water-use efficiency values were cal- 
culated as the number of units of 
transpired water per unit of dry matter 
produced. Calculations were made on an 
individual plant basis; data presented are 
means of measurements of 16 plants of 
each line. 

Results and Discussion 

Dry-matter production of the three 
components of harvest showed the same 
relationship among lines. Since the 
amount of transpired water was the same 
for separate or combined components of 
dry matter produced, the total dry matter 
of the plant was used to determine 
efficiency of water use values (Table 1). 
The two components of efficiency of 
water use, transpired water and dry 
matter produced, varied significantly 
among lines. Lines with highest produc- 
tion of dry matter transpired the most 
water (v = .91**). Significant values of 
correlation coefficient (r-values) are .40 
at the 5% level and .52 at the 1% level of 
probability. Efficiency of water use was 
not significantly associated with trans- 
pired water (r = - .32), while efficiency 
was significantly associated with produc- 
tion of dry matter (r = - .65**). Neither 
individual measurement provided an 

accurate estimate of efficiency of water 
use, yet the efficiency of water use values 
demonstrated the interrelationship of 
transpired water and dry matter produc- 
tion. Lines of Lehmann lovegrass (Table 
1) were relatively efficient (low values) 
when compared with efficiency of water 
use of other plants (Miller and Hunt, 
1966). The most-efficient lines (L-38 and 
L-28) produced twice the dry matter of 
the least-efficient lines (L-4 and L-24). 
The desired performance would be min- 
imum water used with maximum produc- 
tion, which would result in superior 
efficiency of water use (low values). 

High drouth survival was associated 
with minimum water used per unit of dry 
matter produced. That is, seedling 
drouth tolerance was positively asso- 
ciated with efficiency of water use 
(r = -.95**). In contrast, a significant neg- 
ative association was found between seed- 
ling drouth tolerance and efficiency of 
water use of weeping lovegrass (Wright 
and Dobrenz, 1970). 

The negative and positive correlations 
between seedling drouth tolerance and 
efficiency of water use of the two love- 
grass species may be related to the rela- 
tive degree of tolerance to drouth. That 
is, the comparatively greater seedling 
drought tolerance of Lehmann lovegrass 
may provide the mechanism for positive 
association with efficiency of water use. 

Stomate densities varied among lines 
(Table 1). Density was higher on the 
upper surface than on the lower surface 
of the leaf blade of all Lehmann lovegrass 
lines, which was the opposite of the 
findings for blue panicgrass (Dobrenz et 
al., 1969). Stomata1 density was not 
associated with efficiency of water use. 
Seedling drouth tolerant lines L-38 and 
L-28 had low stomata1 density on the top 
leaf surface. However, stomata1 density 
did not lead to a firm conclusion of 

Table 1. Survival percentage, transpired water @), dry matter production (g), efficiency of water use, stomate density (no./mm2) and petroleum 
ether extract analysis of Lehmann lovegrass (Eragrostis lehmmniana Nees) lines. 

Line 
no. 

L-38 32.4 a3 
L-28 30.2 ab 
L-19 27.3 a-c 
A-6 8 20.9 b-g 
L-24 6.0 kl 
L-4 2.5 1 

Survival 
percentage’ 

Transpired 
water 

Dry 
matter 

Petroleum ether 
Water use 
efficiency 

Leaf-blade stomate exact ratios’ 
Upper Lower Mean OD/DW A/DW 

1078 a3 
862 b 
654 c 

1188 a 
645 c 
768 bc 

8.31 a3 
6.41 b 
4.34 c 
7.23 ab 
3.83 c 
4.42 c 

135 a3 173 98 135 b3 7.47 323 
139a 138 96 117 a 8.04 331 
150 ab 198 138 168 d 2.41 100 
163 ab 149 124 137b 0.21 21 
170 bc 193 98 146 c 0.90 59 
178 c 149 78 114 a 2.91 136 

’ From Wright and Brauen, 1971. 
2 Ratio (OD/DW) was maximum optical density of petroleum ether extract at 274 nm to dry weight (g) of leaves; and ratio (A/DW) was area of optical 

density curve (cm’) to dry weight (g) of leaves. 
3Means within columns followed by the same letter were not significantly different at the 1% level of probability (Duncan’s new multiple range 

test). 
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relationship with efficiency of water use 
or seedling drouth tolerance. 

The ratio of the maximum recorder 
deflection of the petroleum ether extract 
at 274 nm to dry weight of leaves (g) 
showed a wide range of values (Table 1). 
Lines L-38 and L-28, which were efficient 
for water use and seedling drouth toler- 
ante, showed higher optical density ratios 
than the inefficient and drouth sus- 
ceptible lines (L-4 and L-24). Efficiency 
of water use and maximum optical den- 
sity ratios were associated (r = -.79**). 
The significantly negative r-value ihdi- 
cated that the most efficient lines (low 
values) were associated with high deflec- 
tion values of petroleum ether extract. A 
significant association was found between 
seedling drouth tolerance and high de- 
flection of petroleum ether extract 
(r = .63”“). 

The ratio of the area (cm2) of optical 
deflection of petroleum ether extract to 
dry weight (g) of leaves varied among 
lines and was similar in response to 
maximum recorder deflection (Table 1). 
Efficiency of water use and area of 
optical deflection of petroleum ether 
extract were associated (r = -.77**). A 
significant association was found between 
seedling drouth tolerance and area of 
deflection of petroleum ether extract 
(r = .60**). The shape of the curve was 
similar among selections, and the area was 
proportional to the maximum optical 
deflection. In general, the findings sug- 
gested that the relationship of petroleum 
ether extract with efficiency of water use 
and with seedling drouth tolerance of 
Lehmann lovegrass may prove to be a 
potential area of research and an impor- 
tant selection criterion. 
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Prairie Sandreed 
(Calamovilfa longifolia): 

Water Infiltration and Use 

J. KRISTIAN AASE AND J. ROSS WIGHT 

Highlight: Prairie sandreed (Calamovilfa longifoliaj near Sidney, Mont., grows on 
rangeland in colonies ranging from I to 8 m in diameter. There were small differences 
in soil texture between prairie sandreed colonies and surrounding vegetation. Increased 
plant growth and residue accounted for higher water infiltration rates within the prairie 
sandreed colonies than on surrounding vegetation. Prairie sandreed used slightly more 
water, but the water-use efficiency was nearly twice that of the surrounding vegetation. 

Prairie sandreed (Calamovilfa longi- 
folia) grows on sandy prairie soils 
throughout the north and central Great 
Plains. It is a tall, coarse, tough, peren- 
nial, warm-season grass with large, spread- 
ing rhizomes. Near Sidney, Mont., it 
grows on soils of medium to coarse 
texture in colonies ranging from about 1 
m to 8 m in diameter. It grows in nearly 
pure stands, resulting in distinct bound- 
aries between prairie sandreed colonies 
and surrounding vegetation. 

Prairie sandreed is a high producer and 
can be an important forage species. It is 
utilized extensively in summer and winter 
grazing systems (Forest Service, 1937; 
Phillips Petroleum Company, 1963; 
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Welch, 1968). On the site studied, prairie 
sandreed disappears under high grazing 
intensities and is considered a “decreaser” 
under the Soil Conservation Service range 
condition classification system (Soil Con- 
servation Service, 197 1 b). 

Because of the distinct growth pattern 
of prairie sandreed, we investigated pos- 
sible differences from the adjacent mixed 
prairie vegetation, particularly in soil pro- 
file and texture and water infiltration and 
water-use patterns. 

Study Area and Procedure 
The study area was located 2.5 km 

northwest of Sidney, Mont. (47.45ON 
and 104.10 ?V), on a 2% east slope of 
rolling glacial-till upland. Site elevation 
was 600 m. The climate is continental, 
and annual precipitation averages 33 cm 
with 80% falling during the growing 
season (April-September). 

The soil (Williams loam) is classified as 
tine-loamy, mixed family of Typic Argi- 
borolls formed on a thin loamy mantle 
over glacial till. The soil is well drained 
with no evidence of salt or alkali. 
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relationship with efficiency of water use 
or seedling drouth tolerance. 

The ratio of the maximum recorder 
deflection of the petroleum ether extract 
at 274 nm to dry weight of leaves (g) 
showed a wide range of values (Table 1). 
Lines L-38 and L-28, which were efficient 
for water use and seedling drouth toler- 
ance, showed higher optical density ratios 
than the inefficient and drouth sus- 
ceptible lines (L-4 and L-24). Efficiency 
of water use and maximum optical den- 
sity ratios were associated (r = - .79**). 
The significantly negative r-value ifidi- 
cated that the most efficient lines (low 
values) were associated with high deflec- 
tion values of petroleum ether extract. A 
significant association was found between 
seedling drouth tolerance and high de- 
flection of petroleum ether extract 
(Y = .63**). 

The ratio of the area (cm2) of optical 
deflection of petroleum ether extract to 
dry weight (g) of leaves varied among 
lines and was similar in response to 
maximum recorder deflection (Table 1). 
Efficiency of water use and area of 
optical deflection of petroleum ether 
extract were associated (r = -.77**). 4 
significant association was found between 
seedling drouth tolerance and area of 
deflection of petroleum ether extract 
(Y = .60**). The shape of the curve was 
similar among selections, and the area was 
proportional to the maximum optical 
deflection. In general, the findings sug- 
gested that the relationship of petroleum 
ether extract with efficiency of water use 
and with seedling drouth tolerance of 
Lehmann lovegrass may prove to be a 
potential area of research and an impor- 
tant selection criterion. 

Literature Cited 

Dobrenz, A.K., L.N. Wright, A.B. Humphrey, 
M.A. Massengale, and W.R. Kneebone. 
1969. Stomate density and its relationship 
to water-use efficiency of blue panicgrass 
(Panicum antidotale Retz.). Crop Sci. 
9:354-357. 

Kolattukudy, P.E. 1970. Plant waxes. Lipids 
5:259-275. 

Mathias, E.L., O.L. Bennett, G.A. Jung, and 
P.E. Lundberg. 1971. Effect of two growth- 
regulating chemicals on yield and water use 
of three perennial grasses. Agron. J. 63:480- 
483. 

Miller, D.G., and OJ. Hunt. 1966. Water 
requirement of plants and its importance to 
grassland agriculture. Wyoming Agr. Exp. 
Sta. Res. J. 3. 11 p. 

Sampson, J. 1961. A method of replicating dry 
or moist surfaces for examination by light 
microscopy. Nature 191:932-933. 

Weng, V.K., and F.A. Quinones. 1969. Water 
requirement in strains of vine-mesquite 
(Panicum obtusum H. B. K.). Crop Sci. 
9:412415. 

212 

Wettstein-Knowles, P. von. 1970. The mole- 
cular phenotypes of the Eceriferum 
mutants, p. 146-193. In Barley genetics II. 
2nd Int. Barley Genet. Symp., Pullman, 
Wash. 

Wright, L.N. 1971a. Drought influence on 
germination and seedling emergence, p. 
19-44. In Drought injury and resistance in 
crops. Crop Sci. Sot. Amer., Spec. Pub. No. 
2. 88 p. 

Wright, L.N. 19’71b. Registration of Catalina 
weeping lovegrass. Crop Sci. 11: 

Wright, L.N., and S.E. Brauen. 1971. Artificial 
selection for seedling drouth tolerance and 
association of plant characteristics of 
Lehmann lovegrass. Crop Sci. 11: 324-326. 

Wright, L.N., and A.K. Dobrenz. 1970. Effi- 
ciency of water use and seedling drouth 
tolerance of Boer lovegrass, Eragrostis 
curuula Nees. Crop Sci. lO:l-2. 

Prairie Sandreed 

(Calamovilfa longifolia): 
Water Infiltration and Use 

J. KRISTIAN AASE AND J. ROSS WIGHT 

Highlight: Prairie sandreed (Calamovilfa longifolia/ near Sidney, Mont., grows on 
rangeland in colonies ranging from 1 to 8 m in diameter. There were small differences 
in soil texture between prairie sandreed colonies and surrounding vegetation. Increased 
plant growth and residue accounted for higher water infiltration rates within the prairie 
sandreed colonies than on surrounding vegetation. Prairie sandreed used slightly more 
water, but the water-use efficiency was nearly twice that of the surrounding vegetation. 

Prairie sandreed (Calamovilfa longi- 
folia) grows on sandy prairie soils 
throughout the north and central Great 
Plains. It is a tall, coarse, tough, peren- 
nial, warm-season grass with large, spread- 
ing rhizomes. Near Sidney, Mont ., it 
grows on soils of medium to coarse 
texture in colonies ranging from about 1 
m to 8 m in diameter. It grows in nearly 
pure stands, resulting in distinct bound- 
aries between prairie sandreed colonies 
and surrounding vegetation. 

Prairie sandreed is a high producer and 
can be an important forage species. It is 
utilized extensively in summer and winter 
grazing systems (Forest Service, 1937; 
Phillips Petroleum Company, 1963; 
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Welch, 1968). On the site studied, prairie 
sandreed disappears under high grazing 
intensities and is considered a “decreaser” 
under the Soil Conservation Service range 
condition classification system (Soil Con- 
servation Service, 197 1 b). 

Because of the distinct growth pattern 
of prairie sandreed, we investigated pos- 
sible differences from the adjacent mixed 
prairie vegetation, particularly in soil pro- 
file and texture and water infiltration and 
water-use patterns. 

Study Area and Procedure 
The study area was located 2.5 km 

northwest of Sidney, Mont. (47.45’N 
and 104.10 %), on a 2% east slope of 
rolling glacial-till upland. Site elevation 
was 600 m. The climate is continental, 
and annual precipitation averages 33 cm 
with 80% falling during the growing 
season (April- September). 

The soil (Williams loam) is classified as 
fine-loamy, mixed family of Typic Argi- 
borolls formed on a thin loamy mantle 
over glacial till. The soil is well drained 
with no evidence of salt or alkali. 
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The site is classified according to the 
Soil Conservation Service System of 
Range Classification as a sandy glaciated 
plains 25-43 cm precipitation zone range 
site (Soil Conservation Service, 197 la). 
Species composition and percent basal 
cover as determined by the point method 
are shown in Table 1. 

Prairie sandreed colonies, about 6 m in 
diameter, were selected for study. A pit 
was dug across a prairie sandreed colony 
into the surrounding mixed prairie vegeta- 
tion. Soil Conservation Service personnel 
classified and described the soil, and 
samples for particle size analyses were 
taken from the walls of the pit. Soil 
samples were also taken from 26 prairie 
sandreed colonies and adjacent vegetation 
within a 32-km radius of the study site 
for particle size analyses. Soil samples 
were taken from the following depth 
increments: 0 to 2.5 cm, 2.5 to 5.0 cm, 
5.0 to 7.5 cm, 7.5 to 10.0 cm, 19.0 to 
21 .O cm, and 29.0 to 3 1.0 cm. Particle 
size was determined by the hydrometer 
method. Access tubes for soil water 
determinations by the neutron scattering 
method were installed to a depth of 125 
cm in the middle of and adjacent to three 
selected colonies. Livestock was excluded 
from these colonies. Soil water at 15-, 
4%, 75-, and 105-cm depths was deter- 
mined 20 times from May 1968 to July 
1969. 

A truck-mounted infiltrometer 
(Bertrand and Parr, 196 1; Dixon and 
Peterson, 1964) was used to study water 
infiltration characteristics. Spray nozzles 
operating at about 0.6 kg/cm2 pressure, 
2.7 m from the ground surface and 
rotating at about 10 rpm on a 30-cm 
diameter, were used. Simulated rainfall 
intensities ranged from 12 to 37 cm/hr 
and were applied from 30 to 60 minutes 
to 117- by 117-cm plots. 

Before infiltration runs were made, 
replicated surface treatments inside and 
outside the prairie sandreed colonies were 
imposed as follows: (1) undisturbed, (2) 
vegetation clipped to soil surface, (3) 
surface 3 cm of soil removed, (4) a 
4-cm-thick layer of wheat straw on each 
of the above treatments, and (5) no straw 
applied. Paired infiltration runs inside and 
adjacent to the prairie sandreed colonies 
were made in 1968, 1969, and 1971. 
Antecedent soil water in the top 30 cm of 
soil was determined. 

Daily precipitation records were ob- 
tained from a U.S. Weather Bureau Class 
A raingage located about 0.8 km from the 
study area. 

Dry matter production was deter- 
mined by clipping three 0.5- by 2.0-m 
areas at ground level inside and outside 
three prairie sandreed colonies. Water-use 
efficiency determinations were based on 
above ground dry matter production and 
soil water use plus precipitation from 
May 27 to harvest. 

25 
l-u 

PS 
NO STRAW 

PS 
WITH STRAW 

Fig. 1. Infiltration rates on prairie sandreed (PS) and surrounding vegetation (SV). Treatments are 
undisturbed (U), vegetation clipped at ground surface (C), and surface 3 cm of soil removed (S). 

Results and Discussion 

Results of infiltration runs are sum- 
marized in Figure 1. Antecedent soil 
water had no measurable effect on the 
relative infiltration rates. Infiltration rates 
on undisturbed prairie sandreed were 
significantly higher and averaged about 
four times those on undisturbed sur- 
rounding vegetation. When vegetation in 
infiltrometer plots inside and outside 
prairie sandreed colonies was clipped at 
ground surface, soil under prairie sand- 

reed again showed a significantly 
(fiO.10) higher intake rate than soil 
under adjacent vegetation. 

When the top layer of soil (2 to 3 cm 
including any organic matter) was re- 
moved, infiltration was greatly reduced 
on both prairie sandreed and surrounding 
vegetation. 

Additions of 4-cm layers of straw 
generally increased infiltration on sand- 
reed colonies and more than doubled 
infiltration rates on surrounding vegeta- 
tion. There were no significant dif- 

Table 1. Basal cover and composition (C) in percent, based on point frame measurements, and dry 
matter production (kg/ha), water use (WV) (cm), and water-use efficiency (WUE) (kg/ha/cm*) 
within and adjacent to prairie sandreed colonies during May 23 to September 3, 1968. 

Prairie sandreed colony Surrounding vegetation 
Dry Dry 

Cover C Matter WU WUE Cover C Matter WU WUE 

Prairie sandreed 
(Calamovilfa longifolia) 

Western wheatgrass 
(Agropyron smithii) 

Blue grama 
(Bouteloua gracilis) 

Prairie junegrass 
(Koeleria cristata) 

Needleand thread 
(Stipa comata) 

Threadleaf sedge 
(Carex filifolia) 

Needleleaf sedge 
(Cizrex eleo charis) 

Total grasses and sedges 

Total forbs 

Fringed sagebrush 
(Artemisia frigida) 

Total vegetation 

2.3 66 1313 0.0 0 1 

0.0 0 68 0.7 14 382 

0.3 9 <l 2.8 56 68 

0.0 0 4 0.1 2 27 

0.0 0 0 0.3 6 25 

0.5 14 15 0.9 18 39 

0.4 11 11 0.0 0 44 

3.5 100 1411 4.8 96 586 

0.0 0 42 0.1 2 39 

0.0 0 0 0.1 2 117 

3.5 100 1453 23.7 61 5.0 100 742 22.0 34 

*Kg dry matter per ha per cm water used. 
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Fig. 2. Soil water content under prairie sand- 
reed (PS) and adjacent vegetation (SV) during 
I968 season. 

ferences among straw treatments, except 
undisturbed prairie sandreed without 
straw was higher than undisturbed sur- 
rounding vegetation with straw. 

According to profile descriptions, sand 
content in the Al and clay content in the 
B horizon were higher under prairie sand- 
reed than under adjacent mixed vegeta- 
tion, indicating eluviation under prairie 
sandreed. Statistically, the only signifi- 
cant difference (eO.10) in texture was a 
higher clay content in the 2.5 to 5.0~cm 
increment under prairie sandreed. Soil 
texture of all sampled colonies ranged 
from sandy loam to loam. 

It appears that the greater infiltration 
rate in prairie sandreed colonies has one 
main cause : the vigorous growth and 
resultant residue of prairie sandreed inter- 
cepts rain, and raindrops reach the soil 
surface with far less energy than they do 
on ground with less cover, causing less 
sealing of the soil surface. Moldenhauer 

and Long (1964) arrived at the same 
conclusion by placing screens over the 
soil surface to break the impact of the 
raindrops. They also discussed the effect 
of soil texture on infiltration; infiltration 
rates were higher on coarse- than on fine- 
textured soils. Soil texture may play a 
secondary role in influencing infiltration 
on prairie sandreed colonies as indicated 
from the small textural differences be- 
tween them and surrounding vegetation. 

*Higher soil water content under prairie 
sandreed colonies in the spring of 1968 
and 1969 reflected higher infiltration and 
later initiation of growth by prairie sand- 
reed than by surrounding vegetation. 
Snow catch in prairie sandreed was much 
greater than in surrounding vegetation. 
Water use by prairie sandreed (Fig. 2) 
compared to surrounding vegetation in- 
creased in June, and by the end of July 
there was little difference in soil water 
content inside and outside prairie sand- 
reed colonies. From the end of July to 
August 26 there was no difference in 
water use between the two vegetation 
types. However, from August 26 to Sep- 
tember 13, surrounding vegetation used 
more water than prairie sandreed as a 
result of the initiation of new tillers 
following unseasonably high rains in 
August 1968. Most water use for this 
period was confined to the top 45 cm of 
soil. 

Total water use during growing season 
was slightly higher by prairie sandreed 
than by surrounding vegetation. Dry 
matter production of prairie sandreed was 
twice that of the surrounding vegetation; 
water-use efficiency, 1.8 times (Table 1). 

Results ot this study demonstrate the 
important role both living plants and 
litter play in the water budget of a plant 
community. Snow catch and water infil- 
tration were increased by increasing plant 
cover. Thus, determination of optimum 
grazing intensities should include not 
only the effects of foliage removal on the 
growth and survival of plants but also the 
maintenance of an adequate plant cover. 
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Sediment Yields from Small 
Rangeland Watersheds 

in Western South Dakota 

CLAYTON L. HANSON, H. G. HEINEMANN, A. R. KUHLMAN, AND J. W. 
NEUBERGER 

Highlight: Sedimentation studies were made between 1958 and 1969 on stock 
water reservoirs to determine sediment yields from rangeland watersheds on two 
soil textural groups of western South Dakota. Watersheds having fine-textured soils 
had a mean annual sediment yield of 3.47 tons per acre, while watersheds with 
medium-textured soils had a mean annual sediment yield of 1.03 tons per acre. The 
average sediment volume-weight was 62 and 81 lb/ft3 for the reservoirs on watersheds 
with fine- and medium-textured soils, respectively. 

Reliable sediment yield estimates are 
necessary for planning efficient use and 
management of the water resources with- 
in any watershed. On the rangeland 
watersheds of the Northern Great Plains, 
numerous stock water reservoirs have 
been constructed to store water for live- 
stock. Many of these reservoirs have 
drainage areas of less than 1 square mile. 
The rate at which sediment is deposited 
in reservoirs determines, to a large extent, 
future reservoir design criteria and the 
estimated period of reservoir usefulness. 
Information on sediment yields is also 
important in the design and maintenance 
of w a t e r-spreading systems, stream 
channels, irrigation canals and ditches, 
road culverts and drainage ditches, etc. 
where sediment-laden runoff water must 
be controlled. 

Limited runoff data from small range- 
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land watersheds are available, but there is 
a dearth of sedimentation data upon 
which to base the design of structural 
works for the conservation, development, 
and control of rangeland water resources. 
It is the purpose of this paper to make 
available pertinent, preliminary sedimen- 
tation findings from watershed studies in 
northwestern South Dakota. The reser- 
voirs included in this study are located in 
the medium- and fine-textured soil groups 

HARDING COUNTY 

common in the Northern Great Plains. 
During 1957, the Agricultural Re- 

search Service, the Soil Conservation Ser- 
vice, and the South Dakota Agricultural 
Experiment Station selected a number of 
experimental watersheds where hydro- 
logic and sedimentation studies could be 
made with results that would apply to 
surrounding areas (Fig. 1). These range- 
land watersheds, with drainage areas of 
from 30 to 1,110 acres, are located in 
Butte and Meade counties, South Dakota. 
Some watersheds are underlain by inter- 
bedded Fox Hills and Hell Creek geologic 
formations and some by Pierre Shale. 
Medium-textured soils of the Twilight- 
Absher and Sorum association prevail in 
the Fox Hills-Hell Creek areas (U. S. 
Department of Agriculture, 1970). Fine- 
textured soils of the Winler-Lismas and 
Pierre-Kyle associations are most com- 
mon in the Pierre Shale areas. 

Precipitation in the Northern Great 
Plains is often limited, highly variable, 
and sporadic. For example, the 58-year 
average annual precipitation at the Newell 
Field Station at Newell, S. Dak. is 15.47 
inches, but the annual precipitation has 
ranged from 6.6 to 28.0 inches (Spuhler 
et al., 1968). At the Newell Field Station, 
the average annual snowfall of 21 .l 
inches accounts for approximately 15% 
of the annual precipitation. March has an 
average snowfall of 4.7 inches, which is 
the most for any one month. 

Annual precipitation during the study 
varied greatly, with the precipitation 
from 1957 to 1961 being only about 
two-thirds of normal. Precipitation at the 

---1.--- --’ 
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Fig. 1. Location map. 
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Newell Field Station was almost 23 
inches in 1962; from 1963 to 1967, the 
annual precipitation was about normal. 
However, even during the drought years 
of 1957 to 1961, two high-intensity 
storm events occurred which amounted 
to 2.15 inches in l/2 hour and 3.25 
inches in l-3/4 hours. These two events 
equaled or exceeded the 100.year fre- 
quency as computed by the U. S. Weather 
Bureau (Hershfield, 1961). Such extreme 
variations in rainfall amount and intensity 
require long periods of record to establish 
precipitation-runoff-sediment yield re- 
lationships to be used for predicting 
future runoff and sediment yield. 

Procedure 

The sediment yields presented here 
were obtained from 15 watersheds on 
which stock water reservoirs (Fig. 2) were 
constructed several years before this 
study. Because of the difficulty in ob- 
taining representative suspended sediment 
samples from the short-duration runoff 
events, reservoir sediment accumulation 
provided the only practical method of 
measuring sediment yields from small 
watersheds at remote locations in the 
area. Watersheds were selected on the 
basis of having a reservoir that could store 
one 01 more inches of runoff. Therefore, 
the frequency of spillway flow would be 
low, and reservoir trap efficiency for 
sediment accumulation would be high. 

Table I lists the watershed area, slope, 
and range site characteristics of the water- 
sheds on each of the medium- and fine- 
textured soils. The percentage of water- 
shed area in each slope group and range 
site was determined according to methods 
standardized by the Soil Conservation 
Service (Dyksterhuis, 1949). 

A variation (Heinemann and Dvorak, 

1965) of the standard reservoir sedimen- 
tation survey (Gottschalk, 1952) was 
used in most cases. In this variation, a 
base line was established along one side of 
the reservoir, and all main stem ranges 
extend perpendicularly from this base 
hne across the reservoir. The base line was 
established by transit and chaining the 
distance between ranges. To facilitate 
future resurveys, many of the range ends 
along the base line, the instrument points, 
and benchmarks are referenced and 
permanently monumented. 

For those reservoirs having a” accumu- 
lation of sediment deposited before the 
first survey, the sediment thickness was 
determined with a spud and sounding 
pole. Numerous samples of the sediment 
were taken throughout the depth and 
extent of the deposit to determine sedi- 
ment volume-weight and particle-sire 
distribution. These data, when combined 
with the sediment volume, made possible 
the computation of sediment yield from 
the contributing area above each reser- 

voir. 

Findings and Discussion 
Original reservoir capacity to spillway, 

volume-weight of the deposited sediment, 
sediment yield, and loss of reservoir 
capacity are show” in Table 2. To illus- 
trate the variations in sediment yields 
from these rangeland watersheds, the data 
are grouped by the two soil texture 
classifications. 

The average sediment yield from the 
six fine-textured soil watersheds was 3.47 
tons/acre/year, and the average yield 
from the nine medium-textured soil 
watersheds was 1.03 tons/acre/year. This 
comparison has some correlation with the 
runoff data collected from 1958.1969, 
which show an average annual runoff 
from the fine-textured watersheds of 
about 1.5 inches and the runoff from the 
medium-textured watersheds of about 0.6 
inch. The sediment yields, in tons/ 

Drainage area 
“egetal COY~, in 1960’ 
Slope gruups 

O-3 
3-9 
9-18 
18+ 

Range site groups 
Sandy 
Shy 
Pan spa 
Shallow 
Thin breaks 
Clayey 
Dense clay 

90 105 46 
2344 2869 3409 

Medium-textured soils 

w-3 w-4 w-5 W-6 w-7 W-8 

30 160 160 
2966 2394 3306 

59 - 8 
31 80 so 
8 20 17 
2 - 25 

10 8 
70 40 89 
ZO 42 11 

10 

29 39 1 
5 - 26 

42 23 2, 

Fine-textured soils 

w-9 W-10 W-l, w-12 W-13 w-14 w-15 

815 280 160 90 160 
2686 732 599 828 1516 

8 
21 
33 
38 

10 12 
25 8, 
65 5 

2 

3s 115 
485 ,100 

19 
97 81 

3 

6 
9 

15 
29 
27 

I 
53 24 

46 46 
30 

6 7 
73 3 

79 
21 - 

2 

18 
4 1 

96 81 



Table 2. Rangeland watershed original reservoir capacity (acre foot), sediment volume (acre foot), sediment volume weight (Ib/fP), sediment yield 
(tons/acre/yr) and loss of reservoir capacity (acre foot/m? /yr). 

First sediment survey Second sediment survey Third sediment survey 

Volume ot Volume- Yield since Volume of Volume Yield since Volume of Volume- Yield smce Sediment ywld between Loss of reser- 
sediment weight C”nStl”cll0” Date sediment weight last survey Date sedunent wegbt last survey CO”Stl”CtlO” & last survey “al capac,ty 

Medium-textured smls 
W-l 9155 
w-2 7/ss 
W-3 9/54 
w4 9/54 
W-5 9/56 
W-6 I I/S3 
w-7 12153 
w-8 I I/S5 
w-9 II/51 
Average 

Fme-textured sods 
W-IO IO/56 
w.1 I IO/56 
w-12 IO/56 
w-13 8156 
w I4 I l/56 
w.15 II/S4 
Average 

41 I 5160 2 90 78 
130 S/S8 0 72 81 
122 S/S8 000 

54 7158 004 77 
28 0 8158 000 
I05 7158 0 40 7s 
22.6 5160 0 24 93 
269 7158 081 84 

350 9 6161 1690 84 

21 0 S/S8 2 36 60 
122 S/58 IO1 45 
31 9 9159 2 27 52 
68 2 7/58 trace 71 

56 IO/58 046 70 
199 9/58 I 59 70 

acre/year, ranged from 0 to 7.74 tons/ 
acre/year. This wide range of sediment 
yields emphasizes the fact that the water- 
sheds have individual characteristics 
which must be considered when esti- 
mating sediment yield. 

In general, the sediment yield values 
were greater between reservoir con- 
struction and the first survey than 
between the first and second surveys. 
Although these differences may be real, 
two other possibilities should be con- 
sidered. First, the method used to obtain 
the original capacities of some reservoirs 
may have given misleading results; 
second, there may have been substantial 
erosion from the area disturbed by 
construction for a short time after con- 
struction. 

Four watersheds on the medium- 
textured soils show a sediment yield of 
more than 1 ton/acre/year between con- 

CAPACITY REPLACED 
BY SEDIMENT 

0 20 40 60 80 100 

095 3166 2 90 82 0 04 044 0 I6 
3 55 h/66 0 76 77 tr.Ke IO1 0 39 
0 00 8/65 0 00 0 00 0 00 000 
0 IS 8166 0 I2 77 0 I7 0 I7 006 
0 00 7165 000 0 00 000 000 
4 66 6166 0 40 0 00 I 73 0 68 
0 47 8165 0 24 0 00 0 26 0 08 
3 47 7166 I 56 84 I 07 I 67 0 58 
3 61 6169 35 60 84 4 53 4 03 I 59 

I 03 0 39 

5 96 8166 431 60 I 44 2 32 loo 
3 23 7/66 5 7s 46 381 3 69 2 36 
9 79 I2162 4 84 65 II 88 8/66 544 65 2 45 7 74 3 93 
trace 4166 trace 71 tldce trace 000 

1045 I?/62 I 09 70 6 59 4167 I 24 70 I51 5 19 2 35 
5 so l/63 I 67 70 0 25 5167 I 77 70 031 I 88 0 79 

3 47 I 74 

struction and the last survey; however, 
only two of these watersheds, W-8 and 
W-9, had sediment yields of more than 1 
ton/acre/year at the second survey. 
Watersheds W-2, W-8, and W-9 have large 
percentages of steep slopes. All three 
watersheds have high percentages of 
shallow and thin breaks range site groups. 
Only watersheds W-8 and W-9 have small 
percentages of badlands range site group 
(included in miscellaneous). 

All watersheds on fine-textured soils, 
except W-13, yielded sediment. W-13 is 
located in the transition zone between 
the medium-textured and fine-textured 
soils areas and, at higher elevations of the 
watersheds, the soils are derived from the 
Hell Creek and Fox Hills formation. 
Table 1 shows that of the fine-textured 
soils, watersheds W-13 had the highest 
total vegetal cover in 1960. W-12 and 
W-14 had the highest sediment yields. 

PERCENT 

Fig. 3. Watershed 8 sedimentation information curves. (Medium-tex- Fig. 4. Watershed 12 sedimentation information curves. (Fine-textured 
tured soils) soils) 
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W-12 has a high percentage of steep 
slopes and shallow range sites, and W-14 
consists primarily of clayey range site 
with very poor vegetal cover. The four 
fine-textured soil watersheds that had the 
highest sediment yields also had the least 
vegetal cover in 1960. The high sediment 
yields from watersheds W- 12 and W-14 
during the dry period between 1958 and 
1962, with the subsequent sediment de- 
crease during the normal precipitation 
period 1962-1967, is another example of 
the vegetal cover effect on sediment 
yield. 

A multiple linear regression analysis 
using all combinations of the independent 
variables was used to determine the re- 
lationship between four watershed 
characteristics and the average annual 
sediment yield(s) in tons/acre. The water- 
shed characteristics are : 

A = vegetal cover in 1960 in lb/acre 

0 20 40 60 80 100 
PERCENT 
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Fig. 5. Comparative grain size distribution curves of reservoir sediments from the two soil type 
watersheds. 

B = percentage of watershed area 
with a slope of 9% or greater 

C = percentage of watershed area in 
shallow, thin breaks, clayey, 
dense clay, saline upland, and 
badlands range site groups 

D = percentage of watershed areas in 
shallow, thin breaks, and bad- 
lands range site groups. 

It was found that the average annual 
sediment yield was best expressed by the 
following equations: 

S = -0.752 + 0.02 1 B + 0.03X (1) 
S = 2.685 - O.OOllA + 0.049D (2) 

The coefficient of determination (R2) 
for Equations 1 and 2 were 0.50 and 
0.56, respectively. The standard error of 
estimate was 1.73 and 1.63 for Equations 
1 and 2. These equations can be used as a 
guide for estimating sediment yields from 
watersheds that have characteristics simi- 
lar to watersheds used in this study. The 
choice of which equation to use will 
depend on the available watershed infor- 
mation. 

The analysis also indicated that there 
was a negative relationship between A 
and C, which shows that vegetal cover is 
related to the range site groups. There 
was a positive correlation between B 
and D, indicating that the saline upland, 
shallow, and badlands range site groups 
are associated with the steeper slopes. 

All reservoirs on fine-textured soils, 

218 

except W-13, spilled at some time during 
the study. However, they all have a very 
high capacity-watershed area ratio and, 
based on the curves presented by Brune 
(1953), the reservoirs have a trap effi- 
ciency greater than 92%. 

Sheet erosion has been the dominant 
sediment source in most watersheds listed 
in Table 1. Gully erosion is evident only 
on W-8 and W-9 of the medium-textured 
soils and on W-l 1 and W-12 of the fine 
soils. Stock water reservoirs are most 
frequently located on small upland tribu- 
taries where runoff is more infrequent 
and volumes are small; consequently, 
gullies do not develop, and sheet erosion 
is the major sediment source. 

The sedimentation information curves, 
Figures 3 and 4, show that percentage of 
sediment accumulation is higher in the 
lower portions on the medium-textured 
reservoir, W-8, than in the tine-textured 
soil reservoir, W-12. In 1966, 65% of the 
sediment was in the bottom 50% of W-12. 
The curves also show that in W-8 the 
bottom 16% of the reservoir is com- 
pletely filled with sediment; in W-12 42% 
is completely filled. 

As would be expected, the sediment 
characteristics vary considerably between 
watersheds in the two soil textural 
groups. All sediment samples analyzed 
from the reservoirs of fine-textured soils 
were classified as clay; several samples 
had as much as 85% of the particles in the 

clay fraction of less than 0.002 mm (Fig. 
5). The curves for the two reservoirs in 
the medium-textured soils show only 
about 32 to 40% of the particles in the 
less-than-O.002 mm fraction. The textural 
classification of the samples analyzed 
from the reservoirs in the medium- 
textured soil watersheds varied from clay 
and clay loam in the downstream half of 
the reservoir to sandy clay loam in the 
headwater portion. 

The volume-weight of sediment 
deposited in the reservoirs on the water- 
sheds having medium-textured soils aver- 
aged 81 lb/ft3; an average of 62 lb/ft3 
was measured in reservoirs on watersheds 
having fine-textured soils. Data from in- 
dividual sampling sites showed, in all 
cases, increases in sediment volume- 
weight with increased sediment depth. 

If there is sufficient runoff to justify 
construction of a stock water reservoir, 
sediment will be deposited in the reser- 
voir and must be considered in the 
reservoir design. The losses in reservoir 
capacity for the reservoirs under study, as 
shown in Table 2 and Equations 1 and 2, 
can serve as guides in future designs. 

Annual sediment accumulation rates 
(loss of reservoir capacity) from water- 
sheds in the fine-textured soils averaged 
about 1.7 acre-feet/square mile, whereas 
the annual accumulation from the soils of 
the medium-textured watersheds was 
only about 0.4 acre-foot/square mile. In 
general, this means that the useful life of 
reservoirs on watersheds with medium- 
textured soils is about four times longer 
than for reservoirs on watersheds with 
fine-textured soils. The low sediment 
accumulation rates from the medium- 
textured soils watersheds are similar to 
the rates of most reservoirs studied by 
Dendy et al, (1971). Of the 1,105 reser- 
voirs studied by these men, 65% had 
sediment accumulation of less than 1 
acre-foot/square mile per year. 

Summary 

Reservoir sedimentation studies were 
made between 1958 and 1969 on stock 
water reservoirs to determine sediment 
yields from rangeland watersheds on two 
soil textural groups of western South 
Dakota. 

Data from 15 experimental watersheds 
indicate that the mean annual sediment 
yields are related to the soil textural 
groups. Watersheds having fine-textured 
soils show a mean annual sediment yield 
of 3.47 tons/acre, while watersheds with 
medium-textured soils had a mean annual 
sediment yield of 1.03 tons/acre. 
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Reproductive Success of Squirreltail 

in Medusahead Infested Ranges 

M. HIRONAKA AND BRIAN W. SINDELAR 

Highlight: Squirreltail (Sitanion hystrix), a native perennial bunchgrass, has ex- 
hibited an ability to become established naturally in medusahead (Taeniatherum 
asperum) dominated ranges in Idaho. The reproductive success of squirreltail seedlings 
averaged 2.6% after 18 months in plots that were broadcast seeded on unprepared 
seedbeds. Rapid physiologic development of squirreltail seedlings appeared to be the 
most important characteristic to explain its successful establishment. 

Attempts to establish perennials with- 
out removing competition provided by 
annual grasses have generally failed in the 
Intermountain Region. The only notable 
exceptions of any appreciable scale are 
the few instances of natural establishment 
of squirreltail (Sitanion hystrix) on cheat- 
grass (Bromus tectorum) and medusahead 
(Taeniatherum asperum) ranges in Idaho 
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(Hironaka and Tisdale, 1963; Tisdale et 
al., 1969). This ability of squirreltail is 
unique among the many perennial grasses 
that have been used for revegetation of 
depleted ranges. 

To more fully explore this phenom- 
enon of squirreltail establishment in 
medusahead infested ranges in southern 
Idaho, a reproductive success study under 
field conditions was conducted in 
1966-1968. 

Study Area and Methods 

The major portion of medusahead 
infestation in Idaho is located in portions 
of Gem, Payette, and Washington Coun- 
ties. Annual precipitation ranges from 12 

Table 1. Physical characteristics of study sites where squirreltail see& 
ing trials were conducted without removal of competition. 

Elev. Precip. Great soil 
Study sites (ft) (inch) group 

Bissel Creek (BCM)* 2,500 12 Brown 
Little Willow Flat No. 1 (LWM) 3,000 15 Chestnut 
Little Willow Flat No. 2 (LWS) 3,000 15 Chestnut 
Riley Butte No. 1 (RBM) 3,500 17 Chernozem 
Riley Butte No. 2 (RBS) 3,500 17 Chernozem 

*The last letter enclosed in the parenthesis indicates the dominant 
natural vegetation. M = Medusahead, S = Squirreltail. 
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the downstream half of the reservoirs to 
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was 81 lb/ft3. 
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averaged 2.6% after 18 months in plots that were broadcast seeded on unprepared 
seedbeds. Rapid physiologic development of squirreltail seedlings appeared to be the 
most important characteristic to explain its successful establishment. 
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out removing competition provided by 
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Intermountain Region. The only notable 
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(Hironaka and Tisdale, 1963; Tisdale et 
al., 1969). This ability of squirreltail is 
unique among the many perennial grasses 
that have been used for revegetation of 
depleted ranges. 

To more fully explore this phenom- 
enon of squirreltail establishment in 
medusahead infested ranges in southern 
Idaho, a reproductive success study under 
field conditions was conducted in 
1966-1968. 

Study Area and Methods 

The major portion of medusahead 
infestation in Idaho is located in portions 
of Gem, Payette, and Washington Coun- 
ties. Annual precipitation ranges from 12 

Table 1. Physical characteristics of study sites where squirreltail seed- 
ing trials were conducted without removal of competition. 

Elev. Precip. Great soil 
Study sites (ft) (inch) group 

Bissel Creek (BCM)* 2,500 12 Brown 
Little Willow Flat No. 1 (LWM) 3,000 15 Chestnut 
Little Willow Flat No. 2 (LWS) 3,000 15 Chestnut 
Riley Butte No. 1 (RBM) 3,500 17 Chernozem 
Riley Butte No. 2 (RBS) 3,500 17 Chernozem 

*The last letter enclosed in the parenthesis indicates the dominant 
natural vegetation. M = Medusahead, S = Squirreltail. 
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to 17 inches. Most precipitation occurs in presence of heavy litter minimized frost 
winter and spring. heaving. 

The vegetation was originally a 
sagebrush-grass type with big sagebrush 
(Artemisia tridentata subsp. vaseyana 
form ‘xericensis”), bluebunch wheatgrass 
(Agropyron spicatum), and Sandberg 
bluegrass (ha sandbergii) as dominant 
and co-dominant species. Due to abusive 
grazing and repeated fires, the perennial 
vegetation was replaced by cheatgrass and 
summer annuals. Since the documenta- 
tion of the presence of medusahead in the 
area in the mid-forties, medusahead has 
replaced cheatgrass as the dominant grass 
over much of the area (Hironaka, 1961; 
Tore11 et al., 196 1). 

As the season progressed, competition 
from medusahead increased, and squirrel- 
tail seedling survival gradually decreased 
during April and May, except on Riley 
Butte sites (Table 2). Above-average pre- 
cipitation during April and May main- 
tained adequate soil moisture for seedling 
growth on these cooler and more mesic 

sites and delayed mortality due to mois- 
ture stress until after the third week in 
June. 

By the end of June there were still 
considerable numbers of squirreltail seed- 
lings present on all sites. The average 
squirreltail seedling had 3 leaves and was 
3 inches tall. Medusahead numbers 
increased between March and June due to 
late germination. Most of these late- 

Table 2. Plants/ft* on the reproductive success sites at various dates. 

Site’ 

Five sites were selected for the study, 
three dominated by medusahead and two 
by squirreltail. Major site characteristics 
are presented in Table 1. Four 5 ft x 5 ft 
plots, randomly selected, were established 
with a 25 ft x 25 ft block. Without 
disturbance to the existing vegetation, the 
5 ft x 5 ft plots were broadcast seeded 
with squirreltail at a rate of 50 seeds/ft2 
during September, 1966. Squirreltail seed 
was color marked with dilute food color- 
ing to aid in later seed identification, as 
seed of medusahead and squirreltail are 
highly similar in appearance. After seed- 
ing, 5 surface soil cores were taken from 
each plot to determine the amount of 
squirreltail, medusahead, cheatgrass and 
other seeds present per unit area. 

Date Species BCM LWM LWS RBM RBS 

3/27/67 24 
53 

19 14 
394 2 

4 t 
0 1.8 

5/l O/67 
not sampled 

615 167 

6124167 

7114167 

0 
20 
62 
56 
16 
38 
51 
13 
38 
18 

3 
38 

8 
7124167 

21 
86 

5 
0 

14 
71 

5 
14 

103 
59 

14 
103 

23 

6 
103 

21 
2 

In the spring, twelve 6 inch x 6 inch 
sampling plots were permanently estab- 
lished in each seeded plot. For conven- 
ience in recording and charting, the sub- 
plots were further subdivided into nine 2 
inch x 2 inch squares. 

8114167 
8 4 

0 0.33 

1 l/5/67 

Squirreltail’ 
Annual grasses3 
Forbs 
Perennial grass4 
Squirreltail 
Annual grasses 
Forbs 
Squirreltail 
Annual grasses 
Forbs 
Squirreltail 
Annual grasses 
Forbs 

Squirreltail 
Annual grasses 
Forbs 

Squirrel tail 
Annual grasses 
Forbs 
Squirreltail 
Annual grasses 
Forbs 
Squirreltail 
Annual grasses 
Forbs 
New squirreltail 

Squirreltail 

5 
1 

43 
139 

0 

1.3 

5 

0.83 
271 

The plots were sampled 8 times during 
1967 and once during the spring of 1968. 
The locations of individual squirreltail 
seedlings were charted, and seedling 
counts and height measurements were 
recorded at each sampling date. 

3128168 
0 
0.83 

18 
11 

t 
1.4 

16 
13 
40 
14 
13 
40 

10 
13 

t 

5 
13 

1 
2 

(dead) 
t 

0.83 
(dead) 

t 

1.33 
13 

8: 
1.6 

23 15 
568 1 

20 4 

23 17 
568 1 

20 5 
2 3 

568 1 
t 3 

0 3 

t 3 

0 1.5 

0 2 
0 1.2 

648 2 
:, 11 t 

0 1.5 

’ BCM = Bissel Creek; LWM = Little Willow Flat No. 1; LWS = Little Willow Flat No. 2; RBM = 
Riley Butte No. 1; RBS = Riley Butte No. 2. 

* Squirreltail seedlings. 

Results 
3 Medusahead, cheatgrass, and annual fescue. 
4 Squirreltail, Sandberg bluegrass, and bulbose bluegrass.. 

Germination began during the fall, and 
seedlings of squirreltail had shoot height 
of 11% inches by the end of March. Squir- 
reltail seedling density was greater on 
medusahead dominated sites than on 
those where squirreltail dominated. On 
squirreltail dominated sites, frost heaving 
was a major factor in winter mortality. 
These sites had a large proportion of bare 
ground between established squirreltail 
plants, and evidence of severe frost heav- 
ing was present in the spring. Heaving 
activity exposed the roots of many 
squirreltail seedlings, which later died 
from dessication. Surviving seedlings were 
located at the bases of mature perennial 
grasses and in litter-filled depressions. 
Little or no frost heaving was evident on 
sites dominated by medusahead, as the 

Table 3. Soil moisture (%) at 6 and 12 inch depths at the reproductive success sites on six dates. 

Site ’ 
Date 

519167 
618167 

6121167 

7114167 

7125167 

8115167 

Depth BCM LWM LWS RBM RBS 

6” 12.2 18.3 23.0 - 17.3 
6” 4.4 11.1 13.9 9.8 11.3 

12” 5.2 14.5 14.3 11.6 14.7 
6” 5.7 10.7 11.7 9.3 9.9 

12” 7.1 10.4 12.7 9.8 10.7 

6” 4.6 6.4 8.9 8.5 8.2 
12” 5.9 8.1 9.5 9.4 10.0 

6” 2.6 3.8 6.3 5.6 5.6 
12” 4.5 5.8 8.6 7.5 7.2 

6” 2.4 3.1 4.5 4.1 5.3 
12” 1.7 5.6 5.8 7.0 6.4 

’ BCM = Bissel Creek; LWM = Little Willow Flat No. 1; LWS = Little Willow Flat No. 2; RBM = 
Riley Butte No. 1; RBS = Riley Butte No. 2. 
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comers did not mature. 
The warmer, drier Bissel Creek site 

produced plants that were phenologically 
more advanced than plants at the other 
sites. Medusahead at Bissel Creek was 12 
inches high and in head by June 3, while 
those at Little Willow and Riley Butte 
sites did not reach the same stage of 
development until the second week in 
July. 

The density of mature squirreltail was 
about .7/ft2 at the two squirreltail sites at 
Little Willow and Riley Butte. Sandberg 
bluegrass averaged 0.7 and 1 .l plants/ft2 
at the two sites, respectively. Soil mois- 
ture in the perennial grass dominated 
plots was generally higher than in the 
companion medusahead plots until the 
third week in June (Table 3). Most 
medusahead plants on squirreltail domi- 
nated plots failed to complete their life 
cycle and died before seedheads were 
formed. 

After the third week in June, little or 
no precipitation fell. Soil moisture stead- 
ily depleted and became critically low, 
especially in the upper foot of soil. The 
decrease in soil moisture and high sum- 
mer temperature resulted in large seedling 
losses between June 20 and July 11. 
Seedling loss was especially great at the 
Riley Butte medusahead site, where seed- 
ling density fell from 23 to 2 plants/ft2. 
Decrease in soil moisture at this site was 
not correspondingly abrupt, however. It 
was speculated that rapid increase in 
temperature may have been a contribu- 
tory factor. Additional mortality 
occurred during the remainder of the 
summer. 

Seedlings present in late July and 
mid-August were reduced to one or two 
short green leaves from a high number of 
4 or 5 leaves. By August the vegetation 
appeared dead except for a trace of 
summer forbs that remained green. 

Sufficient rain fell in late October for 
perennial grasses to produce new growth 
and for winter annuals to germinate. At 
the squirreltail dominated sites of Little 
Willow (LWS) and Riley Butte (RBS), 80 
and 11 new squirreltail seedlings/ft2 were 
counted, respectively. These came from 
seed of the current crop and carryover 
seed. 

As indicated by charting records of 
individual seedlings, some squirreltail that 
had appeared dead as early as July 14 
recovered in the fall. Others that were 
alive in August did not reappear. Except 
for Riley Butte sites, counts of estab- 
lished seedlings increased in all sites 
between the August and November sam- 

pling dates. Inability to distinguish 
between dead and dormant seedlings 
(without plant destruction) caused under- 
estimates of a number of live plants at the 
end of the growing season. 

On March 27 and 28, 1968, the plots 
were resampled to determine over-winter 
mortality. Few of those seedlings present 
the previous fall were missing. In some 
cases, counts in the spring were higher 
than those recorded in the previous fall. 
Some seedlings were either still dormant 
or were overlooked at the time of fall 
sampling. 

Tillering of seedlings was observed for 
the first time in March, indicating that 
tillers were produced during the 
November-March period. When sampled 
in late March, most seedlings had pro- 
duced two to three tillers with six to nine 
leaves. Average plant height was 4.5 
inches. 

Discussion 

This study documents the successful 
establishment of squirreltail seedlings in 
medusahead and squirreltail dominated 
stands. The results indicate that seedlings 
are able to become established with rela- 
tive ease, considering the amount of 
competition involved. The reproductive 
success of squirreltail on sites other than 
the Riley Butte medusahead site averaged 
more than 2.5% at the end of 18 months. 
This average is slightly less than that 
reported for reproductive success of 
seeded species on prepared seedbeds in 
central Utah (Cook et al., 1967). 

The reasons for the failure of squirrel- 
tail seedlings to become established in the 
Riley Butte medusahead site can only be 
speculated. Soil moisture depletion was 
not any more drastic on this site than 
others, yet a large loss in seedlings 
occurred (from 23 to 2 seedlings/ft2) 
during a 3-week period. The loss was 
probably due to a combination of factors, 
particularly small, weak seedlings com- 
bined with high temperature and mois- 
ture stresses. It appeared that the seed- 
lings on this site were not sufficiently 
developed to go into dormancy. This 
ability probably is a function of physio- 
logic maturity rather than chronological 
age, because most of the seedlings were 
over 6 months old, having germinated the 
previous fall. 

Provided a seed source is available, 
squirreltail would probably be the first 
perennial grass of importance to become 
established in management programs that 
encourage the return of perennials. Blue- 
bunch wheatgrass, a climax species, is 

unable to become established in annual 
grass ranges in the Intermountain region, 
without prior removal of competition 
(Tore11 et al., 1961; Turner et al., 1963; 
Harris, 1967). 
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Response of Lehmann Lovegrass to Time 

of Fertilizer Application 

BAHE BILLY, J. L. STROEHLEIN, AND P. R. OGDEN 

Highlight: On a desert grassland site in southern Arizona, production of Lehmann 
lovegrass (Eragrostis lehmanniana) was significantly increased by applications of 
30-l O-O fertilizer as late as July 22. Seed yields were least with later dates of fertiliza- 
tion. Nitrogen and phosphorus contents of the plants were increased within I week 
after application; thereafter they generally declined. Nitrate-nitrogen and available 
phosphate in the surface 4 inches of soil increased immediately after fertilization, and 
the nitrate-nitrogen then decreased rapidly. Plots fertilized at later dates generally 
reached their peak yield and higher nitrogen and phosphorus contents later and 
remained greener into the fall months than those fertilized at the beginning of the 
rainy season. Herbage growth of forbs the following spring was greater on fertilized 
plots than on control plots, but data were very variable and not significant. No 
residual response of Lehmann lovegrass was found the second summer growing season 
after fertilization, probably a result of the dry summer. 

The use of fertilizer is indispensable 
for irrigated pastures in Arizona, but it 
has not become a standard practice on 
nonirrigated ranges. 

A satisfactory response to fertilizer has 
been obtained on some native grass ranges 
(Ogden et al., 1967; Stroehlein et al., 
1965) and on seeded Lehmann lovegrass 
(Eragrostis lehmanniana) ranges (Holt and 
Wilson, 1961; Stroehlein et al., 1968). 
Usually, however, fertilization of ranges is 
not justified (Freeman and Humphrey, 
1956; Honnas et al.. 1959; Stroehlein et 
al., 1968). Lack of satisfactory response is 
attributed to factors such as poor stand 
of desirable grasses, insufficient rainfall, 
loss of nitrogen through leaching or other 
means, and improper time of fertilizer 
application. 

Fertilization after summer rains have 
begun reduces the risk of insufficient 
rainfall and nitrogen loss and increases 
production over earlier or later treatment 
(Stroehlein et al., 1968). Since Lehmann 
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lovegrass is easily seeded on ranges in 
poor condition (Humphrey, 1960) and 
fertilization increases the yield and qual- 
ity (Holt and Wilson, 1961) additional 
information is needed on the effects of 
time of fertilization on the growth of this 
important grass. 

Study Area and Methods 

The study was conducted at the Page- 
Trowbridge Experimental Range, 28 
miles north of Tucson, Ariz. The eleva- 
tion is approximately 3,680 ft. The site 
had a very good stand of Lehmann 
lovegrass with some Boer lovegrass (E. 
chloromelas) among scattered mesquite 
(Prosopis juliflora). The soil is a White- 
house sandy loam, fine, mixed, thermic 
family of Ustollic Haplargid. 

The mean annual rainfall is approxi- 
mately 15 inches. Slightly over 50% is 
expected during the July to September 
summer season. Rainfall at the site during 
the 1967 growing season was 2.00 inches 
in June, 1.89 for July, 4.43 in August, 
and 1.00 in September. Total rainfall for 
these months during 1968 was only 2.49 
inches. 

Treatments consisted of five dates of 
application and an unfertilized control 
arranged in a completely random design 
with five replications. Plot size was 20 by 
30 ft. Granular ammonium nitrate- 
phosphate (30-l O-O) supplied by the 
Tennessee Valley Authority was broad- 
cast at a rate of 50 lb N/acre on plots 
where the grass had been mowed to a 
2-inch stubble height. 

Lovegrass was harvested on August 19, 
September 13, and October 12, 1967. 
One-third of the plot was randomly 
chosen for clipping. Two strips 35 inches 
wide and 18 ft long were cut with a 
power mower to a 2-inch stubble height. 
All the clipped forage was weighed, and a 
subsample taken for moisture and chem- 
ical analyses. The forage from one of the 
mowed strips was thrashed to determine 
seed yields. 

Samples were collected regularly in 
1967 prior to harvest as well as at harvest 
time to assess the N and P levels of the 
plants and the available soil nitrate and 

Table 1. Average herbage production (lb/acre, oven dry) of Lehmann lovegrass, fescue, and forbs, 
and seed production (lb/acre) of Lehmann lovegrass at indicated harvest dates resulting from 
30-10-o fertilizer applied on five different dates during 1967, Page Trowbridge Ranch.’ 

Application Herbage Seed Forbs Fescue 

date 8119167 9113167 10/l 2/67 10/16/68 10/12/67 414168 414168 

June 5 1,55Oa* 1,480a 1,550a 330 57a 327 745 
July 3 1,400a 1,290a 1,520a 440 51ab 416 307 
July 12 1,340a 1,350a 1,500a 340 48ab 358 305 
July 22 7OOb 870a 1,240a 330 34bc 283 264 
August 7 600bc 660bc 94Ob 250 3oc 615 463 
Check 4ooc 44oc 560~ 270 21c 206 51 

1 Average of five replicates. 
*Values followed by the same letter are not significantly different (P = 0.01). Differences in col- 

umns without letters are not significant at P = 0.05. 
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phosphate. Ten plants were randomly 
collected from each treated and control 
plot at each date for moisture and chem- 
ical analyses. Five soil cores 4 inches in 
depth were taken from each plot at each 
sample date. 

Spring annuals may be stimulated by 
fertilization the previous summer, re- 
ducing any carryover effect on the peren- 
nial grass. Annuals were harvested in the 
spring of 1968 by hand clipping two 9.6 
ft2 subplots on each plot. These were 
separated into six weeks fescue (Vulpia 
octoflora) and forbs, with Indian wheat 
(Plantago purshii) making up the bulk of 
the latter. Lehmann lovegrass was har- 
vested by mowing strips on October 16 to 
determine residual influence of fertiliza- 
tion the second growing season. 

Results and Discussion 

Lehmann lovegrass herbage production 
(Table 1) was highest with the earliest 
date of application, June 5, although this 
was not significantly different from appli- 
cations through July 12 for the second 
and third harvests. Fertilization on June 5 
produced faster growth and an earlier 
maximum growth than later dates, but 
fertilization may be delayed until after 
some accumulation of soil moisture with 
summer rains and still obtain satisfactory 
results to fertilization. For all dates of 
application, fertilizers significantly in- 
creased production over check plots at 
the final harvest. Seed production was 
increased significantly by fertilization at 
the earliest application dates and then 
decreased with lateness of application 
(Table 1). 

Nitrogen content of lovegrass had in- 
creased significantly by each sample date 
after fertilizer application (Table 2). The 
N content of the plants generally reached 
a peak after fertilizer application, then 
declined. Herbage harvested from fer- 
tilized plots in October produced four 
times as much protein as the nonfertilized 
plots. Later fertilization dates extended 
improved protein quality of the grass into 
the fall season. The N content of plants 
from the control reached a peak in late 
July and then declined. The phosphorus 
contents of the plants also were increased 
by fertilization (Table 3). The same gen- 
eral trends were found as with the N 
contents. 

There was greater annual fescue and 
forb growth on fertilized plots compared 
to control plots the spring of 1968 (Table 
1). The growth of fescue on these plots 
was five to twelve times that of the check 
plot; differences were significant only at 
the 10% level. Although annual fescue 
provides some forage during the spring, it 

Table 2. Nitrogen content (%) of Lehmann lovegrass at 6 sampling dates by dates of fertilization 
with 30-10-o fertilizer. Page-Trowbridge Ranch, 1967.’ 

Application 
dates 

Sampling dates 
July 3 July 22 Aug. 7 Aug. 19 Sept. 13 Oct. 12 

June 5 
July 3 
July 12 
July 22 
August 7 
Control 

1 .93a2 

- 
- 
- 

1.27b 

2.37a 
2.49a 
2.62a 

- 
- 

1.58b 

1.55b 
1.89ab 
2.16a 
1.87ab 

1.04c 

1.66a 
1.56a 
1.59a 
1.80a 
1.88a 
1.05b 

1.06a 
0.97a 
1.16a 
1.13a 
1.23a 
0.52b 

0.97a 
1.05a 
1.06a 
1.19a 
1.30a 
0.59b 

’ Average of five replicates. 
2 Values followed by the same letter are not significantly different (P = 0.01). 

Table 3. Phosphorus content (%) of Lehmann lovegrass at 6 sampling dates by dates of fertiliza- 
tion with 30-10-o fertilizer. Page-Trowbridge Ranch, 1967.’ 

Application 
dates 

June 5 
July 3 
July 12 
July 22 
August 7 
Control 

July 3 

0.21 
- 
- 
- 

0.21 

July 22 

l O.322 
0.32 
0.29 

- 
- 

0.31 

Sampling dates 
Aug. 7 Aug. 19 

0.25ab3 0.26ab4 
0.29a 0.25ab 
0.30a 0.25ab 
0.30a 0.27a 

0.27a 
0.23b 0.24b 

Sept. 13 Oct. 12 

0.12ab3 0.1 lb4 
0.13ab 0.1 lb 
0.14a O.llb 
O.lObc 0.13ab 
0.13ab 0.14a 
0.08~ 0.12ab 

’ Average of five replicates. 
‘Differences in columns without letters following the values are not significant at the P= 0.05 level. 
‘Values followed by the same letter are not significantly different at the P = 0.01 level. 
4 Values followed by the same letter are not significantly different at the P = 0.05 level. 

is questionable if any increased produc- 
tion would be an efficient use of fer- 
tilizer. The dry summer of 1968 resulted 
in low Lehmann lovegrass herbage yield 
and insignificant differences among treat- 
ments when harvested in October of 
1968. 

The nitrate content of the surface 4 
inches of soil generally was greater on 
fertilized plots compared to control plots 
for all sample dates in 1967 (Table 4). 
Low soil nitrate values were found for the 
surface 4 inches of soil in September and 
October; thus, little residual N was avail- 
able in the surface soil after the first 
summer growing season. The increased N 
contents and herbage yield of the har- 
vested Lehmann lovegrass plants indicate 
that about half of the N applied was 
taken up by plants the first summer 
growing season. 

Available soil phosphate was increased 
two-to three-fold by fertilizer application 

(Table 5). The fact that phosphate avail- 
ability increased was shown also by the 
plant P content. Soil analysis showed no 
trend toward decreasing phosphate avail- 
ability throughout the season, meaning 
that the decrease in plant P was probably 
only the expected natural decline with 
plant maturity. 

Conclusions 

During a year of above average rainfall, 
herbage yields of Lehmann lovegrass were 
tripled by fertilizer application. There 
were no significant differences among 
herbage yields obtained from fertilizer 
applications from June 5 to July 12. In 
previous studies with native grasses and 
Lehmann lovegrass, yields have generally 
been better when fertilized after the first 
summer rains, or about July 20 in this 
area. (Stroehlein et al., 1968). The dif- 
ference in rainfall between the different 
years may account for the slightly dif- 

Table 4. Nitrate-nitrogen concentration (ppm) of the soil at 6 sampling dates by dates of fertiliza- 
tion with 30-10-o fertilizer. Page-Trowbridge Ranch, 1967.’ 

Application 
dates 

Sampling dates 

July 3 July 22 Aug. 7 Aug. 19 Seut. 13 Oct. 12 

June 5 26.5a2 2 1 .2a2 1 9.5a2 10.2ab2 4.63 4.33 
July 3 1 l.lb 5.9b 3.8b 4.3 5.6 
July 12 - 23,la lO.Ob 7.4ab 4.6 5.6 
July 22 - - 12.9a 8.9ab 4.0 8.0 
August 7 - 

i9b 
- 14.0a 6.0 7.8 

Control 3.6b 3.9b 4.4b 3.4 3.4 

1 Average of five replicates. 
2 Values followed by the same letter are not significantly different at the P = 0.01 level. 
3 Differences in columns without letters following the values are not significant at the P = 0.05 level. 
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Table 5. Available soil phosphate (ppm PO,), at 6 sampling dates by dates of fertilization with 
30-104 fertilizer. Page Trowbridge Ranch, 1967.’ 

Application Sampling dates 
dates July 3 July 22 Aug. 7 Aug. 19 Sept. 13 Oct. 12 

June 5 6.9a2 11 .5a2 7.1a2 9.0a2 11.4a3 
July 3 

9.5a3 
- 7.9b 8.6a 7.7a 9.9a 

July 12 
ll.Oa 

- 10.8a 9.6a 8.3a lO.la 
July 22 

9.6a 
- - 8.5a 8.9a 11.7a 12.la 

August 7 - - - 5.9ab 12.0a 12.2a 
Control 4.4b 5.8b 3.5b 3.9b 6.8b 4.lb 
’ Average of five replicates. 
2 Values followed by the same letter are not significantly different at the P = 0.01 level. 
3Values followed by the same letter are not significantly different at the P = 0.05 level. 

ferent results. Fertilizer should not be 
applied to range grasses until sufficient 
rainfall and the plants begin to grow. This 
same principle is used by midwestern 
farmers in the United States when plan- 
ning their fertilizer program for corn. The 
supply of subsoil moisture is considered 
at planting and fertilizing time and the 
fertilizer rate is adjusted accordingly. In 
the case of range grass, some soil mois- 
ture, provided by the first summer rains, 

prevent unnecessary use of fertilizers 
during a dry year. 

These data also indicate, as in other 
studies, that later fertilization can pro- 
duce higher quality feed for fall grazing. 
This is particularly important for 
Lehmann lovegrass which is best utilized 
in the fall because it makes good growth 
and remains green later than native 
grasses that grow on dry Southwestern 
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THESIS: COLORADO STATE UNIVERSITY 

Responses of Shortgrass Range and Blue Grama (Bouteloua gracilis (H.B.K.) Lag. ex Steud.) Plants to S-triazine Herbicides, 
D. H. van der Sluijs, PhD, Range Management. 1972. 

Periodical and seasonal fluctuations in forage quality and 
quantity constitute one of the basic problems in range man- 
agement. Forage quality and quantity are usually inversely 
related. S-triazine herbicides possess growth-regulating 
properties that may influence these characteristics simul- 
taneously. 

Field experiments were carried out in northern Colorado 
to study the effect of three s-triazines on dry matter yield, 
crude protein content, nitrate N content, and soluble sugar 
content of shortgrass range herbage. Herbicides used, in 
decreasing order of water-solubility, were Bladex [ 2-(4- 
chloro-6-ethylamino- ,3,5-triazine-2-ylamino)-2-methyl-pro- 
prionitrile] , atrazine [ 2-chloro-4-ethylamino-6-isopropylam- 
ino-1,3,5_triazine] and simazine [2-chloro4,6-bis(ethylamino 
at 1.12 and 3.36 kg of the active ingredient (a.i.) per hectare 
and at three N levels (0, 22.4 and 44.8 kg of N per hectare). 
Herbage from fall and from spring-treated plots was 
harvested four times each year. 

In the greenhouse a study was conducted with blue 
grama plants to determine the effects of low rates of 
simazine and Bladex on above- and below-ground biomass, 
on N and P metabolism, and on distribution of these miner- 
als in the plants. Herbicides were soil applied at .28,.56, and 
1 .12 kg a.i./ha. Herbicide treatments were combined with 
two levels of N fertilizer, 0 and 97 kg/ha of ammonium 
nitrate N. The fertilizer was applied when seedlings were 4% 
weeks old, 20 days prior to treatment with herbicides. 
Above- and below-ground biomass was harvested at 5, 20, 
and 60 days following herbicide application. Dry weight 
and crude protein content was determined for leaves, stems, 
and roots. Phosphorus content was determined for all plant 
parts harvested at 60 days. 

As a rule, and particularly at the higher rates, herbicides 
increased crude protein content and decreased dry matter 
yield. Simazine reduced root biomass up to 80%. Low rates 
of Bladex stimulated root and top growth simultaneously. 

Atrazine was the most effective and Bladex least effec- 
tive for increasing crude protein content of herbage. 

Bladex accumulated crude protein in roots of blue grama 
while simazine accumulated protein in the leaf blades. 
Simazine increased P content, and the increases were greater 
in top growth than in roots. Bladex had little effect on P 
content. Nitrogen fertilizer alone decreased P content. 
Simazine increased P uptake by as much as 245% and N 
uptake as much as 657%. Nitrogen and P uptake showed a 
high positive correlation. 

Ammonium nitrate fertilizer reduced the effect of the 
herbicides on plants in the early seedling stage. At later 
stages herbicide effects were stimulated by additional N. 
Thus, the type of response appeared to depend on the phen- 
ological stage of the plants. 

It is suggested that at least two mechanisms are involved 
in the responses of crude protein content and dry matter 
yield on shortgrass range herbage and blue grama plants to 
s-triazines. 

Simazine may be a useful chemical for improving forage 
quality and utilization of grasslands of humid climates. 
Bladex would be more suited for use on arid and semiarid 
grassland. Systematic studies of the effects of s-triazines on 
C3 and C4 plants could provide a better insight in the basic 
differences between these two groups of plants. They could 
also make a significant contribution to studies concerning 
the relationships between carbohydrate and protein syn- 
thesis. 
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Russian-Thistle (Salsola) Species 

in Western United States 

JANICE C. BEATLEY 

Highlight: Russian-thistle populations in western United 
States consist of either of two species, or both, and are dis- 
tinguishable at all stages in the field. Salsola pestifer is now 
replaced by an earlier name, S. iberica. The second species, 

In the course of insect control investigations in California in 
the 1950’s’, and field studies in southern Nevada in the 1960’s 
(Beatley 1965, 1969), it was independently concluded that 
Russian-thistle populations consist of two distinct taxonomic 
entities which, although apparently hybridizing in many areas, 
have maintained their genetic and taxonomic identities. 
Russian-thistle has been treated in the plant manuals and floras 
of the country as a single species, usually as Salsola pestifer A. 
Nels. or S. kali L. 

California material of the two entities was determined in 
1967 by V. Botschantzev, Russian monographer of the genus 
Salsola, University of Leningrad, as Salsola pestifer A. Nels. 
and S. paulsenii Litv. Southern Nevada specimens were also 
assigned to two species by Botschantzev in 1970. These were S. 
iberica Sennen & Pau and S. paulsenii Litv. S. iberica Sennen 
& Pau, described in 1908, has priority over S. pestifer A. Nels. 

At the time of the research, the author was associate research 
ecologist, Laboratory of Nuclear Medicine & Radiation Biology, Uni- 
versity of California, Los Angeles. She is now at the Department of 
Biological Sciences, University of Cincinnati, Cincinnati, Ohio. 

Studies were supported by Contract AT (04-l) Gen-12 between 
the U. S. Atomic Energy Commission and the University of California. 
The author gratefully acknowledges her indebtedness to Thomas C. 
Fuller, California Department of Agriculture, Sacramento, for sharing 
the history of his efforts to establish the correct names for the two 
species in California, and field and herbarium information relating to 
the species in that state; to William A. Weber, University of Colorado, 
for his interest in the problem and for the final resolution of the 
determinations of the taxa, especially the handling of all arrangements 
and sending of the Nevada material to the USSR; and to Peter H. Raven, 
Missouri Botanical Garden, for his efforts in 1965 to obtain critical 
judgments of the Nevada plants from P. Aellen in Switzerland. 

Manuscript received April 5, 1972. 

‘Personal communication, T. C. Fuller, 1969. 
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S. paulsenii, prevails in many areas, especially in the south- 
west. Where growing together they appear to hybridize freely, 
resulting in populations exhibiting varying degrees of genetic 
in trogressio n. 

which was described in 1909. S. kali L. subsp. ruthenica 
(Iljin) Soo var. tenuifolia (Tausch.) Aellen (Aellen, 1961)also 
appears to be a synonym, at least in part, of S. iberica Sennen 
& Pau. 

It is the purpose of this report to record, for the 
information of those who deal with these noxious weeds on 
western rangelands and elsewhere, that there are two 
Russian-thistle species to be considered in land management 
and agricultural practices.2 The species are readily dis- 
tinguishable, beginning with the seedling stage. The combina- 
tions of characters by which they may be distinguished in the 
field are as follows: 

Salsola iberica Sennen & Pau. (1) Plants neither rigid nor 
prickly from seedling to early maturity, i.e., plants are “soft” 
to the touch until late summer and autumn. (2) Plants 
blue-green in color, (3) Stems with longitudinal red-purple 
striations. (4) Stems slender, not rigid until time of maturity. 
(5) In immature plants, leaves slender, subterete, less than 1 
mm wide (commonly 0.5 mm), the principal ones 2 cm long, 
not rigid, weakly spine-tipped and not pungent, more or less 
densely short- and soft-pubescent; leaves becoming more rigid 
at maturity, and replaced in the inflorescence by short, 
pungent, rigid, and broad bracts. (6) During the period of 
vegetative development, plants appearing taller than wide and 

*A third introduced species of Satsok, s. cohina Pallas, is not here 
under consideration. Plants of this species are scarcely prickly at 
maturity, have elongate branches (virgate), and calyx-segments are 
unwinged or short-winged. The species has been reported from Iowa, 
Minnesota, and Colorado (Schapaugh, 1958); it is now reported to be 
common in the Front Range area of Colorado (Weber, 1967), and its 
introduction and establishment may be anticipated elsewhere in western 
United States. 
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narrowed toward the apex, i.e., the central stem longer and 
more prominent than the lateral branches. (7) Flowering 
beginning in late summer (August to early September); where 
the two species grow together, flowering begins usually at least 
2 to 3 weeks later than in S. paulsenii. (8) Fruiting calyx-wings 
small (usually less than 2 mm long), deep red. (9) Seedlings 
and young plants with branches ascending from their bases, 
not appearing cruciform. 

SaZsoZa pauZsenii Litv. (1) Plants rigid and prickly to the 
touch, from seedling through maturity. (2) Plants yellow-green 
in color. (3) Stems without purple striations, or pale striations 
only. (4) Stems thick and rigid from seedling stage through 
maturity, scabrid. (5) Leaves from seedling stage through 
maturity, thick, terete, rigid, appearing turgid, recurved 
toward the apex, strongly pungent-tipped; principal leaves 
ca 1 cm (0.5 - 1.5 cm) long 1 - 1.5 mm wide, more or less 
short-pubescent. (6) Plants appearing as wide as tall, not 
narrowed toward the apex, but with basal branches strongly 
developed, i.e., the central stem not exceeding, or shorter 
than, the main laterals, and plants of all ages more or less 
convex-topped. (7) Flowering beginning in May in some areas 
(in southern Nevada), and where the two species grow 
together, nearly always at least 2 to 3 weeks earlier than 
in S. iberica. (8) Fruiting calyx-wings large (3 - 4 mm long), 
colorless to pale pink (usually reddish near base of wings), 
veins very conspicuous. (9) Seedlings and young plants 
markedly cruciform, the four lateral branches nearly prostrate 
in seedlings and later ascending toward the tips. 

In southern Nevada, where Salsola distributions have been 
closely observed and documented for a decade, S. iberica is an 
abundant weed of disturbed soils at the higher elevations 
(above 6,000 ft), occurring especially on sandy soils derived 
from rocks of volcanic origin. S. paulsenii is a widely 
distributed and common weed of disturbed sites at the lower 
elevations (below 4,000 ft), and is associated especially with 
soils derived from limestones. From 4,000 to 6,000 ft both S. 
iberica and S. paukenii may occur in pure stands, in mixed 
stands of both species or, frequently, as a hybrid swarm 
showing varying degrees of introgression between both species. 
In these populations no two plants may be phenotypically the 
same, and the marked variability is an apparent expression of 
differing genotypes within the populations. Once a Russian- 
thistle population is established, species composition does not 
change significantly in subsequent seasons, including the 
proportions of hybrid derivatives in relation to numbers of 
individuals of the parental species.3 

Both species and their genetic intergrades are known to 
occur in a number of areas in California4, in at least the 
southern part of Nevada, and southern and at least north- 
western Utah (Anonymous, 1969); both occur also in Arizona, 
but S. paulsenii is not known from Colorado.’ It is probable 
that both occur to some extent throughout western United 
States, especially over the Intermountain Region, and that S. 
paulsenii, common in the Mojave Desert of California, 
southern Nevada, and southwestern Utah, is more prominent 
at lower elevations in the southwestern part of the country, 
and that S. iberica is the prevailing species of the higher 
elevations and latitides of western United States. Definitive 
geographic distributions are dependent upon future recogni- 
tion of the two species and collecting of the genus in all of the 

3 Author’s unpublished data. 

4Personal communication, T. C. Fuller, 1909. 

western states. 
SaZsoZa paulsenii, although present at least since the time of 

a collection by Alice Eastwood from near Barstow, Calif., in 
19 13, has gone unrecognized as a distinct species by plant 
taxonomists of the country through the years, and therefore 
does not appear in any regional plant manuals of the United 
States, except for the recent citation in Munz (1968). In most 
manuals of western United States, S. paulsenii and the hybrid 
derivatives appear to be included under S. pestifer through 
mention of great variability within the species. However, the 
near-spherical shape of the plants of S. paulsenii at immature 
stages, their rigid stout stems and thick, strongly pungent- 
tipped leaves ai all stages, the yellow-green color aid i&on- 
spicuous pigmentation otherwise, and the large, veiny, fruiting 
calyx-bracts are all distinctive characters in combination, once 
known. The species is described by Aellen (1964) as having 
“purple or reddish stems” and heights to only 40 cm, both of 
which features are at variance with our populations character- 
ized by the near absence of red pigment in the stems and - - 
heights of mature plants to over 100 cm. 

That two morphologically and physiologically different 
taxa were present among Russian-thistle populations has been 
known since 1950 by California entomologists, who have long 
referred to the extremely coarse and prickly S. paulsenii as the 
“Barbwire Russian-thistle”.6 Physiological differences were 
evident from the marked preference if the beet leafhopper 
(Circulifer tenellus) for S. iberica over S. paulsenii as an 
autumn host plant; leafhopper control measures are unneces- 
sary where S. paulsenii is the prevailing species. 

Neither species was collected by Coville (1893) in south- 
eastern California or southern Nevada on the Death Valley 
Expedition of 189 1, throughout which region S. paulsenii is 
today a thoroughly established weed; it is therefore inferred 
that the appearance of this species in southern California, and 
perhaps its introduction into the country, occurred sometime 
between the years 189 1 and 19 13. According to Robbins et al. 
(195 l), S. iberica was introduced in South Dakota with flax 
seed in 1873 or 1874, from Russia, where it was then a serious 
pest over large continental areas. Aellen (1964) reports S. 
iberica to be a ruderal throughout most of Europe and S. 
pauZsenii native to southeastern-Russia and central Asia. 
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Effects of Leaf-Footed Bugs 

on Mesquite Reproduction 

D. N. UECKERT 

Highlight: Leaf-footed bugs, Mozena obtusa Uhler, were 
observed feeding on immarure mesquite pods in the Rolling 
Plains of Texas. A sleeve cage study, using various population 
densities of these insects, showed that their feeding significant- 
ly increased the abortion of immature mesquite pods while 
decreasing the dry weight of pods and seeds and the germina- 
fion percentage of seeds. Seedlings from seeds fed upon by 
this insecr were significantly smaller and less vigorous than 
chose from bug-free seeds. This inrecf muy limit the reproduc- 
tion of mesquite and may offer n possibility for the utilization 
ofa native insect for the control ofa native weed. 

Mesquite (plosopis glandulosn) infests millions of acres of 
southwestern rangeland and is constantly invading or in- 
creasing in herbaceous plant communities. The migration and 
ecesis of mesquite is generally believed to be enhanced by 
overgrazing, reduction of naturally occurring fires, and the 
spread of seeds by livestock and certain rodents. Plant 

Fig. 1. Leaf-footed bug. This insect sucks plant juicm from mesquite 

ecologists generally do not assign an important role to the 
pods (le*tuzrera, Yiew: right-dorsal view,. 

insect fauna in determining composition of plant communities; acreages of rabbitbrush (Chrysothamnus neuseosus Fall.) were 
however, research workers in biological control have demon- killed in western New Mexico in the late 1950’s by a leaf 
strated that introduced insects have a remarkable capacity to beetle, Trirhabda nitidicoilis LE. (Coleoptera: Chrysomelidae) 
reduce the abundance of weeds, shrubs, and trees. Thus insects (Massey and Pierce, 1960). The blue cactus borer (M&ma 
could be potent factors in influencing plant composition in dentata [Grate] [Lepidoptera: Pyralidae]) has been reported 
their native habitats (National Academy of Sciences, 1969). 

In the science of biological control of weeds, alien insects 
to be one of the most important native insects affecting 
pricklypear cactus. Bugbee and Reigel (1945) reported that 

are usually imported into a country to combat an introduced this insect reduced stands of Opuntia macrorrhiza Engelm. by 
plant that has been declared a noxious weed. However, the 50 to 75% in areas around Hays, Kans. It is believed that the 
conservation of existing weed-feeding insects has been sug- sc& insect Orthezia annae Cl&. and the moth Eumysia 
gested by Andres (1971) as a method of controlling weeds by tiahoensis Mackie may reduce the abundance of shadscale 
allowing native insects to increase in numbers and by utilizing @triplex confertifolia Tom. and Frem.) in Central Id& and 
these insects in controlling native weeds. Several examples of thus lead to the invasion of the area by halogeton (Haloueton 
native insects controlling native weeds have been demon- &me&us (M. Bieb.) C. A. Mey) (Mackie, 1957). In a survey 
strated. One concerns the native moth, Aroga websteri Clark by Nerd (1965) on the Klamath National Forest, it was 
(Lepidoptera: Gelechiidae), and its control of big sagebrush dixovered that up to 90% of the bitterbrush (Purshio 
(Artemisia tridentata Nutt.) on thousands of acres in the trdentnta (push.) D. C.) had died on an area of 5,000 acres 
western United States (Gates, 1964; Hall, 1965). Large and that about 25% had died on another 45,000 acres, 

apparently due to insects. The Great Basin tent caterpillar 
The author is assistant professor, Range and Wildlife Manawnent 

Department, Texas Tech University, L”blYxk, (Texas Tech University 
(Ma[acosomo @&is Strech. [Lepidoptera: Lasiocampidae] ) 

College of Agricultural sciences Publication No. T-9-101). geometrid larvae (Lepidoptera: Geometridae), and budworms 
Manuscript received March 17, 1972. (Lepidoptera: Tortricidae) are known defoliators of bitter- 



brush (Nord, 1965; Clark, 1956; Ferguson, et al., 1963). 
Insects are often blamed for reproduction failure of bitter- 
brush (Ferguson et al., 1963; Basile and Ferguson, 1964;Nord, 
1965). It has been reported that mesquite (Prosopis glan- 
dulosa) is heavily attacked by a twig drdler (Oncideres 
rhodosticta Bates) in localized areas in Texas and that severe 
ardling killed about 40% of all limbs from 0.5 to 2.0 cm in 
diameter (Ueckert et al., 1971). 

Leaf-footed bugs (Mozena obruso Uhler [Hemiptera: Cor- 
eidae]) (Fig. l), are often referred to as important native pests 
of mesquite. Werner and Butler (unpublished paper) con- 
sidered Mozenn spp. as the most important hemipteran to 
attack mesquite, but little or no damage could be associated 
with it. Swenson (1969) reported that mesquite pods were 
destroyed in large quantities by M. obtusa and a bean weevil 
(Algarobius prosopis [LeConte] [Coleoptera: Bruchidae]). 
Leaf-footed bugs were observed feeding on immature mesquite 
pods at relatively high population densities in the Rolling 
Plains of Texas during the summer of 1971. This insect feeds 
by inserting its piercing-sucking mouthparts into immature 
mesquite pods and withdrawing plant juices. The purpose of 
this study was to quantify the influence of these insects on 
mesquite pods, seed germination, and on young mesquite 
sprouts. 

Table 1. Abortion (%I of immature mesquite pods, mean moisture (%) 
and dry weght (9) of mature pods, and mean dry weight (nlg) of 
individual seeds after feeding by hfozeno obiuso at fom population 
densities. 

Papulation density 
Measurement O/pod l/pod Z/pod 4lwd 

AblXti0” Oa’ 33b 33b 89c 
Mean pe*cent maisture’ lOla 52b 54b 26b 
Mean pod weight 2.44a I .89b 1.39c 1.OOd 
Mean seed weight 33.48 14.4b 9.3c 4.Q 

i Means followed by tile same Letter are not significantly different at 
the 5% confidence be,. 

‘Calculated by the formula: &Teen weight-dry weight/dry weight) 
x 100. 

Results 

Feeding by leaf-footed bugs at the population densities 
studied had a significant influence on all characteristics of 
mesquite pods and seeds that were measured. Abortion of 
immature pods was increased in response to feeding by these 
insects, increasing from 0% in the control to 33% at the 1 
bug/pod and 2 bug/pod densities, and to 89% at the 4 bug/pod 
density (Table 1). The ratio of percent abortion was not 
significantly different from 0: 1~2~4 (5% confidence level) for 
the population densities of 0, 1, 2, and 4 bugs/pod, respec- 
tively. The percent moisture in mesquite pods was significantly 
lower at the 1,2, and 4 bugs/pod densities than in the control. 
This decrease in moisture was due mainly to removal of plant 
juices from the pods by leaf-footed bugs; however, some 
reduction in moisture may have occurred from natural 
desiccation of aborted pods after they had dropped. 

Feeding by leaf-footed bugs resulted in a significant 
reduction in the dry weight of mesquite pods at all population 
densities (Fig. 3 and Table 1). The mean dry weight of pods in 
the control cages was 2.44 g at the end of the feeding period, 
while that of pods at the 1, 2, and 4 bugs/pod densities was 
1.89 g, 1.39 g, and 1.0 g, respectively. Individual seed weights 
were decreased from 33.4 mg in the control to 14.4 mg, 9.3 
mg, and 4.5 mg at the 1, 2, and 4 bugs/pod densities, 
respectively. 

Methods and Materials 

A sleeve cage study was conducted during early sunmer of 
1971 on the Post-Montgomery Ranch in Garra County, Texas, 
to determine the influence of various population densities of 
this insect on the pods and germination of mesquite seeds. 
Nine replications of population densities of O/pod, l/pod, 
Z/pod, and 4/pad were introduced into sleeve cages, con- 
structed of organdy, on June 18 (Fig. 2). On July 12 the 
numbers of aborted pods at each population level were 
counted; then all pods v?ere collected and weighed and later 
oven-dried at 70°C for 72 hr and reweighed. The pods were 
hand-shelled, and the seeds were scarified then germinated 
between moist filter paper in petri dishes in an environmental 
chamber at 21 “C constant temperature with a 12.hr light 
period and a 12.hr dark period. Four-day-old sprouts were 
oven-dried at 70 “C for 72 hr and weighed. Data on pod 
weights, percent moisture in pods, seed weights, and sprout 
weights were analyzed with one way analyses of variance, 
completely random design. Duncan’s new multiple range test 
was used to rank the treatment means. Chi square tests were 
used to analyze data on percentage abortion of pods and seed 

Fig. 3. iMesquife pods i,, the conrrol were weN developed, whereas 
ihose fed upon heavily by leaf-footed bugs were severely shriveled, 



Table 2. Germination (%) of mesquite seeds and mean dry weight (mg) 

of fourdayuld mequite sprouts from pods fed upon by Mozena 
obfusn at four population densities. 

Population density 

Measurement O/pod l/pod 2/pad 4lpod 

Germination 64.7.3’ 40.8b 32.4b 4.3c 
Mean sprout weight 19.7a lO.lb 6.9c 5.9c 

‘Means followed by the same letter are not significantly different at the 
5% confidence level. 

Germination of mesquite seeds was reduced due to feeding 
by leaf-footed bugs. About 65% of the seeds germinated in the 
control. Percent germination at the 1 bug/pod density (40.8%) 
and 2 bug/pod density (32.4%) was not different; however, 
germination at the 4 bug/pod density (4.3%) was significantly 
decreased. (Table 2). 

. . . 
of seedlings showed similar responses (Fig. 4); however, these 
data were not recorded. 

The mean dry weight of four-day-old sprouts was reduced 
from 19.7 mg in the control to 10.1 mg at the 1 bug/pod 
density. Mean dry weights of sprouts at the two higher 
population densities (6.9 mg and 5.9 mg) were lower than at 
the 1 bug/pod density; however, they were not different from 
each other. Lengths of radicles and hvuocotvls and the vieor 

to be a function of the amount of stored food within the 
cotyledons. Feeding by leaf-footed bugs significantly reduced 
the total dry weight and thus the amount of stored food in the 
cotyledons necessary for the initial growth of mesquite 
seedlings. At the higher population densities of the insects, 
mesquite seeds usually consisted only of a papery seed coat 
containing very little “I no embryonic tissue. Feeding by the 
insect should decrease the expected seedling survival of those 
seeds that contain sufficient carbohydrates, fats, and proteins 
for germination, thus decreasing the chances for successful 
establishment of new plants. 

Population densities of leaf-footed bugs probably depend 
largely upon climatic conditions, predators, and parasites; 
however populations are undoubtedlv reduced substantiallv bv 

In areas of the southwestern United States, Mexico, and 
Central and South America where stockmen depend upon 
mesquite pods for emergency livestock feed, leaf-footed bugs 
would be considered a” undesirable insect. Mesquite pods fed 
upon heavily by this insect wxe severely shriveled, brittle, and 
discolored. This study provides evidence that the total dry 
weight production of mesquite pods is reduced by about 23% 
at the population density of one insect/pod and by about 59% 
at the population density of four/pod. Thus the total amount 
of this source of energy-and protein-livestock feed would be 
significantly reduced by the insects if population densities 
should become high. 

the widespread use of insecticides..This insect is appar&; 
host specific upon mesquite and is not known as a pest of 
plants of economic importance. The ecology and biology of 
this insect and other native insect pests of mesquite should be 
studied in detail to discover ways to increase their vovulations . . 
in order to control this noxious plant 01 to decrease its rate of 
e”croachme”t. 
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Stoloniferous 
Blue Grama 
.T. STUBBENDIECK, JOHN L. 
LAUNCHBAUGH, DONALD F. BURZLAFF, 
AND WAYNE G. McCULLY 

Blue grama (Bouteloua gracilis (Wild. 
ex H.B.K.) Lag. a Griffiths)‘, a native 
perennial, warm-seas013 grass, is important 
throughout the Great Plains. It tends to 
be a bunch grass in the southern portions 
of its range and a sod former in the 
central and northern portions (Allred, 
1950). 

Growth habits of blue grama are often 
compared with those of buffalograss 
(Buchloe dnctyloides (Nutt.) En&n.), a 
common associate. Blue grama has many 
structural features that closely resemble 
buff&grass; but blue grama, lacking 
runners or stolons, spreads vegetatively 
only by tillers and short root stalks (Pool, 
1948; Allred, 1950). 

Discovery and Observations 

Stolen-like culms were found in 1968 
in dormant plant material growing in a 
dense clone on the north side of a fence 

post near Lincoln, Nebr. The stolen-like 
structures consisted of rather stiff, elon- 
gated, vegetative internodes at the base of 
the clone. The internodes averaged 8 cm 
long on eight shoots that were measured. 
A series of nodes with leaves, axillary 
buds, and tillers was at the top of each 
elongated internode. 

Similar structures were observed later 
on blue grama transplanted to a green- 
house at Lincoln, with as many as five of 
the elongated internodes in a series. 
Nodal roots were formed when nodes 
were placed in contact with moist soil. 
Figure 1 shows a blue grama plant with a 
series of two elongated vegetative inter- 
nodes. The last node, placed in contact 
with moist soil, had rooted. 

Many stolons developed on blue grama 
plants from North Dakota grown in 
Lincoln under greenhouse conditions, but 
few developed in Nebraska material and 
rarely any in plant material from Texas. 

Stolons developed in Texas on plants 
originating from Kansas; some extended 
70 cm and had as many as 12 internodes 

^_.j_ .-,. .“. 



(Fig. 2). Growth and development of 
stolons apparently resulted when light 
quantity and/or photoperiod were de- 
creased. 

Procedures and Results 
Plants from North Dakota, South 

Dakota, Nebraska, and Kansas were 
grown in a greenhouse in Kansas under 8- 
and 12-hour photoperiods for approxi- 
mately 9 weeks. Plants from Texas and 
Mexico were grown under the same con- 
ditions for approximately 5 weeks. 
Greenhouse temperatures were not con- 
trolled, except that the maximum was 
kept below 105 OF. No stolons developed 
on any plant. The only visible differences 
between the short- and the long-day 
plants were shorter culms and more 
aborted second and third spikes on plants 
grown under the 8-hour photoperiod. 

Plants from North Dakota, Nebraska, 
Kansas, Texas, and Mexico were then 
grown in environmental chambers under a 
constant temperature of 77’F, photo- 
periods of 8 and 12 hours, and light 
intensities of approximately 2,400 and 
8,000 ft-candles. Stolons developed only 
on plants from North Dakota, Nebraska, 
and Kansas grown at the 8-hour photo- 
period and low light intensity. Stolons 
appeared under those conditions after 5 
weeks, but none had developed under the 
other treatments after 12 weeks when the 
experiment was terminated. 

Conclusions 

Presently it is not known if there are 
stoloniferous ecotypes of blue grama as 
have been found in hairy grama (B. 
hirsute Lag.), sideoats grama (B. CUY- 
tipendula (Michx.) Torr.), and slender 
grama (B. repens (H.B.K.) Scribn. & 
Merr.) (Gould, 1959; Morrow et al. 
1954). Stolons may develop on blue 
grama grown under optimum temper- 
ature, reduced photoperiod, and reduced 
light intensity. 

Further studies of this species may 
reveal ecotypes that will produce stolons 
under natural conditions. A stoloniferous 
type of blue grama would be valuable for 
accelerating stand establishment and 
ground coverage. 
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Seed Size Affects Germination of True 
Mountainmahogany A random sample of 500 seeds of each 

collection was measured to the nearest 
millimeter and then placed in one of 
three size classes. Seeds were classified as 
small if they were less than 0.8 cm in 
length, medium if 0.9-l .O cm and large if 
longer than 1 .O cm. The seeds were found 
to range in length from a minimum of 0.5 
cm to a maximum length of 1.3 cm. At 
this time, size classes and the collections 
were weighed to determine number of 
seeds per pound in these groupings. 

The seeds were stratified at 38-42’F 
for 28 days to overcome dormancy (Fo- 
rest Service, 1948). All size classes were 
subdivided into groups of not more than 
50 seeds, due to the presence of an 
aqueous inhibitor (Moore, 1963). The 
seeds were dusted with a fungicide and 
then germinated in petri dishes on stand- 
ard germination blotters. Germination 
tests were conducted at room tempera- 
ture (72-80’F) and terminated after 28 
days. Distilled water was added to the 
dishes as required. 

J. R. PIATT 

Highlight: Five collections of seeds of true 
mountainmahogany from two sites in northern 
New Mexico were divided into three size classes. 
Large seeds germinated better than medium or 
small seeds, within a collection as well as overall. 
The results suggest, however, that relative size 
distributions of collections may not be a reliable 
index of differences in source germinability. 

Relatively little is known about the 
factors affecting germination of true 
mountainmahogany (Cercocarpus 
montanus), recognized as one of our most 
important browse species. Variability 
among collections of seeds has been 
noted (Forest Service, 1948), and germi- 
nation in situ was found too erratic 
(Woodmansee, 1969). Alternating night- 
day temperatures of 68-86’F have been 
recommended for germination (Smith, 
1971). 

This study was undertaken to de- 
termine if seed size is a factor in the 
germination of this species. 

Seed size is known to affect final 
germination percentage, rate of germina- 
tion, seedling vigor, and seedling emer- 
gence of several species. Large seeds 
generally germinate faster and produce 
more and larger seedlings (Rogler, 1954; 
Kneebone and Cremer, 1955; Lang, 1965; 
Knipe, 1970). Larson (1965), on the 
other hand, reported that different sizes 
of ponderosa pine seed, when planted in 
the field, germinate at essentially the 
same rate and percentage. Lang (1965) 
also notes cases in which an inverse 
relationship of seed size to final germina- 
tion percentage exists. 

Seeds for this study were collected in 
different years from two locations in New 
Mexico. Collections were made in 1964, 
1966, and 1970 from a group of plants at 
the northern edge of the city of Santa Fe 
(SF.), in the pinyon-juniper type at 
7,300 ft elevation. The other collections 
were made in 1964 and 1969 on 
Pinabetosa Mesa (P.M.), an oak- 
mountainmahogany site (Daubenmire, 
1943) at 8,000 ft elevation near the town 
of Coyote. The seeds were stored in paper 
bags at room temperature until the study 
was begun in July, 197 1. 
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The seeds were considered germinated 
when the radicle had penetrated the seed 
coats, grown for a minimum of 0.5 cm, 
and had a normal appearing meristem. 

Germination was signficantly higher 
for large seeds than for medium or small 
seeds (Table 1). Three times as many 
large seeds germinated as small seeds for 
the 1969 P.M. and the 1964 S.F. collec- 
tions. The margin between large and small 
seeds, however, was less for the other 
collections. Signficantly more medium 
size seeds germinated than small seeds. 

Table 1. Germination of true mountainmahog- 
any by size class. 

Percent germination 

Seed lot Small Medium Large Mean’ 

P.M. 1964 53 64 70 62ab 
P.M. 1969 19 42 66 42c 
S.F. 1964 20 39 67 42c 
S.F. 1966 33 53 64 5Obc 
S.F. 1970 59 70 80 70a 

Mean’ 37c 54b 69a 

1 Any two means not followed by the same 
letter are significantly different at the 0.05 
level according to Duncan’s new multiple 
range procedure. 

Most seeds in each collection-about 
2/3 of the total number-fell within the 
medium size category (Table 2). This 
implies that germination of bulk samples 
from the five collections would approxi- 
mate 54%, rather than some higher per- 
centage representative of the large size 
category. Size distributions varied among 
the collections. Only 2% of the 1970 S.F. 
collection were large compared with 47% 
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(Fig. 2). Growth and development of 
stolons apparently resulted when light 
quantity and/or photoperiod were de- 
creased. 

Procedures and Results 
Plants from North Dakota, South 

Dakota, Nebraska, and Kansas were 
grown in a greenhouse in Kansas under 8- 
and 12-hour photoperiods for approxi- 
mately 9 weeks. Plants from Texas and 
Mexico were grown under the same con- 
ditions for approximately 5 weeks. 
Greenhouse temperatures were not con- 
trolled, except that the maximum was 
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grown in environmental chambers under a 
constant temperature of 77’F, photo- 
periods of 8 and 12 hours, and light 
intensities of approximately 2,400 and 
8,000 ft-candles. Stolons developed only 
on plants from North Dakota, Nebraska, 
and Kansas grown at the 8-hour photo- 
period and low light intensity. Stolons 
appeared under those conditions after 5 
weeks, but none had developed under the 
other treatments after 12 weeks when the 
experiment was terminated. 

Conclusions 

Presently it is not known if there are 
stoloniferous ecotypes of blue grama as 
have been found in hairy grama (B. 
hirsute Lag.), sideoats grama (B. CUY- 
tipendula (Michx.) Torr.), and slender 
grama (B. repens (H.B.K.) Scribn. & 
Merr.) (Gould, 1959; Morrow et al. 
1954). Stolons may develop on blue 
grama grown under optimum temper- 
ature, reduced photoperiod, and reduced 
light intensity. 

Further studies of this species may 
reveal ecotypes that will produce stolons 
under natural conditions. A stoloniferous 
type of blue grama would be valuable for 
accelerating stand establishment and 
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nation in situ was found too erratic 
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day temperatures of 68-86’F have been 
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termine if seed size is a factor in the 
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The seeds were considered germinated 
when the radicle had penetrated the seed 
coats, grown for a minimum of 0.5 cm, 
and had a normal appearing meristem. 

Germination was signficantly higher 
for large seeds than for medium or small 
seeds (Table 1). Three times as many 
large seeds germinated as small seeds for 
the 1969 P.M. and the 1964 S.F. collec- 
tions. The margin between large and small 
seeds, however, was less for the other 
collections. Signficantly more medium 
size seeds germinated than small seeds. 

Table 1. Germination of true mountainmahog- 
any by size class. 
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Seed lot Small Medium Large Mean’ 
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1 Any two means not followed by the same 
letter are significantly different at the 0.05 
level according to Duncan’s new multiple 
range procedure. 

Most seeds in each collection-about 
2/3 of the total number-fell within the 
medium size category (Table 2). This 
implies that germination of bulk samples 
from the five collections would approxi- 
mate 54%, rather than some higher per- 
centage representative of the large size 
category. Size distributions varied among 
the collections. Only 2% of the 1970 S.F. 
collection were large compared with 47% 
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Table 2. Percentage of seeds per size class in 
five collections of true mountainmahogany 
with number of seeds per pound in the size 
classes and in the collections. 

Seed lot 

Size class 

Small Medium Large 
Number 
of seeds 

P.M. 1964 3.8 59.0 37.2 31,000 
P.M. 1969 5.4 61.4 47.2 28,000 
SF. 1964 4.0 72.6 23.4 32,000 
S.F. 1966 12.8 60.2 27.0 41,000 
S.F. 1970 20.2 77.8 2.0 35,000 

Mean 9.0 65.0 26.0 

1 Number of seeds per pound were: Small- 
46,000, Medium-35,000, and Large-28,000. 

of the 1969 P.M. collection. Although the 
percentage of seeds classed as small was 
consistently low for the P.M. collections, 
size distribution tended to vary from year 
to year for both collection sites. These 
differences in size distributions probably 
resulted primarily from differences in 
environmental conditions during develop- 
ment of the seeds and secondarily from 
genetic factors, as the seeds were col- 
lected from the same interbreeding plants , * . . 

Differences in size distribution does 
not adequately explain the differences in 
germination among the five collections. 
The collection with the greatest number 
of large seeds (1969 P.M.) had the lowest 
average germination, whereas the collec- 
tion with the fewest large seeds (1970 
S.F.) gave the highest average germina- 
tion. Differences in average germination 
due to age differences may have been a 
factor, as demonstrated by the decreasing 
germinatiation in the S.F. collections 
with increasing age. 

In conclusion, the results show: (1) a 
higher percentage of large seeds germinate 
within a given collection, and (2) collec- 
tions containing mostly large seeds will 
not necessarily exhibit a greater average 
percent germination than a collection 
with a smaller number of larger seeds, 
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First Call for Papers 
27th ANNUAL MEETING 

February 3-8,1974, Tucson, Arizona 

The objective of the Program Committee for the 1974 
Annual Meeting is a stimulating program of important 
topics that will provide something of value and interest to 
all those who attend. To accomplish this objective, the 
format for the meeting will include both invited and 
volunteer papers; it will also provide a forum for airing 
controversial issues and the expression of ideas. The Com- 
mittee solicits members-and nonmembers-to volunteer 
papers reporting their work, their research, and their ideas. 
Although papers on any subject relevant to range science 
and range management-or the affairs of the Society-will 
be considered, papers representing new knowledge and 
fresh ideas are encouraged. A volunteer session titled 
“Viewpoints” is being arranged to accommodate those 
wishing to express their particular viewpoint orally to the 
Society. 

The Program Committee will carefully screen all volun- 
teer papers and select only those that provide reasonable 
assurance of meeting the standards of high quality that the 
Society expects. The Committee will attempt to accom- 
modate papers on any subject matter. 

Procedure: Those wishing to present papers at the 27th 
Annual Meeting should consider only topics that can be 
presented within an allocated time of 15 minutes. The 
author should provide the following: (1) title of paper, 

(2) name and affiliation of authors, (3) name of individual 
to present the paper, (4) name and address of author to 
whom correspondence should be addressed, (5) a prelimi- 
nary abstract of not less than 250 or more than 500 words, 
and (6) a supporting statement indicating the significance of 
the offered paper and the subject matter area(s) under 
which he thinks his paper could be classified. For research 
papers, this statement should also indicate the relative 
amount of data supporting the paper (e.g., years of study). 
All illustrative materials must be adapted for use in Kodak 
35-mm Carousel projectors. 

Deadlines: Three copies of the preliminary abstract and 
supporting statement should be in the hands of the Program 
Committee chairman not later than August 15, 1973 

(October 5 for student papers). Authors will be notified of 
acceptance or rejection of their paper by October 1, 1973 
(November 1 for student papers). Final abstracts for all 
papers must be received by the Program Committee by 
November 15,1973. 

Preliminary abstracts and correspondence relevant to 
the program should be addressed to: Dr. James 0. 
Klemmedson, Chairman, SRM Program Committee, Depart- 
ment of Watershed Management, University of Arizona, 
Tucson, Arizona 85721. 
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A Modification 
of the Slanting 
Deer Fence 
HAROLD E. MESSNER, DONALD R. DIE’& 
AND E. CHESTER GARRETT 

Fencing has been used sparingly to 
control deer use or damage on large areas 
of land largely because of the high cost of 
construction and maintenance. We 
needed to exclude deer and livestock 
from three l/3-acre plots being used for 
tests of imported grass and legume seeds. 
A fence economical to build, pleasing to 
the eye, and blending into the surround- 
ing scenery of ponderosa pine was 
desired. 

The standard deer fence described by 
Halls et al. (1965) and Bartlett and Boyce 
(1954) was both expensive and rather 
unsightly because of its height. The “out- 
rigger” type deer fence discussed by 
Blaisdell and Hubbard (1956) was also 
deemed too expensive and somewhat 
unsightly. The “outrigger” fence is essen- 
tially a 4.5.ft upright fence with an 
outrigger sloping outward from the top to 
a point on the ground 8 ft from the base. 
The “outrigger” prevents the deer from 
getting close enough to jump the fence. 

A modification of the overhanging or 
slanting type deer fence proposed by 
Longhurst et al. (1962) and Jones and 
Longhurst (1958) appeared to best fit our 
needs. 

Materials and Design 

The slanting fence designed by Long- 
burst et al. (1962) consisted of mesh wire 
supported between two guy wires. The 
main disadvantage to this design is that, 
in areas of heavy snowfall, the slanting 
fence is apt to be crushed by the weight 
of snow. 

Our design included a 7.ft (Cinch- 
square) sloping post fastened to each 
vertical line post for additional support 
against heavy snowfall (Fig. 1). The slant 
of the fence was achieved by cutting the 
top of the vertical posts at a 45’ angle at 
4 ft above ground level and attaching a 
square 7.ft post with an &inch spike. The 
1-ft overhang was provided by the exten- 
sion of the top of the slanting post past 
the vertical post. The bottom of the 
sloping post rested on the ground 4.5 ft 
from the line post, forming an angle of 
about 45”. The 6.foot line posts were set 
in 2-ft holes spaced 12 Et apart. 

Corners for the slanting fence wae 
constructed by setting in the ground two 
7.ft vertical posts 30 inches deep and 6 ft 
apart. These were braced with a 6-ft line 
post placed horizontally about 3 it above 
ground level. The sloping posts at the 
corners were secured at ground level with 
an X-inch spike to an 1%inch section of a 
4-inch-diameter post set approximately 
12 inches deep. Both 7.ft and lx-inch 

vertical corner posts were notched at the 
top with a 4S0 cut (Fig. 2) to receive the 
sloping posts and hold them against hor- 
izontal stress. 

Starting at ground level and working 
up, the following fencing materials (Table 
1) were fastened to the upper side of the 
sloping posts: (1) four strands of barbed 
wire; (2) one 4%inch-wide woven wire; 
and (3) two more strands of barbed wire. 
Small mammals were discouraged from 
entering between the lower barbed wire 
strands by a 24.inch wire mesh (fastened 
with hog rings) laid across the barbed 
wire between ground level and the woven 
wire. A pie-shaped wedge of woven wire 
and several strands of barbed wire were 
used to close the opening at each fence 
corner (Fig. 1). 

The material and labor for the over- 
hanging fences were furnished by the 
Boxelder Job Corps at Nemo, S. Dak. The 
number of man-hours required to build 
the exclosures was not determined since 
the training nature of the construction 
made an accurate accounting of time 
impossible. 

Results and Discussion 

During the past five years, deer, live- 
stock, and some small mammals were 
successfully excluded by the overhanging 
fence. 
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Longhurst et al. (1962) felt the slant- deer. Deer often attempt to go under- 
ing fence is effective because it acts neath a fence and are discouraged by this 
primarily as a psychological barrier to fence slanting over their backs and will 

Table 1. Specifications and costs of material to enclose a square approximately one-third acre plot 
(120 x 120 ft) with the modified slanting deer fence. 

Description Specification No. Unit 
Unit 
cost Total 

Posts 
Corner 
Line and Brace 
Ground Support Post 
Slanting 

Wire (galvanized) 
Woven for main course 

Barbed, for fence top, 
bottom and bracing 

Wire mesh at fence 
bottom to exclude 
small animals 

Staples 

Hog Rings 
Join mesh with woven 
and barbed wires 

Nails 

Total cost 
Cost per rod 

7’ x 5” (top) 16 
6’ x 4” (top) 40 
6’ x 4” (top) 4 
7’ x 4” square 48 

12% gauge mesh, 1.5 
horizontal strands, 
10 gauge, 48” wide, 
20 rods long 
12% 2 gauge, pt., 2.3 
80 rods long 

150’ x 24’ with 1” 3.2 
hexagon openings 

1%” 10 lbs. .23 2.30 

No. 1 1000 ea. 

8” spike 80 ea. 

ea. $ 1.49 $ 23.84 
ea. .81 32.40 
ea. .81 3.24 
ea. 1.38 66.24 

rolls 25.75 38.63 

rolls 8.75 20.13 

rolls 8.85 28.32 

.005 

.09 

5.00 

7.20 

$227.30 
7.81 

Alternate Plan with Change in Slanting Post Specifications 

Posts 
Slanting 7’ x 3” (top) 48 ea. .60 

Other Materials with No Change 

Total cost 

Cost per rod 

28.80 

161.06 

$189.86 

6.52 

not try to jump. 
Two disadvantages of the overhanging 

fence are (1) cattle may damage the wire 
by using it for a backrub, and (2) in areas 
of rough terrain some land leveling would 
be required. The first may be overcome 
by attaching two strands of No. 9 galvan- 
ized wire around the outside of the 
vertical posts at 1% and 30-inch heights. 
This will still permit young calves and 
deer to utilize the undergrowth beneath 
the slanting portion of the fence. 

The sloping posts prevented our fence 
from collapsing under heavy accumula- 
tions of snow. However, our exclosures 
were well protected from drifting snow 
by the surrounding pine forest. In open 
country the fence would probably be less 
effective because of drifting and piling 
snow. 

Costs of constructing slanting fences 
with round posts are generally lower than 
upright fences (Table 1). Shorter posts 
are cheaper, although more are needed in 
the slanting fence compared to the longer 
posts used in the upright fence. The 
amount of mesh wire required for the 
slanting fence is approximately half that 
needed for the upright fence, although 
more barbed wire is needed. Six strands 
(two above and four below) were used, 
while two are used (bottom and top) on 
the 8-ft or higher upright fence. Based on 
1972 prices, materials would cost $6.52 
per rod for the slanting fence compared 
to $7.95 per rod for an upright fence if 
round posts are used. Square posts for the 
slant rather than round posts would 
increase the material costs from $6.52 to 
$7.81 per rod. Maintenance costs have 
been minimal during the three-year study. 

7’x4YSquarc) 
Slanting ,Post 

Barbed Wire 
/ 

Fig. 2. Diagonal view of slanting deer 
fence showing construction. 

i i I _-c I 
I / i’ 
I 1 Wire MeshI,_,’ 
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The slanting type fence should be proof fences. Mich. Dep. of Conserv., Game 
considered, not only by deer researchers Div. Rep. 1199,5 p. (Mimeogr.) 
and managers, but also by orchardists, Blaisdell, James A., and Richard L. Hubbard. 
farmers, and ranchers for protecting hay- 1956. An “outrigger” type deer fence. U. S. 

stacks, valuable trees, gardens, and small Dep. Agr., Res. Note 108, Calif. Forest and 
plots. Range Exp. Sta., 2 p., Berkeley, Calif. 

Literature Cited Halls, L. K., C. E. Boyd, D. W. Lay, and P. D. 
Bartlett, I. H., and A. P. Boyce. 1954. Deer- Goodrum. 1965. Deer fence construction 
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Fences for controlling deer damage. Calif. 
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Future of Range Management: A Student’s View 
The future of range management be- 

longs to those who are prepared for it! 
This preparation is by no means con- 
cluded when an individual finishes his 
formal schooling. It should, in fact must, 
continue throughout his career if he is to 
optimize his potential to his employer 
and to the future of range management. 
There is no magic hour nor an amount of 
schooling which can be declared 
“enough.” 

While the new man may lack exper- 
ience, the more experienced individuals in 
the organization must not underestimate 
his ability or knowledge. New ideas must 
be given due consideration and if un- 
acceptable, must be rejected with ample 
explanation; for several rejections with- 
out explanation-in other words, with no 
way to learn why or where he went 
wrong- could result in the “new blood” 
becoming stagnated and the potential for 
change dying with the youth’s enthusiasm 
and along with it the future of range 
management! Young men, while a part of 
some organizational structure, must re- 
tain and jealously guard their right to 
critically analyze resource management 
policy. In fact they may, if given the 
opportunity to grow, develop ideas which 
influence the formation of new policy. 

Not only must the professional criti- 
cally analyze performance in the field but 
also preparation for his career. The 
student-even in our enlightened age-is 
more or less a captive audience during his 
academic years. To some degree he is 

The author is a student, Washington State 
University, Pullman. The article is an invited 
Paper, delivered November 21, 1972, at the 
annual meeting of the Pacific Northwest Sec- 
tion, Society for Range Management. 

molded. If he discovers after entering the 
profession that there are flaws in the 
mold, he should not let allegiance or pride 
keep him blind to educational deficien- 
cies, thus continuing harmful practice and 
producing others like himself. He should 
critically analyze himself and that which 
produced him and make known to the 
schools the weaknesses he has found. 

We must be ever mindful of the 
changes which are taking place in our 
field. If was but a few years ago that 
range reconnaissance was done mainly 
from horseback or on foot. Today, al- 
though we still walk and ride horses, our 
work is made much more complex and 
demanding through the use of low 
altitude aerial photographs; and it has 
been suggested by some that in the not 
too distant future we may map vegetation 
types from photographs taken by satel- 
lites that are already circling the earth! 
These changes must continue to be incor- 
porated into our educational curriculum 
to provide the student with an oppor- 
tunity to study, first hand, these rapidly 
developing areas. 

It is important to be aware not only 
of the rapidly changing technology with 
which we must work but also of the 
changes which are taking place within 
society. The general public, which until a 
few years ago was quite apathetic towards 
our public lands, has recently shown 
considerable interest in the way lands are 
managed, private as well as public. These 
people, for the most part, have just 
become aware of what the professional 
range manager has known for many 
decades. Ranchers and other professionals 
have been practicing common ecological 
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principles for many years. Be that as it 
may, we must now meet the challenge of 
helping this interested public understand 
the basic concepts of resource manage- 
ment. We must not, no matter how 
clearly we see the fallacy in judgments or 
ideas, underestimate the power of emo- 
tional speeches, books, or other forms of 
communication. Emotional presentations 
could cause segments of this public to be 
misinformed about and opposed to the 
work to which we have dedicated our 
careers and our lives. 

Perhaps we, the range managers, have 
been self-aggrandizing; perhaps our belief, 
that ecological principles on public lands 
originated with us, is erroneous. The New 
York Times on September 25, 1972, 
quotes federal administrators as saying 
that range managers will be replaced by 
natural scientists. Who are these natural 
scientists and what will be their source? 
We think of ourselves (today’s students) 
as natural scientists, taught as students 
and trained as new employees by those 
whose experience in resource manage- 
ment expresses essentially all scientific 
application in that area. A better wording 
of an old saying might be: “Experience is 
not necessarily the best teacher, but it 
certainly makes the best teachers.” 

The Society for Range Mangement 
must play an ever increasing role in the 
future of range management. It must 
bring together these new thoughts and 
ideas. It must be the “common bond” 
which will help to keep range manage- 
ment a progressive field and those con- 
cerned with range management mindful 
that it is an everchanging field.-PAUL E. 
NYREN, Pullman, Washington. 
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Future of Range Management: A Student’s View 
The future of range management be- 

longs to those who are prepared for it! 
This preparation is by no means con- 
cluded when an individual finishes his 
formal schooling. It should, in fact must, 
continue throughout his career if he is to 
optimize his potential to his employer 
and to the future of range management. 
There is no magic hour nor an amount of 
schooling which can be declared 
“enough.” 

While the new man may lack exper- 
ience, the more experienced individuals in 
the organization must not underestimate 
his ability or knowledge. New ideas must 
be given due consideration and if un- 
acceptable, must be rejected with ample 
explanation; for several rejections with- 
out explanation-in other words, with no 
way to learn why or where he went 
wrong- could result in the “new blood” 
becoming stagnated and the potential for 
change dying with the youth’s enthusiasm 
and along with it the future of range 
management! Young men, while a part of 
some organizational structure, must re- 
tain and jealously guard their right to 
critically analyze resource management 
policy. In fact they may, if given the 
opportunity to grow, develop ideas which 
influence the formation of new policy. 

Not only must the professional criti- 
cally analyze performance in the field but 
also preparation for his career. The 
student-even in our enlightened age-is 
more or less a captive audience during his 
academic years. To some degree he is 

The author is a student, Washington State 
University, Pullman. The article is an invited 
paper, delivered November 21, 1972, at the 
annual meeting of the Pacific Northwest Sec- 
tion, Society for Range Management. 

molded. If he discovers after entering the 
profession that there are flaws in the 
mold, he should not let allegiance or pride 
keep him blind to educational deficien- 
cies, thus continuing harmful practice and 
producing others like himself. He should 
critically analyze himself and that which 
produced him and make known to the 
schools the weaknesses he has found. 

We must be ever mindful of the 
changes which are taking place in our 
field. I$ was but a few years ago that 
range reconnaissance was done mainly 
from horseback or on foot. Today, al- 
though we still walk and ride horses, our 
work is made much more complex and 
demanding through the use of low 
altitude aerial photographs; and it has 
been suggested by some that in the not 
too distant future we may map vegetation 
types from photographs taken by satel- 
lites that are already circling the earth! 
These changes must continue to be incor- 
porated into our educational curriculum 
to provide the student with an oppor- 
tunity to study, first hand, these rapidly 
developing areas. 

It is important to be aware not only 
of the rapidly changing technology with 
which we must work but also of the 
changes which are taking place within 
society. The general public, which until a 
few years ago was quite apathetic towards 
our public lands, has recently shown 
considerable interest in the way lands are 
managed, private as well as public. These 
people, for the most part, have just 
become aware of what the professional 
range manager has known for many 
decades. Ranchers and other professionals 
have been practicing common ecological 
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principles for many years. Be that as it 
may, we must now meet the challenge of 
helping this interested public understand 
the basic concepts of resource manage- 
ment. We must not, no matter how 
clearly we see the fallacy in judgments or 
ideas, underestimate the power of emo- 
tional speeches, books, or other forms of 
communication. Emotional presentations 
could cause segments of this public to be 
misinformed about and opposed to the 
work to which we have dedicated our 
careers and our lives. 

Perhaps we, the range managers, have 
been self-aggrandizing; perhaps our belief, 
that ecological principles on public lands 
originated with us, is erroneous. The New 
York Times on September 25, 1972, 
quotes federal administrators as saying 
that range managers will be replaced by 
natural scientists. Who are these natural 
scientists and what will be their source? 
We think of ourselves (today’s students) 
as natural scientists, taught as students 
and trained as new employees by those 
whose experience in resource manage- 
ment expresses essentially all scientific 
application in that area. A better wording 
of an old saying might be: “Experience is 
not necessarily the best teacher, but it 
certainly makes the best teachers,” 

The Society for Range Mangement 
must play an ever increasing role in the 
future of range management. It must 
bring together these new thoughts and 
ideas. It must be the “common bond” 
which will help to keep range manage- 
ment a progressive field and those con- 
cerned with range management mindful 
that it is an everchanging field.-PAUL E. 
NYREN, Pullman, Washington. 
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Poisonous Plants of the Midwest and 
Their Effects on Livestock. By Robert 
A. Evers and Roger P. Link. University 
Press Special Publication 24. Univer- 
sity Press. Urbana, Illinois. 165 p., 
1972. 

Any reader interested in poisonous 
plants will find this book of value. The 
book is acknowledged as regional in 
scope, but an inspired organization of 
plants into groups growing in similar 
habitats extends its usefulness beyond the 
Midwest. Grouping the plants by habitat 
facilitates inventorying a grazing area for 
poisonous plants. Typically, poisonous 
plants are listed by plant families and are 
useful to the botanist and a few 
poisonous-plant manuals will adopt this 
useful habitat format. 

The authors have discussed each 
poison species under one of the following 
headings: (1) plants usually found in dry, 
open pastures and meadows, (2) plants 
usually found in moist, open pastures and 
meadows, (3) plants of wooded and old 
woodland pastures, (4) plants of fence- 
rows, roadsides, barnyards, fields, and 
waste places, (5) plants of streams, 
ditches, ponds, springs, and swampy 
meadows, and (6) plants in hay and grain. 
Pertinent information for each species is 
cataloged on three pages. One page con- 
tains one or more black-and-white photo- 
graphs of excellent quality or a reference 
to a color illustration at the back of the 
book. Two pages of text for each species 
are organized under the following head- 
ings: description, occurrence, conditions 
of poisoning, toxic principle, clinical 
signs, necropsy, and treatment. 

Plants are discussed under only one 
habitat heading, but they are cross- 
referenced if they grow in more than one 
habitat. Because plants are compiled by 
common names within each habitat 
group, one or more species may be listed 
at the end of the text of another species. 
Unfortunately, these cross-references are 
easy to overlook, because they are in- 
dented to the same level as the text 
headings and are only a little larger. 
Plants are also listed alphabetically by 
both common and scientific names in the 
index. 

Suggested treatments for poisoned 
animals are often of questionable value, 
because they are not effective, or the 

236 

signs of poisoning become evident only 
after the treatments lose their effective- 
ness, or the drugs required are no longer 
available. This is not the fault of the 
authors, it is rather because the literature 
is out of date. 

The authors have commendably 
avoided the use of technical terms when- 
ever possible. Technical terms not readily 
translated accurately to nontechnical 
language are defined in a glossary. This 
book will be useful to all-the student, 
the livestock-man, the extension special- 
ist, and the professional.-Eugene H. 
Cronin, Logan, Utah. 

Plants for Sheep in Australia: A Review 
of Pasture, Browse and Fodder Crop 
Research 1948-70. Edited by J. H. 
Leigh and J. C. Noble. Angus and 
Robertson Pty. Ltd., 102 Glover 
Street, Cremorne Junction, Sydney, 
N.S. W. 2090, Australia. 402 p. 1972. 
$A1 2.50. 

This book describes forage research in 
the contrasting environment of Australia. 
The fact that the sheep population in that 
country has risen from 96 million in 1948 
to 167 million in 1968 attests to the 
value and importance of this research. 
The subject matter is divided into three 
broad categories: ( 1) rangelands, (2) 
improved pastures and fodder crops, and 
(3) areas of research common to both 
preceding categories. Twenty-six of 
Australia’s leading scientists in this area 
of research have contributed to the book. 

Seven authors go into great detail 
describing and discussing the research 
applicable to the rangelands of each state. 
The major range areas with a grazing 
history are now generally disclimax 
communities. The native plants of the 
degraded ranges often have a shorter 
growth period than the original plants. 
Solving the problem of range deteriora- 
tion requires the conservation or regener- 
ation of adequate vegetation, and this is 
related to grazing management, effective 
control of marsupials and rabbits, and the 
prevention of indiscriminate burning. 

The authors report on problems 
common to rangelands around the world, 
i.e., lack of forage of adequate quality at 
certain critical periods during the year 
and large differences in forage production 
between years of poor and good rainfall. 

While there have been excellent studies 
on the autecology of range plants, there 
have been only a limited number of trials 
on the effects of the grazing animal on 
the range ecosystem. Several chapter 
authors reported that research was 
needed on developing guidelines for 
assessing range condition and trend. 

Edible trees and shrubs contribute 
substantially to the maintenance of live- 
stock on Australian rangelands. There is a 
considerable body of information on use- 
ful shrubs reviewed in this book. The 
genera of major importance are A triplex, 
Acacia, and Kochia. 

The spectacular and extensive develop- 
ment of improved pastures in Australia 
has been entirely dependent on the use of 
fertilizers, the introduction of new pas- 
ture species, and the development of 
inoculum for legumes. In view of this 
success, we should ask ourselves if we 
have done enough in this area in the 
United States. The major fertilizer ele- 
ments may be required in relatively large 
amounts when compared to the trace 
elements, but it is emphasized that the 
function of trace elements is just as 
important as that of the major elements. 
The proper balancing of plants and nutri- 
ents, and when legumes are used the 
proper inoculum, could possibly increase 
substantially the productivity of range- 
lands in the United States. It has been 
said, “There is not the least doubt that 
the input of thousands of millions of 
pounds worth of nitrogen from legumes 
has been the principal contributory factor 
to the rising production from Australia’s 
agriculture.” A substantial amount of 
research in Australia on the subject of 
legume nodulation is reviewed in Chapter 
11. 

The author of a chapter on grazing 
systems on improved pastures concluded 
that continuous set stocking was the best 
management scheme providing there is 
some flexibility to cover unusual weather 
events and plant requirements. 

The book adequately reviews the 
range, pasture, and fodder research for 
1948-70 and in some instances lists the 
current programs. The very extensive 
147-page bibliography, published as a 
separate section of the book, but divided 
by chapters, indicates the extent of the 
coverage of the subject matter.-Carlton 
H. Herbel, Las Cruces, New Mexico. 
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