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Regional differences among Texas 
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Management, Texas i&M University. 

Abstract 

Based on a 1990 mail survey of Texas beef cattle producers own- 
ing and/or operating rangeland, 54 % are older than 56 years, but 
nearly 95% bad completed a high school education. Seventy-five 
percent of total family income came from livestock production, 
off-ranch employment, and off-ranch investments. Percent of total 
income from off-ranch investments, off-ranch employment, live- 
stock production, and wildlife production varied with location 
(vegetation/resource management region). As ranch location pro- 
gressed from east (humid) to west (arid) ranches became larger, 
the proportion of livestock income increased, and rancher’s 
reliance on off-ranch employment decreased. Leasing additional 
rangeland increased the percentage of livestock income and prob- 
ably increased labor responsibilities which precluded the oppor- 
tunity (or need) to work off of the ranch. Number of years of 
ranching experience, rancher age, and the type of animal enter- 
prises also influenced percentages of family income from various 
sources. More brush control using mechanical, herbicide, and fire 
techniques was planned when ranchers perceived that more than 
49% of their rangeland needed treatment. Less mechanical con- 
trol and more herbicide use was planned for weed control when 
ranchers perceived that more than SO% of the area needed treat- 
ment. 

Key words: rangeland, decision-making, grazing rights, regional 
differences, income sources 

Fully two-thirds of the land area in Texas is pasture and rangeland. 
Land owners control over 35 million hectares suitable for livestock 
production, wildlife habitat, and recreational opportunities (U.S. Dept. 
of Commerce 1987). As social, political, and economic constraints 
become more prevalent, the decisions made by ranchers will have far 
reaching effects on their economic survivability. Because many of 
these constraints are self-imposed by ranchers (i.e., deficient or 
spumed knowledge), range managers must recognize and integrate 
ecological relationships in order to achieve short- and long-term goals. 
Basically, ranchers want to do the right thing, but the problem is one 
of determining how to define the “right thing” to do and how to assess 

Research was funded by the USDA Soil Conservation Service and the Texas 
Agricultural Extension Service. Authors wish to thank Mr. Paul Pope. Extension 
Computer Specialist, for his contributions to data analysis and to Extension Range 
Specialists. C.W. Hanselka, A. McGinty. and B.S. Rector. for their contributions to ques- 
tionnaire design. 
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benefits and costs (White 1987). 
Management decisions having deleterious effects on ecological con- 

dition of rangelands will ultimately affect the ability of rangelands to 
produce the goods and services necessary to meet basic needs (i.e., 
survival and security). But what determines when or if ranchers make 
informed management decisions about rangelands? In many cases 
abundant knowledge is available to the rancher, but technology adop- 
tion is minimal. 

In 1988, the range program unit of the Texas Agricultural Extension 
Service adopted a long-range plan to determine the factors affecting 
ranchers’ range management decisions and choices, and to use this 
information to improve programs for clientele. The initial proposal 
included a statewide survey of Texas ranchers to create a database of 
operator and ranch characteristics influencing three program areas: 
stocking rate management, grazing management and weed/brush man- 
agement. 

Important questions addressed by this research were: (1) whether 
differences exist in personal or ranch characteristics across regional 
areas of Texas, (2) whether differences exist within personal or ranch 
characteristics across all Texas beef cattle producers, and (3) whether 
regional differences exist in rancher’s knowledge and use of rangeland 
technologies. 

Methods 

A database of names of livestock ranchers, considered the primary 
users of rangeland in Texas, was obtained through the Texas Beef 
Industry Council. The database included approximately 80,000 names 
of beef cattle producers as of August 1989. Many of these producers 
raise several kinds of livestock, however, the survey database may 
have excluded ranchers raising only sheep and/or goats. Wildlife 
ranchers were probably included in the database since livestock (usu- 
ally cattle) are required to maintain an agricultural land tax base. 

Ranchers were surveyed statewide with the exception of several east 
Texas counties composed primarily of forest land. The rangeland areas 
of the state were divided along county boundaries into regions exhibit- 
ing similarities in vegetation/resource management (after Gould 1975) 
for evaluation of potential effects of sociological/environmental/his- 
torical influences on management decisions (Fig. 1). 

A stratified systematic random sample (Snedecor 1956) of 1,000 
names’ from each of 7 regions was drawn to receive a mail question- 

%mple size was set at 1,000 for each region in an effort to maintain a suflicient num- 
ber of responses for analysis within region. 
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Results and Discussion 

Nonresponse Validation 
Completed telephone questionnaires from 421 ranchers (160 ques- 

tionnaires/region) were analyzed. Results from t-tests and categorical 
analysis demonstrated that the two subsample populations, mail sur- 
vey respondents and nonrespondents, were from the same overall pop- 
ulation. There was no evidence to conclude that the nonrespondents 
refused to respond because of some nonrandom pattern. Respondents 
to the mail survey were accepted as representative of the population of 
Texas “beef cattle” ranchers. 

Fig. 1. Vegetation/management regions of Texas for stratified systematic 
sampling of ranchers. Adapted from Gould (1975). 

naire. Although each of several drafts of the questionnaire was 
reviewed by 7 Extension Range Specialists, no other pretest was 
administered. Questionnaires were mailed in the spring of 1990 with 
follow-up questionnaires and postcards sent approximately 3 and 6 
weeks thereafter, respectively. After data entry, 10% of respondent 
records were checked for systematic or repeating errors and for ran- 
dom keystroke errors. 

Models with 2 independent variables and an interval-scale depen- 
dent variable were analyzed by one-way analysis of variance 
(ANOVA). Interaction between the 2 independent variables in each 
model was tested and multiple mean comparisons were performed 
when the interaction term was nonsignificant. On- and off-ranch 
sources of income were chosen, individually, as the dependent vari- 
able in several models, while age and percent of ranch needing treat- 
ment for weeds/brush were chosen in others. Important for future 
analyses is that income sources were measured as percent of total fam- 
ily income. 

Independent variables for age of the rancher and years of ranching 
experience were measured as interval variables, but were categorized 
when used as an independent variable in ANOVA. Level of formal 
education*, grazing rights (owned vs. leased), animal enterprise diver- 
sity, and grazing programs were measured as nominal responses. Size 
of the ranch (hectares) was categorized from experience of the authors 
(Rowan and Workman 1992). An independent nominal variable com- 
mon to all ANOVA models was region of the ranch. 

Surveying any population can be problematic when response is less 
than lOO%, leaving room for response and nonresponse bias (Assael 
and Keon 1982). Nonrespondent subsampling is a widely used tech- 
nique to correct nonresponse bias (Ognibene 1971). Analysis of non- 
respondents was necessary to validate mail survey responses, enabling 
inference of results to all Texas beef cattle ranchers. A stratified ran- 
dom sample of 400 completed telephone questionnaires was targeted 
to minimize margin of error. T-tests and chi-square tests were used to 
determine if differences existed between survey responses of the 
respondent and nonrespondent populations. 

‘Lcvcls of education were: no formal education, grade school education, high school 
education, some college, Cyear college degree, and advanced degree. 

Response frequencies 
Respondents returned 1,862 usable questionnaires, constraining the 

margin of error to well within &5%. Raw return rate, including ques- 
tionnaires marked “non-owner or operator of rangeland” and non- 
deliverables, was 49.3%. The statewide usable response rate was 
35.2%, calculated as the fraction of usable and refusal returns divided 
by the actual number of ranchers eligible to answer the survey (total 
minus nonusable surveys). 

The average Texas ranch included 2,292 hectares of deeded and 
leased rangeland, and the median was 263 hectares. Only 54% of 
ranchers owned and operated all of their range acreage. The average 
rancher was 56.2 years of age. This mean compared favorably with the 
mean age of south Texas ranchers (58 years) reported by Hanselka et 
al. (1991). Respondent’s total years of ranching experience averaged 
26.8 years, with a median of 25 years. As an average, ranchers had 
operated their current ranch 19.8 years, slightly higher than the 16.8 
years reported by census figures for all farm operators (U.S. 
Department of Commerce 1987). 

Nearly 95% of ranchers had completed high school, 70% had 
attended some college, and 28% had completed college. The distribu- 
tion is similar to other studies (Albrecht and Ladewig 1983, Ladewig 
et al. 1986, Thomas et al. 1990). For ranchers who had completed col- 
lege, only 40% of those degrees were in agriculture. 

Livestock production contributed the most to overall income (30%), 
followed by off-ranch employment (26%), off-ranch investments 
(19%), farming (8%), mineral/gas leases (6%), wildlife (2%). hay/seed 
(2%), and “other” (7%). 

Regional Analysis 
Percent of Total Family Income from Off-Ranch Investments 

Location of the ranch had a significant effect on a rancher’s percent 
of total income from off-ranch investments. Ranchers near the larger 
population centers tended to have higher investment income percent- 
ages (Table 1). Mean investment income percentages in the Edwards 
Plateau, Blacklands/Cross Timbers and Rio Grande Plains were sig- 
nificantly higher than in the High Plains and Rolling Plains. 

Ownership/management levels also impacted the proportion of total 
family income from off-ranch investments. Ranchers who owned 
rangeland but leased it to others obtained significantly higher percent- 
ages of total income from off-ranch investments (27%) than ranchers 
who owned and operated their ranches (20%) or who owned land and 
leased land from others (20%), which were in turn higher than those 
ranchers who leased all of their land from someone else (11%). 
Generally, leased land is owned by absentee landowners who have 
inherited or purchased the land and have other forms of family 
income. 

Neither the diversity of animal enterprises utilized on the ranch nor 
the presence of weed/brush control significantly influenced the per- 
cent of total family income from off-ranch investments. Age of the 
rancher did, however, have a significant effect on off-ranch investment 
incomes. Ranchers who were over 65 years of age derived higher per- 
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Fig. 2. Results of Duncan’s Multiple Range Test of ranch size on percent 
of total income from off-ranch employment. Different letters at the top 
of the bars denote significantly diierent means. 

centages of total family income from off-ranch investments (30%) 
than did ranchers in the 36-45 age category (9%), the < 25 year cate- 
gory (8%). or the 26-35 age category (7%). 

Percent of Total Family Income from Of-Ranch Employment 
When the dependent variable was specified as percent of total fam- 

ily income from off-ranch employment, size of the ranch had a sig- 
nificant impact. As ranch size increased, percent of total family 
income from off-ranch employment declined as a curvilinear relation- 
ship (Fig. 2). Very-small-acreage ranchers operating less than 16 
hectares had significantly higher percentages than did small-acreage 
ranchers operating 17 to 129 hectares. Ranchers operating between 
130 to 2,024 hectares derived significantly higher percentages of fam- 
ily income from off-ranch employment than ranchers operating larger 
ranches above 10,121 hectares. 

Closer examination of the very-small-acreage and small-acreage 
ranchers revealed little difference between the ages of respondents 
(55.0 and 55.8 years, respectively). In addition, there was little 
observable difference in education levels. However, the very-small- 
acreage ranchers had acquired 8 fewer years ranching experience (16 
vs. 24), derived 7% less family income from farming (1% vs. SS), 
and derived 8% less family income from livestock production (7% vs. 
15%). 

Ownership rights and region of the ranch significantly impacted 

family income from off-ranch employment. Ranchers who had deed- 
ed and leased land in their operations had lower proportions of total 
income from off-ranch employment (20%) than any other ownership 
type (range 28-30%). BlacklandsKross Timbers ranchers earned the 
highest proportion of total family income from off-ranch employment, 
which was equal to Coastal Prairie ranchers but significantly higher 
than Rio Grande Plains ranchers (Table 1). High Plains ranchers 
earned the smallest percentage of total family income from off-ranch 
employment income. 

Rancher age significantly influenced off-ranch e’mployment. 
Ranchers above 65 years earned significantly smaller proportions of 
total family income from off-ranch employment (10%). They tend to 
be “retired,” have less opportunity or need for off-ranch employment, 
and have higher levels of off-ranch investments. The average propor- 
tion of family income from off-ranch employment for all ages below 
65 years revealed no significant differences (range = 26%-38%), but 
the 46-55 age category, perhaps at the peak of career earnings, earned 
the highest percentage (38%). 

Percent of Total Family Income from Livestock Production 
As might be expected, percent of total family income from livestock 

production was significantly affected by ranch location (Table 1) as 
well as ownership rights (Table 2). Ranchers with a leased component 
in their operation (lease & deeded or lease all from others) derived 
significantly higher percentages of family income from livestock pro- 
duction than those who simply owned and operated their own land. 

Trans Pecos ranchers obtained the highest average proportion of 
total family income from livestock production which was significant- 
ly higher than in the Edwards Plateau, Rolling Plains, and High Plains 
(Table 1). Rio Grande Plains, Coastal Plains, and BlacklandsKross 
Timbers ranchers’ percentages were equal but significantly lower than 
all other regions. 

Animal enterprise diversity significantly influenced the percent of 
total family income from livestock production. Livestock production 
comprised a larger portion of total family income when animal enter- 
prises included commercial cow/calf, deer/antelope, and quail (39%) 
than when enterprises included either commercial cow/calf (22%) or 

This was not unexpected. The state of Texas includes many ecolog- 
ically diverse vegetation regions and a very diverse population. While 
certain results from the statewide survey may seem obvious to some 
observers, they have not been embraced so boldly by rangeland con- 
sultants, classroom instructors, or extension educators/administrators. 
While the conclusions drawn herein specifically relate to Texas ranch- 
ers/rangeland operators, it is reasonable to assume that rancher and 
ranch characteristics in other states exhibit considerable variation and 
efforts should be made to quantify those differences. Disclosure of 
those management characteristics has direct application in Extension 
efforts should be made to quantify those differences. Disclosure of 

lbhle 1. Significant regional differences among income sources, os percent of total family income, detected by Duncan’s Multiple Range Test. 

Region of Ranch’ 
Income Sources n 1 2 3 4 5 6 I 

_________________________perceot ___-________-_______----- 
Off-Ranch Investments 1462 7”) 13b” 17* 23’ 22’ 17-b 21’ 

Off-Ranch Employment 1462 16’2 21” 1P 1P 39 34’ 27” 

Livestock Production 1462 34b 2 34b 43’ 35b 21’ 21c 27’ 

Wildlife Production 1462 0.26’ l.o”d 3.7” 6.3’ 0.Y we 2.3b” 

‘Regions correspond to: I=High Plains, 2=Rolling Plains, 3=Trans Pecos, 4&dwards Plateau. S=Blacklands/Cmss Timbers. B=Coastal Prairie. and 7=Rio Grande Plains. 
‘Row values are percent of total family income. 
‘Means within rows differ (IW.05) when followed by different letters. 
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‘lhble 2. Significant differences in livestock production income, as a percent of total family income, among grazing rights and grazing programs. 

(a) 
‘I+. of Grazing Tenure’ 

Lease & 
Deeded 

Lease 
All 

Own & 
Operate 

Own, but lease 
to Others 

__----______________________________- ______________percent___________________________________ _____________- 

36* 34’ 29b 1T 

OJ) 
m of Grazing Program’ 

Decisional 
Rotation 

Short 
Duration 

Year-long 
Continuous 

Seasonal 
Continuous 

Deferred 
Rotation Rotational Switchback 

___________________________________ ______________perceut___________________________________ ______________ 
42* 29b 2lb 21b 23b 23b 21b 
‘Row values arc Descent of total familv income from livestock moduction. 
‘Means within rows differ (P4.05) &en followed by differ& letters. 

purebred/registered cattle (21%). All other income means for animal 
enterprise combinations overlapped and could not be distinguished. 
Apparently, the greater the animal enterprise diversity on the ranch, 
the greater the contribution of livestock production as a percentage of 
total family income. The 2 lowest percentages of livestock income 
obtained by ranchers were from single animal enterprise ranches. 

Educational level significantly influenced percent of total family 
income from livestock production. Highest proportion of total income 
from livestock production was for ranchers with only a grade school 
education (39%), while ranchers with advanced degrees derived the 
lowest proportion (21%). Ranchers with advanced degrees in the 
regions which contained the larger population centers (Blacklands, 
Coastal Prairie and Rio Grande Plains) obtained smaller proportions 
of family income from livestock than their counterparts in other 
regions. This is probably a direct influence of urban professionals pur- 
chasing or inheriting ranches. 

The type of grazing program currently in use significantly influ- 
enced percent of total family income from livestock production. 
Ranchers utilizing unplanned rotation of multiple herds and pastures 
(decisional rotation) derived a greater percentage of their total family 
income from livestock production (Table 2). There were no mean dif- 
ferences in the proportion of total income from livestock production 
for all the other grazing programs (range = 21% - 29%). All grazing 
programs listed on the survey were compared except the Merrill sys- 
tem and two short-duration grazing systems. This was because they 
were not checked frequently on the survey form as the only program 
currently used. Only 19 ranchers out of 1,372 were currently using the 
Merrill program exclusively, while only 31 and 26 were exclusively 
using the high-intensity low-frequency and Savory short duration 
grazing programs, respectively. 

(PC 0.0001 and PC 0.0024, respectively). Ranchers planning to use a 
combination of more herbicide, more mechanical methods, and more 
prescribed fire reported a higher percentage (49%) of their rangeland 
needing treatment for brush at the present time than did ranchers with 
planned combinations of no herbicide use, no mechanical methods, no 
prescribed fire, and no sheep and goat grazing (12%). Other treatment 
combination means could not be distinguished from one another. The 
top 7 combinations of future brush treatment practices included some 
form of increased herbicide or mechanical control. Ranchers perceiv- 
ing little need for weed/brush control consistently declared their inten- 
tions to use less herbicide or no herbicide. 

When ranchers perceived that 5 1% of their rangeland needed treat- 
ment for weed problems, instead of brush control, they planned more 
herbicide use with less mechanical methods. However, when the per- 
centage of rangeland needing treatment dropped to 34%, the choice of 
future treatment method was reversed to include less herbicide with 
more mechanical. If no more than 9% of the rangeland needed treat- 
ment for weeds, then ranchers were planning no weed control of any 
kind. 

Reasons given by ranchers for planning specific weed/brush control 
programs are shown in Table 3. A majority of ranchers considering 
herbicide or mechanical treatments for weeds/brush control were 
planning to use more of each (67% and 79%, respectively). Ranchers 
who were considering the use of prescribed fire were split between 
using more (48%) or none (48%). 

Percent of Total Family Income from Wildlife Production 
Income from wildlife enterprises contributed only 2% to the 

statewide average respondent’s income. However, there were differ- 
ences across the regions of the state (Table 1). Ranchers in the 
Edwards Plateau derived a significantly greater percentage (6.3%) of 
their family income from wildlife than any other region. High Plains 
and the BlacklandsKross Timbers ranchers derived the smallest por- 
tion (0.2%-0.5%) of their total family income from wildlife. 

Increased economic returns was the primary reasons given by 
ranchers for using more herbicide or more mechanical control of 
weeds/brush. However, some ranchers considered the costs of 
mechanical control to be prohibitive and they planned fewer or no 
mechanical treatments1 Safety was the primary reason for not using 
prescribed fire or for using less of it. Those planning to use more pre- 
scribed fire considered economic returns as the primary reason. 
Economic returns from using sheep and goats to control weeds/brush 
were either a positive incentive to use them more (75%), a negative 
incentive to use them less (65%), or not at all (40%). 

Conclusions 

Percent of Rangeland Needing Treatment for Brush 
Rancher’s plans to control weed/brush and region of ranch were sig- 

nificantly related to the percent of rangeland needing brush treatment 

The statewide survey of ranchers found a great deal of variation in 
responses between regions, and considerable variation within regions. 
This was not unexpected. The state of Texas includes many ecologi- 
cally diverse vegetation regions and a very diverse population. While 
certain results from the statewide survey may seem obvious to some 
observers they have not been embraced so boldy by rangeland con- 
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‘able 3. Ranchers future plans to use more, less or none of each type of 
weed/brush control practice and reasons for selecting that control prac- 
tice. 

5pe of 
control 

Chemicals 

Reasons for use/nonuse 
Envtron- 

Use Safety costs Returns mental 
--_----_---------Percent-----------__ 
more-67% 2 12 81 5 
less-17% 7 28 15 50 
none-16% 17 31 20 32 

Mechanical more-79% 
less-11% 
none-lo% 4 58 30 8 

Prescribed fm more.-48% 4 32 54 10 
lessA% 52 0 20 28 
none-48% 66 3 15 16 

Sheep and goats more-31% 2 12 75 11 
less-6% 0 19 65 16 
none-63% 5 35 40 20 

sultants, classroom instructors, or extension educators/administrators. 
While the conclusions drawn herein specifically relate to Texas ranch- 
ers/rangeland operators, it is reasonable to assume that rancher and 
ranch characteristics in other states exhibit considerable variation and 
efforts should be made to quantify differences. Disclosures of man- 
agement characteristics has direct application in Extension program- 
ming and other rangeland “classrooms.” 

For example, when 54% of Texas livestock producers are older than 
56 years, transfer of ranch ownership will occur in the near future. 
Some extension programs have been developed (i.e., Ranching 
Heritage workshops) to facilitate ranch transfer in the best possible 
resource condition and at the lowest estate cost. 

People enter ranching for many different reasons. The trend seems 
to be that individuals with nonranching vocations and little or no agri- 
cultural background become financially secure from offlranch 
sources and buy or inherit rural land for lifestyle, recreational, or aes- 
thetic considerations. Profit, per se, is not always the primary motive 
for ownership. These “ranchers” may own only a few hectares, or may 
invest in sizable acreages, but the majority of “ranches” in Texas are 
small (median of 263 hectares). The characteristics of small-acreage 
ranchers should be considered when designing programs to meet their 
management needs. (Rowan 1994). 

Ranch size may dictate to a certain extent the portion of total fami- 
ly income derived from various sources, but size is also a function of 
the region of the state. As ranch location progresses from east (humid) 
to west (arid) ranches become larger, the proportion of livestock 
income increases, and rancher’s reliance on off-ranch employment 
income decreases with increased distances to metropolitan areas. On 
the other hand, investment income as a percent of total family income 
increased with age, which implied a movement toward financial secu- 
rity and greater reliance on other sources of income. It might seem 
obvious that ranchers in arid areas, and especially older ranchers, 
would rely less on off-ranch employment and more on off-ranch 
investment opportunities. However, it is important to note that ranch- 
ers have traditionally relied on ranch equity as a buffer in “retirement” 
years. For many ranchers, retirement means continued reliance on 
ranch income while everyday management responsibilities are trans- 
ferred to children or employees. Thus, retirement benefits from self- 
employment taxes may only supplement ranch income/equity. 

The number of years of ranching experience and the type of animal 

enterprises may also have impacts on sources of family income. 
Ranchers who diversify spread the risk of fluctuating price cycles 
common in livestock markets and more “effectively” utilize a diverse 
range resource. For example, Texas ranchers derived 2% of their 
incomes from wildlife enterprises. Even though this number appears 
to be low, Pope et al. (1983) reported between 1 to 3.5% of total cash 
receipts from agricultural production in Texas in 1981 were from 
wildlife. Rancher’s management decisions concerning animal diversi- 
ty may also be linked in their predisposition towards full time ranch- 
ing. With fewer options to diversify off-ranch enterprises (e.g., 
employment and investments), ranchers tended to diversify on-ranch 
animal enterprises. Leasing additional rangeland probably adds more 
ranch income and increases labor responsibility which precludes the 
opportunity (or need) to work off of the ranch. Actively leasing land 
to expand operations probably indicates a desire to ranch rather than 
rely on other sources of income. Furthermore, diversification seems to 
be a function of rancher age. Coastal Prairie ranchers, operating a 
combination commercial cow/calf and stocker cattle operation, were 
younger (45 years) than Edwards Plateau ranchers (73 years) operat- 
ing stocker cattle enterprises. Perhaps stocker operations have fewer 
problems and require fewer decisions which is why they are preferred 
by older ranchers. 

Treatment of weeds/brush is an important management considera- 
tion. Initial investment and periodic costs are slowly recovered. There 
is risk involved in investment of ranch capital in relatively long-term 
improvements. The alternative is to invest off-ranch income, if avail- 
able. Ranchers treating weeds/brush not only desired increased live- 
stock income, but also appeared to be cognizant of ranch income in 
the decisions to treat weeds/brush. Ranchers who treated for 
weeds/brush had lower proportions of total family income from off- 
ranch employment and higher proportions of total family income 
from livestock production. Treatment of weeds/brush may be a func- 
tion of lower reliance on off-ranch income and the need to maintain 
or increase production to provide for family finances. Absence of 
treatment with increased percentage of off-ranch employment may 
result from either time constraints of off-ranch employment or it may 
be lack of weed/brush experience or knowledge associated with being 
a part-time rancher. Or a simple explanation might be that these 
ranchers were short of money to invest in treatment, had off-ranch 
jobs, and were less dependent on the ranch for support. 

Apparent “thresholds” for various treatment methods were dis- 
closed from weed/brush ANOVA models. Ranchers planned to use 
more herbicide and more mechanical methods on a ranch needing 
approximately 50% of the area treated for brush. Ranchers were not 
planning any treatment if the ranch contained no more than 12% 
brush. As a statewide average, it appeared that 12% of total land area 
in brush was either a tolerable or a desirable amount, depending upon 
ranch goals. Ranchers have derived through experience this lower 
threshold or they do not recognize the need for treatment at that level. 
Apparently, the recommendation for maintenance control to prevent 
brush infestation is not widely accepted. When approximately 50% of 
the ranch area needed treatment for weeds, ranchers were planning to 
use more herbicide and less mechanical methods. However, if the area 
needing treatment was only 35%, ranchers reversed the order of treat- 
ment type and used more mechanical methods with less herbicide. If 
the ranch was covered by no more than 9% weeds, ranchers were 
planning no treatment controls. 

Generally, education level did not positively impact ranch practices. 
It did show a negative impact on the percent of total family income 
from livestock production. It would not be a correct interpretation to 
say that additional education “causes” lower levels of livestock 
income. However, in the light of income derivatives as a percent of 
total family income, increased education reduced reliance on percent 
of education are probably used to obtain non-ranch employment that 
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Abstract 

This paper analyzes subjective perceptions of Texas ranchers 
concerning management decision-making to obtain insight for im- 
proving technology transfer. Correlations among variables from a 
1990 mail questionnaire were transformed by principal compo- 
nent analysis into a small number of “new” variables representing 
unobservable patterns of behavioral similarities. %o principal 
components explained variability in rancher’s perceptions for 
each of the areas of interest: stocking rate factors, grazing pro- 
gram benefits, and weed/brush treatment techniques. Stocking 
rate and grazing program components were each characterized by 
traditional and nontraditional factors. Ranchers perceived the 
primary benefit from instituting a grazing program to be im- 
proved livestock performance (traditional grazing component 1). 
Some modification of ranchers’ perceptions about the primary 
benefits of grazing programs is indicated. Weed/brush decision- 
making was characterized by information-source and economic 
factors. The information-source component was defined by the 
importance of advice from neighbors and fear of treatment meth- 
ods. Because these tend to be negative perceptions, both of these 
variables have the potential for restricting adoption of weed/brush 
technology. 

Key words: perceptions, principal component analysis, factor 
analysis, decision-making, correlation, survey analysis 

Decisions made by ranchers to initiate rangeland practices, such as 
weed/brush control, are often based on perceptions of current or past 
resource conditions. For example, Rowan and White (1994) reported 
that Texas ranchers planned no treatment of rangeland if brush en- 
croachment did not exceed 12% of the total land area. A rancher’s per- 
ception of existing brush levels may not coincide with actual amounts. 
Although the perception that one’s ranch contains 12% brush may con- 
stitute truth for the rancher, it may or may not be “true.” An estimate 
of the true value could be derived by measuring brush canopies along 
several transects. However, it is slightly more difficult to measure the 
perceived importance of a rancher’s past experience in establishing 
livestock stocking rates. Although many of the important factors in 
rancher decision-making are subjective, these factors may help in de- 
termining patterns of consistency in rancher’s responses based on their 
perceptions. 

Since perceptions cannot be directly observed, a person’s thoughts 
can be probed by soliciting responses to specific questions. Ordinal 

Research was fimded by the USDA Soil Conservation Service and the Texas 
Amicultwal Extension Service. Authors wish to thank Mr. Paul Pocc. Extension 

Lilcert-type responses (e.g., strongly disagree, disagree, neutral, agree 
or strongly agree) often contain valuable information about human 
opinions or preferences manifested by various unobservable patterns. 
The ordered levels may be assigned numerical values from which 
means can be calculated for each question sublevel. Unfortunately, 
measures of central tendency do not accurately represent the dimen- 
sionality in behavioral similarities because they fail to account for cor- 
relation between the sublevel responses. The principle of dimension- 
ality distinguishes between variables (i.e., range practices) that would 
or would not be commonly shared by a group of ranchers. One proce- 
dure for manipulating subjective data to determine ranchers’ knowl- 
edge and use of rangeland practices is through principal component 
analysis (PCA). 

Principal component analysis along with common factor analysis 
are procedures for linear transformation of data (Dunteman 1989). 
Quite often, the sublevels of a question are numerous and the sheer 
numbers of variables are cumbersome in multivariate modeling. ln 
other instances, question sublevels are highly correlated with each oth- 
er and their inclusion as independent variables in regression analysis 
leads to multicollinearity problems (Dunteman 1989). PCA addresses 
these 2 data problems by transforming the correlation matrix of all 
sublevel variables into a “new” subset of unobserved variables 
(Loehlin 1987) which are uncorrelated linear combinations of compo- 
nents or factors. 

Linear combinations are used widely, often without recognizing that 
the resulting score is a composite of variable scores. For example, aca- 
demic test scores are composites of integers, generally with equal 
weighting per question. Each question of a 20 question exam, with a 
possible score of 100, may be assigned a potential score of 5. 
However, if one or more questions are more complex or difficult, pro- 
fessors may assign more weight to those questions and, thus, would 
contribute a greater percentage toward the total score than questions 
with lower weighting. Observed responses would be measured for 
each individual test question and the linear composite called an over- 
all test score. An overall score of, say, 83 could be called “student 
knowledge” or “teacher effectiveness” or other arbitrary labels for the 
unobserved dimension being measured. This analogy can be extended 
to ordinal scale data collected by surveys. 

The purpose of this research was to determine component pattern 
and structure of factors associated with stocking rate, grazing pro- 
gram, and weed/brush decision-making. The relevant questions were: 
(1) whether one or more dimensions were necessary to explain each 
area of decision-making, (2) whether the dimensions (components) 
were interpretable, and (3) whether the component structure was con- 
sistent with accepted range management recommendations. 
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Table 1. Sublevel response variables for 3 survey questions, rated by re- 
spondents on a scale from 1 to 4 (not important to very important). 

How important are the following factors in establishing the animal live-- 
stock stocking rate for rangeland on this ranch? 

1. Forage considerations 4. Past experience 
2. Livestock considerations 5. Weather 
3. Wildlife considerations 6. Other people’s advice 

How Important are the following benefits for a grazing program to per- 
form successfuuy? 

1. Improved amount or kind of forage 
2. Increased or decreased forage use 
3. Reduced weeds and/or brush 
4. Improved grazing distribution 
5. Improved livestock performance 
6. Increased or maintained livestock 

numbers 

7. Reduced feed purchases 
8. Reduced drought impact 
9. Reduced labor requirement 

10. Improved wildlife habitat 
11. Obtain other people’s 

approval 

How important are the following items when deciding what treatment 
techniques to use to control weeds and brush? 

1. Brush/weed kind, height or density 8. Advice from neighbors 
2. Soil type 9. Proximity to crops 
3. Cost of treatment 10. Government restrictions or 
4. Availability of professional applicator cost share 
5. Existing ranch application equipment 11. Result demonstrations 
6. Projected economic returns 12. Fear of treatment method 
7. Advice from agencies 13. Real estate value 

14. Personal experience. 

Methods 

Likert-type questions representing 3 areas of concern from prelimi- 
nary analysis of survey results (Hanselka et al. 1990) were chosen for 
principal component analysis (Table 1): livestock stocking rate factors 
(6 variables), successful grazing program benefits (11 variables), and 
important weed/brush treatment techniques (14 variables). 

Ratings for each question sublevel ranged from 1 (not important) to 
4 (very important). The principal component procedure attempted to 
identify a subset of variables which a portion of the respondents had 
in common. “Loading” values were derived from the correlation ma- 
trix between sublevel variables and principal components. When 
squared and summed across each variable within each principal com- 
ponent (columns), the resultant number is called an eigenvalue. 
Eigenvalues divided by the number of variables within the compo- 
nent, multiplied by 100, gives the percentage of total variance ex- 
plained by that component. Because the variables were standardized, 
each variable theoretically contributed a unit variance of 1 to total 
variance. For example, a question with 6 sublevels would have a total 
variance of 6, distributed among the principal components. 

Components with eigenvalues greater than 1 (i.e., explaining more 
variance than a single variable) were rotated using the Varimax pro- 
cedure and compared against unrotated components for interpretable 
patterns. Relative size of the loadings among variables and across 
components were keys to interpretation. High loading values on some 
variables of a component or low or negative loadings on others sug- 
gested clusters of respondents similarly perceiving the importance of 
those variables. Consequently, it was not only a particular variable 
loading highly on a component, but the rank order of the variables 
within each component which gave components their interpretive 
meaning. 

A Reliability Coefficient, designated theta (8). was calculated on the 
scores to determine the effectiveness of components as independent 
variables in subsequent analytical procedures, such as ordinary least- 
squares regression. The Reliability Coefficient is a special case of 
Cronbach’s Alpha Coefftcient (Carmines and Zeller 1979). For a dis- 

lhble 2. Means and standard deviations of variables measuring the im- 
portance of Livestock stocking rate factors, grazing program benefits, 
and weed/brush treatment techniques. 

Variables mean sd 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

Stocking Rate Factors: 
Forage considerations 3.72 
Livestock considerations 3.49 
Wildlife considerations 2.37 
Past experience 3.43 
Weather 3.68 
Other people’s advice 1.82 

Grazing Program Benefits: 
Improved amount or kind of forage 3.62 
Increased or decreased forage use 3.23 
Reduced weeds and/or brush 3.28 
Improved grazing distribution 3.29 
Improved livestock performance 3.50 
Increased or maintained livestock numbers 3.32 
Reduced feed purchases 3.35 
Reduced drought impact 3.48 
Reduced labor requirement 2.88 
Improved wildlife habitat 2.57 
Obtain other people’s approval 1.48 

Weed/btush Treatment Techniques: 
BNS~/W~X~ kind, height or density 3.46 
Soil type 2.56 
Cost of treatment 3.50 
Availability of professional applicator 2.35 
Existing ranch application equipment 2.60 
Projected economic returns 3.25 
Advice from agencies 2.25 
Advice from neighbors 1.75 
Proximity to crops 2.55 
Government restrictions or cost share 2.39 
Result demonstrations 2.56 
Fear of treatment method 2.16 
Real estate value 2.45 
Personal experience 3.29 

0.61 
0.74 
1.06 
0.75 
0.64 
0.94 

0.62 
0.73 
0.84 
0.73 
0.66 
0.74 
0.77 
0.69 
1.02 
1.06 
0.80 

0.78 
1.05 
0.76 
1.13 
1.10 
0.87 
1.06 
0.89 
1.24 
1.20 
1.08 
1.12 
1.15 
0.83 

cussion of Cronbach’s Alpha and its application, see Cronbach (195 1). 
The equation for calculating the Reliability Coefficient was as fol- 
lows: 

(Eq. 1) 8 = (N/N - l)(l - l/L) 
where 8 represents theta, 

N equals the number of items or variables, and 
h is the largest unrotated eigenvalue. 

Results 

stocking Rate 
On the average, ranchers rating individual question sublevels one at 

a time considered forage considerations more. important in setting an- 
nual livestock stocking rates than other factors (Table 2). The impor- 
tant question was whether order and magnitude of ratings remained 
the same when correlations among variables were considered. 

The largest correlation in the sublevels of the stocking rate question 
was between forage (0.38) and livestock considerations (Table 3). 
Smallest correlations were between other people’s advice and all oth- 
er variables except wildlife considerations. ‘Bvo principal components 
with eigenvalues greater than 1.0 were extracted in the factor pattern 
matrix. The first 2 components explained 54% of the total variation in 
the original correlation matrix. After the reference axes were rotated 
orthogonally (Varimax procedure) the second component explained a 
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Table 3. Correlation coefficients for variables measuring the importance of stocking rate factors, grazing program benefits, and weed/brush treatment 
techniques. 

__ . . 

1 1 
2 .38 
3 .ll 
4 .26 
5 .34 
6 -.04 

I -z! 
8 A0 
9 .26 
10 .32 
11 .34 
12 .26 
13 .27 
14 .23 
15 .20 
16 .12 
17 .Ol 

18 18 
19 .35 
20 .36 
21 .11 
22 .18 
23 .32 
24 .21 
25 .04 

Variables’ 

26 .22 
27 .21 
28 .23 
29 .08 
30 .14 
31 .30 

2 
.16 
.23 
24 
.04 

11 
.23 
.36 
.33 
.27 
.31 
.32 
.24 
.19 
.ll 

14 
.31 
.32 
.22 
.30 
.28 
.23 
.30 
.31 
.29 
.26 
.25 
.20 

-;! 
.17 
.14 
.29 

4 
.30 
.24 
.22 
.22 
.22 
.27 
.14 
.17 

x! 
.27 
.26 
.47 
.26 
.14 
.20 
.33 
.26 
.16 
.21 
.22 

Ill 

12 11 .42 12 
.30 .38 .34 2 
.32 .33 .30 .45 
.25 .30 .29 .43 
.19 .22 .18 .26 
.ll .06 .lO .09 

11 
.21 Lu 
.24 .34 2;! 
.30 .26 .33 _24 
.29 .23 .17 .48 
.23 .24 .25 .21 
.32 .18 .32 .43 
.25 .25 .34 .42 
34 .22 .17 .27 
.31 .21 .26 .26 
.lO .23 .32 .13 

14 
.38 _LT 
.26 .35 16 
.14 .20 .26 

_A? 

.27 26 

.31 .30 2 

.33 .37 .39 28 

.36 .36 .30 .34 24 

.23 .26 .31 .26 .37 _2Q 

.08 .21 .13 .24 .18 .23 

‘See Table 1 for vuiab~e descriptions corresponding to numbers. 

slightly larger portion of the common variance than before rotation 
(Table 4). Rotation of reference axes does not affect the amount of to- 
tal variance explained by the components.. 

Variables for forage considerations, weather, livestock considera- 
tions. and past experience comprised the first component. Because of 
the high loadings of forage, weather and livestock factors on the first 
component, it was interpreted as Traditional Stocking Rate Factors 
which ranchers consider when making stocking rate decisions. The 
second component, with other people’s advice and wildlife considera- 
tions in common, was interpreted as Nontraditional Stocking Rate 
Factors. Ranchers who scored relatively high on the questions about 
using other people’s advice and wildlife considerations would score 
relatively low on the traditional variables associated with forage, 
weather, livestock, and past experience. 

The reliability coefficient resulting from the scaled scoring was 
0.597, or 60%. A score of 70% is generally acceptable. Therefore, the 
resulting scaled scoring may have some measurement error causing 
the reliability coefficient to be lower than expected. 

Grazing Programs 
For the grazing program question, the largest mean scores for im- 

portance of grazing program benefits were for improved amount or 
kind of forage and improved livestock performance (Table 2). 
Strongest correlations were between reduced feed purchases and re- 
duced drought impact, between improved grazing distribution and im- 
proved livestock performance, and between reduced feed purchases 
and reduced labor requirement (Table 3). 
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Examination of the eigenvalues in the factor pattern matrix revealed 
two components with eigenvalues greater than 1 .O (Table 5). These 2 
components explained 45% of the variance of the correlation matrix. 
Varimax rotation was performed to maximize high loadings on the 2 
components and facilitate interpretation. Eight variables loaded high- 
ly on the first component and 3 variables on the second component. 
Interpretation of the first component, as in the stocking rate question, 
was that it was measuring Traditional Grazing Program Factors and 
the second component Nontraditional Grazing Program Factors. 
Variables for wildlife habitat and other people’s approval were rele- 
gated to the second component as in the stocking rate question. The 
Reliability Coefficient calculated on the scoring coefficients suggests 
that the resulting scores would be highly reliable as independent vari- 
ables in multiple regression analysis. 

Weed/Brush Techniques 
The cost of weed/brush treatment and kind, height, or density of 

brush/weeds were given the highest average importance rating by 
ranchers (Table 2). When correlations among the rancher’s responses 
to question sublevels were considered, some patterns emerged (Table 
3). Cost of treatment was moderately correlated with projected eco- 
nomic returns and brush kind, height, or density, but only midly cor- 
related with advice from neighbors. Advice from agencies was mod- 
erately correlated with advice from neighbors and result demonstra- 
tions, but not with personal experience. 

‘Iv~o components were retained, per the Kaiser-Guttman rule 
(Loehlin 1987), and they explained 42% of the total variation in the 
original correlation matrix. After the Varimax rotation, the first prin- 



‘able 4. Variable loadings on 2 principal components after Varimax rota- able 5. Variable loadings on 2 principal components after Varimax rota- 

tion, and a reliabiity coefficient for the livestock stocking rate question. tion, and a reliability coefficient for the grazing program question. 

Com- 
ponent Variable Communality 1 2 

Forage considerations 0.568 0.749 - 0.087 
1 Weather 0.442 0.694 0.039 

Livestock considerations 0.620 0.657 0.101 
Past experience 0.411 0.625 0.142 

Com- 
ponent Variable communality 1 2 

Imnroved hvestock oerformance 0.489 0.704 0.130 

2 Other people’s advice 0.483 -0.092 0.831 
Wildlife considerations 0.699 0.226 0.754 

Improved amount 0; kind of forage 0.430 
Improved grazing distribution 0.246 
Increased or decreased forage use 0.453 

1 Increase or maintain livestock 0.513 
numbers 

Reduced feed purchases 0.369 
Reduced drought impact 0.456 
Reduced weeds/brush 0.427 

0.694 -0.110 
0.662 0.120 
0.651 0.077 
0.578 0.189 

0.562 0.374 
0.509 0.410 
0.434 0.241 

Eigenvalue 1.925 1.299 
Total variance explained by each component 32.08 21.66 
Common variance explained by each component 59.70 40.30 
Reliability coefficient 0.597 

Obtain other people’s approval 0.512 - 0.086 0.706 
2 Improved wildlife habitat 0.509 0.146 0.698 

Reduced labor requirement 0.506 0.372 0.611 

cipal component explained 56% of the common variance explained by 
the 2 components. Variables associated with information sources 
loaded on component one and the economic variables loaded highly 
on componet 2 (Table 6). Thus, the fit component was interpreted as 
Information Sources for Weed/brush Technology Adoption and the 
second component as Economic Impacts on Weed/brush Technology 
Adoption. 

Eigenvalue 
Total variance explained by each component 
Common variance explained by each component 
Reliability coefficient 

3.099 
28.17 
63.13 

1.811 
16.46 
36.87 
0.801 

The reliability coefficient of the resulting scaled scoring was quite 
high at 83%. This value indicated that the independent variable scores 
on the weed/brush question when used in regression analysis would 
have high reliability. 

Conclusions 

Each of the main categories under consideration; stocking rate fac- 
tors, grazing program benefits, and weed/brush treatment techniques, 
exhibited two “new” variables explaining variation in rancher’s re- 
sponses to question sublevels. Stocking rate factors and grazing pro- 
gram factors appeared to follow the pattern of traditional and nontra- 
ditional components for each category. Traditional stocking rate man- 
agement was defined by the perceived importance ranchers placed on 
forage considerations, weather, livestock considerations and past ex- 
perience. Ranchers were able to recognize the importance of these 
factors in establishing livestock stocking rates evidenced by the com- 
mon variance (62%) explained by component 1. Although the 6 fac- 
tors queried in the stocking rate question appear to cover this ranch- 
ing practice adequately, ranchers may have had additional factors up- 
on which they rely in setting stocking levels. This observation is based 
upon the low level of reliability of the scaled scores. When presented 
with general knowledge about factors helpful in setting stocking rates, 
ranchers may be able to perceive the importance of certain stocking 
rate factors, but they may not adopt or utilize them. 

Traditional grazing program management was defined by the per- 
ceived importance ranchers placed on improved livestock perfor- 
mance, improved amount or kind of forage, improved grazing distrib- 
ution and increased or decreased forage use, among other reasons. 
Perhaps this component should have been called something other than 
“traditional” because of the strong perception held by ranchers that 
utilization of a grazing program would effect an improvement in live- 
stock performance. Both range and livestock factors are important 
considerations in designing grazing programs, but the primary pur- 
pose is to address deficiencies in plant health caused by environmen- 
tal conditions or grazing management. Consequently, “traditional” 
grazing program views held by ranchers may not coincide with ac- 
cepted research and extension recommendations and thus need to re- 
ceive additional attention by change agents. 

Nontraditional components of stocking rate and grazing program 
management had two variables in common, wildlife factors and other 
people’s approval. Ranchers who responded similarly to wildlife con- 
siderations and other people’s opinions (component 2), but differently 
to traditional stocking rate and grazing management, were relegated to 
a dimension (i.e., second component) explaining a relatively small 
portion of the total variance of all components. Ranchers may per- 
ceive these two factors as less important for very different reasons. 

The components for weed/brush control techniques appeared to be 
measuring dimensions other than traditional/nontraditional. The ques- 

‘able 6. variable loadings on 2 principal components after Varimax rota- 
tion, and a reliability coefticient for the weed/brush b-eatment ques- 
tion. 

Com- 
ponent Variable Communality 1 2 

Advice from neighbors 
Fear of treatment method 
Advice from agencies 
Government restrictions or cost share 

1 Availability of professional 
applicator 

Result demonstrations 
Real estate value 
Proximity to crops 

0.535 0.731 -0.064 
0.369 0.694 0.039 
0.485 0.647 0.211 
0.359 0.587 0.281 

0.263 0.582 0.142 
0.533 0.573 0.321 
0.464 0.514 0.228 
0.538 0.510 0.275 

Brush/weed kind, height or density 0.336 0.004 0.731 
Projected economic returns 0.424 0.247 0.687 

2 Cost of treatment 0.431 0.197 0668 
Personal experience 0.467 0.072 0.599 
Soil type. 0.316 0.382 0.472 
Existing ranch application 

equipment 

Eigenvalue 

0.364 

3.305 
Total variance explained by each 

component 
Common variance explained by each 

component 
Reliability coefficient 

0.316 

2.577 
23.61 

56.19 

0.835 

0.404 

18.41 

43.81 



tion that was asked of ranchers was what variables they considered 
important in deciding the types of techniques to use. in weed/brush 
control. It appears that ranchers considered this question to be asking 
for more technical information than in the stocking rate or grazing 
program questions (e.g., information variables loaded highly on com- 
ponent 1 and not on component 2). In actuality, the technology re- 
quired in weed/brush control may not be any more complex than that 
which should be applied to balance forage supply with animal de- 
mand. However, a cluster of ranchers responded similarly to informa- 
tion sources about control techniques. Importance given to advice 
from neighbors and fear of treatment method should concern re- 
searchers and change agents alike. Both of these variables have the 
potential for restricting adoption of weed/brush technology. 
Researchers have generally found that advice from neighbors is less 
likely to be the latest information concerning technology. Combined 
with an apprehension about using control techniques (i.e., safety or 
environmental concerns), research recommendations may not be 
reaching many rangeland operators. 

It remains to be seen how ranchers who similarly use information 
sources transmit that information into decision-making about re- 
sources. Results of the principal component analysis appear to indi- 
cate some misconceptions in either the knowledge base or the appli- 
cation of knowledge by rangeland operators. The weakness may lie in 
the diffusion link between scientific knowledge and production agri- 
culture. Unfortunately, the full impact of decision-making compo- 
nents cannot be assessed until they are analyzed against some re- 
sponse outcome (see Rowan, White and Conner 1994). 
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Abstract 

Decisions made by Texas ranchers over a 10 year period (MO- 
1990) concerning stocking rate levels were dominated by percep- 
tions about weather. A regression model explained 64% of the 
variability in stocking rate change over time, with the 
rainfall/drought variable explaining the majority of variability. As 
ranchers’ perception of a positive rainfall effect increase-d, so did 
stocking rates, and vice versa. Although the presence or absence 
of rainfall cannot be managed per se, proactive stocking decisions 
should include a strategy for adjusting stocking levels in response 
to changing environmental conditions. 

Other factors with significant (a =0.05), albeit trivial, path co- 
efficients on stocking rate change were age, grazing rights (owned 
vs. leased), traditional stocking rate factors, traditional grazing 
program factors, and weed/brush information factors. Older 
ranchers (>65 years) and ranchers who leased all of their range- 
land tended to decrease stocking rates over time. Rangeland op- 
erators indicated they considered “improved livestock perfor- 
mance” as the most important benefit from initiating a grazing 
program. Evidence also suggested that ranchers who rely on their 
neighbors for advice about weed/brush decisions are not benefit- 
ting from the latest technology information. Adoption of econom- 
ic factors (cost/benefits) for selection of weed/brush technology 
did not have a significant impact on stocking rates over the 10 
year period. 

Key words: principal component, path coefficient analysis, IV- 
gression, ranch decision-making, direct and indirect effects 

It may not be news to range professionals that ranchers around the 
country often think differently! But the discussion doesn’t end there. 
An enlightening thing about sociological research is not so much that 
people think differently about values and beliefs, but that they fre- 
quently think similarly. Similarities among human populations point 
to groups or clusters of people who embrace similar beliefs or ideas 
which become springboards for causing change as these groups exert 
influence. There is no reason to think that the ranching community be- 
haves any differently. 

Social science is unliie the “hard” sciences in that the subjects be- 
ing studied cannot be observed under laboratory conditions. 
Sociologists do not control all of the conditions under which human 
populations are observed. Similarities in people are observable and, to 
some extent, measurable when asked to respond to specific questions, 
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such as the statewide survey of Texas ranchers (Hanselka et al. 1990). 
Techniques such as discriminant analysis have been developed to 

compare and contrast human responses. Path analysis has been used 
in biological research to segregate treatment cause/effects (Singh and 
Chowdhury 1983, Kang et al. 1983, van Bruggen and Ameson 1986, 
Bowers et al. 1990, Mebrahtu et al. 1991). However, the procedure 
has been infrequently used in rangeland research. White (1968) was 
one of the earliest rangeland researchers to use the technique to quan- 
tify the factors affecting susceptibility of creosotebush, Larrea triden- 

rata (D.C.) Cov., to burning. Path coefficient regression analysis in bi- 
ological systems is characterized by high R* values reflecting the con- 
trol of unrelated variables. Inclusion of sociological data in path 
analysis may reduce explanatory power of regression models because 
of extraneous influences, but the interpretations on human behavior 
are no less important. 

Modeling rancher decision-making is a process of generating a pri- 
ori assumptions, formulating a causal scheme among variables (Li 
1975), calculating path effects, and proposing plausible interpreta- 
tions about significant pathways. Because human ecological systems 
are complex interactions between value-based decision-making and 
the surrounding environment, causal schemes should include biologi- 
cal as well as sociological variables and the model structure should be 
such that significant effects are interpretable (Li 1975). The con- 
straints in “real world” situations continue to be the complex and in- 
dividualistic factors that both precede and characterize a rancher’s de- 
cision process. Identification and measurement of relevant character- 
istics in conjunction with discovery of cause/effect pathways should 
provide better understanding of rancher’s decision-making and the im- 
pacts on rangeland resources. The main objective of this study was to 
determine significant (PsO.05) direct and indirect effects of rancher 
attributes, ranch characteristics, rainfall effects, Percent of total in- 
come from various sources, and decision variables on stocking rate 
change over a 10 year period for all Texas rangeland operators. 

Methods 
Procedures like path coefficient regression analysis can be used to 

trace the cause and effect relationships between quantifiable charac- 
teristics and the changes they effect. More precisely, path analysis is 
the decomposition of observed correlation between variables in a hy- 
pothesized causal scheme. Correlation coefficients are by definition 
standardized covariances. Since covariances can be subdivided into 
various parts, correlation coefficients may also be subdivided to see 
the cause/effect structure among variables. 

A path model was constructed from variables representing personal 
rancher attributes, ranch characteristics, rainfall effects, on and off- 
ranch income levels as a percent of total income, and principal com- 
ponent decision variables to determine their effects on animal stock- 
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FQ. 1. Significant pathways from combined -s&n models of personsl, ranch and rainfall characteristics; income sources; and 
influencing stocking rate change over time. 

ing rate change over time (see Fig. 1 for variable scheme). The de- 
pendent variable was measured as decreased stocking rate, no change 
in stocking rate, or increased stocking rate Over the 10 year period 
from 1980-1990. 

Variables for age of the rancher, years of ranching experience and 
size of the ranch were measured as interval variables. Tbe variable for 
level of education was given numerical scores for regression analysis’. 
Grazing rights were scored from 1 to 3. The higher the number the 
closer to full ownership of the ranch’. 

Ranchers who owned land but leased it tu someone else were elim- 
inated fmm this portion of the study because this category did nut tit 
the ordering towards full ownership/management. Animal diversity 
was also scored with larger numbers representing mute animal enter- 
prises operated on the ranch. The rainfall variable was a composite of 
answers tu specific portions of 2 questions. Specifically, ranchers 
were given the opportunity tu register their perception of either 
“drought” or “rainfall” as factors affecting either increased or de- 
creased stocking. If respondents did nut check either response, their 
response was coded as “no effect.” 

Regional ranch location was entered into regression analysis as 
dummy variables after Kennedy (1989: 180). The procedures for dum- 
my variables puts the effect of the omitted variable, or base variable, 
into the intercept term. Each dummy variable is then compared 
against this base variable. Regression coefficients for dummy vari- 
ables represent their departure, either positively or negatively, frum 
the base variable. Tbe base variable for location was specified as the 
High Plains region. 

Independent variables measuring income sources were defined as 
follows: on-ranch income was the combined percent of total family 

income from livestock, wildlife, and hay/seed production: and off- 
ranch income was the combined percent of total family income fmm 
off-ranch investments and off-ranch employment. 

The 6 decision variables representing the three categories (2 ptinci- 
pal components for each category): stocking rate. grazing programs, 
and weed/blush techniques were derived fmm the scoring coefficients 
of the principal component analysis (Rowan et al. 1994). Tbe number 
of principal components selected for each category was based cm 
eigenvalues greater than 1.0. 

The direct effects, and subsequently the indirect effects of variables 
on stocking rate change, were derived fmm standardized coefficients 
from the following regressions: (1) regressing age. education, years 
ranching, size of ranch, region of ranch, grazing rights, animal diver- 
sity and rainfall effects, individually, on on-ranch and off-ranch in- 
come percentages, (2) regressing age, education, years ranching, size 
of ranch, region of ranch. grazing rights, animal diversity. rainfall ef- 
fects, on-ranch and off-ranch income percentages, individually, on 
each of the decision variables. and (3) regressing all variables on past 
stucking rate changes. Values for direct effects were simply the stan- 
dardized path coefficient between the independent variable and the 
overall dependent variable in the model (i.e., in tbis model it was 
stocking rate change). Indirect effects were calculated as the product 
of a path coefficient and a correlation coefficient (1~ 

6 
Pjk). Fat eXa.tn- 

pie. the indirect effect of Agei on Stocking Rate hangek through 
Stocking Rate Componentl, would be traced back along significant 
pathways from Stocking d, te Change through Age. Percent On- 
Ranch Income, and Stocking Rate Component1 (rij) and then fmm 
Stocking Rate Component1 to Stocking Rate Change (Pik) to com- 
plete the lwp. 

Standardization of regression coefficients enabled comparison 
across variables. Tbe coefficients could then be interpreted as that 
change in the standard deviation of the dependent &able resulting 
fmm a 1 unit change in the standard deviation of the causation vari- 
able. Regression coefficients which tested significantly different from 
zero were retained until all regressions were completed. 
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Lastly, variables for age, grazing rights, and rainfall were segregat- 
ed into categories to test if partial variable effects had significant but 
opposing coefficient signs. Each category of thethree variables was 
coded into dichotomous dummy variables and tested individually in 
the regression models. The dummy variable for age was coded as 
presence or absence in the following groups: ~35 years, 36-65 years, 
and %5 years. Likewise, grazing rights was coded (0,l) for cate- 
gories: leased all land, owned and leased land, and owned and operat- 
ed all land. Dummy variable for rainfall represented a rancher’s per- 
ception of a drought effect, no effect, or an increased rainfall effect. 

Results and Discussion 

Twenty-two variables, including the dependent variable, were in- 
volved in the regression analysis. Bivariate correlation coefficients of 
the exogenous variables were examined to identify statistically signif- 
icant associations. For example, size of the ranch was positively cor- 
related (.185) and age was negatively correlated (-. 143) with animal 
diversity (see Fig. 1). Thus, ranchers operating larger ranches tended 
to have more animal enterprises on the ranch, while older ranchers 
tended to have fewer animal enterprises. 

Age of the rancher and the number of years of ranching experience 
were highly correlated (605). Furthermore, age of ranchers and years 
of ranching experience were each negatively correlated with educa- 
tion, indicating older and more experienced ranchers had lower levels 
of formal education. The positive correlation (.299) between age of 
the rancher and tendency toward full ownership of the ranch was not 
unexpected. In addition, rancher age was inversely correlated, albeit 
trivial, with the rainfall variable, which meant that older ranchers were 
more likely to perceive a drought effect changing stocking rate levels. 

Diit Effects on Percent On-Ranch Income 
Only the direct effects will be reported for each model because the 

indirect effects were generally well below 0.018 and considered triv- 
ial. The model regressing personal attributes, ranch characteristics, 
and rainfall effects explained 22% of the variation in percent of total 
family income from on-ranch sources (Table 1). The path coefficient 
between age and percent on-ranch income was negative (-.200). 
Repeating the regression with age segregated into 3 dummy cate- 
gories (135 years, 36-65 years, and ~65 years) showed that the 
younger group obtained a larger (. 108) and the older group a smaller 
portion (-.065) of their total family income from on-ranch sources. 

lsble 1. Tests of significant path coefficients for the regression of person- 
al attributes, ranch characteristics, and rainfall effects on percent of to- 
tal income from on-ranch sources. 

Source 
Intercept 

Regression Path t 
Coefficients Coefficients’ Value 

51.4455 0.0000 9.434*** 
Personal Attributes 
Years ranching 0.6723 0.3317 9.848*** 
Age - 0.4452 - 0.1998 - 5.794*** 
Education - 2.6927 - 0.1039 - 3.775*** . . 

CB 
Size of ranch 0.0002 0.1395 5.194*** 
Blacklands region - 8.0690 - 0.1195 - 4.065*** 
Coastal Prairie region - 9.8550 - 0.0889 - 3.208** 
Rio Grande Plains region - 7.5336 - 0.0935 - 3.369; 
Grazing rights - 2.1160 - 0.0585 - 2.093*** 
Animal diversity 3.4076 0.1663 5.914*** 
n = 1173 R’= 0.2156 Adj. R2 = 0.2095 
Non-significant variables: Rolling Plains region, Tram Pecos region, Edwards 
Plateau region, Rainfall effects 

‘Path ccefticients arc standardized regression coefticients. 
*, **, ***Indicates significant diiennccs at the 0.05.0.01 and 0.001 levels, nspcctivcly. 

The path coefftcient between number of years of ranching experi- 
ence and percent on-ranch income was 0.332. Each standard deviation 
change in the number of years ranching caused a 0.332 change in stan- 
dard deviation of percent of total family income from on-ranch 
sources. Although there was a positive correlation between age and 
ranching exerpence, ranchers with more years of experience had larg- 
er portions of their incomes derived from on-ranch sources, but this 
was not necessarily true for older ranchers. 

The path coefficient for the grazing rights variable was also nega- 
tive. Although the coefficient was small (-.058), the implication was 
that as ranchers move toward full ownership they derive a signiti- 
cantly smaller portion of total family income from on-ranch sources, 
thus they were ostensibly more reliant on other income sources. 
Partitioning of grazing rights showed that on-ranch income was more 
important to ranchers who leased all of their land from others (.052) 
than ranchers who owned all of their land (-.051). 

Direct Effects on Percent Off-Ranch Income 
Regressing personal attributes, ranch characteristics, and rainfall ef- 

fects on percent of total family income from off-ranch sources pro- 
duced a model (Pc.0001) explaining 24% of the variation in off-ranch 
income. T-tests revealed significant relationships (Table 2) between 
all exogenous variables and percent off-ranch income except the rain- 
fall variable (P=.lll). Percent off-ranch income significantly in- 
creased with age (.095), and segregation of age confirmed that the 
younger age group derived a significantly smaller portion of their to- 
tal family income from off-ranch income (-.081) than did other age 
groups. The path coefficient for the “over 65” age category was also 
negative, but not significant. Presumably, the proportion of off-ranch 
employment income decreased for this group while off-ranch invest- 
ments increased. (Rowan and White 1994). 

Path coefficients for size of ranch, animal diversity and years ranch- 
ing were negative, hence off-ranch income was less important on larg- 
er ranches, on ranches with more animal enterprises, and for ranchers 
with more years of ranch experience. 

Direct Effects on Traditional Stocking Rate Factors 
Personal attributes, ranch characteristics, rainfall effects, and in- 

come sources regressed on the importance of traditional stocking rate 
factors (i.e., forage and livestock considerations, weather and past ex- 
perience) produced a model (Pc.0001) explaining 6% of the variation 
in traditional stocking rate factors. Ranchers who had been ranching 
longer, who utilized multiple animal enterprises, and who obtained 
higher percentages of on-ranch income tended to rate the traditional 
stocking rate factors more importantly (on the Likert scale of impor- 
tance). 

Partitioning age effects on the importance of traditional stocking 
rate factors showed that ranchers in the 36-65 age category considered 
these factors significantly more important to them. Evidently, ranch- 
ers c36 and >65 years had little affinity for the traditional stocking 
rate factors and their influence rendered the overall age effect non- 
significant. 

Direct Effects on Nontraditional Stocking Rate Factors 
Personal attributes, ranch characteristics, rainfall effects, and in- 

come sources regressed against the importance of nontraditional 
stocking rate factors (i.e., wildlife considerations and other people’s 
advice) produced a significant model explaining 8% of the variability 
in the dependent variable. 

Ranchers with more animal enterprises (.249) and who were closer 
to having full ownership of their ranches (.155) considered other peo- 
ple’s advice and wildlife considerations to be more important. 
Segregation of the grazing rights variable indicated that the signifi- 
cance for that variable was due to a strong positive effect of full own- 



Table. 2. Tests of significant path coeffkients for the regression of person- 
al attributes, ranch characteristics, and rainfall effects on percent of to- 
tal income from off-ranch sources. 

Regression Path t 
Source CoLfficients Coefficients’ Value 

Intercept 5.9967 0.0000 0.828 
Personal Attributes 

Years ranching 
Age 
Education 

Ranch Characteristics 
Size of ranch 
Rolling Plains region 
Trans Pecos region 
Edwards Plateau region 
BlacklandsKross limbers 
region 
Coastal Prairie region 
Rio Grande Plains region 
Grazing rights 

- 0.6464 - 0.2573 -7.753*** 
0.2620 0.0948 2.775*+ 
5.4782 0.1707 6.289*** 

- 0.@302 
12.0681 
19.7179 
23.7578 

31.4074 
27.5264 
26.7096 

3.4855 
Animal diversity - 5.4129 

n = 1173 R2 = 0.2417 
Non-significant variable: Rainfall effects 

- 0.0856 - 3.144** 
0.1167 2.767** 
0.1701 4.263*** 
0.2562 5.530*** 

0.3751 7.626*** 
0.2003 5.544*** 
0.2675 6.135*** 
0.0778 2.789** 

- 0.2132 -7.427*** 
Adj. R2 = 0.2339 

‘Path coefficients are standardized regression coefficients. 
*. **.*** Indicates significant diKerences at the 0.05, 0.01 and 0.001 levels, respectively. 

ership (.168). Ranchers with a leased component in their operations 
(owned & leased or leased all land) felt the nontraditional stocking 
rate factors were less important to them. Lastly, those ranchers with 
more years of ranching experience (-.084) and more education (-.081) 
gave less credence to other people’s advice and wildlife considera- 
tions. 

Direct Effects on ‘lkaditional Grazing Prugram Factors 
Regressing personal attributes, ranch characteristics, rainfall ef- 

fects, and income sources on the importance of traditional grazing 
program factors produced a model (PC.0009) explaining 2% of the 
variability. Apparently, there was considerable variability in the graz- 
ing program decisions of ranchers. Ranchers who owned and leased 
land (more likely full-time ranchers) rated the traditional grazing fac- 
tors (i.e., improved livestock performance, improved amount or kind 
of forage, improved grazing distribution, etc.) to be significantly more 
important to them than did full-ownership or tenant ranchers. 

Diit Effects on Nontraditional Grazing Program Factors 
The model (Pc.0001) which regressed personal attributes, ranch 

characteristics, rainfall effects, and income sources on the importance 
of nontraditional grazing program factors explained 7% of the vari- 
ability in the dependent variable. Ranchers with more animal enter- 
prises tended to consider the nontraditional grazing factors (i.e., ob- 
tain other people’s approval, improved wildlife habitat, and reduced 
labor requirements) to be more important to them. Those ranchers 
who had higher levels of formal education considered the nontradi- 
tional grazing program factors to be less important. Evidently, better 
educated ranchers discounted these 3 variables in their operations. 

Direct Effects on Weed/Brush Technique Information Factors 
Regressing personal attributes, ranch characteristics, rainfall ef- 

fects, and income sources on the importance of information factors 
upon weed/brush treatment techniques produced a significant model 
explaining 4% of the variability in the dependent variable. Ranchers 
in the Rolling Plains and Rio Grande Plains rated the weed/brush in- 
formation factors (i.e., advice from neighbors, fear of treatment 
method, advice from agencies, etc.) higher than ranchers in other re- 
gions. However, ranchers with more ranching experience, with more 

formal education, and with larger portions of their incomes from off- 
ranch sources considered the information factors to be less important. 

Ranchers between the ages of 35 and 65 were more likely to em- 
brace the sources of information for weed/brush treatment techniques 
than other age categories (P=.O86). Older ranchers (>65 years) did not 
perceive weed/brush information sources as important to them as did 
other ages (P=.O67). 

Direct Effects on Weed/Brush Economic Factors 
The model regressing personal attributes, ranch characteristics, 

rainfall effects, and income sources on weed/brush economic factors 
(i.e., plant attributes, projected economic returns, cost of treatment, 
etc.) explained 6% of variability in the dependent variable. Percent of 
total income from on-ranch sources had the largest impact on 
weed/brush economic factors (.177). Ranchers who derived higher 
percentages of their total family income from on-ranch sources tend- 
ed to rate the weed/brush economic factors more importantly. In addi- 
tion, ranchers who had more animal enterprises and those who were 
closer to full ownership of their ranches tended to consider the 
weed/brush economic factors to be more important. 

The second largest path coefficient was the rainfall variable (-.127). 
The negative coeffkient meant that as conditions move toward a pos- 
itive rainfall effect, ranchers considered the weed/brush economic fac- 
tors to be less important. Individual dummy effects of “drought” and 
“no effect” had significant and opposite coeffkient signs. Ranchers 
who perceived a drought effect over the previous 10 year period con- 
sidered economic factors of weed/brush decision-making to be more 
important. Apparently, the importance of economic considerations be- 
gins to wane when the effect of rainfall is either neutral or positive. 

Direct Effects on Stocking Rate Change Over Tie 
The regression of personal attributes, ranch characteristics, rainfall 

effects, and all 6 decision variables on stocking rate change produced 
a significant model explaining 64% of the variability in stocking rate 
change (Table 3). A strong, positive relationship (.782) exists between 
perceived rainfall effects and stocking rate change. Conversely, parti- 
tioning the effects of the rainfall variable revealed that a perceived 
drought effect by ranchers strongly influenced a decline in stocking 
rates over time (-.775). 

Five variables had small direct effects on stocking rate change. 
Rancher age had a negative effect (-.054) on stocking rate change 
while grazing rights had a positive effect (.046). Ranchers over 65 

Table 3. Tests of significant path coefficients for the regression of personal 
attributes, ranch characteristics, rainfall effects, income sources, and 
decision variables on stocking rate change over time. 

Source 
Interceot 

Regression Path t 
Coefficients Coefticients’ Value 

-0.7218 O.OOOO -3.631*** 
personal Attributes 

Age . 
Panch Charact_en&s 

Grazing rights 
Rainfall Effects 

- 0.0035 - 0.0544 - 2.385* 

0.0448 0.0458 2.024* 
1.1770 0.7820 35.783*** 

Bcision VW 
Traditional stocking factors 0.0742 0.0578 2.506* 
Traditional grazing-factors 0.0864 0.0730 3.152** 
‘&ed&ush information factors- 0.0454 - 0.0593 - 2.714** 

n=780 Rz = 0.6338 Adj. R2 = 0.6340 
Non-significant variables: Education, Years ranching, Size of ranch, Rolling 

Plains region, Tram Pecos region, Edwards Plateau region, BlacklandsKross 
Timbers region, Coastal Prairie region, Rio Grande Plains region, Animal di- 
versity, Percent On-ranch income, Percent Off-ranch income 

‘Path coefficients are standardized regression coefticients. 
*, **, ***Indicates significant differences at the 0.05.0.01 and 0.001 levels, respectively. 
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years of age tended to reduce stocking rates (P=.OEZ) more than did 
other ages of ranchers. Likewise, ranchers who leased all of their land 
from someone else tended to reduce stocking rates over time (P=.OiX) 
more than did other tenure types. 

Path coefficients for each of the first principal components between 
stocking rate factors (.058), grazing programs (.073). and weed/brush 
techniques (-,059) and stocking rate change were significant. 

Although pathways connected personal attributes and ranch charac- 
teristics to both income sources, to simplify the model (Fig. I) only 
variables with significant direct paths to the response variable, stuck- 
ingrate change, were retained in the final model (Pig. 2). Examination 
of the decision variables showed that the second component of each 
category did nut significantly impact stocking rate change, thus they 
were removed from the model. 

Increasing stocking rates over time appears to lx motivated by a 
rancher’s perception of increased rainfall. Alternately, ranchers react 
to drought by decreasing stocking levels. Neither of these manage- 
ment practices are good measures of the state of the land. “Trends in 
animal pmduction are obscured by large peaks and tmughs caused by 
the rainfall. As an ecosystem degrades, domestic stock show an abili- 
ty to maintain production by switching to less palatable plants or plant 
communities, but then may crash to a lower level of production, per- 
haps when drought intervenes to apply the coup de grace to the al- 
ready stressed paennial pasture plants” (Havington et al. 1984). This 
is the essence of crisis management. “Rainfall more than any other 
factor influences the pmductivity of range pastures...Any rancher then 
has to be able to predict the effects of a poor rainfall year, and has to 
be able to modify his management strategies to tit in with a sudden 
downturn in rainfall received..This means that the rancher has to un- 
derstand the rainfall pattern in his environment” (Wilcox 198219). 

Although the presence or absence of rainfall cannot be managed per 
se, proactive stocking rate decisions should include a strategy for ad- 
justing stocking levels in response to changing environmental condi- 
tions (Wdson and Ma&cd 1991). Survey results indicated 45% of 
ranchers do nut make seasonal adjustments to livestock numbers. If 
reductions in livestock numbers were reported by ranchers, most re- 
ductions were “blamed” on drought. Wilson et al. (1984) noted that if 
a conservative stocking rate strategy were employed, a 30.50% stock 
reduction would be required during short-term drought and 75% or 
more during long-term droughts. However. less than 20% of ranchers 
use a quantifiable technique (photopoints and/or exclosures) to moni- 
tor their grazing management or stocking rate decisions over the short 
or long term (Hans&a 1990). Ranchers should utilize knowledge 
about precipitation patterns and probabilities, plant gmwtb cycles, 
forage inventory procedures to balance forage supply/demand. and 
flexible livestock marketing techniques to achieve their goals. 

Path analysis showed that age and ownership have statistically sig- 
nificant, albeit small, effects on stocking rate change. Age is a diffw 
sion variable which has been shown to be a statistically signif&nt 
predictor of adoption (Ladewig 1977, Thomas et al. 1990). Older 
Texas ranchers reported a lower stocking rate level uver time. It is 
hard to determine if this is a purposeful reduction with increased ti- 
nancial security, a more conservative approach (i.e., less stress and 
less risk) due to past “bad” experiences during drought situations, or a 
reaction to declining efficiency of the rancher over the family-firm cy- 
cle. 

Because 75% of rangeland leases are short-term (five years or less) 
and payment is made on a per-acre basis (Hanselka 1990). stocking 
rates have uaditionally been excessive, thus pmmoting range deterio- 
ration. This scenario is supported by results showing ranchers who 
lease all of their land tend tu decrease stocking rates over time. Lease 
contracts that are long-term, charge on a per animal unit basis. and in- 

Fig. 2. Final model of sigubicant direct and indirect effects of age, grazing rights, rainfall characteristics, traditional stocking rate factors, traditional 
graziag Pmgmm factors snd weed/brush information factors on stecking rate change. 
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chide some provision for seasonal adjustment and limitation of live- 
stock numbers should be encouraged. Long-term leases that encour- 
age range improvement would benefit the current lessee as well as the 
landowner. 

Stocking rate, by its very nature, should be a planning tool to 
achieve some goal for the future (e.g., maximize animal produc- 
tion/unit area, optimize profit/unit area, or increase condition and 
trend of the grazing land). As defined for this study, traditional stock- 
ing decisions include biotic (plants and animals) and abiotic factors 
(weather and experience). Ranchers are able to identify the stocking 
rate change (derived by squaring the standardized path coefficient). 
Other factors that explain stocking rate decision-making (other than 
traditional factors) may need to be explored to see their impact on 
stocking rate change over time. 

The traditional grazing program factors had the largest impact of the 
decision variables on stocking rate change. Grazing programs are gen- 
erally designed to improve the health and vigor of plant populations 
(Hanselka et al. 1988). When that goal is achieved, benefits may be 
increased production per unit area (Heitschmidt and Taylor 1991). 
Grazing programs can increase individual animal performance if the 
quality of forage presented to the animals is high. Rangeland opera- 
tors indicated they considered improved livestock performance as the 
most important benefit from initiating a grazing program. Combined 
with a positive path coefficient linking the grazing component to 
stocking rate change, this would imply that ranchers expect to benefit 
from increased stocking rate levels and animal performance simulta- 
neously. This scenario would be expected only if previous stocking 
levels were below the critical stocking rate (Heitschmidt and Taylor 
1991). This obscure picture which ranchers have about the effects of 
grazing programs distorts efforts to improve range condition and 
trend. 

Two components explained the variability in choices of treatment 
techniques for weed/brush control. The first was an information- 
sources component where ranchers put advice from neighbors and 
fear of treatment method at the top of the list. Thomas et al. (1990) re- 
ported that farmers with small gross farm sales were the ones to val- 
ue their neighbors advice as the most important source of information. 
They showed that group meetings and contacts with extension and 
university professionals made the biggest impact on adoption of tech- 
nology. This evidence suggests that ranchers who rely on their neigh- 
bors for advice are not getting the latest information, possibly because 
they too have relatively small ranch incomes. Whatever the reason, 
the outcome is that ranchers embracing these weed/brush information- 
sources had decreased stocking levels over time. One conclusion 
might be that ranchers who adopt a reactive stance about weed/brush 
treatment techniques defer decisions to treat, or alternately, informa- 
tion sources they utilize frustrate weed/brush technology adoption and 
eventually result in a reactive decline in stocking rate levels. 

The second weed/brush component was an economic one that had 
no significant effect on stocking rate change. Thus, ranchers did not 
attribute much importance to costs and benefits of weed/brush treat- 
ment in altering their stocking rate levels. Herein is an extremely im- 
portant educational opportunity for rangeland educators. It is unclear 
from this study if ranchers do not have the economic tools to connect 
short- or long-term weed/brush improvements with stocking rate lev- 
els or if they have simply omitted that knowledge from the decision- 
making process. 

One implication of this study is that a number of points about ranch- 
er decision-making are indistinct and should be studied further by 
change agents. An attempt to segregate proactive factors from reactive 
is indicated in future research projects so their respective effects on re- 
sources can be measured. If we are to successfully shift the burden for 
cause and effect of decision-making to ranchers themselves, we must 
have better information about factors precipitating those decisions. 
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Abstract 

Consumption of tall Larkspur (DeZphinium burbeyi L. Huth.) can 
be fatal to cattle grazing mountain rangeland during summer. Tall 
larkspur contains many alkaloids, but virtually all the toxicity is 
caused by methyl succidimido anthranoyl lycoctonine-type 
(MSAL.) diterpenoid alkaloids. We measured the concentration of 
MSAL alkaloids (% of dry matter) in tall larkspur in various phe- 
nological stages during 1990, 1991, and 1992 near Yampa, 
Colorado. The site represented tall larkspur-infested rangelands 
on the western slope of the Rocky Mountains. Toxic alkaloid con- 
centrations were greatest (0.4 to 0.6%) early in the growing sea- 
son (bud stage). Toxic alkaloid concentrations were generally sta- 
tic during the flower and pod stages, or Increased during the pod 
stage. Immature leaves had greater MSAL alkaloid concentra- 
tions early in the growing season compared to flowering parts. 
Alkaloid concentrations in pods were greater than in leaves 
(ZQO.05; pod stage), as pod concentrations increased to 0.4 % late 
in the growing season. In 2 of 3 years, plant parts did not differ in 
MSAL alkaloid concentrations, although weather conditions dif- 
fered each year. Concentrations of toxic alkaloids did not seem to 
influence amounts of tall larkspur consumed by grazing cattle on 
the same sampling dates. Many livestock producers defer grazing 
of tall larkspur ranges until the plant is in the pod stage because 
of a general belief that toxicity is greatly reduced. Our results sug- 
gest that grazing tall larkspur ranges during the pod stage may 
exacerbate cattle losses if MSAL alkaloid concentrations do not 
decrease, yet consumption by cattle increases. 

Keywords: diterpenoid alkaloids, methyllycaconitine, poiso- 
nous plants, cattle grazing 

Tall larkspur (Delphinium barbeyi L. Huth.) toxicity is a serious 
problem on mountain rangelands during summer (Ralphs et al. 1988). 
Death losses in cattle from consumption of tall larkspur are often se- 
vere and may curtail grazing where the plant is abundant (Nielsen and 
Ralphs 1988). Losses are especially severe on the western slope of the 
Colorado Rocky Mountains (e.g., Routt and White River National 
Forests). 

Tall larkspur contains > 15 diterpenoid alkaloids, but the most tox- 
ic compounds of this group are the methyl succidimido anthranoyl ly- 
coctinine-type (MSAL) alkaloids, methyllycaconitine (MLA) and 14- 
deacetylnudicauline (lCDAN, Manners et al. 1992, 1993). Reversal 
of MSAL alkaloid toxicity is simple and effective using injections of 
physostigmine (Nation et al. 1982, Pfister et al. 1994b). Nonetheless, 
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prudent grazing management of tall larkspur-infested rangelands re- 
quires knowledge of toxin concentrations over time. There is no in- 
formation available on toxic alkaloid concentrations in tall larkspur in 
the western Colorado area; hence, the purpose of our study was to 
characterize concentrations of MSAL alkaloids in tall larkspur over 
several growing seasons. 

Methods 

The study was conducted during the summers of 1990, 1991, and 
1992 on the U.S. Forest Service North Hunt Allotment near Yampa, 
CO. The study site was a moist, aspen/tall forb type (Mitchell 1993). 
representative of mountain rangelands dominated by tall larkspur in 
western Colorado (Mitchell 1993). Cattle grazing was discontinued 3 
years before our study because of severe losses from tall larkspur tox- 
icosis. Much of the allotment had a forested overstory that consisted 
primarily of aspen (Populus tremuloides Michx.) and douglas fir 
(Pseudofsugu menziesii [Mirbel] France). Dominant forb, shrub, and 
grass species were tall larkspur, false hellebore (Veratrum califor- 
nicum Durand), cow parsnip (Herucleum lanatum Michx.), mead- 
owrue (Thalictrum fendleri Engelm.), sweet cicely (Osmorhiza occi- 
dent&s [Nutt.] Tom), snowberry (Symphoricarpos oreophilus Gray), 
and mountain brome (Bromus carinatus Hooker & Am.). 

Tall larkspur was collected on this allotment about 14 km west of 
Yampa, Colo. near the Dunckley Pass Road between the Forest 
Service boundary and Chapman Reservoir at about 2,700 m elevation. 
During each collection, leaves and reproductive parts (i.e., bud, 
flower, pod) were collected from > 20 individual plants (Table l), 
composited, and frozen. Frozen material was freeze-dried and ground 
to pass a l-mm screen in a Wiley mill. One-gram samples were ex- 
tracted and analyzed for MSAL alkaloids by the method of Manners 
and Pfister (1993) using high-performance liquid chromatography 
(HPLC). Occurrence of MSAL alkaloids (free-base form) was calcu- 
lated using colchicine as an internal standard for MLA and 14-DAN. 
In this paper, total toxic alkaloids is equal to the sum of MLA and 14- 
DAN concentrations. 

Diets of 6 to 12 grazing cattle on this allotment were determined 
each summer using bite counts as described by Pfister and Manners 
(1991). Yearling heifers (1990, 286 kg; 1992,295 kg) and 2-year old 
heifers (1991,372 kg) were used. Briefly, individual animals were ob- 
served for sequential, 5-min periods throughout all daylight hours, 
and bites of tall larkspur, other forbs, grass, and shrubs were record- 
ed. In this paper, we report cattle diets (percentage of bites) on each 
specific day that tall larkspur samples were collected. 

Alkaloid data were tested for normality using the umvariate proce- 
dure of SAS (1987). The normal probability plot resembled a straight 
line, indicating only moderate departure from normality. The model 
included the effects of plant part, plant phenology, years, part x phe- 
nology, year x phenology, year x part, and the three-way interaction. 
The three-way interaction was not significant (p>O.lO), and was 
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Table 1. Sampling dates and corresponding phenological stages for tall larkspur collected near Yampa, Colorado. 

Yl%U 
1990 

Date 
Jun. 9 
Jun. 22 
Jul. 7 
Jul. I9 
Aug. 5 

Phenological stage’ 
vegetative/early bud 
bud 
early flower 
full flower 
pod 

Comments 
small buds formed on some racemes 
buds formed on racemes; racemes not elongated 
most racemes elongated; flowers not opened 
racemes elongated; flowers opened fully 
pods fully formed; many plants senescingb 

1991 

1992 

Jun. 26 
Jul. 7 
Jul. I2 
Jul. 19 
Jul. 25 
Aug. 2 
Aug. 9 
Aug. I4 

bud 
early flower 
early flower 
full flower 
full flower 
early pod 

buds formed on racemes; racemes not elongated 
most racemes elongated; flowers not opened 

racemes elongated, flowers opened fully 

pods incompletely formed 
pods fully formed 
pods fully formed; some plants senescing 

Jun. I5 
Jul. I4 
Jul. 17 
Jul. 28 
Aug. 7 
Aug. 11 
Aug. 19 
Aug. 25 

vegetative/early bud 
early flower 
early flower 
full flower 
full flower 
late flower/early pod 

2 

small buds formed on some racemes 
most racemes elongated, flowers not opened 

racemes elongated; flowers opened fully 

mixed flowers/pods on racemes 
most pods fully formed 
pods fully formed; some plants senescing 

s Most larkspur plants were in the designated phenological stage when samples were collected. Larkspur phenology depends greatly on summec moisture and ambient Iempcratures. 
’ Beginning with lower leaves, larkspur leaves turn yellow as plants senesce. 

pooled with the residual error term. When significant interactions 
were found, the LSD procedure was used to compare individual 
means. No analyses were done to compare calendar dates among 
years. Significance was declared at P < 0.05; P e 0.10 was interpret- 
ed to indicate a trend. 

and pod concentrations are high late in the season. 

Results and Discussion 

There was a phenology effect, and a year x phenology interaction 
(PcO.05, Fig. 1). Alkaloid concentrations were greater during the bud 
stage in 1990 and 1991 compared to 1992 (Fig. 1). Further, MSAL al- 
kaloid concentrations were greater during the full flower stage in 1990 
compared to 1991. During 1991, alkaloid concentrations were also 
greater during the pod stage than during the full flower stage. In gen- 
eral, total toxic alkaloid concentrations were greater in immature lark- 
spur than in more mature plants. Majak (1993) reported similar trends 
in MLA concentrations for vegetative and flowering low larkspur in 
Canada. 

Direct comparisons of alkaloid concentrations in the present study 
with earlier tall larkspur studies are not possible because only recent- 
ly was the MSAL alkaloid fraction determined to be the toxic fraction 
(Manners et al. 1993). Earlier studies in Utah and Idaho (Pfister et al. 
1988a, 1988b, Pfister and Manners 1991) only report total alkaloid 
concentrations. Nonetheless, in earlier work, we found similar trends 
in total alkaloid concentrations during the bud and flower stages of 
growth. 
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The phenology x plant part interaction was significant (PcO.05; Fig. 
2). Concentrations of total toxic alkaloids in leaves decreased signifi- 
cantly from bud to early flower stages, but did not decrease thereafter. 
There was a tendency for bud material to have a greater concentration 
of toxic alkaloids compared to flower material (P-CO. 1). Tall larkspur 
pods had greater concentrations of total toxic alkaloid than did repro- 
ductive material collected during early or full flower stages (Fig. 2). 
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There was a significant year x plant part interaction. During 1991, 
leaf material had greater alkaloid concentrations than did reproductive 
material (Fig. 3). There were no differences in alkaloid concentrations 
in plant parts during other years. The lack of year differences in 2 of 
3 years is notable because climatic variation, primarily in temperature 
and precipitation, could be expected to produce differential concen- 
trations of alkaloids in plant parts (Gershenzon 1984). Generally, 
1990 was drier and warmer than normal, while 1992 was wetter and 
cooler than normal (NOAA 1990, 1991, 1992). Weather influenced 
tall larkspur maturation on specific calendar dates each year, but 
weather influences on MSAL alkaloid production have not been de- 
termined. Leaves and reproductive parts may show similar yearly 
means simply because leaf concentrations are high early in the season, 
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Fig. 1. Concentration (% of dry weight) of MSAL-type toxic alkaloids in 
tall larkspur at various phenoiogical stages during 1990 to 1992 near 
Yampa, Colorado. 
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Fig. 2. Concentration (% of dry weight) of MS&type toxic alkaloids in 

tall larkspur leaves and reproductive parts at various phenologkud 
stages during 1990 to 1992 near Yampa, Colorado. 

Contrary to previous work with total alkaloids, we did not find a 
significant decrease in MSAL alkaloid concentration late in the grow- 
ing season. The increase in MSAL alkaloid concentrations during late 
summer, 1991, and the lack of a meaningful decrease in other years, 
is critical to understand plant toxicity and cattle losses. For example, 
during August, 1991,30 head of cattle in a herd of about 180 were fa- 
tally poisoned by tall larkspur on this allotment. Toxic MSAL alkaloid 
concentrations were about 0.4% in the leaves and 0.5% in the pods 
just 5 days before the poisoning episode. Recent toxicity tests indicate 
that an oral dose of ground tall larkspur equivalent to 11 mg of MSAL 
alkaloids/kg of body weight in cattle causes muscular fatigue and col- 
lapse (Ptister et al. 1994a). Assuming an LD,, of about 25 mg MSAL 
alkaloids&g of body weight (Ptister et al. 1994a), a 400 kg grazing 
cow would consume a toxic dose by eating about 10 kg of fresh tall 
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Fig. 3. Concentration (% of dry weight) of MSAGtype toxic alkaloids in 
tall larkspur leaves and reproductive parts during 1990 to 1992 near 

Fig. 4. Cattle consumption of larkspur (% of bites) on the day tall lark- 

Yampa, Colorado. 
spur samples were collected for alkaloid analysis during 1991 and 1992 
near Yampa, Colorado. Cattle ate no larkspur during 1990. 

larkspur containing 0.5% MSAL alkaloids. Tall larkspur contains 
about 20% dry matter; hence, a fatal dose would be about 2 kg dry 
weight. Cattle that survived this episode either ate less tall larkspur, or 
had a lower rate (g hour’) of tall larkspur consumption (Pfister, un- 
published observations). 

Nation et al. (1982) reported intravenous (i.v.) injections of purified 
MLA at about 1.1 mg/kg of body weight caused muscular collapse in 
a calf. Our oral estimate of toxicity for total toxic alkaloids is sub- 
stantially greater than this amount, reflecting differences in route of 
administration. In general, i.v. injections of tall larkspur alkaloids are 
considerably more toxic than either subcutaneous injections (Manners 
et al. 1993) or oral ingestion (Olsen and Sisson 1991). 

Concurrent observations of cattle grazing indicated that concentra- 
tion of MSAL alkaloids has little influence on amounts of tall larkspur 
consumed. Cattle consumption (Fig. 4) is shown for the day tall lark- 
spur samples were collected. During 1990, cattle ate no tall larkspur. 
Consumption in 1991 and 1992 tended to increase over time, and to 
peak in the pod stage, even though MSAL alkaloid concentrations 
were either static or increasing. The lack of a relationship between 
MSAL alkaloid concentrations and cattle consumption has been con- 
firmed in numerous pen trials (Ptister, unpublished data). 

45 

40 T 

0126 715 7112 7119 7125 5l2 519 8114 

DATES (1991) 

25 

$ 20 
.t: m z 15 

E 
$ 10 

!E 
a 

5 

0 

B/l5 7114 7117 7i28 8/5 8111 8119 5125 

DATES (1992) 

JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 357 



Our study suggests that it will be difficult to reduce tall larkspur 
losses in Colorado simply by deferring cattle grazing until the plant is 
in the pod stage. Grazing cattle during the pod stage may exacerbate 
losses during some years if cattle increase tall larkspur consumption 
and MSAL alkaloid levels increase, or do not decrease, at the end of 
the growing season. Producers should consider deferment until tall 
larkspur senesces entirely, as often happens after the first killing frost. 
Alternatively, livestock producers may consider grazing tall larkspur 
ranges early in the grazing season until the plant flowers. Even though 
alkaloid concentrations, and toxicity are high, we have noted cattle 
rarely consume tall larkspur before flowering in Utah, Idaho, and 
Colorado (pfister et al. 1988b, Pfister and Manners 1991, Pfister and 
Manners 1994). A combination of early- and late- season grazing may 
increase utilization of tall larkspur-infested ranges without increasing 
the risk of cattle losses. 
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Abstract 
Changes in woodland vegetation integrate the consequences of 
livestock grazing intensity, the alteration of fm regimes, and pos- 
sible climate alteration, as well as other factors. Quantitative mea- 
surements of these changes, if taken over sufficient intervals, can 
allow evaluation of conservation management strategies. In 1933, 
vegetation along a 37-km transect in southern Pie Valley, Utah 
was described from circular 19-rnz plots located every 42 m. The 
major intermediate management treatment has been reduction of 
grazing pressure by introduced animals, although a fraction of the 
area was &aimed and burned in 1977. During a period climatical- 
ly and phenologicaily similar to the original study, we re-exam- 
ined representative segments of this transect by a more detailed 
updating of the original “square-foot-density” method. 
Significantly greater shrub and perennial grass covers (more than 
threefold htcreases) were found in 1989, even where overall dom- 
inance is still by pinyon-juniper [Pinus monophyllu (Torrey & 
Fremont) and Juniperus osteospermu (Torrey) Little]. This change 
is more obvious on steeper slopes away from roads and water, 
where both human and livestock disturbances would be expected 
to be minimized. Except in the chained portion, the observed 
shifts in dominance/diversity are contrary to widely accepted ex- 
pectations. 

Key words: Pinus monophyllu, Juniperus osteospermu, phtyon-ju- 
niper, livestock grazing, canopy cover, vegetation change 

One of the more pressing issues in rangeland management is 
whether or not ecosystems can recover some of their original diversi- 
ty and species composition after substantial, and/or lengthy, human- 
induced disturbances. Recovery questions are important because such 
a large percentage of this planet’s land surface has been so intensive- 
ly disarranged. One special focus for concern is the probability that 
wherever rainfall is low and soils are thin, threshold effects can con- 
fine vegetation within what is a clearly different and simpler ecosys- 
tem type (Laycock 1991). Alternatively, the question becomes, if pos- 
itive change might be effected, over what time frame will it occur, and 
by what paths? 
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A vital subset of this issue occurs where domestic livestock have 
been the most active disturbance vector. A pressing social and envi- 
ronmental question is whether or not a reduction in (rather than elim- 
ination of) grazing pressure, without other action, can be sufficient to 
allow recovery in actual practice. Critics point to personal perceptions 
of livestock destructiveness, and continuing government reports of 
vast tracts that remain in “fair” or worse condition, despite stocking 
rate reductions (e.g., Wald and Alberswerth 1989). Long-term quanti- 
tative data, with which to examine this issue in a more fully scientif- 
ic fashion, have been singularly lacking (Box 1990). We recognize, 
but will not be entering into, the parallel debate about possible special 
values of intermediate successional stages to either livestock or 
wildliie, although the data presented herein should be of value to 
them, as well. 

Pinyon pine [Pinus monophyllu (Torrey & Fremont)] and Utah ju- 
niper [Juniperus osteospetma (Torrey) Little] woodlands are of par- 
ticular interest within the above considerations because of their large 
area of dominance in the southwestern United States (Evans 1988), 
and because their understory productivity has been expected to con- 
tinue to decline after being extensively disturbed (West 1984). The 
present pinyon-juniper woodlands in the southwestern U.S. may be 
far different in their vegetation structure from what occurred there be- 
fore Europeans settled in their area. Examination of relict areas, tree 
age class structures, fire scars, and historical documents leads to a be- 
lief that much of the pinyon-juniper woodland was once much more 
open and “Savannah like” (West 1988). 

When livestock were introduced, they concentrated on the pereti- 
al grasses that were palatable to them. Where grazing was excessive, 
fires could no longer perform their previously-established thinning 
functions since the grasses, which had provided sufftciently well-dis- 
tributed, fine fuels, were not consistently available. Fire activity may 
also have been reduced by passive constraints (e.g., roads) and/or ac- 
tive suppression efforts. When unrestrained either by fire or by a full 
complement of plant competition, the trees, with their resistance to 
herbivory and decay and greater physiological efficiencies, thicken 
their canopy cover. These factors correlate, in most previous studies, 
with a further decline in understory productivity as the trees mature 
(West 1984). 

Western Utah’s pinyon-juniper woodlands were among those heav- 
ily impacted by domestic livestock during the period following 
European immigrant settlement in the mid-1800’s. Stocking rates 
tended to remain at destructive levels until soil erosion sufficiently 
troubled human settlements downstream, or the animals simply could 
no longer find enough to eat at their originally introduced densities 
(Cottam 1961). 

Concern remains that expanses now dominated by these tree species 
have low diversities of plants (West et al. 1979) and animals (Balda 
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and Masters 1980). Consequently, there have been calls for manage- 
ment action to diversify the structure of these woodland belts (West 
1984). This has been seen to be no simple problem. Koniak and 
Everett (1982) argue that even if openings are artificially made, very 
few native plants recover, apparently because seed banks and seed 
sources have been lost. 

As a basis from which to address these questions further, an unusu- 
ally detailed and extensive long-term baseline study of vegetation sta- 
tus was carried out in 1933 in western Utah’s Pine Valley, at the time 
when livestock reductions actually began (Stewart et al. 1940). A re- 
cent restudy, after 55 years, of the desert shrubland portion of that 37 
km transect has been reported elsewhere (Yorks et al. 1992). The pur- 
pose was to determine whether or not change in vegetation status has 
followed the reductions in grazing pressure that have resulted from ac- 
tive implementation of the Taylor Grazing Act. Examination of the 
woodland section uncovered sufficiently different issues, within the 
same overall goal, to be reported upon separately. Nearly all of the cli- 
matic description, materials, and methods sections of the companion 
piece (Yorks et al. 1992) remain applicable, however. For that reason, 
these sections are abridged herein. The question of single-year stud- 
ies, and precipitation impacts, were also discussed in more extensive 
detail in the previous paper, as are other limitations on data accuracy 
and internal calculations. 

Study Site 

This Pine Valley is found in Millard and Beaver Counties, in south- 
western Utah. It lies between 38 and 39 N Lat. and 113” and 114” W 
Long. The valley is defined by north-to-south mountain ridges, which 
are characteristic of the Great Basin area in general. The Wah Wah and 
Needle Ranges border it on the east and west, respectively. Pine 
Valley’s minimum elevation of 1,547 m is at the salt pan at the valley’s 
north end, next to the Desert Experimental Range of the USDA’s 
Forest Service. The valley’s high point of 2,984 m is at Indian Peak, 
which was part of an Indian reservation in 1933, and is now included 
in a state game management reserve. 

The pinyon-juniper woodland belt on the Needle Range begins at 
about 1,900 m elevation and continues until about 2,200 m. The 1933 
study transect included 6 km within this belt to the northeast of Indian 
Peak. Between the sections of the transect that were restudied, a l-km 
swath had been chained to break off or uproot standing trees, burned, 
and seeded with a mixture of introduced and native perennial grasses 
in 1977. Slopes average 4% along the transect line below, and within, 
the chained area. These have a generally northeast aspect. Above the 
chaining, slopes average 12%, with a generally southeast aspect. 
Erosional washes cross the transect at approximately 250- to 500-m 
intervals. These deepen from a gradual slope with cl-m depth to as 
much as 20 m deep with nearly vertical walls as overall slopes in- 
crease. Soils are generally shallow, have upland loam to upland shal- 
low loam range site classifications (unpublished data, Beaver River 
Resource Area, Cedar City District, BLM, USDI), and contain occa- 
sional outcroppings of bare rock. 

In the general study area, both rainfall and temperature may be ex- 
pected to vary greatly with elevation, as well as within, and among, 
years. Precipitation has been measured in Pine Valley itself for an ex- 
tended period only at a lower elevation site, on the Desert 
Experimental Range. There, the October-to-September “crop year” 
(Sneva and Britton 1983) average was 160 mm over the period 1950 
to 1983, with about 100 mm falling in the cool season (October to 
June). Spatial variation for warm-season precipitation within the val- 
ley is likely to be higher, because it results from convectional storms 
(Stewart et al. 1940). Pan evaporation rates are several times the 
amount of incident rainfall. Overall temperature extremes have been 
from plus to minus 40” C; there is typically a 28 C diurnal variation 

(Clary and Holmgren 1982). Winds tend to be consistently strong. 
Within these overall considerations, this repeat study was carried 

out in similar climatic and phenological situations to the original, i.e., 
in the same time period of a hotter-and-drier-than-normal year, and af- 
ter 3 years of relative drought. This should minimize the probability 
that either short-term climate or phase of growth would be a primary 
cause of plant cover differences within this study. 

Historically, a lack of permanent water kept domestic livestock 
from grazing Pine Valley until about 1890, when water well develop- 
ment attracted the first cattle. They were followed in about 10 years 
by the introduction of sheep, at high intensities of year-round use 
(Murdoch and Welsh 1971). “Seriously destructive” was the phrase of 
Stewart et al. (1940) for early grazing practices. Consequent erosion 
was moderate to severe, and in places exceeded 15 cm, with some 
dune development (Murdoch and Welsh 1971). Substantial, but un- 
documented, reductions in stocking rates occurred in response to in- 
adequate forage in the 1930’s (S. Hansen and W. DiAge, Bureau of 
Land Management, Cedar City, Utah, personal communication, 
1989). According to this same source, a further 33% reduction oc- 
curred as a part of 1950’s adjudication agreements. Concomitantly, a 
free-ranging herd of feral horses was eliminated from the general area 
in the 1940’s (V. Wood, permittee, personal communication, 1991). In 
1958, the average Pine Valley stocking rate was estimated to be 3 
ha/AUM (Murdoch and Welsh 1971). Although grazing records (un- 
published data, Beaver River Resource Area, Cedar City District, 
BLM, USDI) are incomplete and internally inconsistent, there appears 
to have been little or no grazing by legally permitted numbers of sheep 
during the years 1967 to 1977 within the pinyon-juniper woodlands. 
No fencing crosses the pinyon-juniper belt studied here. 

Methods 

The in-the-field location for the 1933 study (Stewart et al. 1940, 
augmented by the original data sheets) was repeated by visual sight- 
ing of the geographically-obvious end points of the transect line, sup- 
plemented as necessary by a hand-held compass. The distance be- 
tween regularly-spaced plot centers along the line was established 
with a steel tape, since even spacing was the method used to provide 
an unbiased sampling. Specific plot numbers were established by re- 
lationships to intermediate topographical details (such as washes or 
roads) on the original 1933 contour maps, or of particular plots noted 
thereon to 1913 county survey posts on our contemporary maps. 
Sample sizes were chosen to be large enough to obviate, in as far as 
practically possible, the inevitable inaccuracy in our attempts to pre- 
cisely relocate individual plots. 

Following Stewart and Hutchings (1936) and Stewart et al. (194O), 
we employed a central stake as a pivot on each plot, and used a non- 
stretching rope with a 50-cm section of steel rod at its other end to 
mark a circle enclosing 19 m* (200 it*) on the ground. The “square- 
foot-density” method of the 1933 study depended upon estimating 
cover (to the nearest 0.023 m2, i.e., 0.25 ft’) for each plant species. 
That cover, in turn, was defined as the area where the ground “could 
not be seen by an observer standing directly over it” (Stewart et al. 
1940). Any individual plant that did not have such complete coverage 
(like most in practice) was to be visually compressed until it did so. 

In 1989, we chose to refine the 1933 visual summary estimates for 
each species. We manually compressed the plant (if necessary to 
achieve essentially complete shadow coverage), and measured the di- 
ameter of the top of each plant’s canopy with a meter stick, and di- 
rectly recorded it in Ileld notebooks, to allow more detailed subse- 
quent analyses. With the assistance of a computer to calculate the ar- 
eas from these diameter records, no more time was required for this 
method than to follow the older practice of simple estimates. Numbers 
of dead, living, and seedling shrubs or trees are direct counts of these 
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plants that had the center of their basal stem, or stem cluster, within 
the circle. 

Ten percent of the 52 plots read in 1989 were estimated a second 
time by the same observer, and additionally by 2 different observers, 
with sufficient time between such readings to dissipate mental carry- 
over. Density (i.e., the absolute number of plants per unit area) varied 
at most by 10%. and was typically less than 5%. both for a single ob- 
server’s repetition and between observers. Replicate readings of 
species cover also fell within this same pattern, when made by a sin- 
gle observer. 

i 

However, cover estimates for the same plot, when made by differ- 
ent observers, varied much more widely. This is as might be expected 
from what seems to be an unavoidably subjective compression of 
plants to derive continuous shadows (West and Hatton 1990). This 
variation in apparent cover reached as much as 50% for some more 
openly-structured species. 

Accordingly, we have adopted the convention of Wheeler et al. 
(1989) for rounding in all reported data, or have been even more con- 
servative in its expressed accuracy. “Significant” is defined for use in 
the following text as specified by Lewis (1984) for use of Student’s T 
test, where P < 0.05 that the difference in question would have result- 
ed from random chance. “Highly significant” applies similarly to P < 
0.01. 

TREES 

6 
4 
2 

Nomenclature herein is according to Goodrich (1986). Growth form 
assignments follow those of the USDA-SCS (Anon. 1988). 1933 1989 

Results 

Overall live cover from vascular plants was not significantly differ- 
ent in 1989 (with an arithmetic mean of 24% + 2% standard error for 
that mean) from that for 1933 (21+ 4%). Nevertheless, the lower sam- 
ple variability in 1989 may be of interest as an indicator for constan- 
cy of cover. 

Fig. 1. Absolute cover among growth forms on unseeded plots in pinyon- 
juniper woodlands in Pine Valley, Ut., 1933 and 1989. 

Examination of the separate contributions among the several 
growth forms that comprise the live plant cover (Fig. 1) points to a 
shift towards understory that is even greater than that reported in 
Yorks et al. (1992) for the other major vegetation types. Increases for 
shrubs, half-shrubs, and perennial grasses are all highly significant 
(Table 1). In other words, this area may be changing from cover con- 
centrated among trees to a mixture with more shrubs (primarily sage- 
brush) and a variety of grasses. 

plot level (Fig. 3), and the chained area is set aside, 2 specific loca- 
tions appear to have had an atypically high tree cover. Recalculating 
the aggregate sums without these outliers underlines the apparent con- 
stancy of overall tree cover over time. That data manipulation does 
not change the significant juniper-to-pinyon species shift, however. 

Figure 4 depicts the distribution of perennial grass cover by plot 
number along the transect. This figure presents results for all mea- 

Another possible connotation to be gleaned from Figure 1 is that the 
overall canopy cover may have reached an upper limit, which is ap- 
proximately 20% for the sum of all growth forms. This effect is inter- 
esting, because it appears to be in sharp contrast to the significant in- 
crease in the total amount of cover found for shrub-dominated plots in 
the related paper (Yorks et al. 1992). Instead, the vegetation differ- 
ences between 1933 and 1989 indicate a possible reapportionment of 
a continuing 20% overall cover among the various species on pinyon- 
juniper plots. 

In a related occurrence, there is now a more gently sloped log-lin- 
ear decline in dominance/diversity relationships (Fig. 2), instead of an 
initial, exponential drop-off. Many more species were playing a 
greater relative role in the overall canopy cover in 1989 than in 1933. 
This is especially true in ranks 6 through 14, each of which is nearly 
an order of magnitude greater in its relative cover, and significantly 
different, than it was in 1933. 

1 E-05 

Species Rank 

The sum of absolute tree cover did not differ significantly after 55 
years (Fig. 1, restricted to data from unchained plots). Among the 
trees, the primary effect of time on cover is a significant shift from the 
dominance of juniper to pinyon (Table 1). This same result was clear- 
ly seen in a chronosequence study at a single site within Pine Valley 
(Tausch and West 1989). 

1933 - 1933+SE- 1933-SE 

l 1989 - 1989 + SE - 1989-SE 

More particularly, if 1933 data are disaggregated to the individual 
Fig. 2. Dominance/diversity among species on unseeded plots ia pinyon- 

juniper woodlands iu Pine Valley, Ut., 1933 and 1989. 
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Table 1: Plant species (mean live plant cover, 2 standard error of that 
mean), on unseeded plots in pinyon-juniper woodlands of Pine Valley, 
Ut., 1933 and 1989. 

Growth form/soecies: 1933 1989 

All Trees: l9Y.4 IS&2 
Juniperus osteospemta’ 12&3 @I * 
Juniperus osteospenna’ I .2*0.2 0.02~.01 ** 
Pinus monophylla’ 4&2 9*2 * 
Pinus monophylla’ 0.7kO.2 0.49.2 
Populus spp.’ 0 0.03&03 
Populus spp? 0 0.01~0.01 

All Shrubs: 
Artetnisia nova 
Purshia tridentata 
Chrysothamnus viscidiflorus 
Haplopappus nanus 
Opuntia spp. 
Ephedra viridis 
Artemisia tridentata 
Echinocereus spp. 
Grayia spinosa 
Ephedra nevadensis 
Sytnphoricatpos spp. 
Chtysothamnus spp. 

0.8fl. I 2.9jjl.4 ** 
0.6H.l 0.5&l 
0.07*0.04 0.08fl.07 
0.07jxJ.04 0.6fl.2 ** 
0.05M.02 o* 
0.022~0.005 0.04-10.2 
0.008+0.003 0.009jXMO9 
0.003~0.002 1.6d.4 ** 
0.003~0.002 O.Ol4~.008 
0.003~0.002 0 
0.002,to.002 0.04@.4 
0 0.06&06 
0 0.03M.2 

All Half shrubs: 
Gutierrezia sarothrae 
Eriogonum microthecum 
Artemisia ludoviciana 

0.13j+l.05 
0.12k.05 
0.01 l&MO8 
0.006j$.003 

0.5fl.l ** 
0.51+0.09 ** 

z.02fi.02 

All Perennial grasses: 
Bouteloua gracilis 
Poa spp. 
Aristida spp. 
Sitanion hystrix 
Oryzopsis hymenoides 
Agtopyton spicatum 
Stipa comata 

0.34kO.07 l.lti.2 ** 
0.12jg.05 0.4fl.l * 
0.119.03 0.15mI6 
0.03+0.1 0.04iO.02 
o.O49&mlOs 0.29fl.05 ** 
0.02ljmO5 0.12fl.03 ** 
0 0.006jjMO4 
0 0.002jmN2 

All Perennial forbs: 
Senecio spp. 
Eriogonum spp. 
Crypiantha spp. 
Astragalus spp. 
Arenaria spp. 
Caulanthus spp, 
Penstemon spp. 
Euphorbia fendlen’ 
Sphaeralcea grossulariaefolia 
Erigenm engelmanni 
“Red weed” 
Chaenactis douglasii 
Cirsium spp. 
Heuchera rubescens 
Oenothera spp. 
Machaeranthera grindelioides 
Petradoria pumila 
Arabis spp. 
Gilia spp. 
Thelypodium spp. 

0.139.01 0.25H.08 * 
0.014gm4 0.002$MO2 ** 
O.O27j$.OO5 0.15j$l.08 * 
o.o16j$.OO3 0 ** 
o.o12&m4 0.005mJO3 
0.01 l&m04 0* 
0.011*0.0@4 0.006iO.003 
0.010@004 0.007mlO3 
0.006#xJO2 0.0004&0004* 
o.O06j$.OO3 0.00089.0006* 
0.005q.003 0 
0.005g.003 0 
0.002&0.002 0 
0.002jmO2 0 
0.002jmlO2 0 
0.002~0002 0 
0 0.06~.05 
0 0.01~.0l 
0 0.002jmO2 
0 0.002+0.002 
0 0.0006~0.0006 

All Annuals: 
Bromus tectorum 

0 0.012~0.007 
0 0.012~0.007 

Halogeton glomeratus 0 0.000l~.000l 
*.** Significant change at the 0.05 and 0.01 levels, mpectively 
‘Ovemxy 

‘Understory: basal area plus seedlings 

wed plots, including those within the swath that had been chained, 
burned, and seeded with a varied mixture of perennial grasses (as does 
Fig. 3). Other portions of the area that had been chained were not re- 
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Fig. 3. Spatial variation in total live plant cover by trees, for all plots, from 
northeast, lowest elevation (left) to southwest, highest elevation (right) 
along the pinyon-juniper woodland transect, Pine Valley, Ut., 1933 and 
1989. 

sampled, since their composition had been so heavily manipulated. 
(This accounts for the break in the plot numbering in Figs. 3 and 4). 
Nevertheless, the area of tree removal which was measured (plots 671 
to 676) should make obvious the general results of the chaining and 
seeding efforts. 

Interestingly, among the unseeded plots, those at higher elevation 
(and topographically steeper) had the most significant increase in 
grass cover from 1933 to 1989. This is reflected in Figure 4 for plots 
above the chaining. This difference has occurred without this higher 
transect portion having undergone the more intensive treatment used 
on the chained area. Within these, a significant increase was found for 
the warm season species Boufeloua gracilis (Kunth) Lagasca y 
Segura, as well as highly significant increases for cool season 
Oryzopsis hymenoides Roemer & Schultes and Sitanion hystrix 
(Scribner) J. G. Smith. These species represent the bulk of the more 
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Fig. 4. Spatial variation in total live plant cover by perennial grasses, for 
all plots, from northeast, lowest elevation (left) to southwest, highest el- 
evation (right) for all plots along the pinyou-juniper woodland transect, 
Pine Valley, Ut, 1933 and 1989. 
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than threefold increase in cover among grass species for the unseeded 
area (Table 1). 

On the other hand, plots below the chaining (i.e., numbers 651-669) 
are, at most, a few hundred meters from a graveled road, and are less 
steep, with consequently easier access for a variety of uses. These 
plots had the smallest increase in grass cover (Fig. 4). 

In both 1933 and 1989, the greater plant species richness of the 
pinyon-juniper zone is striking, relative to that reported in Yorks et al. 
(1992) for the other vegetation types along the overall transect. The 
total number of species in the pinyon-juniper type is twice that found 
in the sagebrush type, which is in contrast to the more commonly ex- 
pressed depauperate expectations for such woodlands (West et al. 
1979). 

However, as was the case in all the other local areas restudied in 
1989, overall species richness in the pinyon-juniper type has changed 
little with time, although a substantial apparent difference may be 
seen among individual species (Table 1). Introduced species, in par- 
ticular Bromus tectorum L. and Halogeton glomeratus (M.- 
Bieberstein) C.A.Meyer, that were not found to be present in 1933 ap- 
pear in 1989, although in quite small quantities. 

With regard to tree density, Figure 5 indicates that there has been a 
tripling in the number of trees present, which is highly significant. 
These data are consistent with a shift in tree cover from juniper to 
pinyon, because the latter species has a narrower crown diameter at 
maturity, with no concomitant increase in overall tree cover. There has 
also been a significant decline in the number of dead trees, which con- 
tinue to appear as isolated individuals or in small patches. Seedling 
numbers did not differ significantly. Average shrub density (Fig. 6) in- 
dicates that the increased shrub cover in 1989 (Fig. 1) is also com- 
bined with greater shrub numbers. Dead shrubs have declined, while 
seedling numbers have increased, both highly significantly (Fig. 6). 

Stubbendieck et al. (1982)‘s definitions were employed to derive the 
cool-season to warm-season grass ratio (i.e., those with C3 to C4 pho- 
tosynthetic pathways), which can provide an indicator of long-term 
climate variations. This was little changed, from 1.5 in 1933 to 1.3 in 
1989 along the transect. 

In another measure of community dynamics, the average succes- 
sional index of Tausch et al. (1981). a quantitative measure of tree 
dominance, applied to all the plots has shifted from 0.9 in 1933 to 0.6 
in 1989, when all understory cover species are considered. If the moss 

Fig. 5. Average tree density, for unseeded plots, in the pinyon-juniper 
woodlands in Pine Valley, Ut., 1933 and 1989. 

and lichen portion of the understory cover is discounted, because 
these species may not have been fully surveyed on all plots in 1933, 
the successional index remains 0.9 for 1933, and is 0.7 for 1989, still 
contirming a full class shift away from tree dominance for 1989. 

Discussion 

A key finding of the 1989 resurvey is evidence of a relative shift in 
cover towards shrubs and perennial grasses, not just where there had 
been chaining and seeding, but also along the entire transect path. This 
is an unexpected trend in a previously tree-dominated community that 
is still primarily grazed by livestock, at least in the absence of fire or 
other forms of extreme intermediate treatment (West 1984, 1988). The 
retention of a quite limited presence of annual, introduced species is 
notable also, given the problems with their increased density else- 
where in the western U.S. (West 1988). 

Our data are insufficient to deduce directly even general patterns of 
causation for these observed differences. Nevertheless, the similarity 
in climate both for several years before and during the 2 active study 
years should minimize influences from short-term vegetation re- 
sponse to precipitation (Olson et al. 1985). Additionally, Sims (1988) 
argued that, over time, longer-term climate (i.e., temperature and pre- 
cipitation) changes may be expected to shift the relative percentage of 
cool- to warm-season grasses, and to do so predictably. Since this 
measurable parameter was not found to have changed, this provides 
some explicit evidence that other observed differences were probably 
not climatically induced. 

While the total number of species is more or less unchanged, the 
clear indication from examination of dominance/diversity (Fig. 2) is 
that more species are playing an appreciable role, and so could serve 
as a set of buffers against specialized environmental pressures. This 
should result in a heightened responsiveness, and thus allow overall 
growth to occur over a wider range of conditions (Westman 1990). 
Accordingly, this community appears to have become more “robust”. 

Our results stand in contrast to previous studies (e.g., West 1984) 
which assert that if an area with a pinyon-juniper overstory was heav- 
ily grazed in the past, and then simply left with livestock grazing as 
its only treatment, the tree cover continues to close in, to the detriment 
of the understory plants, even when livestock grazing intensity has 
been substantially reduced. Our results agree favorably with the recent 
observations of Beymer and Klopatek (1992) of greater amounts of 
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Fig. 6. Average shrub density, for unseeded plots, in the pinyon-juniper 
woodlands in Pie Valley, Ut., 1933 and 1989. 
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perennial grasses in the least disturbed segments of a chronosequence Anon. 19%X Utah list of scientific and common plant names. USDA-SCS, Salt 
in northern Arizona. Lake City, Ut. 

Examination of tree cover (Fig. 3) indicates that the portion of the 
transect where understory increases are most notable outside the 
chained area (in Fig. 4) is also the portion where tree cover is actual- 
ly most substantial. However, the wooded portions of the transect 
where understory increases were the most apparent were also those 
sections where extensive rock outcroppings could play a role in keep- 
ing the tree cover open, since sunlight and water might more easily 
reach smaller species. That competitive advantage may be augmented 
by the increased slope gradient, which also allows the possibility of 
greater light penetration below the rather short trees. Alternatively, 
these same steep and rocky conditions are likely to reduce both live- 
stock and direct human use. 
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It should be noted that other pinyon-juniper woodlands in Pine 
Valley, which are closer to more heavily used roads, and therefore to 
the increase in dispersed human activity that is related to vehicular ac- 
cess, do appear to the qualitative eye to have the much more depau- 
perate understory that range managers and other observers generally 
associate with livestock grazing in pinyon-juniper areas. In this con- 
text, those plots on the transect line nearest to even a lightly-used road 
(i.e., numbers 651 to 670 in Fig. 4) had the least increase in their un- 
derstory from 1933 to 1989. 
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Since this road also marks the closest area to open water, and fol- 
lows some of the most level contours within this range site, it delin- 
eates the portion of the unseeded area that would be expected to re- 
ceive the most grazing attention from livestock within this very large, 
internally unfenced allotment (Andrew 1988). It is important to note, 
however, that vegetation impacts resulting more directly from human 
activity (e.g., off-road vehicles, camping, or wood gathering) are es- 
pecially difficult to separate from those caused by domestic animals, 
because of the degree to which these land utilization patterns tend to 
overlap. 
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Grazing records indicated that there may have been quite low rates 
of utilization by sheep during a lo-year-intermediate period within the 
pinyon-juniper woodlands. This possible rest period could have aug- 
mented local recovery. 
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The overall threefold increase in perennial grasses here, while yet 

small in absolute terms, is still large enough as a percentage of the 
1933 presence to confirm that the similar central conclusion of Yorks 
et al. (1992) for shrublands also applies within pinyon-juniper wood- 
lands. When changes among the grasses are combined with those for 
other understory growth forms, the differences which were observed 
in Pine Valley can only be held as strong evidence that in at least one 
publicly owned area, improvement in condition has indeed occurred, 
and that this is concurrent with changes in livestock management (i.e., 
reductions in pressure in both length of seasons of use and in absolute 
numbers of animals, but not in their elimination) which followed the 
Taylor Grazing Act of 1934. This result cannot be extrapolated with- 
out extreme caution, however, especially to areas where shorter times 
for recovery, wildfire, or less conservative human or animal use, in 
any form, has occurred. 
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For the future, this particular study area provides points of special 
additional interest, e.g., competition for limited forage resources, and 
the role of wildlife in vegetation status. Elk (Cervus canudensis) pop- 
ulations, which share the dietary preferences of domestic livestock, 
have dramatically increased in number on adjoining land, and are not 
inhibited from movement onto the study area by existing fences. The 
current upward trend in condition may face additional pressure from 
this source. 
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Abstract 

Using survey data collected as part of a comprehensive reevalu- 
ation of the Vale Rangeland Rehabilitation Project in eastern 
Oregon, this exploratory study examined variation in attitudes of 
Bureau of Land Management (BLM) employees toward range 
land environmental conditions. Almost one-half of the BLM em- 
ployees surveyed believed the loss of streamside vegetation (48%) 
and streambank erosion (42%) were widespread problems on 
Vale rangelands. Approximately a quarter of the respondents be- 
lieved rangeland soil loss (24%) and overgrazing (26%) were 
problems, while only a tenth believed water pollution (10%) was 
a problem on many or most areas. A composite scale of these atti- 
tudes toward environmental conditions on rangelands was devel- 
oped and assessed. The composite scale was regressed on respon- 
dents’ regional affiliation, length of service, and ideological atti- 
tudes towards government role in natural resource management. 
In contrast to findings from studies for USFS employees, attitudes 
toward range environmental conditions were not determined by 
regional affYiation or length of service (Z50.05). Rather, BLM em- 
ployee attitudes toward range environmental conditions were 
found to vary by the interaction of length of service in the agency 
and attitude toward government’s role in regulating water quali- 
ty (PeO.05) and managing livestock grazing (PeO.01). As length of 
service increases, core beliefs, professional norms, or client con- 
stituencies may not polarize employee attitudes but rather mod- 
erate them over time. The accumulation of environmental know- 
ledge may also tend to influence environmental attitudes so that 
ideological attitudes may have a weaker effect as time passes and 
expertise expands. 

Key Words: attitudes, environmental conditions, professional 
norms, Bureau of Land Management 

Effective resource management on public lands depends on the im- 
plementation of land management policies by government agencies 
(Mazmanian and Sabatier 1989). In the last decade, several policy 
studies have examined whether attitudes toward forest management 
vary among United States Forest Service (USFS) employees 
(McCarthy, Sabatier, and Loomis 1991, Brown and Harris 1992). To 
date, no studies have examined whether attitudes toward rangeland 
management differ among Bureau of Land Management (BLM) em- 
ployees. Thus, we conducted this exploratory study to examine varia- 
tion in attitudes of BLM employees toward rangeland environmental 
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conditions. For the study, we used survey data collected as part of a 
comprehensive reevaluation of the Vale Rangeland Rehabilitation 
Project in eastern Oregon (Huntsinger and Heady 1988). Like all pre- 
vious studies examining natural resource agency personnel attitudes, 
this study did not correlate employee perceptions of environmental 
conditions with field measures. Because the objective of the study was 
to measure relative perceptions with actual environmental conditions 
held constant, we assessed respondents’ attitudes about conditions on 
Vale rangelands during the same time period. While respondent atti- 
tudes did not vary over the duration of the study, the relative accura- 
cy of respondents’ perceptions cannot be determined. 

Several factors have been found to be associated with differences in 
USFS employee attitudes toward environmental issues. These include 
regional affiliation, length of service, and ideological and profession- 
al orientation (McCarthy, Sabatier, and Loomis 1991, Brown and 
Harris 1992). Do these general findings for USFS personnel hold for 
BLM employees? To our knowledge, only one study (Culhane 1981) 
has examined BLM employee attitudes toward environmental issues. 
Although Culhane’s (1981) study found no significant general attitu- 
dinal differences between USFS and BLM employees on environ- 
mental issues, it did not examine possible variation among BLM per- 
sonnel in specific attitudes toward environmental conditions on range- 
lands. 

Using existing survey data for 2 separate groups of BLM employ- 
ees, this study examined 1) whether attitudes toward environmental 
conditions differ between BLM employees of varying regional affili- 
ations and lengths of service and 2) whether regional affiliation, 
length of service, and ideological attitudes are important predictors of 
environmental attitudes. 

Methods 

Survey Design 
In 1987, reevaluation of an 11 -year ( 1962- 1972) rangeland rehabil- 

itation program in Malheur County, southwestern Oregon was con- 
ducted (Heady 1988). As part of this study, a pretested 16-page ques- 
tionnaire was mailed to all BLM employees in the Vale district office 
in Malheur County in 1987. The survey design and administration fol- 
lowed Dillman’s (1978) Total Design Method. Of the 77 Vale district 
BLM employees who received the questionnaire, 72 returned com- 
pleted questionnaires for a response rate of 94% (Huntsinger and 
Heady 1988). 

The same questionnaire was also distributed to BLM employees at- 
tending a BLM meeting during the annual Society for Range 
Management (SRM) meeting in Boise, Idaho in 1987. These BLM 
employees were from district BLM offices all over the United States. 
All BLM employees at the meeting were asked to complete and return 
the questionnaire as part of the program for the meeting. Although 
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questionnaires were returned during the meeting, complete attendance 
records were not kept so that the response rate could not be deter- 
mined. In all, 54 respondents were identified in this study as BLM em- 
ployees from other districts. 

All survey respondents were asked questions about the Vale district 
rangelands. Because many BLM training sessions occur on the dis- 
trict, the Vale Project is widely known and studied. Many of the re- 
spondents from other BLM districts reported that they were familiar 
enough with the Vale district to answer questions about it, and those 
who were not were excluded from analysis. In addition, missing or 
“don’t know” responses to relevant items were excluded from analy- 
sis. Given these exclusions, the total sample size varied depending on 
the question and number of variables in the analysis. In all analyses, 
only cases with complete data were used. 

Independent Variables 
Regional affiliation was indicated by sample identification with lof 

the 2 survey groups (Vale BLM or other BLM). Respondents in both 
groups were asked if they had any responsibility in managing public 
lands and, if so, for how long. Responses to this question were used to 
indicate length of service which, for purposes of comparison to other 
studies, was dichotomized as 9 or fewer or 10 or more years. These 2 
categories indicated less experienced and more experienced service 
respectively. 

On a scale of 1 (strongly agree) to 5 (strongly disagree), respon- 
dents were asked to indicate their agreement with 5 statements con- 
cerning the role of government in natural resource management. 
These statements were 1) protecting water quality should be a gov- 
ernment responsibility; 2) government regulation results in a loss of 
essential liberties and freedoms; 3) the government has the right to 
regulate resource management on private lands; 4) the government 
has the right to determine the appropriate use of public lands; and 5) 
livestock grazing is the best use of public lands. These 5 statements 
were used as indicators of respondents’ ideological attitudes. 

Dependent Variable 
Respondents were asked to rate the extent of various problems on 

the Vale district lands on a scale of 1 (not at all a problem), 2 (a prob- 
lem in some areas), 3 (a problem in many areas), and 4 (a problem in 
most areas). Included in this list were following rangeland environ- 
mental conditions: 1) loss of streamside vegetation; 2) streambank 
erosion; 3) rangeland soil loss; 4) water pollution; and 5) overgrazing. 
A continuous scale of range environmental conditions was construct- 
ed as a sum of the scores for these 5 indicators for BLM employees. 
The scale comprised problem ratings ranging from 5 (no problem) to 
20 (problem in most areas) for the 5 rangeland environmental condi- 
tions (streamside vegetation loss, streambank erosion, rangeland soil 
loss, water pollution, and overgrazing.) This composite attitude scale 
for range environmental conditions was then evaluated for internal re- 
liability as a single scale using the statistical software SPSS. A factor 
analysis with orthogonal factor rotation indicated that all 5 attitude 
items comprised a single factor, and SPSS’s reliability procedure ob- 
tained a Cronbach’s alpha of 0.84. Together, factor analysis and relia- 
bility analysis indicated that the internal reliability of the scale was 
high (McIver and Carmines 1988). 

Questionnaire Analysis 
Questionnaire data analysis was conducted in 2 stages. The first 

stage obtained descriptive statistics for the independent and dependent 
variables measured from the sample. The second stage assessed 
whether independent variables of regional affiliation, length of ser- 
vice, and ideological attitudes were related to the composite attitude 
scale for range environmental conditions. A two-way analysis of vari- 
ance was performed to determine whether mean differences for the 
range environmental attitude scale existed among respondents 

grouped by regional affiliation and length of service. In addition, 5 
multiple regression models were constructed for the composite scale 
with regional affiliation (Vale BLM = 1 and other BLM = 0) and 
length of service (9 or fewer years = 1 and 10 or more years =O) as di- 
chotomous dummy variables and each of the ideological attitudes as a 
single covariate. Each regression model included the main effect of 
both dummy variables and the two-way interaction effect between 
each dummy variable and the covariate. The three-way interaction ef- 
fect between both dummy variables and the covariate was not includ- 
ed because of the relatively small sample size and the resulting lack of 
sufficient information to estimate additional parameters in a more 
complex model. In all models, only cases with complete data were 
used. 

Results 

For regional affiliation, 56% of the respondents were from the Vale 
district, and 44% were from other districts. For length of service, 60% 
had been BLM employees for 9 years or less, and 40% had been em- 
ployees for 10 years or more. For each of the 5 ideological attitudes, 
respondent agreement varied from 1 (strongly agree) to 5 (strongly 
disagree). Gn average, respondents agreed that government should 
protect water quality (1.77 rt(O.07); mean f (standard error)). 
Respondents were generally neutral that government regulations re- 
sult in a loss of essential liberties and freedoms (3.14 rt(O.09)) and, on 
average, slightly disagreed that government has the right to regulate 
resource management on private lands (3.81 ~$0.10)). Respondents 
agreed that government has the right to determine the appropriate use 
of public lands (2.03 *(0.09)) and were generally neutral that live- 
stock grazing is the best use of public lands (3.21 k(O.10)). 

Respondents’ attitudes toward each of the 5 rangeland environmen- 
tal conditions also varied from 1 (not at all a problem) to 4 (a problem 
on most areas). Almost one-half of the BLM employees surveyed be- 
lieved the loss of streamside vegetation (48%) and streambank ero- 
sion (42%) were widespread problems on Vale rangelands. 
Approximately a quarter of the respondents believed rangeland soil 
loss (24%) and overgrazing (26%) were problems, while only a tenth 
believed water pollution (10%) was a problem on many or most areas. 
Respondent scores on the composite integral scale of attitudes toward 
all five rangeland environmental conditions ranged from 5 (not at all 
a problem to 20 ( a problem on most areas). In general, respondents 
believed all 5 environmental conditions on Vale rangelands together to 
be at least somewhat of a problem (11.47 i(0.35)). 

The two-way analysis of variance detected no significant differ- 
ences for regional affiliation or length of service on the mean re- 
sponses of BLM employees on the environmental attitude scale. 
Neither regional affiliation (P=O.23), length of service (P=O.O6), or 
the interaction of regional affiliation and length of service (P=O.21) 
influenced BLM employee attitudes about range environmental con- 
ditions. 

Although regional affiliation and length of service had no apparent 
direct effects on range environmental attitudes, both direct and indi- 
rect effects for length of service and ideological attitudes were ob- 
tained for 2 of the 5 multiple regression models. Where each of the 3 
ideological attitudes toward government regulations are generalized 
political views (i.e., government regulations result in loss of liberties 
(P=O.O8), the government has the right to regulate private land 
(P=O. 1 l), and the government has the right to determine the use of 
public land (P=O.O9)), neither regional affiliation, length of service, 
ideological attitudes, nor the two-way interactions produced signifi- 
cant regression coefficients (m.05). However, the 2 ideological atti- 
tudes most related to government’s role in range management (name- 
ly, that government should protect water quality and livestock grazing 
in the best use of the public land) produced regression models in 
which length of service and the ideological attitude covariate togeth- 
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er predict significant differences in attitudes toward range environ- 
mental conditions. 

Although regional affiliation differences appear to exist, these dif- 
ferences are not statistically significant for the model which included 
government’s role in water quality (Table 1). Interpretation of these 
results therefore depends on the effects of length of service toward 
water quality regulation. As graphically depicted in Figure 1, less ex- 
perienced BLM employees who agree that government should protect 
water quality tend to see more problems with range environmental 
conditions. Similarly, less experienced BLM employees who disagree 
that government should protect water quality tend to see fewer prob- 
lems with range environmental conditions. 

Table 1. Multiple regression model of attitude scale for range environ- 
mental conditions in Malbeur County, Ore. (dependent variable) on re- 
gional afftliition, length of service, and ideological attitude toward gov- 
ernment protecting water quality. gee Fipre 1 for fitted regression 
model. 

Independent b’ SE’ 
Region? -2.08 2.73 
Se&.x 
Water 
Region x Water 
Service x Water 
R’ 

F5.35 

5.35** 1.81 
-1.95 1.50 
1.95 I.44 

-2.04* 0.91 
0.38 
(n = 41) 
4.41** 

;Unstandardizcd regression coefficients 
Standard errors of unstandardized regression coefficients 
tRegion = regional affiliation; Service = length of service; Water = ‘tude that govem- 
pent ~houl~regtdatcbwater quality; ReTssion equation Y = 12.% +xegiot~ + 

Semce + Water + Rergion*Water + Service*Water. 
*P-to.05 

** P-3.01 

Differences were also found for the regression model with length of 
service and respondents’ attitudes toward livestock grazing on public 
lands (Table 2). Regional affiliation differences appear to exist, but 
these differences are not statistically significant. Interpretation is fo- 
cused on length of service and attitude toward livestock grazing. As 
shown in Figure 2, attitudes of experienced employees toward range 
environmental conditions do not appear to change with their attitudes 
toward livestock grazing. This is in contrast to less experienced em- 

I I I I I 

1 2 3 4 5 
4’~ 

Government should protect water quality 
D&agree 

Fig. 1. Fitted regression model of attitude scale for range environmental 
conditions in hfalheur County, Ore. on regional affhiation, length of 
service, and ideological attitude toward government protecting water 
quality. 
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ployees’ attitudes toward range conditions. Less experienced employ- 
ees who agree that livestock grazing is the best use of public land tend 
to see fewer problems with range environmental conditions. Similarly, 
less experienced employees who disagree with livestock grazing tend 
to see more problems with range environmental conditions. 

In sununary, regional affiliation and length of service alone do not 
appear to influence attitudes toward range environmental conditions. 
Length of service in combination with some, but not all, ideological 
attitudes appears to influence BLM employee attitudes toward range 
environmental conditions. 

Table 2. Multiple regression model of attitude scale for range environ- 
mental conditions in Malheur County, Ora (dependent variable) on re- 
gional aftiliation, length of service, and ideological attitude toward live- 
stock grazing being the best the best use of public land. gee Figure 2 for 
titted regression model. 

Independent 
Region? 
Service 
Livestock 
Region x Livestock 
Service x Livestock 
R’ 

b’ 
0.53 

-6.00* 
-0.23 
0.24 
2.11** 
0.40 
(n=41) 

SE‘ 
4.85 
2.31 
1.56 
1.57 
0.67 

F5,35 4.67** 

‘Unstandaridzcd regression coefficients 
2Standard errors of unstandardized regression coefficients 
tRegion = region+ affiliation; Service = length of servile; Lives!o+ = attitude that 
~~-~~+uizi~~~~be~~~ptA$ic @I$ ~egrcsston ~uatt~n:s 7 = 10.40 + 

ewon Lwestock + Serwn Lwestock. 

**PC.01 

Discussion and Conclusions 

Previous studies have addressed the question of attitudinal variation 
among natural resource agency personnel. Numerous studies have 
been conducted on the federal natural resource agencies in general 
(Clawson 1983, Dulhane 1981, Dana and Fairfax 1980, Durant 1992) 
and on USFS and its personnel specifically (Bond and Mawson 1968, 
Frome 1971, Kaufman 1960, Robinson 1975, Dwight 1983, Kennedy 
and Quigley 1989, Twight and Lyden 1989, Brown and Harris 1992). 
In contrast to this study, regional differences have been found in US- 
FS personnel attitudes toward clearcutting, developed recreation, pre- 
scribed fire, below-cost timber sales, timber primacy, and active envi- 
ronmental management in general (McCarthy, Sabatier, and Loomis 
1991). Length of service differences have also been previously asso- 
ciated with USFS employee attitudes toward similar variables. 
Younger USFS employees with fewer years of service have been 
found to generally favor preserving the ecological integrity of the 
forests over producing forest goods and services (Brown and Harris 
1992). In general, less experienced USFS employees also have been 
found to more strongly support increasing wilderness acreage, attend- 
ing to environmental quality more than local employment, and pre- 
serving nature more than producing goods (McCarthy, Sabatier, and 
Loomis 1991). 

Do these findings for USFS employee attitude differences hold for 
BLM employees? Different perceptions of rangeland environmental 
conditions among BLM employees would have significant implica- 
tions for the implementation of rangeland resource management at the 
local and even national level. Because natural resource issues have be- 
come more important to the American public in the last decade 
(McCloskey 1992), federal agencies have faced increased scrutiny of 
their management of natural resources. Bureau of Land Management 
personnel may respond consistently to public scrutiny of range water- 
shed, wildlife, and livestock issues if they perceive range resource 
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Fig. 2. Fitted regression model of attitudee scale for range environmental 
conditions in Malheur County, Ore. on regional affiliation, length of 
service, and ideological attitude toward livestock graxing on public 
land. 

conditions similarly. Conflicting or ambiguous approaches to range- 
land management may result if perceptions of environmental condi- 
tions on rangelands differ among BLM employees. 

This study addressed how sociocultural factors affect the way 
rangeland conditions may be perceived and not the accuracy of BLM 
employee attitudes toward rangeland conditions. It is generally recog- 
nized that various methods developed by range science professionals 
for evaluating rangeland conditions are being challenged by scientists 
and practitioners both within and outside the profession (National 
Research Council 1993). In general, scientific methodologies are de- 
veloped, implemented, and interpreted within a so&cultural context 
that will influence management outcomes. Decisions about “what is 
measured” to “what the measurement means” are subject to attitudes 
about what is important and what the goals of range condition assess- 
ment should be. Recognizing this, range scientists are now involving 
various rangeland stakeholders in the development of range condition 
assessment techniques and analyses as a way to improve the credibil- 
ity and value of range condition assessments. Results of this study 
demonstrate that BLM employees are also influenced in their attitudes 
toward rangeland conditions by sociocultural factors shaped in part by 
their professional service and beliefs. This further supports the need to 
recognize the importance of understanding the dynamics of sociocul- 
tnral influences on management decisions and planning. 

Findings from this study support some but not all of the results of 
previous studies which have examined sociocultural differences in at- 
titudes among USFS employees. Length of service does appear to af- 
fect BLM employee attitudes toward rangeland environmental condi- 
tions. However, experience only partially explains such differences. 
The findings here indicate that a strong interaction effect between 
length of service in the BLM and particular attitudes toward how gov- 
ernment should manage natural resources may exist. Such interaction 
effects may support the argument that as employees become increas- 
ingly socialized in an agency, either strong professional norms 
(Twight 1983), client constituencies (Culhane 1991), or both 
(Fortmann 1990) may affect their views toward environmental condi- 
tions. Interaction effects between length of service and ideological at- 
titudes may also help shape the core beliefs of employee coalitions 
within an agency, which in turn may affect the agency’s policy imple- 
mentation (Sabatier 1991). 

As length of service increases, core beliefs, professional norms, or 
client constituencies may not polarize employee attitudes but rather 
moderate them over time. In addition, employee knowledge of range 
environmental conditions may accumulate as length of service in- 
creases. The accumulation of environmental knowledge may also tend 
to influence environmental attitudes so that ideological attitudes may 
have a weaker effect as time passes and expertise expands. If such dy- 
namics between length of service and ideological attitudes do occur, 
important implications for how range management policy is imple- 
mented may exist as older employees retire and younger employees 
enter the agency. Variables affecting employee socialization, especial- 
ly 1) the impact of mentoring within the agency, 2) frequent district 
transfers as part of expected career pathways, and 3) on-the-job train- 
ing and experience, may affect range management policy implemen- 
tation by the BLM, especially in the future. 
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Abstract 
Larkspur (DeZphinium spp.) poisoning of cattle poses a serious 

economic problem on many western rangelands. Losses varied 
from 1.5 % to 12.3 % of the grazing cattle over a 15-year period on 
the Manti Canyon grazing allotment. Three herbicides and dif- 
ferent application methods were compared for control of tall lark- 
spur. The 3 herbicides were: glyphosate [N-(phosphonmethyl) 
glycine]; picloram (4-amino-3,5,6- trichloro-2-pyridine carboxylic 
acid); and metsulfuron 2[[[[(4-methyoxybmethly-1,3,5-triaxin-2- 
yl) amino] carbonyl] amino] sulfonyl] benzoic acid. A boom type 
sprayer and a carpeted roller applicator were tested for the selec- 
tive herbicides. Spot treatment and backpack sprayers were test- 
ed for the nonselective herbicide (metsulfuron). The internal rate 
of return was used to evaluate the economic feasibility of each al- 
ternative control method. A treatment was considered economi- 
cally feasible if the internal rate of return was equal to or higher 
than the cost of borrowing money. Each treatment was evaluated 
for an assumed cattle death loss of 4.5 % and 2.25%. A N-year lie 
was considered for each treatment. All of the herbicides and ap- 
plication methods tested were economically feasible. The internal 
rates of return varied from 14.23% to 133.38%. An internal rate 
of return above 100 % occurs when the benefits in a single year ex- 
ceeds the total cost of control. The cost of herbicides have in- 
creased considerably over the past few years, but they can still be 
used economically if treatment results in death loss reductions de- 
scribed in this study. 

Key Words: herbicides, picloram, metsulfuron, glyphosate, 
Delphinium barbeyi D. uccidentule 

Cattle losses from larkspur (Delphinium spp.) poisonings are seri- 
ous problems on many rangelands in the West. An average of 5,500 
cattle died annually from poisonous plants grazed on national forest 
lands between 1913 and 1916, about 90% of which were caused by 
tall larkspur; this was 3-S% of the cattle grazing tall larkspur-infested 
ranges (Aldous 1917). In 1986, every U.S. Forest Service district in 
Region 4 (Montana, Idaho, western Wyoming, Utah, and Nevada) re- 
ported losses to tall larkspur (Nielsen and Ralphs 1989). This repre- 
sented a total of 532 head for the region; however, Forest Service of- 
ficials estimated that permittees reported only about half the losses. 
Thus, losses probably exceeded 1,000 head for 1986. 

On the Manti Canyon Cattle Allotment, Manti-La Sal National 
Forest, near Manti, Utah, annual losses between 1956 and 1970 due to 
larkspur consumption varied from 13 to 103 head with an annual av- 
erage of 36 head (Cronin and Nielsen 1979). About 837 cows graze 
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supported by a grant from the National Agticultural Impact Assessment F’mgram. 
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this allotment each year. The percentage of the herd lost while on the 
allotment varied from 1.5% to 12.3%. with an average of 4.3% annu- 
ally. Herbicide control of larkspur on this allotment using 2,4,5- 
T[(2,4,5-trichlorophenoxy) acetic acid] reduced cattle deaths by 94% 
(Cronin and Nielsen 1972, Nielsen and Cronin 1977). Several herbi- 
cides and application techniques have been tested for controlling lark- 
spur on mountain rangelands (Ralphs et al. 1992, Bunderson et al. 
1994). The objective of this study was to compare the economic effi- 
ciency of 3 herbicides and different application methods for control of 
tall larkspur. 

Site Description 

The elevation of the Manti Canyon Cattle Allotment increases from 
1,768 m (5,800 ft) on the west at the mouth of the canyon, to more 
than 3,109 m (10,200 ft) on the east along the crest of the plateau. The 
allotment is separated into 3 main divisions, which are subdivided to 
facilitate a rest-rotation grazing system. About two-thirds of the annu- 
al 72 cm (30 in) precipitation falls as snow, which is blown into drifts 
that influence the distribution of larkspur and the grazing pattern of 
cattle. Vegetation at the higher elevation is dominated by extensive 
herbaceous communities with small groves of Engelman spruce 
(Picea engelmannii). Quaking aspen also extends into the subalpine 
zone of the upper division in small stands on some south-facing slopes 
(Ellison 1954). 

The upper division contains only 40% of the area of the allotment 
but furnishes over 60% of the forage. It is also the source of most of 
the water for the canyon. Cattle losses often occur on the upper divi- 
sion, which is grazed from about the middle of July until late 
September. 

Barbey larkspur (D. barbeyi (L.) Hutb) grows in the groves of trees, 
along the permanent streams, around springs and seeps, and on sites 
where huge snow drifts tend to persist. These drifts form on the lee 
side of the groves of trees, behind ridges, in swales, and in the erosion 
gullies. The tall-forb communities that grow here are dominated by 
barbey larkspur. 

The upper end (high elevation) of the Manti Canyon Allotment, 
about 3,238 ha, had an estimated 139 ha of dense stands of tall lark- 
spur. Tall larkspur was controlled by applying 4.5 kg a.e.ha of 2,4,5- 
T (Cronin and Nielsen 1972) for 2 consecutive years. Controlling 
these dense patches of larkspur reduced the number of cattle killed by 
94% annually (Cronin and Nielsen 1979). which would mean saving 
33 of the 36 cows lost to larkspur poisoning per year. In other words, 
before treatment, 36 cows died; after treatment, only 3 cows died an- 
nually. Each cow was worth about $500 in 1992, so 33 cows saved 
would be worth $16,500. The value of cows saved is the estimated re- 
turns from controlling larkspur. The benefits from controlling larkspur 
in Manti Canyon would be $118.70/ha ($16,500 + 139 ha), based on 
an average annual death loss of about 4.5%. If losses were only 
2.25%, or if herbicide control only resulted in a 50% reduction in loss- 
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Table 1. Chemical costs for alternative treatments 

Metsulf’uron Picloram Glyphosate 

Chemical cost $141&I/.226 kg 
60.0% ai* 

$1,04Ukg ai 

Carrier volume 
Sprayer application 
rate (kg/ha) 

Cost/ha 

Carrier volume 
Roller application 
concentration rate 
cost/lla 

Spot treatment 
retractable hose or 
backpack concen- 
tration rate 

Cost/ha 

140.0 t/ha 

.140 

$146.16 

49.0 t/ha 

2.0 g ai/t 
$102.05 

$25.52A 
239.6 g se/t** 

$106.51 kg 

140.0t/ha 

2.2 

$234.36 

49.0 t/ha 

32.0 g se/t 
$167.09 

$10.80/l 
480 g ai/t 
$26.34/kg 

49.0 t/ha Spot Treatment Application 

32.0 g ai/t 
$35.34 

Glyphosate is not a selective herbicide, and broadcast spraying 
would not be acceptable. The cost estimates are for treating individual 
plants with hand-held spray nozzles. The spraying configuration used 
was 2 hand-held nozzles with hoses mounted on self-winding reels 
with a tank and a pump mounted in the back of a pickup truck 
(Nielsen and Cronin 1977). This sprayer cost twice as much as that 
used in the 1979 study. Much more time is required to treat a hectare 
with spot treatment than for broadcast spraying. An individual could 
spot tre.at about .16 ha/hour, which meant that 2 people could treat 
1.92 ha in a 6-hour day. 

16.0 g ai/t 

$50.50 

*ai = active ingredient 
**a~ = acid quivalent. 

es, the corresponding returns would be $59.35/hectare. 

Estimated Costs of Control 
The costs for chemicals, equipment, and labor for each of the her- 

bicides and application methods are given in Tables 1 and 2. Cost da- 
ta were indexed up from earlier studies or calculated for current 
equipment used. 

Description of Herbicides 
Efficacy data and application methods were taken from recent stud- 

ies (Ralphs et al. 1992, and Bunderson et al. 1994). Three herbicides 
were applied with the appropriate application method for the herbi- 
cide: glyphosate [N-(phosphonomethyl)glycine]; picloram (4-amino- 
3,5,6- trichloro-2-pyridine carboxylic acid); and metsulfuron 2[[[[(4- 
methyoxyd-methyl-1,3,5-triaxin-2yl) amino] carbonyl] amino] sul- 
fonyl] benzoic acid. Application methods, rates, and costs of herbi- 
cides are contained in Table 1. The boom sprayer and carpeted roller 
application methods were described by Bunderson et al. (1994). The 
spot spray treatment using backpack sprayers was described by 
Ralphs et al. (1991). 

Boom Type Sprayer 
A boom sprayer was used to apply the selective herbicides (metsul- 

furon and picloram). A five-nozzle sprayer with a 3-m (lo-foot) spray 
width traveling at 4.0 km per hour (2.5 miles per hour) covered about 
7.2 hectares in 6 hrs. A sprayer could either be mounted behind a farm 
tractor or in the back of a 4 x 4 pickup truck. Estimated cost to treat 
the plots with the boom sprayer were about the same as the sprayer 
used in the 1979 Manti study (Cronin and Nielsen 1979, and Nielsen 
and Cronin 1977), so we updated costs from this study. 

Data from USDA (1990) indicated that labor cost increased by 1.79 
times, while auto and truck, fuel, and energy costs increased 2.13 
times from 1977 to 1990, so we doubled costs in the Manti study. 

Carpeted Roller Application 
The carpeted roller applicator selectively applied the herbicide to 

the taller growing larkspur without harming the desirable understory 
vegetation. The roller was mounted on the arms of a front-end loader 
on a farm tractor. In the test plots, the applicator could be operated at 
a speed of 2.4 km/hour (1.5 miles/hour) at a 2.4 m (8.0 ft) swath and 

would cover 0.58 ha/hour or 3.48 ha/day if operated for 6 hours. The 
estimated cost of the roller is $1,500 and has a salvage value of $500 
and an expected life of 750 hours. We also calculated interest on in- 
vestment. Estimated maintenance cost of the roller is $.2O/hour. The 
tractor used to operate the roller was a 40 hp unit operated for 750 
hours/year, and we assumed that it would also be used for other pur- 
poses. The cost of tractor use was estimated at $7.44/hour. 

The amount of herbicide applied with the roller is substantially less 
than that applied with a boom sprayer. The experience of treating the 
plots showed the roller applied on an average of 35% of the amount 
applied with the boom sprayer. 

Backpack Sprayers 
The value of 3 backpack sprayers used with this method was esti- 

mated at $100 per unit with no salvage value and an expected life of 
3 years. The sprayers will be used an average of 10 days per year, 6 
hours per day, or 60 hours per year, or an expected lifetime use (60 
hours/year x 3 years) = 180 hours. The per-hour cost would be $.56 
($100 + 180 hrs). Using 3 sprayers for a 6-hour day would cost $10.08 
($.56 x 3 = $1.68/hour x 6 hour/day). The cost of a truck to travel to 
and from the site to haul water and other materials at the site was es- 
timated at $90.80 per day. The cost of labor for 3 backpack sprayers 
and for one person to move materials is estimated at $2OO/day. 

Based on experience using backpack sprayers for individual plant 
treatment, one sprayer could treat .96 ha in a 6-hour day, which meant 
that a 3-person crew could treat 2.88 ha/day. 

Table 2. Labor and equipment costs per day and per acre for alternative 
treatment methods 

Area Sprayed 
Spray time: 

ha/day 

Boom Carpeted Spot Backpack 
sprayer roller treatment sprayer 

1.2 ha/hr .56 ha/hr .32 ha/hr .48 haihr 
6 hr/day 6 hrlday 6 hrlday 6 h&y 
7.2 ha/day 3.36 ha/day 1.92 ha/day 2.88 

Labor 
1 per&tee 
2 laborers 

_______-------- W&Y)_ ____~______ _____ 
$50 $50 $50 1 

$1:: $8 $1:: 
s:::l 

$200 

Equipment Costs __________----- (V&Y) __________-____ 
Application $46.80 $13.98 $46.80 $10.08 
equipment 
Spray truck 88.40 - 88.40 90.80 
Tractor - 44.64 - - 
Water truck 

SEE ZE $+!IE G8 

Total cost/day $276.00 $188.62 $276.00 $300.88 
cost/hectare $38.88 553.57 $142.08 $103.26 

hree petmittces with sprayers and 1 back-up person to service them. 
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Table 3. Economics of Larkspur Control on Rangelands 

Chemical Method Treatment 
(ma) 

Saved 
(S/ha) 

Treatment 
(yr) 

of Return 
(%) 

Metsulfuron Boom sprayer (I-yr 
treatment) 

applic 
them 

Boom sprayer (2-yr 1st yr 
treatment) 2nd yr 

Ricloram Boom sprayer ( 1 -yr 
treatment) 

applic 
them 

Boom sprayer (1-yr 
treatment) 

applic 
them 

Glyphosate 

Metsulfuron 

Spot treatment 
retractable hoses 
Manti, UT 

Roller 

applic 
them 

applic 
them 

Ricloram Roller auolic 
a. 

them 

Glyphosate Roller 

Glyphosate Backpack (6-hr day 

$38.88 

SE 

$118.70 (4.5% loss) 10 63.67 
$59.35 (2.25% loss) 10 29.69 

$185.07 

S&E? 

$118.70 (4.5% loss) 10 37.04 
$59.35 (2.25% loss) 10 14.23 

$118.70 (4.5% loss) 10 42.15 
$59.35 (2.25% loss) 10 17.33 

$38.88 

S273.24 

$118.70 (4.5% loss) 5 33.00 $38.88 

$273.24 

$118.70 (4.5% loss) 10 61.11 
$59.35 (2.25% loss) 10 28.26 

$142.08 
50.5Q 

$192.58 

$53.59 

$EE 
$118.70 (4.5% loss) 10 76.00 

$59.35 (2.25% loss) 10 36.43 

$53.59 

SEE 

$118.70 (4.5% loss) 10 53.02 
$59.35 (2.25% loss) 10 23.68 

$118.70 (4.5% loss) 10 133.45 
$59.35 (2.25% loss) 10 66.33 

$88.93 

$118.70 (4.5% loss) 10 76.94 
$59.35 (2.25% loss) 10 36.93 

$103.26 
50.5Q 

$153.76 

also where adequate control required treatment for 2 consecutive 
years (based on the earlier Manti study). 

The first year it cost $38.88/ha, spraying 7.2 ha/day and the recom- 
mended application of chemical was .14 kg/ha. Metsulfuron cost 
(1992) $l,O44/kg ($141.60/8 oz container), which meant that the cost 
of metsulfuron per hectare was $146.16. 

The internal rate of return (IRR) was 63.67% (Table 3). If cattle 
losses were only reduced 50% of what was expected, the IRR was 
29.69%. It would be rational to invest in larkspur control as long as 
the IRR is higher that the interest rate on borrowed money. 

If adequate control requires treatment for 2 consecutive years, ap- 
plication costs during the second year would be 1.25 times the cost of 
original treatment because more time would be required to locate 
small scattered plants. Chemical costs would be reduced by half be- 
cause there would be fewer larkspur plants to treat. Based on a project 
life of 10 years and if the treated range was grazed, the year after the 
second year of treatment and the value of reduced cattle losses was 
$118.70/ha treated, the IRR was 37.04% (Table 3). One would invest 
in the project as long as the IRR exceeded the cost of capital (interest 
rate). If cattle losses were reduced by one-half annually and the ex- 
pected benefit was $59.35lha sprayed, the IRR was 14.23%. 

Melsulfuron can also be applied with a carpeted roller. It was not 
determined if a two-year treatment was desirable using the roller ap- 
plication, so only a single year treatment will be analyzed. 

The IRR with an annual benefit of $118.70 per hectare treated and 
a lo-year life is 76.00%. The IRR was 36.43% when the reduction in 
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We assumed that larkspur would be treated during the rest year of a 
regular rest-rotation grazing system. If the cattle have to be taken off 
the range during the grazing season of the treatment year, there will be 
a significant nonuse cost that must be added to the cost of control. 
Experience at Manti showed that grazing a pasture the year that it had 
been treated with 2,4,5-T caused high cattle death losses, due to lark- 
spur consumption, even when grazing was delayed until the treated 
plants were wilted and appeared to be dry. The larkspur plants were 
still toxic and were readily consumed by free-ranging cattle. Nonuse 
costs are especially important on treatments that require spraying for 
two consecutive years, which is not compatible with the usual rest-ro- 
tation grazing system. 

We used the internal rate of return to evaluate the economic feasi- 
bility of each alternative control method (Cronin and Nielsen 1979). 
The internal rate of return is the interest rate (discount rate) such that 
the net income stream (benefits from larkspur control) over the life of 
the control equals the initial cost of the project. The internal rate of re- 
turn can be compared to the cost of borrowing money or to expected 
rates of return from alternative investments. 

Results 

Metsuljimn 
Metsulfuron was applied with a boom type sprayer and with the 

roller applicator. The boom type sprayer application was analyzed 
where a single year’s treatment was assumed adequate for control and 
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cattle losses was only 50%. 
The returns for the carpeted roller were similar to those with the 

boom-type sprayer. Chemical costs were lower, but application costs 
were higher with the carpeted roller due to the slower speed of appli- 
cation. 

Picloram 
The factors used to determine application costs and annual 

returns for metsulfuron treatments were also applied to pi&ram 
treatments. Picloram was $25.52/f!, ($96.6O/gal) in 1992 and was 
applied at 2.2 kg/ha. 

The IRR was 42.15% when the value of reduced cattle losses was 
$118.7O/ha treated and treatment life was 10 years (Table 3). If the ef- 
fective life of the treatment was reduced to 5 years, the IRR was 
33.00%. The IRR was 17.33% if half the number of cows were saved 
(annual loss of 2.25%), and treatment life was 10 years. 

When picloram was applied with the roller, the treatment cost was 
$220.68/ha (Table 3), resulting in an IRR of 53.02% when the reduc- 
tion in cattle losses were worth $11&70/ha; the IRR was 23.86% 
when the reduction in cattle losses was valued at $59.35/ha. 

Glyphosate 
Glyphosate is a nonselective herbicide, which precluded the use of 

broadcast treatment methods. Spot spraying or individual plant con- 
trol and roller application are considered as alternative treatment 
methods. These methods were used in an attempt to minimize the 
damage to nontarget plants species. 

At the Manti, Utah, location, there were 11,130 larkspur plants per 
hectare. It required 2.0 s&plant to spot spray. Herbicide cost was 
$10.80 ($102.20/2.5 gal container). It is estimated that it would re- 
quire about 3.125 hrlha to spot control larkspur, resulting in a total 
cost of treatment of $192.58/ha (Table 3). 

The resulting IRRs were 61.1 l%, with a lo-year project life and the 
value of cattle saved of $118.701 ha, or 28.26% when the reduction in 
cattle losses was $59.35 /ha. 

Glyphosate was also applied with carpeted rollers. The larkspur 
were the tallest plants in the community at the time of treatment and 
the height of the roller could be adjusted so it applied herbicide only 
to the larkspur plants. 

The cost of roller application was $88.93/ ha, and the IRR was 
133.45% when project life was 10 years and the value of reduced cat- 
tle losses was $118.70/ ha; and the IRR was 66.33% when the value 
of reduced cattle losses was $59.35/ha treated. 

Glyphosate was also applied with backpack sprayers for individual 
plant treatment. The treatment costs for 3 backpack sprayers working 
6-hr days was $153.761 ha. The IRR for this treatment was 76.94% 
when it reduced cattle losses by $118.701 ha, and 36.93% when treat- 
ment reduced losses by $59.35/ha. 

Conclusions 

Each of the appropriate application methods for the various herbi- 
cides were economically feasible as were the herbicides tested in this 
study. The costs of these chemicals have increased markedly in recent 
years, but ranchers can still afford to use them if treatment results in 
the savings described in this study. 

Literature Cited 
Aldous, A.E. 1917. Eradicating tall larkspur on cattle ranges in the national 

forests. USDA Fanners Bull. 826. 
Bunderson, F.B., M.H. Ralphs, J.O. Evans, CA. Call, and D.B. Nielsen. 

1994. A comparison of herbicide methods for larkspur control on high ele 
vation rangelands. Weed Tech. (in review). 

Cnmin, E.H., and D.B. Nielsen. 1972. Controlling tall larkspur on snowdrift 
areas in the subalpine zone. J. Range Manage. 25213-216. 

Cronin, E.H., and D.B. Nielsen. 1979. The ecology and control of rangeland 
larkspurs. Bull. 499. Utah Agr. Exp. Sta., Logan, Utah , Nov. 

Ellison, L. 1954. Subalpine vegetation of the Wasatch Plateau, Utah. Ecology 
Monogram 24:89- 184. 

Nielsen, D.B., and E.H. Cronin. 1977. Economics of tall larkspur control. J. 
Range Manage. 30~434-438. 

Nielsen, D.B., and M.H. Ralpbs. 1989. Larkspur: Economic considerations. 
Chapter in The Ecology and Economic Impact of Poisonous Plants on 
Livestock Production. Boulder, Colo.: Westview Press. 

Ralphs, M.H., J.O. Evans, and S.A. Dewey. 1992. Timing of herbicide ap 
piications for control of larkspur (Delphinhn spp.). Weed Sci. 40~264-289. 

Ral~hs. M.H.. L.V. Mickelson. J.O. Evans. and S.A. Dewev. 1991. Selective 
application bf glyphosate for-control of h&spurs. Weed T&h. 5229-231. 

USDA. 1990. Agricultural prices. Washington, D.C., &on. Stat., and Coop. 
serv. 

372 JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 



J. Range Manage. 
471373-379 September 1994 

Water balance in pure stand of Lehmann lovegrass 

GARY W. FRASIER AND JERRY R. COX 

Authors are research hydraulic engineel; USDA-ARS, Rangeland Resource Research Unit, 1701 Center Ave., Fort Collins, 
Colo. 80526; andformer range scientist, USDA-ARS, Forage and Range Research, Utah State University, Logan 84322, cur- 
rently resident direct06 Texas A&M Agricultural Research Extension Center; PO. Box 1658, Vernon, Tex. 76384. 

Abstract 

Lehmann lovegrass (Eragrostis Zehmanniunu Nees), an. intro- 
duced warm season grass, has invaded grasslands in southern 
Arizona, ln many areas replacing the native warm-season grasses. 
A water balance evaluation in a pure stand of Lehmann lovegrass 
showed that more soil water was used through evapotranspiration 
than occurred as precipitation during 2 years of a J-year study pe- 
riod. During the winter season, an appreciable amount of water 
was used by Lehmann lovegrass or lost by evaporation from the 
soil surface. The remaining available soil water was used in the 
spring dry period. In the dry early spring the soil water contents 
(to depths of 120 cm) were less than the traditional wilting point 
tension of -1.5 MPa. The invasion of Lehmann lovegrass into 
grasslands of southern Arizona is partially related to its ability to 
utilize soil water during parts of the year when the native species 
are dormant and also to extract water from the soil profile to very 
low water contents. 

Key Words: soil moisture, water content, Eragrostis lehmanniana, evapo- 
transpiration 

L.ehmann lovegrass (Eragrostis Zehnuznniana Nees) is a warm-sea- 
son grass that has been successfully introduced into rangelands at var- 
ious places in the world. In some regions the grass has invaded and 
dominated new sites outside the seeded areas. This has occurred in 
parts of southern Arizona where the grass has completely replaced na- 
tive warm-season grasses (Cable 1979, Cox et al. 1992). One specific 
area is the Santa Rita Experimental Range near Tucson, Arizona. In 
this area, native vegetation has traditionally been perennial, drought 
resistant woody and succulent species, adapted to conserve water dur- 
ing drought (Cox et al. 1982). Today much of the Experimental Range 
is nearly pure stands of Lehmann lovegrass. 

The change in vegetation composition on the Santa Rita is believed 
to have been aided by drought conditions that prevailed in the 1950’s 
and 1970’s. Cox et al. (1988) reported that under favorable tempera- 
ture regimes Lehmann lovegrass will persist in areas where precipita- 
tion during the active growing season >lOO mm and will spread in ar- 
eas where precipitation >150 mm. Observations during the 1950s’ and 
1970s’ droughts indicated a significant decline in both native plant 
and Lehmann lovegrass populations. When soil water conditions im- 
proved, native grasses did not re-establish as aggressively or rapidly 
as Lehmann lovegrass which became the dominant species (Cox and 
Ruyle 1986). 

To displace a native species, an intruding plant must have a com- 
petitive advantage such as the ability to effectively utilize soil water, 
maybe during the native species dormant season, and/or to extract soil 
water not normally considered available to native species (i.e., high 
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tensions). This paper reports results of a 3-year study designed to gain 
a better understanding of the temporal soil water balance of a pure 
stand of Lehmann lovegrass located on the upper portion of the Santa 
Rita Experimental Range in southern Arizona. We discuss some of the 
characteristics that make Lehmann lovegrass a superior competitor. 

Methods 

Site Description 
The study area was a 6-ha fenced stand of dense, shrub-free 

Lehmann lovegrass located on a 2-5% northwest facing slope. The 
site is 40 km south of Tucson, Ariz. at an elevation of 1,075 m on the 
Santa Rita Experimental Range (31” 41’ N, 100’ 37’ W). Soils were a 
recent alluvium, weathered from granitic rocks, moderately acid 
@H=6.2-6.9) with depths ranging from 0.2 to 2.5-m (Hendricks 1985) 
and classified as a Comoro sandy loam (thetmic typic Tonifluvent). 
Precipitation was recorded on-site with a weighing rain gauge 
Average annual precipitation in the area is about 500 mm, ranging 
from 175 to 700 mm during the past 80 years (Cox et al. 1990). 
Distribution is bimodal with about 60% occurring as rain during sum- 
mer (early July-September) with most of the remainder falling as ei- 
ther rain or snow during the late fall through early spring (October- 
April). Summer storms are typically intense localized thunderstorms 
of short duration. Winter storms are characteristically of long duration 
and low intensity. April, May, June and September are usually dry but 
exceptions do occur. Daytime temperatures average 30” C during 
summer with nighttime temperatures averaging 5” C during wipter 
(Sellers 1960). 

Experimental Design 
The experimental design was a randomized-complete-block with 

replicated sampling over 3 years. Nine 15- by 15-m plots, grouped by 
3 into 3 blocks, were established in January 1984. One plot in each 
block was randomly selected for biomass and gravimetric soil water 
sampling at 2-week intervals between 18 July 1984 and 3 July 1985. 
Three new plots (1 per block) were sampled between 3 July 1985 and 
18 July 1986. The final 3 plots were sampled from 18 July 1986 to 3 
July 1987. 

soil Characterization 
Within each block, 3 soil cores were collected at O-10, 10-20, 20- 

30,30-60,~90. and 90-120 cm depths. Samples were composited by 
depth for standard hydrometer particle size distribution analysis. For 
1 core in each replication, bulk density and soil water characteristic 
analysis were made at depth increments of O-10, lo-20,20-30,30-60, 
60-90, and 90-120 cm. A ring bulk density apparatus with a plastic lin- 
er, filled with water, was used to estimate the volume for the bulk den- 
sity measurements (Blake 1965). Soil water content characteristics at 
tensions of -0.03, -0.10, and - 1.5 MPa were determined using standard 
pressure plate techniques. 

373 



Aboveground Biomass Water Balance 
On each sampling date, Lehmann lovegrass plants were clipped at 

the soil surface in 3 randomly located 0.25 by 0.25-m quadrats per 
designated plot. Each sample was separated into live (green) and dead 
standing biomass components. Samples were dried in a forced-draft 
oven at 60” C for 72 hours and weighed. Only the green biomass por- 
tion of the samples were used in this analysis. 

If there are no deep percolation losses below the root zone and no 
surface runoff or runon onto the plots during precipitation events, the 
change in soil water in the profile is the difference between precipita- 
tion and evapotranspiration. A water balance was calculated for each 
biweekly sampling period from the changes in the water contents in 
the O-120 cm deep soil profile as follows: 

Soil Water 
After collecting biomass samples, soils core were collected for 

gravimetric water content determination at 3 locations within the 
clipped quadrat areas at O-10, 10-20, 20-30, 30-60,60-90, and 90-120 
cm depths. Each core was weighed and dried in a microwave oven for 
5 min. using the general procedures of Hankin and Sawhney (1978). 
Soil water estimates for each increment were averaged for the 3 cores. 
These estimates were converted to volumetric soil water content 
based on the soil bulk density for each depth increment and replica- 
tion. 

Biweekly water use/loss = (Initial total soil water) - (Final total soil 
water) + (Precipitation) (1) 

In the area, the summer rainy season which usually occurs after 1 
July is considered the start of the growing season for many of the 
perennial range plant species. To evaluate when and where the plants 
were utilizing soil water, the year was divided into 3 intervals: July- 
October (summer growing season during period of rainfall); 
November-Feburary (winter period) and March-June (growing season 
during period of limited rainfall). 

GREEN BIOMASS 

PREClPlTATlON 

SOIL WATER 

-_ -- - a’:.,.,.,.,.,..,.,.,.. ,.1..,.,.,.,.,.,.,,,,,,,,,,,,,1~,,,,,.,.,,,,,,,,,1,,,1~ 
JRSOhD JfNRNI J R S 0 N I .l F N A H I 1 A a 0 Y DJFYRNl 

Fig. 1 (top) Biweekly total standing green biomass, middle) biweekly precipitation, and bottom biweekly soil water contents by depths. 
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‘Ibble 1. Sotl cbaracter&tics. 

Rep 
Sand 

Texture 
Silt Clay Tension-MPa 

0.03 0.10 1.5 

(cm) (%) (%) W) (96) (96) (%Y 
1 O-10 87 9 4 (Sand) 1.714 9.85 5.91 3.85 

lo-20 85 6 9 (L. sand) 1.7% 9.03 5.27 3.76 

20-30 87 4 9 (L. sand 1.821 9.88 5.11 3.56 

30-60 87 4 9 (L. sand) 1.738 8.11 5.01 3.60 

60-90 92 4 4 (Sand) 1.580 7.45 5.62 3.98 

90-120 89 7 4 (Sand) 1.714 6.93 5.37 3.90 

2 O-10 87 4 9 (L. sand) 1.765 10.51 7.09 4.37 

lo-20 89 7 4 (Sand) 1.843 7.85 6.25 3.71 

20-30 87 4 9 (L. sand) 1.740 7.44 4.91 4.13 

30-60 84 7 9 (L. sand) 1.698 7.30 5.19 5.05 

60-90 86 4 9 (L. sand) 1.587 8.18 5.51 4.73 

90-120 88 7 4 (Sand) 1.269 7.84 5.81 4.36 

3 O-10 88 7 5 (Sand) 1.622 9.69 7.78 3.81 
lo-20 80 14 5 (L. sand) 1.507 11.00 8.16 4.71 

20-30 75 9 16 (Sandy L) 1.472 13.39 10.00 5.76 

30-60 62 17 21 (Sandy CL) 1.458 17.67 14.29 8.32 

60-90 73 8 19 (Sandy L) 1.267 19.21 11.21 7.29 

90-120 65 3 33 (Sandy CL) ’ 24.46 14.57 11.00 

‘Not determined 
‘By weight 

Statistical Analysis 
Statistical analysis of the data consisted of computing the means 

and standard deviations among replications. 

Results and Discussion 

Soil Water 

Experimental Range near Tucson, Arizona., Cable (1980) reported 
that soil water accumulated at the deeper levels of the soil profile dur- 
ing the winter periods and was used by deep rooted shrubs during the 
early spring and summer. In our study area, shrubs or other plants 
which could utilize deep stored water were not present. Any soil wa- 
ter changes at the deeper depths were the result of Lehmann lovegrass 
usage. 

The soil in the area of Replicate 3 had a lower bulk density and was 
finer textured at the 20-120 cm depths than the other 2 replicates. 
These differences are reflected in the greater water holding capacity 
of the soils in Rep. 3 at depths below 30 cm (Table 1). Precipitation 
during the first year (July 1984-June 1985) resulted in a wet summer 
and fall followed by a dry spring (Fig. 1). This was the begining of a 
2-year drought which resulted in below normal precipitation during 
July- October and November-Feburary periods of the last 2 years of 
the study. 

Biomass 

The biweekly gravimetric water content data by depth indicate sim- 
ilar values among replications. Water content changes were almost 
identical in the top O-30 cm soil layers with standard deviations of the 
volumetric water content among replications of less than 2% and fre- 
quently less than 1% (Fig. 2). At deeper soil depths the standard devi- 
ations of the volumetric water contents among the replications were 
larger (24%). 

Lehmann lovegrass initiates spring growth 2-3 weeks before most 
native grasses with a major growth period during the spring and sum- 
mer growing season. Much of this summer growth remains green 
throughout fall and winter periods (Cox et al. 1990). Even with the ex- 
treme variation in precipitation quantities and patterns the biweekly 
green biomass production of Lehmann lovegrass showed similar 
trends at comparative times over the 3 year study (Fig. 1). Standing 
green biomass at each harvest date ranged from a high of over 1,500 
kg ha’ in July-September. to a low of 200 to 500 kg ha’ in Febrary - 
March sampling periods. Even at the high soil moisture tensions in 
z;p periods Lehmann lovegrass continued to produce green 

Water Balance 

Total soil water content increased after major precipitation events 
(> 15 mm) and decreased during dry periods through evaporation and 
plant water use (Fig. 1). Cox et al. (1992) reported that greater than 
80% of the Lehmann lovegrass roots are in the top 30-cm layer of the 
soil profile. The data indicate the remaining roots at the deeper depths 
were very efficient in extracting soil water. Soil water potentials were 
less than -1 SMPa at all depths, especially in the dry March-June pe- 
riods (Fig. 2). Lehmann lovegrass appears able to extract soil water at 
tensions much greater than the measured traditional wilting point of - 
1.5 MPa. In a study of seasonal soil water use of several native and in- 
troduced perennial grasses, and native shrubs at the Santa Rita 

Over 50% of the total water use/loss occurred during the summer 
rainy period (July-October) (Fig.3). Appreciable water use/loss also 
occurred during the winter period (November-Feburary). Some of this 
water may have been used by the plant for growth during warm por- 
tions of the winter. Total water use/loss in the spring (March-June) de- 
pended, to some extent, upon the amount and timing of the late win- 
ter and early spring precipitation events. In year 1 and year 3. total wa- 
ter use/loss during fall-winter period (November-Feburary) was less 
than the total precipitation for the period. This excess water was 
stored in the soil profile. In spring, considerably more water was 
used/lost than resulted from precipitation (Fig. 3). A portion of this 
was from deeper depths of the soil profile. water which had accumu- 
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Fig. 2. Three year means and standard deviations of the biweekly water contents at top) O-10 cm, middle) 30-60 cm, and bottom 90-120 cm depths. The 
dots of each biieeldy period indicate +/- 1 standard deviation from the mean. 

Fig. 3. Total evapotranspiration and precipitation by years. 
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Fig. 4. Water use vs. green biomass production. 

lated during previous summer and winter precipitation events. This is 
in contrast to the results reported by Cable (1980) who found that all 
available soil water was used each growing season by Lehmann love- 
grass plants or evaporated from the soil surface during the dry non- 
growing periods. This essentially exhausted available moisture from 
the top 75cm of soil within 2 weeks after recharge from the summer 
rains. 

Total water use/loss during each of the 3 years in our study consis- 
tantly exceeded yearly precipitation (Fig. 3). Within the fluctuations 
from the biweekly precipitation, total available water gradually de- 
clined within the soil profile during the 3-year study. A large portion 
of this water was extracted from the soil at tensions greater than -1.5 

MPa. If the total annual water use/loss continued at this rate, it would 
be resonable to assume there would be an eventual decline in grass 
production. 

A consistent relationship was not found between green biomass pro- 
duction and water useiloss (Fig.4). In the hot summer growing period, 
green biomass increased slightly with a corresponding increase in soil 
water use/loss. During the remainder of the year, the standing green 
biomass remained relatively constant, irrespective of the soil water 
use (Fig. 4). This may indicate that Lehmann lovegrass uses a rela- 
tively constant amount of water with the remainder of the soil water 
being evaporated from the soil surface. It is possible that Lehmann 
lovegrass utilizes some threshold water quantity with very little bene- 
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tit from any additional water. The absence of a supplemental measure 
of evaporative losses from the soil profile prevented us from quanti- 
fying actual water needs of the grass. 

Soil Water Dynamics 
Temporal evaluations of the water content within the soil profile 

shows a considerable change in the top O-60 cm layers (Fig. 1 and Fig. 
2). Except for high precipitation periods at the beginning of the study, 
only subtle changes in soil water contents occurred at the 90-120 cm 
level (Fig. 1 and 2). Water accumulated in the upper layers of the soil 
profile during winter, was depleted during the March-June growing 
period (Fig. 2). These findings suggest that upper soil layers provide 
a major portion of the plant water needs during much of the year with 
the lower depths providing water during the dry portions of the year. 

Some of the differences between our results and Cable (1980) may 
be attributed to the soil water measurement techniques. Cable (1980) 
used neutron probe techniques which are limited in assessing soil wa- 
ter in the surface layer (approximately O-15 cm). In contrast, our 
gravimetric technique measured soil water in the surface layers more 
accurately but is limited to obtaining representatives samples from 
deeper depths if the soil is too dry and crumbly to stay in the sampler. 
Our results may also be influenced by the below normal precipitation 
in the winter period during the last 2 years of the study. 

Conclusions and Implications 

During a 3 year Lehmann lovegrass water balance study in southern 
Arizona more soil water was extracted from the soil profile than oc- 
curred as precipitation. During this period of below normal precipita- 
tion the total amount of water stored in the soil profile gradually de- 
clined. An appreciable amount of water was removed from the soil 
profile by plant growth or evaporation during the winter season. Much 
of the remaining available water was exhausted in the spring dry pe- 
riod. The soils often dried in the early spring to soil moisture tensions 
greater than -1.5 MPa to depths of 120 cm. 

Lehmann lovegrass appears to require some threshold water level 
for growth. Soil water availability above this threshold does not result 
in a major increase in biomass production. Any extra soil water either 
passes directly through the plant without contributing to growth or is 
lost by evaporative processes from the soil surface. 

The invasion of Lehmann lovegrass into grasslands of Southern 
Arizona may be partially attributed to a combination of events related 
to water. We hypothesize L.ehmann lovegrass has the ability to utilize 
soil water during parts of the year when native species are dormant, to 
utilize water stored at relatively deep depths in the soil profile, and to 
extract water from the soil profile at very low water contents. 
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Abstract 

Smooth bromegrass (Bromus inermis Leys.), orchardgrase 
(Ductylis gtkmemtu L.), alsiie clover (WoZium hybridurn L.), and 
a mixture by mass of 40 $6 orchardgrass, 40 % alsiie clover, and 
20% white clover (Itifolium repens L.), were sown at OS, 1.5,3.0, 
6.0, and 12.0 kg/ha on a forest clear-cut in the southern interior of 
British Columbia The seeding treatments were monitored for 3 
growing seasons following planting to determine their influence 
on the growth, survival and damage of planted one-year old lodge- 
pole pine (Pinus contorta var. krtifolia Engelm.) seedlings. 
Competing vegetation reduced lodgepole pine dieter by up to 
38% (P<O.O04) and heights by up to 30% (P<O.OOS). Lodgepole 
pine basal diameters (P<O.O02), height (PcO.02) and survival 
(PxO.03) decreased linearly with increasing forage seeding rate. 
Lodgepole pines planted with smooth bromegrass had up to 59% 
larger (P<O.Ol) diameters and were up to 33% taller (PcO.06) 
than those planted with orchardgrass at equal seeding rates by 
mass. Lodgepole pine cumulative mortality was 2 to 5 time-s 
greater (P<O.OOOl) on plots sown to alsiie clover compared to 
plots sown with smooth bromegrass or orchardgrass. Rodent 
damage peaked between the first and second growing seasons at 
24% of the lodgepole pine seedlings; rodent damage was similar 
(P>O.OS) among the treatments and controls, and conifer survival 
was independent (P>O.OS) of rodent damage. 

Key Words: British Columbia, clear-cut, Pinus contorta, rodent 
damage, seeding rate 

Competition between conifers and seeded vegetation is a major 
concern on regenerating forestland in British Columbia (McLean and 
Clark 1980, Nordstrom 1984, Pitt 1989). Despite the important influ- 
ence of seeded vegetation on range management and silviculture, 
there has been a lack of research done in British Columbia to quanti- 
fy the competition between conifer seedlings and seeded forages, or to 
identify any potential positive interactions. Moreover. there remains 
inadequate information on the effects of forage species, seeding rates, 
and forage mixes on the competitive balance between conifer and for- 
ages. In British Columbia, operational seeding is conducted using 
rates set by mass; the influence of seeding rates in relation to the pure 
live seed sown needs to be clarified. The influence of vegetation on 
the early growth and survival of conifers in the absence of grazers is 
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of special interest when an area has been seeded and planted, with 
grazing deferred during the tree and forage establishment period. 

In a laboratory study, Clark and McLean (1975) concluded that sur- 
vival, height, and plant mass of 6-month-old lodgepole pine (Pinus 
contorta var. latifolia Engelm.) seedlings decreased as density of or- 
chardgrass (Dactylis glotnerara L.) increased. Lodgepole pine sur- 
vival increased by 4 times, height increased by over 20%, and the av- 
erage dry weight of lodgepole pine shoots plus roots increased 10 
times between the highest grass seeding (9.0 kg/ha) and no grass com- 
petition. Moreover, greater competition to lodgepole pine occurred 
with orchardgmss, a non-rhizomatous plant, that with pinegrass 
(Calumagrosits tubesens Buckl.), which is weakly rhizomatous. me 
response of lodgepole pine to grass competition was independent of a 
2-, 4-, or IO-day watering interval. 

Forage-tree interactions have been studied in a variety of field con- 
ditions, with an assortment of conifer and forage species (Baron 1%2, 
Squire 1977, Krieger 1983, Elliot and White 1987). The diversity of 
conditions under which the experiments were conducted has often 
yielded contradictory results, and their relevance to British Colum- 
bia’s interior montane forests is debatable. 

Clark and McLean (1979) conducted seeding rate and forage 
species field trials in the southern interior of British Columbia on a 
subalpine, lodgepole pine site burned and cleared of native vegetation. 
Tree survival was not affected by density of orchardgrass after 4 
years. Total biomass of pine seedlings was reduced by 68 to 93% by 
presence of forages, and average stem height was reduced by 59 to 
71% at forage seeding rates greater than 4.5 kg/ha. Individual forage 
species did not differ in their influence on the survival or growth of 
lodgepole pine. 

Trowbridge and Holl (1992) reported that seeding alsike clover 
(Triflium hybridum L.) at rates of 10,20, and 30 kg/ha had no effect 
on the survival or height growth of planted lodgepole pine seedlings 
in the first 3 years. In the year 4, lodgepole pine height was reduced 
slightly in clover plots compared to control plots with native vegeta- 
tion. Lodgepole pine diameter growth decreased with seeding rate 
during the first 3 growing seasons; however, differences in the diam- 
eter increment were not significant in 4 years after planting. 

The objectives of this research were to determine the effects of 3 
forage species and a forage mix, sown at 5 seeding rates by mass, on 
the early growth and survival of planted lodgepole pine. The treat- 
ments were selected to expand our understanding of seeding rates 
lower than 3 kg/ha and to relate the dynamics of different forage types 
and pure live seeding rates to operational seeding practices in British 
Columbia. 
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Studs Site Measurements were conducted twice annually to coincide with the be- 
ginning and end of the lodgepole pine growing season. This study was conducted on a 0.7-ha site in a 50-ha forest clear-cut 

in the Very Dry, Cool Montane Spruce (MSxk) biogeoclimatic sub- 
zone (Lloud et al. 1990), near Tunkwa Lake (120” 57’ W., 50” 30’ N.) 
in the southern interior of British Columbia. The area receives 355 to 
503 mm of precipitation annually, with approximately 40% occurring 
during the conifer growing season (May to August). Mean annual 
temperature during the growing season is 11.1” C, and -12.6” C in 
mid-winter (January). The elevation of the site is 1,450 m, with a 3% 

Forage production was determined from oven-dry samples obtained 
by clipping a 0.25m2 plot (SO- x 50-cm) to a 5-cm stubble height. 
Sampling locations in the experimental units for forage production 
were selected randomly from the area not used for the other vegeta- 
tion measurements or containing a lodgepole pine seedling. The area 
selected for clipping was determined randomly for each year, although 
the same location was not clipped twice during the study. 

slope and a north-west aspect. Soil is a melanic brunisol (approximate 
U.S. equivalent = Eutrochrept) (Canada Soil Survey Committee 
1978). Before logging the site supported an overstory of lodgepole 
pine and Engelmann spruce (Picea.engelmannii Pan-y ex. Engelm.) in 
approximately equal proportions. Pinegrass, heart-leaved amica 
(Amica cordifoliu Hook.) and birch-leaved spirea (Spirea berulifolia 
Pall.) characterized the understory. Plant taxonomy follows Douglas 
et al. (1989). 

Methods 

Lodgepole pine survival, height, basal diameter and damage were 
measured annually before the start of the lodgepole pine growing sea- 
son (between snow-melt and bud-break) and immediately after the 
trees had set bud. Death was defined as 99% or greater necrotic nee- 
dles. Damage classified as human, rodent, erosion, snow-press, lodg- 
ing, frost, and other was also noted. Height was measured to the near- 
est 0.1 cm on every tree from the soil surface to the tip of the termi- 
nal bud. Basal diameter was measured to the nearest 0.1 mm with 
calipers placed around the stem immediately above the soil surface. 
The height/diameter ratio was calculated as an index of competition 
(Cole and Newton 1987). Lodgepole pine stocking was calculated 
based on the initial stocking, adjusted for the cumulative mortality and 
the natural regeneration for the site. 

The study site and surrounding area was clear-cut logged in the win- 
ter of 1988. Logging debris and waste were bunched and burned in the 
fall of 1989 as part of operational forest management. The site was en- 
closed with a 4-m high paige wire fence to exclude livestock and wild 
ungulates in spring 1990. The site contained 88, 16-m2 (4-x 4-m) ex- 
perimental units with l-m buffer strips between the units and a mini- 
mum 4-m buffer, planted to trees, located between the perimeter and 

Statistical Analysis 

The effect of forage species and seeding rate by mass on lodgepole 
pine height, basal diameter, and the height/diameter ratio were ana- 
lyzed using a repeated measures analysis of variance for a complete- 
ly random design. The variation introduced by seeding rate and 
species, in addition to other comparisons of interest, were separated 
using individual degree of freedom contrasts. Polynomial contrasts 
were used to determine the conifer response across years. A repeated 
measures analysis of variance was also conducted on tree growth vari- 
ables for the following treatments only: smooth bromegrass. orchard- 
grass, alsike clover, and the mixture sown at 1.5,0.5,0.5 and 0.5 kg/ha 
respectively. This analysis was conducted to determine the difference 
between forage types at approximately equivalent pure-live seeding 
rates. 

the fence. The site was scarified with hand rakes to achieve an aver- 
age mineral soil exposure of approximately 25%, and to mix mineral 
soil with any unburned forest litter. 

Forages were seeded onto the plots by hand immediately following 
snow-melt in May 1990. Alsike clover, orchardgrass, smooth 
bromegrass, and a mixture by weight of 40% orchardgrass, 40% al- 
sike clover, and 20% white clover (7’rifolium repens L.), were sown at 
0.5, 1.5, 3.0, 6.0 and 12.0 kg/ha in all factorial combinations. Two 
controls were included in the randomization: a single control for both 
species and seeding rate, consisting of lodgepole pines with no seed- 
ed vegetation, in addition to a control for tree growth consisting of 
lodgepole pines with all other vegetation removed. Treatments and 
controls were replicated 4 times, and randomly assigned to experi- 
mental units. 

Alsike and white clover were coated with a clay-Rhizobium legu- 
minosatum var. trifolii mixture which provided an average 2,000 live 
Rhizobium cells per seed. Germination trials of the forage seed were 
conducted in accordance with the procedure outlined by the 
Association of Official Seed Analysts (1978) and were used to calcu- 
late the number of pure-live seed sown. 

One-year old lodgepole pine seedlings, container-grown in polysty- 
rofoam blocks, were shovel-planted immediately after forage seeding. 
Each plot contained 4 lodgepole pine seedlings at a 2.5-m spacing. 
Lodgepole pine and surrounding vegetation were monitored during 
each of the first 3 growing seasons following establishment. 

Two measurements of cover, density, and height of vegetation were 
conducted within each experimental unit. The first was centered on a 
randomly selected lodgepole pine seedling to assess interaction of 
lodgepole pine and forages, and the second randomized in the re- 
maining area of the experimental unit without the influence of the tree 
seedlings. Canopy cover was determined in 20- x 50-cm frames 
(Daubenmire 1959). Density was determined by counting the number 
of genets (Silvertown 1987) within the 20- x 50-cm frame set for cov- 
er determination. Height of all species included in the density counts 
was measured, to the nearest 0.1 cm, from ground level to the tip of 
the highest leaf extended upward on a plant ocularly estimated to be 
of average height within the plot (Evanko and Peterson 1955). 

Lodgepole pine basal diameter increment, height increment, incre- 
mental damage and survival were regressed against the number of 
pure-live seeds sown, vegetation cover, height, density, and produc- 
tion in each plot. A separate regression was conducted for each species 
treatment for each of the conifer measurements. 

Chi-square tests of homogeneity and distribution of the binomial 
means for damage and survival were used to determine if lodgepole 
pine survival was independent of rodent damage and survival were 
equally distributed among species factors and controls. An analysis of 
variance, modified for the unbalanced factorial (Bergerud 1989). was 
conducted on cumulative mortality recorded at the end of the third 
growing season. 

Results and Discussion 

Vegetation 
Smooth bromegrass, orchardgrass, alsike clover, and the mixture 

contained 220, 700, 520 and 740 pure-live seeds/g, respectively. 
Height, cover, and production of the vegetation are summerized in 
Table 1. No strong relationships @CO. 10) between conifer growth in- 
crements and the cover, density, height and productions of the sur- 
rounding vegetation occurred in any of the 3 growing seasons. 

Effect of Vegetation on Conifer Growth and Survival 
Lodgepole pine basal diameter increased quadratically (P<0.0001) 

over the 3 growing seasons. Lodgepole pine without surrounding veg- 
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lsble 1: Average canopy cover (%), height (cm) and production (kg/ha) of vegetation at mnkwa Lake, British Colmnbm, 19904992. Numbers in paren- 
thesis following the means indicate the standard error. 

?kedmg 
Treatment 

S d Cm Cover Heieht 
Rz 1990 1991 1992 1990 1991 1992 1990 1991 1992 

Smooth 
bromegrass 

orcbardgrass 

Alsike clover 

Mixture 

Native 

___________ 
0.5 0.8 (0.9) 
1.5 2.3 (1.7) 
3.0 6.0 (3.5) 
6.0 3.4 (0.9) 

12.0 2.3 (0.9) 
0.5 2.3 (0.8) 
1.5 1.5 (1.0) 
3.0 7.5 (3.0) 
6.0 6.8 (3.3) 

12.0 4.5 (1.7) 
0.5 3.0 (1.4) 
1.5 11.8 (10.2) 
3.0 2.3 (0.8) 
6.0 3.4 (0.9) 

12.0 12.5 (9.8) 
0.5 2.3 (1.6) 
1.5 6.0 (4.7) 
3.0 1.5 (1.7) 
6.0 7.5 (4.4) 

12.0 4.5 (1.0) 
- 0.1 (0.1) 

__(%)_____ 

18.8 (17.1) 
6.8 (4.6) 
7.5 (5.4) 

14.3 (5.9) 
11.3 (5.5) 
24.3 (21.1) 

5.3 (1.7) 
41.5 (17.7) 
32.0 (14.1) 
40.0 (18.4) 

9.0 (4.0) 
55.8 (22.6) 
43.0 (13.8) 
37.0 (15.6) 
49.5 (29.2) 

3.0 (3.5) 
34.0 (19.0) 
17.8 (11.3) 
43.0 (26.2) 
49.5 (20.1) 
21.0 (16.5) 

______- 
47.0 (19.3) 
26.3 (9.6) 
51.0 (13.0) 
54.5 (18.0) 
66.3 (16.8) 
43.0 (9.7) 
35.3 (17.8) 
85.0 (18.1) 
63.0 (7.2) 
65.0 (17.5) 
80.5 (9.9) 

122.8 (26.0) 
93.3 (0.7) 
72.3 (16.8) 
88.0 (9.9) 
29.0 (11.7) 
93.5 (21.4) 
78.3 (28.1) 

100.5 (19.7) 
43.8 (18.8) 
58.8 (10.1) 

____---__. 
3.8 (1.3) 
1.5 (1.1) 
5.8 (1.7) 
9.0 (1.8) 
4.0 (1.7) 
2.3 (2.2) 
2.0 (1.4) 

10.3 (2.3) 
13.3 (4.0) 
7.3 (2.2) 
1.5 (1.0) 
2.0 (1.0) 
2.5 (1.4) 
1.8 (0.9) 
2.5 (1.4) 
0.8 (0.9) 
8.5 (5.3) 
6.3 (7.2) 
5.5 (2.2) 
3.3 (1.4) 
0.1 (0.1) 

_ _ (cm) _ _ _ _ 

16.0 (13.3) 
11.0 (7.1) 
11.5 (4.5) 
37.3 (15.3) 
11.5 (4.4) 
20.5 (12.4) 
14.5 (5.2) 
30.3 (7.3) 
36.5 (18.4) 
34.0 (16.5) 
5.3 (2.5) 

22.5 (9.9) 
24.3 (5.8) 
22.8 (10.2) 
34.8 (19.8) 
2.5 (2.9) 

24.3 (10.1) 
9.0 (7.4) 

32.5 (18.8) 
32.8 (5.8) 
11.5 (5.4) 

_ _ _ _ _ _ _ _ 
30.0 (5.9) 
25.3 (3.2) 
31.8 (2.7) 
40.5 (7.4) 
30.5 (4.9) 
57.3 (11.1) 
54.3 (18.7) 
28.5 (3.6) 
30.3 (1.8) 
38.5 (10.5) 
43.0 (5.1) 
46.3 (9.5) 
35.0 (6.0) 
31.3 (7.0) 
28.5 (2.6) 
33.5 (5.2) 
46.0 (4.6) 
45.8 (4.7) 
44.3 (5.2) 
32.0 (3.1) 
26.0 (0.9) 

_ _ _ _ _ _ _ 
6.9 (8.0) 
0.8 (0.5 
0.9 (0.6) 
3.4 (1.3) 

19.5 (14.8) 
15.2 (11.8) 
8.3 (6.7) 

30.7 (31.9) 
47.3 (42.7) 
66.9 (68.2) 

0.5 (0.6) 
18.0 (12.3) 
6.5 (2.6) 
7.7 (5.8) 

35.9 (33.0) 
16.4 (10.8) 
19.6 (22.0) 
94.1 (39.9) 
24.3 (17.1) 

3.8 (2.5) 
0.0 (0.0) 

_____org/ha)____________ 

650.3 (228.6) 509.3 (232.6) 
101.5 (104.5) 765.3 (137.6) 
61.2 (58.5) 642.2 (358.1) 

881.2 (368.2) 905.2 (226.2) 
499.7 (262.7) 869.8 (230. I) 
161.9 (62.8) 1250.5 (682.6) 
910.4 (622.2) 1950.1 (1531.9) 
495.4 (153.7) 1242.7 (556.3) 

1084.1 (721.1) 17%.7 (942.0) 
364.6 (191.4) 1256.7 (752.8) 
576.0 (432.4) 792.0 (559.9) 

1429.7 (950.6) 2450.1 (572.6) 
1010.1 (697.2) 1740.1 (400.4) 
3069.8 (1223.7) 1112.8 (401.6) 
1271.8 (988.5) 631.6 (216.3) 

108.4 (120.9) 1161.3 (670.2) 
1149.1 (1284.8) 1623.5 (612.6) 
1121.6 (499.7) 1675.9 (803.4) 
925.4 (788.9) 2782.3 (1630.8) 

1578.4 (1322.3) 1949.1 (822.2) 
79.3 (69.9) 983.8 (539.7) 

etation had 6.5.23.6 and 38.5% larger (P4.004) basal diameter than 
those without surrounding vegetation in the first, second, and third 
growing seasons respectively (Fig. 1). The difference in the basal di- 
ameter of trees, with and without surrounding vegetation, increased 
(P<o.O04) with time. Seeded and native vegetation produced similar 
effects (PM.05) on lodgepole pine basal diameter. 

Lodgepole pine basal diameter were not affected (PM.05) by 
species sown in the first and second growing season. Lodgepole pine 

basal diameter on plots sown to smooth bromegrass were 8.8 to 59.0% 
larger (P&01) than those on plots sown to orchardgrass in the third 
growing season (Pig. 2) at equivalent seeding rates by mass. The dif- 
ference in lodgepole pine basal diameter response to smooth 
bromegrass and orchardgrass widened (PcO.O’l)over time, and initial- 
ly developed in the second growing season. When compared at an 
equivalent pure-living seeding rate, however. there was no difference 
(PS.05) in the effect of orchardgrass and smooth bromegrass on 

No Vegetation 

Fig. 1. The effect of vegetation on planted lodgepole pine (pinup contorfa var. &~@oDu Engelm.) seed- diameters (mm) at W Lake, British 
Columbia, 1990-1992. Vertical lines indicate the SE. 
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0.5 6 12 0.5 6 
Seeding Rate (kg/ha) 

Smooth Bromegrass- 

Orohardgraaa _ _ _ 

Fig. 2. The effect of smootb bromegrass (Bromus inermis Leys.) and orhcardgrass (Dcrefylis glornervrtpr L.) on planted lodgepole pine (PIRus contorta 
van htifolia Engehn.) seedling diameters (mm) and heiits (cm) at ‘Bmkwa Lake, British Columbii 1990-1992. Vertical linea indicate the SE. 

lodgepole pine diameter. 
Lodgepole pine heights increased quadratically (p>o.0001) during 

the 3 growing seasons. Lodgepole pine without surrounding vegeta- 
tion were 14.7, 32.7 and 30.2% taller (P~O.005) than those without 
surrounding vegetation in the first, second, and third growing seasons, 
respectively (Fig. 3). Seeded and native vegetation produced similar 
effects (p>o.O5) on lodgepole pine heights. 

Lodgepole pine heights were unaffected (PM.05) by species sown 
in the first and second growing seasons. Lodgepole pine heights on 
plots sown to smooth bromegrass were 7.1 to 33.2% larger (PcO.06) 
than those on plots sown to orchardgrass in year 3 (Fig. 2) at equal 
seeding rates by mass. A year by smooth bromegrass-orchardgrass 
contrast confirmed that the differences in lodgepole pine height re- 
sponse to smooth bromegrass and orchardgrass increased (P~0.02) 
over time. As with basal diameter, the differences in height expressed 
in the year 3 is evident in the data trends of the year 2. When com- 
pared at an equivalent pure-live seeding rate, however, there was no 
difference (fiO.05) in the effect of orchardgrass and smooth 
bromegrass on lodgepole pine height. 

The ratio of lodgepole pine height to basal diameter was unatkted 
(bO.05) by seeding orchardgrass, smooth bromegrass, alsike clover, 
or the forage mixture, or by seeding rate in any year. The average 

height/diameter ratio declined (PcO.0001) in each year after planting 
from 63: 1 to 33: 1 indicating that the trees became more stocky as time 
progressed. Cole and Newton (1989) suggest that height/diameter ra- 
tios in exceeding 6O:l may impair the long-term growth of conifers. 
Given their criteria, the conifers did not have excessive stem height 
growth in response to competition. 

Cumulative lodgepole pine mortality on plots sown to al&e clover 
was 2 to 5 times greater (P<O.OOOl) than cumulative mortality on 
plots sown to grasses. 

Forests are usually planted at greater tree densities than are required 
to suitably stock an area. Natural conifer regeneration can add to the 
total stocking. Resource managers in integrated silvicultural systems, 
therefore, should be more concerned with the impact of mortality on 
total site stocking rather than mortality rates of the planted trees. The 
research site was planted at 1,600 stems/ha. Less than 10 stems/ha of 
natural regeneration occurred. In British Columbia, within 4 to 7 years 
of the initial timber harvest, the target and minimum acceptable lodge- 
pole pine stocking for this biogeoclimatic subzone are. 1,500 and 700 
stems/ha respectively (Lloyd et al. 1990). All forage species and seed- 
ing rates, except for alsike clover, provided a lodgepole pine stocking 
at, or just below the target level (1,300 to 1,600 stems/ha). Plots sown 
to the al&e clover at rates of 6 kg/ha or greater resulted in lodgepole 
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25 

Fig. 3. The effect of vegetation on planted lodgepole pine (Pims conhw& var. latifofia Engehn.) seedling heights (cm) at ‘hkwa Lake, British Columbia, 
19904992. Vertical lines indicate the SE. 

pine stocking below 700 stemsiha. Alsike clover sown above the op- 
erational rate of 3 kg/ha, therefore, resulted in unacceptable mortality. 
Rates and proportions of alsike clover in British Columbia’s dry mon- 
tane seeding mixes should be reconsidered. 

Competition between lodgepole pine seedlings and the surrounding 
vegetation was established by contrasting the treatments with vegeta- 
tion to the control with the vegetation removed. Trees with no com- 
peting vegetation had larger basal diameter and heights in all 3 grow- 
ing seasons. Operationally, removing all competing vegetation from 
regenerating forests is not practical, nor desirable from an integrated 
resource management, or soil conservation perspective. Differences 
among types and amounts of vegetation, therefore, should be of pri- 
mary concern to resource managers. Adjusting seeding rates and for- 
age mixtures are practical methods to achieve integrated use. 

Effect of Seediig Rate on Conifer Growth and Survival 
Lodgepole pine basal diameter decreased linearly (P<O.O02) with 

increasing rate (Fig.2); a year by linear seeding rate interaction indi- 
cated that increasing seeding rates reduced (PcO.003) basal diameter 
growth more in successive growing seasons. 

Lodgepole pine height decreased linearly (PcO.02) with increasing 
seeding rate; increasing seeding rate reduced (P&02) height more in 
successive growing seasons (Fig. 2). 

Cumulative lodgepole pine mortality after 3 growing seasons in- 
creased (PcO.03) linearly with increasing seeding rate by mass 
(Fig.4). 

Conifer Damage By Rodents 
Deer mice (Pemnyscus spp.) and voles (Micmtus spp.) were re- 

sponsible for 56% of the tree seedling damage. Rodent damage 
peaked in the overwinter period between the first and second growing 
seasons at 24% of the lodgepole pine seedlings. Damage ranged from 
basal scars to complete removal of lateral or the main seedling stem. 
Lodgepole pine damage was equal (W.05) among the forage treat- 
ments and the native and no vegetation controls. Lodgepole pine sur- 
vival was independent (P9.05) of rodent damage. 
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Management Implications 
Lodgepole pine basal diameter, height and survival declined as 

seeding rates increased. Cover (P<O.O002) and density (P~O.0001) of 
the seeded vegetation increased linearly with seedling rate. This could 
possibly have produced increased competition with lodgepole pine 
seedlings for water, light, and nutrients and resulted in the declining 
lodgepole pine basal diameter and heights, and increased cumulative 
mortality. Where practical, seeding rates lower than the current oper- 
ational rate (3 kg/ha) should be considered.,as they will potentially re- 
sult in reduced interference with the early growth of lodgepole pine. 

Lodgepole pines grown with orchardgrass grew less than those 
grown with smooth bromegrass at equivalent seeding rates by mass. 
These differences resulted from differences in the number of pure-live 
seeds sown, density of established plants, and in the speed of devel- 
opment of the 2 species. At equivalent seeding rates by mass orchard- 
grass treatments had over 3 times more pure-live seeds than smooth 
bromegrass treatments. Orchardgrass had 2.5 to 4 times greater 
(PcO.004) densities than smooth bromegrass at equivalent seeding 
rates by mass after 3 growing seasons. Moreover, smooth bromegrass 
is generally assumed to have slow establishment and initial develop- 
ment. Field observations and the vegetation data support this position. 
Seeded vegetation on plots sown to orchardgrass was 20 to 70% taller 
(P<o.O02). and had 60 to 210% greater cover (P&.002) than plots 
sown to smooth bromegrass after 3 growing seasons. Field observa- 
tion determined that smooth bromegrass treatments contained a high- 
er proportion of juvenile plants than on those plots sown to orchard- 
grass. By the end of the second growing season, only one smooth 
bromegrass plot contained a smooth bromegrass plant than had set 
seed; in comparison, all the orchardgrass plots contained at least one 
mature orchardgrass plant. It is anticipated that as the vegetation de- 
velops, and smooth bromegrass forms more rhizomes, the trend will 
reverse and smooth bromegrass may be more inhibitive to lodgepole 
pine growth than orchardgrass. 

Differences in the number of pure-live seeds and established plants 
of different forage species at equivalent seeding rates by mass must be 
recognized. Site prescriptions and management of forage seeding in 
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Fig. 4. The effect of smooth bromegrass (Bromw inermis Leys.), orchardgrass tJlacfy& glometi L.), and alsike clover (ZkifoZium hybridurn L.) on the 
cumulative mortality of planted lodgepole pine (Pinus contortu var. hrifolia Engebn.) seedlings (%) at ma Lake, British Columbia, 1992. Vertical 
lines indicate the SE. 

British Columbia should be based on cover, density and height of the 
established vegetation; traditional assessments based on the seeding 
rate by mass are inadequate to interpret interactions with regenerating 
trees. 

This experiment, conducted without grazing, has reinforced the 
findings of Clark and McLean (1979) that native and seeded vegeta- 
tion have the potential to reduce the early growth and survival of 
lodgepole pine. Controlled grazing during the establishment of lodge- 
pole pine and surrounding vegetation, therefore, had the potential to 
migrate negative growth responses in the lodgepole pine, and the 
practice of deferring grazing during this period should be reconsid- 
ered. 
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Abstract 
Microwave radar is a potentially useful tool for monitoring the 
condition of the rangeland. A study was conducted in a mixed 
prairie community at the Agriculture Canada Research 
Substation at Onefour, Alberta in 1991 to examine the effects of 
historical management on synthetic aperture radar (SAR) data 
obtained from 2 aircraft flights, 24 May 1991 and 1 August 1991. 
Ground-truthing expeditions were conducted on the same days to 
obtain estimates of vegetation amounts, species distribution and 
soil moisture. A former grazing experiment established in 1955 
and abandoned 20 years ago enabled comparison of 3 grazing 
treatments, continuous, rotation and free choice superimposed on 
native range, crested wheatgrass (Agropyron cristutum (L.) 
Gaertn.) and Russian wildrye (Hymusjunceus Fish.). The ground 
data and imagery were integrated in a Geographic Resource 
Analysis Support System (GRASS). Fields that had been cultivat- 
ed and seeded to Russian wildrye had higher radar backscatter 
than native range. The radar bachscatter from crested wheatgrass 
fields was similar to native range in May but higher than native 
range in August. Radar backscatter was positively correlated with 
number of years since seeding with Russian wildrye. Generally 
there was little difference in radar bachscatter with grazing treat- 
ment. Correlation analyses between radar digital number extract- 
ed from the ground truth sites and vegetation and soil parameters 
revealed, dependiig upon swath mode, signifkant relationships 
between radar bachscatter and the amount of certain grass 
species, radar bachscatter and canopy moisture, and radar 
bachscatter and soil moisture in May. A significant negative cor- 
relation was observed between radar backscatter from the August 
images, in both swath modes, and percent ground cover. The re- 
sults of this study indicated a role for SAR imagery in evaluating 
range characteristics. 

Key Words: radar backscatter, seeding, Russian wildrye, crested wheat- 
grass, canopy moisture 

The mixed prairie ecoregion of the Northern Great Plains in Canada 
occupies an area of 24 M ha (Willms and Jefferson, 1993). Monitoring 
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this vast resource by conventional methods is both time consuming 
and labour intensive. Remote sensing offers a potentially attractive al- 
ternative for assessing rangeland condition and productivity. A good 
relationship exists between range productivity and LANDSAT MSS 
visible and infrared (VIR) data (Brown et al., 1983). However, the oc- 
currence of few cloud free days even in semi-arid regions reduces the 
potential for monitoring rangelands using multi-temporal visible and 
infrared data. Over Western Canada the chance of obtaining a LAND- 
SAT image with less than 20% cloud cover is only 29% (Brown et al., 
1984). 

The cloud penetrating properties of microwaves permit the use of 
satellite radar in all weather conditions and enable acquisition of 
strategic date imagery and multi-temporal data on a reliable basis. 
These properties together with the greater availability of data from the 
European Remote Sensing Satellite (ERS-1) and the Japanese Earth 
Resources Satellite (JBRS-1). which were launched recently, and the 
Canadian Space Agency RADARSAT which is due to be launched in 
1995, has stimulated interest in the use of this technology for agricul- 
tural monitoring (Brown et al., 1993). The assessment of synthetic 
aperture radar data from an agricultural perspective is necessary in the 
development of methods and techniques which will maximize the ex- 
traction of crop and soil information. Airborne synthetic aperture 
radar, hereafter referred to as airborne radar, provides a tool for in- 
creasing our understanding of the potential of satellite radar data for 
monitoring ground vegetation. 

Radar backscatter, the microwave energy reflected back to the radar 
sensor, is primarily influenced by the dielectric constant and surface 
roughness of the target. As the dielectric constant of water (- 80) is 
much greater than that of dry vegetation or soil (- 3 to 5) a small 
change in moisture content of either vegetation or soil causes a large 
change in the dielectric properties. The volumetric water content of 
vegetative canopies (Brakke et al., 1981, Major et al., 199la) and soils 
(Dobson and Ulaby, 1986) therefore influences radar backscatter. On 
the tallgrass prairie in Kansas, Martin et al. (1989) found that C-band 
(4.75 GHz, 63 mm wavelength) radar backscatter was influenced by 
green live vegetation as opposed to senescent vegetation which is 
consistent with moisture being a driving factor. 

Target roughness can also influence radar backscatter. Smooth sur- 
faces scatter little or no radar energy while rough surfaces scatter 
more. Major et al. (1991b) found that tillage increased soil roughness 
and radar backscatter; the effects being more evident in C- than Ku- 
or L-band. C-band is microwave energy of wavelength 3.8 to 7.5 cm 
while the Ku- and L-band have microwave energies of 1.7 to 2.4 cm 
and 15 to 30 cm, respectively. Incidence angles of 5-10” can minimize 
the effects of target roughness, however, most radar systems function 
at incidence angles much greater than these. 

This study was conducted to further document the use of C-band 
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airborne radar for assessing rangeland condition. C-band was chosen 
because RADARSAT will carry a C-band HH polarisation radar. HH 
polarisation means the radar signal is transmitted and received in the 
horizontal plane. Application and analysis of radar data in agriculture 
is still in a relatively early stage of development and the characteris- 
tics of agriculturally relevant factors that determine radar reflectivity 
remain to be elucidated. Thus, ground data were collected at the same 
time as the airborne radar data to assist in determination of the vege- 
tation and soil factors or characteristics which influence radar 
backscatter. 

Table 1. Radar operating geometry for Canada Centre for Remote Sensing 
C-band airborne synthetic aperture radar. 

Mode 
Resolutiont Incidence Swath 

Azimuth Ranae angle width 

-On)- (O) (W 
Nadir 6 6 o-74 22 
Narrow 6 6 45-85 18 

‘Range resolution is in the direction perpendicular to the line of flight and azimuth 
resolution is in the. same direction as the line of flight. 

Materials and Methods 

Site Description 

across the station. The major difference between nadir and narrow 
swath modes is the incidence angle with nadir going from 0 to 74’ and 
narrow going from 45 to 85”. 

The study was conducted in 1991 at the Agriculture Canada 
Research Substation at Onefour, Alberta (Lat. 49”, 0 to ll’N, Long. 
IlO’, 20 to 33W, elevation 920 m) (Figure 1). The region is mostly 
flat to gently rolling but, in places, is deeply cut by river valleys that 
are dry most of the year. Drainage is largely into sloughs, although the 
local drainage basin is a part of the Milk River system, which flows 
into the Missouri River in Montana. 

The soils of the area are mainly light loams. The profile is associat- 
ed with the residual rock formations which, in this case, are princi- 
pally Bearspaw and Belly River shales. Practically all of the area has 
a solonized profile, with characteristic eroded pits due to the patchy 
removal of the A or surface horizon. These eroded pits may or may not 
support vegetation. The exposed Bt horizon is usually dark in color 
and very hard which prevents or limits water penetration into the soil. 

Four images were processed, a nadir and a narrow mode image for 
each of the 2 dates. The synthetic aperture radar data were processed 
at the Agriculture Canada Research Station using the Landsat Digital 
Imaging Analysis System (LDIAS). A 5 x 5 median filter which re- 
duces speckle but preserves image integrity (Hutton and Brown, 
1989) was performed on each image prior to importing them into the 
Geographical Resources Analysis Support System (GRASS). Each 
image was registered separately to the map indicating roads and 
fences illustrated in Figure 1. The resolution specified for the GRASS 
raster map containing the image was maintained at 6 m. 

The image data were not calibrated for each date so the absolute 
digital number and tones of the imagery cannot be compared. 
Calibration allows one to compare digital numbers between 2 dates or 

The climate of the region is characterized by low precipitation, a 
high rate of evaporation, great extremes of temperature, frequent high 
winds, and abundant sunshine. The average total annual precipitation 
is about 280 mm and the precipitation to evaporation ratio is about 
0.35 (Hubbard and Smoliak, 1953). This is the principal climatic fac- 
tor limiting plant growth. The average annual snowfall of 85 cm may 
appear relatively high, but much of it is not normally available for 
plant growth because the many warm chinook winds sublimate it be- 
fore it can enter the soil. 

The area is representative of the Stipu-Bouteloua community in the 
mixed prairie ecosystem described by Coupland (1961). Needle-and- 
thread (Stipa comutu Trin. & Rupr.) and blue grama grass (Boureloua 
gracilis (H.B.K.) Lag. ex Steud) are the dominant species. Other im- 
portant grasses include western wheatgrass (Agmpyron smithii 
Rydb.), Junegrass (Koeleria cristuta (L.) Pets.) and Sandberg’s blue- 
grass (Pea sundbergii Vasey). Sedges (Curex stenophyllu Wahl and C. 
jilfilifoliu NM.) are common. Common forbs include pasture sage 
(Artemisiu frigida Willd.), dwarf phlox (Phlox hoodii Richards.), 
broom weed (Gutierretiu diversifoliu sarothrae (F’ursh) Briti. & 
Rusby), winter fat (Eurotiu lunutu (Pursh) Moa.), salt sage (Atriplex 
nuttullii S. Wats.) and hoary sage brush (Artemisia cum Pursh). 
Cactus (Opuntiu polyucunthu Haw.) is locally common. Little club 
moss (Seluginellu densu Rybd.) is abundant throughout. The average 
annual dry matter production of this Stipu-Boutelouu community, over 
a 50 year period, has been estimated at 388 kg/ha (Smoliak, 1968). 
Since 1928 many of the pastures have been plowed and seeded to 
crested wheatgrass or Russian wildrye. 

1s 

Synthetic Aperture Radar Acquisition and Processing 
On 24 May 1991 and 1 August 1991, SAR C-band data were ob- 

tained using the Canada Centre for Remote Sensing (CCRS) Convair 
580 (Livingstone et al., 1987). The frequency and wavelength of the 
C-band radar were 5.30 GHz and 5.66 cm, respectively. The radar da- 
ta were collected in HH polarisation and in both the nadir and narrow 
swath modes (Table 1) to provide multi-parameter data sets 

Fig. 1. Map of the Agriculture Canada Substation at Onefour, AB indi- 
cating field boundaries and numbers which correspond to ‘Lgble 1 and 
sample sites. 
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sensors (relative calibration) or to relate digital number to a physical to determine the effects of seeding, the effects of plant community and 
parameter of absolute radar backscatter. Calibration of airborne radar, the effects of soil and vegetation characteristics. 
a difftcult and time-consuming problem, is described by Freeman 
(1992). Relative comparisons among selected targets are., however, Effects Of seedmg 
valid. The data in this study were analyzed in 3 different components The mean digital number was extracted for each of 49 fields from 

Table 2. Listing of fields used for radar backscatter analysis showing seeded grass, year of seeding and area. 

Field Vegetation Year Size Nadir 
Mav Atmust 

Nsrrow Nildii Narrow 

a’ HeadquarterS 5.1 73.3 98.7 60.7 113.5 

70’ Grazing experiment 121.0 82.2 100.8 83.3 102.4 
13 Native range 119.6 71.8 96.7 73.1 83.9 
24 Native range 52.9 76.3 100.0 78.5 98.3 
28 Native range 288.8 68.1 93.9 84.0 98.6 
31 Native range 145.2 71.5 97.3 75.7 88.3 
34 Native range 306.7 65.0 93.4 80.7 94.9 
36 Native range 69.7 69.9 102.8 74.5 86.9 
44 Native range 171.7 68.2 98.5 82.8 101.3 
56 Native range 169.6 70.5 92.9 75.4 93.4 

20 Crested wheatgrass 
46 Crested wheatgrass 
55 Crested wheatgrass 
53 Crested wheatgrass 
47 Crested wheatgrass 
48 Crested wheatgmss 
38 Crusted wheatgtass 
66 Crested wheatgrass 
50 Crested wheatgmss 
51 Crested wheatgrass 
52 Crusted wheatgrass 
54 Crested wheatgrass 
25 Crusted wheatgrass 
63 Russian wildtye 
42 Russian wildrye 
57 Russian wildtye 
60 Russian wildtye 
40 Russian wildrye 
26 Russian wildtye 
9 Russian wildtye 
75 Russian wildtye 
61 Russian wildrye 
76 Russian wildtye 
62 Russian wildrye 
77 Russian wildtye 
18 Russian wildrye 
78 Russian wildtye 
64 Russian wildtye 
79 Russian wildrye 
49 Russian wildtye 
19 Russian wildtye 
15 Russian wildrye 
41 Russian wildtye 
43 Russian wildrye 
35 Russian wildrye 
58 Russian wildtye 
10 Russian wildtye 
12 Russian wildrye 
14 Russian wildtye 
65 Russian wildrye 

1928 3.7 55.7 79.4 62.6 72.6 
1930 13.6 86.0 124.7 90.2 118.4 
1932 10.9 69.4 99.6 88.6 117.3 
1937 11.5 101.5 136.1 120.5 135.8 
1938 5.2 79.2 107.9 90.2 114.4 
1938 7.6 65.0 93.3 84.6 96.3 
1940 29.6 62.7 88.0 94.9 95.8 
1948 24.7 68.3 95.4 83.8 92.9 
1950 11.3 68.9 89.7 74.7 87.4 
1950 20.0 72.6 98.0 80.6 95.0 
1950 64.8 87.3 117.9 112.2 122.8 
1950 18.1 75.0 102.6 73.9 91.8 
1961 21.1 69.2 92.8 84.9 115.8 
1952 25.8 97.6 130.9 105.2 134.8 
1956 19.6 82.3 108.6 109.3 119.8 
1959 27.1 81.3 107.5 99.7 115.4 
1959 15.2 85.1 115.9 101.2 120.3 
1960 55.8 70.0 93.7 98.8 106.6 
1960 97.7 82.2 111.1 98.2 128.0 
1961 25.6 93.0 127.4 70.8 130.8 
1961 92.8 73.3 100.9 87.0 110.0 
1962 18.0 84.0 115.4 97.0 111.9 
1962 109.3 87.6 118.3 83.0 107.4 
1963 34.6 89.2 121.1 101.7 123.7 
1963 93.2 79.8 111.9 84.7 106.9 
1964 9.3 68.0 98.3 88.9 103.9 
1964 101.3 73.2 105.9 85.1 100.6 
1965 97.4 85.9 115.3 92.3 110.8 
1965 92.8 72.8 101.1 83.8 101.6 
1966 385.0 78.3 107.5 85.4 104.8 
1967 456.6 69.1 102.0 75.3 89.6 
1968 39.0 67.8 97.6 71.4 83.9 
1968 41.3 74.2 111.3 96.2 112.0 
1968 16.9 78.2 116.8 93.7 130.6 
1970 154.1 69.2 101.4 82.9 95.4 
‘1970 51.0 85.6 115.5 104.7 119.5 
1971 66.4 72.9 105.3 79.4 110.4 
1974 206.3 75.9 105.9 86.2 96.7 
1974 105.3 75.0 108.3 85.1 95.2 
1974 168.2 84.2 112.6 93.4 110.9 
1975 155.7 74.7 105.8 93.8 113.7 29 Russian wildtye 

(ha) _______________ Digital num&p____- _________ 

‘Not used in regression analysis. 
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‘Ihble 3. Radar backscatter intensities for fields containing native range, 
Russian wildrye and crested wheatgrass from May and August C-band 
airborne radar images and for 2 modes, nadir and narrow swath. 

Veeetation 

Date 
MavAueust 

Narrow Nadir Narrow Nadir 

Native range 96.9 
Crested wheatgrass 103.8 
Russian wildrye 109.7 

Digital number 
70.1 93.2 78.1 
75.4 107.0 89.9 
78.8 110.5 90.6 

each of the 4 images. The airborne radar image did not cover all of 
fields l-11, 68 and 71-74 shown in Figure 1 and thus they were ex- 
cluded from the analysis. The fields were summa&d according to 
species to which they had been seeded or date of seeding and the dig- 
ital numbers compared with several fields of native range. 

Effects of plant community 
Radar digital numbers were extracted for each plot from a study es- 

tablished in 1954 to evaluate 3 methods of grazing on 3 vegetation 
types, native range, Russian wildrye and crested wheatgrass (Smoliak, 
1968). The study had 3 replications for a total of 27 plots. The graz- 
ing systems were (i) season-long over a 6 month period, (ii) free 
choice, in which the animals could choose Russian wildrye, crested 
wheatgrass or native range, and (iii) rotation, in which the 3 vegeta- 
tion types were fenced and grazed in rotation. In the rotation, crested 
wheatgrass was grazed in the spring for about 2 months, native range 
during the summer for about 1.5 months and Russian wildrye in the 
fall for 2.5 months. Data were subjected to analyses of variance. 

Effect of soil and vegetation characteristics 
Radar digital numbers from each of the 4 images at each of the 

ground-truth sample sites were extracted. The extracted data were 
subjected to a series of correlation analyses to determine the influence 
of vegetation and soil factors on radar backscatter. 

Ground Data 
Ground information, including 35 mm photographs, was collected 

at each of 19 sites, designated by the solid diamonds in Figure 1, on 
the same days as the airborne radar flights. The sites, which were ap- 
proximately 4 ha, were selected to represent the range of different soil 
and vegetation found on the substation. 

The percentage vegetation cover represented by 13 principal plant 
species was estimated. The species were grouped into native grasses 
(needle-and-thread, western wheatgrass, blue grama, Junegrass, and 
Sandberg’s bluegrass), tame grasses (Russian wildrye and crested 
wheatgrass), sedges, palatable forbs (winterfat), unpalatable forbs 
(pasture sage) and other species (cactus, wild rose and wild onion). 
The value recorded for each species was an estimate of its percent 
ground cover. 

At each site, five 0.25 m2 samples were clipped and sealed in a plas- 
tic bag for dry biomass determination. Samples were weighed and 
oven-dried at 70” C to constant weight. Moisture content of the 
canopy was calculated from the wet and dry weights. 

Soil moisture was measured at each site with a Trase (Soil Moisture 
Equipment Corp., Santa Barbara, CA) time domain reflectometry in- 
strument developed on the principles described by Topp et al. (1980). 
In this study, U-cm probes were used. 

On 9 March 1992 and 22 June 1992 surface roughness of selected 
fields was measured using a truck-mounted device consisting of a 
small pneumatic wheel (1 l-cm radius) on a 75 cm arm mounted on a 
frame. As the truck moved across the site and the wheel moved verti- 
cally with the micro-terrain, the displacement was measured by a po- 
tentiometer. A linear relationship existed between potentiometer volt- 
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A Nadir mode- 
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0 8 16 24 32 40 

Years since reseeding 

Fig. 2. The rrlationsbip between C-band EFl radar backscatter and years 
since seeding to Russian wildrye (ON = 94.40+0.61*years r’ = 052 for 
May narrow mode, DN - 64.79+57*years r’ - 0.49 for May nadir mode, 
DN - 88.77 + OS*years P = 0.49 for August nadir mode, DN - 74.37 + 
0.62*yems P = 0.34 for August narrow mode). 

age and displacement height of the wheel. About 200 measurements 
were taken and the mean displacement height and the root mean 
square (rms) height calculated for each site. 

Results and Discussion 

In this study we concentrated on vegetation differences of fields and 
paddocks uniform in elevation and soil. The year and species of seed- 
ing, the area and radar digital number are shown in Table 2. On 24 
May 1991, average soil moisture content was higher (15%) than on 1 
August (8%). The first airborne radar flight was scheduled to coincide 
with maximum live vegetation and the second flight with the cessa- 
tion of growth. However, 1991 was a wet year and there was still some 
green vegetation on 1 August. There was considerably more. senesced 
vegetation than in May. 

Effects of seeding 
Summarizing radar digital number according to vegetation allowed 

comparisons of the radar backscatter from a total of 49 fields (Table 
2). Russian wildrye had consistently higher digital number than native 
range (Table 3). The digital numbers for crested wheatgrass were in- 
termediate between native range and Russian wildrye in the May im- 
ages and similar to those for Russian wildrye in the August images. 

Thirty-six fields were seeded between 1928 and 1975 and radar 
backscatter increased with time elapsed since seeding for the 2 SAR 
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Table 4. Analysis of variance using radar digital number extracted from a 
former grazing experiment containing 3 grazing rotations and 3 vege- 
tation types replicated 3 times showing mean squares as well as root 
mean square erron (r.m.s.e.) and coefficients of variation (c.v. in per- 
cent). 

-Aueust 
Source of Degrees of 
variation freedom Nadir Narrow Nadir Narrow 

Replication 2 85.10** 129.32** 9.24 289.75** 

Rotation (R) 2 10.79 36.80** 25.30 23.80 

Vegetation (V) 2 37.40** 63.70** 266.97** 74.10** 
RxV 4 2.43 3.10 4.00 12.09 
Error 16 3.85 5.95 10.50 19.86 

of variance (ANOVA). The ANOVA results for each of the dates and 
modes were essentially the same (Table 4). In all 4 ANOVA. digital 
number significantly differed with vegetation. Radar backscatter from 
Russian wildrye was higher than that for native range or crested 
wheatgrass (Table 5). The backscatter for crested wheatgrass was sim- 
ilar to that for native range in the narrow swath but less than and 
greater than native range in the May and August nadir mode, respec- 
tively, Although visually there was an obvious transition from native 
range to crested wheatgrass, it was not evident in the digital number 
extracted from all images. In the areas seeded to Russian wildrye, the 
soil between the rows was badly eroded; consequently these plots 
have a rougher surface topography and had higher backscatter than 
those in native range. 

C.V. 
cm.s.e. 

**FCo.05. 

3.27 2.44 3.83 4.33 
2.88 2.44 3.24 4.46 

Only in the May narrow mode was any difference detected between 
the 3 rotation treatments. The rms error and the coefficients of varla- 
tion of the ANOVA were low suggesting good capabilities for dis- 
criminating differences. 

dates and modes (Table 2). However, for crested wheatgrass this rela- 
tionship was not statistically significant (m.05). The variability in 
the digital number of crested wheatgrass with year from seeding may 
be due, in part, to some fields being located in apparently saline areas 
and giving a radar backscatter that responded to a modified dielectric 
constant. The crested wheatgrass field with the highest digital number 
(53) had a shrub windbreak along the western border of the field 
which would have contributed to the elevated backscatter. In contrast 
to crested wheatgrass, at both dates and in both swath modes, a sig- 
nificant positive relationship was found between the radar digital 
number of Russian wildrye fields and years since seeding (Figure 2). 
The expectation was that the seeded fields would revert back to native 
range after a number of years and that the radar backscatter would, 
therefore, return to values similar to those for native range. visual ob- 
servation indicated that native species, such as blue grama, had not re- 
colonized fields except in isolated patches where establishment of 
seeded species may have failed. However, crested wheatgrass was 
able to colonize areas between the original rows therefore creating a 
more uniform microtopography. The differential in radar backscatter 
observed between crested wheatgrass and native range probably re- 
flects the greater above-ground biomass production by the seeded 
species. 

Preliminary surface roughness measurements revealed a weak pos- 
itive relationship between radar backscatter and root mean square 
height. The ground measurements were taken in the year following 
image acquisition and although it is unlikely that surface roughness 
changed substantially during this time, further study is required to de- 
termine the extent of the seeding-induced erosion phenomenon and 
whether current revegetation recommendations are appropriate for the 
mixed prairie. 

Effect of soil and vegetation characteristics 
The ground data from each date (Tables 6 and 7) were compared to 

the radar digital number extracted from the corresponding radar image 
in the narrow and nadir swath modes. With respect to the May data, 
radar digital number from the narrow swath mode image was posi- 
tively related to the moisture content of the plant canopy (d.612). 
The observation that radar backscatter increased with increasing wa- 
ter content of the canopy is consistent with the findings of Brakke et 
al. (1981) and Major et al. (1991a). In the nadir swath mode, radar 
digital number was positively and significantly related to gravimetric 
soil moisture (eO.767). The influence of soil moisture on radar 
backscatter has been reported previously (Brisco et al., 1991). In both 
modes greater correlations would probably have existed between a 
combination of volumetric soil and canopy moisture and radar digital 
number (Major et al., 1993), but in the absence of height data canopy 
moisture could only be calculated on a per area basis. 

In the May narrow swath mode, radar digital number increased as 
the percentage of needle-and-thread and blue grama increased (r=- 
0.63 and 1=-0&t, respectively). Thus, backscatter decreased with an 
increase in the dominant native species which is consistent with the 
lower backscatter for the native range discussed previously. 
Conversely, as Sandberg’s bluegrass, forbs and shrubs increased so 
did radar digital number in the May narrow swath mode (&X%,0.78 
and 0.56, respectively). In the nadir mode only the amount of western 
wheatgrass present influenced radar digital number (d.66). Analysis 
of the data for August showed that as ground cover decreased radar 
digital number increased (~-0.56 and -0.52 respectively for the nar- 
row and nadir modes). No significant relationship was found between 
soil moisture and radar backscatter in August. 

In summary, the ground data indicated that in May, but not August, 
radar backscatter in the narrow mode was related to plant characteris- 

‘Ihe steadily increasing radar backscatter with time since seeding 
suggests that revegetation is not the only factor altering the landscape. 
Examination of the Russian wildrye fields showed that, over the 
years, the soil between the rows has eroded leaving the crowns of the 
plants slightly elevated. In contrast, the surface in native range areas 
is uniformly smooth, with club moss and other species providing al- 
most complete ground cover. Compared with Russian wildrye, crest- 
ed wheatgrass fields also appear smoother. 

‘Lgble 5. Radar digital numbers from 4 images combining May and August 
dates and narrow swath and nadir modes, for a grazing experiment uti- 
lizing 3 grazing systems and 3 vegetation types at Onefour AB. 

Qegetatlon Native Crested Russum 
Date/Mode range wheatgrass wildrye 

Digital number 
May 

Effect of plant community 
The grazing experiment ended in 1974 and the fences separating 

plots were removed in 1977 but the experiment and its associated 
treatments were still apparent in the various airborne radar images, es- 
pecially in the August nadir mode (Figure 3). The radar digital num- 
bers for each of the 27 plots were extracted and subjected to analyses 

Nadir 
Narrow 

August 
Nadir 
Narrow 

82.4a 79.Ob 82.8a 
99.3b 97.5b 102.8a 

79.6c 83.3b 90.3a 
100.7b lOl.7b 106.la 
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1 13 76.56 57.92 t6.W 8 6 2 1 1 t3 
2 12 82.34 92.32 12.78 I 2 I 1 LO 3 
3 2 SO.56 43.92 56 1 6 2 3 6 

4 2 20.00 16.88 23 4 6 5 0 5 2 34.26 26.80 20 I 3 6 0 : 
0 3 
0 3 

6 2 19.19 23.04 19.82 I4 tt 8 5 
7 2 22.33 22.88 21.30 16 13 6 4 
8 68 102.70 90.30 28.89 0 86 0 0 
9 68 54.84 49.76 12.44 79 5 2 1 
10 68 79.64 40.56 11.77 79 I 2 5 
II 28 47.68 41.20 15.00 59 3 4 3 
12 29 58.16 97.12 12.00 16 3 I 6 
13 29 76.10 106.80 16.M) 2 53 1 2 
14 39 93.24 LOS.36 15.47 0 56 0 0 
t5 42 109.96 87.92 21.28 0 2 0 0 
16 49 t07.56 106.48 L3.81 36 3 0 1 
17 23 63.92 56.40 10.32 22 18 t7 2 
18 26 298.36 186.72 _ 4 8 0 6 
19 73 78.84 60.00 11.46 27 t4 15 14 
NT = “ccd,c-and-lhn@d. WG = wcrtcm whcatgrars. 90 = blue grama. ,G = Jwlsgrane. SB = Sandberg’S bluegrass. 
SD = sedges. PS = paSNrr sage. RW = tlvssian WildryC. cw = erertcd wheatgram. 

5 0 
2 0 
0 2 
0 2 
3 3 
0 4 

27 0 
0 0 
0 1 
0 18 
0 4 
3 t3 

0 0 
19 64 

3 0 
2 0 
4 0 
4 1 
9 0 
0 0 
5 0 
6 0 
3 0 

14 24 
3 18 
0 0 

2; 76 
5 41 
3 0 
9 11 
9 0 

90.6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 

48 
0 

62.0 
71.0 
56.0 
49.0 
63.0 
68.0 
50.0 
87.0 
74.6 
65.0 
50.0 
68.0 
57.0 
53.0 
55.0 
87.0 
83.0 
87.0 

tics while that in the nadir mode was related to soil characteristics. rangeland vegetation. Radar was valuable in differentiating vegetation 
The date and mode of acquisition therefore influences the type of in- types, the extent of the differentiation being dependent upon the tim- 
fommtion acquired on an airborne radar image. ing of and the mode of data acquisition. Data acquired in May were 

Conclusions 
more readily related to measurable ground features. Tbe information 
acquired in the narrow mode primarily reflected plant characteristics 

This study demonstrated that radar backscatter was influenced by while that obtained in the nadir mode primarily reflected soil charac- 

Fig. 3. A C-B& nadir mode airborne synthetic aperture radar image of the Agriculture Canada Substation at Onefour, AR acquired 00 1 Aug. 1991. 
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‘lbble 7. Vegetation composition of major species (%), biomass and moisture, soil moisture and ground cover at the19 ground sites on 1 August 1991. 

Plant Plant SOlI Ground 
Site Field dry weight moisture moisture NT WG BG JG SB SD PS RW CW cover 

(p/m*) (p/m*) (96) --- % composition - 
1 13 50.44 28.84 4.62 59 1 3 2 0 2 
2 12 
3 2 
4 2 
5 2 
6 2 
7 2 
8 68 
9 68 
10 68 
11 28 
12 29 
13 29 
14 39 
15 42 
16 
17 z 
18 26 
19 73 

74.88 
141.50 
47.58 
87.75 
58.28 
92.74 

106.56 
57.27 
47.40 
64.12 
80.55 
73.41 
82.68 

145.12 
87.34 

111.54 
53.92 

150.49 

27.44 
68.49 
25.93 
37.52 
46.59 
55.09 
78.79 
26.80 
25.39 
39.64 
40.56 
37.62 
33.80 
43.35 

Z:? 
20.87 
59.10 

7.02 3 3 0 2 0 
9.10 36 2 11 13 0 
7.50 25 3 21 15 0 
9.64 27 13 10 11 0 

10.92 36 9 13 12 0 
8.00 37 12 10 7 0 
6.34 0 85 0 0 4 
6.40 62 1 2 4 0 
6.04 63 1 5 2 1 
9.62 6 11 43 2 0 
7.76 18 9 11 1 2 

10.08 0 14 1 2 4 

6:98 
23 23 I 0 0 

3 2 1 0 0 
11.10 
5.02 660 ! 1: !: : 

0 
6 
5 
4 
5 
4 
0 
2 
1 
2 
2 
5 
0 
0 

1: 
5.70 29 5 0 4 0 1 
4.80 40 9 28 0 0 28 

33 0 0 
26 57 9 
25 0 0 
20 0 0 
18 0 0 
25 1 0 
25 0 0 
0 0 0 

15 0 0 
10 0 0 
6 0 0 
7 0 0 
7 25 0 

40 1 0 
11 83 0 

t 
88 
0 ; 

5 0 56 
1 0 0 

(%I 
93.0 
50.0 
25.0 
17.0 
25.0 
5.0 
2.0 

50.0 
90.0 
86.0 
67.0 
44.0 
46.0 
51.0 
72.0 

%Z 
82.0 
74.0 

teristics. The striking relationship between radar backscatter and the 
number of years since seeding in the case of Russian wildrye requires 
further study to determine when and if this pattern reverses. If surface 
conditions are still changing after more than 60 years, range managers 
should be aware of this. The detection of year to year differences in 
range condition are unlikely because changes in range condition occur 
over a long period. 
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Individual variation of in vitro dry matter 
ty in moose 
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digestibili- 
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Riaiiarhyttan, Sweden 

Abstract 
The in vitro technique for estimating relative digestion rates in ru- 
mlnants on various forages has created conflicting results in a 
number of investigations. Some studies show both inter- and in- 
traspecific variation in the ability of inocula to digest the same 
substrate, while the results of other studies do not verify thii po- 
tential source of error. This study was designed to compare varla- 
tion in in vitro dry matter digestibility (IVDMD) using inocula 
from 8 different moose. Further, samples were taken from 3 dii- 
ferent parts of the rumen, cranial sac, ventral sac, and ventral 
blind sac, in order to look for potential variation in inoculum 
quality within the rumen. The moose were collected on 3 consec- 
utive days in October 1990. Current year growth of Scats pine 
(pinus sylvestris L.) collected immediately before the experiment 
was used as substrate. The results showed considerable differ- 
ences between inocula from different animals in digestion of the 
substrate. Sex or age of lnoculum donor did not account for the 
variability, and site of origin from within the rumen had a signif- 
icant impact on IVDMD only in 1 animal. A botanical analysis of 
the rumen contents from the moose showed considerably varia- 
tion in the proportion of pine and dwarf shrubs (Ericuceoe), the 
main food types consumed. These feeding differences were not re- 
flected in the IVDMD results. 

Key Words: in vitro dry matter digestibility (IVDMD), moose, 
Scats pine, (pinus sylveshis L.) 

The in vitro rumen fermentation technique is a widely used tool for 
measuring nutritional value of forages in domestic ruminants. Much 
attention has been given to the possible sources of error. Differences 
in digestibility of the same substrate when inocula were taken from 
different ruminant species have been found in some studies (Horton et 
al. 1980, Blankenship et al. 1982, Clary et al. 1988). while in other 
studies such variation has not been observed (Welch et al. 1983, 
Brooks and Umess 1984, Striby et al. 1987). In addition, several 
workers have shown differences in digestibility even between indi- 
viduals of the same ruminant species (Church and Petersen 1960, 
Bezeau 1965, Nelson et al. 1972). As a possible explanation for the 
variation in digestibility it has been suggested that there are differ- 
ences in the ruminal bacterial flora due to feed type. It is recommend- 
ed that one use inocula from more than one donor animal combined 
with a standard reference forage as a correction factor (Clary et al. 
1988). 

ln wildlife research, the in vitro technique is of special importance 
due to the difficulty in performing in vivo digestion studies. Even 
here, conflicting results are reported concerning inter- and intraspe- 
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chic variation in digestibility when inocula from donor animals such 
as white-tailed deer (Odocoileus virginianus) (Robbins et al. 1975, 
Palmer et al. 1976, Campa et al. 1984), wapiti (Cervus elaphus) (Ward 
1971, Brooks and Umess 1984), and mule deer (Oabcoileus hemionus 
hetnionus) (Striby et al. 1987) have been used. Cederlund and 
Nystriim (198 1) using in vitro trials showed that moose (Alces alces) 
and roe deer (Capreolus capreolus), occupying the same habitat, had 
consistent differences in digestibility during both summer and winter. 

Earlier unpublished in vitro dry matter digestibility (IVDMD) stud- 
ies at Grimso Wildlife Research Station showed conflicting results not 
attributable to methodological error. Therefore we designed a set of in 
vitro trials with moose to test for variations related to the role of donor 
animal and the collection site for inoculum within the rumen. Our in- 
tentions were to minimize eventual effects of season and forage sub- 
strate. 

Materials and Methods 

There are a variety of modifications of the original in vitro method 
described by Tilley and Terry (1963), e.g. the amount of substrate 
used, the ratio between buffer solution and inoculum, and length of di- 
gestion period. Our method was originally developed at the Swedish 
University of Agricultural Sciences for energy determinations in grass 
hay by den Braver and Eriksson (1967), and has been frequently used 
in Sweden. It includes incubation of 0.5 g test substrate with 1 ml of 
mmen fluid and 50 ml of buffer solution for 96 hours. Since such a 
small amount of rumen fluid is used it is not necessary to correct for 
the constituent amount of organic matter. The pepsin-hydrochloric di- 
gestion part of the Tilley and Terry method is excluded since the 
longer incubation times gives comparable or even better results (den 
Braver and Eriksson 1967). The procedure has also been adopted at 
Grimsii for studies on the digestibility of browse in moose and roe 
deer (Cederlund and Nystriim 1981). 

Rumen inocula were taken from each of 8 moose shot during 1 of 3 
consecutive days (19-21 October 1990). at Grimsd Wildlife Research 
Area in southcentral Sweden. We attempted to collect 1 sample each 
from the cranial sac (Atrium ruminis), the ventral sac and the caudo- 
ventral blind sac. Distinct sampling sites within the rumen are difficult 
to define in a shot animal that has fallen to the ground. However, our 
intention was to determine if sampling of inoculum without careful 
mixing of the ruminal contents had any effect on the result. Since we 
do not compare the 3 sampling sites within the rumen between ani- 
mals, a precisely defined sampling site is of minor importance here. 
Rumen material was brought immediately to the laboratory in warmed 
thermos flasks. It was filtered through a cheesecloth and immediately 
placed into the test tubes using a dosage syringe. 

The in vitro substrate consisted of current-year twigs and needles of 
Scats pine (Pinus sylvestris L.) dried and milled through a OS-mm 
sieve. About 0.5 g of this material was weighed (0.0001 g precision) 
into each glass filter tube. The buffer solution (den Braver and 
Ericsson 1967), was saturated for 1 hour in advance with CO* and 
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warmed to 38” C. After 50 ml of buffer and 1 ml of inoculum had been mogeneous coniferous forest dominated by Scats pine and Norway 
added. the tubes were closed with gas valves and kept in a water bath spruce (Picea ubies L.). The deciduous trees, mainly birch and aspen, 
at 38” C. The whole procedure from the time the moose was shot un- are relatively sparse due to intensive forest management favoring 
til the tubes were sealed never exceeded 1 hour. This time interval conifers. Clearcuts are mainly planted with pines which, within a 
probably did not influence the digestion process (Schwartz and Nagy height of 2 to 5 m, dominate the winter food for moose in this area. 
1972). Each of the 3 rumen locations from the 8 moose was replicat- For a more detailed description of the research area see Cederlund et 
ed 4 times. al. (1980) and Cederlund and Nystriim (1981). 

The tests were run for 72 hours during which tubes were lightly 
shaken and swirled by hand once a day. Originally den Braver and 
Eriksson (1967) incubated for 96 hours but investigations at our labo- 
ratory have shown no influence on the digestibility when the time is 
reduced to 72 hours (unpubl. res.). After the digestion period each 
tube was filtered carefully with distilled water and acetone, dried for 
48 hours at 50’ C and weighed (0.0001 g precision). 

Results 

A sample of 500 to 800 ml of rumen contents was taken from 7 
moose for botanical analyses after thorough mixing of the entire ru- 
minal contents. The sample was stored frozen at -24’ C. After thaw- 
ing, the material was rinsed under tap water through a 4-mm sieve. 
Rumen items were identified for assignment to one of the following 
categories: (a) conifers, mainly pine; (b) deciduous browse including 
birch twigs (Betulu pendula Roth, B pubescens Ehrh.), and aspen 
twigs (Populus tremulu L.); (c) dwarf shrubs including heather 
(Culluna vulgar-is L.) and (kccinium spp.); and (d) grass and herbs. 
The identified material was dried for 48 hours at 50” C and weighed 
(0.1 g precision). The results are expressed as percent (%) of dry mat- 
ter in the sample. 

Rumen content analyses showed that moose diets were dominated 
either by pine or dwarf shrubs, while deciduous browse and herbs 
constituted only smaller proportions (Table 1). One exception was fe- 
male calf Number 60 where half the stomach content was pine and al- 
most 15% consisted of deciduous browse. The intake of various food 
types was not related to sex or age of the animal (m.05). 

The 3 inocula samples taken from different parts of the rumen gave 
significantly different digestibilities from only 1 (No. 60) of the stud- 
ied 8 moose (IYl.04). Between individuals the average IVDMD for 
the 3 inocula samples differed significantly (P=O.OOOl) (Table 2). 
This difference could not be explained by their relative intake of 
coniferous browse (r,=O.3) 

Table 2. In vitro dry matter digestibilities (% of dry matter) of Scats pine 
(pinus sylvestris L.) twigs with hmcula taken from 3 different locations 
in the rumens of 8 diierent moose. 

Another sample of the rumen contents was collected in the same 
way as the sample taken for botanical analyses. These samples and a 
fecal sample from each individual moose were taken in order to ex- 
amine some nutritional aspects of the ruminal contents and the undi- 
gested matter. These samples were dried for 1 week at 50” C. After 
drying, the material was ground (0.5 mm) and analyzed with near in- 
frared reflectance (NIR) technique (Inframatic 8100; Perten 
Instruments AB, Huddinge, Sweden). The analyses included nitrogen 
(N), acid detergent fiber (ADF) and lignin. 

The results of the in vitro digestion of pine substrate were tested 
with one-factor ANOVA analyses. The Spearman rank correlation test 
was used to test for influence of rumen nutrient content on in vitro dry 
matter digestibility (IVDMD). Differences in IVDMD, rumen plant 
composition and nutrient content related to sex or age were tested with 
the Mann-Whitney U-test. 

Moose 
Atrium Caudo-ventral 
ruminis Ventral sac blind sac X 

______________(_~ of total dry matter)___________________ 

55 46.4 44.4 41.2 44.3 
58 50.0 50.2 49.9 50.0 
59 37.5 35.5 37.3 36.7 
60 49.7 44.4 48.7 47.6 
62 45.9 41.0 48.2 45.0 
64 41.1 38.7 38.2 39.3 
65 37.9 40.2 37.0 38.4 
66 49.5 47.2 47.2 48.2 

X 44.8 42.7 43.5 
SD 5.23 4.86 5.58 

Study Area 

The Grimsii Wtldlife Research Area consists mainly of a fairly ho- 

tible 1. Sex and age of individual moose, and the proportion (%) of total 
dry matter of plant material in their rumens separated into main cate- 
gOtieS.’ 

Concentration of nitrogen in the rumen contents was positively re- 
lated (r&).88, Pc.O.1, Table 3), while ADF (rS=-0.62, P&.05) and 
lignin (r,=-0.69, P4.05) were negatively related to IVDMD. There 
was also a negative relationship between lignin concentration of the 
feces and IVDMD (rs=-0.71, P~0.05) while nitrogen and ADF (r,=- 
0.2 and r,=-0.5 respectively) showed no relation to IVDMD. No dif- 
ferences in rumen nutrient concentrations were found that related to 
sex or age of the donor animals. 

Coniferous Deciduous Dwarf Grass, Moose Unid. 
Number Age Sex browse browse shrubs herbs plants 

________________(% of total dry matter)___________ _____ 

55 calf male 18.3 1.0 65.3 
58 yearling female 82.2 0.3 17.5 
59 adult female 10.7 3.3 74.5 
60 calf female 52.0 14.9 28.5 
62 adult male 80.0 3.9 12.5 
64 calf female 70.9 1.3 23.9 
65 adult female 83.0 4.8 9.9 
66 calf male - 

The sample from noose No. 66 was accidentally lost. 

1.9 13.5 
0 0 
4.1 7.4 
0 4.6 
0 3.6 
1.6 2.3 
0 2.3 
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Discussion 

We found marked differences in in vitro dry matter digestibility due 
to inoculum taken from different animals. The range of 35-50% of the 
pine material digested by inoculum is similar to other in vitro studies 
performed at ourlaboratory. and also within the range of variation of 
in vivo results with captive moose (Pehrson unpubl.). 

Although the sample size was small, food species consumed by 
moose in our study seemed to have no influence on the quality of the 
inoculum. The different proportions of the main food types, notably 
pine and Ericaceous dwarf shrubs, were not reflected in the di- 
gestibility figures. Inocula from stomach contents dominated by pine 
showed low as well as high digestibility figures. One possible expla- 



‘able 3. Concentration of nitrogen (N), acid detergent fiber (ADF) and 
lignin (% of dry matter) in rumen contents of the 8 moose. 

Moose N ADF Lignin 

55 
58 
59 
60 
62 
64 
65 
66 

________________(% of total dry ~a~~)____________-_ 

2.51 21.7 15.8 
2.69 21.2 14.0 
2.50 31.9 15.2 
2.58 30.1 15.2 
2.67 25.5 13.9 
2.45 28.1 15.1 
2.52 30.1 15.9 
2.88 28.5 11.9 

nation for this observation may be that pine and the Ericaceous 
species are of similar nutritional value as a substrate for the rumen mi- 
crobes. Logically moose would not jeopardize the functioning of the 
rumen microbes by changing between chemically very different 
plants. Obviously moose do not select food items based on taxonom- 
ic species division but for the chemical characteristics of the plant 
Parts* 

Further, the concentration of different nutrients in the mmens could 
not be related to the proportions of different food species consumed. 
Yet nitrogen related positively to IVDMD, while ADF and lignin 
showed a weak negative relationship to the digestibility results. The 
nitrogen figures probably reflect different concentrations of bacterial 
and plant protein. 

Our results agree with Cederlund and Nystriim (1981) who found 
that organic matter digestibility related positively to nitrogen, and 
negatively to ADF in the plant material they tested with moose and roe 
deer inoculum. In our study neither digestibility nor rumen nutrient 
concentrations differed between animals according to sex or age. 

Only 1 of the 8 investigated moose had significantly different IVD- 
MD from the 3 different sample sites of inoculum. This suggests that 
experimental error is not inflated by sampling rumen contents proper- 
ly from a shot animal. However, our handling of the rumens may have 
induced minor mixing and thus leveled out some potential differences. 
We stress the necessity for careful mixing of rumen contents before 
sampling. On the other hand, one can argue that since there are such 
great differences between individuals, it does not matter if the mmen 
contents are carefully mixed or not. A standard reference material is 
always needed when comparisons are made between different batch- 
es of test material. 

The moose, earlier seen as a large concentrate selector (Hofmann 
1985) has now, due to recent findings, received a position oriented 
somewhere between concentrate selectors and intermediate feeders 
(Hofmann and Nygren 1992). In its basic ruminal structure and func- 
tion moose have many typical features of a concentrate selector. 
Hofmann (1989) considers concentrate selectors to have an almost os- 
cillating feeding cycle when easily digestible forage is available. 
During October and November, Cederlund (1989) showed a pair of 
active and inactive bouts in moose, supposedly corresponding to feed- 
ing and ruminating respectively, to last about 3.5 hours. Our test ani- 
mals were collected during a 3 hour time span between 1100 and 1400 
hours. During such a period the mmen biochemistry could probably 
change more or less in a cyclic way. Thus, our chemical analyses may 
have been influenced by these feeding cycles, even though nitrogen 
concentration was not altered by the time of day when inoculum was 
collected. However, according to Cederlund (1989) individual moose 
could show a dissimilar activity pattern from day to day masking 
eventual polyphasic tendencies. 

Overall this study suggests that differences in IVDMD between in- 
ocula taken from different moose is related to the individual animal 

rather than the type of food consumed, or sex and age criteria. 
Regardless of what factor(s) controls the ability of moose inocula to 
digest plant substrate, there are significant differences between indi- 
viduals. These differences must be taken into consideration when run- 
ning in vitro experiments. A series of tests must include some sort of 
standard reference material that can be used for all separate inoculum 
involved. It also points to the fact that different investigations are dif- 
ficult to properly compare to each other. For wildlife studies the val- 
ue of such analyses best applies to the intentions of the individual lab- 
oratory or research project. 
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Abstract 

Tbis research determined the preliminary response of sandbills 
prairie to spring and summer prescribed burns, and their inter- 
action with bison (Bison b&on) grazing. Changes in species com- 
position and standing crop were determined for paired 
(caged/uncaged) plots established in burned and unburned areas 
during the 1991 and 1992 growing seasons. End of season stand- 
ing crop of both rbiiomatous grasses and bunchgrasses was in- 
creased by spring burning on sands range sites. Summer burning 
did not affect rbiiomatous grass standing crop, but dramatically 
reduced bunchgrass standing crop. On burned areas, bison graz- 
ing reduced bunchgrass standing crop by 5646, while reducing 
rbiiomatous grass standing crop by only 18%. Forbs generally 
appeared unaffected by bison grazing and were affected various- 
ly by burning. The current bunchgrass composition of Nebraska 
Sandbills prairie appears dependent on fii exclusion. With fire, a 
replacement of bunchgrass with rbizomatous grasses may in- 
crease available forage, but also increase the risk of wind erosion, 
particularly on choppy sands range sites. 

Keywords: fire effects, bison grazing, rbiiomatous grass, buncb- 
grass, matrix forb, interstitial forb 

After climate, fm, and large herbivores were the 2 most important 
forces responsible for creating and maintaining the grasslands of the 
Great Plains (Axelrod 1985, Anderson 1990). These 2 forces also had 
an important impact on Nebraska Sandhills prairie (Steuter et al. 
1990). However, the use of fire has not been recommended as a man- 
agement practice for these rangelands. 

In the only published fire-grazing study conducted in the Nebraska 
Sandhills, Bragg (1978) reported that choppy sands range sites burned 
in a May wildfire. and later grazed by cattle, experienced a substantial 
reduction in vegetative cover and biomass compared to areas that 
were only grazed. Vegetative cover was reduced on a burned only area 
during the first post-fire growing season, but increased after 2 grow- 
ing seasons. Forbs were generally reduced by fire and increased by 
grazing. The major rhizomatous grasses sand bluestem (Andropogon 
hallii Hack), and prairie sandreed (Calumovilfa longifolia (Hook.) 
Scribn.), are more tolerant of repeated clipping than the major bunch- 
grass little bluestem (Schizachyrium scopurium (Michx.) Nash) 
(Mullahey et al 1990, Mullahey et al 1991). 

The purpose of this study was to determine the effects of fire and bi- 
son grazing on four groups of Sandhills prairie plants: rhizomatous 
grasses [primarily sand bluestem, prairie sandreed, and switchgrass 
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(Panicurn virgatum L.)], bunchgrasses (primarily little bluestem), ma- 
trix forbs (the dominant rhizomatous species), and interstitial forbs 
(mostly annuals and perennial taprooted species). 

Materials and Methods 

Study Area 
Our study was conducted during the 1991 and 1992 growing sea- 

sons on The Nature Conservancy’s Niobrara Valley Preserve in north- 
central Nebraska. Study sites were located within a 3,000 ha pasture 
that has been grazed by bison since 1986. Wo hundred and fifty adult 
and yearling bison graze the enclosure year round (about 1.0 
AUM/ha/yr stocking rate). Sandhills prairie occupies 90% of the 
study area. The topoededaphic units of these grasslands are identified 
as shallow-to-gravel, sands, and choppy sands range sites, with sands 
ranges sites occupying the majority of the area. The remaining 10% of 
the study area is a combination of riparian wetland-woodland-grass- 
land communities within the valley of the Niobrara River. The grass- 
lands are dominated by perennial, warm season grasses with sand 
bluestem, prairie sandreed, switchgrass, and little bluestem being the 
most common. Forbs, such as western ragweed (Ambrosia 
psilostachyu DC.) and stiff sunflower (Heliunthus rigidus (Cass.) 
Desf.), are common. 

Vegetation sampling was restricted to sands range sites, the most 
abundant and productive of Sandhills upland range sites. Soils were 
Valentine tine sand (mixed, mesic Typic Ustipsamments). Annual pre- 
cipitation was equal to the long-term average (490 mm) in 1991, and 
10% above average (540 mm) in 1992. 

Prescribed burning was initiated within the bison pasture in 1991. 
Approximately 500 ha were burned in 2 prescribed bums in early 
May, and another 100 ha were burned in 2 prescribed fires in late July, 
199 1. All prescribed bums were headfires into downwind fuel breaks 
with relative humidity between 25% and 35%. and winds 9 to 25 
km/hr. Air temperature was 18” C and 26” C, while tine fuel loads 
were approximately 1,500 and 1,200 kg/ha, during the early May and 
late July prescribed bums, respectively. No burning was conducted in 
1992. 

Sampling Design 
Forty, paired plots were established on the study site in 1991. Bison 

were excluded from grazing 1 plot of each pair by 1 rnz cages con- 
structed of heavy welded wire. tienty pairs (20 grazed and 20 un- 
grazed) were randomly located, using a map of the bison area, in one 
of the spring burned areas and 20 pairs in an adjacent unburned area. 
Regrowth on the late July burns was not enough to warrant sampling 
in 1991. In 1992, the cages were relocated with the spring burned area 
and the summer burned area each containing 14 paired plots, and the 
unburned area 12 pairs. This arrangement resulted in 4 treatments in 
199 1: spring burned/grazed, spring bumedfungrazed, un- 
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bumed&razed, and unbumedlungrazed. Two additional treatments 
were added in 1992: summer burned/grazed, and summer bumed/un- 
grazed. Throughout the study, plots were established only on sands 
range sites. 

Forb presence and stem density was sampled within 0.5 mr quadrats 
from caged and uncaged plots in mid-June each year. In early August 
of each year, the current year growth of all species was clipped from 
the same 0.5 m* quadrats, and separated into rhizomatous grass, 
bunchgrass, matrix forb [western ragweed, stiff sunflower, white 
sagewort (Artemisiu ludoviciana Nutt.), and prairie goldenrod 
(Solidago missouriensis Nutt.)], and interstitial forb (annuals and tap- 
rooted perennials) components. Total herbage samples from each 
group were oven dried and weighed. Data were analyzed using a fac- 
torial design. Differences in treatment means were tested with 
Fisher’s F-Protected L.S.D. at a significance level of P< 0.05. 

Results and Discussion 

Current year’s standing crop of grasses was increased by spring 
burning, and decreased by bison grazing on spring burns during the 
first post-fire growing season (Table 1). Current year grass standing 
crop in 1992 was highest, and similar, on the unburned, and spring 
bumed/ungrazed treatments (Table 1). Grass standing crop was low- 
est on the summer burned/grazed treatment in the second post-fire 
growing season. There was no difference in forb standing crop in 
August of 1991 based on treatment (Table 1). Forb standing crop was 
significantly higher on the summer burned/ ungrazed plots compared 
to all other treatments in August of 1992 (Table 1). 

lslble 1. Standing crop (g/m3 of grass and forb groups by treatment, 
1991 and 1992. Siiilar letters indicate no sighCfkant difference (P > 
0.05) between treatments. 

Spring burned Summer burned Unburned 
Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

1991 ________ ______ 93.4b _____ _______(g/m*)______________~~~~~_____~~~ 
Rhiz. Grass 47.la - - 
Bunchgrass 11.8a 29.8b - - 26.1bc 13.Oc 

Total Grass 58.9a 122.2b - - 87.4c 85.6~ 
Total Forb 10.2a 18Sa - - 12.4a 14.4a 

1992 
Rhii. Grass 38Sa 41.2a 12.2b 36.9ac 26.7~ 28.8~ 
Bunchgrass 7.6a 22Sb 1.5c 4.6a 38.6d 48.ld 

Total Grass 46.la 63.7b 13.7c 41.5a 65.3b 76.9b 
Total Forb 18.2a 20.8a 19.3a 55.Ob 12.8a 12.6a 

Rhizomatous grass standing crop was increased by spring burning 
for two growing seasons (Table 1). However, the interaction of spring 
fire and bison grazing significantly reduced rhizomatous grass stand- 
ing crop in the first post-fire growing season (Table 1). During the sec- 
ond post-fire growing season the standing crop of rhizomatous grass 
on spring burned/bison grazed areas was equivalent to bumedJun- 
grazed, and higher than unburned treatments (Table 1). Summer bum- 
ing alone did not affect rhizomatous grass standing crop, but in com- 
bination with bison grazing it significantly reduced rhizomatous grass 
standing crop. We were unable to detect a change in rhizomatous grass 
standing crop on unburned areas as a result of bison grazing during the 
growing season. 

Bunchgrass standing crop was also highest in the spring bumedlun- 
grazed treatment, and lowest on the spring burned/grazed treatment in 
1991 (Table 1). In the spring burned area, bunchgrasses were reduced 

relatively more by bison grazing than were rhizomatous grasses (46% 
and 29%, respectively) in the first post-fire growing season, However, 
this difference was not significant. During the second post-fire grow- 
ing season, bunchgrass standing crop was reduced 66% and rhizoma- 
tous grass 7% on spring burned/grazed plots compared to spring 
bumedlungrazed treatments (Table 1). This difference was significant 
(P<o.OOOl). Summer burning reduced bunchgrass standing crop by 
90%. and summer burning in combination with bison grazing reduced 
bunchgrass standing crop another 50% (Table 1). As with rhizomatous 
grasses, we could not detect a difference in bunchgrass standing crop 
on unburned areas grazed by bison during the growing season. 

Bison had a larger and longer impact on bunchgrass regrowth than 
on rhizomatous grass regrowth after burning. Mack and Thompson 
(1982) suggested that the rhizomatous grasses of the Great Plains are 
better adapted to large herbivore grazing than are bunchgrasses. Little 
bluestem, a major Sandhills bunchgrass, has a low tolerance to graz- 
ing (Butler and Briske 1988, Mullahey et al. 1990). However, in the 
absence of fire, little bluestem accumulates a canopy of standing dead 
tillers which reduces grazing pressure. This canopy produces an in- 
tense fire around the growing points of a bunchgrass when a tire does 
occur (Wright 1971). The fire damage, combined with high regrowth 
removal rates by bison or cattle, may lead to a significant loss of 
bunchgrasses from Sandhills prairie. The current abundance of little 
bluestem, and other bunchgrasses, such as sand lovegrass (Eragrostis 
trichodes), may be due to the relatively recent fire exclusion policy. 

As a group, forbs were not affected by the presence of bison graz- 
ing. Matrix forb stem density was not affected by spring burning, but 
was reduced (P c 0.0001) by summer burning (Table 2). Western rag- 
weed had the largest reduction. 

Interstitial forbs were reduced by spring burning in the first post- 
fire growing season (Table 2). By the second season, stem density in 
the spring burned area had returned to levels approximately equal to 
that in the unburned area (Table 2). Summer burning resulted in a 
large increase in stem density for interstitial forbs. Most of this in- 
crease was accounted for by annuals such as Missouri spurge 
(Euphorbia missouriensis) and Plains sunflower (Helianthus peto- 
liaris). 

Sandhills forbs responded primarily to tire treatments, rather than to 
bison grazing. This response is opposite to that reported by Bragg 
(1978) for choppy sands range sites impacted by fire and cattle graz- 
ing. However, our results are. generally consistent with recent Great 
Plains studies involving tire and bison grazing (Biondini et al. 1989, 
Plumb and Dodd 1993, Steuter et al. 1994). The decline in interstitial 
forbs produced by early May tires is probably due directly to tire mor- 
tality. However, the large increase in interstitial forbs the year after the 
summer tires is more likely an indirect response to changes in plant 
root and soil nutrient patterns produced by the fire. treatments 
(Biondini and Grygiel 1993). The large increase in interstitial forb 
density corresponds to equally large declines in bunchgrass standing 
crop and matrix forb density. 

Table 2. Stem density (stems/m3 of matrix and inter&b4 forbs by treat- 
ment, 1991 and 1992. Similar letters indicate no significant ditTerences 
(P > 0.05) between treatments. 

Spnng burned Summer burned Unburned 
Grazed Ungrazcd Grazed Ungrazed Grazed Unwed 

1991 ______________._.f2.5a_________(g/mz)____-_______-__________________ 
Matrix Forbs 30.8a - - 26.8a 34.3a 
Inter. Forbs 1.8a 3.3a - - 10.6b 9.Ob 

1992 
Matrix Forbs 33.5a 
Inter. Forbs 10.8a 

32.4a 5.5b 
16.0a 47.8b 

3.7b 28.3a 29.2a 
50.5b 9.3a 6.8a 
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Conclusions 

During the three growing seasons prior to burning, the bison on our 
study area selected for the perennial C4 grasses which characterize the 
matrix vegetation on sands range sites (Steuter et al. 1994). The 
largest contiguous blocks of these productive, gently rolling range 
sites were highly preferred during the growing season. We expected 
burning to alter tire grazing patterns of bison (Coppock and Detling 
1986, Shaw and Carter 1990, Vinton et al. 1993) with burned areas to 
be grazed more heavily than unburned areas. This was true within the 
sands range site. At the large-scale, bison continued to prefer sands 
range sites and avoid choppy sands range sites during the growing 
seasons following fire. 

In our study, rhizomatous grasses on sands range sites responded 
positively to fire, and the increased grazing pressure by bison lasted 
only one season. Thus, a combination of tire and grazing management 
may increase the standing crop of rhizomatous grasses at the expense 
of hunchgrasses. This would increase the amount of forage available 
since, in unburned prairie, bunchgrass forage is often underutilized 
due to the deterrent effect of standing dead tillers (Butler and Briske 
1988). Yet, the bunchgrass’ habit of maintaining 2 or 3 year’s worth of 
upright dead tillers may reduce the risk of wind erosion in the 
Sandhills by deflecting the wind profile above the land surface (S.S. 
Waller per. comm.). This is an important consideration, especially on 
choppy sands ranges sites. 

Our preliminary results of fire and large herbivore grazing in the 
Nebraska Sandhills emphasizes the dynamic history of the landscape. 
For example, the Sandhills landscape has undergone periods of large 
scale wind erosion and low vegetative cover (Bleed and Flowerday 
1989) followed by periods of dune stabilization and relatively heavy 
vegetative cover. This is supported by Bragg (1985) who has docu- 
mented tire-return intervals as often as five years in the northern 
Sandhills. 

Although bison were present throughout the Holocene (Loope 
1986), it is unlikely that either fire or bison grazing were significant 
ecological processes in places or times characterized by active sand 
dune activity. However, in combination with the on-set of dry, windy 
conditions, it is possible that fire and bison grazing may have trig- 
gered periods of active dune migration. Thus, while fire, in combina- 
tion with grazing, may be necessary to maintain Sandhills vegetation 
in its current state, it also may increase the erosion hazard to these 
rangelands. 
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Abstract 

Summative equations to predict digestibility of tropical browse 
species for cattle were tested by comparison to in vitro digestibil- 
ity. Four equations were used for the comparison: fast the 2 Van 
Soest equations, 1 using sulfuric acid lignin and the other using 
permanganate lignin, neither of which have a corre-ction for tan- 
nins. And second, the 2 Horvath equations, each using lof the 2 
above mentioned lignin values and both include a value for tannin 
content. The Van Soest equation using permanganate lignin and 
the Horvath equation using sulfuric acid lignin predicted the in 
vitro digestibilities of the leaf species quite well (r = 0.89 for both). 
The same Horvath equation predicted the digestibility of the high 
tannin species better than the Van Soest equation (r = 0.93 versus 
O.&t). For initial evaluation and ranking of browse species suitable 
for future research efforts, either equation suitable. 

Key words: condensed tannins, radial diffusion, neutral-detergent 
fiber, acid-detergent fiber, Guanacaste, Costa Rica. 

Tannins affect digestibility to varying degrees depending on tannin 
type, animal species, and nutrients measured (Nastis and Malechek 
1988, Robbins et al. 1991, Hanley et al 1992). Cattle are less adapted 
to tanniniferous fodders than deer or goats (Kumar and Singh 1984, 
Robbins et al. 1987a. b),particularly because they lack tannin binding 
proteins in their saliva (Austin et al. 1989, Mehansho et al. 1992). The 
ability to predict the digestibility of tanniniferous feeds for cattle, 
from chemical analysis, would be useful for rapid screening of poten- 
tial fodder trees. 

Predicting digestibility depends on the identification of feed frac- 
tions that consistently affect digestibility, in particular lignification 
and lignocellulose ratios (Van Soest 1982). Horvath (198 1). however, 
found that lignin accounted for only 52% of the variation in the in vit- 
ro cell wall digestibility (IVCWD) of 7 species of maple tree leaves, 
Browse forages present the additional problem of tannins. Some por- 
tion of the tannins in a plant remains in the fiber fractions during 
analysis. Condensed tannins can contaminate the cell wall (the neu- 
tral-detergent fiber), the acid-detergent fiber, and the lignin (Reed 
1987, McArthur 1988). The insoluble proantboeyanidins present in 
the cell wall were negatively correlated with cell wall digestibility 
(Reed 1986). Some of the condensed tannins, however, are believed to 
be solubilized in both the neutral-detergent and acid-detergent 
reagents (Horvath 1981). 

The aim of this paper is to evaluate the detergent system of fiber 
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Margot Griswold for their help on lab methods. 
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analysis (Goering and Van Soest 1970, Robertson and Soest 1980) and 
the original predictive equations to provide an estimate of browse di- 
gestibility. Horvath (198 1) developed predictive equations for high 
tannin maple leaves, based on sequential detergent extractions. This 
paper also tests whether Horvath’s (1981) equations, developed from 
1 tree genus, have a broader application to other genera of browse, 
particularly tropical browse. 

Methods 

Selection of the species studied was based on farmer recommenda- 
tions and field observations of browsing range cattle at 2 sites in 
Guanacaste, Costa Rica. The climate has a strong 6 months wet/6 
months dry cycle, with 2-3 weeks dry in the middle of a rainy season. 
Sixteen species seen browsed at varying frequencies were chosen, and 
an additional 6 species that were common but rarely observed as 
browsed by cattle were included on the leaf sampling (Conklin 1987; 
Table 1). The total sampling included 15 leguminous species and 7 
non-legumes. Individual trees sampled were chosen at random ac- 
cording to standard plant ecology sampling methods (Oosting 1948) 
by placing line transects up hedgerows or selecting coordinates in for- 
est quadrates on Hacienda La Pacifica, Cafias, Guanacaste. Leaves 
were harvested according to selective consumption by cattle; some 
trees possessed very large leaflets and their petioles were avoided by 
the cattle, those petioles were categorized as twigs, even though 
botanically they are not twigs. 

Trees were sampled throughout the rainy season. All samples were 
used to test the Van Soest and Horvatb equations, but only those from 
the end of the rainy season were used for further analysis of tannins 
using the following methods: condensed tannins or proanthocyanidins 
were measured by the butanol/HC 1 method described by Bate-Smith 
(1975) and modified by Porter et al. (1986), the radial diffusion assay 
quantified total tannins (Hagerman 1987). and paper chromatography, 
as described by Mole and Waterman (1987) using Forestal as the sol- 
vent. Both condensed tannins and total tannins were standardized with 
purified quebracho tannin (Asquith and Butler 1985) and the results 
reported as quebracho equivalents. Acid-detergent insoluble protein 
(acid-detergent insoluble nitrogen x 6.25) was determined by per- 
forming a Kjeldahl crude protein analysis on the acid-detergent fiber. 

Each seasonal sample of a species was a composite from 10 trees, 
pooled to make 1 sample per period to control for variation of pheno- 
lit content within a species (Waterman et al. 1984) and to minimize 
labor. Twigs of l-cm diameter were collected and all the leaves asso- 
ciated with that pulled off and placed in a plastic bag. The twigs were 
then cut up and placed into a second plastic bag. The 2 fractions were 
analyzed separately. This twig sire was selected because the twigs can 
be chopped by a small stationary chopper (Conklin 1987) and con- 
sumed with the leaves when fed in a trough to cattle, however twigs 

JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 



are not consumed by free-ranging cattle. All plant samples were dried 
in a forced-air oven at 55°C and ground through a Wiley Mill and a l- 
mm screen. 

The sequential cell wall extractions described by Horvath (1981) 
and Conklin (1987) were performed: 1 subsample, in duplicate, was 
extracted in neutral-detergent reagent and the result in residue ex- 
tracted in acid-detergent reagent, as usual (Robertson and Van Soest 
1980). The resulting residue was referred to as NAD in the following 
equations. Then a second subsample, also in duplicate, was extracted 
first in acid-detergent reagent and the resulting residue extracted in 
neutral-detergent reagent. This resulting residue was referred to as 
AND in the following equations. Sodium sulfite was not used in the 
neutral-detergent reagent. 

Horvatb found the [acid-detergent fiber (ADF) remaining after pre- 
extraction with neutral-detergent] minus [the neutral detergent fiber 
(NDF) remaining after the pre-extraction with acid-detergent], or 
NAD minus AND, was the most predictive “tannin” fraction to cor- 
rect calculated digestibility of tanniniferous browses. Sulfuric acid 
lignin (Ls) and permanganate lignin (Lk) were both determined on 
separate sub-samples. The following equations were used to calculate 
the predicted digestibilities: 

1. from Goering and Van Soest (1970): 
using sulfuric acid lignin values: 

A. Digestibility = 0.98 (100 - NDF) + NDF(147.3 - 78.9 loglo ((Ls/ADF) 

100)) 
using permanganate lignin values: 

B. Digestibility = 0.98 (100 - NDF) +NDF(180.8 - 96.6 logte ((LWADF) 

loo)) 
2. from Howath (1981): 

C. Digestibility = 0.98 (100~NDF) + NDF(181.3 - 96.6 logtn ((wADF)lOO) - 

O.‘I(((NAD-AND)/ADF) 100)) 
D. Lk substituted for La 

The calculated digestibilities were regressed against in vitro true di- 
gestibility [Tilley and Terry (1963) as modified by C&ring and Van 
Soest (1970)] and the correlation coefficients determined (DeltaGraph 
Inc. 1992). Neutral-detergent solution was used to dissolve the micro- 
bial residue instead of pepsin. The rumen inoculum came from a 
Holstein cow fed timothy hay. The rumen fluid was blended, under ni- 
trogen gas, and quickly (to prevent cooling) strained through cheese 
cloth and then glass wool. The tannin levels obtained by the different 
techniques were correlated against in vitro digestibility as well as each 
other using DeltaGraph Inc. (1992). Statview SE + Graphics (1991) 
was used to calculate t-tests, which are unpaired and two-tailed unless 
otherwise specified. 

Results 
Observed in vitro true digestibilities for leaves ranged from 14.8 to 

82.0% (Table l), and for twigs from 18.7 to 44.8% (Table 2). 
Calculated (predicted) digestibilities for leaves with low ( ~45%) and 
intermediate (45-60%) digestibility, were not significantly different 
from the in vitro digestibilities obtained (t = -1.1, p = 0.26). Species 
with high (>60%, see lower third of Table 1) in vitro digestibility tend- 
ed to be underestimated by the predicted digestibility, but not signifi- 
cantly (t = 1.9, p = 0.06). Calculated values for digestion of twigs 

Table 1. In vitro true digestibility (IVTD) percentages, on a dry matter basis, of Costa Rican browse leaves, compared to calculated (predicted) di- 
gestibilities (PD) based on 4 different equations. The PDs cokctively for all the leaves are not significantly different from the IVTDs (t * 0.026,~ = 
0.979). Species listed by increasing IVTD. 

soecies n in vitro dieestibilitv v-Ls** V-Lk H-Ls H-Lk 

Andira inermis (Swarts) H.B.K. 
Lonchocarpus minimiflorus Donn-Smith* 
Hymenaea courbaril L.* 
Entetolobium cyclocatpum (Jacq.)Griseb. 
Piscidia carthagenensis Jacq. 
Bauhinia ungulata L. 
Cordia allioidora (R.&P.)Cham. 
Pithecellobium saman (Jacq.)Benth. 
Guuzuma ulmifolia Lam. 
Cajanus cajan (L.)Millsp. 
Ficus sp. 
Tamarindus indica L. 
Tabebuia ochracea (Cham.)Standl. 
Mangifera indica L. 

mean&SD 

1 
3 

2 
3 
3 
2 
2 
3 
1 
2 
2 
3 
2 

_______(%)_______ _____________(%)_____________ 

14.8 25.7 40.8 
33.4 47.6 44.2 
33.4 39.3 45.9 
39.8 44.2 44.9 
42.2 51.2 47.6 
44.9 58.6 56.8 
45.7 54.0 47.7 
47.3 51.6 57.4 
48.0 55.3 53.0 
49.0 52.9 46.2 
49.9 49.5 56.6 
50.9 60.2 54.5 
54.2 54.6 52.2 
58.0 61.2 60.3 

43.7 f 10.9 50.4 f 9.3 50.6 i 6.0 

19.6 31.9 
37.6 30.7 
33.6 37.5 
35.5 33.5 
48.0 39.6 
52.5 47.3 
43.8 33.3 
51.0 54.6 
53.7 48.0 
47.0 37.4 
47.9 53.1 
49.8 39.9 
51.9 45.3 
56.9 52.2 

44.9 f 10.1 41.8 i 8.3 

Acacia famesiana (L.)Willd 2 65.1 56.7 62.6 46.4 49.1 

Caesalpinia eriostachys Benth.* 1 66.5 69.4 68.2 70.3 65.9 
Hemiangium excelsum A.C. Sm. 1 67.0 75.7 58.7 62.4 40.3 
Gliricidia sepium (Jacq.)Stend. 3 68.2 63.5 61.2 59.2 53.5 
Spondias putputea L. 2 69.3 68.8 67.6 66.8 62.7 
Lysiloma divaricata+ 3 69.4 69.5 65.9 66.8 60.4 
Cassia bicapsularis L.* 1 71.5 68.3 67.9 64.6 60.3 
Mynxpennus fnrtescens Jacq.* 3 82.0 75.1 73.5 75.5 70.5 

mean*SD 69.9 zt 5.3 68.4 zt 6.1 65.7 f 4.7 64.0 i 8.7 57.8 i 9.7 

* generally not preferred 
+ Formerly L. seemannii B&t. & Rose 
** the Predictive Equations: V-Ls = Van Soest equation using sulfuric acid lignin; V-Lk = Van Socst equation using permanganate lignin 

H-Ls = Horvath equation using suhiaic acid lignin: H-Lk = Howath equation using pennanganatc lignin 
The top 14 species are the low (AS%) and medium (45-6096) digestibilities, tbe bottome 8 species arc the high (%O%) digestibility species. 
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Table 2. In vitro true digestibiity (NTD) percentage, on a dry matter basis, of Costa Rican twigs compared to calculated @redictecf) digestibiilities (PD) 
bPsed on 4 diierent equations. The PDs collectively are significon~ly higher than the IVTD (t - -8.5,~ - 0.0001). Genera listed by increasing IVTD. 

. . . 
Predicitwe Eauations 

species n in vitro digestibility v-Ls** v-Lk H-Ls H-Lk 

___________($&)__-_________ _______________________(a)-_______________________ 
Andira inermis 1 18.7 33.3 38.6 33.9 35.5 
Bauhinia ungulata 3 19.9 45.6 45.8 49.2 43.3 
Tabebuia ochracea 3 22.8 41.1 44.7 42.9 40.4 
Tamarindus indica 2 23.9 45.0 45.2 49.2 43.8 
Guazuma ulmifola 3 27.4 51.9 56.5 54.6 53.1 
Gliricidia sepium 3 27.8 48.5 45.7 52.3 42.7 
Pithecellobium saman 2 28.3 48.6 44.8 51.7 42.0 
Mynxpemuonjkutescens 3 28.8 49.5 46.3 53.0 42.8 
Coniia alliodora 2 29.0 53.5 30.9 54.5 24.9 
Enterolobium cyclocarpum 2 29.9 45.8 43.4 50.5 41.8 
Lonchocarpus minimifotw 3 30.3 46.0 44.3 48.9 41.0 
Spondias purpurea 1 31.3 45.8 46.4 43.1 37.9 
Ficus sp. 2 31.7 42.6 45.1 46.3 47.0 
Lysiloma divaricata 3 32.1 51.7 49.5 56.2 48.1 
Cassia bicapsularis 1 34.3 51.7 44.1 55.5 41.1 
Hymenaea courbaril 1 34.7 49.2 50.3 51.5 48.5 
Cajanus cajan 1 36.3 59.3 29.0 63.6 25.5 
Piscidia carthagenensis 3 37.9 49.8 47.0 52.1 43.1 
Caesalpinia eriostachys 1 38.9 63.4 51.5 69.0 48.7 
Mangifera indica 2 44.8 59.3 40.7 59.5 35.9 

mean*SD 30.4 i 6.4 49.1 * 6.8 44.5 f 6.3 51.9 t 7.5 41.3 f 7.0 
**the Pledictive Equations: 

V-Ls = Van Soest equation using sulfuric acid lignin; V-Lk = Van Soest quation using pmnanganatc lignin 
H-Ls = Horvath quation using sulfuric acid lignin, H-Lk = Horvath quation using pmmanganate lignin 

Acaciafamesiana and Hemiangium excelsum twigs were not analyzed. 

were significantly higher than in vitro digestibility (t = -8.5, p = 
O.OOOl), indicating that some important deterrent of digestibility was 
not estimated by any of the methods for calculating the digestibility of 
twigs. 

I used simple linear correlations (Table 3) to compare predicted di- 
gestibility and in vitro digestibility of all leaves, and for various cate- 
gories of species. Results showed that the predicted digestibilities 
were highly correlated to in vitro digestibilities for leaves, but low for 
twigs. Additionally, Van Soest’s equation using permanganate lignin 
or Horvath’s equation using sulfuric acid lignin were the 2 best pre- 
dictors of in vitro digestibility (r = 0.89 for both) when tanniniferous 
and nontannin species were combined. The same Horvath equation 
predicted the digestibility of the higher tannin species better than the 

Table 3. Correlations between in vitro true digestibility (IVTD of Costa 
Rican Browse leaves and the 4 different predicted (calculated) di- 
gestibilites (PD). 

v-Ls V-Lk H-Ls H-Lk 
leaf category 
all leaves 0.8;7 0.8&I 0.8;2+ 0.8:s 
mature 0.905 0.939+ 0.852 0.825 
youa.8 0.766 0.909+ 0.823 0.852 
CT 0.900 0.836 0.931+ 0.716 
non-CT 0.840 0.934+ 0.822 0.896 

twig category 
all twigs 0.650+ 0.005 0.591 0.006 
CT 

EZZ+ 8:Z 
0.585 0.145 

non CT 0.616+ 0.249 

best prediction = + 
CT = species not containing condensed tannins; 
no&T = species not containing condensed tannins, hydrolyzable tannins unmeasured 
V-Ls = PD by Van Soest sulfuric acid lignin equation correlated to IVTD; 
V-Lk = PD by Van Socst pemmnganate lignin equation correlated to IVTD; 
H-Ls = PD by Horvatb sulfuric acid lignin quation comlatcd to IVTD; 
H-Lk = PD by Horvath pcrmanganate lipin quation cormhued to IVTD. 
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Van Soest equation (r = 0.93 versus 0.84). Lastly, in vitro digestibili- 
ties of twigs were predicted especially poorly by equations containing 
permanganate lignin instead of sulfuric acid lignin. 

The mean condensed tannins value for the more preferred leaf 
species was 6.8 * 7.0%, the total tannin or radial diffusion tannins was 
3.9 2 4.4%, and the [(acid-detergent fiber remaining after pre-extrac- 
tion with neutral-detergent) minus (the neutral-detergent fiber remain- 
ing after pre-extraction with acid-detergent)] or NAD-AND value was 
9.7 f 6.8 (Table 4). For the generally not preferred leaf species, the 
condensed tannins value was 3.5 f 4.1%. the radial diffusions tannins 
value was 7.5 f 11.6%, and the NAD-AND value was 7.8 f 5.2%. 
These differences between preferred and not preferred, however, were 
not significant (t = -1.1, p = 0.3). Paper chromatography indicated that 
only 4 leaf species containing hydrolyzable tannins. These 4 species 
tended to give higher values for radial diffusion tannins than for con- 
densed tannins (paired r-test, t = -2.3, p = 0.055). 

Twigs had a condensed tannins mean of 3.2 f 3.4%, a radial diffi- 
sion tannins mean of 10.8 f 12.5%, and a NAD-AND mean of 3.3 f 
2.5% (Table 5). Because the radial diffusion tannins value was higher 
than the condensed tannins value it may indicate that the twigs, taken 
as a whole, were higher in hydrolyzable tannins than are leaves. 
However preliminary analysis with paper chromatography did not in- 
dicate that hydrolyzable tannins were present in twigs of more than 5 
of the 20 species tested (Table 2). These 5 species had radial diffusion 
tannin values significantly higher than condensed tannins (paired f- 
test, t = -2.3, p = 0.04). 

Consistent with the literature, condensed tannins and radial diffi- 
sion tannins correlated poorly (Table 6). The [(acid-detergent fiber re- 
maining after pre-extraction with neutral-detergent) minus (the neu- 
tral-detergent fiber remaining after pre-extraction with acid-deter- 
gent)] or NAD-AND value theoretically measures tannin but did not 
correlate to either condensed tannin or radial diffusion measures. 
Interestingly, there was a slight positive correlation between in vitro 
digestibility and radial diffusion tannins. The acid-detergent insoluble 

JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 



lbble 4. ‘Ibunln, fiber and unavallavle crude protein values tirn mature, Costa Rican browse leaves. Values presented as percentage of dry matter, ex- 
cept tannin values which are percentages in quebracho equivalents. Genera listed aecordiig to lhble 1. 

species CT RD NAD-AND NDF LS Lk ADIN IVTD 

Andira inemris 
Lonchocarpus minimiflours 
Hymenaea courbaril 
Enterolobium cyclocatpum 
Piscidia carthagenensis 
Bauhinia ungulata 
Cot&a alliodora 
Pithecellobium saman 
Guazuma ulmifolia 
Cajanus cajan 
Ficw sp. 
Tamarindus btdica 
Tabebuia ochracea 
Mangifera indica * 

____________________________________________~____________________(%) _----_____ __ _~~~~~~________~~~~~~~~~~ ------ ___--_-- ----- _-_---- -- 

9.7 6.4 12.6 85.0 40.3 28.6 10.6 14.8 
5.9 2.1 13.2 65.8 21.6 30.0 5.0 33.4 
5.5 2.9 10.1 11.2 26.8 23.6 5.0 33.4 
1.1 0.2 11.6 62.0 22.3 24.6 6.1 39.8 
0.5 0.0 2.2 68.8 11.5 16.4 4.4 42.2 

16.5 5.4 6.3 54.0 12.0 16.7 2.3 44.9 
0.0 0.0 15.4 61.3 19.4 25.5 5.2 45.1 
7.3 1.3 3.4 57.5 19.7 17.8 2.0 47.3 
9.3 2.6 7.0 56.8 14.2 19.5 5.0 48.0 
4.1 5.8 10.0 58.2 18.3 27.1 3.5 49.0 

20.7 7.7 7.0 55.2 25.2 21.8 5.8 49.9 
12.7 5.4 18.0 56.8 19.5 26.0 5.8 50.9 

0.1 0.0 7.2 58.6 13.2 17.7 2.8 54.2 
3.4 7.7 11.7 54.2 14.6 18.1 2.0 58.0 

Acacia famesiana 0.2 0.0 16.6 51.3 14.5 15.4 3.0 65.1 
Caesalpinia eriostachys* 0.0 30.7 2.0 42.7 7.2 9.3 3.9 66.5 
Hemiangium excelsum 16.8 4.4 26.5 45.3 8.0 25.6 2.9 67.0 
Gliricidia sepium 0.0 1.4 6.6 47.2 9.7 14.8 2.0 68.2 
Spondias purpurea * 2.6 3.1 4.1 44.3 9.9 12.3 3.7 69.3 
Lysiloma divaricata* 12.3 16.9 0.5 43.4 8.5 9.5 1.9 69.4 
Cassia bicapsularis 0.0 0.0 7.9 47.5 8.8 11.0 1.5 71.5 
Myrospermum jiutescens 0.1 2.8 1.2 38.0 5.7 1.2 1.2 82.0 

*hydrolyzable tannins indicated on paper chromatography 
CT = butanoVHC1 performed on a methanol extract; 
RD = radial diffusion: NAD-AND = see text; NDF = neutral detergent fiber; 
Ls = sulfuric acid lignin; Lk = pcrmanaganate lignin; 
ADIN = the nitrogen remaining in the ADF x 6.25 = unavailable protein. 
IVTD = in vitro true digestibility, from Table. 1. 

protein, thought to perhaps include tannin-bound protein, correlated 
poorly to condensed tannins, radial diffusion tamtins and the NAD- 
AND values but was strongly negative with in vitro digestibility. 
Twigs showed several anomalies, in particular permanganate lignin 
was correlated slightly positively to in vitro digestibility. 

When ranking the tree leaves, as done by Conklin et al. 1991, while 
the rankings were moved around some, the top 11 species remained in 
the top 11 (Table 7) regardless of how digestibility was determined. 
Only Cnjanus cajun drops into the bottom 11 according to the Van 
Soest permanganate lignin equation and Enterolobium cyclocatpum 
drops according to the Horvath sulfuric acid lignin equation. 

Discussion 

The Van Soest summative equations predicted in vitro true di- 
gestibility of the tropical leaves in this study better than they predict- 
ed the in vitro digestibility of 7 species of maple leaves (Horvath 
1981). Horvath’s permanganate lignin summative equations gave 
higher correlations for the maple leaves he studied (r = .964). The 
Horvath sulfuric acid lignin equation best predicted digestibility of the 
high tannin leaves in this study (r = 0.931). It was not expected that 
equations developed for temperate berbaceous forage (Van Soest’s 
equations) or for 1 genus of temperate browse (Horvath’s equation) 
would fit the in vitro digestibility of these tropical browses so well. 

The condensed tannin levels in preferred leaves were comparable to 
mature leaves (6.9 f 7.2%) and young leaves (7.6 f 9.4%) eaten by 
Presbytis monkeys in India (Oates et al. 1980). Folivores in Cameroon 
select condensed tannin percentages ranging from 5.8 f 5.9% to 12.4 
f 7.7% condensed tamtins for mature and young leaves respectively, 
while Ugandan folivores consume 2.4 f 4.2% to 3.3 f 3.9% con- 
densed tannins for matue and young leaves respectively (Waterman et 
al. 1980). The condensed tannin values in this Costa Rican study fall 

JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 401 

into the range apparently accepted by folivores. 
An increase of oak tannin, a hydrolyzable tannin, content in the di- 

et of goats from 0 to 8.9% decreased the in vitro digestibility by 5.7 
percentage units (Nastis and Malechek 1988), a small but significant 
drop. In this study there was a slightly positive correlation between ra- 
dial diffusion tannins and in vitro digestibility. This is the opposite of 
what one would expect based on the goat work, assuming the high ra- 
dial diffusion values may be associated with hydrolyzable tannins in 
these leaves. The fate of hydrolyzable tannins in the detergent system 
has not been examined. 

The digestibility of the twigs is not predicted by these equations. In 
this study even the fiber content of these low elevation, tropical twigs 
did not predict in vitro digestibility well. The predicted digestibility 
was always higher than the in vitro digestibility, suggesting that the 
digestibility of cell solubles was being adversely affected in the in vit- 
ro digestion. According to Waterman et al. (1983), afro-montane twigs 
are lower in total phenolics and higher in fiber than leaves, and the di- 
gestibility of the stems was influenced strongly by fiber. Temperate 
twigs have also been reported to contain low tannins (Robbins et al. 
1987b). 

Zucker (1983) speculated that hydrolyzable tannins might more ad- 
versely affect rumen microbes than do condensed tannins, but consid- 
ered as a group, these twigs did not appear to be high in hydrolyzable 
tannins. Them is an unidentified deterrent to digestibility in these twig 
species that was not detected by current analytical methods. The in 
vitro digestibility of 8 out of 22 of the leaves tested, including 3 of the 
species possibly containing hydrolyzable tannins in the leaves, gave in 
vitro digestibilities averaging 70.7%, a fairly high digestibility. 

The validity of comparing predicted digestibility to in vitro di- 
gestibility instead of in vivo digestibility is an important considera- 
tion. Oak tannins decrease in vivo cell soluble digestibility even in 



lhble 5. lhnnin, fiber and unavailable crude protein values from mature Costa Rican twigs. Values presented as percentage of dry matter, except tan- 
nin values wbicb are percentages in quebracho equivalents. Genera listed according to ‘able 2. 

species CT RD NAD-AND NDF LS Lk ADIN IVTD 

Andira inermis 
Bauhinia ungulata 
Tabebuia ochracea 
Tanrarindus indica 
Guazuma ubnifolia 
Gliricidia sepium 
Pithecellobium saman 
Myrospennum frutescent 
Cordia alliodora 
Entetolobium cyclocarpum 
Lonchocatpus minimiJours 
Spondias putpurea * 
Ficus sp. 
Lysilomn divaricata * 
Cassia bicapsularis* 
Hymenaea courbaril 
Cajanus cajan 
Piscidia carthagenensis 
Caesalpinia eriostachys 
Mat&era indica * 

--____________--_-_________________ 
5.3 11.7 
7.2 13.2 
0.4 0.3 
3.5 18.4 
3.9 21.4 
0.2 0.3 
4.0 5.9 
0.1 0.3 
0.0 0.3 
0.4 0.3 
3.9 5.9 
0.2 0.3 
9.7 10.9 
9.7 30.3 
0.3 0.3 
6.2 31.5 
0.7 0.3 
1.2 0.3 
0.0 34.5 
7.3 30.3 

4.1 
1.2 
6.9 
3.3 
4.6 
0.8 
3.2 
1.2 
5.6 
2.6 
2.4 

10.7 
1.3 
0.6 
3.5 
2.4 
4.1 
0.2 
3.4 
4.7 

__________(~) _______-_------_____-. 

80.8 29.4 
80.3 18.6 
82.4 18.6 
81.0 20.1 
71.7 15.9 
79.9 17.4 
73.0 18.0 
78.5 15.6 
72.5 13.1 
78.9 19.4 
80.1 17.8 
77.4 19.8 
65.6 28.2 
71.0 13.7 
76.9 13.5 
66.8 18.8 
73.3 10.8 
78.6 17.3 
72.0 9.1 
59.3 14.5 

28.0 5.7 
25.5 1.8 
20.6 2.5 
22.3 2.8 
16.8 2.4 
23.4 2.0 
22.3 3.7 
21.8 1.4 
32.9 2.9 
22.5 2.6 
23.3 2.8 
23.2 5.4 
29.8 5.1 
18.9 1.6 
21.1 3.8 
20.9 2.4 
37.3 1.3 
22.6 2.9 
17.9 2.5 
31.8 1.4 

_____ 
18.7 
19.9 
22.8 
23.9 
27.4 
27.8 
28.3 
28.8 
29.0 
29.9 
30.3 
31.3 
31.7 
32.1 
34.3 
34.7 
36.3 
37.9 
38.9 
44.8 

*hydmlyzable tannins indicated on paper chromatography 
m = butanol/HCI petformed on a methanol extract; 
RD = radial difh~sion; NAD-AND = see text; NDF = neutral detergent fiber. 
Ls = sulfuric acid lignin; Lk = permaoaganate ligoin; 
ADIN = the nitrogen remaining in the ADF x 6.25 = unavailable protein. 
lVTD = in vitro true digestibility, from Table 2. 

goats, generally considered to be the domestic animal best adapted to 
tannin (Nastis and MaIechek 1988). Comparing in vivo digestibility of 
oak browse in goats to in vitro digestibility, Nastis and Malechek 
(1988) found that in vitro digestibility poorly predicted in vivo. In vit- 
ro true digestibility procedures, which uses neutral-detergent extrac- 
tion after the fermentation, did consistently overestimate in vivo di- 
gestibility, by about 19% for ah 5 diets tested. They used the Tilley- 
Terry (1963) enzymatic procedure, which estimated 10% higher for 
the diet without tannin but with increasing oak tannin in the diet, 
dropped until it intercepted in vivo digestibility. Therefore it was not 

predictive over the 5 different tannin levels. Thus, while in vitro di- 
gestibility was a poor predictor of actual digestibility, because in vit- 
ro true digestibility paralleled in vivo digestibility, the in vitro true di- 
gestibility procedure may still be a convenient method for at least 
ranking tanniniferous forages. In vivo digestibility trials need to be 
performed to test this further. 

There is a possibility that the drying temperatnre of 55°C caused the 
formation of some artifact lignin. However, these samples were col- 
lected during the very humid rainy season in Costa Rica where mold 
becomes a substantial problem if drying proceeds too slowly. Given 

Table 6. Correlations between tannin valuer, fiber, unavailable crude protein (ADIN), and in vitro true digestibility (IVTD) obtained from mature, Costa 
Rican browse leaves. 

IVTD I 
CT I 
RD I 
NAD-AND I 
Ls I 
Lk I 
ADF-CP I 

CT 
-0.24 

Lk 
-0.76 
0.33 

-0.31 
0.69 
0.73 

ADIN NDF 
-0.77 -0.94 
0.21 0.04 

-0.01 -0.33 
0.30 0.25 
0.85 0.91 
0.67 0.70 

0.76 

CT RD NAD-AND LS Lk 
IVTD I -0.06 0.29 -0.07 -0.63 0.13 
CT I 0.59 -0.34 0.4 0.08 
RD I -0.15 -0.14 -0.26 
NAD-AND I -0.02 0.12 
Ls I 0.08 
Lk I 
ADF-CP I 

CT = butaaol/HCI performed on a methanol extract; 
RD + radial diffusion; NAD-And = see text; NDF = neutral detergent fiber, 
Ls = sulfuric acid ligniw Lk = permanganate lignin; ADIN = the nitrogen remaining in the ADF x 6.25 = unavailable protein. 

ADIN NDF 
-0.38 -0.65 
0.04 -0.5 

-0.22 -0.59 
0.38 0.01 
0.73 0.18 
0.01 -0.27 

0.12 
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Table 7. Comparing the rank of leaves established by combiig in vitro 
digestibility (IVTD) aad crude protein (CP) Conldin et at. 1991, and 
that calculated by the 2 most predictive equations. 

- - 
species IVTD+CPrank v-I&rank H-Ls rank 
Acacta famesiana 1 2 2 
Caesalpinia eriostachys 2 
Cassis bicapsularis 3 
Myn3spermumjkutescens 4 
Gliricidia sepium 5 
Pithecellobium saman 6 
Tabebuia ochracea 7 
Spondias purpurea 8 
Lysiloma divaricata 9 
Cajanus cajan 10 
Entemlobium cyclocarpum 11 
Bauhinia ungulata 12 
Co&a alliodora 13 
Hemianguim excelsum 14 
Piscidia carthagenensis 15 
Lonchocarpus minimiflorus 16 
Tamarindus indica 17 
Ficus sp. 18 
Guazuma ulmifolia 19 
Mangifem indica 20 
Hymenaea courbaril 21 
Andira inermis 22 

12 
11 
10 
13 
14 
15 
17 
18 
16 
20 
19 
21 
22 

4 
3 
5 

6 
7 
8 
9 

12 
10 
13 
14 
15 
11 
17 
16 
18 
19 
20 
21 
22 

V-Lk = Van Soest equation using permanganatc lignin 
H-Ls = Horvath quation using sulfuric acid lignin and a tannin correction. 
ranking equation = ((total mean NTLY% - species IVTD%)/srdev) + ((total CP%)- 

species CP%)/st.dev.) 
rank = from high potential nutritional value (I) to low (22), 
based on result from above tanking equation. 

the limited storage facilities available and the length of the field sea- 
son, thorough drying was necessary. In vivo digestibility trials on 
fresh browse leaves are needed to confirm the results reported here. 

Methodological problems exist in measuring a tannin fraction that 
consistently affects digestion. Many tannin assay methods yield num- 
bers that correlate poorly with each other (Bate-Smith 1977, Martin 
and Martin 1982, Mole and Waterman 1987).Biochemical measures 
of tannins have been used successfully to predict protein digestibility 
in deer (Robbins et al. 1987a, Hanley et al. 1992), but different bio- 
chemical methods may not be interchangeable in the equations. 

The rapid and inexpensive evaluation of potential fodder trees 
without feeding trials would be extremely useful in countries that 
have limited facilities for in vitro or in vivo trials. The detergent sys- 
tem of fiber analysis allows investigators to evaluate browse species 
using standard fiber methodology in general survey work. While in vi- 
vo trials can not be replaced if one is interested in more accurate di- 
gestibility values, the calculated digestibility equations are offered as 
an initial screening procedure. These detergent system procedures, 
however, would not work for wild herbivores that are adapted to tan- 
niniferous forages. For those herbivores Robbins et al. (1987a.b) 
found that the cell solubles, especially protein, digestibility was more 
affected by tannins than was the cell wall digestibility. Tannin-binding 
salivary proteins apparently prevents the reduction in cell wall di- 
gestibility frequently seen in vivo in sheep and in vitro in cattle with 
added tannin. 

Conclusions 

Based on the findings of these studies and the fact that this study 
considers only cattle, it is concluded that comparisons of predicted di- 
gestibilities using summative equations should be adequate. in prelim- 
inary screening of browse. Specifically, for rapid screening of low to 
medium tannin browse, either Van Soest equation should be used. For 

screening browses suspected or known to contain tannins, the Horvath 
sulfuric acid lignin equation should be used. 
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Abstract 
Information is limited on the influence of range condition on cat- 

tle diets in the Chihuahuan desert. Botanical composition of cat- 
tle diets on Chiiuahuan desert ranges in excellent and good con- 
dition was studied by microhiitological analysis. Cattle feces were 
analyzed seasonally from fall 1991 through fall 1992. Excellent 
condition and good condition ranges supported 86% and 72% of 
the climax vegetation, respectively. Key species in cattle diets on 
the excellent condition range were black grama (BoufeZouo eri- 
opoda Torr.) and threeawns (Aristida spp.). On the good condition 
range the key species were dropseeds (SporoboZus spp.), three- 
awns and black grama. Total grass and black grama content of 
cattle diets were greater on the excellent condition range. Seasonal 
trends occurred in cattle diets on good condition but not on excel- 
lent condition range. Low availabiity of forbs and shrubs ex- 
plained the high diets similarities among seasons on the excellent 
condition range. Cattle on good condition range readily used 
forbs and shrubs when green grass was unavailable. Nitrogen and 
phosphorus analyses of fecal samples indicated diets were nutri- 
tionally superior on the good compared to the excellent condition 
range. Our research and other studies show consumption of forbs 
and shrubs permits cattle to maximize their nutritional welfare 
when grasses are dormant. The excellent condition range in our 
study had a different(Pc0.05) mean grass standing crop (999 
kg/ha) across periods compared to on the good condition range 
(659 kg/ha). Based on our research and other studies excellent 
condition Chihuahuan desert range maximizes forage quantity 
for cattle but good condition range appears better from a nutri- 
tional standpoint in the spring and early summer. Our research 
and other studies indicate Chihuahuan desert ranges dominated 
by black grama are most effectively used in winter while ranges 
with a bigh dropseed component are best suited for use in summer 
and early fall. 

Key words: rangeland, grazing, livestock, arid lands, food habits, 
cattle nutrition. 

Information is limited on range ecological condition influences on 
cattle diets and productivity in the Chihuahuan desert. Generally, as 
the condition of the range deteriorates under heavy grazing, plant 
composition shifts toward an increase in forbs and shrubs and a de- 
crease in perennial grasses (Paulsen and Ares 1962). Daniel et al 
(1993) found that cattle on Chihuahuan desert ranges in good and fair 
condition consumed similar amounts of grass. Browse consumption 
was greatest on fair condition range, whereas more forbs were con- 
sumed on the range in good condition. The good condition range in 
their study gave superior cattle productivity and economic returns 
compared to surrounding ranges in lower condition (Holechek 1991). 

Tlus research was supported by the New Mexico Agr. Ex p. t% S Las C mces. New 
Mexico and was part of project l-5-274 17. 

Manuscript accepted 22 Feb. 1994. 

JOURNAL OF RANGE MANAGEMENT 47 (5) September 1994 

Limited research indicates that cattle maximizing forb consumption in 
the Chihuahuan desert are more productive than those consuming 
high levels of grass (Winder et al. 1993). In the past range managers 
have considered Chihuahuan desert rangeland supporting near climax 
vegetation (excellent condition) as the most desirable for cattle pro- 
duction (Paulsen and Ares 1962). However, research has not com- 
pared cattle diet botanical composition and quality on excellent com- 
pared to good condition range. This type of information would help 
managers better decide which ecological condition classes to empha- 
size and when these condition classes could best be used to optimize 
livestock production. The objective of our study was to estimate veg- 
etation composition and standing crop and botanical composition of 
cattle diets on Chihuahuan desert ranges in good and excellent eco- 
logical condition. 

Materials and Methods 

Study Area Description 
‘Rvo study sites with similar soils, terrain, and precipitation were se- 

lected based on their ecological condition classification. A study site 
in excellent condition was located on the Bureau of Land 
Management, Goodsight Allotment 24 km northeast of Deming, New 
Mexico. The condition classification was assessed using Dykster- 
huis’s (1949) quantitative climax guidelines and data collected by 
Smith (1993). The excellent condition range supports about 86% of 
the climate vegetation. The good condition study site is located on the 
New Mexico State University College Ranch 37 km north of Las 
Cruces, New Mexico, and supports 72% of the climax vegetation. 

Soils at both sites consist mostly of sandy loams classified as pale- 
orthids, haplargids or calciorthids. The excellent condition study site 
has a sandy clay loam component. Both study sites have an undulat- 
ing restrictive caliche layer. However, the caliche layer on the good 
condition site is generally deeper than on the excellent condition site. 
The topography at both sites is relatively flat with all slopes under 5%. 

Annual precipitation at both locations is typical of the Chihuahuan 
desert. The precipitation is bimodal with a peak in the summer and an- 
other peak in the winter. The summer peak in late August provides 20- 
25% and the winter peak in January provides 13-15% of the annual 
precipitation (Pieper and Herbell992). The mean annual precipitation 
for the excellent and good condition study sites is near 250 mm. 
Temperature in June reaches a mean maximum of 36” C and during 
January drops to a mean maximum of 13” C (Pieper and Herbe.11982). 

The climax vegetation for both study sites is considered to be black 
grama (Bouteloua eriopoda Torr.) grasslands with a scattering of 
soaptree yucca (Yucca data Engelm.) (Buffington and Herbel 1965). 
The present vegetation on the excellent condition range is dominated 
by black grama (Table 1). Scattered yucca plants are present, and cre- 
osotebrush (Lurreu tridenturu Lar.) occupies limited area on the pe- 
riphery. 

Primary grass species on the good condition range include black 
grama, mesa dropseed (Spoorobolus flexuosus Thrub. Rybd.) and 
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spike dropseed (Sporobolus contructus A. Hitch.) (Table 1). Honey 
mesquite (Prosopis glandulosa Tom) dominates the overstory and has 
increased over the past 50 years (Pieper and Herbel 1982). In degrad- 
ed areas near watering points, broom snakeweed (Gutierrezia 
surothrae F’ursh.) is dominant. Important forbs include leatherweed 
croton (Croton pottsii Lam.), nightshades (Solanum spp.), and globe- 
mallow (Sphaerulceu spp.). More detailed descriptions of the study 
areas are provided by Smith (1993). 

Grazing Histories 
The excellent condition study area was contained within 1 pasture. 

Historically, this pasture was conservatively stocked (30-35% use of 
key forages). The grazing strategy has incorporated periodic rest dur- 
ing the growing season (1 May-l October). During the period of 
study, however, the pasture was continuously grazed. The annual 
stocking rate averaged 20 ha/animal unit. 

The good condition study area contained 4 pastures. One was con- 
tinuously grazed while the others were grazed in a seasonal suitabili- 
ty strategy. For the past 25 years these pastures have been conserva- 
tively stocked with utilization of key forage species (black grama and 
mesa dropseed) averaging about 30%. McNeely (1983) and Beck and 
Kiesling (1991) found that the seasonal suitability pastures had simi- 
lar vegetation to the continuous grazed pasture. Therefore, transects 
were placed across the 2 grazing strategies without concern of con- 
founding. The annual stocking rate averaged 48 ha/animal unit (Beck 
and Kiesling 1991). 

Vegetation Analyses 
Four transects 6.4 km in length were established on the good con- 

dition study site along the road that boarders the west side of the pas- 
tures. Two transects 3.2 km in length and four 1.6 km in length were 
established on the excellent condition range. Cover data were collect- 
ed along these transects in spring 1992 and fall 1992. The line-inter- 
cept method (Canfield 1941) as modified by Holechek and 
Stephenson (1983) was used to determine percent cover. A meter stick 
was used instead of a line. A total of 80 sampling points were taken 
for each study area during 1 sampling period. Spacing between sam- 
pling points varied with the length of the transect. Sampling was at 
320 m intervals on 6.4 km transects, and at 160 m intervals on 3.2 km 
transects. The meter stick was placed perpendicular to the transect and 
the intercept of the plants were measured (Bonham 1989). Plants were 
identified according to Allred (1988). 

Standing crop for herbage was also determined along these tran- 
sects in October 1991, April 1992, and October 1992. The data was 
collected by clipping the standing crop at ground level in quadrats 0.5 
m*. A total of 40 quadrats (10 per transect) were clipped in each study 
area during each sampling period. 

Fresh cattle feces samples were obtained for 5 consecutive seasons 
beginning fall 1991 and ending fall 1992. A total of 10 patties were se- 
lected at random during each sampling period in each pasture. The 
patties were placed into plastic containers and put into forced air 
ovens at 60” C. The feces remained in the ovens for an average of 72 
hours or until thoroughly dried, and then ground in a micro-Wiley mill 
with l-mm mesh screen. 

Diet Botanical Composition Analyses 
Slide preparation followed a modification (Holechek 1982) of the 

Sparks and Malechek (1968) procedure. A training procedure 
(Holechek and Gross 1982) was used to gain experience in the micro- 
histological technique. A Nikon binocular microscope at 200X mag- 
nification was used for microhistological analyses. Twenty fields were 
systematically observed for each slide, resulting in a total of 100 fields 
per sample. Relative botanical composition by weight was calculated 
using the frequency addition procedure (Holechek and Gross 1982). 

Nutritive Evaluation of Fecal Samples 
Fecal samples (10 patties/pasture/period) were analyzed for dry 

matter, ash and phosphorus concentrations (AOAC 1984). The 
Kjeldahl method (AOAC 1984) was used to determine fecal nitrogen 
concentrations. 

Statistical Analyses 
Standard t-test were used to compare total standing crop of grasses, 

cattle diets, and fecal chemical composition between pastures within 
seasons (Steel and Tot-tie 1980). Transects were used as replicates for 
total grass standing crop evaluations. Fecal collections (10 patties/pas- 
ture/period) were used as replicates for both diet and chemical evalu- 
ations. 

Results and Discussion 

Vegetation Cover and Standing Crop 
Differences (P&05) occurred in total grass standing crop in each 

period. Total grass standing crops on the excellent condition range 
were 971,982, and 1,044 kg/ha for October 1991, April 1992, respec- 
tively. On the good condition range these values were 554, 581, and 
842 kg/ha, respectively. The large increase on the good condition 
range in October 1992 is attributed to above average rainfall during 
the previous summer. 

Black grama was the primary forage plant found on both excellent 
and good condition study areas based on canopy cover and standing 
crop (Table 1). In contrast tbreeawn and dropseeds were higher on the 
good than excellent condition range. Canopy cover showed shrubs 
were more prevalent on the good condition range. 

Plant species found on the excellent and good condition ranges 
numbered 21 and 31, respectively (Smith 1993). With the Shannon- 
Weiner index (Barbour et al. 1987), diversity values were 2.72 and 
3.38 on the excellent and good condition ranges (Smith 1993, The 
Shannon-Weaver diversity index reflects the number of species and 
their proportional distribution within the sample. 

Our data indicate Chihuahuan desert ranges in high ecological con- 
dition produce more forage than those in an earlier successional stage. 
Paulsen and Ares (1962) and Tembo (1990) in New Mexico, and Frost 
and Smith (1991) in Arizona also found forage production increased 
as ecological condition increased on desert ranges. Cattle grazing ca- 
pacity might be 30 to 40% higher on excellent compared to good con- 
dition range. 

Botanical Composition of Cattle Diets 
Black grama was a key species in cattle diets on both excellent and 

good condition ranges when samples were pooled across seasons 
(Tables 1 and 2). It comprised 50% and 15% of the overall diet on ex- 
cellent and good condition ranges, respectively. Other important 
plants in the diets on both ranges were dropseeds, threeawns, leather- 
weed croton, and globemallow. Key forage species for cattle in our 
study were consistent with Hakkila et al. (1987). Their study was con- 
ducted on good condition sandy loam rangeland in southcentral New 
Mexico. 

Total grass in the cattle diet was greater (PcO.05) on the excellent 
condition range than the good condition range in April 1992 and 
October 1992 (Table 2). The predominance of grass in cattle diets on 
excellent condition range is consistent with Galt et al. (1969). They 
found cattle diets contained 82% grass on a southern Arizona study 
area comprised of 97% grass by weight. Cattle on good condition 
range consumed more dropseeds than black gramain every period ex- 
cept April 1992 even though black grama and dropseeds were similar 
in availability. Rosiere et al.( 1975) reported cattle had higher prefer- 
ence for dropseeds than black grama on good condition Chihuahuan 
desert range. 

Forbs were most available on the good condition range during 
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‘Igble 1. Available forage and botanical composition of cattle diets on excellent (EC) and good condition (GC) ranges in the Cbihaahuan desert for da- 
ta pooled across seasons. 

Other Shrubs 
Total shrub 

Species 

Grasses: 
Bouieloua eriopoda 
Spombolus spp. 
Aristida spp. 
Other grasses 
Total grasses 

we Forbs? 
Cmton pottsii 
Sphaeralcea spp. 
Other Forbs 
Total forbs 

ShLk 
Gutierwzia samthrae 
Pmspopis glandulosa 
Yucca elata 

NS 

Standing Crop’ 

NS 
NS 

EC 

NS 

GC 

Wba) 

669 240 
3 213 

48 175 
279 31 
999 659 

23 10 
15 3 
9 8 

47 21 

0 246 
NS NS 
NS NS 

Avr&M&raae 
Cover2 

i 

GC EC 

1: 

(46) 

20 10 

:. 
8 
4 

14 1 
36 23 

t t 
t : 

: 2 

t 6 
t 7 
t 2 

Relative Cover2 

t 

-3 

EC 

1 

GC 

3; 

EG GC 

: k 

(46) (46) 

53 26 50 15 

: 
21 7 19 
10 16 15 

37 2 16 31 
95 59 89 80 

t t 4 8 
3 2 : : 
1 2 

5 2 8 12 

t 15 0 0 
t 18 1 6 
t 5 1 1 

2Data ‘Data pooled across and 

3Data pooled 

across fall 1991, 1992 spring and fall 1992, 1992. fail 1992. 

Pooled across spring fall 1991, winter 1992. 1992. summer spring 1992, ad fall 1992. 
NS = Not sampled. 
t=trace 
4Forb~ madily consumed by cattle that am low in toxicity. 

spring 1992 (Smith 1993). Cattle consumption of fork was highest in 
this period which is consistent with other research (Hakkila et al. 
1987, Rosiere et al. 1975). 

Diet similarities between the excellent and good condition pastures 
ranged from a high of 58% in winter of 1992 to a low of 41% in fall 
1991. Cattle on both ranges made considerable use of black grama in 
the winter period. Because black grama stems stay green in winter it 
is one of the most palatable and nutritious of the desert grasses in this 
period (Nelson et al. 1970). Cattle on the good condition range made 
considerable use of honey mesquite (Prosopis glandulosa Torr.) in 
July 1992. Consumption of mesquite in summer by cattle was also re- 
ported by Rosiere et al. (1975). 

Seasonal similarities on the excellent condition range varied from 
70% to 8 1%. Cattle diets on the good condition range were more vari- 
able ranging from 41% to 76% in similarity. Greater plant diversity 
and periodicity on the good compared to the excellent condition range 
explain these differences. 

Fecal Indicators of Nutritional Status 
Fecal nitrogen concentration has been positively correlated to pro- 

tein concentration in cattle diets (Moir 1960, Holechek et al. 1982, 
Hakkila et al. 1988) and to cattle weight changes (Holechek et al. 
1982, Squires and Siebert 1983). In the Chihuahuan desert, Hakkila et 
al. (1988) found it to be a useful indicator of trends in cattle nutritional 

lkble 2. Botanical composition (% dry weight) of cattle diets on excellent and goood condition ranges in the Chiuahuan Desert for 5 seasons. 

October 1991 January 1992 April 1992 July 1992 October 1992 
Species EC1 GC EC GC EC GC EC GC EC GC 

Grasses: 
Bouteloua eriopoda 
Spombolus spp. 
Artistida spp. 
Other grass 
Total grass 

43a llb 54a 19b 57a 16b 51a 13b 46a 15b 
Sa 63b 19a 32b Sa 13b loa 5ob 5a 27b 
27a 13b 108 11a 20a 3Sb 6 2 14 13 
14 6 14 32 8 7 22 10 
92a 93a 97a 93a 93a 74b 2 ::a 87a 65b 

EQr.tK 
Cmton pottsii 1 5 t t 2a lSb 6 8 8 12 
Sphaeralcea spp. 1 1 t t 1 7 8 1 2 2 
other forbs 3 0 t t 3 t 4 3 2 2 
Total forbs 5 6 1 1 6a 25b 18a 12b 12a 16a 

ShIllkK 
Pmsopis glandulosa 0 1 0 1 0 0 2a 12b 1s 17b 
Other Shrubs 1 1 1 5 1 0 0 2 0. 0 
Total shrubs 1 2 la gb 1 1 2a 14b la 17b 

lEC = Excellent condition range; GC = Good Condition Ranga. 
Row means with different lettea differ (P4.05) between ranges for each sampling period using standare t-tast. 
t=trace 
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status. Fecal nitrogen concentration in our study were higher for cattle than those in lower condition based on our research and oth- 
(PcO.05) on good compared to excellent condition ranges in most pe- er studies. Good condition ranges, however, appear to have nutrition- 
riods (Table 3). Differences occurred in spring, summer and fall of al advantages over excellent condition ranges during the spring and 
1992. We attributed this to the higher forb and shrub content of cattle early summer because of a higher component of forbs, dropseeds, and 
diets on the good condition range. Forbs and shrubs generally have tbreeawns. Forbs and threeawns initiate growth earlier in the spring 
level of crude protein than grasses in the Chihuahuan desert (Nelson than black grama, and are heavily used by cattle in later winter 
et al. 1970). through early summer. 

Fecal nitrogen concentrations below 1.20% indicate that dietary ni- 
trogen is inadequate for weight maintenance by cattle (Hakkila et al. 
1988). In our study this occurred on both ranges in winter. Diet sam- 
ples from cattle have shown low crude protein levels in winter in 
Chiuahuan desert studies with fistulated animals (Hakkila et al. 
1987. King et al. 1993) because of dormant grasses and a lack of 
forbs. 

Cattle diet and fecal phosphorus concentrations have been positive- 
ly correlated (Moir 1960, Holechek et al. 1985). Hakkila et al. (1988) 
found fecal phosphorus to be one of the best single indicators of crude 
protein concentration in cattle diets in the Chihuahuan desert. Fecal 
phosphorus concentrations showed the same trends and differences as 
did fecal nitrogen concentration with the exception of October 1992 
(Table 3). In this period fecal nitrogen was higher on the good condi- 
tion range but fecal phosphorus showed no difference between the 2 
ranges. We explain this by the high level of mesquite in cattle diets on 
the good condition range (Table 2). Mesquite has high condensed tan- 
nin concentration which can cause elevated fecal nitrogen values 
compared to dietary N (Holechek et al. 1990). 

Most ranchers in the Chihuahuan desert have limited amounts of 
excellent and good condition range but large amounts of range in fair 
condition. Our study supports integrating Chihuahuan desert ranges in 
different ecological condition classes into the seasonal suitability 
grazing scheme discussed by Holechek and Herbel (1982). This in- 
volves using poor and fair condition ranges with a high forb and three- 
awn component in spring and early summer, using good condition 
ranges dominated by dropseeds in mid-summer through early fall, and 
saving excellent condition ranges dominated by black grama for win- 
ter use. Plant requirements and cattle nutritional welfare are optimized 
using this strategy. Research has shown that black grama has low re- 
sistance to summer grazing but withstands winter grazing fairly well 
(Paulsen and Ares 1962), and has a higher protein concentration than 
other desert grasses in the winter (Nelson et al. 1970). In contrast, 
mesa dropseed is well adapted to summer grazing (Miller and Donart 
1979) when it is most palatable and superior to other grasses in nutri- 
tional quality (Nelson et al. 1970). 
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Abstract 

Plains pricklypear cactus (Opunti polyacantha L.) is abundant 
on the Central Great Plains, producing dry matter yields from 
l,!%O tu 2,000 kg/ha. Although pricklypear is high in energy and 
palatable, long sharp spines make it, and vegetation immediately 
surruunding it, unavailable to livestock. The possibility of simul- 
taneously controlling and feeding plains pricklypear led to devel- 
opment of machinery for harvesting and despining cactus. The 
mechanical despiner described here adequately removed spines 
fern pads during periods of low relative humidity. Softening of 
cactus spines due to high relative humidity resulted in failure of 
the despiner to adequately remove spines. Cattle readily ate de- 
spined cactus in the winter when green forage was unavailable. 

Key Words: cactus, range improvement, Opunti~ polyacantha, 
shortgrass prairie 

Over 2,400,OOO ha of rangeland in eastern Wyoming and nortbeast- 
em Colorado have high populations of pricklypear (Opuntia pofyu- 
cantha L.) (Alley and Lee 1969, Sims 1973). In some instances, prick- 
lypear is a barrier to grazing cattle (Bement 1968, Smith et al. 1985). 
Several methods for reducing or controlling stand densities have been 
attempted. Some control methods are blading, beating, burning, or 
chemical application. These methods are costly and not always effec- 
tive in killing cactus. They frequently leave cactus pads intact for 2 or 
more years and may damage or destroy other desirable forage species. 

Pricklypear pads are palatable and nutritious (high in energy, low in 
protein, and phosphorus) once spines have been removed (Shoop et al. 
1977). In the past removing the spines by singeing made cactus pads 
available as feed (Thatcher et al. 1964, Hyde et al. 1965, and Sims 
1973). Livestock producers have historically fed pricklypear during 
droughts (Griffiths 1906, Woodward et al. 1915) and still utilize it as 
emergency feed. Chemical analysis and digestion trails have shown 
plains pricklypear digestibility to be equal or superior to that of high 
quality hay (Shoop et al. 1977). The possibility of simultaneously con- 
trolling and collecting plains pricklypear for later feeding to livestock 
led to development of a cactus harvester (Mueller et al. 1994). The 
study objective was to develop equipment that removed spines from 
harvested prickly-pear, thereby making pricklypear available as live- 
stock feed. 

Materials and Methods 

We designed and constructed a hydraulic powered mechanical de- 
spiner to remove spines from pricklypear cactus pads (Fig. 1). Cactus 

Manuscript accepti 22 Mar. 1994. 

pads fed into an opening at one end of the despiner are propelled by 
rotating chains through 8 connected horizontal cylinders. The scrap- 
ing action of pads against the rasp-lined walls of the cylinders re- 
moves spines while leaving pads intact. Despined pads are then eject- 
ed out the opposite end of the despiner. 

‘Ihe despiner consists of eight 76.2-cm long cylinders 38.7-cm in- 
side diameters (ID). Cylinders are made of 0.3-cm steel with 0.6-cm 
perforations. Each cylinder is lined on the inside with seventeen 3.8- 
X 25.4-cm “sure form”’ rasps designed for shaping auto body plastic. 
Individual rasps are attached in grooves on linoleum edging connect- 
ed to the inside of each cylinder. Cylinders are arranged to allow con- 
tinuous flow of cactus pads from one to another through adjustable 
openings (slots) between them (Fig. 2). Slot size between cylinders is 
controlled with sliding covers made from sections of perforated steel 
cylinder. Once the desired slot size is obtained the sliding cover is at- 
tached to that portion of the cylinder it overlaps with bolts. Cactus 
pads are propelled through the despiner by rotating 15.2-cm long steel 
chains attached to four 1.3-cm outside diameter (OD) by 76.2-cm long 
steel rods. The inside of the chain link is 1.3-cm across so that it will 
slide over the rod. Spacers made of 1.9- X 2.5-cm P.V.C. pipe separate 
each chain (Fig. 3). The rods are attached to the comers of three 0.6- 
X 7.6- X 7.6-cm square plates on a 1.9-X 83.8-cm shaft through the 
center of each 38.7-cm ID cylinder (Fig. 3). Each shaft is rotated in 
the opposite direction of the preceding shaft. Chain lengths are ad- 
justed so that they operate within 1.3-cm of the cylinder wall. 
Centrifugal force from rotating chains move the pads along the rasp- 
lined perforated wall of each cylinder and from cylinder to cylinder. 
Cactus spines become detached by shearing action of pad against cut- 
ting edges of rasps (Fig. 2). Adjustment of slot size and chain speed 
@pm) controls the flow rate of cactus pads through cylinders. Chain 
speed also controls the centrifugal force needed to remove spines from 
cactus without excessive pad damage. 

Drying Study 
Initial testing of the despiner during the design phase seemed to in- 

dicate pad moisture may affect spine removal efficiency. Thus, de- 
spiner efficiency on freshly harvested pads versus pads harvested and 
dried for a week were tested in study I. Pricklypear cactus pads were 
collected with hand rakes on 9 and 23 July 1990 at the Central Plains 
Experimental Range near Nunn, Colorado. Approximately 300 cactus 
pads (35 liters) were treated by the despiner on the day collected. A 
second 35 liters of cactus were despined after intact pads were air 
dried for one week. A random sample of 10 pads taken from each 35 
liters of cactus prior to a trial run through the despiner were used to 

‘Mention of a trademark or manufacturer by the USDA does not imply its approval to the 
exclusion of other productions or manufacturers. 
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Treated cactus fmm the humidity study was given to twelve 43Okg 
heifers 8 March 1991. Heifen were given cactus in two 35-liter con- 
amen as they watered in the morning. One container was tilled with 

gh humidity before despining and the other container 
d cactus kept at low humidity prior to despining. In both studies all 

cattle were observed by three individuals and notes were taken when- 
ever an attempt or actual ingestion or mastication of cactus occurred. 

Results and Discussion 

The pricklypear despiner performed poorly on cactus treated the 
same day collected. The despiner performed best (“fair” removal of 
spines) on cactus collected 9 July and dried for a week prior to spine 
removal. Pad water content was 69 and 74% for cactus collected 9 
July and 23 July, respectively. Relative humidity ranged from 80 to 
90% cm 9 July and from 60 to 70% on 23 July. Pad water ccmtent af- 
ter one week drying remained high (71%). but RH dropped to 30 to 

Fig. 1. Cactus despiner developed by USDA-ARS Central Plains 40%. Our assumption was that decreased RH increased spine removal 
*xprimentat Range. efficiency. Previous experience during the design phase suggested that 

poor spine removal occurred on humid days when it was either foggy 
determine water content of cactw pads. Pads were sliced to facilitate or mining. 
drying then oven dried at 60” C for 2 days. Slot size between cylin- 
ders and chain ‘pm were adjusted before each test for removal of max- Humidity Study 
imum number of spines. Adjustments were done by trial and error on Spine removal from pads kept at low RH (40%) was significantly 
both the freshly harvested and air dried samples. better than those pads kept at high RH (90%) and both treatments 

Estimates of spine removal eficiency were based on a subjective were significantly better then the control. no despining (Fig, 
rating of good, fair, and poor. A ‘gocd’ rating meant that the majority 4).Density (spines/pad) of broken and/or intact spines atim despining 
of pads were completely free of spines and glochids with occasional averaged 14 for cactu kept at low RH and 56 for cactw treated at 
pads having spines that were broken at the base or tip so as to be eas- high RH while pads not despined averaged 93 (Table 1). Very few 
ily handled without gloves. ‘Fair’ rating meant that some spines were spines left on the pads after despining were intact, which made it easy 
attached to 50% or more of pad edges or creases, however the spines to handle the cacms pads from both humidity treatments without 
had been rendered harmless through breakage. ‘Poor’ removal of gloves. Pads not through the despiner were impossible. to handle with- 
spines meant that most spines and glochids were still intact and at- out gloves (Fig. 4). Pad water cmttent was probably not a factor in 
tached solidly enough to make handling of the pad without gloves dif- spine removal since pads averaged 55 and 58% for low and high RH 
iicult, thus severely reducing palatability m livestock. treatments, respectively. 

Humidity Study 
Tbe drying study results led to a second study which tested the ef- 

fects of relative humidity (RH) on despiner efficiency. Cactus were 
collected with hand rakes 7 March 1991. One randomly selected 35. 
liter sample of cactus was placed in a growth chamber set at 21” C and 
95% RH for 5 days and another randomly selected 35-l&r sample was 
placed in a growth chamber set at 21” C and 40% RH for 5 days. Pad 
water cmttent was determined by the same methods used in the drying 
study. The despiner was adjusted for optimum removal of spines un- 
der existing pad and environmental conditions. Cactus from the high 
RH chamber were kept in plastic hags with an open source of water 
until despined. After despining, spine density (spines/pad) was deter- 
mined by counting spines on 20 random samples from each of the hu- 
midity treatments. This was compared to the number of spines on 20 
random samples of cactus not run through the despiner (check). 
Glcchids and short spines at the bases of longer spines were not count- 
ed on any of the samples. One-way analysis of variance was per- 
formed on the results. Duncan’s new multiple range test was used for 
mean separation (&O.OS). 

Feeding Trials 
Treated cactus from the drying study was given to eleven 300.kg 

steers 2 August 1990. Tbe steas were placed into 3 pens. T.vo pens 
contained 4 steers each with 3 in the other. Each pen had water and 
two 35.liter containers filled with despined cactus for duration of the 

Fig. 2. Side view of pricklypear cactw despiser cylinders. Letters refer to: 
(a) 38.7 ID-X 76.*cm long cylinders; (b) 3.8 X25.4-em rasps; (c) 2.54. 

study. The study was designed to go a maximum of 6 hours or until all X 76.Z-cm linoleum edging; (d) 15% X 660sm adjustable slots; (e) 
the cactus had been eaten. caet”s entrance; (0 caetw exit. 
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lbhle 1. Number of spines remaining on eaetus pads kept at high (9.5%) 
and law (40%) relative humidity in growth chamber fotbxving mechan- 
ical despiniog mmpmd to ccmtml (non d-pined) pads 

Mechanica,,” DesQm ‘e d 
High Low 

CO”tml Humidity Humidity 

Moisture adsorbed by spines from the air or pad surface of cactus 
kept at high humidity may have caused either spines or spine bases to 
soften, allowing them to flatten against the pads instead of becoming 
caught and removed by the rasps during the despining operation. Pads 
with high water content (summer 1990) were more susceptible m 
damage from the despiner than pads with low water content (winter 
,991). Moisture released fmm macerated cactus pads (pads tom into 
pieces) during the 1990 trials may have contributed, along with high 
RH. to spine softening. Rasp effectiveness decreased as the holes in 
rasps became plugged with vegetative matter from damaged cactus 
pads. Operator control of flow rate and centrifugal force on cactus is 
important to avoid pad damage. 

Feeding lkiils 
Cattle would not ea., treated cactus offered TV them in the summer of 

1990, even after a 6 hour fast. Approximately two 35.liter containen 
of treated cactus were readily eaten by several cattle when placed be- 
fore them in March, 1991. They ate, without hesitation, all cactus sup- 
plied to them from both high and low humidity treatments without pri- 
or fasting. Observations during the trials led us to believe the reasons 
were probably two fold: 1) The despiner removed and/or damaged the 
tips of more cactus spines in March 1991 than in the summer of 1990, 
2) Them was no other green vegetation available m cattle in March 
1991, whereas during the summer of 1990 there was other green veg- 
etation available. 

Fig. 3. Expanded view of pri&ypem cactus despiner cylinder and rota- 
ing chains. Letters refer to the following: (a) 1.3 OD- X 76.2-an long 
rod; (b) 0.6. X 7.6-X 7.6-zm plate; (c) 1.9 OD- X 83.&m long shsn; (d) 
153-cm long chain; WI.9 ID-X 25em long P.V.C. pip spacen 

Fig. 4. Cactus pad (a) before spine remova, @a) pad kp, at low humidi- 
ty for 5 days prier to d-pining and (c) compared to cactus pad kept 
et high humidity for S days prior to despining 

Conclusion 

Mechanical despining can remove spines from pads during periods 
of low RH. At high RH cactus spines arc softened. resulting in less ef- 
ficient removal by the despiner. However, tips and base of spines were 
broken and damaged enough to permit handling without gloves and 
consumption by cattle. Cattle readily ate despined cactus in the win- 
ter when other forage was dry and avoided despined cactus in the 
summer when more desirable forage was available. The despiner also 
performed more. efficiently in the winter because the pads were drier 
and less susceptible to damage (tom pads) by the machine. 

The despiner, in conjunction with a cactus harvester, could provide 
a three-fold advantage to producers by controlling pricklypear. mak- 
ing existing forage more available to livestock, and providing an ad- 
ditional livestock feed source during winter or drought periods. 
Further long term feeding trials should be undertaken and cattle test- 
ed for any possible ill effects from eating cactus from the despiner be- 
fore the machine is marketed commercially. The prototype machine 
has addressed only function. and not durability or safety. A commer- 
cial machine would need stmctwal strengthening and safety standards 
met. 
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Book Reviews 

CATTLE AND US. Frankly Speaking. By Frank Jacobs. 
1993. Detselig Enterprises Ltd., Calgary, Alberta, Canada. 
Available in the U.S.A. from Temeron Books, Inc., PO. Box 
896, Bellingham, WA 98227.267 p. USS.17.95 paper. ISBN 
l-55059-071-5. 
Cattle and Us is a personalized view of the history of the livestock 

industry of western North America north of Mexico. It is alo an out- 
standing showcase of terms, jargon, and slang used by the industry 
since its beginning. 

The author has arranged the book into four parts: Cattle and their 
Sexes; Cattlemen and their Cattle; Revolution; and Bovines, Humans, 
and their Survival. Part One contains four chapters and discusses the 
vital functions of bovines and sex, how and why. It may give readers 
a laugh to learn things rarely discussed in public or in mixed compa- 
ny. The six chapters of Part Two are written for anyone who ever 
dreamed of owning a ranch or anyone who eats meat or has joined a 
4-H club. This part greatly reflects the author’s personal history and 
practical experience. Part Three, in five chapters, describes the dra- 
matic changes in the Western livestock industry and its likely future 
trends. Part Four contains four chapters addressing personal concerns 
and solutions for the future of the industry and that of the world as a 
whole. This section is perhaps the guts of the entire effort, The four 
parts can be read separately in any order and they all have strong prac- 
tical messages for everyone from the interested outsider to the scien- 
tist at his desk, to the practioner in the field. 

Cattle and Us is racy and outspoken in places, which makes it fas- 
cinating reading for the experienced person, and must reading for any- 
one who lacks personal interaction with ranchers, livestock, and their 
ways. In today’s world where young professionals in academia and in 
public land management often lack personal, hands-on experience, it 
could be a supplementary, if informal, textbook, or at least, a valuable 
reference. 

The author could little help but include his personal biases, his pre- 
dictions of the future, and his thoughts and solutions. These points 
could well be debated at length and perhaps should be. At least the au- 
thor has shown the intestinal fortitude to bring them into the light of 
day in a very challenging way. 

I strongly recommend this book to anyone whether they support the 
use of livestock as a source of food and other products or consider 
them a pest on public rangelands. It would be impossible not to gain 
some perspective from it.-Perer v Jackson, III, retired Executive 
Vice President of the Society for Range Management and active sheep 
and cattle rancher in the states of Montana and Missouri. 

North American Range Plants. Fourth Edition. By James 
Stubbendieck, Stephan L. Hatch, and Charles H. Butterfield. 
1992. University of Nebraska Press, Lincoln. 493 p. 
USS40.00 cloth $20.00 paper. ISBN o-8032-9205-8 cloth, O- 
8032-42 18-2 paper. 
This work is the latest edition of the book best known as the master 

plant list for the range plant indentification contest sponsored annual- 
ly by the Society for Range Management at its winter meeting. It is 
the definitive reference for that contest. The fourth edition has incor- 
porated changes in taxonomic nomenclature and regional distributions 
since the third (1986) edition, and entirely new. larger illustration of 
the 200 selected species described. 

The bulk of the book consists of the 200 plant descriptions, each of 
which begins with the 7 contest specifications, i.e., the family, genus, 
species, common name, lifespan, geographic origin, and season of 
growth. The Poaceae and Asteraceae are specified by tribe rather than 

by family. The 94 grasses are further described by short sections on 
inflorescence characteristics, vegetative characteristics, growth char- 
acteristics, forage value, and habitat. Plants of other families are de- 
scribed with short sections on growth form, floral and fruit character- 
istics, vegetative characteristics, historic, food and medicinal uses, 
livestock losses, forage value, and habitat. The descriptions are in 
brief phrases. Tbe management descriptions are especially terse. 

The introductory sections contain an overview of relevant botanical 
nomenclature, and a series of about 20 drawings of morphological 
traits to aid in species differentiation. A good glossary of morpholog- 
ical terms follows the plants, as do lists of taxonomic authorities, plant 
synonyms, and selected references. An appendix consisting of the of- 
ficial rules and procedures, and a sample scoresheet for tbe Society for 
Range Management’s range plant contest precede a final general in- 
dex. 

North American Range Plants is useful as a text for university 
courses on range plants. Tbe terse presentation lends itself mom. to 
memorization of plants than to in-depth understanding, so supple- 
mentary references would likely be needed for most courses. The 
book can easily and hastily be judged thin on management informa- 
tion and then of modest use beyond the scope of tbe SRM plant con- 
test. But my experience as a former SRM range plant contestant, and 
subsequent experiences in teaching and field work assure me tbat the 
contents of this book are a good foundation of an education in Western 
range plants. -David L Scarnecchia, Washington State University, 
Pullman, Washington. 

Tropical Pasture Utilisation. By L. R. Humphreys. 1991. 
Cambridge University Press, Cambridge. 206 p. US$75.00 
hardbound. ISBNO-521-38030-8. 
Tropical Pasture Utilisation, in the author’s description, “sets out a 

personal view of the utilisation of tropical pastures, illustrates these 
principles with concrete examples of research findings, and invites 
their validation in the diverse farming systems of the tropics.” By its 
own admission, the book is not an encyclopedic coverage of all 
philosophies and strategies of grazing management. 

The book consists of eleven chapters with titles more or less typical 
of a book on grazing management. But its approach is substantially 
different than that of most American books on the subject. Despite oc- 
casional philosophical forays into the virtue and sometime necessity 
of multiple-objective management, the book’s main premise, made 
early in Chapter 1, is , in the author’s works, that “the central objec- 
tive of management is to effect a synchrony between the pasture avail- 
able and the forage requirement of the animal.” At tbe outset of 
Chapter 4, the author affirms “the primary objective of management 
is to maximize the intake of nutrients by the animals on a sustained 
basis.” Presumably the second primary objective is effected by tbe 
first primary objective, and never mind which objective is preemi- 
nently primary. This gyrating about primary objectives is tacit admis- 
sion that grazing management may have many other primary objec- 
tives, but such an admission is inappropriate here because it is philo- 
sophically incompatible with the main message of Tropical Pasture 
Utilisation. The synchrony and maximization in the two objectives 
above are simplifications of single objective management which al- 
low many facets of grazing management to be deemphasized, includ- 
ing such overemphasized “misleading legacies ofpast thought” as se- 
lective grazing, rest from grazing and rotation of grazing. So discus- 
sion of stocking rate and continuity of forage supply consumes 50 
pages, while that of rotational grazing systems fills a scant 4 or 5, 
mostly directed at discreditation. The book does not emphasize the 
multiple objectives of ecosystem management. With single-objective 
management, grazing management gets simpler. 

Well, it doesn’t really get much simpler in Tropical Pastures 
Utilisation. The primary objectives of management are simplified, but 
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the text is technical. The cover-to-cover reader had better be a scien- 
tist with a sound knowledge of grazing research. Much of the text is 
dedicated to relating one technical variable to another. So much time 
is spent relating variables verbally that the analytical reader will like- 
ly be drawing dizzying mental graphs much of the time. The book 
arouses the the impression of the past and current incompatibility of 
conceptual and empirical research of grazing; the methodically cited 
empirical research never seems to quite answer the conceptual ques- 
tions. 

plants as biological control agents is reflected in the occasional men- 
tion of the tool with few results reported. 

Strengths include the coverage devoted to ecology of these species, 
the wide array and depth of expertise involved and the inclusion of re- 
cent thought on monitoring change on rangelands. The current em- 
phasis in research of the use of insects, mites, and plant pathogens as 
biological control agents is obvious in their frequency of considera- 
tion. The use of chemicals in weed control dominates. 

The text is well stocked with acronyms, literature citations, and sci- 
entific plant names. The relational syntax is often intricate and 
lengthy. Sentences are not infrequently composed of generic jargon 
combined with obscure, specific examples, The style is relaxed and 
assured, but is taxing and colorless. The book has numerous figures 
and tables, occasional black and white photographs, and an impres- 
sive list of references. Some of the figures also require considerable 
study. Tropical Pasture Utilisation is a better reference than reader. 

In content, the book has a wealth of information on animal produc- 
tion under continuous grazing in the tropics. Achieving synchrony be- 
tween the pasture available and the forage requirements of the animal 
is the focus of the book, and has been the focus of much of the au- 
thor’s research during his career. Within that limited focus, the book 
is highly analytical and technically rigorous. Descriptive case studies 
are used widely in the book to provide background to make technical 
points. Production systems involving beef and dairy cattle, and small 
ruminants are considered throughout the book. For the manager or sci- 
entist whose objective is tropical pasture utilization for animal pro- 
duction, this book is an outstanding reference. Those who want a mul- 
tiple-objective approach or an easy read will want more, or less, re- 
spectively.-David L. Scamecchia, Washington State University, 
Pullman, Washington. 

As is common in printed proceedings of conferences, printing indi- 
vidual papers risks not pulling together individual, scattered thoughts 
on various topics common to many presentations. This collection of 
wisdom might often shed light on new opportunities. An example in 
this book is weed control using competitive or allelopathic traits of 
plants. A chapter exists on allelopathy but with few results from or di- 
rection for research. Several chapters, however, suggest examples of 
competitive plants for weed suppression and another chapter provides 
great detail on improved forage plants but with no discussion of their 
abilities to compete. Summarized thought on this topic might have led 
to suggestions for future research, including gene transfer and similar 
biotechnology currently popular in cultivated agriculture. 

The book is a valuable resource for land managers dealing with the 
individual plants covered. It also should serve as a guide to the re- 
search community on the direction weed control research needs to 
take to avoid re-searching. When one considers the prolific nature of 
weed introductions and the concurrent advances in control technolo- 
gy, the book will soon need updating.-James Z O’Rourke, Chadron, 
Nebraska. 

NOXIOUS RANGE WEEDS. 1991. Lynn F. James, John 0. 
Evans, Michael H. Ralphs, and R. Dennis Childs. Westview 
Press, Boulder, Colorado. 446 pp. US$65.00 softbound. IS- 
BN O-8133-8395-1. 

granite 
Conceived in 1989 by the Greater Northwest Noxious Weed 

Management Council and hosted by the U.S. Department of 
Agriculture, Agriculture Research Service Poisonous Plant Research 
Laboratory, a National Noxious Range Weed Conference provided 
this collection of papers by 71 contributors. 

SEED 

The 45 papers are organized into eight introductory discussions on 
definitions of noxious weeds, environmental and economic impacts, 
history of naturalization, fresh approaches to choosing benchmarks, 
seed dynamics, weed dynamics, global change, and management 
strategies. The following seven chapters are concerned with control 
strategies including biological, chemical, allelopathy, improved grass- 
es and forbs, and impact of weeds, and opportunities for week inva- 
sion with native shrub die-off. Twenty-eight chapters, (roughly two- 
thirds of the book) are devoted to individual weeds including: leafy 
spurge, snakeweed, thistles, knapweeds, junipers, sagebrush, rabbit- 
brush, oakbrush, mesquite, saltcedar, dyers woad, medusahead, dal- 
mation toadflax, yellow toadflax, black henbane, tansy, mustard, 
cheatgrass, tansy ragwort, Senecio species, threadleaf groundsel, 
Riddell’s groundsel, Crotalaria species and several weeds in the 
Boraginaceae family. 

l Pasture & Range 
l Erosion Control 
0 Alfalfa 
l Custom Seed Blends 
l Over 300 Species in Stock 
l Fast, professional service 

The classification, distribution and ecology of most of these species 
are considered. The economic impact of some of them are reviewed. 
Control emphasis is on traditional biological agents, and the use of 
chemicals and grazing animals. Fire is less commonly evaluated and 
then only for those species we have a longer history of dealing with 
such as junipers, sagebrush, rabbitbrush, oakbrush, mesquite and 
cheatgrass. The low priority in research of the use of competitive 

” ’ 611 or fax for our Catafog (801) 531-1456, Fax (601) 766-3967 
Granite Seed Co., P.O. Box 177, Lehi, Utah 64643 
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