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The Relationship between Land Ownership and Range 
Condition in Rich County, Utah 
MICHAEL W. LORINC AND JOHN P. WORKMAN 

Abstract 
A study was conducted in Rich County, Utah, to determine the 

relationship between land ownership and range condition. Anrly- 
sis of variance and paired-plot t-tests were used to compare range 
condition ratings on Forest Service, Bureau of Land Management 
(BLM), state, and private lands. Forest Service land was in the 
highest range condition, BLM and private land had comparable 
intermediate condition ratings, and state-owned rangeland was in 
the lowest condition. Per acre grazing program expenditures in 
Utah by various hmd management agencies show an apparent 
correlation between expenditures and range condition. Thus, 
range condition may reflect management effort rather than the 
structure of public land property rights. 

Key Words: range condition, land ownership, property rights 
structure, privatization 

The relationship between land ownership (and associated prop- 
erty rights) and the use and health of renewable resources was an 
important focus in recent arguments to transfer federal land to 
private or state control. While the economic consequences of some 
such transfers have been addressed (Workman et al. 1981), there is 
little information concerning the impacts of ownership transfers on 
range conditions, long-term forage production, and erosion. 
Advocates of privatization suggest that the lack of efficient and 
well-defined property rights governing public land use has led to 
ecological degradation. They maintain that private ownership of 
natural resources is the only way to avoid resource depletion 
(Baden and Stroup 1977, Hardin 1977). Opponents of privatiza- 
tion contend that the market fails to address the public good of 
long-term ecological stability. They provide many historical 
examples to illustrate the short-sighted approach of the private 
sector and resulting mismanagement of western rangeland (Roset- 
ta 1985). Neither side, however, has offered comparable quantita- 
tive data to support their positions. 

Some published information is currently available on the 
general condition of grazing land under the management of the 
Bureau of Land Management (BLM), Forest Service, and the 
private sector. Table 1 provides the percentages of grazing land in 

Table 1. Percentages of total Utah rnngeland acreage in each range condi- 
tion class for each ownership. 

Condition Class 
Ownership class Excellent Good Fair Poor Other 
Non-Fed’ 2 20 47 29 2 
BLM* 4 33 39 16 
USFS' - 27 46 27 
USFP 13 36 37 14 - 

‘U.S. Dept. of Agriculture, 1984a (SCS condition classification is: >75% climax 
vegetation q  excellent, 51-75s = good, 2650% = fair, and 525% = poor). 
*U.S. Dept. of Interior, 1984(BLM condition classification is the same as that used by 
SCS). 
W.S. Dept. of Agriculture, 1977 (USFS condition classification is: 61-100% climax 
vegetation = good, 41-60% q  fair, 21-40s = poor, and Uo% = very poor). 
WSFS conditionclasses reported in 1977converted to SCSand BLM classificationas 
follows:excellent = l/2 USFSgood,good = 1/2X USFSgood + 1/2X USFSfair,fair 
= l/2 X USFS fair + l/2 X USFS poor, and poor = l/2 X USFS poor + very poor. 

Authors are economist, Bureau of Reclamation, Salt Lake City 84147; and profes- 
sor of range economics, Range Science Department, Utah State University, Logan 
$4322. At the time of the research, Loring was a graduate research assistant, Range 
Science Department, Utah State University. 

Published with the approval of the director, Utah Agricultural Experiment Station 
as Publication No. 3281. 
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each range condition class by major ownership categories for the 
state of Utah. While not providing statistical reliability, this table 
suggests that transfer of Forest Service grazing land to private 
ownership might, over time, result in a decrease in range condition. 
Range condition on BLM land also appears to be slightly better 
than on nonfederal rangeland. The limitations of this general 
condition information have been well explained in earlier reports 
(Box et al. 1976, Box 1979). Reliable conclusions cannot be drawn 
for 2 major reasons: (1) the general survey methods vary between 
agencies, as do sampling and estimation techniques; and 2) the 
sampling methodology for assessing range condition varies by 
agency and sampling year. In view of these limitations, we sampled 
a single representative county in Utah in order to achieve the 
statistical reliability needed for comparison of range condition 
among the different ownership classes. 

Study Area 
The area selected for study was Rich County, located in the 

northeastern part of the Utah panhandle (Fig. 1). Forest Service, 
BLM, Utah Division of State Lands and Forestry, and the private 
sector are well represented in the county, and all ownership groups 
manage grazing on large, contiguous acreages of rangeland. Eleva- 
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Fig. 1. Mop of study Oreo. with regional orienrorion. showing land 
ownership. 
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tions range from 5,924 feet at Bear Lake to 9,148 feet at Monte 
Cristo Peak (Soil Conservation Service 1982). Sagebrush-grass 
communities dominate the 271,614 acres of rangeland (Utah 
Department of Agriculture 198 1). The sagebrush-grass ecosystem 
provides important spring and fall forage and is critical to the 
seasonal range use patterns of Rich County. Seven range sites 
comprising the majority of acreage within the sagebrush-grass 
ecosystem were selected for range condition evaluation. In addi- 
tion to economic importance, these range sites were selected 
because they readily exhibit vegetation composition responses to 
livestock use and demonstrate a consistent positive correlation 
between carrying capacity and range condition rating (Mason 
1971). The 7 range sites, as identified by the Soil Conservation 
Service (1982), are: (1) mountain gravelly loam, (2) mountain stony 
loam, (3) upland loam, (4) upland shallow loam, (5) upland stony 
loam, (6) semidesert loam, and (7) semidesert stony loam. 

Methods 
The experimental designs were an analysis of variance (ANOVA) 

randomized block design, using range sites as blocks and owner- 
ship classes as treatments, and a paired-plot sampling design ap- 
plied on range sites that extended across fence ownership boundar- 
ies for comparisons between ownership pairs. 

All soil mapping units in the county lying within the 7 selected 
range sites were identified through the use of the SCS soil survey 
guide (SCS 1982). Areas where grazing was not discretely con- 
trolled (i.e., state school sections and areas with checkerboard 
ownership configurations) were eliminated from the study. The 
soil mapping units were then numbered separately for each of the 2 
experimental designs by range site and by ownership class or pair. 
Mapping units were selected for field sampling through random 
generation of their identity numbers. Three soil mapping units for 
each range site and each ownership class were sampled for the 
ANOVA test. The paired-plot test required sampling the same soil 
mapping unit on either side of a fenced ownership boundary. Each 
combination of range site and ownership pair was presented by 2 
mapping units for the paired-plot test. A separate randomization 
scheme was used for the paired-plots to maintain design indepen- 
dence. 

Sampling points were located at the approximate center of each 
randomly selected range site and the position marked on topogra- 
phical maps. Range sites dominated by introduced seeded species 
or small grain cultivation were eliminated and replacement sites 
were located through the previously described randomized scheme. 
The number of necessary relocations for each ownership class was 
recorded. 

Field sampling was conducted from early June to early August 
in 1985. To minimize intra-seasonal variation, sampling began at 
lower elevations and proceeded to higher elevation sites as the 
season advanced. Two lOO-meter transect lines were extended at 
right angles from each sampling point and the orientation of the 
lines was randomly determined. Ten 0.5m2 circular plots were 
randomly located along each transect. Green weights for each 
species at each of the 20 circular plots were determinated using the 
double sampling method for weight estimation (Pechanec and 
Pickford 1937). A subset of 4 randomly selected plots were clipped 
for regression adjustments of weight estimates. Samples of each 
plant species at each sampling location were collected for conver- 
sion from green to dry-weights. 

Range condition rating estimates were based on calculated spe- 
cies composition percentages using the standard SCS method 
(SCS 1976). Although it is recognized that the concept and mea- 
surement of range condition is currently being revised (Range 
Inventory Standardization Committee 1983), potential natural 
community indices and updated mapping units were not yet avail- 
able for Rich County. For this reason, SCS climax composition 
guides were used to rate range condition. 

Some blocks of observations were not available, complicating 

the statistical analysis of the ANOVA results. For example, the 
Forest Service boundary did not extend to lower elevation semi- 
desert sites, while the Utah Division of State Lands and Foresty did 
not control grazing on higher elevation mountain sites (Table 2). 

Table 2. Range condition ratings (percent climax vcgetetion) for ANOVA 
experimental design. 

Range 
Site 
Number 

I. 

Range Site 

Mtn. Gravelly 
Loam 

2. Mtn. Stony 
Loam 

3. Upland 
Loam 

Soil Mapping Units by Ownership Class 
State Private BLM USFS 

28 24 24 
23 II 22 
23 29 28 
32 35 44 
51 34 55 
38 30 47 

33 41 52 
60 52 36 
19 48 40 

4. Upland Shallow 46 47 36 34 
Loam 41 40 35 43 

40 40 39 48 
5. Upland Stony 26 34 17 33 

Loam 34 29 31 35 
29 26 44 28 

6. Semidesert 46 53 49 
Loam 55 60 53 

55 41 46 
7. Semidesert 36 63 47 

Stonv Loam 23 51 47 
43 38 38 

For this reason, analyses of the 2 main effects of ownership class 
and range site, as well as the analysis of the interaction effect, were 
based on 3 data subsets from the principal design (Table 3). Aver- 
age range condition ratings for the ownership classes for each data 
subset were then compared using Least Significant Difference 
(LSD) confidence intervals @<.lO) based on the difference 
between 2 means (Neter and Wasserman 1974). 

Table 3. F-test results for data subsets of the ANOVA design. 

Number P Level 
of of 

Range Signifi- 
Subset Sites Comparison Source F ratio cance 

A 4 Priv. vs BLM Ownership (0) 2.64 0.09 
vs USFS Range Site (R) II.09 0.00 

OXR 0.83 0.56 

B 7 Priv. vs. BLM Ownership (0) 3.46 0.07 
Range Site (R) 8.38 0.00 

OXR 0.22 0.97 

C 5 St. vs Priv. vs Ownership (0) 1.30 0.29 
BLM Range site (R) 6.31 0.00 

OXR 0.68 0.71 

The paired t-test (significance set at 6.10) was used in the 
statistical analysis for the paired-plot design. It was not possible to 
directly compare Forest Service and state-owned lands because 
there were no adjacent tracts owned by these 2 agencies in Rich 
County. 

Results 

Range condition ratings for the ANOVAdesign are presented in 
Table 2. The 3 data subsets used for statistical analysis are as 
follows: Subset A (range sites 1,2,4, and 5) was used to compare 
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private, BLM, and Forest Service land; Subset B (all 7 range sites) 
was used to compare private and BLM land; Subset C (range sites 3 
through 7) was used to compare state, private, and BLM land. 

Although range condition ratings were significantly influenced 
by range site blocks (Table 3), pair-wise comparisons of block 
means revealed no recognizable trends. Significant mean differen- 
ces within an elevational grouping (i.e., mountain, upland, and 
semidesert) occurred as often as significant differences among 
elevation groups. Pair-wise comparisons also showed no apparent 
effect due to loamy, shallow, or stony soil characteristics. Inconsis- 
tencies in the percentages of plant species counted toward climax in 
the SCS technical guides may have contributed to this unclear 
effect. However, further analysis was not pursued because there 
was no significant interaction between range site and owner- 
ship (Table 3). 

Data subsets A and B demonstrated a significant (pC. 10) rela- 
tionship between ownership class and range condition (Table 3). 
Further analysis of these subsets using pair-wise comparison 
(Table 4) showed that Forest Service range condition ratings were 
significantly higher @<. 10) than those for BLM land (Subset A). 
When all 7 range sites were examined (Subset B), private rangeland 
was also in higher condition than BLM land. Though not statisti- 
cally significant, private land also tended to be in higher condition 
than state land. 

Table 4. Results of LSD pair-wise comparison of mean difference for data 
subsets of the ANOVA design. 

Number 
of 

Range Owner- Pair 
Subset Sites Comparison ship Mean Comparison 

A 4 Priv. vs BLM Priv. 35.08 Priv. vs BLM 
vs USFS BLM 30.42 Priv. vs USFS 

USFS 36.75 BLM vs USFS* 

B 7 Priv. vs BLM Priv. 41.33 Priv. vs BLM* 
BLM 36.81 

C 5 St. vs Priv. vs State 39.07 St. vs Priv. 
BLM Priv. 44.20 St. vs BLM 

BLM 40.67 Priv. vs. BLM 

*Significant at p<. IO 

Paired t-test comparisons showed a stronger relationship between 
range condition and ownership class than did the ANOVA tests 
(Table 5). Forest Service rangeland was in higher (p<.lO) range 
condition than either private or BLM lands. However, there was 
no significant difference between the condition of BLM and pri- 
vate rangeland in the paired-plot experiment. Range condition on 
private land was significantly higher than on state-owned range- 

Table 5. Summary of results for tbe paired-plot design. 

Pair 

Priv. vs. USFS 

Priv. vs BLM 

USFS vs BLM 

Priv. vs St. 

Ownership Mean 

Priv. 29.38 

USFS 34.88 

Priv. 37.60 

BLM 38.60 

USFS 39.50 

BLM 38.20 

Priv. 42.50 

St. 35.60 

Sample P level of 
Size t Significance 

8 1.91 0.10 

*o 0.21 0.84 

8 3.87 0.01 

1o 1.87 0.09 

BLM vs St. BLM 50.33 3 1.84 0.21 
St. 34.67 

land, a result consistent with the results of the ANOVA pair-wise 
comparison. Although there was a large apparent difference 
between average condition of BLM and state rangeland, it was not 
statistically significant, due in part to an unavoidably small sample 
size. 

Different sampling strategies of the 2 experimental designs 
explains why a stronger relationship between ownership and range 
condition was demonstrated by the paired-plot analysis than by the 
ANOVA. The minor differences in slope, aspect, and soil character 
change soil mapping unit delineations but do not affect SCS delin- 
eation of range sites. Samples in paired-plot comparisons involved 
the same soil mapping unit for each ownership pair, effectively 
removing all sources of variation other than ownership class. Thus, 
the paired-plot design is more accurate in detecting differences 
between ownership groups. NO contradictory outcomes were 
generated by the 2 experimental designs. 

Discussion and Conclusions 

Land Transfer Impkations 
The relationship between ownership class and range condition in 

Rich County corresponded closely with the information for Utah 
in Table 1. Forest Service rangeland was in higher condition than 
either BLM or private land. Thus, any transfer of Rich County 
Forest Service grazing land to private ownership might bring a 
decline in range condition. The higher condition of Forest Service 
rangeland compared to BLM land may reflect the historical fact 
that the Forest Service acquired control of livestock grazing sev- 
eral decades before the BLM (Wagner 1978). It is more difficult to 
predict the effects of privatization of BLM rangeland for several 
reasons. First, even though results of the ANOVA indicated that 
private rangeland was in higher range condition than BLM land, 
this conclusion was not supported by the more conservative paired 
r-test analysis. 

Second, the statistical analysis did not consider how historical 
regulation of grazing has affected present condition of BLM range- 
land. As was noted in Senate Document No. 199 (U.S. Senate 
1936), the most severe ecological degradation prior to the 1934 
Taylor Grazing Act occurred on public domain rangeland that 
BLM later acquired. Thus, the fact that range condition of Rich 
County BLM lands is currently comparable to that of private 
rangelands might or might not be a valid argument against pro- 
posed privatization of BLM lands. 

Finally, BLM and private range managers have different man- 
agement objectives. Twenty-nine percent of the sample sites ran- 
domly located on private rangeland had to be relocated due to 
seedings of crested wheatgrass (Agropyron crisrarum (L.) Gaertn.) 
monocultures, while only 1% of BLM sites were relocated for this 
reason. Therefore, transfer of Rich County BLM land to private 
ownership might bring increased seedings of non-native monocul- 
tures, an ecological change that should be considered. 

The Effect of Property Rights 
Comparisons of range condition on federal and private lands in 

Rich County were different than expected, based on incentive 
theory of renewable resource use. Resource economists contend 
that efficient user incentives occur only when all benefits and costs 
of using the resource accrue solely to the user (Tietenberg 1984). 
Although it is argued that this exclusivity requirement is not met by 
federal land grazing permits, other factors affecting range condi- 
tion may be more important than nonexclusivity. Change in range 
condition is a subtle and continuous process involving complex 
changes in the composition of plant communities. Sensitivity to 
these changes, which depends on available budget and expertise, 
can greatly affect range condition. The confounding influences of 
management objectives, expertise, budgetary allocation, and enforce- 
ment capability may have overshadowed the effect of illdefined 
federal property rights. Consequently, any proposal for federal 
land privatization based solely on the expected influence of prop- 
erty rights on user incentives seriously oversimplifies the situation. 
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Table 6. Comparison of agency expenditures on grazing programs in Utah 
for 1984. 

Agency 

USFS 
BLM’ 
State of 

Utah-’ 

1984 Expenditures Total Acres’ 1984 
for Grazing Program($) Managed $/ac. 

2,198,800* 7,990,7 lo-’ 0.275 
3,331,969 22,708,363 0.146 

228,000 3,785,296 0.076 
306,000 0.081 

lTotal acreages are used for consistency 
W.S. Dept. of Agriculture, 1984b 
‘U.S. Dept. of Agriculture, 1985 
‘BLM, 1982 and 1985 
,Utah Auditor General 1986 report to the Utah legislature on grazing program income 
for fiscal 1984. (Includes high and low estimates). 

Even though property rights had less effect than other factors, 
this does not imply that property rights are not important. The 
comparison of private rangeland and Utah Division of State Lands 
and Forestry rangeland illustrates how property rights affect range 
condition. The goal of the State Lands and Forestry Division is to 
allocate the use of state lands to activities promising the highest 
returns to the state. Programs supervised by the State Lands and 
Forestry Division are accountable to the Utah Legislature Auditor 
General’s Office (Utah Auditor General report to Utah legislature 
1985). Consequently, the range conservation objective is often 
secondary to that of generating income. Twenty-seven percent of 
the randomly selected sample sites on state-owned rangeland had 
to be relocated because they were in dryland wheat production, 
with some cultivation observed on soil mapping units with slopes 
averaging about 20% (SCS 1982). 

The income-generating goals of the State Lands and Forestry 
Division may create strong incentives to not invest budget and 
labor in long-term improvements of range condition. Table 6 
compares grazing program expenditures for the Forest Service, 
BLM and State of Utah. Relative per acre expenditures of the 
agencies follow the same pattern as the range condition ratings 
discussed above. The apparent correlation between grazing pro- 
gram expenditures and range condition among the agencies indi- 
cates that the level of management effort may be more important 
than the effects of public land property rights. 

Range condition comparisons between Rich County private and 
state lands conformed more closely to expectations based on prop- 
erty rights incentive theory. Because per acre grazing management 
expenditures were small on state lands (compared tofiderullands), 
state management effort had less confounding influence on the 
relationship between publicland propertyrightsand range condition. 
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A Dynamic Programming Application for Short-term Graz- 
ing Management Decisions 
ABELARDO RODRIGUEZ AND L. ROY ROATH 

Abstract 

This study emphasizes short-term management decisions that 
are made in a yearling cattle operation in northeastern Colorado. 
Empirical equations describing forage and animal growth were 
coupled with marketing and supplementation rltemrtives. Four 
cases were modeled with high and low stocking densities and 
partial or total sales strategfes. Net present value of yearling steer 
sales were nuzhnized using dynamic programming. 

Early sale of cattle was an economically favorable rltemrtfve 
because of decreasing daily grins to-d the end of the grazing 
season (September-October) and decreasing steer prices. Supple- 
mentation during September-October was also profitable to offset 
the decreasing trend in average daily gain caused by declining 
forage quality. Under the high stocking density and partial sales 
strategy, errly sales regulated standhtg crop left at the end of the 
grazing season. Under the low stocking density and partial sales 
strategy, early sales partially offset net return losses for those 
animals that had to be sold at the traditional marketing date. The 
total sales strategy favored sales of livestock 2 weeks before tradi- 
tional marketing under low and high stocking density and partial 
sales strategy. Net present values per pasture were slightly larger 
for the total sales strrrtegy than the partial sales strategy using both 
low and high stocking densities. 

Key Words: yearling grazing, supplementation and marketing 
alternatives, optimal control application, net present value mazi- 
mization 

Maximization of net returns or minimization of costs are major 
concernsin ranch management. In addition, considerations about 
cattle markets must be integrated into the net return equation. 
Accurate short term management decisions yield efficient forage 
utilization, high animal performance and profit maximization. 
Historically, most of the research done in range science decision 
models have dealt with long-term planning(Sharp 1967, Burt 1971, 
and Fisher 1985, among others) while short-term planning has 
been neglected (some exceptions are Bartlett et al. 1974, Hunter et 
al. 1976, Toft and O’Hanlon 1979). 

This study emphasized the role of short-time decisions in forage 
and livestock management. The types of operation and manage- 
ment decision system employed were selected for their respective 
advantages. A yearling operation at the Central Plains Experimen- 
tal Range (CPER) was chosen for study because yearling opera- 
tions are more simply modeled and more sensitive to fluctuations 
in climate, forage quality, and market conditions than cow/calf 
operations. Dynamic programming (DP) was chosen over linear 
programming (LP) for various reasons: 

1. The optimization problem can be defined in a free format (in 
contrast to matrix formulation needed for LP). 

2. DP optimization can model nonlinear relations and does not 
require continuous functions to represent treatments. 

3. While LP formulations increase in size to accommodate 
piece-wise approximations of non-linear constraints, DP 
addresses such constraints directly. 
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4. 

5. 

While multiperiod LP formulations require specifications of 
all possible values of the state variables for every period, DP 
narrows the solution space to specific values of state variables 
for different periods. 
DP models may vary state variable growth rates. These rates 
can be dependent upon previous state variable values, state 
variable interactions, and time. In contrast, serial LP models, 
such as the ones developed by previous authors (Sharp 1967, 
Bartlett et al. 1974, Hunter et al. 1976, and Propoi 1979), 
show production rates which vary only with respect to time. 

Dynamic optimization models yield a sequence of optimal deci- 
sion rules useful to decision makers (i.e., range managers). These 
optimal sequential rules make it possible to analyze marginal 
changes in biological or economic aspects of the cattle operation 
(van Poollen and Leung 1986). 

Dynamic programming, an optimal control method, is not used 
extensively in range science because the implementation of optimal 
control theory and the algorithms to solve optimal control prob- 
lems are not well developed or widely understood (Trapp and 
Walker 1986). This paper will pursue a simple example of possible 
uses of deterministic DP in a yearling cattle operation. 

Materials and Methods 

Data Sources 
This study utilized data from the Central Plains Experimental 

Range (CPER) as input for the dynamic optimization model. 
CPER is located in northeastern Colorado as part of the shortgrass 
prairie of the Central Great Plains. Rolling hills separated by wide 
swales constitute its topography, and the soils include patches of 
loamy clay and loamy sand soils. Mean annual precipitation is 3 11 
mm (70% of this falls between April and September), with annual 
extremes from 110 to 510 mm (Sala et al. 1981). The vegetation is 
dominated by blue grama (Boufelouu gracilis (H.B.K.) Lag.) and 
buffalograss (Buchloe dacryloides (Nutt) D.C.), constituting 65 to 
9% of the forage grazed by cattle (Klipple and Costello 1960). 

CPER’s yearling operation is typical of those in the Central 
Great Plains. Animals weighing 225 to 275 kg are bought in the 
spring, and are sold weighing 320 kg or more after grazing 3 to 5 
months. Although this operation is typically a pasture program, 
this study considered supplementation with cottonseed meal as an 
alternative to offset a decrease in animal gains observed toward the 
end of the grazing season (Bement 1970). 

Modeled Cases 
Four cases were modeled with 2 selling strategies and 2 stocking 

densities (Table 1). In cases I and 2, half of the herd may be sold 
between 5 September and 17 October, with the remainder sold on 
17 October 17 (traditional selling date). Cases 3 and 4 provide that 
half or all of the herd may be sold between September 5 and 
October 17, with the remainder of the cattle (if any) sold on 
October 17. The stocking density was 0.33 animals/ha (16 year- 
lings in a 48.6 ha pasture) for cases I and 3, and 0.49 animals/ ha (24 
yearlings in a 48.6 ha pasture) for cases 2 and 4. The selected 
pasture size was not typical of yearling operations, but it could 
easily be adjusted to the pasture size of an existing ranch. Empirical 
equations for vegetation and animal growth were determined by 
regression analysis, and assembled into the DP model. A general- 
ized DP package (Labadie et al. 1982) was used to maximize net 
present value for the 4 cases previously described. 
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Table 1. The four cases modeled under different stocking densities and 
marketing str8tegiea. 

Marketing Strategy 

Partial Sales Total Sales 
(half of herd may be (half or all of herd may 
sold between Sept. 5 be sold between Sept. 5 
and Oct. 17 with and Oct. 17, with 
remainder sold on remainder (if any), sold 
Oct. 17) on Oct. 17) 

Low Stocking/Density 
(I6 animals/48.6 ha) I 3 

High Stocking Density 
(24 animals/48.6 ha) 2 4 

The Dynamic Optimization Model 
The model used here was dynamic in the sense that it optimized 

the sequence of decisions throughout the grazing season, in con- 
trast to static models that optimize over the entire grazing season. 
The dynamic optimization model had 3 variables: (I) standing crop 
of vegetation (SCV) ranging from 400 to 620 kg/ ha with 20-kg/ha 
intervals; (2) average animal weight (AWT) ranging from 235 to 
350 kg with 5-kg intervals; and (3) number of animals per area (D) 
with 2 discrete values, 24 or 12 animals per 48.6 ha (high stocking 
density) and 16 or 8 animals per 48.6 ha (low stocking density). 
These discrete numbers are related to zero and 50% herd sales. 
Each of these state variables is related to 3 fundamental processes: 
forage growth, animal growth, and change in number of animals in 
the operation. Eleven stages were designated from late May to mid 
October. The beginning of stage 11 was only considered as the 
outcome of stage 10. A stage (subscript t) was defined as a 14-15 
day period. At the beginning of that period, a decision (control u, 
defined below) was made and applied to the rest of that period (Fig. 
1). Changes in number of animals depended upon the selling 
alternatives selected during the grazing season; these alternatives 
were considered in concert with supplementation alternatives. The 
DP recursive relation can be written as follows: 

Ft(AWTt,SCVt,Dt) = Max ((Pit Yh. - TOTSUPPt P2, - VLABORJ 
u + BFt+l (AWTttl.SCVttlDt+l) - FOt) (1) 

where Pit and P2r were the steer prices in the Omaha market 
(USDA 1984)and cottonseed meal (USDA 1985)at stage t, respec- 
tively; TOTSUPPt was the weight of cottonseed meal fed to cattle 
during stage t (according to Bement 1970); VLABORtwas the cost 
of veterinary and labor expenses for stage t. This value was calcu- 
lated as 30 cents animal/day without supplementation, and 35 
cents with supplementation*. Fixed outlay (FOt) was the initial 
cash paid for the steers (USDA 1984), this amount was zero for all 
stages other than 11 (beginning of the computational procedure). 
Fixed costs, such as land, were not considered. Ft was the maxi- 
mum net present value at stage t and Ft+l was the maximum 
accumulated net present value from previous stages where B was 
the discount factor based on 14% nominal annual interest rate. 

Maximization in (1) utilized 5 different decisions (u) at each 
stage t: 

When: u=l all livestock were marketed, 
u=2 livestock were supplemented, 
u=3 the initial grazing scheme was maintained, 
u=4 50% of livestock were marketed and the remaining 

animals were supplemented, and 
u=5 5% of livestock were marketed and the remaining 

animals were not supplemented. 
The quantity of livestock sold at stage t (Y&S 

IC. Kerry Gee. United States Department of Agriculture, Economic Research Service, 
Department of Agricultural and Resource Economics, Colorado State University 
(personal communication). 

following relation: 

Y,,” = f (AWTtiD,,u) (2) 

where Yt,” depended on number of animals per pasture (DS, the 
average weight (AWTS, and the decision u. 

Average animal weight at stage t (AWTt) in equation 1 was 
defined by the following equation: 

AWTt = AWTt-I + ADGt NODAYSt. (3) 

Average animal weight in stage t depended on the average animal 
weight in the previous stage (AWTt-1) plus net animal growth (the 
product of the average daily gain at stage t (ADGS times the 
number of days (NODAYSS for that stage). 

Average daily gain (kg per animal per day) at stage t was calcu- 
lated with the following equation: 

ADG, = Z (-.895 + 902 RLNz+wr). (4) 

Where Z was an adjusting factor for grazing conditions (dis- 
cussed below), and the relative limiting nutrient (Senft et al. 1984) 
for a specific weight (RLN,&r) was defined by the following 
expression: 

RLNAw = Min (CPINT/ CP,, DEINT/ DEIll) . (5) 

The minimum of 2 ratios, crude protein intake (CPINT) to crude 
protein for daily maintenance (CPS and digestible energy intake 
(DEINT) to digestible energy for daily maintenance (DEm). Daily 
intake and maintenance requirements (crude protein and digestible 
energy) for 250 to 400 kg steers gaining 0 to I kg of weight per day 
(NRC 1976) were used to estimate the linear function in paren- 
theses of equation 4. This equation was highly significant (Rzz.99, 
p<Ol) in predicting average daily gains for steers under feedlot 
conditions. 

Under grazing conditions, average forage intake (AVEINTt) was 
estimated with Conrad’s et al. (1964) equation multiplied by a 
linear decreasing function: 

AVEINTt = (.0107 AWTJ (I-DMD)) G(AWTS. (6) 

Where DMD was in-vitro dry matter digestibility of forage. 
According to Bourdon (1983), Conrad’s equation (first term in 
parentheses) underestimated the ratio fecal dry matter to live 
weight (.0107) in growing steers. To compensate for underestima- 
tion, G(AWTS was a linear decreasing function from 1.1 to 1.0, 
representing 10% extra forage intake for 235 kg steers and 0% for 
animals weighing 340 kg or heavier. Forage crude protein and 
in-vitro dry matter digestibility (Table 2) plus crude protein and 

Table 2. Percentage of crude protein (CP) aad in-vitro dry matter dlgeati- 
bility (DMD) for tke gmzing aeason at CPER. 

Period Stage CP DMD 

5130 6/12 I 12.9 59.1 
6113 6126 2 12.0 61.1 
6127 7110 3 IO.8 59.5 
7/ll 7124 4 9.8 56.9 
7125 817 5 9.4 56.7 
818 E/21 6 9.1 55.2 
a/22 914 7 8.1 53.2 
915 9119 8 7.1 51.1 
9120 IO/3 9 6.8 51.7 

IO/4 IO/ I7 10 6.5 52.2 

Interpolated figures from monthly data reported in Dean and Rice (1975). Senft 
(1983), Uresk and Sims (1975) and Vavra et al. (1973). 
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Beginning 
horizon. 

of planning 
May 30. Stage - f4-15 days 

Forage utilizatibn is evaluated 

Fig. 1. Temporalframework of the planning horizon and the sequence of stages in the DP. 

dry matter digestibility of supplement (if provided), were used to 
calculate CPINT and DEINT. Daily maintenance requirements 
for crude protein and digestible energy were calculated with equa- 
tions provided in NRC (1976) to compute RLN*m. Subsequently, 
ADGtwas calculated only with the term in parentheses of equation 
4. This equation underestimated average daily gains (without sup- 
plementation) reported by Bement (1968), Dyck and Bement 
(1971, 1972) and Senft (1983) at CPER. As a result, the constant 
Zz1.42 in equation 4 was an adjusting factor to grazing conditions 
at CPER. This constant was larger than 1, suggesting that steers 
with equal RLN value will gain more by grazing over feedlot 
conditions. The value of this constant can be explained by 2 
arguments: (1) Animal selectivity affects CPINT and DEINT, and 
equation 6 did not imply that grazing animals select forage with 
higher quality than average; (2) According to Denham and Spreen 
(1986), NRC (1976, 1984) overestimates maintenance require- 
ments and underestimates efficiency in utilizing metabolic energy 
under high forage diets. 

Standing crop of vegetation at stage t (SCVt) in equation 1 was 
defined by the following equation: 

SCVt = SCVH + ANPPt - TOTINTt (7) 

where ANPPt was the aboveground net primary productivity per 
stage t (kg/ha). This was defined as follows: 

ANPpt q  14.44 + 4.098 PPTt-, + 1.726 PPTt - .174 SCvbl (8) 

(Rz = .67,p<.Ol). Aboveground net primary productivity depended 
on precipitation (mm)during the previous and current stage (PPTt-1 
and PPTt, respectively), as well as standing crop of vegetation in 
the previous stage (SCVt-1). Equation 8 was determined with 
biweekly data from Bement (1968) and Dyck and Bement (1971, 
1972). Total intake at stage t (TOTINT*) in kg/ ha was defined as: 

TOTINTt = AVEINTt D, NODAY&, (9) 
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where AVEINTt is average forage intake (kg per day per animal), 
Average forage intake was limited to 80%~ of estimated AVEINTtif 
a forage reserve level was lower than 380 kg/ ha as a consequence of 
forage overutilization. This condition defined a step function that 
related a threshold value of standing crop to animal intake, this 
assumed condition was used in the absence of empirical data for 
this relationship. Therefore, AVEINTt was dependent on the 
decreasing forage quality (DMD in Table 2) and possible shortage 
of forage (below the forage reserve level). In the absence of empiri- 
cal relationships that relate stocking densities and forage quality 
dynamics, this model assumed that stocking density per se did not 
exacerbate the temporal decreasing trend in forage quality. 

Density of animals at stage t (Dt) in equation 1 was defined by 
the following equation: 

Dt = Dt-1 -DdYt.S , WV 

where the number of animals per pasture at stage t (Dt) was equal 
to the density of animals in the previous stage (Dt-1) minus the 
number of animals sold in stage t (DdYt,)). 

Results and Discussion 
Partial S&s Marketing Strategy 

Cases 1 and 2 allowed partial sales at a given marketing date and 
utilized low and high stocking density, respectively. Optimal tra- 
jectories of the variables are described below. 

Standing crop of vegetation followed similar trajectories for the 
2 cases. During the first 3 stages there was a net increase in the 
standing crop (Fig. 2) corresponding to 97 mm of precipitation at 
CPER during that period (52% of the total rainfall during the 
grazing season). The standing crop of vegetation during the next 3 
stages was stable while in the last 4 stages declined. The final 
standing crop of vegetation was 40 (low stocking density) and 20 
(high stocking density) kg/ha above the initial 400 kg/ha at the 
beginning of the grazing season. 

Under low stocking density, the number of animals per area 
during the first 9 stages was 16; at the beginning of stage 10 half of 
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Fig. 2. Optimal trajectories of the state variables under partial sales 
strategy. 

the animals were sold and 8 were kept to be marketed at the 
beginning of stage Il. Animals per area under high stocking den- 
sity were kept at 24 during the first 8 stages and decreased to 12 
during stages 9 and IO. This suggested that greater grazing pressure 
prompted the decision to reduce the pressure one stage sooner than 
in the case of low stocking density. In order to avoid reduced forage 
intake and decreased animal growth, the stocking density was 
adjusted, resulting in partial sales. 

Initial average animal weight was 235 kg. In both cases the 
average daily gain was 1.1 kg per animal per day during the first 3 
stages, and later decreased to 0.7 1 kg per animal per day for the rest 

#*op + m?mwlN - a%4orace8 L mm*lcoe 

Fig. 3. Yearling steer price and average daily gain with respect to time. 
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of the grazing season, resulting in a final weight of 350 kg at the 
beginning of stage 11. Supplementation was .provided during 
stages 9 and 10 in both cases, preventing average daily gains of only 
.36 kg per animal per day. 

Steer prices ($/cwt) in 1984followed the trend of the last 4 years 
(USDA 1984), as shown in Figure 3. Declining livestock prices 
towards the end of the grazing season must be taken into consider- 
ation since they affect net revenue. Using a low stocking density, 
livestock were sold early not because of forage overutilization but 
because it was more profitable to sell at stage 10 than stage 11. This 
was an economic decision based on the principle that additional 
revenue of retaining livestock one more stage must be larger or 
equal to the additional costs associated to that stage. This decision 
rule applies for discrete cases such as the ones presented here (i.e., 
the changes in returns and costs are calculated between stages or 
periods of time, as opposed to infinitesimal changes). For example, 
the revenue of selling steers at the beginning of stage 9 was $467.02 
(330 kg divided by .454 kg/ pound multiplied by $64.25 and divided 
by 100 pounds); similarly, the revenues for selling cattle at stages 10 
and 11 were $479.54 and $477.35, respectively. Total variable costs 
without supplementation at the beginning of stage 9 were $33.90, 
while total variable costs with supplementation the beginning of 
stages 10 and 11 were $39.36 and $44.44, respectively. 

The difference between the change in revenues and the change in 
total variable costs between stages 9 and 10 was $7.06 (($479.54- 
467.02)-($39.36$33.90)). The analogous difference between stages 
10 and 11 was -57.27 (($477.35-$479.54)-(%44.44-$39.36)). At the 
beginning of stage 9 it was decided to retain the steers until stage 10 
with $7.06 net return per stage; in contrast, at the beginning of 
stage 10 it was decided to sell the animals to avoid $7.27 net loss per 
stage. The net present value per 48.6 ha pasture at the end of stage 
10 was $1,437 and $2,160 for low and high stocking densities, 
respectively (Table 3). 

Table 3. Net present value (S)l per 48.6 ha pasture at CPER under different 
marketing stategka and stocking densities. 

Difference 
Marketing Strategy Between Total 

Partial Sales Total Sales and Partial Sales2 

Low 1437 1529 
Stocking Density (Sf%, 

High 2160 2293 
Stocking Density (3?%) 

‘These calculations did not consider rent for land. depreciation of machinery or land 
investments. 
‘The values in parentheses art the percent differences between total and partial s&S 
strategies with respect to total sale strategy. 

Total Sales Marketing Strategy 
Cases 3 (low stocking density) and 4 (high stocking density) 

allowed all of the animals to be sold at a given marketing date. As 
in the cases with partial sales strategy, SCV had a similar trend for 
both stocking densities. Under high stocking density, the SCV at 
the beginning of stage 10 was 400 kg/ha, equal to the initial SCV 
(Fig. 4). Under this marketing strategy, the forage resource was 
utilized close to the threshold level of 380 kg/ha. The number of 
animals per area was constant until all animals were sold at the end 
of stage 9 for the 2 stocking densities. 

Initial animal weight was 235 kg. Under both stocking densities, 
animal growth was 1.1 kg per animal per day during the first 3 
stages, decreasing to 0.71 kg per animal per day in the remaining 
stages. Supplementation took place in stage 9, and final weight was 
340 kg at the beginning of stage 10. 

Steer sales at the beginning of stage 10 were determined by the 
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Fig. 4. i&lima1 rrajecrories of rhe slate variables under roral sales srrategy. 

declining prices toward the end of the grazing season (Fig. 3), a 
similar situation to that under partial sales strategy and low stock- 
ing density. The net present value per 48.6 ha pasture at the 
beginning of stage 10 was $1,529 and $2,293 for low and high 
stocking densities, respectively (Table 3). 

The difference in the net present value per pasture between total 
and partial sales strategies was larger for high stocking densities 
($87=2,293-$2,160) than the difference in the net present value per 
pasture between total and partial sales strategies for low stocking 
densities ($58=%1,529-$1,437). These differences with respect to 
the net present values of the total marketing strategies were 3.8% in 
both stocking densities (Table 3). This percentage was a net return 
loss related to the retention of 5% of the herd at the end of stage 10 
under the partial sales strategy. 

Conclusions 
The combination of decreasing yearling steer prices and declin- 

ing forage quality towards the end of the grazing season dictated 
early sales in spite of the possibility,of livestock growth. Supple- 
mentation offset the trend in decreasing average daily gain toward 
the end of the grazing season. It was a selected control as long as 
gain in revenue compensated the increased total variable costs of 
retaining steers another stage. 

Under high stocking density and partial sales strategy, early sale 
regulated end-of-season standing crop. Under low stocking density 
and partial sales strategy, early sale minimized net return losses for 
those animals that had to be sold at the traditional marketing date. 
The total sales strategy favored sales of steers 2 weeks before 
traditional marketing under low and high stocking densities. In all 
cases, except under high stocking density and partial sales strategy, 
decreasing steer prices determined the early sale of cattle. Net 
present values per pasture were slightly larger for the total sales 
strategy than the partial sales strategy using both low and high 
stocking densities. 
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Radiometric Reflectance Measurements of Northern Great 
Plains Rangeland and Crested Wheatgrass Pastures 
J.K. AASE, A.B. FRANK, AND R.J. LORENZ 

Abstract 

Calculated reflectance factors and vegetation indices derived 
from radiometric reflectance measurements were used in regres- 
sion analyses to test for a single relationship between canopy 
reflectance characteristics and measured vegetation parameters 
from 1 moderately grazed and 1 heavily graxed native rangeland 
pastures and 1 crested wheatgrass [Agropyron desertorum (Fisch. 
ex Link) J.A. Schuites] pasture. The study was located on a Wiili- 
ams loam (fine-loamy mixed, Typic Argiboroii) near Mandan, 
North Dakota. Reflectance measurements were made near solar 
noon once a week during the 1983 and 1984 growing seasons. There 
was a statistically significant refationship (r=O.76**) between Ieaf 
area index and dry green matter among pastures and years. How- 
ever, each pasture exhibited a unique relationship (statistically 
significant) between vegetation indices developed from the reflec- 
tance measurements and leaf area index or dry green matter. Based 
on the techniques and wavebands used in this study, over a given 
geographic region and with pasture management practices known, 
it may be possible to remotely estimate green dry matter. 

Key words: remote sensing, vegetation hulices, mixed pr&e. 

Remotely sensed spectral measurements of grassland ecosys- 
tems may provide a rapid and nondestructive estimate of herbage 
production. Tucker et al. (1983, 1985) found a strong relationship 
(+0.75) between the normalized difference index (based on hand- 
held radiometer readings) and above-ground total dry green mat- 
ter and between integrated NOAA-7 data, expressed as the normal- 
ized difference index, and end-of-season above-ground total dry 
matter in the Senegalese Sahel (r*=O.69). They concluded that 
variable species composition had no bearing on the relationship 
between vegetation indices derived from spectral radiation mea- 
surements and green leaf phytomass. 

Tucker (1977a, b), Tucker et al. (1975), and Pearson et al. (1976) 
working with essentially a monoculture of blue grama [Bourelouu 
grucilis (H.B.K) Lag ex Griffiths] (SCS 1982)’ found that the 0.63 
to 0.69 I.cm (red) waveband region showed the most sensitivity to 
changes in low herbage levels, whereas the 0.74 to 1.00 pm (near 
infrared) waveband region was best suited to detect changes in 
moderate to high herbage levels. They demonstrated correlation 
coefficients of 0.95 to 0.98 between the near infrared (NIR) and red 
(RED) waveband ratio and undisturbed blue grama dry matter. 
They warned, however, that their approach to estimating herbage 
was restricted to grass canopies containing at least 30% green or 
live vegetation. 

Richardson et al. (1983) worked with Alicia grass (Cynodon spp. 
L.C. Rich.) and found a poor relationship (+0.04) between the 
RED reflectance factor and herbage yield, whereas there was a 
good relationship between the NIR reflectance factor (r*=O.73), the 
NIR/ RED ratio (r*=O.61), the perpendicular vegetation index 
(PVI) (Richardson and Wiegand 1977) (r*=O.68) and herbage pro- 
duction. Ripple (1985), working with tall fescue grass (Fesluca 
arundinucea Schreb.), likewise found good relationships among 
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Thematic Mapper band reflectances and grass canopy variables 
(r10.80). The relationships between herbage and spectral bands 
and band ratio transformations were curvilinear because of the 
asymptotic nature of spectral response for moderate and high 
herbage levels (Tucker, 1977a). 

Asrar et al. (1986) estimated intercepted photosynthetically 
active radiation and leaf area index from multispectral reflectance 
measurements of native bluestem (Andropogon spp. L.) prairie. 
They found a greenness transformation to be more useful than the 
NIR/ RED ratio or normalized difference index. 

Our objective was to test for I relationship between vegetation 
indices, derived from radiometric reflectance measurements, and 
green herbage yields from 2 differently managed native mixed 
prairie pastures and a crested wheatgrass [Agropyron desertorum 
(Fisch. ex Link) J.A. Schultes] pasture. 

Materials and Methods 

The study was conducted on a crested wheatgrass pasture and on 
both a moderately and heavily grazed native mixed prairie near 
Mandan, North Dakota (40’46’N, IOO”55’W) during 1983 and 
1984. The April through September rainfall was 15.2 cm in 1983 
and 27.1 cm in 1984. The soil was a Williams loam (fine-loamy 
mixed, Typic Argiboroll). The crested wheatgrass pasture was a 
15year-old stand that was grazed by I steer/O.5 ha from 5 May to 8 
July 1983 and by 1 sheep/O. 1 ha from 10 May to 28 June 1984. The 
moderately grazed native pasture was a typical northern Great 
Plains mixed prairie site that was grazed with yearling steers at 1 
steer/3.2 ha from 18 May to 5 October 1983 and from 23 May to 3 
October 1984. Primary cover composition as determined at the end 
of August 1984 by first hits, using the point frame technique (Levey 
and Madden 1933) was 13% blue grama, 10% threadleaf sedge 
(Curex firifoliu Nutt.), 9% yellow sedge (Curex pennsylvunicu 
Lam.), 5% needleandthread (Sripu comutu Trin. and Rupr.), 4% 
western wheatgrass (Agropyron smithii Rydb.), 4% prairie june- 
grass [Koeleriu pyrumidutu (Lam.) Beauv.], and 44% litter. The 
heavily grazed native pasture was a typical mixed prairie site that 
had been purposely overgrazed at the intensity of 1 steer/ 0.9 ha for 
the past 70 years. Grazing took place from 5 May to 7 September 
1983 and.from 23 May to 30 August 1984. Cover composition of 
the heavily grazed pasture was 34% blue grama, 35% litter, and 
22% bare ground. 

Herbage samples were collected on a weekly basis from each 
pasture and for small ungrazed fenced sections within each pasture 
beginning on 26 April and ending on 13 September 1983 and 
beginning 10 April and ending 8 August 1984. Herbage was clipped 
at 3-cm height with a rotary mower from 3 randomly selected IO- X 
0.9-m-plots on the moderately grazed native and the crested 
wheatgrass pastures. The remaining stubble was subsampled by 
hand clipping four 1/4-m* areas at the soil surface. All samples 
were oven dried at 70’ C, weighed, and total dry matter (TDM) 
calculated on a g/m* basis. Three separate 1/4-m* areas were hand 
clipped every week at the soil surface and live separated from dead 
plant material to determine dry matter of standing green (DG) as 
well as of standing dead material. Leaf area of the green material 
was determined by clipping the leaves from the stems and passing 
all green leaves through a leaf area meter. Leaf area index (LAI) 
was calculated by dividing the total leaf area by ground area 
sampled. Because the heavily grazed native pasture was grazed too 
short to be clipped with a rotary mower, herbage samples were 

299 



Table 1. Limr regression of red (RED), near-infrared (NIR), and three vegetation indkes with total dry matter, green dry matter and Marea index for a 
crested whatgms pasture. 

Vegetation Total dry matter (g/mZ) Dry green matter (g/m*) 
index Intercept Slope 1 Intercept Slope r 

---- -ll_---- -1983- - 
RED 120.5 12.3 0.14 25.4 25.8 0.32 
NIR 58.6 8.8 0.49 1.6 8.5 0.58* 
R 28.1 52.5 0.49 - 3.4 40.3 0.46 
ND 31.4 300.1 0.48 0.0 228.5 0.45 
GN 118.8 22.6 0.40 59.0 22.3 0.49 

__--_-_ ---- _ 198~---_-__ 
RED 159.8 2.0 0.00 57.3 29.8 0.33 
NIR 322.7 -12.8 0.35 281.8 -12.9 0.53 
R 209.6 -15.8 0.20 203.1 -28.1 0.53 
ND 230.9 -141.5 0.24 221.5 -209.9 0.17 
GN 198.8 -17.0 0.24 171.4 24.0 0.50 

__---_~----I__ ------Combined- -_ 
RED 165.4 - 3.6 0.00 110.7 - 3.0 0.00 
NIR 112.6 3.9 0.17 30.1 6.5 0.36 
R 137.1 7.7 0.10 81.3 8.7 0.14 
ND 134.8 51.3 0.10 76.3 63.6 0.14 
GN 145.2 6.9 0.10 85.6 10.6 0.22 

R = NIR/ RED, ND = Normalized difference vegetation index, GN = greenness index. 
l +*Significant at 0.05 and 0.01 levels, respectively. 

Leaf area index 
Intercept Slope r 

--- 
-0.12 0.22 0.30 
a.82 0.21 0.88** 
-1.13 0.67 0.81** 
-1.09 3.87 0.81*+ 
-0.09 0.38 0.88** 

- --- 
1.97 -0.58 0.719 

-0.50 0.10 0.45 
-0.33 0.36 0.75* 
-0.57 2.69 0.79* 
0.22 0.23 0.55 

__--- ---- 
1.22 0.27 0.37 

-0.80 0.12 0.76** 
-0.58 0.44 0.80** 
0.80 3.16 0.82** 

-0.00 0.33 0.77*+ 

obtained by hand clipping at the soil surface. Samples were pro- 
cessed as for the other 2 pastures. 

Five permanent random plots in each pasture were selected for 
radiometric reflectance measurements with an Ideas Inc. Mark-112 
radiometer having a 24” field of view. A bare soil plot was prepared 
in each pasture and also included in the radiometric measurements. 
The radiometer was mounted on a mast placed in permanently 
secured pipes in the soil, and both RED (0.63 to 0.69 pm) and NIR 
(0.76 to 0.90 pm) waveband measurements in W/m* were obtained 
from a height of 2 m above the soil surface. Five readings were 
taken from.each plot and averaged. The radiometer was calibrated 
prior to each set of readings in each pasture by measuring reflec- 
tance from a painted barium sulfate plate. The radiometric mea- 
surements were made once a week near solar noon. We calculated 
reflectance factors from the RED and NIR radiometric readings 
and calculated the ratio vegetation index (R=NIR/RED), the 
normalized difference vegetation index [ND=(NIR-RED)/(NIR+ 
RED)] and greenness (GN) as described by Jackson (1983). The 
refelectance factors and vegetation indices were used in regression 
analyses to determine relationships between canopy reflectance 
characteristics and measured vegetation parameters. On 13 June, 2 
July, and 18 July 1984, photographs of two l-m* areas in each 
pasture were taken with a nadir-oriented camera to estimate 
ground cover. 

Results and Discussion 

Total DC on the 2 grazed native rangeland pastures generally 
followed the same pattern for 2 years (Fig. 1 and 2). The DG from 
the heavily grazed pasture peaked at about 60 g/m* in both years 
and from the moderately grazed pasture at about 130 and 150 g/m* 
in 1983 and 1984, respectively. The crested wheatgrass pasture 
responded somewhat differently in 1984 than in 1983 with a her- 
bage regrowth period after the grazing period in 1984. Average 
peak total DG across the 2 years for the ungrazed portion of each 
pasture was about 350, 125, and 85 g/m* for crested wheatgrass, 
moderately grazed, and heavily grazed pastures, respectively (data 
not presented). 

As herbage yield increases, red radiance decreases and near- 
infrared radiance increases. With minimal vegetation covering the 

Trade and company names are included for the benefit of the reader and imply no 
endorsement of preferential treatment by the USDA of the product used. 

Fig. 1. lTme progression of dry green matter in 1983 for crested wheat- 
gross, moderately grazed native, and heavily grazed native rongekznd 
postures. 

Fig. 2. i7me progression of dry green matter in 1984 for crested wheor- 
grass, moderately grazed native. and heavily grazed native rongelond 
postures. 

soil surface, radiation from the soil will dominate and mask the 
vegetation response. Richardson and Wiegand (1977) demon- 
strated that on a graph of NIR vs. RED reflectance values, the 
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Table 2. Linear regression of red (RED), near-infrared (NIR), and three vegetation indkes with total dry matter, green dry matter and leaf area index for a 
moderately gr8zed n8tive pasture. 

Vegetation 
index 

RED 
NIR 
R 
ND 
GN 

RED 
NIR 
R 
ND 
GN 

RED 
NIR 
R 
ND 
GN 

Total dry matter (g/m2) Dry green matter (g/ m2) Leaf area index 

Intercept Slope r Intercept Slope r Intercept Slope r 

_--_- __--_- 1983-- --- 
342.6 -42.1 o.a4** 223.9 - 55.6 0.89+* I .06 -0.26 0.14+* 
286.1 - 4.4 0.17 74.6 2.0 0.00 -0.22 0.07 0.36 
150.4 37.6 0.74** - 49.7 57.5 0.92** -0.39 0.34 0.93’2 
155.0 215.9 0.77.. - 39.6 323.2 0.94,. -0.31 1.83 0.92’. 
207.1 28.6 0.61* 32.7 47.2 0.81** 0.05 0.30 0.91** 

-__-_-_-_ -_---_--l984_ _--__ -- 
468.4 -87.2 0.82** 422.4 -145.6 0.90** 2.24 -0.79 0.93** 

80. I 18.2 0.60 -259.6 33.6 0.72+ -1.81 0.22 0.88.. 
171.0 42.4 0.71* - 89.4 77.0 0.84** -0.63 0.46 0.96.’ 
170.9 255.4 0.76. - 85.2 453.5 0.89** -0.58 2.62 0.98.. 
227.1 34.3 0.67* 7.2 67.1 0.86** -0.05 0.39 0.96** 

__I -_ -_--______------___Combi~~d ____- -___I- 
375. I -52.0 0.75**’ 252.6 - 68.3 0.8221 1.25 -0.34 0.74** 
165.5 9.0 0.32 - 23.4 11.9 0.35 -0.62 0.11 0.57.’ 
160.6 38.4 0.62** - 63.1 64.2 0.87** a.47 0.38 0.92** 
162.9 226.1 0.67** - 54.8 367.2 0.89** -0.40 2.10 0.93+* 
212.6 32.5 0.59** 23.1 55.0 0.82** 0.01 0.34 0.93*+ 

R = NlR/RED, ND = Normalized difference vegetation index, GN = greenness index. 
****Significant at 0.05 and 0.01 levels, respectively. 

values for vegetation were either near a straight line, called the soil 
‘line, or above that line. The perpendicular distance from the soil 
line to a vegetation observation point is a measure of herbage yield. 
Because our pastures had a large percentage of litter and bare soil, 
and since litter reflectancecannot easily be distinguished from bare 
soil reflectance (Aase and Tanaka 1984), we plotted such a soil line 
based on the bare soil measurements along with the data points 
from the 3 pastures from both years (Fig. 3). Some of the data 

Fig. 3. The soil line and vegetation points from crested wheatgrass and 
moderately and heavily grazed native rangeland pastures. 

points from the moderately and heavily grazed pastures were adja- 
cent to the soil line so that they could not be distinguished from it. 
However, most of the data points are above the soil line suggesting 
that from about 16 to 63 g/ m2 was enough DG for the heavily and 
moderately grazed pastures, respectively, to mask most of the litter 
and soil background. The data points for crested wheatgrass pas- 
ture represent more than 60 g/m2. 

The greater sample variation in the crested wheatgrass pasture is 
also evident from the generally lower r values in Table 1 as com- 
pared with those from the moderately and heavily grazed pastures 
(Tables 2 and 3). 

The DG and leaf area data from all pastures and both years were 
combined (Fig. 4) and a common relationship derived for LA1 
versus DG where 

Among the reflectance parameters tested, ND in general related 
best to TDM, DG, and LAI, except for TDM and DG for crested 
wheatgrass, which showed little if any relationship to any of the 
reflectance parameters tested (Tables 1,2,3). The greenness vege- 
tation index does not correlate as well with vegetation parameters 
when only 2 wavebands are used in the calculations as it does with 
the addition of other bands (Jackson 1983). Nevertheless, particu- 
larly on the moderately grazed pasture, it compared favorably with 
ND and R as related to LAI. 

LA1 = 0.021+ O.O05(DG) r q  0.76 Although the LA1 vs. DG relationship was constant among 
Crested wheatgrass is a bunch grass and some of the scatter in the years and pastures (Fig. 4), there was no such constancy among 
data from the crested wheatgrass pasture can be ascribed to greater vegetation parameters and vegetation indices. To illustrate, we 
sample variation due to less uniformity of plant cover in that show the relationship, with data from both years combined, 

Fig. 4. Relationship between leaf area index and dry green matter for 
crested wheatgrass and moderately and heavily grazed native rangeland 
pastures. 

pasture than in the other 2 pastures. The equation for only the 
moderately and heavily grazed mixed prairie pastures is 

LA1 = 0.008’+ O.OOS(DG) r q  0.92 
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Table 3. Linear regression of red (RED), near-h&red (NIR), and three vcptetionindkea with total dry matter, green dry matter and Muea index for a 
henvily grazed pasture. 

Vegetation Total dry matter (g/m*) Dry green matter (g/m*) Leaf area index 
index Intercept Slope r Intercept Slope r Intercept Slope r 

- -----1983 - -------_- 
RED 154.7 - 32.3 0.68** 152.4 - 40.2 0.81** 0.68 -0.18 0.82** 
NIR - 45.1 9.1 0.58’ - 59.0 8.2 0.51* -0.32 0.04 0.58* 
R - 9.6 29.8 0.79** - 42.7 33.2 0.84.” -0.21 0.16 0.91+* 
ND - 6.6 170.7 0.79** - 40.9 193.4 0.86** -0.19 0.89 0.89** 
GN 31.7 17.9 0.74++ 4.2 19.4 0.77** -0.01 0.09 0.82** 

--- ---_ -1984------ -- 
RED 164.4 - 39.1 0.75** 134.9 - 36.6 0.77* 0.65 -0.18 0.71* 
NIR -108.1 13.9 0.85+* -127.1 13.6 0.89** -0.65 0.07 0.84** 
R 4.3 24.4 0.79** - 15.9 23.1 0.81** -0.11 0.12 0.79* 
ND - 3.7 i66.1 0.84*+ - 23.7 158.0 0.86** -0.14 0.80 0.82** 
GN 29.3 20.5 0.79.. 6.3 20.2 O.ES** 0.01 0.10 0.81*+ 

--_ ---Combined----_------- _- -- 
RED 146.6 - 30.3 0.68** 133.4 - 34.5 0.77** 0.61 -0.16 0.76** 
NIR - 61.6 10.4 0.69** - 80.7 10.0 0.66** -0.42 0.05 0.69** 
R - 2.8 27.1 0.79” - 30.2 28.3 0.82** -0.16 0.14 0.85** 
ND - 5.7 169.3 0.81** - 34.1 179.1 0.86.. -0.17 0.85 0.87** 
GN 30.6 19.0 0.76** 4.6 19.9 0.80** 0.01 0.10 0.82.’ 

R = NlR/ RED, ND = Normalized difference vegetation index, GN = greenness index. 
***Significant at 0.05 and 0.01 levels, respectively. 

between LAI and ND for the 3 pastures in Figure 5. We chose the 
LA1 relationship because of its generally good relationship with 
ND on all 3 pastures. Testing the regression equations representing 
the data from the 3 pastures showed that the slopes differed signifi- 
cantly from each other (fiO.01). We cannot use 1 relationship 
between a vegetation index and LA1 (or DG) for the 3 pastures to 
obtain a measure of herbage yield from remote measurements. 

Fig. 5. Relationship between leaf area index and normalized vegetation 
index for crested wheatgrass and moderately and heavily grazed native 
rangeland pastures. 

This is particularly true as the standing crop nears maximum yield. 
As shown in Figure 5, a ND of 0.5 would result in LA1 of about 
0.25, 0.65, and 0.78 for heavily grazed, moderately grazed, and 
crested wheatgrass pastures, respectively. However, with prior 
knowledge of management practices it may be possible, within a 
given geographic region, to establish meaningful relationships 
such as those shown in Figure 5 to predict herbage yields of 
rangeland. 

Reasons for the similar response of the radiometer to 3 different 
DG levels can probably be explained by the growth habits of the 3 
pastures. For example, although minimal DG was obtained from 
the heavily grazed pasture, the dense growth habit of blue grama 
produced a ground cover nearly equal to that of the crested wheat- 
grass and moderately grazed mixed prairie pastures. That this was 
so was suggested by a visual estimate of ground cover from the 
photographs taken with the nadir-oriented camera during the 
summer of 1984. 

302 

Conclusions 
Regardless of management practice, 1 relationship existed 

between LA1 and DG. However, relationships between LA1 (or 
DG) and vegetation indices calculated from radiometric measure- 
ments differed for each of the 3 pastures used in the study. There- 
fore, the implications are that management practices must be 
known, and relationships between vegetation indices and herbage 
yield from individual pastures for a given geographical region must 
be established before herbage yields can be estimated with any 
degree of certainty using remote measurements and wavebands as 
described in this study. 
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Soil and Vegetation Responses to Simulated Trampling 
AHMED H. ABDEL-MAGID, M.J. TRLICA, AND RICHARD H. HART 

Abstract 

An artificial hoof was used to simulate trampling effects on 
native shortgrass sods in a greenhouse experiment. Severe to mod- 
erate trampling was applied to sods maintained under 3 soil water 
regimes. Tramplfng was done either throughout a 32-day period to 
represent a continuous grazing system, or only during the last 4 of 
the 32 days to simulate a short-duration grazing system. Soil bulk 
density increased 3% and infiltration rate declined 57% under 
severe trampling. Trampling throughout the 32&y period result- 
ed in 4% higher bulk density than did a similar level of trampling 
that was applied only during the last 4 days of the trial. Dead 
vegetation was more easily removed by hoof action than was living 
vegetation, and severe water stress made plant material more brit- 
tle. Aboveground biomass production was 7% greater under tram- 
pling that simulated short-duration graxing, and 17% more forage 
remained in the standing crop under this treatment. About 38% 
more vegetation was detached by hoof action under simulated 
continuous grazing as compared with the short-duration grazing 
treatment. 

Key Words: treading, compaction, infiltration, herbage loss, soil 
water, trampling 

Livestock trampling has both direct and indirect effects on vege- 
tation and soils. There are physical effects of the grazing animals’ 
hoof action which can cause mechanical injury or loss of vegetation 
standing crop, as well as compaction of the surface soil by the 
pressure exerted by the hooves (Dadkhah and Gifford 1980, Lewis 
1980, Packer 1953, Balph and Malechek 1985). Brown and Evans 
(1973) stated that the key factor in pasture damage was the amount 
of animal walking (treading). Therefore, any factor that reduces 
walking (e.g., distance to water, forage availability, etc.) should 
reduce pasture damage. Several studies have attempted to estimate 
the amount of forage lost by trampling under field conditions 
(Laycock et al. 1972, Laycock and Harniss 1974, Quinn and Her- 
vey 1970, Pearson 1974, 1975). However, little information is 
available to elucidate differences in forage loss between uncon- 
trolled and controlled grazing (Holechek 1980), so most estimates 
of forage loss are based on several assumptions such as distance 
traveled, animal selectivity, and other behavioral and measure- 
ment biases. 

Lull (1959) reported that cattle exerted static or standing loads 
(averaged over the entire surface area of the hoof) of 10.9 kg cm-*. 
However, 2 to 4 times the static load can occur when an animal 
travels. Dadkhah and Gifford (1980) and Busby and Gifford (1981) 
used a static loading of 13.6 kg cm-* in their artificial trampling 
studies. Frame (197 I) indicated that cattle with a hoof print size of 
60 to 90 cm2 exerted 2.8 to 4.2 kg cm-’ pressure on the soil surface 
while traveling. Static load can be calculated simply as the total 
weight of the animal divided by total surface area of the bottom of 
its 4 hooves. A 400-kg steer, with each hoof having a surface area of 
80 cm2, would exert a static load of 1.25 kg cm-‘, and a load while 
traveling of 2.5 to 5.0 kg cmm2. This load would vary according to 
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what fraction of the total hoof surface was actually in contact with 
the ground. Thus, the loads assumed by Lull (1959), Dadkhah and 
Gifford (1980), and Busby and Gifford (1981) were too heavy, 
while those assumed by Frame (1971) were approximately correct. 

The objectives of this study were to simulate trampling in a 
controlled environment so that plant material detached by hoof 
action alone could be accurately assessed, and to determine tread- 
ing effects on soil bulk density and infiltration rates. Native short- 
grass prairie sods were brought into the greenhouse and placed 
under 3 soil water regimes to determine if there were interactions 
between trampling and soil water potential on loss of aboveground 
forage. Trampling was applied to simulate either a continuous or a 
short-duration rotational grazing system to evaluate how different 
grazing systems might influence plant and soil variables. 

Materials and Methods 

A hydraulic soil-coring machine with a 14-cm dia. sample tube 
similar to that described by Santos and Trlica (1978) was used to 
take 240 samples of native shortgrass prairie sod. Samples were 
taken from an Ascalon loam soil at the High Plains Grassland 
Research Station near Cheyenne, Wyo., after plant growth ceased 
in September, 1984. Vegetation was dominated by blue grama 
[Boureloua grucifis (H.B.K.) Lag.] and western wheatgrass (Agro- 
pyron smifhii Rydb.). Each sod core was placed carefully in a 
IS-cm dia. by 15cm deep can with as little disturbance as possible. 
Samples were transported to a greenhouse on the Colorado State 
University campus in Fort Collins. Each soil core was watered 
regularly to maintain favorable moisture levels (field capacity) 
during an initial growth period of 4 weeks in the greenhouse prior 
to trampling treatments. 

The greenhouse was maintained at air-temperature of 20-30” C, 
relative humidity of 20-SO%, a day-length of 14 h, and maximum 
midday_photosynthetically active radiation of about 400 to 1000 
PE 9 m eec t. Soil water conditions within the sods were main- 
tained at 3 levels. One-third of all sods were maintained at field 
capacity where water was applied throughout the 32day experi- 
mental period at 2-to 3day intervals to maintain leaf water poten- 
tial of blue grama and western wheatgrass at about -0.5 MPa as 
measured with a pressure chamber (Scholander et al. 1965). The 
second water regime level was chosen to represent moderate water 
stress. Sods were not watered at the end of the Cweek initial 
growth period until soil water potential reached <-IO MPa. Sods 
were then watered to field capacity (at approximately 6- to 7day 
intervals) and the drying cycle repeated. The third soil water level 
was chosen to impose greater soil water stress on plants. Water was 
withheld from the sods until soil water potential reached <-20 
MPa. Sods were then watered to field capacity (at approximately 
IO-day intervals) and the cycle repeated. Soil water was monitored 
in the spatial center of the sods using thermocouple psychrometers 
similar to that described by Chung and Trlica (1980). All simulated 
trampling treatments were applied to each of the 3 soil water 
regime treatments. 

An artificial hoof was cast of bronze from a mold of a hoof print 
of a steer. This hoof was somewhat similar to that used by Packer 
(1953) in his study of trampling. The area of the bottom of the cast 
was approximately 85 cmz. The artificial hoof was suspended from 
a long metal handle (Fig. I). The handle was attached at one end to 
a pivot on a vertical stand; the hoof was suspended near the pivot. 
The end of the handle opposite the pivot was weighted to apply a 
static load on the hoof of 107 kg or I .2 kg cmm2. Each sod core was 
placed under the hoof and the weighted handle dropped to apply 
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Fig. 1. Schematic diagram of the artificial hoof opparorus utilized in the rrompling of shortgrossprairie sods. 

the required pressure to the soil surface. to 120 minutes) of the test period. 
Sods were randomly assigned to each of 5 trampling intensities 

X 2 grazing systems X 3 water regimes X 4 replications. The 5 
trampling intensities were 32, 16,8,4, or 0 (control) footfalls/sod 
during the 32day period. The simulated continuous grazing 
treatment was trampled once daily, once every other day once 
every fourth day, or once every eighth day, according to the inten- 
sity required. The simulated short-duration grazing treatment was 
trampled only during the last 4 days of the 32day period at 8,4,2, 
or 1 footfalls/day. This resulted in the same number of total 
footfalls for the entire 32day period under either grazing system at 
each of the trampling intensities. 

The surface of the sods was vacuumed with a hand vacuum 
cleaner at the beginning of the treatment period and after each 
application of trampling. Material collected from the vacuum was 
sorted into live and dead categories, oven-dried at 60’ C, and 
weighed. The amount of material collected during the 32day 
period was accumulated and summarized for each sod. 

Aboveground biomass from all sods was clipped at the termina- 
tion of the 32day period, sorted into live and dead material, 
oven-dried at 60“ C and weighed. The live and dead plant material 
collected was summed for each sod and the total aboveground 
biomass reported. 

Soil bulk density and infiltration rates were measured at the end 
of the 32day trampling period. One sod was randomly selected 
from each replication of each soil water regime X grazing system 
combination within each simulated trampling level for each of the 
measurements. Soil bulk density was determined by taking a sam- 
ple from the top 5 cm of the center of 1 sod, using the device 
described by Lutz (1947), and drying and weighing it. Infiltration 
rate was measured by insertion of a S-cm dia. graduated cylinder 
into the center of the second sod from 1 replication X water regime 
X grazing system X trampling level combination. The graduated 
cyclinder was filled with water, and height of the water head was 
recorded at time intervals of 5, 10, 15, 20, 30, 45, 60, 90, and 120 
minutes. Infiltration rate was calculated for the last 30 minutes (90 

A randomized complete block design with factorial arrange- 
ments of treatments was used for data analysis. The 3 factors 
examined were trampling intensity (5), grazing system (2), and soil 
water regime (3). If an analysis of variance indicated significant 
differences (EO.05) existed among treatment levels, then Dun- 
can’s new multiple range test was used to separate significant 
(EO.05) means. 

Results 

Soil bulk density increased at the 2 greater trampling intensities 
(Table 1). In addition, bulk density was greater when the sods were 
trampled throughout the 32day experimental period as compared 
with trampling that occurred during the last 4 days, which would 
simulate deferment followed by grazing under high stocking den- 
sity. As expected, infiltration rate was slowed as trampling inten- 
sity increased (Table 1). The infiltration rate under the heaviest 
trampling intensity was less than one-half that under no trampling. 
Trampling throughout the 32day experimental period had no 
more influence on the infiltration rate than did trampling only 
during the last 4 days of the 32day period. Bulk density and water 
infiltration rate were not affected by the soil water regime of the 
sods. Water infiltration rate (1) was predicted by the equation I = 
34.95/(footfalls/day + 1) - 6.64; r2zO.24. 

Live shoot biomass increased with decreased water stress among 
the three soil water regimes (Table 2). Moderate and severe water 
stress regimes caused a drastic decrease in aboveground biomass 
production, but there was little difference in aboveground standing 
dead biomass among water stress regimes. Therefore, most of the 
differences in total shoot biomass among plants within the 3 soil 
water regimes were the result of greater living biomass under less 
severe soil water stress regimes. 

Hoof action caused greater detachment of either living or dead 
shoot material when plants were under severe water stress (Table 
2). About twice as much total plant material was detached when 

Table 1. Soil bulk density and water infiltration rate as affected by intensity and timing of trampling. 

Variable 

Bulk density (g/cm)) 

Infiltration rate (cm/hr) 

32 

I .20abl 

l2.9c 

Trampling intensity 
(No. footfalls/sod) 
16 8 

1.25a 1.16b 

lS.Obc l8.6b 

Time of trampling 
Control Throughout During last 

4 No trampling 32 days 4 days 

1.18b 1.17bX l.22Y 1.17x 

25.Ia 29.9aY 16.8X 19.0x 

‘Means for either trampling intensity or timing of trampling followed by the same letter are not significantly different (J90.05). The same control was used for both sets of data. 
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Table 2. Shoot biomass and weight of vegetation detached by hoof aCtiOn 
as effected by soil water regime. 

Soil water regime 

Field capacity Moderate stress Severe stress 
Variable (-0.1 MPa) (0 to -1.0 MPa) (0 to -2.0 MPa) 

Shoot biomass (g/m*) 
Live l38ar IOlb 54c 
Dead 98a 85b 83b 
Total 236s 186b 137c 

Detached vegetation (g/m*) 
Live 5b 5b lla 
Dead 19c 23b 40a 
Total 24b 28b 51a 

oceans in a row followed by the same letter are not significantly different (p>o.OS). 

plants were under severe water stress. Evidently, both live and dead 
leaves and culms were more elastic when plants had not been 
subjected to severe water stress. 

Standing crop of shoot biomass generally decreased as the tram- 
pling intensity increased (Table 3). This was evident in both live 
and dead shoot biomass categories. Standing crop of live shoot 
biomass was lower if the same amount of trampling was done 
throughout the 32day period, rather than during the last 4 days. 

The weight of living or dead standing crop of shoots that were 
detached by hoof action increased at the heavier trampling intensi- 
ties (Table 3). Trampling throughout the 32day period resulted in 
more dead shoot biomass being detached than live shoot biomass 
when compared with trampling only during the last 4 days of the 
trial. 

Discussion and Conclusions 

Water infiltration rates reported here should not be considered 
as accurate estimates of infiltration under field conditions, but only 
as indications of the relative impact of the treatments on infiltra- 
tion. Equilibrium infiltration rates for undisturbed sites from our 
field experiment, where our sod cores were taken, averaged 8.9 cm 
hr-’ as measured by double-ring infiltrometer (Abdel-Magid et al. 
1987). Maximum equilibrium infiltration rate under a rainfall 
simulator was 5.1 cm hr“ on the same soil series with similar 
vegetation (Bauzi and Smith 1973). Ueckert et al. (1978) found that 
infiltration estimates using an infiltrometer averaged 41% higher 
than those using similated rainfall. Branson et al. (1981) concluded 
that the ring infiltrometer provided a poor estimate of infiltration 
under natural rainfall, but comparative differences could be 
obtained with this method. The small size of the sods in this 
greenhouse study made it impractical to use a double-ring infil- 
trometer; lateral movement of water was considerable and inflated 
estimates of infiltration rates. 

Soil water regimes had little effect on soil bulk density and water 
infiltration rate, as measured in this experiment. Bulk density 
increased slightly and infiltration rate declined sharply under 
severe levels of trampling. This may have resulted from a decrease 
in soil macropore space with an increase in micropore space. 
However, the 2 heavy levels of trampling would rarely be expe- 
rienced under field conditions. Maximum distance travelled by 
steers observed in another experiment (Abdel-Magid et al. 1987) 
was 4.8 km/day under continuous grazing stocked at 60 steer 
days/ ha; this was equivalent to 2,304,OOO footfalls/ ha. If the hoof- 
print size averaged 85 cm*, total area trampled would be 19,584 
m*/ ha or 22% of the total area of the pasture. Steers travelled only 
1.6 km per day under short duration grazing stocked at the same 
rate, so they trampled only about 7% of the pasture area (Abdel- 
Magid et al. 1987). No differences were found in water infiltration 
rates among grazing systems or stocking rates in the field study, 
which supported results of this greenhouse trampling experiment. 

Trampling throughout the 32day treatment period had a 
greater effect on bulk density than did trampling during the last 4 
days of the treatment period. Although Savory and Parsons (1980) 
implied that hoof action under short-duration grazing might have 
desirable benefits for soil characteristics, we found similar infiltra- 
tion rates under the simulated continuous and short- duration 
grazing systems in this greenhouse experiment. 

The influence of soil water regime on shoot biomass production 
followed the same trend reported by Levitt (1980); aboveground 
production was reduced with increasing water stress. It should be 
noted, however, that even under severe stress of -2.0 MPa soil 
water potential, both blue grama and western wheatgrass pro- 
duced aboveground biomass after a drying cycle. 

Trampling intensity (number of footfalls/ sod) was more influen- 
tial in causing a reduction of shoot biomass and detachment of 
either living or dead shoot material than was the timing of this 
trampling. The 32,16, and 8 footfalls/ sod during the 32day period 
were considered severe trampling and would rarely be experienced 
under field conditions. Under a moderate level of trampling (4 
footfalls/ sod), trampling was less effective in reducing shoot pro- 
duction or in detaching living or dead vegetation. Dead vegetation, 
however, was more easily removed by hoof action than was living 
vegetation. This was to be expected, as the material would not be as 
elastic and would shatter upon hoof impact. Severe water stress 
also made the plant material more brittle. 

A comparison of total shoot biomass with the total amount of 
material detached by trampling showed that 15 to 25% of the plant 
material was actually detached by the hoof action. This could 
represent a significant loss of forage as a result of animal activity. 
However, under conditions of moderate trampling, as under our 
trampling intensity of 4-footfalls/sod, only approximately 5% of 
the living biomass was lost, which is much less than the losses 
reported by Laycock et al. (1972) and Laycock and Harniss (1974) 
in a tall forb vegetation type, but consistent with losses of Quinn 

Table 3. Shoot biomass and weight of vegetation detached by hoof action as rffeeted by intennity 8nd timing of trampling. 

Variable 32 

Trampling intensity 
(No. footfalls/sod) 
16 8 4 

Shoot biomass (g/ms) 
Live 
Dead 
Total 

Detached vegetation (g/ml) 
Live 
Dead 
Total 

85d’ 
81~ 

166d 

9a 
30a 
39a 

94cd 
92bc 

l86c 

9a 
32a 
41a 

107ab 
97b 

204ab 

5b 
25b 
30b 

IOkbc 
85c 

19obc 

5b 
23b 
28b 

Control 

No trampling 

Time of trampling 
Throughout During last 

32 days 4 days 

108aZ 94x IOIY 
I IOaY 86X 92X 
21&Z 108X 193Y 

1cx 7Y 
4cX 332 2;; 
5cX 402 29Y 

‘Means for either trampling intensity or timing of trampling followed by the same letter are not significantly different (fW.05). The same control was used for both sets of data. 
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and Hervey (1970) on a similar shortgrass vegetation type. 
Steers probably graze less efficiently in a continuous grazing 

system because they search for a few preferred plants. The time and 
energy spent in search are probably reduced in a shortduration 
grazing system because animals are confined to a smaller portion 
of the whole pasture. Therefore, they walk less (Abdel-Magid et al. 
1987) and trample less vegetation in the short-duration grazing 
system. Regrowth of vegetation in this system is elastic and not as 
vulnerable to detachment by hoof impact as compared with vegeta- 
tion in the continuous grazing system. Ungrazed vegetation within 
the continuous grazing system should be more mature and, conse- 
quently, brittle and easily detached. 

The greater amount of vegetation detached under the continu- 
ous grazing system, as compared with the sbortduration grazing 
system (Table 3), did not agree with the conclusions of Holechek 
(1980). He indicated that short-duration grazing should reduce 
excessive accumulation of standing dead vegetation and mulch. 
Our study indicated little difference could be expected for the 
amount of living plant material detached by trampling within 
either of the grazing systems, but live shoot biomass was greater 
under the short-duration simulated grazing system. 
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Soil Bulk Density and Water Infiltration as Affected by 
Grazing Systems 
AHMED H. ABDEL-MAGID, GERALD E. SCHUMAN, AND RICHARD H. HART 

Abstract 

The itiuences of continuous, rotationally deferred, and short- 
duration rotation grazing systems on soil compaction and water 
infiltration were assessed. Bulk density and water innltration were 
measured to evaluate the effects of the 3 grazing systems at moder- 
ate and heavy stocking rates. Measurements were made in the 
spring before grazing and at the end of the grazing season in 1983 
and 1984. Bulk density was not affected by grazing systems or 
stocking rate; bulk density was greater in the fall than in spring of 
1984, but not in 1983. Infiltration was significantly lower under the 
heavy stocking rate than under the moderate stocking rate at the 
end of the grazing season. The average water infiltration was 
significantly less in the fall than in the spring for the heavy stocking 
rate but showed no seasonal effect for the moderate stocking rate. 
Infiltration was significantly greater under continuous grazing 
than under rotational deferment but no different from that under 
short-duration grazing in 1983. However, in 1984 the relationship 
was reversed. The grazing systems evaluated did not affecct soil bulk 
density and water infiltration in a consistent manner; however, the 
stocking rate resulted in reduced infiltration during the grazing 
season. 

Key words: Short-duration grazing, compaction, sandy loam soil, 
short grass rangelands. 

In recent years much attention has been focused on the claims 
made by the supporters of the “Savory grazing method”, more 
recently renamed the “Holistic management system.” Savory and 
Parsons (1980) stated that physical animal impact was not detri- 
mental to deteriorating arid rangeland but was in fact desirable to 
hasten the advance of plant succession. They believed that this was 
achieved through hoof action, which improved water penetration 
by breaking up hard surface crusts and algae, lichen, and moss 
communities. Heitschmidt and Walker (1983) questioned the 
Savory grazing method and indicated that if the method was 
successful, it would not be because of benefits of the physical 
animal impacts. 

Numerous studies of the effects of grazing on soil physical 
parameters have been accomplished during the past 2 decades. 
Thurow et al. (1986) found that water infiltration rates under 
short-duration grazing were lower than rates under moderately- 
stocked continuous grazing on bunch- or sodgrass but did not 
differ in oak mottes. Infiltration under heavy-stocked continuous 
grazing was slower than under short-duration grazing on sodgrass 
but not in oak mottes. Wood and Blackburn (1981) found no 
differences in infiltration rates between a high-intensity low- 
frequency (HILF) system and continuous grazing under moderate 
or heavy stocking. Infiltration rate under deferred-rotation grazing 
was higher than that in recently grazed HILF pastures but not in 
rested HILF pastures in midgrass interspaces, shortgrass inter- 
spaces or under a shrub canopy. They reported bulk density as one 
variable that influenced infiltration, but aggregate stability and 
organic matter content had greater influences. 

Rauzi and Hanson (1966) found that water intake rates on 
several watersheds decreased almost linearly as intensity of grazing 
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increased. Rauzi and Smith (1973) concluded that, on Ascalon 
sandy loam and Nunn loam, infiltration rate was higher on lightly 
and moderately grazed pastures than on heavily grazed pastures. 
Bryant et al. (1972) reported that soil compaction increased line- 
arly with increased grazing intensity. However, Van Haveren 
(1983) found that degree of soil compaction, as measured by bulk 
density, depended on the texture of the soil as well as on the soil 
water content at the time of grazing and on the level of organic 
matter in the surface soil. Linnartz et al. (1966) found that 10 years 
of grazing during spring and summer resulted in sufficient soil 
compaction to restrict water movement into and through the soil 
profile in central Louisiana, especially during intense rain storms. 

Thompson (1968) found that grazing affected infiltration less 
than did seasonal changes in surface soil characteristics. Achouri 
and Gifford (1984) also reported significant differences in infiltra- 
tion among seasons of the year. 

The objective of this study was to evaluate differences among 3 
grazing systems (continuous or season-long, rotationally deferred, 
and shortduration rotation) and 2 stocking rates on soil bulk 
density and water infiltration rate of mixed-grass prairie in south- 
eastern Wyoming. 

Materials and Methods 

The pastures were established at the High Plains Grasslands 
Research Station, Cheyenne, Wyo., to study 3 grazing systems: 
continuous (C), rotational deferment(R), and short-duration rota- 
tion (S) with 2 stocking rates: heavy(H), 2.25 ha/ steer and moder- 
ate (M), 3.0 ha/steer. The continuous grazing system was also 

L I 
500m 

STOCKING RATES GRAZING SVSTLMS 
L: Llaht c: Conlinuoul lseamon-long) 
Y: Modwal* R: Rotallonally d*I*rr*d 
n: nearv (4-Dastw.) 

8: Short-duration rotation 
(S-paslu1.) 

Fig. 1. Luyou~ of rhe grazing systems study at the High Plains Grasshntds 
Research Station, Cheyenne, Wyo. 

stocked at a light (L) rate, 5.25 ha/steer. All pastures were grazed 
from June through October. The 3 grazing systems (C, R, and S) 
were as described by Launchbaugh et al. (1978), Koerth et al. 
(1983) and Savory (1978). In the shortduration rotation system 
the pasture was divided into 8 subunits (paddocks). The layout of 
the pastures with 2 replications (except CL) is shown in Figure 1. 
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From 1976 to 1978, the pastures were grazed very lightly by cattle; 
from 1979 to 1982 and for a number of years prior to 1976 they 
were not grazed by livestock. 

One permanent transect of 25 m was established in each pasture 
stocked at M and H. All transects were established on an Ascalon 
sandy loam soil (fine, loamy, mixed, mesic Aridic Arguistoll). 
Selected physiochemical characteristics of the soil are shown in 
Table 1. 

Table 1. Selected physiochemical ch8rrcteristics of the Ascalon soil from 
the study area, High Pb~ins Gnsalands Res. Sta. Cheyenne, Wyoming. 
(Stevenson et 81.1984). 

Horizon 
Particle siZe 

Depth Sand Silt Clay Texture 
Organic 
matter 

% 
A l-m13 z g 

% 
I5 Sandy loam 2.3 

Btl 13-28 64 14 22 Sandy clay loam 0.9 
Bt2 28-36 70 I3 17 Sandy loam 0.7 
Btk 3648 65 I4 21 Sandy loam 0.6 
Bk 48-102 73 IO I7 Sandy loam 0.2 
C 102-152 75 9 I6 Sandy loam 0.1 

A press core device (Lutz 1947) was used to take undisturbed soil 
cores 5 cm in diameter from the surface 5 cm of soil. Twenty 
samples were taken at 1.2-m intervals along each transect in each 
pasture. Sampling was done at the beginning of the growing season 
before cattle had been put on the pastures (spring) and at the end of 
the grazing period about 4 months later (fall) during 1983 and 
1984. The samples were placed in metal soil cans, dried at 105” C, 
weighed, and bulk density was calculated. 

Water infiltration measurements were taken near each end of the 
permanent transect in each pasture in the spring and fall of 1983 
and 1984. This resulted in 2 observations per replication, hence 4 
measurements per grazing treatment. The variation in infiltration 
rate within a pasture was only 58% of that observed between 
replicate pastures; therefore increasing the number of observations 
within a pasture would not have significantly increased the preci- 
sion of the measurement. Bulk density and infiltration sample sites 
were selected to insure that similar kinds and amounts of vegeta- 
tion and similar proportions of vegetation and bare soil were 
present. 

Water infiltration was measured with a double-ring intiltrome- 
ter (Haise et al. 1956) with a 15-cm head maintained during the 
measurement. The diameter of the inner and outside rings were 30 
and 60 cm, respectively. Readings of water level were taken at 0,5, 
10,15,20,30,45,60,90, and 120 minutes. Actual cumulative intake 
of water was recorded for each time interval throughout the 2-hour 
period. Infiltration data for the last 30 minutes of the 2-hour period 
were used to calculate equilibrium infiltration rate. 

Water infiltration data were used to assess the relative effects of 
levels of animal compaction on the soil, and not the effect of the 
grazing system on the total hydrology of the ecosystem (Branson et 
al. 1981). If infiltration rate in relation to surface runoff and 
erosion are primary objectives, then a rainfall or sprinkler infil- 
trometer will enable improved hydrologic analysis since it more 
closely simulates the natural rainfall-infiltration relationship and 
integrates the effect of raindrop impact energy into the system 
(Gifford and Hawkins 1978). 

Bulk density, equilibrium infiltration rate, and cumulative infil- 
tration data were analyzed as a 2 X 3 factorial in a randomized 
complete block design with 2 replications. Duncan’s new multiple 
range test (PzO.10) was used to separate means associated with 
stocking rate, grazing system, season of sampling, and year. 

Results and Discussion 
Bulk density was not significantly different (P=O.lO) among 

grazing systems, stocking rates, or seasons (fall and spring) in 1983. 
Bulk density was significantly greater in the fall 1984 (1.28 g/cmr) 
than in the spring 1984 (1.19 g/cm’), but there were no differences 
among grazing systems or stocking rates (Table 2). Bulk density of 
the soil did not vary much during the 2-year period (1.19 to 1.28 
g/cm3). 

Table 2. Soil bulk density (g/ems) as lofloenced by season and year, High 
PMns Grasslands Research Station, Cheyenne, Wyoming. 

Year Spring Fall 

1983 I.25 al 1.25 a 
1984 1.19b 1.28 a 

‘Means followed by the same letter within year are not significantly different 
(FSO. 10). 

Increased bulk density can be attributed to the static or standing 
loads of the grazing steers and the greater loads exerted per unit 
area of soil when they were moving during the 4-month grazing 
period (Lull 1959). However, under the conditions of this experi- 
ment, soil texture was not fine enough to allow for as much 
compaction as found by Van Haveren (1983). Laycock and Conrad 
(1967) also observed increases in bulk density both on grazed areas 
and exclosures during the grazing season, but the soils in their 
study area contained more clay and silt than the Ascalon soil, 
resulting in greater soil water during the early spring grazing period 
and the potential for greater compaction, 

The freezing and thawing action of soil may have resulted in the 
decrease in the spring 1984 bulk density values after the soil was 
compacted by grazing in fall 1983. The difference in bulk density 
between the 2 spring and 2 fall seasons may be attributed to the 
difference in precipitation and temperature. Rainfall was greater in 
Sept-Ckt 1984 (74 mm) than in Sept.-Oct. 1983 (23 mm), which 
made the soil more susceptible to compaction during Sept-Get 
1984. Rainfall was greater in March-May 1983 (292 mm) than 
1984 (146), but steers were not put on the pastures until June; 
therefore the soil moisture was similar at the time of sampling. The 
average minimum temperatures of Dec. 1983 (-15.2OC) and Jan. 
1984 (-10. l°C) were lower than those of Dec. 1982 (-7.6) and Jan. 
1983 (-6.1). the difference in spring precipitation and minimum 
temperatures might have caused the variation in soil bulk density 
between the 2 spring seasons (Baver et al. 1972). 

Water infiltration exhibited a year-by-grazing system and a 
season-by-stocking rate interaction for both equilibrium infiltra- 
tion and cumulative infiltration and a year-by-stocking rate inter- 
action for equilibrium infiltration data. In evaluating the year-by- 
grazing systems interactions for infiltration, the equilibrium and 
cumulative water intake data generally exhibited similar trends 
(Table 3). The continuous grazing treatment had an average equil- 
ibrium infiltration rate of 9.69 cm/hr in 1983 which was signifi- 
cantly greater than that observed for the rotational deferment 
treatment but no different than for the shortduration treatment. 

Table 3. Grazing system X year effects on equilibrium and cumulative 
water infiltration rates, High Plains Grasslands Research Station, 
Cheyenne, Wyoming. 

Variable Year Grazing Systems 

Equilibrium water Continuous Rotational Short- 
infiltration (cm/ hr) duration 

1983 9.69a1 8.13b 8.99ab 
1984 7.18b 9.02ab 10.4Oa 

Cumulative water 
infiltration (cm/Z hrs) 1983 23.05a 20.9Oa 22.87a 

1984 36.82b 17.58b 23.27a 

lMeans within a year within a variable followed by the same letter are not significantly 
different (PSO.10). 
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In 1984 the short-duration grazing treatment exhibited the highest 
equilibrium water infiltration rate and the continuous grazing 
treatment the lowest. 

The season-by-stocking rate interactions exhibited the same 
trends for equilibrium and cumulative water infiltration (Table 4). 

Table 4. Stocking rate - season effects on quiiibrium and cumuiativc 
water inftitration rates, High Piains Grassiands Research Station, 
Cheyenne, Wyoming, 19831984. 

Variable Season 
Stocking rate 

Moderate Heavy 

Equilibrium water infiltration 
(em/W Spring 

Fail 
8.49ai 

10.15a 
9.09a 
7.87b 

Cumulative water infiltration 
(cm/2 hrs) Spring 

Fall 
21.iSa 
22.24a 

21.43a 
i8.17b 

1 Means within a season or stocking rate within a variable followed by the same letter 
are not significantly different. 

The average water infiltration rate (equilibrium and cumulative) 
was significantly less in the fall than in the spring for the heavy 
stocking rate, but showed no seasonal effect for the moderate 
stocking rate. The moderate stocking rate had significantly greater 
infiltration than the heavy stocking rate at the end of the grazing 
season. No significant differences in infiltration between stocking 
rates existed in the spring, indicating that the freeze-thaw activity 
each winter alleviated any detrimental soil compaction that 
reduced infiltration. In 1983, the equilibrium infiltration was less 
under heavy stocking than under the moderate stocking rate (Table 
5). However, in 1984 no differences in infiltration were observed 
between the 2 stocking rates. This year-to-year variation is not fully 
understood, and may be better evaluated in a longer-term study 
and on a soil and vegetation type that is more susceptible to 
compaction by hoof action. 

Table 5. Stocking rate and year effects on water infiltration rate (cm/hr), 
High Piains Grassiands Research Station, Cheyenne, Wyoming. 

Stocking rate 
Season Moderate 

1983 9.79 al 
1984 8.85 a 

Heavy 

8.08 b 
8.88 a 

‘Means followed 
(P50.10). 

by the same letter within a year are not different 

Both the equilibrium and cumulative infiltration were evaluated 
because of concerns that an equilbrium measurement may not 
reflect small changes due to differences in surface compaction and 
soil moisture content at the time of sampling. However, soil mois- 
ture content of the top 5 cm of soil at the time of sampling appeared 
to have no influence on bulk density or cumulative water infiltra- 
tion. Regression analysis of soil water content versus bulk density 
and cumulative water infiltration resulted in coefficients of deter- 
mination (r*) of 0.02 and 0.06, respectively. 

Conclusion 
The grazing systems did not consistently influence bulk density 

and water infiltration. Trends in water infiltration rate did not 
follow those of bulk density. This indicated that soil bulk density 
may not be the main factor that controlled water infiltration rate 
(Orr 1975). However, the study indicated that the short-duration 

rotation grazing system had no clear advantage for improving 
water infiltration by destruction of surface crusting. The heavy 
stocking rate consistently reduced infiltration during the grazing 
season, but this appeared to be alleviated during the winter by 
freeze-thaw activities. Long-term evaluation of the effects of graz- 
ing systems on soil physical characteristics may help to overcome 
seasonal, yearly, and inherent soil variability. 
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Modeling Variation in Range Calf Growth under Condi- 
tions of Environmental Uncertainty 
L.W. VANTASSELL, R.K. HEITSCHMIDT, AND J.R. CONNER 

Abstract 

Functional relationships between calf weights and various 
managerial and environmental factors were developed using 19 
years of performance data from 8 cow-calf herds at the Texas 
Experimental Ranch. Six models were developed to estimate 
weights at (1) the first weighing at approximately 75 days of age, (2) 
the second weighing at approximately 152 days of age, (3) the 
second weighing, using the first weight as a dependent variable, (4) 
weaning at approximately 237 days of age, (5) weaning, using the 
first weight as a dependent variable, and (6) weaning, using the 
second weight as a dependent variab1e.R’ values for the equations 
were .79, .83, 90, .84, .89, and .89, respectively. Equations were 
functions of the grazing treatment (heavy continuous vs. moderate 
continuous vs. rotational grazing), level of winter supplementa- 
tion, age of calf at weighing, crossbreeding, linear and quadratic 
accumulated production year precipitation, and winter/spring 
temperatures. Performance of the equations was examined by 
stochastically simulating them for 360 iterations using 36 years of 
historical precipitation. 

Key words: rangeland, cow-calf, grazing management, weight 
gains 

An increasing awareness of the impact of risk and uncertainty on 
range improvement decisions has been manifest throughout the 
agricultural literature over the past several years (e.g., Whitson et 
al. 1982, Spielman et al. 1985, Karp and Pope 1984). To incorpo- 
rate risk into an applied decision analysis, a determination of the 
variability inherent in the basic variables and parameters, and how 
the variability relates to the system as a whole must be made. Many 
times the major limitation to risk modeling is the lack of suitable 
data to develop these relationships. 

Annual variation in ranch income can be attributed to fluctua- 
tions in levels of inputs and outputs and the instability of their 
corresponding prices. Accurate representation of range livestock 
production levels necessitates a coalition with environmental con- 
ditions if uncertainty in production levels is to be addressed. While 
considerable research has examined the effects of various factors 
on cattle production (Smoliak 1956, Sneva and Hyder 1962, Sneva 
1977, Clayton et al. 1983), a complete linkage from climatic condi- 
tions and managerial considerations to livestock production is 
often missing. For example, livestock production data may be 
available for a study area but if a continuous series of vegetation 
data and climatic conditions is not available, the link between 
environment and livestock performance is assumedly negated. 

The objective of this study was to examine the relationships 
between climatic conditions, managerial factors, and calf perfor- 
mance at various time intervals between birth and weaning. While 
a whole science of genetics exists that enables researchers to 
develop sophisticated biological growth models for livestock (e.g., 
Sanders and Cartwright 1979), our aim was to develop models 
simplified enough to be easily incorporated into an economic 
analysis. The objective was not necessarily to predict calf weights, 
but to represent the variability existing within the system. 

Authors are research associate, Department of Agricultural Economics, Texas 
A&M University, College Station; associate professor, Texas Agricultural Experi- 
ment Station, Vernon; and professor, Department of Agricultural Economics, Texas 
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37901-1071. 
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Methods 

Study Area 
Data for this study were collected at the Texas Experimental 

Ranch located in the eastern portion of the Rolling Plains of 
Texas. The ranch consists of 2,900 ha of native range. Principal 
range sites are clay loam, clay flat, loamy bottomland, and rocky 
hills. Vegetation is a mixture of mid and shortgrasses. Dominant 
herbaceous species are sideoats grama [Boureloua curtipendula 
(Michx.) Torr.], a warm-season midgrass, buffalograss [Buchloe 
dactyloides (Nutt.) Engelm.], a warm-season shortgrass, and 
Texas wintergrass (Stipa leucorricha Trin. and Rupr.), a cool- 
season midgrass. 

Climate is highly variable, consisting of warm, wet springs and 
falls, hot summers, and mild winters. Average annual precipitation 
is 682 mm. During the period from 1960 through 1984, mean 
annual precipitation ranged from 491 mm in 1970 to 849 mm in 
1969. Average monthly temperatures ranged from a low of 4“ C in 
January to a high of 29” C in July. For a more complete description 
of the study area see Heitschmidt et al. (1985). 

Data Set 
Cow-calf production data from 4 grazing treatments were util- 

ized in this study. The 4 treatments were: yearlong continuous 
grazing stocked at heavy (HC) and moderate (MC) rates; 4- 
pasture, 3-herd deferred rotation (DR) stocked at a moderate rate; 
and 16-paddock, l-herd rotation (RG) stocked at a very heavy rate. 
Stocking rates in all treatments were periodically adjusted to main- 
tain relatively constant levels of grazing pressure. The data set from 
the HC, MC, and DR treatments spanned the 25year period from 
1960 through 1985. Average rates of stocking during the 25 years 
were 5.1, 7.1, and 6.8 ha/cow/year, respectively. The RG treat- 
ment was initiated in 1981. Average rate of stocking in the RG 
treatment during the 5 years of study was 3.9 ha/cow/year. 

Two herds of Hereford cows bred to Hereford bulls were utilized 
for the period 1960 through 1978. From 1979 through 1985, data 
were attained from Hereford X Angus cows bred to Charlois bulls. 
To be considered valid test animals, replacement cows and their 
calves had to be in their respective treatment for a minimum of 1 
year. This restriction prevented the use of the 1960,1969,1975, and 
1979 data in this study. Data from 1976 through 1978 were 
excluded because the supplemental feeding regime and calving 
seasons during these years differed significantly from the other 
periods. 

Levels of protein supplement fed during winters varied among 
years and treatments. From 1960 through 1974,0.68 kg/cow/day 
of cottonseed cake (4l%crude protein) was fed 3 times per week for 
approximately 90 days. From 1960 through 1968, I of the 2 herds 
in both the HC and MC treatments and all 3 herds in the DR 
treatment were fed. From 1970 through 1974,l herd in each of the 
3 treatments was fed. From 1980 through 1985, the level of sup- 
plement (20% crude protein range cubes) was varied depending on 
the grazing treatment and year. However, level of supplement fed 
within a year was essentially equal in the 2 heavily stocked treat- 
ments (HC and RG) and likewise in the 2 moderately stocked 
treatments (MC and DR). 

All cows and calves were weighed periodically during each pro- 
duction year with an average weight obtained for the calves from 
each herd. Calf weights utilized in this study were the March-April 
weight when the calves were about 75 days old, June weight when 
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Table 1. Lhcriptive statistics of calf weights (kg) at the Texas Experimental ranch for the periods of 19604974 md 19861985. 

Average age at 
Years Weigh dates’ weighing (days) Average weight Standard deviation Low 

1961-1974 1st 76 91 12.2 57 
2nd I58 163 15.3 120 

Weaning 239 219 18.0 165 

1980-1985 1st 75 106 11.3 82 
2nd 146 184 24.1 

Weaning 234 261 20.6 :: 

‘1st weighing occurred in March/April; 2nd weighing occurred in June; 3rd weighing (weaning) occurred in late August/early October. 

Range 
High 

121 
198 
264 

128 
235 
307 

the calves were approximately 152 days old, and weaning weight 
when the calves were around 237 days old (Table 1). For a more 
complete description of these data sets see Heitschmidt et al. 
(1982). 

Model Development 
Previous work at the ranch indicated calf weights varied as a 

function of calf age, level of winter supplement fed the cow herd, 
and grazing treatment (Kothmann et al. 1970, Heitschmidt et al. 
1982). Thus age of the calf (days) and level of winter supplement 
fed (Table 2) were incorporated into the model directly as inde- 
pendent variables. Because earlier analyses of these data showed no 

Table 2. Winter suppkmcntal feeding regime based as total crude pro- 
tein fed per cow. 

Years Herds fed’ 

1961-1968 
1970-1974 
1980 
1981 

A,BJ,L,M 
A&K 
A,F,R,KM 
AJS 
B,D,K,L,M 
AJ=,S 
D,K,M 
A,F,S 
A,F,S 
A,B,QF,K,L,M,S 

1982 

1983 
1984 
1985 

Total crude protein* 
(L/cow/year) 

25.1 
25. I 
16.3 
24.5 
16.3 
24.0 
16.0 
13.3 
25.8 
72.1,42.1, 30.9, 78.9, 
30.1, 28.4, 34.0, 74.8, 
respectively 

‘Grazing treatment herds are: A&F = heavy continuous, B&D = moderate continuous; 
K.L. and M = deferred rotation; S = rotational razed. 
Total crude protein = 96 crude protein l rate o rg feed l number of days fed. 

significant effect of grazing treatment when stocked at a moderate 
rate (MC vs. DR) after adjusting for differences in age of calves 
(Heitschmidt et al. 1982), grazing treatments were limited to differ- 
ences in rate of stocking (MR (MC and DR) vs. HC vs. RG). 
Bivariate dummy variables were utilized to distinquish between 
grazing treatments and also between straightbred and crossbred 
calves. 

Availability and quality of forage, as affected by environmental 
growing conditions, is a major source of variability in range cattle 
production. Because a continuous series of forage standing crop 
estimates were not available, a direct link between climatic condi- 
tions and animal performance was adopted.1 The independent 

‘Before weaning, calves basically receive their nourishment from maternal milk pro- 
duction and intake of range forage. Maternal milk production could enter the model 
as (1) a condition score on the cow or (2) the actual cow weight (or change in weight 
between weighing periods). Since cow condition scores were not available, an attempt 
was made to model cow weights. Because of the low explanatory ability (RC.45) of 
the cow weight models (using basically the same inde ndcnt variables as proposed for 
the calf weight models), excessive variation was exhl 

.gf 
ltcd m the predicted cow weights 

which was further pronounced in the estimated calf weights. We therefore opted to 
exclude cow wei 

f 
hts as independent variables, believing milk production was indi- 

rectly accounted or m the models by inclusion of climatic variables and kvel of winter 
supplement fed the cow herd. 
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climatic variables utilized in this study were various combinations 
of accumulated monthly precipitation (cm) and aggregated aver- 
age minimum monthly temperatures (” C) (Sneva 1977, Clayton et 
al. 1983). Precipitation data were collected on the ranch, while the 
temperature data were obtained from Throckmorton (NOAA 
1985), located about 10 km south of the ranch. 

Plots of calf weights vs. climatic variables indicated that calf 
weights increased at a decreasing rate with respect to the amount of 
precipitation received. Various model specifications (log, quad- 
ratic, and linear) for the climatic variables were therefore exam- 
ined. Calculated r-statistics indicated coefficients for several pre- 
cipitation variables were significant (PXO.05) for the linear and 
quadratic specifications. Because of greater R2 values and ability to 
more accurately replicate the original data under simulated trials, a 
quadratic specification for precipitation was included in the mod- 
els. Various specifications were also examined for the temperature 
variables, but the calculated t-statistics indicated only a linear 
specification was significant (PCO. 10). Several precipitation varia- 
bles composed of various accumulated monthly totals were exam- 
ined in each equation to identify the best combination for predict- 
ing each weight. Temperature variables were chosen using stepwise 
regression procedures via the maximum R2 improvement tech- 
nique (Fruend and Minton 1979). 

Results and Discussion 

The data set extended itself to development of 6 equations 
(Table 3) relating calf weights at first, second, and third weighings 
to the aforementioned independent variables. Based on these equa- 
tions several biologically meaningful scenarios can be forwarded. 
Weights in early spring (equation 1) were positively related to age 
of calf, precipitation from the previous August to March (Prec), 
minimum temperatures during calving in January and February 
(Temp), level of winter supplement (Suppl), and crossbreeding 
(CB). Rate of stocking (HC and RG) and precipitation squared 
(Prec Sq) were negatively related to weights in early spring. We 
hypothesize the relationship to August through March precipita- 
tion reflected the effect of moisture during this period on forage 
production and in turn its effect on cow performance and ulti- 
mately calf weight. The negative relationship with the quadratic 
precipitation variable was a reflection that calf weights increased at 
a decreasing rate with respect to precipitation. The effect of 
reduced forage standing crop during fall and winter on cow-calf 
performance presumably induced the negative relationship of calf 
weights to stocking rates. 

Similar relationships were apparent in explaining calf weights at 
the second (WT2) and third (WT3) weighings in equations 2 and 4. 
Positive factors were age of calf, accumulated rainfall from the 
previous August to weighing (Prec), late winter and spring temper- 
atures (Temp), crossbreeding (CB), and level of winter supplement 
(Suppl). Negative factors were quadratic precipitation variables 
(Prec Sq) and rate of stocking (HC and RG). While the potential 
exists, because of the quadratic term, for additional precipitation 
to decrease calf weights, this occurs outside the range of precipita- 



Table 3. Regression coefficients for various variables predicting calf weights at various times during year. 

Variable2 

Wt at first weighing 
(WTU 

Equation I 

Wt at second weighing 
(WT2) 

Equation 2 Equation 3 

Wt at weaning 
(WT3) 

Equation 4 Equation 5 Equation 6 

Intercep 

WTl 

WT2 

Days 

SUPPI 

HC 

RG 

CB 

Prec 

Prec Sq 

Temp 

RI 
Std Dev 

-7.36 
(0.76)’ 

0.72 
(13.58)*** 

0.20 
(4.70)*** 
-6.87 
(5.45)*** 

-I 1.48 
(3.28)*** 
15.81 

(12.90)*** 
1.87 

(5.86)*** 
-0.016 

(4.92)*** 
1.08 

(3.35)*** 
.79 

6.43 

-76.18 
(5.21)*** 

0.89 0.70 
(12.80)*** (I 1.76)*** 

0.26 0.07 
(4.20)*** (1.48) 
-9.01 -1.78 
(5.07)*** (1.23) 

-21.00 -9.32 
(4.22)*** (2.38)** 
37.16 17.36 

(19.86)*** (10.69)*** 
2.71 3.46 

(6.99)+** (6.90)*** 
-0.019 -0.048 

(6.42)*** (7.49)**+ 
0.47 0.71 

(1.76)* (3.29)*** 
.83 .90 

9.06 6.92 

-63.42 
(5.52)*** 
1.11 

(18.61)++* 

-88.49 
(2.74)*** 

0.18 
(2.28)** 
-9.58 
(4.29)*** 

-22.9 I 
(3.68)*+* 
51.53 

(21.84)*** 
3.05 

(3.99)*++ 
-0.020 

(3.97)**+ 

,:::,*** 
.84 

11.43 

-66.21 
(2.68)*** 
0.81 

(9.80)*** 

0.51 
(I l.ol)*** 

0.11 
(1.55) 
-4.58 
(2.30)** 

-15.02 
(2.81)*** 
39.42 

(16.19)*** 
4.43 

(4.29)*+* 
-0.05 
(4.59)*** 
1.46 

(5.35)*** 
.89 

9.46 

-11.10 
(0.47) 

0.65 
(10.73)*** 

0.49 
(8.67)*** 
0.08 

(1.11) 
-4.13 
(2.08)** 

-10.02 
(1.80)’ 
28.45 
(9.84)*** 
2.63 

(2.51)** 
-0.031 

(2.53)** 
1.03 

(3&t)*** 
.89 

9.51 

******Significant at the 0.10,0.05, and 0.01 levels, respectively. 
‘Numbers in parentheses are absolule values of calculated t-satmics. 
2Days = Age of calf at first weighing for Equation 1, 

= Age of calf at second weighing for Equation 2, 
= Days between first and second weighing for Equation 3 
= Age of calf at weaning for Equation 4, 
= Days between first and third weighing for Equation 5, 
= 

SUPPl 
Days between second and third weighing for Equation 6, 

!cc 

= Total crude protein supplemented during winter. 
= Yearlong continuous grating at heavy rate of stocking (1 if HC, otherwise 0). 
= Rotational grazing (1 if RG, otherwise 0). 

CB = Breed effect (1 if crossbred, 0 otherwise). 
Prec = Accumulated precipitation, 

= August in the previous year to March in the current year for Equation I, 
= August in the previous year to June m the current year for Equation 2, 
= December in the previous year to June in the current year for Equation 3, 
= August in the previous year to August in the current year for Equation 4, 
= 

Prec Sq 
February to August in the current year for Equation 5 and 6. 

Temp 
= same as Prec but value is squared, 
: Sum of average minimum monthly temperatures, 
= January to February in the current year for Equation I, 
= January to April in the current year for Equation 2 and 3, 
= January to May in the current year for Equations 4,5, and 6. 

tion experienced in the Throckmorton area during the past 36 
years. 

When WTl was included as an independent variable for predict- 
ing WT2 and WT3 (equations 3 and 5), supplementation was no 
longer significant (KO.10). This indicated the inclusion of sup- 
plementation in equations 2 and 4 was primarily related to its direct 
effect on WTl and its indirect effect on WT2 and WT3. The 
insignificance (p>o. 10) of HC on WT2 when WTl was included as 
an explanatory variable, indicated reduced gain from heavy con- 
tinuous grazing was not pronounced between the 2 weighings. 

Model Validation 
Performance of the calf weight models was examined via Monte 

Carlo simulation. Climatic data obtained from Throckmorton 
(NOAA 1985) from 1950 through 1985 was replicated 10 times to 
obtain 360 climatic observations for use in the simulation. From 
this, 360 calf weights were stochastically obtained for each of the 6 
equations using the relationship 
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?u = Yg + Si * Rj for i = 1,2 ,..., 6 and j = I,2 ,..., 360 111 
where Yij is the simulated calf weight from the ?evation for the jti 
iteration, Yij is the estimated calf weight from the i equation using 
the j* precipitation and temperature observation, &is the standard 
deviation of the i&equation, and R is the j* random normal deviate 
(c(=O; a*=l) obtained from a random normal deviate generator. It 
was assumed the RG and HC cow herds were supplemented at 25 
units of total crude protein while the MR herd was not supple- 
mented. Calf ages of 75, 146, and 234 days were assumed for the 
first, second, and third weighing, respectively. 

Descriptive statistics are contained in Table 4 for the simulated 
equation results. For comparison purposes, the actual statistics for 
each grazing strategy for 1980 through 1985 are presented along 
with indexed weight statistics for the MR and HC herds. Indexed 
weight statistics were obtained by dividing the 1961 through 1974 
and 1980 through 1985 data by the mean of their respective peri- 
ods. This created 2 indices with 1 .O being the average weight for 
both periods. Indexed values were then multiplied by the 1980 
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Table 4. Selected stntisth for the actual 19gO-1985 weigbts (kg), indexed 1961-1985 weights and stoehticrlly simohted eqo8tiOns Using PreCiPititiOn 
and temperature data from 1950-1985.~ 

First weighing Second weighing Weighing Weights 

Actual Indexed Equation I Actual Indexed Equation 2 Equation 3 Actual Indexed Equation 4 Equation 5 Equation 6 

Moderate 
Stocked 

Ave2 
Std 
Min 
Max 

Heavy 
Continuous 

Ave 
Std 
Min 
Max 

Rotational 
Grazing 

Ave 
Std 
Min 
Max 

101 104 103** 178 178 
I3 15 lo**+ 20 19 
82 66 75 149 136 

128 136 124 211 211 

103 102 101** 181 180 
6 9 10** 18 15 

95 85 73 163 157 
114 118 122 215 21s 

97 - - 96 159 
8 - 10 14 - 

91 - 69 140 - 
109 118 172 - 

184 180* 259 255 
13*** 20*** 15 19 

149 125 232 197 
212 222 281 281 

181*** 178 
13’0’ 20 

146 123 
210 220 

258 255 ’ 258; 
20 19 14*** 

233 216 209 
283 283 292 

170 165 
13*** 20 

134 110 
197 207 

242 - 
- 

2:‘: - 
255 - 

263 259 
14*** 23** 

21s 197 
297 313 

244 241. 242* 
14*** 23 19 

196 180 186 
279 295 288 

255** 
23*** 

194 
309 

260* 
19** 

204 
305 

257’ 
19*** 

200 
302 

‘*****and l ** indicate no statistical significance (KO.05) between the simulated mean or standard deviation and the actual, indexed, or both actual and indexed, respectively. 
2Ave = average, Std = standard deviation; Min = minimum; Max = maximum. 

through 1985 average to provide an extended crossbred data set. 
While crossbred weights may not vary in the same manner as 
straightbred, indexing hopefully provides an indication of the 
variation in weight over this period. 

Statistical significance of the difference between the empirical 
and simulated means was tested by comparing a calculated f- 
statistic with tabular values at the 95% significance level. A Chi 
Square (~2) statistic was also computed and compared with the 
appropriate tabular value (X0.05) to test the difference between 
each set of standard deviations (Clements et al. 1971). The differ- 
ence observed between each set of means for MR and HC was 
significant in 2 equations for MR and 1 equation for HC. The 
differences between simulated and empirical standard deviations 
were only significant in equation 3 for HC. For the RG strategy, 
several of the differences between each set of means and standard 
deviations were significant. While the model’s ability to replicate 
the RG strategy may be questioned with only 4 data points avail- 
able to draw information from, the simulated data may be repre- 
sentative of the variation occurring within the RG system over this 
larger range of climatic conditions. 

The simulated data extended beyond the range observed in the 
empirical data in each equation except for the MR strategy in 
equation 1. It is noteworthy that for most HC and MR equations, 
less than 5% of the 360 data points fell outside the range given by 
the empirical data. Exceptional cases of protrusion were for equa- 
tions 5 and 6 (MR) and equations 3 and 5 (HC), where 17%, 13%, 
18% and 15% of the observations extended outside the range, 
respectively. For the RG system a relatively large number of simu- 
lated points were found outside the observed range. The largest 
percent of outliers was 52% for equations 3 and 5, with the fewest 
being 27% for equation 4. The outlying data points may in part be 
explained by the increased weather observations and assumptions 
made about management practices. Using an average supplemen- 
tation rate and calf age removed the flexibility to vary date of 
weaning or alter the level of supplementation under fluctuating 
environmental conditions, thus creating weights beyond those 
normally obtained. 

Cumulative probability distributions from equation 4 are pre- 
sented in Figs. 1, 2, and 3 for each of the grazing strategies. The 
cumulative probability distributions were developed for the actual, 
indexed, and simulated data sets by sorting each data set from 
lowest to highest and accumulating the probabilities of occurrence 
for each observation. A slightly higher probability existed for 
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Flg. 1. Cumulative probability distributions for the simulated (Equation 
4). actual. and indexed moderate stocked grazing strategy. 

heavier weights under the simulated MR distribution than for the 
actual or indexed distributions. The simulated RG distribution 
exhibited a slightly higher probability of lower weights below 240 
kg but a higher probability of heavier weights above 245 kg than 
did the actual distribution. All actual and indexed distributions 
were relatively steep at the upper tail while the simulated distribu- 
tions tailed off more slowly. Perhaps more accuracy could be 
obtained in simulation by placing a ceiling on the maximum weight 
and stacking all protruding weights at the ceiling. 

313 



Fig. 2. Cumulative probability distributions for the simulated (Equation 
4). actual, and indexed heavy continuous grazing strategy. 

Fig. 3. Cumulative probability distributionsfor the simulated (Equation 4) 
and acrual rotational grazing strategy. 

Conclusions 
This study attempted to relate annual variations in calf weights 

in the Rolling Plains of Texas to various managerial, biological, 
and meteorological variables. Average weight of calves during 
branding and vaccination ( WTl) is apparently dependent upon the 
condition of the cows during gestation and lacation, as well as the 
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climatic stress placed upon both the cow and the young calf. These 
factors were partially accounted for in the model by inclusion of 
the accumulated previous August through March precipitation 
and the combined average minimum temperature during calving in 
January and February. Rate of stocking and level of winter sup- 
plement were also important factors, as was calf age. Average calf 
weights during June and at weaning (models 2 through 6) were 
related to a combination of variables including calf age, environ- 
mental growing conditions as accounted for by accumulated pre- 
cipitation during the production year and winter/spring tempera- 
tures, level of winter supplement, crossbreeding, and stocking rate. 

The utility of this study is related not only to its biological 
interpretation, but also in its ability to enhance an economic analy- 
sis. The ability to mathematically explain biological and environ- 
mental relationships is very useful in economic analyses, especially 
when the uncertainty involved in the production of an output is 
inbedded within those relationships. The weigh dates examined in 
this study are at strategic decision-making times for ranchers in the 
Rolling Plains of Texas (Riechers 1986). Marketing decisions such 
as forward contracting could be better examined and the assess- 
ment of future cash flow requirements facilitated with a reliable 
representation of weaning weights. Decisions as to postponing or 
shortening the weaning date or providing supplemental feed for 
expected lighter weaning calves could also be enhanced. The mod- 
els also have the possibility of providing a distribution of expected 
weights when considering a new breeding program for a ranch 
which has little historical data on weaning weights. Lastly, the 
models provide a format for examining the profitability and risk 
inherent between moderately stocked, heavy continuous, and short 
duration grazing strategies. 
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14~s. 42-Paddock Rotational Grazing: Forage Quality 
R.K. HEITSCHMIDT, S.L. DOWHOWER, AND J.W. WALKER 

Abstract 

Research was initiated at the Texas Experimental Ranch by 1981 
to quantify the effects of 2 livestock densities on forage quality in a 
rotational grazing (RG) treatment. Livestock densities evabmted 
were equivalent to 14 and 42-paddock RG treatments. Baseline 
data were collected in 1981 from 3 adjacent 30-ha paddocks in a 
465_ha, M-paddock, ceil designed RG treatment stocked at a rate 
of 3.6 ha/cow/year. Near the beginning of tbe 1982 growing season 
the center paddock was subdivided into three, lo-ha paddocks to 
establish tbe RG-42 treatment. Htrbage standing crop was har- 
vested before and after each grazing event during the 40-month 
period, separated by species or species group into live and dead 
tissue, and each fraction analyzed for percentage crude protein 
(CP) and organic matter digestibility (OMD). Livestock density 
bad mbdmial effect on forage quality. Live tissue was of higher 
quality tban senesced tissue regardless of plant species. Increases 
and decreases in overall quality during grazing periods were posi- 
tively associated with rates of plant growth. Number of periods 
when forage quality increased or decreased during grazing and 
magnitude of change were unaffected by treatment. Lack of signif- 
icant treatment effects on forage quality is attributed to tbe general 
absence of significant treatment effects on forage production, spe- 
cies composition, and live/dead ratios. 

Key Words: rotational graaing, cell grazing, crude protein, organic 
matter digestibility 

Interest in rotational grazing systems (RG) has increased dram- 
atically in the U.S. during the past IO years. Of particular interest 
has been the claim that proper implementation of a multi-paddock 
RG system will improve livestock carrying capacity of rangeland 
(Savory and Parsons 1980). Although this claimed increase in 
carrying capacity has been attributed generally to increases in 
forage production, it also has been hypothesized that a portion of 
this increase can be attributed to an increase in forage quality 
(Gammon and Roberts 1978, Heitschmidt et al. 1982, Jung et al. 
1985). 

In 198 1 we designed a series of studies to evaluate the effects of a 
RG treatment on quantity and quality of herbage produced and 
consumed, harvest efficiency, animal behavior, watershed condi- 
tion, cow/calf performance, and economic profits. This paper is 
the fourth of a series that report on the effects of 2 livestock 
densities in a RG treatment on quantity of forage produced and 
consumed (Heitschmidt et al. 1987), watershed condition (Pluhar 
et al. 1987), and animal behavior (Walker and Heitschmidt 1986). 
In this paper we report the effects of a 3-fold increase in livestock 
density on forage quality in the RG treatment. Subsequent papers 
will contrast the response of the various parameters in the RG 
treatment to those in a yearlong continuously grazed treatment. 

Methods 

radiating from a common center) RG treatment was initiated in 
March 1981. Rate of stocking was 3.6 ha/cow/year from March 
1981 until June 1984, after which rate of stocking was reduced to 
S.l/ha/cow/year because of drought (Heitschmidt et al. 1987). 

Initially the treatment consisted of 14 paddocks that averaged 33 
ha. In March 1982, one 30-ha paddock was subdivided into three, 
IO-ha paddocks, thereby creating a livestock density equivalent to 
that in a 42-paddock system. The IO-ha paddocks are hereafter 
referred to as the RG-42 treatment and the 27-ha paddocks as the 
RG-14 treatment. 

Immediately before and after every grazing event from March 
1981 to December 1984, the herbaceous vegetation in ten, 0.25-m2 
quadrats was harvested at ground level by species/species group. 
Dominant species/ species groups (hereafter referred to as species) 
and their designated codes were sideoats grama [Boureloucl curli- 
pen&la (Michx.) Torr.] (Bocu); Texas wintergrass [Sripu leucotri- 
cha Trin. and Rupr.] (Stle); annual grasses (Angr); other warm- 
season grasses (Wsgr); annual broomweeds [Xunrhocephlum 
spp.] (Xasp); and other forbs (Forb). Following drying (60” C) and 
weighing, estimates of live/dead ratios were made by weighing 
hand-separated subsamples of each species from each treatment. 
Live tissue was any tissue possessing green color. Before and after 
grazing subsamples were then combined across treatments by cate- 
gory (live and dead) and species for qualitative laboratory ana- 
lyses. Percentage crude protein (CP) was estimated following 
standard A.O.A.C. (1970) procedures. In vitro organic matter 
digestibility (OMD) was estimated according to Tilley and Terry 
(1963) as modified by Van Soest and Wine (1967). 

Live and dead CP and OMD standing crops (kg/ ha) were calcu- 
lated for each species on all sample dates by multiplying live and 
dead organic matter standing crop estimates (Heitschmidt et al. 
1987) by their respective %CP and %OMD values as determined in 
the laboratory. Live and dead CP and OMD standing crop esti- 
mates were summed and divided by total organic matter for overall 
%CP and %OMD. For example, assume for a given sample %CP 
and organic matter standing crops were 10% and 50 kg/ ha for live 
Bocu and 5% and 70 kg/ ha for dead Bocu. Average %CP for Bocu 
was, therefore, 7.08% = [(. 10 X 50) + (.OS X 70)]/ 120. Average %CP 
and %OMD for total standing crop was estimated by summing CP 
and OMD standing crop for each species and dividing by total 
organic matter standing crop. 

All data were subjected to least squares analyses of variance 
utilizing a split block mode1 (Little and Hills 1978) to test for the 
main effect of treatment (RG-14 vs. RG-42) and the subplot effect 
of time (before and after grazing). The error term for testing 
significant treatment effects (KO.05) was pastures within treat- 
ment. The residual was used to test for significant (KO.05) time 
and treatment by time interaction effects. Student Q procedures 
(Snedecor and Cochran 1967) were used for mean separations 

The study was conducted at the 2.9~ha Texas Experimental where appropriate. 

Ranch located (99 l4’, 33“2O’N) on the eastern edge of the Rolling For a complete description of the study area see Heitschmidt et 

Plains resource region. The 465-ha, cell-designed (paddocks 
al. (1985). For a thorough description of the study design and field 
samDlina Drocedures see Heitschmidt et al. 119871. . _. . , 

Authors are associate professor, research associate and former research associate, 
Texas Agr. Exp. %a., Box 1658, Vernon 76384. Results and Discussion 
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ally higher in percentage CP and OMD than dead senesced tissue 
Manuscript accepted on 17 February 1987. (Figs. I and 2). Generally, quality of live tissue was more variable 
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Fig. 1. Mean monthly crude protein concentrations flo)for live and dead 
tissue of 5 specieslspeciesgrotqs over a 40-month period. Vertical lines 
represent range of values. See textfor identtfication codefor speciesls- 
pecks group. 

among sample dates than quality of dead tissue, because quality of 
live tissue is relatively more sensitive to physiological age than dead 
tissue (Uresk and Sims 1975). Rate of tissue maturation is highly 
dependent on environmental growing conditions, and in a highly 
variable environment, quality of forage during a growing season or 
year can vary widely. Quality of live tissue over years generally 
followed the quantitative pattern of plant growth (Heitschmidt et 
al. 1987), increasing during periods of rapid growth and decreasing 
during periods of slow or no growth. The range in values was 
generally greatest in late summer because growing conditions dur- 
ing this period were variable and closely coupled to infrequent 
precipitation events. 

Generally, percentage CP of the live tissue of the cool-season 
grass species (Stle and Angr) was greater than that of the warm- 
season species (Bocu and Wsgr) (Fig. 1). Maximums were about 
16.5% CP for Stle and 13.5% for Wsgr. Minimums were about 
7.5% for Stle and Angr and 5.0% for Bocu. Percentage OMD of 
live tissue (Fig. 2) was generally less variable among species and 
sample dates than was %CP. 

Overall quality of available forage in this study was highly 
variable and reflected strong seasonal patterns (Fig. 3). The sea- 
sonal patterns were related closely to growth patterns as reported 
previously (Heitschmidt et al. 1987). Statistical analyses, however, 
indicated minimal treatment effects. Over the 25 sample dates, 
%CP varied significantly between treatments only in April 1982, 
when CP in the RG-14 treatment averaged 9.7% as compared to 
8.9% in the RG-42 treatment. OMD varied significantly between 

JF Y A Y J J A 6 6” 6 

Fig. 2. Mean monthly organic digestibility @@for live and dead tissue of 5 
species Jspecies groups over a 40-month period. Vertical lines represent 
range of values. See text for identification code for species/species 
group. 

treatments on 3 dates: August 1982, September 1982, and April 
1983. On these 3 dates, OMD in the RG-14 treatment averaged 
54.9,52.0, and 64.1%, respectively, as compared to 56.7,52.5, and 
61.1%, respectively, in the RG-42 treatment. 

There were 9 instances when %CP changed significantly during a 
grazing event and 7 instances when OMD changed significantly 
(Fig. 3). Declines in quality were generally asociated with periods 
of slow or no growth (Heitschmidt et al. 1987) while increses were 
generally associated with periods of rapid growth. Presumably, the 
declines reflected the effects of diet selection on overall forage 
quality. However, during periods of rapid vegetation growth, the 
negative effect of diet selection on overall forage quality was 
apparently less than the positive effect of new growth. 

There were only three instances when the treatment by time 
interaction effect was significant for %CP: June 1981, June 1983, 
and July 1983. However, absolute differences were small and not 
biologically interpretable. There were only 2 instances when the 
treatment by time interaction effect was significant for %OMD: 
October 1982 and June 1983. These interactions were also consi- 
dered to be of little biological importance. 

Conclusion 
Increasing number of paddocks in the RG treatment from 14 to 

42 did not consistently alter forage quality over the year or during a 
grazing period. These results agree with concurrent studies which 
showed that neither forage production, plant species composition, 
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Fig. 3. Crude protein concentration @) and organic matter digestibility 
e/o., of total herbage standing crop in 14 (RG-14) and 42 (RG-42)pad- 
dock rotationalgrasing treatments on 25 sample &tes over a IO-month 
period. Data points are average forage quality values before and after 
grazing. Arrows ( ! 1 ) represent sample dates when forage quality 
values either increased or decreaseda significant (P<O.OJ)amount in one 
(4 drrtes) or both (12 dates) treatments. 

nor live/dead ratios were significantly altered when number of 
paddocks was increased from 14 to 42 (Heitschmidt et al. 1987). 
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Some Effects of a Rotational Grazing Treatment on Quan- 
tity and Quality of Available Forage and Amount of Ground 
Litter 
R.K. HEITSCHMIDT, S.L. DOWHOWER, AND J.W. WALKER 

A U-paddock, celldesigned, rotational grazing (RG) system 
was initiated in March 1M)l to evaluate the effects of RG on 
various vegetation response variables and cow/calf production. 
This 20-month study was initiated in January 1983 to contrast 
herbage dynamics in the RG treatment to those in 8 yearlong 
continuously grazed tmtment (MC). Rate of stoclring in the RG 
treatment was 3.7 ha/cow/year as compared to a moderate rate of 
5.9 ha/cow/year in the MC treatment. There was no difference 
between treatments in herbage grorvth dynamics. Total herbaceous 
standing crop, however, was greater in the MC treatment than the 
RG because of greater amounts of senesced forage. The resultant 
effect on forage quality, in terms of crude protein (CP) concentra- 
tion md organic matter digestibility (OMD) was that they were 
generally greater in the RG than the MC treatment. Litter standing 
crop was also less in the RG than MC treatment although seasonal 
dynamics were similar. Results indicate differences between treat- 
ments were.caused primarily by dierences in stocking rates and 
not gr8zing systems. 

Key Words: crude protein, organic matter digestibility, cell gnz- 
ing, continuous grazing 

Interest in rotational grazing systems (RG) has increased dra- 
matically in the U.S. during the past 10 years. Of particular interest 
has been the claim that proper implementation of a multi-paddock 
RG system will improve rangeland productivity in terms of live- 
stock carrying capacity (Savory and Parsons 1980). This increase 
in carrying capacity has been attributed generally to substantial 
increases in quantity and quality of forage produced as a result of 
the positive effects of the physical impact of the grazing herd on the 
range ecosystem relative to plant growth and ecological succession. 
This claim was made, however, in the absence of any supportive 
scientific data. Thus, in 1981 we designed a series of studies to 
evaluate the effects of a RG treatment on quantity and quality of 
herbage produced and consumed, harvest efficiency, animal 
behavior, watershed condition, livestock performance (cow/calf), 
and economic profits. Four previous papers have quantified the 
effects of 2 livestock densities in a RG treatment on quantity 
(Heitschmidt et al. 1987a)and quality (Heitschmidt et al. 1987b) of 
forage produced, watershed condition (Pluhar et al. 1987), and 
density of cattle trails (Walker and Heitschmidt 1986). Our objec- 
tive in this paper is to contrast differences between heavily stocked 
RG and moderately stocked yearlong continuously grazed (MC) 
treatments releative to quantity and quality of available forage and 
ground litter biomass. Subsequent papers will contrast differences 
relative to quantity and quality of forage consumed and various 
grazing behavioral patterns of mature cows. 
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Methods 

Study was conducted at the Texas Experimental Ranch located 
on the eastern edge of the Rolling Plains resource region (99” 14’W, 
33’20’). Climate is continental, semiarid, and highly variable. 
Annual precipitation is bimodally distributed and averages 682 
mm. Peak precipitation months are May (96 mm) and September 
(118 mm). Average maximum daily temperatures range from 11.4O 
C in January to 35.8’ C in July. Average minimum daily tempera- 
tures range from -2.4’ C in January to 22.0° C in July. For a 
complete discussion of the study area see Heitschmidt et al. (1985). 

The 465-ha, cell-designed RG treatment was initiated in March 
1981. Initially the treatment consisted of 14 paddocks that aver- 
aged 33 ha in size. The treatment was originally stocked with 125 
Hereford/Angus crossbred COWS at a heavy rate of 3.7 ha/cow/ 
year. Rate of stocking was constant until June 1984 when it was 
reduced to 5.2 ha/cow/year because of drought. Rate of rotation 
was flexible and varied according to vegetation growth rates and 
the nutritional requirements of the cows. Days of rest between 
grazing periods ranged from about 30 to 65. 

Four permanent 0.5-ha study areas were located in 3 adjacent 
paddocks in March 1981. Two plots were located in the center 
paddock (30 ha) and 1 each in the 2 adjacent 27-ha paddocks. 
Study areas were located about two-thirds of the distance away 
from the cell center toward the back of the paddocks. Location of 
the 2 study areas in the central paddock was such that when the 
central paddock was subdivided into three IO-ha paddocks in 
March 1982, the 2 study areas were then located in different 
paddocks. All 4 areas were located within 400 m of each other. 
Based on desired rest periods, length of graze in the 4 paddocks 
during the study ranged from 18 hours to 2 days in the IO-ha 
paddocks and from 2 to 4 days in the 27-ha paddocks. Hereafter, 
the IO-ha paddocks are referred to as the RG-42 treatment and the 
27-ha paddocks as the RG-14 treatment. 

The MC treatment was a single, 248-ha pasture that had been 
stocked at a moderate rate since 1960. Although 2 MC pastures 
were available for study, only a single pasture was selected because 
of logistic and labor constraints. Another continuously grazed 
treatment stocked at a rate equal to the RG treatment was not 
initiated at the onset of this series of studies because: (1) earlier 
research had shown it was unlikely that such a treatment could be 
maintained for any extended period of time (Heitschmidt et al. 
1983); (2) the financial risks associated with such a large scale 
endeavor were unacceptable; and (3) yearlong grazing at a moder- 
ate rate of stocking is the most common grazing practice in this 
region. Thus, the MC treatment in this entire series of studies is a 
nonreplicated “control”treatment although the two, 0.25-ha study 
plots located near the center of the pasture are treated statistically 
as replicates. Both range condition and range site composition in 
the single MC pasture were similar to that in the RG treatment. 
Stocking rate in the MC pasture was a constant 5.9 ha/cow/year. 

All 6 study areas (2 each in RG-14, RG-42, and MC) were 
located on nearly level upland sites on Nuvalde soils, a member of 
the fine-silty, mixed, thermic Typic Calciustolls. Range site classi- 
fication is clay loam. Dominant herbaceous species were sideoats 
grama [Bourelouu curtipendula (Michx.) Torr.], Texas winter- 
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grass (Stipa leucotricha Trin. and Rupr.), Japanese brome (Bro- 
mus japonicus) Thunb., and in some years annual broomweed 
(Xanthocephalum spp.). Other common grasses were buffalograss 
[Buchloe dactyloides (Nutt.) Engelm.], common curlymesquite 
[Hi/aria belangeri(Steud.) Nash], red threeawn (Aristida fongiseta 
Steud.), silver bluestem [BothriochZoasaccharoides(Swartz) Rydb.], 
and tumblegrass [Schedonnardus paniculatus (Nutt.) Trel.]. The 
areas supported a light stand of honey mesquite (Prosopisglandu- 
losa Torr. var. glandulosa). 

Vegetdion hmpling 

MC) and category (live vs. dead). The error term used to test for 
significant treatment and treatment by category effects was pas- 
tures within treatments. The residual was used to test for signifi- 
cant category effects. One-way analyses were used to test for differ- 
ences between treatments in forage quality and litter biomass. 
Tukey’s Q tests were used for mean separations when appropriate. 
Unless otherwise noted, statistical significance is at F<O, 10. For a 
complete discussion of the study design, field sampling, and data 
summarization procedures, see Heitschmidt et al. (1987a, 1987b). 

RWIltS 
Immediately before (within l-3 days) and after (within l-2 days) 

every grazing period from March 1981 to December 1984, the 
herbaceous vegetation in the RG treatment was clipped at ground 
level in ten, 0.25-mr quadrats/replicate. Vegetation in the MC 
treatment was sampled in a like manner but only on 7 dates: 
January, June, and September 1983; and January, March, May, 
and August 1984. These specific dates were selected because of the 
need for vegetation data for concurrent animal diet, intake, and 
behaviorial studies. 

Herbage growth dynamics were similar in both treatments dur- 
ing the 20-month study period (Fig. 1). Peak standing crop 

Herbage was clipped by the dominant species/ species groups on 
all sample dates. Dominant species/species groups, hereafter 
referred to as species, and their designated codes were sideoats 
grama (Bocu), Texas wintergrass (Stle), annual grasses (Angr), 
other warm season grasses (Wsgr), annual broomweed (Xasp), and 
other forbs (Forb). Following drying (600 C) and weighing, live/ 
dead ratios were estimated by hand separation of five subsamples 
of each species of each species from each treatment. Following 
harvest, ground litter in all quadrats were collected by hand and 
vacuum, floated in water to remove soil contamination, oven 
dried, and weighed. All herbage samples were ashed at 600’ C for 
expression on an organic matter basis. Percentage crude protein 
(CP) was determined following standard A.O.A.C. (1970) proce- 
dures. Organic matter digestibility (OMD) was determined follow- 
ing the procedures of Van Soest and Wine (1967). Reference sam- 
ples of known in vivo digestibility were analyzed in each batch run 
for standardization of OMD estimates. Forage quality analyses 
were limited to subsamples collected in the RG treatment because 
previous research (Heitschmidt et al. 1982b) had shown %CP of 
live and dead tissue of a given species was unaffected by grazing 
treatment. Subsamples were combined by treatment (RG-14 and 
RG-42) and time (before and after grazing) prior to qualitative 
analyses. 

Data Sumnririution and Statistical Analyses 
Live organic matter standing crop was estimated for each species 

by multiplying total standing crop of each species by the percen- 
tage live estimate. Dead standing crop was then estimated by 
subtraction. Average CP and OMD percentages were calculated 
for each species by multiplying live and dead organic matter stand- 
ing crop estimates by their respective 9eCP and %OMD values as 
determined in the laboratory, and dividing by the total standing 
crop for each species. Total organic matter standing crops were 
estimated by summing species. Average %CP and %OMD for total 
standing crop were estimated by summing CP and OMD standing 
crop estimates for each species and then dividing by the total 
organic matter standing crop. 

1~ 
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1913 1984 

Fig. 1. Totaldeadandliveherbaceousstanding crop (kg/ha)on clay loam 
range sites in the RG and MC treatments on 7 sample dates. Asterisks p) 
identify dates when standing crops were sig@?~antly (PCO.10) dtflerent 
between treatments. 

All data were subjected to least squares analyses of variance. 
Because previous analyses indicated no difference between the 
RG-14 and RG-42 treatments relative to quantity (Heitschmidt et 
al. 1987a) and quality (Heitschmidt et al. 1987b) of standing crop, 
data from these treatments were combined. Furthermore, because 
the data from the MC treatment were the equivalent of the average 
of the before and after grazing estimates in the RG treatment in 
terms of forage availability, data from the RG treatment were 
averaged across time (before vs. after grazing) within a sample 
date. 

occurred in June 1983 and generally declined thereafter because of 
drought conditions during 1984 (Heitschmidt et al. 1987a). Total 
standing crop was generally greater in the MC than the RG treat- 
ment because of greater amounts of standing dead tissue (Fig. 1). 
There were 4 dates when total standing crop in the MC treatment 
was significantly greater than in the RG treatment. In every 
instance this difference was because amount of dead biomass was 
significantly greater in the MC than the RG treatment since 
amount of live biomass was never significantly different between 
treatments. The main effect of category was significant on 6 dates 
and reflected the effect of season. 

A split block model was utilized in the analyses of the organic 
matter standing crop data. Main effects were treatment (RG vs. 

Statistical analyses by individual species also showed differences 
between treatments were caused by greater amounts of dead bio- 
mass in the MC treatment. In the 42 analyses (7 dates X 6 species) 
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the main effect of treatment was never significant while the main 
effect of category was significant in 27 analyses. The category by 
treatment interaction effect was significant in I1 analyses indicat- 4. 
ingamounts of live and dead biomass differed between treatments. 
In 9 of these instances the amount of dead biomass in the MC 
treatment was significantly greater than the amount of dead bio- 
mass in the RG treatment. There were only 2 instances when 
amount of live biomass was significantly greater in the RG treat- < 
ment than in the MC treatments (Bocu, May 1983; and Wsgr, Z 

a_ 

August 1984) and only 2 instances when amount of live biomass 
was significantly greater in the MC treatment (Wsgr, September 
1983; and Forb 1984). 

Forage quality, in terms of CP and OMD, was generally greater 
in the RG treatment than the MC (Fig. 2). This difference was 

1983 1984 

Fig. 2. Crude protein concentration (%CP) and organic matter digestibil- 
ity (%OMD) of total herbaceous standing crop on clay loam range sites 
in the RG and MC treatments on 7 sample dates. Asterisks (*) identify 
dates when differences between treatments were signtycant (p<O.IO). 

caused by the presence of greater amounts of dead tissue in the MC 
treatment than in the RG treatment (Fig. l), which tended to 
reduce the overall quality of the forage in the MC treatment 
(Heitschmidt et al. 1987b). The difference was not caused by 
greater amounts of live tissue in the RG treatment. 

Litter biomass was generally greater in the MC than the RG 
treatment (Fig. 3), but it was only significantly greater on 2 dates. 
Variation in amounts of litter among sample dates was generally 
greater in the RG treatment probably because of greater physical 
impact of the cow herd. The results showed a strong relationship 
existed between quantity of herbage standing crop and litter bio- 
mass over time because herbage standing crop was also generally 
greater in the MC treatment than the RG (Fig. 1). 

Discussion 
The results of this study show that differences did occur between 

grazing treatments relative to quantity (MC>RG) and quality 
(MC<RG) of available forage and litter biomas (MC>RG). 
Although we recognize that stocking rate and grazing system were 
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Fig. 3. Organic matter standing crop (kg/ ha) of ground litter on clay loam 
range sites in the RG and MC treatments on 7 sample dotes. Asterisks c) 
identtfy dates when litter biomass was signifcantly (p<O.lO) dtfferent 
between treatments. 

confounded in this study, we believe stocking rate was the principal 
factor that caused differences to occur between treatments. We 
believe a basic understanding of the biological and physical laws of 
nature as they pertain to the natality, growth, reproduction, and 
mortality of plants tends to support this general conclusion. The 
question, therefore, is not whether stocking rate was the principal 
factor or not, but rather how much were the differences in response 
between the 2 treatments altered as a function of grazing system? In 
other words, what is the magnitude of the stocking rate by grazing 
system interaction relative to RG and other grazing systems/ 
methods? 

Quantitative yearlong grazing studies specifically designed to 
address stocking rate by RG system interactions do not exist for 
semiarid rangelands. However, there is sufficient evidence from 
studies conducted over a wide range of vegetation types and cli- 
matic conditions (Gammon 1978,1984) to conclude that the inter- 
action effects are small even if conditions are optimal (e.g., tame 
pasture, adequate rainfall, periods of rapid vegetation growth) for 
attaining a positive interaction effect (McMeekan and Walshe 
1963, Conway 1963, Walker and Scott 1968, and Robinson and 
Simpson 1975). The lack of a positive interaction effect on semi- 
arid rangelands is most likely related to the interaction effects of 
frequency and severity of defoliation of plants and subsequent 
plant growth. Although treading and excretion of waste products 
by grazing animals do have innumerable direct and indirect effects 
on grazed ecosystems relative to watershed condition (Blackburn 
et al. 1982) and nutrient cycling (Schimel et al. 1986), the magni- 
tude of their effect is far less than that of defoliation (Curl1 and 
Wilkins 1983). Because frequency and severity of defoliation 
increase as a direct function of grazing intensity (Hodgson and 
Ollerenshaw 1969, Briske and Stuth 1982), regardless of grazing 
system (Gammon and Roberts 1978b, 1978c), it follows that unless 
herbage growth is enhanced in direct proportion to level of defolia- 
tion, herbage standing crop will decline as rate of stocking is 
increased. Studies suggesting an enhancement in the growth of 
individual plants following selective defoliation are certainly 
limited in number (Jameson 1963, McNaughton 1979, McNaughton 
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et al. 1983), and in reality have minimal applicability to rangeland 
grazing environments in which biomass must be accumulated dur- 
ing the growing season for consumption during periods of either 
slow or no growth such as summer drought or winter. In support of 
these generalizations, Gammon and Roberts (i978d) found there 
were essentially no differences between continuously grazed and 
RG (simulated 6-paddock) treatments stocked at equivalent graz- 
ing intensities, relative to quantity and quality of available forage 
and litter biomass. The absence of any differences between treat- 
ments among these parameters was related to the absence of any 
major differences between treatments in grazing selectivity and 
frequency and severity of defoliation of individual tillers (Gammon 
and Roberts 1978a, 1978b, 1978c). 

Conclusions 
Although the results from this study are both regionally and 

range site specific, we believe they support a general conclusion 
that differences between grazing treatments were primarily caused 
by differences in stocking rate and not grazing system. Further- 
more, based on the results of this study, our experiences over the 
past 6 years, and the results from other studies, we believe a small 
(10-i 5%) increase in carrying capacity can generally be anticipated 
following establishment of properly managed RG system on exten- 
sively managed rangeland. We believe this increase, however, will 
be primarily the result of better livestock distribution rather than 
because of an enhancement in forage production. We also believe 
the results from this and other studies strongly support the specific 
conclusion that rotational-type grazing systems do not unequivo- 
cally eliminate the potential hazards commonly associated with 
excessive rates of stocking on rangelands. 
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Responses of Fecal Coliform in Streamwater to Four Graz- 
ing Strategies 
A.R. TlEDEMANN, D.A. HIGGINS, T.M. QUIGLEY, H.R. SANDERSON, AND D.B. MARX 

AbStUCi 

Concentntions 8nd lo8dh1gs (output, number dry-’ kme2) of fec81 
coiiform (FC) indic8tor b8ctcri8 were me8sured from 1979 through 
1984 in stre8mfiow from 13 forested w8tersheds under the following 
r8nge nurupment stmtegies: (A) no gr8zing; (B) grazing without 
m8argement for iivestock distribution; (C) grazing with muugement 
to obtrin iivestock distribution, l nd (R) gr8zhag with mrnrgement to 
obt8in livestock distribution 8nd cuitumi pr8cticea to incre8se forage. 
Both FC concentr8tions (number/MO ml) 8nd inst8nt8neous io8dinge 
differed signific8ntiy rmong sttrrrtegics, se8sons, 8nd w8ter ynrs. Dlf- 
ferences 8mong stntegies for mun concentntions were A<C=Bu). 
For instrntrneous iwdings, signific8nt difference8 were A<C, B or D; 
md CCD. FC concentrrtions were the slme for winter md for snow- 
melt runoff se88ons but concentrrtions of both were signific~tiy lower 
th8n during the summer period. Lolldings were different for ach 
se8son with winterCsummer<snowmeimtIt runoff. A definite rei8tionship 
w8s e&biished between the presence of cattle on the p8stures 8nd 
FC concentntions. Eievrted FC count8 in stmtcgy D wvrtersheds 
md iordings in exce8s of UP organisms dry-’ km-’ in the winter 
se88on provide evidence th8t orynisms live into 8nd through the 
winter period in mim8i feces, sediment, 8nd soil. Resuits provide 
evidence th81 iivestock removal m8y not provide 8n immedirte 
solution to eievrted levels of FC in stre8mwrter. 

Key Words: b8cteriri w8ter contrmimttion, wrter qurriity, non- 
point 8ource pollution, gr8zing systems 

Bacterial contamination of forest and rangeland surface waters 
by livestock is an important land management issue; there is con- 
cern for both onsite and downstream use of streamwater from 
wildlands. Fecal coiiform organisms (FC), primarily, Eschericiu 
co& in streamwater indicates contamination by warm-blooded 
animals (U.S. Environmental Protection Agency 1976). The con- 
centration (number/ 100 ml) of these organisms in streamwater is 
the currently accepted means of assessing the bacterial quality. For 
example, water quality standards in Oregon require less than a log 
mean of 200 fecal coliform organisms/ 100 ml of water based on at 
least 5 samples collected within a 30day period (State of Oregon 
1984). Also, no more than 10% of the samples can exceed 400 FC 
organisms/ 100 ml. Although not a pathogen, the presence of this 
bacterium indicates the potential for pathogens to also be present. 
At FC densities from 1 to 200/ 100 ml, the percentage of occurrence 
of Sulmonelludisease organisms is 27.6% (Geldreich 1970). Occur- 
rence of Salmonella increases to 85.2% at FC levels of 201 to 
2,000/ 100 ml and to 98.1% when the levels are over 2,000 FC/ 100 
ml. The use of FC concentrations as an indication of the biological 
quality of wiidland streams has shortcomings despite its accep- 
tance as a water quality standard. According to Bohn and Buck- 
house (i985), FC organisms may not be suitable indicators for the 
presence of Giurdiu spp., a protozoan found in wiidiand streams. 

Several studies have shown a direct relationship between cattle 
grazing and fecal coliform levels in a streamwater (Coltharp and 
Darling 1973, Skinner et al. 1974, Doran and Linn 1979, Gary et al. 
1983). In these studies, grazing increased FC organism counts as 
much as 10 times; levels were apparently dependent on livestock 
density (Gary et al. 1983), and elevated counts may remain high for 
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many months after cattle are removed (Stephenson and Street 
1978, Jawson et al. 1982). Some viable FC organisms remain in 
animal wastes for up to 1 year (Clemm 1977); consequently, there is 
a potential source of organisms to enter streamwater long after the 
animals have left the watershed. Fecal coiiform organisms may 
survive up to 2 weeks and fecal streptococcus up to 3 weeks in soil 
(Van Donsei et al. 1967); both will survive up to 6 weeks in surface 
waters (Ciemm 1977). Sediments also serve as a reservoir of FC 
and Sulmonellu organisms (Kunkle 1970, Van Donsel and Gel- 
dreich 1971, Stephenson and Rychert 1982). 

Although there are many studies on the response of FC indicator 
bacteria in streamwater to the presence of grazing livestock, infor- 
mation is sparse for effects of various grazing systems or intensities 
(strategies) of range management on FC levels. Skinner et al. 
(1984) compared bacterial water quality between deferred-rotation 
and continuous grazing systems in Wyoming. When differences in 
FC concentrations between grazing systems were significant, levels 
were greater for deferred rotation. Stocking rate of the deferred 
rotation was 1.58 ha/AUM compared to 1.34 ha/AUM for con- 
tinuous. Implementation of intensified grazing management prac- 
tices carries the risk of adverse biological stream pollution effects, 
and managers need to understand the impacts of intensified graz- 
ing management on bacterial water quality. 

The primary objective of this study was to determine the 
responses of FC bacteria in streamwater of 13 forested range 
watersheds to 4 grazing management strategies. The secondary 
objective was to evaluate seasonal and yearly responses to different 
grazing strategies. 

Background 

The Oregon Range Evaluation Project (EVAL) was established 
in 1976 to implement known range management techniques and to 
evaluate their impacts on range and associated resources. Water 
quality was one of the major associated resources studied during 
the project (Sanderson and Quigley 1984). 

Four intensities of range management or strategies formed the 
basis for evaluations in this study: 

Strategy A. 
Strategy B. 

Strategy C. 

Strategy D. 

Control-no grazing. 
Grazing with no attempt to attain uniform livestock 
distribution throughout a pasture. 
Management of grazing to attain uniform livestock 
distribution throughout a pasture by using fences 
and water developments. 
Management of intensive grazing to maximize live- 
stock production with multiple-use considerations. 
Includes practices to attain uniform livestock dis- 
tribution and to improve forage production by 
using such cultural practices as seeding, fertilizing, 
and forest thinning. 

Location and Characteristics of Watersheds 

The EVAL studies are near John Day in Grant County, Oregon, 
and encompass approximately 347,000 acres on 19 Forest Service 
grazing allotments and 2 I private ranches. The 13 study watersheds 
were in the northern part of the Malheur National Forest within 
grazing allotments managed under the EVAL project. 

Watersheds ranged in size from 1.2 to 18.1 km* and in mean 
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Tabk 1. Range management strategy, grazing rystam, and ebaraetaristica of tba 13 study mterabeda. 

Watershed 
Range management strategy Grazing 
Pre-EVAL EVAL system’ Ecosystem* 

Drainage area 
(km*) 

Elevation (m above msl) 
Min Mean Max 

Big Creek 
Blackey Creek 
Caribou Creek 
East Donaldson Creek 
East Little Butte Creek 
Flood Meadow 
Keeney Meadow 
Lake Creek 
Little Boulder Creek 
Ragged Creek 
Tinker Creek 
West Donaldson Creek 
West Little Butte Creek 

‘DR = Deferred rotation 
SL = Season long 
RR = Rest rotation 

IFS = Fir spruce 
L = Larch 
MM = Mountain meadow 
PP = Ponderosa oine 
LP = Lodgepole pine 

(A) A none ’ FS 5.2 1817 1992 2225 
(B) A none L 2.3 1599 1932 2344 
(B) C DR PP 6.3 1238 1493 1905 
(B) C DR L 4.1 1235 1478 1732 
(B) C DR L 3.0 1199 1487 2204 
(C) D RR LP/MM 18.1 1553 1678 1892 
(Cl D DR MM/PP 12.7 1638 1690 1862 
(B) A none L 1.2 1532 1611 1732 
(B) C DR L 6.0 1453 1786 2301 
(B) A none L 8.8 1193 1559 1908 
(B) p DR L 4.4 1472 1611 1886 
(B) C DR L 3.9 1235 1450 1659 
@I B SL L 4.6 1199 1532 2277 

3Strategy D at Tinker Creek was attained in water year 1981; all other strategies were attained in water year 1979. 

elevation from 1,450 to 1,992 m (Table 1). Predominant vegetative 
habitats were mountain meadow, western larch (Larix occidenta- 
lis). fir-spruce (Abies lasiocarpa-Picea engelmannii). ponderosa 
pine (Pinusponderosa), and lodgepole pine (Pinus contorta). The 
range management strategy prior to implementation of EVAL and 
the strategy achieved during the project on each watershed are also 
shown in Table 1. The grazing system imposed on each watershed 
is indicated, but the emphasis will be on strategy effects because 
more than 1 grazing system was used to achieve a given range 
management strategy. In most cases, the study watersheds were 
part of a larger fenced pasture, so cattle were not restricted to 
watershed area. 

tures were low (<so C). During summer 1984, we sampled to 
determine if there were differences between iced and united sam- 
ples and to determine if a relationship could be established between 
the 2 sample handling procedures. On 6 sampling occasions 
between 1 July and 30 September 1984, we collected paired sam- 
ples at each site. One sample was placed on ice in a cooler; the other 
left united in a cardboard box. 

Climate is typical of eastern Oregon. Data from the Austin, Ore., 
weather station indicate that most (70%) of the precipitation is 
received as snow between November and April (National Oceanic 
and Atmospheric Administration 1984). Average annual tempera- 
ture of the area is 2’ C with monthly means of -9“ C in January and 
14“ C in July. Daily maxima will exceed 32O C in the summer. 
During the winter, daily minima below - 18O Care not uncommon. 

Runoff patterns are similar to those reported for other watersheds 
in eastern Oregon and Washington (Helvey et al. 1976, Fowler et 
al. 1979). The annual hydrograph is dominated by snowmelt runoff 
that begins in lower elevation watersheds in March and in higher 
elevation watersheds in mid-May. Peak discharge occurs from 
mid-April to early June, depending on elevation and aspect of 
watersheds. Flows diminish throughout the summer with lowest 
levels occurring in August and September. Peak flows on the study 
watersheds ranged from 5.7 to 634 liters set-’ km-’ (0.5 to 55 ft3 
set-’ mi-‘j; _ late summer minimum flows ranged from 0.03 to 4.8 
liters set- km 2 (0.003 to 0.42 ft3 set” mi-3. 

Samples were analyzed using the membrane filter technique and 
commercial membrane filter culture medium (Band et al. 1975). 
Culturing was done in tight-fitting dishes on an aluminum block 
incubator with temperature. control within 0.2” C of that required. 
Only distinct blue colonies were counted. When high counts were 
anticipated, samples were diluted. Concentrations are expressed as 
the number of colonies/ 100 ml. 

Fecal coliform concentrations were normalized using a log10 
transformation. To account for zero values, the transformation 
was done using FC concentration + 1. Concentration data are 
presented as geometric means; the means were determined by 
taking the antilog of the log10 mean and subtracting one. 

Concentrations alone do not provide a complete picture of FC 
behavior. The number of FC flushed from a watershed depends on 
both concentration and flow. During snowmelt runoff, if FC are 
present, dilution can mask the carryover effect from livestock use 
the previous season. Becauti flows per unit area vary greatly 
among watersheds and seasons, loadings were calculated to pro- 
vide an additional perspective of FC response to different grazing 
management strategies. Loadings of FC were determined by mul- 
tiplying the concentration (number/ 100 ml) by the quantity of flow 
(liters/ set) at the time the sample was collected. These instantane- 
ous loadings were then expressed as number day” km-‘. Loading 
data were also normalized using a loglo transformation. 

Methods 
Grab samples of streamflow were collected from each watershed 

at 3- to 6-week intervals from October 1978 to September 1984 
using sterile plastic bottles. Samples were transported to the labor- 
atory and analyzed within 8 hours of collection. Samples collected 
between June and September 1983 and 1984 were placed on ice in a 
cooler. Samples collected at other times during these 2 years were 
not packed in ice. Efforts were made to keep samples collected 
from June through September, between 1979 and 1982, cool and 
out of the sun, but we were concerned that the failure to ice samples 
may have affected FC survival. The lack of icing did not concern us 
during late fall, winter, and early spring when ambient tempera- 

Both FC concentration and loading data were checked for nor- 
mality by plotting frequency distributions. These were determined 
by converting data from each watershed to standardized Z-values 
(Snedecor and Cochran 1967) and combining across watersheds. 

A paired t-test was used to determine if there were significant 
differences in the counts of FC between iced and united samples. 
Polynomial regression was used to determine the appropriate rela- 
tionship of iced to united samples to provide an adjustment factor. 

Concentration and loading data were analyzed as a split-plot in 
time with strategies and watershed within strategy as the main plot 
factor and main plot error term, respectively, and seasons and 
water years as the time factors (Steel and Torrie 1960). Three 
seasons were identified: summer, snowmelt runoff, and wint,er. The 
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Fecal coliform concentration Fecal coliform concentration 

no./100 ml logI (no./100 ml + 1) 

-3.25 -0.25 2.75 5.75 a75 

Z-values 

100 - 

r 

Fecal coliform loadhg 
no. day-’ kmS2 

-3.25 -0.25 2.75 5.75 8.75 
Z-values 

L 

-3.25 -0.25 2.75 5.75 

Z-values 

Fecal collhxm loa- 

log,, (no. day-‘km-7 

I \ I 

-3.25 -0.25 2.75 5.75 
Z-values 

Fig. 1. Z-distributions for transformed and nontronsformed FC counts and loodings: (A) FC counts not tronsfomwd; (B) FC counts transformed 
using log10 (FC + I); (C) FC loadings not tronsformed; and (0) FC loadings transformed using loglo WC number da? km“). 
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Concentration data were also analyzed to determine the effect of 
cattle presence within the pasture on FC levels. A statistical design 
similar to that described above was used with cattle presence 
replacing season. Samples collected when the cattle were on the 
pastures were classified as “cattle present.” The 3 samples imme- 
diately preceding cattle turnout on the pasture were classified as 
“cattle not present.” All remaining samples were excluded from the 
analysis to minimize carryover effects from year to year. Watersheds 
with strategy A management were excluded from this analysis. 

Results and Discussion 

Effects of Log10 Transformation on Standardized Z Diztributions 
Both concentration and loading distributions were improved by 

loglo transformation as shown by plots of transformed and 
untransformed values (Fig. 1, ad). Transformed data were used 
for all analyses. 

0.0 I I I I I 
0.0 0.6 1.6 2.4 3.2 4.0 

Log,0 fecal coliform counts, united samples 

Comparison of Iced and Unked Szmplez 

Fig. 2. Relationship of iced to united samples for FC counts. 

exact dates of each season varied among watersheds because of the 
different flow regimes but were consistent from year to year for 
each watershed. Where the F-test was significant, the Least Signifi- 
cant Difference (LSD) test (Carmer and Swanson 1971) was used 

Paired iced and united samples were significantly different 
(KO.OOl)-geometric mean FC counts on iced samples was 
18/ 100 ml as compared to 13/ 100 ml for the united. This suggests 
that some FC organisms died during transit to the laboratory when 
the samples were not iced during the summer. Results of the icing 
experiment are in concert with those of McFeters and Stuart 
(1972). They observed a decline in numbers of E. coliin membrane 
filter chambers with increasing water temperature between 5“ and 
25’ C. Hendricks and Morrison (1967) found that E. coliincreased 
between 5“ and 10“ C but declined between IO0 and 16O C. Both 
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Fig. 3. l7me trends of FCcounts (loglo FC counts + l)for representative strategy A, B, C, and D warersheds. Grazingperiods are indicated by vertical bars. 
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studies were done with water from wildland streams. Although we 
did not measure temperatures of samples, the average mean weekly 
maximum for the 13 watersheds during the summer (21 June to 21 
September) was 14.3’ C. On Flood, Keeney, Tinker, and Caribou, 
mean weekly maxima exceeded 16O C. Placing the united samples 
in a cardboard box probably subjected them to even greater 
temperatures because the ambient temperature was generally 
greater than the steam temperature. Regression analyses provided 
a best fit quadratic equation between iced (Y) and united (X) 
samples: 

Y = 0.402 + (0.596 X) + (0.108 X2); r2 = 0.85 (Fig. 2). 

This equation was used to adjust the 1 June to 30 September 
1979-82, data. 

Comparisons of FC Counts Among Grazini Strategies, Watersheds, 
Seasons, and Water Years 

F-tests from the analysis of variance showed that range man- 
agement strategy had a significant (p<O.OOl) effect on FC concen- 
tration. The other main effects-watersheds within strategies, sea- 
son, and water year-were significant at p<O.OOl. Interactions of 
strategy by season and strategy by water year were significant at 
p<O.Ol. The interaction of strategy by water year was significant at 
PCO.02, but the three-way interaction of strategy by season by 
water year was not significant. 

Time trends of FC counts for representative watersheds of each 
strategy are presented to show differences among strategies, sea- 
sonal trends, year-to-year differences, and the relationships to 
presence or previous presence of livestock (Fig. 3). 

Mean FC counts by strategy responded about as expected. 
Strategy A had the lowest mean FC count (2.9/ 100 ml) (Fig. 4); 

= 
E I 

- 
Ranga managamant strategy 

Fig. 4. Geometric mean FCconcentrations by range management strategy, 
water years 1979-84. Bars with rhe same lower case letter are not signify- 
cantly diflerent at KO.05. 

however, FC counts on 1 sampling occasion in Blackeye Creek 
exceeded SOO/ 100 ml (Fig. 3). Mean FC counts on strategies C and 
B watersheds were elevated significantly (p<O.OS) above those in 
strategy A (5.7 and 10.4 FC/ 100 ml, respectively) but there was no 
significant difference between strategy C and strategy B. Average 
actual use on strategy C and B watersheds was similar-7.7 and 8.2 
ha/ AUM, respectively. Counts in strategy C watersheds were gen- 
erally less than 2001100 ml but on 1 sample occasion the count 
exceeded 300/ 100 ml. Watersheds with strategy D averaged 2.8 
ha/AUM actual use and had significantly higher (KO.05) mean 
FC counts (30.2/ 100 ml) than all other strategies. Counts in excess 
of 200/ 100 ml were common. The maximum count on a strategy D 
watershed was 3,900/ 100 ml and counts in excess of 2,000 were 
observed on 3 sampling occasions. 

Frequency analyses (Fig. 5) showed that 50% of the samples in 

‘0 10 20 30 40 50 60 70 80 90 loo 

Cumulative fraquency (parcant) 

Fig. 5. Cumulative frequency distribution by strategy for FC data, water 
years 1979-84. 

strategy A had less than 2 FC/ 100 ml. At the same level, C, B, and 
D strategies had less than 4.7, 7, and 29 FC/ 100 ml, respectively. 
Frequency comparisons among strategies were arrayed the same as 
the mean FC concentrations, A, C, B, and D. 

Of the individual watersheds, those with strategy A were most 
closely grouped together and had mean FC counts ranging from 
2/ 100 ml to slightly more than 4/ 100 ml (Fig. 6). Strategy B was 

W8tWd8d 

Fig. 6. Geometric mean FC concentrations by watershed, water years 
1979-84. 

represented by only 1 watershed, West Little Butte. Counts on this 
watershed averaged 10.4/ 100 ml. Mean FC counts in strategy C 
ranged from 3/ 100 ml to 20/ 100 ml and resulted in 1 strategy C 
watershed grouped in with the strategy A watersheds and 1 
grouped in with the strategy D watersheds. Mean counts in stra- 
tegy D watersheds ranged from 16 to 54. 

Characteristics of individual watersheds played a major role in 
the degree of impact cattle had on water quality and also explain 
much of the variability observed among watersheds within strate- 
gies. Strategy A watersheds were primarily forested with no graz- 
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ing. Uniformly low FC counts were anticipated. Fecal coliform 
counts in 3 of the strategy C watersheds, East Little Butte, West 
Donaldson, and East Donaldson, responded to practices aimed at 
improving distribution of cattle with FC counts intermediate 
between A and B. Caribou (strategy C) had FC counts comparable 
to those in strategy D watersheds. Actual use was comparable to 
that of other strategy C watersheds. Except for the lack of cultural 
treatments, this watershed was similar to the strategy D water- 
sheds: it has stringer meadows with an open forest (ponderosa 
pine) that does not restrict cattle access to the stream. Also, slopes 
on portions of the watershed are steep enough to discourage cattle 
use, thereby encouraging animals to use stringer meadows. Little 
Boulder Creek, the strategy C watershed with counts comparable 
to the strategy A watersheds, is at a higher elevation and provides 
only limited access to the stream channel. Steep, well forested 
sideslopes adjacent to the stream channel discourage cattle use. 
Levels of FC in the single strategy B watershed were intermediate 
between strategies C and D. Watersheds with the highest FC 
counts (primarily in strategy D) have distinct meadows with ripar- 
ian zones that tend to attract cattle. The large meadows on Keeney 
and Flood watersheds also provided the best opportunity to 
achieve strategy D management because they were areas where 
cultural treatments, such as fertilization and seeding, could be used 
for achieving the best forage production. This resulted in a 3-fold 
greater stocking rate than strategy Band C watersheds. Tinker, the 
other strategy D watershed, has a small meadow (about 1 ha) 
approximately 400 m above the sample collection site. Cattle were 
observed to concentrate in this meadow on numerous occasions 
during the study. 

Comparisons among seasons for mean FC concentrations 
(average across strategies, watersheds, and years) showed that 
counts were not significantly different for winter (3.5/ 100 ml) and 
snowmelt runoff (4.5/ 100 ml) seasons: however, summer concen- 
trations (18/ 100 ml) were significantly greater (PCO.05) than con- 
centrations during either winter or snowmelt runoff. 

Interactions of Strdcgy with Season rod Water Yecrr 
The seasonal response of the strategy D watersheds, as com- 

pared to the other 3 strategies, is responsible for the significant 
interaction of strategy by season in the analysis of variance. Counts 
of FC organisms on watersheds with strategies A, B, and C gener- 
ally increased from the winter season to the summer season (Fig. 
7). On strategy D watersheds, counts declined from levels signifi- 
cantly greater (38 FC/ 100 ml) than those for any other strategy in 

4 loo 
r 

1 

Summer 

Fig. 7. Strategy by season interaction for geometric mean FC concentra- 
tions, water years 1979-84. Strategies within a season with the same 
lower case letter are not significantly different at KO.05. 

the winter to the same level as strategy B in the runoff season (9 
FC/ 100 ml). By summer, FC levels for strategy D were again 
greater than for any other strategy (90 FC/ 100 ml). The LSD tests 
at X0.05 show that FC counts in the winter were arrayed as A<B 

= C<D. During the runoff season, the array was A<C<B = D. The 
summer array was A<C<B<D. 

Increasing counts during the summer are related to the presence 
of livestock in strategies B, C, and D. Summer wildlife activity 
probably accounts for the increased counts in the strategy A 
watersheds. Walter and Bottman (1968) observed higher coliform 
and enterococci counts in a watershed closed to grazing and recrea- 
tion than in a watershed open to the public in Montana. They 
attributed their results to greater wildlife activity in the closed 
watershed than in the open watershed. 

Higher winter mean FC counts in strategy D watersheds suggest 
a substantial carryover effect of cattle presence from summer into 
winter. We speculate that the elevated winter FC levels on strategy 
D watersheds are related to the presence of fecal material in or near 
the stream channel. The differential response of the strategy D 
watersheds during the runoff season, as compared to the other 
strategies, is perplexing. Dilution may be a primary factor respon- 
sible for the reduced FC levels. Two of the 3 strategy D watersheds 
yield more water per unit area during snowmelt runoff than do the 
other watersheds. 

The strategy by water year interaction showed that implementa- 
tion of strategy D resulted in a general increase in FC concentra- 
tions during the period of study (Fig. 8). Fecal coliform counts on 
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Fig. 8. Strategy by water year interactionforgeometric mean FCconcen- 
trations, water years 1979-84. 

strategy C watersheds, in contrast, were relatively uniform from 
year to year. Response of the single strategy B watershed is a 
special case. Fecal coliform levels declined continually through the 
study period. We speculate that this decline was the result of a fence 
that caused livestock to gradually shift their use of this watershed. 
Prior to EVAL, West Little Butte was managed as a strategy B 
watershed. A small stringer meadow in the vicinity of the sample 
collection sites was readily accessible from downstream travel and 
feed areas. This meadow was not easily reached from other direc- 
tions. After fences were constructed to achieve strategy C man- 
agement of East Little Butte, the West Little Butte meadow was not 
as accessible to livestock. The West Little Butte watershed was still 
grazed, but the animals could not concentrate in the same meadow 
areas as they did prior to EVAL implementation-hence, the 
decline in FC levels. 

Effects of Cattle Preaencc on FC Concentrations 
Concentrations of FC organisms with cattle present were nearly 

6 times greater than when cattle were absent (34/ 100 ml compared 
to 6/ 100 ml). This difference was significant at F<O.OOOl. The 
F-test for strategy and the cattle presence by strategy interaction 
were also significant at p<O.OOOl. Differences among years and the 
interaction of cattle presence with years were not significant. Com- 
parison (LSD) tests of the means of the cattle presence by strategy 
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interaction revealed that the difference between presence and 
absence of cattle was highly significant (KO.01) for all 3 strategies. 
The largest difference in FC counts between presence and absence 
occurred with strategy D (246/ 100 ml compared to 7/ 100 ml). 
Differences were lowest for strategy C (15/ 100 ml compared to 
5/ 100 ml). Strategy B was intermediate (34/ 100 ml with cattle 
present compared to 7/ 100 ml with cattle absent). 

Fecal Colifom Loadings 
Analysis of variance showed that instantaneous loadings dif- 

fered significantly (KO.01) among strategies, seasons, and water 
years. Interactions of season by strategy and season by water year 
were also significant (PCO.01). The interaction of water year by 

Response of strategy B is the primary reason for the significance 
of the term for the strategy by season interaction in the analysis of 
variance. During the winter, loadings with strategy B were the 
same as for strategy C (Fig. 11). In the runoff season, loadings with 
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Range management strategy 
Fig. 9. Mean FC loadings by range management strategy, water years 

1979-84. Lkzrs with the same lower case letter are not significantly doffer- 
ent al. KO.05. 

strategy was not significant. Mean comparisons (LSD test) indi- 
cated that FC loading with strategy A was significantly (X0.05) 
lower than any other strategy (Fig. 9). Differences between strate- 
gies C and D were also significant. There were no significant 
differences in loadings between strategy B and strategies C and D. 
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Fig. 10. Mean FC loadings by season, water years 1979-84. Bars with the 
same lower case letter are not signtjkantly different at PCO.05. 

As expected, loadings were lowest for winter (Fig. 10). Snow- 
melt runoff produced the greatest loadings; approximately 10 
times the output during the winter. Summer loadings were inter- 
mediate between and significantly different from winter and runoff 
periods. Skinner et al. (1974) found that although sample counts 
increase in the summer, the actual number of organisms was less 
than during runoff. 

Fig. 11. Season by strategy interaction for FC loadings, water years 
1979-84. Strategies within a season with the same lower case letter are 
not significantly dyferent at P<O.OS. 

strategy B were the same as those with strategies C and D; in the 
summer, loadings with strategy B were the same as those with 
strategy D. The strategy A loadings were lower than those for all 
other strategies during the winter and summer. Loadings were 
higher with strategy D (PCO.05) than with any strategy during 
winter and spring runoff seasons. Strategy C was significantly 
different from strategies A and D during the winter and summer 
runoff periods. 

Conclusions 
The presence of livestock on the study watersheds exerted a 

significant effect on the bacterial quality of the surface waters. We 
have demonstrated a definite relationship between the presence or 
absence of livestock and FC counts. Intensified grazing manage- 
ment is manifested in a greater than IO-fold increase in average FC 
levels between strategies A and D. Maximum FC levels on strategy 
D watersheds were 4 to 6 times greater than those of the other 
strategies. Although FC counts in excess of 200/ 100 ml were 
observed on several samples from strategy D watersheds, sample 
frequency was not sufficient for us to compare with Oregon State 
water quality standards. 

If we were to have predicted the array of FC counts among 
strategies, given similar watershed characteristics, it would have 
been A<C<B<D. But, results do not fit this pattern; mean FC 
levels were arrayed A<B = C<D. However, when we compared the 
strategies among seasons, FC counts for the summer season fit the 
predicted array. 

Low FC counts in streamflow from the strategy A watersheds 
suggested a low level of stream contamination by wildlife. Other 
studies (Kunkle and Meiman 1968, Skinner et al. 1974, Jawson et 
al. 1982, Mullen 1983) also show that watersheds from which 
livestock have been excluded have lower FC counts than grazed 
watersheds. 

One aim of improved distribution through fencing and water 
developments under strategy C was to reduce animal contact with 
the stream and to lower FC counts. Although mean FC counts 
were not significantly different between strategies Band C, signifi- 
cantly lower FC counts for strategy C in the summer suggest that 
improvement of livestock distribution with this strategy resulted in 
reduced FC counts. However, there was only one strategy B 
watershed and verification of this finding requires further study. 
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The FC levels in the strategy D watershed are at the upper end of 
the array because the cultural improvements result in greater for- 
age production and increased stocking rates. The type of watershed 
selected for this strategy is also a factor. Two of the 3 watersheds 
managed with strategy D have large meadow areas where the type 
of cultural practices prescribed for this strategy could be imple- 
mented. Therefore, strategy D presented the greatest opportunity 
for animal contact with the stream ecosystem. 

Results provide evidence that livestock removal may not provide 
an immediate solution to problems with bacterial contamination 
of streamwater. Elevated counts of FC organisms in the strategy D 
watershed in the winter season (35/ 100 ml compared to S/ 100 ml 
for strategies A, B, and C) and values in excess of lo* organisms 
day-’ km during the runoff period indicate that organisms live 
into and through the winter period in animal feces, sediment, and 
soil. This is consistent with the results of several observers (Kunkle 
and Meiman 1968, Clemm 1977, Stephenson and Street 1978, 
Jawson et al. 1982). Elevated winter FC counts on strategy D 
watersheds are probably a result of continued transport from fecal 
material deposited directly in the stream channel during the 
summer. Streamflow during the winter would not be expected to 
change substantially from the summer period. During the spring 
runoff period, 2 other transport mechanisms come into play. Over- 
land flow during the spring carries fecal material near the stream 
channel into the stream. Higher streamflow during spring runoff 
involves a greater area of the stream channel than during the 
summer, thereby reaching and transporting fecal material pre- 
viously out of reach of the low summer flows. Kunkle and Meiman 
(1968) reached the same conclusion. Sediments also may be a 
significant source of carryover because nutrients and more stable 
temperatures of the stream bottom provide a more favorable 
environment for FC organisms than the surface water (Van Donsel 
and Geldreich 1971). Populations in sediments may be 100 to 1,000 
times greater than in surface waters (Hendricks and Morrison 
1967, Kunkle 1970, Van Donsel and Geldreich 1971). 

Levels of FC organisms in streamflow appear to be more closely 
related to watershed characteristics that determine where livestock 
are likely to concentrate than to stocking rates. Caribou (strategy 
C) had FC counts similar to those of the strategy D watersheds 
despite actual use that was 67% less. This watershed has meadows 
similar to those on strategy D watersheds. 
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Cattle Grazing White Locoweed: Influence of Grazing Pres- 
sure and Palatability Associated with Phenological Growth 
Stage 
M.H. RALPHS 

Abstract 
Understanding the conditions in which livestock consume poi- 

sonous piants is necessary to develop management strategies to 
reduce losses. Three IO-day grazing trials were conducted to 
observe consumption of white locoweed (Oxytropis serikea NW.) 
by cattle. The trials corresponded to the phenological growth 
stages of white locoweed: (1) flower; (2) immature seed pod; and (3) 
mature seed pod/seed shatter. Six esophageaily fistuiated Here- 
ford steers were used to collect diet samples. In trial 1, steers 
selected the locoweed flower only when supplies of grass and other 
forbs were depleted. In trial 2, steers vohmtariiy selected the imma- 
ture pod, which comprised 50% of their diet by the middle of the 
trial. There was very little consumption of locoweed in trial 3. Few 
locoweed leaves were consumed throughout the experiment. 
Immature locoweed pods were paiatable and readily selected by 
cattle. By restricting access at the immature pod growth stage and 
insuring adequate forage is available at other times, cattle con- 
sumption of white locoweed on this site should be minimized. 

Key Words: poisonous plant, Oxytropis sericea, silky locoweed, 
white pointloco 

Locoweed poisoning of livestock is the most widespread poison- 
ous plant problem in the western United States (Marsh 1924, 
James et al. 198 1). Several species of the Astragalusand Oxytropis 
genera have been shown to cause locoweed disease (Marsh and 
Clawson 1936; James et al. 1981). The alkaloid swainsonine is the 
principal toxin in locoweed species (Molyneux and James 1982). 

White locoweed (Oxytropis sericea Nutt.) is widely distributed 
(Rarneby 1952) and appears to be palatable to horses, sheep, and 
cattle. Marsh (1909) stated that animals readily eat it in the spring 
and may continue to do so even when grass is abundant. Animals 
that eat enough to damage the neurological system and thus 
become habituated will continue eating it until they die. 

There is no antidote for locoweed poisoning. Prevention of 
poisoning involves preventing livestock from consuming toxic or 
lethal amounts of the plant. Consequently, understanding the con- 
ditions under which livestock consume the plant is essential to 
reduce losses. 

Ralphs et al. (1986) conducted a preliminary study of the utiliza- 
tion of white locoweed on a high mountain range and reported that 
cattle utilized 36% of the locoweed standing crop. The reproduc- 
tive heads were progressively utilized through the grazing season, 
while the leaves were utilized only during the last 3 weeks of the 
season. The confounding effects of increasing grazing pressure, 
possible habituation, and palatability of the different locoweed 
plant parts at different phenological stages of development; pre- 
vented understanding why cattle selected the respective locoweed 
plant parts. This study was designed to determine the palatability 
of white locoweed plant parts at different phenological growth 
stages and assess the role of grazing pressure in cattle selection of 
white locoweed. 

Methods 
The study was conducted during the summer of 1984 on a high 
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mountain grassland in northwestern Utah. The site was a flat 
mountain top at an elevation of 2,900 m. The range site was a high 
mountain loam and supported a homogenous grass/forb vegeta- 
tion community. Dominant grass species included Idaho fescue 
(Festuca idahoensis Elmer), Muttongrass (Poafendlariana (Stend.) 
Vasey), and Kentucky bluegrass (Poa pratensis L.). Dominant 
forbs included white locoweed, yarrow (Achilles lanulosa Nutt.) 
and buckwheat (Eriogonum heracleoides Nutt.). 

Three IO-day grazing trials were conducted to separate the 
effects of grazing pressure from palatability of the locoweed plant 
parts at different phenological growth stages. The trials and cor- 
responding phenological development stages of locoweed were: 
trial l-flower stage, July 19-28; trial 2-immature pod stage, 
Aug. 9-18; trial 3-mature pod/seed ripe stage, Sept.5-14. Three 
homogenous sites in a rested pasture of the forest allotment were 
temporarily enclosed with electric fence and randomly assigned to 
the 3 trials. 

Six native yearling Hereford steers that had grazed the site the 
previous year as calves were esophageally fistulated and used to 
collect diets. Mean weight of the steers at the beginning of the study 
was 256 kg. Estimated daily intake was taken from NAS/NRC 
(1976) requirements based on steer weights and anticipated rate of 
gain of 0.5 kg/day; these estimates were then used to estimate total 
forage required for each trial. 

The pasture size was based on the amount of forage required and 
the available grass standing crop at the beginning of each trial. 
Pastures contained sufficient grass to last the steers for only 8 days. 
This limited allocation of preferred forage was designed to increase 
grazing pressure on desirable forage and force steers to select less 
preferred species. 

Standing crop of grasses, forbs, locoweed leaf and locoweed 
reproductive head was sampled at the beginning (time I), middle 
(time 2) and end (time 3) of each trial. Five 0.25 X I-m quadrats 
were systematically placed along 5 transects equally spaced in each 
pasture. A total of 25 quadrats were clipped at each sampling 
period. The vegetation samples were dried in a forced air open at 
60* C for 48 hr. Samples were weighed and standing crop was 
calculated as total kg/ pasture. Herbage allowance (HA) was calcu- 
lated as the ratio of the weight of forage available to the amount of 
animal demand (kg/steer) at a point in time (Scarnecchia and 
Kothman 1982). HA of the available grass and total standing crop 
was calculated at the beginning, middle, and end of each trial. 

Diet samples were collected on days 1,2,5,6,9, and IO of each 
grazing trial. Steers were penned at dusk preceding collection days 
and fasted overnight. We assumed that night grazing on these 
ranges was negligible. Normally, steers would cease grazing 
around dusk and would be still lying in the same general area when 
we arrived the next morning. Thus, penning the steers overnight 
should not have had much influence on their selective behavior. 
Penning the steers the night before collections minimized the dis- 
turbance of their normal morning grazing activities. The steers 
were fitted with screen bottom bags at sunrise the day of collection 
and allowed to graze freely for 30 minutes. The steers were then 
corralled to remove the bags, and released to graze until the next 
collection. The diet samples were immediately placed on dry ice 
and transferred to a freezer for storage. Diet samples were freeze 
dried and analyzed for botanical composition by the microscope 
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Tabk 1. Standing crop (kg/pasture) and standard errors (In parenthesk) of forage cksaes by trial and time, forge dkapparancc and atimdd 
consumption, and berbage dlomnce (kg/6teer) of gm66 8nd total stamling crop. 

Trial I bloom stage Trial 2, immature pod stage Trial 3, mature pod stage 
Time Time Time 

Forage Class 1 2 3 1 2 3 1 2 3 

Grass 223” (27.5) 61b ( 3.3) 19’ ( 2.6) 206’(19.2) 
Forb 208’ (24.5) 83b ( 9.8) 46’ (13.4) 

107b( 8.3) 51’ ( 5.6) 172’(18.2) 83b ( 8.7) 41’ ( 4.1) 
153’(20.3) 98b (16.1) 60b (12.1) 91’ ( 9.0) 71’ ( 9.7) 37b ( 7.9) 

Loco leaf 87’ (19.1) 49’ (12.6) 29’ (10.1) 161’(32.3) 37b ( 8.6) 19b ( 4.5) 97’ (19.4) 22b ( 6.0) Sb ( 1.5) 
Loco head 18’ ( 4.3) 10. ( 3.3) 10’ ( 5.5) 59’ (11.8) 7b ( 2.6) Ob ( 0.0) 57’ (16.6) 35’ (13.8) ’ 
Total 536’ (50.2) 203b (22.5) 104’ (20.3) 579’ (58.2) 246b (23.2) 131’ (13.6) 417’ (41.1) 21Zb (21.9) & :l;:!; 
Disappearance between 
times 333 99 4322 333 115 4482 205 115 3202 

Estimated consumption 202 202 4042 212 212 4242 220 220 4402 

Herbage allowance 
(kg/steer) 
Grass 39 10 3 34 18 9 29 14 7 
Total 89 34 17 97 41 22 20 35 16 

‘Means in the same row within trials followed by different letters differ significant (pI.05) according to Duncan’s multiple range test. 
ZTotal disappearance and estimated consumption for the entire trial. Consumption estimated from NAS/NRC (1976) intake tables. 

point technique (Harker et al. 1964). 
The botanical content of diet samples and forage standing crop 

were analyzed by analysis of variance (ANOVA) in a split plot 
design using trial as the main plot and collection period as the split 
plot. There was a significant trial by time interaction for all 
parameters analyzed; thus, the model was reduced and the data 
were analyzed separately for each trial in a one-way ANOVA to 
determine differences between collection periods. 

Results and Discussion 

There was little change in the botanical composition of steer 
diets until the last day of the trial (Fig. 1). Grass dominated the 

DIET COMPOSITION, TRIAL 1 

I 1 I 4 6 6 7 6 6 10 

Fig. 1. Diet composition of cattle in trio1 1. locoweed bloom stage. 

diets (>7%) and forbs contributed about 25%. On the last day of 
the trial, locoweed flowering heads increased to 36% of the diet, 
with a corresponding decrease in grasses and forbs. Locoweed leaf 
also increased to 6% of the diet. By day 10 of the trial, 91% of the 
grass and 78% of the forb standing crop had been utilized (Table 1). 
Herbage allowance of grass was 3 kg/steer (Table l), indicating 
that there was insufficient grass available to meet the steers intake 
requirements. The steers ran out of desirable forage and started 
consuming the less desirable locoweed flowering heads. Locoweed 
flowering heads apparently are not palatable and cattle will not 

select them if other forage is available. 

lIial2. 
Steers began selecting immature locoweed pod (12% of their 

diet) on the first day of trial 2 (Fig. 2). Immature pods constituted 

DIET COMPOSJllON, TRW 2 

Fig. 2. Diet composition of cattle in trial 2, immature seed pod stage. 

34v0 of the diet on day 5, and 54% by day 6. No standing immature 
pods remained by the end of the trial (Table 1) and the steers 
reverted to selecting grass. Cattle preferentially selected the imma- 
ture pods until no pods remained. About half of the initial grass 
standing crop remained at mid-trial. Herbage allowance of grass 
was 18 kg/steer, suggesting that there was sufficient grass avail- 
able, and hunger did not force steers to select the immature pods. 
Grazing pressure had little effect on the selection of immature 
locoweed pods. There was no apparent habituation to the loco- 
weed since consumption of locoweed leaf did not increase after all 
pods were consumed. 

Dial 3. 
Diet selection patterns did not change in trial 3. Grass averaged 

8% of the diets and forbs contributed 14% throughout the trial 
(Fig. 3). Little locoweed leaf or pod was consumed. 

The selection patterns described in this study were confirmed in 
a subsequent grazing of free-ramming, intact native and intro- 
duced cattle (Balphs et al. 1987). Cattle consumed no locoweed until 
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DIET COMFGSITION, TRIAL 3 

100 

1 

Fig. 3. Diet composition of cattle in trial 3. mature seed pod stage. 

the seed pods started developing. A strong preference for the pods 
was exhibited by both native and introduced cows over an 8day 
period. Selection of the pods tapered off as the supply was 
depleted. 

Forage Utilization 
The extremely low herbage allowance was designed to force 

cattle to graze less desirable forage. The herbage allowance of grass 
at the end of the 3 trials was less than 10 kg/steer, compared to 112 
kg/cow for grass and 226 kg/cow for total standing crop in the 
subsequent grazing study (Ralphs et al. 1987), where the stocking 
rate was based on 50% use of total forage. Despite low herbage 
allowance in this study, steers did not select significant amounts of 
the locoweed leaf, mature pods, or flowers. However, the extremely 
low herbage allowances were brief and did not cause the level of 
hunger that cattle would experience if the trials were longer. 

Total forage disappearance was similar to estimated demand for 
trial 1 and 2, but was about one-third less than estimated demand 
in trial 3 (Table 1). The low quality of mature forage may have 
restricted intake in trial 3. The largest forage disappearance 
occurred during the first half of each trial. Disappearance exceeded 
demand by about 30% in the first half of the trial but was only 50% 
of demand in the last half. Ralphs et al. (1987) also showed that 
disappearance greatly exceeded estimated demand in the first part 
of the experiment. In both experiments, cattle either consumed 
much more forage than the estimated demand at the first of the 
trials when forage was plentiful, and/or there was substantial 
trampling damage and nonconsumptive forage loss. Laycock et al. 
(1972) reported nonconsumptive losses accounted for 50 to 66% of 
forage disappearance with sheep grazing mountain range. 

Standing crop of locoweed leaf also declined during the first half 
of trials 2 and 3 (Table l), although very little locoweed leaf was 
observed in the diet samples. Disappearance of locoweed leaf may 
reflect nonconsumptive loss during the first part of the grazing 
period. Laycock et al. (1972) reported that forbs were particularly 

susceptible to trampling damage. The upright, pinnately com- 
pound loco-leaves could easily have broken off if stepped on. 

Conclusion 

The immature seed pod was the only part of the locoweed plant 
that was palatable to cattle in this study. Cattle preferentially 
selected immature pods during the first half of the second trial and 
exhausted the supply. Extremely high grazing pressure, high 
enough to deplete almost all other forage, was required to force 
steers to consume locoweed flowers in trial 1. Steers did not con- 
sume significant amounts of the mature seed pod even when graz- 
ing pressure was high at the end of trial 3. Cattle consumed little 
locoweed leaf through the experiment. It appears that cattle will 
not select significant amounts of locoweed leaves, flowers, or 
mature pods when adequate forage is available. 

Two management strategies are recommended to reduce cattle 
intoxication from white locoweed on high mountain ranges. 

(1) Restrict access to the plant during the immature seed pod 
phenological growth. If the supply of other desirable forage is 
adequate, cattle will not be forced to consume the plant at other 
growth stages. 

(2) If cattle must graze pastures when seed pods are immature, 
stock pastures heavily so immature pods are quickly removed 
before any one animal consumes enough to become intoxicated. 
The locoweed toxin is cumulative and high levels must be con- 
sumed for at least 2 weeks before signs of neurological damage 
occur (Van Kampen and James 1970). 
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Cattle Grazing White Locoweed: Diet Selection Patterns of 
Native and Introduced Cattle 
M.H. RALPHS, L.V. MICKELSEN, AND D.L. TURNER 

Abstract 

Cattle preference for immature white locoweed (Oxytropis seti- 
ceu Nutt.) seed pods reported in a previous intensive grazing study 
was confirmed using free-ranging cows under natural grazing con- 
ditions. Diets were quantified by bite count. The succulent imma- 
ture seed pod was palatable and preferentfrlly selected until its 
supply was exhausted. Locoweed flowers or mature seed pods were 
not grazed and very few locoweed leaves were consumed. Native 
cows (born and raised on the range) and introduced 2-year-old 
replacement heifers (raised in another part of the state with no 
prior grazing experience with locoweed) consumed similar amounts 
of locoweed pods. 

Key Words: Oxytropis sericea, silky locoweed, white pointloco, 
poisonous plant, habituation 

Locoweed poisoning is a complex form of toxicosis. Low levels 
of the alkaloid swansonine in the plant (0.007% of dry weight, 
Molyneux and James 1982) cause a chronic poisoning. Swainso- 
nine inhibits the enzyme a-mannosidase, which is essential in the 
metabolism of glycoproteins (Molyneux et al. 1985). Disruption of 
this basic biochemical process affects all body systems and results 
in the multiple signs of locoweed intoxication: neurological dam- 
age, infertility and abortions, emaciation, heart failure, and habi- 
tuation (James et al. 198 1). 

The gross signs and pathological lesions of locoweed poisoning 
have been described (Marsh 1909, Van Kampenet al. 1978). Sheep 
fed specklepod locoweed (Astrugulus lentiginosus Dougl.) for 20% 
of their diet showed neurological changes within 8 days and neuro- 
logical damage within 16 days (Van Kampen and James 1970). 
When consumed at high elevation, locoweed is a predisposing 
factor causing high mountain brisket disease (James et al. 1983). 
However, little is known about the amount of locoweed consumed 
by free-ranging animals and the length of time required to cause 
intoxication and permanent neurological damage. Marsh (1909) 
reported that intoxication of cattle and horses generally occurred 
after 2 to 3 months of grazing white locoweed (Oxytropis sericea 
Nutt.). Most cattle grazed it readily in the spring when grass was 
sparse. Some cows contracted the “habit”and continued eating it 
even when grass became abundant. Others switched to grass when 
it became available to contracted the “habit”in subsequent years. 
Some cows ate varying quantities of white locoweed over a 3-year 
period without apparent harm. Ralphs (1987) reported that succu- 
lent immature seed pods were highly preferred by cattle. Other 
locoweed plant parts were not palatable and cattle did not consume 
mature seed pods or leaves even when grazing pressure was 
extremely high. 

This study tested the hypothesis developed in the previous study 
(Ralphs 1987) that succulent immature seed pods are the only 
locoweed plant part palatable to cattle and voluntarily selected 
under natural grazing conditions. We also compared locoweed 
consumption between native cattle, which had grazed this loco- 
weed infested range each summer during their lives, and intro- 
duced cattle, which had never been exposed to locoweed. It has 
been reported that inexperienced animals are more included to 
consume poisonous plants and become intoxicated when turned 
out on new range than are native cattle (Everist 198 1, Marsh 1916). 
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This study was conducted during the summer of 1985 on a high 
mountain grassland in northwestern Utah. The site was a flat 
mountain top at an elevation of 2,900 m. The site supported a fairly 
homogenous grass/forb subalpine vegetation community. Des- 
cription of the site and vegetation species composition was pro- 
vided by Ralphs et al. (1986). 

A 3.2-ha pasture was fenced with temporary electric fence to 
accommodate 8 cows for the 6-week grazing period. Pasture size 
was determined by calculating a stocking rate based on an esti- 
mated use of 50% of total forage available at the beginning of the 
experiment. Standing crop was sampled on 11 July (prior to begin- 
ning of the study, full bloom stage of locoweed), 31 July (early 
locoweed seed pod stage), 13 August (after most pods had been 
consumed) and 27 August (end of study). Twenty 0.25 X l-m 
quadrats were systematically located along 2 transects running the 
length of the pasture. Vegetation was clipped and sorted into grass, 
locoweed leaf, locoweed reproductive head, and other forbs. Sam- 
ples were air dried in a forced air oven at 60° C, weighed, and 
standing crop of each forage class was expressed as kg/ ha. 

Four native mature cows (500 kg) that had grazed this range 
each summer for their entire lives, and 4 introduced 2-year-old 
replacement heifers (400 kg) that had never been exposed to loco- 
weed nor grazed on high mountain subalpine grasslands, were used 
to estimate diet composition. The introduced heifers had been 
raised on irrigated meadows in Cache Valley, Utah, and were held 
in dry lot at the USDA/ ARS Poisonous Plant Research Labora- 
tory on a ration of alfalfa/grass hay for 7 months prior to this 
experiment. Previous research has shown that immature locoweed 
seed pods are palatable and preferentially selected by native cattle 
on this allotment (Ralphs et al. 1986, Ralphs 1987). We expected 
the introduced heifers to eat white locoweed when they were 
exposed to it, or to eat more of the palatable pods than the native 
cows. 

The difference in age and size of the 2 classes of experimental 
animals may confound diet selection data beyond what might be 
expected from strictly past grazing experience. However, Arnold 
and Dudzinski (1978) stated that only small differences have been 
found in diets selected by animals of the same breed but differing in 
age. Non-native replacement heifers are commonly introduced 
into herds and are required to adjust to new range and forages. This 
experiment represents a realistic management situation. 

Observations of cattle grazing in this and previous studies indi- 
cate that cattle graze independently. They are gregarious in that 
they graze in the same general area and stay in visual contact with 
each other but their selection of food appears to be totally inde- 
pendent. There is some evidence that there is little difference in 
diets of cattle grazing separately and those grazing together in 
groups (David Balph, personal communication)‘. The study pas- 
ture supported a very homogenous subalpine grass/forb plant 
community, thus there was no pattern of grazing patches of plants. 
We assumed no interaction between animals and considered indi- 
vidual animals as experimental units. 

The heifers were transported to the study site at the beginning of 
the experiment. The native cows grazed the foothills and lower 
elevations of the mountain for 2 months prior to being trailed to 
the allotment on top of the mountain. They were selected from the 
main herd and placed in a small portable corral along with the 
introduced heifers for 5 days to gentle them and acquaint them 

‘Animal behavioralist, Wildlife Dept., Utah State Univ., Logan, Utah. 
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with the observers. They were all fed alfalfa/grass hay during the 
5day confinement prior to being released into the study pasture. 

Diets were quantified by bite count (Bjugstad et al. 1970). Two 
observers watched cattle daily during the major morning and 
evening feeding periods. Each animal was observed from a distance 
of 1 to 5 m for two Sminute periods by each observer and the 
number of bites of each forage class or locoweed plant part was 
recorded. No attempt was made to adjust for quantity of forage 
consumed in a bite. The number of bites was used to estimate the 
proportion of locoweed plant parts in the diet. Analysis of variance 
(ANOVA) of recorded bites of forage classes was used to determine 
differences between animal class (native vs introduced), days, time 
of day, and observers. 

Results and Discussion 
The grazing experiment began on 17 July when locoweed was in 

the late flower stage. Grass dominated cattle diets throughout the 
study (>60%) but no locoweed was consumed until 23 July (Fig. 1). 
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Fig. 1. Mean daily percentage of recorded bites of grass, locoweed pod, 
and locoweed leaf during Sminute observation periods during morning 
and evening grazing periods. 

Two introduced heifers started consuming locoweed pods on 23 
July and 1 native cow began selecting pods on 24 July. Storms 
18-23 July resulted in 3.8 cm of precipitation (rain, snow, and hail), 
and warmer weather following the storm triggered a flush of new 
grass growth. Most of the cattle stopped consuming locoweed and 
selected new green grass. Cattle began selecting locoweed pods 
again on 31 July, and by 2 Aug., all cattle were selecting locoweed 
pods for an average of 27% of the recorded bites. Locoweed leaf 
comprised about 5% of the recorded bites during this period. 
Heifers tended to consume slightly more locoweed leaves than the 
cows (P= 0.08). The heifers consumed pods protruding above the 
plant and then took a bite or two of the leaves before moving on to 
the next plant. The availability of pods declined and consumption 
tapered off after 6 Aug. There was no locoweed consumed during 
the last 2 weeks of the trial. The cattle were placed in an adjacent 
ungrazed pasture at the end of the trial (2629 Aug.), but did not 
select mature locoweed pods. There was no significant difference in 
consumption patterns at different times of the day, nor were there 
any differences due to observers. 

There was no difference in the amount of locoweed pods con- 
sumed between native and introduced cows (3.8 and 4.1% of 
recorded bites, respectively PzO.81). There was, however, a signif- 
icant interaction (P= 0.002) between animal class and days (Fig. 2). 
Two introduced heifers began eating pods on 23 July (12 to 50% of 
recorded bites). A third heifer and 1 native cow consumed pods on 
24 July. The heifers switched from pods to new grass but the 

: 
: 
fi 
!! 

30 ii--INTRODUCED :: 
vi : : 
g 25 

s 20 
ft 

: I 
: ’ ; : 

i n -NATIVE 
: : 

DAYS 

Fig. 2. Percentage of recorded bites of locoweedpods of native and intro- 
duced cows. 

native cow continued to eat a few pods throughout the interim 
period between peaks. The same 2 heifers started eating pods again 
on 31 July (25 to 38% of recorded bites) and all heifers were 
consuming a substantial amount of pods by 2 Aug. (20 to 68% of 
recorded bites). Two more native cows started eating pods on 2 
Aug (8 to 18% of recorded bites) and all native cattle were eating 
substantial amounts of pods by 3 Aug. Although recorded bites of 
locoweed pods were extremely high for the introduced heifers on 2 
Aug., consumption fell below 5% of recorded bites for the 
remainder of the peak consumption period. The native cows had a 
longer period of time in which recorded bites ranged between 5 and 
23% of recorded bites. Availability of pods probably did not influ- 
ence heifers to reduce consumption after 2 Aug. Pods were suffi- 
cient to support consumption by native cows for several more days. 

The average percentage of recorded bites of locoweed pods 
during the 7day period of heavy locoweed consumption (31 July 
to 6 Aug.) was 8.0% for introduced heifers and 7.5% for native 
cows (Table 2). The range in recorded bites among individual cows 

Table 1. Standing crop (kg/ha) of fomge classes at 4 intervals during the 
gr8zlng won, standard error (in p8nnthesis), and forage disappearence 
between sampling intemls. 

July 16 July 3 1 Aug 13 Aug 26 
Beginning Early pod Pods gone End 

Grass 1042(f 76) 502(f 75) 378(f 68) 279(f47) 
Forb 822 (+ 100) 301 (k 32) 244 (i 48) 176 (k 18) 
Loco leaf 235(f 59) 102(f43) 50 (* 16) 102 (f 25) 
Loco head 53(f 13) 53(f 23) ll(f 5) 8(f 7) 
Total 2142 958 683 565 

Disappearance 1194 275 118 

was 5.7% to 12.2%for theintroduced heifersand 3.9% to 16.l%for 
the native cows. Thus, total locoweed pod consumption during this 
period was similar between the 2 groups. 

The failure of the heifers to continue a high level of locoweed pod 
consumption when pods were readily available suggests that there 
was no real lasting preference of the pods exhibited by the heifers 
compared to the native cows. Curiosity may have influenced the 
introduced heifers to select pods earlier in their developmental 
stage, but the relative time when pods were consumed and the total 
consumption of pods were similar. There is insufficient evidence to 
conclude that inexperienced introduced heifers are more inclined 
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T8blc 2. Mera perccnt8gc of recorded bites ($) 8nd st8ndrrd errors (SE) 
of individu8l8ninuls during the 7 d8y pe8k consumption of locoweed 
(July 31-Ary 6). 

Class 

Introduced 
heifers 

Average 
Native cows 

Average 

Individual 
Animal 

15 
20 
23 
26 

I 
: 

4 

Locoweed Locoweed 
Leaf pod 

% SE % SE 
4.6 f 3.0 5.7 f 2.4 
3.3 f 1.6 12.2 f 7.0 
0.8 f 0.7 7.2 f 6.1 
1.2 f 0.5 7.0 f 4.6 
2.5 8.0 
0.2 f 0.2 5.7 f 3.2 
0.04 1.1 f0.7 f 0.04 4.4 3.9 f f 2.4 1.3 

1.4 f 0.8 16.1 f 7.2 
0.7 7.5 

to consume white locoweed on this range and become intoxicated 
than are native cows. Locoweed poisoning is a chronic type of 
intoxication requiring a fairly large intake over an extended period 
of time to show signs of poisoning. There were no signs of intoxica- 
tion among the experimental animals. However, feces became 
loose and watery during the period the cattle were consuming 
locoweed. 

Total standing crop when cattle were consuming locoweed pods 
was 958 kg/ ha (Table 1). Enough grass was available that grazing 
pressure alone would not have forced animals to switch to the 
locoweed pods. Total standing crop at the end of the trial was 565 
kg/ ha, which represented 74% utilization. Furthermore, grass and 
most other forbs had senesced. The low nutrient content of senes- 
cent grass, combined with its relatively low availability, was still 
not sufficient to cause cattle to select the relatively abundant and 
green locoweed leaf. 

Addiction to locoweed reported in the literature (Marsh 1909, 
James et al. 1968, James and VanKampen 1969, Peters and Stur- 
devant 1908) was not apparent in this study, nor in the previous 
intensive locoweed grazing study (Ralphs 1987), although loco- 
weed pods contained moderate levels of the toxic alkaloid swain- 
sonine (Ralphs et al. 1986). If there were addictive properties, the 
steers in the previous trial and the cows in this trial would have 
been expected to continue grazing the abundant locoweed leaves 
after the immature pods were exhausted, or to consume mature 
pods when placed in a fresh pasture. 

This study supports the results of the previous intensive grazing 
study (Ralphs 1987) that white locoweed seed pods are palatable 
and voluntarily selected by free-ranging cattle during the normal 
grazing season. 
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Vegetation Recovery Patterns Following Overgrazing by 
Reindeer on St. Matthew Island 
DAVID R. KLEIN 

Abstract 

Heavy grazing by extremely high densities of reindeer (Rung&v 
tarand@ on St. Matthew Island in the Kering Sea resulted in 
degradation of the lichen stands. Grasses, sedges, and other vascu- 
lar plants initially increased in response to the removal of lichens 
under heavy grazing pressure by the reindeer. Twenty-two years 
following the crash die-off of the reindeer, mosses had invaded 
large portions of the ground area denuded of lichens, and lichens 
had recovered to only IO$$J of the standing crop of living lichen 
biomass occurring on adjrcent Hall Island where there is no hls- 
tory of grazing. Lichen species dominating the recovering lichen 
stands on St. Matthew Island were those of relatively low prefer- 
ence as forage by reindeer in contrast to those in climax lichen 
stands. 

Key Words: overgrazing, reindeer, lichens, range recovery 

The first naturalists arriving at St. Matthew and adjacent Hall 
islands in the northern Bering Sea commented on the thick lichen 
mats that were present over much of the lower-lying areas of the 2 
islands (Elliott 1882, Marriam 1901). Reindeer (Rungifer taran- 
dus) were introduced to St. Matthew Island in 1944 and increased 
from 29animals to 6,000 in the summer of 1963 (Klein 1968). They 
underwent a crash die-off the following winter. Lichens were 
greatly depleted as early as 1957 (Klein 1959) and strong winds that 
dominate the island weather were an important factor in removing 
lichen fragments from the damaged lichen mats. By 1963 lichens 
were no longer an important component of the winter diet of 
reindeer (Klein 1968). The degradation of the lichen mat released 
vascular plants that had been engulfed in it and exposed soil for 
new plant establishment. Sedges and grasses increased markedly. 
Palmer and Rouse (1945) in Alaska, Skuncke (1969) in Sweden, 
and Adreev (1954) in the Soviet Union investigated recovery rates 
of lichens following heavy grazing. They reported that 30-50 years 
may be required for recovery, depending on the amount of living 
tissue remaining after heavy grazing, the nature of the climate, and 
the influence of vascular plants in the areas affected. 

On St. Matthew only a few female reindeer and one infertile 
male (shot for autopsy, Klein 1968) survived the die-off, and the 
last survivor is believed to have died in 1982 (A. Sowls viva vote). 
Since there had been essentially no grazing pressure on the vegeta- 
tion of St. Matthew Island in the 22 years following the die-off, a 
unique opportunity existed to examine recovery rates of the vege- 
tation of the island following the period of extremely heavy graz- 
ing. During July 1985 vegetation plots, established in 1957, were 
reexamined and comparative studies were made of lichen and 
other plant growth on St. Matthew Island. Hall Island was also 
visited and the ungrazed lichen stands were sampled to obtain 
estimates of lichen biomass for comparison with lichen regrowth 
on St. Matthew Island. 

Study Area 

St. Matthew and Hall islands (60” 15’N X 172O 30’W) in the 
Bering Sea are components of the Alaska Maritime National Wild- 
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life refuge. They are uninhabited by humans and the vegetation is 
arctic-alpine with maritime influence, although winter weather is 
influenced by the surrounding pack ice. A detailed description of 
St. Matthew Island, its vegetation, and weather has been presented 
by Klein (1959). Reindeer were introduced to St. Matthew Island 
by the U.S. Coast Guard as an emergency food supply for person- 
nel stationed there during the Second World War. At the end of the 
war the station was abandoned. Reindeer increased rapidly on the 
332 km2 island in the absence of other large herbivores, predators, 
and humans, reaching densities of 4/ km2 by 1957, thirteen years 
after their introduction, and 18/km* by 1963 immediately before 
their crash die-off. Adjacent Hall Island (23 km*) was not reached 
by the reindeer and the vegetation there has no history of use by 
large herbivores. 

Methods 

In July-August 1957, an investigation of the population dynam- 
ics and range relationships of the introduced reindeer was initiated 
(Klein 1959). Four l-m* plots were established in each of 2 loca- 
tions in the lowland areas dominated by lichens that showed evi- 
dence of heavy winter use by reindeer. Four additional l-m* plots 
were laid out on a low, well-drained ridge dominated by dryas 
(Dryas octopetalla)and prostrate willow (Salix crassijulis X ovali- 
foliu). At each complex of 4 plots, 2 were protected from further 
reindeer grazing by a fenced enclosure. Vegetation within the plots 
was mapped in detail and percent ground cover recorded. St. 
Matthew Island was visited again by the author in July 1963, July 
1966, and July 1985. During 1963 and 1985 vegetation in the plots 
was again mapped as a basis for determining changes that had 
taken place during the intervening periods. In 1985 all lichens were 
collected from randomly selected areas (1 m*) adjacent to the 
lowland complexes of established plots. Similar collections of 
lichens were made from randomly selected plots in lichen stands on 
Hall Island. The collected lichens were placed in plastic bags and 
transported to the University of Alaska, Fairbanks, where they 
were sorted by species and living versus dead portions, and oven 
dried until a constant weight was achieved at 40° C. 

Results and Discussion 

A detailed description of the changes in vegetation that had 
occurred from 1957, when the reindeer numbered 1,350, to 1963, 
when the population had peaked at 6,000, was made by Klein 
(1968). Vegetation plotsestablished on St. Matthew Island in 1957 
disclosed that by 1963, when the peak population of reindeer 
existed on the island, the lichen mat in sites favorable for the 
growth of lichens had been greatly reduced (Table 1). Only frag- 
ments of lichens remained on the ground surface. Although lichens 
had been largely eliminated as a forage source, sedges had 
increased substantially by 1963, apparently because previously the 
thick lichen mat had limited growth of vascular plants by restrict- 
ing access to light, by limiting the availability of substrate for 
seedling germination, through insulative cooling of the soils, and 
possibly by chemical inhibition (Kershaw 1977, Brown and Mikola 
1974). Grasses, willows, and forbs also increased in the plots from 
1957 to 1963. 

By 1985 moss had invaded much of the mineral soil areas left 
exposed by the removal of the lichens. Although lichen recovery, as 
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Table 1. Changes in percent cover in eight I m* plots on St. Matthew Island 
from 1957 to 1935. 

Plant 
Type 

Grass 0.3 f 0.10 
Sedge 11.2 f 2.24 
Willows 9.6 f 2.15 
Lichens 74.4 f 2.92 
Moss 0.5 f 0.17 
Forbs 1.1 f 0.31 

Plant cover (fSE# Percent Change 

1957 
1957- 1963- 

1963 1985 1963 1985 

1.6 f 0.41 1.6 f 0.85 +433 0 
16.5 f 2.04 6.8 f 0.88 +40 -59 
12.4 f 3.39 12.6 f 2.48 +29 +2 
12.7 f 3.26 30.5 f 7.53 -83 +140 
1.1 f 0.61 35.3 f 8.51 +120 +3109 
1.8 f 0.61 2.41 f 0.58 +64 +33 

*The remaining ground cover unaccounted for in these percentages was represented 
primarily by exposed mineral soil, with lesser amounts of Vocciuium viris-idea 
Lycopodium s&go and L.umla spp. 

represented by percent cover, had also increased substantially over 
the 1963 value, sedges had declined. 

Some forbs appeared to have been reduced by the heavy grazing 
pressure of the reindeer. On plots established on a dry ridge 60 m 
above sea level Oxytropis nigrescens increased from 0.6% (M.2 
SE) ground cover in 1957 to 12.3% (f3.5 SE) in 1985. The purple 
color of flowers of 0. nigrescens was particularly apparent on drier 
sites throughout St. Matthew Island in 1985 in contrast to the 
impression from previous years. Similarly, Pediculuris sudeticu. 
which is known to be a preferred summer forage of reindeer 
(Wright 1979), appeared to be much more abundant on St. Mat- 

50 

40 

30 

20 

10 

0 

190.1 g/m2 

173.4 

27 

thew Island in 1985 than in 1957, 1963? and 1966. Reindeer and 
caribou select the floral parts of many forb species during early 
summer (Palmer 1934, White and Trudelll980, Kuropat 1984) and 
under intensive grazing they presumably can reduce their occur- 
rence by limiting seed production. 

Even by 1957, when the reindeer had increased to 1,350 animals, 
lichen stands had become severely depleted. In the low dry flats on 
the southeastern portion of the island where lichens were most 
luxuriant prior to the introduction of the reindeer(Merriam 1901), 
broken portions of lichens remaining in 1957 indicated that the 
stands had been dominated by Cladina stellarisand Cetraria cucul- 
lata. In 1985, the lichen regrowth in these areas was dominated by 
the brown lichen Cetraria deh’sei. with lesser amounts of Spharo- 
phorus globosus, Stereocaulon spp., l’hamnolia sp., and Cetraria 
kamczutica. The mean depth of the lichens was 18 mm in contrast 
to 75 mm in lichen stands on Hall Island. They were firmly att- 
ached to the substrate and consisted virtually entirely of living 
tissue, whereas on Hall Island 31% of the lichen podetia was dead 
tissue. Total lichen biomass on a dry weight basis was 35 g/m* 
(SD=fl8), which is 8% of the living biomass or 6% of the total 
lichen biomass in climax lichen stands on Hall Island. Cetraria 
deli& Spharophorusglobosus, and Stereocaulon spp. are charac- 
teristically pioneering forms on mineral soil. Comparative species 
composition and lichen biomass by species are shown for St. 
Matthew and Hall islands in Figure 1. Climax lichen stands on 
Hall Island examined in 1985 were dominated by Cladina stellaris 
and C. arbuscula. Comparative measurements of the mean depth 
of the lichens and lichen biomass on St. Matthew and Hall islands 
are presented in Table 2. 

1.4 

l Hall Island 

a St. Matthew Island 

Fig. 1. Lichen species composition tiercent dry weight) and biomass on St. Matthew Island 22 years after extremely heavy grazing in comparison to 
adjacent and ungrazed Hall Island. Heights of bars are percent composition, values over the bars are dry weight of the living portion of each species in 
g/m? 
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Table 2. Mean length (mm f SD) and biomass (dry wt. f SD) of lichens in 
1985 on St. Matthew Island 22 years after depletion of tic&m through 
heavy grazing, end in climex lichen stands on ungrazed Hall Island. 

Length of Length of Lichen 
Species and living podetia dead base 
location 

biomass (g/m*) 
(n = 15) (n = IS) (n = 3) 

St. Matthew Island 
Cetraria delisei+ 18 f 3 
All lichens 35f 18 

Hall Island 
Cladina stelhis 49 f 4 22 l 3 
C. arbuscula 54 f 6 25 f 5 
All living lichens 431 f 111 
Dead lichen base 119 f 34 
Total lichens 550 f 144 

l Cefraria delisei was the most abundant and tallest of the lichen regrowth on St. 
Matthew Island. 

The rapid increase to extremely high density of reindeer on St. 
Matthew Island following their introduction was apparently made 
possible by the large standing crop of previously ungrazed lichens 
that existed there. The lichen biomass, however, represented 
accumulation over many years, through relatively slow growth and 
in the absence of grazing pressure. The expanding reindeer popula- 
tion was, therefore, exploiting a finite forage resource, only a 
fraction of which could be replaced through annual growth. This is 
a classic example of a species undergoing logistic or r-type growth 
while dependent upon plant forms characterized by K-selection. 

Conclusions 
Twenty-two years after extremely heavy grazing of climax lichen 

stands by reindeer on St. Matthew Island, lichen biomass had 
reached 35 g/ mr. This is less than 10% of the standing crop of living 
lichen biomass in climax stands on adjacent Hall Island, which has 
no history of reindeer grazing. Species composition of lichen 
regrowth following degration by heavy grazing on St. Matthew 
Island was dominated by Cetraria delisei. with lesser amounts of 
other dark colored lichens. In climax lichen stands on ungrazed 
Hall Island, Cladina stellaris and C. arbuscula were dominant 
species and total living lichen biomass exceeded 400 g/m*. The 
ratio of living to dead tissue was 3.6 to 1. Other studies have shown 
that the Cladina species that dominate climax stands on Hall 
Island are more highly preferred by reindeer and caribou than the 
regrowth species that dominated lichen stands previously depleted 
by heavy grazing on St. Matthew Island (Latin 1937, Karaev 1961). 

Among the vascular plants, sedges increased most notably dur- 
ing depletion of the lichen mats from reindeer grazing, but subse- 
quently declined in the absence of grazing. Willows, grasses, and 
forbs also increased in response to the removal of lichens. An 
increase in sedges and grasses following heavy grazing of lichens by 
reindeer in northern Norway has also been reported (Oksanen 
1978). Mosses expanded dramatically to occupy areas of mineral 
soil exposed through depletion of the lichens. 

Literature Cited 
Andreev, V.N. 1954. The growth of forage lichens and the methods for their 

regulation (In Russian). Tr. Bot. 1st. AN SSSR. Ser. III Geobotanika, 
9:il-74. 

Brown, R.T.P., and P. Mikola. 1974. The influence of fruticose soil lichens 
uuon the mvcorrhizae and seedlina growth of forest trees. Acta. Forest. 
Fenn. l4l:i-22. 

__ 

Elliot, H.W. 1882. Report on the seal islands of Alaska. U.S. Commercial 
Fish and Fisheries, Spec. Bull. 176: 176~~. 

Kanev. C.I. 1961. Reindeer fodder resources. p. 129-175. In: P.S. Zhi- 
gunov. (ed.) Reindeer Husbandry. Izdatel’stvo Sel’skokhozyaistvennoi 
Literaturv Zhurnalovi Plakatov. Moscow (Translated: Israel Prog. for 
Scientific-Transl., Jerusalem 1968). . 

Kershaw, K.A. 1977. Studies on lichen-dominated systems. XX. An exam- 
ination of some asnects of the northern boreal lichen woodlands in 
Canada. Can. J. Boi. 55393410. 

Klein. D.R. 1959. Saint Matthew Island reindeer-range study. U.S. Fish 
and Wildl. Serv. Spec. Sci. Rep. WIldl. 43:148. 

Klein, D.R. 1968. The introduction, increase, and crash of reindeer on St. 
Matthew Island. J. Wildl. Manage. 32:350-367. 

Kuroprt, P J. 1984. Foraging behavior of caribou on the calving ground in 
northwestern Alaska. M.S. Thesis, Univ. Alaska, Fairbanks. 

Lerin, I.V. 1937. Forage plants of the meadows and pasture lands of the 
U.S.S.R. Publ. House Lenin Acad. Agr. Sci., Leningrad. Lichens: 
82-l 10. 

Merriam, C.H. 1901. Fauna of the St. Matthew Islands, Harriman Alaska 
Expedition. Proc. Washington Acad. Sci. 2:333-345. 

Oksanen. L. 1978. Lichen mounds of Finnmarksvidda, northern Norway, 
in relation to summer and winter grazing by reindeer. Rep. Kevo Subarc- 
tic Res. Sta. 1464-71. 

Palmer. L.J. 1934. Raising reindeer in Alaska. U.S. Dep. Agr. Misc. Pub. 
No. 207:1-41. - 

Palmer, LJ., end C.H. Rouse. 1945. Study of the Alaska tundra with 
reference to its reactions to reindeer and other erazing. U.S. Fish & 
Wildl. Serv. Res. Rep. l&48. 

Skuncke, F. 1969. Reindeer ecology and management in Sweden. Biol. 
Papers, Univ. Alaska. 8:82. 

White, R.C., end J. Trudell. 1980. Habitat preference and forage consump- 
tion by reindeer and caribou near Atkasook, Alaska. Arctic and Alpine 
Res. 12:5 1 l-529. 

Wright, J.M. 1979. Reindeer grazing in relation to bird nesting on the 
northern Seward Peninsula, MS. Thesis, Univ. Alaska, Fairbanks. 109. 

JOURNAL OF RANGE MANAGEMENT 40(4), July 1987 



Diet and Forage Intake of Cattle on Desert Grassland 
Range 
MARK D. HAKKILA, JERRY L. HOLECHEK, JOE D. WALLACE, DEAN M. ANDERSON, AND MANUEL CARDENAS 

AbStlWt 
C8ttlc production on desert gmssl8nd nnges in southern New 

Mexico b8s been low, altbougb lbnited nsnrcb sbows diet nutri- 
tion8l qu8llty of cattle is l dqu8te to meet production needs dtig 
most se8sons. Forrrge intake drt8 8re l8cLing for cattle on desert 
gmssl8nd rrmges. Five esopb8ge8Histul8ted steers were used to 
ev8bute diet qtulity urd bot8nierl composition on desert grss- 
I8nd mnge in southern New Mexico. Anotber 6 steers were used to 
collect feces to determine intake. Cattle cb8nged their diet with 
se8son8l8dv8nce to nuximize diet quality. Crude protein concen- 
tmtions of cattle diets were well 8bove those needed for l8ct8tion 
8nd d8ily g8in during spring 8nd summer. Diet samples were bigb 
in neutr81 detergent fiber (668196), suggesting low energy in the 
forage. Low fonp intake ~8s the nmin nutrition81 cons-t 
identified. Even during tbe summer growing season, org8nic nut- 
ter int8ke never exceeded 1.5% of body weigbt. We specul8te low 
int8kes m8y b8ve resulted from bigb summer tempentures tb8t 
reduced glrxing time. During tbe l8te f8ll md winter, low forrge 
qu8lity 8ppe8rs to explain suppressed int8ke. Protein supplemen- 
t8tion in l8te f8ll8nd winter, 8nd energy supplement8tion in spring, 
sbouid be 8dv8nt8geous. We c8ution tbrt d8t8 on diet qu8lity 
without infornmtion on folrge intake mry poorly describe nutri- 
tion8l st8tus of r8nge c8ttle. 

Key Words: mngelands, rumbunts, nutrition, fonges 

Diets of range cattle in southern New Mexico appear to contain 
adequate concentrations of crude protein and digestible organic 
matter during most of the year. However, Herbel et al. (1984) 
reported that calf production on desert grassland ranges was low 
(142 kg/cow/year). This could be the result of inadequate forage 
intake. The object of our study was to quantify quality of cattle 
diets and forage intake on southern New Mexico desert grassland 
range in good condition. 

Study Are8 and Methods 

This study was conducted on the Jornada Experimental Range 
in Dona Ana County, southcentral New Mexico. Elevation of the 
study pasture ranges from 1,310 to 1,330 m. Long-term precipita- 
tion averages 22.8 cm. Precipitation during the study in 1984 was 
224% of the annual average, the highest since recording began in 
1914. Study pasture soils are sandy loams. Vegetation is dominated 
by honey mesquite (Rosopis glandulosa), broom snakeweed 
(Gutierrezia sarothrae), and mesa dropseed (Sporobolusflexuo- 
sus) (Table 1). Swale sites are dominated by vine mesquite (Pani- 
cum obstusum). This type of site is common in southern New 
Mexico and southeastern Arizona. 

Water was provided throughout the study period at the south- 
eastern corner of the pasture, and was also available in several 
swale sites scattered through the pasture. Range condition and 
forage availability were good near watering points. Consequently, 
we surmise that travel distance to water had little or no influence on 
cattle diet quality or forage intake. The reader is referred to Hak- 
kila (1986) for a more detailed description of the study pasture. 

The study pasture was stocked at a moderate rate (30-35%use of 
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palatable perennial forage species) in February 1984 with 11 exper- 
imental cattle (Hereford X Brangus steers). These animals were 
gentle and trained during the previous fall and winter. Five of the 
steers were equipped with esophageal fistulae; the other 6 were 
intact and trained to carry fecal bags. All animals were trained to 
be easily caught in the pasture by the senior author. 

Fecal collections were made in March, May, July, August, 
October, and December of 1984 for a total of 6. Fecal collection 
steers were weighed without shrink 14 days before each collection 
period. All steers were given a 14day period of acclimation to the 
pasture. All esophageal fistula collections took place between 0600 
and 0900 hr during 3 consecutive days. The steers were not penned 
before collections and were allowed to graze freely for the duration 
of each collection period. 

All esophageal samples were placed in a forced-air oven at SO0 C 
within 2 hr after collection. Dried samples were ground to 1 mm in 
a Wiley mill, mixed and composited by animal across days using 
equal weights of daily samples. Vegetation availability for each 
esophageal collection was determined by step-point sampling. The 
procedure involved delineating the area grazed during each eso- 
phageal fistula collection and conducting four lOO-point step-point 
transects per day for a total of 1,200 data points per collection 
period. Concurrently with fistula collections, total fecal output was 
collected from the 6 intact steers with fecal bags for 4 continuous 
days. 

Botanical composition of cattle diets was determined by the 
microhistological technique. Sample preparation procedures fol- 
lowed Holechek (1982) while training and diet calculation proce- 
dures followed Holechek and Gross (1982a, b). After preliminary 
training, 10 unknown test diets containing the primary forage 
species on the study pasture were evaluated with an overall accu- 
racy of 90% (Hakkila 1986). Five slides evaluated at 100X were 
used for all test and study samples. 

Dry matter and ash content of all diet and fecal samples were 
determined by AOAC (1984) methods. Nitrogen content of diet 
samples was determined by the Kjeldahl method (AOAC 1984). 
Acid detergent fiber (ADF), acid detergent lignin (ADL), and 
neutral detergent fiber (NDF) were determined by Goering and 
Van Soest (1970) procedures. Organic matter in vitro digestibility 
was determined by Tilley and Terry (1963) procedures as modified 
by Moore (1970)and Harris (1970). Inoculum was obtained from 2 
penned steers fed an alfalfa (Medicago sativa) hay diet. Digestion 
times of 4, 24, 36,48,60, 72, and 84 hr were used for all samples. 
Organic matter intake was calculated by the standard equation of 
Van Dyne (1969): 

Organic matter intake = (100) X (total fecal organic matter output) 

100 - % IVOMD (48 hr) 

Holechek et al. (1986) found improved in vitro estimates of in vivo 
digestibility by selecting the maximum in vitro digestibility value 
for times ranging from 36 to 96 hr. We also calculated forage intake 
using this approach: 

Organic matter intake = (100) X (total fecal~organic matter output) 

100 - % IVOMD (maximum in vitro digestibility) 

Intake was expressed as a percentage of body weight (BW) (Cor- 
dova et al. 1978). 
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Table 1. IWad~l composition percentages of steer diet samples and forage availability (% composition) based on step point transects for 6 collections on 
desert gmsal8nd range in southeastern New Me&o. 

Plant species 

March May July August October December 
x x 

% Diet % Comp % Diet % Comp % Diet % Comp % Diet % Comp % Diet % Comp % Diet % Comp % Diet % Comp 

Aristida longiseta 
Bouteloua eriopoda 
Erioneuron pulchellum 
Muhlenbergia porteri 
Panicum obtusum 
Sporobolus airoides 
Sporobolusjlexuosus 
Total Grasses 

Amaranthus retrojlexus 
Ambrosia confertifolia 
Baileya multiradiata 
Cassia bauhinoides 
Croton corymbulosus 
Descurainia pinnata 
Dithyrea wislizeni 
Linum vemale 
Nama hispidum 
Salsola kali 
Sokznum eleaegnifolium 
Sphaeralcea spp. 
lidestromia bnuginosa 
i%bulus terrestris 
Total Forbs 
Atriplex canescens 
Gutierrezia sarothrae 
Prosopis gkwrdulosa 
Yucca elata 
Total Shrubs 
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t = trace 

Results and Discussion Honey mesquite was the most abundant shrub in cattle diets, 

Botanical Diet Composition accounting for 11% of the overall diet. Nearly all the honey mes- 

Mesa dropseed was the most important species in cattle diet quite consumed in August and October was fruits. In March, 

when samples were pooled across all seasonal collections (Table 1). honey mesquite consumption involved primarily dead leaves 

Other important species in the diet included vine mesquite, leather- dropped in 1983 that were grubbed from the sand dunes along with 

weed croton (Croton corymbulosus), tansy mustard (Decurainia young tansy mustard plants. Rosiere et al. (1975a)attributed toxic- 

pinnata), honey mesquite, and soaptree yucca (Yucca elata). ity problems in cows to heavy spring consumption of tansy mus- 

Grasses comprised more than 7% of the cattle diet during the tard. However, in our study, none of the steers showed toxicity 

summer (May, July, August collections) and winter (December symptoms. 

collection). Forbs and shrubs collectively comprised more than Our study substantiates the findings of Herbel and Nelson (1966) 

60% of the diet in the spring (March collection) and fall (October and Rosiere et al. (1975a) that show the dominance of grass and 

collection). importance seasonal of forbs and shrubs in cattle diets on desert 

Our data are largely consistent with Rosiere et al. (1975a) for grassland ranges in the southwestern United States. Herbel and 

both key species and dietary trends for cattle on sandy loam Nelson (1966), Rosiere et al. (1975a), and our study all show cattle 

rangelands in southcentral New Mexico. However, they reported select for succulent vegetation. Major seasonal shifts in diet occur 

no consumption of vine mesquite while we observe it to be the in response to changes in plant phenologyand availability. Grasses 

second most important plant in the diet. This exception appears to are heavily used in the summer when actively growing, but cattle 

be due to difference among study sites. readily switch to forbs and shrubs if they are available after the 
grasses mature. 

Table 2. Diet chemical composition (organic matter baris), digestibility and forage intake for steers grazing grassland range in southeastern New Mexico. 

March May July August October December 

x SE x SE x SE j; SE x SE x SE 

Neutral detergent fiber y0 71.2 3.8 90.2 1.4 75.2 1.3 75.0 .8 
Acid detergent fiber % 63. I 7.3 66.2 1.4 52.3 1.0 48.1 .4 
Acid detergent lignin % 10.7 .4 8.4 1.1 9.3 I.0 5.9 .4 
48 hr IVOMD% 47.9 I.1 55.4 1.2 50.2 I.0 62.7 1.2 
Max IVOMD% 60.4 1.1 70.1 1.4 66.7 I.8 66.2 .8 
Crude protein % 15.6 I.6 13.5 .3 13.9 .3 14.0 .2 
OMI (48 hr IVOMDP .9 .l 1.4 .l 1.3 *I 1.5 .I 
OMI (max IVOMDP 1.2 .l 2.2 .I 1.9 .I 1.7 .‘I 

‘IVOMD q  in vitro organic matter digestibility 
‘OMI = organic matter intake (% body weight) using 46 hr IVOMD. 
‘OMI q  Organic matter intake (9% body weight) using the maximum IVOMD selected from 36,48,60,72,84 and 96 hr times. 

66.4 I.6 80.8 I.0 
51.9 .5 59.6 .5 
10.7 1.2 9.7 .4 
47.5 1.6 41.1 .9 
52.0 2.4 50.7 1.2 
12.7 .5 7.2 .4 

1.4 .I 1.3 <.l 
I.5 .I 1.6 <.l 
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Diet Quality 
Crude protein levels never dropped below 7% (organic matter 

basis) in our study (Table 2). Rosiere et al. (1975b), on similar 
range in southcentral New Mexico, reported the lowest crude 
protein level in fall (7.3%) whereas, in our study, it occurred in 
winter (7.2%). This is explained by differences in annual precipita- 
tion distribution in the 2 studies. Late summer and fall precipita- 
tion was much higher in our study, which delayed forage maturity. 

Crude protein concentrations are considered adequate for grow- 
ing heifers and steers (minimum wt 225 kg) gaining 0.5 kg per day 
(9.5lo%, organic matter basis), yearling heifers (8-9%, organic 
matter basis), lactating cows (9-lO%, organic matter basis), and 
heifers (9-1 l%, organic matter basis) in all periods except December, 
based on NRC (1984) requirements. Crude protein concentrations 
needed by pregnant, nonlactating cows (7-8%, organic matter 
basis) were met in all periods. These requirements by NRC (1984) 
are made on the basis of ration feeding with limited intake and as a 
result may be too high for range forage. 

McCollum et al. (1985) found N availability decreased as total 
diet N decreased for cattle on shortgrass range in New Mexico. His 
data indicate total N may be misleading about protein adequacy 
for cattle consuming lowquality diets. 

In vitro digestibility values for organic matter showed large 
fluctuations between collection periods (Table 2). This was true for 
both maximum and 48-hr in vitro digestion values. These 2 mea- 
sures of in vivo digestibility were not highly correlated (r = .77, n = 
6). Otheistudies (Milchunas et al. 1978; Holechek and Vavra 1982, 
1983; Holechek et al. 1986) show digestibility coefficients for 
organic matter can be misleading about forage energy value 
because forages with the highest digestion coefficients do not 
always have the highest intakes. Based on our analysis of the 
literature and results from this study, it appears that major reduc- 
tions in forage intake by cattle occur when 48-hr in vitro organic 
matter digestibility (IVOMD) values drop below 50% and maxi- 
mum IVOMD (in vivo digestibility) values drop below 65%. 
Beyond this observation, differences in digestibility values are 
generally uninterpretable. 

Neutral detergent fiber (NDF) levels were high X = 76%) com- 
pared to other range studies evaluating this cattle diet nutritional 
characteristic. Holechek and Vavra (1983) reported an average diet 
NDF level of 71% for cattle on mountain range in Oregon. On 
shortgrass range in New Mexico, cattle diets had an average NDF 
level of 71% (McCollum et al. 1985). The negative relationship 
between diet NDF level and forage intake of ruminants is well 
established (Van Soest 1982). It is important to recognize that our 
data were collected in a year of above-average forage availability 
and a longer than average period of active forage growth. During 
more normal conditions, even higher dietary NDF levels would be 
expected. The high NDF levels of cattle diets in our study suggest 
that low energy intake may be an important constraint on cattle 
productivity on desert grassland ranges. 

Forage Intake 
Forage intake values averaged across collections (Table 2) were 

1.3% and 1.7% BW, respectively, for 48-hr and maximum IVOMD 
procedures. These data are much below cattle forage intake deter- 
minations on other ranges reviewed by Van Dyne et al. (1980) who 
showed cattle consume between 1.8-2.0% BW on an organic mat- 
ter basis when grazing season or yearly estimates are averaged. 
Most of the studies used 48-hr IVOMD to estimate forage intake 
from fecal output. Thus, it appears intake is reduced about 35% on 
desert grassland ranges compared to other types. 

Total grazing time by cattle frequently decreases during hot 
weather (Seath and Miller 1946, 1947; Ehrenreich and Bjugstad 
1966; Dwyer 1961). Daytime temperatures were typically above 
32’ C between mid-May and late-September, and nighttime 
temperatures were above 18” C. Seath and Miller (1946, 1947) in 
Louisiana found cattle grazing time decreased when daytime 
temperatures exceeded 26” C. Shade was generally unavailable in 

our study pasture. Sheep in Australia grazed IO.4 hr during 
summer when provided with shade, compared to 9.0 hr when shade 
was unavailble (Arnold and Dudzinski 1978). 

In March, when temperatures were still fairly cool, lack of 
actively growing forage was probably the main reason for low 
forage intake. Cattle frequently ate tansy mustard, a cool-season 
forb that was actively growing. Previous year’s growth on mesa 
dropseed plants, although available, was generally rejected in favor 
of the tansy mustard. 

We attribute the reduced intake value in December to low diet 
quality. Perennial grasses, particularly mesa dropseed, were avail- 
able. However, they had matured with the onset of overnight 
freezing temperatures in November. Cool-season forbs were in the 
rosette growth form and thus their quantity was low. The low 
organic matter digestibility and crude protein values, in conjunc- 
tion with a high NDF concentration, suggest low diet quality was 
the main factor suppressing forage intake. 

Management Implications 

Springs in southern New Mexico are generally dry and few 
perennial grasses grow. However, in most years cattle diet quality 
is high in spring because of forbs growing after winter precipita- 
tion. Energy supplements in this period should be more advan- 
tageous than protein supplements. Grain or medium quality hays 
(8-10% crude protein) may be particularly advantageous to lactat- 
ing cows. During summer, manipulation ofanimal comfort factors 
might improve performance by increasing forage intake. These 
manipulations include provisions of shade and minimizing travel 
distance to water. In fall and winter, protein concentrations in 
cattle diets appear borderline in terms of meeting maintenance 
needs. If grazing pressure is moderate, forage quantity should be 
adequate. Between mid-October and late-February, limited pro- 
tein supplementation, such as providing 0.50 kg of cottonseed cake 
per cow per day, may improve forage intake by better meeting N 
requirements of rumen microbial populations. Winter weight 
losses of cattle have been reduced by protein supplementation in 
southern New Mexico (Lantow 1930). 
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Seasonal Growth Rates of Tallgrass Prairie after Clipping 
R.L. GILLEN AND R.W. MCNEW 

Abstract 
Intensive rotation grazing is dependent on the proper timing of 

Livestock movement for success. The timing of iivestock movement 
is in turn dependent on the rate of forage growth, but quantitative 
information on growth rates of tallgrass prairie is limited. The 
objeetive of this study was to develop information on seasonal 
growth parameters of tallgrass prairie foliowhrg uniform clipping. 
Plots were mowed to 10 cm on various starting dates during the 
growing season and sampled weekly for live standing crop for 10 
weeks following mowing. Four and five regrowth trials were com- 
pleted in 1984 and 1985, respectively. Regrowth trials were ana- 
lyzed by fitting second degree polynomial regression models to the 
weekly standing crop data and calculating several growth para- 
meters from the fitted models. The maxfmum standing crop of 
forage regrowth declined significantly as the time of initial ciipping 
was delayed (2,30&280 kg ha-l, 1984,2,400-1,130 kg hi’, 1985). 
The maximum net-growth rate also declined significantly with 
season (52-O kg ha d I, 1984; 36-16 kg ha-‘d-l, 1985). The thne 
rquired to reach maximum regrowth standing crop or maximum 
net growth rate did not vary significantly with season. If iivestock 
movement under rotation grazing was based strictly on the time to 
reach maximum net growth rate, the length of the rest period for a 
given pasture would remain constant or even decrease slightly with 
season. The attainment of a given level of forage in a pasture as a 
criterion for livestock movement would result in a better baiance 
between forage iivestock production than the use of the time to 
maximum net growth rate. 
Key Words: rotatation grazing, growth analysis 

Considerable interest in intensive rotation grazing on range- 
lands in the United States has developed over the past IO years. 
These grazing methods generally involve the development of 8-16 
pasture grazing cells and the movement of a single herd of livestock 
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among the pastures. Grazing and resting periods on any given 
pasture are l-14 days and 20-60 days, respectively (Savory 1978, 
Kothmann 1980). Proper timing of livestock movement is essential 
for the success of these grazing methods, but published guidelines 
have been rather general. Proper length of the rest period for a 
given pasture has been described as being long enough to allow 
recovery of the major forage species from grazing (Booysen and 
Tainton 1978, Howell 1978, Savory 1978, Kothmann 1980). How- 
ever, specific guidelines on how recovery from grazing should be 
judged are not stated. Another criterion for timing the length of the 
rest period was given by Voisin (1959) and Morley (1968). These 
authors suggested that a pasture should be grazed at the point 
where forage growth rate reaches a maximum. Grazing at this 
point maintains the forage on the rapid accumulation phase of the 
sigmoid growth curve and maximizes forage production over the 
growing season. Most sources agree that the length of the rest 
period should be adjusted seasonally as forage growth rates change 
(Voisin 1959, Morley 1968, Savory 1978, Kothmann 1980). As 
forage growth slows, recovery from grazing requires more time, 
and rest periods should be lengthened. 

Rational application of intensive rotation grazing should require 
quantitative information on forage growth rates following grazing 
and how these growth rates vary with season. Such information is 
limited for tallgrass prairie ranges and was usually based on full- 
season growth of ungrazed plants (Dwyer and Hutcheson 1965, 
Sims and Singh 1978, Gilbert et al. 1979). The objective of this 
study was to develop information on growth parameters of tall- 
grass prairie following uniform clipping and to determine how 
these parameters vary seasonally. 

Methods and Materials 
The study was conducted on the Stillwater Research Station of 

the Oklahoma Agricultural Experiment Station in northcentral 
Oklahoma. Average annual precipitation totals 83 1 mm with 75% 
falling during the April-October growing season. Mean annual 
temperature is 15.5’ C with average monthly temperatures of 2.Y 
C in January and 27.6’ C in July. 
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The study site was located on a Renfrow silt loam with a 3-S% 
west-facing slope. The Renfrow soil is a member of the fine, mixed, 
thermic Udertic Paleustolls; has a clay subsoil at 30-40 cm; and is 
classified as a Claypan Prairie range site. Vegetation composition 
by weight on the study site was approximately 20% big bluestem 
(Andropogon gerardii Vitman); 30% little bluestem (Schizachy- 
rium scoparium (Michx.) Nash); 10% switchgrass (Panicum virga- 
turn L.); 35% other grasses including indiangrass (Sorghastrum 
nutans (L.) Nash), tall dropseed (Sporobolus asper (Michx.) 
Kunth), and Scribner’s panicum (Dichanthelium oligosanthes 
(J.A. Schultes) Gould); and S%forbs, principally western ragweed 
(Ambrosia psilostachya DC.) and slimflower scurfpea (Psoraka 
tenuifrora Pursh). Peak ungrazed standing crop of current year’s 
growth on the site measured in August was 4,060and 4,140 kg ha-’ 
in 1984 and 1985, respectively. The site had been intermittently 
harvested for hay for several years, including the year just prior to 
initiation of the study. 

Four regrowth cycles were measured in 1984 and 5 cycles were 
measured in 1985. Different plot areas were used for study each 
year. At the initiation of a given cycle a 30 X 30-m macroplot was 
mowed to a IO cm height to approximate a moderate to heavy level 
of utilization and the cut material removed. The macroplot was 
then divided into 55, 2.5 X 6-m microplots. Five random micro- 
plots were sampled every 7 days from day 0 to day 70. Sampling 
consisted of harvesting a 0.5 X 5-m strip to a 5 cm height with a 
rotary mower through the center of each microplot. The total 
weight of the harvested material was measured in the field. Sub- 
samples (100 g) of the harvested material were bagged, oven-dried, 
and hand-separated to determine dry weight and live herbage 
conversion factors. Each microplot was sampled once during a 
regrowth cycle. Regrowth cycles were initiated on 18 May, 9 June, 
30 June, and 21 July in 1984 and 24 April, 15 May, 12 June, 26 
June, and 18 July in 1985. 

All growth analyses were based on live herbage only to avoid 
confounding with standing dead herbage present from previous 
year or growth periods. Because a of pronounced lag in growth from 
day 0 through day 7 for several trials, only data from day 7 through 
day 70 were included in the analyses. The standing crop data for 
live herbage were fitted to polynomial regression models after 
transformation to logarithms to stabilize the variance of the 
dependent variable over dates (Hunt 1982). First, second, and 
third-degree polynomials were compared for best fit using RJ, 
mean square residual, and significance of individual regression 
parameters as selection criteria. Regression models using the logis- 
tic function were also fitted to the transformed primary data. The 
logistic models were virtually identical to the polynomial models in 
terms of accuracy, precision, and ability to describe the data. The 
polynomial models were chosen for further analysis because they 
could be calculated using linear regression procedures. Six of the 9 
trials were best described by second-order polynomials; 1 was best 
described by a third-order polynomial; and 2 could not be fitted 
with significant regressions. For uniform comparison purposes the 

following model was fit to all trials: 

Ln (W) = bo + bl*T + bs*T2 where, 
Ln (W) q  natural logarithm of aboveground live standing 

crop, kg ha-’ 
T = time from clipping, days 

bo, bl, bz = regression coefficients 

Standing crop curves and net growth rate curves (rate of change 
of standing crop) were plotted in the original units of measurement 
by retransforming the fitted regression models. For standing crop, 
this resulted in: 

W = EXP (ba + bl*T + bs*p) where, 
W = estimated aboveground standing crop, kg ha-’ 

EXP = exponential function 
The equation for net growth rate was: 

G = (ba + 2*bz*T)*W where, 
G = estimated net growth rate, kg ha-Id_’ 

Maximum live standing crop of regrowth (WMAX, kg ha-‘), 
time to WMAX after clipping (TWMAX, days), maximum net 
growth rate (GMAX, kg ha-Id_‘), and time to GMAX (TGMAX, 
days) were calculated in the original units of measurement from the 
fitted regression models (Table 1). Because these estimates are 
nonlinear functions of the regression coefficients, a method for 
obtaining approximate variances must be used. The method used is 
referred to as the “‘delta method”(Bishop et al. 1975) and results in 
z-test comparisons between trials within years. 

Results 
Winter-spring precipitation through June, 1984, was about 

average, but the July-August period was dry with only 35% of the 
long-term average precipitation received. This resulted in poor 
growing conditions in the late growing season of 1984. Pre-cipita- 
tion through June of 1985 was 65% above normal and late-season 
precipitation was about average, so that 1985 was considered an 
excellent year for forage growth. 

The regression models accounted for 68-90% of the variation in 
the logarithm of live standing crop (Table 2). All regression models 
were highly significant (p<O.OOl), except for Trials 3 and 4 in 1984 
when little regrowth occurred and regression models were not 
useful (R<O. 15). 

WMAX decreased with season in both years, but TWMAX was 
stable over season within years (Table 3, Fig. 1 and 2). Net growth 
rates followed a similar pattern with GMAX decreasing with sea- 
son, while TGMAX remained relatively constant (Table 3, Figs. 3 
and 4). Net growth rates peaked within 33 days of clipping in all 
regrowth trials and were negative by the conclusion of 6 out of 7 of 
the trials in which significant regrowth occurred. 

Discussion 
Defoliation by clipping is not equal to defoliation by grazing. 

Table 1. Formulas used to calculate growth puemetem and variances in original unite of measurement. See test for parameter abbreviations. 

Parameter’ Variance of Parameter 

WMAX = EXqbc-b$/(4*bs)] VWMAX = wMAX**[V(bo)+TWMAX*+V(b~~TWMAX’*V(b?)+Z*TWMAX*Cov(bo,b~)+ 
2*TWMAX**Cov(br,,bs)+2*TWMAX3*Cov(b~,ba)] 

TWMAX = +/(2*bs) 

GMAX = SQR(-2*bs)*EXqbo_bl*/ 
(4*bz)-0.51 

TGMAX = -bl/(2*bz)-I/SQR(-2*bs) 

VTWMAX = TWMAX**[V(b~)/b~2+V(~z)/b&2*Cov(b~,ba)/(b~*bz)] 

VGMAX = GMAX2+[V(bo)+TWMAX2*V(bl)+(TWMAX2+(TWMAX-TGMAX)2)2*V(bs)+ 
2*TWMAX*Cov(bo,bl)+2*(TWMAX2+(TWMAX-TGMAX~)*Cov~o,bs~2*TWMAX* 
(TWMAX’+(TWMAX-TGMAXy)*Cov(bl,bs)J 

VTGMAX = 1/(4*b12)*V(bl)+Cb1+SQR(-2*bs))/(2+b22)P*V(bz)+(bl+SQR(-2*bs))/(2*bd)*Cov(bl,bs) 

‘EXP() denotes exponential function, SQR 0 denotes square root, V 0 denotes variance, and Cov () denotes covariance of quantity in parentheses. 
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T8blc 2. S8mplc size (N), coefficient of determhmtion (Rs), st8ndud error of estinutc (Sy.x), 8nd regression coefficients @o, bl, b) for regresston models 
of Cllgr8ss pr8irle regrowth following unifomt clipping, 19&4 8nd 1985. Models fitted to trclhbonncd d8t8. 

Year Start date N R* S&X bo bl(x lo-*) bl(x lo-‘) 

1984 

1985 

19 May 50 
9 June 50 

26 Apr. 45 
I6 May 45 
I2 June 50 
26 June 50 
I8 July 50 

0.78 
0.70 

::: 

0.77 
0.72 
0.68 

0.272 5.65(fo.29)’ 8.08(f1.72) -7.81(f2.18) 
0.193 6.35(M.20) 4.59(fl.22) -4.42(+1.55) 

0.162 6.1l(M.17) 4.57(f1.09) -3.12(fl.43) 
0.205 6.2qfo.22) 4.72(&1.33) -3.99(f1.73) 
0.199 6.Oqfo.2 1) 4.62(fl.25) -3.89(fl.57) 
0.195 5.99(M.21) 3.29(f1.24) -2.37(*1.57) 
0.217 5.91(f0.22) 3.52(*1.29) -2.7qf1.63) 

'95To confidence intervals. 

T8ble 3. M8ximum regrowth st8nding crop (WMAX, kg hiI), time to 
WMAX (TWMAX, d8ys), m8ximum net growtk rrte &MAX, kg 
bi’d-I), 8nd time to GMAX (TGMAX, drys) for t8llgr8sa pr8irie 
regrowth following uniform clipping, 1984 8nd 1985. 

Year Start date 

1984 19 May 
9 June 

30 June 
21 July 

1985 26 Apr. 
16 May 
12 June 
26 June 
18 Julv 

WMAX TWMAX GMAX TGMAX 

;;;I 52Ng 55’ 26Ns 
52 34b I8 

820’ - - - 
280d - - - 

2400. 73Ns 36’ 33Ns 
2130’ 59 36’ 24 
1690b 59 29’ 24 
1260e 69 17b 23 
1 130C 64 16b 21 

‘Means within year and column followed by the same letter are not significantly 
different at the 5% probability level; NS denotes significant differences within a set of 
means. 

28 - 1 
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0 TRIAL2 AA 

24 - g TRIAL3 

z 
G 20- 

e 
g 16- 

E 
0 
P 

12- 

5 
6 6- 
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0; I I I I I I I I I 
1 15 1 15 1 15 1 15 
I I , I I 
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Fig. 1. Tallgrassprairie regrowth following uniform clipping, 1984. Sym- 

bols denote means offive samples per date. Trial star1 dates: I q  19 May, 
2 = 9 June, 3 = 30 June, 4 q  21 July. 

Clipping does not incorporate the selectivity of the grazing animal 
for plant species or plant part (White 1973, Watkin and Clements 
1978). Clipping also removes the effects of trampling and nutrient 
recycling by the grazing animal (Watkin and Clements 1978). The 
divergence between clipping and grazing would be greatest when 
comparing plant response to one or a few annual clippings versus 

15 1 15 1 15 ! 15 
I 

MAY ’ JUNE ’ JULY ‘AUGUST’ SEPTEMBER 

DATE 

Fig. 2. Tallgrass prairie regrowth following uniform clipping, 1985. Sym- 
bols denote means of 5 samples per dare. Trial start &es: I = 26 Apr.. 2= 
16 May. 3 = I2 June, 4 = 26 June, 5 q  18 July. 

-60 1 I I I I I I I I , 
1 15 1 15 1 15 1 15 
I I I I , 

JUNE JULY AUGUST SEPTEMBER 

DATE 
Fig. 3. Growth rates of rallgrassprairiefolwing uniform clipping, 1984. 

Trial start dates: I= 19 May, 2 q  9 June. 
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Fig. 4. Growth rates of taIIgrassprairiefoilowing uniform clipping. 1985. 
l?ialstart dates: 1 = 26 Apr., 2 = 16 May, 3 = 12 June, 4 = 26 June, 5 = 18 
July. 

continuous grazing over a period of years. Such a situation would 
illustrate the maximum effect of animal selectivity, trampling, and 
nutrient cycling on plant production and species composition. This 
study used clipping to simulate rotation grazing that incorporates 
moderate to heavy forage utilization within a short period. In this 
situation, clipping and grazing would impose more similar defolia- 
tion regimes with short-term responses (immediate regrowth rates) 
being evaluated. While responses following grazing as opposed to 
clipping in this situation might be quantitatively different, the 
qualitative responses (shape and position of response curves) 
would be expected to be similar. 

Total forage regrowth and net growth rate declined with season 
as soil moisture was depleted and daily temperatures increased in 
July and August. The duration of regrowth was much less affected 
by season. Morely (1968) found similar results for improved tem- 
perate pastures during the summer as TGMAX only varied 
between 35 and 49 days. The model presented by Voisin (1959) in 
which WMAX remains constant and TGMAX increases with sea- 
son is not supported in this experiment. If livestock movement was 
based as TGMAX alone, the rest period would not lengthen with 
season but would remain constant. However, with lower WMAX, 
less herbage would be available for grazing during each subsequent 
rotation resulting in depressed animal performance and higher 
forage utilization. 

Grazing management should be based on both animal and plant 
requirements (Savory 1978, Kothmann 1980). Another criterion 
for livestock movement that might address both components more 

evenly would be the attainment of a given level of forage in a 
pasture before regrazing. A target forage level would be reached 
more rapidly in the early season when growth rates are higher than 
in the later season when growth rates decline. Such a criterion 
would result in a lengthening of the rest period as season pro- 
gressed as is currently recommended but would not match grazing 
with the occurrence of TGMAX. 

What constitutes ‘adequate recovery from grazing’ has not been 
determined from this study, but it appears that TGMAX is not a 
useful criterion for managing livestock movement under intensive 
rotation grazing in the tallgrass prairie. The potential for signifi- 
cantly influencing the growth curves of tallgrass prairie forage also 
appears to be limited. Growth rates decline rapidly from mid-May 
through June. Growth rates are low on defoliated tallgrass prairie 
after July 1 even in favorable precipitation years and are virtually 
zero in unfavorable years. While the frost-free period in this region 
averages 204 days, the period of major forage growth of native 
warm-season grasses is limited to 75-100 days. Finally, as sug- 
gested by Morley’s work (1968) on improved temperate pastures, 
growth parameter estimates presented here should be useful in 
further quantitative analyses of the impact of different grazing 
management practices on the tallgrass prairie. 
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Economic Returns from Treating Sand Shinnery Oak with 
Tebuthiuron in West Texas 
D.E. ETIIRIDGE, R.D. PETTIT, TJ. NEAL, AND V.E. JONES 

Abstract 

Net returns from control of sand shinnery oak (Qwrcus havar- 
c&o with tebuthiuron [N-(5-l,l-diiethylethyl l&4,-thiadhzoCZ 
yl)-N, N’-dimetbylurer] were evaluated for Southern High Plains 
nnges. A forage yield function was estimated with regression using 
5 years of herbage yield data from the region. The present value of 
production was determined for 3 calf prices, 3 discount rates, and 4 
tebuthiuron treatment rates. Discounted net returns were generally 
positive with high and moderate calf prices and low and moderate 
discount rates. The optimum tebuthiuron treatment rate varies 
with calf prices, discount rate, and treatment cost. 

Key Words: sand shhmery oak, brush control, economic evrhtation 

Sand shinnery oak (Quercus havardii), an undesirable shrub for 
livestock producers, is found on rangeland in west Texas, eastern 
New Mexico, and southwestern Oklahoma. It grows on deep sandy 
soils or on sand underlain by clay or caliche. The deciduous oak is 
rarely over 1 m tall and it grows in a precipitation zone from 30 
cm/yr in southeastern New Mexico to 66 cm/yr in western Okla- 
homa (Jones 1982). Forage production may be reduced more than 
60% below that of noninfested range (Robinson and Fisher 1968) 
and may cause livestock poisoning in the spring following dry 
winters when grasses are not green (Pettit 1979). 

Conventional control for oak has been silvex [2-(2,4,5trichloro- 
phenoxy) propionic acid] and 2,4,5-T [(2,4,b-trichlorophenoxy 
acetic acid], but only top growth is usually killed and increased 
grass yields may last only 2-3 years (Scifres 1972a, 1972b). Control 
of sand shinnery oak with tebtithiuron is long-term. Results in west 
Texas indicate oak reductions of 79-9s (Pettit 1979; Jones 1982; 
Jones and Pettit 1980; Herndon and Pettit 1978) with no reinfesta- 
tion after I3 years. Thus, the technical feasibility of tebuthiuron for 
oak control has been shown. The objective of this study was to 
determine potential economic returns from using tebuthiuron on 
oak ranges in west Texas. 

Methods and Procedures 

The approach for the analysis was (a) estimating forage response 
after using tebuthiuron, (b) valuing the added grass through live- 
stock production, and (c) discounting net income over time. The 
model used was similar to that of Ethridge, Dahl and Sosebee 
(1984). The forage response relationship was estimated using ordi- 
nary least squares multiple regression. Seventy-two forage yield 
observations in different locations over 5 years were taken from the 
most typical oak site in Yoakum County, Texas. The response is 
representative of the west Texas-eastern New Mexico High Plains 
region. Four years of data were from Jones (1982) and the fifth 
year’s data were from Jones and Pettit (1984). All data were taken 
on Brownfield tine sand, an Arenic Aridic Paleustalf. The experi- 
mental design was completely randomized with 3 replications of 
the 2.5ha plots. Thirty 0.5-m* quadrats were clipped in each 
treatment. Independent variables to explain forage yield included 
tebuthiuron treatment rates (0.2,0.4,0.6,0.8, 1.0 kg/ha), number 
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of years since treatment, rainfall in different periods of the year, 
and sand depth in the soil profile. 

Total forage (grass plus usable forbs) production (TFP) from 
tebuthiuron treatment was converted to added forage by subtract- 
ing the 200 kg/ ha produced with no treatment; MFP q  TFP - 200, 
where MFP is additional forage production from tebuthiuron in 
kg/ ha. To determine value of added forage, a cow-calf operation 
with a 90% calving rate, 1% death loss, 14% heifer replacement, 
and marketing 18 I kg calves was used. An animal producing unit 
(APU) was a 454-kg cow with calf, 5% of a 726kg bull, and 14% of 
a 295kg replacement heifer. An estimated 9,526 kg of herbage is 
required annually to support an APU with continuous grazing, 
which is typical in the area (Ethridge et al. 1984). This reflects 
proper use, forage disappearance, trampling, and other losses. 
Given the calving rate, death loss, and heifer replacement pattern, 
138 kg of calf was marketed from each APU. This gives a conver- 
sion of 1 kg of herbage = .0145 kg of marketed calf. Thus, MLP = 
.Ol45 MFP, where MLP is additional livestock production in 
kilograms of marketable calves. 

Treatment returns were determined using 3 different calf prices 
and adjusting for (a) added production costs with a higher stocking 
rate and (b) income from the sale of cull cows. The added produc- 
tion costs consist of the additional feed, medical, marketing and 
other variable costs which are increased when APUs are added to 
the ranch. Cull cow income was adjusted because cow prices fluc- 
tuate as calf prices fluctuate; PC = . 1165 + .4674 PB (Ethridge et al. 
1985), where PC is the price of cull cows in $/ kg and PB is the price 
of 181 kg calves in $/kg. Revenue from sale of cull cows was 
deducted from the variable cost of producing calves. Thus, cull cow 
value was: CCV = PC (408)(.14)(.99) where CCV is cull cow 
revenue per APU, 408 kg is the weight of cull cows, .I4 is heifer 
replacement proportion, and .99 is the survival rate (1 minus death 
loss proportion). The added production cost (additional supple- 
mental feed, labor, veterinary costs, interest cost on the cattle, etc.) 
was estimated to be $132.44/APU (Tex. Agr. Extension Serv. 
1984). The added cost per kg of calves sold (VCC) was: VCC = 
($132.44-44-CCV)/(181)(.76)~.912-.192PB,where181isthe 
weight of calves in kilograms and .76 is the proportion of calves 
sold per APU (calving rate minus heifer replacement rate). The net 
price of beef sold was NPB = PB - VCC= 1.192 PB -.912. Further, 
the additional revenue from the tebuthiuron treatment, VMP, was 
VMP = (MLP)(NPB), where VMP is in S/ha and is a function of 
time (years) if TFP changes over time. 

With the forage response function, calf production and market- 
ing conditions, and given rainfall, treatment rate, and calf prices, 
added revenue was estimated for each future year in which the 
treatment was effective. This added revenue was discounted and 
cost of tebuthiuron application was subtracted to get a net present 
value of oak control; PVMP =$ IVMPt/(l + r)q, where PVMP is 
the present value of the stream%f added revenue over n, the life of 
treatment in years, VMPtis the added revenue in year t, and r is the 
discount rate (the cost of the investment capital in the treatment). 
Tebuthiuron cost is $66.141 kg of active ingredient and cost of 
application is $2.471 ha plus $6.661 ha for each kg of active ingre- 
dient. Thus, CT = 72.8 TR + 2.47, where CT is treatment cost in 
$/ha and TR is tebuthiuron treatment rate in kg/ ha, and NPV = 
PVMP - CT, where NPV is the net present value of the net returns 
from the treatment over its useful life. Tebuthiuron appears to 
permanently kill oak in the area, but the life of the treatment in this 
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Table 1. Net present v&e from tr#tinl rod ebimwy oek with tebutbiuron in weet Tear with different cMk prica end &count mtee. 

Calf prices, $1 kg 
Tebuthiuron 1.43 1.65 1.87 
treatment discount rate discount rate discount rate 
rate 

7.5% 1% 12.5 15% 7.5% 10% 12.5% 15% 7.5% 1% 12.5% 15% 

-kg/ha- - -$1 ha- 
0.28 12.22 6.78 2.47 -0.99 23.76 16.53 10.80 6.21 35.30 26.69 19.14 13.72 
0.56 13.80 4.91 -2.12 -7.77 32.58 20.76 11.41 3.91 51.35 37.27 24.94 16.08 
0.84 1.57 -8.67 -16.77 -23.25 23.02 9.41 -1.35 -9.97 44.47 28.24 14.07 3.87 
1.12 -24.51 -33.99 -41.48 -47.47 -4.93 -17.53 -27.49 -35.45 14.65 -0.41 -13.50 -22.93 

analysis was 15 years. Net returns beyond 15 years are increasingly 
uncertain and have little effect on net present value. 

Results and Interpretation 
Several mathematical forms were developed and evaluated for 

the annual herbage yield response relationship. The relationship 
selected was: 

TFP = -95 1 + 1786(TR) - 975(TRF - 504 (TR/ t) + 63(R) 
(0001) (.OOOl) (.0094) (.0142) (.OOOl) 

where TFP = total annual forage yield with application of tebuthiu- 
ron (kg/ha), 

TR = rate of tebuthiuron application (kg/ha), 
R = May through August rainfall (cm), and 
t q  no. years after application of tebuthiuron. 

Numbers in parentheses below estimated parameters are signifi- 
cance levels for the parameters. The model explained 61% of the 
total variation in herbage yields (R2 = .61) with the 5 years of data. 
Parameters for sand depth and rainfall during other periods of the 
year were not significant. 

Net present values of added herbage from 4 application rates of 
tebuthiuron were estimated at 4 discount rates and 3 calf prices 
(Table 1). May-August rainfall was held constant as its mean 
value, 18.2 cm, the treated range was deferred from grazing the 
year following treatment with no income derived that year, and the 
ranch incurred the full cost of treatment. If the government subsid- 
ized the treatment cost by, e.g., $S/ha, the net returns in Table 1 
would increase by that amount. 

Table 1 gives discounted net returns to treatment; positive values 
indicate a profit and negative values a loss. Discounted net returns 
are sensitive to treatment rate, cattle prices, and discount rate. The 
0.84 and 1.12 kg/ ha treatment rates were less profitable than lower 
rates in the area. The more profitable choice of the 0.28 or 0.56 
kg/ ha rates depend on expected cattle prices and the discount rate. 
In this study, no treatment with low cattle prices (%1.43/kg) and a 
15% discount rate gave positive net returns. With moderate 
(S 1.65/ kg) and high ($1.87/kg) calf prices and a 10% discount rate, 
0.56 kg/ha of tebuthiuron provided the greatest net returns (.28 
kg/ ha greatest returns with moderate prices and a 15% discount 
rate). While the approved application rate in the area is 0.56 kg/ ha 
at the time of the study, ranchers can select the rate of tebuthiuron 
applied. 

Tebuthiuron at 0.56 kg/ ha costs $43 /ha on land whose market 
value may not exceed $25O/ha. This makes the economic feasibility 
sensitive to chemical cost, especially at low livestock prices and 
high discount rates. If the cost of tebuthiuron decreased from 
%66.14/kg to %55.12/kg, the net present values in Table 1 would 
increase by $3.08/ha to $12.341 ha, depending on treatment rate. 

The optimum rate for tebuthiuron depends on calf prices, cost of 
treatment, discount rate, and precipitation after treatment. The 
optimum is where the change in net present value from a unit 
change in treatment rate becomes 0 (stop increasing the treatment 
rate when the income from the incremental addition of tebuthiuron 
just covers its cost). The first order condition for optimal applica- 
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tion rate occurs where aNPV/ BTR = 0. For the production, mar- 
keting, and cost conditions used here, 

aNPV/CITR = (30.86 PB - 23.61) [2, l/(l+r)q 

-(8.71 PB - 6.66) [:$, l/t(l+r)CJ 

- 2TR(16.85 - 12.90)[‘~ l/(l+r)y - 72.8 
t=1 

By equating to 0 and solving for TR, the optimum TR may be 
obtained for any combination of PB and r. If r = . 10, the optimum 
TRforS1.43,31.65,and31.87/kg.calfpricesis0.41,0.52,and0.58 
kg/ ha, respectively. If r = .15, optima are 0.27,0.41, and 0.49. Most 
of these rates are slightly below but relatively close to the commer- 
cially approved label 0.56 kg/ ha rate in the area. This is consistent 
with the analysis by Neal (1983), which examined treatment rate 
but not economic feasibility. 

Conclusions 
Returns from treating sand shinnery oak with tebuthiuron in the 

Southern High Plains of Texas vary with many factors, including 
treatment rate, livestock prices, discount rates, rainfall, and cost of 
tebuthiuron. In all cases analyzed, tebuthiuron at 0.56 kg/ha or 
less was more profitable than higher rates. The 0.56 kg/ha treat- 
ment is a reasonable approximation of the optimum application 
rate escept when (1) calf prices are low ($1.43/kg and less) and 
discount rates are 10% and greater and (2) calf prices are moderate 
($1.65/kg) and discount rates are 12.5% or more. The 0.56 kg/ha 
treatment rate gave positive net returns with discount rates 10% 
and less and calf prices %1.43/kg and greater. With calf prices 
S1.65/kg or more, treatment with 0.56 kg/ha was profitable at a 
discount rate of 15%. 

Several ranchers in the area have been interviewed concerning 
the use of tebuthiuron to control sand shinnery oak. Most esti- 
mated that the treatment has a payback period of 3 to 6 years. 
On-going research suggests that stocking rates in the area can be 
doubled or tripled after the oak is killed. 

The estimated returns represent general conditions for the 
region and the environmental conditions specified, but not neces- 
sarily for individual ranchers. The analysis applies only to sandy 
soils; higher tebuthiuron application rates may be required on 
finer-textured soils for effective kill of the oak. Additionally, eco- 
nomic returns will also have year-to-year variation in growing 
season rainfall, and differences in cattle enterprise costs will affect 
the economics of treatment. 
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Application of Herbicides on Rangelands with a Carpeted 
Roller: Timing of Treatment in Dense Stands of Honey - 

Mesquite 
HERMAN S. MAYEUX, JR. 

Abstract 

Several herbicides were evaluated for control of honey mesquite 
(Prosopis grcrnduroa Torr.) when applied with l tractor-mounted 
carpeted roller. Experiments were placed in stands with relatively 
high honey mesquite densities (2,850 to 4,930 plants/ha). An ester 
of 2,4,5-T was ineffective at concentrations ranging from 3 to 249 
g/L when applied monthly from April through September. Equal- 
ratio mixtures of 2,4,5-T and picloram provided up to 80% mortal- 
ity (root-kill) when applied at a total concentration of 24 g/L in 
June, but did not control honey mesquite if applied in September. 
Mortal&y obtained with piclonm applied alone ln June as a 12 g/L 
solution varied with year and location from 42 to 61%. Picloram 
provided 61 to 91% mortality at a concentration of 60 g/L when 
applied in June, and up to 99% mortality when applied as a 120 g/L 
solution. Picloram was highly effective when applied in July and 
August in a year of favorable growing conditions, providing 94 and 
96% mortality as 60 g/L solutions, respectively. Mortality was 
reduced to a maximum of 7% when piclonm was applied from 
April through September in a drought year. Clopyralld and a I:1 
mixture of picloram and clopyralid were usually equal or superior 
to piclonm in effectiveness. 

Carpeted rollers are an effective method of applying herbicide 
solutions to perennial weeds (Cramer and Burnside 1981, Mes- 
sersmith and Lym 1985), small shrubs (Mayeux and Crane 1984), 
and woody brush species such as honey mesquite (Prosopisglandu- 
loss Torr.) (Mayeux and Crane 1985) on rangelands and improved 
pastures. The tractor-mounted carpeted roller is an efficient alter- 
native to hand-treating individual brush plants with diesel oil, 
herbicide sprays, or soil-applied herbicides, especially for regrowth 
following mechanical treatments or new infestations of small 
plants that do not yet justify more intensive reclamation practices. 
Advantages of these applicators include the absence of drift and 
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the application of herbicides only to the taller growing weeds, 
shrubs, or brush. Better control of some species is obtained by 
wiping the herbicide onto foliage than by spraying (Mayeux and 
Crane 1984), and the amount of herbicide required per unit area 
may be reduced in comparison with other methods (Messersmith 
and Lym 1985). 

Previous evaluations of herbicides applied with a carpeted roller 
for control of honey mesquite indicated that excellent control 
could be obtained with picloram (4amino-3,5,6-trichloropicolinic 
acid) or clopyralid (3,6dichloropicolinic acid). Mortality varied 
from about 60 to 100% when these herbicides were applied under 
favorable conditions (Mayeux and Crane 1985). Such levels of 
control compare favorably with other alternatives, but response of 
honey mesquite varied with year and location. Some of the incon- 
sistency occurred because small, widely spaced honey mesquites 
were more easily controlled than were larger plants growing in 
dense stands. The effectiveness of the carpeted roller in dense 
stands is of particular concern because of current interest in using 
these applicators to control honey mesquite on degraded pastures 
where repeated mowing has resulted in very thick stands of decum- 
bent, multistemmed plants up to 2 m in height, the maximum size 
that can effectively be treated with carpeted rollers as currently 
constructed. Stems of taller plants are not flexible enough to pass 
beneath the tractor without breaking at the soil surface, and these 
invariably resprout from basal buds. In Texas, these pastures are 
commonly near homesites and fields of herbicide-susceptible 
crops, and drift limits the use of herbicide sprays. Individual plant 
treatment by conventional means is precluded by the large 
numbers of plants and the extensive areas involved. 

Timing of herbicide application may be less critical with the 
carpeted roller than with broadcast sprays (Mayeux and Crane 
1985). Percent canopy reduction at the end of the second growing 
season after treatment was similar when herbicides were applied in 
May or in August and September, and mortality was slightly but 
significantly less following late summer applications. Acceptable 
control of honey mesquite with foliar sprays is obtained from 
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about mid May to early July in Texas, and later applications are 
not recommended (Scifres et al. 1973). Flexibility in the timing of 
applications would be an important advantage, and additional 
information is needed in regard to this possibility. 

The primary objective of this study was to evaluate the carpeted 
roller for control of honey mesquite in dense stands of plants that 
approach the maximum size that can pass beneath the tractor 
without breaking off at the ground and resprouting. The influence 
of timing of application was also investigated. A third objective 
was to compare the effectiveness of the herbicide 2,4,5-T [(2,4,5- 
trichlorophenoxy)acetic acid] with a standard, picloram, applied 
alone and in combination. Although 2,4,5-T is no longer commer- 
cially available, there was much interest in its effectiveness if ap- 
plied in this manner when the study was initiated, and questions 
concerning its use still arise. The herbicides were applied as solu- 
tions of varying concentration to provide additional information 
regarding the concentration required to give acceptable control in 
different situations. 

ments. Treatments were evaluated by recording visual estimates of 
percent reduction in live canopy by consensus of 2 observers, 
compared to untreated plots, at the end of the second growing 
season after treatment, usually in September. At the same time, all 
honey mesquite plants in each plot were observed and rated as live 
or dead. Plants were considered live if any resprouting was appar- 
ent. Percent mortality was calculated as the proportion of dead 
plants in each plot. Live canopy reduction and mortality data were 
subjected to several analyses of variance without transformation. 
Results of the 2 experiments conducted near Little River were 
similar so the data were pooled across years for analysis and 
presentation. Only results of the 1983 applications at Temple are 
presented because the experiments were destroyed when the pas- 
ture was rootplowed before evaluations were conducted in the fall 
of 1985. Data were subjected to analysis of variance. The monthly 
applications at Sparks were analyzed with treatment effects 
assigned to month of application as well as all combinations of 
herbicide and concentration to better define the effects of timing of 
treatment. Means were separated with Duncan’s multiple range 
test at the 5% level. 

The tractor-mounted carpeted roller was operated as described 
earlier (Mayeux and Crane 1985). However, the stem scraper in 
front of the roller was replaced with a smooth 5cm diameter pipe. 
Wetness of the common household carpet was determined by 
observing the amount of herbicide solution on foliage as it passed 
beneath or beside the tractor. The carpet was rewetted as needed 
during use by momentarily activating a solenoid valve which 
allowed solution to flow by gravity to a perforated pipe placed 
parallel to and just above the roller. The roller was usually oper- 
ated at a height of about 30 cm. Tractor speed was about 6 km/ hr. 

Rain gauges were maintained at or near each site during the 
course of the study, and temperature and relative humidity were 
recorded by hygrothermographs when treatments were applied at 
Little River and Temple. A remote weather station with a comput- 
ing data recorder was installed at the Sparks site during the 1984 
growing season. Environmental parameters monitored continu- 
ously included air temperature, relative humidity, soil tempera- 
ture, and soil water tension with gypsum blocks at various depths. 

Results 
Experiments were established at 3 locations in central Texas. 

Herbicides were diluted with water to desired concentrations, 
expressed as acid equivalent. The propylene glycol butyl ether ester 
of 2,4,5-T was applied alone at 5 concentrations ranging from 3 to 
60 g/L and as a 1: 1 combination with the triisopropanolamine salt 
of picloram at 4 total concentrations ranging from 3 to 24 g/ L near 
Little River, Texas. No surfactant or other additives were included 
in the solutions. These treatments were applied in separate experi- 
ments in late September 198 1 and 1982 and in mid June of 1982 and 
1983. Most honey mesquites were about 2 m tall, but some were as 
tall as 2.4 m at the time of treatment. Stand density averaged 2,850 
plants/ ha as determined by counting the number of plants within 
several 5.5 by 30.5-m plots. Soils near Little River were clay loams 
of the Wilson series (Vertic Ckhraqualfs). 

Average temperatures and relative humidity prevailed when 
treatments were applied near Little River in June and September of 
198 1 through 1983, and rainfall received during the months imme- 
diately prior to each application was average or above (data not 
shown). Growing conditions appeared to be favorable for herbi- 
cide effectiveness on all treatment dates. Considerably higher live 
canopy reduction and mortality (root-kill) were obtained by treat- 
ing in mid-June than in late September (Table 1). Mortality was 

Table 1. Percent canopy reduction and mortality of honey mesquite at the 
end of the second growing seeeon after herbicides were applied with a 
carpeted roller on two d&s in 1981 tbrougb 1983 near Little River, 
Texas. Stand density averaged 2,8SO/ba. 

The same ester form of 2,4,5-T was applied at 5 concentrations 
ranging from 12 to 240 g/L, and the potassium salt of picloram was 
applied at 4 concentrations ranging from 12 to 120 g/L near 
Sparks. These treatments were applied in early June and August in 
1983 and in mid-April, June, and August in 1984. In addition, 
2,4,5-T was applied as 120 and 240 g/L solutions and picloram as 
60 and 120 g/ L solutions monthly from June through September in 
1983 and from April through September during 1984. Height of 
plants averaged about 1.5 m in 1983 and almost 2 m in 1984. 
Density ranged from 3,850 to 3,890 plants/ ha. Soils at the Sparks 
site were silty clays of the Lewisville (Typic Calciustolls) and Krum 
series (Vertic Haplustolls). 

Concen- 
tration 

Canopy 
reduction (%)I Mortality (%)I 

Herbicide(s) September September 

Picloram + 2,4,5-T 
Picloram + 2,4,5-T 
Picloram + 2,4,5-T 
Picloram + 2,4,5-T 
2,4,5-T 
2,4,5-T 
2,4,5-T 
2,4,5-T 
2,4,5-T 

(g/L a.e.) 

3 
6 

12 
24 

3 
6 

12 
24 
60 

34a 15abc 
17 cd 23 cd 
77 cd 29d 
98 d 55 e 
42 ab 4a 
63 bc 12abc 
15 cd 20 bed 
81 cd 9ab 
76cd 16abc 

13 a 
48 bc 
57 c 
80d 
14 a 
23 a 
43 bc 
34 ab 
32 ab 

Oa 
Oa 
6 

II a 
Oa 
Oa 
Oa 
Oa 
3a 

Herbicides applied near Temple in mid June and late August of 
1983 and 1984 included the potassium salt of picloram, the mono- 
ethanolamine salt of clopyralid, and a 1: 1 mixture of the same form 
of clopyralid with the triisopropanolamine salt of picloram, each at 
12 and 60 g/ L of total herbicide. A commercial surfactant contain- 
ing a mixture of polyoxyethylene glycols, free fatty acids, and 
isopropanol was added to herbicide solutions applied at Sparks 
and Temple at 0.5% by volume. Plant height at the Temple site 
averaged 2 m and density averaged 4,93O/ha. Soils were Bosque 
clay loams (Cumulic Haplustolls). 

‘Means within a column followed by the same letter do not differ significantly at the 
5% level according to Duncan’s multiple range test. 

Each experiment was a randomized complete block design with 
3 replications. Plot size was 5.5 (3 swaths) by 30.5 m in all experi- 

80% when averaged over both years in plots treated in June with 
the mixture of picloram and 2,4,5-T at a concentration of 24 g/L. 
The same treatment killed only 11% of the honey mesquites when 
applied in September. Effectiveness of the combination of piclo- 
ram and 2,4,5-T generally increased with increasing concentration 
in June. The relatively low concentrations of 6 and 12 g/ L provided 
48 and 57% mortality, respectively, and the 80% mortality 
obtained with the highest concentration, 24 g/L, would be consi- 
dered acceptable. Applications of 2,4,5-T alone were not effective 
at these relatively low concentrations, even in June. 
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Table 2. Percent mortality of honey mesquite at the end of the second 
growing season after herbicides were applied with a carpeted roller on 
two dates in 1983 near Sparks, Texas. Stand density averaged 3,850 
plants/ha. 

Concentration Mortality (%)I 
Herbicide (gl L a.e.) June August 
Picloram I2 42 b 30 b 
Picloram 24 51 bc 66 c 
Picloram 60 61 bc %d 
Picloram 120 70 c 99d 
2,4,5-T 12 12a 8a 
2,4,5-T 24 10 a la 
2.4,5-T 60 7a II a 
2,4,5-T I20 14 a 7a 
2,4,5-T 240 9a 15ab 

~Meansfollowed bythe same letterdo not differsignificantlyat the SY~levelaccording 
to Duncan’s multiple range test. Canopy reduction ranged from 93 to 1009e and did 
not vary significantly with herbicide treatment. 

Applications of 2,4,5-T at the same and even higher concentra- 
tions were no more effective near Sparks in 1983 (Table 2) than at 
Little River, based on mortality. The maximum mortality obtained 
with 2,4,5-T applied in June or August at concentrations as high as 
240 g/L was only 15%. However, estimated live canopy reduction 
was high during the year following treatment, averaging 93% or 
more in all treated plots, regardless of herbicide, concentration, or 
month of application (data not shown). Most resprouting at 
Sparks occurred as small shoots arising at the base of main stems, 
which were not visible during estimates of live canopy reduction. 
Although canopy reductions were similar, picloram was signifi- 
cantly more effective than 2,4,5-T at each concentration when 
compared on the basis of mortality. Mortality in plots treated with 
picloram in June 1983 ranged from 42 to 70% and increased only 

Table 3. Percent mortality of honey mesquite at the end of tbe second 
growing season after herbicides were applied with m carpeted roller on 
four dates in 1983 near Sparks, Texas. Stand density averaged 3,8SO/ba. 

Concen- Canopy 
tration reduction (%)t Mortality (%)I 

Herbicide(s) (g/L a.e.) June July August September 

Picloram 60 61 a 94 b 96 b 76 ab 
Picloram 120 70a 96 b 99 b 93 b 
2,4,5-T 120 14 a Ila 7a 4a 
2,4,5-T 240 9ab 24c ISbc 2a 

‘Means within a row followed by the same letter do not differ significantly at the 5% 
level according to Duncan’s multiple rate test. Canopy reduction ranged from 88 to 
100% and did not vary significantly with month of application. 

slightly with increasing concentration, despite a IO-fold difference 
in the least and greatest concentrations applied, 12 and 120 g/L. 

Picloram was especially effective when applied in August 1983 at 
Sparks (Table 2). Solutions containing 60 and 120 g/L of picloram 
root-killed 96 and 99% of the treated honey mesquites, respec- 
tively. A comparison of higher concentrations applied monthly 
from June to September in 1983 (Table 3) indicated that 60 g/L 
solutions of picloram were significantly more effective in July and 
August than in June, and 120 g/L solutions were most effective 
from July through September. Conversely, June applications of 
picloram were more effective than August applications in 1984 at 
all concentrations, especially 12 and 24 g/L (Table 4), in terms of 
mortality. However, no significant differences were apparent 
among monthly applications of higher concentrations of picloram 
from May through September in 1984, based on percent canopy 
reduction (Table 5). Considerably more variation in response to 
monthly applications of high concentrations of picloram at Sparks 
in 1984 was evident in the mortality data. Mortality in plots treated 

Table 4. Percent canopy reduction and mortality of honey mesquite at the end of the second growing season rfter herbicides were applied with a carpeted 
roller on three dates in 1984 near Sparks, Teus. Stand density averagcd 3,890 plants ha. 

Concentration Canopy reduction (%)I Mortality (%)I 

Herbicide (gl L a=) April June August April June 

Picloram I2 43 a 87 abc 70 bc 3a 60C 
Picloram 24 38 a 90 bc 73 bc 6a 53 c 
Picloram 60 57 a 90 bc 95 d 29 b 79 d 
Picloram 120 67 a 9!3C 88 cd 37 b 93 e 
2,4,5-T I2 52 a 82 ab 38 a 5a 27 b 
2,4,5-T 24 50a 72 a 52 ab 4a 15a 
2,4,5-T 60 37 a 75 ab 45 a 8a 14a 
2,4,5-T 120 53 a 83 ab 73 bc 5a I4 a 
2,4,5-T 240 58 a 80ab , 51 ab Ila I5a 

‘Means within a column followed by the same letter do not differ significantly at the ST0 level according to Duncan’s multiple range test. 

August 

l4a 
19a 
64b 
50 b 

2a 
3a 
2a 
4a 
3a 

Table 5. Percent canopy reduction and mortality of honey mesquite at tbe end of the second growing season after herbicides were applied with a carpeted 
roller on six dates in 1984 near Sparks, Texas. Stand density averaged 3,890 plants/ha. 

Concentration 
Herbicide (g/L ax.) April May June July August September 

---Canopy reduction (%)t 
Picloram 60 57a 98 b 90b 87 b 95 b 97 b 
Picloram I20 67 a 94 b 99b 95 b 88 b 98 b 
2,4,5-T 120 53 ab 72 bc 83 c 55 ab 73 bc 37 a 
2,4,5-T 240 58 ab 80 b 50 ab 57 ab 43 a 

-----------Mortality (%)t------ 
Picloram 60 29 a 76 b 79 b 25 a 64b 75 b 
Picloram 120 37a 63 abc 93 c 58 ab 50 ab 86 bc 
2,4,5-T 120 5a 9a I4 a la 4a 3a 
2,4,5-T 240 II a 7a I5 a 3a 3a 3a 

Weans within a row followed by the Same letter do not differ significantly at the 5% level according to Duncan’s multiple range test. 
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Table 6. Percent canopy reduction and mortality of honey mesquite at the 
end of tbe second growing season after herbicidea were appikd with a 
carpeted roller on two dates in 1983 near Tempk, Texas. Stsnd density 
averqed 4,930 pknts/lm. 

Herbicide(s) 

Concen- Canopy 
tration reduction (‘@l 

(g/L a.e.) June August 

Mortality (%)I 

June August 

Picloram 
Picloram 
Clopyralid 
Clopyralid 
Picloram + 

clopyralid 
Picloram + 

clopyralid 

: 

12 

60 

95 a 57 a 61 a lla 
1OOa 87 b 91 ab 56 bc 
99a 93 b 99 b 76c 

1OOa 99 b 84 ab 48 bc 

98 a 73 ab 76 ab 30 ab 

1OOa 95 b 94 b 7oc 

‘Means within a column followed by the same letter do not differ significantly at the 
5% level according to Duncan’s multiple range test. 

with 60 g/L solutions in May, June, August, and September 
ranged from 64 to 79% and did not differ significantly, while 
mortality in plots treated in April or July was less than 30%. The 
120 g/L concentration of picloram provided best control in June 
and September, and mortality in plots treated in May was not 
statistically less. Although 2,4,5-T substantially reduced the live 
canopy of honey mesquite at Sparks in 1984, mortality in plots 
treated with 2,4,5-T was low and poorly associated with herbicide 
concentration (Tables 4,5). 

Air temperature, relative humidity, and soil water availability 
appeared to be more normal for the seasons when herbicides were 
applied with the carpeted roller near Temple in 1983. Live canopy 
reduction averaged 95 to 10090 at the end of the second growing 
season after picloram, clopyralid, and their combination were 
applied as 12 or 60 g/L solutions in June (Table 6). After applica- 
tion in August, more live canopy was visible in plots treated with 
lower concentrations of picloram, compared to plots receiving 
other treatments, but canopy reductions in plots treated with piclo- 
ram alone and in combination with clopyralid at a total concentra- 
tion of 12 g/L were not significantly different. Little differences 
were noted in canopy reduction obtained by the higher concentra- 
tion applied in June or August. 

Clopyralid was substantially more effective than picloram when 
each was applied as 12g/ L solutions in June, based upon mortality 
(Table 6). The lower concentration of clopyralid killed 99% of the 
treated honey mesquites, compared to only 61% mortality where 
picloram was applied alone in the dense stand. The mixture of the 2 
herbicides was intermediate in effectiveness, averaging 76% mor- 
tality at the lower concentration in June (Table 6). Picloram, 
clopyralid, and the 1: 1 mixture were highly effective when applied 
in June at the higher concentation. Clopyralid also provided higher 
mortality than picloram when applied alone as 12 g/ L solutions in 
August, and the mixture was again intermediate in effectiveness. 
Mortality in August tended to be higher where clopyralid was 
applied as 12gJ L than as 6Og/ L solutions, but differences were not 
statistically significant. The mixture of picloram and clopyralid 

root-killed 7090 of the honey mesquites when applied in late 
August at a concentration of 60 g/L. 

Discussion 
Although the herbicide 2,4,5-T eliminated much of the live 

canopy of honey mesquite when applied with a carpeted roller in 
several experiments, it failed to completely kill an acceptable pro- 
portion of treated plants when applied in these dense stands at 
concentration as high as 240 g/L, regardless of timing of applica- 
tion. Basal regrowth of top-killed plants would soon replace. honey 
mesquite’s ability to compete with forage species. Applications of 
the 1: 1 mixture of 2,4,5-Tand picloram in June were as effective as 
picloram applied alone, but the mixture was not effective when 
applied late in the growing season. Clopyralid was more effective 
than picloram at a low concentration, but not at a higher concen- 
tration, and the mixture of the 2 herbicides was as acceptable as 
either applied alone. 

Direct comparisons between the results of experiments reported 
here and those reported earlier (Mayeux and Crane 1985) are 
tenuous, but levels of control obtained in these dense stands did not 
approach those sometimes observed when sparse stands were 
treated in the previous study. Still, the relatively high levels of 
mortality obtained with picloram and clopyralid applied alone or 
in combination indicate that the carpeted roller is an acceptable 
alternative for use in management of range and pastures domi- 
nated by dense stands of honey mesquites up to 2 m in height if 
effective herbicides are used. However, greater quantities of herbi- 
cide solutions are required to treat dense stands, relative to sparse 
stands, which would increase the cost of application. 

Some variability occurred among experiments in the degree of 
honey mesquite control obtained with picloram, the herbicide 
included in each experiment as a standard, as was also noted in 
previous research. Mortality ranged from 42% where picloram was 
applied in June as 12 g/L solution at Sparks in 1983 to 60 and 61% 
where it was applied at the same concentration at Sparks in 1984 
and near Temple in 1983. Mortality obtained with 60 g/L solutions 
applied in June ranged from 61 to 91% in the various experiments. 
Comparable variation occurred in the results of applications made 
in August and September; mortality obtained with 12 g/L solu- 
tions varied from 11 to 30% and from 56 to 96% where 60 g/L 
solutions were applied. Such variation is typical of the response of 
honey mesquite to herbicides, regardless of method of application 
(Scifres et al. 1973), and reflects time and site specific differences in 
environmental conditions, physiological status, and other vari- 
ables which are difficult to assess. The failure of this practice to 
provide complete control of honey mesquite in dense stands or 
sparse stands (Mayeux and Crane 1985) documents the need for 
eventual retreatment, as with all other methods of control. 

The variability in control that was associated with month of 
application, within a year and location, appeared to be equal to 
that observed among years and locations. Mortality obtained with 
picloram in a solution containing 60 g/L ranged from 61 to 96% 
when applied monthly from June through September in 1983 
(Table 3) and from 25 to 79% when applied from April through 
September in 1984 at Sparks (Table 5). Much of this variation can 

Table 7. Environmental conditions on dates in 1984 when herbicides were applied to honey mesquite with a carpeted roller near Sparks, Texas. 

Date 

April 17 
May 15 
June 13 
July 18 
August 16 
Sept. 25 

Maximum air Minimum relative 
temperature (C) humidity (9%) 

29 13 
32 21 
32 51 
38 20 
35 26 
35 39 

Maximum soil temperature (C) Soil water potential (-MPa) 

10 cm 46 cm 20 cm 46 cm 

22 22 1.2 0.7 
37 29 >2.0 >2.0 
34 29 0.03 0.2 
40 35 >2.0 >2.0 
36 30 0.02 >2.0 
34 28 >2.0 >2.0 
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be attributed to the poor control obtained when treating honey 
mesquite during drought conditions, as occurred in 1984. Even in 
that year, fairly consistent control was obtained in May, June, 
August, and September, and mortality was high following applica- 
tion of picloram in June through September in 1983. Highest 
mortality obtained with 60 g/L picloram solutions occurred in 
plots treated in July and August of 1983, a year with favorable 
growing conditions during the entire summer. These results would 
suggest that application of herbicides with thecarpeted roller need 
not be limted to early summer in order to realize acceptable results, 
as is the case with broadcast sprays (Scifres et al. 1973). 

The variation associated with years and months within years in 
honey mesquite’s response to applications of identical treatments, 
especially evident at Sparks, can be attributed to wide differences 
in weather and growing conditions. Both the unusual pattern of 
response to monthly applications and the generally lower mortality 
observed at Sparks in 1984, relative to other experiments, were 
probably due to reduced susceptibility to translocated herbicides 
associated with water stress and drought conditions. Soil water 
availability has strongly influenced the response of honey mesquite 
to herbicides such as 2,4,5-T applied as broadcast sprays in other 
studies, as summarized by Scifres et al. (1973). Rainfall at Sparks 
was below the annual average of 85 cm in both years, with 78 cm 
recorded from January through December 1983 and 75 cm occur- 
ring in 1984(data not shown). However, the monthly distributions 
were very different. The spring of 1983 was relatively wet, with a 
total of 24 cm recorded in January, February, and March. Consid- 
erable rain occurred during the growing season in 1983, with 20 cm 
recorded in May, 17 in August, and at least 1.7 cm recorded in each 
month that herbicides were applied. Little of the total 1983 rainfall 
occurred after the last application in September. The spring of 
1984 was especially dry until 13 cm was recorded in early June. 

The distribution of rainfall at Sparks in 1984 was reflected in soil 
water tension, which was relatively high at -1.2 and -0.7 MPa at 20 
and 46 cm depths when treatments were applied in April (Table 7). 
April applications were not effective (Table 5), possibly because of 
water stress, immaturity of leaves (Dahl et al. 1971, Scifres et al. 
1973), or low soil temperatures. Dahl et al. (1971) reported that 
acceptable control of honey mesquite with 2,4,5-T sprays occurred 
only after soil temperature exceeded 27’ C at a depth of 46 cm, 
which did not occur at the study site until 8 May 1984 (Table 7). 

Soil water tension was greater than -2 MPa at both depths when 
treatments were applied in May and July. The 13 cm of rainfall 
which occurred 1 week prior to treatment in June reduced soil 
water tension to -0.03 and -0.2 MPa at 20 and 46 cm, respectively, 
and 3 cm of rain 4 days prior to treatments in August reduced soil 
water tension at 20 cm to -0.02 MPa, although the soil at 46 cm 

remained very dry. Mesquite control was not closely associated 
with soil water potential, in that relatively high mortality and 
canopy ‘reduction (Table 5) were obtained with picloram in May 
and September, when the soil was very dry to a depth of at least 46 
cm (Table 7). Control was especially poor in July, when soil water 
potential was high and maximum daily air temperatures were in 
excess of 38” C for 10 days prior to and during treatment. Air 
temperatures were also high during August and September. 

Treatments applied in August 1983 near Temple were not as 
effective as those applied in June (Table 6), but the least effective 
treatments in August at that location were those applied at a 
concentration of only 12 g/L. That concentration applied in 
August 1983 at Sparks also provided inadequate control (30% 
mortality), while 24 and 60 g/L solutions killed 66 and 96% of the 
honey mesquites in the same experiment (Table 2). It appears that a 
concentration of 12 g/L, and possibly 24 g/L, is insufficient to 
provide acceptable control in dense stands under the more stress- 
ing conditions in late summer, while 60 g/L solutions provide 
acceptable mortality when applied through August in normal 
years. Excellent control was obtained in June with 12 and 24 g/L 
solutions of picloram in some but not all experiments, as was noted 
with 30 g/L solutions in the previous report (Mayeux and Crane 
1985). These concentrations may be sufficient under favorable 
conditions, but the ability to accurately identify those periods is 
currently lacking. The ineffective applications made in late summer 
near Little River were applied during the last week in September, 
which is probably too late in the growing season to obtain accept- 
able control with any reasonable concentration of herbicide in the 
treatment solution. The presence of honey mesquites up to 2.4 m 
tall at that site also reduced mortality relative to other sites. 
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Nitrogen and Carbohydrate Partitioning in ‘Caucasian’ 
and ‘WW-Spar’ Old World Bluestems 
B.I. COYNE AND J.A. BRADFORD 

Abstract 

Total nonstructural carbohydrates (TNC) and nitrogen (N) in 
‘WW-Spar’(Bot~~hl~iscAomuun ) and ‘Caucasian’(B. caucas- 
icu) Old World bluestems were monitored in field experiments 
during springaummer and summer-fall growth cycles. The objec- 
tives were to determine seasonal partitioning of TNC and N among 
biomass compartments and to determine relationships between 
concentrntions and pool sizes of TNC and N in the perennating 
storage organs (stem bases and roots). Average TNC concentra- 
tions during the growing season were highest in the leaf sheaths and 
enclosed stems followed by leaf blade&stem bases >roots. Total 
TNC was highest in the roots>stem bases>stem plus sheaths>leaf 
blades. Average N concentrations were highest in the leaf blade+- 
root&stems plus sheaths>stem bases while the rank for total N 
was root>stem base>leaf blade>stems plus sheaths. Thus, the 
perennating organs (stem bases, roots) represented the largest 
reservoirs for both TNC and N reserves. Reserve cycles were 
similar in both grass species. Differences were primarily in the 
perennatlng organs as WW-Spar bluestem stored more TNC and 
N in stem bases and Caucasian bluestem stored more of both 
constituents in roots 

It is often assumed that plant vigor is related to TNC and N 
reserves and that management of forage-based livestock produc- 
tion systems can be keyed to reserve cycles. Therefore, we sought to 
answer the question of whether concentrations alone could ade- 
quately predict relative vigor or whether pool sizes must be known. 
Our analysis showed that concentrations tracked pool sizes of 
TNC extremely well in the roots, but that the relationship was not 
as strong in the stem bases. The relationship for N concentration 
and total N was highly significant for roots, but not as good as for 
TNC. Concentrations of N were not good predictors of total N in 
stein bases. Fluctuations in total N were much greater than for 
concentration. Although nitrogen-use efficiency increased linearly 
with season, N investment per unit leaf blade area deelined. This 
suggested that nitrogen limitation was the main cause for reduced 
rates of increase in TNC-use efficiency during the last third of the 
first growing cycle. This was a time when TNC investment per unit 
leaf blade aren was increasing. In these Old World bluestems, 
management decisions related to plant vigor can apparently be 
keyed to TNC concentrations thereby eliminating the more lnbor- 
ious tasks required to determine TNC pool sizes. Further study is 
necessary to determine the feasibility and economics of using nit- 
rogen fertilizer applications in the final third of a growing cycle to 
reverse the loss in leaf TNC-use efficiency observed in this study. 

Key Words: Bothriochloa caucasica, B. ischaemum, total non- 
structural carbohydrates, nitrogen and carbohydrate reserves, spe- 
cific leaf weighht 

Reserve constituents [primarily total nonstructural carbohy- 
drates (TNC), but also nitrogen (N)] of both desirable and undesir- 
able perennial plant species have long been considered important 
indices to guide the application vegetation management alterna- 
tives with respect to timing, frequency, and rate. A voluminous 
literature that details annual cycles in TNC concentrations and the 
interpretation of these cycles in the context of grazing management 
(range readiness, season and intensity of use, etc.) and improve- 
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University, Hays 67601 and Southern Plains Range Research Station. USDA/ARS. 
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ment of the vegetative cover (weed and brush control, changes in 
botanical composition) dates from the 1920s. Concentrations of 
TNC or N can be misleading because changes in their values can 
result from gains or losses in biomass of the storage compartment, 
while absolute quantities of these constituents remain fairly con- 
stant and vice versa. For example, Santos and Trlica (1978) 
reported concentrations of TNC in the crowns and roots of blue 
grama (Boutelouu gracilis) were minimally affected by clipping 
treatments but were reduced in western wheatgrass (Agropyron 
smithii). However, TNC pool sizes were reduced in both species 
because crown and root biomass responded negatively to clipping. 

Because of shortcomings associated with interpretations of con- 
centration data, Priestly (1962), and more recently Caldwell 
(1984), have properly emphasized the importance of measuring 
total quantities of reserve constituents rather than just concentra- 
tions. In addition, Caldwell (1984) has demonstrated that the 
importance of reserve pools has perhaps been overstated. Not only 
can large changes in concentration show little correlation to 
changes in pool size, the actual size of a reserve pool may be quite 
small compared with the daily production of photosynthate. For 
example, the entire carbon pool in the shoots of winterfat (Ceru- 
toides lunata), a suffrutescent desert species, was calculated to 
represent 1 day of photosynthetic fixation in the spring. The total 
net change of this pool during the spring cycle of depletion and 
replenishment was equivalent to only 3 to 4 hours of maximum 
photosynthesis during the spring. Data such as these led Caldwell 
to propose that reserve pools might better be perceived as buffers 
rather than reservoirs. 

The objectives of this study were to document the seasonal 
partitioning of TNC and N among the various above- and below- 
ground tissues of ‘WW-Spar’ (Bothriochloa ischaemum) and 
‘Caucasian’ (B. caucasica) Old World bluestems and to determine 
the relationships between concentrations and pool sizes of TNC 
and N in the perennating storage organs (stem bases, roots). 

Materials and Methods 

Plant Materials and Culture 
Above- and belowground biomass of Caucasian (Accession 

WW-758) and WW-Spar (WW-573) bluestems growing as mono- 
cultures in the field (randomized complete block design with 8 
blocks) were sampled repetitively during the 1983 growing season. 
Plant culture and biomass sampling methods and soil moisture 
levels were previously described by Coyne and Bradford (1986). 
Five biomass or tissue fractions (leaf blade, leaf sheath plus 
enclosed stem, exposed stem plus inflorescence, stem base, and 
roots to a depth of 1.2 m) were analyzed to determine the concen- 
trations of total nonstructural carbohydrates (TNC) and nitrogen 
(N). Pool sizes of these nutrients were calculated as a product of the 
concentrations and the quantity of biomass in each fraction (from 
Coyne and Bradford 1986) and expressed on a per plant basis. Per 
plant values divided by 0.0929 rn2 plant-’ converts the data to a unit 
land area basis. Root and stem base values were converted to an 
ash-free basis. 

Field Sampling Scheme 
The growing season was divided into spring-summer and 

summer-fall growth cycles (hereafter cycle 1 and cycle 2, respec- 
tively). Blocks 1 through 4 were used for cycle 1 and blocks 5 
through 8 (which grew undisturbed during cycle 1) were used for 
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cycle 2. After spring growth initiation (11 April 1983), plants were 
sampled 12 times during cycle 1: 18 April; 2,9,16,23 May; I, 6, 13, 
20, 27 June; and 5, I1 July. Cycle 2 was initiated by mowing the 
plots to a uniform stubble height of 50 mm on 14 July 1983 and 
plants were subsequently sampled 9 times: 14 July; 1, 15, 22, 30 
August; 9, 19,29 September; and 10 October. Two plants per plot 
(block) were sampled for each grass at each sample date. 

Laboratory Analyses 
Lyophilized biomass samples were ground in a cyclone sample 

mill (O&mm screen) and stored in plastic vials until analyzed 
further. TNC was digested by a dual enzyme (glucoamylase and 
mycolase) method and the reducing power of the digest was deter- 
mined by copperiodometric titration (Khaleeluddin and Bradford 
1986). Nitrogen was determined by Hach’s Digesdahl Hz0s-HsS01 
digestion method (Hach Agricultural Division, P.O. Box 907, 
Ames, Iowa 50010) using bovine serum albumin and NBS standard 
reference material (No. 1573, tomato leaves) for calibration. 

Data Analysis 
Measured and calculated parameter differences between Cauca- 

sian and WW-Spar bluestems were determined by analysis of 
variance within a growth cycle using a split plot in time model 
(Steel and Torrie 1960). Unit leaf, unit nitrogen, and unit TNC 
rates were derived using the methods of Hunt and Parsons (1974) 
as previously described (Coyne and Bradford 1985). Basically, the 
unit rates measure the rate of biomass production per unit leaf 
area, nitrogen, and TNC, respectively. 

Results and Discussion 

Total Nonstructural Carbohydrates (TNC) 
Seasonal trends in TNC concentrations (Pig. 1) were similar in 

both WW-Spar and Caucasian bluestems. Across dates, WW-Spar 
bluestem had higher concentrations of TNC in the stem plus leaf 
sheath fraction in cycle 1 and in all fractions except leaf blades in 
cycle 2 than did Caucasian bluestem (Table 1). TNC concentration 
cycles in the storage organs (stem bases, roots) exhibited a pattern 
that is commonly described (Trlica 1977) as “U” shaped in which 
concentrations declined concurrently with the initiation of spring 
growth and remained low until about half way through cycle 1 
when inflorescences were beginning to appear. Conversely, a “V” 
shaped cycle was observed in cycle 2, which probably resulted from 
precipitation-irrigation events (Coyne and Bradford 1986). Reserves 
declined rapidly during cycle 2 after the grasses had been clipped to 
a 50 mm stubble height. Then TNC immediately increased rapidly, 
eventually leveled off, but retained a positive slope throughout the 
rest of the cycle. The vertex of the “V” (Fig. ld,e, day 227) and the 
late season increase in TNC of stem bases and roots (day 262) 
coincided with soil moisture recharge following dry periods. 

The relative rank in mean TNC concentrations (Table 1) among 
the 5 biomass compartments was stem plus sheath>leaf blade> 
stem base>root>stem plus inflorescence for both species and 
cycles. High TNC concentrations were retained in nonperennating 
organs (stems, blades, sheaths) until the final sample date (10 
October) when the plants were becoming quiescent. Translocation 
of TNC to stem bases and roots evidently occurred well after frost 
in WW-Spar and Caucasian bluestems as found in other grasses 
(Dewald and Sims 198 1, McKendrick et al. 1975, Rains et al. 1975) 
and fall grazing practices must recognize the potential for remov- 
ing reserve resources prior to their transfer to storage sites. 

Although TNC concentrations in the leaf blades and stems plus 
sheath peaked early in cycle 1 (Fig. la, b), absolute quantities of 
TNC continued to increase throughout the cycle (Fig. 2a,b) 
because concurrent increases in biomass allocation to these com- 
partments more than offset the dilution of TNC. Conversely, 
trends in TNC pool size for roots and stem bases (Fig. 2d, e) were 
quite similar to those for TNC concentration (Fig. Id,e). In 
general, species differences in TNC pool sizes (Table 2) paralleled 
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Fig. 1. Total nonstructural carbohydrate concentrations (mg g-l) in five 
tissue compartments in WW-Spar and Caucasian bluestems during two 
growingcycles. Asterisksdenotesig@cant differences (F’<O.OS) between 
species within dates. Note that Subfgs. A and Bare scaled. 

those in concentration (Table I). 
A discontinuity can be noted in both concentration (Fig. Id, e) 

and total (Fig. 2d, e) TNC in stem bases and roots in the transition 
from cycle 1 to cycle 2. Biomass also showed this same pattern 
(Coyne and Bradford 1986), which explains the discontinuity in 
pool size but not concentration. None of the parameters measured 
suggested an explanation for this aberration in concentration and 
it may be due to physical differences between blocks l-4 used for 
cycle 1 and blocks 5-8 used for cycle 2. 

If we assume that plant vigor is related to TNC, a practical 
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Table 1. Mean co~~cnt&ons of total no- d cubohydretea (TNC) end nitrogen (N) in five tissue compartments in WW-Spar and Caocaeha 
bhaestemr during two growth cyc1a.l 

Cycle 1 Cycle 2 

Parameter WW-Spar Caucasian P>F WW-Spar Caucasian P>F 

TNC concentrations (mg g-r): 
Leaf blade 55.48 56.82 0.78 46.95 47.92 0.73 
Stem + sheath 112.08 70.23 0.01 81.75 63.87 0.05 
Stem + inflorescence 7.28 11.18 0.31 28.37 15.27 0.02 
Stem base 23.17 21.78 0.70 30.94 22.47 0.03 
Root 14.10 13.89 0.72 28.94 20.35 0.16 

N concentrations (mg g-r): 
Leaf blade 15.00 15.60 0.51 12.37 13.76 0.25 
Stem + sheath 7.34 8.52 0.30 5.29 6.20 0.14 
Stem + inflorescence 1.10 2.24 0.07 4.28 2.31 0.07 
Stem base 4.93 5.13 0.66 4.31 3.98 0.35 
Root 8.61 10.35 0.04 7.39 7.55 0.24 

‘Sample size ranged from 38 to 45 in cycle 1 and 29 to 3 1 in cycle 2 depending on the presence of a compartment in the early years of growth or regrowth. To cornparr species for a 
particular parameter within cycles, P>F is the probability of a type I error. 

Table 2. Mean pool sizes of total nonstructorel cerbobydrates (TNC)and nitrogen (N)in five tissue comportmentsin WW-Spu end Caucasiea blwstems 
during two growth cycles.’ 

Parameter WW-Spar 

Cycle I 
Caucasian P>F WW-Spar 

Cycle 2 
Caucasian P>F 

TNC (g plant-r): 
Leaf blade (TNCb) 
Stem + sheath (TNCss) 
Stem + inflorescence (TNCsi) 
Stem base (TNCsb) 
Total aboveground (TNCag) 
Total root (TNCr) 
Total plant (TNCp) 

TNC partitioning ratios (g g-r): 
TNCb/ TNCp 
TNCss/TNCp 
TNCsi/ TNCp 
TNCsb/ TNCp 
TNCag/TNCp 
TNCr/ TNCp 

N (g plant-‘): 
Leaf blade (Nb) 
Stem + sheath (Nss) 
Stem + inflorescence (Nsi) 
Stem base (Nsb) 
Total aboveground (Nag) 
Total root (Nr) 
Total plant (Np) 

N partitioning ratios (g g-r): 
NblNp 
Nss/ Np 
Nsi/Np 
Nsb/Np 
Nag/ NP 
Nrl NP 

Investment per unit leaf blade area 
(g m-3: 

Specific leaf nitrogen 
Specific leaf TNC 
Specific leaf weight 

0.69 0.78 0.04 0.40 0.30 0.03 
0.75 0.74 0.85 0.73 0.32 0.01 
0.01 0.01 0.44 0.06 0.03 0.29 
0.94 0.54 0.01 1.20 0.53 0.03 
2.42 2.09 0.01 2.35 1.22 0.02 
1.84 1.73 0.19 4.39 3.05 0.16 
4.21 3.80 0.05 6.79 4.25 0.09 

0.17 0.21 0.16 0.07 0.08 0.23 
0.13 0.14 0.36 0.11 0.08 0.02 
0.00 0.00 0.39 0.01 0.01 0.36 
0.24 0.16 0.03 0.18 0.12 0.00 
0.54 0.51 0.14 0.36 0.29 0.02 
0.46 0.49 0.14 0.64 0.72 0.02 

0.17 0.20 0.02 0.10 0.07 0.05 
0.04 0.06 0.01 0.05 0.02 0.17 
0.00 0.00 0.97 0.01 0.00 0.03 
0.19 0.13 0.02 0.16 0.09 0.02 
0.42 0.39 0.10 0.32 0.18 0.02 
1.11 1.29 0.03 1.13 1.16 0.13 
1.54 1.67 0.02 1.47 1.32 0.01 

0.12 0.13 0.63 
0.02 0.03 0.05 
0.00 0.00 0.66 
0.13 0.08 0.01 
0.28 0.24 0.05 
0.72 0.76 0.05 

0.07 
0.03 
0.01 

0.06 0.23 
0.02 0.37 
0.00 0.01 
0.07 0.07 
0.15 0.05 
0.85 0.05 

0.11 
0.22 
0.78 

0.73 0.74 0.73 0.64 0.67 0.69 
2.75 2.77 0.94 2.50 2.46 1.00 

46.53 47.61 0.64 45.79 42.27 0.18 

Sample size ranged from 34 to 45 in cycle 1 and 28 to 3 I in cycle 2 depending on the pnsence of a particular compartment in the early stages of growth or regrowth. To compare 
species for a particular parameter within cycles. P>F is the probabdity of a type I error. 
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Fig. 2. Total nonstructural carbohydrate pool sizes (gplant-‘) in 5 tissue 
compartments in WW-Spar and Caucasian bluestems during 2growing 
cycles. Asterisks denote significant differences (lYO.05) between species 
within dates. Note that Subfig. E is scaled. 

question is whether TNC concentration could predict plant vigor 
any differently than would TNC pool size. We attempted to answer 
this question by calculation of the relative change in either concen- 
tration or pool size between high and low points of a growth cycle, 
but this was not entirely satisfactory because variability made it 
difficult to determine cycle extrema precisely in some instances. 
Nevertheless, when averaged across species, cycles, stem bases, and 
roots, the relative amplitude of change was slightly greater (0.52 
versus 0.60) for pool size than for concentration. However, as 
would be expected, the coefficient of variation for pool size (which 
included the covariance of its components, biomass and concentra- 
tion) was 20 to 40 and 15 to 60% higher than for concentration 

alone for WW-Spar and Caucasian bluestems, respectively. 
Perhaps a better way to compare the abntty of concentratron and 

pool size to predict the same trends in vigor is to plot normalized 
values (divide all values by maximum value) against each other as 
in Figure 3. These graphs, along with the corresponding high and 
positive simple correlation coefficients, clearly show that TNC 
concentration followed trends in total TNC quite well in the roots. 
Except for Caucasian bluestem in cycle 1, TNC concentration also 
followed the trends in total TNC of stem bases as well. The rela- 
tionships for the roots were linear and the points fell very close to 
the 1: 1 line, but a curvilinear pattern can be detected in the stem 
bases which caused departure from the 1:l line for mid-level 
concentrations. 

These grasses partitioned only slightly more TNC belowground 
than aboveground during cycle 2 (Table 2). The drier second cycle 
limited forage production and resulted in 60 to 70% of total TNC 
being allocated to roots. Across species and cycles, the partition of 
total TNC among the sampled tissues was greatest in roots>stem 
bases>leaf blade&terns plus sheaths>stems plus inflorescences. 
The primary differences between species reflected morphological 
differences in that WW-Spar bluestem had a significantly larger 
stem base biomass compartment than did Caucasian bluestem 
(Coyne and Bradford 1986). TNC concentration was also greater 
for stem bases in WW-Spar bluestem than in Caucasian bluestem. 
Therefore, a greater portion of WW-Spar’s total TNC reservoir 
was allocated to stem bases and less to roots as compared with 
Caucasian bluestem. 

WW-Spar bluestem has repeatedly demonstrated superior drought 
performance with respect to forage production compared to Cau- 
casian bluestem. While differences between the grasses in leaf 
water-use efficiency (Coyne et al. 1982) and rooting patterns 
appear to correlate with their drought performance, the partition- 
ing of the TNC pool, as noted for WW-Spar bluestem above, may 
also be conducive to better forage regrowth following defoliation, 
particularly under limited soil water conditions. There is evidence 
(White 1973) that TNC in the roots of grasses are probably not 
used directly in the support of new herbage growth following 
defoliation. If this is generally true, the higher partitioning coefti- 
cient for TNC in stem bases of WW-Spar bluestem may confer a 
competitive advantage to this cultivar in grazing situations over 
Caucasian bluestem. 

Nitrogen 
While carbohydrates are generally considered to be the major 

carbon storage compounds in plants, nitrogenous compounds also 
show cyclical patterns that indicate periods of storage and deple- 
tion commensurate with demands of the plant. In addition, the 
uptake and partitioning of N by forage plants is of particular 
importance to grazing management to meet nutritional needs of 
livestock. 

Nitrogen concentrations were most variable in the nonperennat- 
ing organs (Fig. 4a,b,c) and relatively stable in the stem bases and 
roots (Fig. 4d,e). Although there is a barely detectable replenish- 
ment phase in the storage organs during cycle 1 (Fig. 4d,e), which 
parallels the trend in TNC (Fig. ld,e), the N concentration trend in 
cycle 2 was totally different from that of TNC. The slight increase 
in root N after day 220 (Fig. 4e) corresponded with soil water 
recharge from irrigation (Coyne and Bradford 1986). Species dif- 
ferences across cycles were minimal and were limited primarily to 
Caucasian bluestem having higher root N concentrations than 
WW-Spar bluestem in cycle 1 (Table 1). The highest root N con- 
centration for Caucasian bluestem was observed at spring growth 
initiation, but for WW-Spar bluestem, this point occurred late in 
cycle 1. 

Nitrogen concentrations of forage necessary to meet the require- 
ments of a 250 kg steer gaining 0.7 kg d-l are about 10.7 mg g-l 
(NRC 1976). Both WW-Spar and Caucasian bluestems maintained 
adequate levels of N in leaf blade tissue (Fig. 4a) throughout the 
growing season. However, concentrations of N in stems plus 

JOURNAL OF RANGE MANAGEMENT 40(4), July 1987 



WW-SPAR, CYCLE 1 

:AUCASIAN, CYCLE 
sTD(BA9E 

I WV-SPAR, CYCLE 

R-0.8 1 

CAUCASIAN, CYCLE 
!aEMeAsE 

2 WY-SPAR, CYCLE 1 1 WY-SPAR, CYCLE 2 
I moT I I 

?=0.83 

:AUCASIAN, CYCLE 1 CAUCASIAN, CYCLE i 
mol I 

310.01 
. 

l . 1. 
. . 

5 
. ‘. 
l * . . 
. . 
l *. 

a. 

: 0. 

. 
0. 
. 

. 1.0 0* 

I- 
R-0.93 

Fig. 3. Relationship between total nonstructural carbohydrate concentration andpool size in stem bases and roots of WW-Spar and Caucasian bluestem 
during Zgrowing cycles. Data were normalized by dividing each value by the maximum value in the dotaset and the line delineates the 1:I relationship. 
Simple correlation cwfficients for the untransformed variates are shown for each subfigure. AN coefficients were significant (FKO.01). 

sheaths (Fig. 4b) were marginal to low. 
Like TNC, N pool sizes followed trends similar to concentra- 

tions in stem bases and roots, but with predictably higher variation 
(coefficients of variation for total N were 35 to 40 and 30 to 100% 
higher than for concentration in WW-Spar and Caucasian blue- 
stems, respectively). Also like TNC, concentrations of N in the 
leaves and stems peaked much earlier than did total N in these 
compartments, which indicates the necessity for herbivores to 
gradually increase their daily intake of forage to meet protein 
requirements. 

Two points were erratic in the stem plus sheath nitrogen data 
that are likely sampling artifacts. The very high initial N concentra- 
tion (Fig. 4b) in Caucasian bluestem reflects a very limited quantity 
of leaf sheath tissue available for collection at this point in the 
growth cycle. Since biomass was so small, this outlyingconcentra- 
tion had little effect on pool size (Fig. 5b). Secondly, the abnor- 
mally high total N recorded for WW-Spar bluestem in the middle 
of cycle 2 (Fig. Sb) was entirely due to its biomass component since 
concentration (Fig. 4b) did not show departure from trend. 

Roots were by far the most important reservoir of N in these 
grasses. Some 70 to 80% of total plant N was located in the roots 
across growing cycles (Table 2) and this partitioning ratio exceeded 
0.6 even at the lowest point of the cycle. Stem bases accounted for 

15 to 30% of total N. Leaf blades contained only 15 to 20% of total 
N even at their peak standing crop of N. Between species, Cauca- 
sian bluestem generally had more total N associated with its roots, 
whereas, WW-Spar bluestem had more in the stem bases. 

The relationship between N concentration and total N was not as 
well defined as it was for TNC. Like TNC, N values were better 
correlated in the roots than in the stem bases (Fig. 6). Root N 
values did not conform to a 1: 1 relationship as well as did root TNC 
values. For stem bases, a relationship between concentration and 
total N was nonexistent in two cases (Fig. 6: Caucasian, cycle 1 and 
WW-Spar, cycle 2) and weak in the other 2 cases. Thus, variations 
in N concentrations were not good predictors of variations in total 
N in these 2 grasses, especially in the stem bases. 

Investments in Leaf Biomass, Nitrogen, and TNC 
Investment costs per unit leaf blade area with respect to biomass, 

N, and TNC, were calculated (ratios of biomass, N, TNC to corres- 
ponding leaf area) and expressed as specific leaf weight, specific 
leaf nitrogen, and specific leaf TNC, respectively (Fig. 7). Among 
these parameters, there were no differences between species for the 
growing cycle means (Table 2) and only a few within date compari- 
sons were significant (Fig. 7). 

These grasses continued to increase in biomass invested per unit 
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Fig. 4. Nitrogen concentrations (mgg-‘)in 5 tissue compartments in WW- 
Spar and Caucasian bluestems during 2growing cycles. Asterisks denote 
significant dtyferences (p<O.O5) between species within dates. 

Fig. 5. Nitrogen pool sizes (g plant-‘) in 5 tissue compartments in WW- 
Spar and Caucasian bluestems during Zgrowing cycles. Asterisks denote 
significant diffrences (pCO.05) between species within dates. 
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area of leaf from spring growth to the end of cycle 1 (Fig. 7a). 
Nitrogen investment, however, was highest in the first leaves pro- 
duced and N was diluted linearly with time (Fig. 7b). The “U” 
shaped curve for specific leaf TNC (Fig. 7c), in conjunction with 
those for total TNC (Fig. 2a), confirm conclusions based on leaf 
area ratio (Coyne and Bradford 1986) that these grasses were 
expanding leaf area more rapidly than leaf biomass to about day 
150, after which the reverse was true. 

Drought stress and the alleviation of this stress affected the 
shapes of the cycle 2 curves. Reversals in trend on days 227 and 
near the end of cycle 2 corresponded with periods of soil moisture 
recharge. 

The question that is raised, but not answered, from these data is: 
why do leaf investments in labile carbohydrates increase from 
about day 150 in cycle I (Fig. 7c)? We can speculate that TNC was 
being accumulated to support seedstalk and seed production which 
began about the same time, but no subsequent dilution of TNC to 
signal its use in reproduction was observed. Perhaps nitrogen levels 
were limiting the use of this resource in the production of new leaf 
biomass. Unit growth rates for leaf area, nitrogen, and TNC. 
Unit Growth Rates for Leaf Area, Nitrogen, and TNC 

These parameters were calculated according to the methods of 
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Hunt and Parsons (1974) and represent the efficiencies with which 
biomass, N, and TNC resources were used to increase total plant 
biomass (Fig. 8). As leaf area expanded early in cycle 1, its effi- 
ciency in the production of new plant biomass increased exponen- 
tially, thereby increasing the autotrophic capacity of these grasses 
and decreasing their dependence upon reserves. However, this 
increase in efficiency leveled off at the same time as root biomass 
ceased to decline (Coyne and Bradford 1986), but before TNC (Fig. 
2e) and N (Fig. Se) reached the low points of their cycles, and 
remained flat until late in the cycle. Cycle 2 patterns were similar. 
Throughout both cycles, nitrogen-use efficiency (Fig. 8b) increased 
and evidently compensated for the decreases in nitrogen invest- 
ment (Fig. 7b) with time. The leveling off of TNC-use efficiency in 
the leaf blades (Fig. 8c) is the predictable result of increased 
investments in leaf TNC (Fig. 7c) concurrent with reduced invest- 
ments in leaf N (Fig. 7b). 

The challenge in managing forage-based livestock production 
systems has always included the maintenance of forage quality 
(protein) longer into the season. Grazing practices such as intensive 
early-stocking (Iaunchbaugh et al. 1978) are attempts to utilize 
forage more intensively in the period when quality meets or 
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Fig. 7. Investments of biomass, nitrogen, and total nonstructural carbo- 
hydrates per unir leaf blade area (g m” in WW-Spar and Caucasian 
bluestems during 2 growing cycles. Asterisks denote significant dij,feren- 
ces (P<O.OS) between species within dates. Note that Subfig. A is scaled. 

exceeds demands of growing animals followed by rest during peri- 
ods of low forage quality. Because nitrogen-use efficiency in these 
Old World bluestems apparently continued to increase throughout 
the season (Fig. 8b), the problem reduces to one of maintaining the 
photosynthetic apparatus per se. This is the age-old problem of 
delaying the biochemical changes associated with senescence, and 
growth regulator research as well as genetic engineering may one 
day provide a solution. In the meantime, further work is needed to 
determine how nitrogen fertility might be better managed in the 
latter part of a growing cycle to maintain the efficiency of TNC use 
in the production of leaf biomass when these species are used in 
intensively managed situations. 
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Ecotypic Variation in Selected Fourwing Saltbush Popula- 
tions in Western Texas 
JOSEPH L. PETERSEN, DARRELL N. UECKERT, ROBERT L. POTTER, AND JAMES E. HUSTON 

Abstract 

Fourwing saltbush [A tr@kx cmescens (Pursh) Nutt.] seedlings 
from 4 western Texas tetraploid populations were established in 
uniform nurseries at San Angelo, Barnhart, and Marfa, Texas, in 
1981 to determine relative adaptability to these respective envi- 
ronments. Survival and canopy development of the ecotypes were 
similar at the site with the most favorable growing conditions (San 
Angelo), but the ecotype originating nearest the planting site 
tended to have greatest survival and canopy size where site condi- 
tions were less favorable. Additional shrub attributes evaluated at 
the !3an Angelo site included: leaf, current year’s stem, and wood 
phytomass, seasonal nutrient concentrations, and floral develop 
ment and phenotype. prediction equations utilizing plant canopy 
measurements were used to estimate weights of plant components. 
Variation in canopy size and yields among individual plants within 
ecotypes masked detection of significant (PrO.05) differences 
among ecotypes, but ecotypes from arid environments tended to be 
larger and to have greater yields than those from more mesic 
environments. Concentrations of crude protein (CP), phosphorus 
(P), and digestible organic matter (DOM)of leaves and stems were 
similar among the 4 ecotypes. Floral development of the ecotype 
from the most mesic environment progressed at a faster rate than 
that of ecotypes from more xeric environments. Ecotypes from 
xeric environments tended to have fewer staminate plants, but 
more plants with no sex expression than ecotypes from more mesic 
areas. 

Key Words: A triplex canescens, phenology, nutritive value, shrub 
biomass, autecology 

Four-wing saltbush [Atriplex cunescens (Pursh) Nutt.], a native, 
facultative-evergreen shrub, is widely distributed in western North 
America and provides browse and cover for livestock and wildlife 
(Plummer et al. 1966). This nutritious and palatable shrub is often 
recommended and used for rangeland seeding, surface mine recla- 
mation, and stabilization of critical areas (Springfield 1970, Smit 
and Jacobs 1978, Shoop et al. 1985). Excellent native stands of 
fourwing saltbush occur locally in the Trans-Pecos and western 
Edwards Plateau resource areas, but the species is absent or only 
occasionally encountered on most rangeland in western Texas. The 
adaptability of the genetic material from western Texas to other 
areas has not been researched, but it is currently of great interest 
among ranchers and resource managers. The success of rangeland 
seeding projects depends highly upon the availability and use of 
adapted plant materials. 

Ecotypes are local populations of a species that have genetically 
controlled characteristics which limit the extent of their area of 
favorable growth (Oosting 1956). Ecotypic variation among popu- 
lations of fourwing saltbush has been documented (see McArthur 
et al. 1983 for references, Potter et al. 1986). The objectives of this 
study were to determine the extent of genetic variation within 
selected western Texas populations of fourwing saltbush and to 
determine if some populations are better adapted for seeding and 
revegetating areas of western Texas. 
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76901. Potrer’scurrent address is Institute of Ecology, University of Georgia, Athens 
;16:: Approved by the Director, Texas Agricultural Experiment Station as TA No. 
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Materials and Methods 

Fourwing saltbush seeds from about 100 plants were hand- 
harvested in November 1980 from each of 4 native stands. The 
collection sites included (from east to west): a southern mixed 
prairie site dominated by fourwing saltbush, buffalograss [Buchloe 
dac~~loides (Nutt.) Engelm.], sideoats grama [Bouteloua curtipen- 
dula (Michx.) Torr.], and honey mesquite (Prosopis glandulosa 
Torr. var. glundulosu) near San Angelo (Tom Green County); a 
saline site dominated by fourwing saltbush, honey mesquite, and 
belvedere summercypress [Kochiu scopariu (L.) Schrad.] within a 
tarbush (Flourensiu cemuu DC.)-honey mesquite-threeawn (Aris- 
tidu purpurea Nutt.) community at Texon (Reagan County); a 
shrub Savannah site dominated by creosotebush [Larreu tridentata 
(DC.) Cav.], mesquite, and burrograss (Scleropogon brevifolius 
Phil,) near Grandfalls (Pecos County); and a desert grassland site 
dominated by grama grasses (Bouteloua Lag. Mut. Lag. spp.), and 
tobosagrass [Hilariu mutica (Buckl.) Benth.] near Valentine (Jeff 
Davis County (Table I). Seeds were dewinged in a modified ham- 
mermill and stored at room temperature until planted. Seedlings 
were grown in a greenhouse in 4 by 5 by l8-cm plastic tube packs 
containing a mixture of soil, peat moss, and vermiculite (l:l:l, 
v/v/v) from January 1981 until transplanted in uniform gardens at 
3 locations. All 4 of the populations were tetraploids (Dunford 
1984; Jerry Barrow, USDA-Agric. Res. Serv., Las Cruces, NM, 
personal communication). 

!3an Angelo Nursery 
The San Angelo nursery was established on an Angelo clay loam 

(Torrertic Calciustolls) soil at the Texas A&M University Agricul- 
tural Research and Extension Center, 8 km northwest ( 100°30’W, 
31°32’N) of San Angelo, Texas. The nursery was disked and 
planted to oats (Avena sotiva L.) in the fall of 1980 and disked in 
spring 1981 prior to transplanting the shrubs. 

The nursery experiment was established as a randomized com- 
plete block. Twenty-five fourwing saltbush seedlings were trans- 
planted on 1.8-m centers in each of I6 rows [4 rows (replications)- 
/population] spaced I .8 m apart on 10 June 198 1 with a straight- 
hinged, rear-frame, tractor-mounted transplanter. Border rows of 
seedlings were planted to eliminate edge effect. The plant at the end 
of each row was also considered a border plant and was not 
evaluated. No supplemental water was applied, but weeds were 
controlled by hand for the first 2 growing seasons to reduce 
competition. 

Shrub survival, canopy heights, and diameters were measured at 
the end of the 1982 and 1983 growing seasons. Plant height was 
measured to the tallest branch. Plant diameter was the average of 
the crown intercept across the center of the plant parallel with the 
row and a similar measurement perpendicular to the row. An 
adaptability index (AI) was calculated to permit ranking perfor- 
mance among the ecotypes using the 1983 mean survival and 
canopy data, by the equation: 

AI = (ecotype % survival/maximum % survival) + (ecotype 
height/maximum height)+(ecotype diameter/maximum diameter)]/3. 

The maximum score an ecotype could receive was 1 .OO. 
Three plants from each row were harvested in late November 

1982 and 1 plant from each row was harvested in October 1983 at 
15 cm above ground level. Plant material was oven-dried to a 
constant weight at 45” C, then separated into leaf, current year’s 
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Table 1. Loeetions, elevation (m), average annual precipitation (cm), end soils where fourwing s&bush seeds were collected by Western Teus. 

Ecotypes Location 

San Angelo 100”3O’W, 31°27’N 

Texon 101~4o’W, 31014w 

Grandfalls 102O55’W, 31°15’N 

Valentine 104O35’W, 30”37’N 

Elevation 

(m) 
580 

790 

800 

1430 

Avg. annual 
precipitation 

(cm) 
52 

38 

30 

28 

Soil classification 

Series Texture Subgroup 

Tulia loam Cakiorthidic Paleustalfs 
Angelo clay loam Torrettic Calciustolls 

Reagan silty clay Ustollic Calciorthids 
loam 

Reakor silty clay Typic Calciorthids 
loam 

Reagan clay loam Ustollic Calciorthids 
Hodgins clay loam Ustollic Camborthids 

stem growth, and woody plant components and weighed. These 
data and canopy dimension data were used for developing predic- 
tion equations to select the best estimate of component and total 
plant weights for each shrub in the nursery. Growth form of the 
shrubs was close to cylindrical in 1982and canopy volume (V) was 
calculated by the equation: 

V = nrsh 

where: r = radius (average diameter/ 2) 
h q  height 

Shrub growth form tended to be spherical in 1983 and canopy 
volume (V) was calculated by the equation: 

V = 4/37rr3 

where: r q  [(d/2 + h/2)/2] 
(d = average canopy diameter, h = height) 

Nutritive values of leaves and current year’s stems of the 4 
saltbush populations were estimated on 27 April, 28 July, 24 
October, and 19 December 1983. Two to 4 randomly selected 
leaders of current year’s growth (leaves and stem) were collected 
from each plant and the samples from each row were composited 
then oven-dried to a constant weight at 55’ C. Leaves and stems 
were ground separately with a Wiley mill to pass a l-mm screen and 
stored in plastic vials until laboratory analyses were conducted. 

Samples were analyzed for total nitrogen (N) content by the 
standard Kjeldahl procedure (AOAC 1980), and % N was multi- 
plied by 6.25 to obtain crude protein (CP) estimates. Phosphorus 
(P) was determined by a calorimetric method (Murphy and Riley 
1962), and digestible organic matter (DOM) wasestimated in vitro 
by a 2-stage procedure of incubating the sample in strained rumen 
fluid for 48 hr, followed by neutral detergent extraction (Van Soest 
et al. 1966). The in vitro estimates were corrected using a standard 
forage of known in vivo digestibility. Data are expressed as a 
percentage of dry matter basis. 

A phenological index was used to score individual plants and 
monitor the growth process during the 1983 growing season. Phe- 
nology was recorded at 7- to 44-day intervals, depending upon the 
rate of development of the plants, from 21 March to 12 December 
1983. Observations were more frequent during periods of rapid 
growth. Plant phenophases were modified from those developed 
for shadscale [Arriplex confertifoliu (Torr. and Frem.) S. Wats.] 
(West and Gasto 1978). Each plant was given a numerical rating 
corresponding to its growth stage. A phenophase was determined 
when approximately 50% of the plant parts had developed that 
stage. Floral phenotype of each shrub was also recorded: stami- 
nate, pistillate, monoecious, or no flowering. 

Bamhart Nursery 
The Barnhart nursery site was established on 12 June 1981 on a 

Tobosa clay (Typic Chromusterts) soil in abandoned cropland at 

Table 2. Mean survival (%), canopy heights (cm), and canopy diameters (cm) of 4 western Texas ecotypes of fourwing saltbush evaluated at the end of the 
second (1982) and third (1983) growing seasons in uniform nurseries near Sin Angelo, Be&art, end Marfa, Texas. Adaptability indices (Al) were 
calculated from 1983 survival end growth drte for each nursery site.1 

Ecotypes 
Survival Height Diameter 

1982 1983 1982 1983 1982 1983 Al 
___------_(%) -- I-- _______(cm)_-___---_-__- 

Grandfalls 99 
Valentine 99 
Texon 100 
San Angelo 99 

-- San Angelo-- 
99 70a 121 
99 66ab 117 

100 66 ab 118 
96 62 b 114 

111 182 1.00 
107 180 .98 
106 176 .98 
97 166 .94 

Texon 80 78 37 a 54 24 39a 1.00 
Valentine 67 64 36 ab 52 23 38 a $92 
San Angelo 76 70 31 b 46 23 37 a .90 
Grandfalls 70 70 32 b 47 19 29 b .84 

- ---_- Marfa------ -- -- 
Valentine 72 69 18 27 a 15 25 a .98 
Grandfalls 65 61 17 29 a 10 19b .88 
Texon 68 63 15 25 ab 11 19b .85 
San Angelo 49 49 15 18b 10 16b 66 

lMeans within percent survival, canopy height, and canopy diameter columns for each nursery, without lower case letters or followed by the same letter are not significantly 
(PSO.05) different according to Duncan’s new multiple range test. 
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the Texas Range Station (Crockett Co.), 20 km south (loo0 1 l’W, 
30° 58’N) of Barnhart, Texas. Elevation and average annual rain- 
fall were 790 m and 49 cm, respectively. The nursery was disked 
prior to transplanting fourwing saltbush seedlings. Nursery design 
was as described for the San Angelo nursery. Seedlings were 
watered (11 liters) on 12 and 22 June to facilitate establishment. 
Weeds were controlled by hand at the start of the 1982 growing 
season but no subsequent weed control was utilized. The nursery 
was fenced to exclude livestock and white-tailed deer (Odocoileus 
virginianus). 
lb151 Nursery 

The Marfa nursery was established on 11 August 1981 on a 
Musquiz clay loam (Aridic Argiustolls) soil 25 km west (104O22’W, 
30’22’N) of Marfa, Texas. Elevation and average annual rainfall 
were 1,420 m and 31 cm. Seedlings were moved out of the green- 
house 2 months prior to transplanting. The experiment was estab- 
lished as described for the San Angelo nursery, except that the site 
was not disked and no border rows were planted. Seedlings were 
transplanted into the native shortgrass vegetation with the tractor- 
mounted transplanter which temporarily suppressed competing 
vegetation in a lO+zm-wide strip. 

Survival and canopy heights and diameters of live shrubs were 
measured at the Barnhart and Marfa nurseries at the end of the 
1982 and 1983 growing seasons. Adaptability indices were calcu- 
lated as described for the San Angelo nursery. Precipitation 
records were obtained from rain gauges maintained near the study 
sites at San Angelo and Barnhart and from the National Weather 
Station at El Paso, Texas, for the Marfa study site. 

StatIstIeal Analyses 
All data except AI and phenological development were sub- 

jected to analyses of variance and means were separated (p_y).OS), 
where appropriate, by Duncan’s new multiple range test. Percen- 
tage data were transformed by sin“ fi prior to statistical ana- 
lyses. Phenological development data were tested for significant 
(KO.05) differences by a nonparametric procedure developed by 
Estabrook et al. (1982). The number of plants of each ecotype 
expressing a specified phenophase on each date were recorded and 
expressed as a percentage of the total number of plants from that 
ecotype that eventually expressed the respective phenophase. The 
difference (D) between the percentages for 2 ecotypes was signifi- 
cant (KO.05) if: 

D > 1.36 4 (m + n)/(m)(n), 

where m and n represent the numbers of plants from the 2 ecotypes 
that eventually exhibited the phenophase (Estabrook et al. 1982). 

Results and Discussion 
Annual precipitation received at each nursery site exceeded the 

long-term average each year of the study except for Barnhart in 
1983. The 3-year average precipitation at San Angelo, Barnhart, 
and Marfa was 23, 13, and 26% greater, respectively, than the 
long-term averages. 

Survival and growth of the saltbush plants varied greatly among 
the 3 study sites (Table 2), but differences in planting dates, soils, 
seedbed preparation, and weed control practices precluded any 
statistical comparisons among sites. Greatest survival and canopy 
growth occurred at the San Angelo nursery. Shrubs at the Barn- 
hart and Marfa nurseries were subjected to competition from 
associated grasses and forbs while the San Angelo nursery was 
maintained weed-free the first 2 growing seasons. The San Angelo 
site also received 16 and 64% more rainfall than the Barnhart and 
Marfa nurseries, respectively, during the 3-year study. Heavy clay 
soil and indurate caliche underlying the solum possibly restricted 
root development and shrub growth at Barnhart. 

Survival and canopy growth data provided evidence of ecotypic 
differentation at 2 of the 3 nurseries (Table 2). Differences among 
the 4 ecotypes at San Angelo were not significant after 3 growing 

seasons although plants of the Grandfalls ecotype tended to be 
larger. The ecotypes with origins closest to the planting site tended 
to have greater survival, to be larger, and have the highest AI 
ratings at the Barnhart and Marfa nurseries. Texon seedlings 
(seeds collected about 60 km west of the Barnhart nursery) aver- 
aged 8 to 14% greater survival than the other ecotypes at Barnhart. 
Texon shrubs were about 16% taller than the San Angelo and 
Grandfalls ecotypes and 34% greater in canopy diameter than the 
Grandfalls ecotype after 3 growing seasons. Seeds of the Valentine 
ecotype were collected about 37 km northwest of the Marfa 
nursery. The average survival of Valentine shrubs after 3 growing 
seasons was 6 to 2% greater than that of the other ecotypes at the 
Marfa nursery. Canopy height and diameter of the Valentine eco- 
type in the Marfa nursery were 50 and 56% greater, respectively, 
than those of the San Angelo ecotype. 

Differences in survival and growth among the 4 western Texas 
ecotypes of fourwing saltbush generally supported earlier research’ 
(Springfield 1970, Van Epps 1975) which suggested that germ- 
plasm originating nearest to the planting site is better adapted to 
the edaphic and climatic conditions of a particular site. Evidence 
was greatest at the Marfa nursery (AI rating for the Valentine 
ecotype was .98 compared to .66 for the San Angelo ecotyope) 
(Table 2). The desert grassland climate, low precipitation, high 
elevation, and plant competition at the Marfa site (Table 1) pro- 
vided an environment more harsh than that at other nursery sites, 
particularly for the San Angelo ecotype. Genetic material from an 
environment more favorable than that at the planting site is usually 
poorly adapted (Van Epps 1975). Ecotypes of fourwing saltbush 
originating in environments less favorable than that at the planting 
site can perform well even if moved to distant places (McArthur et 
al. 1983). This may partially account for similar survival and 
growth among the ecotypes at the San Angelo nursery. 

The best fit prediction equations for estimating component and 
total weights of fourwing saltbush in the San Angelo nursery were: 
natural logarithm ovendry weight = a + b [natural logarithm(ar*h)] 
for 1982; and natural logarithm oven-dry weight = a + b [natural 
logarithm(4/ 3&)] for 1983, where a and bare the Y intercept and 
slope, respectively, weight is expressed in g, and canopy volume in 
cm3 (Table 3). These equations accounted for 86 to 98% of the 

Table 3. Prediction tquttions uatd to tstimttt oven-dry weight (W) of 
Ittvts, current year’s stem, wood, and total biomass of 4 w&em Ttus 
tcotyp of fourwing s&bush grown in a uniform nursery near San 
Angelo, Texas. Coefficknts of dettrmination (fl) for each equation trt 
included. 

Leaf log W q  -5.989 + 0.866 [log (rrzh)] .86 
:;I’ year’s stem log W= -8.727 + 1.014 [log (nr*h)] .93 

log W= -10.650 + 1.207 [log (dh)] .86 
Total log W= -6.795 + 0.993 [log (z&h)] .92 

-_-__ --I983 -- 
Leaf log IV= -9.002 + 1.128 [log (4/37+)] .93 
Current year’s stem log W= -11.685 +‘I.277 [log (4/3+)] .96 
wood log W= -13.332 + 1.434 [log (4/3d)] .98 
Total log W= -10.235 + 1.283 [log (4/37rr3)] .97 

‘Equations for 1982 were derived from data from 48 plants and those for 1983 were 
derived from data from 16 plants. 

variability in weights of the various components. 
Fourwing saltbush from Grandfalls tended to have greater yields 

while the San Angelo ecotype tended to have the lowest yields in 
both years at the San Angelo nursery (Table 4). Mean total weights 
of Grandfalls shrubs were 28 and 20% greater than that of San 

1 Ward, R.T., W.L. Slauson, and C.W. Welden. 1982. Ecogcnetic variability in native 
shrubs related to the reestablishment of vegetation on disturbed arid shrublands. p. 
57-65. In: E.F. Redente and C.W. Cook (Camp.). Revegetation studies on oil shale 
related disturbances in Colorado. Colorado State Univ. Fort Collins. 
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Table 4. Estimated mean oven-dry leaf, current year’s stem, wood, end 
total weigbt (g/plant) (* SE) of 4 western Texas ecotypes of fourwing 
s&bush at the end of the second (1982)md third (1983) growing seaeons 
in a uniform nursery near San Angelo, Texxe. Estimated weights were 
calculated using the prediction equations from Tabk 3. 

Estimated oven dry weight 
Current 

Ecotypes Leaf year’s stem wood Total 

fg/ plant) 
1982---------- 

Grandfalls 3lOf 21 I54 f I2 324 f 29 795 f 60 
Valentine 291 f 22 145 f I3 305f 31 747 f 64 
Texon 284 f 20 139 f II 288 f 26 720 f 56 
San Angelo 246f 21 120 f 12 246 f 28 619f 60 

-__-- l983-- 
Grandfalls 1569f 91 949 f 61 1824 f 130 4415 f 287 
Valentine 1496 f 88 9OOf58 1722 f 122 4190 f 272 
Texon 1411 f 76 84Of50 !587 f 104 3906 f 234 
San Angelo 1317 f 102 788 f 68 I501 f 144 3667 f 318 

Angelo shrubs in 1982 and 1983, respectively. The estimated 
weights of the various plant components increased 5 to 6-fold over 
the l-year period. Wood constituted about 40% of the plant weight 
both years. Leaves and current year’s stem growth accounted for 40 
and 19% of the phytomass in 1982, respectively, and 36 and 21% in 
1983, respectively. The estimated weight of total browse (leaves + 
current year’s stems) for the 4 ecotypes ranged from 2,100 to 2,500 
g/plant (6,300 to 7,500 kg/ ha). 

Differences among the 4 ecotypes in CP, P, and DOM were too 
small to be considered biologically or nutritionally significant to 
herbivores (Table 5). Seasonal trends were similar among the 
ecotypes studied, probably because of similar phenologies (Table 
6) and seasonal leaf retention. Nutrient content of the browse was 
highest in early spring and declined as the new growth matured and 
as the plants produced seeds. Leaf and stem CP and leaf P and 
DOM values stablized by late October, whereas stem P and DOM 
values continued to decline into December. Crude protein contents 
and in vitro digestibility of winter-sampled current year’s growth 
varied significantly among fourwing saltbush ecotypes grown in a 
uniformgarden in Idaho (Welch and Monsen 1984). Differences in 
nutritive values may be associated with differential retention of 

winter leaves among individual plants and ecotypes (Welch et al. 
1983). 

Concentrations of CP and DOM in fourwing saltbush leaves 
(Table 5) exceeded minimum requirements of cattle, sheep, goats 
(NRC 1981, 1984, 1985), and deer (Dietz 1965) in all seasons. 
Phosphorus was adequate at the spring sampling date but marginal 
to slightly deficient in other seasons. The stems were moderately 
high in CP and marginal in DOM and P during April but con- 
tained deficient levels of all 3 nutrients in summer, autumn, and 
winter. Protein content of ‘Rincon’fourwing saltbush leaves and 
stems were 17.9 and 6.970, respectively, in November (McArthur et 
al. 1984), and mature leaves collected from fourwing saltbush 
grown in Saudi Arabia averaged 17.4 and .19% for CP and P, 
respectively (Khalil et al. 1986). Our data indicate that ruminant 
animals can be kept at a good level of nutrition for body mainte- 
nance on saltbush diets alone. Whether satisfactory productivity 
can be supported or enhanced by saltbush requires additional 
investigation. Preliminary observations (unpublished data) indi- 
cate that the CP in fourwing saltbush foliage may not be totally 
available for digestion. 

Fourwing saltbush plants in the nursery at San Angelo were 
rated for both vegetative and floral development, but significant 
differences were observed only for floral development. Considera- 
ble variation in initiation and duration of a phenophase occurred 
both within and among the 4 ecotypes of fourwing saltbush (Table 
6). The San Angelo ecotype generally progressed through each 
floral phenophase faster than did the Valentine and Grandfalls 
ecotypes, while floral development of Texon plants was usually 
intermediate. Utricle maturation was observed for all ecotypes on 7 
December 1983. Observations were not frequent enough late in the 
season to detect significant (IQ.05) differences. 

The sex ratios of the 4 western Texas ecotypes were similar to 
those of other tetraploid populations (McArthur 1977, McArthur 
and Freeman 1982), indicating there were monoecious plants and a 
bias towards pistillate floral phenotypes (Table 7). The propor- 
tions of pistillate and monoecious individuals were similar among 
the 4 ecotypes. Significantly (B.05) fewer staminate plants 
occurred within the Grandfalls ecotype compared to San Angelo 
or Texon ecotypes. Significantly (EO.05) more plants with no 
floral expression occurred in the Valentine and Grandfalls eco- 
types compared to the Texon ecotype. This may account for the 
trends for Grandfalls and Valentine ecotypes to be larger and have 
greater yields in the San Angelo nursery. Plants without sex 

Table 5. Mean percent (%) crude protein (CP), phosphorus (P), and digeetible organic matter (DOM) of hvee and current year’s stems of 4 western Texas 
ecotypee of fourwing ealtbueb in a uniform nureery nelv San Angelo, Texas during spring, summer, autumn end winter 1983.1 

Pcotypes 
Leaves Current year’s stem 

Apr. 27 July 28 Oct. 24 Dec. I9 Apr. 27 July 28 Oct. 24 Dec. I9 

\ 10, 

--_----_cp----- - - 
San Angelo 25.4 a 18.4 16.3 17.9 15.8 7.8 5.8 6.5 b 
Texon 23.6 b 18.8 16.2 17.6 15.5 7.8 6.3 7.1 a 
Grandfalls 22.4 c 19.2 16.9 18.1 14.9 7.9 6.0 6.7 ab 
Valentine 23.2 bc 19.2 16.7 17.9 15.2 8.0 6.3 7.0 ab 

-- P _-I_-- - 
San Angelo .25 a .I4 .I2 .I4 .I7 .I5 .lO .05 
Texon .23 ab .I3 .I3 .I3 .I8 .I5 .I0 .06 
Grandfalls .2l b .I4 .I2 .14 .I7 .I5 .I0 .06 
Valentine .22 b .I3 .I2 .13 .16 .I4 .I0 .06 

-_----------_DGM_ - 
San Angelo 62.3 ab 62.0 60.8 a 58.6 50.5 a 25.6 12.5 9.5 
Texon 62.8 a 61.5 61.3 a 58.5 49.7 ab 24.2 12.3 II.5 
Grandfalls 61.2 b 61.3 59.0 b 59.5 47.9 b 23.9 10.6 9.4 
Valentine 61.5 ab 62. I 61.0 a 59.2 47.8 b 24.2 12.9 9.3 

‘Means within s column for each nutrient component without lowercase letters or followed by the same letterare not significantly (kSO.OS)different according to Duncan’s new 
multiple range test. 

364 JOURNAL OF RANGE MANAGEMENT 40(4), July 1987 



Table 6. Percentages (%) of plants within 4 western Texas ecotypea of fourwfng saltbush in a uniform nursery near San Angelo, Texae exhibiting floral 
phenophases on selected dates during 1983.’ 

Evaluation dates 

Ecotypes 3121 414 4119 4128 519 5117 5124 6111 6124 718 7122 8112 912 9121 10125 1217 

(%) 
_--- _- -Floral bud development- 

- 
San Angelo 9 33 a 53 a 78 a 95 a 96a 99a 1OOa 100 100 100 100 
TCXOII 0 13ab 44a 59ab 77ab 83ab 86ab 86ab 89 89 92 100 
Grandfalls 1 6b 22b 46b 67b 75ab 83ab 84ab 87 88 97 100 
Valentine 0 15ab 38ab 56ab 70b 71b 76b 79 b 79 82 94 100 

-- Flowers opening- 
San Angelo 3 41 a 47 a 63a 99 100 100 100 100 100 
Texan 0 20ab 38ab 58ab 85 87 87 90 99 100 
Grandfalls 1 15b 19 b 38 b 80 87 88 93 100 100 
Valentine 1 27ab 36ab 47ab 79 79 80 94 100 100 

-- -------Male flowersdying-- 
San Angelo 0 62a 95 a 95 97 97 100 100 100 
Texan 0 10 c 70 ab 88 88 90 90 93 100 
Grandfalls 4 13 bc 57 b 65 78 78 87 96 100 
falls 

Valentine 0 50ab 85 ab 89 89 89 92 100 100 

-- ---Utricle fill-------- 
San Angelo 0 68 a 97 a 100 100 100 100 100 
Texan 6 48 ab 78ab 82 83 93 100 100 
Grandfalls 2 39 b 70ab 79 86 90 100 100 
Valentine 5 45ab 67 b 74 74 91 98 100 

__ -Utricles ripe- 
San Angelo 5 44 71a %a 93 a 98a 100 100 
Texan 2 36 60ab 74ab 79ab 81ab 100 100 
Grandfalls 2 30 43ab 50 b 63 b 75 ab 100 100 
Valentine 0 29 38b 52b 52b 64b 93 100 

1 Means within a column for each phenology stage without lower case letters or followed by the same letter are not significantly (PSO.05) different according to a nonparametric 
procedure. The number of plants within each ecotype expressing a specific phenophase are presented as a percentage of the total number of plants within the same ecotype 
eventually expressing the respective phenophase. 

Table 7. Mean percentages ($) of floral phenotypes expressed during the 
third growing seeeon by 4 western Texas ecotypes of fourwing saltbush in 
a uniform nursery near San Angelo, Texas.1 

Ecotypes 
Floral phenotypes 

Staminate Pistillate Monoecious None 

San Angelo 36 a 
Texan 26 a 
Grandfalls 12b 
Valentine 22 ab 

\I”, 

40 4 17 bc 
48 13 9c 
48 I1 27 ab 
41 7 31 a 

‘Means within a column without lower case letters or followed by the same letter are 
not significantly (PSO.05) different according to Duncan’s new multiple range test. 

expression may allocate more resources to growth and biomass 
production than plants with reproduction functions. Fourwing 
saltbush is a species that includes some sexually labile genotypes 
sensitive to environmental changes (McArthur 1977, McArthur 
and Freeman 1982, Freeman et al. 1984). Ecotypic differences in 
floral phenotypes observed in the Grandfalls and Valentine eco- 
types at the San Angelo site may in part be due to a change in 
environmental conditions. 

Conclusion 
Evidence of genetic variation among the 4 western Texas tetra- 

ploid populations of fourwing saltbush in common nurseries sup- 
ports our earlier observations on differential seed germination 
characteristics among these 4 populations (Potter et al. 1986). 
Evidence of ecotype differentation, based on seedling survival and 
growth, was more apparent at planting sites with less favorable 
growing conditions. Our data support those of others that suggest 
genetic material orginating in harsh environments has a wider 
range of adaptation than that originating in favorable environ- 
ments (Van Epps 1975, McArthur et al. 1983). High laboratory- 
determined CP and DOM values and forage yields (6,300 to 7,500 
kg/ ha) suggest that the fourwing saltbush germplasm in western 
Texas has considerable potential for improving rangelands and 
marginal cropland for livestock and wildlife production. 
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Of particular interest to all who study, manage, or simply admire 
plant life, the book is a valuable college text supplement and a 
reference source for range managers and technicians. Each 
Chapter. authored by of?8 or more authorities in the field, examines 
in considerable depth one aspect of plant physiology. Chapters 
include: 

I. Gas Exchange and Photosynthetic Pathways in Range Plants; II 
Carbohydrate Translocation in Range Plants; Ill. Distribution and 
Utilization of Carbohydrate Reserves in Range Plants; IV. Water 
Relations of Range Plants; V. Salinity Effects on Range Plants; VI. 
Seed Physiology; VII. Plant Growth Regulators; VIII. Mineral 
Cycling in Rangeland Ecosystems; IX. Developmental Mar- 
phology and Management Implications. 
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Estimating Shrub Production from Plant Dimensions 
Ii. GLENN HUGHES, LARRY W. VARNER, AND LYTLE H. BLANKENSHIP 

Relationships between current sc8son pknt production 8nd 
pknt mwsurcmcnts (crown width 8nd volume) were lnvcstlg8tcd 
for 4 South Texas shrubs collected during July, 1978. Shrubs 
lnvcstlg8tcd were bkckbrush (&a& &&fu&), gtmjlllo (A. bcr- 
iimdieri), shrubby blue srgc (S&&t ballotaqffora), and kidney 
wood (Eysenhmdtia texunu). R~iom of production 8v8ikbk 
to whltc-t8lkd deer on both crown width 8nd crown volume 
ykldcd cocfflcitnts of dctcrmbutlon of 25~37%. Log-log 8nd 
qtmdrrtlc cqtmtions provided bcttcr results th8n llnur, log8rlth- 
mlc, or cxponcntkl cqu8tlons. One piant mc8suremcnt (m8xlmum 
crown width 8s M independent v8rkblc) produced results com- 
p8nbk to those from crown volume. R8ngt site (sandy lorm or 
gr8y sandy lorm) did not rffcct pknt productlompknt mcesure- 
ments rcktlonshlps, but mcch8nlal trertment (shrcddlng) did. 
Sclcctlng pknts reprcscntlng the full r8ngc of shrub sh8pcs 8nd 
sizes is critk8l to the proper use of this method, l d trutments 
which grc8tly modify piant fonn wiii probably require rcgrcssion 
quations scpar8tc from thoac for undisturbed vegetation. 

Key Words: shrubs, browse production, measurement 

Estimating plant production is important in range management 
as production directly influences the grazing capacity of the range 
for both native and domestic herbivores. Additionally, knowledge 
of production is important in evaluating fire fuel loads, revegeta- 
tion success of mined lands, and plant response to herbicides 
(Brown 1976, Barker et al. 1977, Scifres et al. 1974). Estimates of 
shrub production, however, have been more laborious and less 
reliable than those for herbaceous production. This is caused by (1) 
required manual separation of current growth from past years’ 
growth, (2) difficulties with shrub density measurements, and (3) 
variability of plant form, both inherent and as a result of other 
influences (i.e., animal consumption, mechanical treatment). 

Plots, useful in herbaceous production, give variable production 
results with shrubs and are labor intensive. The weight estimation 
technique (Pechanec and Pickford 1937), though fast and rela- 
tively accurate, requires a subjective determination by the person 
sampling and results in mental fatigue after several hours of use 
(Cabral and West 1986). Researchers have examined various plant 
measurements to determine their usefulness in estimating produc- 
tion. Among these are estimates of crown volume (Lyon 1968, 
Peek 1970, Rittenhouse and Sneva 1977, Uresk et al. 1977, Bryant 
and Kothmann 1979). Uresk (1977) noted precision and cost bene- 
fits of a double sampling procedure which combined dimension 
measurements (volume) with harvesting of big sagebrush (Artemi- 
siu widenrota). Foresters use plant measurements for biomass 
estimates (board feet, cubic feet, cords). Often, biomass is used in 
lieu of the current season’s production (Bentley et al. 1970). How- 
ever, biomass alone is a poor estimate of available forage. 

Shrubs dominate the vegetation in South Texas and are impor- 
tant to white-tailed deer (Odocoileus virginianus) for food and 
cover (Steuter and Wright 1980). The objectives of this research 
were to (1) determine the relationship between plant measurements 
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and plant production for South Texas shrubs, (2) determine which 
plant measurements most reliably predict current production 
available to white-tailed deer, and (3) determine the effects of range 
site and mechanical treatment (shredding) on these relationships. 

Materials and Methods 

Samples were collected during July 1978 on the Rio Grande 
Plain Experimental Ranch located 45 km southwest of Uvalde, 
Texas. By this time growth had peaked and the effect of animal 
consumption on production was minimal. The climate of the area 
is characterized by (1) 27O-day growing season, (2) mean annual 
precipitation of 53.2 cm with highest amounts in spring and fall, (3) 
hot summers, and (4) usually mild winters. 

There are 9 range sites on the Ranch, and the vegetation type 
varies greatly among sites. The study was conducted on the sandy 
loam and gray sandy loam range sites where blackbrush (Acuciu 
rigidula) and guajillo (A. berlandieri) are the codominant woody 
species. Other important shrubs were kidneywood (Eysenhardtiu 
texana), shrubby blue sage (Salvia ballotaejlora), Texas colubrina 
(Colubrina texensis). desert-yaupon (Schaefferia cuneifolia), nar- 
rowleaf forestieria (Forestieria angustifolia), guayacan (Porlieria 
angustifolia), twisted acacia (Acacia tortuosa), and spiny hack- 
berry (Celtis pallida). 

Four shrub species were selected for production determinations 
(guajillo, blackbrush, kidneywood, and shrubby blue sage) because 
these species accounted for 66% of the shrub density on the sandy 
loam and gray sandy loam range sites as determined by point- 
centerquarter sampling (Hughes unpublished data). As the aver- 
age deer can reach to about 125 cm without rearing on its hind legs, 
this study concentrated on that amount below 125 cm. Transects 
were established on the 2 range sites with the aid of Soil Conserva- 
tion Service personnel to include both mechanically treated (shredded) 
and nonshredded sites. Plants of each species were selected along 
the transects to include a representative range of plant sizes and 
shapes. 

Each plant was measured to the nearest centimeter for (1) maxi- 
mum crown width (Wl), (2) crown width at right angles to Wl 
(W2), and (3) height of plant if below 125 cm, or average height of 
twigs below 125 cm if plant was greater than 125 cm (Hl). After 
measurements were taken, the entire plant was clipped and placed 
in plastic bags. After an initial drying, current growth from each 
plant was removed, oven-dried at 60’ C for a minimum of 48 
hours, and weighed to the nearest 0.1 g. 

Total production below 125 cm (leaves, stems, fruit) was ana- 
lyzed by species. Regression of production below 125 cm (T125) on 
both widest width (WI) and crown volume (VOL) were conducted 
using linear (Y = Bo+ Bt), logarithmic (Y = Bo+ Bt lnX), exponential 
(1nY = lnBo+ BrX), log-log (1nY = lnBo+ BI lnX), and quadratic (Y = 
Bo + BtX + BsX2) models. Crown volumes were calculated for each 
plant by the formula VOL q  (pi/4) WI W2 HI (Peek 1970). 

Multiple regressions with indicator variables (Neter and Was- 
serman 1974:298) were used to account for the effects of mechani- 
cal treatment (shredded or non-shredded) and range site (sandy 
loam or gray sandy loam) on plant production:crown width rela- 
tionships. The model used in this analysis was: 

InY = 
Y = 
Xl q  

xz = 
x3 q  

x4 = 

X5 = 

ln& + BJnXl + B&J + B&S + B&4 + B&s, where 
Total production below I25 cm (T125), 
Maximum crown width (WI), 
Range site factor (GSL = 0, SL = I), 
Shredding factor (Shredded = 0, nonshredded = l), 
(lnXI)(X2) interaction, and 
@X1)(X3) interaction. 
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Table 1. Regressions of total production below 125 cm (g) on widest crown Table 2. Regressions of total production below 125 cm (g) on crown 
width (cm) for four South Texas shrubs. volume (dm3) for four South Texas shrubs. 

Species/ model n r2 slope y-intcpt. syx 
Species/model n r2 slope y-intcpt. S,.. 

-199.91 124.35 
1224.9 223.75 

0.012 0.284 
12.36 0.734 
11.909 74.29 

Guajillo 
Linear 
Log 
Log-log 
Exponential 
Quadratic’ 

Blackbrush 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

Kidneywood 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

Shrubby Blue Sage 
Linear 

Log 
Log-log 

42 .697 1.951 127.77 192.60 
42 .246 43.63 -159.85 303.61 
42 .304 0.230 10.93 1.381 
42 .323 0.0 65.06 1.326 
42 .704 .115/0.0 137.98 192.56 

Guajillo 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

Blackbrush 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

Kidneywood 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

Shrubby blue sage 
Linear 
Log 
Log-log 
Exponential 
Quadratic 

42 ,591 
42 .971 
42 .804 
42 .956 

42 ,874 4.289 
336.84 

2.045 
0.019 

-.172/.015 

22 .748 0.1186 25.686 52.78 
22 .683 36.20 -68.37 59.17 
22 .945 0.683 1.581 0.394 
22 .489 0.0015 11.92 I .203 
22 .942 .512/.001 2.91 25.90 

22 .806 1.760 - 46.40 46.26 
22 .675 111.47 366.25 59.89 
22 .896 2.057 0.0068 0.543 
22 ,772 0.0276 3.432 0.803 
22 .807 1.808/.001 47.79 47.28 

27 ,777 0.107 23.48 25.04 
27 .702 22.12 -27.05 28.95 
27 ,891 0.6315 2.825 0.445 
27 .283 0.0016 14.61 1.139 
27 ,912 305/-.OOl 13.99 16.03 

27 ,871 
27 604 
27 .944 
27 .775 
27 .905 

1.202 
58.20 

1.844 
0.029 

.521/.003 

- 30.12 19.04 
-183.95 33.39 

0.016 0.318 
3.560 0.638 

- 9.61 16.66 

26 A47 0.071 17.418 16.22 
26 .789 18.65 -31.06 19.06 
26 .845 0.556 2.634 0.472 

26 .92l .920 - 10.943 11.66 
53.78 -161.29 17.80 

1.604 0.054 0.426 
0.022 6.118 0.699 

1.164/-.002 17.264 11.46 

26 .816 
26 .873 
26 .659 
26 .926 

Exponential 26 442 0.0015 12.94 0.895 
Quadratic 26 902 .188/-.OOl 14.145 13.21 

The log-log model was used because it predicted plant production 
more precisely than the other models based on ZP and residual 
analysis. The effects of range site on the y-intercept and slope were 
determined by conducting t-tests on the beta-values of XZ and X4, 
respectively. The effects of shredding on the y-intercept and slope 
were determined by conducting t-tests on the beta-values of Xsand 
X5, respectively. 

Table 3. Multiple linear regressions evaluating the effects of range site and 
shredding on plant production:plant measurements relationships. 

Species 

Results and Discussion 

Tables 1 and 2 show the results of regression analyses of T125 on 
WI and VOL, respectively. Due to the possible effects of weather 
and animal consumption on forage production, the equations 
developed must be used carefully and tested. Coefficients of deter- 
mination were high for all species, with log-log or quadratic models 
exhibiting highest r* values and nonrandom residuals in all but 1 
case. Other researchers have found log-log and quadratic qua- 
tions useful for a number of species (Bentley et al. 1970, Ritten- 
house and Sneva 1976, Bryant and Kothmann 1979). Maximum 
crown width (W 1) predicted oven-dry weight as reliably as crown 
volume (VOL). Rittenhouse and Sneva (1977) also noted good 
results in estimating big sagebrush production with 1 variable. 
Cook (1960) suggested 2 or more plant measurements to a single 
measurement. The high precision of equations using only W 1 as an 
independent variable probably resulted from width being highly 
correlated with volume. This is particularly true in shredded areas, 
where most plants are similar in height. 

Guajillo 
n=42 
R2=.974 
s,..=.282 

Blackbrush 
n=22 
R2=.925 
s,.=.517 

Kidneywood 
n=27 
R2=.944 
s,.=.343 

The log-log model consistently produced high r2 values and 
random residuals. The quadratic model, while producing high r* 
values, occasionally resulted in nonrandom residuals. The expo- 
nential and logarithmic models proved least reliable in predicting 
plant production. These models typically had low 12 values and 
nonrandom residuals. The linear model produced moderate r* 
values but consistently nonrandom residuals. 

Shrubby blue sage 
n=26 
R2=.950 
s,..=.294 

The effects of range site and shredding on plant production: 
crown width relationships are shown in Table 3. Range site had no 
effect on the regression equations for any of the species measured, 
but shredding affected either the y-intercept or slope in all species 
except kidneywood. Coefficients of determination increased and 

‘Y = In T125 
Et0 q  y-intercept 
x1 q  In WI 
X2 = Range Site Factor (RS) 
Xs = Shredding Factor (SHRD) 
x, = (In ‘. : . 

& = (,n I. ‘I I tion 
2Significant effect of range site on the e uation Y = & + BIXl would produce 
significant slopes for either Xs or X4; sign] scant effect of shredding would produce ? 
significant slopes for either Xs or Xs. 

Variable Slope 
Level of 

Significance 

Bo -3.873 
Xl 1.918 

X2 0.179 
x3 -1.063 
x4 0.022 
X5 0.229 

Bo -4.025 
Fh -4.025 
x2 -0.3 
x3 1.703 
x4 0.163 
x3 0.578 

Lh -3.813 
Bo 1.757 
x2 -0.134 
x3 -0.639 
x4 0.034 
x3 0.154 

Bo -4.825 
Bo -2.219 
X¶ 10.643 
x3 1.074 
x4 -0.165 
X6 -0.483 

p-c.01 
6.01 

NS 
p<.os 

NS 
p<.o5 
pC.01 
p<.Ol 

NS 
NS 
NS 

PC.01 

PC01 
p<.OI 

NS 
NS 
NS 
NS 

p<.Ol 
PC.01 

NS 
NS 
NS 

p<.os 
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standard errors decreased in 3 of the 4 species with the use of the 
multiple regression as compared to the log-log models in Table 1. 
The multiple regression did not produce a better model in kidney- 
wood because neither range site or shredding significantly affected 
the plant production:plant width relationship. 

Determination of shrub density is necessary for accurate appli- 
cation of this method. Plant density methods may yield differing 
results (Beasom and Haucke 1975), so methods must be used which 
are appropriate for the distribution, size, and character of the 
shrubs measured. 

Plant measurements have potential for predicting shrub produc- 
tion in several South Texas species. The log-log and quadratic 
models, in particular, work best for the species measured. Obviously 
more labor intensive than clipping herbaceous vegetation, this 
technique would work well for areas with up to 3 or 4 major shrub 
species. Additional species pose logistical and time problems. The 
key to successful application of this method is selecting plants 
representing the full spectrum of shrub sizes and shapes. Treat- 
ments such as shredding will increase variability, so where 
shredded and nonshredded areas are sampled, equations must be 
developed for both shredded and nonshredded areas. 
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A New Sticky Trap for Monitoring Seed Rain in Grasslands 
LAURA FOSTER HUENNEKE AND COURTNEY GRAHAM 

Abstract 

The use of an inexpensive, commercially available device as a 
sticky trap for capturing dispersing seeds in the field is described. 
Trap performance in capturing seeds under various conditions is 
evaluated. The traps perform well in capturing small, lightweight 
seeds, particularly those with awns or ornamentation, as would be 
typical of many grassland plant species. The adhesive surface of the 
traps retains its effectiveness when moist, and in the hot, dusty 
conditions of the field. However, the traps have poor rates of 
capture for certain seed types, and for seeds dropped from consid- 
erable heights. These limitations of performance, which are proba- 
bly shared with other types of sticky traps for seeds, must be 
considered when sticky traps are used to evaluate seed rain. 

Key Words: seed rain, seed traps 
Plant ecologists have long been interested in measuring seed rain 

(the composition and abundance of plant propagules arriving at a 
location) and seed shadow (the directions and distances travelled 
by seeds released from a parent plant). Incoming seeds represent an 
important component of the potential for recruitment to a popula- 
tion, or for regeneration of vegetation after a disturbance. The 
pattern of seed movements influences gene flow and the develop- 
ment of local genetic structure. Accurate measurements of seed 
rain and dispersal are thus crucial to many questions at both the 
population and community level. 

A wide variety of methods has been used to trap seeds as they are 
dispersed in a plant community, but none is completely satisfac- 
tory. One technique is to take soil cores or samples at intervals 
through the year, to document changes in the number of germin- 
able seeds in the soil seed bank through time. However, differences 
in germinable seed numbers between sampling dates may reflect 
changes in dormancy or seed status, as well as recent arrivals; seed 
germinability and variability may alter in a complex fashion during 
storage in the soil (Cook 1980). 

Relatively large seeds, particularly those of woody species, are 
frequently caught in litter/seed traps constructed of mesh or 
screen. Sampling of small seeds in these traps is limited by mesh 
size. Seeds dispersing from a source may also be collected on sheets 
or tarps spread around the source. Post-dispersal seed predation 
(e.g., by rodents, ants, or birds) may affect the accuracy of seed 
counts in open traps. Seeds have also been trapped in vials or cups 
sunk into the soil, simulating natural depressions (Reichman 
1984). 

A common type of seed trap is the sticky trap, where a surface is 
coated with an adhesive and placed on or near the soil surface to 
collect small seeds. These traps have been used effectively in her- 
baceous communities such as grassland (e.g., Rabinowitz and 
Rapp 1980), but are sometimes cumbersome to work with and 
difficult to make uniform. In addition, the various adhesives used 
[including petroleum jelly (Verkaar et al. 1983) and sticky gum 
substances used to trap insects (Werner 1975)] almost certainly 
have different rates of effectiveness at trapping different types of 
seeds. To date, however, there have been no published measure- 
ments of the effectiveness of such traps with seeds of varying sizes, 
shapes, or dispersal modes. 

In this note we describe a commercially available device which 
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serves admirably as a sticky trap for small seeds in many respects. 
The device is inexpensive, uniform, and available in bulk, making 
it suitable for intensive or extensive surveys of seed rain. We also 
test this trap’s effectiveness in trapping various seeds of grassland 
species under conditions commonly encountered in the field. 

Methods 

Sticky Traps 
We have used insulation hangers or mounts as sticky traps for 

small seeds. These hangers consist of squares of galvanized metal, 5 
cm on a side, coated with a smooth surface of powerful adhesive, 
mounted on nails of various lengths. The nail allows the trap to be 
placed flush on the soil surface or mounted on wood dowels (or in 
glass or plastic tubing) at various heights above the ground. The 
squares are initially covered with a peel-off plastic sheet, which is 
removed when the trap is placed in the field. The hangers are 
available in bulk at hardware stores or through wholesale insula- 
tion suppliers (cost approximately 5-10 cents per hanger). 

Test of Trap Performance 
We tested the effectiveness of insulation hangers as sticky traps 

for seeds under conditions similar to those encountered in the field. 
The traps were 5 cm on a side, mounted on nails of 4 cm length. In 
most of the following trials, seeds were dropped vertically from a 
vial mounted on a ringstand onto the surfaces of fresh traps, in a 
room with minimal ventilation air currents. For most trials, seeds 
of tall fescue (Festucu elutior L., ‘Kentucky 3 1’). a commercial lawn 
grass, were used because of their close similarlity to seeds of several 
California grassland species (including soft chess (Bromus mollis) 
L.; Italian rye (Ldium multiflorum Lam.); and a native annual 
fescue, Vulpia microstachys Munro ex Benth.) and their availabil- 
ity in bulk. 

To test the effectiveness of the traps in capturing seeds released 
from various heights, seeds were dropped vertically in groups of 25 
onto fresh traps (6 replicate traps per height). Twelve heights, 
ranging from 2-60 cm above the traps, were tested. We counted the 
numbers of seed which adhered to the trap surface. 

Rain or dew might affect the ability of a sticky trap to capture 
seeds in field conditions. Festuca seeds were dropped in groups of 
25 from a height of 10 cm onto fresh traps that had been thoroughly 
wetted with a mist sprayer. We first counted the numbers of seeds 
which remained on the trap surface; we then removed the trap and 
shook it vigorously to remove pooled droplets and any seeds which 
were not firmly adhered to the trap surface, and counted those 
remaining. 

Some adhesives lose their stickiness when exposed to the high 
temperatures or light intensities often encountered in open grass- 
lands, making them unsuitable for field use. Seed traps were placed 
flush with the soil surface in a California annual grassland of low 
productivity and short stature on a serpentine-derived soil. Traps 
were exposed for 5,13, or 19 days and allowed to accumulate seeds, 
dust, insects, and other debris. Traps were then collected and 
stored in plastic bags in a cool, dry storage area until testing. Before 
testing we removed all seeds from the traps, but left dust and other 
debris in place. Trapping effectiveness was tested for 6 replicate 
traps of each age (including fresh traps, age 0) by dropping 6 
groups of 25 Festuca seeds from 10 cm height (removing all cap- 
tured seeds between groups). 

Size, mass, and morphology of seeds may influence the rate at 
which they are trapped by a sticky surface. We tested the effective- 
ness of the seed traps at capturing seeds of 5 herbaceous species: the 
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lawn grass Festuca elatior L.; the cultivated radish (Raphanus 
sativus L. (Cherry Belle)); and 3 species native to California grass- 
lands, the annual forb Plantago erecta Morris and the perennial 
bunchgrasses Stipapulchra Hitchc. and Sitanionjubatum J.G.Sm. 
In these trials 25 seeds of a species were dropped, 1 at a time, from 
10 cm onto a fresh trap (6 replicate traps per species). 

Arrays of seed traps were tested for their ability to trap seeds of 3 
types carried by the airstream of a tabletop wind tunnel. Single 
seeds of Sitanion, Festuca, and Plantago were released at air 
velocity of 2.5 m/set and their behavior noted. Fifteen seeds per 
species (20 for Plantago)) were observed. Fresh seed traps were 
arranged side-by-side in such a way as to assure initial contact with 
dropping seeds. 

After seeds have been captured by a sticky trap, they remain 
vulnerable to removal by wind (or by seed predators) as long as the 
trap remains in the field. We tested 6 traps that had collected full 
loads of seed in a California annual grassland by placing the traps 
in the airstream of a tabletop wind tunnel. Seed loads included 
seeds of a wide range of sizes and morphologies, including seeds 
with long or elaborated awns and seeds which seemed held only 
loosely by the adhesive surface of the trap. Traps were placed in the 
wind tunnel’s airstream, and air velocity was varied from 0.1 to 3.0 
m/ sec. 

Results 
Height of Release of Seeds 

Capture success was strongly influenced by the height from 
which seeds dropped onto the sticky traps (Fig. 1). The percentage 
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Fig. 1. Effect of heighr of seed release on thepercentage of seeds trapped by 
rhe sticky traps. A group of 25 Festuca seeds was droppedfrom a vial 
vertically onto a clean dry trap. Means of 6 groups are plotted (bars 
represent f 1 standard deviation). 

of seeds captured by the traps declined smoothly from 100% 
(height of release 2 cm) to 3% (height of release 60 cm). Seeds 
failing to adhere bounced off the trap surface after the vertical 
drop. The momentum gained by seeds in a vertical drop apparently 
makes capture on initial contact difficult, In a field situation, where 
air currents impart lateral as well as vertical velocity to seeds, some 
additional seeds would miss initial contact with a trap located 
directly below the point of release. 

Wetted Trap Surface 
Capture rates of wetted sticky traps were measured with seeds 
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released from a height of 10 cm (about 65% capture success with 
dry traps). Surface wetting had no negative effect on the percentage 
of seeds trapped. In fact, wetted traps captured 92% (95% confi- 
dence interval, 89-94%) of the seeds dropped; wetting actually 
increased initial capture rates, as the seeds adhered to the surface 
tension of the water droplets. When the traps were shaken to 
remove water droplets, 64% (95% c.i., 58-69%) of the seeds 
remained on the trap surface. The latter rate of retention did not 
differ significantly from that of dry traps (t = 0.2, 31 d.f.). 

Exposure to Field Conditions 
Exposure to light, high temperatures, and dust in the field had 

little influence on seed capture rates. Traps exposed for 0, 5, 13, 
and 19 days had mean capture rates of 64, 67, 63, and 67% 
respectively. Those traps exposed for 19 days, during a hot and 
dusty period of the summer, performed no differently than fresh 
traps (t = 0.9, 70 d.f.). 

Comparison of Seed Types 
Trap effectiveness varied substantially with the size and mor- 

phology of seed (Table 1). Grass diaspores with long awns (Stipa 
and Sitanion) were caught with great efficiency. A grass caryopsis 

Table 1. Comparison of stieky trep effectiveness et tmppbU w?de of 
various hcrbaceoua specie-d 

Mean Awns 
Species mass Shape present? trapped 

me percentage 
Sripa 9 elongate yes 91 (8) 
Siranion 17 elongate yes 95 (5) 
Festuca 2 elongate no 56 (6) 
Planrago I5 ovate no 15 (6) 
Raphanus 8 round no 11 (3) 

~~wenty-five seeds of each species were dropped one at a time from a height of 10 cm. 
Values represent means (standard deviations) for six traps tested per species. 

with no awns (Festuca) was trapped at intermediate rates. In 
contrast, dense, smooth, rounded seeds (Plantago and Raphanus) 
tended to bounce off the trap without being trapped; fewer than 
20% of those seeds were caught by the trap. 

Seed type also influenced rate of capture in the wind tunnel tests. 
The longawned diaspores of Sitanion attached themselves to the 
trap surface at the first point of contact in 14 of 15 cases. The 15th 
bounced off the trap where it first hit and adhered to the second 
trap it contacted. The caryopses of Festuca became attached at the 
point of first contact in 4 of 15 cases, and adhered after a single 
bounce in 8 more cases. Three of the 15 seeds tested bounced 
repeatedly and failed to adhere to any trap. In contrast, none of the 
smooth dense Plantago seeds adhered at the point of first contact. 
Seven of 20 became attached to a trap surface after a single bounce, 
and 13/20 failed to adhere to any trap. 

Retention of Seeds in Windy Conditions 
Once caught on the trap surface, seeds could not be dislodged by 

exposure to the wind tunnel. Even when grass diaspores were 
attached only by long awns, no seeds were detached as wind speeds 
varied from 0.1 to 3.0 m/ sec. 

Discussion 

These tests of performance demonstrate that inexpensive, com- 
mercially available insulation hangers may be used as effective 
traps for small seeds of some species under field conditions. The 
adhesive properties of the trap surface do not seem to be affected 
by the dust, high temperatures, or high light intensities encoun- 
tered in open grassland sites. Wetting of the surface, as by dew or 
rain, did not diminish the effectiveness of the traps. In fact, the 
presence of water droplets seemed to increase the percentage of 
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seeds remaining on the traps after initial contact. In the field, such 
seeds adhering to water droplets would likely become firmly at- 
tached to the adhesive surface when the water eventually evapo- 
rated. Unfortunately, variability in capture success rate with vary- 
ing moisture conditions would make it difficult to extrapolate from 
trap captures to total seed rain. 

The effectiveness of the traps is limited under certain conditions. 
Some seeds will not be retained by the traps, bouncing off after 
initial contact (particularly when falling from a considerable 
height, or when the seed is smooth and dense). The traps are 
effective at capturing seeds which are moving laterally, either 
directly in a wind stream or after bouncing off other surfaces. 
Much of the movement of seed in the field, particularly in open 
vegetation such as grassland, is probably of this sort. This poor 
performance of the traps in retaining seeds dropped vertically from 
great heights would make them unsuitable for capturing seeds 
directly beneath a tall canopy. However, in grassland of low height, 
trap effectiveness would be adequate. 

Substantial numbers of Plantago seeds, and other dense, smooth 
seeds, have been captured by these traps in the field despite the 
relatively poor capture efficiency for such seeds (Huenneke, pers. 
obs.). (Plantago erecta seeds do possess a wettable mucilage that, 
when moist, allows them to adhere tightly to the soil. However, 
during much of the seed dispersal season, conditions are dry and 
the seeds disperse with dry seed coats; the mucilage becomes wetted 
only later.) These numbers are almost certainly underestimates of 

the actual seed rain of such species. In contrast, propagules with 
long awns or hairs are caught very effectively by the traps, and 
numbers of seeds captured are probably good measurements of the 
rain of those species. 

The performance limitations of these sticky traps may character- 
ize sticky traps using other adhesives as well. The choice of a trap or 
adhesive must be an informed compromise between cost, perfor- 
mance under field conditions (moisture, dust, high light and 
temperatures) and effectiveness of capture of certain seed types. 
The availability of an inexpensive, uniform seed trap, effective at 
capturing many types of small, light seeds, will allow more efficient 
sampling of seed rain in some plant communities. 
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Unique in its emphasis on the hydrology of rangelands. primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond toquestions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on the rapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material wrth each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers. soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
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paper laminated cover $15.00 US) 
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Technical Notes 

A Modified Sleeve and Plug 
lated Cattle 
I.F. KARN 

Abstract 

Cannula for Esophageal Fistu- 

An inexpensive esophageal fistula sleeve and plug cnnnuh was 
constructed using 3%mm diameter PVC pipe with P 4mm wall, P 
Babcock float rod, and laboratory rubber stoppers. The cnnnulae 
are easily made and have proven effective in reducing and eorreet- 
ing injury to the lining of the esophagus. Longer sleeves and larger 
plugs, plus use of 130- X 3-mm circles of rubberized belting mate- 
rial inside the esophagus and sometimes on the outside of the 
tistuln, effectively reduced saliva and rumen content losses from 
animals with extra large fistulae. 

Key Words: esophageal fist&ted animals, cnnnulne 

Use of esophageally iistulated animals to sample pasture forage 
was first introduced by Torrell (1954). Although this sampling 
method has proven to be a satisfactory technique, no completely 
acceptable cannula has been developed to maintain and close the 
fistula opening when animals are not sampling forage. The stain- 
less steel sleeve type cannula with a plastic plug (Harris et al. 1967) 

.may cause erosion of the lining of the esophagus and scar tissue 
accumulation (Forwood et al. 1985) due to the lightweight (ZO- 
gauge metal) sleeve with its relatively sharp edges. If the plastic 
plug fits snugly in the fistula, a portion of the delicate mucosal 
tissue can easily be pressed between the plug and the metal sleeve 
resulting in necrosis of that area. A plastic cannula developed in 
Australia (Breen and Hunter 1976) is difficult to keep tight enough 
to prevent its being pulled out, yet loose enough to avoid swelling 
and pressure necrosis. Taylor and Bryant (1977) developed a light- 
weight semipermanent plastic cannula which does not irritate the 
esophagus, but is very difficult to remove and replace if an animal’s 
esophagus becomes plugged with forage. The outlet tube of the 
cannula can also become clogged with forage while animals are 
being used. More recently developed cannulae (Forwood et al. 
1985, Walker et al. 1985) may alleviate some of the above pro- 
blems, but they are still designed totita single-sized fistulaand the 
internal plates are relatively short. In general, most types of cannu- 
lx do not fit and function well in all fistulated cattle because of 
slight anatomical differences between animals and/or differences 
in size and placement of the fistula. 

The objective of this paper is to describe a sleeve and plug 
cannula that can be made in a variety of sizes, and to relate our 
experience using it and in dealing with some common problems 
encountered with tistulated animals. 

Materials and Methods 

The sleeve portion of the cannula (Fig. I) is constructed from 
38-mm diameter PVC pipe with 4-mm wall thickness. The sleeve 
width we use is 40 mm, the same as the stainless steel sleeve 
recommended by Harris et al. (1967). Sleeve lengths varying from 
I50 to 200 mm have been used successfully. After cutting a sleeve, 
the rough ends are rounded and all edges sanded smooth. A 5-X 
75-mm threaded brass stem (Babcock-float-rod cut in half), which 
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Fig. 1. Top and bortom view ofthe PYCsleeve and rhreaded srem. 

is mounted on the sleeve to hold the fistula plug in place, may be 
centered on the sleeve or offset as desired. The unthreaded end of 
the stem is rounded so that it will pivot easily when fastened to the 
PVC pipe. Two holes about 14 mm apart are drilled through the 
area where the stem is to be located. The inside of the pipe is then 
thoroughly roughened for about 40 mm in each direction from the 
2 holes to maximize adhesion between the PVC pipe and the fiber- 
glass which is applied later. A Z-mm hole is drilled through the stem 
about 2 mm from the unthreaded end and a I .5- X 60-mm stainless 
steel welding rod is bent into an open-ended rectangle with a I4 mm 
long center portion. The welding rod is inserted into the hole in the 
stem. The ends of the welding rod are then put through the 2 holes 
on the top side of the PVC sleeve until only enough of the rod 
remains above the top of the PVC pipe to allow the stem to pivot 
easily from side to side. The PVC sleeve is turned over and the ends 
of the welding rod are bent in opposite directions parallel to the 
PVC sleeve. This prevents the stem from being separated from the 
sleeve. A fiberglass patch is placed over the bent ends of the 
stainless steel rod, then fiberglass resin is applied so that the patch 
and both ends of the rod are well covered; this completes the sleeve 
portion of the cannula. 

Laboratory rubber stoppers are used for the plug portion of the 
cannula (Fig. 2). Generally, combinations of number IO and I I, I I 
and 12, or I I and I3are used with the 2 stoppers placed togetherto 
form a continuous taper. The surfaces that are to be glued together 
are roughened and glued with “Fastack Trim Adhesive” by 3M, or 
a similar product. After the glue has dried, the tapered side of the 
plug may need to be ground off slightly to provide a continuous 
smooth taper. Finally a 7-mm hole is drilled through the center of 
the plug so that it will easily slip over the stem. 

In addition to the two basic parts of the cannula, we have found 
some other items (Fig. 3) useful in preventing saliva and rumen 
content loss when the fistula is excessively large. These include 
small plexiglass spacers (circles 50-mm diameter X 6-mm thick 
with a 7-mm hole in the center), large plexiglass plates (circles 
l30-mm diameter X6-mm thick with a 7-mm hole in the center), 
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and finally, l30-mm diameter circles of 3-mm thick flexible belting 
material with at least 1 side rubberized and a l-mm hole in the 
center’. 

Results and Discussion 

Two problems causing us the most difficulty with tistulated 
cattleare: (1) the formation ofpockets (Harris&al. 1967, Forwood 
et al. 1985) in the lining of the esophagus, and (2) the fist& being 
too large, causing loss of saliva and rumen contents. The thicker- 
walled PVC-plastic sleeve we use has substantially reduced the 
problems encountered with stainless steel sleeves. If pockets do 
occur as a result of forage buildup under one end of the sleeve, the 
problem can be corrected by using a sleeve that extends lo- 15 mm 
beyond the damaged area. Using only a slightly longer or shorter 
sleeve may only extend the eroded area. 

Forwood et al. (1985) alluded to pocketing causing nerve dam- 
age to the esophagus of fistulated animals, which affected their 
ability to swallow and resulted in starvation. Although we have 
had severe and repeated damage to the lining of the esophagus 
when using stainless steel and various other cannulae we have had 
only 1 instance when an animal temporarily lost b ability to 
swallow. This occurred when a steer gradually became unable to 
swallow over a period of 2-3 weeks following a severe pocketing 
incident. This temporary problem apparently resulted from ero- 
sion of the mucosal tissue of the esophagus, repeated plugging of 
the esophagus with forage, dehydration due to loss of saliva, and 
excessive fatiguing ofthe muscles of the esophagus from continued 
dilation. This condition was complicated by the animal’s general 
weakness from lack of feed. The problem was originally caused by 
a different type of cannula, but became worse while using the PVC 
sleeve because we were using a 180-mm sleeve with an offset stem 
and merely rotating ends to correct the problem. This steer had an 
excessively large fistula and simply rotating the sleeve did not 
work. The pocketing was corrected by using a 200~mm PVC sleeve 
with the stem centrally located so that the damaged tissue on both 
sides of the tistula was covered by the sleeve at the same time. 

The animal finally regained the ability to swallow after dosing it 
withelectrolytes(225gsodiumchloride, 225gofacombinationof 
potassium and magnesium sulfates, plus 50 g of dicalcium phos- 
phate) and keeping it off feed for I2 hours. Two separate electro- 
lyte doses, each followed by a 12-h period off feed, were required 
before the steer could eat without further plugging; dosing with 
electrolytes alone was not effective. This treatment apparently 

resulted in renewed production of copious amounts of saliva and 
facilitated an improvement in the muscle tone of the esophagus. 
The esophagus was almost completely healed and the animal had 
regained its ability to swallow within 2 weeks. 

The other problem that we have had with fistulated cattle 
resulted from fistulae that were too large for standard fixed- 
dimension cannulae to adequately close. Cannulae such as the 
Australian type (Breen and Hunter 1976) can be installed so loosely 
that they often are pulled out or partially swallowed, or they may 
be fastened so tightly that swelling and necrosis of the mucosal 
tissue occurs. A sleeve and plug cannula that is too small may stay 
in place, but allow continued loss of saliva and rumen contents 
causing dehydration and gradual loss of condition. We have not 
found a fixed-size cannula that works adequately in all fist&x. 
When animals have a large fistula, we use the larger-sized rubber 
stoppers plus belting material (Fig. 4). A circle of belting with the 

rubberized surface facing outward is placed over the sleeve before 
it is inserted into the esophagus. If necessary a circle of belting is 
also used on the exterior surface of the animal next to the skin. If 
there is still excessive loss of rumen contents or concern that the 
cannula may be swallowed, we use a l30- X 6.mm plexiglass plate 
on the exterior surface of the fistula. The belting and plexiglass 
effectively act as barriers to fluid loss. 
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In younger animals, the thickness of the tissue between the 
interior of the esophagus and the exterior surface of the animal 
may not be adequate to support a heavy rubber plug without 
causing irritation and erosion of tissue around the fistula. Thus, a 
single rubber stopper and SO- X 6-mm plexiglass spacers may be 
used, with or without the belting and large plexiglass plate, to close 
the fistula. Generally as the animal grows, the tissue between the 
esophagus and the animal’s exterior surface increases in thickness 
so that normal length rubber plugs can eventually be used. As 
tissue gradually fills in around excessively large fistulae they may 
tighten enough so that circles of belting and plexiglass can be 
eliminated, especially on the exterior side of the cannula. 

The fiberglass joint holding the stem to the PVC sleeve is the 
weakest portion of the PVC pipe cannula; however, we have had 
little problem with this joint if the pipe was properly roughened 
before the fiberglass was applied. 

The cannula and accompanying parts may seem crude and cum- 
bersome since several pieces may be necessary to close an exces- 

sively large fistula. However, the cannula is effective, inexpensive, 
easy to make, and offers the flexibility of accommodating animals 
with large fistulae. The cannula also provides a means of prevent- 
ing and correcting problems of pocketing and mucosal tissue 
erosion. 
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An Updated Procedure for Cecal Cannulation in Sheep and 
Cattle 
J.S. CATON, LJ. KRYSL, A.S. FREEMAN, J.L. RUTTLE AND M.E. BRANINE 

Abstract 

Fifteen cattle (236500 kg) and 38 sheep (36-S kg) were fitted 
with 2 types of indwelling cecal cannulae. Cannulae were made of 
either clear silicone or plastic tubing. The surgery was conducted in 
a one-step procedure that involved pharmaceuticals and equip 
ment that were readily available. Results indicated a success rate of 
67% (33% failure due to inability to locate the cecum at the time of 
surgery) in cattle and 100% in sheep. Both cannula types tested 
were acceptable, but the cannulr made from plastic tubing was 
more desirable because it was less bulky, more durable, and easier 
to construct. Animals fitted with cecal cannulae appeared to be 
healthy and to have normal lie spans. 

Key Words: cecal emulation, cattle, sheep 

Procedures for cecal cannulation were described more than 30 
years ago by Dougherty (1955). Phaneuf (1957) later used these 
techniques in early experiments on digestive physiology of sheep. 
More recently several researchers have reviewed hindgut digestive 
physiology (Ulyatt et al. 1975, Hoover 1978, and Stevens et al. 
1980). Unfortunately, the publication of cecal cannulation proce- 
dures has not kept pace with the increase in research on hindgut 
digestion. DeGregorio et al. (1982) reported using an indwelling 
T-type cannula in the cecum of sheep; however, their procedure 
was only briefly outlined. Ralston et al. (1983) outlined a proce- 
dure for cecal cannulation in ponies. While the procedure may be 
adequate for ponies, it is difficult to adapt to sheep and cattle. The 
majority of researchers using cecal cannulae 
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have failed to cite a cannulation procedure or only give a brief 
outline of their procedure. This paper provides a detailed descrip- 
tion of cecal cannulation procedure that is suitable for both sheep 
and cattle. 

Materials and Methods 
Cannuls Types 

Two types of cannulae were used in sheep and cattle. The first 
type is a modification of the silicone cannula described by Ralston 
et al. (1983). Its construction consisted of clear silicone caulk’ 
poured onto a T-type mold and shaped with a putty knife dipped in 
95% ethanol. Once shaped, the cannula was allowed to dry and 
assembled as shown in Figure 1. Cannulae used for sheep and cattle 
were l7-mm I.D. and 3l-mm I.D., respectively. 

The second type of cannula was made from clear plastic tubing2 
of varying diameters which depended on the size and species of the 
animal involved. For sheep we used 19.0-mm I.D. and 296mm 
I.D. in cattle. Inside flanges were made by splitting and tacking the 
tubing flat to a board. To ensure the inside flanges maintained their 
shape, tacked tubing was heated for 30 min in a 100° C forced-air 
oven. After cooling, a hole 2 mm smaller than desired cannula 
barrel was cut into the center of the inside flange. Cannula barrels, 
15 cm long, were cut from tubing of the appropriate inside diame- 
ter. Both the flange and barrel were soaked in cyclohexanone for 10 
to 20 min. The barrel was then inserted into the pre-cut hole in the 
flange and rotated to ensure good contact. The whole unit was then 
placed in enough cyclohexanone to cover the joint and allowed to 
set for 10 to I5 min. Finally, each cannula was air dried for 72 h 
before being fitted with an outside flange as shown in Figure 2. 

‘Clear silicone rubber sealent, Ace Hardware Corporation, Oaks Brook, Illinois 
60521. 
IPlastic tubing, Kirkhill, inc., Downey, CA 90241. 
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Fig. 1. Molded silicone cannula consisring of insidejlange and barrel (A), 
hose clamp (B), outside flange (C), modified syringe barrel (D), rubber 
stopper (E). 

Fig. 2. Inside jlange (A). cannula barrel (B), outside flange (C), hose 
clampe (0). rubber stopper (E). 

Outside flanges were constructed from food container lids, but 
could be made from almost any type of plastic material. 

Surgical Procedure 
Over a 3-month period, 15 cattle (236-500 kg) and 38 sheep 

(36-55 kg) ranging from 6 to 36 months of age were selected for 
cecal cannulation. These animals were fasted for 24 hand withheld 
from water 12 h before surgery. 

Sheep were placed on an operating table in left lateral recum- 
bency, exposing the right side for surgery. All 4 legs and the head 
were restrained to prevent injury to either the sheep or the surgical 
team (Fig. 3). In cattle, surgery was performed using either 

Fig. 3. Sheep positioned on surgical table. 

a surgery table or a catch chute fitted with a standard headgate. 
Surgical anesthesia consisted of a regimen that minimized stress 

and pain. In most cecal cannulations, an intravenous injection of 

Fig. 4. TiTansverseprocesses (A). last rib (B), tuber coxae (C), surgicalfield 
(D), incision sire (E), injection sires for line or “L” block (X and 7, 
respectively). 

Sparine (promazine hydrochloride)3 was used as a general tranqui- 
lizer. Injections were given in the midrange dose of .66 to .77 
mg/ kg body wt if the animal was on a surgical table and the lower 
range dose of .44 to .55 mg/ kg body wt if the animal was standing. 

After adequate animal restraint, the surgical field (right para- 
lumbar fossa and flank area) was located and, using Phisohexdas a 
surgical scrub and and Zephiran4 as a disinfectant, the area was 
prepared for surgery by standard preparation procedures. The 
incision site was located and anesthesized with 1% Xylocaine 
(Lidocaine hydrochloride plus 1: 100,000 added epinephrinep 
using either a line or an inverted “L” block (Fig. 4). The inverted 
“L” block appeared to be more effective in desensitizing the area 
and is preferred to the line block. After administration of the local 
anesthetic, the surgical area was again flooded with Zephiran. 

A 10.0 to 15.0-cm incision beginning approximately 5 cm ventral 
to the lumbar processes was made dorsoventrally through the skin 
underlying fascia and fat layers. Muscle layers were separated by 
blunt dissection whenever possible. After the peritoneum was 
exposed, between 0.5 and 1.5 cc of 1% Xylocaine was applied to the 
peritoneal surface to enhance anesthesia. The peritoneum was 
incised vertically with a scalpel and the incision lengthened with 
scissors. After the cecum was located and exteriorized, an incision 
just long enough to insert the cannula was made in the least 
vascular region farthest removed from the cecal artery. The inci- 
sion was positioned 7.5 to 14.0 cm from the cecal apex, depending 
on the cecal size. After cannula insertion, the incision was closed 
with “O”, “‘0O”or “0OO”chromic gut using a Connell suture pattern 
described by Frank (1964). A purse-string suture of chromic gut 
was also placed around the cannula barrel to prevent leakage. 
When the cecum was exteriorized, the organ was periodically 
irrigated with sterile physiological saline to prevent adhesions. 
After returning the cecum to the abdominal cavity, the cannula was 
placed in the ventral apex of the incision site. The surrounding 
peritoneum and muscle layers were closed with “0” chromic gut, 
using a simple continuous suture pattern. After the peritoneum 
and muscle layers were sutured, 10 cc of Tri-sulfa6 was irrigated 
between the various muscle layers. The skin was sutured with 
nonabsorbable synthetic suture material (2/O Braunamid)’ in an 
interrupted pattern. Tri-sulfa was also irrigated between the skin 
sutures and and the incision surface was treated with a 390 solution 

‘Wyeth Laboratories, Inc., Philadelphia, Pennsylvannia 19101. 
- L ’ . . . ,rk, New York 10016. 

II 1. . 
6Anchor Laboratories, Inc., St. Joseph, MO. 
‘B. Braun Melsungen AC, W. Germany. Importer: Jorgensen Laboratories, Inc. 
Loveland, Cola. 80537. 
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of iodine and a topical antibiotic (Furall)s. The outside flange was 
then affixed to the cannula. Antibiotic (Combiotic)s was adminis- 
tered by intramuscular injection and the animal was housed in a 
recovery area. 

Post-operative Care 
Cornbiotic (procaine penicillin G and dehydrostreptomycin sul- 
fate) injections were given to both sheep (8 to 10 cc) and cattle (15 
to 20 cc) every 24 h for 3 days after surgery, and discontinued if the 
animal was progressing satisfactorily. If further treatment was 
needed, only procaine penicillin G9 was administered. Animals 
were maintained on a good quality alfalfa hay, including salt and 
minerals, and given fresh water daily throughout recovery. Inci- 
sion sites were inspected once or twice daily and topical antibiotic 
and pesticide were applied as needed. Animals were usually ready 
for experimental studies 4 to 6 weeks following surgery. 

Discussion and Conclusion 
Currently, 15 cattle and 38 sheep have been cannulated with a 

success rate of 67% in cattle and lOO$#c in sheep. The reduced 
success rate associated with cattle was attributed to the fact that 
many of the steers carried excess finish, which made locating the 
cecum extremely difficult. We were unable to locate the cecum at 
the time of surgery in 5 of the steers, thus, we had a lower percen- 
tage of successful cecal cannulations in cattle than in sheep. Cattle 
weighing between 130 and 230 kg can be cannulated with little 
difficulty. Some variation in ease of sampling was observed and 
attributed to cannula position. Sampling was improved (cecal 
contents flowed much easier) if the cannula was located away from 
the blind end of the cecum, and postioned slightly more ventral 
than dorsal in the abdominal wall. 

Both cannula types were acceptable for use in research. Modifi- 
cations can be made in either cannula type by cutting the barrel and 
flanges to the desired length and shapes. In general, the plastic 
tubing cannula was preferable because it was less bulky, more 
durable and easier to construct, With both cannula types it was 
desirable to use outside flanges. These flanges prevented the can- 
nula from being drawn into the cecum, which could result in the 
cannula becoming lodged in the large intestine with little chance of 
passage or removal. 

*Farnam Companies, Omaha, Nebraska 68112. 
9Agriculture Division, Phim Inc., New York, New York 10017. 

This surgical procedure is simple and provides animals of good 
health and acceptable quality for experimental purposes. Several 
successful experiments have been conducted using animals fitted 
with cecal cannulae by this procedure (Caton et al. 1985, 1986a, b; 
Krysl et al 1986). Life expectancy of animals cannulated in this 
fashion is assumed to be near normal. 
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Use of Microsite Sampling to Reduce Inventory Sample Size 
L.L. LARSON AND P.A. LARSON 

Abstract 

The objective of this study was to determine if a stratification of 
microsites within range communities could be used to effectively 
reduce sampling variation and hence sample size. Two grassland 
communities were stratified by microrelief patterns. Random 
sampling designs were applied to each community as well as micro- 
sites within the community. Stratification of the community, based 
on local dniluge patterns, reduced standard errors significantly. 
The pooled microsite data sets were not significantly different from 
simple random sample data sets for the communities. Sample size 
reductions of 50 and 60% were observed using the microsite srm- 
pling technique. 

Key Words: inventory, sample size 

Vegetation inventories provide information that is used to for- 
mulate land management decisions (McQuisten and Gebhardt 
1983). The trend in range management and mined land reclama- 
tion has been to utilize objective sampling designs that yield valid 
statistical inferences about the area being studied. Much of this 
trend is the direct result of our increased reliance upon analytical 
results for regulation, enforcement, and litigation (McQuisten and 
Gebhardt 1983). Unfortunately, this trend has also raised inven- 
tory costs. 

A number of sampling procedures and improvements have been 
described in the literature during the past 5 years (Shute and West 
1982, Ahmed et al. 1983, Butler and McDonald 1983, Strauss and 
Neal 1983, Taha et al. 1983, and Caranda and Jameson 1986). 
However, it is important to be aware that many reductions in 
inventory costs depend on the ability of the sampler to identify 
sources of sampling variation and to develop study designs that 
will minimize the number of samples needed to obtain valid statis- 
tical inferences. Partitioning of internal sources of community 
variation should be a primary objective when sample size is a 
limiting factor. The objective of this study was to determine if a 
stratification of microsites within range communities could be used 
to effectively reduce sampling variation and hence inventory sam- 
ple size. 

Methods 
Bluegrass (Poa sandbergiilstipa comata)and needlegrass (Stipa 

comata/Stipa cohmbiana) communities near Williams Lake and 
Merritt, British Columbia, were selected for this study. Each com- 
munity was mapped to form microsites based on drainage patterns 
within the community. The partitioning process has the potential 
of identifying 4 possible patterns of microsite relief within a given 
community: (1) The nose-the driest areas of the community usu- 
ally having off-site drainage, (2) Side slopes-areas with straight 
contours and gradual off-site drainage, (3) Foot slopes-the gentle 
lower parts of the side slope, and (4) Hollows-areas of drainage 
accumulation (Cook and Doornkamp 1974). 

Each community was sampled using Daubenmire quadrats (20 
X 5&m). The placement of the individual quadrats was determined 
by using a random sequence of compass bearings and distances 
within the communities. Each observation was recorded by sample 
number and microsite position. Foliar cover and herbage yield 
data were collected by species. Green herbage weights were 
adjusted using correction factors obtained from oven-dry samples 
(65” C). Sample adequacy for vegetation cover and wet herbage 
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yield were monitored in the field using Stein’s two-stage sampling 
procedure (Steel and Torrie 1980). Sample size requirements for 
the cover estimates were larger than those observed for wet herbage 
yield. Consequently, the sample size requirements for the cover 
estimates were used as the minimal sample size requirements for 
subsequent comparisons. 

Two sets of data were provided by this procedure: (1) A simple 
random sample for the entire community, and (2) A stratified data 
set based on drainage patterns within the community. Community 
estimates from the microsite data were obtained by aggregating the 
stratified data sets. Weighted mean and standard error calculations 
for stratified samples (Snedeor and Cochran 1978) were used to 
obtain these estimates. A planimeter was used to obtain area 
estimates (weighing factor) for the microsites. 

Results and Discussion 

The stratification process recognized 3 microsites in the blue- 
grass community (nose, slope, and hollow) and 2 sites in the 
needlegrass community (nose and slope). The number of micro- 
sites in each community is a function of the drainage pattern of the 
land area and the community boundary. The results of an analysis 
of variance of these data sets are provided in Table 1. In both 
communities microsite differences were shown to be significant 
sources of community variation. Mean differences between the 
strata ranged from 19-60% cover in the bluegrass community and 
1744% cover in the needlegrass community. Similar differences 
were observed in wet and dry herbage yield (bluegrass: 11.8-56 
g/.lm*, 5.4-24.5 g/.lmr; needlegrass: 13.8-20.8 g/.lmr, 5.7-11.7 
g/. lm*). From a sampling perspective, stratification reduced the 
standard errors associated with the population estimates by 46% 
for cover, 43%for dry herbage yield, and 44% for wet herbage yield 
in the bluegrass community. Results were similar in needlegrass 
community: standard errors were reduced 42% for cover, 32% for 
dry herbage yield, and 23% for wet herbage yield. The standard 
error reductions indicate that the accumulative influence of micro- 
site drainage patterns contributes a significant proportion of the 
variability found in the vegetation cover and herbage yield esti- 
mates for the community. 

Microsite sampling reduced the overall sample size requirements 
for the 2 communities by 50% for the bluegrass community and 
60% for the needlegrass community (Table 2). The sample size 
numbers reported in Table 2 represent the largest sample size 
required to meet the stated confidence level for all 3 community 
attributes. The number is a composite of the random samples 
collected from the respective microsites. The weighted mean esti- 
mates for the bluegrass cover, dry herbage yield, wet herbage yield 
and the needlegrass cover and wet herbage yield estimates fall 
within 1 standard error of the simple random sample estimates for 
communities. The weighted estimate for dry herbage yield in the 
needlgrass community exceeded I standard error but is within 1.7 
standard errors of the simple random estimate of the mean. Conse- 
quently, the confidence limits for both communities indicate that 
there is no significant difference between population estimates 
obtained using simple random sampling or microsite sampling. 

Conclusion 

Rangeland inventories are normally conducted on limited 
budgets, which underscores the need for maximizing the informa- 
tion obtained through the inventory process. In addition inventory 
funding determines to a large extent inventory sample size (Steel 

JOURNAL OF RANGE MANAGEMENT 40(4), July 1987 



T8bk 1. An8lysk of v8rhnce of stmt8 d8t8 sets from tbe bluegmss 8nd needle communitka. 

Attribute Source 

Cover between 
within 
total 

Herbage yield between 
(dry) within 

total 
Herbage yield between 
(wet) within 

total 

lSigniiicant at .Ol level. 

DF 

2 
26 
28 

2 
26 
28 
2 

26 
28 

Bluegrass Needlegrass 
MS F SE DF MS F SE 

3178 318 1 4094 52’ 
100 1.80 
320 3.32 

;; 78 1.66 
226 2.84 

697 29* I 379 32. 
24 .90 26 .67 
71 1.57 27 

:: 
.98 

2116 30* I 510 19’ 
69 1.54 26 27 .98 

215 2.72 27 45 1.27 

Table 2. Compukon of the dmpk raodom and random microsite date sets 
for the bluepass 811d needkgmss communitks. 

Bluegrass Needlegrass 
Simple Random Simple Random 

Random Microsite Random Microsite 
Attribute Estimate Sample Sample Sample Sample 

Cover Sample size 29 14 28 I1 
Mean (%) 38. I 38.4 26.8 24.0 

Standard Error 3.32 2.85 2.84 1.72 
CI (.05) 31.4-44.7 32.1-44.6 21.1-32.5 20.1-27.9 

Herbage Sample size 29 14 28 11 
yield Mean (g/. lm) 13.7 14.0 8.8 7.3 
(dry) Standard error 1.57 1.48 .98 .69 

CI(.O5) 10.5-16.8 10.7-17.2 6.8-10.7 5.7-8.8 
Herbage Sample size 29 14 28 II 
yield Mean (g/. lm) 27.6 29.4 17.9 15.7 
(wet) Standard error 2.72 .I8 1.27 .98 

CI (.05) 22.1-33.0 25.4-33.3 15.3-20.4 13.6-17.8 

and Torrie 1980). Consequently, land managers are often faced 
with a decision to either revise their objectives, due to the necessity 
of reducing the number of samples collected, or delay the inventory 
until adequate funds are available. 

Microsite sampling within a plant community is an alternative 
when sample size requirements exceed budgetary constraints. 
When properly applied, stratified sampling results in smaller var- 

iances than simple random sampling designs (Cochran 1977). A 
sample size savings of 50 and 60% were observed in the tested 
communities without sacrificing randomization. However, the 
area occupied by the microsite must be measured accurately to 
avoid sources of error in the calculation of weighted means and 
standard errors. 
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Allelopathic Effects of Kochia on Blue Grama 
MOSES KARACHI AND REX D. PIEPER 

Abstract 

The allelopathic effects of kochia aqueous extntcts found in 
kochir (Kochia scoparia L. Roth.) on seed germination and seed- 
ling growth of blue grama (Boutelouagracilis [H.B.K.] Lag.) were 
studied in Inboratory experiments. Extracts were from regrowth, 
whole tops, leaves, and stems, representing the vegetative and 
reproductive phenologies. Inhibition of seed germination did not 
occur. However, seedling radicle and shoot growth were signifi- 
cantly (PCO.05) affected. Inhibition declined significantly with 
concentrations of the solutions and advancing phenological stage. 
Similarly, hot water extracts inhibited growth more than cold 
water extracts. The data suggest possible inhibitory effects of 
kochia litter under field conditions, but detailed studies are 
lacking. 

Key Words: germination, inhibition, leaf extracts 

Allelopathy is a direct or indirect harmful/stimulating effect by 
one plant (including microorganisms) on another through produc- 
tion of chemical compounds that escape into the environment 
(Rice 1979). The phytotoxic effects of the chemical and duration of 
impact depend on concentration of the compounds, their phyto- 
toxic potential on the susceptible plants and resistance to degrada- 
tion. Several compounds have been identified as exhibiting allelo- 
pathy (Rice 1974). Among them are phenolics, flavonoids and 
alkaloids, which have been isolated from kochia foliage (Lodhi 
1979); these compounds have also been grouped as antiquality and 
unpalatability components of forages (Martem 1973). 

Kochia (Kochia scoparia L. Roth) is an early pioneering annual 
in denuded areas of the Southwest (Spowls 198 1) and on mine spoil 
materials (Wali and Freedman 1973). However, longevity of dom- 
inance does not exceed 3 years (Wali and Iverson 1978), after which 
there is patchiness and ingress of other plant species into formerly 
kochia-dominated vegetation. These authors attributed the succes- 
sional patterns to unidentified phytotoxins produced by decaying 
kochia foliage inducing autotoxicity. These conclusions were con- 
firmed by Lodhi (1979). 

This study was conducted to examine the allelopathic potential 
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of kochia aqueous extracts from (a) different phenological stages, 
(b) plant fractions and (c) method of extraction on germination 
and seedling growth of blue grama (Bouteloua gracilis [H.B.K.] 
Lag.). 

Materials and Methods 

Preparation of Aqueous Extracts 
Kochia forage samples were collected several times during the 

summer and early fall 1984. 
Cold and hot water were used to extract the phytotoxins. Freeze 

dried samples of kochia regrowth, whole tops, leaves and stems 
were ground to pass through a 2-mm mesh screen. One gram of 
ground sample was weighed into 250-ml flasks containing 100 ml 
of deionized water. With cold water extraction, the mixture was 
thoroughly shaken every 20 min for 1 h. With hot water extraction, 
the flasks containing the mixture were placed in a water bath 
containing boiling water and allowed to stand for I h. The extracts 
were filtered through Whatman No. 540 paper into clean 250-ml 
flasks and stored at room temperature. 

Germination 
Blue grama seeds (Act. No. Hachita) were obtained from the 

Plant Matrials Center, Los Lunas, New Mexico. Seeds were 
washed in running water, soaked for 5 min in sodium hypochlorite 
(0.50% concentration) for disinfectation and rinsed with deionized 
water 3 times. One hundred seeds germinated in petri dishes on 
Whatman No. 4 filter paper with 5 ml of the aqueous extracts and 
deionized water as control. The petri dishes were incubated in dark 
at room temperature (20-30° C), and germination counts were 
made after 24 and 36 h. Germination was considered complete 
after the radicle and shoot had emerged. The experimental arrange- 
ment was a completely randomized design with 2 replications per 
solution at each sampling period. 

Effect of Extracts on Radicle and Shoot Growth 
Concentrations of extracts were 1 g of kochia material per 100 

ml and 1 g of material per 200 ml. Dilutions of the extracts were 
added to each petri dish as a final volume of 5 ml. Ten disinfected 
seeds were grown in each petri dish. Experimental design, replica- 
tions and growth conditions were as described in germination test. 
After 5 days incubation, shoot and radicle length were determined. 
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Fig. 1. Growfh of blue grama seedlings incubated in different concentrations of kochia. 

380 JOURNAL OF RANGE MANAGEMENT 40(4), July 1987 



Gtnnination 

Results 

Mean seed germination results are shown in Table 1. Kochia 
aqueous extracts had no significant (X0.05) effect on germination 
of blue grama seeds at all concentrations of the solutions. Kochia 
extracts collected at different phenologic stages had no effect on 
germination. 

Table 1. Average germination percentage (i standard errors) of blue 
grama seeds treated with Loch& extracts. 

Treatment Germination 

Control 
Kochia Extracts 

% 
98 f 2 

(I) regrowth 92 f I 
(2) whole tops 
(3) leaf 

93 f 3 
92 f 2 

(4) stem 
LSD 

94 f 3 
non-significant 

Seedling Growth and Cold Water Extracts 
Both concentrations of cold water extracts depressed blue grama 

seedling growth significantly (p<O.O5), with degree of inhibition 
diminishing with increasing proportion of kochia stems in the 
extracted sample (Fig. l).,Growth depression from whole top 
extracts was intermediate (JYO.01) and stem extracts last (PCO.05). 
Blue grama growth with half concentrations of extract were about 
half or more of that observed with full strength extracts, and 
inhibition at both concentrations was significant (PCO.05) 

Hot Water Extracts 
The effect of hot water extraction was an increase in the extent of 

suppression by all concentrations (Fig. 1 and 2). Overall suppres- 
sion was higher (PCO.05) than with cold water extracts. Growth in 
full concentration extracts from leaves and regrowth were most 
depressed (p<O.OOl), while that from whole tops and stems were 
similar (X0.01). Depression by half concentration followed a 
similar pattern, but at reduced levels. 

Discussion 

Allelopathy expresses itself in many ways, such as seed germina- 
tion inhibition (Rice 1974). However, in this study, kochia toxins 
had no effect on seed germination of blue grama. These results are 
similar to those reported by Lodhi (1979). The lack of toxicity of 
kochia extracts suggests that its rapid establishment of new sites 
(Wali and Iverson 1978) is mainly attributable to the large seed 
reserves and initial rapid seedling growth rate. The aqueous 
extracts inhibited seedling growth of blue grama and the extent of 
inhibition was proportional to concentration of the extracts. These 
observations are similar to those obtained by Qasem and Abu- 
Irmaieh (1984) and Rasmussen and Einhelling (1975) on inhibition 
of wheat and sorghum seedling growth, respectively. Results of this 
study confirm the report by Lodhi (1979) that kochia toxins are 
allelopathic and that inhibition was proportional to the concentra- 
tion of the toxins. The study also confirmed that toxins had varia- 
ble threshold concentration to effect allelopathic potential. The 
specific toxins were not identified and their concentrations in the 
extracts were not quantified in this study. The presence of toxins in 
the soil where kochia was growing was also not demonstrated, 
Possible ecological effects of these toxins need further study. 

Extracts from mature foliage and the stem fraction were less 
inhibitory to growth than those from regrowth or leaves. This 
suggests a dilution effect to the toxins, particularly by the stem 
fraction. It appears that heat facilitated release of the toxins to the 

F 30 r LElF EXTRACTS 

WHOLE TOPS EXTRACl 

3o r RESROWT” EXTRACTS 

Fig. 2. Growth of bluegromo seedlings incubated in full concentrations of 
kochio extracts collectedfromplonts 1.8.12 ond 19 weeks of emergence, 

medium. This could occur by either rupturing the cell structure or 
possibly breaking the chemical bonds binding the complexes (Rice 
1979) or simple temperature solubility affects if the toxin is indeed 
a kochia toxin. There are no data indicating whether temperature 
and moisture play a similar role under range conditions as regards 
kochia. 
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Book Reviews 
Foundations for a National Biological Survey. 1986. Edited 

by Ke Chung Kim and Lloyd Knutson. Association of 
Systematics Collections, c/o Museum of Natural History, 
University of Kansas, Lawrence, KS 66045.215 p. $18.00 
paper. 
Tremendous media attention and official Foncern are currently 

devoted to species conservation and endangered habitats in the 
tropics and subtropics. This phenomenon has overshadowed the 
reality of how much more cataloguing of natural diversity in North 
America remains to be done. The challenge, greater than generally 
realized, largely arises from a shortage of taxonomists and from 
little overall coordination among museums, research centers, con- 
servation organizations, and a host of other agencies and individu- 
als engaged in the description and protection of the North Ameri- 
can biota. Hence this volume, which expresses the systematics 
community’s longstanding interest in better coordination of very 
disparate efforts in zoology, botany, entomology, and ecology. In 
fact, one contributor terms a national biological survey (NABS)“‘a 
national imperative”. 

The 16 papers in the volume resulted from a 1985 Association of 
Systematics Collections symposium in Los Angeles. The authors 
included museum curators, federal agricultural researchers, direc- 
tors of research institutes, data management specialists, profes- 
sional conservationists, and state survey coordinators. Only Paul 
Risser of the University of New Mexico can be readily identified 
with rangelands. 

include an emphasis on urgent conservation needs (e.g., through 
focus on endangered habitats), rather than on comprehensiveness 
at the outset; the desirability of including Mexico and Canada in 
the survey; the near-term role of the survey as a “database on 
databases,” the limits of computerization; and the necessity of a 
central structure that nonetheless devolves considerable responsi- 
bility to existing regional, state, and local repositories. 
Implications for range science and the SRM are plentiful, although 
not often easy to discern. A survey would surely employ range 
ecologists, entomologists, and agrostologists to remedy the infor- 
mation gaps that exist, and it would better direct the compilation 
of atlases and monographs on key rangeland plant and insect taxa. 
Loucks presents a plan for an ecosystems data handbook that 
could only be assembled with the assistance of regional experts in 
rangeland systems. Renewed efforts on behalf of reference areas 
should proceed to a considerable degree under the guidance of a 
NABS, which would be concerned not only with the existence and 
description of taxa and communities but with where they occur in 
exemplary condition. Such potential linkages prompt the question 
of SRM endorsement and participation on steering committees 
(the Society is not yet among 22 professional societies formally 
supporting the concept). 

The articles are quite varied, reflecting the great many perspec- 
tives from which the purposes and structure of a NABS are viewed. 
Edwards and Steffan, in separate chapters, reiterated the motives 
for a survey, one by pointing out that far too many collections are 
not “public” enough although they are mainly tax-supported, the 
other by citing a need for 900,000 new life-stage descriptions in 
economic entomology. Hirsch (of EPA) explains how a survey 
would assist wise environmental protection regulation, for exam- 
ple with uniform population ecology profiles. Klassen and John- 
son describe dozens of possible benefits for agriculture and plant 
protection, respectively. Still others (e.g., Loucks, Dyer and Far- 
rell, Kennedy and Kelly) discuss the generalities of organizational 
structure, data quality, information proprietorship, and computer- 
ization, but only one author (Jenkins) can outline the particulars of 
large, on-line databases (the state natural heritage programs of The 
Nature Conservancy) that might serve as a true Youndation”for a 
permanent, dynamic national effort. Hence, the volume has little 
to say about detailed operational planning of a survey. This, the 
editors and contributors admit, must be left to subsequent 
symposia. 

Foundations is an attractive, reasonably priced, informative 
volume about a large and potentially momentous topic. Editor- 
ially, it could have been improved by less redundancy and a 
stronger expression of consensus on the formative aspects of a 
survey. A few of the papers are long-winded and somewhat vague, 
and insufficient attention is given to the problems that have 
plagued “national surveys” of anything in the past and to programs 
that have surmounted such pitfalls, albeit on a smaller scale. How- 
ever, this volume is an essential first approximation to an agenda; 
many more, and more programmatic, workshops must follow. 
Surely rangelands and their biota should occupy a prominent place 
in such deliberations.-Nicholas S. Van Pelt, Logan, Utah. 

The Ranchers: a Book of Generations. 1985. Stan Steiner. 
University of Oklahoma Press, 1005 Asp Avenue, Nor- 
man, OK 73019. 256 p. $8.95 paperback. ISBN 
o-8061-1923-3. 
The number of publications and events addressing the lives of 

ranae folk has increased in the past decade. Nearly a dozen states ---___ 

Despite the overall generality of the offerings, many interesting 
themes and concrete ideas emerge from the book. At least two of 
the papers cite the need for a mechanism whereby the “relative 
significance of damage to a habitat or species population” (Jen- 
kins) can be assessed, from a national or continental perspective if 
necessary. Other authors discuss data management at, and data 
sharing among, the country’s biological field stations. Bridgewat- 
er’s paper on the first twelve years of the Australian Biological 
Resources Study mentions a program that weed scientists and 
rehabilitation experts could emulate here. BIOCLIM “produces 
climatic profiles [from 12 simple climatic parameters] for species 
based upon known points of occurrence. It then produces maps 
showing the known locations plus predicted locations” in Austra- 
lia. This methodology could be employed to portray the potential 
nationwide range of an exotic range weed, or to assess whether a 
seed accession is likely to prove successful at a reclamation site far 
from the point of collection. 

arezurrently engaged in cowboi folklore projects,-from Alaska to 
Arizona. This year will mark the third annual Cowboy Poetry 
Gathering in Elko, Nevada. The University of Oklahoma Press, a 
significant source of western literature and historical accounts, has 
contributed to this effort through the publication of Stan Steiner’s 
collection of interviews with ranchers of the American West. 

The author gives brief sketches of the people whose recollec- 
tions, opinions and life experiences comprise the body of the book. 
Subsequent topics include anecdotes from the old days. One 
rancher recalls a half-Irish, half-Apache wagoneer who brought 
oranges and sang Gaelic songs at the ranch where he was raised in 
Arizona. One chapter is devoted to ranch women. Another chapter 
reflects the pervasive conservation ethic among those who realize 
that their livelihoods depend upon healthy stands of range 
vegetation. 

Despite the divergence of views on the purposes, organization, 
and scope of a NABS, some areas of agreement are evident. These 

Steiner interviews youth who have never left ranching or who 
have alternated between a rural and urban lifestyle. Particularly 
poignant is the transcription of an interview with a young man who 
has lived in both worlds. He addresses the romantic notions many 
Americans have about being at home on the range. 

“It seems to me that the fabric of American life, in the cities, is 
disintegrating. But, I wonder if these people are really looking for values 
from the past, for rural ways of life, or whether they are looking for 
some kind of fantasies that will hide them from the realities of urban life 
that is falling apart...People are coming in here for a certain life-style. 
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But if you ride on this growth wave, and a lot of us have ridden it right to 
the bank, you11 find that the same people who come here for freedom 
from the cities have taken our freedom away. Because the more people 
you have in ranch country, the less ranches you have”. 

Readers are drawn to western novels and cowboy literature 
because the settings paint an adventurous and beautiful lifestyle. 
Reading books will never quite convey the hard physical labor, 
financial uncertainty, and simpler standard of living that comes 
with ranching. But Steiner’s approach allows for a more realistic 
picture. The reader knows that the views expressed are from real 
people speaking candidly, and sometimes colorfully, with a skilled 
interviewer.-Susan B. Edinger, Dept. of Soil and Environmental 
Sciences, University of California, Riverside. 

Arizona Soils. 1985. David M. Hendricks. The University of 
Arizona Press, 1615 East Speedway, Tucson, AZ 85719. 
244 p. $45.00. ISBN o-932913-02-4. 
What distinguishes this book from traditional sources of infor- 

mation about soils, such as soil surveys and range site guides is its 
easy-to-read style, more general approach and richly illustrated 
text. The author enlisted the expertise of soil scientists, geologists, 
wildlife biologists, watershed specialists, climatologists, geographers, 
range managers, technical writers, and scientific illustrators. This 
broad-based effort resulted in a book whose scope is intermediate 
between a soil survey and an introductory soils text. For example, 
it begins with a definition of soils and soil formation. Subsequent 
chapters discuss the geologic setting, climate, natural vegetation 
and animals of Arizona as they relate to soils. The author provides 
a brief, interesting chapter on the current United States Soil Classi- 
fication System. Roughly half of the book contains descriptions of 
mapping units used on the 1:1000000 Arizona general soil map 
which is included. Location maps, climatic data, land use notes, 
block diagrams and other descriptive information accompany the 
mapping unit descriptions. Appendices include the geologic time 
scale, a list of the common and scientific names for plants and 
animals, an outline of soil taxonomy, descriptions of soil series 
and a glossary of terms. 

The audience for this book includes, but is not limited to, soil 
scientists. Instructors, and students of natural resource manage- 
ment, private consultants, land management agency personnel, 
and researchers in areas peripheral to soil science will find this 
book a valuable reference. For those in range management who 
have postponed learning the new classification system, this book 
may represent a pleasant way of understanding how soils are 
currently described. 

A firm understanding of the soil resource and its classification 
assists with recognition of range and ecological sites. This book is a 
good starting point, especially for those who live and work in the 
southwestern United States.-Susan B. Edinger, Dept. of Soil and 
Environmental Sciences, University of California, Riverside. 

Federal Public Land and Resources Law (second edition). 
1987. George Comeron Coggins and Charles F. Wilkin- 
son. The Foundation Press, Mineola, New York. 
lfit seems to you that on the land is where range management is 

practiced, then you should pick up this book and browse through 
it! It soon becomes evident that quite a bit of range management 
takes place in Congress and law offices around the country. And 
we all need to be aware of that particular kind of range manage- 
ment. In the past few decades there have been dramatic changes in 
the legal environment in which we operate. 

Gone forever are the comfortable days when problems were 
between public land managers and local permittees, and a grazing 

problem was a grazing problem. Environmental activists, motor 
cycle clubs, etc., now care about and claim interest in land no 
matter what the resource: grazing, forest, water, recreation, wild- 
life, or just preservation. And they have been able to change the 
whole complexion of the laws, for better or for worse. 

Professors Coggins and Wilkinson have compiled over a thou- 
sand pages of history, laws, regulations, policies, cases, and com- 
ments into a profoundly interesting and useful book. It reads like a 
Mitchner classic, and is recommended for evening recreation to 
jaded TV watchers. Accompanied by their 450-page “Statutory 
Supplement”( 1984), this book provides relatively complete cover- 
age of the subject. Chapter headings include: Introduction; history; 
authority by Congress and states; authority by executive and 
courts; water resource; mineral resource; timber resource; range 
resource; wildlife resource; recreation resource; and preservation 
resource. 

Every good range curriculum should have a course where this 
book would be useful.-Grant A. Harris, Washington State 
University. 

Federal Lands-A Guide to Planning, Management and 
State Revenues. 1987. By Sally K. Fairfax and Carolyn E. 
Yale. Island Press. Covelo, CA. 19.95 paper. 
Fairfax and Yale have filled an important niche with this book. 

Until now government officials and concerned citizens have had to 
undertake a serious research effort to find out how revenues from 
federal land management programs are collected and distributed. 
“Federal Lands” is written as a guide for state and local govern- 
ments which increasingly rely on federal resource programs for 
revenue. The book is also quite useful as a “field guide" for federal 
agency personnel and as a supplementary text for natural resource 
policy courses. 

The book is organized in two sections. The first introduces 
federal resource management programs and discusses the eco- 
nomic problems associated with resource development including 
the question of “fair market value.“The second gives a resource by 
resource account of each of the revenue-producing programs from 
grazing lands and timber sales to hard rock and leaseable minerals. 

There are a number of issues common to resource development 
programs on federal land. The authors identify seven of these 
issues in the introductory section and then apply them to each of 
the resource programs in the second section. The issues are: (1) 
charges for access to the resource and price, (2) who should have 
access, (3) which resources should be developed, (4) how intensive 
should the development be, (5) when and how should the resources 
be extracted, (6) public participation in decision-making, and (7) 
how should the revenues be allocated. 

In Chapter Seven, the authors write: “The conventional wisdom 
that the Forest Service manages the trees and the BLM manages 
the grass is absolutely incorrect.” But their discussion of rangeland 
management neglects Forest Service lands except for a footnote on 
the National Grasslands. Similarly, discussion of revenues from 
the recreation is limited to the Land and Water Conservation 
Fund. There is a lengthy discussion of BLM rangeland manage- 
ment programs and several points in the discussion are well made. 

The book’s intent is to describe current policies and programs 
rather than to offer prescriptions. “Federal Lands”doesa good job 
of discussing the locatable and leasable mineral programs and 
certainly gathers information together in one place that was pre- 
viously available only in a very large and diverse body of 
literature.-Donald Floyd, University of Arizona, Tucson. 
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