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Go for the Gold 
FEE BUSBY 

It has been a privilege to serve the Society for Range Manage- 
ment as President this past year. In this paper, I would like to share 
my thoughts about the importance of the world’s rangelands to the 
survival of ma” the challenges I believe the Society for Range 
Management must address if rangelands are going to meet the 
demands placed on them by the people of the world. 

The Importance of Rangelands 
Rangelands of the world arc renewable resources vital to the 

survival of human and animal populations. Depending upon 
whose definition of rangeland one uses, rangelands occupy between 
45 and 50 percent of the land area of this planet. Large expanses of 
rangeland arc found in Africa, Asia (particularly in the Soviet 
Union and China), Australia, Central America, Europe, the Mid- 
dle East, North America, and South America. In the United States, 
Canada and Mexico, where the profession of range management 
started in the early 1900s. between 40 and 45 percent of the land 
area is classified as rangeland. 

The principal characteristics of rangelands arc (I) a natural 
vegetation of predominantly grasses, grass-like plants, herbs, and 
shrubs; (2) an evolution closely associated with grazing by wild 
animals in the precivilization state; and (3) a suitability for ecologi- 
cal management rather than agronomic management. Rangeland 
includes the world’s natural grasslands, savannas, shrublands, 
most deserts, tundra, alpine communities, coastal marshes, and 
wet meadows. Open forest lands with an understory or periodic 
cover of herbaceous or shrubby vegetation are often managed as 
rangeland. Seeded lands which are managed by ecological princi- 
ples are also properly classified as rangeland. 

Historically, people have considered rangeland to be those lands 
that occurred in environments not suited for other uses. However, 
people from all walks of life and from many different cultures now 
understand that the ecological diversity of lands commonly classi- 
fied as rangeland and the importance of these lands to human 
existence. 

Range rcs”“rces and values include both tangible and intangible 
products such as grazable forage, wildlife habitat, water, natural 
beauty, recreational opportunities, minerals, energy supplies, 
some wood products, germ plasm for domestication and breeding, 
and areas for the ecological study of natural systems. The domi- 
nant use of rangeland in most of the world-particularly in devel- 
oping countries-is livestock grazing for basic food and fiber 
production and draft purposes. Most of the world’s domestic 
cattle, sheep, goats, camels, horses, and donkeys spend a large part 
of their lives on rangelands. These domestic grazing animals pro- 
vide a c”st and fossil fuel energy efficient means of converting plant 
materials that would otherwise go unused by man into meat, milk, 
blood, leather, wool, mohair, bone, and other products. In devel- 
oping countries, many of these food and fiber producing animals 
are also used as beasts-of-burden for significant parts of their lives. 

Unfortunately, many people believe that rangelands are only 
used for domestic livestock grazing and much of the SRM efforts 
have been directed toward the use of rangelands by livestock. 
While food and fiber production from range livestock has been, is, 
and will be an important “se of the world’s rangelands, livestock 
grazing is not the only use, and in some parts of the world is not the 

most important or the best economic or social use. The Society for 
Range Management must take its rightful place as the organization 
that speaks for the proper ear.? of the rangeland resource regardless 
of which multiple uses may be occurring at any given time. This is 
not t” say that we must turn our backs on livestock grazing as a “se 
of rangeland or pastoralists as key members of the range manage- 
ment team. We must increase our attention to other rangeland uses 
and users. This is necessary for the well-being of the land and the 
people who “se the land. 

Our number one priority, in fact our moral obligation as profes- 
sional range managers, is the conservation of rangeland soil 
resources. Accelerated soil erosion can result in the loss of poten- 
tial rangeland production and cause off-site siltation and sedimen- 
tation. When this occurs we lose the ~“rrcnt productivity of the 
land for many uses, but we also lose opportunities for future “se. 

The value of rangelands as a so”rce of water is of worldwide 
importance. Vast quantities of precipitation fall annually on these 
lands. Much of this water infiltrates into the soil and is either used 
for plant growth, stored in underground aquifers, or flows into a 
stream system through a spring. However, some of the precipita- 
tion does not infiltrate into the soil, but runs off over the surface of 
the soil causing erosion. The am”“nt of runoff and erosion is 
dependent on how rapidly the precipitation occurs and the condi- 
tion of the soil surface (including plant cover). Plant cover suffi- 
cient to limit water erosion is usually sufficient to protect the land 
from wind erosion also. To insure soil and water conservation as 
well as sustained productivity of the land, proper watershed man- 
agement is one of the important goals of range management. 

Wildlife and freshwater fish are valuable world resources that 
contribute to the food supply of many cultures, provide recrea- 
tional opportunities for many individuals, provide a source of 
germ plasm for breeding and domestication, and otherwise con- 
tribute to the physical and mental well-being of mankind. Most 
wild animals live on range and grazable forestlands and many fish 
live in streams and lakes that arc associated with these range and 
open forest environments. The quantity and quality of wildlife and 
fish populations is thus dependent on these tw” broad categories of 
land. Quality wildlife and fish habitat mwt be a” important goal of 
range management. 

The profession of range management has been and continues to 
be challenged t” provide proper management to riparian zones. 
Because of the increased supply of water that occurs in the soil of 
riparian z”ncs, these areas provide unique moist environment in 
otherwise dry landscapes. These unique environments arc critical 
to livestock, many wildlife species, and of course, streams and lakes 
that OCCUT in conjunction with the riparia” zones arc the habitat for 
fish populations. Riparian habi*lts “re preferred sites for camping 
and similar recreational activities. Professional range managers 
must take the lead in improving the management of riparian zones 
so these unique rangelands can provide the multiple uses demanded 
by society. 

Challenges the Profession Must Face 
The profession and Society for Range Management are faced 

with many challenges. I’ve mentioned several in the paragraphs 
above, but I think one is worth repeating and emphasizing. SRM 
MUSTBEMOREMULTIPLE-USEORIENTEDANDBECOME 
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THE ORGANIZATIONTHAT SPEAKS FOR PROPER MAN- 
AGEMENT OF THE LAND, REGARDLESS OFTHE USE OR 
THE USER. We must add the “new” users of the land to our 
management team in a meaningful and productive manner. These 
include those interested in wildlife habitats, riparian zones, wild 
horses, recreational opportunities, and quality water supplies. To 
do otherwise may result in the new users removing the professional 
range manager and the pastoralist from the management team 
through legislation and court action. The Society for Range Man- 
agement should provide the opportunity for the many interest 
groups concerned about the world’s rangelands to meet and discuss 
the future of these lands. 

As part of this movement, SRM must ask range management 
agencies to better distinguish their rangeland management pro- 
grams from their livestock administration programs. Livestock 
grazing is an important use of public lands, but range and livestock 
are not synonymous terms. Range management in my opinion is 
land management and I believe governmental agencies should 
recognize this as the case. Currently the “range management” 
programs of the major public land management agencies deal 
mostly with livestock use of the land. Their range management 
programs do not include their wildlife habitat or watershed manage- 
ment programs. These programs along with others that relate to 
land management should be consolidated into a comprehensive 
rangeland management program. 

Along with the need to become more multiple-use oriented, the 
SRM must lead the effort to help private land owners and govem- 
mental organizations to capture more of the economic value of 
range use. I believe that every user should pay a fair fee for his or 
her use of government-controlled lands. I believe that private land 
owners need to take advantage of income opportunities provided 
by the open space, clean air, wildlife, water, pastoralist heritage, 
and other resources included in their management units. I have 
heard our current situation described as, “The range agricultural 
industry is the only one that produces a half-dozen or more pro- 
ducts and services, sells one or two, and gives the rest away or 
ignores that they exist.” I can’t name any other industry that does 
this. It is time for SRM to lead the range agricultural industry to a 
more diverse economic base. Such action will provide everyone 
most incentives to do a better job of managing the multiple-use 
values provided by rangelands. 

Since no area of land can be used by all users at the desired levels 
at any one time, we must develop scientifically-based monitoring 
techniques to guide us in (1) when to open the gate to use, (2) what 
uses to allow, (3) how many, and (4) how long. Personally, I believe 
that the techniques we choose must be based on monitoring the 
ecological health of the land with particular attention given to soil 
conservation. To do otherwise will result in soil deterioration, 
permanent loss of productive capacity, and loss of future options 
for land use. During my year as your President, I had the opportun- 
ity to visit many areas of rangeland in different parts of the world. I 
was saddened to see areas of rangeland where soil destruction has 
already occurred and where people are suffering because produc- 
tion is low and future generations have been penalized because 
options for land use have been lost. 

We must learn to communicate with members of the public that 
know very little about rangeland management but who are very 
concerned about how rangelands are used and managed. One of 
the most important actions we can undertake is to modify our 
range condition measurement techniques and data reporting so 
that the public can better understand the condition of the world’s 
rangelands. Please don’t misinterpret my reason for suggesting 
this. I am not opposed to the range condition measurement tech- 
niques commonly used by the practicing range manager. My con- 
cern is that the public does not understand the techniques we use or 
the meaning of the data we gather. Because of this, the public is 
often misinformed about the condition of the world’s rangelands. 
This has lead to inappropriate decisions being made by the legisla- 
tive and court systems. 
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As an example, a paper titled “Free Our Public Lands” was 
written in the spring of 1986. The author of this paper shares the 
following with his readers: 

In 1975, the B.L.M. itself (formerly the U.S. Grazing Service and 
now the Interior Department agency in charge of most the public 
grazing land in the U.S., and which is so completely dedicated to the 
grazing industry that it is often called the “Bureau of Livestock 
Management”) admitted that its own extensive survey-which is still 
the most current data available-had shown that only 17% of its 
rangeland was in good or excellent condition, 50% was in fair condi- 
tion, and 33% was in poor or bad condition; altogether, 83% of its 
rangeland was in unsatisfactory condition. . . Of the 27% of the West 
which is private grazing land (which was also the besr, most desirable 
rangeland and therefore homesteaded or otherwise transferred to 
private ownership at an early date), the report stated that about 68% 
of the land was in fair or poor condition. This seems to indicate that 
the livestock industry has as little concern for the welfare of the land 
that it gained ownership of as for the public land it is permitted to 
graze. 

The professional range manager will quickly identify many flaws in 
this brief excerpt from the 48 page paper. I only want to focus on 
one flaw, and that is the combining of fair and poor condition 
range to conclude that 83 percent of the rangeland managed by the 
Bureau of Land Management and 68 percent of the private land is 
in unsatisfactory condition. I have always taught in range man- 
agement classes that range determined to be in poor condition 
needs attention. I also taught that fair condition range may need 
attention if such condition is not satisfactory for the mix of uses 
occurring on the land or the land is deteriorating toward poor 
condition. But fair condition range in a stable or improving trend 
may meet the use demands very well. Personally, I am convinced 
that Wyoming, my home state, would not have the antelope herds 
it does if we did not have millions of acres of fair condition land 
which tends to have more sagebrush than lands rated as good or 
excellent. The antelope need the sagebrush for both food and 
cover. 

Yet the 83 percent and 68 percent unsuftifucfory condition are 
the numbers constantly thrown in the professional range manag- 
er’s face along with the accusation that the job isn’t getting done. I 
contend that we have and are doing a better job than we get credit 
for, but we do a poor job of telling the public about our accomp- 
lishments. We need to improve our communication skills, but we 
also need to package that we have to communicate so it can be 
better understood by the public. It is no longer acceptable for us to 
talk just to ourselves or the pastoralists who have a good under- 
standing of the land. 

The Society for Range Management must provide leadership in 
the conservation reserve programs in the U.S. and similar pro- 
grams in other countries. Most of the land that is being taken out of 
cultivation by the existing U.S. Conservation Reserve program is 
being planted to range vegetation. Range management expertise is 
being used successfully to convert lands from cropland to range- 
land. But what about the future? When these lands are released 
from the Conservation Reserve program provisions at the end of 
ten years, will farmers have viable options for make a living on 
these lands or will economic pressures cause them to plow out the 
range vegetation and grow crops, thus starting the erosion prob- 
lems again? The SRM must take action to insure that options exist 
for farmers and ranchers to make a living from properly man- 
aged lands instead of them having to mistreat the land to make a 
living. 

I have long believed that the range management graduate is a 
well trained natural resource manager capable of contributing in 
many ways to the management of the world’s natural resources. 
The fact that many of the major contributors to the disturbed land 
reclamation industry were trained in range management supports 
this view. In addition, many of the people who are working to 
develop improved management programs for riparian zones are 
range managers. The SRM has a responsibility to spread the word 

(continued on page 131) 
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Passage Rates, Rumen Fermentation, and Weight Change 
in Protein Supplemented Grazing Cattle 
M.B. JUDKINS, J.D. WALLACE, M.L. GALYEAN, L.J. KRYSL, AND E.E. PARKER 

Abstract 

Protein supplementation is widely used to enhance the nutri- 
tional status of cattle on rangeland. The effects of protein supple- 
mentation on particulate and fluid passage rates, rumen fermenta- 
tion, and weight gain were evaluated on cattle grazing dormant 
blue grama rangeland. Twelve rumen-cannulated steers were ran- 
domly allotted to 3 equal supplement groups (Utreatment): cot- 
tonseed cake (CSC), pelleted alfalfa (ALF), or no supplement 
(CON). Supplements were individually fed every other day at 
isonitrogenous levels (1.7 kg/hd CSC vs 3.6 kg/hd ALF). Particu- 
late passage rate was measured during 2 collection periods. Con- 
currently, 102 yearling heifers were allotted to the same treatment 
groups for measurement of average daily gain. Cattle were fed 
these treatments from January through April 1983. In a second 
trial, 9 rumen-camudated steers were randomly allotted to the 
same treatment groups as trial 1. An intraruminal dose of Co- 
EDTA was used to estimate fluid passage rates. Rumen ammonia, 
volatile fatty acids, and pH were also measured. In trial 1, average 
daily gain did not differ between ALF and CSC supplemented 
heifers; however, both ALF and CSC gained more than CON 
heifers. Passage rate estimates were not different among treatment 
groups. In trial 2, rumen fluid dilution rate, vohune, and oufflow 
rate were not different among treatments. Rumen ammonia-N was 
different at 11 h postsupplementation when the CSC steers had 
higher levels than steers in other treatment groups. Rumen pH was 
not influenced by supplementation. Molar proportions of acetate 
and propionate at 8 and 11 h after supplementation differed among 
treatment groups. Acetate was lowest in ALF, intermediate in 
CSC, and highest in CON supplemented steers. Propionate fol- 
lowed the reverse trend. Overall, protein supplementation im- 
proved livestock performance but the mechanism involved was not 
elicited. The current data suggest shifts in fermentation patterns 
and meeting dietary demands for gain are the factors involved in 
improving performance. 

Key Words: nitrogen supplementation, rumen fermentation, pas- 
sage rates, volatile fatty acids, ammonia nitrogen 

Improving nutritional status of livestock on rangelands often 
requires supplemental feeding. Declines in crude protein and 
available nitrogen content of mature and senescent vegetation 
result in a need for supplemental protein (Allden 1981, McCollum 
and Galyean 1985). Although protein supplementation has improved 
performance of beef cows grazing dormant range (Speth et al. 
1962, Parker et al. 1974, Bellido et al. 1981, Clanton 1982), these 
improvements may not result from increased intake (Rittenhouse 
et al. 1970, Forero et al. 1980). 

Increased voluntary intake of low-quality forages with supple- 
mentation is believed to result from increased rate of digestion 
and(or) passage (Ellis 1978). Gut fill is considered the most limiting 
factor for intake of forage diets (Campling 1970, Freer 1981). 
Alteration of rate of passage and(or) digestion may alleviate or 
potentiate fill effects. Moreover, ruminal escape of supplemental 
protein may enhance voluntary intake of dormant forage through 
metabolic effects (Egan 1965, Kempton et al. 1977). 

The influence of protein supplementation on fermentation pat- 
terns of grazing cattle has not been extensively investigated. Topps 

At the time of the study authors were graduate assistant, professor, and associate 
professor, graduate assistant and assistant professor, respectively. Department of 
Animal and Range Sciences, New Mexico State University, Las Cruces 88003. 

Submitted as New Mexico Agr. Exp. Sta. Journal Article 1203. 
Manuscript accepted 8 September 1986. 

100 

et al. (1965) and Wagner et al. (1983) found no differences in VFA 
proportions as a result of protein supplementation in cattle grazing 
dormant rangelands. However, McCollum and Galyean (1985) 
noted a shift toward higher propionate with protein supplementa- 
tion of low-quality prairie hay. The overall objective of this study 
was to evaluate the effects of protein supplementation and type of 
supplement (roughage vs concentrate) on livestock performance, 
passage rates and fermentation patterns. Specifically, this study 
evaluated the effects of cottonseed meal cake and ground, pelleted 
alfalfa hay or long-stem alfalfa hay supplements on average daily 
gain of heifers, digesta and fluid passage rates, and rumen pH, 
ammonia and volatile fatty acid concentrations in steers grazing 
dormant blue grama rangeland. 

Study Area 

Experiments were conducted at the Fort Stanton Experimental 
Ranch, a mountain-foothill region in south-central New Mexico. 
The study area consisted of blue grama (Boutelouagrucilis)range- 
land typical of the Southwest. Climate is mild, with cool winters 
and warm summers. The 78-yr average annual precipitation is 348 
mm, of which approximately 55% occurs from July to September. 
Mean precipitation for January through May is 83.9 mm. Pasture 
size, topography, and vegetative composition have been previously 
described (Judkins et al. 1985). 

Methods 

Trial 1 
In January 1983,9 esophageal- and 12 rumen-cannulated steers 

(average weight of 230 kg) were randomly allotted to 1 of 3 treat- 
ments (3 esophageal- and 4 rumen-cannulated steers/ treatment): 
control (no supplemental feed [CON]), mechanically extracted 
cottonseed meal cake (1.7 kg/ hd [CSC]) and ground, pelleted 
alfalfa hay (3.6 kg/hd [ALFI) (Table 1). Supplements were indi- 
vidually fed at specified amounts (isonitrogenous) every other day 
from January to May, 1983. Chemical analyses and composition of 
the diet selected did not differ between treatments (Judkins et al. 
1985). All steers were herded to a central location on supplementa- 
tion days at 0800 h. Control steers were withheld from grazing 
while supplemented steers were tethered and fed. Following sup- 
plement feeding, steers were released to resume grazing. A salt- 
mineral mix (50% dicalcium phosphate, 45% salt and 5% cotton- 
seed meal) was provided free choice in the pasture. 

Esophageal collections were conducted for 3 consecutive days in 
2 periods (mid-February and late March). Esophageal extrusa, 
composited across steers in a treatment, was used for rate of 
passage determination. 

Particulate rate of passage was measured with rumen-cannulated 
steers. On day 1, at supplement feeding, ytterbium (Yb)-labeled 
forage was placed in the rumen (mid-dorsal to mid-ventral region) 
of each steer via the rumen cannula. Forage had been labeled with 
Yb by the immersion and washing procedure described by Teeter et 
al. (1984). Steers received 95.0,117.1, and 107.8 g (CON, ALFand 
CSC, respectively) in February and 90.5,101.5, and 100.6 g (CON, 
ALF, and CSC, respectively) in March of Yb-labeled esophageal 
forage (dry matter basis). Dose sizes differed due to inevitable dry 
matter loses during the labeling procedure. Ytterbium content of 
the labeled forage was 20.7, 19.0, and 21.1 mg Yb/g dry matter 
(CON, CSC, and ALF, respectively) in February and 23.9, 26.0, 
and 22.6 mg Yb/g dry matter (CON, CSC, and ALF, respectively) 
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Table 1. Organic mwer, nitrogen and fiber compone~~ta ofeaopbagul Mula sampla,cottonneed cake (CSC)~IUI pelleted aUf8 bay (ALF)sqpkmcn~ 
for ateem grazing blue grams nngehnd. 

Item Feb. 1983 
Forage diets’ 
March 1983 Jan. 1984 

Supplements 
Trial 1 and 2 CSC Trial I ALF Trial 2 ALF 

Organic matter 
Organic matter 
Crude proteinb 
Soluble nitrogenb 
Insoluble available nitrogenb 
Insoluble unavailable nitrogenb 
Neutral detergent fiberb 
Acid detergent fiberb 
Acid detergent ligninb 

--------- ~~~-~~~~~~_~ 1______1__ -__ 

82.6 19.3 87.1 91.5 89.0 
10.4 12.6 7.1 47.7 23.0 

.42 .50 .30 .85 1.40 

.86 .19 .50 6.50 2.20 

.40 .73 .45 .31 .I5 
80.7 78.0 87.4 21.9 42. I 
62.3 65.4 52.1 16.2 30.1 
9.3 10.7 10.9 6.5 6.7 

88.6 
16.4 

.91 
1.59 
.12 

44.3 
34.2 

7.2 

‘Judkins et al. (1983). 
bPercentage of organic matter. 

in March. 
Rectal grab samples were taken at 0,4,8, 12,20,24,28,32,36, 

42,48, 56,60,72,80,96, 104, and 120 h postdosing. Actual times 
were recorded and used in compartmental modeling analysis. 
However, 1 deviation from the above sampling schedule occurred. 
In March, a snow storm (50.0 cm of snow) prevented sampling 
after 96 h postdosing. 

Fecal samples were prepared for Yb analysis by drying at 50’ C 
for 24 h. Samples were ground through a 2-mm screen and approx- 
imateiy 2-g subsampies were ashed at 550” 2. Ash was soiubiiized 
by boiling in 3.1 N HCl, filtered through ashless (Whatman #541) 
filter paper and brought to 50 ml volume with deionized water. 
Standards for Yb analysis were made in solubilized ash from 0 h 
collections. All samples and standards contained 2,000 pg/ ml of K 
as an ionization buffer. Ytterbium content was determined by 
atomic absorption spectroscopy using a nitrous oxide/air-acetylene 
&rnP 1......l. 

Fecal Yb excretion curves were evaluated with a one-compartment 
model when the data sets failed to fit a two-compartment model 
(Pond et al. 1982). Curve fitting was accomplished using the nonli- 
near regression option (Marquardt method) of the Statistical 
Analysis System (SAS 1982). The equation for the one-compartment 
model is: 

Animal performance was evaluated using 102 yearling, crossbred 
Angus X Hereford heifers (average initial weight of 242 kg). Heif- 
ers were randomly allotted to the same treatment groups as the 
cannulated steers, except long-stem alfalfa hay was fed rather than 
pelleted alfalfa. Supplements were fed every other day from 12 
January 1983 to 29 April 1983 (107 d on feed). Heifers were 
weighed at the beginning and end of the trial and average daily gain 
during this time period was analyzed as a completely randomized 
design using initial weight as a covariate in the analysis of variance. 
~..-_l_-__r_r:-- __.^ ..*I__ _~l..:~~_-_-~~-...__:_L1_:-*L__-_l.._:~ iiupp,crucnrauou was LI‘C o,uy ulucpcr,ur;ru “a‘la”lC III LLlC auarysrs 
of variance. The least significant difference procedure was used to 
compare means when a significant Ftest was observed (Steel and 
Torrie 1980). 

Trial 2 

Y = k,, 9 (t-tau) l (kt)l l e-“I”-*“’ 

Y = marker concentration in feces 
k, q  initial marker concentration 
t q  time postdosing 
kr = time dependent rate constant 
tau q  time from dose until first appearance of marker in feces 

Computation of passage rate, gut fill, intestinal transit time and 
total mean retention time are: 

In January 1984, rumen-cannulated steers (average weight of 
34 ke) were ~anrlnmlvallotted to the same treatments an in Trial 1 p, ..___ __________, - ____--- -- ---_ ------ _-_- ___-----_ -- ___ _---- _. 
The alfalfa supplement differed slightly in composition from that 
used in Trial 1, such that the ALF group received 4.3 kg/ hd of 
ground, pelleted alfalfa. Cottonseed cake was the same as fed in 
Trial 1. Supplements were fed individually every other day for a 5-d 
adjustment period. All steers had been grazing the pasture for 2 
weeks before supplementation. Chemical composition of supple- 
ments and the diet selected by esophageal-fistulated steers is shown 
in Table 1. Esophageal samples were collected from 3 unsupple- 
mented steers on 3 consecutive days. Esophageal-fistulated steers 
were unsupplemented because previous work indicated no differ- 
ence in diet selected (Judkins et al. 1985) between supplemented 
and unsupplemented steers. On supplementation days at 0800 h, 
steers were tethered where they grazed and fed, while control steers 
were restricted from grazing. 

Flow, %/hr = (ki X .59635) X 100 
Undigested dry matter fill = dose/k. X kl X .59635 
Total mean retention time in the gastrointestinal tract, hr = 2/ ki + tau 
Intestinal transit time = tau 

Rate of passage data were analyzed as a split-plot design. Supple- 
mentation (mainplot) was tested against steer within treatment as 
an error term. Sampling period and interaction of supplementa- 
tion X sampling period were tested against residual error. 

On the third supplementation day, an intraruminal dose of 200 
ml Co-EDTA containing 499.4 mg Co was administered imme- 
diately after feeding to estimate fluid dilution rates (Uden et al. 
1980). Rumen samples (250 ml) were collected prior to dosing (0 h) 
and at 4,8,11, and 24 h thereafter. For each rumen sample, pH was 
determined with a combination electrode immediately after remo- 
val. Samples were strained through 4 layers of cheesecloth, acidi- 
fied with 1 ml of 7.2 N HeSod/ 100 ml of strained fluid and frozen in 
plastic bags. 

Intake was determined on rumen-cannulated steers concurrently 
with ~RPQRP~ rntp WICZIPII~~< and ha< hren nrevinnrlv &gcr&ed a_fia r _I__ D- --_- _____ I ___I ____ ---I _____ =*- .---I--r 
reported by Judkins et al. (1984). Briefly, total fecal collections 
were conducted for 5 consecutive days. Bags were replaced every 12 
hours and combined into 24-hour collections for each steer. Feces 
were weighed, mixed, and a subsample of 500 g obtained. Organic 
matter intake was estimated using fecal organic matter output and 
diet in vitro organic matter indigestibility from two-stage in vitro 
digestion. Statistical analysis followed the same procedure as rate 
of passage parameters. 

In the laboratory, rumen samples were thawed at room tempera- 
ture and centrifuged at 10,000 X g for 10 min. The spernatant 
fraction was analyzed for ammonia by the phenol-hypochlorite 
-____-1..__ _c D_-~--:-l~ ..-,I Y.-.-- ,,I%?n\ ..-A c,... P- I... m*--:- pI”ce”u‘e “1 DI”UeIII;r. all” Ad‘15 \ lZO”, aulJ ,“I L” vy aL”IIIIL 
absorption spectroscopy with an air/acetylene flame. After an 
additional centrifugation at 10,000 X g with addition of an internal 
standard, volatile fatty acid concentrations were analyzed by gas 
chromatography as described by Goetsch and Galyean (1983). 

Rumen fluid dilution rate was calculated by regressing the natu- 
ral logarithm of Co concentration on time postdosing (O-h sample 
not included). Fluid volume was estimated by dividing the dose by 
the extrapolated concentration at 0 h. Turnover rate was calcu- 
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lated by multiplying rumen volume by the fractional equivalent of 
dilution rate. 

Data for Trial 2 were analyzed within time of sampling as a 
completely randomized design with the main effect of treatment. 
The least significance difference procedure was used to compare 
means when a significant Fvalue was obtained from the analysis of 
variance (Steele and Torrie 1980). 

Results and Discussion 
Trial 1 

Initial weight of heifers (Table 2) did not differ (p>. 10) among 
treatments; however, supplementation increased (PC.001) average 

Table 2. Least square means and standard errors for initial weight, final 
weigbt, and average daily gain of heifers supplemented with long-stem 
alfalfa hay (ALF),cottonseed cake (CSC) or no supplement (CON) while 
gratig blue grama rangeland. 

Treatment 
Item ALF csc CON SE’ 

Initial weight, kg 239.9 242.9 242.8 5.7 
Final weight, kg 264.sb 268.sb 240.0’ 6.0 
Average daily gain, kg/d .23b .24b -.03c .02 
Animals/treatment 34 34 34 

%tandard error of least squares means. 
bCRo~ means with different superscripts differ (K.001). 

daily gains (ADG) and final weights. Although both supplemented 
groups gained weight, heifers receiving no supplemental feed lost 
weight (ADG = -.03 kg/d). Daily gain did not differ (m.10) 
between supplemented heifers (ALF = .23 kg/d vs CSC = .24 kg/d). 
These results agree with work of others at Fort Stanton Experi- 
mental Ranch using cottonseed cake (Parker et al. 1974), as well as 
work by others comparing oilseed meal cakes and alfalfa supple- 
ments (Clanton 1982, Smith 1981). 

The interaction of supplementation X sampling date was not 
significant for intake, passage rate, and fill estimates (Table 3). 
Forage intake of rumencannulated steers based on total fecal 
collections was not influenced by supplementation (Judkins et al. 
1985). Total intake was higher (ZY.05) in ALF steers than in CSC 
steers, which were higher than CON steers. Because forage intake 
did not differ among treatments, increases in total intake reflect 
addition of supplements rather than associative effects. 

Passage rate estimates were not influenced (D.10) by supple- 
mentation. However, passage rate tended to be faster in steers fed 
ALF (greater total intake), than in steers fed CSC or CON. 
Moreover, total mean retention time was shorter (p<. 10) for ALF 
than for CSC or CON steers. The significant positive association 
between voluntary intake and particulate passage rate reported by 
others (Sampling et al. 1962, Minson 1966, and McCollum and 

Galyean 1985) was not noted in this study, but the current data 
resembled previous reports on supplementation effects. The absence 
of a significant supplementation effect on passage rate and forage 
intake may have resulted from a small number of steers and(or) 
experimental error. Previous work using identical experimental 
numbers detected significant treatment effects (McCollum and 
Galyean 1985). 

Between sampling dates, however, passage rate and voluntary 
intake were not positively related. Passage rates were more rapid 
and total mean retention times shorter (m.05) in March (3.91 
s/h, 49.4 h) than February (3.43 s/h, 53.3 h), while total intake 
tended to be lower in April than in February. Other factors such as 
gut fill (Ellis 1978) and particle size (Troelsen and Campbell 1968) 
can influence the relationship between passage rate and intake, 
which may be the case in sampling period results from the present 
study. 

Previously reported data on diet composition (Judkins et al. 
1985) showed increases in dietary forb content (68.2% to 78.8% 
forbs, February to March, respectively) caused a rise in dietary 
crude protein, soluble nitrogen and digestibility. Legume-type for- 
ages (i.e., forbs) tend to fragment easily during comminution and 
to pack more densely in the digestive tract, thereby increasing gut 
fill (Troelsen and Campbell 1968). Additionally, forbs have a more 
rapid rate of digestion and increased passage compared with 
grasses (Kothmann 1980, Poppi et al. 1980). The increases noted in 
particulate passage rate and gut fill between February and March 
may reflect dietary shifts in grasses and forbs. 

The reason for the discrepancies between increasing particulate 
passage and slightly lower intake is not apparent. Many factors 
may have been involved. However, the occurrence of a snow storm 
(50.0 cm snow) at approximately 60 h postdosing and early termi- 
nation of fecal sampling (96 h) may have led to overestimation of 
particulate passage compared with actual values. Conversely, 
behavioral changes, including increases in time spent grazing, have 
been associated with approaching weather fronts (Smith and 
Malechek 1974). Both of these situations will result in conditions 
which cause fluctuations in passage rate. Marker-based estimates 
of particulate movement may be erroneous under changing intake 
conditions (Morgan et al. 1976), thus, rate of passage results may 
be environmentally related. 

Trial 2 
Rumen ammonia was not different (p>. 10) except at 11 h post- 

supplementation when the CSC ammonia levels were higher 
(K.05) than ALF or CON levels (Table 4). At supplementation (0 
h), rumen ammonia levels were similar for all 3 groups; however, at 
4 h post-supplementation, a slight increase was noted in the 2 
supplemented groups. Rumen ammonia during all time periods 
except at 4 h for CSC steers was below the 5 mg/ 100 ml require- 
ment suggested by Satter and Slyter (1974) as optimum for microb- 
ial protein synthesis. Forage available crude protein level [4.99& 

Table 3. Total and forege intake, particulete psaage r&e, rumen retention time end intestinel transit time of steers supplemented with ground pelleted 
alfalfa (ALF) cottonseed cake (CSC) or no supplement (CON) while grazing blue gramn rangeland. 

Item 

Steer weight, kg 
Forage intake, g/kg body weightb 
Total intake, g/kg body weightb 
Particulate passage rate, %/h 
Gastroinestinal dry matter fill, g/kg 

body weight 
Total mean retention time, h 
Intestinal transit time, h 

ALF csc 
Treatment 

CON SE’ February 
Sampling period 
March SE’ 

274 246 249 - 251 263 - 
1.7 9.6 10.8 1.1 9.8 8.9 .44 

14.1’ 12.9* 10.8’ .60 13.1 12.1 .46 
4.29 3.35 3.36 .32 3.43c 3.91* .13 

11.2 12.8 12.7 1.4 11.9 12.5 .4 
45.8 54.8 53.4 2.15 53.3’ 49.4* 1.2 
17.2 18.0 16.8 1.64 17.3 17.4 .6 

‘Standard error of the mean, n q  4. 
bOrganic matter basis (previously reported, Judkins et al. 1985). 

*ROW means with different superscripts differ (K.05). 
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Table 4. Rumen ammonia and pH of steers grazing blue grama rangeland and receiving either alfalfa pellets (ALF), cottonseed cake (CSC) or no 
supplemental feed (CON), Trial 2. 

Time post- 
supplementation 

0 
4 
8 

11 
24 

ALF 
2.9 
3.7 
1.4 
0.9b 
2.8 

Ammonia (mg/ lOOm1) 
csc CON 
2.0 1.5 
6.1 1.3 
4.1 1.4 
2.9’ l.3b 
3.6 1.6 

SE” ALF 

.78 6.7 
3.33 5.8 
1.27 5.9 
.43 5.8 
.95 6.4 

PH 
csc CON SE’ 

6.4 6.3 .I9 
6.0 6.0 .21 
6.2 6.2 .20 
6.1 6.1 .I8 
6.2 6.2 .20 

Standard error of the mean, n = 3. 
&Row means with different superscripts differ (X.05). 

(total N - sinoluble unavailable N) X 6.251 supports the low rumen 
ammonia concentrations observed in this study. Kellaway and 
Leibholz (1983) attributed low rumen ammonia concentrations to 
low rates of production or high rates of utilization. As a result, 
studies evaluating ammonia concentration and in situ fiber diges- 
tion have had mixed results (Mehrez et al. 1977, Grummer et al. 
1984). 

The absence of a consistent ammonia-N response due to sup- 
plementation contrasts sharply with results of others. Wagneret al. 
(1983) and McCollum and Galyean (1985) noted higher rumen 
ammonia-N levels in protein-supplemented steers. McCollum and 
Galyean (1985) noted peak concentrations 1 h after supplementa- 
tion. In the current study a slight trend was noted for CSC and 
ALF rumen ammonia levels to increase between 0 and 4 h after 
supplementation. Therefore, it is likely that peak ammonia levels 
were not detected by the sampling scheme utilized in our study. 

Rumen pH was not influenced (p>.lO) by supplementation 
(Table 4), but tended to decline after supplementation in all treat- 
ment groups. Wagner et al. (1983) and McCollum and Galyean 
(1985) also found no differences in rumen pH as a result of protein 
supplementation. Addition of finely ground roughages and(or) 
concentrate feeds has been noted to reduce ruminal pH (Van Soest 
1982). The current data and data by others (Wagner et al. 1983, 
McCollum and Galyean 1985) indicate no decrease in pH from 
addition of cottonseed meal or ground alfalfa. Values in this study 
ranged from a low of 5.8 to a high of 6.7. Mertens (1977) suggested 
that fiber digestion is inhibited at a pH lower than 6.7. If this 
supposition is correct, the effects of pH on fiber digestion and 
subsequent utilization needs to be further evaluated. 

Rumen fluid dilution rate, volume, and turnover rate were not 
different (p>.lO) between treatment groups (Table 5). Dilution 

Table 5. Rumen fluid, dilution rate, volume and oufflow in steers grazing 
blue grama rangeland receiving citber alfalfa pellets (ALF), cottonseed 
cake (CSC) or no supplemental feed (CON). 

Item ALF 

Treatment 

csc CON SE’ 

Dilution rate, %/h 6.93 7.13 7.29 1.91 
Rumen volume, liters 60.0 64.2 56.0 6.43 
Turnover rate, liters/h 4.1 4.3 3.8 .4 
Steer weight, kg 333 338 350 

*Standard ermr of the mean. n = 3. 

rate values are typical of forage diets and similar to the 7.7 %/h 
reported by McCollum and Galyean (1984) during January 1983 at 
Ft. Stanton. Other studies have shown that fluid turnover and total 
fluid volume increase as total intake increases (Grovum and 
Hecker 1973). Increasing fluid dilution rate may also increase the 
relative proportions of acetate and butyrate while decreasing pro- 
pionate (Owens and Isaacson 1977); however, this relationship 
may not hold over a wide variety of diets (Estell and Galyean 1985). 
Dilution rate in this study was unaffected by supplementation, 
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which generally corresponds with responses observed in total VFA 
and individual acids, although there was an increase in total VFA 
and proportion of propionate at 8 h post-supplementation for both 
supplemented groups. 

Table 6. Molar proportions of acetate, propionate, butyrate and total 
volatile fatty acids in tbe rumen of stecm grazing blue grama rangeland 
receiving alfalfa pellets (ALF), cottonseed cake (CSC) or no supplemen- 
tal feed (CON). 

Time after supplementation (h) 

Item 0 4 8 11 24 

----_-mol/ 100 mol---_-_- 
Acetate 

ALF 76.2 73.1 71.3b 70.3b 73.3 
csc 77.6 75.1 73.5’ 73.4’ 74.8 
CON 76.4 76.3 75.9d 76.2d 75.5 
SE’ .7 1.5 .6 .7 .8 

Propionate 
ALF 17.1 19.1b 20.5b 21.1b 17.8 
csc 16.2 15.8’ 17.3c 17.3c 18.0 
CON 16.5 16.2’ 15.4d 15.6d 16.8 
SE” .5 .7 .6 .3 .5 

Butyrate 
ALF 6.8 7.7 8.2 8.6 9.0 
csc 6.2 9.1 9.2 9.3 7.2 
CON 7.1 7.5 8.7 8.2 7.6 
SE” .3 1.1 .7 .6 .8 

Total ---_-- m&---- 
ALF 93.3 116.6 113.4b 121.3 109.4 
csc 105.8 73.3 109.Sb 123.3 111.6 
CON 99.6 94.4 75.9’ 103.6 113.9 
SE’ 10.9 16.8 7.8 8.9 7.3 

Standard error of the mean, n = 3. 
“Means with different superscripts differ (K.05). 

Molar proportions of acetate and propionate (Table 6) differed 
(K.05) among supplementation groups at 8 and 11 h after sup- 
plementation. At 8 h, acetate was lowest (K.05) in ALF steers 
(71.3 mol/ 100 mol), intermediate in CSC steers (73.5 mol/ 100 mol) 
and highest (x.05) in CON steers (75.9 mol/ 100 mol). Propionate 
was highest (K.05) in ALF steers (20.5 mol/ 100 mol), interme- 
diate in CSC steers (17.3 mol/ 100 mol) and lowest (K.05) in CON 
steers (15.4 mol/ 100 mol). Butyrate proportions were not altered 
by supplementation. Total volatile fatty acid concentrations dif- 
fered (x.05) only at 8 h after supplementation, at which time 
steers supplemented with ALF (113.4 mM) and CSC (109.8 mM) 
had similar total volatile fatty acid concentrations while CON 
steers (75.9 mM) had lower (x.05) values. 

The shift in acetate: propionate observed as a result of ALFand 
CSC supplementation may have an impact on energy metabolism 
of the grazing ruminant. Specific information on rates of produc- 
tion and absorption of VFA would be needed to determine the 
extent to which energy metabolism was influenced. Research by 
other workers concerning VFA concentrations as influenced by 



supplementation is not conclusive. Wagner et al. (1983) and Topps 
et al. (1965), working with cattle grazing dormant rangeland, 
reported no differences in molar proportions of acetate and pro- 
pionate due to protein supplementation. McCollum and Galyean 
(1985), working with cottonseed meal-supplemented steers fed 
prairie hay, noted a shift from acetate to propionate but no differ- 
ence in total VFA concentration. 

The extent to which protein supplementation stimulates live- 
stock performance and digestive processes remains uncertain in 
light of the current results. Ruminal escape of supplemental pro- 
tein and subsequent metabolic stimulation of intake may be a 
factor involved in responses to protein supplementation. The cur- 
rent data would suggest that supplemental protein did not increase 
heifer weight gains through associative effects that caused increased 
passage rates and forage intake. Fermentation measurements indi- 
cate some stimulatory effects of protein supplements. Low rumen 
ammonia concentrations not consistently stimulated by supple- 
mentation coupled with low available forage protein imply that 
rate of ammonia production is low or that utilization and incorpo- 
ration of additional ammonia into microbial protein and(or) 
absorption across the rumen wall is rapid. It should be noted, 
however, that the sampling scheme employed in this study was 
most likely inadequate to detect peak ammonia concentrations 
following supplementation, and further study is warranted. The 
slight shift toward propionate production may improve metabolic 
energy efficiency, but the exact role of shifts in VFA proportions 
needs clarification. It is clear, however, that further study of rumen 
fermentation patterns is needed to evaluate the effects of such 
fermentation shifts on animal metabolism and resulting performance. 

Overall, it appears that protein supplementation of cattle on 
dormant blue grama rangeland can improve livestock perfor- 
mance. Fermentation shifts may, in part, be responsible for 
improved performance. Associative effects, while noted in other 
studies, were not an apparent factor with the current data. The data 
suggest that improved livestock performance with protein supple- 
mentation may be a result of meeting dietary requirements and not 
enhanced forage intake. 
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Examination of Methods for Estimating Rate of Passage in 
Grazing Steers 
R. C. COCHRAN, D. C. ADAMS, M. L. GALYEAN, AND J. D. WALLACE 

Abstract 
Understanding bow rate of passage estimates are influenced by 

procedural variations may facilitate standardization of methodol- 
ogy and enhance comparisons among studies. Therefore, 12 
ruminal-fistulated beef steers (P wt. = 294 kg) were used in two 
6-day grazing trials to evaluate influences of sampling site, httra- 
ruminal mixing, and mathematical model on particle passage rate 
estimates. Steers grazed a 13&a pasture of immature crested 
wheatgrass. We estimated particle passage rate from the rumen by 
intraruminal administration of a pulse dose of Yb-iabeled forage 
followed by serial collection of ruminal digesta or fecal samples. 
Treatments were (1) rectal sampling; (2) rumburl samphng- 
ruminal contents mixed before subsampling digestai (3) nuninal 
sampling-ruminal contents not mixed before s&sampling diges- 
ta. All steers were fitted with vibracorders to monitor grazing time 
before and during sampling periods. Fecal Yb curves were fitted 
with a one compartment, time-dependent (ICMPT-TD), a two- 
=__t8nadepadcd_(2CMPT- 
TD), and a two-compartment, time-independent (ZCMPT-TI) 
model. All ruminal Yb curves were fitted with a single exponential 
decay model. Comparisons among models were limited to rate 
constants associated with the slower escape process. Intranmunal 
mixing did not alter (E70.10) passage rates. The ZCMPT-TD 
model failed to fit some fecal profiles. Particle passage rates from 
the 2CMPT-TI model were greater (p<O.os) than those from the 
ICMPT-TD model. Similarity among passage rate constants 
derived from fecal Yb curves and those derived by semilogarithmic 
regression of ruminal Yb concentration on time depended on the 
model used to fit fecal Yb curves. Grazing time decreased wO.01) 
during intensive samplhtg periods. We conclude that for steers 
grazing immature grass pastures, intraruminal mixing before sub- 
samplhtg does not significantly alter rate of pasaap estimates; 
however, site of sampling and mathematical model may be hnpor- 
tant factors to consider in chooshtg appropriate methodology for 
estimating rate of passage. 
Key Words: solid turnover, ytterbium, rumen mixing, fecal out- 
put, particle passage, sampling methods 

Knowledge of ruminal particulate kinetics enhances understand- 
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ing of roughage utilization by ruminant animals (&ovum 1983). 
Grazing animals form a unique group of roughage utilizers due to 
their frequency of feeding and to the diversity of the diets they 
consume. Understanding influences of methods used to estimate 
rate of particle passage facilitates establishment of standardized 
procedures viable under grazing conditions and enhances compar- 
isons among different studies. 

Limited information is available regarding the influence of site 
of sample collection (Ellis et al. 1983) and mathematical model 
(Mader et al. 1982) on particle passage rates estimated in grazing 
animals. Results from confinement studies comparing sampling 
sites or mathematical models have been contradictory (Hartnell 
and Satter 1979, Prange et al. 1982, Coleman et al. 1984, Staples et 
al. 1984), and indicated treatments may interact with the procedure 
used to estimate passage rates (Mader et al. 1982, Goetsch and 
Galyean 1983, Snyder et al. 1984). Intraruminal mixing may facili- 
tate collection of representative ruminal digesta samples, but this 
procedure has been inadequately evaluated. In addition, influences 
of procedures for estimating rate of passage and intake on time 
spent grazing by free-ranging ruminants remains poorly described. 
Therefore, this study examined effects of sampling site, mathemat- 
ical model, and intraruminal mixing on particle passage rates, and 
monitored influences of sampling procedures on grazing time. 

Materials and Methods 

Twelve ruminal-fistulated Hereford X Angus steers Cx wt. = 294 
kg) were used in 2 grazing trials. All steers freely grazed a 13-ha 
crested wheatgrass (Agropyron desertorum) pasture during the 
early vegetative stage and had free access to water and a mixture of 
iodized salt and trace mineral product’. The 26day experiment (30 
April-25 May, 1984) consisted of 4 phases: (1) 7-d adaptation 
period; (2) 6-d collection period (trial 1); (3) 7-d rest period; (4) 6-d 
collection period (trial 2). Four steers were randomly assigned to 
each of 3 treatments: (1) rectal sampling; (2) rumen sampling- 
rumen contents mixed before subsampling digesta from 4 sites; (3) 
rumen sampling-rumen contents not mixed before subsampling 
digesta from 4 sites. Steers were rerandomized among treatments 
after trial 1. 

Crested wheatgrass used for labeling was collected from a single 
pasture by 8 esophageal-fistulated steers (2 wt. = 595 kg). Forage 
samples were collected 1 h after sunrise over a 3d period. Steers 
were withheld from grazing for approximately 1 h before collec- 
tions were made. Forage samples were composited and dried at 50°C 

‘Each kg of mix contained the following (g): salt (iodized), 492.5; sulfur, 13.5; 
magnesium, 100; manganese, 22; zinc, 60; iron, 5 I; cobalt, 1.2; copper, 6.6; iodme, 1.5 



in a forced-air oven. After drying, forage was labeled with YbCP2 
by immersion and subsequent rinsing (Teeter et al. 1984). On day 1 
of each trial, 230g of Yb-labeled forage (2.6 g Yb) was placed in the 
rumen of each steer and stratified by placing approximately equal 
portions of the labeled forage at successively higher levels intra- 
ruminally, beginning with the midventral region and stopping at 
the middorsal region of the rumen (McCollum and Galyean 1985). 
Fecal grab samples were collected immediately before dosing and 
at 4,8,12,16,20,24,28,32,36,42,54,60,72,84,96,108, and 120 h 
thereafter. Similarly, we collected ruminal digesta samples imme- 
diately before dosing and at 4, 8, 12, 16, 20, 24, 32, and 48 h 
thereafter. Fecal samples were collected by inducing defecation by 
rubbing the dorsal rectal wall and saving the final 150 to 300 g of 
feces excreted (Hartnell and Satter 1979). Ruminal digesta samples 
were composites of a single subsample collected from each of the 
dorsal, ventral, mid-cranial, and midcaudal regions. Rumen con- 
tents of steers assigned the intraruminal mixing treatment were 
mixed by hand for 1 to 2 min until solid and liquid phases were 
throughly commingled. Samples were collected in the same order 
that steers were dosed and within 3 min of designated sampling 
time. Three days before each trial began, we fitted all steers with 
vibacordersr for estimating grazing time (Stobbs 1970). Vibra- 
corders remained on steers through day 5 of each collection period. 
On day 1 of each trial all steers were fitted with fecal collection bags 
and fecal output was recorded on days 2 through 6. We mixed feces 
from each animal and subsampled them each day. Forage samples 
were collected from the study pasture on day 4 of each trial by 4 
esophageal-tistulated steers (Table 1). Esophageal-fistulated steers 

Table 1. Chemical composition” and in vitro organic matter digestibiity 
(IVOMD) of crested wheatgressb samples collected by eeophageal- 
fistulated steers. 

Item Trial 1 

Organic matter 89.3 
Crude protein 13.9 
Neutral detergent fiber 57.2 
IVOMD 74.9 

‘Percent of dry matter. 
bIntemational feed number = 205-420. 

Trial 2 

89.1 
13.7 
63.5 
76.4 

Forage used 
for labeling 

83.7 
13.9 
59.3 
75.7 

were maintained on a similar crested wheatgrass pasture and were 
moved to the study pasture 1 d before forage sample collection. We 
collected forage samples in the morning following a 12-h fast. 
Fecal, forage, and ruminal digesta samples were dried at 50 “C in a 
forced-air oven, ground with a Wiley mill (l-mm screen), and 
stored for future analyses. 

Forage samples and fecal samples from total fecal collection 
were analyzed for dry matter, ash, and Kjeldahl N (forage samples 
only) by standard procedures (AOAC 1980). In vitro organic mat- 
ter digestibility was determined for forage samples by the Tilley 
and Terry (1963) procedure with urea (5 g/liter) added to the 
buffer/ inoculum mixture. Neutral detergent fiber content in for- 
age samples was determined as described by Goering and Van 
Soest (1970). Ground residues from fecal grab samples and rumi- 
nal digesta samples were placed in aluminum tins and dried at 100” 
C in a forced-air oven for 24 h. After cooling in a desiccator for 1 h, 
200 mg of dry fecal or rumen sample was weighed into a 50-ml glass 
extraction vial. Ytterbium was extracted from samples with .05 M 
EDTA by the procedure of Hart and Polan (1984). We determined 
concentration of Yb in the extract by atomic absorption spectro- 
photometry (nitrous oxide/acetylene flame). Common matrix stan- 
dards were used in preparing standard curves. 

We fit fecal Yb excretion curves with a two-compartment, time- 

‘Research Chemicals, P.O. Box 14588, Phoenix, Ark 85063. 
‘Argo Instruments Inc., P.O. Box 2997, Winchester, Va. 22601. 

independent (2CMPT-TI) model (Grovum and Williams 1973) 
and with one-compartment, time-dependent (ICMPT-TD) and 
two-compartment, sequential time-dependent-time-independent 
(2CMPT-TD) models described by Ellis et al. (1979). The time- 
dependent models were evaluated using the nonlinear regression 
option (Marquardt method) of the Statistical Analysis System 
(Helwig and Council 1979). Gamma 2 time dependency was used in 
fitting time-dependent models (Ellis et al. 1983). Initial parameter 
estimates (multiple estimates indicate use of grid search option 
available within the system used), bounds and covergence criterion 
for timedependent models were as follows: (1) ICMPT-TD- 
initial parameter estimates: k0 = 50,000, hi = .05, .I, 1, tau = 12; 
bounds: ko >O,hi >O, tau >O; covergence criterion: .OOOOl and (2) 
ZCMPT-TD-initial parameter estimates: ko = 10,000, kl .I, .3,3, 
hz=.05,tau= 12;bounds:ko>.00001, ki>.OOO1,k>.OOOl, tau> 
.OOOOl; covergence criterion: .OOOl. All ruminal Yb curves were 
fitted with a single exponential decay model and the slope (81) was 
considered as representing passage of undigested particles from the 
rumen. The 2CMPT-TD model failed to fit some fecal profiles; 
therefore, only slopes derived by fitting fecal Yb curves with the 
ICMPT-TD and 2CMPT-TI models were used for comparison 
with the single exponential model applied to ruminal Yb decline. 
The slopes from fecal models used in statistical comparisons with 
fll from ruminal curves were those associated with the slower rate 
process (ki for ZCMPT-TI and Al for ICMPT-TD) and were also 
considered to be primarily representative of the passage of undi- 
gested particles from the reticulorumen. We calculated ruminal 
mass of indigestible particles as described by Grovum and Willi- 
ams (1977) with the exception that we used fecal output as an 
estimate of the outflow (or intake) of indigestible particles. Since 
the rectally sampled treatment did not have direct estimates of 
passage of Yb from the rumen, we used passage rate constants from 
the 2CMPT-TI model in calculating mass of indigestible particles 
for the rectally sampled steers. Organic matter intake was deter- 
mined for all steers by dividing measured fecal organic matter 
output by percentage organic matter indigestibility derived from 
the in vitro digestibility procedure described above (Cordova et al. 
1978). In addition, fecal organic matter output was calculated for 
the rectally sampled treatment group from the ICMPT-TD model 
as described by Pond et al. (1982). The predicted values were 
compared with observed fecal matter output. 

Data from particle passage, fecal output, and intake estimates 
were analyzed by factorial analysis of variance. Factors were trial 
and treatment (treatment q  rectal sampling, rumen sampling- 
mixed, rumen sampling-not mixed). Treatment X trial interac- 
tions were evaluated. Orthogonal contrasts were used to partition 
treatment sums of squares from the particle passage rate analysis. 
Grazing time data were analyzed by analysis of variance for com- 
pletely randomized designs. We confined analysis to data from 2 d 
before each trial began through 0600 h of day 3 of each trial 
(shortly before the last sample was collected from ruminally 
sampled steers). Terms for treatment, trial, time (before vs during 
collection period), day within time, and their interactions were 
included in the model. 

Results and Discussion 

Treatment effect was not significantly dependent on trial for any 
independent variables. Estimated daily organic matter intake 
(GMI; Table 2) did not differ (m.10) among treatments; how- 
ever, OMI for all steers was larger (KO.01) in trial 2 than in trial 1 
(25.4 vs 19.8 g/kg body weight, respectively). Time spent grazing 
did not differ (p>o. IO) among treatments and, in spite of increased 
forage intake during trial 2, was similar (m.10) among trials. 
Similarly, grazing time did not differ (p>o. IO) among days within 
a time period (time period = 2 d before or 2 d during sample 
collection). Average daily grazing time was 9.2 h/steer. Although 
grazing time did not differ among treatments, trials, or days within 
time period, more (p<O.Ol) time was spent grazing before the 
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Table 2. Daily organic matter intake (OMI) and fecal organic matter 
output (FOMO) from grazing steers sampled at different l netomicrl 
sites. 

Table 3. Estimated particle passage rates in the rumens of grazing beef 
steers sampled at different anatomical v&es. 

OMI (g/kg body weight) 
Trial I’ 
Trial 2’ 

SE* 
FOMO’ 

(kg/d) 
Trial I” 
Trial 2’ 

SE* 

Rectal 
sampling 

19.8b 
24.7’ 

.8 

Rumen Sampling 
Contents Contents 

mixed not mixed 

20.4b 19.4b 
24.6’ 26.8’ 

.8 .8 

1.4’ 1.5’ 1.4’ 
1.V 1.7’ I.98 
.I .I .I 

Treatment and ModelLb 
Turnover rate constant (%/h) 
Trial I Trial 2 X SEC 

Rectal sampling 
One compartment, time 

dependent (A) 
Two compartment, time 

independent(B) 
Rumen sampling, (contents 
mixed) 

Exponential decay (C) 
Rumen sampling, 
(contents not mixed) 

Exponential decay (D) 

5.9 5.4 5.6 .3 

6.2 6.5 6.4 .3 

7.0 6.3 6.7 .4 

6.3 6.6 6.5 .4 

*Row means do not differ (830.10). 
‘*Column means for OMI with different superscripts differ (KO.01). 
‘SE = Standard error, n = 4. 
TOM0 = output measured by total fecal collection. 
‘*Column means for FOMO with different superscripts differ (KO.01). 

collection period began (10.0 h l head-’ l d-l) than during sample 
collection period (8.3 h l head-’ l d-l). We surmise that differences 
in grazing time before versus during sample collection indicated a 
negative influence of sampling procedures on grazing behavior. 
However, our observations of the influences of digesta or fecal 
sampling on grazing time are confounded with fitting animals with 
fecal collection bags. These procedures could act independently or 
may interact in various ways to influence grazing behavior. There- 
fore, we urge caution in the development of experimental method- 
ologies for use with grazing ruminants, and suggest that controlled 
research evaluating influences of experimental procedures on graz- 
ing behavior is needed. 

Fecal organic matter output followed the same trend as organic 
matter intake.. Gutput measured by total fecal_folle_crtion was less 
(PCO.01) in tnal 1 (1.4 kp organic matter l hd l d ) than trial 2 
(1.8kgorganicmatter. hd- . d-).Fecaloutputpmdictedbythe lCMPT- 
TD model resembled (p>o. 10) measured output from the rectally 
grab-sampled treatment group in both trials (1.5 and 1.9 kg organic 
matter l hd“ l d-’ for trials 1 and 2, respectively). This finding 
concurs with results reported for sheep maintained in confinement 
(Krysl et al. 1985); however, Mader et al. (1982) and Judkins et al. 
(1984) noted considerable variation in the ability of ICMPT-TD 
and ZCMPT-TD models to predict fecal output in grazing beef 
steers. This conflict warrants additional study of the potential of 
these models to accurately predict fecal output in grazing animals. 

Rate parameter estimates occasionally failed to converge when 
fit to the ZCMPT-TD model (Ellis et al. 1983). This has been 
suggested as indicating that the process under evaluation would be 
more appropriately described by a ICMPT-TD model (Pond 
1982). We observed no problems in rate parameter convergence 
when the 2CMPT-TI model was used to fit fecal marker profiles. 
Therefore, statistical comparisons were confined to slopes asso- 
ciated with the slower rate process from the ICMPT-TD and 
2CMPT-TI models and the single first-order fractional rate con- 
stants determined for ruminal exponential decay. Estimates of 
particle passage rate (Table 3) were greater (X0.05) when fecal Yb 
excretion curves were fit with the ZCMPT-TI model than when fit 
with the ICMPT-TD model. 

Similarity among passage rate constants derived from fecal Yb 
curves and those derived by semilogarithmic regression of ruminal 
Yb concentration on time depended on the model used to fit fecal 
Yb curves. Passage rates from ruminal sampling were similar 
(p>o. 10) to passage rates from fecal sampling when the 2CMPT- 
TI model was fit to fecal Yb excretion curves. This observation 
concurs with the results of Ellis et al. (1983) where the slow rate 
constants from the time-independent portion of a ZCMPT-TD 

‘Orthogonal contrasts: A vs B, (FFO$ C vs D (JW.10); 
C+D 

A vs 2, (X0.05); B vs 2 (J70. IO). 
‘Row means within treatments were not different (FX.10). 
‘SE = standard error, (n=4). 

model were similar to rate constants derived from a single expo- 
nential decay model applied to ruminal Yb decline. In contrast, we 
observed that passage rates from fecal Yb curves fit with the 
ICMPT-TD model were smaller than rate estimates derived by 
ruminal sampling. Although describing the faster rate process 
from fecal excretion curves remains problematic (Ellis et al. 1983, 
Grovum 1983), our data indicate that, in grazing steers, the slower 
rate process can be described equally well by an exponential decay 
model applied to ruminal marker disappearance or to the down- 
slope of marker in the feces. However, under the conditions of this 
study, the time-dependent models either failed to fit some fecal 
excretion curves (such as the ZCMPT-TD model) or yielded differ- 
ent rate constants than ruminally derived rates. Ellis et al. (1983) 
have suggested that the rate constant from the ICMPT-TD model 
may represent a “composite mixing-rumination-passage” process. 
This may explain the observed differences in exponential decay 
rates derived from ruminal sampling and rate constants from the 
ICMPT-TD model fit to fecal Yb excretion curves. 

Mixing rumen contents before collecting subsamples of rumen 
digesta did not influence (p>o. 10) particle passage estimates. Sim- 
ilar passage rates among mixed and nonmixed groups suggest 
mixing due to reticuloruminal contractions, or other natural pro- 
cesses, was sufficient to thoroughly distribute labeled forage 
throughout the rumen. No apparent difficulties were encountered 
in collecting representative rumen digesta samples from steers 
grazing crested wheatgrass. 

Although daily organic matter intake increased by about 28% 
during trial 2, particle passage rate constants (%/h) were not 
altered regardless of sampling site or mathematical model used. 
Particle passage rate (the reciprocal of retention time) is thought to 
represent the rate at which undigested particles exit from the 
reticulorumen (Ellis et al. 1983). Ruminal passage rate constants 
are determined from the ratio of the outflow rate of undigested 
particles (wt l time-‘) to the mass of ruminally indigestible parti- 
cles (wt) Grovum 1983). Therefore, if both outflow rate and the 
mass of indigestible particles held in the rumen change in the same 
direction, it is possible for particle passage rate constants to be 
unaffected. Fecal output can be viewed as an estimate of the 
outflow rate of undigested particles. By combining fecal output 
values (or intake of indigestible particles) with the passage rate 
constants derived by marker dilution procedures, one can calculate 
estimates of the total mass of indigestible particles in the rumen 
(Grovum and Williams 1977). In the present study, such calcula- 
tions (Table 4) suggest that the mass of indigestible particles con- 
tained in the rumen increased (p<.Ol) by approximately 28% 
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&ovum. W.L. 1983. Integration of digestion and digesta kinetics with the 
control of feed intake-a physiological frameworkfor a model of rumen 
function. n. 244-268. In: F.M.C. Gilchrist and R.I. Mackie (Ed.) Herbi- 

Table 4. Estimated mass of indigestible particles in the rumens of grazing 
beef steers sampled at different anatomical sites. 

Item 
Rectal Rumen sampling 

sampling” Mixed Not mixed 
Mass of indigestible 

particles (kg) 
Trial lb 
Trial 2b 
SE” 

1.2’ I.lC 1.2’ 
1.5d 1.5d 1.5d 
.I .I .I 

‘Calculated using turnover rate constants from the 2CMPT-TI model. Mass of 
indigestible particles (kg) = fecal dry matter output (kg/h) t k,. 
brow means do not differ (DO. 10). 
‘~dColumn means for digesta mass with different superscripts differ (KO.01). 
‘SE = Standard error, (n=4). 

during trial 2. Since measured fecal organic matter output (i.e., 
estimated outflow rate) also increased by 25-26% during trial 2, 
passage rate expressed as a percentage per hour value would not be 
expected to change appreciably. This observation highlights the 
fact that given the described relationship (outflow f mass q  rate), 
at least 2 of the 3 components comprising this equation must be 
available in order to adequately interpret the influence of a treat- 
ment on ruminal kinetics. 

In conclusion, mathematical model altered rate of passage mea- 
surements and influences the interpretation of kinetic information. 
When using a time-independent model to fit fecal Yb curves, 
particle passage rates were similar to rates from a single exponen- 
tial decay model fit to ruminal Yb decline. However, fitting the 
time-dependent model to fecal Yb curves yielded smaller passage 
rates than those derived by fitting a single exponential decay model 
to ruminal Yb decline. In steers grazing immafure forage, intra- 
ruminal mixing did not appear to enhance the probability of 
obtaining a representative ruminal digesta sample when sampling 
was done by compositing subsamples from various ruminal loca- 
tions. Procedures used for measuring intake, particle passage and 
grazing time had a negative influence on time spent grazing. Fecal 
output predicted by the ICMPT-TD model was similar to 
observed fecal output. 
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Frequency Sampling in Microhistological Studies: An Alter- 
native Model 
BYRON K. WILLIAMS 

Abstract 

Frequency sampling in microhistological studies is discussed in 
terms of sampliig procedures, statistical properties, and biological 
inferences. Two sampling approaches are described and con- 
trasted, and some standard methods for improving the stability of 
density estimators are discussed. Possible sources of difficulty are 
highlighted in terms of sampling design and statistical analysis. An 
alternative model is proposed that accounts for 2-stage sampling, 
and yields reasonable, well-behaved estimates of relative densities. 

Key Words: sampling methods, digestibility, fecal sampling 

Frequency sampling is often used for density estimation in bio- 
logical studies. A typical application involves the determination of 
presence or absence of some character within quadrats, followed 
by a transformation of frequency counts to produce an estimate of 
density or relative density. Density estimates are based on an 
application of the frequency-density relationship 

F=l -exp(d), 

a well-known transformation relating character density to quadrat 
occupancy (Fraker and Brischle 1944, Sparks and Malecheck 
1968, Free et al. 1970, Dearden et al. 1975, Holechek and Gross 
1982). I focus here on applications of frequency sampling in micro- 
histological studies, in which microscope slides are sampled for 
presence/absence of plant fragments within microscope fields. A 
coherent development of frequency sampling for this situation is 
needed, since most expositions of the frequency-density problem 
are heuristic (e.g., Grieg-Smith 1964), and leave the important 
statistical questions unanswered (though see Swindel(1983) for a 
rigorous analysis of a problem involving frequency-density trans- 
formations). In what follows I indicate some sources of difficulty in 
the use of frequency sampling in microhistological applications 
and suggest an alternative model for frequency sampling that 
overcomes these problems. 

Sampling Procedures 
The general sampling situation typically involves a 2-stage 

procedure for sampling a mixture of species. The objective is to 
make inferences about a mixture composed of plant fragments 
from several distinguishable taxonomic groups. A laboratory pro- 
cess of drying, grinding, and mixing results ina random assortment 
of fragments, approximately uniform in size and weight. Samples 
of fragments taken from the mixture are distributed randomly on 
microscope slides, which then are examined at 100X to 125X. Slide 
preparation, involving dispersal of a random number of plant 
fragments, is the first stage of the sampling procedure. The second 
stage consists of sampling for presence or absence of each species 
within a series of microscope fields. A count is made of the number 
of fields containing each species, and these counts (the “frequencies 
of occurrence’? are used to estimate relative densities. 

There are at least 2 alternatives for sampling of the microscope 
slides. The first is similar to methods used in vegetation sampling 
(Pielou 1976) and involves the division of a slide into, say, k 
non-overlapping fields. With the slide thus partitioned, each field is 
examined for presence/absence of plant fragments in each taxon. 
Since the slide is partitioned into k fields, the size of each field is 
inversely related to the number of fields by 
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kXa=A, (1) 

where A is the area of the slide. Every particle on the slide necessar- 
ily falls into 1 of these fields, so that a randomly placed particle will 
occur in any particular field with probability 1 /k. If nt particles of 
taxon i are distributed over the slide, the probability that a particu- 
lar field will be empty of these particles is 

(1 - I/k)=? 

A census of the slide then yields the frequency-density transform, 
based on the total number yi of fields occupied by particles of the 
taxon: 

E(yS = k[l -(I-l/k)%] 
%k(l-e-9, 

where E(y$ is the expected number of fields occupied by taxon i. 
The average relative trequency Fi is given by 

Fi = E(yi/ k) 
2 1 _ e+ 
= 1 -e-4, (2) 

where di q  ni/ k is defined as the particle density. 
This is the sampling procedure and the corresponding transfor- 

mation described in Johnson (1982). Its distinguishing features are: 

* The entire slide is sampled, and therefore every particle is 
observed. 

* “Particle density” is defined in terms of the number of fields 
that are sampled. 

* The number of fields examined is inversely related to the size 
of the fields, as shown in equation (1). 

* The chances of observing particles in any given field decreases 
with the number of fields examined. 

A second approach involves the sampling of a slide (rather than 
a census of it) by means of non-overlapping fields of area a. A 
randomly placed particle occurs in any particular field with proba- 
bility a/A, and the probability that the field will be empty of 
fragments of taxon i is 

(1 -a/A)?. 

If the slide is sampled with, say, k such fields, then the expected 
number yi of occupied fields is given by 

E(yi) q  k(1 - (la/A)q). 

This produces an average relative frequency of 

Fi = ( 1~ ~“,‘,A”Y 
, (3) 

where di = a X (m/A) is defined as the particle density. 
Key points at which the second approach differs from the first 

include: 
* Only a small fraction of a slide is actually sampled in the 

second approach. If the slide is observed at 20 or so fields then 
about 5% to 7% of its surface area is covered. Therefore any given 
fragment has a high probability of not being observed. 

* “Particle density”is not defined by the number of fields exam- 
ined. Rather, it is given in terms of the number of particles per unit 
area. 
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l There is no relationship between the number of fields to be 
examined and the size of each field. Within practical limits, deci- 
sions about field size and the number of fields examined can be 
made more or less independently, based on criteria relevant to each 
decision. 

The operational consequences of these differences can be illus- 
trated with a simple example. Assume that particles are randomly 
distributed over a slide to be investigated with microscope fields. 
Assume also that a field size is chosen such that an average of 2 
particles of taxon i occur within the fields (i.e., a X (nil A) = 2). Then 
sampling according to procedure 2 results in an average relative 
frequency of about .86, as seen by using dr = 2 in equation (3). 
Furthermore, this frequency holds irrespective of the number of 
fields examined. On the other hand, if the slide is partitioned and 
censused as in procedure 1, the average relative frequency varies 
with the number of fields. Table 1 displays the results of partition- 
ing the slide into various numbers of fields. Several patterns in the 

specified for di; indeed, that statistical evaluation of di must neces- 
sarily include adhoc adjustments that substantially (and unpredic- 
tably) influence the nature of the estimate. In their stated forms the 
reliability of the density estimates cannot be assessed. 

The difficulty with the estimates results from the possible occur- 
rence of 100% occupancy of fields, which corresponds to an infinite 
value for di. It is sometimes suggested that the problem of 100% 
occupancy is a minor one that can be handled simply by reducing 
the frequency of occurrence by some small positive amount 6: 

Fi=yi/k-6. 

That this proposed adjustment can have important consequences is 
easily demonstrated by a simple example. Suppose we have a 
mixture of 2 species, and a sample consisting of 100% occupancy 
for species.1 and 50% occupancy for species 2. If the value of 6 
ranges from. 1 to .OOOl, then the relative densities corresponding to 
species 2 vary from 7% to 22% (Table 2). These results clearly 

Table 1. Frequeaekr end demitks corre~~pooding to tbc partionlng of a 
slide into wioue mm&en of fields. F = frequency of occurrence; d = 

Table 2. Relative dendties correspooding to various kveb of freqoency 

dendty; k = number of fields. 
adjustment, for sample frequeociee of 1.0 end 3. 

Number of fields Procedure 1 Procedure 2 
k F d* F d 

1 1.0 100. .86 2. 
10 999 10. .86 2. 
20 99 5. .86 2. 

30 .96 3.3 .86 40 .92 2.5 .86 : 
50 .86 2. .86 2: 

E .63 .39 0.5 1. .86 .86 ;: 
400 .22 0.25 .86 2. 

*Based on the value o/A = 100. 

table are worthy of note. First, the average relative frequency 
changes substantially depending on the number of fields examined. 
Second, the average relative frequency decreases monotonically 
from unity as the number of fields increases. Third, the average 
relative frequency approaches 0 asymptotically as the number of 
fields increases. It is clear that the “frequency of occurrence” and 
the corresponding value of “particle density” for this approach are 
strongly influenced by sampling intensity. 

Given the differences between the 2 procedures, it is somewhat 
surprising that both procedures result in the same form of a 
frequency-density relationship. Note, however, that the meaning 
of “density”(the parameter di in equations (2) and (3)) is substan- 
tially different for the 2 approaches, so that the meaning of the 
relationship itself is different. Since the second sampling approach 
conforms more closely to the microscope procedures used in 
microhistological studies (a description of sampling procedures in 
such studies is given by Hansen et al., unpubl.), I base the develop- 
ment below on this approach. 

Statistical Properties 

Irrespective of the sampling procedure, problems can arise in the 
analysis of frequency data. These primarily concern the estimation 
of fragment densities. Typically the number of occupied fields, yi, is 
used in equation (2) or (3) to produce estimates of fragment densi- 
ties, di (Johnson 1982). Since yr is random, the estimate yi/k of 
E(yt/ k) is also random. Though this estimate is both unbiased and 
asymptotically efficient (i.e., var (yJ k) approaches 0 as K increases, 
the corresponding estimate of di is so ill-defined that, regardless of 
sample size, none of its moments exists. Thus di has no mean, no 
variance, no skewness, no kurtosis, nor any moment-based mea- 
sure of statistical behavior. This is an unfortunate property of di. It 
means that neither the bias nor the precision of &can be assessed 
(or even defined); that standard confidence intervals cannot be 

a species t; d i 

.l 1 .9 2.3 .78 
2 .5 .69 .22 

.Ol 1 :Z9 4.6 .87 
2 .69 .I3 

.001 : 999 6.9 .91 
.5 .69 .09 

.ooOl 1 .9999 9.2 .93 
2 .5 .69 .07 

indicate that such adjustments can have potentially important, if 
largely unanticipated, effects on the biological interpretation of 
microhistological analysis. 

Two-Stage Sampling 
In addition to the sampling and statistical considerations men- 

tioned above, equally important is the issue of the inferential 
relevance of frequency estimates. To insure that the estimates are 
biologically relevant, it is necessary to account for the major sour- 
ces of variation implicit in microhistological studies. There are 2 
important sources of variation to be considered. The first is asso- 
ciated with determination of species presence or absence within 
fields. The second, equally important, source of variation is asso- 
ciated with initial allocation of fragments to a slide. This alloca- 
tion, which occurs prior to determination of presence or absence, 
corresponds to the first stage of the sampling procedure described 
above. Both sources of variation should be included in the statisti- 
cal model. Unless the initial allocation of fragments is considered, a 
model essentially focuses on “‘within-slide”variation, thereby limit- 
ing the range of inference to a single slide. Because slide-to-slide 
variation is not accounted for, statistically valid claims cannot be 
made about the mixture from which the slides are made. 

Thus an alternative formulation of the frequencydensity prob- 
lem is required which accounts for sampling methods and estima- 
tion procedures as they are actually practiced. Such a model must 
include both “among-slide” as well as “within-slide” sources of 
variation, and it must include sampling restrictions or estimation 
adjustments to ensure that reasonable, well-behaved density 
estimators are produced. The following model meets these conditions. 

An Alternative Model 
The 2-stage nature of the sampling procedure for frequency 

studies can be accommodated by characterizing each stage statisti- 
cally. In the first stage we let n be the total number of plant 
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fragments, from all species, that are distributed over a slide: 
m 

n = F, ni. 

where m is the number of species. A reasonable distribution for n is 
the Poisson, 

g(n) q  e+ An/n!, 

with parameter A (the average number of fragments per slide) 
under experimental control. Conditional on this total, the distribu- 
tion of fragments within each species is assumed to be multinomial: 

fb..., nm) q  (n!/?i nr!) P, ri’ 

where ri, i=l,..., m are the relativk%ensities. It follows that the 
unconditional distributions of ni are independent, and have the 
form 

&(lli) = e-*i (Ari)%/ni! . (4) 

These distributions provide a model for the differences in plant 
fragment densities from slide to slide. 

For the second stage of the sampling procedure we model the 
occupancy count yi of microscope fields with a binomial distribution 

f(yi 1 ni) = ($ piYi (1 - pSkeYi. 

The conditional parameter pi is the probability of occupancy for 
any particular field, given ni fragments: 

pi= 1-(1+/A)“‘, 

where a is the area encompassed by the microscope field and A is 
the area of the microscope slide. The distribution shown in equa- 
tion (5), because it is conditional on fragment density, varies from 
slide to slide. We seek the unconditional distribution of yi, since it is 
yi on which the frequencydensity conversion is based. Its distribu- 
tion is obtained by combining (4) and (5) into the rather compli- 
cated expression 

(see the Appendix for a derivation of equation (6)). It is this 
distribution that relates frequency, yi/k, and relative density, ri. 

Note that the key addition to the frequency-density model pro- 
posed here is reflected in the difference between equation (5) and 
equation (6). The probabilities pi in equation (5) are based on a 
specific number of particles on a given slide. Therefore any inferen- 
ces to be made apply only to the particular slide under investiga- 
tion. For the model proposed here, however, the probabilities 
themselves are assumed to be random, precisely because fragment 
density nivaries from slide to slide. Thus equation (6) has the form 
of a compound distribution (e.g., Pielou 1976), combining compo- 
nents of “slide-to-slide” variation and “within-slide” variation. 
Estimators based on equation (6) can differ considerably from 
those based on equation (5). 

Unfortunately, a closed form for equation (6) has not been 
found. Thus it is not possible to simplify the relationship between 
the observed frequency yi/ k and relative density rr. Further, since A 
and ri occur together in equation (6), separate estimates of these 
parameters cannot be obtained for a single species. Note, however, 
that 

I7 = hrj/ $ (hri), 

so that the usual standardizati;: of the joint estimates of hri 
produces a clean estimate of relative density. Note also that 

Eo13 = Eq [E&l nS1 
q  Lj FU -U-NW% 
w k[ I - exp(-hari/ A)] , (7) 

demonstrating that yi/k is an unbiased estimator of the usual 
expression relating frequency and density. 

As for the statistical properties of density estimators, there are 

essentially 2 ways to improve their stability. First, a numerical 
adjustment can be made for density estimates corresponding to 
high sample frequencies, as indicated earlier. Such adjustments 
essentially bound the frequency away from 1, where the corres- 
ponding value of approaches 00. For such numerical adjustments, 
which are currently used by many researchers, there is no obvious 
way to assess the statistical effect of the adjustment. Thus one 
cannot unambiguously describe the relationship between the esti- 
mate ii and the actual parameter ri. 

The second approach is to use a sampling design that disallows 
sample frequencies of 1. A reasonable approach is simply to exam- 
ine additional slides in the event of full occupancy (i.e., if yi = k for 
any species). Then the number of slides itself becomes random, 
with a geometric distribution 

Prob(i) = p( I - p)’ (8) 
where j is the number of slides and p is the probability of less than 
full occupancy for all species. Distributions (6) and (8) can be 
combined to produce the exact form of a frequency-density rela- 
tionship (see Appendix), which in turn can be used in the usual 
estimation procedures. This approach has the advantage that its 
statistical properties can be described precisely, so that inferences 
about the species mixture can be supported. Accordingly, it is the 
procedure recommended here. A formal assessment must consider 
the probability of full occupancy of all fields based on the distribu- 
tion in equation (6) and must utilize frequency and density estima- 
tors that include frequencies of occurrence across randomly many 
slides. 

Example 
The sampling and estimation procedure described above can be 

illustrated with a simple example using artificial data. Assume that 
a dietary study is conducted, in which samples of plant fragments 
are obtained from a fistulated ruminant. Rumen samples are pro- 
cessed and slides prepared according to procedures outlined above. 
The slides then are examined with 20 fields at 100X for presence or 
absence of 4 taxonomic groups. For purposes of illustration it is 
further assumed that the taxonomic assemblage has low equitabil- 
ity, with relative densities given by 

(rb r4, r8, ri) = (.45, .45, .05, .05). 

To obtain samples in which the rare taxa are represented, it is 
necessary to prepare slides with high particle densities. As indi- 
cated in the Appendix, one effect of high particle density is to 
increase the probability that all fields are occupied by a single 
taxon. Thus it may be necessary to sample additional slides. 

Now assume that the microscope examination results in fre- 
quency counts of (20, 17, 4, 2) for the 4 taxa. Since taxon 1 is 
represented in all fields, an estimate of density cannot be obtained 
from equation (2). Thus additional sampling is required. Assume 
that frequencies of occurrence resulting from examination of a 
second slide are (17,19,1,2). Since no taxon occupies all the fields 
on both slides, estimation of relative densities can now proceed. 
Adding frequency counts across slides and dividing by 40 (the total 
number of fields examined), we obtain relative frequencies of 

(A, pz;, e‘s, P4) q  (.925, .9, .15, . I). 

Transformation of these values according to equation (2) produces 

(dl, dz, &, dr) = (2.6, 2.3, .13, .I), 

from which are obtained the relative density estimates 

61, iz, is, i4) = (.5, .45, .03, .02). 

Several points should be emphasized. First, since estimated 
relative densities are subject to sampling variability, the corres- 
pondence with actual relative densities is unlikely to be exact. For 
example, if the sampling and estimation procedure were to be 
replicated a second time, it is highly likely that the estimated 
relative densities would differ from those in the first replication 
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because of sampling variability alone. The estimates themselves are 
statistical indicators of relative density, and must be interpreted in 
light of sampling variability. Indeed, the assessment of density 
indices against a background of sampling variability should be an 
integral part of any microhistological study, irrespective of the 
procedures that are used. 

Second, under conditions of taxon inequitability the relative 
densities of rare species tend to be underestimated. This is reflected 
in the example by relative density estimates that are below the 
actual relative density values. Bias occurs because of asymmetry in 
the frequencydensity relationship shown in equation (2). Thus, 
overestimation of frequencies near 1 has a greater effect on relative 
density than does underestimation, and the effect is much greater 
than either overestimation or underestimation of frequencies near 
zero. The problem of bias can of course be minimized by more 
intensive sampling, either by examination of more slides or by 
examination of more fields per slide. 

Third, by utilizing averages of frequency counts across slides, the 
procedure yields estimates of relative density that are statistically 
improved over those based on a single slide. For example, the 
estimates are more precise, less biased, and asymptotically normal 
in their distributions. These properties follow directly from the 
Central Limit Theorem of classical statistics (e.g., Mood et al. 
1974). Were it not for cost considerations, relative density estima- 
tion could always be improved by utilizing multiple slides, whether 
or not full occupancy is a problem. 

A comprehensive assessment of the procedure suggested here 
must address statistical properties of the relative density estima- 
tors, based on equation (6), as well as the testing procedures 
utilizing these estimators. Such an assessment goes well beyond the 
scope of this paper, and will be reported in a future article. 

Literature Cited 

hde& B-L., BE. P-U, end R.M. Hm~sen. 1975. Precision of microhis- 
tologiealestimates of ruminant food habits. J. Range Manage. 39:402_407. 

Free, J-L, R.M. H~IIWO, and P.L. Sims. 1970. Estimating dry weights of 
food plants in feces of herbivores. J. Range Manage. 23:300-302. 

Fracker, S.B., and J.A. Brischle. 1944. Measuring the local distribution of 
ribes. Ecology 25283-303. 

Grieg-Smith, P. 1964. Quantitative plant ecology. Butterworth and Co., 
London. 

Hansen, R.M., T.M. Foppe, M.B. Gilbert, R.C. Clark, and H.W. Rey- 
nolds. The microhistological analyses of feces as an estimator of herbi- 
vore diets. Colorado State Univ., Dep. Range Science. Unpublished 
report. 

Holecheck, J.L., M. Vavn, and R.D. Pieper. 1982. Botanical determina- 
tion of range herbivore diets: a review. J. Range Manage. 35309-310. 

Johnson, M.L. 1982. Frequency sampling for microscopic analysis of 
botanical compositions. J. Range Manage. 35541-542. 

Mood, A.M., F.A. Graybill, and D.C. Boes. 1974. Introduction to the 
theory of statistics. McGraw-Hill, Inc., New York. 

Pielou, E.C. 1977. Mathematical ecology. John Wiley and Sons, New 
York. 

Sparks, D.R., and J.C. Makcbek. 1968. Estimating percentage dry weight 
in diets using a microscope technique. J. Range Manage. 21:264-265. 

Swindel, B.F. 1983. Choice of size and number of quadrats to estimate 
density from frequency in Poisson and binomially dispersed populations. 
Biometrics. 39~455-465. 

Appendix 

This appendix provides a brief derivation of equation (6), high- 
lights a few of the statistical properties of the resulting density 
estimators, and indicates how equations (6) and (8) can be com- 
bined in a single analysis. From the usual rules of conditional 
probability (e.g., Mood et al. 1974) we have 

fi(yi) q  n!=6 f(Yil ni) gi(ni) 
I 

=nz=, (f> pi”( l-pi)‘yi eArr (A#/ ni! 
1 

=e + (“,I $* [I-(l+/A)%]Yi (Ic/A)“@~~) (Ari)/ni! 
I 

=e -*ri (“yi, $ & (T9 (-1)*(1-a/ A)“it(la/A)‘@-yi’ (hri)‘/ni! 

=e +(f> 4 (3 (-I)' m nT& (Xri)"i (l-a/ A)“@-Yi’“/ ni! 

=e -“ri (Fi, $ (79 (-I)’ exp[Ari( l-a/ A~cr-yi’t~ 

Though a closed form for f&r) has not been found, some of its 
properties can be ascertained. For example, the expected value of 
yt shown in equation (7), increases with 

* an increase in A. Thus the average number of occupied fields 
increases with the average particle density. 

* an increase in ri. Thus the average number of fields occupied 
by species i increases with the proportion of species i in the mixture. 

* an increase in a/A. Thus the average number of occupied 
fields increases with field size. 

From equation (6) we can express the probability of full occu- 
pancy (all fields occupied by species i) by 

Prob(ni=k) = $ (:)(-l)lexp[-hri(l-(l-a/A)‘1 

If this probability is denoted by qi, then the probability p in 
equation (8) of less than full occupancy for all species is given by 

p=SI. (l-q& 
j-1 

Thus the average number of slides required to achieve less than full 
occupancy for all species is (I-p)/p, which increases in (l-p). But 
(l-p) in turn increases in qi. Therefore most slides are required, on 
average, as 

* A increases. The higher the particle density, the more likely we 
are to get full occupancy and to require additional slides. 

* a/ A increases. The larger the field size, the more likely all fields 
are to be occupied. 

* species equitability decreases. The closer we are to the condi- 
tion that ri= 4, i=l ,...,m, the less likely it is that all fields will be 
occupied by any one species. 

Finally, equations (5) and (7) can be used to assess estimators 
that utilize random numbers of slides. An example of such an 
estimator is 

i” =& yu/ks 

where s-l is the number of slides with full occupancy for at least 1 
species and yi is the frequency count for species ion the jth slide. It 
can be shown (Williams, in prep.) that this estimator is asymptoti- 
cally unbiased in p; that is, E(Fi) - Fi as p - 1. Thus the effect of 
bias is decreased as the average number of slides required goes to 1. 
Problems arise, however, with mixtures containing species with 
high relative densities. In that case high particle densities are 
required in order to pick up the least abundant species, resulting in 
low values of p. Bias adjustments thus are required for both fre- 
quency and relative density estimators._ 
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Variation in Utilization of Big Sagebrush Accessions by 
Wintering Sheep 
BRUCE L. WELCH, E. DURANT MCARTHUR, AND RONALD L. RODRIGUEZ 

Abstract 

We observed the effects of accessions of big sagebrush (Artemi- 
siu tridentuta) on big sagebrush utilization by wintering domestic 
sheep. The sheep had continuous access to high quality alfalfa bay 
and were fed 0.28 kg of rolled barley per head per day. Utilization 
was expressed as a percent of the current year’s vegetative growth 
consumed by the sheep and also as grams of dry matter eaten per 
stem. Utilization of accessions varied from 0 to 98% over 3 sites and 
from 0 to 7.112 g of dry matter per stem. The sheep tended to 
remove significant (60 to 70%) amounts of current growth from the 
more preferred accessions before removing even small (15%) 
amounts of less preferred accessions. If this is typical grazing 
behavior, preferred big sagebrush plants may be lost in areas 
subject to repeated grazing. 

Key Words: palatability, Artemisiu tridentata, preferred diet 
(sheep) 

Observations of diet selection have shown that several species of 
wild herbivores discriminate among big sagebrush (Artemisiu tri- 
dentata) accessions, preferring to feed on some types, while reject- 
ing others (Smith 1950, Stevens and McArthur 1974, Welch et al. 
1981, White et al. 1982, Remington 1983, Welch and McArthur 
1986a). This discrimination suggests that big sagebrush shows 
variable palatability; such variation could be useful in improving 
range plants for domestic animals. Because studies of preference of 
domestic animals for big sagebrush are rare (Sheehy and Winward 
1981), we investigated the influence of big sagebrush accession on 
big sagebrush utilization by domestic sheep. 

Materials and Methods 

Three uniform gardens were established in 1977 at Springville, 
Utah; 3 km east of Nephi, Utah (Salt Creek Canyon); and 15 km 
west/southwest of Helper, Utah (Gordon Creek Wildlife Man- 
agement Area). The Springville site at 1,402 m is a basin big 
sagebrush ((A. t. ssp. tridentata) habitat type. Soil is of the Pleasant 
Grove series (Pleasant Grove gravelly loam, 6 to 10% slope). This 
series consists of deep, well-drained, gravelly or cobbley alluvial 
soils. Weathered limestone is the parent material. Soil permeability 
is moderate to rapid. Roots can penetrate to a depth of 1.5 m or 
more. About 9 cm of available water is held by this soil to a depth of 
1.5 m. Soil pH ranges from 7.4 to 7.9. Average annual precipitation 
is 35 to 45 cm. The mean annual temperature is 8.9 to 11. lo C and 
the frost-free period is 130 to 170 days (Swenson et al. 1972). 

The Salt Creek Canyon site at 1,676 m is a basin big sagebrush 
habitat type with 4 to 15% slopes. Soil is a Rofiss gravelly clay 
loam, deep and well-drained. Parent material is Arpien shale. Soil 
permeability is moderately slow. Soil pH ranges from 8.2 to 8.6. 
Effective annual precipitation is 20 to 35 cm. The mean annual 
temperature is 7.2 to 8.3” C, and the frost-free period is 100 to 140 
days (Trickier and Hall 1984). 
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The Gordon Creek Wildlife Management Area site at 2,130 m is 
a Wyoming big sagebrush (A.t. ssp. wyomingensis) habitat type 
with 1 to 6% slopes. Soil is of the Atrac series (Atrac is a very fine 
sandy loam). This series consists of deep, well-drained soils. Parent 
material is sandstone. Effective rooting depth is 1.5 m or more. Soil 
pH ranges from 6.6 to 8.0. Average annual precipitation is 30.5 to 
35.6 cm. The mean annual temperature is 7.2 to 8.3’ C, and the 
frost-free period is 100 to 120 days (USDA, SCS 1981). 

Vegetation at each site was killed by disking and the sites were 
kept weed free by hand and mechanical means. The gardens were 
enclosed with deer-proof fences to enclose sheep and exclude deer. 
Containerized stock of 21 accessions of big sagebrush was planted 
in spring of 1978 at each site. Each accession was represented by 10 
plants per site. The resulting 210 plants in each set were placed at 
random on a 3 by 3 m grid for each site. Table 1 lists the locations of 

Table 1. Locations of collection sites for 21 accessions of big sagebrush 
used in this study to determine utilization by wintering domestic sheep. 

Subspecies Accession County 8t State Elevation (m) 

vaseyono Colton 
Sardine Canyon 
Benmore 
Petty Bishop’s Log 
Durkee Springs 
Salina Canyon 
Clear Creek Canyon 
Pinto Canyon 
Indian Peaks 
Hobble Creek 

Utah, UT 2260 
Cache, UT 1800 
Tooele, UT 1900 
Sanpete, UT 2380 
Sevier, UT 2270 
Sevier, UT 2350 
Sevier, UT 2130 
Washington, UT 1850 
Beaver, UT 2140 
Utah, UT 1500 

widenrota Clear Creek Canyon 
Brush Creek 
Loa 
Dove Creek 
Evanston 
Wingate Mesa 
Dog Valley 

Sevier, UT 1720 
Uintah, UT 1830 
Wayne, UT 2140 
Dolores, CO 2070 
Uinta, WY 2020 
San Juan, UT 2060 
Juab, UT 1700 

wyomingensis Evanston Uinta, WY 
Kaibab Coconino, AZ 
Trough Springs Humboldt, NV 
Milford Beaver, UT 

2130 

seed collection sites for the accessions. The 3 common subspecies 
of big sagebrush were represented in this study: 10 accessions were 
A.t. ssp. vuseyana, 7 were A.t. ssp. tridentata, and 4 were A.t. ssp. 
wyomingensis. 

Utilization of the accessions was measured as follows: 15 annual 
vegetative leaders per plant were randomly selected through the 
entire crown and measured to the nearest centimeter in November 
1983. These measurements were used to calculate a mean annual 
leader length per plant before browsing. Plants were remeasured 
using 15 randomly selected leaders during April 1984. A mean 
annual leader length after browsing was calculated. Utilization was 
calculated by dividing the mean leader length after browsing by the 
mean leader length before browsing, multiplying by 100, and sub- 
tracting from 100. Welch et al. (1981) reported a precision error of 
4% for this method. 

A second method of expressing utilization among the accessions 
was used. This consisted of multiplying the accessional mean per- 
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cent of vegetative leader eaten (data from this study) by the acces- 
sional mean length of the vegetative leader (data from Welch and 
McArthur 1986b) by the accessional mean total leader weight 
expressed as g/cm (data from Davis and Stevens (1986)). Results 
would rank the utilization of the accessions in terms of the mean 
number of grams eaten per leader. This method would take into 
account differences in growth rates among the accessions (Welch 
and McArthur 1986b). Unfortunately, only 10 of 21 accessions 
used in this study were studied by Davis and Stevens (1986). For 
the other 11 accessions, the heaviest reported value for the subspe- 
cies was used except for the Wyoming big sagebrush accessions, 
where the second heaviest was used. This was done because the 
Trough Springs accession has been treated as Wyoming big sage- 
brush but is not typical for that taxon and is being described as a 
new taxon (Winward et al. in review). Statistical analysis of this 
data set was not possible. 

Five domestic sheep were obtained from a private operator. 
These sheep were open ewes about 4 to 6 years old. They were 
range-experienced sheep that had been exposed to the 3 subspecies 
of big sagebrush being tested. The 5 sheep were taken directly off 
the native range and placed in the Springville garden on 9 Dec. 
1983; in the Nephi garden on 9 Jan. 1984; and the Gordon Creek 
garden on 9 Feb. 1984. While in thegardens, thesheep had contin- 
uous access to high quality alfalfa hay and 0.28 kg of rolled barley 
per head per day. This gave the sheep the choice to eat or not eat big 
sagebrush. 

Differences in utilization as expressed on a percent basis among 
accessions were tested by one way analysis of variance with the sites 
as replications and plants within sites as subsamples (SPSS Inc. 
1983). The Student-Newman-Keuls multiple range comparison 
test (KO.05) was used to evaluate which accessions differed. Data 
collected were transformed by the arcsine percentage function for 
analysis and then returned to the percent values for final presenta- 
tion (Snedecor and Cochran 1967). 

Results and Discussion 

Accessions of big sagebrush influenced utilization by sheep 

Table 2. Variation in the utilization of 21 big sagebrush (Artemish triden- 
tutu) accessions by wintering domestic sheep. Data expressed as percen- 
tage of current years vegetative growth eaten. Gardens are reps with 10 
plants per recession per garden serving as subsamples. 

Accessions 
Percent of current years vegetative 

growth eaten 

Gardens Overall 

Spring- Gordon 
ville Nephi Creek 

Kaibab(w)’ 97.1 97.8 100.0 98.3” 
Colton (v) 87.5 96.0 93.5 92.3’ 
Trough Springs (w) 91.0 85.5 96.8 91.1* 
Wingate Mesa (t) 90.5 88.5 78.8 85.9”b 

Milford (w) 86.7 84.5 76.8 Brush Creek (t) 79.0 83.5 82.5 ;;:;: 

Hobble Creek (v) 78.0 84.1 79.6 80.6*b 
Pinto Canyon (v) 81.2 70.5 78.4 76.6b 
Sardine Canyon (v) 53.5 59.6 61.3 58.1’ 
Petty Bishops Log (v) 55.3 48.9 42.2 48.3’ 
Evanston (w) 52.5 33.8 46.3 44.2”d 
Indian Peaks (v) 38.3 45.9 35.1 39.8*e 
Clear Creek Canyon (v) 21.6 24.6 18.7 21.6d” 
Benmore (v) 20.6 18.5 11.1 16.7d’ 
Durkee Springs (v) 14.7 21.4 12.3 16.1” 
Salina Canyon (v) 10.4 12.3 9.9 10.9’ 
Dog Valley (t) 8.1 5.2 0.0 4.4’ 
Clear Creek Canyon (t) 1.7 3.9 0.0 1.9’ 
Evanston (t) 0.0 1.5 0.0 0.5’ 
Loa (t) 0.0 0.0 0.0 0.0’ 
Dove Creek (t) 0.0 0.0 0.0 0.0’ 

Gardens means 46.1 46.0 44.0 

Iv = Arremisia tridenrata ssp. vaseyam, 
I = A.I. ssp. fridenrara 
v = A.r. ssp. wyomingensis. 

‘Means sharing the same superscript are not significantly different at the 5% level. 

Table 3. Variation in the utilization of 21 big sagebrush accessions by wintering domestic sheep. Data expressed as accessional mean number of grams 
eaten per vegetative leader. 

Mean’ of vegetative Mean length of Mean total Mean number of grams 
Accession leader eaten X vegetative leader X leader weight = eaten per leader 

% cm g/cm g 

Hobble Creek (v)* 80.6 23.1 0.382 7.112 
Colton (v) 92.3 17.2 447’ 7.096 
Kaibab (w) 98.3 20.7 .3443 7.000 
Wingate Mesa (t) 85.9 20.9 .386’ 6.930 
Trough Springs (w) 91.1 15.5 379 5.352 
Pinto Canyon (v) 76.7 23.2 ,276 4.911 
Sardine Canyon (v) 58.1 20.2 ,359 4.213 
Indian Peaks (v) 39.8 22.4 .4473 3.985 
Milford (w) 82.7 17.2 .250 3.556 
Petty Bishops Log (v) 48.4 15.3 .4473 3.337 
Brush Creek (t) 81.7 16.7 .236 3.220 
Evanston (w) 44.2 15.8 ,344’ 2.402 
Clear Creek Canyon (v) 21.6 20.1 ,447’ 1.941 
Durkee Springs (v) 16.1 20.6 ,447’ 1.483 
Benmore (v) 16.7 18.8 .4473 1.403 
Salina Canyon (v) 10.9 23.0 .316 0.792 
Dog Valley (t) 4.4 33.0 .283 0.411 
Clear Creek Canyon (t) 1.9 30.8 ,386 0.226 
Evanston (t) 0.5 30.9 .386’ 0.060 
Loa (t) 0.0 33.1 ,386’ 0.000 
Dove Creek (t) 0.0 41.4 .286 0.000 

Data source This study Welch & McArthur 1986b Davis & Stevens 1986 by calculation 

IMean is for the accession. 
2~ = Arfemisia ~ridenroro ssp. voseyana 
t = A. f. ssp. widenma 
w : A. I. spp. wyomingensis (Trough Springs has been treated as ssp. wyomingensis but is not typical and is being described as a new taxon - Winward et al. in review). 

JDue to the lack of specific accessional information? these values arc in the case of Arremisio tridenfom ssp. vaseyono ssp. rridenmro the heaviest reported for the subspecies 
(Davis and Stevens 1986). Because Trough Springs IS being described as a new taxon - Winward et al. in review-the second heaviest value is used for A. I. ssp. wyomingemis. 
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(KO.05, Table 2). Highest levels of utilization were seen in Kai- 
bab, Colton, Trough Springs, Wingate Mesa, Milford, Brush 
Creek, and Hobble Creek accessions. 

Wingate Mesa and Brush Creek accessions are A.t. ssp. triden- 
tutu. In general, subspecies tridentata is the least preferred by 
wintering mule deer (Stevens and McArthur 1974, Welch et al. 
198 1, Welch and McArthur 1986a). The preference domestic sheep 
showed for these accessions of subspecies tridentata was surpris- 
ing. Both of these accessions differ from the other 5 accessions of 
subspecies tridentata in plant size and chromosome number. The 
Wingate Mesa and Brush Creek accessions are significantly 
smaller plants (McArthur and Welch 1982, Welch and McArthur 
1986b). These accessions are tetraploids (2n = 36), whereas the 
larger and mostly uneaten subspecies tridentata accessions are 
diploids (McArthur et al. 1981). Ail the accessions in the most 
preferred array are tetraploids with the exception of Hobble Creek, 
which is basically diploid but also includes occasional tetraploids 
(McArthur and Sanderson, unpublished). All the accessions in the 
least preferred array are large-statured diploids with the exception 
of Salina Canyon, which is mostly a tetraploid mixture. Although 
tetraploid accessions are generally preferred by sheep, the role of 
ploidy in determining sheep preference for accessions of big sage- 
brush is unknown. 

We observed differences in animal (sheep versus deer) browsing 
preference as demonstrated by the data presented here (Table 2) 
and in a companion study (Welch and McArthur 1986a) involving 
the same sagebrush plants. Although deer showed definite prefer- 
ences (28.3 to 57.5% use per accession), they were not as discrimi- 
nating in preference as sheep were (0.0 to 98.3% use per accession). 
Some accessions, most notably the Hobble Creek and Colton 
accessions of ssp. vaseyanu, were highly preferred by both sheep 
and deer but many showed widely different use patterns, e.g., 
Kaibab ssp. wyomingensis (98.3% use by sheep with the top rank- 
ing versus 33.5% use by deer with the 16 ranking); Trough Springs 
ssp. wyomingensis (91.1% use by sheep with the 3 ranking versus 
30.1% use by deer with the 20 ranking),, and Salina Canyon ssp. 
vuseyana (10.9% use by sheep with a 16 ranking versus 41.7% use 
by deer with a 6 ranking). A notable overall use difference by sheep 
versus deer was sheep preference for Wyoming big sagebrush in 
contrast to deer. 

Amount of vegetative current year’s growth eaten by sheep was 
large. One third of the accessions had 80% or more of their current 
year’s growth eaten. The sheep had continuous access to high- 
quality alfalfa hay and 0.28 kg rolled barley per head per day. 
There was no need for these range-experienced sheep to consume 
any big sagebrush except by choice. The sheep tended to remove 
most vegetative current growth from the more utilized accessions 
before removing even small amounts from less utilized accessions. 
If this is typical grazing behavior, preferred big sagebrush plants 
may be lost in areas subject to repeated heavy grazing. 

When utilization was expressed on a mean number of grams per 
leader eaten basis, the highest 7 accessions were Kaibab, Colton, 
Trough Springs, and Hobble Creek, with Pinto Canyon and Sar- 
dine Canyon replacing the smaller accessions Milford and Brush 
Creek (Table 3). 

In general, the 2 methods of expressing utilization agree. It has 
been our contention in the past (Welch and McArthur 1979) and 
continues to be our contention (Welch and McArthur 1986a and 
this study) that the Hobble Creek accession of big sagebrush is the 
most preferred accessions of big sagebrush for wintering mule deer 
and domestic sheep. Because of the high utilization we observed in 
the study, we are preparing to release Hobble Creek through the 
Soil Conservation Service’s plant material program as a superior 
accession of big sagebrush for use on mule deer and domestic sheep 
winter ranges. For those areas where Hobble Creek can be estab- 
lished, grown, and stands maintained, it will provide a palatable, 
nutritious winter forage (Behan and Welch 1986, Davis and Welch 
1986, Welch et al. 1986). 
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Subterranean Clover on Southern Pine Range: Potential 
Benefits to Game 
KENNETH F. RIBBECK, MARK K. JOHNSON, AND KEN DANCAK 

Wildlife habitat is an important component of forested lands in 
the South. We examined effects of silvicultural practices and 
understory management on abundance of arthropods for wild 
turkey (Meleagris gaUopvo) and bobwhite (Coifnus v&g&uimus). 
Plots (- 0.1 ha) of southern pine timber (25-35 years old) were 
thinned or cleared and were planted with subterranean clover 
(Tr(folium subterraneum) or were allowed to produce native vege- 
tation. Arthropods were most abundant in cleulngs for both 
understory treatments: 127 f 15 (subterranean clover), 45 f 5 
(native) per plot. Abundance of arthropods on plne forested plots 
with a subterranean clover understory was often greater than 
abundance of arthropods on cleared plots with native vegetation. 
Many of the arthropods sampled were the kinds often used by wild 
turkey and bobwhite. Subterranean clover production on forested 
plots was about 70% of production on cleared plots. Arthropods 
from 5 of 8 orders were significantly (p<O.Os) more abundant in 
subterranean clover plots compared to native vegetation. Abun- 
dance of arthropods was significantly (KO.05) associated with 
forage yield. Dead subterranean clover provided more arthropods 
in summer than live native vegetation. Planting subterranean 
clover in Southern pine timber offers a good alternative to removal 
of timber production for improving wildlife habitat and for inte- 
grating livestock and game management practices. Costs for estab- 
lishing (-SlOO/ha) and mrintainlng (2 SSO/hr/yr) subterranean 
clover under pine timber are less than the potential loss in timber 
revenue (S125 to 34O/hr/yr) associated with maintaining clearings. 
Key Words: TrifoHwn subtemneum, arthropods, bobwhite, deer, 
quail, wild turkey 

Managed pine forests in the South supply enough cover for 
successful nesting, but bobwhite carrying capacities are frequently 
low because arthropods are often scarce (Hurst 1972). Clearcuts in 
forests are recommended to establish sites where arthropods are 
abundant and readily available to bobwhite and wild turkey 
(Stoddard 1931, Wheeler 1948, McGinnes and Ripley 1962, Lewis 
1964). Cleared areas tend to support higher arthropods popula- 
tions than areas under timber canopies (Speake et al. 1975) because 
understory forage production increases as timber density decreases 
(Wolters 1981). Planting clearings with cool-season forage crops is 
a common practice used to attract deer for harvest and for supple- 
mental feed. However, establishment of clearings may require 
unscheduled clearcutting resulting in a loss of timber revenue. 

The purpose of this study was to determine whether planting 
subterranean clover in forested plots is a viable alternative to 
clearcutting for creating game food plots. The approach used in 
our study was to compare subterranean clover forage production 
and arthropod abundance for the types useful to bobwhite and 
wild turkey among clearings, pine forests, and pine forests and 
clearings planted with subterranean clover. 

Study Area 
The study was performed at Louisiana State University Agricul- 
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tural Center’s Idlewild Research Station, located approximately 5 
km south of Clinton, Louisiana, in East Feliciana Parish. Forty- 
eight (= 0. l-ha) plots established by Davis (1983) were used for this 
study. Understory composition consisted primarily of blackberry 
and dewberry (Rubus spp.), sedges (Curex spp.), rushes (Junnrs 
spp.), beak rush (Rhynchospora sp.), dog-fennel (Eupatorium 
capillijblium), thistle (Carduus sp.), panic grasses (Panicum spp.), 
carpet grass (Axonopus c&is), bluestems (Andropogon spp.), 
bahia grass (Paspalum notutum), poor-joe (Diodia teres), French 
mulberry (Calricorpaamerkana), and sweetleaf (Symplocos tinctoria). 

Soils are of the Providence silt loam series. Soil samples were 
collected in May 1983 from each study plot. Samples were ana- 
lyzed according to standard A.O.A.C. (1970) techniques at the Soil 
Testing Laboratory, LSU, Baton Rouge. Soil pH ranged from 4.2 
to 5.2. Average organic matter content was 3.6%. Mean available 
phosphorus and potassium were 5 ppm and 58 ppm, respectively. 
Precipitation was monitored on the research station during the 
study period (25 February through 27 October 1983); 52.58 cm 
(20.7 in). 

Methods 

The study consisted of 2 treatments: a native vegetation under- 
story and an understory seeded with subterranean clover during 
fall 1981 and fertilized with 224 kg/ha of O-2424 (N, PzOs, KzO) 
during fall 198 1 and 1982. For each of the 2 treatments, there were 
3 plots each that were cleared or thinned to goals of about 9,18, or 
27 m*/ha of pine basal area (25 to 35-year-old loblolly (pinus 
rue&) and shortleaf (P. echinatu) pine) for a total of 12 plots per 
treatment. All hardwoods were removed. The resulting study area 
consisted of 6 clearings and 18 forested plots. Specific methods of 
plot establishment and annual management are reported elsewhere 
(Johnson et al. 1986). 

Arthropod Somplhrg 
We collected arthropod samples every 2 weeks from mid- 

February through mid-October 1983. However, native understory- 
vegetation became too dense for proper arthropod sampling by 
late August. Plots were mowed and burned in late August and 
sampled again in October, 1983. This sampling period (February 
through October) covered the peak brooding periods of wild tur- 
key (Mosbey and Handley 1943, Bailey and Rinel 1967) and bob- 
white (Simpson 1972, Stanford 1972), and peak production of 
subterranean clover (Davis 1983). 

Sampling was done after 10:00 a.m. on clear days to minimize 
sampling errors due to variations in moisture on vegetation. A 
D-Vat (D-Vat, Ltd., Post Office Box 2095, Riverside, Calif.) 
suction sampler, equipped with a 0.09-mr collecting head, was used 
for sampling arthropod populations. Martin and McGinnes (1975) 
found the D-Vat method of sampling provided an efficient means 
of collecting those insects available to turkey poults. We assumed 
that the number of arthropods collected by the D-Vat provided 
estimates of relative arthropod availability to bobwhite and wild 
turkey. 

On the day prior to sampling, transects (1 transect per plot; 6 m 
by 0.34m = 2.04 mr) were randomly established on each treatment. 
Samples were taken at a pace of 0.3 m/second, similar to the 
method described by Whitemore et al. (198 1). Upon reaching the 
end of the sampling transect, the nylon collection bag was removed 
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from the D-Vat, tied with a rubber band, and placed into a kill jar 
charged with ethyl acetate. 

After removing the nylon bags from the kill jars, we placed the 
contents into petri dishes. Arthropods in each sample were sorted 
by taxonomic Order and counted. 

Vegetative Sampling 
During each sampling period, 3 vegetation samples were col- 

lected from each 0.09-m2 frame on transect. Samples were oven 
dried at 800 C for 48 h and weighed to the nearest 0.1 g. Data for the 
3 samples were averaged to obtain an estimate of forage produc- 
tion for each transect. Native vegetation was clipped during its 
growing season, late-March through August (10 sampling dates). 
Subterranean clover, a cool-season annual, was clipped only dur- 
ing its growing season, February through early May (7 sampling 
dates). 

Oventory Relationships 
Densiometer measurements were taken over each clipped vege- 

tation plot according to the 17-point technique described by 
Stricker (1959). Densiometer measurements were averaged to 
obtain an estimate of percent canopy cover over each transect. 
These data were used to describe relationships between timber 
density, forage production, and arthropod abundance. For practi- 
cal comparisons, pine basal areas associated with each transect 
were also recorded. Data were classified according to the original 
thinning goal that the plot was most similar to. This resulted in 
unequal sample sizes for comparisons of data among thinning 
goals because actual pine basal areas varied significantly from the 
original thinning performed in 198 1. 

Statistical Analysis 
Tests using the normal distribution were used to compare mean 

arthropod abundance between the treatments because means for 
each transect were averaged among plots so that comparisons were 
made using means of means. For each treatment, linear model 
procedures were used for analysis of variance to determine whether 
forage production, canopy cover, or sampling period significantly 
affected arthropod availability (Steel and Torrie 1980). Pine thin- 
ning goal was not used as a block treatment for analysis because 
Davis (1983) found that relationships between pine density and 
understory production were more strongly associated with canopy 
cover than with pine basal area. 

Results 
Effects of Treatments 

Arthropod availability was not significantly affected by sam- 
pling period when variation due to forage production was accounted 
for (I’X.05). Therefore, our data were combined among sampling 
periods for further analyses. Arthropod abundance was greater on 
subterranean clover plots than those with native vegetation all 
months except October (KO.05) (Table 1). 

Arthropod abundance varied between treatments for 5 of 8 
Orders (Table 2). Subterranean clover supported more Coleopte- 
rans, Homopterans, Orthopterans, Hymenopterans, and Dipte- 
rans than native vegetation (X0.05). There were no significant 
differences in abundance of Hemipterans, Lepidopterans, and 
Arachnids between the 2 treatments (m.05). Live subterranean 
clover generally supported more arthropods than live native vege- 
tation for similar levels of production (Table 3), and dead subter- 
ranean clover (June-October) provided more arthropods than live 
native vegetation. Arthropod abundance was significantly asso- 
ciated with subterranean clover yield (KO.05). 

Effecta of Forest Canopy 
We found that arthropods were significantly more abundant in 

clearings for both treatments than under forest canopy. Therefore, 
the availability of arthropods for wild turkey and bobwhite would 
probably be enhanced by managing timber for saw logs and poles 
because this type of management results in stands with the least 

Table 1. Mean (31 SE) arthropod abundance (numbs/2.04 ml) compared 
between native vegetation and subtemnm clover under a mature 
southern pine forest from February through October 1983. Data are 
means of means from 12 plots which were generally sampled every 2 
weeks. For every montb arthropods were slgnlficsntly more abundant on 
subterranean clover plots (X0.05). 

Month 
Number 

N Subterranean Clover Native 

February 12 58fl9 5f 2 
March 36 77f II 18f 3 
April 24 135 f 27 27f 3 
May 24 ll6f I5 43f 6 
June 24 87f 9 49f 4 
Julv 24 61f 5 38f 3 
August 12 6of 5 29f 4 
October 12 44f21 28 f 10 

Table 2. Mean (i SE) arthropod abundance (number/2.04 m*) for 8 
taxonomic Orders compared between native vegetation and subterra- 
nean clover treatments In e mature southern pine forest. Date averaged 
were means of 12 plots for 14 sampling periods so that N q  168 for each 
order. Means (in the same row) followed by the same letter are not 
significantly different at the (PCO.05). 

Order 

Diptera 
Homoptera 
Orthroptera 
Hymenoptera 
Coleoptera 
Arachnida 
Hemiptera 
Lepidoptera 

Treatments 
Subterranean Clover Native 

48.3 f 4.9 A 9.1 f0.8B 
9.9 f 0.8 A 5.2 f 0.7 B 
7.7 f l.OA 3.9 f 0.4 B 
6.0 f 0.7 A 3.1 f 0.1 B 
5.0 f 0.9 A 0.9 f 0.1 B 
4.3 f 0.3 A 4.4 f 0.3 A 
3.3 f 0.4 A 3.6 f 0.4 A 
0.3 f 0.1 A 0.1 f 0.1 A 

Table 3. Mean (zk SE) arthropod abundance per 12.04 m’ plot in clearings 
and under a mature southern pine forest for native vegetation and 
subterranean elover. Means followed by the same letter are not signifi- 
cantly different (KO.05). 

Pine Basal Area Treatments 

(m*/ha) N Subterranean clover N Native 

0 48 127 f I5 A 48 45f5C 
9 53 63f 5B 38 28f2D 

18 43 79f 10B 44 30f3D 
27 24 61 f IO B 38 27f3D 

canopy cover. Arthropod abundance was significantly greater 
(KO.05) in the subterranean clover regardless of pine basal area 
than in clearings with native vegetation (Table 3). 

Discussion 

Dalke et al. (1946) found that unburned forest land offered a 
larger variety and quantity of ground inhabiting insects and other 
invertebrates than burned-over areas. However, Hurst (1978) 
found that the proportion of poult diets made up by animal food 
was higher on burned plots than on unburned plots in loblolly- 
shortleaf pine forest. He attributed this to a greater availability of 
arthropods due to the more open understory created by prescribed 
burning. We suggest that any method used to disturb vegetative 
cover will increase availability of arthropods after vegetation 
becomes so dense as to make arthropods difficult to obtain. Pres- 
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cribed burning is probably the least expensive method when condi- 
tions allow its use. 

Davis (1983) found that subterranean clover established well on 
recently disturbed sites when seed was broadcast when the ground 
was wet; but each fall it needed fertilization and mowing, heavy 
grazing, or burning to remove native vegetation produced during 
summer. Management practices needed for maintaining subterra- 
nean clover appear to provide the greatest availability of arthrop- 
ods for bobwhite and wild turkey. 

Pine timber grown for sawlogs may produce about $125/ha/ yr if 
management intensity is low while highly managed stands may 
produce as much as about $340 considering current stumpage 
prices paid for pine timber (Hotvedt 1983). The cost for establish- 
ing subterranean clover is about SlOO/ ha for seed and fertilizer and 
for fertilizer in later years about $5O/ha. Associated labor is less 
than that needed for maintaining clearings; suppression of native 
vegetation by subterranean clover reduces or eliminates the need 
for summer mowings. Although these figures vary among years 
due to market conditions, it is obvious that opportunity costs 
associated with removal of pine timber production are larger, and 
may be substantially larger, than costs for underplanting and 
managing subterranean clover in pine stands. Further, pine timber 
stocking levels that produced the greatest abundance of arthro- 
pods in this study are similar to basal area thinning goals normally 
recommended by silviculturalists. Therefore, use of subterranean 
clover under pine timber is compatible with normal pine timber 
management. 

Conclusions 
Gardner and Arner (1968) suggested that lack of animal proteins 

in the form of insects and other small invertebrates could be 
limiting wild turkey fecundity. Wild turkey poults and bobwhite 
chicks need high protein foods during early stages of life (Hamrick 
and Davis 1972, Hurst 1972, Tobler and Lewis 1980). This high 
protein demand, = 280/, for turkey poults (Marsden and Martin 
1955), can be met only be eating large amounts of animal food, 
particularly insects (Hurst 1972, Eubanks and Dimmick 1974). 

Delaney (1985) reported that about 1.5 ha of subterranean 
clover plots was sufficient to provide about 259Jof the winter diets 
for 60-75 free-ranging deer (Odocoileus virginianus). He also 
determined that diet crude protein and total digestible nutrient 
were significantly improved compared to diets made up by native 
forage alone. In addition, average weights of yearling bucks 
improved after establishing subterranean clover plots for deer use. 
We believe that primary use of subterranean clover for deer would 
provide secondary benefits to other wildlife whether grown under 
pine timber or not. 

During the course of these studies and those conducted by 
Delany (1985), bobwhite were observed on forested subterranean 
clover plots on numerous occasions, and wild turkeys were often 
observed on subterranean clover plots used for the deer studies. 
While Delany’s studies provide strong evidence that subterranean 
clover plots can improve diet quality for deer, there is no proof that 
similar improvements were actually made for other game. How- 
ever, we presume that improvements would probably occur where 
abundance of arthropods is a limiting factor due to infertility of 
native range. 

Gn the basis of the results of this study and the findings of others 
regarding the importance of arthropods to bobwhite and wild 
turkey, we conclude that use of subterranean clover under man- 
aged pine timber for supplementing cattle in winter provides an 
economically reasonable method for integrating livestock and 
wildlife management. 
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Effects of Hay and Straw Mulches on the Establishment of 
Seeded Grasses and Legumes on Rangeland and a Coal _ 

Strip Mine 
WILLIAM J. MCGINNIES 

Straw and grass-bay mulches at rates of 1,120 and 3,360 kg/ha 
were 8pplied to the surface after seeding or incorpor8ted into the 
soil before seeding for 3 consecutive years of planting at Central 
Plains Experimental Range (CPER) near Nunn, Colorado, and at 
Colorado Yampa Coal Company mine (CYCC) near Steamboat 
Springs, Colorado. Averaged across 3 years, the stnnd ratings of 
Psu~~yrostocAys&ucco (Fisch.) Neveski, the only species seeded at 
CPER, were significantly better for the check (no mulch)treatment 
than for any mulch treatment. At CYCC, average stand ratings 
were significantly better than the check when 1,12Okg/ha of straw 
mulch was applied to the surface after seeding. The species that 
consistently had the best stand ratings at CYCC were Astrugalus 
cicer L.,Bromus bieberstdnii Ram and Schult., 8. incnnis Leyss., 
B. mar&atus Nees, Efvtrisi btterme& (Host) Nevski, E. inter- 
me&a subsp. barb&to (Schur) A. L&e, Medkagofalcata L., M. 
sativu L., and Phfeumpratense L. No erosion from the plots by 
either wind or water was ohserved regardless of mulch treatments. 

Key Words: Psathyrosachys juncea, mulch, erosion, revegetation, 
recl8nmtion 

The Code of Federal Regulations addresses the subject of the use 
of mulches when surface mines are being revegetated by stating, 
“Mulch shall be used on all regraded and topsoiled areas to control 
erosion, to promote germination of seeds, and to increase the 
moisture retention of the soil.” (U.S. Gov’t 1985). In Montana, 
Darling and Young (1984) reported that native grass hay and straw 
mulches helped to control erosion, but that mulches did not 
improve the stands of seeded species. Smika (1983) in a study on 
the Great Plains in Colorado, found that a straw mulch reduced 
soil water loss and soil surface temperature. In California, straw 
was shown to be the most costeffective mulch practice to retain 
soil on slopes in artificial rainfall tests (Kay 1983). Biggerstaff et al. 
(1984) reported that straw mulch increased infiltration and reduced 
sediment yield on reclaimed minelands in Kentucky. 

Successful seedings have been made without the use of any 
mulch on both disturbed rangeland (Hull et al. 1958, McGinnies et 
al. 1983) and topsoiled surface mined land (McGinnies and Nicho- 
las 1980). On the basis of these successful seedings made without 
the use of mulch, the necessity of using mulches in reclaiming 
mined lands as required by the Federal Mined Land Reclamation 
Regulations became open to question. The study reported here was 
conducted to further evaluate the effectiveness of mulches for 
establishing seeded stands on disturbed rangelands and on strip 
mined lands. 

Methods 

This study was conducted to evaluate the effects of 2 rates of 2 
different mulches applied to the surface or incorporated into the 
soil on subsequent establishment of forage grasses and legumes. 
Plantings were made for 3 consecutive years at 2 locations. 

One area was located on the Central Plains Experimental Range 
(CPER) 31 km north of Nunn, Colo., at an elevation of 1,650 m. 

Author is range scientist, USDA-ARS, Crops Research Laboratory, Colorado 
State University, Fort Collins, Colorado 80523. 

Published in cooperation with Colorado Agricultural Experiment Station, Fort 
Collins. 

Manuscript accepted 7 August 1986. 

Long-term average annual precipitation is 310 mm, with 220 mm 
falling May through September. Soil was a Vona sandy loam, an 
Ustollic Haplargid. The area had been farmed, but was abandoned 
during the 1930’s. Vegetation on the site at the time of this study 
was dominated by blue grama [Eouteloua grucilis (H.K.B.) 
Steud.], sedge (Cure-x heliophila Mack.), sand dropseed [Sporobo- 
lus cryptandrus (Torr.) Gray], and red threeawn (Aristida lon- 
@eta Steud.). 

The other area was a coal strip mine operated by the Colorado 
Yampa Coal Company (CYCC) 32 km southwest of Steamboat 
Springs, Colo., at an elevation of 2,250 m. Long-term average 
annual precipitation is 410 mm. Topsoil (A and B horizons) was 
stripped off before mining and then spread on the reshaped and 
smoothed spoil material after mining. Slopes ranged from 5 to 
20%. The spoils were from the Upper Cretaceous Mesa Verde 
group which consists of mixed beds of shale and sandstone. The 
spoils were a heterogeneous mixture of material from the various 
strata; mixing occurred during removal of the overburden by a 
dragline and by subsequent leveling of the spoil piles. Topsoil for 
the 1981 seeding came from an area where the pre-mining vegeta- 
tion was aspen (Populus tremuloides Michx.). The aspen was 
shredded and mixed with the topsoil. The soil was from the Splitro- 
Winevada complex. Topsoil for the 1982 and 1983 seedings came 
from areas where the pre-mining vegetation was dominated by big 
sagebrush (Artemisiu tridentutu Nutt.) and Gambel oak (Quercus 
gumbelii Nutt.). Soil was a Routt loam, a fine montmorillonitic 
Typic Argiboroll. 

Seedbed preparation at CPER consisted of moldboard plowing 
during the summer before seeding. Just before applying the treat- 
ments, the area was disked and smoothed. At CYCC, the topsoil 
was spread a short time before seeding. Just before seeding, a 
chisel-plow was used to relieve the compaction caused by the 
scrapers that spread the topsoil. 

Table 1. Mulch treatments applied at CPER and CYCC. 

Rate Method of Abbreviated 
Mulch (kg/ ha) application treatment name 

Check none Check 
Hay 1120 Surface’ H-I-Su 
Hay 3360 Surface H-3-51 
Hay 1120 Incorporated2 H-l-In 

Hay 3360 Incorporated H-3-In 
Straw 1120 Surface s-I-su 
Straw 3360 Surface s-3-su 
Straw 1120 Incorporated S-I-In 
Straw 3360 Incorporated S-3-In 

‘Applied to surface of soil after seeding. 
zlncorporated into soil before seeding. 

Mulch treatments (Table 1) consisted of grass hay from irrigated 
meadows or wheat straw (l’kiticum aestivum L.) both applied at 
1,120 or 3,360 kg/ha. Mulches were either incorporated into the 
soil with a vertical-axis rotary tiller before seeding, or were spread 
on the surface after seeding. All plots that did not have incorpo- 
rated mulch were also cultivated with the rotary tiller at the time 
the mulch was incorporated, and all plots, both with incorporated 
mulch and otherwise, were cultipacked before seeding. Where 
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mulch was spread on the surface, light-weight plastic netting was 
used to hold the mulch in place. Individual plots were 3.7 by 3.7 m 
at CPER and 5.5 by 5.5 m at CYCC. The experiment was a 
randomized complete block design with 4 replications at each 
location each year. 

Seeding dates at CPER were 27 April 1981,21 April 1982, and 28 
April 1983. Russian wildrye [P~hyros&rchys &ncea (Fisch.) 
Nevski] var. ‘Vinall’ was planted with unit seeders to a depth of 2 
cm at a rate of 100 seeds/m of row with a 3O-cm row spacing. 
Seeding dates at CYCC were 17 September 1981,6 October 1982, 
and 14 September 1983. Seventeen to 18 species were planted in 
single rows with a single-row, hand-pushed seeder to a depth of 2 
cm at a rate of 100 to 130 seeds/m of row with a 3O-cm row spacing. 
(The species planted each year are listed in Table 4). 

Stand ratings for each seeding were made at the end of the 
second growing season. Plantings are identified in text and tables 
by year of seeding. Ratings were based on the percentage of the 
seeded row that was fully occupied with seeded species (0% = no 
plants, and 100% = a fully occupied row). Analysis of variance was 
used to analyze the data, and least significant differences (LSD) 
computed where appropriate. 

Results and Discussion 
Central Plains Experimental Range 

May through June precipitation at CPER was 300,420, and 240 
mm for 1981, 1982, and 1983, respectively. Compared to the long- 
term average of 220 mm, all 3 years were above average during the 
spring and summer growing season. The stand rating across all 
treatments averaged 62% in the 1981 seeding and 63% in the 1983 
seeding, but was only 20% in the 1982 seeding (Table 2). 1982 was 

Table 2. Effect of two rates of hay snd straw mulches, incorporsted into 
the soil or applied to the surface, on stand establishment ratings of 
Russian wlldrye at CPER. Ratings are from second growing season after 
seeding. 

Year of seeding 
Treatment 1981 1982 1983 Mean 

----+tand rating, %)---- 
Check 92’ 35 65 64 
Hay 1’ SUZ 15 20 58 51 
Ray 3 SU 50 18 72 47 
Ray I In 78 12 80 51 
Ray 3 In 75 IO 65 50 

Straw I su 65 25 62 51 
Straw 3 SU 10 8 52 23 
Straw 1 In 80 28 48 52 
Straw 3 In 35 20 65 40 

IS&co 22 I5 NS II 

11 q  1120 kg/ ha, 3 = 3360 kg/ha. 
2SU q  applied to surface after seeding, In = incorporated into soil before seeding. 
30% = no stand; 100% = TOW fully occupied by seeded species. 

the wettest seeding year of the 3, but for some reason had the 
poorest stands. In 1982, the seedbed was very dry and loose at the 
time of planting, and it is possible that the seed was planted too 
deeply. There was also a moderately dense volunteer stand of 
crested wheatgrass. [Agropyron desertorum (Fisch. ex Link) 
Schult.] from seed that blew in from an adjacent planting on the 
1982 planting. The vigorous crested wheatgrass seedlings may have 
given the less vigorous seedlings of Russian wildrye strong 
competition. 

In the 1981 seeding volunteer wheat plants were common in the 
1,120 kg/hastraw mulch treatments(S-I-Suand S-1-1n)anddense 
stands of volunteer wheat occurred in the 3,360 kg/ ha treatments 
(S-3-Su and S-3-m). Where there were dense stands of volunteer 
wheat, the grass stand was significantly reduced (Table 2). In 1981 
and 1982 seedings, no mulch treatment resulted in higher stand 
ratings than the check. As with the straw mulch treatments in the 

1981 seeding, the 3,360 kg/ha surface hay treatment (H-3-Su) 
resulted in significantly poorer stands of Russian wildrye than did 
the check treatment. No significant treatment differences occurred 
in the 1983 seeding. When the data for the 3 planting dates were 
combined, the check treatment produced significantly higher stand 
ratings than any of the mulch treatments except the 1,120 kg/ha 
incorporated hay treatment (H-l-In). No wind or water erosion was 
observed on any of the plots in this study. 

Maximum and minimum soil temperatures were measured at a 
depth of 2.5 cm under 4 of the treatments from 29 April to 14 July 
1981. Maximum temperatures averaged 40.8,42.2,29.4, and 27.0° 
C and minimum temperatures averaged 13.6, 14.0, 16.8, and 15.3O 
C for the check, H-l-Su, H-3-Su, and S-3-Su treatments, respec- 
tively. Thus, the 3,360 kg/ ha rates of mulch applied to the surface 
lowered maximum temperatures and raised minimum tempera- 
tures. While there was an apparent relationship (r = +0.95) between 
maximum temperature and stand rating, there is no evidence in 
this study to prove that the higher temperature per se resulted in 
higher stand ratings. Hart and Dean (1986) reported that days 
from seeding to emergence were controlled by soil temperature. 

Soil moisture was determined gravimetrically on 18 dates 
between 2 May and 9 August 1983 for the surface 7.3 cm. Average 
percent soil moisture was 9.7, 10.4, 10.8, 10.4, and 10.7 for the 
check, H-I-Su, H-3-Su, S-l-Su, and S-3-G treatments, respec- 
tively. The mulches offered little, if any, benefit in terms of 
increased soil moisture content. On several occasions when sam- 
ples were taken the day following a rainstorm, soil moisture was 
substantially higher under the 3,360 kg/ ha mulches (14%moisture) 
than in the check treatments (11 TO moisture), but during periods 
between rainstorms, there was little or no increase in soil moisture 
under the mulches. It had been expected that mulches might sub- 
stantially reduce soil moisture loss and produce better stand estab- 
lishment. However, the slight increase in observed soil moisture 
was apparently either not sufficient to improve stand establish- 
ment, or any benefits that resulted from increased moisture may 
have been offset by the lower maximum temperatures under the 
mulch. 

Colorado Yampa Coal Company 
The 3 study sites on the CYCC mine were located adjacent to 

areas being actively mined, and thus were not in close proximity to 
each other. Because of these and because the topsoil originated 
from different sites, no attempt was made to combine the data from 
the 3 years of planting. 

In the 1981 planting, volunteer wheat appeared in the straw 
mulch treatments, and the wheat formed a dense stand in the 
S-3-In treatment. Competition from the wheat reduced the seeded 
stand slightly (Table 3). The grass hay contained a large amount of 

Table 3. Effect of two rates of hay and straw mulch, incorporated into the 
soil or applied to the surface, on stand ratings (average of all species) for 
three years of seeding at CYCC. Stand ratings are from the second 
growing se4tson after seeding. 

Treatment 

Year of Seeding 

1981 1982 1983 

Check 
Ray 
Ray 
Hay 
Ray 

Straw 
Straw 
Straw 
Straw 

LSDO.OI 

(stand rating, 9%) 
46 53 35 

1’ SU2 31 63 40 
3 su 24 61 35 
I In 27 51 40 
3 In 22 54 28 
I su 47 65 45 
3 su 41 62 42 
I In 36 58 29 
3 In 33 52 35 

6 6 7 

11 = 1120 kg/ha, 3 = 3360 kg/ha. 
WJ = applied to surface after seeding, IN q  incorporated into soil before seeding. 
‘0% = no stand; 100% = row fully occupied by seeded species. 
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smooth brome (Bromus inermis Leyss.) seed and a thick stand of 
smooth brome developed. The smooth brome competed strongly 
with the seeded species and caused a significant reduction in the 
seeded stand. Among the mulch treatments established in 1981, 
only the S-l-&t treatment produced significantly higher stand rat- 
ings than the check treatment. 

No substantial volunteer stands of wheat or grass developed 
from the mulches applied in 1982 and 1983. In 1982, surface- 
applied mulches of both hay and straw significantly improved the 
seeded stands. In the 1983, seeding, the surface-applied straw 
mulches increased the stands of the seeded species, but surface- 
applied hay mulches did not. Incorporating the mulch into the soil 
had no effect on the seeded species in either the 1982 or 1983 
plantings. 

Stand ratings for most species varied greatly from year to year 
(Table 4). Ratings for some species, such as bluebunch wheatgrass 

Table 4. Percent stand ratings at CYCC, avcrsge of all treatments, for 
three years of planting.1 

Species 
Year of planting 

1981 1982 1983 

Agropyron desertorum (F&h. ex Link) Schult. 
Astragalus cicer L. 
ARS-1 hybrid2 
ARS-2 hybrid2 
Bromus biebersteinii Roem & Schult. 
Bromus inermis Lcyss. 
Bromus marginatus Nees 
Rymus lanceokws (Scribn. & Smith)Gould 
EJymus trachycaulus (Link)Gould ex Shinners 
EIytrigia inter-media (Host)Nevski 
.Uytrigia intemredio subsp. barbulata (Schur) 

A. l&e 
Elytrigia spicata (Purnh)D. R. Dewey 
Festuca ovina L. 
Festuca ovina duriuscula (L.)Koch. 
Leymus cinereus (Scribn. & Merr.)A. Liive 
Medicago falcata L. 
Medicago sativa L. 
phkrum pratense L. 
Rsathyrostochys juncea (Fisch.)Nevski 
LsDo.01 

43 - 
86 41 
- - 
- - 
74 89 
- 68 
49 78 

I 52 
34 79 
41 92 

53 79 
2 19 

I9 45 

13 I :: 
61 67 
58 45 
65 93 

1: 18 15 

I5 
51 
55 
45 
- 
47 
65 
2 

- 
44 

62 
0 

19 
23 
0 

2 
93 
0 

II 

‘Seeded in the fall. Ratings were made at the end of second full growing season. 
*Hybrids of Elyrrigio spicota (Push) D.R. Dewey X E repens (L.) Nevski developed 
by Agricultural Reseach Service, USDA at Logan, Utah. 
30% : no stand; 100% = row fully occupied by seeded species. The dashed lines indicate 
no seeding was made that year. 

[Hytrigiu spicara (Pursh) D.R. Dewey], crested wheatgrass, and 
Russian wildrye, were consistently poor, while timothy (Phleum 
prutense L.) produced good stands for all years of seeding. Any 
species with a stand rating of 600/0or higher was considered to have 
produced a “good” stand, and ratings between 30% and 59% were 
considered to be “fair.” Ten of the species tested rated “fair” or 
better in all years they were tested. These species are intermediate 
wheatgrass [Hytrigiu intermediu (Host) Nevski], pubescent wheat- 
grass [E. inrermedio subsp. berbuluro (Schur) A. five], slender 
wheatgrass [EJymus truchycuulus (Link) Gould ex Shinners], 
meadow brome (Bromus biebersteinii Roem and Schult.), smooth 
brome, mountain brome (B. marginatus Nees), cicer milkvetch 
(Astragulus cicer L.), alfalfa (Medicago sutivu L.), sickle alfalfa 
(M. faJcata L.), timothy, and hybrids ARS-1 and ARS-2 [Hytrigiu 
spicafa (Pursh) D.R. Dewey X E. repens (L.) Nevski]. Gf these 
species, slender wheatgrass, mountain brome and timothy are 
usually considered to be short-lived species on sites such as these 
(McGinnies et al. 1983). 

Analysis of variance indicated a highly significant (PCO.001) 
interaction between species and mulch treatments for all years of 
seeding. Cicer milkvetch, alfalfa and sickle alfalfa were generally 

better under a surface mulch. This may have been partially a result 
of the mulch and netting protecting the palatable seedlings from 
grazing by wildlife. Timothy produced good stands in all treat- 
ments. Sheep fescue (Festucu ovina L.) and hard fescue [F. ovino 
duriusculu (L.) Koch.] tended to have better stands with a light 
mulch (1,120 kg/ ha) than with a heavy mulch or no mulch. Except 
for timothy and the 3 legumes, there was no consistent response 
among years. 

One of the main reasons cited for using a mulch is to control 
wind and water erosion during the period of stand establishment 
(Slick and Curtis 1985). At CYCC, no erosion was noted that 
started within the study areas, so it was not possible to determine 
the effectivness of the various mulch treatments for erosion con- 
trol. The primary methods of erosion control when reclaiming strip 
mined lands in northwest Colorado have been cultural practices 
such as contour furrowing. In the 1981 and 1983 seedings, overland 
water flow started outside the plot areas and flowed across some 
plot areas because of inadequate contour furrowing or poor ditch- 
ing along the roads. In these cases, surface mulching reduced the 
cutting caused by the water that ran across the plots. Incorporated 
mulch had no observable effect in reducing erosion. 

Conclusions 
At CPER, surface mulchs slightly increased average soil mois- 

ture and possibly moderated soil temperatures, but the mulches did 
not improve establishment of the seeded Russian wildrye stands. 
At CYCC, the use of a light surface straw mulch significantly 
improved seeded stands, but at most, this improvement amounted 
to 12%. An increase of this level may not justify the cost of the 
mulch and its application. However, in this study, all slopes were 
less than 20%, and erosion was not a factor. In general, where 
erosion can be adequately controlled by contour furrows, the use 
of a mulch is probably not needed for satisfactory establishment of 
seeded species. On steeper slopes, a mulch might be considered as a 
possible supplement to the contour furrows for control of surface 
runoff and erosion. In those cases where the mulch material con- 
tained a large amount of seed, volunteer stands developed that 
competed excessively with the seeded species. If a mulch is used, 
the mulch material should be free of large numbers of seeds of 
unwanted species. 
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Revegetation of Oil Well Reserve Pits in West Texas 
MARK L. MCFARLAND, DARRELL N. UECKERT, AND STEVE HARTMANN 

AbSWCt 

On-site dispod of drilling fluids frquently causes severe, long- 
term disturbance of rangeland soils. The effects of mulch on estab- 
lishment and standjng crops of seeded kochia [Koch& swpar& 
(L.) sChrad.1, King Ranch bluestem [Bothhchftm is&emwn (L.) 
Ifen& Lebmann lovegrass (Erugros& &nau&na Nees), klein- 
grass ‘Selection 75’ (Punieum wkuarum L.), alkali sacaton [Spa- 
robolus airoides (Torr.) Torr.1, and fourwing saltbusb [Atr@kx 
~(III~~E~IL~ (Pursh) Nuttl, and transplanted founving saltbush were 
evaluated on 4, recently covered oil well reserve pits in Reagan 
County Texas, in 1981 and 1982. On-site disposal of drilling fluids 
resulted in substantfal to large increases in sodium adsorption 
ratios (SAR) and concentrations of soluble salts, primarily sodium 
chloride, in reserve pit soils. Mulching with 4,500 kg/ha of wea- 
thered hay had no effect, but irrigation was essential for establish- 
ment and growth of the seeded species on severely contaminated 
soils (EC* 71 to 114 dS m-‘, SAR 33 to 127). Mulching improved 
establishment and yields of seeded King Ranch bluestem and 
kleingrass on reserve pit soils with EC. values of 9 to 11 dS m-l and 
SAR values of 12 to 16. Appliation of 5.1 cm of supplemental 
water and mulching reserve pit soils with EC. values of 3 to 7 and 
SAR values of 5 to 9 stimulated establishment of competing vege- 
tation, which tended to decrease establishment and yields of seeded 
and transplanted species. Establishment and yields of transplanted 
fourwing saltbush were acceptable with or without mulching or 
irrigation. Survival of fourwfng saltbusb transplants was near 
199% on moderately contaminated soils and 26 to 39% on severely 
contaminated soils. 

Key Words: reclamation, salinity, mulch, rangeland seeding, 
shrubs 

Activities associated with oil and natural gas exploration and 
production seriously damage large acreages of arid and semiarid 
rangeland in west Texas. Construction of drilling sites, oil field 
roads, installation of pipelines, and on-site disposal of drilling 
fluids reduce forage and browse production, increase susceptibility 
of soils to erosion, and frequently result in persistent stands of 
undesirable plants. Oil and gas production activities have caused 
soil salinity problems on about 174,000 ha of land in Texas (Carl 
Gray, Texas State Soil and Water Conservation Board, Temple, 
Texas, unpublished data). 

Most oil and gas wells in west Texas are drilled by the rotary 
method. Typical drilling fluids or muds contain 5% bentonite in 
fresh water or brine, with sodium hydroxide (NaOH) added as a 
dispersant, lignite or lignosulfonate to stabilize the slurry, and a 
density increasing material, usually barite (BaSO4) (Simpson 
1975). Quantity and chemical composition of drilling fluids vary 
with location, depth of drilling, and the individual drilling 
program. 

Reserve pits (earthen basins) about 1 m deep are used for hand- 
ling, storage, and final disposal of drilling fluids. The fluid, cut- 
tings, and waste materials produced during drilling are usually left 
in the reserve pit when drilling is completed, allowed to dry and 
then covered with soil from the pit borders. The soil and drilling 
residues are often mixed to disperse high concentrations of chemi- 
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cals. Normal disposal rates of 10 drilling fluid components caused 
significant growth reductions of beans (Phaselous vulgaris L.) and 
corn [Zea mays var. saccharara (Sturtev.) Bailey] (Miller et al. 
1980). Both organic and inorganic constituents were identified as 
potential contaminants. High levels of soluble salts or high 
exchangeable sodium percentages produced by sodium dichrom- 
ate (Naa&0~2HaO), potassium chloride (KCl), and sodium 
hydroxide (NaOH) were primary causes of reduced plant growth in 
1: 1 and 1:4 (v:v) drilling fluid: soil mixtures (Miller and Pesaran 
1980). Plant uptake of Zn, Cu, Cd, Pb, and As was directly related 
to the concentrations of these trace elements added to soils by 
drilling fluids (Nelson et al. 1984). However, low pH values (<4.0) 
sufficient to result in significant release to trace elements from 
drilling fluids are unlikely due to their great neutralizing capacity 
(Deeley and Canter 1986). 

Authority to regulate the disposal of drilling fluid wastes in 
Texas is held by the Texas Railroad Commission. Accepted dispo- 
sal methods include landfarming and burial (State- 
wide Rule 8). On-site disposal of drilling fluids is the common and 
preferred procedure. However, secondary succession on these sites 
in arid and semiarid regions is extremely slow due to low precipita- 
tion, soil disturbance, and contamination. The relatively high sen- 
sitivity of many range grasses to salinity has been reported (Dubetz 
et al. 1959, Tadmor et al. 1969). Screening potentially useful mate- 
rials in the field is of critical importance (O’Leary 1984). Contro- 
versy over use of native vs. introduced species for disturbed land 
revegetation has given way to selection of adapted plant materials 
(Plummer 1977). The effective use of limited supplemental irriga- 
tion for establishment of grasses and shrubs on salt-affected soils 
has been documented (Ries 1980, Dollhopf and Depuit 1981). 
Straw and other natural mulches usually prevent crusting of the 
soil surface and reduce soil temperatures, evaporation, and runoff 
(Adams 1966, Springfield 1972). Mulching may also reduce salin- 
ity by reducing evaporation and subsequent salt accumulation at 
the soil surface (Fanning and Carter 1963, Hamilton 1972). Mulch, 
fertilizer, gypsum, and various physical amendments enhanced 
establishment of several shrubs on saline-alkali (EC. 9.2 dS m-r, 
SAR 33.1) bentonite mine spoils (Uresk and Yamamoto 1986). 

Reclamation of oil well reserve pits is a major concern to land 
owners, energy firms, and resource management agencies. The 
objective of this study was to evaluate selected plant materials and 
mulching for returning these areas to acceptable levels of productivity. 

Study Areas 

The study was conducted in the western Edwards Plateau 
resource area on land owned by the University of Texas System in 
Reagan County, near Big Lake, Texas. The climate is semiarid, 
with hot summers and cold, dry winters. Annual precipitation 
averages 43 cm, approximately 78% of which occurs from May to 
October. Much of the warm-season rainfall occurs from localized 
convection showers and thunderstorms. The average daily maxi- 
mum temperature in July is 35.5O C, and the average frost-free 
period is 229 days (Blum 1977). 

Two experiments were established on oil well reserve pits about 
10 km east of Big Lake (Ferguson sites) in the spring of 1981, and 2 
experiments were established on reserve pits 32 km west of Big 
Lake (Jackson sites) in the spring of 1982. Soils were Reagan silty 
clay loams (fine-silty, mixed, thermic family of Ustollic Calcior- 
thids). Dominant grasses on rangeland adjacent to the study sites 
were buffalograss [&chloe dactyloides (Nutt.) Engelm.], burro- 
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grass (Sckropogon brevifolius Phil.), and tobosa [Hilnria mutica 
(Buckl.) Benth.]. Major forbs included broom snakeweed [Xan- 
thocephalum sarothrae (Pursh) Shinners], desertholly (Perezia 
nana Gray), and leatherweed croton [Croton pottsii (Klotzsch) 
Muell. Arg.]. Honey mesquite (Prosopis glandulosa var. glandu- 
Zosa Torr.) was the primary woody species at the Ferguson sites, 
whereas creosotebush [rclrrea tridentata (DC.) Cov.] and tarbush 
(Flourensia cernua DC.) were the dominate shrubs at the Jackson 
sites. 

Methods 
Species evaluated were King Ranch blucstem [Bothriochloa 

ischaemum (L.) Keng], Lehmann lovegrass (Erogrostis lehmanni- 
ana Nees), kleingrass ‘Selection 75’(Panicum coloratum L.), alkali 
sacaton [Sporobolus airoides (Torr.) Torr.], kochia [Kochia sco- 
paria (L.) Schrad.], and founving saltbush [Atriplex canescens 
(Pursh) Nutt.]. Four-wing saltbush seeds were harvested in November 
1980 from a native stand at Texon, Texas, 17 km west of Big Lake 
and dewinged in a modified hammermill (Springfield 1964). 
Fourwing saltbush seedlings were grown in 4 by 5 by 18-cm 
polyethylene containers in a peat moss/vermiculite/silty clay loam 
soil mixture (21: 1 by volume) in a greenhouse for about 3 months 
prior to transplanting. Transplants were pruned to 10 cm prior to 
planting to reduce initial moisture stress. Grass and kochia seeds 
were purchased from commercial sources. 

Each reserve pit was covered 1 month prior to seedbed prepara- 
tion by the standard procedure with a crawler-tractor, then disked 
and fenced to exclude livestock, white-tailed deer (Odocoileus 
virginiana Zimmerman), and lagomorphs. Each site was divided 
into 6 blocks containing 6.1- by 6.1-m plots and the following 
treatments were randomly assigned within each block: 

1. King Ranch bluestemseededat 3.4kgpureliveseed(P.L.S.)/ha, 
2. Kleingrass seeded at 2.2 kg P.L.S./ha; 
3. Lehmann lovegrass seeded at 1.1 kg P.L.S./ha; 

4. Alkali sacaton seeded at 1.1 kg P.L.S./ha (Jackson sites 
only); 

5. Kochia seeded at 2.2 kg P.L.S. / ha; 
6. Fourwing saltbush seeded at 13.9 kg P.L.S./ha; and, 
7. Fourwing saltbush seedlings transplanted on 0.9-m centers 

(36 transplants per plot). 
Experimental design was a randomized complete block arranged 

as a split-block with 3 replications. Planting dates were 28 April 
1981 at the Ferguson sites and 17 March 1982 at the Jackson sites. 
Seeds were broadcast onto freshly disced soil with a hand spreader 
and cultipacked twice. Forage sorghum (Ferguson sites) or wheat 
straw (Jackson sites) mulch (main plot effect) was applied at 4,500 
kg/ha after seeding to half the blocks on each reserve pit. One 
reserve pit at each location was sprinkler irrigated for 1 to 2months 
after planting to facilitate seedling emergence. A total of 5.1 cm of 
irrigation was applied at the rate of 0.6 cm/hr on 4 dates between 
13 May and 28 May 1981 at the Ferguson site, while a total of 18.4 
cm was applied on 13 days between 12 May and 9 July 1982 at the 
Jackson site. The other reserve pit at each location received no 
irrigation. 

Soil samples were collected from 0 to 15, 15 to 30-, and 30 to 
45-cm depths at the time of planting from 12 locations arranged on 
a grid system within each reserve pit and from adjacent undis- 
turbed areas outside the plots. 

Samples were air dried and pulverized to pass a 2-mm sieve and 
analyzed by the Texas Agricultural Extension Service Soil Testing 
Laboratory for soluble cations (Ca, Mg, K, Na) and anions (Sod, 
Cl), electrical conductivity (ECe), and pH (Welch et al. 1980) using 
extracts from the saturated paste (U.S. Salinity Lab. Staff 1954). 

Seedlings were counted in 10, equidistantly spaced, 0.25-m* 
quadrats in each plot 2 months after planting. Seedlings were also 
counted 6 and 16 months after planting at the Ferguson sites, and 7 
months after planting at the Jackson sites using the same proce- 
dure. Standing crops were estimated 6 and 16 months after plant- 

Table 1. Mean solubk cation and anion concentntioru (meq L-‘), pH, electrhl conductivitiea (dS rn-‘h and sodium ulsorption ratios at 3 depth on oil 
well merve pits ad UlJacent whtwbed areu near Big Lake, Texas.1 

Soluble cation Soluble anions 
Depth ca Mg K Na Cl so4 PH EC. SAR 

(cm) 
Ferguson Irrigated 

o-15 
15-30 
30-45 

Ferguson Dryland 
O-15 

15-30 
30-45 

Ferguson Undisturbed 
O-15 

15-30 
30-45 

Jackson Irrigated 
O-15 

15-30 
3045 

Jackson Dryland 
O-15 

15-30 
30-45 

Jackson Undisturbed 
O-15 

15-30 
30-45 

12 (8) 4 (3) 
11 (9) 4 (6) 
19 (17) 10 (14) 

17 (13) 6 (6) 
22 (20) 7 (9) 
23 (18) 8 (8) 

10 (6) Cl (Cl) 
8(7) Cl (cl) 
6 (2) Cl (Cl) 

138 (47) 43 (12) 
148 (101) 16 (II) 
llO(47) 46(16) 

156 (18) 41 (5) 
I10 (20) 19 (3) 
120 (22) 15 (18) 

8 (3) l (Cl) 
8 (1) l (Cl) 

6 (Cl) l(l) 

1 (<I) 
1 (1) 
1 (2) 

1 W) 
1 (1) 
2 (3) 

l (Cl) 
Cl (<I) 
<I (<I) 

2 (2) 
2 (2) 
1 KU 

4 (1) 
2 (1) 
2 (1) 

<I (<I) 
<1 (Cl) 
<I (Cl) 

14 (14) 13 (II) 
22 (24) 20 (22) 
44 (62) 61 (102) 

52 (39) 59 (46) 
54 (56) 119 (115) 
75 (93) 92 (137) 

Cl (<l) 1 KU 
Cl (Cl) l (Cl) 
<I (<I) IW) 

229 (75) 884 (385) 
275 (49) 597 (445) 
290 (28) 484 (136) 

5125 (2687) 1772 (523) 
917 (343) 1122 (312) 
609 (679) 673 (827) 

1 (Cl) 2 (<I) 
2 (Cl) 2 (<I) 
1 (Cl) 2 (<I) 

14 (2) 
5 (3) 

20 (20) 

36 (13) 
10 (5) 
7 (4) 

2 (Cl) 
2 (Cl) 
161) 

26 (27) 
69 (35) 
32 (13) 

97 (45) 
93 (62) 

103 (73) 

2 (Cl) 

8.4 (<l) 
8.4 (<I) 
8.2 (Cl) 

8.4 (Cl) 
8.2 (<l) 
8.2 (Cl) 

8.1 (<I) 
8.2 (Cl) 
8.2 (Cl) 

7.5 (Cl) 
7.6 (<I) 
7.5 (<I) 

7.5 (<I) 
7.5 (<l) 
7.5 (<I) 

8.2 (<I) 
8.2 (Cl) 

2 (<I) 8.2 (Cl) 

@S/m) 

3 (Cl) 
5 (3) 
7 (5) 

9 (6) 
I1 (10) 
ll(l1) 

l (Cl) 
l (Cl) 
l (Cl) 

93 (56) 
7l(77) 

113 (148) 

I14 (52) 
97 (56) 

113 (42) 

50) 
8 (8) 
9 (10) 

15 (6) 
12 (8) 
16 (17) 

<P(<l) 
Cl (<I) 

69 (23) 
35 (18) 
33 (7) 

127 (47) 
117(54) 
83 (98) 

l (Cl) 
l (Cl) 
1 (<I) 

lVnlucs in parentheses arc the standard deviations for the respective means. 
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ing at the Ferguson sites and 7 months after planting at the Jackson 
sites by harvesting to ground line within 10, equidistantly spaced, 
0.25-m2 quadrats in each plot. Six transplanted fourwing saltbush 
plants were harvested for estimating standing crop in each plot 
receiving the transplant treatment. Samples were oven dried at 600 
C to a constant weight. Canopy heights of all live fourwing salt- 
bush transplants and 25 fourwing saltbush seedlings in each seeded 
plot were measured 6 and 16 months after planting at the Ferguson 
sites. 

Treatment effects on stand densities, standing crops, and four- 
wing saltbush canopy heights were determined using analyses of 
variance. Means were separated where appropriate with Tukey’s 
w-procedure (Steele and Torrie 1960). 

Results and Discussion 
Drilling fluids severely altered several chemical properties of oil 

well reserve pit soils (Table 1). The extent of soil contamination 
varied greatly among locations, reflecting differences in individual 
drilling operations. Soil chemical properties also varied greatly 
among samples collected within each reserve pit, indicating that 
current reserve pit closure procedures do not effectively disperse 
high chemical concentrations. Concentrations of most soluble 
cations and anions were greatly increased in reserve pit soils at the 
Jackson sites, compared to those in adjacent, undisturbed soils, 
whereas changes at the Ferguson sites were substantial but less 
dramatic. Sodium and chloride were the predominant ions in 
reserve pit soils. Soluble salt concentrations in the surface 15 cm at 
the time of planting averaged 93 and 114 dS m-* on the Jackson 
irrigated and dryland sites, respectively, and 3 and 9 dS m-l on the 
Ferguson irrigated and dryland sites, respectively, compared to 
about 1 dS m-l in adjacent, undisturbed soils. Concentrations of 
soluble salts at the Ferguson sites increased with depth and concen- 
trations in the surface 15 cm increased 2- to 3-fold during the 
16-month period after planting (McFarland 1984). Soluble salt 
concentrations in soils at the Jackson sites changed littleduring the 
year after planting. The salt concentrations at time of planting 
corresponded to osmotic potentials of -1 to -4 MPaat the Ferguson 
sites and lower than -11 MPa at the Jackson sites (U.S. Salinity 
Lab Staff 1954). Sodium adsorption ratios on reserve pit soils were 
substantially greater than those of undisturbed soils. Soil proper- 
ties at the Jackson sites were characteristic of saline-alkali soils 
(U.S. Salinity Lab. Staff 1954). 

Ferguson Study Sites 
Applied water, 5.1 cm, and rainfall resulted in a total of 30.1 cm 

of water on the irrigated site, compared to 3 1.6 cm of rainfall on the 
dryland site, during the period 1 May through 9 October 1981 

T8blc 2. Monthly precipit8tion (cm) on oii rcii reserve pit study sites 10 
km east 8nd 32 km west of Big Lake, Ter8s. 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 

Ferguson Study Sites 

Irrigated Dryiand 

-1981- 
__I - 

- - 
12.1 12.9 
5.1 5.1 
0 0 
1.8 1.9 
1.8 1.4 
4.2 4.3 
9.6 10.5 

Jackson Study Sites 
irrigated Dryland 

-i982- 
0 0 
0 0 
0.9 0.9 
5.7 5.7 

::: 4.4 3.4 
0 0 
3.1 4.6 
- - 

December 0 0 - - 

TOTAL 34.6 42.1 18.4 19.0 

‘Rainfall was not monitored at this time. 

(Table 2). Rainfall in May was about 250% of the long-term 
average for the area. Precipitation during the 1982 growing season 
was slightly above the long-term average (27.2 cm), totaling 31. I 
cm on the irrigated site and 32.9 cm on the dryland site for the 
period 1 January through 6 August 1982. 

Mulching on the irrigated site did not affect seedling establish- 
ment (Table 3). Densities of kochia, King Ranch bluestem and 

T8bie 3. Me8n densities (pimts/m*) of 5 seeded species 2,68nd 16 months 
8fter phnting on April 28,1981 on 8n oii weii reserve pit 10 km cut of Big 
Wre, Teus (Ferguson Irrigated) Y influenced by muiching.* 

Species 
Species 

Mulched No Mulch Means 

--(plants/mZ)- 
2 months- 

Kochia 
King Ranch bluestem 
Lehmann lovegrass 
Kleingrass 
Founving saltbush 

78 57 68a 
56 57 56a 
6 5C 

30 3: 32 b 
2 4 2c 

-1. months-- 
Kochia 
King Ranch biuestem 
Lehmann lovegrass 
Kleingrass 
Founving saltbush 

27 8 18a 
18 18 18a 
1 2 2b 

16 14 15a 
1 2 2b 

i 6 months- 
Kochia 2967 2160 2564 a 
King Ranch bluestem 16 12 14b 
Lehmann lovegrass 2 3b 
Kleingrass 2’: 15 i8b 
Fourwing saltbush 5 7 6b 

V$ecies means within an evaluation date followed by similar lower case letters are not 
significantly different at the IT.05 level according to Tukey’s w-procedure. Mulching 
did not affect plant densities. 

kleingrass were greater than those of Lehmann lovegrass and 
fourwing saltbush 2 months after planting. However, fourwing 
saltbush seedling densities averaged 2 and 4 plants/m* on mulched 
and unmulched plots, respectively, and were adequate stands. Seed 
from the Texon population of fourwing saltbush germinated under 
lower osmotic potentials than did seed from 3 other native popula- 
tions in western Texas (Potter et al. 1986). 

Densities of most seeded species had decreased 6 months after 
planting (Table 3). Insufficient root development because of read- 
ily available surface soil moisture on the irrigated site, may have 
contributed to increased seedling mortality (Madison and Hagan 
1962). Irrigation may have reduced soluble salt concentrations 
near the soil surface sufficiently to enhance germination and emer- 
gence of the seeded species (Harbert and Berg 1974). However, 
capillary rise of soluble salts after irrigation ceased, concommitant 
with decreased rainfall amounts in June, July, and August (Table 
2), may have resulted in increased moisture stress and greater 
seedling mortality (Fanning and Carter 1963). Competition from 
native forbs on irrigated plots may also have reduced survival of 
seedlings. Mean forb densities averaged 10 (fl) and 18 (ztl) 
plants/ m2 on irrigated mulched and unmulched plots, respectively, 
during the first growing season. Competition from annual weeds 
substantially reduced growth and survival of fourwing saltbush 
and prostrate summer cypress [Kochiaproslruru (L.) Shrad.] (Van 
Epps and McKell 1983). 

Kochia densities on the irrigated site increased markedly during 
the second growing season (Table 3, 1Gmonth evaluation) follow- 
ing seed production in 1981. Subsequent intraspecific competition 
decreased growth and yields of kochia (Table 4). Fourwing salt- 
bush densities also increased in 1982, apparently from germination 
of dormant seeds. Dormancy may be an important survival mech- 
anisms during periods of severe moisture stress caused by high salt 
concentrations in the soil (Shannon 1984). Densities of native forbs 
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T8ble 4. Me8ns Wnding crop8 (kg/br) ol&cted specie8 68nd 16 month8 8ftcr phthg on zll April 19111 on M oil well reserve pit 10 km e8st of Big Lake, 
Tea (Fergu8on hipted) u intluenced by mulcbing 8nd metbod of proprg8tior0 

Propagation Method/Species Mulched 
6 months 

No Mulch Mean Mulched 

16 months 
No Mulch Mean 

seeded 
Kochia 
King Ranch bluestem 
Lehmann lovegrass 
Kleingrass 
Founving saltbush 

Transplanted 
Founving saltbush 
Treatment Mean 

10656 14928 12792 a 7588 10588 9088 a-c 
272 960 616b 732 264 498 c 

8 72 40b 92 172 132~ 
236 1564 900b 3720 5280 4500 bc 

84 692 388 b 7320 22440 14880 a 

524 2344 1434 b 9080 18000 13540 ab 
1963 b 3426 a 4755 b 9457 a 

1Species means within a column and treatment means within a row followed by similar lower ease letters are not significantly different at the PS.05 level according to Tukcy’s 
w-procedure. 

were greater on irrigated plots 16 months after planting, averaging 
31 and 43 plants/m2 on irrigated mulched and unmulched plots, 
respectively, compared to 2 and 1 plants/m2 on dryland mulched 
and unmulched plots, respectively. 

Averaged across all species, mulch significantly decreased stand- 
ingcrops 6and 16 months after planting on the irrigated site (Table 
4). This was attributed to competition from volunteer forage 
sorghum which established from seed in the mulch and to competi- 
tion from forbs. Gould et al. (1975) encountered similar problems 
with mulch while establishing native range plants on coal mine 
spoils in New Mexico. Incorporation of herbicides for weed con- 
trol in mulches has been proposed (Springfield 1972), although use 
of “seed-free” mulching materials would likely be more cost 
effective. 

T8ble 5. Me8n dens&h (phntr/m*) of 5 8eeded species 2,6 8nd 16 months 
8fter phting on 28 April 1981 on 8n oil well reserve pit 10 km e8et of Big 
Lake, Tear (Ferguroa Dryhd) M influenced by mulchi@. 

Standing crops of kochia on the irrigated site were significantly 
greater than those of the other species 6 months after planting, 
averaging 12,792 kg/ha (Table 4). The potential for rapid estab- 
lishment of this annual species on severely disturbed, salt-affected 
soils in this region has been observed. Transplanted fourwing 
saltbush tended to have greater first-growing-season standing 
crops than that in seeded plots, but differences were not significant. 

Standing crops of most species on the irrigated site increased 
during the 1982 growing season (Table 4, l&month evaluation). 
Biomass production of seeded and transplanted fourwing saltbush 
tended to be greater than that of the other species, averaging 14,880 
and 13,540 kg/ ha, respectively. Canopy heights and standing crops 
of fourwing saltbush transplants were generally greater than those 
in plots in which the species established from seed, although differ- 
ences were not significant. Average canopy heights were 103 (f12) 
cm for transplants compared to 87 (f7) cm for plants established 
from seed. Survival of seeded and transplanted fourwing saltbush 
plants established in the first growing season was 100%. Kleingrass 
was most productive of the 3 grass species, with standing crops 
averaging 4,500 kg/ha. Kochia standing crops after 16 months 
were lower than those in the first growing season. Poor vigor and 
chlorosis of kochia suggested that available soil nutrients may have 
been depleted due to heavy biomass production in 1981. 

Species Mulched No Mulch 

-----i~hWm~‘--- 
_I___ 

Kochia 21 a-c 21 a-c 
King Ranch bluestem 25 ab 4c 
Lchmann lovegrass 2c 6bc 
Kleingrass 36a 2c 
Fourwing saltbush 8 bc 2c 

------A months 
Kochia 9a-c 15bc 
King Ranch bluestem 20 ab 3c 
Lchmann lovegrass IC 8bc 
Kleingrass 28a lc 
Fourwing saltbush 8 bc IC 

-------I6 months 
Kochia 2202 a 3880 a 
King Ranch bluestem 18bc 2d 
Lchmann lovegrass 2d 5b-d 
Kleingrass 22 b 3cd 
Founving saltbush 6bd 4cd 

‘Means within an evaluation date followed by similar lower ease letters are not 
significsntly different at the E.05 level according to Tukey’s w-procedure. 

T8ble 6. Me8n st8nding crops (kg/iu) of selected 8peciee 6 8nd 16 month8 
8fter phting 28 April 1981 on M oil well reserve pit 10 km ea8t of Big 
Lake, Tex8s (Fergueon Dryt8nd)rr influenced by mulching 8nd method 
01 propaptiod 

Stand densities on the dryland study site exhibited a significant 
mulch X species interaction 2, 6, and 16 months after planting 
(Table 5). Densities of King Ranch bluestem and kleingrass were 
significantly greater on mulched plots compared to unmulched 
plots on each evaulation date. A similar trend was observed for 
fourwing saltbush. Densities of most species had decreased 6 
months after planting. Mean densities of competing forb species on 
dryland plots averaged 1< plant/m2 at the end of the first growing 
season. Kochia densities increased dramatically in the second 
growing season. In general, densities of the seeded species in most 
plots were sufficient to develop acceptable stands. 

6 months 16 months 

Propagation Method/Species Mulched No MulchMulched No Mulch 

------(kg/ha) 

A significant mulch X species interaction for standing crops was 
observed on both the 6 and 16 month evaluation dates (Table 6). 

seeded 
Kochia 53% b 10396 a 696Obc 8652ab 
King Ranch bluestem 1424 cd 156d 1908~ 108 b 
Lchmann lovegrass Id 248 d 36Oc 3932 ab 
Kleingrass 4980 bc 96d 13842ab 680 b 
Founving saltbush 2328b-d 1124d 17468ab 16748ab 

Transplanted 
Founving saltbush 3892b-d 2124bd24212a 20548a 

‘Means within sn evaluation date followed by similar tower ease letters are not 
significantly different at the E.05 level aeeording to Tukey’s w-procedure. 
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Standing crops of kochia on dryland unmulched plots were greater 
than those of the other species, averaging 10,396 kg/ha 6 months 
after planting. Mulching significantly, increased production of 
kleingrass and similar trends were evident for King Ranch blues- 
tern and fourwing saltbush (seeded and transplanted). Kleingrass 
tended to produce the most uniform grass stands followed by King 
Ranch bluestem and Lehmann lovegrass. 

Standing crops of most species on the dryland site increased in 
the second growing season (Table 6,16-month evaluation). Signif- 
icant interaction between mulch and species occurred due to the 
poor response of kochia and Lehmann lovegrass on mulched plots. 
Growth suppression of some species has been associated with the 
application of mulch (Stroh and Sundberg 1971, Behmer and 
M&alla 1963). High rates of mulch application may physically 
impair establishment of small-seeded species (Bieber 1969). Stand- 
ing crops of seeded and transplanted fourwing saltbush tended to 
be greater than those of the other species. Canopy heights of seeded 
and transplanted fourwing saltbush averaged 91 (f19) and 119 
(fl 1) cm, respectively, and survival of shrubs established by both 
propagation methods was near 100%. 

Jackson Study Sites 
Precipitation on the Jackson study sites was only 79% of the 

long-term average during the first growing season (Table 2). Only 
0.9 cm of rainfall was received during March 1982 (4% of long- 
term average), the month in which the experiments were estab- 
lished. Irrigation water applied from 12 May through 9 July 1982 
totaled 18.4 cm. This resulted in a total of 36.8 cm of water on the 
irrigated site, compared to 19.0 cm of precipitation on the dryland 
site for the period of 17 March through 16 October 1982. 

High concentrations of soluble salts in reserve pit soils at the 
Jackson sites (Table 1) seriously impaired seedling establishment. 
Mulching did not improve seedling establishment or standing 
crops of the seeded species on irrigated (Table 7) or dryland reserve 

Table 7. Mean densities @Imts/m~) 8nd sbnding crops (kg/b8) of selected 
species 7 months lrtcr planting on 17 March 1982 on UI oil well reserve 
pit 32 km west of Big L8ke, Teua (J8ckson frrig8ted) Y influenced by 
mulching 8Dd method of prop8ption.l 

Plant Density Standing Crop 
Propagation Method/Species Mulched No Mulch Mulched No Mulch 

Seeded 
--(plants/m*)--- ---(kg/ha)- 

Kochia 0 0 0 0 
King Ranch bluestem 0 10 0 608 
Lehmann lovegrass 0 0 0 
Kleingrass 0 11 0 2ooo 
Alkali sacaton 1 5 19 796 
Fourwing saltbush 1 2 39 864 

Transplanted 
Fourwing saltbush - - 206 1891 

‘Means within each attribute were not significantly different at W-05. 

pits. Accelerated decomposition and some wind displacement of 
mulch occurred on these highly saline sites. Irrigation resulted in 
limited establishment of the seeded species; however, only 4 species 
had produced measurable stands on the irrigated site 7 months 
after planting (Table 7) while no establishment of seeded species 
occurred on unirrigated plots. Alkali sacaton established the most 
uniform stands, followed by kleingrass and King Ranch bluestem. 
An encouraging result was the response of transplanted fourwing 
saltbush on these severely altered soils. Survival of fourwing salt- 
bush transplants 7 months after planting averaged 30 and 26% on 
the irrigated and dryland sites, respectively, and standing crops 
averaged 1,049 and 948 kg/ha, respectively. Fourwing saltbush has 
been shown to adjust osmotic potentials and maintain positive 
turgor at plant water potentials lower than -4 MPa (Richardson 
and McKell 1980). Net photosynthesis has been reported in other 

species of Atriplex at plant water potentials lower than -9 MPa 
(White 1976). 

Conclusions 
Soils from reserve pits should be analyzed to determine levels of 

factors that might inhibit germination and establishment of seeded 
species prior to planning and implementation of revegetation pro- 
jects. The capillary rise of soluble salts within the soil profile which 
may occur over time should be take? into consideration when 
interpreting base-line soil analyses and selecting species to be 
seeded. 

Fourwing saltbush appears to be well adapted to soil conditions 
on recently covered oil well reserve pits. However, rapid establish- 
ment of the species on reserve pit soils with extremely high soluble 
salt concentrations may require transplanting containerized seed- 
lings. Kochia apparently should not be seeded at rates as great as 
2.2 kg/ PLS/ ha on reserve pits unless temporary cover is urgently 
needed. Planting kochia at very low seeding rates in mixtures with 
perennial species could be an alternate strategy. Kleingrass and 
alkali sacaton appear more promising than King Ranch bluestem 
and Lehmann lovegrass for revegetating oil well reserve pits in west 
Texas. 

Mulching was not critical for establishing broadcast-seeded 
grasses, kochia, or fourwing saltbush on reserve pit soils with 
low-to-moderate concentrations of soluble salts. However, the 
practice may be beneficial in other circumstances. Seed-free mulch- 
ing material should be used if at all possible. 

The costs for fencing and seeding small areas such as oil well 
reserve pits (approximately 0.5 ha) may be very high relative to 
current land values and potential productivity of the land. How- 
ever, resale value of rangeland may be enhanced if barren areas are 
revegetated. Small plantings of desirable shrubs such as fourwing 
saltbush could also substantially benefit wildlife populations, and 
serve as a seed source for dissemination of desirable shrub seeds 
onto adjacent rangeland. 
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Impact of Bentonite Mining on Selecting Arthropods 
CAROLYN HULL SIEG, DANIEL W. URESK, AND RICHARD M. HANSEN 

Abstract 

Arthropods were sampled in pitfall traps for 2 yr on bentonite 
mine spoils and adjacent, unmined big sagebrush (Artemisia tri- 
dentat grasslands in southeastern Montana to assess the impacts 
of bentonite mining on selected arthropods, evaluate the success of 
early reclamation efforts in restoring arthropods to mined sites, 
and to identify limiting factors for colonization of spoils by 
arthropods. The most significant impacts on selected arthropods 
were on old, unreclaimed bentonite mine spoils, where after nearly 
30 yr, numbers of 7 arthropod groups remained lower than on 
unmined sagebrush grasslands. Spoils covered with topsoil had 
higher captures of ground beetles (Carabidae) and crickets (Grylli- 
dae) than unreclaimed spoils. And spoils covered with topsoil and 
seeded supported captures of most arachnids, Coleoptera, Hemip- 
tern, and Formicidae similar to those on unmined sagebrush grass- 
lands. Vegetative parameters measured in this study accounted for 
a portion of the variability in arthropod captures; however, 
microarthropod populations, arthropod vagility, and soil water 
contents may influence repopulation of mine spoils by some 
arthropods. 

Key words: insects, reclamation, Coleoptera, Orthoptera, vegeta- 
tion, mining reclamation 

Information on arthropod colonization of mine spoils is impor- 
tant in view of their role in soil formation and other functions. A 
viable soil invertebrate community may be a prerequisite for a soil 
medium capable of sustaining acceptable plant growth on coal 
mine spoils (Ettershank et al. 1978). Insect activities (soil aeration, 
litter decomposition, nutrient cycling, pollination, seed distribu- 
tion, etc.) and the effect of their dead bodies on new coal mine 
spoils may influence ecological succession more than the scattered 
plants (Smith 1928). Arthropods provide food for many species of 
vertebrates, thus enhancing the attractiveness of disturbed sites for 
colonizing vertebrates. The return of arthropods to mined areas is 
influenced by a variety of factors, including plant cover, species 
richness (Majer et al. 1984), and litter cover (Majer et al. 1982). 
Insect vagility (Neumann 1973), microarthropod populations, and 
other factors further influence arthropod repopulation of dis- 
turbed sites. The purpose of this study was to: (1) assess the impact 
of bentonite mining on selected arthropods, (2) evaluate the suc- 
cess of reclamation in restoring these arthropods to mine spoils, 
and (3) identify limiting factors for arthropod colonization of 
bentonite mine spoils. 

Study Area 
This study was conducted 9 km west of Alzada, in Carter 

County, Montana. Elevations range from 1,000 to 1,100 m. A big 
sagebrush (Artemisia tridentata)/ buffalograss (Wrchloedactyloides) 
community occupied the majority of the study area (MacCracken 
et al. 1983). Small (<5 ha) bentonite mine spoil piles and pits were 
scattered throughout the study area. Average annual precipitation 
for the area is 37 cm, of which nearly 50% (18 cm) occurs between 
May and July (National Oceanic and Atmospheric Administration 
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1976). Snowfalls are frequent from November through April. The 
mean temperature is 7.8’ C, ranging from -6.4” C in January to 
22.6O C in July. 

Methods 

Twelve 60- by 60-m (0.36ha) study sites were selected: 10 on 
bentonite mine spoils established between 1952 and 1978 and 2 in 
adjacent, unmined vegetation. The study sites were grouped into 4 
types by reclamation treatment and analyses of vegetative data: (1) 
old mine spoils, (2) reclaimed spoils, (3) semireclaimed spoils, and 
(4) sagebrush-grass rangeland. Five study sites were located on old 
unreclaimed mine spoils (12 to 28 yr old) constructed before recla- 
mation laws were passed; these were steep and sparsely vegetated. 
Three study sites were on reclaimed mine spoils (5 to 12 yr old) 
which had been countoured, covered with topsoil, and seeded with 
a mixture of wheatgrasses (Agropyron spp.) and yellow sweet- 
clover (Melilotus oficinalis). Two study sites were established on 
recently mined, semireclaimed bentonite mine spoils, both of 
which had been contoured and covered with topsoil in 1978. Rill- 
scale (Atriplex suckleyi) was the most common plant on all bento- 
nite spoils (Sieget al. 1983). Two study sites were located on gently 
undulating, unmined big sagebrush-grass rangeland. Big sage- 
brush, followed by western wheatgrass (Agropyron smithii) and 
green needlegrass (Stipa viridula) were important plant species on 
sagebrush grasslands (Sieg et al. 1983). 

Arthropod populations were sampled with metalcan pitfall 
traps, 15 cm deep and 15 cm in diameter. Twelve traps were buried 
flush with the soil surface on each site in a grid pattern with 15-m 
spacing. The pitfall traps were opened every 3 weeks from April 
through October for 3 consecutive nights by placing a 2- to 4-cm 
block under the edge of a wooden lid. The arthropods were col- 
lected, classified, and counted daily. Pitfall traps may influence the 
types of arthropods captured (Greenslade 1964, Nelson 1970, 
Baars 1979). However, pitfall traps have provided satisfactory 
density estimates for tenebrionids (Thomas and Sleeper 1977), 
carabids (Baars 1979), and diplopods, spiders, and orthopterans 
(Gist and Crossley 1973). 

Plant canopy cover was estimated on the 12 sites during late 
spring, midsummer, and late summer of 1979 and 1980. Plant 
canopy cover was estimated by species in 150,20-by SO-cm quad- 
rats placed at l-m intervals along 3 permanent, 5&m line transects 
on each site using methods modified from Daubenmire (1959). 
Canopy cover was visually estimated to fall into 1 of 7 cover 
classes: 0 = less than l%cover; 1 q  l-570; 2 = 5-25%; 3 = 25-50%; 4 q  
50-75%; 5 = 75-95%; and 6 = 95-100% cover. Plant nomenclature 
follows Nickerson et al. (1976). 

Plant standing crop was estimated by harvesting aboveground 
portions of all plants except big sagebrush annually at estimated 
peak production (late July) on all sites. Plants were clipped at 
ground level in 10,20-by 5O-cm quadrats on each of 3 permanent 
transects on each site. Plant species were separated in the field, 
oven dried in the laboratory at 600 C for 48 hr, and weighed. 

One- and 2-way (incorporating both years) analyses of variance 
and Tukey’s multiple comparison procedure (Kleinbaum and 
Kupper 1978) were used to compare arthropod numbers, plant 
canopy cover, and plant standing crop among site types. Bartlett’s 
Box F test was used to test for homogeneity of variances. Data with 
heterogeneous variances were log transformed. Student t-tests, 
Spearman’s rank order correlation coefficients, and Kulcynski’s 
similarity indices (Steel and Torrie 1980) were used to compare 
arthropod composition and means among site types and years. 
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Table 1. Two-year averye (y f SE)uptum of common utbropod familia on bentonite mine spoilsend sqebrusb gresehds near Aid, M~ntene.~ 

Arthropod type 

Arachnida 
Acarina; Tetranychidae 
Araneida; Lycosidae 

Thomisidae 
Other* 

Opiliones; Phaiangida 
Scorpionida 

Diplopoda 
Chordeumida; Lysiopetalidae 

Old spoils 

2.7 f 1.7’ 
16.0 f 5.2’ 
2.8 f 1.5’ 

11.5 f 7.9. 
9.9 f 3.6’ 
1.3 f 0.7’ 

0.7 f 0.5’ 

Capture (no./ 1000 trap nights) 
Reclaimed spoils Semireclaimed spoils 

49.7 f 26.6b 1.4 f 1.4’ 
49.5 f i6.4b 32.6 f 15.9*b 
10.2 f 5.6b 0. 
12.6 f 6.3’ 5.9 f 2.3’ 
4.3 f 1.7. 3.6 f 2.6’ 
0.6 f 0.6’ 0. 

5.6 f 3.5’ 0. 

Sagebrush grassland 

26.4 f i9.7b 
49.3 f i0.3b 
8.7 f 3.2b 

11.5 f 7.4. 
32.8 f 16.4b 

0’ 

58.7 f 52.7b 

Insecta 
Coieoptera; Carabidae 

Tenebrionidae 
Other’ 

Hemiptera4 
Hymenoptera; Formicidae 

Others 
Orthoptera; Gryiiidae 

Other6 
Other7 

Total Captures 

42.4 f 17.5’ 
27.6 f 9.5’ 

5.4 f 1.8’ 
2.0 f 1.2. 

21.5 f 13.2’ 
3.8 f 1.5’ 

25.7 f 12.6’ 
4.6 f 1.8’ 
4.0 f 1.4. 

181.8 f 46.3. 

38.1 f 16.2’ 
11.5 f 4.0. 
15.6 f 11.4’ 
6.5 f 3.6b 

115.6 f 104.9’ 
0. 

98.3 f i8.2b 
13.3 f 5.3’ 

1.9 f 1.2. 

433.0 f 145.8b 

210.6 f i06.8b 
13.4 f 6.8. 
4.2 f 2.7’ 
4.5 f i.5.b 
4.2 f 4.2’ 
3.5 f 3.5’ 

104.3 f 45.lbf 
5.4 f 3.1’ 
22.2 f 20.4’ 

415.8 f i69.6b 

12.3 f 4.0’ 
22.2 f 2.v 
8.5 f 2.7’ 
8.7 f 4.5b 

59.7 f 39.5’ 
0. 

145.1 f 37.T 
5.4 f 1.4. 
1.2 f 1.2’ 

461.1 f i35.8b 

‘For each family, values with the same superscript were not significantly different (130.1). 
%alticidae and unknown. 
KZhrysomeliiac, Coccinellidae, Curculionidae, Dermestidae, Histeridac, Scarabeide, Silphidae, unknown. 
‘Lygaeidae, Pentatomidae, Miridae, Rcduviidae, unknown. 
?&lidae, Sphecidae, unknown. ’ 
sAcrididae, Gryllacrididae. 
‘Lepidoptera and unknown. 

Relationships between arthropod densities (dependent variable) 
and total canopy cover, cover of litter, bare ground, shrubs, and 
standing crop (independent variables) were evaluated by simple 
regression analyses (Hull and Nie 1981). Tests of significance were 
at (Y = 0.05 unless otherwise stated. 

Results 

towards highest numbers on reclaimed spoils. Darkling beetle 
(Tenebrionidae) captures were similar among site types. Cricket 
(Gryllidae) captures were lowest on old bentonite spoils and were 
lower on reclaimed spoils than on sagebrush grasslands. Overall, 
arthropod composition on reclaimed spoils was most similar to the 
composition on unmined sagebrush grasslands (Table 2). 

Arthr0pOdS 
Total arthropod captures substantially declined from 1,187 in 

1979 to 530 in 1980. However, the rank order of major arthropod 
groups for the 2 years was significantly correlated (r. = 0.89), 
indicating the relative contribution of various arthropod groups to 
the total arthropod population was similar in both years. Common 
arthropods included coleopterans, orthopterans, hymenopterans, 
and spiders. Ground beetles (Carabidae) and darkling beetles 
(Tenebrionidae) were the most common coleopterans, but a few 
specimens of 7 other families were also captured (Table 1). Crickets 
(Gryllidae) comprised the majority of the orthopterans; ants 
(Formicidae) were the most common hymenopterans. The Ara- 
neida group was dominated by wolf spiders (Lycosidae), followed 
by crab spiders (Tbomisidae). Spider mites (Acarina; Tetranychi- 
dae), daddylonglegs (Opiliones; Phalangida), millipedes (Chor- 
deumida; Lysiopetalidae), and various true bugs (Hemiptera) each 
made up less than 5% of the capture. Scorpions (Scorpionida) and 
Lepidoptera larvae made up less than 1% of the capture. 

Table 2. Similarity indiea of ground-dwelling arthropod captures, com- 
pring relative l bundenca on ngebrul ~~ressiande witb abundances on 
old, reclaimed, end eemirecieimed bentonite mine spoiie near Airrda, 
Montene. 

Total arthropod captures were lowest on old bentonite spoils, 
but similar among other sites (Table 1). Numbers of some families 
varied among site types. Daddylonglegs (Phalangida) and milli- 
pedes (Diplopoda) were captured in higher numbers on sagebrush 
grasslands than on mine spoils (Table I). Captures of spider mites 
(Tetranychidae), wolf spiders (Lycosidae), jumping spiders (Tho- 
misidae), and true bugs (Hemiptera) were generally higher on 
reclaimed bentonite mine spoils and unmined sagebrush grass- 
lands than on other sites. Ground beetles (Carabidae) were the only 
family captured in higher numbers on semireclaimed spoils than on 
other sites. Ant captures showed a tendency (not statistical) 

Arthropod 
we 
Acarina 
Araneida; Lycosidae 

Thomisidae 
Opiliones; Phaiangida 
Dipiopoda 
Coieoptera; Carabidae 

Tenebrionidae 
Hemiptera 
Hymenoptera; Formicidae 
Orthoptera; Gryllidae 

Percent similarity to captures on 
sagebrush ,grasslands 

Old Relclaimed Semireclaimed 
spoils spoils spoils 

19 69 10 
49 100 80 
49 92 0 
46 23 20 

2 17 0 
45 49 11 
92 52 59 
38 86 68 
53 68 13 
30 81 84 

Vegetdon 
Total plant canopy cover, cover of litter and shrubs, and total 

standing crop were all higher on sagebrush grasslands than on the 
bentonite spoils (Table 3). Plant canopy cover, litter cover, and 
standing crop were higher on reclaimed bentonite spoils than on 
old or semireclaimed mine spoils. The rank order of the canopy 
cover of plant species on the 4 site types was significantly correlated 
for the 2 yr, indicating that plant species composition on each site 
type did not change over years. 
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Table 3. Two-year everage vegctrtive chnracteristice on be&mite mine rpoih end mgebruebgrmlande near Akade, Montana.~ 

Site Type 
Old spoils Reclaimed spoils Semireclaimed spoils 

Total cover (%) 3.3 f 0.6’ 12.3 f 1.4b 3.2 f 0.9’ 
Litter (%) 4.3 f 0.6’ 13.3 f 0.5b 2.3 f 0.4’ 
Bareground (o/o) 92.3 f 0.8’ 80.8 f 1.7. 93.7 f 1.0. 
Shrub Cover (%) 0.3 f 0.1’ 0.1 f O.le I 0 f 0. 
Standing Crop (kg/ ha) 55.6 f 24.9’ 231.3 f 52.7’ 91.3 f 33.3’ 

‘Means in each row followed by the same superscript wem not significantly different (kPO.05). 

Sagebrush grasslands 

32.2 f 2.1’ 
20.6 f 1.2’ 
52.7 f 3.2b 
19.9 f 1.9b 

428.4 f 123.2’ 

Table 4. Significant correlation coefficients for nmbem of various arthropods per site (dependent variable), regressed on habitat variablea (ladependent 
variables), for segebrush grasshnde end be&mite mine spoils near Alnde, Montana. 

Arthropod Total 
Type Cover (%I 

Acarina; Tetranychidae - 
Araneida; Lycosidae 0.48** 

Thomisidae 0.38. 
Opiliones; Phalangida 0.56++ 
Chordeumida; Lysiopetalidae 0.58.’ 
Coleoptera; Carabidae - 

Tenebrionidae - 
Hymenoptera; Formicidae - 
Orthoptcra; Gryllidae 0.599’ 

Total arthropods 0.47** 

Litter 
Cover (%I 

0.36, 
0.44’. 

- 
0.42+ 

- 
- 
- 

oG** 
- 

Bare ground 
(R 

-&I** 
-0.36. 
-0.56** 
-0.52** 

- 
- 

-0.G 
-0.46.. 

Shrub cover Plant standing 
(%) crop (kg/ha) 
- 0.39’ 
- 0.54+* 
- 0.40. 

0.66.. 0.50** 
0.61” 0.59** 

- - 
- - 
- 0.48** 

0.38* 0.68** 
- 0&i+* 

*Significant at m.05. 
**Signifcanl at E3.01. 
‘Lycosidae and Thomisidae were also positively associated with captures of Aearina (r = 0.61 and 0.89, respectively; P<O.OOl). 

Arthropod-Vegetation Relationships 
Plant standing crop was the parameter most associated (KO.01) 

with total arthropod numbers on the study sites; other variables 
related to total arthropods were total plant canopy cover and bare 
ground (Table 4). Phalangid, diplopod, and gryllid numbers were 
positively associated with shrub cover. These 3 families were also 
associated with at least 3 of the following variables: total plant 
canopy cover, litter cover, bare ground, and plant standing crop. 
Tetranychid abundance was associated with litter cover and plant 
standing crop. Abundance of predatory spiders, the lycosids and 
thomisids, was associated with total plant cover, bare ground, 
plant standing crop, and with captures of Acarina (a potential prey 
species). Lycosid numbers were also positively associated with 
litter cover. Numbers of formicids was positively associated with 
only plant standing crop. Abundance of carabids and tenebrionids 
was not significantly associated with any of the measured habitat 
variables. 

Discussion 
Bentonite mining in southeastern Montana resulted in habitat 

conversions that apparently impacted arthropods captured in pit 
traps. The most significant impacts were on old bentonite spoils, 
where after nearly 30yr, numbers of 7 arthropod groups remained 
lower than on unmined sagebrush grasslands. In spite of similar 
vegetative characteristics on old and semireclaimed spoils, total 
arthropod captures and numbers of carabids and gryllids were 
higher on semireclaimed spoils than on old spoils, indicating that 
the presence of topsoil may encourage colonization by some 
arthropods. Early reclamation efforts restored captures of arach- 
nids (except phalangids), Coleoptera, Hemiptera, and Formicidae 
to levels similar to those on unmined sagebrush grasslands. 
Reclaimed spoils failed to support comparable captures of arthro- 
pods that were positively associated with shrub cover: phalangids, 
diplopods, and gryliids. 

Plant standing crop was the parameter most associated with 
total arthropods captured in pit traps. Insect densities on a short- 
grass range in Texas werecorrelated with herbage production, with 
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peak numbers occurring in years with greater plant production 
(Huddleston et al. 1975). Litter cover and shrub cover were other 
parameters related to arthropod captures in our study. Majer et al. 
(1982) stressed the importance of an adequate litter layer and 
diverse vegetation for ants and other invertebrates to return to 
mine spoils, and Ditsworth et al. (1982) related shrub cover to 
captures of some arthropods. Dense vegetation and litter cover 
provide moist microhabitats preferred by arthropods such as 
spider mites (Borror and DeLong 1971), prey for predatory spid- 
ers, and protection for cryptozoic arthropods such as daddylong- 
legs and crickets. 

Habitat variables measured in this study explained only a por- 
tion of the variability in arthropod captures; captures of carabids 
and tenebrionids were not associated with any of the measured 
variables. Microarthoprod populations, arthropod vagility, and 
soil water contents may influence repopulation of mine spoils by 
some arthropods. The distribution of predatory spiders such as 
lycosids may be influenced by the presence of prey species. Ground 
beetles are highly mobile arthropods which have been reported to 
quickly colonize new mine spoils (Neumann 1973). Daddylonglegs 
and ants are less vagile, and are therefore often slow to colonize 
disturbed sites (Uetz et al. 1979). Populations of 6 species of 
tenebrionids did not respond to radical changes in plant productiv- 
ity, but were linked to soil moisture conditions (Thomas 1979). 
Further research is required to precisely identify variables that 
most highly influence arthropod repopulation of bentonite mine 
spoils. 
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GO for the Gold (continued). . . 

about the quality and ability of the range management graduate 
and to broaden the employment opportunities for the profession- 
ally trained range managers. Such actions will allow colleges and 
universities to strengthen range management departments because 
of increased enrollments. Also, having range trained managers 
employed in a wider variety of jobs will allow the “range manage- 
ment story” to be told to a larger and more diverse audience. 

Finally, to successfully address any of the challenges listed 
above, SRM must help increase the commitment to rangeland 
research, management, and technology transfer activities. Most 
university range management departments and agency research 
organizations are understaffed in numbers of people and the diver- 
sity of disciplines to address the many unanswered questions about 
rangeland ecosystem function and the implications for multiple- 
use management. Too few scientists are available to properly 
address the problems associated with livestock grazing much less 
conduct research on wildlife habitat, watershed management, and 
recreational impacts on the land. A cadre of social scientists is 
needed to provide a knowledge base on how to manage people as 
they use the land. Additional staff are needed by every manage- 
ment agency to properly manage the mix of uses that society wants 
to apply to the land. An expanded network of technology transfer 
personnel is needed to speed the application of research results by 

managers and users of the land. Rangeland is the largest land 
resource in the world. Rangelands are made up of diverse mixtures 
of plants and animals. Rangelands are used by a variety of users, 
each causing unique changes in the rangeland ecosystem. Range- 
land management is a complicated discipline, yet the range educa- 
tion, research, management, and technology transfer organiza- 
tions have less staff than most of the single crop, animal, or 
commodity disciplines associated with agriculture and natural 
resources management. The Society for Range Management must 
take action to bring range management education, research, man- 
agement, and technology transfer activities up to a reasonable level 
of staffing. 

Conclusion 
My list of challenges is intended to convince you of the impor- 

tance of the profession and Society for Range Management. We 
have made great progress during the past 39 years. Much remains 
to be done. Because of the importance of the world’s rangeland to 
the survival of mankind, it is work worth doing. I challenge each 
member of the SRM to “go for the gold” by identifying something 
that needs to be done and then doing it. We can accomplish 
nothing without active members. With active members we can 
accomplish everything. 
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Growth of Introduced Temperate Legumes in the Edwards 
Plateau and South Texas Plains 
E.C. HOLT AND M.R. HAFERKAMP 

AbStnCt 
A study was conducted to evrlurte production of 2 temperate, 

annual legumes at locations where temperature and moisture may 
seasonally pi8ce severe constraints on growth. Arrowleaf (Tr& 
firan veskulosum !hvi) and subterranean (Tflolium subterra- 
newn L.) clovers were grown at Beeviiie, in south Texas, and at 
Brady, 230 miles north of Beeville. Standing crop samples were 
collected at approximately &week intervals, starthrg 30 days post 
emergence and conthudng to plant maturity during 2 years. Very 
little growth was made prior to 1 March at Brady in either year or 
at Beevilie the first year. TOW production was minimal (<1,300 
kg/ha) at Brady. Arrowleaf produced about twice as much stand- 
ing crop as subterranean at Beeviiie, 3,800 to 8,800 kg/ha (arrow- 
leaf) versus 2,800 to 4,600 kg/ha (subterranean). No environmen- 
tal variable showed a close association with growth rate when the 
data for 2 years and 2 species were included in simple correlations. 
In stepwise multiple regression quations, daily heat units was the 
most important variable followed by soil water. Karly fall emer- 
gence and the development of a supnminimal canopy prior to the 
advent of growth-limiting winter temperatures had an overriding 
effect on winter growth as indicated by production differences in 
the 2 years at Beeviiie. The study shows that temperate ammai 
ciovers can be grown further west in the Southern region than 
current usage indicates. 

Key Words: Tdfolium vesiculosum, TIijfolium subtemmeum, 
arrowleaf clover, subterranean clover, growth rate, ciimatic fac- 
tom, temperature, precipitation, soil moisture 

Warm-season grasses are dominant on millions of hectares of 
southern grasslands in areas receiving 450 to 880 mm of rainfall 
annually while native legumes are either nonexistent or make 
minor contributions. Improved grasses, introduced extensively 
into the area, generally require more nitrogen to maintain produc- 
tive stands than occurs in the current nitrogen cycle. Thus, legumes 
are needed as a potential source of nitrogen and quality forage on 
these grasslands. 

Murphy et al. (1973) described species and varieties of temperate 
annual legumes adapted to California ranges receiving from 250 to 
more than 875 mm of rainfall, largely during the growing season. 
Williams et al. (1957) described adapted clovers and establishment 
and management practices for range conditions. Arrowleaf clover 
(l’hvolium vesiculosum Savi) originated in the Mediterranean 
regions (Duke 1981) where most rainfall occurs from autumn 
through spring. Recently, arrowleaf clover has been used exten- 
sively in the high rainfall areas of the southeastern U.S. (Beaty et al. 
1963, Hoveland et al. 1970). Duke (1981) describes subterranean 
clover ( W~olium subterraneum L.) as adapted to climates having 
relatively warm, moist winters and dry summers. Subterranean 
clover has been used on California dryland ranges (Murphy et al. 
1973) and in southern Australia which has a Mediterranean type 
climate. Reguse et al. (1974) described the developmental mor- 
phology of seedling subterranean clover. Reguse and Evans (1977) 
showed that range site (slope) as well as small modifications in 
micro relief affected the microenvironment and plant growth. Rel- 
atively little research has been done with either species in the 
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western (marginal) area of their adaptation in the southern United 
States. 

The objectives of this study were to determine the production 
potential of subterranean and arrowleaf clovers at 2 locations 
which differ in rainfall and temperature, and to quantify climatic 
constraints to winter and spring growth of these 2 legumes. 

Methods 

Study sites were located at Beeville (28.5O north latitude) in the 
South Texas Plains, and Brady (31.5“ north latitude) in the 
Edwards Plateau, Texas. Average annual rainfall is 780 and 625 
mm, and average January temperatures are 13’ and 9“ C for the 2 
sites, respectively. Soil on the Beeville site is a Clareville clay loam 
(fine, montmorillonitic, hyperthermic Pachic Argiustoll), and soil 
on the Brady site is an alkaline mixed Valera clay loam (fine, 
montmorillonitic, thermic Petrocalcic Calciustoll). ‘Yuchi’ arrow- 
leaf clover and ‘Mt. Barker’subterranean (sub) clover were used in 
the study. The seeds were inoculated with the appropriate rhizobia 
strains using a commercial inoculant sticker and drilled at 1 cm 
depth on prepared seedbeds at 105 pure live seed per meter row in 5 
rows plot-‘, 50 cm apart. Plots, 45 m long, were replicated 4 times, 
in a randomized complete block design. Phosphorus (superphos- 
phate, 20% PaOs) was applied preplant by broadcasting on the soil 
surface at rates of 37 and 73 kg PsOs ha-’ at Beeville and Brady, 
respectively. Planting dates were 11 October 1977 at Brady and 10 
November 1977 at Beeville. 

Standing crops were measured, starting approximately 30 days 
after emergence, by harvesting 3 samples per plot, each a 6O-cm 
segment of row (0.3 mr) at ground level in each of 4 replications at 
approximately 2-week intervals. Harvested row segments were not 
re-sampled. Samples were dried at 60° C and dry weights con- 
verted to kg ha-‘. Growth rate by sample periods (kg ha-‘day-‘) was 
calculated as: 

Growth rate = 
Sample wt. Dn+l - Sample wt. D. 

Dn+r - D. (days) 
where D = date. 

Growth rate and rainfall are expressed on a per day basis, in each 
growth period because growth periods varied in length. 

Soil temperature at 75- and 150-mm depths, air temperature, 
photosynthetic active radiation (radiation), and rainfall were mon- 
itored continuously. Radiation was measured as Mol M” S-l 
quantum flux density with a LI-CORi, Inc. 190s Quantum sensor 
and converted to Mol Me2 day-‘. Daily maximum and minimum 
temperatures (“C) were used to calculate accumulated heat units 
using a base temperature for growth of 5’ C (Mederski et al. 1973). 

Daily heat unit total q  Max. temp. + min. temp./2 - 5. 
(minimum temperatures of less than 5’ C were set at 5” C). 
Soil moisture was measured gravimetrically at 0 to 75 mm, 75 to 

150 mm, 150 to 300 mm, and 300 to 450 mm depths each week at 
Beeville and biweekly at Brady. A soil moisture retention curve was 
determined for each soil depth based on measurements at -0.03, 
-0.5, -1.0 and -1.5 MPa tensions. Available soil water (mm) was 
calculated for each soil depth by the formula: gravimetric water 
(%)-moisture at -1.5 MPa tension (9%) X bulk density X soil depth. 

‘Mention of a trademark or proprietary product does not constitute a guarantee or 
warranty of the product by U.S. Department of Agriculture or Texas ABM Umvenity 
and does not imply approval to the exclusion of other products that may also be 
suitable. 
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Fig. 1. Accumzdated standing crop of arrowleaf clover (A) and subterranean clover (B) at Beeville and Brady in 2 growing Semom. 
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(mm). Available water in the 4 horizons was then summed. It is 
recognized that all the soil water is not equally available, especially 
near the permanent wilting point, and that some moisture above 
the saturation point was included. 

Standing crop data were subjected to analysis of variance. 
Regression analyses (SAS 1982) were used to determine associa- 
tions between growth rates and various environmental variables. 

Results and Discussion 
Legumes grew only slightly between fall planting in 1977 and 

early January at Beeville and mid-November at Brady. It is 
assumed that early emergence of self-seeded stands at Beeville in 
1978 resulted in good winter production in 1978-79 while winter 
production at the Brady site was low (Table 1). Total production 

Tabk 1. Accumtited wan hoding crop (kg ha’) Of subtemnean and 
urowkaf clover at Brady and Ek&lk, Texas in 2 growing suwns. 

1977-78 1978-79 
Locations and Season Season 
Species March 1 Total’ March 1 Total’ 

Beeville 
Subterranean 162 a2 2778 a 1961 a 4643b 
Arrowleaf 35 a 3934 a 1639 b 8846 a 

Brady 
Subterranean 400a 630 b 233 a 903b 
Arrowleaf 113b 965 a Ilb 15OOa 

‘Maximum accumulated dry matter which occurred later at different dates in the 2 
years and for the 2 cloven. 
Walues within a location and date followed by the same letter arc not significantly 
different (X.05). Duncan’s Multiple Range. 

was high at Beeville in 1978-79, exceeding production in 1977-78 
by 67 to 125%. These yields exceeded those of kleingrass (Punicum 
coloratum) and Kleberg grass (Dichanthium annulatum) (Forsk) 
Stapf established in the same study in the fall of 1977. Standing 
crops of these grasses were 1,205 and 950 kg/ha in 1978 and 2,238 
kg/ha in 1979, respectively. Minimal winter growth and limited 
total production at Brady indicated major environmental con- 
straints, probably low winter temperatures and limiting soil water. 
However, production of 1,ooO to 1,500 kg ha-’ of a year ha-’ of a 
legume could be very valuable for the Edwards Plateau location 

25 - 

- Beeville 1977-78 
20, 

s 

o---o Beeville 1978-79 

+--. Brady 1977-78 

;15_ +__+, Brady 1978-79 
G r( r( 

where peak standing crops of kleingrass and sideoats grama 
(Bouteloua curtipendula (Michx.) Torr.) were 984 and 1,253 in 
1979 and 582 and 1,778 kg/ha in 1980, respectively (unpublished 
data from other components of this study). 

Growth of both legume species determined from accumulated 
yields was slow in midwinter (Fig. 1). Standing crop did not 
increase between 1 January and 1 March in either year at Brady or 
in this period in 1977-78 at Beeville. The earlier growth of sub and 
arrowleaf clover at Beeville in 1978-79 is attributed to earlier 
seedling emergence and greater seedling vigor of sub clover. 
Arrowleaf clover seed germination is inhibited by soil tempera- 
tures above 20° C whereas sub clover seed germination is less 
temperature sensitive (Evers 1980). The most rapid growth accum- 
ulation generally started between 15 February and 15 March (Fig. 
1). 

Three major factors that may influence temperate crop growth 
in a climate involving autumn, winter, and spring periods are 
temperature, radiant energy, and water. Accumulated daily heat 
units which reflect to some extent ambient temperature and the 
effect of radiation on temperature were calculated for the 2 loca- 
tions by years (Fig. 2). 

Daily heat units averaged 5.8 in January-February 1978 at 
Beeville, versus 8.3 in the same period in 1979. During this period 
heat units at Beeville exceeded those at Brady by 3 to 4 units with 
less than 1 unit difference between the 2 years at Brady. The large 
differences in growth among years and locations suggest relatively 
small differences in growth-limiting factors may be highly impor- 
tant in stress periods. The amount of standing crop at the begin- 
ning of the winter period at Beeville seemed to be an additional 
factor influencing winter growth. This response indicates the need 
for high seed production for self-seeded stands for early ground 
cover development. 

Growth rate seldom exceeded 2 to 3 kg ha’ day-l when accumu- 
lated daily heat units were below 10. However, factors other than 
heat units must have been operative in influencing growth rate 
since some very low growth rates occurred with heat units greater 
than 10. Simple correlations of the measured and calculated envi- 
ronmental factors (independent variables) with growth rate gave 
significant coefficients (X0.01) for daily heat units and all 
temperature measurements. None of the other independent vari- 
ables gave significant coefficients, and none of the independent 
variables accounted for more than about 38% of the variability in 

Fig. 2. Accumulated heat units at BeeviNe end Brady in 2 growing seasons. 
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legume growth rates. 
Based on the lowest interrelationships of independent variables, 

and the simple correlation coefficients, the independent variables 
of heat units, radiation, rain, and soil water were used with growth 
rate data for individual species within years at Beeville in stepwise 
regression procedure for improving IF. Growth rates at Brady of 
sufficient magnitude to show relationships occurred for only a few 
weeks in the spring thus allowing insufficient numbers for reliable 
analyses. 

Heat units was the most important single independent variable 
(based on a 1 variable model) in 3 of the 4 data sets in a 4 variable 
multiple regression model. Radiation and rain were each signifi- 
cant in 1 of the data sets, Maximum R2 values ranged from 0.68 
and 0.92. Obviously, other factors must have accounted for apprec- 
iable growth responses. When all of the data for both years and 
both species were included in 1 data set, a Cvariable model best fit 
the data giving an Rz of 0.49, heat units and soil water being 
statistically significant variables. 

Growth obviously requires not only light but also the intercep- 
tion of that light by leaves capable by carrying on photosynthesis 
under climatic conditions suitable for photosynthesis and growth. 
One of the problems of evaluating growth rate in the field with fall 
planted crops is that ground cover and leaf area are inadequate to 
intercept and use a high proportion of available light during much 
of the fall and winter at the same time that temperature is also likely 
to be the most limiting to growth. Plots with different ground cover 
and leaf area may respond differently to environmentalconditions. 
These conditions lead to poor regression relationships when data 
for 2 or more species differing in rate of initial development, or 2 or 
more years in which rate of early development differ, are included 
in the same data set, and relatively low R2 even if the values are 
significant. 

While these studies were conducted in areas where temperate 
legumes have not been used, presumably because of limited rain- 
fall, the data indicate growth is mediated more by temperature and 
light than by soil water. If seedling emergence is delayed, whether 
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from late planting or dry soil, until average maximum daily 
temperatures are below 15’ C or average daily accumulated heat 
units are below 10, the amount of winter growth will be negligible. 
The low production level at Brady appeared to be due more to the 
lower temperature than to the amount of water available for 
growth. Spring growth follows the expected pattern of an annual 
crop with growth rate generally increasing both as the environmen- 
tal conditions for growth improved and as the amount of plant 
material to intercept light increases. The total production levels at 
Beeville, comparable to or higher than those of adapted warm 
season grasses, indicate that both species are well adapted to the 
climatic conditions encountered at that location. 
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Increase in Number of Dominant Plants and Dominance- 
Classes on a Grassland in the Northern Chihuahuan Desert 
R.P.GIBBENSANDR.F.BECK 

Abstract 

Between 1915 and 1932,194 permanent 1 X l-m quadrats were 
established on grasslands of the Jornada Experimental Range in 
southern New Mexico. Primary- and secondary-dominant species 
were determined from the first quadrat records and each quadrat 
was reevaluated in 1981 to determine current dominants. The first 
records showed that 13 species of perennial grasses occupied all 
primary- and secondarydominant positions on all quadrats. In 
1981, there were 12 perennial grass species as primary- or 
secondary-dominants. Six shrub species occurred as primary- or 
secondary-dominants on 47% of the quadrat sites in 1981. Domi- 
nance-classes, i.e., single-species dominance or two-species domi- 
nant combinations, increased from 24 to 43. Thus, vegetation on 
this range has become more diverse and this diversity must be 
considered in grazing management. 

Key Words: black grama; tobosa; burrograss; shrub invasion, 
Bouteloua eriopoh, Hilank mu&a, Sckropogon brev~olius 

Vegetation in the northern portion of the Chihuahuan Desert 
has been classified or mapped as desert-grassland transition 
(Shreve 1917), desert savana (Shantz and Zen 1924), desert plains 
grasslands (Clements 1920), desert shrubgrassland (Darrow 1944), 
and shrub-steppe (Kuchler 1964). Widespread encroachment of 
shrubs into former grasslands of this area has been well docu- 
mented (Buffington and Herbel 1965, York and Dick-Peddie 
1969). The spread of shrubs has been attributed to heavy livestock 
grazing in the late 1800s and early 19OOs, seed dispersal by domestic 
and small herbivores, and recurrent droughts (Buffington and 
Herbel 1965). Honey mesquite (Rosopis ghndulosu Torr. var. 
glandulosa), creosotebush [Lurrea tridentata (DC). Cov.], and 
tarbush (Flourensia cernua DC.) were the principal invading 
shrubs and were formerly restricted to more localized sites in the 
area (Gardner 1951, Stein and Ludwig 1979). 

Classifications of vegetation are usually based on dominant 
species. As Brown (1982) has noted, it may now be a moot question 
whether some areas are classified as a disclimax semidesert 
grassland or Chihuahuan desert shrub. However, a better under- 
standing of the vegetation is possible if changes in dominant spe- 
cies can be determined. Specific sites for which detailed vegetation 
records were available for periods of up to 65 years were examined 
to determine changes in dominant species. 

Materials turd Methods 

This study was conducted on the Jornada Experimental Range 
located 37 km north of Las Cruces, N.M. (32’37’N, 106°40’W). 
Most of the 78,266 ha Experimental Range lies on undulating 
plains of the Jomada basin near an elevation of 1,260 m. On the 
east, the Experimental Range extends to the crest (2,833 m) of the 
San Andres Mountains. Average annual precipitation on the 
plains is 230 mm, with 52% occurring in July, August, and Sep- 
tember. The frost-free period averages 200 days but the effective 
growing season, when soil water and temperatures are favorable, is 
often 90 days or less. Mean monthly maximum temperatures are 
highest in June (36” C) and lowest in January (13” C). Many soil 
types occur on the Experimental Range with textures ranging from 

Authors are range scientist, Jornada Experimental Range, USDA, Agricultural 
Research Service, Las Cruces, New Mexico; and professor, Animal and Range 
Sciences Department, New Mexico State University, Las Cruxes. 

Published as journal article 1175, Agricultural Experiment Station, New Mexico 
State University, Las Cruces. 

Manuscript accepted I October 1986. 

136 

coarse to fine, but sandy soils predominate. The major soil families 
represented include: thermic Typic Torripsaments; thermic Typic 
Haplargids; thermic Typic Calciorthids; thermic Ustollic Calcior- 
thids; and thermic Ustollic Haplargids (Bullock and Neher 1980). 

The Jomada Experimental Range was established in 1912 but 
organized research did not begin until 1915 when it was placed 
under the administration of the U.S. Forest Service (Ares 1974). In 
1915, 34, permanent 1 X l-m quadrats were established and 
charted for the first time. Additional quadrats (only mentioning 
those where markers still exist) were established in 1916 (8), 1919 
(14), 1921(3), 1924(2), 1926(17), 1927(21), 1929(2), 1931 (l),and 
1932 (2), for a grand total of 104. A decimeter grid was used to 
chart the quadrats until 1925 and a pantograph was used thereafter 
(Paulsen and Ares 1962). With few exceptions, all quadrats were 
charted each year until 1947. Only a portion of the quadrats were 
charted each year after 1947, resulting in discontinuous records for 
individual quadrats. Charting was discontinued in 1979. 

Quadrats were selected to represent the major grassland types 
found on the Experimental Range and were usually placed at 
O.&km intervals along lines radiating from permanent watering 
points (Nelson 1934). The quadrats were placed on grasslands 
dominated by: black grama [Boutelouu eriopodu (Torr.) Torr.], 
(57 quadrats); tobosa [Hihriu mutica (Buckl.) Benth.], (22 quad- 
rats); burrograss (Scleropogon brevifolius Phil.) (12 quadrats); 
poverty threeawn (Aristidu divuricuta Willd.) (6 quadrats); and 
blue grama [Boutelouugrucilis (H.B.K.) Griffiths] (6 quadrats). A 
single quadrat was located on a gypsiferous area dominated by 
gypgrass (Sporobolus nealleyi Vasey). The blue gramadominated 
quadrats were located in the San Andres mountains, while all 
others were on the plains. Plant nomenclature follows Correll and 
Johnston (1970). 

The primary- and secondary-dominants were determined from 
the first quadrat charts made at each site. Species with the greatest 
basal area were designated as dominants. Because quadrat loca- 
tions were carefully chosen to represent average conditions of a 
vegetation type, we believe that in most cases the quadrats were 
representative of relatively homogeneous grassland areas from 1 to 
many hectares in extent. This belief is supported by estimates made 
at the time of establishment of the percentage composition of 
grasses, weeds (forbs), and browse (shrubs) for the vegetation type 
the quadrat represented (size of area considered in the estimates is 
not known). At 77 sites shrub composition was 5% or less, at 16 
sites 620%, at 9 sites, 21-4%, and > 50% at only 2 sites. 

Primary- and secondarydominants were determined at the 
quadrat sites in 1981, when stature and abundance of shrubs, as 
well as grass basal area, were used in designating dominant species. 
Shrubs designated as dominants did not always occur within the 
quadrats, but their density and stature in the immediate vicinity of 
the quadrat (within 3 m) made them an obvious dominant of the 
site. Only where mesquite dunes had formed and the dominant 
mesquite plants were usually 3 to 20 m apart was an area larger 
than 6 m in diameter considered. We believe that if our criteria had 
been applied at the time of quadrat establishment, only 2 sites 
(those with > 50% shrub composition) would have had a chance of 
having shrubs named as dominants. Single dominant and two- 
species dominant combinations were considered dominanceclasses. 
In some cases it was possible to designate more than 2 dominants. 
For clarity, however, only primary- and principal secondary- 
dominant is reported. 
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ReSUItS 
Black Grama Vegetation Type 

Fifty-seven quadrats were placed in the black grama type 
according to the early records. The first records showed 21% of the 
quadrats had black grama as a soledominant (Fig. 1). Red 
threeawn (Aristida longiseta Steud.) was the principal secondary- 
dominant, occupying this position in 35% of the quadrats. 

dominants on former black grama sites (Fig. I). 
Seven of the quadrats were originally established within small 

livestock exclosures (0.04 ha) that have remained intact on the 
black grama type. Black grama remained as primary-dominant on 
a quadrat within only one exclosure. Four of the quadrats pro- 
tected from livestock grazing had shrub species as primary- 
dominant. One protected quadrat had mesa dropseed as sole- 
dominant and another had spike dropseed as primary-dominant. 

It was impossible to determine when either mesquite, creosote- 
bush, or tarbush became established on all sites they dominated in 
1981. A mesquite plant appeared within one quadrat in 1916 and 
persisted to 1981. Another mesquite plant was present in a quadrat 
since 1924and a tarbush plant was present withinanother quadrat 
since 1956. Broom snakeweed has been present within some quad- 
rats since 1915 and has increased in abundance since 1926. Percen- 
tage frequency of broom snakeweed within quadrats on the black 
grama type averaged 9 and 25% for the 1915 to 1925 and 1926 to 
1936 periods, respectively; percentage frequency in 1981 was 58%. 

Tobosa Vegetation Type 
There were 9 quadrats established on the tobosa type from 1915 

to 1919andanother 13establishedfrom 1926to 1927,fora totalof 
22. The first quadrat charts show 5 dominance-classes with 5 
species as primary- or secondary-dominants (Fig. 2). In 1981, there 

r 
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Fig. 1. Dominance-classes and dominants on 57, I-ms quadrats when 
established on black grama grasslands between 1915 and 1932, and on 
the same quadrots in 1981. Numbers in porentheses within dominonce- 
class boxes denote number of quadrats. Numbers in circles show how 
many quodrots had a change from one dominance-class to onother. 
Species codes are: ARLO = Aristida longiseta, BOER = Bouteloua 
eriopoda, FLCE = Flourensia cemua, IfIMU= Hilaria mutica, LATR = 
Larrea tridentata, PRGL q  Prosopis glandulosa, SPAI = Sporobolus 
airoides, SPCO = S. contractus, SPFL = S. flexuosus, and XASA = 
Xanthocephalum sarothrae. 

Mesa dropseed was a secondarydominant in 26% of the quad- 
rats and the primary dominant in 5% of the quadrats. Other 
secondary-dominants included alkali sacaton [Sporobolus airoides 
(Torr.) Torr.], burrograss and tobosa (Fig. 1). 

The first records show 7 dominanceclasses, with 6 primary- and 
secondary-dominant species. There were 17 dominance-classes 
with 8 dominant species in 1981. In 1981, only 33 quadrats (58%) 
retained grasses as the primary-dominant (Fig. 1). Black grama 
was not found on or in the immediate vicinity of any of the 12 
quadrats where it was sole-dominant originally. In 1981, black 
grama was primary-dominant on 8 quadrats and secondary- 
dominant on 2 quadrats. In the grass-dominated quadrats, black 
grama had largely been supplanted by mesa dropseed, which was 
primary-dominant on 23 quadrats and secondary-dominant on 8 
quadrats (Fig. 1). Spike dropseed (Sporobolus contructus Hitchc.) 
was primary-dominant on 1 quadrat in 1981, although it was not a 
dominant originally. Red threeawn was secondary-dominant on 20 
quadrats originally, but in 1981 was not a secondary-dominant on 
any quadrat and was primary-dominant on only a single quadrat. 
Tobosa, burrograss, and alkali sacaton no longer occupied secondary- 
dominant positions on any quadrat. 

Counting the suffrutescent broom snakeweed [Xanthocephalum 
surothrue (Fursh) Shinners] as a shrub, shrubs have become 
primarydominants on 24 (42%) of the 57 quadrats (Fig. 1). In 
1981, broom snakeweed was primary-dominant on 12 quadrats. It 
was also secondary-dominant on 4 quadrats with other shrubs as 
primary-dominants and on 17 quadrats with grasses as primary- 
dominant. Shrubs were either the soledominant or both primary- 
dominant and secondary-dominant on 11 (1%) of the quadrats. 
Creosotebush, mesquite, and tarbush have all become primary- 

PRlYIRI DOMINANT 

GRASS 

lsrl 

PRIYARY DOYINANT 

-3”““G 

ISGI 

Fig. 2. Dominance-classes and dominants on 22, I-m2 quadrats when 
estoblished on tobosa grasslands between 1915 and 1927, and on the 
same quodrots in 1981. Numbers in parentheses within dominance-class 
boxes denote number of quadrats. Numbers in circles show how many 
quadrats had a change from one dominonce-ckass to onother. Species 
codes are: BOCU= Bouteloua curtipendula, FLCE= Rourensia cernua, 
HIMU = Hilaria mutica, SCBR q  Scleropogon brevifolius, SPAI = 
Sporobolus airoides, ond SPFL = S. flexuosus. 

were 9 dominance-classes and 5 species as primary- or secondary- 
dominants. Tobosa was originally soledominant on 13 quadrats 
and in 198 1 was sole-dominant on 11 quadrats. Burrograss had 
displaced tobosa as primary-dominant on 3 quadrats. Sideoats 
grama [Boutelouu curtipendulu (Michx.) Torr.], originally a 
secondary-dominant on 1 quadrat, was not present in 1981. Tar- 
bush dominated the single quadrat within a livestock exclosure on 
this vegetation type in 198 1. 

Burrograss Vegetation Type 
There were 12 quadrats established in the burrograss type, 6 

from 1915to 1916,and6from 1926to 1929. Thefirstrecordsshow 
7 dominanceclasses with 6 species as primary- and secondary- 
dominants. In 1981, there were 10 dominance-classes with 8 
primary- and secondarydominant species (Fig. 3). Burrograss, 
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Fig. 3. Dominants on 12, I-m2 quadrats when established on burrograss 
grasslands between 1915 and 1929, and on the same quadrats in 1981. 
Numbers in parentheses within dominance-clats boxes denote number of 
quadrats. Numbers in circles show how many quadrats had a change 
from one dominance-class to another. Species codes are BOER = Boute- 
loua eriopoda, FLCE = Plourensia cernua, HIMU q  Hilaria mutica, 
hiWAR= Muhlenbergia arenacea, PRGL= Prosopisglandulosa, SCBR 
= Scleropogon brevifolius, SPFL = Sporobolus flexuosus, and XASA = 
Xanthocephalum sarothrae. 

originally the primary-dominant on loquadrats, dominated only 4 
quadrats in 198 1. Ear muhly (Muhlenbergiu arenaceu Buchl.) was 
dominant on 2 quadrats originally, but in 198 1 was only secondary- 
dominant on 1 quadrat. Tobosa and mesa dropseed have become 
primary-dominants on 4 and 3 quadrats, respectively. At the time 
of quadrat establishment black grama was a secondary-dominant 
on 4 quadrats, but in 198 1 it was a secondarydominant on only 1 
quadrat. Alkali sacaton, even though it was a secondary-dominant 
on 2 quadrats originally, was not a dominant in 1981. In 1981, the 
only dominant shrubs were mesquite (primarydominant, 1 quad- 
rat) and broom snakeweed (secondary-dominant, 1 quadrat) (Fig. 
3). Burrograss maintained its dominance on the single quadrat 
within a livestock exclosure in this vegetation type. 

Other Vegetation Types 
Six quadrats were established on the poverty threeawn type in 

1926. At that time there were 2 dominanceclasses and 2 primary- 
and secondary-dominant species. Poverty threeawn was sole- 
dominant on 3 quadrats, primarydominant on 3 quadrats, and 
black grama was secondary-dominant on 3 quadrats. In 1981, 
there were 2 dominanceclasses and 2 dominant species. Mesquite 
was sole-dominant on 4 quadrats, and primary-dominant on 2 
quadrats with broom snakeweed as secondarydominant. Accord- 
ing to notes made when the quadrats were established in 1926, 
mesquite was in the area. These mesquite plants have grown and 
trapped sand, forming large coppice dunes which now dominate 
the landscape. One of the quadrats was originally located within a 
livestock exclosure and had mesquite as sole-dominant in 198 1. 

Between 1921 and 1927,6 quadrats were established on the blue 
grama vegetation type in the mountains. There were 3 dominance- 
classes with 4 primary and secondary-dominant species. Blue 
grama was the primarydominant on 5 quadrats and sand muhly 
(Muhlenbergiu urenicolu Buck I.) was the primarydominant on 1 
quadrat. Black grama was the secondary-dominant on 5 quadrats 
and hairy grama (Boutelouu hirsutu Lag.) was a secondary- 
dominant on 1 quadrat. In 1981 there were 5 dominance-classes 

with 6 dominant species. Blue grama (4 quadrats), sand muhly (1 
quadrat), and black grama (1 quadrat) were primarydominants. 
Secondary-dominants included winterfat [Ceraroides hmutu (Pursh) 
.T. Howell] (1 quadrat), black grama (2 quadrats), blue grama (1 
quadrat), hairy grama (1 quadrat), and red threeawn (1 quadrat). 
Two of these quadrats were established within livestock exclo- 
sures. None of-these quadrats outside the exclosures have been 
grazed bv domestic livestock since 1946. 

The single quadrat established in 1931 on gypsiferous soil was 
dominated by gypgrass. A Torrey mormontea plant (@he&u 
torreyunu Wats.) was present within the quadrat and had reached 
sufficient stature by 1981 to rank as a secondary-dominant. 

Discussion 
Primary- and secondarydominant species increased from 13 to 

18 at the 104 quadrat sites. Principal new dominants were broom 
snakeweed, mesquite, tarbush, and creosotebush. A major shift 
among grass dominants was the replacement of black grama by 
mesa dropseed. In southern New Mexico, black grama depends on 
vegetative reproduction (Nelson 1934) and reestablishes very 
slowly. Because black grama was nearly eliminated on several 
range types during the severe drought of 1951-56 (Herbel et al. 
1972), plants such as mesa dropseed, which readily reproduce from 
seed, were able to occupy former black grama areas when drought 
ended. Demographic studies based on populations of black grama 
and mesa dropseed within some of these quadrats suggest maxi- 
mum life spans of 28 and 18 years for black grama and mesa 
dropseed, respectively (Wright and Van Dyne 1976). Replacement 
of long-lived black grama plants by relatively short-lived mesa 
dropseed suggests that the latter forage resource is inherently less 
stable. Annual plants were not abundant in 198 1 because precipita- 
tion was below average (202 mm). However, in more favorable 
years annuals would probably assume a seasonally dominant posi- 
tion on many of the quadrat sites. 

Tobosa and burrograss types exhibited more stability than did 
the black grama type. This may in part be due to the occurrence of 
tobosa and burrograss on finer-textured soils (Buffington and 
Herbel 1%5) which have greater water holding capacity than the 
sandy soils occupied by black grama. Another contributing factor 
could be that black grama received more grazing pressure than the 
relatively less palatable tobosa and burrograss. The burrograss 
type has been classified as a serial stage leading to a tobosa climax 
(Campbell 1931). Although this may be the case on a few sites, 
persistence of burrograss on other sites indicates it is a very stable 
vegetation type and should be considered to occupy a climax 
position of its own. 

Dominance-classes increased from 24 to 43. This means that the 
vegetation has become more diverse. This increase in diversity of 
dominants appears to have been the result of interactions of graz- 
ing pressure and climatic fluctuations. Due to the very small size of 
the exclosures protecting quadrats from livestock grazing little can 
be said other than dominance shifts from grasses to shrubs did 
occur on protected quadrats. Replacement of grasses by shrubs has 
also occurred in large exclosures (up to 259 ha) on the Experimen- 
tal Range (Hennessy et al. 1983). Changes in dominance on sites 
protected from grazing indicate that grazing has not been the sole 
cause of change. The establishment of long-lived mesquite, tar- 
bush, and creosotebush means that these dominants will persist for 
many years unless removed through shrub control programs. The 
dominance of the relatively short-lived broom snakeweed and 
perennial grasses is more vulnerable to climatic impacts and the 
data indicate that few sites retain the same dominants for extended 
periods. The shrub-grass complex in the northern Chihuahuan 
Desert may best be viewed as what Connell and Sousa (1983) have 
termed a “continuum of temporal variability.” Managing this 
complex as a grazing resource requires an awareness of the succes- 
sional trend toward shrub cover and the instability of grass cover. 
A high degree of flexibility in management options is required. 

138 JOURNAL OF RANGE MANAGEMENT 40(2), March 1987 



Litt!mture cited 

Area, F.N. 1974. The Jomada Experimental Range. Sot. Range Manage., 
Range Monogr. No. 1, Denver, Colo. 

Brom,D.E.19(12.Semidesertgrassland,p. 123-131.lrr:D.E. Brown(ed), 
Biotic communities of the American Southwest United States and Mex- 
ico. Special Issue, Desert Plants 4: l-342. 

Buffincton, L.C., aod C.H. Herbet. 1965. Vegetational changes on a semi- 
desert grassland range from 1858 to 1963.Bcol. Monogr. 35139-164. 

Bullock. H.E.. Jr.. and R.E. Neher. 1980. Soil survey of Dona Ana County 
area of New- Mexico. SCS, USDA in cooperation with Bur. Land Man- 
age. and New Mexico Agr. Exp. Sta. 

CanmbeB. R.S. 1931. Plant succession and tuazina canacity on clay soils in 
soithern New Mexico. J. Agr. Res. 43:1627-1051. _ _ _ 

Clcments, F.E. 1920. Plant indicators. Carnegie Inst. of Washington Pub. 
290. Washington, D.C. 

Connell, J.H., and W.P. Sousa. 1983. On the evidence needed to judge 
ecological stability or persistence. Amer. Natur. 121:789-824. 

Correll, D.S., and M.C. Johnston. 1970. Manual of the vascular plants of 
Texas. Texas Res. Found., Renner, Texas. 

Durow, R.A. 1944. Arizona range resources and their utilization-I. 
Cochise County. Univ. Arizona, Agr. Exp. Sta. Bull. 103. 

Gardnar, J.L. 1951. Vegetation of the creosotebush area of the Rio Grande 
Valley in New Mexico. Bcol. Monogr. 21:379-403. 

Hennsssy, J.T., R.P. Gibbem, J.M. Tremble, and M. Cardenas. 1983. 
Vegetation changes from 1935 to 1980 in mesquite dunelands and former 
grasslands of southern New Mexico. J. Range Manage. 36370-374. 

Herbel, C.H., F.N. Ares, and R.A. Wright. 1972. Drought effects on a 
semidesert grassland range. Ecology 53:1084-1093. 

Kuchler, A.W. 1964. The potential natural vegetation of the conterminous 
United States. Map, Amer. Geographic Sot. Special Pub. 361. 

Neiaon, E.W. 1934. The infhtence of precipitation and grazing upon black 
grama grass range. USDA Tech. Bull. No. 409. 

Pa&en, H.A., Jr., and F.N. Ares. 1962. Grazing values and management 
of black grama and tobosa grasslands and associated shrub ranges of the 
Southwest. USDA, Forest Serv. Tech. Bull. No. 1270. 

Shantz, H.L., and R. Zen. 1924. Natural vegetation. Atlas of American 
Agriculture, Part I, Section E (map). USDA, Washington, D.C. 

Stein, R.A., and J.A. Ludwtg. 1979. Vegetation and soil patterns on a 
Chihuahuan desert bajada. Amer. Midl. Natur. 101:2&37. 

Shreve, F. 1917. A map of the vegetation of the United States. Geol. Review 
3:119-125. 

Wright, R.G., l IMJ C.M. Van Dyne. 1976. Environmental factors influenc- 
ing semidesert grassland perennial grassdemography. Southwest. Natur. 
2 1~259-274. 

York, J.C., and W.A. Diek-Peddle. 1969. Vegetation changes in southern 
New Mexico during the past hundred years, p. 157-166. In: W.G. 
McGinnies and B.J. Goldman (eds), Arid lands in perspective. Univ. 
Arizona Press, Tucson. 



Carbohydrates in Leafy Spurge Roots as Influenced by 
Environment 
RODNEY G. LYM AND CALVIN C. MESSERSMITH 

AbStrrCt 
The total nonstructural carbohydrate (TNC) content of kafy 

spurge (Euphorbia es& L.) roots wea determined for 4 consecu- 
tive growing eeasons. The varktiona ha water soluble (monosac- 
charide and dkeccharidc) and water insolubk or reserve carboby- 
drete content were comp8red to sekcted environmental perameters. 
TNC concentration reached maximum levels of 300 mg/g in mid- 
summer end early fall, but declined rapidly to 190 mg/g or kss kte 
in the growing season. Ihe soluble carbohydrates, mostly sucrose, 
increased as the pknt cold-hardened, while the insoluble cubohy- 
drate content declined to near zero. Abrupt changes of root cu- 
bobydnte content could not be expkined solely by the growth 
pattern of leafy spurge. Solubk carbohydrate content was high 
during periods favorable for growth, but insoluble reserve8 
increased during periods of environmental stress. Root soluble 
carbohydrate content varkd inversely with changes in the six day 
mean 8ir temperature with 8n rver8ge pxrtkl correktion coeffl- 
cknt of -0.75. Solubk carbohydrate content increased as the mean 
temperature decreased and declined aa the mean temperature 
increased, but was independent of a specific temperature. The 
insoluble carbohydrate content was positively correlated with 
temperature. Root carbohydrate content l ko varkd wtth fluctu- 
tions in the maximum end minimum temperature, dew point, end 
total pan evaporation, but not with precipitation. 

Key Words: Eat&o&a esuhx, cold hardiness, sucrose, climatic 
hctors 
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Carbohydrates are the primary source of reserve energy stored in 
biennial and perennial plants (Amy 1932). Analyzing concentra- 
tions and trends of carbohydrate storage can indicate periods when 
photosynthesis exceeds respiration and periods of plant stress such 
as drought (McIlroy 1967, Smith 1970). 

Several researchers have shown that perennial weed species 
undergo seasonal variations in carbohydrate content (Agbakoba 
and Goodin 1969, Arny 1932, Bakke 1936, Barr 1940 and 1942). 
Root carbohydrate content of 5 perennial weed species declined 
sharply as growth began in the spring and reached a minimum level 
just prior to seed maturation. The low carbohydrate content 
generally was maintained until a rapid storage of carbohydrates 
began during cool fall weather and continued until topgrowth was 
killed by freezing temperatures. Bybee (1979) found that the non- 
structural carbohydrate content in leafy spurge (Euphorbia esula 
L.) root samples taken at Zweek intervals changed abruptly 
through the growing season, and the variations did not occur 
during the same growth stage every year. Some fluctuation would 
be expected since the field samples were taken from a mature, 
heterogeneous infestation; however, the large and irregular fluc- 
tuations could not be explained solely on the basis of variation in 
sampling or the plant’s growth cycle. 

Total nonstructural carbohydrate (TNC) concentration is an 
estimate of the carbohydrate accumulation readily available for 
metabolism or translocation to other plant parts. These carbohy- 
drates generally translocate as the water soluble monosaccharides 
glucose and fructose and the disaccharides sucrose and maltose 
(Smith 198 1). Knowledge of likely periods of increased carbohy- 
drate movement to the roots may help improve methods for long- 
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term perennial weed control. Herbicide application coinciding 
with downward carbohydrate movement may result in increased 
herbicide translocation to the root system, since many herbicides 
travel in the phloem with the photosynthate (Agbalcobaand Good- 
in 1969, Chang and VanderBom 1968, Hunter and McIntyre 1974, 
Sharma et al. 1971). The purpose of this research was to determine 
the TNC content of leafy spurge roots and to compare the changes 
in water soluble and insoluble TNC with the growth cycle of the 
plant and with various environmental parameters for 4 consecutive 
growing seasons. 

Materials and Methods 
Leafy spurge samples were obtained from a natural infestation 

growing in Fargo, N.D. Three 0.5&g samples were collected 
weekly in 1981 and 1982 and twice per week in 1983 and 1984 to a 
15cm depth. Sampling was started when shoots began to emerge 
in early April in 1981, 1983, and 1984 and early May 1982 and 
continued until late October of all years. Samples were taken at 
approximately 1300 h on each date. The samples were washed, 
frozen immediately, and stored until assayed for carbohydrates. 
Roots were oven dried at 62O C for 24 h and ground to a fine 
powder with a Wiley mill. TNC was extracted from 200mg samples 
by boiling in 15 ml distilled water for 5 min followed by adding 10 
ml of O.S%amyloglucosidase, buffered to pH 4.9, and incubated at 
38O C for 36 h (Smith 198 1). Preliminary investigation indicated 
this time was sufficient for the enzyme to hydrolyze all disaccha- 
rides and starch. The samples were filtered, brought to 100 ml, and 
a 1 S-ml aliquot was centrifuged at 16,000 rpm for 3 min to precipi- 
tate proteins. Carbohydrates in the extract were determined colo- 
rimetrically by adding 5 ml of 80% (v/v) phenol and 5 ml of 
concentrated sulfuric acid to a 0. l-ml aliquot of extract and incu- 
bated 0.3 h at 27” C as described by Dubois et al. (1956). Water 
soluble carbohydrates were extracted from separate 2OO-mg sam- 
ples in 80% (v/v) ethanol in water for 1 h, filtered, and heated to 
remove the ethanol. Water soluble carbohydrates were determined 
calorimetrically as described previously. Insoluble carbohydrates 
were determined by subtracting the soluble carbohydrate content 
from the TNC for each sampling date. Carbohydrate analyses were 
repeated 3 times, and results are presented as milligrams carbohy- 
drate per gram root dry weight. 

The relationships between root soluble and insoluble carbohy- 
drate content and average maximum and minimum air tempera- 
tures, mean air temperature, maximum dew point, total precipita- 
tion, and pan evaporation observed for 6consecutive days (sampling 
and the previous days) were estimated by computing correlation 
coefficients. Also, the relationship between the water soluble and 
insoluble carbohydrate content and the daily mean temperature 
from 0 (sampling day) to 5 days prior to sampling and the average 
mean temperature (Day O+l, 0+1+2, etc.) were estimated in 1983 
and 1984 to determine when the correlation between temperature 
and carbohydrate content was highest. All environmental data 
were obtained from the National Weather Service in Fargo, N.D., 
located approximately 1 km from the research site. The data were 
analyzed using correlation and stepwise regression procedures 
(Statistical Analysis System Institute, 1982) to determine possible 
environmental influence on root carbohydrate content. Partial 
correlation coefficients (rc,E l T) were calculated between carbo- 
hydrate levels (C) and environmental variables (E), holding time 
(T) statistically constant. The association between seasonal patt- 
erns of change in carbohydrate levels and environmental variables 
is assumed to be removed from the assessment of the association 
between short-term fluctuations in the same variables by holding 
time statistically constant. 

Qualitative determination of the soluble carbohydrates was 
made by thin layer chromatography. Representative samples from 
May, July, and October of each growing season were extracted as 
previously described for soluble carbohydrates and spotted on thin 
layer plates coated with silica gel 60 impregnated with 0.02 M 

sodium acetate. The plates were developed in ethyl acetate:isopro- 
panol (65:35, v/v). Spots were detected using an anisaldehyde- 
sulfuric acid spray reagent and identified with known sugar stan- 
dards as described by Stahl (1969). 

Results and Discussion 

The TNC concentration of leafy spurge roots was lowest during 
early spring and averaged 150 mg/g, butincreased rapidly during 
spring growth and flower initiation to an average concentration of 
300 mg/g or more in early to mid-July (Fig. 1). The TNC concen- 
tration generally declined during the summer dormancy period but 

TNC 
-*-*-*-* Insoluble 
---- Soluble 

April May June July Aug. Sept. Oct. 

Sampling date (months) 

Fig. 1. Carbohydrate content of leafy spurge roots averaged over the 1981 
through 1984growing seasons indicating the TNC and the water soluble 
(sucrose) and the water insoluble components. 

increased again to nearly 300 mg/g during fall regrowth. The TNC 
concentration then declined during cool fall weather and averaged 
only 190 mg/ g when the plants’top growth was killed by freezing in 
late October. 

The TNC pattern of leafy spurge roots did not follow that 
reported for other perennial weeds such as field bindweed (Con- 
VOZVUZUS arvensis L.) and Canada thistle [Cirsium arvense (L.) 
Stop.] which are at a minimum level during seed maturation and 
reach maximum levels in the fall (Amy 1932, Barr 1940, Frazier 
1943). This difference can be explained partially by differences in 
growth patterns between leafy spurge and many other perennial 
weeds. Leafy spurge is one of the first plants to emerge in the 
spring, and generally flowers develop in early June. Leafy spurge 
seeds often are physiologically mature in late June, which is much 
earlier in the growing season than many other perennial weeds. 
Thus, rapid carbohydrate storage in leafy spurge roots takes place 
following flowering and seed set as described for other perennial 
weeds, except these processes occur during early to mid-summer 
for leafy spurge rather than in late summer or early fall. 

A decline in the TNC content of leafy spurge roots in late fall was 
unexpected (Fig. I), but occurs in other herbaceous and woody 
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plants (Li and Sakai 1982). This decline probably is associated with 
the winter hardening process. Leafy spurge top growth develops 
each spring from buds just below the soil surface (Best et al. 1980). 
These buds are dormant much of the growing season, but swell and 
elongate to near the soil surface just prior to freezing temperatures 
in the fall. The rapid fall bud growth could account for some but 
probably not all the decline in TNC in leafy spurge roots. Some 
carbohydrate loss also may be due to respiratory activity, but 
Siminovitch et al. (1954) have shown that it is difficult to account 
for all of the carbohydrates lost in plant cells during the fall-winter 
hardening process. 

Nearly ail the TNC content of leafy spurge roots was soluble 
carbohydrates in the early spring or fall, but nonsoluble starches 
predominated from mid-May to mid-September (Fig. 1). Maxi- 
mum levels of soluble and insoluble carbohydrates averaged 166 
mg/g in October and 254 mg/g in mid-July, respectively. Thus, 
nonsoluble starches or reserve carbohydrates accounted for most 
of the TNC during the summer dormancy period, while soluble 
carbohydrate content was high during periods of growth or 
overwintering. 

Sucrose was the major sugar in the soluble carbohydrate extract 
of leafy spurge roots when separated by thin layer chromato- 
graphy. Minor amounts of maltose and fructose and a trace of 
glucose were present. Percentage of the various sugars in the 
soluble extract, based on diameter of thin layer chromatography 
spots, were similar during the entire growing season and did not 
vary with environmental changes. LeTourneau (1956) also found 
that sucrose was the predominant free sugar in the stems and leaves 
of leafy spurge, but he reported some glucose with a lesser amount 
of fructose. 

The conversion of starches to sucrose has been reported for 
several plant species and often occurs early in the hardening pro- 
cess (Levitt 1980). Rapid and complete conversion of starch to 
sucrose has been reported for winter-hardy wheat (biticum aesti- 
vum L.), but was much slower and incomplete in frost sensitive 
species (Rochat and Therrien 1975). Similar changes have been 

shown in barley (Hordeum vuZgure L.) (Young and Feltner 1966), 
and higher sugar contents developed in winter-hardy than non- 
winter-hardy rape (Brussicunupw L.) (Hellstrom 1961). Sucrose is 
equal to ethylene glycol in increasing winter hardiness in woody 
plants and is much more effective than starch (Levitt 1980). It 
seems reasonable that the conversion of starches to sucrose later in 
the growing season is important for winter hardiness of leafy 
spurge roots in general and for elongation and winter survival of 
root buds in particular. 

There was a general decline in maximum concentrations of TNC 
from 334mg/gin 1981 to 190mg/gin 1984(Fig. 2). The reasons for 
the decline is not clear. The leafy spurge stand was well established 
and over 1 ha in area in 198 1 when the sampling started, but the age 
of plants was not known. The stand increased in density and area 
during the experiment, but samples were obtained from undis- 
turbed plants near the center of the original infestation. Perhaps 
the carbohydrate concentration of the roots (mg/g basis) declined 
due to distribution of carbohydrates in a larger root system that 
developed over time, or nutrient availability in soil may have 
declined as the stand matured, or senescent effects due to increas- 
ing age of plants may result in reduced vigor. Sampling methods 
were similar in all years. The carbohydrate content was determined 
once the year’s data were collected and twice at the end of the 
4-year sampling period. Similar data were obtained for all 3 ana- 
lyses. Precipitation, temperature, and length of growing season 
were somewhat different each year, but there were no patterns that 
explain the general decline observed in the carbohydrate content. 

Soluble and insoluble carbohydrate contents changed abruptly 
from sampling date to date from mid-May to mid-August in all 
years (Fig. 2). More than a two-fold change in root soluble carboh- 
ydrate content was observed in some samples taken only 3 days 
apart in 1983 and 1984. The seasonal growth pattern of leafy 
spurge provided only a partial explanation for the abrupt fluctua- 
tions, but the changes may be environmentally dependent. Thus, 
the 6day average maximum, minimum, and mean temperature, 
the average dew point, total pan evaporation, and precipitation 

Table 1. Partial correlation of the water soluble and water ineoluble nonstructural urbohydrate content in leafy spurge roota wkb vuioue enviroomentel 
parameten during 4 growing eeaaone. 

Year and carbohydrate type Max. 
Temperature 

Min. 

Environmental parameters’ 

Mean Dew point 
Total pan 

evaporation Precipitation 

1981 
Water soluble 

Probability 
Water insoluble 

Probability 
1982 
Water soluble 

Probability 
Water insoluble 

Probabilty 
1983 
Water soluble 

Probability 
Water insoluble 

Probability 
1984 
Water soluble 

Probability 
Water insoluble 

Probability 

-0.85 
0.01 
0.83 
0.01 

-0.90 -0.91 -0.57 -0.46 -0.07 
0.01 0.01 0.01 0.18 0.77 
0.89 0.89 0.67 0.68 0.01 
0.01 0.01 0.01 0.26 0.83 

\. I 

-0.77 -0.81 -0.81 -0.83 -0.55 0.20 
0.01 0.01 0.01 0.01 0.01 0.38 
0.87 0.84 0.88 0.61 0.74 -0.08 
0.01 0.01 0.01 0.01 0.01 0.64 

-0.73 -0.73 -0.74 -0.65 -0.19 -0.05 
0.01 0.01 0.01 0.01 0.24 0.73 
0.62 0.65 0.65 0.63 0.37 0.03 
0.01 0.01 0.01 0.01 0.01 0.94 

-0.61 
0.01 
0.78 
0.01 

-0.43 
0.01 
0.61 
0.01 

-0.54 -0.43 0.25 0.12 
0.01 0.01 0.08 0.38 
0.73 0.45 -0.31 -0.21 
0.01 0.01 0.67 0.54 

;Entironmental parameters arc an average for 6 days, i.e. the sampling day plus the 5 days prior to sampling. 
Partial correlation coefficient for carbohydrate and environmental parameter with time held statistically constant. 
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400 1 1981 1982 
rc,e*T = 0.89 C.U. = 14 insoluble rc,e*T = 0.88 C.U. = 11 insoluble 
rc,e*T = - 0.91 C.U. = 11 soluble rc,e*T = - 0.81 C.U. = 8 soluble 
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Fig. 2. Leafy spurge root insoluble and soluble carbohydrate content versus the mean air temperature during the 1981 through 1984 growing seasons. 
Samples were obtained at weekly intervals in 1981 and 1982 (A) and twice per week in 1983 and 1984 (B). Temperatures areplotted as loCr(o<4) to 
obtain a scale similar to the carbohydrate plot which enhances visual comparisons, but the correlations were calculated using actual temperatures which 
results in negative correlations. 
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values were calculated for the period prior to each sampling date 
and compared to the soluble and insoluble carbohydrate content. 

Soluble carbohydrate content varied inversely to changes in the 
weekly mean temperatures with a partial correlation coefficient of 
-0.91, -0.81, -0.74, and -0.54 in 1981, 1982, 1983, and 1984, 
respectively (Table 1 and Fig. 2). The correlation coefficients 
declined from year to year in a manner similar to the general 
decline in total root carbohydrate content from 1981 through 1984. 
Similar correlations were found between the average maximum or 
minimum temperature and leafy spurge root soluble carbohydrate 
content (Table 1). In general, the root soluble carbohydrate con- 
tent decreased as the temperature increased and increased when 
temperature decreased. 

The insoluble carbohydrate content also varied with changes in 
the air temperature, except the correlations were positive (Table 1). 
The insoluble carbohydrate content increased with periods of 
increasing temperature, and decreased as temperatures declined 
(Fig. 2). The partial correlation coefficients between mean temper- 
ature and insoluble carbohydrate content were 0.89,0.88,0.65 and 
0.73 in 1981, 1982, 1983, and 1984, respectively (Table I). Similar 
partial correlations were found between the average maximum or 
minimum temperature and the leafy spurge root insoluble carbo- 
hydrate content. 

Changes in air temperature rather than a specific temperature 
influenced root carbohydrate content. For example, in 1981 an 
increase in the weekly mean temperature from 16 to 21“ C in 
mid-June corresponded to a decrease in soluble carbohydrate con- 
centration from 80 to 54 mg/g (Fig. 2). Whereas, in late July, a 
decrease in mean temperature from 23 to 190 C corresponded to an 
increase in the soluble carbohydrate concentration from 71 to 83 
mg/g. Carbohydrate root reserves in Kentucky bluegrass also have 
fluctuated with temperature changes (McKell et al. 1969). Fructose 
accumulation was greatest at 13-7’ C day-night temperature, but 
fructose reserves were depleted rapidly when the temperature was 
increased to 30-18’ C day-night for 2 weeks. Root carbohydrate 
content in white clover (l’kz~olium repens L.) increased during 
periods of low temperature, and also was influenced by ecotype 
and photoperiod (Boiler and Nosberger 1983). 

Root samples were taken twice weekly in 1983 and 1984 to better 
define when temperature may have the greatest effect on carbohy- 
drate content. In general, the partial correlation coefficients 
increased slightly as the period of time used to calculate the mean 
increased and was consistently highest with a time period of 6 days 
(data not shown). For example, the partial correlation between 
soluble carbohydrates and average mean temperature in 1983 was 
-0.66 (P=O.Ol) one day prior to sampling but was -0.74 (P=O.Ol) 
when correlated with the average mean temperature 6days prior to 
sampling. The pattern was similar for both water soluble and 
insoluble carbohydrates, except the soluble carbohydrates varied 
inversely to changes in the mean temperature. 

The dew point and total pan evaporation are indicators of water 
content of the air and perhaps would serve as indirect indicators of 
plant water stress. The dew point and pan evaporation varied 
inversely to changes in root soluble carbohydrate content and 
directly with insoluble carbohydrate content (Table 1). The coeff- 
cients were less than, but similar in pattern to, the correlations 
between temperature and carbohydrate; similar coefficients were 
expected since dew point and pan evaporation are strongly influ- 
enced by temperature. Dew point was a more consistent indicator 
of carbohydrate fluctuations than total pan evaporation when 
considering partial correlation coefficients for all years, but neither 
indicator was as good as temperature alone. 

Fluctuations in carbohydrate content were independent of rain- 
fall during the growing season (Table 1). The independence of leafy 
spurge carbohydrate metabolism from short-term fluctuations in 
soil moisture is likely because of the deep leafy spurge root system, 
which can utilize water in the soil profile to a depth of at least 4.5 m 
(Barr 1940). 

The high correlation between fluctuations in temperature and 
carbohydrate content may indicate that the flow of photosynthate 
in leafy spurge is affected quickly by changes in the environment. 
The soluble carbohydrate content in the root decreased as the 
average temperature increased, and conversely, the soluble car- 
bohydrate content increased when the average temperature de- 
creased. Thus, the leafy spurge plant seems to utilize stored soluble 
carbohydrates during stress periods such as increasing tempera- 
ture, but begins restoring the soluble carbohydrates when tempera- 
tures cool and the plant is under less stress. Because auxin-type 
herbicides such as 2,4-D [(2,4dichlorophenoxy)acetic acid] often 
are translocated in the phloem with photosynthate (Crafts 1956), 
the environment-photosynthate flow relationship could influence 
herbicide translocation in leafy spurge. Herbicide application dur- 
ing cooler weather immediately after a warm period when down- 
ward photosynthate flow in leafy spurge increases may result in 
increased herbicide translocation to the root system and a longer 
period of acceptable control. 

Movement of soluble carbohydrates is a complex process and is 
not totally dependent upon temperature change. Although the 
general trend of carbohydrate flow followed the leafy spurge 
growth cycle, the sharp fluctuations in root carbohydrate content 
during flower development, seed maturation, and summer dor- 
mancy seemed largely because of environmental factors. Study of 
environmental influences on soluble carbohydrate and herbicide 
flow in leafy spurge and other perennial plants could lead to more 
precise timing of herbicide application to coincide with downward 
carbohydrate and herbicide translocation to the root system. A 
disruption in the conversion of insoluble starches to sucrose by 
herbicides or plant growth regulators in leafy spurge roots during 
the fall may increase the plant’s susceptibility to winterkill. 
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Effect of Herbicide Safeners on Sand and Little Bluestems 
W. RODE& S.S. WALLER, J.L. STUBBENDIECK, L.E. MOSER, AND A.R. MARTIN 

AbStnrCt 
Weed competition is a major factor ihnithq estabiisbment of 

warm-season grasses. Use of preemergence herbicides in conjunc- 
tion with herbicide safeners can offer a successful weed control 
strategy. Effects of herbicide safeners applied as seed treatments, 
and soil-incorporated herbicides on sand bluestem [A~%opgon 
gerurdii var. p~ilus (Nash) Fem.] and little bluestem [,!k%fz- 
uc~yrku?~ scopurkm (Michx.) Nash] were evahukd in germinator 
and greenhouse studies. The safeners cyometrinii ((Z)- [(cyanome- 
thoxy)hnino] benzeneacetonitrile), dichiormid (2&dichioro-IV, IV- 
di-2qmpenyia&amide),andR-29148(2&dhne&yM-methyl 
acetyioxazoiidine) reduced germhution and shoot growth of both 
grasses. Sand bluestem was protected awst EPTC (S-ethyl 
dipropyl carbamothioate) and vemoiate (S-propyl dipropylcarbamo- 
tbioate) by R-29148, wbile cyometrinii reduced EPTC damage on 
little bluestem. Sand blue&em treated winith R-29148 tolerated 6 
ppm (w/w) of vemolate or EPTC without damage. Without saf- 
ener treatment sand bluestem was tolerant to metolachlor [2- 
chloro-M@ethyl-6-methylphenyi)-JV-(2-methoxy-l-methyiethyl~ 
a&amide] (1.25 ppm), vemoiate (2 ppm), and cycloate (S-ethyl 
cyciohexylethylcarbamothioa~e) (2 ppm w/w). 
Key Words: Anakopogon gcrcvdii vu. pucipifus (Nash) Fem., 
Sckzuc~y~+iwn scoparium (Michx.) Nash, preemergence herbi- 
cides, herbicide safeners, germhmtion, dry weight 

Weed control with selective preemergence herbicides could 
greatly improve warm-season grass establishment (Martin et al. 
1982). Atrazine [6-chloro-Nethyl-N’-(I-methylethyl)-1,3,5-tria- 
zine-2,4diamine], propazine [6-chloro-NJV-bis( l-methylethyl)- 
1,3,5-triazine_2,4,diamine], siduron [N-(2-methylcyclohexyl)-N’- 
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phenylurea], and benefin [ N-butyl-N-ethyl-2,6dinitro4(trifluoro- 
methyl)benzenamine] have shown some potential for selective 
weed control in warm-season grass seedings (Martin et al. 1982, 
McMurphy 1969, Ertel et al. 1979). 

Limited research has been conducted using herbicide safeners in 
warm- or cool-season grass seedlings. Orchardgrass (Dactylis glo- 
meruzu L.) was not protected from EPTC (S-ethyl dipropyl carba- 
mothioate)and butam[Z,Zdimethyl-N-(l-methylethyl)-N-(phenyl- 
methyl)propanamide] plus cyprazole (N-[S-(2-chloro-l,l-di- 
methylethyl)-1,3,4 thiidiazol-2-yllcyclopropanecarboxamide) injury 
when the safeners NA (1,8-naphthalic anhydride) and dichlormid 
(2,2dichloro-N,Ndi-2-propenylacetamide) were used at rates of 
0.5, 1.0 and 2.0% (w/w) (Croxford et al. 1975). Safening effect on 
perennial ryegrass (Lolium perenne L.) by NA was more pro- 
nounced than dichlormid (Richardson and Kirkham 1982). Of 16 
herbicides tested, NA minimized perennial ryegrass injury when 
treated with alachlor [2chloro-N-(2,6diethylphenyl)-N-(methoxy- 
methyl)acetamide], NC 20484 (2,3dihydro-3,3dimethyl-5-benz- 
ofuranyl ethanesulphonate), MBR 18337 (N_C4-(ethylthio)-2-(tri- 
fluoromethyl)phenyl]methanesulphonamide), and perfluidone 
( 1 , l,l-trifluoro-N_C2-methyl-4-(phenylsulfonyl)phenyl~met~esul- 
fonamide). Similarly, NA protected perennial ryegrass from injury 
by alachlor, NC 20484, and MBR 18337 (Kirkham et al. 1982). A 
safener rate of 1 .O% (w/ w) was optimal. In the greenhouse, Bertges 
(1976) found treatment of timothy (Phhmpratense L.) seeds with 
NA reduced injury from alachlor, propachlor [2-&loro-N-( l-methyl- 
ethyl)-N-phenylacetamide], and EFTC. Whereas, the safeners 
dichlormid and R-28725 [3-(dichloroacetyl)-2,2dimethyl-1 ,foxa- 
zolidine] did not protect against the same herbicides. However in 
the field, NA did not protect timothy from any of the herbicides. 
Coating Kentucky bluegrass (Poaprutensis L.) with NA at 5-20% 
(w/w) provided satisfactory protection in greenhouse and field 
trials against alachlor and propachlor. Chang et al. (1973) working 
with the safeners NA, dichlormid, and CDAA (Zchloro-N,Ndi-2- 
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propenylacetamide) found that only NA reduced EPTC toxicity to 
green foxtail [Seruria virdis (L.) Beauv.]. 

This study evaluated (1) the effect of herbicide safeners on 
germination of sand bluestem and little bluestem seeds and (2) the 
ability of herbicide safeners to ensure grass seedling development 
in soil treated with preemergence herbicides. 

Materials and Methods 

Germinator and greenhouse experiments were conducted in the 
summer and fall of 1984. ‘Goldstrike’sand bluestem [Andropogon 
gerurdii var. paucipilus (Nash) Fern.] and ‘Camper’ little bluestem 
[Schizuchyrium scopurium (Michx.) Nash], commonly selected 
species for revegetation of abandoned cropland in the Nebraska 
Sandhills, were used in the experiments. Herbicides used were 
selected based on their efficacy on longspine sandbur [Cenchrus 
longispinus (Hack.) Fern.] a common annual weed on dryland 
seedings of sandy soil in the Nebraska Sandhills (Kocher 1984, 
Oldfather 1984). Seeds were debearded in a rubber tumbler to 
allow easier handling. Prior to seed application the safeners 
cyometrinil ((Z)- [(cyanomethoxy)imino]benzeneacetonitrile) and 
dichlormid were mixed with water and R-29148 (2,2dimethyl-6- 
methyldichloroacetyloxazolidine) dissolved in butanol. Due to 
hydrophobic properties of R-29148, methanol is recommended as 
a solvent. However, preliminary studies comparing different sol- 
vents, indicated that butanol was less phytotoxic. Liquid quantities 
used to treat 100 g of seeds were: 30 ml water for cyometrinil, 20 ml 
water for dichlormid, and 20 ml butanol for R-29148 (dichlormid 
and R-29148 are liquid formulations). Following safener applica- 
tion seeds were spread on a polyethylene sheet and dried at 2Y C 
for 12 hours. 

Sefener Effect8 on Germination 
Experimental units were petri dishes lined with two No. 3 

Whatman filter papers on which 25 seeds were placed. Dishes were 
moistened with 7 ml water which contained 0.1% captan (IV- 
[(trichloromethyl)thioj4cyclohexene-l,2dicarboximide), enclosed 
in polyethylene bags and placed in a germinator. Temperature in 
the germinator alternated from 35” C for 8 hours (light period) to 
25’ C for 16 hours (dark period). Safener rates used in percent 
active ingredient (a.i.) per seed weight were 0.6,0.9, and 1.2% for 
dichlormid and R-29148, and 0.7,1.4, and 2.1% (w/w) for cyome- 

Table 1. Laboratory observations on the effects of three safener rates on 
germlrutlon and shoot length of sand bluestem (SB) and little bluestem 
(LB) (expressed es percent of untreated control), associated orthogonal 
contmsts, and coeffkht of vrri8tion (C.V.). 

Germination percent Shoot length 
Rate (% of control) (% of control) 

Safeners (%w/W SB LB SB LB 

Cyometrinil 0.7 90 74 95 62 
1.4 90 58 95 70 
2.1 88 67 83 66 

Dichlormid 0.6 70 58 91 70 
0.9 89 69 82 78 
1.2 36 71 59 86 

R-29148 0.6 76 75 I04 98 
0.9 81 59 95 86 
1.2 60 64 86 96 

C.V. (%) 29 30 I4 I9 
Control vs other 0.05 co.01 0.07 0.02 
Cyometrinil vs other 0.01 - 
Dichlormid vs R-29148 - - <&I 

co.01 
0.02 

Dichlormid linear 0.04 - <O.Ol - 
Dichlormid quadratic 0.01 - - - 
R-29148 linear - - 0.05 - 

1Safener per seed weight 
2PR>F values only shown if CO. 10 

trinil (lowest values represent recommended rates). Germination 
and shoot length were recorded after at least 60% of the seeds in the 
control treatments had germinated. Germination period for sand 
bluestem and little bluestem was 10 and 14days, respectively. Only 
seeds with a radicle and a shoot length of at least 1 mm were 
evaluated. A completely randomized design was used, with each 
treatment combination including an untreated control replicated 4 
times. Treatment effects were evaluated using orthogonal contrasts. 

Seedling Development with Preemergence Herbicides 
Polyethylene pots 10.5 cm in diameter, containing a mixture 

Table 2. Effects of berblclde safenersl end herblcldea~ on plant numbers (96 of seed planted) and shoot weight (ml/pot) of send blue&m (SB) and little 
bluestem (LB), observed ln a greenhouse trhl. 

Plant numbers 
(% of seed planted) 

Herbicide Safener SB LB 

Control Control 43 26 
Cyometrinil 34 18 
R-29148 41 20 
Dichlormid 37 20 

Metolachlor Control 40 10 
Cyometrinil 37 I6 
R-29148 40 14 
Dichlormid 37 14 

EPTC Control 42 14 
Cyometrinil 31 22 
R-29148 33 I4 
Dichlormid 32 13 

Vernolate Control 41 13 
R-29148 38 13 
Dichlormid 44 I5 

Cycloate Control 44 24 
R-29148 40 20 
Dichlormid 31 16 

LSD (0.05%) 7 8 
C.V. (%) 28 39 

&fener rates in % of seed weight (w/w): cyometrinilO.7, dichlonnid 0.6, R-29148 0.6 
‘Herbicide rates in ppm soil (w/w): Metolachlor 1.25, EPTC 2.0, wmolate 2.0, cycloate 2.0 

Shoot weight 
(m8/ pot) 

SB LB 

298 I31 
270 68 
331 86 
310 81 
278 I8 
295 46 
276 38 
239 43 
I81 26 
156 70 
228 48 
I99 48 
253 24 
258 36 
324 61 
363 96 
348 96 
251 71 

77 40 
37 56 
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(600 g) of 30% Sharpsburg silty clay loam (Fine montmorillonitic, 
mesic Typic Argiudoll) and 7O%sand were the experimental units. 
Two trials were conducted to determine the effect (I) of safener and 
herbicide combinations on sand bluestem and little bluestem seed- 
ling development, and (II) of safener and herbicide rates on sand 
bluestem using the most promising combination based on labora- 
tory experiment and greenhouse experiment I. Herbicides were 
diluted in water, and poured on the soil contained in a polyethylene 
bag. Soil and herbicide were mixed thoroughly and transferred to a 
pot. After sowing (25 seeds per pot at a depth of 5 mm), 100 ml of 
water containing 0.25% Growmorel nutrient mixture (15-35-15 
NPK) and O.OS%captan was added to each pot. Pots were surface- 
irrigated as required during each trial. Greenhouse temperature 
was maintained at 26fY’ C. Plants were clipped to the soil surface 
at the end of the trial, and ovendry weight recorded. 

TM1 

El? Development with Preema~eaee Herbicidea 

Coefficients of variation were 28 and 37% for germination and 
39 and 56% for shoot weight of sand bluestem and little bluestem, 
respectively (Table 2). Without herbicide application cyometrinil 
reduced numbers of both sand bluestem and little bluestem 
(PrO.05). Herbicide treatment alone had no effect on number of 
sand bluestem plants. However, EPTC combined with cyome- 
trinil, R-29148, or dichlormid, and cycloate combined with dich- 
lormid reduced the number of sand bluestem plants. All herbicide 
treatments except cycloate reduced the number of little bluestem 
plants (X0.05). Compared to the untreated control, less reduction 
was observed when cyometrinil was used as a safener for EPTC 
(p<O.O5). 

Safeners were applied at rates of 0.7% a.i. for cyometrinil, and 
0.6% (w/w) for dichlormid and R-29148. Metolachlor [2_chloro- 
N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)aceta- 
mide] at 1.25 ppm, and EPTC, vernolate [Spropyl dipropylcar- 
bamothioate], and cycloate (*thy1 cyclohexylethylcarbamothioate) 
at 2 ppm (w/w) were applied, which are the rates recommended for 
sandy soils. Cyometrinil, generally recommended as a safener for 
acetanilide herbicides, was only used with metolachlor and EPTC 
(expecting other thiocarbamates to respond similar to EPTC). 
Seeding dates were August 27 and 30 for sand and little bluestem, 
respectively. The trial was repeated and sand bluestem was seeded 
September 22 and little bluestem on October 6. Plants were har- 
vested after tiller initiation (35 days and 45 days after planting for 
sand bluestem and little bluestem, respectively). A completely 
randomized design with 4 replicates per planting date was used. 
Results of the 2 trial repetitions were combined for data analysis 
after testing for homogeneity of variance. The means were com- 
pared by least significant difference (LSD) tests (KO.05). 

Trial II 

Shoot dry weight of sand bluestem generally was not affected by 
safener treatment without herbicide application, while shoot dry 
weight of little bluestem was reduced by all 3 safener treatments. 
Shoot dry weight of sand bluestem was reduced by EPTC. How- 
ever, with R-29148 as a safener, the shoot dry weight was not 
different from the untreated control. R-29148 appeared to be the 
most promising safener for further studies with sand bluestem. 
Sand bluestem has enough tolerance for the herbicide rates used 
that safeners were generally not beneficial and an evaluation of 
their safening effect therefore not possible. All herbicide treat- 
ments except cycloate reduced shoot dry weight of little bluestem. 
Compared to herbicide without safener treatments, little bluestem 
shoot weights were greater when cyometrinil was used with EPTC. 

Trial II 
Without herbicide treatment plant numbers and shoot weight 

were reduced by R-29148 treatment (Figs. 1, 2). However, this 

SAFENER RATE 

The herbicide safener R-29148 was applied to the seed at 0,0.6, 
and 1.2% a.i. (w/w). EPTC and vernolate rates of 0,2,4, and 6 ppm 
(w/w) were used. The trial was repeated with sowing dates of 
September 21 and November 18. Artificial light was provided to 
maintain a l&hour daylength. Plants were harvested 40 days after 
planting. The experiment was designed as a randomized complete 
block design with 3 replicates. Trial results of the 2 planting dates 
were tested for homogeneity of variance and combined for data 
analysis. Orthogonal contrasts were used to compare the treatment 
effects. 
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!hfener JEffeta on Germimtion 
Treatment means observed for germination and shoot length are 

presented as percent of the untreated control (Table 1). Variation 
in germination percentage was high with coefficients of variation 
of 29 and 3% for sand bluestem and little bluestem, respectively. 
Safener treatment reduced germination of sand bluestem and little 
bluestem (p-v).05 for contrast ‘control vs others’). However, with 
the exception of dichlormid on sand bluestem, there were no 
differences among rates of safener applied. 

HERBICIDE TREATMENT (ppm) 

Fig. 1. Interactions of the herbicide safener R-29148 and the herbicides 
EPTC (E) and vernokate (v) on the number (in percent of see&planted) 
of sand bluestem plants harvested 4Odays afterpranting in a greenhouse 
trial (Coeflifient of variation: 26.1%, herbicide treatment 0 ppm 
excluded from statistical analysis). 

All safener treatments reduced little bluestem shoot growth 
(PXr.05 for contrast ‘control vs others’), whereas increasing rates of 
dichlormid and R-29148 had increasing negative effects on the 
length of sand bluestem shoots (X0.05 linear contrast). 

effect was removed (plant numbers) or reversed (shoot weight) 
with herbicide application, resulting in a significant herbicide by 
safener interaction. The herbicide control treatment (0 ppm) was 
therefore excluded from the statistical analysis. 

The tolerable upper limit for R-29148 and dichlormid applica- 
tion on sand bluestem appeared to be in the range of 0.60.9% a.i. 
(w/w). Higher rates of cyometrinil possibly could be used, as no 
difference in germination and shoot growth were found among the 
rates chosen. 

Safener treatment reduced plant number when averaged over all 
treatments (Fig. 1, Table 3). Plant numbers were reduced by herbi- 
cide treatment, with linear effects significant for both herbicides 
used. However, safener by herbicide interactions were significant 
for the EPTC treatment. 

IMention of product names in this paper does not consitute a recommendation by the 
Nebraska Agr. Exp. Sta. 

Both herbicide treatments reduced shoot dry weights (Fig. 2, 
Table 3), with linear and linearquadratic effects significant for 
EPTC and vernolate, respectively. Safener treatments reduced 
herbicide injury, regardless of herbicide rate (Contrast ‘control vs 
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Fig. 2. Interactions of the herbicide safener R-29148 and the herbicides 
EPTC (E) and vemolote (v) on the shoot dry weight (mgjpot) of sand 
bluestem plants harvested 40 days after pkmting in a greenhouse trial 
(Coefficient of variation: 44.5% herbicide treatment 0 ppm exch&d 
from statistical analysis) 

safener’ KO.01). Herbicide by safener interactions were signifi- 
cant for contrasts comparing EPTC with vemolate over the safener 
treatments (control vs safener) and the linear effect of EPTC over 
the safener treatments. This interaction occurred due to protection 
against herbicide injury by the safener treatment. 

Table 3. Coeffkknte 01 varktion (C.V.) aod PR>F vetoes’ d orthogonal 
contra&e comphng the effect of the eafener R-29110 and the herbicida 
EPTC and vernokte on pIant numbera ($ of eeeded) end eboot dry 
weight of eand bloeetem obeerved in a greenbouc trkl. 

Plant Shoot 
Categories numbers weight 

C.V. (%I 26.1 44.5 
contrasts (PIG+) 

Safeners: Control vs others <O.Ol co.01 
0.6% vs 1.2% - - 

Herbicides: EPTC vs vemolate 
<&I1 

0.07 
EPTC linear <O.Ol 
EPTC quadratic - 
Vemolate linear 0.01 - co.01 
Vemolate quadratic - 0.03 

Interactions: EPTC vs vernolate in control 
vs others <O.Ol <O.Ol 
EPTC linear in control vs others co.01 0.09 

*Only shown if <O.lO 

The results of the greenhouse experiments suggested that herbi- 
cide safeners enhance the selectivity of herbicides used. Protection 
provided for sand bluestem by R-29148 against EPTC and verno- 

late was good even at herbicide levels 3 times the recommended 
field rates. The results further suggested that sand bluestem has a 
relative high degree of tolerance to metolachlor, vemolate and 
cycloate. The potential of using the herbicides metolachlor, EPTC, 
vernolate and cycloate on unsafened sand bluestem seedings and 
EPTC and vernolate on R-29148 safened sand bluestem seedings 
merits further research in field trials. Cyometrinil provided the best 
protection for little bluestem. However, the damage caused by the 
safener treatment was generally too high to recommend any of the 
safener and herbicide combinations for field evaluation in little 
bluestem seedings. Results of the greenhouse experiment largely 
supported laboratory data for germination, with most of the saf- 
ener treatments reducing the number of plants present, and little 
bluestem being more affected than sand bluestem. 

Conclusions 
Safener treatment reduced germination of sand and little blue- 

stem and shoot length of little bluestem. In greenhouse trials sand 
bluestem exhibited good tolerance to metolachlor, vernolate and 
cycloate when used at recommended rates without safener treat- 
ment and to EPTC and vernolate when used at 6 ppm (w/w) on 
R-29148 safened seeds. Cyometrinil reduced EPTC damage on 
little bluestem. Apparently, none of the herbicide and safener 
combinations used on little bluestem would have potential for field 
use while some may enhance the establishment of sand bluestem. 
However, the high variability of response for sand and little blue- 
stem to preemergence herbicides with and without safeners sug- 
gested that the potential of this technique was not clearly defined. 
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Using Leaf Fluorescence for Evaluating Atrazine Tolerance 
of Three Perennial Warm-season Grasses 
CAROLINE C. BAHLER, LOWELL E. MOSER, AND KENNETH P. VOGEL 

Ab2itl-h 

Atrahe [~~ors-N-cthyl-~‘~l-m~yletbyl~l,3,5 
dirmine] blocks photosynthetic electron transport in susceptible 
plants. The energy from the interrupted electron tr8nsport is fiuo- 
reseed from the le8vea of rtrazine-treated pl8nts. The purpose of 
this study was to evaluate leaf fluorerxcence as a nondestructive 
bioassay of the relative atradne tolerance of 3 perennial, wrrm- 
season grasses. Le8f section of switcbprss [Panicum virgatwn L.] 
(high tolerance), indianprss [.!?orgh&rur~ nutans (L.) Nash] 
(intermediatetokrance),andsideoatsgrama~utehucurt@Ua 
(Michx.) Torr.] (lower tolerance) were placed in distilled water for 
20 min and then in atrazine solutions. Fluorescence readings were 
taken prior to and after the atrazine treatment with a portable 
fluorometer. Tbe difference between the 2 reading8 provided a 
reliable measure with low variability of the relative l trazine toler- 
ance of the grasaea studied and WUI effective on greenhouse-and 
field-grown plants. 9th” atrazine concentrations and incuba- 
tion periods were lo- M (atrazine in distilled I&O) and 30 min, 
respectively. 

Key Words: Boutelmm ctdpn&h (Micbx.) Torr., Panicum 
v&ptum L., Sorghastrum nutans (L.) Nash., indiangrass, sideoats 
grama, switchgrass, photosynthesis, 8trazine 

Atrazine [6&loro-N-ethyl-~-(l-methylethy1)-1,3,5-triazine-2,4- 
diamine] is a widely used herbicide in corn (Zeu muys L.) and 
sorghum [Sorghum bicolor (L.) Moench]. It has been used to shift 
species composition on rangelands and to aid establishment of 
grass seedings (Samson and Moser 1982, Waller and Schmidt 
1983, Martin et al. 1982). A nondestructive bioassay for quantifying 
the relative atrazine tolerance of rangeland plants could be used in 
both ecological and management studies to predict the effects of 
atrazine application on the indigenous vegetation of specific sites. 

Atrazine blocks electron flow in Photosystem II of photosynthesis, 
from Q to the plastoquinone pool (Ashton and Crafts 1981, Pfister 
and Amtzen 1979). The energy built up at Q by the inhibition 
process is either released as heat or as fluoresced light. The amount 
of fluorescence increases as atrazine binding to the thylakoid 
membrane increases and results in fluorescence that can be spec- 
trophotometrically detected. 

Ahrens et al. (1981) evaluated the effects of atrazine on leaf 
fluorescence of resistant and susceptible biotypes of 6 weed species. 
Fluorescence of leaf sections from susceptible biotypes increased 
when exposed to atrazine but fluorescence of resistant biotypes did 
not increase. They also evaluated leaf fluorescence of strains of 
wheat (l’kiticum aestivum L.), sorghum and soybeans [Glycine 
mox (L.) Merr.] reported to differ in atrazine tolerance. They 
detected relatively small fluorescence differences among strains of 
these plants following treatment with atrazine, but these fluores- 
cence values were not well correlated with atrazine tolerance as 
measured in field and greenhouse studies. Leaf fluorescence 
detected difference in atrazine tolerance among biotypes of broad- 
leaved weeds and between atrazine-resistant wild turnip rape 
(Brassica campestris L.) and atrazine-susceptible, cultivated rape- 
seed (B. campestris)and between corn and quackgrass [Agropyron 
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repens (L.) Beauv.] (Ali and Machado 1981). 
Warm-season, perennial forage grasses differ in atrazine suscepti- 

bility, particularly as seedlings when they have the lowest threshold 
of atrazine tolerance (Martin et al. 1982, Bahler et al. 1984). 
Seedlings of indiangrass [Sorghustrum nutans (L.) Nash] are sus- 
ceptible and seedlings of sideoats grama [Bouteloua curtipendula 
(Michx.) Torr.] are extremely susceptible to atrazine, while 
switchgrass [Panicurn virgutum L.] seedlings are tolerant (Bahler 
et al. 1984). Established plants of all 3 species tolerate atrazine 
applied at rates used for annual weed control. 

The purpose of this study was to evaluate leaf fluorescence as a 
nondestructive bioassay of the relative atrazine tolerance of peren- 
nial, warm-season grasses using the grasses with known atrazine 
tolerance as indicator species. Factors investigated included 
concentration of atrazine test solutions and time periods required 
for the assay. 

Materials and Methods 
Incubation Time and Atrazine Concentration 

An initial trial was conducted in June 1983 to determine the 
atrazine concentration and incubation period which would produce 
clearly differentiated fluorescence levels between untreated and 
atrazine-treated leaf sections. Established (l-year-old) and immature 
(4-month-old) indiangrass and established sideoats grama grown 
in a greenhouse were used. Preliminary trials showed that there 
were no differences in fluorescence among leaves on a tiller or 
among tillers on a plant. Four leaf sections were taken from the 
middle of fully expanded leaves of established and immature plants 
of indiangrass and sideoats grama. The leaf sections were 2 cm long 
and the margins of the leaf section were removed. The prepared 
leaf sections were placed in a petri dish containing distilled water 
and allowed to efauilibrate under full sunlight (approximately 900 
~1 mol photon m s ) on a greenhouse bench for 20 min, then the 
leaf sections were removed from the distilled water and initial 
fluorescence readings were taken. 

The amount of fluorescence from the leaf sections was deter- 
mined with a Model SF-20 plant productivity fluorometer (Richard 
Brancker Research Ltd.)‘. Fluorescence is measured through a 
probe illuminating the surface of the leaf with monochromatic 
light centered around the 676 nm wavelength from a light-emitting 
diode (LED) lens. The fluorescence from the leaf is then collected 
through another collector lens sensitive to the fluorescing wave- 
lengths (>710 nm). Before fluorescence measurements were taken, 
light output of the probe was calibrated at 4 J me2 s-l. The probe 
aperture was then reduced from 5 mm to 3 mm by a glass cover slip 
using black electrical tape because the standard aperture was too 
large for the leaf sections used. 

After excess moisture was blotted, a leaf section was placed on 
the probe with the lower surface of the leaf section facing the 
aperture and lenses. A IO-set adaption period was used and then 
the fluorescence of the leaf section was read for 50 sec. The terminal 
fluorescence value (F9 was recorded (Richard et al. 1983). 

The leaf sections were then placed into petri dishes containing 0, 
low2 (saturated), lo-‘, or IO-’ M atrazinedistilled water solutions 
containing 0.1% X-77 surfactant (contains alkylarylpolyoxyethylene- 
glycol, fatty acids, and isopropanol) The surfactant was used in all 

tMention of a proprietary product, trademark, or vendor does not constitute a 
guarantee or warranty by the Nebraska Agr. Res. Div. or the USDA and does not 
imply its approval to the exclusion of other products or vendors that may be suitable. 
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experiments and permitted complete suspension of atrazine in the 
saturated, lo-’ M solution, The leaf sections were incubated in the 
atrazinedistilled water solution for the assigned time period under 
full sunlight on a greenhouse bench, Fluorescence readings were 
taken at I-hr intervals and the change in relative fluorescence 
(CRF) was calculated; CRF = (RF at time, t) -(RF at ti); where 
CRF = change in relative fluorescence, RF = relative fluorescence, 
and ti = initial time. The change in relative fluorescence was used 
rather than the fluorescence readings to reduce the variability 
among experimental units 

A second experiment was conducted in July 1983 to further 
investigate the incubation period which would resuit in the maxi- 
mum difference in fluorescence between the control and the treated 
leaf sections. An incubation period of 120 min was used and 
fluorescence readings taken every 30 min. This interval period was 
chosen because fluorescence readings peaked after 1 hr in the first 
experiment. After the equilibration period, leaf sections were 
placed in distilled water, lo-’ M (sideoats grama), or 10m3 M (indi- 
angrass) atrazine solution. The lo* M solution was used for side- 
oats grama because it gave the optimal fluorescence response after 
1 hr of incubation in the initial trial. The lo-’ M atrazine concentra- 
tion was chosen for the indiangrass because it was the middle 
concentration used in the initial trial and no differences among the 
3 concentrations of atrazine were detected. Leaf sections were 
prepared and fluorescence readings were taken as described 
previously. 

The experimental design for both experiments was a completely 
random design with a factorial treatment arrangement. Four leaf 
sections (subsamples) were sampled for each treatment per individual 
plant (the experimental unit) and averaged. Treatments were repli- 
cated 3 times and the second experiment was repeated. 

Quantification of Atrazine Tolerance among Grasses 
Established plants of indiangrass, sideoats grama, and switchgrass 

were sampled from the greenhouse and a field nursery to determine 
if CRF values were related to atrazine tolerance of seedlings of 
these grasses. The greenhouse plants and field plants were in late- 
boot to early-head phenological stages at time of sampling in late 
July and early August 1983. The top leaf of a vegetative tiller from 
each species in the nursery was removed and taken to the green- 
house in a erlenmeyer flask containing distilled water. The time 
spent in transport from the nursery to the greenhouse was less than 
10 min. Greenhouse and nursery samples were handled as des- 
cribed previously and 4 leaf sections were used per leaf. After 
equilibration in distilled water, leaf sections were incubated in 10” 
M atrazinedistilled water solution for 90 min. Relative fluorescence 
was determined at 30-min intervals. 

The experiment was a factorial with a randomized complete 
block design with 3 replications. Four leaf sections were sampled 
per plant and were treated as subsamples. In all studies, least 
significant differences (LSDa) values were calculated for detecting 
statistical differences among treatments. 

Results and Discussion 
Incubation Time and Atrazine Concentration 

Changes of relative fluorescence of established indiangrass 
plants were similar among the IO-‘, lo”, and lo-’ M atrazine levels, 
but indiangrass at all 3 atrazine concentrations had significantly 
higher CRF when compared to the control after 1 hr of incubation 
(Fig. 1B). The CRF for atrazine-treated leaves peaked at 1 hr of 
incubation and then decreased (Fig. 1B). F’or untreated leaves, the 
CRF values peaked after 2 hr and then decreased during the 
remaining incubation period. Immature indiangrass had similar 
CRF patterns as those of established plants except that peak CRF 
values occurred after 2 hr for the atrazine-treated leaf sections and 
after 3 hr in the untreated leaves (Fig. 1A). CRF values for the 
control and the 10” M atrazine treatment on immature indiangrass 
had not changed after 1 hr (Fig. IA). This anomaly is unexplained 
and did not occur in subsequent experiments. 
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Fig. 1. l’hhc change in relativefluorescence (CRF) of kaf sections oprnrnf- 

ture (A)and established (B) indiangrass incubated in 0, IO”, 10‘ , or 10 ’ 
M atrazine for a 5-hr period. 

The CRF patterns for sideoats grama were similar to those of 
established indiangrass with the CRF peaking after 1 hr of incuba- 
tion in atrazine and then decreasing but at a slower rate than the 
indiangrass (Fig. 2). Leaf sections incubated with lo-* M atrazine 
solution had a significantly higher CRF than the 10” or the IO-’ M 
atrazine-treated leaf sections (Fig. 2). CRF values for untreated 
sideoats grama leaf sections continued to increase with incubation 
whereas those of indiangrass declined after 2 or 3 hr (Fig. 1). The 
electron transport system may stay functional longer in the side- 
oats grama leaf sections than in those of indiangrass. 

The initial study demonstrated that the greatest differences 
between control and treated leaf section for CRF occurred in the 
initial 2 hr of treatment. In the subsequent study, fluorescence 
readings were recorded every 30 min for 2 hr. CRF values of 
treated and untreated leaf sections were significantly different 
(KO.05) after 30 min of incubation (Fig. 3). The CRF of treated 
leaf sections stabilized after 30 min and then started to decline after 
60 min of incubation. This trend occurred for both sideoats grama 
and established and immature indiangrass plants. The CRF values 
for untreated sideoats grama increased slowly over the 120-min 
incubation period whereas those for untreated indiangrass increased 
more rapidly up to 60 or 90 min and then declined (Fig. 3). 

Quantification of Atrazine Tolerance among Grasses 
There were no significant differences between field- and green- 

house-grown plants in the CRF responses after treatment with 
atrazine, and a Bartlett’s test showed homogeniety of variances so 
the data were combined for presentation. The CRF values of 
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Fig. 2. The change in reloHvefluorescence (CRF) of leaf sections of side- 
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Fig. 3. The change in rehmkejluorescence (CRF) of kaf sections of 
sideoatsgromo (A), immature indiangrass (B), ores~ablishedindiangrass 
(C) incubated in 0 or IO* or 10ea M orrozine for a 120-min period. 

switchgrass were significantly lower over the entire incubation 
period than those of sideoats grama and indiangrass (KO.03) (Fig. 
4). The reduced fluorescence of switchgrass, which indicates atra- 
zine resistance, compares favorably to the atrazine resistance of 
seedling switchgrass observed by Martin et al. (1982) and Bahler et 
al. (1984). Higher levels of CRF of indiangrass and sideoats grama 
indicate low seedling atrazine tolerance which also was reported by 
Martin et al. (1982) and Bahler et al. (1984). 

Time (mid 

Fig. 4. Change in rekativefruorescence (CRF) of Iccrf seerions of established 
indiangrass, sideoa~s groma, and swirchgrass incubored in 10” M orro- 
zinc for a 9Gmin period (averages for greenhouse ond &Id-grown 
phmts). 

Other members of the Panicum genus have been shown to 
detoxify atrazine by way of glutathione-peptide conjugation and 
2-hydroxylation (Jensen et al. 1977). These same mechanisms may 
account for the tolerance of switchgrass to atrazine and its lower 
CRF values. 

The higher CRF values of atrazine-treated indiangrass and 
sideoats grama possibly can be related to their mode of detoxifica- 
tion. When detoxification of atrazine was investigated in Sorgh- 
astrumpellitus, 64% of the absorbed atrazine was in an unaltered 
form (Jensen et al. 1977). If indiangrass also retains a high level of 
absorbed atrazine in an unaltered form then its detoxification 
mechanisms may not be as efficient as that of Panicum. Jensen et 
al. (1977) investigated members of the Chlorideae tribe which 
includes sideoats grama. All Chlorideae species investigated 
retained very large percentages of unaltered atrazine and N- 
dealkylated atrazine. Ndealkylation, while removing an allcyl 
group from atrazine, does not fully detoxify atrazine (Shimabukuro 
1967). This characteristic appears to be present in the Bouteloua 
genus because seedlings of sideoats grama and blue grama [Boute- 
Zousgrudis (H.B.K.) Lag ex Steud] are both extremely susceptible 
to atrazine injury (Martin et al. 1982, Bahler et al. 1984). This could 
account for the high CRF values in atrazine-treated sideoats 
grama. 

Our data suggest that the leaf fluorescence technique may be 
useful for estimating the relative atrazine tolerance of warm- 
season,peren&lgrasses. Itis~~~forbothf~~-orgreenhoust-grown 
plants. Its use can possibly be expanded to other rangeland plants. 
Since leaf sections of different plants, both between and within 
species, can vary in leaf fluorescence after being incubated in 
distilled water, our method of using CRF values rather than the 
absolute relative fluorescence values used by Ahrens et al. (1981) 
and Ali and Machado (1981) to quantify relative differences in 
atrazine tolerance provides a means of equitably comparing spe- 
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ties. Experimental variation can also be reduced when using CRF 
values rather than the direct fluorescence reading. Our results 
indicate that incubation times of 30 min and atrazine concentra- 
tions of lo-‘N give CRFvalues that can be used to detect differen- 
ces on the 3 species we studied. 
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Variations in Physiological Metabolites and Chlorophyll in 
Sexual Phenotypes of ‘Rincon’ Fourwing Saltbush 
ARTHUR R. TIEDEMANN, E. DURANT MCARTHUR, AND D. CARL FREEMAN 

AbStTMt 

An experiment WM conducted to determine if concentrations of 
chlorophyll and basic metabolite~ (total organic nitrogm (TN), 
total pbospborus (TP), and total nonstructural carbohydratea 
(TNC)) were an indication of tbe pbysiologkal vigor of tbe 3sexual 
pbenotypee of fourwing saltbusb (A&&&x canescens (Pursb) 
NM.). Our basic hypothesis WY that make, fern&s, and plants 
capable of male and female sex expression (sexually IabUe) were 
equally vigorous as was manifeshd in chlorophyll and metabolite 
levels. In June, concentntionr of cbloropbyU a, b, and total cblo- 
ropbyll in tbe m8le phenotype were grater than in either tbe 
female or tbe labile pbenotypeo. There were no different- among 
phenotypes for tbe other dates. Male plants had tbe bigbest levelr 
of metabolites (TN, TP, and TNC) when any difference among 
sexual phenotypes were significant. There were baskally no differ- 
encea in metabolite concentration between the female and labile 
sexual phenotypes. Rewlts indiate thd pmt of the bypotbesir 
should be rejected-that male, female, and sexually labile plants 
are equ8lly vigorous based on concentr8tionr of chlorophyll 8nd 
metabolites. Part of tbe bypotbesis, however, can be accepted- 
tba1 femaks and kbUe planti are comparable in physiological 
vigor. Levek of all 3 metabolitea sbowed striking trends among 
sampk dates, which indiated that fourwing saltbusb has tbe capa- 
bility of rebuilding its kvek of metabolitea in tbe spring at tbe 
pbydologically co&y time of flowering. Tbir may be related to the 
pbotosyntbetic efficiency associated with its C-4 pbotosyntbetic 
patbW8Y. 

Key Words: A-k& canescens, nutrition, plant physiology, nut- 
rient elements @k&s), r8nge pknts, seasonal variations 
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Fourwing saltbush (Atriplex canescens (Pursh) Nutt.) is a sub- 
dioecious chcnopod shrub species consisting of males, females, and 
plants capable of male and female sexual expression (sexually 
labile) depending on environmental conditions (McArthur 1977, 
McArthur and Freeman 1982). McArthur and Freeman (1982) 
have proposed a model that suggests a relatively constant male to 
female percentage in a given population with an additional propor- 
tion that is labile and capable of male or female expression. The 
sexually labile portion of the population tends toward femaleness 
when temperatures and moisture are favorable. When conditions 
are not favorable and the plants are under stress of drought or 
extreme temperatures, the labile portion switches to predominant 
maleness. This suggests that it may be more costly in terms of 
resources for a plant to reproduce as a female than it is to be a male 
in stressful times. The vigor of the individual sexual phenotypes 
very likely plays a major role in their ability to withstand environ- 
mental stress. Male plants have been shown to live longer than 
female plants (Freeman et al. 1984). If sexual expression is a 
function of individual plant vigor, it should be reflected in compo- 
nents that are the product of or that affect the basic physiology of 
the plant such as chlorophyll and metabolites. There is precedence 
in the literature for such a hypothesis. Wallace and Rundel(1979) 
found that male jojoba (Simmondsia chinensis (Link) Schneid) 
plants maintain higher levels of nitrogen(N) and phosphorus(P) in 
their leaves than do female plants in the same population. Percent 
total allocation of N and P was also greater in males than in 
females. Willson and Ruppel (1984) present data showing that 
more mineral nutrient resources are allocated to female floral 
components than to male for several grass species. 

The hypothesis we are testing is: that males, females, and labile 
plants of fourwing saltbush are of equal physiological vigor as 
manifested in levels of chlorophyll and physiological metabolites. 
The hypothesis consists of 3 parts or comparisons: male plants = 
female plants; male plants = labile plants; female plants = labile 
plants. In addition to testing the basic hypothesis, another objec- 
tive was to evaluate trends in chlorophyll and metabolites across a 
variety of sample dates. This enables us to determine if the relation- 
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ship among sexual phenotypes is the same among seasons (and 
phenological stages). Also, by measuring physiological metabo- 
lites across a variety of sample dates, we can relate seasonal 
accumulation and depletion patterns to phenologic events. 

Methods 

To test our hypothesis, we evaluated 4 important plant compo- 
nents: chlorophyll, total nonstructural carbohydrates (TNC), total 
organic nitrogen (TN), and total phosphorus (TP) in the 3 sexual 
phenotypes as a function of season. These components were 
chosen because they represent measurable end-products of several 
of the plant’s basic physiological processes. Chlorophyll is an 
expression of the ability of the plant to utilize solar energy for 
carbon fixation. Total nitrogen, although not specifically a reflec- 
tion of the individual amino acids, proteins, and amines in the 
plant, does represent an integrated view of the efficiency with 
which plants synthesize proteins. Total nonstructural carbohydrates 
are an expression of the ability of the plant to fix and store starches 
and sugars and are dependent on season and time of sampling. 
These compounds are used for respiration by the plant and may be 
a direct reflection of the physiologial vigor of the plant. Total 
phosphorus was measured because it is intricately tied to the 
energy transformation within the plant via adenosine diphosphate- 
triphosphate. 

To reduce the variability associated with slope position, aspect, 
soil variations, competition, and other uncontrolled features of a 
wildland setting, we conducted this study in a uniform garden at 
Snow Field Station (see acknowledgements), Ephraim, Utah. The 
3 sexual phenotypes were studied in this garden for 13 years 
(1972-1984). The plants of the cultivar Rincon fourwing saltbush 
(McArthur et al. 1984) were planted at random in the garden in a 
spacing of 1.3 m X 1.3 m. 

Chlorophyll content (chlorophyll a, b, and total) was determined 
for 10 plants of each sexual phenotype on 22 June, 20 July, and 22 
August 1982. The same plants were sampled each time. Four 
interior and 4 exterior leaves were sampled for each plant. Leaves 
were packed in dry ice and transported to the Shrub Sciences 
Laboratory, Intermountain Research Station, in Provo for analysis. 
A IO-mm disc of leaf tissue was removed from each leaf and 
weighed. The chlorophyll of each disc was extracted with DMSO 
by use of Hough’s (personal communication) modification of Bur- 
nison’s (1980) method. Extraction was initiated within 3 hours of 
sample collection. Concentrations of chlorophyll a and b were 
determined spectrophotometrically by use of Lorenzen’s (1967) 
equations. Results are expressed in milligrams of chlorophyll per 
gram of leaf tissue. 

To evaluate the variation in metabolites, TNC, TN, and TP 
among sexual phenotypes and sample dates, we sampled leaves 
and current year stems of 15 randomly selected plants of each 
sexual phenotype on 6 dates beginning in July 1981 and ending in 
August 1982. Because of the severe effects of winter on some plants 
(December 1981 to February 1982), the same plants could not be 
sampled each time. We substituted plants that were randomly 
selected as alternates at the start of the study. Samples were packed 
in dry ice and transported to the Shrub Sciences Laboratory within 
3 hours of collection. As soon as they reached the laboratory, the 
samples were heated by microwave to stop enzymatic activity and 
to preserve the integrity of carbohydrates and nitrogenous com- 
pounds. Microwave treatment is comparable to the conventional 
autoclave treatment for preparing tissue for analyses of TNC and 
TN (Tiedemann et al. 1984). After leaves and stems were heated by 
microwave, they were ovendried at 700 C until constant weight 
was reached, usually 48 hours. Leaves and stems were separated 
and ground to 60-mesh fineness. 

Samples were analyzed for TNC by digestion with takadiastase 
enzyme (dasilveira et al. 1978), followed by calorimetric determina- 
tion of the concentration of the resultant sugar residues with Teles’ 
reagent (Teles et al. 1978). Total organic N was analyzed by macro- 

Kjeldahl digestion followed by titrimetric determination of NHd-N 
(Black et al. 1965). Total P was by HaSOd, selenium digestion 
(Parkinson and Allen 1975) followed by molybedenum blue 
determination of P. Results were referenced to standard plant 
materials from the National Bureau of Standards analyzed along 
with our samples. 

For the chlorophyll data, split-plot design analysis of variance 
was used to analyze differences among the sexual phenotypes 
(main effect) and between interior and exterior exposures (split- 
plot effect) for each sample date. Results for metabolites TNC, TN, 
and TP were analyzed statistically using a two-way analysis of 
variance with sample dates and sexual phenotypes as main effects 
in a completely random design (Steel and Torrie 1960). The least 
significant difference (LSD) test (Carmer and Swanson 1971) was 
used for comparisons of means where the F-test was significant. 

Results and Discussion 

The F-test for differences in chlorophyll concentration was sig- 
nificant (x0.01) for sexual phenotypes only in June; the LSD test 
showed that all 3 chlorophyll components were significantly 
(x0.05) higher in the male phenotype than in the other 2 pheno- 
types (Table I), which suggested a higher level of physiological 

Table 1. Concentratiom of chlorophyll a, b,ad total chlorophyll in three 
scrual phenotypes of Atr&kkx cunescens on three sample data in 19112. 

Component and 
date Female Male Labile 

ma/g 
Chlorophyll a: 

June 221 0.052a 0.063b O.OSla 
July 202 0.053 0.055 0.055 
August 2Z2 0.031 0.031 0.030 

Chlorophyll b: 
June 221 0.010s 0.012b 0.00&i 
July 202 0.013 0.013 0.014 
August 2f 0.008 0.009 0.009 

Total chlorophyll 
June 221 0.062a 0.075b 0.0% 
July 202 0.066 0.068 0.068 
August 2Z2 0.039 0.039 0.039 

9W1es followed by the smne letter within an individual date are not significant at 
Pco.05. 
2No LSD test ws conducted for July and August because the F-test was not 
significant for sexual phenotype. 

vigor for the male plants. It appears that male plants are inherently 
predisposed to greater levels of physiological vigor in June than are 
female or labile plants. The latter 2 appear to start at a disadvantage. 
We were unable to statistically analyze differences among dates 
because variances were not homogeneous. There was, however, a 
tendency for striking reductions in all 3 chlorophyll components 
between the first 2 sample dates and the August sample date for all 
3 phenotypes. Higher levels in June and July correspond with 
floral initiation and early stages of seed formation. By August, the 
seed is full size (although not ripe). Seed is not ready to disperse 
until October. An exception was the trend in chlorophyll b in the 
labile phenotype-concentration was substantially higher in July 
than in June or August. 

Position of leaf (exposure) exerted a significant (PCO.05) effect 
on chlorophyll concentration on June and July sample dates 
(Table 2). In June, concentrations of all 3 components (average of 
sexual phenotypes) were significantly (KO.05) greater in the inte- 
rior locations than in the exterior ones. In July, the interior leaves 
had significantly (x0.05) higher concentrations of chlorophyll b 
and total chlorophyll than did the exterior leaves. There were no 
significant differences on the August date for leaf exposure. Inte- 
rior leaves appear to be compensating for the reduction in light that 
occurs near the center of the plant in the early summer with higher 
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Table 2. Effect of leaf cxpowre on chlorophyll concentrations in Atrfp&x Table 4. Mctabolite kvek in keva end stems of Atdpkx canes-ens smd 
canescens in 19112.’ phenotypes weraged for the dx eunple d&h1 

Date and exposure Chlorophyll a Chlorophyll b Total chlorophyll Metabolite Female Male Labile 

June 22: 
Interior 
Exterior 

July 20: 
Interior 
Exterior 

August 22: 
Interior 
Exteror 

0.058a 
0.052b 

0.054a 
0.052a 

0.03Oa 
0.031a 

me/c 
0.01 la 
0.009b 

0.014a 
0.012b 

0.009a 
0.008a 

0.068a 
0.06lb 

0.068a 
0.065b 

0.038a 
0.039a 

Total organic nitrogen 
Leaves 3.15a 
Stems 1.69a 

Total nonstructural carbohydrates: 
Leaves 7.83a 
Stems 5.69ab 

Total phosphorus: 
Leaves 0.27a 
Stems 0.1% 

Percent 

3.391, 
1.88b 

8.41a 
5.99 

0.29a 
0.22b 

-- 

3.27ab 
1.73a 

8.74a 
5.55a 

0.27a 
0.19a 

iDifferences between exposures within an individual date with the same letter are not 
significantly different at KO.05. 

ihfctabolite concentrations with the same ktter in the same row are not significantly 
different at KO.05. 

levels of chlorophyll than in the exterior leaves. This result is in 
keeping with the general pattern of chlorophyll discussed by Salis- 
bury and Ross (1969). 

Since chlorophyll levels were higher in the spring in male plants 
than in female or labile plants, we should reject the idea that they 
are equally vigorous physiologically. Because chlorophyll levels 
were the same in females and labile plants on all dates, however, we 
accept the part of the hypothesis that the females and labile pheno- 
type are equally vigorous. 

Analysis of variance showed that variation in metabolite level 
was high significant (p<O.OOl) for all constituents in both stems 
and leaves for sample dates (Table 3). Differences among sexual 

Table 3. F-test significance for main effects end interactton by ucb 
metabolite in kaves and etems of Atripkx CMQECN 

Total Total nonstructural 
Total phosphorus organic nitrogen carbohydrates 

Variable Leaves Stems Leaves Stems Leaves Stems 

Date 0.001 0.001 0.001 0.001 0.001 0.001 
Sex 0.410 0.002 0.004 0.001 0.19 0.016 
DxS 0.860 0.765 0.20 0.42 0.41 0.41 

phenotypes were significant (p<O.OOl to x0.016) for TP in stems, 
TN in leaves and stems, and TNC in stems. Total P in leaves and 
TNC in leaves did not differ among sexual phenotypes. The date by 
sexual phenotype interaction was not significant for any metabo- 
lite in stems or leaves, which indicated that the relationship among 
phenotypes was comparable among dates. 

To test the basic hypothesis, we compared the sexual phenotypes 
for each metabolite for each sample date. There were no significant 
differences (KO.05) among sexual phenotypes for any metabolite 
constituent on any individual date. Comparisons of metabolites 
among the 3 sexual phenotypes for all sample dates averaged, 
however, show significant differences and enabled us to test our 
hypothesis. 

The male phenotype contained a significantly higher (KO.05) 
level of TN in leaves and stems and TP in stems than did the female 
phenotype (Table 4). Total nonstructural carbohydrate and TP in 
leaves were the same among all 3 sexual phenotypes. Male plants 
maintained significantly higher (KO.05) levels of TNC in stems 
than the labile phenotype did, but levels were the same as in the 
female plants. Male plants also maintained significantly higher 
(KO.05) levels of all 3 metabolites in stems than did the labile 
phenotype. These results caused us to reject the part of our basic 
hypothesis that male and female plants are equally vigorous based 
on metabolite level. We also reject the part of our hypothesis that 
male and sexually labile plants are equally vigorous. Labile plants, 
however, contained the same level of every constituent in stems and 
leaves as the females, which suggested that we accept the part of 

our hypothesis that females and sexually labile plants were equal in 
physiological vigor. 

The most striking feature of the data is the variation in metabo- 
lite levels that occurred among sample dates (Fig. 1). As we antici- 
pated, metabolite levels were always higher in leaves than in stems. 
The comparisons among dates for each metabolite in Figure 1 are 
the average of the 3 sexual phenotypes. 

There were no significant differences (KO.05) in TNC in leaves 
during the first 3 sample dates of 198 1 (Fig. 1). In the stems during 
the same period, TNC levels declined significantly (KO.05) on 
each successive sample date. By April 1982, TNC levels had 
declined significantly compared with previous sample dates in both 
stems and leaves. The rapid decline in TNC levels between 
November 198 1 and April 1982 may have been a consequence of 
the abnormally severe winter of 1981-1982 (Richardson et al. 1982) 
and the initiation of new leaves. Although this species retains many 
of its leaves through the winter, new leaves begin to form in April. 
By 10 June 1982, TNC levels had increased by nearly twofold for 
leaves and threefold for stems. This was followed by a sharp decline 
by August 1982 to levels near the April sample date. This period of 
decline coincides with fruit development and maturation. By 
August, fruit is mature but does not ripen and cast until October. 
Trends in TNC among dates were different than we would have 
anticipated from the results of McConnell and Garrison (1966) 
with bitterbrush (Purshiu rridenrara (Pursh) DC). In their study, 
TNC levels declined through the flowering and seed set periods 
(spring and early summer) and then began to increase. In fourwing 
saltbush, it appears that there may be only one period of carbohy- 
drate replenishment and that carbohydrate depletion occurs dur- 
ing the remainder of the year. We cannot verify this conclusion 
with the 1981 data as we did not initiate sampling early enough to 
capture the period of TNC accumulation. The decline in all chlo- 
rophyll components between July and August, however, would 
tend to support such a conclusion. The fact that stems followed the 
trends of leaves indicates that the stem is an active storage area for 
TNC. It is significant to note that TNC was increasing at a time 
when the plant was most actively involved in flowering (June)- 
typically a time of TNC depletion in other plants. The period of 
fruit set (mid-October) was marked by an active decline in TNC 
levels, but the decline may not be related to this because the same 
trend occurred with the male and labile sexual phenotypes. 

Total N in leaves declined through the first 3 sample dates in 
198 1 and the first sample date in 1982 (Fig. 1). Although there were 
significant fluctuations (KO.05) in TN in stems among the first 4 
sample dates, levels on 1 April 1982 were the same as on 30 July 
1981. This was followed by an increase in TN similar to that for 
TNC in both stems and leaves and was succeeded by a rapid decline 
to the August 1982 sample date. Our trends in TN appear compar- 
able to those observed by Hickman (1975). He observed distinct 
increases in crude protein (TN X 6.25; Cook et al. 1962) of big 
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Fig. 1. Voriations in total nonstructural corbohydrotes, totol organic nit- 
rogen, ond totalphosphorus among sompk dates in leaves and stems of 
Atriplex canescens. Values are overage of the 3 sexual phenotypes. 
Yokes with the some Ietter ore not signt~contly dgferent ot P<O.O5. 
Upper case letters designate comparison omong datesfor leaves-lower 
case for stems. 

sagebrush (Artemisia triakntutu Nutt.), low sagebrush (Artemisia 
arbuscula Nutt.), curlleaf mountain mahogany (Cercocarpus ledifo- 
lius Nutt.), and bitterbrush during the late spring through early 
summer months in southeastern Oregon. Lowest levels occurred in 
the late fall and winter. 

Trends in TP (Fig. 1) for 1982 were also similar to those reported 
by Hickman (1975): it increased during the late spring and early 
summer and declined in late summer and fall. The trends in 198 1, 
however, were quite different from those noted by Hickman. Total 
P levels in leaves of fourwing saltbush remained constant from 30 
July through 1 April 1982. In the stems, TP increased by twofold 
between the July and September sample dates in 1981. 

Conclusions 
Chlorophyll and metabolite concentrations can be used as mea- 

sures of the vigor of individual sexual phenotypes. The hypothesis 
that males and females are of equal physiological vigor was 
rejected in our comparisons among phenotypes of chlorophyll in 
June and average levels of TN in both leaves and stems and of TP in 
stems. Males had the highest values for metabolites and chloro- 
phyll when values were significantly different. Higher levels of TN, 
TP, and TNC in stems also indicate that the males are more 
vigorous than the labile plant group. Female and sexually labile 
plants were of comparable physiological vigor as was indicated by 
comparisons of metabolites and chlorophyll levels. 

Higher levels of chlorophyll on the June sample date suggest that 
male plants may be inherently predisposed to contain higher con- 
centrations of chlorophyll than are females or labile plants. The 
latter appear to start the growth season at a disadvantage. 

From the standpoint of metabolite levels, there is no apparent 
advantage in the ability of the labile phenotype to control sexual 
dominance; however, this conclusion must be taken with caution 
because the metabolite levels that are observed may be either an 
intrinsic constant difference between the sexual phenotypes or the 
residual effect of the plants’having reproduced oposteriori. We did 
not measure reproduction during the period of study but, because 
of the unusually cold winter of 1981-82, would have expected a 
shift toward male dominance in the sexually labile group. If this 
occurred, it was not reflected in the metabolite levels which we 
speculate would have approximated those of the males. 

The rapid increase in TNC, TN, and TP concentrations occurring 
at a stressful physiological time of flowering for fourwing saltbush 
can be speculated to be an adaptive feature resulting from its C-4 
photosynthetic pathway. This type of photosynthetic pathway 
occurs in fourwing saltbush (Downton 1975). Plants with this 
photosynthetic pathway appear to represent an advanced evolved 
state (Hatch et al. 1972) capable of prolonged low photosynthetic 
activity under conditions of high temperature and low soil mois- 
ture (Caldwell et al. 1977). Shadscale (Atriplex confertifioliu Torr. 
and Frem.), a related species with C-4 photosynthesis, also pos- 
sesses the ability to maintain maximum levels of photosynthesis 
at low temperatures and high levels of soil moisture associated with 
the early spring period (Caldwell et al. 1977). This may explain the 
rapid buildup of metabolite between April and June 1982 in all 
sexual phenotypes of fourwing saltbush. 
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Growth and Reproduction of Grasses Heavily Grazed under 
Rest-Rotation Management 
RICHARD E. ECKERT, JR., AND JOHN S. SPENCER 

Abstract 
This study cvahtated the effects of heavy forage use in a rest- 

rotation grazing system on the basal-area growth and frequency of 
occurrence of native bunchgrasses from 1975 to 1984. None of 
these grasses increased in basal-area cover with brush competition 
or in basal-area cover or frequency without brush competition 
when subjected to periodic heavy graxing (65% utihxation in June 
and 75% in July) during the growing season. When plants were 
protected from graxing, average basal-area cover increased for 
Idaho fescue [Fetiucu &fuhoeusii Elmer] and squirreltail/‘Sitani 
hystrix (NM.) J.G. Sm.] in a Wyoming big sagebrush [Artemi& 
tridentata wyomingends Beetle+Idaho fescue community type and 
for Thurber needlegrass [St@ thur* Piper] in 8 Wyoming 
big sagebrush-bluebunch wheatgrass [Agmpymn spicatutn (Push) 
Scribn. & Smith] community type. Average basal-area cover was 
unchanged for protected Thurber needlegrass plants in a Wyoming 
big sagebrush-Thurber needlegrass community type. Average 
basal-area cover of Thurber needlegrass plants in the same com- 
munity type decreased when heavily grazed during the growing 
season in 1 yeu during the first 3 years of the study and with no 
grazing during the growing season in the last 4 yeus of the study. 
Bluebunch wheatgrass showed no differential response to grazing 
or protection. Results of this study strongly implicate periodic 
heavy graxing durhtg the growing season as a primary cause of 
restricted basal-area growth and lack of reproduction. These 
results support the contention that such grazing pressure can pre- 
vent range improvement in an otherwise appropriate rotation graz- 
ing system. 

Key Words: basal uea, frequency, bluebunch wheatgrass, Idaho 
fescue, Thurber needlegrass, exclosures, sagebrush competition 

Uneven livestock distribution under season-long grazing each 
year can cause excessive forage utilization on key sites and species 
during the growing season and result in deterioration of the vegeta- 
tion resource. This problem can be reduced by rotation grazing 
plans that include periodic deferment from grazing during the 
growing season so plants can regain vigor and productivity (Hor- 
may and Talbot 1961, Hyder and Cement 1977). Hyder and 
Bement (1977) stated, however, that the need for moderate utiliza- 
tion during the growing season often is neglected in the design of 
rotation management plans. Hot-may and Talbot (1961), for 
example, advocated fairly heavy forage use (66%) in the pasture 
grazed during the growing season in a 5-pasture, rest-rotation 
system. This heavy utilization level was justified on the basis that 
grazing is limited to a comparatively short time and is always 
followed by a rest period long enough to overcome the adverse 
effects of heavy use. 

Based on this philosophy, 3-pasture rest-rotation grazing sys- 
tems that included periodic heavy use during the growing season 
were initiated on some Bureau of Land Management allotments in 
the early 1970’s. Heavy use was the result of no reduction in 
stocking rate when the system was initiated and a concentration of 
cattle in 1 pasture of the allotment during the growing season in 
order to obtain rest or deferment from grazing in other pastures of 
the allotment. Eckert and Spencer (1986) evaluated 2 such grazing 
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systems in the sagebrush-grass type of northern Nevada and 
reported that frequency and cover of decreaser grasses essentially 
were unchanged on a majority of sites after 7 to 10 years of 
rest-rotation management. They attributed this lack of response of 
desirable species partially to heavy utilization that maintained low 
plant vigor, restricted basal-area growth, and reduced seed produc- 
tion. Others (Robertson et al. 1970, Heady 1975, Mueggler 1975) 
also have suggested that heavy grazing during the growing season 
may exceed the benefits gained from subsequent rest or deferment. 
Bullock (1975) theorized that in many areas of low growing-season 
precipitation, even moderate use of perennial grasses places them 
at a severe competitive disadvantage with nonpalatable and well- 
adapted shrubs. Blaisdell et al. (1982) believe that vegetation 
improvement on sites in early-seral range condition will be 
extremely slow or will not occur at all because of continued heavy 
use on the few remaining desirable plants and because of competi- 
tion by sagebrush. Hickey (1967) and Hyder and Cement (1977) 
concluded that no management system appears to be satisfactory if 
that system results in overgrazing during the growing season in 
order to defer or rest vegetation in other grazing periods. 

The objective of this study was to determine the effects of heavy 
forage use with and without sagebrush competition in a rest- 
rotation grazing system on basal-area growth and frequency of 
occurrence of native grasses. Exclosure and sagebrush control 
studies were conducted to meet this objective. 

Description of Study Areas 

Studies were conducted in the Panther Canyon and China 
Mountain Pastures of the Goldbanks Allotment. This allotment is 
about 48 km south of Winnemucca, Nev., and is administered by 
the Winnemucca District, BLM. Elevation of study sites varies 
from 1,615 to 1,768 m. Annual precipitation, mostly snow, aver- 
aged 275 mm for the period 1975 to 1984 and varied from lows of 
142 mm in 1980-81 and 175 mm in 1976-77 to highs of 356 mm in 
1977-78 and 411 mm in 1982-83 (Table 1). The most widespread 
community types on the allotment are Wyoming big sagebrush 
[Artemisia tridentata wyomingensis Beetlel_Thurber needlegrass 
[Stipa thurberiana Piper), Wyoming big sagebrush-bluebunch 
wheatgrass [Agropyon spicatum (Pursh) Scribn. & Smith], and 
Wyoming big sagebrush-Idaho fescue Festuca idahoensis Elmer. 

A 3-pasture rest-rotation management plan for grazing from 

Table 1. Precipitation and grasing treatments during the study period. 

Precipitation’ Pasture and grazing treatment 

% of 
Year mm IO-year-mean China Mountain Panther Canyon 

1975 297 111 Rest Seedripe 
1976 183 66 Graze Rest 
1977 175 64 Seedripe Graze 
1978 356 129 Rest Seedripe 
1979 254 92 Graze Rest 
1980 272 99 Seedripe Graze 
1981 142 52 Rest Seedripe 
1982 330 120 Seedripe Rest 
1983 411 149 Rest Graze 
1984 333 121 Rest Seedripe 

‘Oct. to 30 Sept. 
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May through October was initiated in 1973. Actual use in grazed 
pastures during years of the study varied between 525 and 742 
cowcalf AUM’s. The grazing sequence over a 3-year period was: 
(1) graze from 1 May to 31 Oct.; (2) graze from 15 July (seedripe) to 
3 1 Oct.; and (3) rest year-long. The sequence of grazing treatments 
from 1975 to 1984 in both pastures is given in Table 1. Utilization 
on study areas in each pasture each year since 1974 was heavy and 
averaged 65% in June, 75% in July, and 80% in October on pas- 
tures grazed during the growing season and 80% in October on 
pastures grazed after seedripe (Eckert and Spencer 1986). 

An exclosure study was established in all 3 community types in 
the China Mountain Pasture. Soil associated with the big sagebrush- 
Thurber needlegrass site is a fine, montmorillonitic, mesic Xerollic 
Natrargid. Canopy cover of sagebrush was 21% in 1973 and 26% in 
1980. Soil associated with the big sagebrush-bluebunch wheatgrass 
site is a fine, montmorillonitic, mesic Durixerollic Natrargid. Can- 
opy cover of sagebrush was 17% in 1973 and 30% in 1980. Soil 
associated with the big sagebrush-Idaho fescue site is a fine, mont- 
morillonitic, mesic Haploxerollic Nadurargid. Canopy cover of 
sagebrush was 21% in 1973 and 23% in 1980. Vegetation on all 
study areas was in mid-seral range condition when the study began 
with a mixture of the decreaser grasses potential for the site and 
increaser grasses such as Sandberg bluegrass [Poe sandbergii 
Vasey] and squirreltail [Sitanion hysrrix (Nutt.) J.G. Sm.]. 

were sprayed with a tank mix of 4 1 of water and 200 ml of 2,4-D 
[(2,4dichlorophenoxy) acetic acid] in spring 1975. The line inter- 
cept method (Canfield 1941) was used to estimate canopy cover of 
shrubs in 1975, and again in 1976, the year after treatment. 
Response of sagebrush after brush control was determined by 
change in canopy cover and frequency while response of increaser 
and decreaser grasses was determined by change in basal-area 
cover and frequency. One permanent 0.9-m* quadrat was ran- 
domly located in each plot. Basal area of bunchgrasses and canopy 
cover of shrubs rooted in or overhanging the quadrat were charted 
in the late summer of 1976, 1981, and 1984. The quadrat was 
subdivided into 7.5cm* units to facilitate charting. A dot grid was 
used to calculate the total area of each species charted and this area 
was expressed as percent cover. Frequency was sampled by 4 
transects each with 20 quadrats in 1975, 1976, 1978, 1981, 1982, 
and 1984. Quadrat size was 10 X 10 cm for Sandberg bluegrass and 
20 X 20 cm for all other species. Vegetation data were collected in 
either the seedripe or rest treatment by the same individual. Tbe 
study was a completely randomized design with 3 replications 
(sprayed blocks). A normal 3-pasture rest-rotation grazing sequence 
was followed from 1975 to 1984 with heavy grazing during the 
growing season in 3 of 10 years (Table 1). Soil-moisture blocks 
were placed at depths of 15, 30, and 45 cm in each plot and were 
read periodically from May through September each year. 

A brush control study was established on a big sagebrush- 
Thurber needlegrass community type in the Panther Canyon Pas- 
ture. Soil is a fine-loamy, mesic Haploxerollic Nadurargid. Sage- 
brush cover was 21% when the study was initiated and vegetation 
was in mid-seral range condition with a mixture of decreaser and 
increaser grasses. 

Exclosure Study 
Methods 

This study evaluated the growth response of bunchgrasses to 
heavy grazing and to protection from grazing under a similar level 
of sagebrush competition. Nine 4.8 X 4.8 m exclosures were built in 
spring 1977. Individual plants of decreaser and increaser bunch- 
grasses were selected at random inside and outside each exclosure 
and permanently marked for repeated measurement. Three exclo- 
sures were on a big sagebrush/ Thurber needlegrass site. At each 
site, 14 Thurber needlegrass and 10 squirreltail plants were 
sampled: a total of 42 needlegrass plants and 30 squirreltail plants 
both inside and outside the 3 exclosures. Three exclosures were on 
a big sagebrush-bluebunch wheatgrass site. At each site from 6 to 
11 bluebunch wheatgrass plants and from 4 to 10 Thurber needle- 
grass plants were sampled: a total of 24 wheatgrass plants and 18 
needlegrass plants both inside and outside the 3 exclosures. Three 
exclosures were on a big sagebrush-Idaho fescue site. At each site 
from 3 to 14 Idaho fescue plants and 10 squirreltail plants were 
sampled: a total of 24 fescue plants and 30 squirreltail plants both 
inside and outside the 3 exclosures. 

A repeated measures analysis of variance (Winer 1971) was used 
in both studies because data were collected periodically from the 
same plots or transects. Percent cover and frequency data from the 
sagebrush control study were transformed by the arcsin squareroot 
procedure before analysis. Significantly different cover and fre- 
quency means in both studies were determined by Duncan’s multi- 
ple range test at the 0.05 probability level. 

Results and Discussion 
Exclosure Study 

Average size (live basal area) of individual grazed and protected 
plants of a species within each community type did not vary 
significantly at the start of the study in 1977 (seedripe year) (Table 
2). When these plants were remeasured in 1978 (rest year), again no 
size difference was detected. Average size of grazed bluebunch 
wheatgrass, Idaho fescue, and squirreltail plants did not change 
significantly from 1977 to 1983; however, size of grazed Thurber 
needlegrass plants decreased significantly (Table 2). Average size 
of protected bluebunch wheatgrass and squirreltail plants on the 
big sagebrush-bluebunch wheatgrass site also did not change sig- 
nificantly and both protected and grazed plants were similar in size 
in 1983. Conversely, protected Thurber needlegrass, Idaho fescue, 
and squirreltail plants were significantly larger than grazed plants 

The same individual measured total and dead basal diameter of 
each bunchgrass in late summer of 1977, 1978, 1981, and 1983. 
These were the years when plants outside the exclosures were not 
grazed during the growing season. The ellipse formula (A = B ab), 
where a and bare the major and minor radii of each plant, was used 
to calculate total and dead basal area. Live basal area was the 
difference between total and dead basal areas. The study was a 
completely randomized design with 3 replications (exclosures and 
adjacent grazed area). Plants outside the exclosures were grazed in 
a normal 3-pasture sequence from 1977 to 1981 but the grazing 
sequence was not followed in 1982 and 1983 (Table 1). A wildfire in 
1 pasture of the allotment not used in this study required reschedul- 
ing of the grazing use in the China Mountain Pasture during a 
2-year post-fire rest period. Plants outside exclosures were grazed 
after seedripe in 1982 and were not grazed in 1983. 

agebrush Control Study 

Table 2. Mean live basal area (cm*) in 1977 and 1983 of individual native 
bunchgrasses on 3 community typea in the Chins Mountain Pasture. 
Plants were protected from grazing throughout the study or were grazed 
in I 3-pnsture system that included grazing during the groning season In 
1979; grazing after seedripe in 1977,1980, and 19112; and no grazing in 
1978,1981, and 1983. 

1977 1983 

Protected Grazed Protected Grazed 

This study evaluated the growth and reproduction of bunch- 
grasses and sagebrush with little brush competition for a portion of 
the study period. Individual sagebrush plants on 3,12 X 12 m plots 

Thurber needlegrass 
Squirreltail 

Bluebunch wheatgrass 
Thurber needlegrass 
Squirreltail 

Idaho fescue 
Squirreltail 

Wyoming big sagebrush-Thurber 
needlegrass 

71 a1 53 a 62a 30b 
25a 26a 33 a 23 a 
Wyoming big sagebrush-Bluebunch 

wheatgrass 
142a I21 a I71 a l73a 
44b 31 b 62a 41 b 
25 a 22a 30a 25a 

Wyoming big sagebrush-Idaho fescue 
66b 52 b IOOa 72b 
21 b 24b 40a 27b 

ISpecies means in each row followed by the same letter are not significantly different 
(~0.0s). 
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on certain sites in 1983 (Table 2). Gn the Wyoming big sagebrush- 
Thurber needlegrass site, protected needlegrass plants did not 
change in size from 1977 to 1983. However, since grazed needle- 
grass plants declined significantly in size from 1977 to 1981 and 
remained the same size between 1981 and 1983, they were signifi- 
cantly smaller than protected plants in 1983. Heavy use of these 
plants during the growing season occurred only in 1979. Protected 
Thurber needlegrass plants on the big sagebrush-bluebunch wheat- 
grass site and protected Idaho fescue and squirreltail plants on the 
big sagebrush-Idaho fescue site increased significantly in size from 
1977 to 1981, remained the same size through 1983, and thus were 
larger than grazed plants in 1983. The increases and decreases in 
plant size from 1977 to 198 1 occurred over a period of 1 above- and 
2 near-normal precipitation years, 2 very dry years, 1 year of heavy 
grazing during the growing season, 2 years of heavy grazing after 
seedripe, and 2 years of rest. The above-average precipitation in 
1982 and 1983 did not affect a growth response of any species on 
any site. 

Other research has shown that vigor and growth of Idaho fescue 
and bluebunch wheatgrass were affected adversely for many years 
by a single heavy or extreme defoliation when plants were sub- 
jected to full competition from associated species (Mueggler 1975). 
In the present study, grazed Thurber needlegrass, Idaho fescue, 
and squirreltail plants were affected adversely, compared to 
ungrazed plants, by a combination of heavy defoliation during the 
growing season in only 1 of 7 years and sagebrush competition 
every year. Hormay and Talbot (1961) also have shown that her- 
bage removal when grasses are dry and apparently dormant, as in a 
seedripe grazing sequence, can also reduce basal area. In the pres- 
ent study, plants were grazed heavily after seedripe in 3 of 7 years. 
The differential growth response of heavily grazed and protected 
plants under the same level of sagebrush competition implicates 
heavy use as a factor restricting basal-area growth. Basal area of 
bluebunch wheatgrass did not vary significantly on grazed or 
protected areas from 1977 to 1983, although the trend was for 
larger plants in 1983 on both treatments. The growth form of this 
species and the method of measurement used may account for our 
inability to determine plant size accurately. Because of its very 
open bunchgrass form, the amount of dead basal area could not 
always be distinguished from the rather large natural openings 
between tillers in a bunch. Also, an increase in sagebrush competi- 
tion due to the large increase in canopy cover from 17% in 1973 to 
30% in 1980 may have prevented a differential growth response by 
either protected or grazed bluebunch wheatgrass plants. 

Sagebnasb Control study 
Canopy cover of big sagebrush was 1% the year after treatment. 

Very low precipitation in 1976-77 (Table 1) resulted in a significant 
reduction in the frequency (from 68 to 58%), and presumably in the 
basal cover, of Sandberg bluegrass in 1978. Following this decrease 
in bluegrass competition and the high precipitation in 1977-78, 
frequency of sagebrush increased significantly from 2% in 1976 to 
77% in 1978. These new plants were seedlings located in the inter- 
space between dead shrubs. The canopy cover of these new sage- 
brush plants was not measured between 1978 and 1980 but proba- 
bly was quite small due to the size of 2- and 3-year-old shrubs. The 
canopy cover of these new sagebrush plants was 6.6% in 1981 with 
a frequency of 53% Frequency of bluegrass did not recover to a 
predrought level until 1981. Therefore, the amount of sagebrush 
and bluegrass competing with Thurber needlegrass and squirreltail 
was reduced from 1976 to 1981. Canopy cover of sagebrush con- 
tinued to increase after 1981 to 27% in 1984 with a frequency of 
72%. 

The reduction in sagebrush and bluegrass competition from 
1976 to 1981, as indexed by frequency, canopy cover, and basal 
cover, resulted in different trends in available (<-1.5 MPa) soil 
water. In years of below-normal precipitation, soil water was 
available only early in the growing season. After the dry winter of 
1980-81 for example, mean soil matric potential in May was less 
than -0.04 MPa at both 15 and 30 cm and was -0.32 MPa at 45 cm. 
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However, no available soil water was present from June through 
September. In years of above-average precipitation, soil water was 
available throughout the growing season. After the wet winter of 
1977-78, for example, mean matric potentials at depths of IS, 30, 
and 45 cm were less than -0.02 MPa in both April and May. By 
June, mean matric potentials were -0.60, -0. IS, and -0.05 MPa, 
respectively, at 15,30, and 45 cm. In July, mean matric potentials 
were greater than -1.50 MPa at 15 cm and were -0.67 and -0.60 
MPa, respectively, at 30 and at 45 cm. Similar matric potentials in 
June and July were not evident in wet years after 1981, probably 
because of the increased sagebrush cover and competitive use of 
soil water. 

In spite of reduced bluegrass and sagebrush competition from 
1976 to 198 1, normal or above-normal precipitation in 1978,1979, 
and 1980, and readily available soil water during the growing 
season in these years, frequency of cover of Thurber needlegrass 
and squirreltail did not increase significantly. The frequency and 
cover of these species also did not change significantly after 1981 
when sagebrush again dominated the site. Mean frequency of 
Thurber needlegrass was 19, 24, and 23%, respectively, in 1976, 
198 1, and 1984; and frequency of squirreltail was 39,42, and 41% 
respectively, in the same years. Mean basal cover of Thurber 
needlegrass was 1.1,0.8, and 0.7%, respectively, in 1976, 198 1, and 
1984; and basal area of squirreltail was 0.4,0.2, and 0.2% respec- 
tively, in the same years. 

A positive response of understory grasses was expected after 
sagebrush control. Past research has shown a substantial increase 
in grass production due to a reduction in sagebrush competition in 
vegetation types similar to that in the present study (Hyder and 
Sneva 1956, Hedrick et al. 1966, Miller et al. 1980). These authors 
attributed part of the increased grass production to new plants on 
treated areas, to an increase in basal cover of existing bunchgrass 
plants, and to more vigorous growth of existing plants. Production 
was not measured in the present study, but frequency and basal 
area were determined and no significant change in these attributes 
occurred. The lack of vegetation response in this study, in spite of 
reduction competition, implicates heavy grazing during the grow- 
ing season in 3 of 9 years as a primary factor restricting the growth 
and reproduction of understory grasses. Heavy use also occurred 
after sccdripe in 3 of 9 years. 

Summary and Management Implications 
Utilization estimates indicated that stocking levels were too high 

on the Goldbanks Allotment from 1975 to 1984. This was due to 
concentration of cattle on certain pastures in order to obtain 
deferment or rest from grazing on other pastures. 

BasaLarea cover of bluebunch wheatgrass, Idaho fescue, and 
squireltail did not increase when plants were growing in competi- 
tion with big sagebrush and when grazed heavily during the grow- 
ing season in 1 year within the first 3 years of the study and with no 
grazing during the growing season in the last 4 years of the study. 
Basal area of Thurber needlegrass in the big sagebrush-Thurber 
needlegrass community type decreased under these conditions. 
Ungrazed plants of Idaho fescue, squirreltail, and Thurber needle- 
grass did increase in size on some community types, but bluebunch 
wheatgrass did not respond to protection. Size and frequency of 
squirreltail and Thurber needlegrass plants also did not increase 
when sagebrush competition was reduced but plants were heavily 
grazed during the growing season in 3 of 9 years. 

Results from the exclosure study with similar sagebrush compe- 
tition between grazing treatments implicate periodic heavy grazing 
during the growing season as contributing to restricted basal-area 
growth. The sagebrush control study with little or no competition 
for 6 years strongly implicates periodic heavy grazing during the 
growing season as a primary cause of restricted basal-area growth 
and lack of reproduction. Also, the amount of deferment and rest 
provided by the 3-pasture rest-rotation management system evi- 
dently was not sufficient to mitigate the effects of periodic overuse. 
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These results support the contention that periodic overstocking 
and heavy forage use during the growing season can prevent range 
improvement in an otherwise appropriate rotational grazing sys- 
tem as demonstrated on this allotment by Eckert and Spencer 
(1986). 

Current allotment management plans no longer authorize high 
stocking rates and heavy forage use. Rather, stocking rate is 
adjusted to forage production in order to obtain proper utilization 
levels, at least in years of average growing conditions. Manage- 
ment plans implemented without consideration of proper use 
should be examined and stocking rates adjusted, if necessary, to 
obtain utilization levels that allow plants of desirable species to 
respond to proper management. 
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Vegetation Changes on Western Rangelands 
by Farref A. Branson 

0 84 pages 
l paperback 
0 extensive references 

0 illustrated 
l $4.00 postpaid 

This book provides a comprehensive source of information on vegetation changes that have occurred on western rangelands 
during the past 100 years. It is illustrated with maps and photographs. The comments of one reviewer of the manuscript are as 
follows: 

“It is a very good source of information on vegetation types for students as well as range professionals. It would be a good text 
for range community courses and portions could be used for selected assignments in other range courses. It brings together the 
primary references and provides so much more information to date than our present texts. I strongly believe that it will be a 
well-referred source. It would also improve the image of the range profession as one that is tremendously knowledgeable about 
the resources it manages. Branson’s style of writing is good. It is straight forward and uncomplicated.“-Dr. M. Hironaka, 
University of Idaho, Moscow, Idaho. 

Range professors and students, private and public range managers,soil conservationists, wildlife managers, and others will find 
the book a valuable contribution to their libraries. Available from the Society for Range Management 2760 W. Fifth Ave., Denver, 

CO 80204. 
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An Evaluation of Grazing Intensity Influences 
- nia Annual Range 

R.E. ROSIERE 

Influences of grazing intensity on specks composition and her- 
bage production of grass-woodknd and improved grassknd sub- 
types of annu8i range were ev8iuated over a g-year period in 
coastal northern Califomk using 3 gr8zing treatments (100,150, 
and 200% of moderate stocking). Herbage utilization did not differ 
significantiy between the 2 subtypes but averaged 42,52, and 69% 
fortherespectivetreatments. Pknt specksand production responses 
differed significantiy between woodknd and grassknd subtypes. 
On woodknd, ripgut brome (Blonruprigidus Roth.p and wild oats 
(Avena burbata Brot. and A. f&z L.) were most sensitive to 
grazing intensity while wild barley (Hor&um kporizuan Link. and 
H. hysfrix Roth.) and annual fescue (Festuca dkrtonensis (all.) 
As&. and Graebn. and F. megalura NM.) were kast sensitive. On 
improved grassknd, subterranean clover (Tr#oiium subterraneum 
L.) increased and soft chess (Bromus mogfs L.) decreased with 
increasing gmzing intensity. Soft chess rem8ined most plentiful on 
woodland range under heaviest grazing and it continued to be a 
major specks under heavy grazing of grassland, demonstrating 
tolennce to grazing intensity. Fiiaree (EroGium cicutadum (L.) 
L’Her. and E. botrys (CW.) Bertoi.) declined on woodland but 
increased on grassknd as grazing intensifkd. Peak standing crop 
was not significantly affected by grazing intensity on woodland 
range but was greatest at 150% of moderate stocking and lowest at 
200% of moderate stocking on grassknd range. Deciine in grass- 
knd berboge yield under heaviest grazing was due to reduction of 
soft chess which was dkpkced by subterranean clover. Effects of 
grazing intensity on range composition and productivity were 
confounded by innate differences in ranges and yearly weather 
patterns. Herbrge production was impacted more by annurl grow- 
ing conditions than by grazing regimens, but there was no correk- 
tion between total annual precipitation and peak standing crop. 
Key Words: grazing intensity, annual range, botanical composi- 
tion, herbage yield 

California annual range covers approximately 10 million hec- 
tares. It varies from open grassland dominated by introduced 
annual grasses and forbs to grass-woodland and chaparral with an 
herbacous understory. Much of the California annual type can be 
or has been improved by fertilization (Bentley et al. 1958, Jones 
1963, Jones 1974) and seeding to legumes (Williams et al. 1956, 
Murphy et al. 1973). Although grazing management has been 
recognized as critical to the success of these improvements, it 
usually has been studied secondarily and incidental to them. Graz- 
ing management has been investigated frequently on unimproved 
annual range, mostly in relation to general plant reaction (Pitt and 
Heady 1979) or from perspectives of yearly fluctuation (Pitt and 
Heady 1978), genetics (Marshall and Jain 1969), seedling estab- 
lishment (Bartolome 1979), and advancement through thegrowing 
season (Heady 1958). 

The current appraisal of grazing intensity influences on range 
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Study supported as Hatch Project 3992. 
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Soils of woodland range were Josephine (Typic Haploxerult)*, 
Sutherlin (Aquic Haploxeralf), Laughlin (Ultic Haploxeroll) and 
Los Gatos (Typic Argixeroll). These soils were all clay loams; 
usually shallow, often gravelly. Grassland soils were the Soquel 
(Cumulic Haploxeroll) and Pleasanton (Mollic Haploxeral!) series 
which were both deep alluvial clay loams. 

Experimental Procedure8 
Both range subtypes were evaluated at grazing intensities 100, 

rSoi1 classification follows Soil Survey Staff (1975). 

‘Plant nomenclature from Munz and Keck(l973). 
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on Califor- 

communities accompanied evaluations of sheep performance and 
nutritional value of sheep diets during a grazing trial on annual 
grass-woodland and improved annual grassland range in coastal 
northern California (Rosiere and Tore11 1985). The objectives of 
this study were to determine species composition, peak standing 
crop, utilization, and residue responses to grazing intensity. 

Materials and Methods 

Study Site 
This investigation was carried out from 1979-1984 in coastal 

northern California on the University of California Hopland Field 
Station in Mendocino County (160 km north of San Francisco 
Bay; 64 km inland) within the Pacific Coast Mountain Range. The 
precipitation-determined growing season in this region of Mediter- 
ranean climate lasts about 6 months (November to April; but may 
commence in October). Annual precipitation averages 90 cm but 
varied during duration of the study (Table 1). 

Table 1. Total precipitstion (cm), precipitation received by 20 November 
(any and d8te of first prnhuting raJn for growth seam years 
(July-June) 1979 to 19M at Hopland Field Station, California. 

Total Precipitation by Date, 
Growing season precipitation 20 November’ first rain 

1979-1980 109.3 26.8 (ave.) 25 September 
1980-1981 67.6 4.6 (dry) 17 September 
1981-1982 138.0 35.3 (wet) 25 September 
1982-1983 171.9 22.6 (ave.) 16 September 
1983-1984 103.8 37.8 (wet) 20 August 

‘Date most correlated with herbage production (Murphy 1970). 

Two forms of annual range were investigated: (1) improved 
annual grassland composed of native and naturalized annual 
grasses and forbs overseeded to subterranean clover and, (2) 
annual grass-oak woodland, a mosaic of annual grassland under- 
story with an overstory of blue oak (@ercus douglasii H.&A.), 
interior live oak (Q. wislizenii A. DC.) and madrone (Arbutus 
menziesii Pursh.) and scattered sclerophyllus shrubs such as man- 
zanita (Arctostaphylos spp. Adans.) and chamise (Adenostoma 
fasciculatum H.&A.). 

Improved range was established by overseeding Mount Barker 
and Woogenellup cultivars of subterranean clover (22.4 kg seed/ ha) 
and applying elemental sulfur (12 k/ha) and triple superphosphate 
(56 kg/ha; 11.3 kg P/ha). In fall, 1980 and 1983, improved range 
was topdressed with single superphosphate (168 kg/ha; 14.8 kg 
P/ha). Grass-woodland ranges were developed in 1961. They were 
managed since then at stocking rates similar to those employed in 
the present experiment (Pitt and Heady 1979). 



Table 2. Qeeks compoeltlon ($) of mmml gram-woodlmd range grazed continuouely at 3 graslng later&ties over 5 years la coastal northern Ctiorda. 

Range (% of Moderate Use) 

s3 (100%) 

Year 

Sl (150%) Dl(200%) 
Species 1979 1980 1981 1982 1983 1979 1980 1981 1982 1983 1979 1980 1981 1982 1983 
Airo coryophylleo 4 5 10 19 23 10 18 26 31 36 4 7 6 
Avena borboto/fotuo 10 13 7 9 6 5 2 1 1 0 4 2 
Bromus mollis 36 38 27 28 34 40 37 33 26 30 61 60 52 49 41 
Bromus rigidus 14 7 10 4 3 10 2 5 3 2 4 1 2 1 1 
Bromus rubens 1 2 1 T 2 4 8 3 1 1 T 0 0 0 1 
Elymus coput-medusoe 2 4 7 1 1 1T 0 0 0 0 0 T 0 0 
Festuco spp. 2 1 3 2 5 T T 0 T 1 2 13 13 12 27 
Hordetmt spp: T 1 1 T T T T 1 1 0 5 2 6 T T 
Misc. annual Gromineoeb T 5 1 5 3 T 3 T 2 1 4 2 2 
Perennial Gromineoec T T 1 T 0 T 0 0 

8 5 
0 3 1 T 0 0 

Erodium spp. 8 12 16 5 7 7 17 I1 6 5 T 2 T I 1 
Iris macrosiphon 0 0 1 10 0 0 1T 0 0 0 0 0 
Lupinus spp. 0 T 0 
Medicogo hispido 2 0 0 0 0 T 0 0 0 0 

8 
0 0 0 

~~olium spp. 3 2 4 7 4 12 2 8 8 9 T 2 2 6 2 
Misc. annual forbsd 17 10 10 17 11 11 11 11 22 11 13 7 13 24 18 

‘Primarily H. leportnum and Ii. hystrix. 
bBrizo minor, Bromus spp. Cyno- echinatus. Gastridium ventricosum, Poo atmuo. 
“Stipopukhra except for 1% Sitanion jubatum in DI in 1979. 
dBoeria chrysostoma, Erodiaea spp. Carduuspycnocephalus Lhwctuptuilltu, Geranium spp., Lepidium spp.. Lotus spp. 
T = Trace (less than 1%). 

150, and 200% of moderate use under continuous yearlong grazing 
by flocks of crossbred-wool ewes. For the 100, 150, and 200% 
moderate use treatments, grass-woodland ranges were Pastures S3 
(21.9 ha), S1(15.4ha),and Dl(2.5 ha)grazed onaverageover the 
5-year period by 11, 13, and 8 ewes; while improved annual grass- 
land range units were Paddocks LMl (1.5 ha), LM 3 (1.0 ha), and 
LM 2 (.8 ha), each grazed by 8 ewes. Mean stocking rates of 
woodland and grassland range for the respective grazing treat- 
mentswere.6,1.8,and3.land5.3,8.0,and lO.Oewes/grazableha, 
plus their spring-born lambs for 3 months and 1 ram for 2 months. 
In all years except 1981, periodic addition of sheep to improved 
grassland was necessary in early portions of the growing season to 
reduce shading of subterranean clover. Put and take stocking was 
consistent with the 3 grazing intensities. 

Species composition of pastures was determined at peak stand- 
ing crop (varied from last week of April to second week of May 
depending on the year) using the step point procedure (Evans and 
Love 1957). Herbage production was measured as peak standing 
crop and utilization was determined prior to first fall germinating 
rains by the formula: 1 - (fall residue + peak standing crop). 
Standing crop and residue or mulch (Hedrick 1948) were measured 

by clipping (ground level) and weighing biomass from .09-m2 plots 
in 10 randomly chosen locations within stratified perimeters 
representing key areas and range sites. Wire cages were used to 
protect herbage for peak standing crop. 

Effects of range subtype, stocking rate, and yearly growing con- 
ditions on herbage production, species composition, utilization 
and residue were evaluated by factorial analysis of variance (Steel 
and Torrie 1980). Subtypes and grazing intensities were viewed as 
fixed and years as random effects (repeated measures over time). 
Relationships between peak standing crop and total yearly precipi- 
tation, precipitation by 20 November, quantity of mulch present at 
onset of growing season, and percent herbage utilization the pro- 
vious year were analyzed by simple linear correlation (Steel and 
Torrie 1980). 

Results and Discussion 

Botanical composition (Tables 2 and 3), peak standing crop, 
utilization, and residue (Table 4) varied significantly between 
grass-woodland and improved grassland range and among grazing 
intensities, years, and their interactions (Table 5). 

Table 3. Specks compoeltlon (%) of improved annual gramlend renge wed contlnuo~~ et 3 whl hte~tks over 5 yem’e in CoaeW nortbcro 
callfornie. 

Range (% of Moderate Use) 
Year 

LMl (100%) LM3 (150%) LM2 (200%) 
Species 1979 1980 1981 1982 1983 1979 1980 1981 1982 1983 1979 1980 1981 1982 1983 

Bromus mollis 29 51 51 38 34 21 47 40 26 38 170 43 31 Elymus coput-medusae 0 1 2 1 2 0 T 0 0 0 0 0 2; lt 

Festuco spp.’ 1 10 0 1 8 3 15 4 3 3 8 7 3 4 6 
Hordeum ~pp.~ 3 20 17 13 3 9 15 21 12 7 8 14 
Other annual Gromineoe 0 0 0 0 T 10 0 0 ; ; 0 1; 

5 1 
T 0 

Erodium spp. 2 4 2 2 1 7 9 4 4 11 8 6 2 
nlyolium subterroneum 64 14 26 45 50 57 14 29 53 51 62 25 59 73 
Other nifolium spp. 1 T 0 0 0 T 0 0 T 0 ; T 0 
Miscellaneous forbs’ T T 2 0 2 2 0 2 2 T 

; ; 
2 2 6 

*Primarily E megalura. 
bprimarily Ii. IePorinum and ?I. hystrix. 
EPrimarily Stelkwio media. 
T = Trace (less than 1%) 
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Table 4. Peek etmd& crop (kg/be)reddue (kg/be; %)’ end utillatlon (46) of 8mwl gmswvoodhad mnge8nd improved 8nmul gr8aahd nnge gazed 
CWthBOtuly 8t 3 rtockiog rate4 over 5 ye8m In coestel northern C8llfomia. 

Range (% of Moderate Use) 
Woodland Range 

S3 (100%) Sl (1%) DI (200%) 
1979 1980 1981 1982 1983 Mean 1979 1980 1981 1982 1983 Mean 1979 1980 1981 1982 1983 Mean 

Peak standing crop 2098 1281 1485 1420 2916 1840 1442 753 710 764 1410 1015 2034 1022 1776 1108 1819 1552 
Residue 

kg/ha 1442 872 936 699 947 979 1033 549 323 355 291 510 1625 409 430 291 237 598 
%of standing crop 68 68 63 49 32 53 72 73 45 46 21 50 80 40 24 26 

:: 
39 

Utilization 31 32 37 51 67 44 28 27 55 53 79 49 20 60 76 74 63 

Grassland Range 

LMl (100%) LM3 (150%) LM2 (2%) 
1979 1980 1981 1982 1983 Mean 1979 1980 1981 1982 1983 Mean 1979 1980 1981 1982 1983 Mean 

Peak standing crop 3562 5058 4488 5144 4843 4619 2561 4864 4746 5962 7081 5041 2055 3993 4552 3702 3831 3627 
Residue 

kg/ha 2615 2626 3046 2970 2217 2695 1819 2131 2454 1873 1819 2019 1055 990 807 796 377 805 
% of standing crop 

:: 
52 68 58 46 58 71 44 52 31 26 40 51 25 22 22 

Utilization 48 32 42 54 41 29 56 48 69 74 55 49 75 :: 78 : 75 

Vrior to first fall germinating rain. 

T8ble 5. !Slgnifhnce of to& effeetr,intemtlom end first order mponeea ln pht species, pe8k st8nding crop, mulch 8nd utilization on pees-woodland 
end 8nmul gr848nd ange gr8zad 8t 3 gr8ztng lntea&la for 5 yeua in mute1 northern C8llfoml8. 

Peak 
Species’ standing Utiliza- 

Source of Variation Ai ca Av SPP Br mo Br ri Br ru Er SPP Fe SPP Ho spp Tr su crop Mulch tion 

Range Subtype (RS) l ** *** NS ** l * NS NS ** **+ l ** *+ NS 
Grazing Intensity (GI) l ** l ** NS l ** ** ** l ** NS ** NS *** ** 
Year (Y) l ** *+* *** *** l ** *** l ** *** **. l ** *** l ** 
Gl X Y l ** NS +* NS .*** NS ** * l * *** NS NS 
GIXRS *** *+* *** *** ** *** l *** ** ** l ** NS 
GI within Woodland 

Linear l ** l *+ l ** *** l * l ** l * l * NS *** ** 
Quadratic ++* *+* .** NS +* ** ** l NS ** NS 

GI within Grassland 
Linear +** l * NS * l ** *+ *** **+ 
Quadratic NS NS NS ** ** l * ** NS 

‘Airucuryophyllco(Aica), Avenas cies(Avspp), Eromusmolli~(Brmo), Bromusrigidus(Brri), Bromusrubenr(Br ru), Erodiumspccics(Erspp), Fesrucaspecics(Fespp), 
Hordeurn species (Ho ssp) and 7tr olrum subrerraneaum (Tr su). F 
*=x.1. 
++ = K.05. 
*** = K.005. 
NS = Nonsigniticant. 

Species Composition 
Most species responded to grazing intensities across an array of 

growing conditions during the 5 years of study (Table 1). All 
species had highly significant year effects. Soft chess and wild 
barley were the only species not significantly influenced by grazing 
intensity across both range subtypes; filaree, ripgut, and wild oats 
were the only ones for which grazing intensity X year interactions 
did not occur (Table 5). 

Responses of species were most meaningful when evaluated on 
the 2 range subtypes separately because effects often varied 
between woodland and grassland (Fig. 1 and 2; Table 5). Soft chess 
decreased with increasing grazing intensity on grassland but not on 
woodland range. Ripgut brome and wild oats occurred only on 
woodland, where they decreased as grazing intensified. Filaree also 
declined on woodland but increased on improved grassland with 
higher stocking rates. Woodland populations of silver hairgrass 
(Aira caryophyllea L.) and red brome Bromus rubens L.) were the 
greatest at 150% of moderate grazing and decreased to their lowest 
levels at 200% of moderate grazing. Annual fescue and barley 
species were least frequent on woodland at the intermediate stock- 
ing rate and were most common under heaviest grazing. On grass- 
land, wild barley increased under 150% of moderate grazing to 
decline to its lowest frequency at 2 times moderate stocking. Popu- 
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STOCKIN RATE 

(I OF YOOERATE 6RAZiN6) 

Fig. 1. Meanpercentages (over 5 years) of Bplant species (Aira caryophyl- 
lea [Ai ca] Avena species [Av spp], Bromus mollis [Br mo], Bromus 
rigidus [Br rfJ Bromus rubens [Br ru], Festuca species [Fe spp] Hordeum 
species [Ho spp], and Erodium species [ Er spp] atpeak standing crop on 
annual grass-woodland ranges grazed continuously under 3 grazing 
intensities in coastal northern Cal@omia. 
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STOCKIWG RATE 

1% OF MODERATE 6RAZIN6) 

cl nlll I 
100 150 200 

Ir mo Fe spp Er spp tlo spp I su 
Fig. 2. Meanpercentages (over years)of 5plant species (Bromus mollis [Br 

mo], Festuca species [Fe spp]. Erodium species [Er spp], Hordeum 
species [Ho spp] and ZCyolium subterraneum [tr sun, at peak standing 
crop on improved annual grassland ranges grazed continuously under 3 
grazing intensities in coastal northern California. 

lations of annual fescue did not differ among grazing intensities on 
grassland. Subterranean clover increased under increasing grazing 
intensities. 

Species responses required careful interpretation as some species 
occurred exclusively on 1 range subtype while others were impor- 
tant on both subtypes (Tables 2 and 3). On woodland range ripgut 
was the most sensitive to grazing intensity, followed by wild oats. 
Soft chess reacted similarly but was tolerant to grazing at a spec- 
trum of stocking rates. Though soft chess frequency was less at the 
end than beginning of the study on all woodland ranges, it 
remained most plentiful under heaviest grazing. General decline of 
soft chess populations on woodland over the study period was 
likely due to growing conditions reflected in significant year 
effects. On improved grassland, soft chess was least common under 
heaviest grazing but even then it remained a major component of 
the vegetation. 

Decline in soft chess and secondary grasses under heavier defoli- 
ation benefitted subterranean clover on grassland range (Table 3). 
This relationship had important management implications: popula- 
tions of subterranean clover were increased by raising stocking 
rates. Similar findings were reported by other workers (Suckling 
1975, Fitzgerald 1976, Sharrow et al. 1981) and were attributed to 
competitive advantage of subclover as a function of adaptations 
such as location of flowers near the soil surface, burial of seed and 
prostrate growth form (Rossiter 1966). Heavy grazing was espe- 
cially beneficial to subclover when put and take stocking was 
practiced to reduce grass competition early in the growing season. 

Filaree fell into 2 response categories because it, like ripgut and 
wild oats, decreased with heavier grazing on woodland but 
increased with subterranean clover under heavier stocking rates on 
grassland. This difference may have resulted from selective grazing 
pressure. Sheep may have grazed filaree more intensely on wood- 
land ranges because they could exercise their preference for forbs 
(Stoddart et al. 1975) most readily from this species; whereas on 
grassland, subterranean clover was more available if not more 
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palatable. Differences in competition for factors such as sunlight 
or soil moisture may also have been involved in contrasting 
responses of filaree between the 2 range subtypes. 

Stocking rate reactions in the present trial coincided with those 
reported by several authors. On protected foothill range, Talbot 
and Biswell(1942) documented increases of ripgut, wild oats, and 
soft chess and a decrease in filaree. Bentley and Talbot (1951) 
quantified essentially the same shifts as grazing intensity declined 
from heavy to light, but filaree was greater under moderate than 
close grazing. Sampson et al. (1951) related these changes to suc- 
cessional response. 

Heady (1956a, 1977) classified annual plants according to SUC- 
cession hierarchy with a ripgut/soft chess/ wild oats complex as 
climax. Ripgut and wild oats were not major species in the present 
experiment, but detection of grazing reactions similar to those 
under conditions where they were community dominants (Heady 
1958) was further evidence that these species are relatively sensitive 
to heavy grazing. 

The progression from most to least sensitive species by ripgut, 
wild oats, soft chess, and filaree in this trial was similar to that 
described by Biswell(1956), where annual communities progressed 
from forbs to soft chess to wild oats to ripgut under protection 
following heavy grazing. This sequence was perhaps partially dis- 
puted by the Heady (1956a) classification of all 3 grasses as 
decreasers but neither author was specific as to range site. 

Burcham (1957) outlined retrogression of the annual type from a 
first stage of wild oats (with some ripgut and less soft chess) to 
mostly soft chess at moderate grazing. Deterioration led to filaree, 
wild barley, annual fescue, etc., and then to a third sere of red 
brome, wild barley, silver hairgrass, and various forbs. A similar 
pattern occurred during the current study where red brome and 
silver hairgrass first increased under heavier grazing and then 
decreased under heaviest intensity. These seemed to be responses 
typical of increaser species. Red brome was classified once by 
Heady (1956a) as an increaser and later (Heady 1977) as a climax 
species. 

Wild barley and annual fescue reactions were variable and dif!i- 
cult to assess. These species tended to increase with successively 
heavier grazing, with wild barley being more sensitive than annual 
fescue to heavy use. This latter finding contradicted the range 
degeneration sequence of Burcham (1957) but confirmed Bentley 
and Talbot (195 1) who measured increases in fescue and decreases 
in barley on closely grazed swale sites. Wild barley was observed to 
first increase and then decline with progressively heavier grazing 
on subclover pastures in Australia (Rossieter 1966, Fitzgerald 
1976). 

Herbrp Production and Residue 
Peak standing crop on woodland range was not significantly 

affected by grazing intensity. Grassland standing crop was greatest 
under 150% of moderate use and lowest under 200% of moderate 
use (Tables 4and 5). Utilization increased linearily with increasing 
intensities of grazing on both range subtypes. Utilization did not 
differ between the subtypes but averaged 42,52, and 69% for 100, 
150, and 200% of moderate grazing, respectively. Herbage residue 
decreased concommitantly with increasing utilization but not in 
direct relation (Tables 4 and 5). 

A correlation between herbage residue and peak standing crop 
existed on grassland but not on woodland (Table 6); when calcu- 
lated over both range subtypes there was a strong relationship 
between these 2 variables (r* q  .74). There was no association 
between standing crop and percent herbage utilization. Years had 
highly significant effects on peak standing crop, herbage residue 
and utilization. 

Heavier grazing of improved grassland range and consequent 
increase in subterranean clover was at the expense of total herbage 
production. Peak standing crop at 2 times moderate grazing was 
about three-fourths of herbage biomass produced at moderate and 
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Table 6. Linear correhtion coefficients between peak standing crop (PSC) 
and total 8~mI precipitation (AP), precipitation received by 26 
November (NP), percent herbage utilization the previous year (HU) and 
quantity of reeidue, m&b, pment at beginning of growing season (QR) 
on annual grass-woodland range (WR) and improved annual grassland 
range (CR) in coeetal northern Califomh during growing seasons from 
19794983. 

PSC AP NP HU QR 

:lF 
-.IZNS .49+* .3-5NS -. 16NS 

.lINS .OSNS -.22NS .52** 
Overall’ .OZNS .lONS .OSNS .86** 

‘T~ICC woodland and 3 grassland ranges over 5 growing seasons for precipitation and 
over 4 growing seasons for utilization and mulch measurements. 
l * = PC.01 
NS q  Nonsignificant 

one and a half times moderate rates. Shifts in species composition 
on woodland range did not result in changes in amount of herbage 
produced. This was not explained but may have been partly a 
consequence of more summer annuals, notably turkey mullein 
(Eremocurpus setigerus (Hook.) Benth.), growing on the 2 heavier 
grazed ranges. Biswell (1956) also reported greater incidence of 
turkey mullein with heavy grazing. 

Failure to detect influence of grazing intensity on peak standing 
crop in the grass-woodland subtype corroborated earlier studies. 
Pitt and Heady (1979) found identical patterns of standing crop 
response under 100,150, and 200% moderate grazing intensities in 
a 4-year trial which was conducted on some of the same ranges used 
in the current experiment. On annual range in the Sierra foothills, 
Bentley and Talbot (1951) reported higher herbage yield with light 
and moderate grazing than with close grazing. However, they 
discovered that herbage production was influenced substantially 
only at heavy use. Their investigations employed seasonal rather 
than yearlong use so grazing was probably more intense during 
plant growth than in the Hopland projects. Pitt and Heady (1979) 
concluded that differences in herbage production attributable to 
grazing intensities ranging from moderate to heavy were unimpor- 
tant in management since yearly differences were greater within 
stocking rates than among them. 

The dominant effect of yearly variability in growing conditions 
was obvious in the present 5-year investigation. Years were the 
only source of variation which affected all species and herbage 
production/utilization features (Table 5). Also, the magnitude of 
influence appeared greater for yearly effects. The largest difference 
in peak standing crop among grazing intensities was the 25% 
reduction in herbage yield on improved grassland range under the 
heaviest grazing treatment. By comparison, the mean difference 
between highest and lowest peak standing crop among years within 
grassland stocking treatments was 51% (from Table 4). Mean 
difference among years on grass-woodland range was 48%. 

Although annual fluctuation in growing conditions was the 
major variable that influenced herbage production, this was 
apparently not due to differences in total precipitation because 
there was no correlation between this factor and peak standing 
crop (Table 6). Fall precipitation was positively related to herbage 
production on woodland range. These findings were consistent 
with those reported by Murphy (1970). Pitt and Heady (1978) 
substantiated negative correlations between standing crop and 
amount of rainfall in early to mid-spring, but Duncan and Wood- 
mansee (1975) found no meaningful associations between total 
precipitation and herbage yield. 

Effects of utilization were some of the most direct influences in 
this investigation. Utilization was the only variable in which graz- 
ing intensity did not interact with range subtype (Table 5). Most 
grazing intensity experiments on annual range have focused prim- 
arily on manipulation to retain various amounts of residue (mulch) 
after grazing (Heady 1977). Importance of mulch in the annual 

type was recognized early on by rangemen (Talbot et al. 1939, 
Young 1945) and guidelines have been periodically revised (Claw- 
son et al. 1982). While mulch is currently the best or most accepted 
criterion for proper grazing management, it could not be used in 
the current trial as a direct measure of grazing intensity because it 
was possible to have more residual herbage on a heavier grazed 
range if that range had produced more total biomass (e.g., Range 
Sl vs. Dl; Table 4). Mulch was a function of both grazing intensity 
and herbage yield but percent utilization was a result of stocking 
rate and served as a gauge to the intensity of defoliation. 

A cause/effect relationship between quantity of mulch and her- 
bage production as demonstrated by Heady (1956b) was not dem- 
onstrated by this or the Pitt and Heady (1979) trial. Importance of 
differences among range sites and individual ranges in setting 
mulch standards was shown. For example, Bartolome et al. (1980) 
determined that 840 kg/ ha of mulch was proper for annual range 
(unimproved) in the 40-100 cm precipitation belt, but in the cur- 
rent study there was no significant effect on herbage yield among 
grazing intensities that left from 510 to 979 kg of mulch/ha. Per- 
haps innate differences in production potential among ranges 
negated influences of mulch or perhaps mulch recommendations 
were too general. Because ranges are unique combinations of 
biological and physical features, proper amounts of mulch could 
vary even among proximate grazing units. 

Differences among pastures and growing conditions should be 
considered in evaluating results of defoliation. While grazing 
intensity had limited influence on herbage yield from unimproved 
annual range, effects might have been confounded or masked by 
yearly variation in herbage production, natural fluctuation in spe- 
cies composition, or diversity among ranges. 

Conclusions 
Subterranean clover increases under heavy grazing of fertilized 

annual grassland due to reduced competition with grasses. Increase 
in subterranean clover is primarily at expense of soft chess and 
results in reduced herbage production and subsequent mulch 
accumulation. For northern California, a stocking rate of 2 animal 
units/ha is recommended to maintain an optimum stand of sub- 
clover in a mixture of annual grasses and forbs. 

Soft chess is adapted to an array of grazing intensities in the 
annual type. Stocking rates as high as .6 and 2 animal units/ ha on 
woodland and improved grassland, respectively, allow mainte- 
nance of soft chess populations. 

On annual range, some species fit conventional ecological 
groupings (e.g., ripgut and wild oats are classic “decreasers”) while 
others do not (e.g., annual fescue and wild barley). 

Herbage production on grass-woodland range is not substan- 
tially influenced by intensities of grazing that are reasonable for 
livestock production. Such influence is small compared to natural 
factors like site potential and weather conditions, but total precipi- 
tation is of minor importance. In the northern Coast Range, stock- 
ing rates from .I to .6 animal unit/ha produce similar yields of 
herbage, but lower rates favor larger plant species. 
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Understory Herbage Production of Major Soils within the 
Black Hills of Sout% Dakota 
D.L BENNETT, G.D. LEMME, AND P.D. EVENSON 

AbanCt 
Two-year understory production was determined on 6 major 

forest soils across 2 geomorphic regions in the Black Hiils of South 
Dakota. Stepwise multiple regression was used to determine those 
variables beat espiaining yield variability. Canopy cover, basai 
area, soils, May-June precipitation, and soil X cover interactions 
further improved the modeis, which accounted for 65 to 76% of the 
variability in herbage production. Footslope, nonskeletai soils had 
the highest herbage production (yielding 1,800 kg/ha at 0% canopy 
cover). The least developed, backslope, skeletal soil had the loweat 
herbrge production (producing only 550 kg/ha at 0% canopy 
cover) from comparable areas of the Biack Hills. Developed mod- 
els can be used in conjunction with soil survey reports to estimate 
the forage potential of a given soil mapping unit. Results from this 
study emphasize the importance of considering the understory 
vegetation production potential of individual soil series when 
developing grazable woodland management plans. Soil-related 
production differences were most strongly expressed under condi- 
tions of ihnited overstory canopy cover. 

Key Words: foreat grazing, understory production, Black Hiiis, 
forest soiis 

The understory of forested lands across the United States is 
grazed extensively by livestock and wildlife. Heterogeneity in the 
understory can greatly affect grazing value. As a result, grazing 
potentials on some forest lands are not well understood. 

More than 29,000 cattle grazed nearly 486,000 ha of grazing 
allotments in the Black Hills National Forest of South Dakota in 
1980. An additional 62,000 deer were also living within the same 
forest boundary. Lack of water, steep topography, and dense 
timber make all but 194,000 ha of the area unsuitable for grazing 
(U.S. Forest Service 1983). Thinning dense ponderosa pine (pinus 
ponderosa, Douglas) stands would improve forage production on 
nearly one half of the unsuitable hectarage (U.S. Forest Service 
1983). 

Numerous models have been developed to link overstory forest 
structure to understory vegetation production. Inverse linear or 
curvilinear relationships have been reported in deciduous forests 
(Ehrenreich and Crosby 1960, Woods et al. 1983), mixed deciduous- 
coniferous forests (Gains et al. 1954, Halls and Schuster 1965, Pyke 
and Zamore 1982), and coniferous forests (Pase 1958; Clary and 
Ffolliot 1966; McConnell and Smith 1965, 1970; Wolters 1973, 
1982). Canopy cover and basal area have been found to be highly 
correlated with understory production. 

Variables other than overstory structure have also been used to 
explain yield variability. Wolters (1982) used precipitation in addi- 
tion to basal area to explain large production differences over a 
16year period in Louisiana. Gains and co-workers (1954) separ- 
ated upland sites in Alabama by major soil groups. They found 
that the combined variables of litter weight and soil group 
explained 31% of the variability in herbage yield. Ffolliot and 
Clary (1975) found differences in herbage-timber relationships 
between paired sites of residual soils derived from limestone and 
basalt. 

McConnell and Smith (1965, 1970) and Pase (1958) reported 
that vegetation components respond differently to changes in over- 
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Service, F’ime, S.Dak.; associate professors, Plant Science Department, South 
Dakota State University, Brookings 57007. 
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story structure. In the Black Hills, Pase found grasses more sensi- 
tive than forbs or shrubs to increase in canopy cover. The objective 
of our study was to develop models to predict understory herbage 
production potential of predominant forest soils in the Black Hills 
and to investigate the magnitude of understory production differ- 
ences related to variation in soil properties. 

Site Selection 

Study Area and Methods 

The study was conducted in the metamorphic zone (frigid soil 
temperature regime) and limestone plateau (Cryic and frigid soil 
temperature regime) physiographic areas of Pennington and Cus- 
ter Counties (Fig. 1) (Feldman and Heimlich 1980). Soil classifica- 

LEGEND 

1 - Pactolas & Virkulas 
2 - Stovhos & Trebors 
3 - Vanockers & Sawdust 

J 

Fig. 1. The Black Hills area, including general site locations and soil 
temperature regimes. 

tion, parent material and landscape position and aspect are des- 
cribed in Table 1. Cryic soil temperature occurs at elevations above 
1,968 m (Meland 1979). Two major forest soils were selected within 
each region. 

In the metamorphic zone, Pactola and Virkuia series were 
selected. Pactoia soils were further subdivided into north (N) and 
south (S) aspects since earlier observations indicated contrasting 
understory composition. Nearly level to undulating topography 
typified the cryic soil temperature regime on the limestone plateau. 
Major soil series selected in this regime were Stovho and Trebor. 
Steep, dissected topography occurred in the frigid regime of the 
limestone plateau, Swale positions were generally nonforested. 
Sawdust soils were developed on south aspects where a drier 
microclimate existed, while Vanocker soils occurred on the more 
moist north aspects. 
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Tebie 1. Description of major coils witbin each geomorphic region inveeti@ed. 

Soil Aspect Classification Parent Material Hillslope Position 

Pactoia 

Pactola 

Virkula 

north 

south 

loamy-skeletal, mixed 
Typic Eutroboralfs 

loamy-skeletal, mixed 
Typic Eutroboralfs 

fine, montmorillonite, 
Typic Eutroboralfs 

metamorphic schist and slate 

metamorphic schist and slate 

metamorphic schist and slate 

backslopes and shoulders 

backslopes and shoulders 

footslopes and toeslopes 

Stovho 

Trebor 

fine, montmorillonite, 
Typic Cryoboralfs 

loamy-skeletal, mixed 
Typic Cryoboralfs 

limestone 

limestone 

footslopes and toeslope 

backslopes and shoulders 

Vanockert north loamy-skeletal, mixed 
Typic Eutroboralfs 

limestone backslopes and shoulders 

Sawdust2 south loamy-skeletal, mixed 
(calcareous), frigid, Typic 
Ustorthents 

limestone backslopes and shoulders 

lTentatively reclassified from Loamy-skektal, mixed, Typic Eutrochrepts 
‘Proposed series 

Twelve sites were selected within each of the 7 soils so that the 
full range of canopy cover observed for the soil was represented. 
All sites had representative understory vegetation and had soils 
that fell within the range of characteristics for that particular soil 
series. Large homogeneous areas on slopes utilized by cattle 
(<400/o) (Byrd 1980) that had a minimum of 3 years for understory 
vegetation response following thinning (McConnell and Smith 
1965) were selected. 

were removed from the herbage production model to develop a 
potential forage production model for cattle. 

Results and Discussion 

Sites were distributed across the study area (Fig. 1). A transect at 
each site was established, generally running diagonal or perpen- 
dicular to the slope. 

Important Independent Variables 
Canopy cover was the most important independent variable in 

the prediction of ail yield components (Table 2). The negative 
coefficient associated with canopy cover in each equation reveals 

Site and Undemtory Measurements 

Table 2. Yield’ precipitation models using STEPWISE/MAXR. unopy 
cover soiisz, precipitetion”, and soil X cover interactions’ represent 
independent variables. Best model tested for improvementsSS (P.10.). 

Canopy cover was measured with a spherical densiometer 
(Lemon 1956) and basal area with a cruising prism (Dilworth and 
Bell 1972). Percent slope and aspect were also measured. Elevation 
was determined from U.S. Geological Survey quadrangle sheets. 

Oven-dry understory production was determined by a double- 
sampling method (Pechanec and Pickford 1937, Wilm et al. 1944). 
Ten evenly spaced 20 X 61cm quadrats were placed along each 
transect. Annual understory production was estimated by vegeta- 
tion class (graminoids, forbs, and shrubs) within each quadrat 
during late July through early August in 1982 and 1983. These 
estimates were adjusted to kg/ha by the use of a regression equa- 
tion developed from clipping data derived from 20% of the 
quadrats. 

Data AnaIysea 
Mean yield by vegetation component was determined for each 

site. Stepwise multiple regression was performed to develop yield 
production models (Ray 1982). 

Independent variables tested for predicted yield were the 
following: canopy cover, basal area, soil series, and seasonal 
(May-June) precipitation. Soils were treated as dummy variables. 
Interactions among important independent variables were also tested. 

Forage Potential 

Graminoids 
Rest Model Y = 2.8 + 12.1 (VR) - .I7 (VRC) + 18.5 (ST) - 

.32 (STC) + 8.9 (PS) - .20 (PCS) - .05 (VAC) 
-.06 (SAC) - .10 (cover) + .72 (precip.) 

N, TR, VA, SA q  intercept RI = .68 

Forbs 
Best Model Y = 3.7 + 8.1 (VR) - .14 (VRC) + 1.3 (ST) + 

1.0 (VA) - 3.3 (SA) + .06 (SAC) - .08 (cover) 
+ .21 (precip.) 

TR, PN, PS = intercept R = .65 

Herbage (graminoids + forbs) 
Rest Model Y = 6.3 + 20.3 (VR) - .31 (VRC) + 20.6 (ST 

- .34 (STC) - 9.0 (PS) - .2i (PSC) - 2.9 (SA) 
-. 19 (cover) + .92 (precip.) 

TR, PN, PA = intercept R = .76 

‘Yield expressed in gms/plot (dry matter) X 53.82 = kg/ha. 
2Pactola (N) q  PN, Pactola (S) = PS, Virkula = Stovho = ST, Trebor = TR, Vanocker = 
VA, Sawdust = SA. 
‘Precipitation = May l June (in inches) X 2.54 = cm. 
*Soil symbols followed by ‘C’indicate significant soil X cover interactions. 

Herbage yield (graminoids + forbs) and graminoid yield models its inverse relationship to yield. Graminoids were more sensitive 
were determined for each soil, using canopy cover as the independ- than forbs or shrubs to changes in canopy cover. Basal area was not 
ent variable. Independent palatability ratings of species were deve- as effective as canopy cover in predicting understory herbage yield 
loped by USDA-SCS and USDA-USFS range specialists with production even though cover and basal area were highly corre- 
experience in the Black Hills. Unpalatable components of yield lated (r* = .91). These 2 variables were statistically evaluated jointly 
determined by species inventories and compositional estimates and independently. A regression equation was developed that 
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2ooo YIELD (kg/ha dry matter) 

ia00 

1600 

1400 

1200 

1000 

a00 

nm84 

7’. CANOPY COVER 

Fig. 2. Herbage production by soil using normal May-June precipitation. 

allows conversion of basal area data to overstory canopy cover 
information for areas having only basal area data available. 

The addition of certain soil series improved the sum of squares 
(SS) (PCO.10) over canopy cover alone in all models. Those soil 
series that reacted significantly different (KO. 10) from the other 
soils were identified as being different from the intercept by the 
introduction of the dummy variable into the regression equation. 

Interactions between the 2 most important independent varia- 
bles (canopy cover and soils) improved SS (X0.10) in all models. 
These interactions indicated that all soils were not responding 
similarly to changes in canopy cover. Higher yielding soils gener- 

ally contained a more negative interaction with cover (Table 2), 
resulting in a faster yield reduction as canopy cover increased with 
lower yielding soils (Fig. 2). At dense canopy covers, yields were 
similar among soils. This demonstrates the deemphasis of soil 
properties influencing yield as canopy cover increases. With an 
open canopy, differences in soil production potentials can be fully 
expressed. A curvilinear relationship did not improve the predic- 
tive value of the developed model. 

The precipitation variable also improved the predictive ability of 
all models (Table 2). Long-term yield predictions of native range 
have been developed using seasonal precipitation records (Rogler 

2ooo YIELD (kg/ha dry matter) 

Virkula soils 

1200 - pol.tab* forage production 

800 - 

600 - 

400 - 

0 10 20 30 40 50 

=I. CANOPY COVER 

Fig. 3. Forage potentialfor normal May-June precipitation on Virkula soils. 
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and Haas 1947, Smoliak 1956). In a mixed cool-/warm-season 
plant community, Smoliak found that May-June explained 74% 
of the variability in yield. Vegetation identified in this study was 
predominantly cool season. May-June precipitation averaged 24.9 
cm and 13.5 cm in 1982 and 1983 respectively. The precipitation 
corresponds to high (1982) and low (1983) production years. It 
would be inappropriate to develop a long-term yield prediction 
model based on 2 years of data. However, normal May-June 
precipitation (19.1 cm) can be used in the model since it falls 
between the 2 years. Since the precipitation term was common to 
all soils for each yield component, changes in the coefficient caused 
parallel shifts when yield was regressed on canopy cover (Fig. 2). 
Thus, the inclusion of a precipitation term allows the development 
of a model that has long- and short-term applications. Forbs were 
least sensitive, while graminoids were most sensitive to changes in 
precipitation. 

Herbage Production Relationshipa 
Herbage production relationships among soils (Fig. 2) were 

developed from the model on Table 2. When yield was regressed on 
canopy cover, by soil, Stovho and Virkula soils had the highest 
production potential with a predicted yield of 1,800 kg/ha at 0% 
cover with normal May-June rainfall. 

Swale soils such as Stovho and Virkula (both nonskeletal soils) 
would receive more moisture than the skeletal soils in the study by 
virtue of landscape position. Sawdust soils were the lowest produc- 
ers of herbage, with predicted yields of 550 kg/ha under similar 
conditions. The regression line for Sawdust soils extended to only 
43% cover because greater canopy cover values were not observed 
on any sites. Stovho and Virkula soils occur in landscape positions 
that correspond to Clary and other’s (1966) most productive soil 
topographic areas. Sawdust soils, positioned on southerly expo- 
sures, were least developed. Coarse fragment content of this soil 
was high. Sawdust profiles exhibited minimal development as the 
result of a high calcium carbonate content and droughty microcli- 
mate. Ground cover was more sparse on Sawdust soils than on 
other soils. Calcareous materials at or near the soil surface and 
suficial erosion were evident at all 12 Sawdust sites. These factors 
probably combine to make Sawdust soils low in productivity. 

Although important morphological differences were not observed 
between Pactola soils on north and south aspects, understory 
production and composition were different. South aspects were 
dominated by graminoids, while north aspects were dominated by 
shrubs. Pactola (N) soils out-yielded Pactola (S) soils in total 
production primarily due to the dominance of shrubs. Considering 
only the herbage component, south aspects out-produced north 
aspects (Fig. 2). The major cause for vegetational contrast between 
aspects is probably microclimate differences. 

Forage Potential 
Graminoid and herbage models from Table 1 were incorporated 

into forage potential models by subtraction of nonpalatable yield 
components (Fig. 3). 

Forage potential relationships among soils were comparable to 
those observed in the herbage production models. Although gra- 
minoid production on Virkula soils was over 300 kg/ ha less than 
on Stovho soils, high forb yields on Virkula soils resulted in 
comparable forage potential for these 2 soils. Soils with a southern 
aspect, Pactola (S) and Sawdust, had very few forbs to contribute 
to the forage potential. A low percentage of palatable forbs on 
Vanocker soils with moderate to dense canopy covers helped cause 
the forage component to diminish rapidly compared to other soils. 
Footslope (swale) soils had the greatest forage potential. Average 
forage potential in the frigid sedimentary region with an open 
canopy cover was less than other regions investigated because it 
had slightly less precipitation, warmer temperatures, and shal- 
lower soils. Soils at high elevations within the limestone plateau 
were comparable in forage potential to soils within the metamor- 

phic zone. 
Forage potential varies as precipitation varies. Since graminoids 

are more sensitive to changes in precipitation than forbs, the 
graminoid component of forage will increase faster than the forb 
component as May-June precipitation increases. Grazable wood- 
land sites may require periodic evaluation to determine if major 
changes in plant composition and resultant forage value have 
occurred as a result of changes in livestock management. 

Soil series represent several important variables which are com- 
bining to influence understory vegetation. Landscape position 
heavily influences the effectiveness of rainfall. Colluvial/alluvial 
sediments in swales contained fewer coarse fragments and/or finer 
textures compared to soils developed on upland sites in the study 
area. Relatively low evapotranspiration and high rainfall occurs at 
higher elevations. This elevational difference is reflected in soil 
temperature regimes. Extreme microclimatic contrasts resulting 
from aspect are reflected in degree of forestation and soil profile 
development. Soils on southern exposures in the frigid sedimen- 
tary region were drier, supported less timber, and had less deve- 
loped profiles than those on north aspects. Soil series were an 
effective means of quantifying forage potential for woodland graz- 
ing. Even though this paper has emphasized the importance of 
considering soils in grazable woodland management, many other 
parameters need to be incorporated in the final management plan 
for any natural resource. 
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Temperature and Scarification Effects on Germination of 
Prostrate Bundleflower Seeds 
TIMOTHY E. FULBRIGHT AND KAY S. FLENNIKEN 

Abstract 
A hard seed coat restricts germination of prostrate bundlefiower 

[Dewrum* vfrg&ur var. dcpnssru (Humbolt and Bonpland cx 
WiKd.) Turner] seeds. Our objectives were to determine: (1) the 
effects of temperature on germination of scarified and untreated 
seeds in the light and dark and (2) the efficacy of various presowing 
treatments in increasing germination. Scarified (nicked with a 
razor blade) and untreated seeds were germinated at S-15,10-20, 
15-25,20_30,2s35, and 39-49’ C (12 hours - 12 hours) in the 
dark or with light during the warmer temperature. Effects of 
scarification with 17 M &SO,, hot (800 C) water, 0.7 moi liter-’ 
NaOCl, 2.9 mol liter-’ Hzol, and nicking with a raxor biade on 
germination were compared. Maximum germination of untreated 
seeds was only 696. Germination of scarified seeds exceeded 99% at 
15-250 C and higher temperatures. Light did not affect germina- 
tion at optimal temperatures for germination. Nicking seeds with a 
razor blade, soaking 49 minutes in 17 M H&04, and soaking 25 
minutes in hot (89’ C) water resulted in 91,88, and 78% germina- 
tion, respectively, compared to 3% for controls. Our results indi- 
cated that, for best germination, seeds should be soaked 40 minutes 
in 17 M &SO4 or nicked with a raxor and planted when mean 
minimum-maximum soil temperatures exceed 1+250 C. 

Key Words: seed dormancy, Damanthus virgatus vu. dcpressus, 
range seeding, presowing seed treatments 

Prostrate bundleflower [Lksmanthus virgatus var. depressus 
(Humbolt and Bonpland ex Willd.) Turner] ranges from the Rio 
Grande Plains north to central Texas and west to New Mexico 
(Vines 1960). The native legume is eaten by white-tailed deer 
(Odocoileus virginianus Raf.) (Drawe 1968) and its seeds are con- 
sumed by bobwhites (Colinus virginianus L.) (Wood et al. 1986). 
The plant has been evaluated by the USDA Soil Conservation 
Service (SCS) at Knox City, Texas, for use in range seeding and 
erosion control (Richard Heizer, State Plant Materials Specialist, 
USDA-SCS, pers. commun.). 

The hard coat of Desmanthus seeds restricts germination. Lat- 
ing (1961) reported that germination of Illinois bundleflower [D. 
illinoensis (Michx.) MacM. ex Robins. and Fern.] was increased 
by soaking seeds for 10 minutes in concentrated sulfuric acid 
(H&OS and by clipping seeds at the end opposite the micropyle 
with a knife. Haferkamp et al. (1984) found that velvet bundle- 
flower (D. velutinus Scheele) germination was increased by either 
cutting the seed coat with a razor, immersion of seeds in hot (800 C) 
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water for 3 minutes, or soaking seeds for 17 minutes in concen- 
trated HsSG4. Our objectives were to determine: (1) the effects of 6 
alternating temperature regimes on germination of scarified and 
untreated seeds in the light and dark and (2) the efficacy of various 
presowing treatments in increasing germination of prostrate 
bundleflower. 

Methods 
Seeds of accession 436898 prostrate bundleflower were obtained 

from the USDA-SCS Plant Materials Center at Knox City, Texas, 
and were stored in a cloth bag at 15” C and 40% relative humidity. 
They were 3 years old when used in experiments. 

Seeds were germinated in blotter paper underlain by a layer of 
creped cellulose placed in 13.0 by 13.5 by 3.5-cm plastic boxes with 
tightly fitting lids. The substratum was moistened with 100 ml of 
tap water and remoistened when necessary. Seeds were treated 
with thiram pis (dimethylthiocarbamoyl) disulfide] to minimize 
fungal growth. 

Experiments were conducted with 4 boxes of 100 seeds each per 
treatment. Plastic boxes were arranged in controlled environment 
chambers in a randomized complete-block design. Each experi- 
ment was conducted twice except when otherwise stated. Data for 
the 2 experiments were combined for analysis and values reported 
in the text are the means of the experiments. 

Prostrate bundleflower seeds were considered germinated when 
at least 1 cotyledon was exposed and radicles were 5 mm or greater 
in length (Kissock and Haferkamp 1983). Seedlings not meeting 
these requirements at the end of an experiment were considered 
abnormal. Counts were made daily for 28 days in temperature 
experiments and 14 days in presowing-treatment experiments. 
Germination rate index (GRI) was calculated as the sum of the 
quotients of the number of seeds germinated divided by the 
number of days for germination (Maguire 1962). Corrected germi- 
nation rate index (CGRI) was obtained by dividing GRI by the 
final germination percentage and multiplying by 100 (Evetts and 
Burnside 1972). 

Temperature, Light, and Scarification 
Effects of temperature, light, and scarification on germination 

were determined by germinating scarified and untreated seeds at 
alternating temperatures of 5-15, 10-20, 15-25,20-30,25-35, and 
30-40” C (12 hours - 12 hours) in the dark or with light during the 
warmer temperatures. Seeds were scarified by nicking the distal 
end with a razor blade (Kissock and Haferkamp 1983, Haferkamp 
et al. 1984). For the light treatment, cool-white fluorescent light 
with an average photosynthetic photon flux density of 24 pmol 
m-zs-1 was provided. To maintain constant darkness, plastic boxes 
were wrapped in 3 layers of aluminum foil. A green light was used 
for counts. 

JOURNAL OF RANGE MANAGEMENT 40(2), March 1987 



T8ble 1. Effecta of 68lterrutiog (12 hour+12 hoora)temper8tu1ee (” C), Ugbt (12 hoursd8ily), 8d auriflation (nicked with 8 r8zor bhde)on percent8p 
me811 germhtion 8nd - dev&tione, corrected germhution r8te index (CGRI), 8nd percent 8bnomul seedtinge of proetnte bmtdkflower’. 

Tempcr8turc 

Seed treatments 5-15 lo-20 15-25 Fo-30 25-35 30-40 

Percent germination 
Light 

Scarified Y 1.8) 67( 14.8) 9q 3.4) 95( 1.8) 9q 2.4) 92( 2.4) 
Untreated 0 2( 0.8) s( 2.4) q 2.6) 5( 1.5) q 2.9) 

Dark 
scarified N(ll.3) 81( 6.6) 91( 5.0) 95( 1.9) 93( 3.0) 93( 4.0) 
Untreated 0 2( 2.1) 4( 2.3) Y 1.2) 5( 1.6) 4( 2.3) 

CGRI 
Light 

Scarified y 2.4) 1q 2.2) 3q 1.3) 53( 6.0) 5q 1.0) 64(11.7) 
Untreated 0 12( 3.5) 18(10.2) 29( 10.6) 2q 3.5) 36(14.4) 

Dark 
Scarified q 1.0) 17( 2.1) 27( 1.1) 50(15.3) 3q 4.1) 5q10.5) 
Untreated 0 1q 3.1) 1q 4.3) 25( 5.8) 26(11.9) 20(15.1) 

Percent abnormal seedlings 
Light 

Scarified 
Untreated 

Dark 

16(11.1) 
<1( 0.7) 

5( 3.0) 1( 0.6) I( 0.8) 1( 0.7) I( 1.2) 
<l( 0.5) <I( 0.5) <I( 0.5) <l( 0.4) <l( 0.4) 

scarified 
Untreated 

23( 8.8) 3( 1.6) 3( 1.4) l(O.7) l(0.8) l(l.0) 
0 1( 0.7) <I( 0.5) I( 0.8) I( 1.1) I( 1.0) 

~Values arc means and standard deviations (in parentheses ), n = 8. 

Response curve analysis was used to determine the relationship 
between temperature and germination (Snedecor and Cochran 
1967). Analysis of variance was used to determine if significant 
differences existed between light and scarification treatment means 
within each temperature. An arcsine transformation was used on 
percent germination and abnormal seedling data for analysis. 

Resowing Treatments 

T8ble 2. P- 8nd RX v8hen for raponr curve 8118lyMe of the rehtioarhip 
between percent germhution, corated germhution r8ttc index (CGRI), 
md percent 8booti eeedhga 8nd tempmture for proetr8te bum& 
flower. F v8lucr ue for the qu8dr8Uc model when it w8a d@fi~t 
(PC0.W); otherwir vrluas are for the &mr model% 

Seeds were: (1) soaked 0,20,40,60, and 80 minutes in concen- 
trated (17 M) sulfuric acid (HsSO~) (Young et al. 1981); (2) soaked 
20, 40, 60, and 80 minutes in hot water (80“ C) (Kissock and 
Haferkamp 1983, Haferkamp et al. 1984); (3) soaked 0, 15,30,45, 
and 60 minutes in 0.7 mol liter’ sodium hypochlorite (NaOCl), (4) 
nicked through the coat with a razor blade (K&sock and Hafer- 
kamp 1983, Haferkamp et al. 1984); and (5) soaked 0, 15, 30,45, 
and 60 minutes in 2.9 mol liter-’ hydrogen peroxide (HaOa) (Stid- 
ham et al. 1980). Seeds were rinsed 5 minutes with tap water after 
soaking. These experiments were conducted once with 4 replica- 
tions of 100 seeds per box. 

Response curve analysis was used to predict the optimum level 
of each presowing treatment. The optimum level of each treatment 
was then compared in a final experiment to determine the presow- 
ing treatment most effective in enhancing germination. 

Data from the final. experiment were analyzed by analysis of 
variance (Snedecor and Cochran 1967). Tukey’s test was used at 
the 0.05 level to identify significantly different means when signifi- 
cant F values were found (Kleinbaum and Kupper 1978). An 
arcsine transformation was used on percent germination and 
abnormal seedling data for analysis. 

Treatment 
Light Dark 

Scarified Untreated Scarified Untreated 

Percent germination 
Linear <O.Ol co.01 co.01 <O.Ol 
Quadratic <O.Ol <O.Ol <O.Ol co.01 
RJ 0.93 0.71 0.85 0.72 

CGRI 
Linear co.01 co.01 co.01 co.01 
Quadratic 0.03 0.13 0.25 co.01 
Rr 0.90 0.64 0.75 0.53 

Percent abnormal 
seedlings 
Linear <O.Ol 0.63 co.01 0.14 
Quadratic co.01 0.21 <O.Ol 0.63 
RZ 0.69 0.01 0.76 0.05 

Qatafor pcrccntgcrminstionand pcrccntabnonnalsccdliigswctoarcsioc transfonncd. 

Results 

Temper8twe, Light, and !hrification 
Scarified and untreated seeds exhibited a quadratic response to 

temperature for percent germination in the light and in the dark 
(Tables 1 and 2). Germination of scarified seeds exceeded 90% at 
15-25O C and higher temperatures. Maximum germination of 
untreated seeds was only 6%. 

higher at 30-40” C than at 5-15’ C for scarified seeds in the light. 
Percent germination was similar (m.05) in the light and dark 

at 15-25” C and warmer temperatures (Tables 1 and 3). The light X 
scarification interaction was significant (x0.01) at 5-15 and 
lO-20° C. At these temperatures, percent germination of scarified 
seeds was higher in the dark than light, whereas germination of 
untreated seeds was similar. For CGRI, the light X scarification 
interaction was significant (PCO.05) only at lO-20° C. CGRI of 
scarified seeds was higher in the dark than light, while that of 
untreated seeds was higher in the light. At other temperatures 
CGRI was similar (J70.05) in the light and dark except at 30-40° 
C where it was lower in the dark. 

CGRI of scarified and untreated seeds increased with increasing 
temperature in the light and dark (Tables 1 and 2). Maximum 
CGRI of scarified seeds was at 30-40” C. CGRI was 13 times 

Percent germination and CGRI of scarified seeds exceeded 
(KO.01) that of untreated seeds under all temperature and light 
conditions (Tables 1 and 3). Scarified seeds exhibited 13-41 times 
higher percent germination than untreated seeds. At temperatures 
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Table 3. P- valuea lor the aoalyaim of variance of tbe effecta of light (12 bourn deily) end scuifkatlon (okLed with 8 ruor blade) on percent germination, 
corrected germination rate index (CRRI), and percent abnormal seedlings of prostrate bundleflower for e&~ temperature (” C)l. 

Temnerature 
Seed treatment 5-15 10-20 15-25 20-30 25-35 3m 

Percent germination 
Light (L) 
Scarification (S) 
LXS 

CGRI 
Light (L) 
S&ification (S) 
LXS 

Percent abnormal seedlings 
Light (L) 
Scarification (S) 
LXS 

<O.Ol 
<O.Ol 
<O.Ol 

<O.Ol 
<O.Ol 
co.01 

0.48 0.62 
<O.Ol co.01 

0.26 0.51 

0.36 0.88 
<O.Ol <O.Ol 

0.37 0.23 

0.21 0.65 
co.01 <O.Ol 

0.21 0.03 

0.19 
<O.Ol 

0.07 

0.71 
<O.Ol 
co.01 

0.11 
co.01 

0.71 

0.11 1.00 
<O.Ol 0.12 

0.03 0.78 

0.20 
<O.Ol 

0.94 

0.06 
<O.Ol 

0.08 

0.08 0.07 
0.03 0.02 
0.97 . 0.58 

0.03 
co.01 

0.18 

‘Data for percent germination and percent abnormal seedlings were arcsine transformed. 

above 15-2S” C, germination of scarified seeds was 1.5 to 3 times 
more rapid than that of untreated seeds. 

Scarification increased (X0.05) the percent abnormal seedlings 
at all temperatures except 20-30° C (Tables 1 and 3). For scarified 
seeds, the percentage abnormal seedlings was highest at lower 
temperatures (Tables 1 and 2). Averaged across light treatments, 
there were 20 times more abnormal seedlings at S-15” C than at 
20-30° C. Cotyledons extended through the nicked portion of 
seeds at 5-15’ C, but radicles did not reach 5 mm in length. Poor 
radicle development probably resulted because seedling vigor was 
low at this temperature. For untreated seeds, there was no signifi- 
cant (m.05) relationship between percent abnormal seedlings 
and temperature. Percent abnormal seedlings did not differ signifi- 
cantly (DO.05) between light and dark (Tables 1 and 3). 

presowing treatments. Although H2SO4 scarification resulted in a 
higher percentage of abnormal seedlings than other treatments, the 
number was low. 

Discus..ion 
May, June, and September are peak rainfall months in south 

Texas (Gould 1975). Planting before peak rainfall periods should 
aid in establishment of prostrate bundleflower and temperatures 
during these months should be within the optimum range for 
germination. 

Pruowing Treatments 

Planting scarified seeds when soil temperature are below IO-20° 
C may result in considerable abnormal germination. Planting 
under these conditions should be avoided because the quantity of 
viable seed will be lower when conditions become more favorable 
for germination. 

Prostrate bundleflower germination was not increased by soak- 
ing seeds in 0.7 mol liter” NaOCl and 2.9 mol liter” Hz02 (data not 
shown). Soaking seeds in hot (800 C) water for 0,20,40,60, and 80 
minutes resulted in 3,87,75,17, and l%germination, respectively, 
(y q  2.450+ 8.117x-0.217x* + 0.001~3, R2 =0.96, X0.01). Soaking 
seeds in 17 M H2SO4 for 0,20,40,60, and 80 minutes resulted in 3, 
98,99,95, and 90% germination, respectively (y = 4.496 + 7.054x - 
0.151x2+0.001x3, R2 =0.98, X0.01). Predicted optimumduration 
of soaking for the hot water and H2SG4 treatments was 25 and 40 
minutes, respectively. 

Table 4. Effecta of soaking in bot (so0 C) water lor 25 minutea, soaking in 
17 MHaSO4 lor 40 minutes, and nicking rritb a razor blade on gerndna- 
tion of prostrate bundleflower seeds et 28-39 C (12 hours with darkness 
- 12 bourn witb ligbty. 

Optimal temperatures for prostrate bundleflower germination 
are apparently higher than those for Illinois bundleflower. Town- 
send and McGinnies (1972) found that germination of Illinois 
bundleflower was 93% at 5-20” C (12 hours-12 hours) but was less 
than 35% at 15-25 and 20-35O C.. Conversely, germination of 
velvet bundleflower was much higher at IO-20,15-25, and 20-30” 
C than at 5-15“ C (Haferkamp et al. 1984). 

Methods effective in increasing germination of other Desmart- 
thus species (nicking seeds, soaking in H&04, and soaking in hot 
water) also increased germination of prostrate bundleflower. 
Results indicated that nicking the seeds and soaking in 17 M 
HaSO are the most effective treatments. For large lots of seeds, 
scarifying with H2SO4 would be more practical than nicking. 
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Germination Response of Three Globemallow Species to 
Chemical Treatment 
TIMOTHY E. ROTH, J.L. HOLECHEK, AND MOHAMMED Y. HUSSAIN 

AbStrrCt 
scarlet (sphw&eucoccineu), orange (sphwulceunuwounu), 

and gooseberry globemallow (Sphaerakea grossuhwi@oiia) seed 
were soaked in 18 m sulfuric add; 1 m, l&dioxane; and sulfuric 
acid plus dioxane to increase germination. A 3 to 4-hour soak in 
dioxane significantly (X.05) improved germination of all species 
over the control, and was the best treatment when data were pooled 
across species. !Scarlet globemallow had the highest germination 
when subjected to NJ-minute soak in sulfuric acid. Dioxane is a 
highly flammable, potentially cancer inducing chemical not readily 
available to most personnel interested in seeding globemallow. In 
contrast, sulfuric add is a readily available chemical that poses a 
relatively mirdmal hazard to human health if handled correctly. A 
l&nlnute soak in sulfuric acid l ppears to be a very practical 
treatment for improving the germlnatlon of scarlet and gooseberry 
globemallow. However, orange globemallow germination (JP.05) 
was not improved by sulfuric acid treatment. 
Key Words: forbs, seeding, plant establishment 

Globemallow (Sphaerulceu sp.) is a common herbaceous plant 
occurring throughout most of New Mexico and the desert South- 
west (Kearney and Peebles 1951, Martin and Hutchins 1980). 
Although little information is available concerning globemallow 
germination, plants of this genus are considered highly palatable 
and nutritious both for livestock and big game (Kautz and Van 
Dyne 1978, Stephenson et al. 1985). 

Establishment of herbaceous species on rangelands in New Mex- 
ico is highly correlated with precipitation (Bridges 1942). Growth 
and establishment of forbs is affected by self-induced dormancy 
(Raven et al. 1976). Even when environmental conditions are 
favorable, some seeds will fail to germinate. Seed dormancy is a 
state of seed development that insures species survival over a wide 
range of adverse environmental conditions (McDonough 1977). 
Seed dormancy in globemallow depends on the seed physical prop- 
erties and the presence of a nonwater soluble substance contained 
in the seed coat (Page et al. 1966). 

Altering seed coat porosity may increase globemallow estab- 
lishment. The objective of this study was to determine the germina- 
tive response of 3 species of globemallow to chemical and mechani- 
cal treatments designed to enhance germination by altering seed 
coat properties. 
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Statistics, New Mexico State University, Las Cruca 88003. 
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Materials and Methods 

Seeds from 3 different globemallow species were collected in 
different regions of the western United States. The 3 species were 
scarlet globemallow (Sphuerulceu cocciiw),, orange globemallow 
(S. munrounu) and 2 accessions of gooseberry globemallow (S. 
grossuluriuefoliu). Seed from orange globemallow was collected in 
west-central Idaho; scarlet globemallow seed was from south- 
central Colorado; gooseberryglobemallow seed (2accessions) was 
collected in northern Utah. 

Three chemical treatments were used to stimulate germination. 
These involved immersion of seed in sulfuric acid, dioxane, and 
sulfuric acid plux dioxane. 

Sulfuric acid (I 8 molar) was used to chemically scarify the seed 
coat. Bach species of seed was allowed to soak, without stirring, in 
50-ml beakers each containing IO ml of the sulfuric acid warmed at 
room temperature. At the end of each time frame, seeds were 
removed from the acid, rinsed in tap water, placed on paper towels 
and allowed to dry. Seeds were divided into two 50-seed replica- 
tions per species after drying. 

One molar IJdioxane was used to determine if a nonwater 
soluble inhibitor was present in all varieties of globemallow. This 
treatment was selected because research by Page et al. (1966) 
indicated that removal of nonwater soluble material might en- 
hance globemallow germination. Readers are warned dioxane is a 
cancer inducing chemical of high flammability so it must be 
handled with great care. Seed of each was placed in XI-ml beakers 
to which 10 ml dioxane was added. Times of immersion were 2,3, 
4, 5, and 6 hours. At the end of each time frame, seeds were 
removed from the dioxane, rinsed in tap water, placed on paper 
towels and allowed to dry. Seeds were divided into two 50-seed 
replicates per species after drying. 

To determine if the carpel had any effect upon germination, the 
seeds of scarlet and orange globemallow were used (seed of goose- 
berry globemallow does not have a persistent carpel). The carpels 
for both species were removed by soaking for 2 to 3 minutes in 10 
ml sulfuric acid in 50-ml beakers. Seeds were rinsed in tap water to 
remove the acid and then placed in 50-ml beakers containing IO ml 
dioxane. Times of immersion in dioxane were the same as the 
previously described dioxane experiment. At the end of each time 
frame, seeds were rinsed in tap water to remove the chemical and 
were placed on paper towels and allowed to dry. Seeds were 
divided into two 5O-seed replicates per species after drying. 

The influence of mechanical scarification was also evaluated. 
Seeds from all species were placed in a rotating metal drum lined 
with sandpaper for periods of 10,15,20, and 25 seconds. Because 
scarlet and orange globemallow seeds were covered with carpels, 
these were removed by hand before treatment. This was done to 
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Tabk 1. The effect of 3 cbemiak on the percent germination of 3 globe@ow ape&a. 

Percent germination 

Treatment” 
Gooseberry globemallow 

Scarlet globemallow Orange globemallow I II 

m 

1. Control Sa 2a 14a 32a 
2. HsSO4 (10 m) 77f 8ab 69c 62c 
3. HzSOI (20 m) 44d 14ab 53b 51b 
4. HsSO4 (30 m) 65e 13ab 59b 27a 
5. Dioxane (2 hr) 31c 38e 87d 726 
6. Dioxane (3 hr) 53f 68cd 
7. Dioxane (4 hr) :: 56f iti 64cd 
8. Dioxane (5 hr) 3sc 3se 93d 66cd 
9. Dioxane (6 hr) 17b 25cd 86c 55bc 

10. HzSOd/ Dioxane (2 hr) 61e 17bc - - 
11. HlSOd/ Dioxane (3 hr) 67e l5bc - - 
12. HaSOd/ Dioxane (4 hr) 62e Ilb - - 
13. H&O4/Dioxane (5 hr) 61e 2lc - - 
14. H&O4/Dioxane (6 hr) 61e 29de - - 

‘Treatmenfs within columns with different letters an significantly different (X.05) using the LSD test. 
INumbers m parenthesis refer to length of time soaked m the chemical. 

study actual seedcoat scarification. Seed was divided into two 
SO-seed replicates per species after scarification. 

After application of the 4 treatments and division into replicates, 
seeds were placed on water-saturated filter paper within plastic 
petri dishes. The petri dishes were placed randomly inside a walk-in 
germinator, which was maintained at total darkness. Temperature 
was maintained at a constant 25O C. 

Dishes were checked daily in order to determine the initiation 
and duration of germination. Seeds were considered germinated 
when the radicle had elongated to a length of 1 cm. Observations 
were continued for 21 days. 

Every chemical/time combination was considered a treatment 
(Table 1). The number of nonviable seeds was subtracted from the 
total to calculate percent germination. Therefore, germination is 
expressed as the percent of viable seeds germinating. Germination 
data were analyzed using a two-way (species X treatment) random- 
ized least squares analysis of variance. Differences between means 
were tested using the Least Significant Difference method. Mechani- 
cal scarification data were analyzed separately from data involving 
chemical treatments. 

Results and Discussion 
Control Germination 

Germination for the control treatment showed considerable 
variation among globemallow species (5 to 32%) (Table 1). Acces- 
sion II of gooseberry globemallow had over twice the percent 
germination of Accession I. The variation between the 2collections 
is probably due in part to year of seed collection. Research on other 
species shows seeds collected on the same site in different years can 
vary considerably in germination (Young and Evans 1977). Har- 
vest date and storage methods can also affect relative germination 
between plant species and varieties (Waller et al. 1983). 

seuine8tion with &!so4 
The l&minute soak in sulfuric acid gave the significantly highest 

(K.05) germination for scarlet globemallow and greatly increased 
(K.05) gooseberry globemallow germination over the control 
(Table 1). However, sulfuric acid had no significant effect (m.05) 
on orange globemallow germination. Page et al. (1966) reported 
gooseberry globemallow had germinations of 30 to 40% when 
treated with HsHO4. Both our and their results show no advantage 
(in our study germination decreased) to soaking periods over 10 
minutes. 

Organic Solvent Soaking 
Dioxane increased (K.05) the germination of all globemallow 
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species over the control (Table 1). Soaking in dioxane compared to 
other treatments gave the highest germinations for both accessions 
of gooseberry globemallow and for orange globemallow. Page et 
al. (1966) reported gooseberry globemallow seed treated with 
dioxane had germinations of 37,52,48, and 67%for 1,2,3, and 4 hr 
soaks in dioxane, respectively. Our results are consistent with 
theirs in showing soaking in dioxane can be a useful method of 
improving globemallow germination. The influence of dioxane 
soaking period on germination was inconsistent among species. 
However, the 3 hour soak gave a relatively high percent germina- 
tion for all 3 species. It would appear to be the best choice for 
personnel interested in improving germination of other native 
globemallow species by treatment with dioxane. 

Combiition Organic Solvent and Aeid Scarification 
Combination organic solvent plus acid scarification showed no 

advantage over single use of either sulfuric acid or dioxane treat- 
ments for any species (Table 1). The combination treatment did 
improve the germination of scarlet globemallow compared to 
dioxane alone. However, the 10 minute soak in sulfuric acid gave 
the highest germination for scarlet globemallow. 

Mechanical Treatment 
Mechanical scarification increased the germination of all globe- 

mallow species in our study. However, for all species and time 
frames, all embryos were damaged and did not live beyond 7 days. 
Page et al. (1966) found gooseberry globemallow germination 
decreased from 47% to 8% as mechanical scarification time 
increased from 5 seconds to 25 seconds. Both our and their results 
showed great care must be exercised to prevent seed damage when 
mechanical scarification is used. 

Conclusions 

Results from our study indicate soaking in sulfuric acid or 
dioxane has potential to greatly increase the germination of native 
globemallow species. These findings have economic implications 
because these globemallows are palatable and nutritious to live- 
stock, their seed is difficult to collect, and their seed is in demand 
and expensive (over $lOO/kg). Although dioxane improved the 
germination of all 3 globemallow species in our study, it has the 
disadvantages of being cancer inducing, highly flammable, and not 
readily available to many personnel interested in seeding globemal- 
low. Sulfuric acid was less consistent across globemallow species in 
increasing germination. However, a IO-minute soak in sulfuric acid 
gave highest germination for scarlet globemallow and it improved 
gooseberry globemallow germination. It is a much more practical 
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treatment due to its availability and relative low hazard to human McDonoyh, W.T. 1977. Seed physiology. P. 15Cls4. I: R.E. Sosebee 
health. (cd.), Rangeland plant physiology. Sot. Range Manage. Denver, Cola. 
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Effects of Temperature, Light, and Scarification on Germi- 
nation of Brownseed Paspalum Seeds 
KAY S. FLENNIKEN AND TIMOTHY E. FULBRICHT 

AbShCt 

Brownseed p8q8ium (Paspahm plicatulum Michx.) is an 
hnport8nt forrrge gr8ss in tropical 8nd subtropical regions. This 
study investigated effects of tempenture, light, md scarification 
on germination of seeds from Texrs, Austr8ii8, South America, 
urd Africa. Seed source8 included PI-353399 (Ivory Coast), 
‘Bry8n’ (Austr8li8), Paq~alum pliccrtulwn 600 (Columbia), and 
collections from De Witt and Hidalgo Counties, Tex8s. Untre8ted 
seeds md seeds sarified in 17 M sulfuric acid for 20 minutes were 
germin8ted under light (12 hours d8ily) urd d8rk conditions at 
8item8ting tempelrtures of S-15 (12 hours-12 hours), 10-20, 
H-25,20-30, 25-35,8nd 30-400 C for 28 d8ys. Seeds from all 
sources showed sin&r responees to tempenture for percent ger- 
min8tion 8nd corrected germination nte index (CGRI). Highest 
percent germirution of Hildrigo seeds occurred rt 20-30 8nd 
25-35” C, while th8t of other sources occurred 8t 25-35 8nd 30-40” 
C. Miximum CGRI for most sourcea w8a 8t 30-400 C. Percent 
germination w8a gener8iiy higher in light than duk. !Sarification 
increased percent germhution 8nd CGRI of De Witt, Hid8igo, 
PI-353399, 8nd Bry8n seeds. Our d8ta indic8te th8t brown8eed 
p88p8lum 8eeds 8re 8d8pted for warmaerson germilution. 

Key Words: Paspalm pUcatulum, corrected germhution nte 
index, fonge gr8sza, 8eed dornuncy, tropic81 ecoeyetems 

Brownseed paspaium (Paspalumplicatulum Michx.) is a native, 
warm-season, perennial bunchgrass found from North Carolina 
along the Gulf Coast to east Texas, and south to Argentina. The 
grass grows on poorly drained clay loam soils and on deep sandy 
soils (Leithead et al. 1971). In Texas, it provides fair grazing for 
livestock (Gould and Box 1965, Gould 1978). Cattle readily eat 
brownseed paspalum foliage after frost in the southern United 
States and it is one of the more palatable grasses in Florida (Grelen 
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and Hughes 1984). Seeds of the grass are eaten by quail and wild 
ducks (Leithead et al. 1971). Two cultivars, Bryan (introduced 
from Puerto Rico) and Rodd’s Bay (introduced from Guatemala), 
are grown for forage in Australia (Bisset 1975). 

Requirements for germination of brownseed paspalum seeds are 
poorly documented. The objectives of this study were to investigate 
the effects of 6 alternating temperature regimes on germination of 
scarified and untreated seeds from Texas, Australia, South Amer- 
ica, and Africa in the light and dark. 

Mnteriais and Methods 

Brownseed paspalum seeds were collected by hand from native 
stands in De. Witt and Hidalgo counties, Texas, in 1982. The 
Australian cultivar ‘Bryan’(harvested in 1983) was obtained from a 
commercial source in Queensland, Australia; and Paspalum pli- 
catulum 600 (PP600) seeds were obtained from Centro Interna- 
cional de Agricultura Tropical, Cali, Columbia (harvested in 
1981). Accession PI-353399, originally harvested in ivory Coast, 
was obtained from the USDA Plant Materials Center, Kingsville, 
Texas. Accession PI-353399 seeds used in the study were harvested 
in 1983 from a stand at Kingsviile. The study was conducted in 
1983. 

Seeds were evenly distributed on blotter paper underlain by a 
layer of creped cellulose and placed in plastic boxes measuring 13.0 
by 13.5 by 3.5 cm with tightly fitting lids (Fulbright et al. 1983). 
Seeds were treated with thiram l@s(dimethylthiocarbamoyl) disul- 
fide] to minimize fungal growth. The substrata were moistened 
with 100 ml tap water (electrical conductivity 1.6 dS m-‘, ph 7.9) 
and remoistened when necessary. Four plastic boxes of 100 seeds 
per treatment were placed in a randomized, complete-block design 
within controlled environment chambers and each experiment was 
conducted twice. 

Effects of temperature, light, and scarification on germination 
were determined by germinating scarified and untreated seeds 
under light and dark conditions at alternating temperatures of 
5-15,10-20,15-25,20-30,25-35,and 30-40“ C(12 hoursdark- 
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hours light). Seeds were scarified by soaking in 17 M sulfuric acid 
(HsSO,) for 20 minutes at 30’ C. In pilot experiments, a 20-minute 
soak in H2SO4 increased germination of the De Witt County 
source. Following scarification, seeds were rinsed for 5 minutes in 
tap water and spread on paper towels to air dry for 24 hours at 
room temperature (Bonner et al. 1974). In the light treatment, 
cool-white fluorescent lights with an average photosynthetic 
photon flux density (PPFD) of 24 pmol m-2s-’ were provided for 12 
hours daily at the warmer temperature. Dark conditions were 
maintained by wrapping plastic boxes in 3 layers of aluminum foil. 
A green light (PPFD 2 to 3 pmol m-2s-1, wavelength 500 nm) was 
used for counts. 

Germinated seeds were counted daily for 28 days. Seeds were 
considered germinated when the coleoptile and radicle extended 
one-half the length of the seed. Percent germination was calculated 
on the basis of the percent live seed in each source: 

% germination adjusted 
for live seed 

q  % germination X 100 
% live seed 

Percent live seed in each source was determined by soaking seeds in 
a 0.1% 2,3,5- triphenyl tetrazolium chloride solution at 300 C for 3 
hours (Grabe 1970). Germination rate index (GRI) was calculated 
as the summation of germination percentage for each day divided 
by the total number of days for germination (Maguire 1962). 
Corrected germination rate index (CGRI) was obtained by divid- 
ing GRI by the percent germination (adjusted for live seed) and 
multiplying by 100 (Evetts and Burnside 1972). 

Response curve analysis was used to determine the relationship 
between temperature and germination for each source (Snedecor 
and Cochran 1967). Analysis of variance was used to determine if 
significant differences existed between light means and scarifica- 
tion means for each temperature and source. Differences discussed 

Table 1. Response curve relationships for percent germination (adjusted 
for live red) and 6 alternating temperaturen for 5 sources of brownseed 
paspahm. 

Seed source 

Treatment 
Light Dark 

Untreated Scarified Untreated Scarified 

De Witt 
Relationship 
RZ 

Hidalgo 
Relationship 
RZ 

PI-353399 
Relationship 
RZ 

Bryan 
Relationship 
RJ 

PP600 
Relationship 
RJ 

Quadratic Quadratic Linear Quadratic 
0.82.’ 0.86’. 0.57** 0.80** 

Quadratic Quadratic 
0.75** 0.97** 

Quadratic Quadratic Linear Linear 
0.67** 0.63*+ 0.60*+ 0.25** 

Quadratic Quadratic Quadratic Quadratic 
0.86** 0.85.. 0.84” 0.90’. 

Linear Quadratic Quadratic Quadratic 
0.78+* 0.94** 0.89** 0.775. 

Quadratic 
0.93** 

**Significant at the 0.01 level. 

in the following section were significant at the 0.05 level of proba- 
bility unless otherwise indicated. 

Results 
Brownseed paspalum seeds from 5 sources showed similar 

responses to temperature for percent germination and CGRI. Per- 

Table 2. Effects of temperature (” C), light (12 hours daily), and scarification on percent germination (adjusted for live treed) of 5 sources of brownseed 
paapafum seeds. 

Seed source Seed treatment 5-15 10-20 IS-25 
Temperature 

20-30 25-35 30-40 

De Witt 

Hidalgo 

PI-353399 

Bryan 

PP600 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scar&xl 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

0' 
0 

7(5) 
0 

0 
0 

W) 
0 

0 7’38) 96(4) 70(34)2 91(10) 101(l) 
0 5503) 67(29) 72(28) 95(7) 89(10) 

W2) 82(8) 96(5) 72(33)2 91(10) 99(5) 
5(8) 26(15) 43(23) 5q35) 77(12) 71(14) 

7(8) 57(8) 70(12) 73(11) 70(9) 
3(2) 46(10) 61(11) 69(14) 72(6) 

250 480) 62(15) 62(6) 680 
15(13) 31(12) 50(12) 56(7) 59(6) 

s(4) 28(13) 
17(7) 72(8) 

75(14) 74(11) 
85(7) 92(17) 

13(9) 31(17) 57(12) 70(10) 53(14) 
38(11) 65(17) 77(9) 87(7) 83(14) 

W9) W) 67(23) 7X8) 88(10) 
38(21) 5ql6) 77(19) 90(15) 9’-Yl6) 

41(11) 67(8) 66(21) 
ll(l0) 27(16) 46(22) 

51(9) 91(6) 103(5) 
1q7) 40(12) 65(17) 

70(5) 74(13) 
370 58(28) 

99(3) 95(9) 
74(14) 61(24) 

60(10) 81(11) 93( 10) 95(9) 91(4) 
1103) 24(13) 40(21) 32(10) 27(14) 

Walues in parentheses are standard deviations. 
*Low values possibly resulted from an error during scarification. 
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cent germination of untreated seeds, except for PP600, showed a 
quadratic response to temperature in the light (Tables 1 and 2). Table 3. Respome curve relationsblps for corrected ~ermb&hm rate Bdex 
Untreated PP6OOexhibited a linear response to temperature in the (CGRI) and 6 altematlng temperatures for 5 sowa of brownaeed 

light. In the dark, percent germination of untreated De Witt and paspalum* 
PI-353399 increased linearly with increasing temperature, while 
seeds of the other sources exhibited quadratic responses. Percent Treatment 
germination of scarified seeds of all sources, except PI-353399, 
increased quadratically with increasing temperature in the light Light Dark 

and dark. Scarified PI-353399 seeds showed a linear increase in seed source Untreated Scarified Untreated scarified 

percent germination with increasing temperature in the dark. 
Highest percent germination, except for Hidalgo seeds, occurred 

at 25-35 and 30-400 C (Table 2). Highest percent germination of 
seeds from Hidalgo County occurred at 20-300 C and 25-35O. 
Lowest percent germination of all sources occurred at 5-15O C. 
The PI-353399 accession was the only source that showed appreci- 
able germination (39%) at 5-15’ C and that was with scarified 
seeds in the dark. 

Corrected germination rate index of untreated De Witt and 
PI-353399 seeds increased quadratically with increasing tempera- 
ture in the light and dark (Tables 3 and 4). Scarified and untreated 
Hidalgo seeds exhibited a quadratic response to temperature in the 
dark for CGRI. Corrected germination rate index increased line- 
arly with increasing temperature for all other sources and treat- 
ments. Germination rates were highest at 30-40” C for most sour- 
ces and treatments. 

De Witt 
Relationship Quadratic 
R’ 0.94’. 

Hidalgo 
Relationship Linear 
RJ 0.93** 

PI-353399 
R$ationship Qww$c 

Bryan 
Relationship Linear 
RZ 0.81.. 

PP600 
Relationship Linear 
RZ 0.99” 

Linear 
0.97.’ 

Linear 
0.97.’ 

Linear 
0.93** 

Linear 
0.94** 

Linear 
0.94*+ 

Quadratic Linear 
0.96.’ 0.96*+ 

Quadratic Quadratic 
0.95** 0.95’. 

Quadratic Linear 
0.90** 0.92** 

Linear Linear 
0.77+* 0.90+* 

Linear Linear 
0.94.5 o-95** 

Percent germination was generally higher in the light than in the 
dark (Tables 2 and 5). The light X scarification interaction was 
significant (KO.05) for percent germination of De Witt at temper- 
atures above 5-15’ C, Hidalgo at temperatures above 15-25’ C, 
PI-353399 at all temperatures except 15-25” C, and Bryan at 
30-40“ C. The interaction resulted because percent germination of 
untreated seeds was higher in the light than in the dark, but 
germination of scarified seeds was similar under both conditions. 

l *Significant at the 0.01 level. 

Corrected germination rate index of De Witt, Hidalgo, PI- 
353399, and PP600 was higher in the dark than in the light at most 
temperatures (Tables 4 and 6). The CGRI of Bryan was similar in 
the light and dark. 

Percent germination of scarified De Witt seeds was higher than 

Table 4. Fffects of temperature (” C), Ugbt (12 hours dally), and scwifkatlon on corrected germination r8te index (CCRI) of 5 aourcee of brownwed 
paspalum. 

Temnerature 

Seed source Seed treatment 5-15 IO-20 15-25 20-30 25-35 30-40 

De Witt 

Hidalgo 

PI-353399 

Bryan 

PP600 

Light 
SCNi!i.Zd 

untreated 
Dark 

scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 
untreated 

Light 
scarified 
untreated 

Dark 
scarified 

0' 5.7(0.5) 9.9(1.2) 17.3(1.4) 23.1(1.1) 25.6(2.9) 
0 5.5(0.9) 8.9(0.8) 14.q1.6) 19.3(0.8) 19.8(3.3) 

l.ql.8) 8.2(0.5) 11.4(0.9) 19.q1.6) 24.7(1.6) 28.3(2.4) 
0 7.8(1.1) 10.qo.7) 16.9(1.3) 22.1(0.8) 22.6(2.1) 

0 5.9(0.4) 10.8(0.6) 20.7(1.0) 28.2(1.5) 31.0(2.1) 
0 5.2(0.6) 6.8(0.4) 13.0(2.0) 16.q1.8) 17.6(2.1) 

O&1.2) 7.7(0.5) 12.5(1.1) 25.5(3.8) 28.q1.6) 31.4(1.4) 
0 5.6(0.9) 9.3(1.3) 15.0(1.0) 17.9(1.4) 20.q3.6) 

0 
0 

2.0(2.1) 
H(2.0) 

0 
0 

0 
0 

0 
0 

0 

7.2(0.6) 15.1(0.7) 25.6(5.4) 31.1(1.2) 37.7(6.8) 
6.4(0.7) I l.O(l.6) 16.5(4.1) 20.8(3.3) 19.8(3.3) 

10.2JO.5) 17.8(1.6) 26.3(5.7) 31.7(1.3) 38.9(7.3) 
8.7(1.0) 12.3(1.5) 18.1(3.4) 22.7(2.3) 23.70.8) 

3.1(2.0) 6.q1.0) 13.2(1.0) 16.q1.5) 20.5(3.5) 
4.3(2.0) 5.4(0.5) 8.q2.4) 12.2(2.5) 13.5(3.9) 

4.4(0.6) 6.5(0.9) 13.3(1.8) 16.5(1.8) 20.8(5.2) 
4.3(1.3) 5.5(1.0) 8.q3.2) 12.2(3.2) 12.4(3.1) 

2.7(1.7) 5.6(0.5) 1 l.o(l.5) 13.8(0.8) 15.4(1.4) 
3.6(0.4) 6.q0.5) 12.qo.7) 17.3(0.6) 2O.qO.6) 

3.4(0.4) 6.q1.3) 11.5(1.6) 14.9(0.8) 16.3(1.8) 
untreated 0 4.4(0.3) 8.1(3.7) 14.0(1.1) 18.1(1.0) 20.7(2.4) 

%lues in parentheses are standard deviations. 
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T8ble 5. P-v8luee for the uulyeee of v8rhncc of tbc effecte of light 8nd ec8rlfhtlon wltb conccntr8ted HPSOI on percent germhtlon (8djueted for live 
eeede) of 5 eourcu of browneeed pep8lum 8t 6 alternating (12 boure-12 hum) temper8tum c C). Sepmte 8118lyeee were done for ucb tempmture 
8nd eource combhutlon. 

Seed source and 
treatment 

De Witt 
Light (L) 
Scarification (S) 
LXS 

Hidalgo 
Light (L) 
Scari!ication (S) 
LXS 

PI-353399 
Light (L) 
Scarification (S) 
LXS 

Bryan 
Light (L) 
Scarification (S) 
LXS 

PP600 
Light (L) 
Scarification (S) 
LXS 

5-15 10-20 

0.26 CO.01 
0.26 0.03 
0.26 co.01 

0.35 0.03 
0.35 co.01 
0.35 0.22 

0.03 <O.Ol 
0.03 <O.Ol 
0.04 <O.Ol 

. co.01 

. 0.03 

. 0.30 

. <O.Ol 

. co.01 

. 0.01 

Temperature 
15-25 20-30 25-35 30-40 

0.06 <O.Ol <O.Ol <O.Ol 
co.01 0.11 0.05 0.24 

0.01 CO.01 co.01 0.02 

0.05 co.01 <O.Ol CO.01 
co.01 <O.Ol co.01 co.01 

0.37 0.01 CO.01 <O.Ol 

0.24 <O.Ol co.01 <o-o1 
CO.01 0.02 0.41 <O.Ol 

0.24 0.03 co.01 CO.01 

CO.01 co.01 co.01 co.01 
<O.Ol co.01 0.30 0.02 

0.25 0.66 0.77 0.01 

0.57 0.02 0.66 0.02 
<O.Ol 0.02 <O.Ol <O.Ol 

0.32 0.61 0.27 0.20 

T8ble 6. P-V8hCr for tbe 8n8lyeee of v8rimce for the effecte of light 8od w8rifhtion nitb coacentr8ted &so4 on CGRI of 5 eourca of browneeed 
p8ep8lum 8t 6 alternating temper8turee c C). !3ep8We dyeea were done for ucb temper8ture 8nd source combirution. 

Seed source and 
treatment 

De Witt 
Light (L) 
Scarification (S) 
LXS 

Hidalgo 
Light (L) 
Scarification (S) 
LXS 

PI-353399 
Light (L) 
Scarification (S) 
LXS 

Bryan 
Light(L) 
Scarification (S) 
LXS 

PP600 
Light (L) 
Scarification (S) 
LXS 

5-15 10-20 

0.17 <O.Ol 
0.17 0.36 
0.17 0.66 

0.35 <O.Ol 
0.35 <O.Ol 
0.35 <O.Ol 

0.04 <O.Ol 
0.29 0.01 
0.43 0.10 

. 0.18 

. 0.25 

. 0.17 

. 0.05 

. 0.03 

. 0.84 

Temperature 
15-25 20-30 25-35 30-40 

CO.01 <O.Ol <O.Ol <O.Ol 
0.05 <O.Ol <O.Ol co.01 
0.82 0.95 0.17 0.94 

CO.01 <O.Ol 0.02 0.07 
<O.Ol <O.Ol <O.Ol CO.01 

0.24 0.10 0.09 0.03 

0.02 <O.Ol 0.04 CO.01 
CO.01 co.01 <O.Ol <O.Ol 

0.24 0.30 0.25 0.03 

0.53 0.91 0.90 0.41 
<O.Ol <O.Ol <O.Ol CO.01 

0.96 0.72 0.75 0.41 

0.20 0.04 CO.01 0.47 
0.07 0.01 <O.Ol <O.Ol 
0.49 0.15 0.79 0.49 

that of untreated seeds in the dark but not in the light (Tables 2 and Discussion 
5). Scarified Bryan and Hidalgo seeds had higher $.r&nt germina- 
tion than untreated seeds at most temperatures. For PI-353399, Texas’sources of brownseed paspalum appear adapted for ger- 

percent germination 0.f scarified seeds was similar to or higher, 
mination during the summer. Average daily minimum and maxi- 

depending on temperature regime, than that of untreated seeds in 
mum temperatures above 20 and 30’ C, respectively, occur in May, 

the light. In the dark, scarified seeds exhibited higher percent 
June, July, August, and September in south Texas (NOAA 1972). 

germination. Scarified De Witt, Hidalgo, PI-353399, and Bryan 
Environmental conditions most favorable for establishment of 

seeds also germinated more rapidly than untreated seeds at most 
brownseed paspalum probably occur in May, June, and Sep- 

temperatures (Tables 4 and 6). Scarification reduced percent ger- 
tember, which are peak rainfall months in south Texas (Gould 

mination and CGRI of PP600. 
1975). Australian, African, and South American sources also 
appear to be adapted for germination during warm seasons. 

Our results agreed with specifications of Low (1981) that light 
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should be provided for testing germination of brownseed paspa- 
lum. Several other Puspuhm species apparently require light for 
maximum germination. Low (1981) indicated that light should be 
used for testing seeds of 4 Paspalum species commonly planted in 
Australia. 

Differences among seed sources in the effect of scarification with 
17 M H&O4 probably resulted from differences in dormancy. 
Dormancy may have varied because of differences in seed age, 
environmental conditions during seed development and seed stor- 
age, or ecotypic variation. Our results indicate that scarification 
with H&O4 is a potential presowing treatment to increase germina- 
tion of dormant brownseed paspalum seeds. 

Gamboa and Guerrero (1969) found that HaSO, scarification 
separated the lemma and palea and increased germination of Bahia 
grass seeds. Brownseed paspalum caryopses are tightly enclosed in 
the lemma and palea and HeSO possibly increased germination 
through effects on the lemma and palea. However, HsSO4 scarifi- 
cation also causes biochemical changes in seeds (McDonald and 
Khan 1983). Tischler and Young (1983) concluded that HzSO4 
may destroy or solubilize germination inhibitors in the seed coat of 
the caryopsis or in the lemma and palea of kleingrass (Panicurn 
colorurum) and thus its effect is at least partially independent of 
scarification. Further research is needed to determine causes of 
dormancy in brownseed paspalum seeds. 
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Light Requirement for Seed Germination of Payson Sedge 
LUCINDA HAGGAS, RAY W. BROWN, AND ROBERT S. JOHNSTON 

AbStlWt 

Payson sedge (Carexpuyson& Clokey) is a dominant compo- 
nent of many alpine floras in the western United States. This 
species appears to be a highly adapted colonixer (early invader) on 
disturbancea such as acidic mine spoils at high elevations, and its 
rhixomatous growth habit offers promise for revegetation of these 
sites. The few natural seedlings observed in the field suggest that 
seed germination of Payson sedge is low compared with that of 
other alpine colonixem, and seeding trials with this species have 
met with poor success. Therefore, studies were designed to deter- 
mine the germination requirements of this species. The effects of 2 
levels each of light (visible vs. complete darkness), temperature 
(constant 250 C vs. variable 25/3” C day/night), and seed position 
in soil (surface vs. buried) on gennhution were investigated under 
controlled conditions in the laboratory. The highest germination 
percentage (p = 28.8%) was attained under conditions of complete 
darkness followed by exposure to light at variable temperatures. 
There were no significant differences (~K0.05) in germination lev- 
els under conditions of light coupled with variable temperature (Z= 
21.3%), and complete darkness followed by light at constant 
temperature (Z = 22.8%). Germination levels were low (p = 10.0%) 
under light at constant temperature and seeds subjected to com- 
plete darkness alone germinated poorly (551.2%). We recorded 
low levels of germination (S2.8%) from treatments of buried 
seeds exposed to both light conditions and both temperature levels. 
A requirement for light coupled with low germination levels of 
buried seeds suggests that standard revegetation techniques, where 
seeds are buried beneath the soil surface, may be inappropriate for 
Payson sedge. We recommend surface seeding in the fall so that 
extended periods of natural snow cover will promote germination 
the following spring. 
Key Words: Carex puysonis, plant establishment, alpine vegeta- 
tion, seed germination, alpine revegetation 

Revegetating disturbed alpme rangelands IS otten complicated 
by the harsh climatic conditions and the limited pool of available 
adapted species in this life zone. Alpine areas are dominated by 
cryopedogenic processes and rigorous climatic conditions includ- 
ing short growing seasons, low soil and air temperatures, desiccat- 
ing winds, and periodic drought during the growing season (Brown 
and Johnston 1979, 1980; Johnson and Billings 1962). Also, the 
alpine flora include few annuals (Billings 1974) and rarely are 
introduced species from more temperate climatic zones successful 
for revegetation (Brown et al. 1984, Eaman 1974). 

Disturbances caused by mineral exploration and mining activi- 
ties severely compound these limiting conditions for plant growth. 
Mine spoils in western alpine regions are often highly acidic due to 
the oxidation of iron pyrites, and they frequently contain toxic 
concentrations of metals such as aluminum, iron, and copper that 
become available for plant uptake. Mining also destroys the thin 
organic soil layer, thus reducing the water-holding capacity of the 
surface and accentuating the potential for water stress. These 
conditions further reduce the pool of adapted species available for 
revegetation. 

Numerous promising revegetation techniques and plant species 
have been identified for alpine disturbances (Brown and Johnston 
1979,198O; Brown et al. 1984; Chambers et al. 1984). One species 
that shows particular promise for revegetation of acid mine spoils 
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is Payson sedge (Curexpaysonis Clokey). We have observed Pay- 
son sedge on acid spoils of numerous high elevation mine distur- 
bances on the Beartooth Plateau in southwestern Montana. It is 
often the only vegetation present. 

Typically, Payson sedge is strongly rhizomatous and forms con- 
spicuous, low-growing, dense mats that are often isolated from 
other vegetation on disturbed sites (Fig. 1). The generally circular 
mats, up to 3 m in diameter (Fig. 2), are usually composed solely of 
Payson sedge, but in some instances they provide favorable habi- 
tats for the establishment of invading species that are not found on 
bare mine spoil. Howard (1978) reported that seedling mortality 
was lower within these communities and that mat interiors had 
higher levels of nitrogen and potassium and lower soil tempera- 
tures, windspeeds, and radiation flux densities than adjacent areas. 
Payson sedge appears to be a true pioneer species that ameliorates 
disturbed microhabitats by creating more suitable edaphic and 
microclimatic conditions for the colonization of new species. It is 
unlikely that these invading species would have become established 
on acid spoils if the Payson sedge mats were not available. 

The apparent tolerance of Payson sedge to highly acidic (pH 2.1 
to 2.5) mine spoil (Haggas, Brown, and Johnston, unpublished 
data) suggests that it has considerable promise for revegetation of 
such disturbances in alpine and subalpine ecoystems. Although we 
have seeded Payson sedge on several mine sites in the Beartooth 
Mountains since 1974 (Brown and Johnston 1976, 1979, 1980), 
seedling establishment has yet to be observed either within the 
plots or elsewhere on the disturbances. 

The objective of the present study was to evaluate the influence 
of light, temperature, and seed position in the soil on germination 
of Payson sedge. By investigating the physiological requirements 
of this species, we hope to determine if standard revegetation 
techniques will provide a favorable environment for seed germina- 
tion. 

Methods 

Seeds of Payson sedge were collected in August 1981 from a 
disturbed subalpine site on the McLaren Mine (elevation 2,950 m) 
about 8 km north of Cooke City, Mont., in the Beartooth Moun- 
tains. Seeds were later air dried in paper bags and stored in a 
refrigerated room at 3” C. Based on visual inspection under a 
dissecting microscope, about two-thirds of the seeds were either 
immature or had empty achenes, and were discarded. Only filled 
seeds from which the perigynium had been removed were used. 

The effects of 2 levels each of light (light flux density of 183 or 
224 p mol s-i me2 vs. complete darkness), temperature (constant at 
25” C vs. variable at 25/ 3’ C day/night), and seed position in soil 
(surface vs. buried 0.5 cm below the surface) on germination were 
investigated under controlled conditions in two growth incubators 
in the laboratory. Treatments consisted of 3 replicates each of (I) 
exposure to light, (2) complete darkness followed by light, (3) seeds 
planted on the soil surface, and (4) seeds buried below the soil 
surface. 

Plexiglas boxes (11 .O by 11.0 by 4.0 cm) with removable inset lids 
were used as germination containers. Each box contained 1.5 cm 
(160 ml, 200 g) of a sand/soil/peat mixture (ratio of 2:1:1, pH 6.8) 
and approximately 200 seeds. This mixture, although not typical of 
alpine mine spoil material, provided an optimum medium for seed 
germination and plant growth as determined in earlier greenhouse 
studies. The soil in all boxes was moistened with distilled water (90 
ml), then dusted with about 0.5 g of a fungicide (5% N- 
[trichloromethyl)thio]-4 cyclohexane-1,2 dicarboximide) prior to 
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sealing to reducefungal growth. Additional water was not required 
during the study. 

One growth incubator was set at a constant temperature of 
25f2’ C, and the second provided variable temperatures of 25f2’ 
Cduring the lightperiodand 3i01 Cduring thedarkperiod(about 
3 h were required to achieve temperature stability during the 
transition periods in this incubator). A 13-h photoperiod was 
provided in both incubators with a photon flux density of about 
224 p mol s-l m”, supplied by a single cool-white fluorescent tube 
(GE-F48TIO) mounted vertically in each incubator door. All refer- 
ences to light in this paper refer to the 13-h photoperiod unless 
otherwise specified. 

Treatments requiring darkness in both incubators were provided 
by sealing the appropriate Plexiglas boxes within 2 black plastic 
bags (20.5 by 33.Ocm,O.O381 mm thickness). Darkness was verified 
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by measurements with a quantum sensor (model LI-185). Treat- 
ments exposed to light were similarly enclosed in transparent 
plastic bags. Temperatures within all of the boxes enclosed in bags 
were within 1’ Cofthe incubator temperature. Photonfluxdensity 
measurements recorded inside and outside of the transparent bags 
were 183 and 224 p mol s-l me’, respectively. 

A single replication of each of the 4 treatments was randomly 
positioned on each of 3 shelves in each incubator, and the boxes 
were positioned at the front edge of each shelf close to the light 
source. The experiment continued for 8 weeks, but was divided 
into 2 periods of 4 weeks during which different light conditions 
were maintained. During the first 4 weeks, germination was not 
assessed in the dark treatments, but was estimated once each week 
for the 4 treatments exposed to visible light. Conditions of com- 
plete darkness were terminated at the end of the first 4 weeks, and 
all 24 germination boxes were removed from the plastic bags and 
exposed to the 13-h photoperiod for the second 4 weeks. Germina- 
tion counts were made weekly and recorded when the cotyledon or 
the radicle emerged for seeds on the surface, or when the cotyledon 
became visible above the soil in treatments with buried seeds. Since 
emergence may not reflect germination, an attempt was made to 
examine all seeds planted below the surface after the study was 
terminated to verify that the number of seeds emerged was the 
same as those which germinated. 

Data were analyzed using factorial analysis of variance tech- 
niques (Cochran and Cox 1966). Multiple mean comparisons were 
made using Fisher’s LSD (Cochran and Cox 1966); means were 
considered significant at the 5% level. 

Results 

Germination was significantly wO.05) influenced by the corn- 
bined effects of light, temperature, and seed position in the soil 
(Table 1). Generally, the data show that exposure to light promotes 
seed germination in Payson sedge (.? = 20.7%). whereas little or no 
germination occurred in darkness (.? = 0.9%). Variable tempera- 
tures combined with light promoted higher germination than con- 
stant temperatures combined with light. Exposure of seeds to a 
period of darkness followed by light at either constant or variable 
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TabIe 1. Mean weekly gemdnation (%) of Payson sedge under wntroikd condltio~ of tempmbwe, Ii&t, and seed position io the aoll.’ 

2s” c 2513” C 

Week Light Dark/ Light Light Dark/ Light 

No. above below above below above below above below 

% germination 

: 8.3 2.3 f f 0.7b O&a 0.2 0.2 f f 0.2a 0.2a - - - __ 4.3 0.0 f f 0.7b 0.08 0.0 0.2 f f o.Oa 0.2a -- -- - 
3 8.8 f 0.9b 0.2 f 0.2a - - 6.8 f 0.2b 0.2 f 0% -- - 
4 9.3 f 0.7b 0.3 f 0.3a 1.2 f 0.2a 0.0 f o.On 8.2 f 0.2b 0.2 f 0.2a 0.5 f 0.3a 0.3 f 0.2a 
5 9.3 f 0.7b 0.3 f 0.3a 18.7 f 0.7~ 0.2 f 0.2a 16.7 f 4.4~ 0.2 f 0.2a 16.2 f 1.9~ 0.7 f 0.4a 
6 9.7 f 0.9b 0.3 f 0.3a 22.0 f 0.6d 0.2 f 0.2a 19.3 f 4.4d 0.2 f 0% 28.0 f 2.3e 2.5 f 0% 
7 10.0 f 0.8b 0.3 f 0.3a 227 f 0% 0.2 f 0.2a 20.3 f 4.M 0.2 f 0.2a 28.2 f 2.4e 2.7 f 0.6a 
8 10.0 f 0.8b 0.3 f 0.3a 22.8 f I.ld 0.2 f 0.2a 21.3 f 4.2d 0.2 f 0.2.a 28.8 f 2.k 2.8 f 0.7a 

‘Numbers at far left refer to weeks of light exposure. Dashes indicate time periods when conditions of complete darkenss were maintained and germination was not recorded. 
Significant means (LSD = 267, pCO.05) followed by standard errors are indicated by different lower case letters along rows and down columns. 

temperatures appears to enhance total germination and germina- 
tion rate. Seed position above the soil coupled with light appears to 
be essential for germination. 

U@t 
For seeds planted on the soil surface, after 4 weeks germination 

levels for treatments maintained under light were significantly 
greater wO.05) than corresponding treatments under darkness 
(Table 1). Few seeds germinated in the absence of light (1.2% or 
less). The most favorable conditions tested for germination of 
Payson sedge were those where imbibed seeds were,subjected to 
darkness followed by visible light and variable temperatures (Table 
1). Germination levels recorded in this treatment at the conclusion 
of the experiment were significantly greater (p<O.OS) than for any 
other treatment. 

No. WEEKS OF LIGHT EXPOSURE 

Fig. 3. Relationship between light condition andgermbzation rate of Pay- 
son sedge. Dark + light = 4 weeks complete darkness + 4 weeks 13-h 
photoperiod; light = I3-hphotoperiodfor 8 weeks. Germination data are 
from Table 1. Solidpoints = treatmentsat constant temperature (25O C); 
open points q  treatments at varkable temperatures (.25/P C). 

Although the combination of both conditions of darkness fol- 
lowed by light and variable temperature was most favorable for 
enhancing germination, the relative importance of each parameter 
can bedemonstrated. Germination was significantly greater (p<O.OS) 
under conditions of darkness followed by light than when exposed 
to light alone. Likewise, germination under variable temperature 
levels was significantly greater than that under constant tempera- 
ture @<O.OS, Table 1). 
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Germination rates under treatments subjected to darkness fol- 
lowed by light at both constant and variable temperatures 
increased rapidly after 1 week of light exposure. More seeds germi- 
nated during each week of light exposure, and at a faster rate, in the 
treatments subjected to darkness followed by light than those that 
only received light (pCO.05, Fig. 3). 

Temperature 
Variable temperatures are apparently more favorable for Pay- 

son sedge germination than constant temperature. Weekly com- 
parisons of germination indicate that seeds subjected to light (5-8 
weeks, Table 1) or to darkness followed by light (6-8 weeks) were 
significantly greater @<O.OS) under variable temperatures than 
under constant temperature. 

5eed Position 
Germination levels of all treatments where seeds were scattered 

on the surface and exposed to visible light were significantly higher 
@<0.05) than in treatments where seeds were buried. We recorded 
low levels of germination (2.8% or less) from treatments of buried 
seeds exposed to both light conditions and both temperature levels. 
These data were statistically similar throughout the experiment. 
Germination levels attained after the buried seeds were exposed to 
light for 4 weeks were statistically similar to data collected in both 
treatments at the conclusion of dark conditions (week 4, Table 1). 
Evidently, buried seeds did not receive sufficient light for germina- 
tion under any of the light conditions tested. 

Dkussion 
These data support the hypothesis that seed germination of 

Payson sedge is significantly wO.05) enhanced by light. Johnson 
et al. (1965) reported that 20 of 27 carices required light for germi- 
nation. Other photoblastic sedges have also been documented by 
Amen (1966) and by Amen and Bonde (1964). Although a few 
seeds did germinate under conditions of darkness in several of our 
trials, we consider these levels too low for potential use in revegeta- 
tion. Few members of the sedge family (Cyperaceae) germinate 
under conditions of darkness (Grime et al. 1981, Fulbright et al. 
1982). Bliss (1958) reported that germination of arctic and alpine 
carices did not occur in the dark, and Johnson et al. (1965) stated 
that Curexgermination was either lacking or substantially reduced 
under conditions of continuous darkness. 

The most favorable conditions tested for seed germination 
occurred when we coupled the conditions of darkness followed by 
light with cold temperature in an attempt to simulate the light and 
temperature environment of Payson sedge following fall seeding at 
the McLaren Mine. The same promotive effect of darkness fol- 
lowed by light has been observed in ebony sedge (C. ebenea)(Amen 
and Bonde 1964) and in simple alpine sedge (Kobresia simplicius- 
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cula) (Arnold 1973). 
Although the germination levels observed in this study may be 

lower than desirable for seeds used in revegetation, they are not 
particularly low compared with many other native plant species 
used in alpine revegetation. Brown and Johnston (1979, 1980) 
observed that seeding rates of many native species used in alpine 
revegetation must be increased over those used in more temperate 
regions because of low seed viability and germination. Also, levels 
of seed germination for a species at a given location are rarely 
constant from one year to the next. Local climatic variables sub- 
stantially influence fruiting, ripening, seed production levels, and 
the degree of dormancy developed from year-to-year (Amen 1966). 
Hence, the levels of germination observed for Payson sedge in this 
study are probably not representative of what may occur for other 
collections of the species, and certainly are not as meaningful as the 
relative promotive effects of light and temperature on seed 
germination. 

Mean germination levels of Payson sedge in our trials were 
similar to those of Tolmie sedge (C. tolmiei) (26%) reported by 
Johnson et al. (1965), and considered to be synonymous species by 
Hermann (1970). Although low germination levels of carices are 
well documented (Fulbright et al. 1982), there are few reports of 
their specific germination requirements. Johnson et al. (1965) 
reported that germination levels in 18 of 27 Carex species were 3% 
or less. Other Carex studies by Wiesner et al. (1967), Roche (1968), 
and Grime et al. (198 1) also recorded germination levels less than 
3%. Bliss (1958) observed that maximum germination in 2 arctic 
carices only reached 6.20/ whereas 3 alpine species, water sedge (C. 
aquatilis), curly sedge (C. drummondiana), and swamp carex (C. 
scopulorum), failed to germinate. Wiesner et al. (1967) cited poor 
seed viability as being partly responsible for low germination levels 
in the carices, although this relationship is not clear. 

Germination of Carex species has been increased by different 
treatments, but no single treatment appears to be universally effec- 
tive. Some of the promotive germination treatments that have been 
studied include: physical scarification (Amen and Bonde 1964); 
scarification with an alpine soil leachate, tap water, or sand; a 
combination of sand scarification with an alpine soil leachate; 
gibberellic acid (McDonough 1969); and 5-year water storage 
(Comes et al. 1978). Some of these treatments occur naturally and 
can probably be relied upon following seeding for revegetation to 
promote germination. Although moist and cold stratification 
increased germination levels in several sedge species (Grime et al. 
1981), including Tolmie sedge (Johnson et al. 1965), it did not 
substantially affect germination levels of Payson sedge (Haggas, 
Brown, and Johnston, unpublished data). 

The results of the study have some important implications 
regarding revegetation of alpine disturbances when using Payson 
sedge in the seed mixture. In typical revegetation studies, seeds are 
usually planted below the soil surface to ensure contact between 
soil particles and the seed to facilitate the absorption of soil water 
and to avoid desiccation. However, these methods may be inap- 
propriate for photoblastic species. Our data suggest Payson sedge 
should be seeded on the soil surface in order to meet the light 
requirement for germination. Planting Payson sedge beneath the 
surface virtually ensures the seed will not receive the required light 
for germination, except in those rare cases where erosion or other 
agents may expose them after imbibition occurs. Accordingly, it is 
recommended that Payson sedge not be included in seed mixtures, 
but rather be broadcast on the surface after the other species are 
planted. Wein and MacLean (1973) recommended surface seeding 
of sheathed cottonsedge (Eriophorum vaginatum) to satisfy the 
light requirement of this colonizing sedge for revegetation of dis- 
turbed arctic tundra. 

Placement of seed on the soil surface during revegetation may 
result in higher seed losses and seedling mortality than occur with 
conventional techniques, despite light enhancement concerns for 
germination. Desiccation by wind and high solar radiation loads 
during germination is a particularly serious possibility, as are 
losses due to soil surface erosion, overland water flow, and biologi- 
cal predation. However, use of moderate amounts of straw mulch 
(Brown and Johnston 1979, 1980) or other materials on the soil 
surface after seeding that provide cover, yet permit light penetra- 
tion, may provide sufficient stability and insulation against these 
agents to permit seed germination and seedling development. In 
any case, conventional levels of seedling density and establishment 
observed with other species following revegetation are not likely 
with Payson sedge because of potentially high levels of mortality. 

The promotive effect of darkness followed by light suggests 
Payson sedge would best be seeded in the late fall prior to winter 
snow cover. Thus, the seeds would receive whatever beneficial 
effects may result from cold stratification, microorganism activity, 
and extended darkness during periods of deep snow accumulation 
in the winter. At the McLaren Mine snow depths often exceed 3 to 
5 m during the winter, which may effectively eliminate light recep- 
tion at the surface (Sellers 1969). However, as snow depths 
decrease to 1 m or less with the spring melt, light penetration levels 
may be sufficient to initiate effective photoblastic reactions in 
surface-planted seeds. During or after spring snowmelt, the 
imbibed seeds would be in prime condition for germination after 
exposure to light, and increased seedling survival during this nor- 
mally critical period of plant establishment would be expected. 
Spring seeding is not recommended because: (1) the normally 
extended dark period provided by a deep snowpack prior to light 
exposure would not be available, and (2) unreliable precipitation 
events in the spring may allow seeds to lose critical levels of 
moisture before germination and radicle development are com- 
plete, which is of particular importance to surface-planted seeds. 

Because the results of the present study are based on precleaned 
and filled seed, we cannot be certain that optimum germination 
will be achieved if the seeds are not cleaned prior to planting. 
However, we feel that Payson sedge has the physiological toleran- 
ces necessary to germinate and grow on acid mine spoil material 
based on other germination studies on both untreated McLaren 
Mine spoil and on limed spoil over a pH range of 4.6 to 9.1 in a 
greenhouse environment. We found that conditions of low pH do 
not inhibit germination, and that it may actually be higher on more 
acid spoils (Haggas, Brown, and Johnston, unpublished data). 
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Technical Notes: 

Survival Analysis of Single and Twin Lambs 
JERRY H. SCRIVNER, MARTIN R. DALLY, AND WALTER E. HOWARD 

AbStrrrCt 

We ilhtrate the use of life tables and survival analysis for 
evaluating data on livestock losses. The technique6 arc used to 
compare the rate of coyote (Conis htrans) predation on single and 
twln lambs. Based on tbe number of lambs known to have been 
killed by predators, the survivorship of single and twin lambs was 
not signiflantly different (JVO.05) for any year of the study. 
Survival functions which can be generated and used to evaluate 
data on livestock losses include the cumulative proportion of live- 
stock surviving at tbe end of an interval, probability density, and 
b8zard rite. 

Key Words: Canis lolronr, coyote, predation, sheep, life table 

The use of life tables and survivorship curves was introduced to 
ecologists by Pear1 in 1921 (Krebs 1972). Since that time, many 
researchers have used life tables to analyze survivorship of plant 
and animal species (e.g., Deevey 1947, Rarkalow et al. 1970, 
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Fowler and Antonovics 1981). Use of life tables and survival 
analysis however, appear to have been overlooked by those study- 
ing livestock losses to predators. Most studies of predation evalu- 
ate livestock losses using statistical techniques such as analysis of 
variance and nonparametric statistics. 

In this paper we illustrate the advantages of using life tables and 
survival analysis when evaluating data on livestock losses. The 
techniques involved are used to compare the rate of coyote (Canis 
1u~run.s) predation on single and twin lambs at the University of 
California Hopland Field Station. 

Relatively little is known about coyote selection for single and 
twin lambs. Munoz (1976) reported that twin lambs were attacked 
more often than single lambs and that coyotes probably found it 
easier to isolate from its mother one lamb of a set of twins than a 
single. In contrast, Gluesing et al. (1980), found that proportion- 
ately, coyotes killed almost twice as many singletons (KO.05) as 
they did twins and suggested that this may have resulted from 
single lambs being more active than twins. 

Study Area and Methods 

The Hopland Field Station is comprised of 2,168 ha ranging in 
elevation from about 150 to 915 m. The Field Station typically has 
mild, rainy winters and hot, dry summers. Annual rainfall averages 
about 90 cm per year. Temperatures average approximately 21’ C 

Table 1. Life tmbk for 73 ahgk kmk pkced on putwe in 1981 on the University of Californk Hopknd Field Statton. 

Interval Interval 
start time end time 

(days) (days) 

No. 
sheep 

entering 

No. 
sheep 

withdrawn 

No. 
sheep 

exposed 

0.0 6.9 73.0 0.0 
7.0 13.9 73.0 0.0 

14.0 20.9 71.0 0.0 
21.0 27.9 71.0 0.0 
28.0 34.9 68.0 0.0 
35.0 41.9 68.0 0.0 
42.0 48.9 67.0 0.0 
49.0 55.9 67.0 0.0 
56.0 62.9 66.0 0.0 
63.0 69.9 66.0 0.0 
70.0 76.9 65.0 0.0 
77.0 83.9 65.0 0.0 
84.0 90.9 64.0 1.0 
91.0 97.9 63.0 0.0 
98.0 104.9 63.0 0.0 

105.0 111.9 63.0 0.0 
112.0 118.9 63.0 0.0 
119.0 125.9 62.0 2.0 
126.0 132.9 60.0 0.0 
133.0 139.9 60.0 0.0 
140.0 146.9 59.0 0.0 
147.0 153.9 59.0 1.0 
154.0 160.9 58.0 13.0 
161.0 167.9 45.0 34.0 
168.0 174.9 11.0 8.0 
175.0 181.9 3.0 2.0 
182.0 188.9 1.0 1.0 

73.0 
73.0 
71.0 
71.0 
68.0 
68.0 
67.0 
67.0 
66.0 
66.0 
65.0 
65.0 
63.5 
63.0 
63.0 
63.0 
63.0 
61.0 
60.0 

E8 
58:5 
51.5 
28.0 

7.0 
2.0 
0.5 

No. 
sheep 
killed 

proportion 
surviving 

(%A 

Probability 
density 

(%I 

Hazard 
rate 
(%I 

0.0 100.0 0.00 0.00 
2.0 97.3 0.39 0.40 
0.0 97.3 0.00 0.00 
3.0 93.1 0.59 0.62 
0.0 93.1 0.00 0.00 
1.0 91.8 0.20 0.21 
0.0 91.8 0.00 0.00 
1.0 90.4 0.20 0.21 
0.0 90.4 0.00 0.00 
1.0 89.0 0.20 0.22 
0.0 89.0 0.00 0.00 
1.0 87.7 0.20 0.22 
0.0 87.7 0.00 0.00 
0.0 87.7 0.00 0.00 
0.0 87.7 0.00 0.00 
0.0 87.7 0.00 0.00 
1.0 86.3 0.20 0.23 
0.0 86.3 0.00 0.00 
0.0 86.3 0.00 0.00 
1.0 84.5 0.21 0.24 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
0.0 84.5 0.00 0.00 
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Fig. 1. 27ae cumulativeproportion (%) of single and twin lambs surviv- 
ingpredation to time t during 1981. 1982, and 1983 on the University of 
California Hopland Field Station. Survivorship of single and twin lambs 
was not statistically dtyferent (PW.OS)for any of the 3 years. 

in the summer and go C in the winter. The vegetation is almost 
equally divided into 4 cover types: grass, woodland grass, dense 
woodland, and chaparral. 

Data were gathered during 198 l-83. During each year, ewes and 
2day-old lambs were placed on a 1 H-ha pasture. The number of 
single and twin lambs placed on pasture each year averaged 69 (55 
to 79) and 30 (28 to 36), respectively. Animals were placed on 
pasture in January in 1981 and 1982 and in February in 1983. The 
number of days lambs were observed averaged 168 (132 to 188). 
Pastures were usually checked 6 days per week. Missing animals 
were identified at docking (about midway through the experiment) 

or at the end of the study and were assumed to have been alive 
during one-half of the period exposed. 

Lambs found dead were examined to ascertain cause of death. 
Deaths by predation were established from tooth-puncture wounds, 
wounds on skin and bones, hemorrhage around tooth marks, and 
tracks at kill sites. During all years, a professional government 
trapper was employed in an attempt to minimize predation losses. 

Life tables for single and twin lambs were formulated and incre- 
mented in 7day intervals. Survivorship curves were generated 
based on the proportion of animals surviving predation in each 
7day interval. Life tables of single and twin lambs were generated 
using the SURVIVAL program in .: I SPSS (1986) and were statis- 
tically compared using the algorithm of Lee and Desu (1972). 

Results and Discussion 
Life tables were developed for single and twin lambs of 1981, 

1982, and 1983 (see Table 1 for example of 1981 single lambs). 
Survivorship of single and twin lambs based on the number of 
lambs known killed by predators was not statistically different 
(I70.05) for any year of the study. The sample size of sheep known 
to have been killed by coyotes was too small to conclude anything 
about predation on singletons and twins. 

Useful survival functions which can be calculated from life table 
data include the cumulative proportion of livestock surviving at 
the end of an interval, probability density, and hazard rate (Rerk- 
son and Gage 1950, Gross and Clark 1975). The cumulative pro- 
portion surviving at the end of an interval is an estimate of the 
probability of survival up to and including the current interval 
(Fig. 1). 

The probability density function for a given 7day interval is the 
chance per day that a predator kill will occur in that interval. Thus, 
for the single lambs on pasture in 1981, there was a 0.39% chance 
per day that a predator kill would occur from day 7 to day 13.9 
(Table 1). The hazard rate is an estimate of the probability per day 
that a lamb entering a given interval will be killed in the interval. 
For the 7day interval mentioned above, there was a 0.40Ycchance 
per day that a given lamb would be killed (Table 1). 

For all years combined, the weekly probablility density and 
hazard rate during the first 12 weeks averaged 0.13% (SD = 0.13) 
and 0.14 (SD = 0.14) respectively, for singletons. During the last 15 
weeks, the weekly probability density and hazard rate both aver- 
aged 0.01 (SD = 0.03). Thus, single lambs were most likely to be 
killed early in the study. A similar trend was observed for twin 
lambs. 

There was a 15-fold difference in recovery rates (the ratio of 
missing/ recovered lambs which died from all causes) for single and 
twin lambs. Overall, 87% of the animals which became missing 
were twin lambs. The reason for this wide differential is unknown. 
Clearly one way to minimize lamb losses, whether or not the cause 
of death of most missing animals was predation, is to manage ewes 
with twin lambs more intensively than ewes with single lambs, 
especially during the first 12 weeks of age. 

Analyzing data on livestock losses with traditional statistical 
techniques provides little or no information as to how predation 
varies through time. Such insights, however, can be gained by 
evaluating survival functions such as the cumulative proportion 
surviving at the end of an interval, probability density, and hazard 
rate. 
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Procedure for Fecal Cuticle Analysis of Herbivore Diets 
E.J. STEVENS, SUSAN J. STEVENS, R.N. GATES, KM. ESKRIDCE, AND S.S. WALLER 

Cuticuiu imprints of underlying plant tissue which survive rum- 
inant digestion in herbivore feces provide x reliable taxonomic 
bais for species identi5ation provided they an be 8dequ8tely 
prepared for microhistologic~ m8iysis. Objectives of this resenrch 
were to iovestig8te the discernibility of alfalfa (Mcclieoso s&vu L.) 
cuticle in sheep feces 8nd document 8 procedure for fecei cuticle 
uulydr. A completely r8adom design with 4repiiations was used 
with a spilt-plot arrangement of treatments. Diet treatments were 
applied to whole-plots and feal preparation techniques were ap- 
plied to subplots. Mature wethers were fed diets containing 2550, 
or 75% prebloom alfalfa hay with vegetative indiangrass [Sorgk- 
trum nutuus (L.) Nash] hey. A lea1 cuticle procedure was des- 
cribed which established a linear relationship between dietary and 
fecal eifalfa contents. Under conditions where species character- 
ixed by fragile cuticle (such as uifaifa) are part of the dietary httahe 
and diet is low in woody species, cuticle procedures may represent 
an alternative method for dietary composition analysis. An epi- 
dermai preparetory technique used in conjunction with feal cuti- 
cle procedures did not establish a linear relxtionship between die- 
tary end feai alfalfa contents. 

Key Words: microhistologiai, legumes, epidermis, forbs 

Analytical procedures for the microhistological examination of 
fecal epidermal material described by Sparks and Malechek (1968) 
and modified by Holechek (1982) are widely used in North Amer- 
ica for determining the botanical composition of herbivore diets. 
Plant epidermal material of certain species was, however, more 
susceptible to losses during digestion (Vavra et al. 1978, Vavra and 
Holechek 1980, Mclnnis et al. 1983) and/or sample preparation 
(Marshall and Squires 1979, Vavra and Holechek 1980, Holechek 
1982, Samuel and Howard 1983) than other species. Holechek and 
Gross (1982) emphasized the importance of systematic training 
and evaluation for observers as an aid to improved accuracy and 
precision. 

The waxy cuticle of plants carries a permanent imprint of under- 
lying epidermal characteristics which survives ruminant digestion 
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(Regal 1960, Monson et al. 1972), thereby providing a reliable 
taxonomic basis for species identification (Metcalf and Chalk 
1950, Metcalf 1960). Rogerson et al. (1976) developed a prepara- 
tory technique for fecal cuticle analysis. Acid maceration, sodium 
hypochlorite (NaOCl), and sodium hydroxide (NaOH), however, 
used separately on sheep feces and in conjunction with the Sparks 
and Malechek (1968) procedure for fecal cuticle preparation, des- 
troyed a majority of the cuticular remains of sweet vernal 
(Anthoxanthum odoratum L.) and white clover (Zkifolium repens 
L.) (Stevens 1977). Holechek (1982) indicated that sodium hydrox- 
ide and bleach used as clearing agents may result in the destruction 
of some plant materials. Distribution of cuticular fragments pres- 
ented for identification beneath rectangular coverslips was not 
random (Stevens 1977). Apparently differences in surface tension 
between cuticle fragments of different species caused some to be 
sorted towards the outer extremities of the coverslip. Frequency 
sampling for microscopic analysis of botanical composition (Sparks 
and Malechek 1968) would require a random distribution (Fracker 
and Brischle 1944, Johnson 1982). 

Fecal cuticle analysis may enhance the identification of some 
plant species (e.g., alfalfa) and possibly reduce observer variability 
when diets do not contain woody species. Procedural modifica- 
tions which preserve the integrity and/or improve the discernibility 
of cuticular fragments utilized for microhistological analysis 
should improve the accuracy with which plant species may be 
identified in diet residues from herbivore feces. The preparatory 
procedure described by Sparks and Malechek (1968) was used as a 
standard for comparing the efficiency of the preparatory proce- 
dure proposed by Rogerson et al. (1976) as modified in this study. 
Objectives of this study were to compare the 2 selected preparatory 
procedures for fecal cuticle analysis of species with fragile cuticle 
and develop procedures for slide preparation and data collection 
for fecal cuticle analysis. 

Materials and Methods 

Experimental Design 
A completely random design with 4 replications in a split-plot 

arrangement was used. Whole-plot and subplot treatments were 3 
diets and 2 fecal preparation techniques, respectively. Statistical 
analyses included pretests of sampling error for microscope tech- 
nique and basic assumptions of analysis of variance (Neter and 
Wasserman 1974, Stevens 1985). The cuticle procedure was com- 
pared with the epidermal preparation method by considering the 
preparation X diet interaction in the analysis of variance. Regres- 
sion analyses described the relationship between observed and 
actual diet. 
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Feeding Trw 
Diets of known composition were hand-fed separately to 12 

mature wethers at a level which ensured complete consumption. 
Feed containers were designed to minimize spillage. Animals 
(experimental units) were fitted with fecal collection bags, housed 
indoors, and fed separately in individual metabolism crates. Indi- 
vidual diets contained prebloom alfalfa (Medicago surivu L.) hay 
(indicator plant for fragile cuticle) and early, vegetative indian- 
grass [Sorgharmrm nuzans (L.) Nash] hay which had been ground 
through a 7.5-cm screen using a tub grinder. Diets averaged 24.1, 
48.7, and 74.1% alfalfa (% dry matter). 

Each diet was randomly assigned to 4 wethers and fed once daily. 
Trace mineralized salt (5 g) was added to the diet daily, and water 
was available continuously. A 5day sampling period was preceded 
by a 12day feeding period during which animals received respec- 
tive dietary treatments. During the sampling period total daily 
fecal production from individual animals was thoroughly mixed 
and 4 random subsamples (1 liter each) were taken. 

One complete set of fresh fecal samples was selected at random 
from 1 day of the S-day sampling period. Samples were prepared 
for cuticle analysis using epidermal preparatory procedures des- 
cribed by Sparks and Malechek (1968), and a proposed cuticle 
procedure based on a preparatory technique developed by Roger- 
son et al. (1976). A pretest conducted using this material demon- 
strated that the discernibility of fecal cuticle prepared using the 
epidermal technique was not enhanced by presoaking fecal mate- 
rial in undiluted domestic bleach, and there was no significant 
difference (m.05) between diet determinations of 2 trained 
observers. Neither additional clearing agents nor blocking obser- 
vations by observer were considered necessary for this experiment. 

Feeal Cuticle Procedure 
Collection and Storage of Feces 

Fecal samples were collected fresh, ensuring that a hardened 
mucous covering had not developed. Samples were transported 
and stored in polyethylene bags containing a small amount of 
either nonchlorinated tap water or distilled water. No preservatives 
were used. Samples were stored (and/or transported) for up to 1 
week without refrigeration provided samples were drained and 
clean water added daily. Feces can be drained of excess fluid, 
sealed in plastic bags, frozen, and stored for up to 1 year. 

Sample Preparation 
The preparatory technique for fecal cuticle analysis described by 

Rogerson et al. (1976) was modified and excluded ethyl alcohol. In 
the laboratory, 50-ml grab-samples of fresh fecal material were 
transferred to a double-layered, fine-meshed (less than 350 microns) 
nylon digestion bag (200 ml) made from nylon stocking. Samples 
were submerged in a 20-liter bucket of distilled water held at 29” C 
inside a closed Styrofoam box which functioned as an incubator. 
Heat was provided by a 25-watt light bulb connected to a house- 
hold dimmer switch. The temperature inside the box was adjusted 
using the dimmer and measured with an air thermometer visible 
from outside the box. Up to 30 samples (50 ml each) were digested 
simultaneously with care being taken to submerge material using a 
lightly weighted mesh placed on top of the samples. 

Water was changed daily by placing the bucket in a sink and 
delivering a gentle stream of distilled water to the bottom of the 
bucket via a flexible rubber hose. Excess water was allowed to run 
to waste until it was no longer discolored. Bags were gently agitated 
in the water bath while the water was being changed. Careless 
handling of fecal bags (e.g., by squeezing) resulted in a reduction in 
cuticle particle size and loss of clarity of the epidermal imprint on 
the cuticle. 

This daily routine was continued until the water bath was no 
longer discolored after 24 hours of incubation, usually after 10 to 
12 days. Optimum digestion was always associated with a “sweet” 
aroma, in contrast to a “sour” aroma associated with a putrifying 
condition. If a putrifying condition occurred the water was 

changed immediately and reinoculated with fresh fecal material. 
After digestion and during analysis, the bucket of fecal material 
was stored in a refrigerator at 2-3’ C for 1-14 days and the water 
changed daily using the routine described above. 

Fecal particles having dimensions larger than 750 microns or 
smaller than 350 microns were discarded since they could not be 
reliably identified using existing procedures for fecal cuticle analy- 
sis. Immediately prior to microscopic analysis, a bag of fecal 
material was opened and two 13-ml subsamples were transferred, 
using a perforated seamless nickel cone (38-mm, 6Odegree-angle 
filter paper holder), to a 750-micron sieve. This sieve was held at a 
45degree angle above, but in contact with, a horizontal 350- 
micron sieve. By delivering a gentle stream of distilled water to the 
underside of the larger sieve, fecal material smaller than 750 
microns was washed onto the surface of the lower sieve. Under- 
sized particles were subsequently washed from the 350-micron 
sieve held at a 45degree angle as described for the 750-micron 
sieve. Fecal material with a particle size range of 350 to 750 microns 
was retained on the 350-micron sieve as a uniformly sized, repre- 
sentative subsample. This material was washed into a petri dish 
(100 X 15 mm) by applying a gentle stream of distilled water to the 
lower side of the sieve. The petri dish containing fecal material was 
topped off with distilled water then set aside for 20 minutes. 

Slide Preparation 
Random l-ml aliquots (subsamples) of cuticular material reco- 

vered from the fecal cuticle preparatory procedure and held in the 
petri dish were transferred separately to standard microscope 
slides. An 8cm length of glass tubing (5mm inside diameter) fitted 
with a rubber eyedropper was used, which maintained a column of 
suspension. Care was taken to sample vertically through the entire 
depth of cuticular material held in the petri dish since heavier 
particles tended to settle out first. A minimum of 5 separate ali- 
quots from each petri dish were mounted separately on standard 
microscope slides and covered with 18-mm-diameter circular 
coverslips. Circular coverslips greatly improved the uniformity of 
particle distribution but did not completely eliminate the sorting 
effect. Additional distilled water was either added to or removed 
from a slide using a paper tissue, thereby adjusting particle density 
under the coverslip. Where necessary, additional slides were pre- 
pared to facilitate 250 positive identifications per treatment. 

Small aliquots of fecal cuticle material recovered from the epi- 
dermal preparatory procedure were mounted on microscope slides 
using Hoyer’s and Hertwig’s solutions and ovendried as outlined in 
the Sparks and Malechek (1968) technique. Slides were covered 
with a circular coverslip. 

Botanical Analysis 
Slides prepared from both procedures were evaluated using a 

common technique. Fecal particles were identified by species, and 
as leaf or stem by 2 trained observers (S.J. and E.J. Stevens) using 
photomicrographs and camera lucida drawings prepared from 
permanent reference slides (S.J. Stevens 1985, unpublished) as 
identification aids. Each microscope slide was traversed once lat- 
erally at 100X magnification. Identifications were made within a 
belt transect of successive, but not overlapping, fields of view 
stretching across the diameter of the coverslip. This procedure 
minimized the problem associated with the lack of random distri- 
bution of particles necessary for frequency sampling. Positive iden- 
tification was attempted on all particles originating within a par- 
ticular field of view, a diameter of 1.8 mm at 100X magnification. 
Occasional confirmations were necessary at 400X magnification 
after which the observer returned to 100X magnification before 
continuing to traverse a slide. Positive identifications per subsam- 
ple were summed by species and plant part within species (e.g., leaf 
or stem). Positively identified components were expressed as a 
proportion of the total number of positive identifications. This 
technique of cuticle analysis differs from the counting method 
(frequency sampling) described by Sparks and Malechek (1968) in 
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which the presence of a category of epidermis within a given 
number of fields was recorded. 

Results and Discussion 
The preparation X diet interaction in the analysis of variance 

was highly significant (p<O.OOOl) and indicated that the linear 
effect of alfalfa diet content on fecal cuticle alfalfa was different for 
the 2 preparatory methods (Fig. 1). The modified cuticle procedure 
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Fig. 1. AQiarfa conlent identijied in thefecesfrom different diet combina- 
tions using epidermal and curicuhr procedures. 

did not have a slope significantly different from 1 (P4.6361), while 
the epidermal preparatory technique for cuticle analysis had a 
slope of less than 1 (~0.0001, slope estimate = 0.1728). Such a 
disparity of slopes indicated that the epidermal preparatory tech- 
nique was not suitable for fecal cuticle analysis as used in this 
study. These fecal cuticle data, however, should not be compared 
directly with recent epidermal studies of Holechek and Valdez 
(1985b), who used in vitro digestion techniques (Tilley and Terry 
1963), or Holechek and Valdez (1985a), who reported that their 
epidermal techniques accurately determined the alfalfa content of 
mule deer diet. Analytical techniques were not the same across all 3 
studies. 

Holechek et al. (1982), Gross et al. (1983) and Holechek and 
Valdez (1985a) demonstrated observer variability was substantial 
when microhistological epidermal analysis was used. In our study, 
however, observer variability was not apparently a major source of 
variation. The sum of squares attributed to error was only 3-l% 
of that of the main effects and interactions, respectively. Blocking 
data by observer would not have increased the power of this 
analysis appreciably. In addition, standard errors for fecal cuticle 
analysis compared favorably with published epidermal data. 

This pilot procedural study of fecal cuticle analysis has reintro- 
duced, and tentatively substantiated, a concept of developing 
alternative procedures for fecal analysis which preclude the need 
for drying, grinding, acid maceration, and/or the use of clearing 
and mounting agents, which are jointly suspected of destroying 
some plant (cuticle) fragments known to survive ruminant diges- 

tion. Further research is needed to evaluate the suitability of cuticle 
procedures under a broader range of conditions than those 
reported here. Treatments should include a broad selection with 
varying ratios of indigenous and/or introduced species of contrast- 
ing digestibility and/or cuticle durability. Techniques are needed 
to handle fecal fragments which fail to pass through a 7%micron 
sieve and/ or originate from woody species. The impact of fermen- 
tation on the composition of plant cuticle during sample prepara- 
tion has not been researched, nor has the possibility of over repres- 
entation of dietary components represented by both abaxial and 
adaxial leaf cuticle. This study does, however, provide a platform 
for further research on alternative procedures for botanical analy- 
sis of herbivore diet. 
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Book Reviews: 
Experhnental Behaviorial Ecology and Sociobiology. Edited 

by B. Holldobler and M. Lindauer. 1985. Sinauer Asso- 
ciates Inc., Sunderland, MA, 01375. 488 p. 
Behavioral ecology and sociobiology comprise the study of 

behavior from evolutionary adaptiveness to complex social inter- 
actions. Karl von Frisch, one of the “fathers” of behavioral ecol- 
ogy, possessed a unique ability to uncover the biological mecha- 
nisms which underlie animal behavior. Von Frisch espoused the 
importance of carefully observing animals in their natural habitat. 
With elegantly simple field experiments von Frisch interpreted the 
dance language of bees and inspired many researchers in all areas 
of behavioral ecology. This book is a collection of papers read at a 
memorial symposium held in honor of Karl von Frisch. 

The 27 papers presented in this book cover a wide variety of 
subjects on insect and vertebrate behavior. Each article is well 
written by authorities in behavioral ecology from all over the 
world. The editors have not tried to conform the papers into a rigid 
series of chapters but rather have allowed each to stand independ- 
ently in the following broad categories: orientation, learning and 
foraging, the analysis of communication signals, communication 
and reproductive behavior, social organization, and physiology 
and societies. 

The majority of topics relate to insect behavior. These include 
papers on the dance language in bees, the bee’s celestial compass, 
reproduction and foraging efficiency of army ants, the principles of 
caste evolution, optimal foraging, and termite polygyny. Verte- 
brate behavior is represented in articles including coping behavior 
and stress physiology, kin recognition, cooperation and altruism, 
and cooperative breeding strategies. 

Each article first presents a good review of current literature on 
the subject and then focuses on current research being conducted 
by the author. This book continually emphasizes the importance of 
carefully designed experiments as opposed to casual observation. 
Since behavioral ecology is a relatively young science, the book 
also emphasizes the importance of keeping abreast of the current 
philosophy and terminology. 

This book could assist researchers of range animal behavior to 
understand field experimentation as proposed by Karl von Frisch. 
However, the book is of little use to explain specific biological 
mechanisms for range animal behavior as the book deals primarily 
with insects and contains no articles on large generalist herbivores. 
As our quest for knowledge of range animal behavior grows, it is 
important to incorporate the experimental methods and terminol- 
ogy used in behavioral ecology into our research process. This 
book is an excellent way to be immersed in a variety of topics of 
behavioral ecology in the true spirit of Karl von Frisch.--Karen 
Mastel and Jerry W. Stuth, Range Science Dept., Texas A&M 
University, College Station. 

Playing God in Yellow&one-The Destruction of America’s 
First National Park. by Alston Chase. 1986. The Atlantic 
Monthly Press. Boston/New York. 446 pages. $24.95. 
Motherhood, apple pie, and national parks are great American 

concepts. Our National Park Service has accomplished (with pop- 
ular support) an outstanding performance in the preservation of 
physical phenomena such as waterfalls, rock formations, and 
landmarks. The interpretation and preservation of Mother Nature’s 
long-time biological scenarios within the parks (again with popular 
support) has never been an unchallenged success. Yellowstone was 
the first National Park, created March 1,1872. Too bad that range 
management would need another 100 years to put Yellowstone’s 
problems in proper perspective. Too bad again if the administra- 
tors (of course only if they have public support) do not allow the 

good and the bad to come and go whether it be fire, or elk, or 
earthquake. 

From the Park Service Enabling Act: “Provide in his discretion 
(i.e. the Secretary of the Interior) for the destruction of such 
animals and of such plant life as may be detrimental to the use of 
said parks, monuments, or reservations.” Thus the first rangers 
were hired for predator control. Exit the wolves and mountain 
lions (the coyotes were not so easy). One hundred years later the 
park rangers are bent on just the opposite, the reintroduction or 
redistribution of wolves, mountain lions, and grizzly bears. What, 
we might well ask, will another 100 years bring? How forthrightly 
Mr. Alston Chase presents the case for poor range management 
decisions in Yellowstone National Park may be judged from the 
following opinions about today’s park policy makers. 

R. Jonas found in 1955 that Yellowstone had only a fraction as 
many beaver as reported in the twenties. 

J. Habeck found in 1972 elk have indeed been the cause of aspen 
reductions. 

G. Cole (1971)-Elk are self-limiting without damaging their 
food supply (even though they control it). 

M. Meagher (1974)-Bison management in Yellowstone National 
Park may be termed no management. 

R. Rees (1984)-Park managers prefer a continually evolving 
policy of non-interference with the park’s life forms and their 
natural environment. 

Chase (1986)-The Park Service is between a political rock and 
a biological hard place. 

Too bad that the text is not illustrated, not even to show the rape 
of the aspen. An excellent index makes for easy reference to the 
various animals, issues, and personalities.--A.A. Beetle, Laramie, 
Wyoming 

Management of Pastoral Development in the Third World. 
By Steven Sandford. 1983. John Wiley and Sons, 1 Wiley 
Drive, Somerset, Conn. 08873. 316 pp. $37.95. 
Range managers and researchers trained in the western school of 

thought may find parts of this book controversial if not down right 
provoking. Author Steven Sandford, who is basically a socio- 
economist, has written a treatise that takes issue with several 
conventional range management concepts. 

The objective of this book is (1) to provide an analysis of the 
institutional, economic and environmental constraints that inter- 
act in pastoral ways of life and (2) to suggest strategies that lead to 
more effective management of pastoral development programs. 
The scope of the subject is broad; chapters discuss land use, tenure 
and allocation, pastoral objectives and strategies, aspects of range 
management, and the organization of institutions to deal with 
pastoral development. One chapter deals entirely with range man- 
agement but in a rather academic way. Three chapters discuss 
various aspects of arid rangeland development. Pastoral water 
development, marketing, and animal health are also treated in 
separate chapters-l 1 in all. 

The author puts forth new and challenging ideas that are counter 
to conventional range management wisdom. In developing these 
controversial ideas the author does not suggest that he actually 
believes them to be fact but that his experience, which is far 
reaching, and the evidence he is familiar which lead him to question 
conventional beliefs. 

The principal issue-and the one he calls the “mainstream 
view”-that he takes exception to is that ecological trends in range 
condition in pastoral regions of most third world countries are 
downward, i.e. degenerating, which leads to desertification. Also, 
that ifdesertiflcation is taking place, the mainstream view suggests 
that overstocking by the pastoral animals therefore is the cause. 
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The cause then comes about due to the allocation of livestock, 
which is private property, and the communal grazing land, which is 
public property. Pastoralists, therefore, are both the agents and 
victims of desertification. 

The logical conclusion of this faulty mainstream view, according 
to Sandford, is to subdivide the common rangeland into private 
holdings and the problems of stewardship will be solved. This 
scenerio, part of which is called “the tragedy of the commons”, is 
not new nor necessarily accurate but according to Sanford is 
conventional wisdom among professional range people. He attempts 
to build his case against this line of thinking by citing exceptions to 
the general rule, many of which are based on observations about 
range changes developed by anthropologists. 

The author also holds that the “mainstream”ideology contends 
that range intervention technology for pastoral development actu- 
ally exists but because of social and economic constraints it can not 
be successfully deployed. He has serious reservations that any 
grazing systems beyond those presently employed by pastoralists 
will produce any short- or long-term solutions, stating that 
western-trained (American) range scientists are “obsessed” with 
implementing grazing rotations. 

pastoral areas, especially sub-Saharan Africa? 
Apart from the contentious range related issues, this book pro- 

vides clear insight into the complex problems of third world pas- 
toral development and suggests some strategies for their solution.- 
Jon M. Skovlin. Las Grande, Oregon. 

In discussions of proper levels of use and overstocking the 
author identifies the pastoralists as being opportunistic as opposed 
to the range scientist, who is conservative. The pastoralists, of 
course, must stock up in good years in order to survive in bad years 
and with the conservative (mainstream) view, according to Sand- 
ford, they stand to lose useful resources in good years. The author 
questions: What is optimum stocking for pastoralists in the eco- 
nomic sense? He further rationalizes, if overstocking is really creat- 
ing desertification and deterioration of rangeland condition, why 
then do livestock populations continue to increase in third world 

suggesting that the whole ecosystem-national park and adjacent 
ranches-be considered as one management unit. It is interesting 
that the “laissez-faire” (minimal interference with nature) policy of 
the park administration necessitates “management”of poaching- 
as opposed to elimination of poaching-rather than game harvest- 
ing directly by park management. The option of the use of fire on 
ranches, along with game and domestic livestock management, 
makes the research work on burning at the Kiboko and Buchuma 
Range Research Stations in Kenya of particular interest, an area 
the author points to as a void in the literature. Hopefully the time 
needed to incorporate these tindings on burning into management 
options will not be as long as the two decades involved in compiling 
data leading to recommendations presented in this publication. In 
the case of Tsavo, the “elephant problem” which stimulated this 
research was finally at least temporarily “solved” by poachers, 
fortunately perhaps for the ecosystem but not in a predictable 
management fashion necessary for the future of the park. The book 
clearly points out knowledge gaps to researchers. It is also essential 
reading for range, livestock, and game managers dealing with 
management of East Africa rangelands whether in a teaching, 
extension or land management capacity. Techniques used in vege- 
tation measurement and in calculating grazing capacities will make 
this a valuable reference for classroom use.-Jumes T. O’Rourke 

Agroforestry in the Southern United States. Edited by Nor- 
win E. Linnartz and Mark K. Johnson. 1984. Louisiana 

This publication is the proceedings from the 33rd Annual Loui- 

Agricultural Experiment Station, 101 Forestry Building, 

siana State University Forestry Symposium. As the title suggests, 

Louisiana State University, Baton Rouge, LA. 70803- 
6202. 183 p. $12.50. 

the theme of the Symposium was the status and practice of agrofor- 
estry in the southeastern United States. The papers included in this 
book are by scientists, resource managers, and other innovative 
nractitioners with considerable exnerience in aaroforestrv. 

Elephants-Trees-Grass-Grazers: Relationships Retween Cli- 
mate, Soils, Vegetation and Large Herbivores in a Semi- 
arid Savanna Ecosystem (Tsavo, Kenya). By Willem van 
Wijngaarden. 1985. International Institute for Aerospace 
Survey and Earth Sciences (ITC) Publication Number 4, 
350 Boulevard 1945, P.O. Box 6,750O AA Enschede, The 
Netherlands. 159p. Price = Dfl 35. 
The findings in this doctoral thesis are not revolutionary. The 

alternative management suggestions made for wildlife and domes- 
tic livestock in this part of East Africa are not unknown. What the 
publication does do is to present data collected over nearly two 
decades, analyzing that data in a systematic approach that allows 
managers to arrive at various management alternatives. After 
introducing, in the first two chapters, the Tsavo ecosystem and the 
history of research conducted there, the author devotes three chap- 
ters to a descriptive analysis of the soil dynamics, vegetation 
dynamics, and dynamics of the large herbivore population. All 
eight chapters in the book are assisted in clarity and ease of reading 
with well developed introductions, in addition to concise conclu- 
sionary statements in these middle chapters. The sixth chapter 
presents the elephants-trees-grass-grazers model. Limitations of 
the model, as detailed by the author, redundancy of information 
from previous chapters with no new data introduced here, and 
limits placed on the model in making some assumptions result in a 
chapter that is of questionable value to the practicing manager for 
whom the rest of the book seems to be meant. Chapter seven, which 
deals with management implications, is the high point of the book: 
one which evokes thought and demands decision making. Man- 
agement options for both wild and domestic animals are presented, 

Agroforestry, the production of an agricultuil crop and a forest 
crop on the same land at the same time, has been practiced in the 
United States since the land was first settled by Europeans. The 
editors state, however, that the technology has not been fully 
developed. The papers presented at the Symposium illustrate some 
of the state-of-the-art management schemes yet point out that we 
have not gone as far as we can. 

The focus of the Symposium was grazing management and 
timber production in southern pine forests. The proceedings are 
presented in three sections. The resource itself is explored in papers 
defining agroforestry, a discussion of future trends for timber and 
livestock in the south, general economics of cattle management, 
and southern forest range management. The section dealing with 
forages in pine forests includes papers on cool- and warm-season 
forage management, livestock damage to tree seedlings, the use of 
subclovers in pine forests, and the response of pines and native 
forages to fertilization. Papers on poisonous plants and pests, 
agroforestry experiences by ranchers and agency managers, and a 
panel discussion on livestock grazing are contained in the third 
section on problems and potentials. 

The papers are well written and supported by illustrations where 
appropriate. The format of each paper is such that questions raised 
by the audience are presented at the end of the paper. This is a 
useful feature as most concerns the reader might have are 
addressed in the discussion following the body of each paper. 

The strength in the proceedings of this Symposium is in the 
broad spectrum of contributors from on-the-ground managers to 
research scientists and administrators. This publication should 
serve as a useful, general reference for those involved in agrofores- 
try and as a handbook for those practicing agroforestry in the 
southeastern United States.-Jeffrey S. white, Willows, CA. 

JOURNAL OF RANGE MANAGEMENT 40(2), March 1987 191 






	TABLE OF CONTENTS: Vol. 40, No. 2, March 1987
	ARTICLES
	President's Address :  Go for the Gold
	Passage Rates, Rumen Fermentation, and Weight Change in Protein Supplemented Grazing Cattle
	Examination of Methods for Estimating Rate of Passage in Grazing Steers
	Frequency Sampling in Microhistological Studies: An Alter- native Model
	Variation in Utilization of Big Sagebrush Accessions by Wintering Sheep
	Subterranean Clover on Southern Pine Range: Potential Benefits to Game
	Effects of Hay and Straw Mulches on the Establishment of Seeded Grasses and Legumes on Rangeland and a Coal Strip Mine
	Revegetation of Oil Well Reserve Pits in West Texas
	Impact of Bentonite Mining on Selecting Arthropods
	Growth of Introduced Temperate Legumes in the Edwards Plateau and South Texas Plains
	Increase in Number of Dominant Plants and Dominance- Classes on a Grassland in the Northern Chihuahuan Desert
	Carbohydrates in Leafy Spurge Roots as Influenced by Environment
	Effect of Herbicide Safeners on Sand and Little Bluestems
	Using Leaf Fluorescence for Evaluating Atrazine Tolerance of Three Perennial Warm-season Grasses
	Variations in Physiological Metabolites and Chlorophyll in Sexual Phenotypes of ‘ Rincon’ Fourwing Saltbush
	Growth and Reproduction of Grasses Heavily Grazed under Rest-Rotation Management
	An Evaluation of Grazing Intensity Influences on California Annual Range
	Understory Herbage Production of Major Soils within the Black Hills of South Dakota
	Temperature and Scarification Effects on Germination of Prostrate Bundleflower Seeds
	Germination Response of Three Globemallow Species to Chemical Treatment
	Effects of Temperature, Light, and Scarification on Germi- nation of Brownseed Paspalum Seeds
	Light Requirement for Seed Germination of Payson Sedge

	TECHNICAL NOTES
	Survival Analysis of Single and Twin Lambs
	Procedure for Fecal Cuticle Analysis of Herbivore Diets

	BOOK REVIEWS
	Experimental BehaviorialEcology and Sociobiology
	Playing God in Yellowstone-The Destruction of America’s First National Park
	Management of Pastoral Development in the third World
	Elephant  Trees -Grass.Grazers: Relarionships Between Climate, Soils, Vegetation and Large Herbivores in a Semiarid Savanna Ecos
	Agroforestry in the Southern United States


	AUTHORS
	Adams, D.C.
	Bahler, Caroline C.
	Beck, R.F.
	Beetle, A.A.
	Bennett, D.L.
	Brown, Ray W.
	Busby, Frank E.
	Cochran, R.C.
	Dally, Martin R.
	Dancak, Ken
	Eckert, Richard E. Jr. 
	Eskridge, K.M.
	Evenson, P.D.
	Flenniken, Kay S.
	Flenniken, Kay S.
	Freeman, Carl D.
	Fulbright, Timothy E.
	Fulbright, Timothy E.
	Galyean, M. L.
	Galyean, M. L.
	Gates, R.N.
	Gibbens, R.P.
	Haferkamp, M.R.
	Haggas, Lucinda
	Hansen, Richard M.
	Hartmann, Steve
	Holt, E.C.
	Holechek, J.L.
	Howard, Walter E.
	Hussain, Mohammed Y.
	Johnson, Mark K.
	Johnston, Robert S.
	Judkins, M.B.
	Krysl, L.J.
	Lemme, G.D.
	Lym, Rodney G.
	Martin, A.R.
	McArthur, Durant E.
	McArthur, Durant E.
	McFarland,  Mark L.
	McGinnies, William J.
	Messersmith, Calvin G.
	Mestel, Karen
	Moser, L.E.
	Moser, Lowell E.
	O'Rourke, James T.
	Parker, E.E.
	Ribbeck, Kenneth F.
	Roder, W. 
	Rodriguez, Ronald L.
	Rosiere, R.E.
	Roth, Timothy E.
	Scrivner, Jerry H.
	Seig, Carolyn Hull
	Skolvin, Jon M.
	Spencer, John S.
	Stevens, E.J.
	Stevens, Susan J.
	Stubbendieck, J.L.
	Stuth, Jerry W.
	Tiedemann, Arthur R.
	Ueckert, Darrell N.
	Uresk, Daniel W. 
	Vogel, Kenneth P.
	Wallace, J.D.
	Wallace, J.D.
	Waller, S.S.
	Waller, S.S.
	Welch, Bruce L.
	White, Jeffery S.
	Williams, Byron


