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Writing for the reader 
RICHARD II. HART 

“Yeah. Streetstyle is happening. It’s raw. Aggressive. Fluid. And 
the key word is STREET-so if there ever are street contests they 
should be held on the natural environment-the street. Let’s keep it 
OUTSIDE. Rip it up.-A.J.” (Jenkins 1986). 

Now THAT is writing for the reader. That’s my son-in-law A.J., 
writing for the typical reader of Freestylin’ magazine, who is a 
M-year-old who has gone over the handlebars once too often 
without a hehnet. 

This paper is about “Writing for the Reader,” from Bernard 
DeVoto’s advice to his students: “Write for the reader, never for 
youmeU”(Stegner 1974). And I might add, not for JRMor Range- 
la& but for the reader of JRM or Rangelands. 

The next question: What is the appropriate style for readers of 
JRM or Rangelands? The easy answer is “the way we’ve always 
written.” When Don Quixote told Sancho Panza to get on with the 
story without so many diversions, Panza replied, “The way I’m 
telling it is the way all stories are told in my country. It isn’t fair for 
your worship to ask me to get new habits” (quoted in Zimmerman 
& Clark 1987). 

The way “stories are told in out country” was established in the 
17th century (Wallsgrove 1987). Scientists had to distinguish them- 
selves from politicians, poets, philosophers, and theologians; they 
had to prove they were telling the truth about the material world, 
long before they had any impact on it. They wrote in the first 
person, what “I” did, to indicate they were reporting personal 
experience, not what Aristotle or some other ancient had said. 
They reported what happened when they performed an experi- 
ment; convinced readers that it had happened; and convinced 
readers they should care what happened. Those are still the essen- 
tials; everything else is style. 

Everything Else Is Style 
And style changes. Look at Charles Darwin’s description of 

what happens when grazing is excluded: 
. ..the land having been enclosed, so that cattle could not enter . ..self- 
sown firs are now springing up in multitudes...In one square yard...1 
counted thirty-two little trees; and one of them, with twenty-six rings of 
growth, had during many years tried to raise its head above the stems of 
the heath, and had failed. No wonder that, as soon as the land was 
enclosed, it became thickly clothed with vigorously growing young firs. 
(Darwin 1958). 

Now look at a modern example: 
The relict site (RM) had significantly more hcrbaccous vegetation than 
all the other sites (Table 1), which were not significantly different from 
one another. The reduced cover of Indian riccgrass [OrJzop& hyme- 
noides (R. & S.) Ricker]. a very palatable grass, was the primary reason 
for this difference. The cover of galleta grass [H&aria jumesii (Torr.) 
Iknth.], a grass tolerant to grazing, was not significantly different 
between sites, but as the total herbaccous vegetation cover decreased, 
the relative percent cover of this species increased. (Jeffries & Klopatek 
1987) 

The scientist has disappeared (no more “I counted”). Scientific 
names, complete with authority, reassure the reader that the writer 
really knows his plants, and data have been relegated to a table and 
subjected to statistical analysis. All this interferes with narrative 
flow; we think we need it to reassure the reader that we know what 
we’re talking about, but it might better be in appendices. 

Day (1979) denies the existence of style; he says “...the prepara- 
tion of a scientific paper has almost nothing to do with writing....A 

Corpus Cbristi. Texas, 10 February 1988. 

scientific paper is not ‘literature.‘...if the ingredients are properly 
organized, the paper will virtually write itself.“That last statement 
alone casts considerable doubt on Day as an authority. 

In contrast, Knoll (1988) in his review of the book The Young 
Earth applauds the author’s style, and reminisces of an era when 
the term “scientific literature” was not a contradiction in terms- 
like “quiet Texan. ” 

So style exists, else why the proliferation of “Style Manuals7 
And why the proliferation of styles? For example, the pontifical: 

Being a new approach altogether to the range deterioration problem it 
should not bc surprising that SGM is totally different from any of the 
approaches that were in usc. The diffemnccs am too many to list here 
but two which have caused the greatest unrest in the range profession 
are the facts that: 
1. No matter how bad the range deterioration there is never a need to 
reduce stock numbers to start the reclamation process. As a general 
rule, the conventional or government-prescribed stocking rates can 
safely be doubled in the first year of operation as long as adequate time 
control is brought into the grazing handling. Furthermore this doubling 
of government or conventional rates can be done regardless of how 
poor the range condition is at the time. (Savorv 1983) 

The author is absolutely certain of hi position (“altogether”, 
“totally”, “no matter”, “regardless”) and cites no data or references. 

The conventional: 
The stocking rate recommended by the Soil Conservation Service (SCS 
1986) is 36.0 steer-days/ha. Net profit at 1986 prices and the SCS- 
recommended rate q  S20.90 per ha (Fig. 5). Increasing to the optimum 
stocking rate of 57.6 steerdays/ha (a 60% increase) produced a 16% 
increase in net profit. Thus stocking rates recommended by SCS might 
be increased prolitably, at least in the short term; but this is possible 
with all systems, not just with shortduration rotation systems. Poten- 
tial short-term increases in livestock gain must be weighed against 
potential long-term decreases in range condition and productivity (Hart 
et al. 1988). 

Note the flat style and the absence of “absolute” words; data, 
calculations, and references are expected to speak for themselves. 

The popular: 
Claims for range improvement in southern Africa through intensive 
SDG at double conventional stocking rates are not founded in fact. To 
the contrary, evidence in literature from Zimbabwe. and elsewhere in 
southern Africa indicates that it is impossible to have both heavy 
stocking and improvement in range condition. In fact, studies of SDG 
involving 12-16 units at only medium rates of stocking have shown no 
greater range improvement than conventional systems. Momover, there 
are numerous cases where double stocking (with cartwheel systems) on 
a long-term basis has led to severe degradation. (Skovli 1987). 

Supporting evidence and data are cited, but not explicitly; lan- 
guage is less formal; and transition words move the narrative 
along. 

And finally, the barn-burner: 
A modern equivalent of Wovoka has appeared to show besieged 
ranchers the way. His name is Allan Savory, a man who teaches the 
rancher that he can bring back the grass by doubling his cattle num- 
bers....Morc than any other reason, Savory owes his success thus far to 
the utter failure of today’s range management establiihment....Thc 
allegiance of the range management professionals to the cow and to the 
maintenance. of the rancher in hi traditional position of dominance on 
the nubtiC lands now threatens to make the entire archaic structure 
coipse. (Carr 1986) 

Lots of fun to write. and to read if you already agree with it, but not 
likely to convince anyone; the writer is writingfor herself, not the 
reader. No data are given, the language is inflammatory, and the 
author is completely and utterly convinced that she is right, just as 
in the pontifical style. 
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What, Then, Is The Appropriate Style? 
What, then, is the appropriate style? Irmscher (1976) says style 

should be based on the four writer-reader relationships: the special- 
ist talking to the specialist, the specialist to the generalist, the 
generalist to the specialist, and the generalist to the generalist. He 
omits the most common of all: the specialist talking to himself. 

A more useful classification, also by Irmscher, identifies six 
styles: 

1. Legal & technical 4. Popular discourse 
2. Popular reporting 5. Public address 
3. Learned discourse 6. Private discourse 

Range writers are most likely to be concerned with 1, legal & 
technical writing; 3, learned discourse; and 4, popular discourse. 
Here is an example (Zimmerman and Clark 1987) of the same 
material in these three styles: 

Techniccll report (legal & technical writing): Standard measurements of 
length of six newborn swift foxes (Vu&es veloxjtaken in the study area 
were 15.5 cm, 14.7 cm, 16.5 cm, 14.9 cm, 15.0 cm and 16.2 cm (Smith 
1965). 
Scriptfor wildrife biologists (learned discourse): Newborn swift fox in 
the study area averaged 15 and a half centimeters in length. 
Script for television audience (popular discourse): Newborn swift fox 
pups would fit in the palm of your hand. 

Legal and technical writing for JRM and other journals uses a 
specialized vocabulary, which permits a highly compressed style. 
The writer is a specialist writing for specialists and can assume that 
explanations of terms are unnecessary because the reader knows 
what he’s talking about. On the other hand the writer is expected to 
give detailed accounts of materials, methods, and measurements; 
as in the 17th century, the writer must convince the reader that he 
writes from evidence, not hearsay. 

Learned discourse for Rangelandr and similar publications uses 
a more general vocabulary and a less compressed style. The special- 
ist is writing for specialists in other fields as well as his own. There is 
less concern for detailed descriptions of methods and more concern 
for helping the reader to follow a train of thought. Transitional 
words and phrases like “on the other hand” and “therefore” are 
used; examples are given; sentence structure and length are varied. 

Popular discourse for farm and other magazines lets the writer’s 
presence show through. First person, personal experiences, narra- 
tive style, uncomplicated sentences, figures of speech and other 
rhetorical devices are used. Some of us are uncomfortable with 
figures of speech; ask us “What’s a metaphor?“and we’re likely to 
answer “To keep cows in.” 

Points of Interest 
I’m not going to discuss many specifics of style; that’s what style 

manuals are for. But I’m not going to miss an opportunity to bring 
up a few style points that interest or irritate me (note the personal 
touch; that is popular discourse). 
His, Hers, Its 

Consider gender bias, sexist language, et al. I like the approach 
of van Leunen (1979): 

My expository style relies heavily on the exemplary singular, and the 
construction ‘everybody...his’ therefore comes up frequently. This ‘his’ 
is generic, not gendered. ‘His or her’ becomes clumsy with repetition 
and suggests that ‘his’alone elsewhere is masculine, which it isn’t. ‘Her’ 
alone draws attention to itself and distracts from the topic at hand. 
‘Their’solvcs the probkm neatly but substitutes another. ‘Ter’is bolder 
than I am ready for. ‘One’s’ defeats the purpose of the construction, 
which is meant to be vivid and particular. ‘Its’is too harsh a joke. Rather 
than play hob with the language, we feminists might adopt the position 
of pitying men for being forced to share their pronouns around. 

Thii may be too cavalier an approach, but you can perhaps move 
too far in the other direction; Zimmerman and Clark (1987) pres- 
ent a Zpage table of rules for avoiding gender bias. But they offer 
some good suggestions: 

1. If you know the gender of the person, use the appropriate pronoun. 
2. Use titles instead of pronouns. Use gender-neutral titles when good 
ones are available; avoid awkward ones such as “cowperson.” 
3. Replace possessives with articles or use plurals: not “Every branch 
chief should submit his report” but “Every branch chief should submit a 
report” or “Branch chiefs should submit their reports”, but not “Every 
branch chief should submit their report.” 

“I did it!” 
It is not, repeat not “unscientific” to use first person and active 

voice. Both were used for centuries in scientific writing, but lately 
all research has been done by disembodied spirits: “Plots were 
clipped,” LL It was concluded,” etc. “We clipped plots,” “I con- 
cluded” are far superior. 

Can’t Stand Alone 
Do not make statements unsupported by data or references. A 

recent article in JRM (Ethridge et al. 1987) stated, without either, 
“The rotation system was assumed to increase stocking capaci- 
ty...by 30%,” proceeded to build a complex economic analysis on 
this assumption, and concluded that “Several range improvement 
practices were shown to be generally proiitable...These include a 
rotation grazing system...“. 

On the other hand, do not hang unnecessary references on 
statements that are common knowledge. A reviewer recently asked 
me for a reference to support the statement that “milk provided 
most of (nursing calves? nutritional needs”; the editor of the jour- 
nal suggested I refer the reviewer to “Dial-a-Cow.” 

Play It Again 
This suggests that reviewers’comments should not be swallowed 

whole, at least not without a grain of salt. But revision is a neces- 
sary part of writing; few of us can rip out perfect manuscripts on 
the first try. Hemingway said: “Easy writing makes hard reading”; 
and DeVoto often advised his students: “Just mn it through the 
typewriter again” (Stegner 1974). 

Style manuals can help you write better: Day (1979), van Leunen 
(1979), and the ever- reliable Strunk & White (1979). But the best 
way to learn good writing is to read good writing, designed for the 
same readers you’re trying to reach. “You11 never be Leo Tolstoy!” 
Lucy jeered at Snoopy. And we shouldn’t try to be. But we might 
try to be Charles Darwin, Carl Sagan, or Alan Moorhead. 

And finally, learn by doing: write, write, write. Ill close with 
another quote from son-in-law A.J. (Jenkins 1986). A hotdog 
wrote to the magazine that he was going to be the raddest, most 
aggro free-styler around; he had bought “the hottest scoot in town” 
and now what should he do? And A.J. replied, “Ride.” 
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Writing for your audience 
JAMES A. YOUNG 

It would appear that for a portion of the membership of the 
Society for Range Management there is a considerable crisis in 
communication. This is illustrated by the proposal that not all 
members be required to subscribe to the Journal of Range Man- 
agement because the contents of the society’s journal do not apply 
or are too difficult for a portion of the membership to understand. 
At the same time, I have been told rather haughtily by scientists 
that they do not read Rangelands because it contains nothing of 
interest. This would seem to be a society that is tearing itself apart 
for lack of communication. 

The Measure of Success 
I propose that a measure of the success of a society dedicated to 

the art and science of range management is which portion of its 
membership contributes to the publications of the society. The 
publications can only be as good as the sum of the contributors. 
Who should contribute to society publications? Only those who 
have something to say is the only logical answer to this question. 
Stop and think about the alternative of having nothing to say. 
Where does this answer leave you professionally, and as a member 
of society in general? Members of any organization always seem to 
have complaints about the organization that can be heard in the 
halls and bars at meetings, but seem never to make it into print. At 
the same time a great number of practitioners of the science and art 
of range management that truly make outstanding contributions 
never seem to get a word of praise in print. Many of the issues that 
face range managers are highly controversial. Management of 
free-roaming horses, revegetation of mine spoils, design of grazing 
experiments, pseudo-replications are only the start of list of topics 
that must raise some desire to communicate. 

How? 
How do you communicate in writing in the Society for Range 

Management? This is the easy part. The society has everything you 
want to know about writing for society publications and were 
afraid to ask, written down in instructions to the authors for each 
society publication. These exhaustive, ironclad instructions are 
seldom followed or interpreted twice in the same manner, but it is 
like herding chickens-if you get most of them going in the same 
direction do not tight it. The society only has one editor because 
editors belong to an expensive guild that dates from medieval 
times. The secret methods of editing are passed during the dark of 
the night from one generation to the next. The editor delegates 
authority for approving material for publication to editorial 
boards who are composed of society members. The purpose of 
these boards should be to foster communications within the 
society, and among other individuals interested in the environment 
we define as rangelands. Any time these editorial boards lose sight 
of this goal, they are defeating their purpose. 

T!x author is range scientist, Agricultural Research Service, U.S. Department of 
Agnculture, Rcno, Nevada. This paper was presented at the symposium “You and 
SRM Publications” at the Annual Meeting of the Society for Range Management, 
Corpus Christi, Texas, 10 February 1988. 

Everyone can write so the story can be understood. Admittedly, 
writing comes easier for some than others, and certainly some have 
more experience than others, but everyone is able to communicate 
in writing. There was the extreme case of the brilliant Nevada soils 
scientist who made a detailed study of range sites, ecological sites, 
and habitat types and probably understood these concepts in 
environmental classification better than anyone else in the society. 
When asked why he did not submit this material for publication, he 
maintained that he tried once, but the editor took out all his swear 
words and he had nothing left to communicate with. 

Wonder at the Masters 
This brings us to the point of this discourse-writing for the 

audience. There is one thing in communication that is more impor- 
tant than just writing the material down: it is getting someone to 
read your creation. Highly stylized scientific writing is seldom 
interesting. The more it is edited, the less interesting the articles 
often become. The reason for this is the need to communicate very 
precisely in scientific writing. If you go through the collection of a 
major library and skim through scientific journal articles, you will 
soon realize that there are a few, really good scientific writers that 
have the gift of communicating, no matter how basic the subject. 
Try articles by G. Ledyard Stebbins, Daniel Axelrod, or Israel 
Cook Russell and wonder at the masters at work. Stebbins has a 
biting, but brilliant, sense of humor. Axlerod is always positive and 
direct, while ignoring the maybe and might have been. Russell 
wrote in the 19th century with a pen that could capture the deserts 
of the American West and educate the American public to the 
wonders of glaciers, rivers, and landforms. 

We’ve Got Color 
The transfer of technical information allows the writer greater 

freedom to exercise individuality. The Society for Range Man- 
agement is alive with color and steeped in history. There are endless 
opportunities to use the color and pageantry of rangeland envi- 
ronments and the culture of the herdsman to enhance interest in 
our communications. Range management enhances the color in 
individuals. There is something about clipping willows for browse 
estimates on the Copper River Delta of Alaska, or feeding hay to 
hungry cows on the North Fork of the Humboldt River, or work- 
ing for the BLM in Battle Mountain that tends to separate one 
from the yuppie clones of the metropolis. It does not matter that 
you are currently a bureaucrat tilling out forms on the banks of the 
Potomac-you once saw the sunset on the Red Desert. At the next 
society annual meeting, sit in the hotel lobby or bar and watch the 
delegates. If you do not see at least one person that could pass for 
Porter Wagoner’s brother the wagon train ran over, I would be 
very surprised. Of course, some of the rancher members dress like 
Harvard lawyers because they got the habit while attending Har- 
vard graduate school for their MBA. 

If you think the society lacks color, stand back and observe the 
participants in the various student contests at an annual meeting. 
From the haunt of the cadets to the pride of the teams from 
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Mexico, you can draw upon a wealth of emotions. Many range 
managers have the opportunity to benefit from association with 
herdsmen whose fathers’ fathers have observed the cycles of new 
grass, calving, and drought on prairie, veld, pampas, or steppe. 
Tbii is the real stuff. The point is that you can use the color, history, 
and pageantry of range managers and range environments to help 
sell your communication by making it attractive and interesting to 
read. 

Look at some of the highly successful slide shows that have been, 
prepared on rangelands. Package the same approach in your writ- 
ing. Borrow from journalists and hook your readers with a good 
lead sentence. Borrow from popular writers and have the hero 
treed by a bear and then rescue him with good range management. 
Hide your point in the story and keep referring to it subtly. Get 
your readers to believe they thought of it themselves. Many issues 
in range management have audiences highly polarized. If you jump 
in with a title or lead sentence that strongly supports or opposes 
one point of view, you automatically lose half your audience. Stop 
and think about the consequences of such an approach. Did you 

really want to communicate with the audience that already agrees 
with you or did you want to influence the non-believers? 

Remember our friend, the soil scientist, who could argue the 
concepts of vegetation classification in bars from Vya to Wild 
Horse but suffered from an edited vocabulary? Would you like to 
try to communicate these concepts in classification to the general 
membershp of the society? You could introduce the subject with, 
“habit types are abstractions that only occur in the minds of 
ecologists and are represented by concrete examples that only 
reflect a portion of the normal distribution of variability.” An 
alternative approach might be, “Graduates in natural resources 
from Utah State University date events from the morning when Dr. 
West got the shock from the overhead project while lecturing on 
concepts in vegetation classification--“. 

Everyone can communicate through writing. A few can com- 
municate exceedingly well and the rest of us can become expe- 
rienced writers. The only thing that can stop you from communi- 
cating and becoming experienced is yourself. 



Reader expectations: How important to meet? 
DAVID A. FISCHBACH 

As an International professional society, we have two predomi- 
nant modes of communicating with others in our society and our 
profession: our annual convention and our two regular publica- 
tions. With as diverse a membership as our organization has in 
experience, education, interest, and occupation, is it realistic to 
think that two publications can meet the expectations of everyone 
we intend to reach, or is it even important? The answer to both of 
these questions must be a unqualified YES! That is not to say that 
we only read what we agree with or already know about. We learn 
by reading or hearing things with which we either DISAGREE OR 
ARE UNAWARE OF-something unexpected! 

The Mission 
If the mission of our publication is to inform and educate we 

must first get the attention of the prospective reader. Boy, did that 
color photo of branding calves on the cover of the February 1987 
issue of Rangelan& get my attention, as well as the color photos in 
two articles in the December issue. These were totally unexpected, 
and they were effective and added to the readability and enthusi- 
asm of the article. Colored photos are now expected. Enthusiasm 
has been described as when, on your wedding night, you turn off 
the lightswitch on the wall and get into bed before the room is dark! 
It is neither impressive nor effective to make statements like, “We 
procured a geotome with which to architect an aperture into the 
Bs”, when you could simply say, “We used a spade to check the soil 
profile.” 

The subject of reader expectations goes much deeper than just, 
“What do the publications have to offer?” What our publications 
offer is the culmination of years of experience, education, exper- 
tise, and derived opinions on the many-faced subject of range. Our 
success in expanding upon and spreading this knowledge can not 
be achieved by sitting back and asking, “What do the society or the 
publications have to offer me?“, but rather by asking ourselves as 
individuals and as a society, “What do we have to offer the world?” 

The author is a rancher in Faith, S. Dak. This paper was presented in the sympo- 
sium “You and SRM Publications” at the annual meeting of the Society for Range 
Management in Corpus Christi, Texas, February 1988. 
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Minding our own business and remaining anonymous achieves 
little and contributes nothing. 

Everybody’s Job 
The offering of our efforts and knowledge includes not only 

having articles or research papers published, but also taking an 
active part in the society and in what is going on in range research 
and management on a world-wide scale. It is good to see that after 
many years of being afraid to become involved in any political 
aspects of range we have, in the past few years, finally begun 
making some public statements: not so much taking sides on issues, 
but rather as being an “expert witness” in instances where such 
witness is appropriate and essential. While being an expert witness 
on political issues may seem to diverge from the topic of Reader 
Expectations, it would be impossible for the Society to be a credi- 
ble witness without having the material in JRMand Rangelands to 
back our claim to being professionals and experts in this highly 
scientific and technical field. 

Prospective authors must constantly ask themselves, ‘To whom 
will the proposed article appeal and how can I get it to appeal to 
more people?“A basic fundamental of this can be learned from the 
example set by the late C.M. Russell in his career as a western 
artist. His paintings seem to come to life before your eyes, and this 
is caused in part by the fact that he lived the life of a Montana 
cowboy for eleven years before he painted commercially. The point 
here is that sooner or later, what is learned from research and 
articles must be able to be understood and evaluated by those of us 
educated in”‘the school of all outdoors.“That is not to say the user 
will agree with or can use the information, but he must be able to 
understand it well enough to determine what might apply to his 
needs. The success or failure of the endeavors of the society and its 
publications is determined in the end by the user and his under- 
standing and application of information. 

A good article, like a good talk, is not measured by its length but 
by its content. A priest friend once said, “I’ve never heard a bad 
five-minute sermon”. 

A story is told of an elderly organist in a European cathedral. He 
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had reached the age of retirement and was to be replaced by a much 
younger man. One day the younger man approached the elderly 
man while he was practicing his beloved organ for the last time. 
The elderly man turned off the organ, slid the key into his pocket 
and began to leave the church. The younger man stopped him and 
said, “Sir, the key, please.” The elderly man put his hand into his 
pocket, pulled out the key and placed it in the hand of the younger 
man. The younger man then began playing music such as the world 
had never heard, for that young man was Johann Sebastian Bach. 

The older man said later, “Just suppose I had not given the master 
the key”. 

We have that key. Whether we use it or how we use it is up to 
each of us. By trying something new, by breaking the mold of what 
we are used to, we meet the expectations of our readers; namely 
that we publish the most reliable articles written by the most 
qualifiedauthors in the highest respectedjournalspublished which 
deal with the topics surrounding the renewable natural resource we 
know as range. 



Peer review of technical manuscripts 
GARYW.FRASIER 

“Peer Review,” the downfall of many papers and the heartbreak 
of authors, is the most difficult component of publishing for 
researchers to accept. What is peer review? Peer review is the 
analysis of a paper by someone with sufficient knowledge of the 
subject to be able to make a judgement as to the merit of the paper. 

Why Review? 
Why do we need to review papers? In the early history of scien- 

tific investigations, the researcher kept detailed notes and logs of 
the observations, procedures, and results. Many early studies were 
conducted to satisfy the researcher’s personal curiosity. The note- 
books were a method of keeping track of information. These 
notebooks provided the written record of the investigations but 
were relatively inaccessible. There are several instances where 
duplicate research was conducted at several locations because the 
information was not available in common media. This problem led 
to the establishment of technical journals for the publication of 
scientific research results. 

The early journal articles were frequently quite long and detailed 
with extensive tables and figures of the actual data. From these 
detailed reports, a reader could make a judgement decision as to 
the validity of the study. With time, the articles become shorter 
with condensed summaries of the actual data. These shorter arti- 
cles created problems for readers. An author is very familiar with 
the procedures and actual data. A statement that is very clear to the 
author may lack an important component to make it understand- 
able to others. Peer reviews insure that a knowledgeable reader can 
understand how the information is collected and make a judge- 
ment decision as to the validity of the results. 

Kinds of Review 
Peer reviews may be relatively informal or a highly structured 

process. There are several degrees of peer review. While they are 
not completely unbiased, co-authors are the first level of peer 
review. The author’s co-workers are another level of peer review. 
Many institutions, agencies, and organizations have a formal 
review process as part of their publication policy. Most technical 
journals employ a peer review process, with refereed journals 
usually utilizing some form of anonymous review. 

Peer reviews by co-authors and co-workers can be of great 
benefit in the early stages of manuscript preparation by giving the 
author guidance in maintaining a coherent logic. These peer 

Author is Editor of Range&w&and a past Associate Editor of the Joumolof Range 
Mo?tagemmt. 
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reviews however, can also be misleading. Co-workers may have 
some knowledge of the studies which they inadvertently use to 
interpret the results, although that information is not clearly stated 
in the paper. These reviews also are usually done at the author’s 
request and there is a tendency to be forgiving of errors. Some 
reviewers do not like to be overly critical of a co-worker’s material 
for fear of appearing to be jealous or petty. In some instances 
co-workers will be lenient, using the justification that someone else 
in the peer review process will point out the problems that need to 
be corrected. 

Some agencies and groups employ technical editors to work with 
the authors. These editors provide a valuable service by offering 
assistance in the writing structure. Unfortunately, these technical 
editors do not have the technical training to provide the necessary 
evaluation of the scientific merit of a paper that is required for a 
good peer review. 

In most instances, the best peer review is obtained when the 
identity of the reviewer remains anonymous. Reviewers tend to be 
more critical when they are assured that the author does not know 
the source of the comments. Then too, even in science there are 
instances, fortunately rare, where an author has deliberately made 
misleading or erroneous statements or conclusions. Anonymous 
peer review is one mechanism for detecting this practice. 

Critical Comments 
The most important contributions from anonymous peer review 

are the comments to clarify the paper. These comments are fre- 
quently needed to better understand the procedures used, such as 
the experimental design and data analysis. A good scientific paper 
must be written so that someone else can duplicate the study and 
end up with the same results. 

Authors are frequently quite upset with peer reviewer’s com- 
ments. In many instances they state “...the reviewer did not under- 
stand what was being said.” What the author failed to understand 
was that the reviewers were reading and interpreting in their own 
minds what was written. Their interpretation was different from 
what the author had in mind during the writing. The author had 
failed to clearly state what was being done. The author had not 
prepared a good paper. 

Most people take the peer review of a paper as a serious task. If 
the reviewer can understand the paper, the author will receive a 
“good” review. If the paper is poorly written and not clearly stated, 
the reviewer must then try to interpret what the author was trying 
to say. This is when the reviews become more and more “unsatis- 
factory.” There will be a point where the reviewer feels that time is 
being wasted and the author will receive a “reject” recommendation. 
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Journals usually have subjects and standards which the author ing. The peer review process gives the author the guidance to 
must meet. A well-written paper on the wrong subject or in the present the information in a forum that can be used by others. A 
wrong format may be rejected by the peer reviewers of one journal peer review that does not make suggestions for improvement prob- 
and accepted by the peer reviewers of another. Journal editors use ably means that the reviewer did not read the paper or did not 
the peer reviewers to maintain the quality of papers that are understand what was being said, and did not have the courtesy to 
published. admit it. A good peer review can be worth its weight in gold. Don’t 

There are very few writers who are capable of preparing a look a gift horse in the mouth. 
scientific paper that does not require some modification and edit- 



What do researchers like to read? 
HENRY A. WRIGHT 

I like to read papers that answer why questions, not the what 
bappencd questions: science proceeds most rapidly when cxpla~- 
tion is coupled with description. The sooner we know when and 
why a plant will be susceptible to a chemical, the sooner research 
on type of chemical and rate of application will be informative. 
Similarly, resistance or susceptibility to fire of a plant varies with 
season. Once we know our objective (kill or keep a plant), we can 
prescribe a bum to achieve our objective. A paper should expand 
our knowledge base and add to management information. Remem- 
ber, thii is the Journal of Range Management. 

Moreover, I like to read papers that determine thresholds. When 
will firebrands give us problems and when will they not? Why? 
When will logs bum up and when will they not. Why? When are 
plants susceptible to rootkill and when are they not? Why? When 
will fires bum safely and when will they not? What are the upper 
and lower limits of weather conditions for permissible burns? 

Papers that resolve field problems through basic and applied 
research are preferred reading. Laboratory work, special field 
testing, and, ultimately, application are usually involved. Also, this 
research might incorporate basic information from other disciplines. 

As a scientist, I do not like to get papers rejected for the wrong 
reasons. Associate editors should set the standard for our journal 
and should take their job seriously to serve the members of the 
society. They should have the fortitude to make final decisions on 
acceptance or rejection of papers. I do not like to hear an editor 
say, “I rejected your paper because my reviewers rejected it, and I 
need to honor their judgement. Otherwise, they may not review 
papers for me in the future.” 

There are harsh reviewers and there are lax reviewers. I can get 
negative comments on any paper by sending it to certain people for 
review. Similarly, I can guarantee acceptance from other review- 
ers. Thus, the editor needs to be rational and fair, and must exercise 
good judgment if we are to have a quality journal, regardless of 
reviewer comments. This is necessary if we want good research 
papers to continue to come to the Journal of Range Management. 

I am not impressed with editors who say, “We reject 50% of our 

Author ia Horn Professor and Chairman, Department of Range and Wildlife 
Management, Texas Tech University. The pa 
Publications and You” Symposium at the S r 

r was presented as part of the “SRM 
M Annual Meeting, Corpus Christi, 

Texas, February 1988. 

manuscripts.” That is like telling a class of students that “50% of 
you will flunk this course, regardless of your level of performance.” 
Ecology used to send me papers to review. They prefaced their 
cover letter by saying that “We reject 50% of all manuscripts.” I 
returned their requests for review and said, “I review papers for 
content, not to make sure that 50% get rejected.” In my judgment, 
editors should accept papers because there is something good in 
this paper. It should be a contribution that will enable us to better 
understand ecosystems or manage our lands. 

A paper should be scientifically sound. Some of our editors and 
reviewers are pseudo-statisticians who often reject papers ‘because 
of improper design.” I had a paper in which we studied the relation- 
ship between forage yield and percent cover of brush on a grazed 
and ungraxed area. The paper was rejected because of “used 
pseudo-replications.” What is wrong with comparing regression 
lines between two areas? 

Some of our editors have made bad decisions based on poor 
reviews, and they are accepting straightforward what studies in 
place of good wby research. This is dangerous and embarrassing to 
our profession. Editors are encouraging scientists to do nothing. If 
you do not do anything, you cannot be accused of doing anything 
wrong. 

Statistics should be a tool for researchers to evaluate their 
research. Randomization and replication should be incorporated 
in all studies to the greatest degree possible. After researchers have 
analyzed their data, they should set statistical analyses aside and 
“tell their story.” 

When associate editors are chosen, there should be some min- 
imum criteria. They should have a good publication record in 
several journals. Some people have been scientists for 20 to 30 
years and only published 2 or 3 papers. These people do not make 
good editors because they are too critical of themselves. Neverthe- 
less, they generally are some of our best reviewers if their review 
comments are handled by a rational editor. Lastly, associate edi- 
tors should preferably be senior scientists, but not necessarily. 

All of us need to remember that our goal is to serve our profes- 
sion so that ultimately we can do a superior job of managing our 
natural resources. If we use the why approach in our research and 
get reasonable and fair treatment from associate editors, we will be 
doing what is best for our profession. 
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Obligations and expectations of your peers: manuscript 
review at the Journal of Range Management 
N.T. HOBBS 

It has been said that the principal virtue of the peer review system 
is that it assures your paper will be read by at least 2 people. 
However, we have all occasionally wished that 1 particular reader 
had been otherwise engaged. Let me paraphrase a review I once 
received. The referee told me, in essence, that my paper showed a 
unique capability for turning a sow’s ear into a sow’s nose. If that 
wasn’t enough, he went on to say that never before had he seen a 
young man who could transform a valuable commodity like paper 
into something thoroughly worthless merely by adding ink. It 
would seem that scientific publishing is not for the faint of heart. 

Why do we put ourselves through this painful, time consuming 
business? We do it because we want to be believed. Credibility 
ultimately determines the effectiveness of a scientist, particularly 
the effectiveness of an applied scientiest who must answer to practi- 
tioners as well as to other researchers. To the extent that we value 
our trustworthiness, we will invest in enhancing and protecting the 
credibility of our profession. Peer review is one such investment. 
What we gain from it collectively is worth some individual 
inconvenience. 

An effective system of peer review should avoid 2 classes of 
errors. Errors of commission are the ones that come to mind first: 

Author is wildlife researcher, Colorado Division of Wildlife, 317 W. Prospect Rd., 
Fort Collins, Coloz 80526. The paper was presented as part of thc”SRM Publications 
;;r&You” Symposmm at the SRM Annual Mectmg, Corpus Chnsti, Texas, February 

we wish to avoid publishing unsound information. The conse- 
quence of that mistake, if it is made frequently enough, is the 
erosion of the credibility of range scientists. On the other hand, we 
don’t want to mistakenly exclude worthwhile papers. The conse- 
quences of errors of omission include a loss of innovation in 
research and its application, as well as a general unraveling of the 
peer review process, a process that fundamentally requires a per- 
ception of fair treatment by its participants. So, we need a equit- 
able system that assures a high level of quality. 

The Current System 
Our current system includes editor-in-chief Pat Smith, 12 asso- 

ciate editors, and many referees (usually 200+ each year). Associate 
editors are nominated by the membership of the Society for Range 
Management, are elected to the editorial board by a vote of the 
board’s current members, are recommended by the editor-in-chief, 
and are appointed by the president of the Society. They are chosen 
to represent several subject areas including plant and animal phys- 
iology, grazing systems, plant and animal ecology, soils, hydrol- 
ogy, economics, wildlife management, and range improvements. 
Once selected, associate editors serve a 2-year term with a possible 
renewal for 2 additional years. 

The function of the system is illustrated in the following example 
(Fig. 1). A manuscript is submitted to the editor-inxhief, who 

Manuscr@t Review 

L ( Manuscript submitted; 
editor chooses assoc. 
editor. 

1-1 re43=_ manuscript 1 

Sort 

Fig. 1. Flow d&gram of peer review at the Journal of Range Management. 
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chooses an associate editor with expertise appropriate for its topic. editors who will persist in requiring a change that an author can 
Upon receiving the paper, the associate editor selects 2 or 3 referees refute in a well-documented rebuttal. After all, the editors and 
to review it, usually allowing them 2 weeks to a month to get the job reviewers are, by definition, your peers, not your superiors. In the 
done. Most referees are persons whose work the associate editor end it is your paper, and within reason, should reflect your values 
knows, although citations in the paper, suggestions of colleagues, and interpretations. Finally, you can expect a review that is as 
or recommendations of the author may also point out appropriate expedient as is consistent with thoroughness and reliability. 
reviewers. 

When the reviews are returned, the associate editor decides the Everyone’s Share 
fate of the manuscript based on the comments of the referees and 
his or her own evaluation. If the referees are thorough, then most 
associate editors will simply pass their recommendations on to the 
author, adding only minor comments as needed. However, if 1 or 
both of the reviews are weak, then the opinions of the associate 
editor take on greater weight. If the reviews are inadequate, the 
associate editor may seek others. 

When the paper is returned to the author, he or she has several 
choices. If the paper is accepted without revision, then it is simply a 
matter of choosing the correct champagne. (Given the salaries of 
scientists, it is perhaps fortunate that this occurs rarely.) If revi- 
sions are required, then the author can choose to make the changes 
as asked, or can provide a detailed rebuttal explaining why they 
should not be made. The associate editor will evaluate the revisions 
and rebuttal, and at that point may proceed with publication, may 
ask for additional changes, or, in some cases, may require further 
review. Finally, if the paper is rejected, the author can decide to 
submit it elsewhere, can revise and resubmit it to JRM, or can 
appeal the decision of the associate editor. In the case of resubmis- 
sions, the process starts over. In the case of appeals, the paper will 
be reviewed by a different associate editor and different referees. 
On appeal, the second editor considers all reviews, rebuttals, and 
correspondence, and arrives at a final decision on publishing the 
paper. About half of appealed decisions are decided in favor of the 
author. On average, the review process requires 7.5 months from 
submission to acceptance; accepted papers are usually published 
within 5 months. 

What Can You Expect? 
As an author, what can you expect from the process of peer 

review at the Journal of Range Management? You can anticipate a 
rigorous evaluation of the quality of your product. Your manu- 
script must treat a topic that is appropriate and interesting, and in 
so doing, must offer original, reliable information, clearly pre- 
sented. Roughly half of the papers submitted meet these criteria. 
Papers are rejected most frequently because referees and the asso- 
ciate editor believe they fail to meet standards for reliability, par- 
ticularly in experimental design and execution. These problems 
frequently include inadequate replication of experimental mater- 
ial, confounding of treatments, and inappropriate procedures for 
measuring responses. Topics are judged uninteresting if they 
merely echo a well-established literature, if they are excessively 
parochial, or if they are largely irrelevant to important issues in 
range management. 

Opaque writing rarely causes outright rejection, but often leads 
to major revisions. Although some editors and referees are willing 
to polish dull prose, authors are ultimately responsible for the 
clarity of their work. If good writing demands inordinate effort, get 
professional help-1 am often surprised that scientists who actively 
seek statistical guidance in designing and analyzing their experi- 
ments wouldn’t think of obtaining help in reporting them. If you 
believe working to improve your writing isn’t a worthwhile invest- 
ment, consider that most referees are far more forgiving of flaws in 
a clear paper than in a murky one. 

In addition to rigor, you can expect fairness. You are entitled to 
a review that is unbiased, that evaluates your work solely on its 
merit. You are due a review that responds to your perception of the 
message implicit in your paper. For example, if you think the 
editor and referees have asked for a revision that is uncalled for or 
misleading, then you have every right to tell them so. I know of no 

As a professional, what are you obliged to contribute to peer 
review? If you want to publish in refereed journals, you then are 
obliged to actively participate in the peer review process by provid- 
ing a reasonable number of critiques of manuscripts. Your obliga- 
tions are not limited to triage; you should strive to improve the 
quality of manuscripts, not merely sort them according to their 
quality. To that end, your comments need to be thorough, scho- 
larly, and constructive. Even when rejecting a paper, you must 
clearly explain your objections, and suggest approaches that might 
remedy them. If nothing else, rejected authors should learn some- 
thing from the reviewers. Finally, I emphasize that you must be 
prompt. If you are unduly burdened with requests for reviews, or 
have occasional scheduling conflicts, there is nothing wrong with 
begging-off and returning a manuscript to the associate editor. 
However, there is no excuse for a tardy failure to review. If you 
commit to reviewing by not promptly returning the paper, then get 
with it. As one of my colleagues said, it won’t take any less time 
next week than this one. 

The process of peer review belongs to all of us, and as such, 
should respond to individuals who believe that it isn’t working 
properly. Evaluation of manuscripts at the JRMhas drawn tire for 
several reasons, but the complaint I hear most frequently is that the 
process is inconsistent; that standards for acceptance vary among 
editors, and this variation leads to widely varying rates of accep 
tance. All of this is true. However, I think it comes with the 
territory of a diverse endeavor like range science and a subjective, 
pluralistic process like peer review. Any system that relies on many 
opinions to achieve judgments will be somewhat inconsistent in its 
outcomes. The only way to assure homogeneity of standards is to 
reduce the number of people making decisions, thereby distilling 
the variety of opinion they represent. Alternatively, rules for accep 
tance or rejection can be imposed from above. In the end, I think 
such efforts will lead to elitism, inflexibility, and the loss of a sense 
of collective responsibility for peer review. It is true that consis- 
tency is not far removed from fairness, but the appeal system 
should assure equitable treatment of authors who believe their 
work has been held up to unfairly inconsistent standards. 

Honors for Review 

This is not to say the system is perfect. However, I believe that 
the quality of the review system, as measured by its fairness, as 
measured by the quality of products that appear in the Journal of 
Range Munugement, is more or less directly proportional to the 
time and imagination that referees are willing to invest in their 
reviews. If we wish to improve the peer review system, if we wish to 
improve our Journal, if we wish to enhance the credibility of our 
profession, then we can do so by rewarding high quality participa- 
tion in peer review. I think these objectives are sufficiently valuable 
to require that evidence of high quality reviewing become one of 
the criteria for promotion of range scientists. Such evidence should 
not be limited to a list of the journals one has reviewed for, but 
should include an evaluation of the thoroughness and scholarship 
of the reviews themselves. Promotion folders should contain 
reprints. They should also contain contributions to peer review. 

Peer review at the Journal of Range Management is a system for 
enhancing the credibility of our profession by assuring that our 
products meet standards for quality. In this process, we should be 
able to expect fair and thorough treatment. We are professionally 
obliged to provide it. 
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Viewpoint: Who are those Smiths? 
ALAN A. BEETLE 

Ever since”Smith 1959”appeared in Vol. 33 page 457 of Journal 
of Range Management (without further designation), I have felt 
the need to distinguish between the Smiths-to give those devils 
their due, so to speak. Now the appearance of Index to Volumes 
l-35,1949 to 1982 brings need to a boil. The Index lists 30 Smiths, 
more or less, depending on whether Smith D.R.; Smith Dixie; 
Smith, Dixie R. are three persons or one. 

The Journal of Range Management has made references to more 
than 200 Smiths. Twenty of these have been referred to 20 times or 
more. The other 180 have been mentioned fewer than 20 times. 
Now that is a lot of Smiths. From page to page, issue to issue, and 
volume to volume, ambiguity can only increase unless, in all good 
conscience, the writers contributing to the Journal respect each 
Smith for what he or she is worth. 

Among the Smiths I count many good friends: Mike, Pat, Art, 
and Dixie, but what I know about the Smiths comes from the 
Journal. Jedediah was the first, a western explorer in 1828. Jared 
was publishing range management articles around 1900. 

The most important Smith, based on references in the Journal, is 
Arther D., with 584 references last count. The Index lists Smith, 
A.D. 3 times as follows: 18: 136-a Canadian; 3227%from Utah 
State; 32433-a Canadian. These references are separated by 4 
other Smiths from Smith, Arthur D., where all 12 references go to 
the gentleman from Utah. However, the Index, which misplaced 
32~275, has also ignored 5:304, “What should the goal of range 
education be?” apparently because it is an editorial and has over- 
looked 30: 119 for no apparent reason. 

Here is an annotated checklist of the 20 Smiths most mentioned 
in the Journal: 

(1) Arther D. (ranking 15th among all range managers, with 595 refer- 
ences); Utah wildlife and range manager as well as co-author of a 
classic McGraw-Hill text called Runge Mumgement 

(2) Dale W. (ranking 143, with 198 references); agronomist from Wis- 
consin specializing on the survival of winter hardened legumes and 
on carbohydrates 

(3) Dixie Ray (ranking 215, with 140 references); career range manager 
with USDA; US Forest Service 

(4) Edgar F. (ranking 280 with 114 references); Kansas specialist on the 
Flint Hills 

(5) Justin G. (ranking 283 with 113 references); specialist on forage 
quality and quantity for wildlife (Utah and Oregon); also cheatgrass 
and point frames 

(6) Patricia G. (ranking 326 with 102 references); editor of the Journal 
of Range Management 

(7) Henry H. (ranking 495 with 72 references); with the Soil Conserva- 
tion Service in Texas 

(8) David A. (ranking 515 with 70 references); with the Soil Co-a- 
tion Service in Arizona 

(9) Michael A. (ranking 538 with 67 references); professor of range 
management at the University of Wyoming 

(10) Dwight R. (ranking 680 with 52 references); in Colorado with the 
United States Forest Service 

(11) A.D. (ranking 753 with 48 references); agronomist from Alberta, 
Canada 

(12) N.S. (ranking 829 with 44 references); specialist on deer diets 
(13) H. (ranking 1,030 with 35 references); co-author with Draper, N. of 

a book on applied regression 
(14) Richard C.G. (ranking 1,288 with 28 references); Australian special- 

ist on grazing systems 
(15) Jand G. (ranking 1,395 with 26 references); pioneer range manager, 

around 1900 

The author is professor emeritus, Dept. of Range Management, College of Agricul- 
ture, University of Wyoming, Laramie 82071. 
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(16) Clayton Carl (ranking 1,525 with 24 references); in Oklahoma on 
overgrazing and Texas on brush control 

(17) Burton M. (ranking 1,582 with 23 references); in Utah with the 
United States Forest Service 

(18) S.J. (ranking 1,656 with 22 references); on Oklahoma soils 
(19) D.D. (ranking 1.731 with 21 references); on erosion 
(20) R.P. (ranking 1,732 with 21 references); on infiltration rates in New 

Mexico 
Twenty-eight of our 50 states have contributed Smiths-some 

more than others, e.g. Texas 19, Utah and California 9 each. 
Foreign Smiths have come from: 
(1) Africa: D.W.W. 
(2) Australia: D.F.; L.W.; M.D.; N.G.; R. and R.C.G. 
(3) Canada: Arthur D.; D.A.; D.W.; E.R.; J.H.G.; P.J. and R.L. 
(4) Great Britain: A.; Charles; J.H. and R. 
(5) New Zealand: A.J. and K.P. 

Government Smiths have been found in: 
(I) ARS: Paul F. 
(2) SCS: Byron T.; Bud, Guy D.; Henry N. and Ralph 
(3) USFS: Alexander E.; Benton M.; John B.; John C.; and L.S. 
(4) BLM: Eastbum and Robert J. 
(5) BIA: V.D. 
(6) US Fish and Wildlife Service: Allen G. 

Are some of them ranchers? Yes, some of them, for example: 
(1) Allen (South Dakota) 
(2) Arthur H. (Arizona) 
(3) Byron A. (Montana) 
(4) C.C. (Texas) 
(5) John B. (Oklahoma) 

There are some doctors, e.g., Dixie Ray and Michael A., but 
there are many more with the MS. or MS., e.g. Charles Ray, 
Clayton Carl, Michael Allen, Lynne Lorayne Bixler, D.G., David 
A. and D.R. 

In Colorado Mrs. Page is a librarian and Patricia G. is an editor. 
Otherwise J. Allen edited the Proc. of the XIV Grassland Con- 
gress. Books were written by Edward H. (Land Uses and Wildlife 
ResourcesA Guy-Harold (Conservation of Natural Resources with 
N. Draper), a book on applied regression; H.P. (Farm Machinery 
and Equipment); Lamont W. (Agriculture Food and Man); R.L. 
(Ecology and Field Biology); and S.E. (Mycorrhizal Symbiosis). 

From the allied field of Animal Sciences come: 
(1) C.K. (on cobalt) 
(2) G.E. (on sheep diets) 
(3) Harry H. (beef and livestock) 
(4) J.C. (on sheep) 
(5) J.S. (growth in beef cattle) 
(6) L.W. (dairy cattle) 
(7) M.E. (on beef) 
(8) N.E. (on dairy cattle) 
(9) Paul F. (takii the long view for Swift and Co.) 

(10) R.H. (on cows) 
(11) R.L. (wintering beef in South Dakota) 
(12) S.E. (phosphorus and vitamins for cattle and sheep) 
(13) T.M. (cattle grazing in Nevada) 
(14) V.F. (digestive capacity of sheep) 
(15) Walter H. (progress with angus) 
(16) W.W. (potassium in the winter supplement of range beef 

cows) 
and some roughly related subjects as dung (A.), mulch (R.) silage 
(R.E.), earthworms (R.M.). To continue the allied fields: 
chemistry: 

(1) F.B. (5) H.M. 
(2) F.E. economies: 
(3) F.W. (1) Stephen C. 
(4) Paul E. entomology: 
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(I) CF. 
(2) D.R. 
(3) L.L.B. 
(4) W. 

forestry 
(1) D.A. 
(2) Herbert B. 
(3) Howard B. 
(4) J.G. 
(5) Lloyd F. 

botany: 
(1) Alan L. (Scholochloo fesruca) 
(2) C.A. (Hyparrhenia in Rhodesia) 
(3) D.R. (Cercocurpus in Utah) 
(4) E.V. (Cyperus rotundus) 
(5) Ci. David (Tetradymia glaubrata) 
(6) W.K. (Boureloua gracilis) 
(7) G.S. (Boufeloua grucilis in New Mexico) 
(8) H.P. (pricklypear eradication in Texas) 
(9) P.J. (S&L columburiae in California) 

(IO) W.T. (Nicotiana) 
soils: 

(I) H.L. (infiltration along the Pecos River) 
(2) H.W. (on the Kelley Soil Sampler) 
(3) Henry W. (soil morphologist) 
(4) I.L. (sampler for gravelly plastic soils) 
(5) J.L. (on a soil erosion gauge) 
(6) K.J. (on a soil erosion gauge) 
(7) L. (on soils with W. DeYoung) 
(8) M./I. (on selenium) 
(9) MS. (on soil denitrigication) 

(10) R. (on soils in Australia) 
(1 I) R.L. (soil nitrogen losses in Utah) 
(12) R.M. (soil erosion in Texas) 

range management: 
(I) A.C.-(brush control in Texas) 
(2) C.C. (overgrazing in Oklahoma) 
(3) D.W. (fire in Canadian pine) 
(4) Harold E. (from sagebrush to grass) 
(5) H.H. (aqueous spray of 2-4D) 
(6) J.S. (reseeding) 
(7) R.D. (seed dormancy and germination) 
(8) R.P. (oak control in Texas) 
(9) T.A. (seed germination) 

(10) D.D. (handbook on conservation planning) 
(I I) Dale W. (survival of winter hardened legumes) 
( 12) L.H. (foliar rearowth of alfalfa) 
(13) Mark-A. (on hedicego) ’ 
(14) N.G. (on legumes) 
(IS) R.M. (forage grasses) 

taxonomy: 
(1) J.P., Jr. (on vascular plant families) 

watershed: 
(1) J.P. (on hydrology) 
(2) M. (on watershed) 
(3) R.E. (on rainfall and surface water hydrology) 
(4) R.L., Jr. (on water evaporation) 
(5) R.P. (infiltration rates in New Mexico) 
(6) S.J. soil loss and sediment discharge 
(7) V.E. (physical and hydrometeorological characteristics) 

weeds: 
(1) J.D. 

wildlife: 
(1) H. Clay (in deer browse) 
(2) J.C. (on deer food habits in Texas) 
(3) J.D. (Bureau of Sport Fisheries and Wildlife) 
(4) L. (Virginia Polytex. Inst.) 
(5) N.S. (deer diets) 
(6) P.J. (Fish and Wildlife Service) 
(7) R.H. (waterfowl) 
(8) R.J. (State Game and Fish Commission) 
(9) R.S., Jr. (frost injury to bitterbrush) 

(IO) S. (deer food in Texas) 
(I 1) V.G. (animal communities of deciduous forest succession) 

and related subjects: Courtney B. (rabbits in Utah), ,R.H. (rabbits in Ariz- 
ona), R.E. (the natural history of prairie dogs), G.D. (hawks) and J.N.M. 
(finches). 

In a recent letter to Abigail Van Buren (Dear Abby) the problem 
was given national attention: 

Dear Abby, I work in the public relations office of the Hugh- 
ston Sports Medicine Hospital in Columbus, GA., and one of 
my duties is to forward mail to patients after they are dis- 
charged. Sometimes this is next to impossible. For example: 
Mrs. John Smith. We have hundreds of discharged Smiths on 
file, but I don’t know which one is married to John, so I have to 
go through every Smith in our files to find the most recent 
patient. If there are three or four, I must return this card to the 
sender. 

The moral is: Smiths come in many forms (maybe they outper- 
form the Johnsons). Somewhere between non-Smiths Ralph 
Aaker and E. Zyznar they lie in troublesome wait. Indexers 
beware. May all editors avoid incomplete or inconsistent citations 
of all names. 

Editor’s Note: And may all authors tell us who they are-consis- 
tently! 

Call for Associate Editor Nominees 
We are seeking nominees to replace associate editors who 

will be leaving the editorial board of the Journal ol Range 
Management in February 1989. Scientists in range wildlife, 
animal nutrition, and forage selection and quality are espe- 
cially needed. Associate editors serve a P-year term with an 
additional 2 years possible. Attendance at the editorial board 
meeting at the Society’s annual meeting is strongly encour- 
aged. Candidates should be experienced in research and 
show sound judgment in dealing with others. They may be 
asked for a list of representative publications as well as 
references for their work as reviewers of articles. Nom- 

inators should determine first that the nominee is willing to 
serve as an associate editor. 

The office of Associate Editor is critically important for 
both theSociety and the profession and ultimately for range- 
lands. We need the best. 

To nomlnatc Send the name, address, and telephone 
number of the nominee, along with brief comments on the 
nominee’s qualifications to Pat Smith, Editor, Journal of 
Range Management, 1939 York St., Denver, CO 90206 by 
September SO,1999 For additional information, contact Dr. 
Smith at (303)355-7070. 
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Plant community development on petroleum drill sites in 
northwestern Wyoming - 
P.W. SMITH, E.J. DEPUIT, AND B.Z. RICHARDSON 

AbShCt 

Plant community and soil development were investigakl on 
oil/gas drilth~g sites occupying hotb sagebrush and coniferous 
forest vegetation types in northw&em Wyoming. sites ranged 
from 3 to 33 years in age since abandonment. Some sites were 
seeded at abandonment, wbile others revegetakd naturally. Vege- 
tation and soils were sampled and compared on distorhed and 
ad]acent undisturbed sitea. Both soils and vegetation were lltaed 
by drilling activities. Disturbed soils generally had higher bulk 
density and pH and lower organic matter content than ulistorbed 
soils. AU disturbed sites were vegetationally dissboilar to adjacent 
native sites. However, sagebrush disturbances were progressing 
toward undisturbed conditions more rapidly than coniferous 
forest disturbancea. seeding accelerated vegetation development, 
although at different rates between sagebrush and coniferous 
forest d&turbanceu. Seeding and establishment of introduced grass 
species on dkturbed sites did not prevent natural recolonization of 
native speck 

Key Words: oil/gas drilling, reclamation, succession, soil develop- 
ment 

Oil and gas exploration and production can have major impacts 
on rangelands and forest lands in the western United States. Rec- 
lamation of drill sites and ancillary disturbances is not only essen- 
tial for alleviating such impacts, but is required by law. 

Studies have been conducted within various ecosystems to 
determine the time required for natural revegetation after distur- 
bance. Estimates of recovery have ranged from as little as 40 years 
for sagebrush communities (Tisdale and Hironalca 1981) up to 200 
to 300 years for climax spruce-fir forests (Ronco 1976). This and 
other research (Judd 1940, Antos and Shearer 1981, Brown et al. 
1976) suggest that reclamation techniques are necessary to acceler- 
ate plant community succession on disturbed lands, if recovery 
within a reasonable time frame is desired. 

Much research has been conducted to characterize plant succes- 
sion on disturbed lands and to identify factors controlling this 
process (e.g., Skilbred 1979, Doerr et al. 1984, Sindelar 1978, 
Jaynes and Harper 1978). Unfortunately, lands impacted by oil 
and gas exploration have received little emphasis in such research. 
These lands differ from many other disturbances because of the 
small-sized, often scattered and environmentally disparate nature 
of individual drill sites, and the necessity of extensive access road 
SystemS. 

This project was conducted to evaluate succession on aban- 
doned petroleum drill sites as influenced by time and a range of 
physical and biological factors. Specific objectives were to: (1) 
Evaluate the influence of surrounding vegetation, (2) Determine 
the effects of seeding vs. natural revegetation, and (3) Evaluate the 
influence of disturbance-induced edaphic changes, on plant com- 
munity development. 

Authors arc presently 
W. 25th St., Chcycnnc, c 

lant ccologin, Wyoming Dept. Environmental Quality, I22 
yo. 82002; assocmtc professor, Range Management Dept., 

Univ. Wyoming, Laramk 82071; and nscarch forcatcr (r&cd), Intcrmountain Forcat 
and Range Experiment Station, Logan. Utah 84321. 

Thii study was a coopcrativc project between the Wyoming Agricultural Expcri- 
tnent Station and the USDA-Forest Service Intermountain Fomt and Range Expcr- 
iment Station (Coop. Agrwmcnt No. INT-81-OH-CA). The interest and chrcct sup- 
port of pctwnn4 of the Br@cr-Teton National Forest arc akogratcfullyacknowledged. 

Manuscript aozepted 5 April 1988. 

. 

I 
! 

1, 
! 
! 
! 
I 
I 
I 
! 
I 
i 
! 
! 
I 
i( 
! 
! 
! 
! 
I 
I 
I 
I 

l Extensively sampled sites 

Fig. 1. Locations of intensively and extensively sompkd drill sires within 
the Bridger- Telon Norionol Forest. norrhwesrem Wyoming. kknrzfiio- 
rion numbers ore odjocent to intensively sompkd sites. 

Study Area 

AH sampling was conducted on abandoned oil and gas drilling 
sites within the Bridger-Teton National Forest of northwestern 
Wyoming (Fig. 1). Plant communities within this Forest include 
grasslands, xerophytic shrublands, aspen and coniferous forests, 
and alpine plant communities (Beetk 1961, Bramble-Brodahl 
1978, Youngblood and Mueggler 1981, Steele et al. 1983). 

The Bridger-Teton National Forest occurs within a petroleum 
rich geologic formation known as the Overthrust Belt (Anschutes 
1980). As a result, the Forest has been the focus of oil and gas 
exploratory operations for over 50 years. By 198 1, at least 91 drill 
sites had been abandoned within the Forest. 

MetlMMls 

Study Design 
A field survey was conducted in 198 1 to locate and qualitatively 

characterize most of the 91 abandoned drill sites. Results of this 
survey were presented by Waldvogel(l984). 

It was impractical to intensively sample all sites for vegetation 
and soil characteristics. Therefore, a sub-array of 17 sites (Fig. 1) 
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Table 1. Comparison of mean disturbed and tive area soil dmraetairtia uwry sita rrithla tk sapbrush and todferous ve8eta&1 typa. 

Sagebrush Sites Coniferous Sites 

Siffnificance Significance 
Soil Disturbed Native of Disturbed Native of 

Soil attribute’ depth2 areas areas diiferenc+) areas areas difference(a) 

Bulk density 1 1.54 1.21 .Ol 1.52 1.23 .Ol 
(9/ cm31 : 1.54 1.28 .lO 1.72 1.33 .Ol 

1.65 1.35 .lO 1.81 1.40 .Ol 
4 1.74 1.58 none 1.79 1.48 .05 
5 1.75 1.53 .Ol 1.85 1.66 .Ol 

ph 1 6.9 6.5 .lO 7.0 5.8 .Ol 
2 7.1 6.6 .05 5.6 .Ol 
3 7.3 6.7 .05 

E 
5.6 .Ol 

: 7.4 7.4 6.7 6.6 .05 .Ol 6:9 7.0 5.8 5.7 .Ol .Ol 

% or8anic matter : 4.7 9.2 .05 3.5 7.4 .05 
4.6 none .05 

3 3.5 ::t none z :: none 
4 2.8 3.0 none 1:7 2:1 none 
5 2.1 2.5 none 1.8 1.7 none 

Adable phosphorus : 27.0 32.2 none 22.0 20.1 none 
.d 24.4 29.4 none 16.9 21.6 none 

3 23.0 32.1 none 16.2 28.8 .lO 
4 27.0 27.8 none 16.2 25.0 none 
5 19.2 19.5 none 14.4 23.1 .lO 

Exchangeable potassium 1 .86 1.07 none .64 .72 none 
(mes/ 1OOg) 2 .71 .% .lO 56 .61 none 

3 SO .83 .lO .44 
4 .44 .72 .lO .38 :: 

none 
none 

5 .43 .57 none .40 .37 none 

Effective rooting 38 48 .05 42 51 .lO 
depth tc@ 

‘Data for CEC. EC, exchangeable cations and SAR arc not presented due to lack of significant (a = .Ol-.10) differences between disturbed and native areas. 
~I=~5cm;2=6-10cm;3=11-~cm;4=21-30cm;5=31-50cm. 

was selected for intensive sampling which best represented the 
range of site variables to be investigated. These variables included. 

1. Nature of Surrounding Vegetation: 
sagebrush/grassland vs. coniferous forest. 

2. Age of Site Since Abandonment 

3. Presence vs. Absence of seeding. 

Nine of the 17 sites occupied sagebrush/grassland areas and 
ranged from 3 to 33 years in age since abandonment; 6 of these sites 
had been seeded. Eight sites were located within coniferous forest 
vegetation, also ranging from 3 to 33 years in age; 5 of the conifer- 
ous forest sites had been seeded. Waldvogel (1984) pro-.tided a 
complete description of biophysical conditions for each 0:’ the 17 
sites. 

A static approach (Austin 1977) was used to evaluate the succes- 
sional status of abandoned drill sites. This method involves the 
derivation of trends from data collected at one point in time on a 
series of sites with varying ages or varying characteristics. Differ- 
ences attributable to drilling disturbance were evaluated by com- 
paring disturbed site data with concurrently collected undisturbed 
site data. 

All 17 sites were sampled for soil attributes. Two sites selected 
initially were later judged inappropriate for vegetation sampling 
due to alteration of surrounding native vegetation. Consequently, 
vegetation sampling was confined to IS sites. 

sunplillg Procedure3 
Vegetation and soil sampling were conducted once at each site 

during 1982. Results of tree overstory sampling on native conifer- 
ous forest sites were presented by Waldvogel(19&1); this report will 
present results of herb, shrub, and tree seedling (<140 cm in height) 
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sampling only. Forty (40) was determined (Cook and Bonham 
1977) to be an adequate sample size for all vegetation measure- 
ments. Therefore, 40 sample points were randomly located in each 
sampling zone (disturbed and native) at each drill site. The quadrat 
method of Daubemnire (1959) was used to estimate canopy cover 
at each sampling point. A 0.25-rn2 quadrat was used to estimate 
total vegetation cover, individual species cover, and ground cover. 
Vegetation descriptors generated from canopy cover included 
plant frequency, species composition, floristic richness and diver- 
sity (using the Shannon-Wiener Index [Shannon and Weaver 
19733). 

Soils were characterized by sampling excavated pits within dis- 
turbed and native soils at each site. Soil depths sampled were O-S, 
6-10, 11-20, 21-30, and 31-50 cm. Effective rooting depth was 
visually identified at each pit. Each soil sample was analyzed for 
texture, organic matter content (Walkley-Black), pH (saturated 
paste), cation exchange capacity (CEC), electrical conductivity 
(EC, saturated paste), sodium adsorption ratio (SAR), calcium 
(Ca), magnesium (Mg), sodium (Na), potassium (K), phosphorus 
(P) and bulk density. All soil tests were conducted using proce- 
dures described by Black (1965), with the exception of organic 
matter (Greweling and Peech l%S). 

Data Andysis 
Plan! and soil data were compared between disturbed and undis- 

turbed areas, both at individual drill sites and among groups of 
sites with similar characteristics (i.e., age, surrounding vegetation 
and/ or seeding treatment). Results of soils analysis were avera@ 
across disturbed and native sites within each vegetation type, and 
analyzed at varying levels of probability ((L = 0.01 to 0.10) using a 
paired T-ttst to identify any differences between disturbed and 
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Table 2. Mean plant class’ canopy cover ($) for disturbed and native portiona of acb drill aitc sampled’. 

Site YUWS SC&d 
I.D. Since (S)/Non- Total Perennial grasses Shrubs and 

number abandon- Sesdtxi vegetation and grasslikes Perannial forbs Annual forbs tree seedlings 
ment (NS) Dist. Nat. Dist. Nat. Dist. Nat. Dist. Nat. Dist. Nat. 

15.2. 13.2’ 1.2b 27.4’ .5b 2.4’ A. Sagebrush 58 
Sites 

:z 
46 
73 
76 
88 
33 

Mean 

3 
3 : 

12 S 
17 S 
18 S 
19 NS 

NS 
NS 

18.2b 49.0’ 
43.2b 64.4’ 
34.8b 63.1’ 
55.1b 66.0. 
29.4b 47.8. 
23.1b 50.5’ 
48.4b 61.8. 
20.5b 66.0’ 
34.1 58.6 

35.6’ 20.2b 
30.7 23.4b 
15.3; 23.7. 

:‘;b 19.8. 9.9. 

34:ga 20.4b 
5.6b 14.8’ 

18.2 18.2 

3.ab 27.3. 
3.9b 32.1’ 

32.8’ 32.4’ 
4.6b 7.2’ 

16.3’ 9.1b 
6.2b 15.4. 
7.7b 31.3’ 
9.5 22.8 

4.1 
1.V 
1.3. .lb 
l.Ob 2.6’ 
1.5’ 1.5. 

0 .6 
.5b 4.8. 

1.4 1.5 

.2b 8.5’ 

.lb 27.9. 

6.ib 
21.4 
15.9’ 

16.7b 28.4’ 
.7b 20.7’ 

6.5b 41.8’ 
9.1b 23.0’ 
5.0 23.4 

B. Coniferous 
Sites 

3: 

88 
23 

:: 
Mean 

3 S 

4 9 : 
12 
:: : 

NS 
28 NS 

19.V 25.7’ 16.5’ 3.1b 
43.4. 44.5’ 37.4. 4.0b 
15.ob 26.3’ 11.8’ 3.Eb 
30.4b 51.7. 15.8’ 5.3b 
36.V 23.1b 13.2 0 
31.6b 81.1” 8.2’ b 

46.5’ 50.1’ 11.4. ::b 
31.7 43.2 16.3 2.4 

.sb 13.6’ 
2.2b 28.8’ 

1 1.8b 22.8’ 
18.5’ 19.8. 
8.3 20.0 

1.3. <.lb 
6.8’ 2.9b 

.l 0 

.4 0 

.3 0 
2.0 .5 

.lb 7.0’ 

.3b 13.2’ 
0 
0 E 

3.4b 16:l’ 
1.4b 40.1’ 
2.5b 28.5’ 
1.1 17.0 

native soils. A 2-sample independent T-test was utilized to detect 
significant (a = 0.05) differences in vegetation attributes between 
disturbed and native areas at each drill site. A similarity index 
designed by Spatz (Mueller-Dombois and Ellenburg 1974) was 
used to evaluate vegetation similarity for each pair of disturbed 
and native sites. 

Simple and multiple linear regression was used to detect any 
relationships between edaphic or vegetation attributes and time. 
Ratios of disturbed to native site data (i.e., disturbed + native data 
at each site for each attribute) were used in most regressions 
because of the wide disparity in absolute data values among sites. 

as a result of drilling disturbance. CEC, EC, SAR, and exchange- 
able cations were not altered by disturbance. No differences were 
detected in available P between disturbed and native soils in the 
sagebrush type. Concentrations of P in disturbed and native conif- 
erous type soils were statistically different only at the 1 l-20 and 
31-50 cm depths, where P was greater in native soils. Within the 
sagebrush type, mean concentrations of K were higher in native 
than in disturbed soils at all depths. However, no significant differ- 
ences in K concentrations were detected at any soil depth within the 
coniferous type. 

Vegetdon 

Results 

soils 
Data indicated that exploratory drilling altered several physical 

and chemical soil properties (Table 1). Effective rooting depth was 
shallower in disturbed than in native soils within both vegetation 
types. Bulk densities were significantly higher in disturbed than in 
native soils at all depths within the coniferous vegetation type, and 
at most depths within the sagebrush type. It might be expected that 
differences in bulk density between disturbed and native sites 
would lessen over time. However, regression analyses indicated no 
such trend. 

Total vegetation cover was significantly greater on native than 
on disturbed areas at nearly every drill site sampled (Table 2). No 
consistent pattern of increasing similarity in total cover between 
disturbed and native areas was apparent over time. 

Soil pH was higher on disturbed soils within both vegetation 
types at all depths. The degree of difference varied among soil 
depths for sagebrush sites. A wider disparity in pH existed between 
disturbed and native soils within the coniferous type, and differen- 
ces were always highly significant (a = 0.01). Regression analysis 
did not indicate disturbed soil pH to become more similar to that of 
native soils over time. 

Perennial grass and grasslike species were usually dominant on 
seeded disturbed sites, and differences in cover between disturbed 
and native areas were generally significant. Grass cover on seeded 
sagebrush and coniferous disturbances was initially greater than 
that on native areas. However, regression analysis (Fig 2A) indi- 
cated that such differences declined over time, suggesting an even- 
tual equilibration of grass cover between seeded disturbances and 
surrounding areas. On older, non-seeded sites, grass cover was 
consistently higher on disturbed than on native areas in the conif- 
erous type, but relationships were inconsistent in the sagebrush 
type. 

Near-surface soil organic matter content was greater on native 
than on disturbed areas in both the sagebrush (at O-5 cm depth) 
and the coniferous (at O-5 and 6-10 cm depths) vegetation types. 
These differences in organic matter did not diminish with time in 
the coniferous type. However, regression analysis of sagebrush site 
data did suggest a decline in organic matter differences between 
disturbed and native soils over time, although the significance of 
this trend was low (a = 0.20). 

Several soil attributes were either minimally or variably changed 

Perennial forb cover was generally lower on disturbed than on 
native areas. This relationship was strongest on more recently 
abandoned, seeded sites in both vegetation types. Linear regression 
analysis (Fig 2B) indicated that forb cover on disturbed areas 
increased relative to that on native areas over time. Analysis of 
seeded sites suggested a more rapid rate of forb increase for conif- 
erous than for sagebrush disturbances. Regression analysis of all 
sites (seeded and non-seeded) did not yield a significant correlation 
in the sagebrush type, but did result in a positive correlation in the 
coniferous type. It is noteworthy that the rate of forb increase in the 
latter analysis was slower than when seeded sites only were ana- 
lyzed. This suggests that seeding enhanced the rate of forb estab- 
lishment on coniferous disturbances. Benefits of seeded grasses in 

374 JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 

, 



SAGEBRUSH SITES CONIFEROUS SITES 

A. Perennial Grasses and Grasslikes 

!:‘-4s, , ~~.~, 

% IO 20 30 40 IO 20 30 40 

“: 8. Perennial Forbs 
F 
a I.5 
2 
+ 

6 1.0 

$ 0.5 

I/ 

Seeded Sites 
-ka=O./O) 

4 
w 
K IO ZO 30 40 lo 20 30 40 

C. Shrubs and Tree Seedlings 

YEARS SINCE SITE ABANDONMENT 

Fig. 2. Ratios of disturbed+ native areaplant class cover values over time. 
as derived from linear regression analyses of see&d and all sites. 

site modification in this case may have outweighed effects of Similarity indices were generally lower in the coniferous than in 
increased competition stress to forbs, resulting in enhanced forb the sagebrush vegetation type (Table 3). Furthermore, regression 
establishment. analysis of seeded coniferous sites resulted in a weakly negative 

Shrub and tree seedling cover was always significantly lower on 
disturbed than on native areas. Shrubs and tree seedlings were 
either absent or very limited in cover on recently abandoned sites 
(i.e., <12years in age) in bothvegetation types. Tree seedlings were 
observed only on the 3 oldest coniferous forest disturbances. Des- 
pite their slow establishment. regression analysis (Fig. 2C) did 
iridicate a trend of increasing shrub/tree seedling cover on dis- 
turbed relative to native areas over time. The rate of increase was 
far more rapid for sagebrush than for coniferous disturbances. In 
both vegetation types, regression analysis of seeded sites only 
indicated that shrub cover increased at a greater rate than when all 
sites (seeded plus non-seeded) were grouped and analyzed. As with 
forbs, shrub establishment was apparently favored by the seeding 
of disturbances. 

Species richness and Shannon-Wiener diversity index (H’) rela- 
tionships between disturbed and native areas varied for sagebrush 
and coniferous forest sites (Table 3). In the sagebrush type, both 
richness and H’ values of disturbed and native areas generally 
converged over time among both seeded and non-seeded sagebrush 
sites. 

Different patterns of richness and H’over time were apparent on 
coniferous sites. Seeded disturbances initially declined in richness 
and H’ relative to adjacent native areas. However, this trend even- 
tually reversed; on seeded and non-seeded sites older than 12 years 
both richness and H’ on disturbed areas exceeded values on native 
areas. 

A characteristic of most sites sampled was the relatively low 
number of plant species common to both disturbed and adjacent 
native communities (Table 3). This and the disproportionality of 
cover contributed by common species were reflected in low dis- 
turbed:native area similarity indices among sites (Table 3), ranging 
from 0.6 to 10.7%. 

Within the sagebrush type, disturbances tended to become more 
similar to surrounding native plant communities over time. Linear 
regression analyses of similarity indices vs. site age for both seeded 
and all (seeded and non-seeded) sites yielded weakly positive corre- 
lations (a = 0.20). The rate of increase in similarity was more rapid 
for seeded sites, suggesting that seeding accelerated progression of 
sagebrush disturbances toward native conditions. 

Table 3. Sh~MOIkWic~ diverdty bdica (H’), fh&k rWmw, nlrmba of common speda and Spatz dmiluity indices (Is& lor dbturbed and naive 
amlate8cbdriudte. 

Years since S+ed (S) or H’ Richness No. common 
Site I.D. U abandonment Non-seeded (NS) Disturbed Native Disturbed Native SpCCid w 

A. Sagebrush Sites: 

58 3 S 0.84 1.44 62 13 30 3 
: 

0.95 0.94 :: 26 11 :.: 
29 12 0.96 1.20 24 54 14 I:6 
46 :; : 1.18 1.30 48 43 22 9.1 
73 0.82 0.85 28 30 14 10.7 
76 19 NS 0.74 1.18 45 10 4.2 
88 24 NS 0.77 0.93 

$ 
33 9 3.9 

33 33 NS 1.30 1.40 44 57 27 9.9 

B. Coniferous Sites: 
9 3 S 1.08 1.25 35 34 12 3.2 

36 4 S 0.78 1.00 31 49 15 2.4 
6 

;: 14 : S 
0.60 1.26 21 37 7 0.7 
0.89 1.08 0.61 1.62 25 80 11 13 3 0.6 1.7 

56 :: NS 1.04 0.61 :A 17 6 0.8 
55 28 NS 0.99 0.51 41 18 8 1.9 

T+ccies jointly occupying disturbed and native sites. 
%ctwcen disturbed and native plant communities. 
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correlation (a = 0.20) between index values and time. This suggests seeded sites. It is possible that changes in seeding practices, such as 
that the type of seeding practiced retarded the progression of sowing primarily native rather than introduced species, may 
disturbances toward native forest conditions. further accelerate succession and thereby shorten recovery time. 

Discussion 
Although cover of plant classes became more similar between 

disturbed and native areas over time, plant species composition 
remained very different between disturbed and native communities 
over the 32year time span represented by sites studied. This sug- 
gests that more time may be necessary for floristic (i.e., plant 
species) than for plant class recovery on disturbances sampled. 

In contrast to the sagebrush type, the seeding of introduced 
grasses on coniferous forest disturbances negatively influenced 
their similarity to native communities over time. However, seeding 
did accelerate the establishment of non-seeded shrub and forb 
species. These seemingly contradictory relationships may be 
explained by the fact that the shrubs and forbs naturally colonizing 
disturbances were predominantly shade intolerant species not 
found in adjacent forest communities. 

Vegetation data also indicated a slower rate and different pat- 
tern of recovery toward native conditions on coniferous forest 
disturbances than on sagebrush disturbances. In actuality, the rate 
of recovery of coniferous disturbances was probably slower than 
data indicated because the tree overstory of native sites was not 
represented in site comparisons. These differences between vegeta- 
tion types may be attributable to several factors. As reviewed by 
Grime (1979) and others, in grass- or shrubland succession many 
species and life forms may be common to both early seral and 
climax stages. The higher and temporally increasing similarity of 
disturbed and native sites in the sagebrush vegetation type may 
reflect this relationship. Conversely, forest succession may be 
characterized by a more complete turnover in species and/ or life 
form composition. This relationship may have partially contrib- 
uted to the slower apparent recovery rates on coniferous disturbances. 

Changes in revegetation strategies for coniferous forest distur- 
bances may increase the rate of recovery toward predisturbance 
condition. For example, seeding or planting practices may strive to 
establish not only early seral grasses but also mid-set-al shrubs and 
trees (Ronco 1976) to hasten development of an environment 
conducive to later seral, shade tolerant species. 

Changes in soil characteristics may have been major factors 
affecting vegetation development on sampled disturbances. The 
number, magnitude and statistical significance of disturbed:native 
soil differences were usually higher for coniferous than for sage- 
brush sites. This suggests that forest soils were more highly modi- 
fied by drilling disturbance than shrubland soils, which may be 
another reason for slower rates of vegetation recovery on forest 
disturbances. 

Drilling activities in forested areas create openings in the tree 
canopy, thereby eliminating the shaded environment necessary for 
re-establishment of shade tolerant, climax species. Shade tolerant 
understory and tree species common to undisturbed forest com- 
munities were rarely encountered on disturbances. Instead, distur- 
bances were colonized by shade intolerant species. Lodgepole pine 
(Pinus contortu), a shade intolerant mid-seral species (Ronco 
1976), was the primary tree species establishing on older disturban- 
ces. The time required for establishment and growth of this species 
delayed availability of shaded habitats conducive to late-set-al spe- 
cies. This may be a major factor contributing to slower rates of 
recovery for coniferous forest disturbances. 

The increased bulk density of disturbed soils was probably 
attributable to soil compaction from the heavy equipment used on 
sites before and after drilling operations. Increased bulk density on 
non-topsoiled sites may also have been caused by the removal of 
less dense upper soil horizons during site preparation. Overly 
compacted soils can detrimentally affect plant establishment 
through negative effects on water availability (Hill and Sumner 
1967) and may also directly reduce root growth. Bulk densities of 
1.6 to 1.8 g cm-‘, which were exhibited by many of the disturbed 
soils sampled, havebeen shown to reduce root penetration (Foil 
and Ralston 1967, Zimmerman and ICardos 1961), and may have 
been one cause of the shallower effective rooting depth noted in 
disturbed soils. 

Sagebrush disturbances generally became more similar to native 
sites over time in terms of diversity. In contrast, diversity of conif- 
erous forest disturbances initially declined relative to that of native 
areas but ultimately increased to exceed that of native areas. An 
eventual expression of higher diversity on mid-semi disturbances is 
not unexpected in view of the fact that mature coniferous forests 
often support only a small number of shade tolerant understory 
species (Antos and Shearer 1981). 

Direct consequences of seeding on plant community develop- 
ment were not easily identiftable because only the more recently 
abandoned sites (<21 years) were seeded. Furthermore, the spe- 
cific methods and rates of seeding applied varied among sites, as 
did species composition of seed mixes. However, all reclaimed sites 
were sown primarily with vigorous, competitive perennial grasses 
not native to the area, as well as introduced legume species on 
certain sites. Exclusive use of such introduced species has some- 
times been reported to inhibit the reestablishment of native species 
(Laycock 1980, Schuman et al. 1982, Sindelar 1978). However, 
while seeded disturbances were dominated by introduced grasses, 
non-seeded native shrubs and forbs were also present. The 
younger, seeded sites generally possessed as many (or more) species 
in common with native communities as did older, non-seeded sites. 
Therefore, an extensive cover of seeded perennial grasses did not 
completely prevent native species establishment. 

Soil pH was usually higher in disturbed than in native soils. 
Within the sagebrush type, however, drilling disturbance did not 
increase pH sufficiently to warrant a change in acid or alkaline 
classification. In contrast, pH was strongly altered on coniferous 
forest disturbances. Most native soils varied in pH from 5.2 to 6.6, 
which is a normal, strongly to slightly acid range for forest soils 
(Spurr and Barnes 1973). Soil pH was generally within the neutral 
to slightly alkaline range of 7.0 to 7.6 for coniferous disturbances. 
This decrease in acidity in disturbed soils may have encouraged 
establishment of species normally not found on native soils 
because of non-adaptation to acidic conditions. 

Percent organic matter in the upper 5 cm of disturbed soils was 
generally lower than that in native soils in both vegetation types. 
Topsoil loss or modification resulting from drilling activities may 
have removed or diluted organic matter at this uppermost soil 
depth. Grganic matter is of critical importance to the function of 
plant:soil systems, and such reductions of soil organic matter 
content by disturbance can be detrimental to successional and 
pedogenic recovery (Schafer and Nielsen 1978). A trend of increas- 
ing organic matter content over time was apparent in disturbed 
sagebrush soils. However, no such trend was evident for disturbed 
coniferous forest soils, suggesting that equilibration of soil organic 
matter content may take far longer in that vegetation type. 

Similarity index data suggested that seeding introduced species 
accelerated successional progression toward native conditions on 
sagebrush disturbances. Site modification benefits from estab- 
lished introduced species may have enhanced the establishment of 
native species. However, absolute similarity of disturbed to native 
sagebrush plant communities was still low on even the oldest 

Conclusions 
The findings of this research must, in a proper sense, be consi- 

dered tentative in light of the non-replicated, survey nature of the 
study, and of course specifically apply to the sampled drill sites 
only. Despite these limitations, we can conclude that drilling dis- 
turbance altered a number of soil attributes of sites sampled, and 
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that certain of these alterations persisted for considerable periods 
of time. None of the drill sites sampled supported plant communi- 
ties which closely resembled those of adjacent native areas. How- 
ever, trends in vegetation recovery over time were apparent, and 
were interactively influenced by the nature of surrounding vegeta- 
tion and seeding. 

These conclusions allow a number of relationships to be hypo- 
thesized for drill site reclamation in the study area. First, they 
suggest that amelioration of detrimental changes in soils may be 
necessary in reclamation programs. Second, they suggest that rates 
and patterns of recovery can be expected to vary for drilling 
disturbances in disparate environments. Lastly, results suggest that 
while a given type of reclamation practice (i.e., grass seeding) may 
prove beneficial to environmentally different drilling disturbances, 
the nature of benefits will vary. 

The dynamic nature of vegetation and soils on disturbances was 
demonstrated on sites sampled, and must be considered in recla- 
mation planning. This implies that immediate or rapid achieve- 
ment of pre-disturbance conditions should not be expected on drill 
sites in northwestern Wyoming. Instead, acceptable trends toward 
desired conditions should be sought through revegetation practices 
properly based on ecological principles. 
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Root excision and dehydration effects on water uptake in 
four range species 
M. BASSIRI, A.M. WILSON, AND B. GRAMI 

Ab8tt8Ct 

Geminating seeds of created wbeatgasa (Agropyron darer- 
ton&, Russian wildrye (Eymus junceus), alfalfa (Medkago sat- 
iva), and cicer miIkvctcb (Astragalus c&r) were dehydrated for 4 
days at -22 MPa, and/or their roots were excised, and used as 
treated materials. In an experiment in root growth boxes, where 
the seedlings depended for 60 days on the InitiaI soiI water supply, 
semhai primary and seminal lateral roots of grassen penetrnted to 
tbe same depth. Both types of roots were simiIarly effecthe in 
taking up water, mainly from the upper SO cm of the soil profile. In 
a seaIed pot experiment under fhvorable moisture conditions, 
water uptake increased wItb seedling age up to 34 and 41 days for 
crested wheatgrass and Russian wiidrye, respectheiy, and up to the 
end of the experiment (53 days) for tbe legume species. Leaf area of 
grasses was not affected by root excision aIone, but it decreased 
due to the combined effects of root excision and temporary deby- 
dration. Leaf area was generally proportional to water uptake 
within each spedes. In aU 4 species, root excision and temporary 
dehydration did not affect transportation rates, while transporta- 
tion rate decreased as a fimction of age. Transportation rates were 
higher in legumes than grasses and were bigber in Rwsiao wiidrye 
than crested wheatgrass. 

Key Words: created wheatgrass, Russian wihlrye, alfalfa, cicer 
milkvetcb, seedling development 

Drought is the most important single factor limiting plant 
growth in the arid and semiarid regions of the world. Grassland 
species differ considerably in their abilities to tolerate drought 
conditions. In trials from 1930 to 1950, Hull (1974) examined 90 
species of grasses and reported that crested wheatgrass (Agropyron 
desertorum) and fairway wheatgrass (A. cristatum) were the most 
successful species on the drier sites. Harris and Wilson (1970) 
found that crested wheatgrass was a better competitor for moisture 
than bluebunch wheatgrass (A. spicatum) because of faster root 
penetration. Drawe et al. (1975) observed that seedlings of Russian 
wildrye (Elymus junceus) were not vigorous and grew slowly, and 
thus were susceptible to moisture stress during emergence and 
establishment. Bleak and Keller (1974) indicated that germinating 
seeds of Russian wildrye were less tolerant to dehydration than 
those of crested wheatgrass. 

Among legumes, alfalfa (Medicago sativa) is considered to be 
drought tolerant. Rumbaugh and Pedersen (1979) showed that 
alfalfa could survive and remain productive after 23 years of graa- 
ing in a region with an average annual precipitation of 200 mm. 
Peterson (1972) indicated that active roots of alfalfa commonly 
penetrate to depths of 2.4 to 3.6 meters. On the other hand, ciar 
milkvetch (Astragalus cicer) is relatively slow in establishment and 
seems to be adapted to areas of the central Great Plains which 
receive more than 400 mm annual precipitation. Information on 
root development in cicer milkvetch is very limited. 

Working on crested wheatgrass and Russian wildrye, Hassanyar 
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and Wilson (1978) observed that the lateral roots of these species 
remain quiescent up to a week and this enables the germinating 
seeds to recover from drought injury which might kill seminal 
primary roots. They related drought tolerance during germination 
to embryo morphology and presence of seminal lateral root pri- 
mordia. Bassiri et al. (1988) showed that temporary dehydration 
and root excision had pronounced effects on the growth and 
development of seedlings of crested wheatgrass, Russian wildrye, 
alfalfa, and cicer milkvetch. The seedlings of grasses and legumes 
developed seminal lateral roots and replacement tap roots, respec- 
tively. These roots supported seedlings for as long as 20 days while 
soil moisture was limited to the initial irrigation. 

The objective of this study was to examine the capability of a 
single lateral root of the grasses and of replacement tap roots of the 
legumes to extend in a drying soil profile and to use soil moisture in 
the deep layers for nearly 2 months after germination. The effects 
of temporary dehydration during seed germination on subsequent 
water uptake capacity of these roots was also determined. 

Materials and Methods 

Seed source and scarification treatments, methods of temporary 
dehydration and root excision, and seed germination were the 
same as described by Bassiri et al. (1988). Germinating seeds of the 
4 species were selected and given 1 of the following treatments: (1) 
Planted directly in moist soil (control treatment), (2) Planted in 
moist soil after the roots were excised, and (3) Planted in moist soil 
after being excised and dehydrated at -22 MPa for 4 days. Such 
treated materials were used in the following 2 experiments to 
determine their effects on root extension and on water uptake. 

Root Extension Experiment 
Wooden root growth boxes (9X16X120 cm inside dimensions) 

were assembled with screws so that sides could be removed. 
Polyethylene liners, with holes at the bottom for drainage, were 
placed inside the boxes to avoid loss of water by evaporation from 
sides of the soil columns. Boxes were filled with known amounts of 
autoclaved, air-dry sandy loam soil and a total of 3.7 to 4.0 liters of 
water was added in 6 or 7 increments during a 3day period. This 
amount of water was sufficient to moisten the soil to a water 
potential of approximately a.03 MPa (field capacity). 

Twelve of the treated and untreated germinating seeds were 
planted in each box and covered with 1 cm of dry soil. After 
emergence, grass seedlings were thinned to 3 seedlings per box, 1.5 
cm of soil was removed from around the seedling crown, and 
seedlings were restricted to either the seminal primary root or 1 
seminal lateral root by excision of all other roots. About 2 cm of 
air-dry soil was then placed around the root and crown of seedlings 
to support the plants and prevent the development of adventitious 
roots. The legumes were thinned to 2 seedlings per box, and the soil 
surface was worked so that it was similar to the air-dry surface of 
boxes in which the grasses had been planted. 

Seedlings were grown for 55 to 60 days in a greenhouse where 
temperatures fluctuated between 25 and 30” C, maximum midday 
photosynthetically active radiation from 300 to 400 p EM-ssec , 
relative humidity from 25 to 50% and daylength was about 14 
hours. 

At the end of the experiment, 1 side of the box was removed and 
it was observed that soil columns were not moistened uniformly in 
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some of the boxes. Apparently water had channeled down along 
the side of the soil column and had left pockets of dry soil. There- 
fore, soil could not be sampled for determination of moisture 
content. Consequently, the whole experiment was exactly repeated 
except that the method of moistening the soil columns was 
improved. Only data from the repeated experiment are reported. 
In the new procedure, before planting, boxes tilled with soil were 
placed horizontally in large pans of water and soaked for a few 
hours. Boxes were removed from the water and placed successively 
at angles of 1545, and 90° C (about 5 days in each position) to 
allow drainage of excess water from the soil columns. Because the 
soil surface had dried somewhat during drainage, an additional 250 
ml of water was added to the soil column just before planting seeds. 
To ensure the successful emergence of legumes, increments of 50 ml 
water were added to all treatments whenever the soil surface 
appeared dry prior to emergence. This additional water for 
legumes totaled about 500 ml. 

Finally, 1 side of the box was removed and soil samples were 
taken from depths of 10,30,50,70,90, and 110 cm. Water content 
of the soil samples was determined gravemetrically (105’ C for 24 
hours) for all treatments as well as for the control boxes in which 
no seedlings had been planted. Roots were washed on 1 mm screen 
with a tine spray of water. The length of the longest root in each 
box was recorded, and roots and shoots were oven-dried (70“ C for 
24 hours) and weighed. 

Water Uptake Experiment 
Petri dishes with 3 holes for aeration (1 cm diameter) and 1 hole 

for seedling growth (2.5 cm diameter) were painted dark grey to 
eliminate light penetration and the growth of algae and mosses 
beneath the dish. Pots (15 cm diameter by 15 cm depth) were filled 
to the rim with autoclaved and airdried soil and irrigated before 
the petri dishes were sealed into the rims of the pots with butyl 
rubber sealing compound (Fig. 1). Two centimeters of soil was 
added over the petri dish and was irrigated to a water potential of 
about -0.03 MPa. Seeds were planted (2 to 3 mm deep) in the 
center of each pot so that their roots could extend through the hole 
in the center of the petri dish. Pots were placed in 2 growth 
chambers where the conditions for the grasses and legumes were, 
respectively, 25 and 300 C temperature, 40 to 50 and 38 to 42% 
relative humidity, and 450-500 and 800 pEM”sec-’ photosyntheti- 
cally active radiation. Daylength was I5 hours in both growth 
chambers. Pots were adequately watered from the top until seed- 
lings in all treatments had emerged. Pots were placed in the growth 
chamber, and soon after emergence they were subirrigated to 
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Fig. 1. Drawing of a plastic pot wirh a grass seedling prepared for water 
uptake measurement. 

maintain a dry soil surface and to prevent adventitious root devel- 
opment in grasses. The amount of water to be added at each 
irrigation (to increase soil water content to field capacity) was 
determined by weighing each pot. 

When seedlings were between 21 and 30 days old, soil around the 
crown and the upper 1.8 cm of the root was removed by washing 
and seedlings were thinned to 1 per pot. Grass seedlings were 
restricted to either the seminal primary root or to 1 seminal lateral 
root. Legume seedlings were supported by the original tap root or 
by 1 or more replacement tap roots. A seal of aluminum foil was 

Table 1. Effects of root excision and temporary dehydration treetments(MPa) on subsequent root depth (cm), root end shoot weight per box(mg) of the 4 
species, in a 6Odey growth performance test in the greenhouse with seedlings limited to the initial soil water supply. 

Treatments Species 
Agropyron Elymus Medicago 

Excision1 Dehydration2 desertorum junceus saiiva 

Root depth (cm) 
0 84 a3 84 a 117a 

+ 0 90a 89 a 113 a 
+ -22 82 a 63 a 112a 

Root weight (mg) 

8 
219 a 234a 4565 a 

+ 209a 202 a 4635 a 
+ -22 169a 173a 4034 a 

Shoot weight (mg) 
0 2152 a 2225 a 4424 a 

+ 0 1773 a 1701 a 3194a 
+ -22 1518 a 1751 a 3924 a 

IIn the excision treatments, the entire seminal primary roots of ~sses and 2 mm of the root tips of legumes were removed. 
2Germinating seeds were deh drated for 4 days in constant hurmdity trays at -22 MPa. 
‘Means withm each column iy ollowed by a similar letter are not significantly different (W.05). 

Astragalus 
cicer 

112a 
98 b 
90b 

3047a 
2156a 
1747 a 

3849 a 
3240 a 
2702 a 
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placed around the remaining root and fastened to the upper surface al lateral roots grew almost as well as seminal primary roots. 
of the petri dish (Fig. 1). A wire support held seedlings in a vertical Alfalfa had greater (m.01) root weight per box than cicer 
position. milkvetch. 

Measurements for the grasses had to be initiated at an earlier 
seedling stage than the legumes. Water uptake by roots was deter- 
mined on each observation date by sealing the aeration holes and 
weighing the pot and seedling before and after a 24hr period. Seals 
were then removed from aeration holes. On each observation date, 
green leaf blade length was determined for the grasses and number 
of leaflets was counted for the legumes. After the last water uptake 
measurement, 10 green leaf blades from each grass seedling and 50 
leaflets from each legume seedling were collected for determining 
area:length ratios and area per leaflet. Area per leaflet was deter- 
mined with the use of an optical leaf area meter. The resolution of 
the meter, however, was not adequate for measuring area of nar- 
row grass leaves. Therefore, areas were estimated by placing a 
transparent l-mm grid over the flattened leaves and counting the 
number of grid intersections within the perimeter of the leaf. Leaf 
area:leaf length ratio for grasses and area per leaflet for legumes 
were used for estimating seedling leaf area on each of the observa- 
tion dates. Pots were arranged in a randomized complete block 
design with 4 replications in the root extension experiment, and 3 
and 8 replications in the water uptake experiment for the grasses 
and legumes, respectively. 

There were no significant differences caused by treatments in 
shoot weight per box of any of the 4 species, indicating that seminal 
lateral roots of grasses and replacement tap roots of legumes were, 
respectively, similar to seminal primary roots and to original tap 
roots in their ability to support shoot growth under favorable soil 
moisture conditions. Shoot weight of cicer milkvetch, however, 
was significantly more affected by the excision and dehydration 
treatment than alfalfa. 

In boxes planted with grass species, soil water percentages 
increased (fiO.01) with increasing soil depth (Table 2). In grasses, 
species and treatment, did not have any significant effect on soil 
water percentages at the end of the experiment. Soil water percen- 
tages were greater in control boxes than in boxes planted with 
grasses in the upper 3 sampling depths (10, 30 and 50 cm). The 
results suggest that roots of grasses used water mainly from the 
upper 50 cm of the soil profile and that seminal lateral roots were 
about as effective in taking up water as were seminal primary roots. 

Results 
Root Extension Experiment 

Differences in root depth between crested wheatgrass and Rus- 
sian wildrye and among treatments were not significant (Table 1). 
Alfalfa roots penetrated to greater depths than cicer milkvetch 
roots, and original tap roots of cicer milkvetch penetrated to 
greater (fiO.01) depths than its replacement tap roots. 

In boxes with alfalfa and cicer milkvetch, differences caused by 
species, treatments, soil depths, and all two-way interactions were 
significant (H.05) (Table 2). Legume species extracted much 
more water from the soil profile than grass species. Replacement 
tap roots that originated from dehydrated germinating seeds of 
legumes tended to use less water from the 110 cm depth than did the 
original tap roots. 

Water Uptake Experiment 

The inhibitory effect of temporary dehydration on secondary 
growth of replacement tap roots was not permanent. Under favor- 
able soil moisture conditions, alfalfa replacement tap roots were 
generally as great as the original tap roots. The combined effects of 
excision and temporary dehydration on diameter of replacement 
tap roots varied greatly among seedlings in cicer milkvetch. The 
formation of 2 or more replacement tap roots was more common in 
cicer milkvetch than in alfalfa. 

In grasses, there were significant differences (H.01) in water 
uptake caused by seedling age, species, and treatment. Water 
uptake increased with seedling age during the 27- to 34 day inter- 
val for crested wheatgrass and 27- to 41day interval for Russian 
wildrye and then reached a plateau with little further change (Fig. 
2). Seminal primary roots of crested wheatgrass and Russian wild- 
rye were similar in water uptake in thii experiment. Seminal lateral 
roots originated from germinating seeds that had been exposed to 
temporary dehydration were less effective in water uptake’ than 
seminal primary roots in both grass species. 

Excision and dehydration treatments tended to reduce crested 
wheatgrass and Russian wildrye root weight (Table 1). Under 
uniformly favorable moisture conditions in the soil column, semin- 

Water uptake in alfalfa and cicer milkvetch significantly increased 
with increasing seedling age (Fig. 3). Original tap roots of cicer 
milkvetch had a higher capacity for water uptake than replacement 
tap roots, especially when replacement tap roots had developed 
from germinating seeds that had been temporarily dehydrated. In 

Table 2. Effects of root excidon and temporary dehydration treatments on the soil water content (%) in various depths of the soit profile (cm) in root 
growth boxes of 4 specks et the end of the 60&y experiment in the greenhouee wtth seedlings limited to the i&el soil water supply. 

Soil water content 

Not excised Excised’ & Excised & Not excised Excised & 
Soil depth & not dehyd. not dehyd. dehyd.2 & not dehyd. not dehyd. 

Agropyron deserrorum Elymus junceus 
10 3.1 a3 4.1 a 4.1 a 3.0 a 3.9 a 
30 7.6 b 8.3 ab 6.8 ab 6.5 ab 1.4 b 
50 7.8 b 8.2 ab 10.7 b 9.8 b 10.3 bc 
70 12.2 c 11.8 bc 11.1 b 12.5 c 12.3 cd 
90 11.1 bc 13.3 c 15.4 c 14.5 c 15.2 de 

110 15.3 c 14.7 c 17.3 c 16.0 c 17.0 e 

Medicago sativa Astragalus cicer 
10 2.7 a 2.9 a 2.6 a 2.9 a 3.0a 
30 3.4 ab 3.5 ab 3.5 ab 3.8 a 4.0 a 
50 3.5 ab 3.5 ab 3.5 ab 3.8 a 4.2 a 
70 3.5 ab 3.5 ab 3.5 ab 4.1 a 5.5 ab 
90 4.0 ab 3.9 ab 3.5 ab 5.1 ab 8.7 c 

110 5.9 b 6.7 b 6.3 b 8.3 b 7.5 bc 

IIn the excision treatment, the entire seminal primary roots of grasses and 2 mm of the root tipes of legumes were removed. 
*Germinating seeds were dehydrated for 4 days in constant humidity trays at -22 MPa. 
3Means withm each column followed by a similar letter arc not significantly difkcnt (P=O.OS). 

Excised & 
dehyd. 

3.7 a 
1.4 ab 

10.4 b 
9.8 b 

15.2 c 
15.5 c 

3.3 a 
4.4 a 
4.4 a 
4.8a 

10.5 b 
10.1 b 
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Fig. 2. Effects of root excision and dehydration treatment (-22 MPa) on subsequent Ieaf area, water uptake, and transpiration rate of wheatgrass (A. 
desertorum) and Russian wildrye (E. junceus) seedlings. 

alfalfa, however, there was little difference in water uptake capa- 
city of original tap roots and replacement tap roots. 

Legume seedlings generally had substantially higher rates of 
water uptake than grass seedlings. Water uptake rates in legumes 
increased sharply with increasing age of seedlings; whereas in 
grasses, after about 40 days of age, water uptake reached a maxi- 
mum and then remained more or less constant until the end of the 
experiment. 

Crested wheatgrass and Russian wildrye generally increased leaf 
area slowly with increasing seedling age. When seedlings of both 
grasses were restricted to seminal lateral roots originating from 
seeds that had not been exposed to temporary dehydration, leaf 
areas were as great as in seedlings restricted to the seminal primary 
root. When grass seedlings were restricted to seminal lateral roots 
originating from temporarily dehydrated seeds, leaf areas were 
lower than in seedlings restricted to the seminal primary root. 
Within a species, leaf area generally was proportional to the magni- 
tude of water uptake. 

Alfalfa and cicer milkvetch sharply increased their leafarea with 
increasing seedling age. Treatments did not affect leaf area of 
alfalfa; but replacement tap roots of cicer milkvetch, especially 
those originating from seeds that had been temporarily dehy- 
drated, did not support as much leaf area as original tap roots of 
this species. 

Transpiration rates in grasses also decreased with seedling age 
because of the increase in green leaf-blade area during the period 
when water uptake was nearly constant. Crested wheatgrass had 
significantly lower transpiration rates than Russian wildrye. 
Treatments had little or no effect on transpiration rates. Transpira- 
tion rates were higher in legumes than in grasses. 

Transpiration rates in the legume species decreased with time, 
and the decrease was more pronounced in cicer milkvetch than in 
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Table 3. Effeds of seedling growth on the soil rater content (%) et variooe 
depths of the soil profile (cm) the end 01 the 604lay experiment in the 
greenhouee with seedling limited to the inltial roil water supply. 

Soil water content 

Soil depth 
No seedling 

Legumes Grasses (Control treatment) 

1% 
IO 2.9 a 3.6 a 7.6 b 

:: 
3.9 a 7.7 b 9.8 b 
3.8 a 10.3 b II.3 b 

70 4.1 a 12.4 b 12.6 b 
90 6.0 a 14.5 b 15.6 b 

II0 7.5 a 16.0 b 16.8 b 

‘Average of the 2 species and all treatments. 
*Means within each soil depth followed by a similar letter are not significantly 
different from the control treatment (H.05 in a t-test). 

alfalfa. Species and treatments did not have significant effects on 
transpiration rates. 

Discussion 
The seminal lateral roots of grasses were almost as effective as 

their seminal primary roots (even when germinated seeds had been 
temporarily dehydrated) in penetrating to and extracting water 
from the soil profile. In semiarid zones where soil moisture condi- 
tions at planting depth rarely are adequate for development of 
adventitious roots, crested wheatgrass and Russian wildrye may 
survive for 60 days, or more, when restricted to only the seminal 
root system. Thus, if the seminal primary root of germinating seed 
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Fig. 3. Effects of root excision and dehydration treatment (-22 MPa) on 
subsequent leaf area, water uptake, and transpiration rate of a&& (M. 
sativa) and cicer milkvetch (A. cicer) seedlings. 

is killed by temporary dehydration, the subsequent development of 
seminal lateral root(s) would often provide for water and nutrient 
uptake until weather conditions eventually allow for development 
of adventitious roots. 

Similarly, replacement tap roots of alfalfa and cicer milkvetch 
were vigorous enough to penetrate to and extract water from deep 
layers of the soil profile. The legumes, unlike the grasses, do not 
depend on favorable soil moisture at planting depth for establish- 
ment of seedlings; rather, they depend on secondary growth of 
vascular tissues. Dehydration treatments temporarily delayed 
secondary growth of roots in many seedlings. 

Differences between legumes and grasses in trends of water 
uptake with increasing age are explained by fundamental differen- 
ces in the morphology of root growth. Legumes have a vascular 
cambium which, under favorable growth conditions, continuously 
produces new xylem and phloem. The new xylem and phloem give 
an increased water and food transporting capacity, respectively, to 
the shoot and root. The increased food transporting capacity sup- 
ports increased growth and total extension of the root. Increased 
water absorbing and water transporting capacity resulted in a 
several-fold increase in the water uptake in legumes during a 
2-week interval. Erie et al. (1968) reported that mature stands of 
alfalfa obtained about 46,26, 18, and 10% of their required mois- 
ture from the top 60 cm of the root zone and from each successive 
60 cm increment, respectively. In cicer m&etch, the effects of 
temporary dehydration on subsequent water uptake by replace- 
ment tap roots were probably caused by a reduction and delay in 

total extension and secondary growth of roots. This requires a 
moist soil profile but does not require moist soil at planting depth. 
In grasses, the limited amounts of phloem and zylem tissues prob- 
ably places upper limits on the root extension and on water trans- 
portation to the shoot, respectively. The grass species apparently 
reached their upper limits at about 40 days after planting. Thereaf- 
ter, rates of water uptake by individual roots were nearly constant, 
even though leaf area continued to increase. The effects of tempor- 
ary dehydration on water uptake by seminal lateral roots probably 
resulted from inhibition of total extension of roots and reduction 
in number and size of xylem vessels. In grasses, the inhibitory 
effects of dehydration may be overcome by production of addi- 
tional seminal lateral roots (in young seedlings) or of adventitious 
roots (in older seedlings). Development of new roots requires 
favorable soil moisture conditions at planting depth as well as in 
the soil profile. 

In the species investigated, transpiration rates decreased with 
increasing age of seedlings. The decreases in the legumes probably 
resulted from the limited size of the pot (i.e., limited amount of 
water available for uptake) as well as mutual shading. Alfalfa also 
produces smaller leaves under dry conditions as compared to 
optimum moisture situations. In grasses, leaf area indices were 
estimated to be much less than 1.0. Therefore, decreases in transpi- 
ration rate in grasses probably resulted from the increased growth 
of leaf area during the interval when water uptake by a single 
seminal root had reached an upper limit. Grasses had lower trans- 
piration rates than legumes, probably due to differences in leaf 
diffusion resistance. Frank and Barker (1976) founder higher leaf 
diffusion resistances in crested wheatgrass than in Russian wildrye, 
which is consistent with our results. 

Kneebone (1972) suggested that in a breeding program for seed- 
ling vigor and establishment in grasses, the tolerance of dehydra- 
tion at seedling stage is an important criterion. Also, Nason et al. 
(1987) showed the effectiveness of recurrent selection for seedling 
water uptake and shoot weight in blue grama. Great variations in 
rate of water uptake among seedlings of both legume and grass 
species in the present study indicate the potential for selection and 
development of drought tolerant varieties of these plants. Envi- 
ronmental conditions in the field, especially the amount of water in 
the root zone, need to be carefully studied to determine if low or 
high rates of water uptake are advantageous in relation to plant 
productivity. 
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Dehydration effects on seedling development of four range 
species 
M. BASSIBI, A.M. WILSON, AND B. CRAMI 

Abetnet 

The effects of temporary drought periods of semiarid regions 
were simulated by dehydration of germinating seeds of crested 
wheatgrass (Agrop~~on desertonm), Russian wildrye (E&WIIIS 
/unceus), alfalfa (iWd&ago suth), and cicer milkvetch (Astrugu- 
lus c&m) in 8 constant humidity environments, ranging from -10 to 
-220 MPa for 4 days. Combined tfftcts of root excision and 
temporary dehydration al -22 to -160 MPa wtn also studkd. 
Subsquent growth of seedlings was evaluated in growth perfor- 
mance tests under favorable soil moisture conditions. When the 
initial roots were killed by dehydration, survival of gratea 
depended on the development of seminal Iatcrrl root(s) from the 
scutelkr nodes, and survival of legumes depended on development 
of a new meristtm at the distal end or along the side of hypocotyl- 
root axis. The tfltct of dehydration was more drastic on the 
legumes than on the gmsts, putkukrly at more severe condi- 
tions. Whik temporary dehydration of -59 MPa had little effect on 
grasses, it reduced the percent emergence of the ltgumta by about 
7%. In the -220 MPa treatment, emergence percentages of crested 
wheatgrass, Russian wildrye, alfalfa, and cictr milkvttch were 59, 
35,6, and 1, respectively, and percentages of rooted seedlings were 
58,12,3, and 1, respectively. Under combined effects of excision 
and dehydration at -160 MPa, emergence percentages of the 4 
speciea were 50,34,14, and 0, respectively, and their root lengths 
decreased by 37, 42, 44, and 100% respectively. Within specks 
variation in tolerance of dehydration suggested opportunities to 
sekct and breed for this characteristic. 
Key Words: crested whea@rass, Russian wildrye, alfalfa, cicer 
milkvetch, drought tolerance, pknt sekction 

In arid and semiarid zones with low and unreliable rainfall, 
germinating seeds are often exposed to periods of drought, the 
severity and duration of which may vary. Germinating seeds of 
various plant species may respond differently to dry conditions. 
Levitt (1972) and Brown (1977) used the term “drought tolerance” 
as equivalent to “dehydration tolerance.” The latter was defined by 
Kramer (1978) as the ability of plant protoplasm to survive 
drought without irreversible injury. 

Crested wheatgrass (Agropyron aksertorum) is a perennial 
bunchgrass which is widely used for rangeland rehabilitation on 

Authors are assistant professor, Department of Plant Science, Isfahan University of 
Technology, Isfahan, Iran; plant physiologist (deceased), USDA-AR& Crop Rcse- 
search Lab., Colorado State University, Fort Collins 80253; and postdoctoral 
researcher, Department of Agronomy and Range Science, University of California, 
Davis 95616. 

Research was supported by Forage and Range Management Research, USDA- 
ARS. Authors wish to thank Dr. John Mcnke for rcvicw the manuscript and making 
helpful suggestions. 

Manuscnpt accepted 2 May 1988. 

JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 

light-textured soils of both shrublands and grasslands where the 
rainfall is between 230 to 380 mm(Hafenrichter et al. 1949). Wilson 
(1971) indicated that seeds of this species were able to resume their 
physiological processes after being exposed to wet and dry periods. 
On the other hand, Russian wildrye (Elymus junceus) is a peren- 
nial bunchgrass which grows slowly in the seedling stage and is 
somewhat more susceptible to moisture stress during emergence 
and establishment (Bleak and Keller 1974). 

Townsend et al. (1975) found that alfalfa (Medicugo sutivu) was 
the most promising legume species under dryland conditions and 
also the legume which could compete favorably with crested 
wheatgrass by the fourth year after establishment. In contrast, 
ciccr milkvetch (Astragufus her) has poor seedling vigor and 
relatively slow germination and establishment, although it may 
tolerate moderate drought conditions (Townsend and McGinnies 
1972). 

Because these grasses and legumes are often seeded in mixtures 
on semiarid lands, it is important to understand their comparative 
drought tolerance during germination and establishment. 

The objective of this study was to evaluate and quantify the 
effects of various degrees of temporary dehydration during the 
germination stage on the emergence and development of 4 promis- 
ing species of grasses and legumes for seeding in dry regions. The 
combined effects of temporary dehydration and root excision on 
the subsequent growth of seminal lateral roots in grasses and of 
replacement tap roots in legumes were also examined. 

Materials and Me&hods 

Experimental materials included ‘Nordan’ crested wheatgrass, 
‘Vinall Russian wildrye, ‘Ladak’alfalfa, and ‘Lutana’cicer milkvetch. 

Dehydration Experiment 
Light weight seeds and inert material were removed in a seed 

blower. They were then treated with bis (dimethylthiocarbamoyl) 
disulfide. Legume seeds were scarified. This experiment included 3 
sequential steps: 

(1) Seed germination: Seeds were germinated at 200 C under 
favorable moisture conditions until the seminal root had extended 
to a length of 3 to 5 mm. 

(2) Dehydration treatment: Germinating seeds were exposed to 
a dehydration treatment by placing them in constant humidity 
trays for 4 days. Saturated salt solutions of sodium sulfate, potas- 
sium chloride, sodium chloride, magnesium acetate, calcium 
nitrate, potassium carbonate, calcium chloride, and potassium 
acetate had maintained constant humidities equivalent to water 
potentials of -10, -22, -37, -59, -92, -120, -160, and -220 mega- 
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pascals (MPa), respectively, at 2S” C prior to insertion of germinat- 
ing seeds. Seeds did not touch the salt solutions, but lost water 
vapor to the constant humidity air. Hassanyar and Wilson (1978) 
found that the water content of germinating seeds of crested 
wheatgrass and Russian wildrye reached equilibrium within 2 days 
under humidity. 

(3) Growth performance test: To evaluate the effects of tempor- 
ary dehydration treatments, 25 control or treated seeds were 
planted at a depth of 1 cm in plastic pots (15 cm diameter by 15 cm 
depth) filled with autoclaved sandy loam soil. Soil was maintained 
at approximately -0.03 MPa by surface irrigation with distilled 
water. Emergence and growth performance during the IO-day test 
were evaluated under both growth chamber and greenhouse condi- 
tions. Growth chambers were maintained at 20° C, 70% relative 
humidity, a 12-hour daylength, and photosynthetically active radi- 
ation of 400 PE m-2sec-1. Greenhouse conditions were maintained 
at 20° C to 25” C, a variable relative humidity, 12-hour daylength 
(supplemented with sodium vapor lamps), and maximum midday 
photosynthetically active radiation of 300 PE ms2sec”. 

At the end of the IO-day growth test, number of emerged seed- 
lings per pot was recorded. It was found that not all seedlings that 
emerged had developed roots, nor did all seedlings with roots 
emerge. Therefore, the percentage of seedlings that developed at 
least one root during the growth test was determined. Roots were 
washed with a fine spray of water over a l-mm screen. The length of 
the shoot and depth of the longest root were measured from the 
planting level. Shoots and roots from each pot were separated, 
oven-dried (700 C for 24 hours) and weighed. Shoot and root data 
were averaged over the number of seedlings emerged and number 
of rooted seedlings, respectively. Biomass change was calculated as 
root plus shoot weight minus seed weight at the end of the IO-day 
test. 

for percent emergence in response to dehydration treatments, 
although under higher stress conditions root development was 
somewhat more adversely affected than was percent emergence 
(Table 1). In both the growth chamber and the greenhouse tests, 
species were significantly different (m.01) in their ability to 
develop roots after they had been exposed to dehydration treat- 
ments. In grasses, presence of seminal lateral root primordia, and 
in legumes, ability of root tissues to produce meristematic tissue in 
the hypocotyl-root axis are important factors in drought tolerance 
and survival of the seedlings (Hassanyar and Wilson 1978). Tem- 
porary dehydration of -37 MPa had no effect on subsequent root 
development in the grass species in growth chamber test, whereas it 
reduced percent rooted seedlings by about 75% in both legume 
species. In a similar study (Fulbright et al. 1984), when the seminal 
primary root of germinating seeds of needlegrass (Stipa viridula 
Trin) was excised or injured by dehydration (-10 MPa), seedlings 
developed up to 3 (average of 1.3) seminal lateral roots per seed- 
ling. They observed that no additional seminal roots developed 
when seminal primary root was undamaged. In the present study, 
root development was consistently more affected in cicer milkvetch 
than in alfalfa under similar stress conditions. The response of both 
grass species to dehydration treatments, in terms of percentage of 
seedlings with a root, was found to be linear, in contrast to a 
quadratic response in both legume species. 

Excision-Dehydration Experiment 
The distal 2-mm portion of the root of legumes and the entire 

seminal primary root of grasses were excised before the germinat- 
ing seeds were exposed to the 4day dehydration treatments at -22, 
-92, and -160 MPa. Two additional treatments were included in 
which germinating seeds were not exposed to temporary dehydra- 
tion: (1) roots were excised, and (2) roots were left intact. 

The water potentials during temporary dehydration which 
resulted in subsequent development of at least 1 root in 50% of the 
seedlings were calculated from the regression equations for the 
growth chamber test. The water potentials for crested wheatgrass, 
Russian wildrye, alfalfa, and cicer milkvetch were -247, -129, -32, 
and -22 MPa, respectively. For crested wheatgrass, the value was 
obtained by extrapolation of the regression equation because the 
lowest value for percent of seedlings with at least 1 root was 58%. 
Bleak and Keller (1974) also observed that germinating seeds of 
crested wheatgrass were more tolerant to dehydration than those 
of Russian wildrye. 

Pots (20 cm diameter by 20 cm depth) were filled with autoclaved 
sandy loam soil and water was added to increase soil moisture 
content to 15% (approximately field capacity). Fifty germinated 
seeds were planted in each pot and covered first with about 2 mm of 
moist soil, then with a layer of 2 cm of air-dried soil to reduce soil 
surface evaporation rate. At the end of the 20day growth test, 
percentage emergence, shoot and root length, and shoot and root 
weight were determined in the same manner as indicated earlier. 

Randomized complete block designs were employed in both 
experiments and significant differences among means were deter- 
mined by Tukey’s test (Steel and Torrie 1980). A polynomial 
regression was used to determine the effect of water potential on 
root development. 

Germinating seeds of legumes exposed to dehydration treat- 
ments below -59 MPa did not develop roots in most replications 
during the IO-day test. An analysis of variance for both grasses and 
legumes was, therefore, performed only on the root depth and root 
weight data of the first 5 treatments (control, -10, -22, -37, and -59 
MPa). Differences in root depth as well as in root weight per 
seedling caused by species, treatments, and the species X treatment 
interaction were significant (fiO.01) in both growth chamber and 
greenhouse tests. Root depth of the 4 species were nearly the same 
in the control treatment (Table 1). The dehydration treatments, 
however, inhibited the extension of roots in legumes more than in 
grasses. While a water potential of -37 MPa reduced the root depth 
of grasses by 32%, the reduction for the legumes was 74% under 
similar conditions. The results clearly indicated that root extension 
of cicer milkvetch was more adversely affected than that of alfalfa. 

Results and Discussion 

Dehydration Experiment 
Temporary dehydration treatments significantly (P=O.Ol) reduced 

the emergence of seedlings of the 4 species during the N-day test 
under favorable soil moisture conditions (Table 1). The effect of 
dehydration was more drastic on the legumes than on the grasses, 
particularly at more severe conditions. While temporary dehydra- 
tion of -59 MPa had little effect on grasses, it reduced the percent 
emergence of the legumes by about 7%. Very similar trends were 
obtained for the emergence percentages in the growth chamber and 
greenhouse tests. In a similar study with green needlegrass (Stipa 
viridula Trip.), Fulbright et al. (1984) demonstrated that percent 
emergence was zero at -22 MPa. 

Since the grasses did develop roots in almost all treatments and 
replications, 2 additional analyses of variance, including all treat- 
ments, were conducted on the root depth and root weight per 
seedling of the 2 grass species. Differences in root depth and in root 
weight caused by species, treatments, and the species X treatment 
interaction were significant (B.01) in both analyses. It appeared 
that dehydration treatments inhibited root extension in Russian 
wildrye more than it did in crested wheatgrass. 

Root weights per seedling of crested wheatgrass, Russian wild- 
rye, alfalfa, and cicer milkvetch in the -59 MPadehydration treat- 
ment, expressed as the percentage of control treatment, were: 41.9, 
36.6, 28.5, and 42.1, for the growth chamber test, respectively. 
Corresponding data for shoot weights per seedling were 46.1,45.8, 
36.2, and 66.1, respectively. Both average root weight and shoot 
weight per seedling of cicer milkvetch were elevated by the high 
weights of very few superior seedlings that survived the dehydra- 
tion treatment. 

Trends in root development for all species were similar to those In water potentials below -59 MPa, seedling survival of the 
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Table 1. Effects of temporary dehydration treatments (MPa) during seed germhution on subsequent emergence, and root end shoot development of 4 
specks in growth chamber sod greenhouse tests under favorable soil moisture conditions. 

Water 
potential 

Growth chamber test Greenhouse test 
Agropyron Elymus Medicago Astragalus Agropyron Elymus Medicago Astragalus 
desertorum junceus sativa cicer desertorum junceus sativa cicer 

0 90 abl 91 a 
-10 99a 99a 
-22 92 a 95 a 
-31 90ab 93 a 
-59 86 abc 93 a 
-92 74 bed 62 b 
-120 74 bed 62 b 
-160 69d 46 bc 
-220 59d 35 c 

0 92a 
-10 99a 
-22 93 a 
-37 91 a 
-59 86 ab 
-92 73 bc 
-120 71 cd 
-160 66cd 
-220 58 d 

0 
-10 
-22 
-37 
-59 
-92 
-120 
-160 
-220 

0 0.80 a 
-10 0.58 b 
-22 0.49 bc 
-37 0.41 cd 
-59 0.33 de 
-92 0.24 efg 
-120 0.31 def 
-160 0.22 fg 
-220 0.19g 

0 2.55 a 
-10 2.02 b 
-22 1.62 c 
-37 1.33 d 
-59 1.17 de 
-92 0.90 ef 
-120 0.98 ef 
-160 0.82 f 
-220 0.76 f 

9.4 a 9.Oa 
7.6 b 8.2 a 
7.7 b 6.5 b 
6.8 bc 5.1 bc 
6.1 cd 5.2 cd 
4.9 ef 3.9 e 
5.5 de 3.4 e 
4.2 f 2.9 f 
3.8 f 4.2 de 

94a 
99a 
97 a 
94a 
90a 
54 b 
55 b 
36c 
12d 

0.66 a 
0.57 a 
0.34 b 
0.29 bc 
0.24 bed 
0.19 cde 
0.16 de 
0.13 e 
0.16 de 

2.18 a 
1.88 b 
1.30 c 
1.17 cd 
1.00 de 
0.83 e 
0.82 e 
0.75 ef 
0.52 f 

9; a 
82 a 
84a 
36 b 
16 c 
14c 
isc 
6c 
6c 

94a 
86 a 
84a 
28 b 
17bc 
ioc 
12c 
5c 
3c 

10.2 a 
6.9 b 
5.7 b 
3.4 c 
3.7 c 

A 
- 
- 
- 

1.24 a 
0.66 b 
0.52 bc 
0.34 d 
0.35 cd 
- 
- 
- 
- 

3.34 a 
1.86 b 
1.50 bc 
1.08 c 
1.21 c 
- 
- 
- 
- 

Emergence (9%) 
84 93 a 
79a 91 a 
61 b 91 a 
16c 94a 
16c 91 a 
5c 65 b 
6c 71 b 
3c 57 bc 
1C 43 c 

99a 89 a 
96a 83 a 
92a 85 a 
85 a 25 b 
93 a 37 b 
55 b 28 b 
57 b 22 bc 
46bc 8c 
3oc IC 

Seedlings with a root (%) 
83a _ 96a 99a 
79 a 95 ab 91 a 
55 b 94 ab 96a 
15c 94 ab 83 a 
16c 92 ab 94a 
2 de 86 c 46 bc 
4 cde 75 bc 52 b 
3cde 56 cd 32 c 
le 40d 12d 

Root depth (cm) 
9.1 a 7.0 a 6.3 a 
5.1 b 4.8 b 4.1 b 
3.0 c 4.2 b 3.6 bc 
1.7c 3.8 bc 2.9 cd 
1.9 c 3.7 bc 3.0 cd 
- 2.4 de 1.4e 
- 2.9 cd 2.0 de 
- 2.0 de l.Oe 
- 1.6 e 1.4e 

Root weight per seedling (mg) 
1.02 a 0.40 a 0.45 a 
0.62 b 0.26 b 0.33 b 
0.41 bc 0.21 bc 0.19c 
0.50 bc 0.18 bal 0.15 cd 
0.43 c 0.19 bed 0.15 cde 

0.12 de 0.06 f 
- 0.14 cde 0.09 def 
- 0.12 de 0.04 f 
- 0.09 e 0.07 ef 

Shoot weight per seedling (mg) 
2.22 a 1.35 a 1.32 a 
1.67 b 1.12 b 1.18 a 
1.19 b 0.90 c 0.85 b 
1.24 b 0.73 d 0.70 c 
1.47 b 0.75 d 0.70 c 
- 0.57 ef 0.52 d 
- 0.65 de 0.57 c 
- 0.51 ef 0.41 d 
- 0.47 f 0.41 d 

91 a 
82 a 
84 a 
33 bc 
50 b 
36 bc 
25 c 
19c 
17c 

1.3 a 
5.0 b 
2.8 c 
2.2 c 
1.8 c 
- 

- 
- 

0.52 a 
0.42 ab 
0.35 bc 
0.26 c 
0.22 c 
- 
- 
- 
- 

1.23 a 
0.86 ab 
0.79 b 
0.71 b 
1.07 ab 
- 
- 
- 
- 

84a 
10 a 
Mb 
33 bc 
22 cd 
7 de 
3e 
3e 
le 

86a 
76 ab 
63 b 
39 c 
36 c 
12 d 
6d 
6d 
2d 

6.7 a 
3.2 b 
1.1 c 
l.Oc 
1.2c 
- 
- 
- 
- 

0.62 a 
0.40 b 
0.28 b 
0.29 b 
0.35 b 
- 
- 
- 

1.30 a 
1.01 a 
1.28 a 
1.01 a 
1.4Oa 
- 
- 
- 
- 

‘Each value is the mean of eight nplications. Differences caused by species, treatments, and species X treatment interactions wcrc significant in all cases in both the growth 
chamber and the grecnhousc tests. Means within each column followed by a similar letter arc not significantly diRerent (PO.03 
%ccausc of the very low percentage survival of legumes in the last 4 treatments, root depth, and root and shoot weights per seedling were not calculated in these treatments. 

legumes was too low to consider their root and shoot weights as Grass species developed 1 or 2 seminal lateral roots per seedling 
representative of the species. Faster emergence and more vigorous when the roots were excised or the dehydration treatments dam- 
growth resulted in more gain in biomass in alfalfa and crested aged or killed their seminal primary roots. Legume species deve- 
wheatgrass during the IMay growth performance test than in the loped replacement tap roots whenever their root apices were dam- 
other 2 species examined. Dehydration treatments caused a delay aged, killed, or excised. Replacement tap roots in legume species 
in emergence, and probably reduced the growth rate. This may be were either formed as branches or as a continuation of the original 
the explanation for lower gain or more loss of biomass in seedlings tap root, with a distinct reduction in diameter. Alfalfa and cicer 
that were temporarily dehydrated during early germination stages milkvetch had similar patterns of root development, althoughcicer 
than in the control seedlings. 

JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 385 



Table 2. Effects of root cxcidon and temporary dehydration trutments 
(MPa) during seed germination on subsequent emergence, and root end 
shot growth of 4 species in pots 8t tbe end of e 20&y growtk perfor- 
m8nce test in the greeabouse with aeediings iimited to the initial soii 
water supply. 

Treatment 
Dehyd- 

Excisioni ration 

Species 
Agropyron Elytnus Medicago Astragalus 
desertorum junceus sativa cicer 

0 
+ 0 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

+ 8 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

Percent emergence (%) 
84 ar 90a 
85 a 88 a 
84a 82a 
64ab 69 ab 
50 b 34b 

Root weight (mg) 
3.6 ar 3.0 a 
2.6 ab 2.0 b 
2.3 bc 1.5 bc 
1.5 cd 1.1 bc 
i.Od 0.1 c 

Shoot weight (mg) 
10.7 a 7.6 a 
8.9 ab 6.2 ab 
7.7 b 4.9 bc 
5.4 c 3.8 c 
4.0 c 3.3 c 

Root length (mm) 
18a 17a 
17ab i6a 
16ab i4a 
13bc 13a 
11 c 9b 

Shoot length (mm) 
22 a 18a 
21 a 18a 
20 ab i6ab 
i8bc 15b 
i6c 13b 

93 a 86a 
90a 70 a 
53 b 18b 
2oc 8b 
14c Ob 

3.3 a 
2.0 b 
1.2 bc 
1.1 bc 
0.9 c 

2.3 a 
1.4 ab 
0.6 bc 
0.8 bc 
0.0 c 

11.2a 
7.6 b 
4.8 c 
4.6 c 
3.2 c 

6.7 a 
4.1 b 
2.1 bc 
2.3 bc 
0.0 c 

16a 
14 ab 
12abc 
10 bc 
9c 

14a 
12ab 
7c 
9 bc 
Od 

ila 7a 
9ab 6ab 
7bc 4b 
7bc 4b 
6c oc 

‘In the excision treatments (+), the entire seminal primary root in grasses and 2.mm of 
the root tip of legumes were removed from germinating seeds before transferring to the 
pots. 
2Each vaue is the mean of 4 replications. Means within each column followed by a 
similar letter are not significantly diffennt (PrO.05). 

milkvetch roots generally formed more branches than did alfalfa 
roots. 

Excision-Dehydration Experiment 
Differences in various characteristics of seedling growth caused 

by species, treatments, and species X treatment interactions were 
all significant (P=O.Ol) except that the species did not respond 
differently to treatments in relation to shoot length. Emergence 
percentages of crested wheatgrass, Russian wildrye, alfalfa, and 
cicer milkvetch, after an excision and temporary dehydration 
treatment at -16 MPa were 50,34,14, and 0, respectively (Table 2). 
Emergence of crested wheatgrass and Russian wildrye decreased 
linearly with a decrease in water potential in dehydration treat- 
ments. In alfalfa and cicer milkvetch, the decrease in emergence 
seemed to be curvilinear, indicating high tolerance to dehydration 
in a few seedlings. 

The survival advantages of seminal lateral roots in crested 
wheatgrass and Russian wildrye, as well as replacement tap roots 
in alfalfa and cicer milkvetch, were contirmed in the dehydration- 
excision experiment, where seedlings were limited to the initial soil 
water supply (about -0.03 MPa) in the pots. The roots which 
developed after excision and dehydration treatment at -160 MPa 

were shorter and probably less effective than the seminal primary 
roots of grasses and original tap roots of legumes. The results of 
excision-dehydration experiment indicate that the effects of dehy- 
dration were more important than the effects of excision in 
impairment of root growth and development. Root lengths and 
root weights of all 4 species were affected more by the combination 
of excision and dehydration treatments than by only the excision 
treatment. 

Shoot and root length of all 4 species as well as shoot and root 
dry weight of the grasses decreased linearly with decreasing water 
potentials in temporary dehydration treatments (Table 2). Shoot 
and root dry weight of the legume species, however, appeared to 
have decreased in a curvilinear manner with decreasing water 
potentials in temporary dehydration treatments. 

The excision treatment simulated the theoretical situation in 
which the only effect of dehydration might be the killing of the 
entire seminal primary root in grasses and the root apex in 
legumes, The excision treatment alone did not cause significant 
reductions in shoot or root lengths of either grasses or legumes, nor 
did it reduce root or shoot weights of grasses, but caused moderate 
reduction in root and shoot weights of legumes. The combination 
of excision and dehydration treatment, however, caused moderate 
to severe reductions in growth parameters of grasses and legumes. 
This combination at -160 MPa, decreased root lengths of crested 
wheatgrass, Russian wildrye, alfalfa, and cicer milkvetch by 39,42, 
44, lOO%, respectively (Table 2). One could rank the 4 species 
investigated for most to least drought tolerant during germination 
stages as follows: crested wheatgrass, Russian wildrye, alfalfa, and 
cicer milkvetch. 

Frequency distribution for rooting depths of the 4 species indi- 
cated great within-species variation among seedlings as affected by 
each dehydration treatment. Even in the more severe dehydration 
treatments, there were a number of seedlings in each species that 
had adequate rates of root elongation. In semiarid zones, such 
plants should be able to extend their roots into moist layers of the 
soil profile ahead of the drying soil front. Frequency distributions 
can be used to determine which dehydration treatments are suit- 
able for screening in a selection program for a given species under 
given environmental conditions. 
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Water and nitrogen effects on growth and allocation pat- 
terns of creosotebush in the northern Chihuahuan Desert 
F.M. FISHER, J.C. ZAK, G.L. CUNNINGHAM, AND W.G. WHITFORD 

AbShrCt 
A field experiment udng 2 patterns of irrigation and 1 level of 

nitrogen fertilizer (10 g-N m-2) was conducted in order to discern 
water and nitrogen interactions that may control production of 
creosotebush, (Laweu tridentatu (D.C.) Cov. The 2 patterns of 
irrigation simulated precipitation from small, frequent events (6 
mm water added weekly) or large, infrequent events (25 mm water 
added monthly). Understanding the factors controlling the pro- 
duction of this rangeland shrub may aid in the development of 
strategies for its management. 

Vegetative growth occurred mostly during March-May (spring) 

’ 
and August-October (summer-fall). Fruit production occurred 
mainly in the spring and root growth occurred mainly in the 
summer-fall. Irrigation increased vegetative growth and decreased 
fruit production. Responses to irrigation were greater during 
summer-fall than in the spring. Small, frequent water additions 
caused larger increases in vegetative plus fruit growth than did 
large, infrequent water additions. Nitrogen fertilization increased 
the growth of both vegetation and fruit in irrigated and unirrigated 
plots. Stem mortality and root growth were not significantly 
affected by irrigation or nitrogen fertilizer. Tbeae results suggest 
that creosotebush production is limited by both soil moisture and 
nitrogen availability and that temporal patterns of ralnfail may be 
as important as total amounts. 

Key Words: Lmrea tridentatu, apical stem growth, reproductive 
alloeation, stem mortality, root growth, simulated rainfall, nitro- 
gen fertilizer 

The increasing dominance of creosotebush (Lurreu tririentata 
[D.C.] Cov.) in desert rangelands of the southwestern U.S. is well 
documented (Buffington and Herbell965, York and Dick-Peddie 
1969). The invasion of creosotebush into grasslands is accompan- 
ied by increased erosion and reduced production of perennial 
grasses, and efforts to restore grass production have met with little 
success (Cox et al. 1984). An improved understanding of the fac- 
tors limiting the production of creosotebush may aid in the devel- 
opment of management strategies for desert rangelands. 

Plant production in deserts is thought to be largely limited by 
water, with most growth occurring in pulses associated with infre- 
quent and highly variable precipitation (Noy-Meir 1973). How- 
ever, a direct relationship between precipitation and plant produc- 
tion is frequently not observed (Charley 1972, Webb et al. 1978, 
Ludwig and Flavill 1979). Charley (1972) and Ludwig and Flavill 
(1979) reported reduced productivity in the second of 2 consecutive 
wet years. Charley (1972) attributed this io depletion of available 
nutrients, particularly nitrogen (N). Other explanations for vary- 
ing responses to precipitation are that the effects of moisture inputs 
may be modified by the timing, duration, and intensity of precipi- 
tation events, or that total plant production responses may be 
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masked by changes in biomass allocation patterns. 
Besides water, N is generally considered to be the factor most 

limiting to desert plant growth (Charley 1972, West and Skujins 
1978). Floret et al. (1982) suggested that N is an important limiting 
factor in the northern portion of the Sahara and Penning de Vries 
and Djiteye (1982) found that primary production varied with N 
availability over a wide range of precipitation in the sub-Saharan 
Sahel. Charley (1972), Ettershank et al. (1978), and James and 
Jurinak (1978) reported significant responses of arid vegetation to 
N fertilizer without additional water. 

The seasonal timing and pattern of moisture availability has 
been shown by the field experiments of Cunningham et al. (1979) to 
be an important factor influencing creosotebush growth. Ludwig 
and Flavill (1979) examined above-ground production of creo- 
sotebush in the northern Chibuabuan Desert over a 5-year period 
and suggested that small, frequent precipitation events were more 
effective than large, infrequent events delivering the same amount 
of moisture. This seems anomalous for a deep-rooted shrub, par- 
ticularly since water from small events may be mostly lost through 
evaporation. However, if small, frequent events stimulate N min- 
eralization thereby enhancing N availability, increased production 
could result (Fisher et al. 1987). 

Despite the large body of data on factors affecting productivity 
of desert vegetation, we are aware of no studies assessing the 
interactions of these factors. Therefore, we designed a factorial 
study to examine the effects of small and large rain events and 
available soil N on growth and biomass allocation of creosotebush 
(I.urreu tridentata [D.C.] Cov.). We hypothesized that small, fre- 
quent events would result in higher productivity than large, infre- 
quent events. Further, based on forest studies (Waring and Schle- 
singer 1985), we hypothesized that increasing available N by 
fertilization would increase productivity of irrigated plants more 
than unirrigated plants. We also hypothesized that below-ground 
biomass allocation would decrease with irrigation and fertilization. 

Reproduction may account for 5% or more of total above- 
ground production of creosotebush. Previous studies suggested 
that reproductive allocation was inversely related to moisture 
availability (Oechel et al. 1972, Cunningham et al. 1979). It is 
therefore necessary to measure reproductive allocation in order to 
understand the responses of creosotebush to various moisture and 
N additions. 

Materials and Methods 

Study Site 
The study was conducted on the Jomada Long-Term Ecological 

Research (LTER) site located 40 km NNE of Las Cruces, New 
Mexico, at the New Mexico State University College Ranch. The 
LTER site, located on a northeast facing Piedmont slope, traverses 
7 vegetation types along a topographic gradient ranging from a 
rocky mountain side to an ephemeral lake bed. The creosotebush- 
dominated vegetation in which the study was conducted is located 
approximately mid-slope (3% gradient) in loamy sand soils with a 
calcium carbonate deposition layer (caliche) at a depth of about 40 
cm. The soil is classified as a Typic Haplargid of the Dona Ana 
series. Additional soil characteristics are reported by Fisher et al. 
( 1987). AMI& precipitation averages 2 13 mm, 55% falling during 
July-September as convectional thundershowers. Average daily 
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maximum temperature in June, the hottest month, is 36O C, and 
the average daily minimum temperature in January, the coldest 
month, is -3.3O C. 

Experimental Procedures 
Three irrigation treatments (control, 6.3 mm water added 

weekly, 25.4 mm water added monthly) were assigned in a com- 
pletely random design to 9 experimental plots (5 X 10 m). Plots 
were fenced to prevent herbivory by rabbits and were irrigated 
from June, 1981, until March, 1985, except after precipitation 
events >25 mm. Fertilizer (NH4NOs) was applied (10 g-N m-‘) to 
the down-slope half of each plot (to prevent run-off of added N 
onto the unfertilized half) on 23 February 1983 and 19 June 1984. 
All plots were lightly watered to move the granular fertilizer into 
the soil. 

The stem length measurements were converted to stem + foliage 
(vegetative) mass estimates using regression equations. Significant 
differences between the biomass regression lines for different 
treatments were indicated by Analysis of Covariance (Freund and 
Littell 1981). 

Plots were irrigated with water from a stock tank located at the 
headquarters of the New Mexico State University College Ranch. 
Average total N content of the water from occasional analyses was 
0.21 mg l-l, which is within the range of natural precipitation. 
Sodium concentrations were negligible. Concentrations of calcium 
(Ca++), magnesium (Mg++), and sulfate SG4--) were somewhat 
higher than typical precipitation. Water was pumped from a tank 
trailer through sprinkler fittings raised to a height of 1.5 m. The 
irrigation spray descended upon the creosotebush shrubs from 
above, producing throughfall and stemflow patterns similar to 
those of an actual precipitation event. The irrigation volume was 
calibrated by placing containers inside of each of the study plots. 

Fruit mass per apical stem was calculated as the number of fruits 
per branch times the mean fruit mass estimated from fruit harvests. 
Seasonal mass increments of fruits and vegetation were then calcu- 
lated by dividing the year at July 1 to reflect the 2 periods of 
creosotebush growth in the Chihuahuan Desert (Cunningham et 
al. 1979). Total mass increment of the apical stems was calculated 
by adding the vegetative mass estimates from the regressions to the 
fruit mass estimates. Finally, reproductive allocation was calcu- 
lated as the fruit mass increment divided by the sum of vegetative + 
fruit mass increments. 

Initial analysis of variance (ANOVA) indicated that the error 
term associated with the irrigation treatments was similar in mag- 
nitude to that of the N fertilizer treatments (p>o.25), so the error 
terms were combined for subsequent analyses (G.M. Southward, 
personal communication). Stem lengths and fruit counts from each 
sampling date were analyzed separately to reduce problems with 
heterogenous variances. Orthogonal contrasts and Tukey’s HSD 
test were used to indicate significant differences (KO.05) between * 
treatments (Steel and Torrie 1980). 

Ten apical stems were randomly selected on each of 5 shrubs per 
plot, tagged with yam, and marked at 40 mm from the tip with 
enamel paint. Beginning April, 1983, the length of all marked stems 
and the numbers of buds, flowers, and fruits were recorded at 
approximately 3-week intervals until November, 1983. All marked 
stems were harvested on January 1984 and oven dried at 500 C for 
determination of dry mass. 

A second stage of the analysis was conducted in order to simplify 
the interpretation of the water/N interactions. Since the error 
associated with the water and nitrogen plots had been pooled, it 
was possible to reanalyze the stem increment data and the repro- 
ductive allocation data using a one-way ANOVA. Significance 
tests used (Tukey’s HSD, Dunnett’s f) were appropriate for a 

100 !- A. BRANCH GROWTH 

In February, 1984, new apical stems were selected and tagged 
using the same procedures as before. Stem length was measured 
monthly from March, 1984, until March, 1985. Counts of buds, 
flowers, and fruits were made every 2 weeks until November, 1984, 
and monthly thereafter. In this series of measurements, we attemp- 
ted to distinguish stems suffering natural mortality from those 
dying or disappearing from disturbance during research activities. 
Dying stems were recognizable by the loss of leaves and lack of 
growth occurring over several measurement intervals. Mature 
fruits were collected from tagged shrubs on each plot to estimate 
the dry mass of individual fruits in November, 1984. 

Root growth was examined in root tubes comprised of a tiber- 
glass mesh cylindrical bag supported by a slotted PVC plastic pipe 
6O-cm long, 6-cm internal diameter. Three 2.5 X 5O-cm slots were 
cut in each tube. Soil for the root tubes was obtained adjacent to 
the study site from a depth of O-60 cm, mixed, and sieved through a 
2-mm mesh to remove larger roots. The mesh bags were filled with 
sieved soil and placed in the slotted pipes. Fifteen root tubes were 
installed at the edges of creosotebush canopies to a depth of 60 cm 
in 6 of the 18 plots (15 tubes in each of the treatment combinations) 
in March 1984. Five tubes per plot were removed and replaced with 
fresh tubes in June, 1984, and August, 1984, and all 15 tubes were 
removed in October, 1984. Larger roots were removed manually. 
Fine roots and other light materials were collected by floating on 
CHCls. Non-root light material was removed by hand from the 
floated fraction prior to ashing at 4ooO C for 24 h. Estimated root 
biomass <2 mm diameter initially present in the tubes was sub- 
tracted from the root biomass found in the retrieved tubes. 
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CaIcuIatIons and Statistical Analyses 

30 
20 
10 

0 
Initial statistical analyses were performed on the mean of stem 

lengths or of counts of fruits, buds, and flowers for each shrub. For 
the first year’s data, missing or dead stems were excluded from 
calculations. For the second year, shrub’means were calculated in 
the same way but stem mortality was calculated as lost stem length. 

AMJJASDNDJFMAMJJASONDJFM 

1983 1984 1985 

Fig. 1. Effects of nitrogen fertilization and 2pattems of irrigation on the 
length and number offncits on tagged creosotebush branches. Values are 
means of 3plots. Precipitation recorded at the study site is also shown. 
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posteriori comparisons (Steel and Torrie 1980). Significant differ- 
ences (PCO.05) between treatments were indicated by Tukey’s 
HSD test and significant differences of all water and nitrogen 
treatments vs. the unwatered unirrigated controls were indicated 
by Dunnett’s test. 

Residuals from all analyses were plotted against predicted values 
and tested for normality using the Kolmogorov D statistic. Log 
transformations were used to homogenize the variance of fruit 
counts and the mass increment data. 

Results 
Stem growth occurred mostly during March-May (spring) and 

August-October (late summer-fall) with the latter period being 
more important (Fig. 1). Fruit production occurred mainly in the 
spring. Stem growth increased in response to both irrigation and N 
fertilizer (PCO.05). Numbers of fruits per branch were increased by 
N fertilizer (PCO.OS), but were decreased by irrigation (PCO.05). 
Stem mortality did not differ between treatments during 1984 and 
amounted to 42% of the mean stem length of the unirrigated, 
unfertilized controls. 

The relationship between the length and vegetative mass of the 
tagged stems was described by 2 equations, 1 for unfertilized plots 
and 1 for fertilized: 

Unfertilized vegetative mass(g) q  2.30 X 10” X length (mm)2aa 
Fertilized vegetative mass(g) = 2.68 X 10” X Iength(mm)2s2 

The pooled R* from the analysis of covariance of the 2 equations 
was 0.76. 

Total mass increment (vegetative + fruit) per branch during 
spring, 1983, increased in response to N fertilizer in irrigated and 
unirrigated plots (Fig. 2). Irrigated plots without N fertilizer were 

! .” 

a 

5‘ 0.9 I CONTROL 6~ +N 

E 0.8 Izzl tZl 6 25 mm/wk mm/m0 ~SI EZI 6 25 mm/wk mm/ma +N +N 

s 0.6 

5 w 0.5 

$ 0.4 
0 
g 0.3 

z 0.2 

2 0.1 

0 
SPRING FALL SPRING FALL 

1983 1984 

Fig. 2. Effects of nitrogen fertilization and 2 patterns of irrigation on 
seasonal mass increments of vegetation + fruit of tagged creosotebush 
branches. The spring andfall seasons correspond to before and after 1 
July, respectively. Values are means of 3 plots. Signt#?cant diflerences 
(Tukey’s HSD, PCO.05) within a year and season are indicated by 
different letters. 

not significantly different from controls. Total mass increment per 
branch in spring, 1984, showed a similar pattern across treatments 
except that the N fertilized plots without water were not sign& 
cantly different from the controls. In the fall of 1983, total mass 
increment per branch was increased by all water and nitrogen 
treatments except for 25 mm mo-’ water without N. A similar 
pattern of total mass increment responses occurred in the fall of 
1984. The principal difference between the responses of total mass 
increment of fall, 1983, and fall, 1984, was that the responses were 
higher in 1984. 

Reproductive allocation was consistently higher in spring than 

5 0.8 

$ 
g 0.7 

II 
u 0.6 
w 
r KF+ 6 mm/wk +N 

& 0.5 [PI 25 mm/ma 

2 IL3 25 mm/ma +N 
g 0.4 

B 
of 0.3 

2 
5 0.2 

ii E? 0. I 

& a 0 
SPRING FALL SPRING FALL 

1983 1984 

Fig. 3. Effects of nitrogen fertilization and 2 patterns of irrigation on 
seasonal reproductive allocation QFuit mass increment divided by the 
sum of vegetative + fnrit mass increments). The spring andfall seasons 
correspond to before andafter I July, respectively. Vales are means of 3 
plots. Significant differences (Tukey’s HSD, FYO.05) within a year and 
season are indicated by different letters. 

in fall across all treatments in both years (Fig. 3). In the spring of 
1983, irrigation without N fertilizer reduced reproductive alloca- 
tion relative to the controls. N fertilizer tended to return reproduc- 
tive allocation to control levels in the water + N treatments. A 
similar pattern of reproductive allocation across treatments occurred 
in the spring of 1984 except that irrigation with 6 mm wk“ without 
N fertilizer did not significantly reduce reproductive allocation 
below the level of the controls. In the fall of both 1983 and 1984, 
reproductive allocation was reduced below the controls in all irri- 
gation treatments, even those with added N. As with total mass 
increment, the major difference between years for reproductive 
allocation was in overall response level with similar patterns occur- 
ring across treatments in both years. 

The similarity of response patterns in the 2 years led us to 
combine the years for further analysis. In this analysis, we used 
Dunnett’s t statistic to test for significant differences between each 
treatment mean and the control mean (Steel and Torrie 1980). 
Total mass increment in the spring was greater in all N fertilizer 
treatments than for the controls (Fig. 4). Irrigation without addi- 
tional N had no effect on spring total mass increment. A similar 
pattern of responses occurred in the fall except that total mass 
increment was increased by irrigation with 6 mm wk-’ without N 
fertilizer. Reproductive allocation in the spring decreased in 
response to irrigation without N (Fig. 4). N fertilizer maintained 
reproductive allocation at levels not significantly different from the 
controls. Fall reproductive allocation was also decreased by irriga- 
tion but N fertilization did not overcome the depressing effect of 
irrigation as it did in the spring. 

Data from the root tubes indicated that a modest amount of root 

Table 1. Growth of creomtebusb roots into root tubes (60 cm depth). 
Values are means across all treatments corrected for reeidual root bio- 
mass initielly present in the tubes. Effects of nitrogen fertilizer end 
irrigation were not stetisticelly significant (KO.05). Letters indicate 
significant differences between tbne intervals (PCO.05). 

Time interval 
Root biomass 

(a mm*) 

23 Mar. 1984 to 19 June 1984 122a 1.4a 
21 June 1984 to 25 Sep. 1984 625 b 6.5 b 
30 Aug. 1984 to 10 Oct. 1984 475 b 14.4 c 
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Fig. 4. Effects of nitrogenfertilization and Zpatterns of irrigationfor 1983 
and 1984 combined. Reproductve allocation is calculated as fruit mass 
increment divided by the sum of vegetative + fruit mass increments. The 
spring and fall seasons correspond to before and after July 1. respec- 
tively. Values are means of 3 plots. Significant dtfferences from the 
control (Dunnett ‘s t, P<O.OS) within a season are indicated by * ‘. 

growth occurred during the entire period of above-ground vegeta- 
tive growth in 1984. However, as with above-ground vegetative 
growth, most root growth occurred during the July through Sep 
tember period (Table 1). There were no statistically significant 
differences in root production among the treatments (KO.05). 

Discussion 
As has been observed previously in creosotebush in the Chihua- 

huan Desert (Cunningham et al. 1979), flowering and fruit produc- 
tion occurred primarily in the spring and early summer and vegeta- 
tive growth primarily in late summer and autumn. This pattern 
persisted despite 4 years of continuous irrigation and 2 years of N 
fertilization. Thus the phenological patterns of creosotebush 
appear to be controlled by photoperiod and/or temperature, not 
by water and nutrients. 

In contrast to studies in other ecosystems (Waring and Schlesin- 
ger 1985), we found no evidence that water or N added individually 
or in combination affected the production of roots. Since additions 
of both water and N increased above-ground production, it can be 
concluded that both additions reduced the relative allocation of 
biomass to roots. 

Relative allocation to reproductive effort was not affected by N 
additions alone. In contrast, water additions alone reduced repro- 
ductive allocation, confirming the results of Cunningham et al. 
(1979) and Gechel et al. (1972). Added N, although ineffective 
without added water, appears to compensate to some extent for the 
water-induced reduction in reproductive allocation. 

Nitrogen availability limited creosotebush growth in the absence 
of added water, confirming a previous study in the Chihuahuan 
Desert (Ettershank et al. 1978). However, the response of creo- 

sotebush in our study to 10 g-N mm2 was much larger: adding N 
without water increased total above-ground mass increment by 
97% vs. 24% in the previous study. The previous study was con- 
ducted in a transition zone from shrubland grassland with a signili- 
cant cover of fluff grass, Erioneuronpulchellum. The response of 
fluff grass to added N, an increase of 100% over the controls, was 
similar to that of creosotebush in our study. Evidently, the shallow- 
rooted grass successfully competed with creosotebush for the 
surface-applied N. 

Also confirmed was the hypothesis based on the observations of 
Ludwig and Flavill(1979) that small, frequent events were more 
effective than large, infrequent events. In fact, the large, infrequent 
water additions had virtually no effect on creosotebush growth in 
the absence of N fertilizer. Given the responses of creosotebush to 
added N reported in this study, and the responses of soil N to 
irrigation previously reported (Fisher et al. 1987), the simplest 
explanation is that the small, frequent water additions enhance N 
availability compared to large, infrequent water additions. Fisher 
et al. (1987) proposed that small, frequent events increase N miner- 
alization by concentrating water in the surface soil layers contain- 
ing most of the readily available organic N. Frequent wetting and 
drying episodes occurring in the surface soil appear to promote 
rapid turnover of soil organic N. Large, infrequent water addi- 
tions, on contrast, allow more of the water to penetrate to deeper 
soil layers containing less available organic N. 

Creosotebush growth appears to be limited by both water and N 
in an interactive or synergistic manner: the combined water and N 
additions increased creosotebush growth more than the sum of the 
responses to the 2 resources alone. This implies that both resources 
are limiting (Chapin et al. 1987). Added N did not appear to affect 
the relative responses to the 2 patterns of irrigation. This is consist- 
ent with our contention that N availability is higher in plots receiv- 
ing small, frequent water additions. 

Our results suggest some of the factors that may contribute to 
the success of creosotebush in the northern Chihuahuan Desert. 
First, creosotebush appears to be well adjusted to the relative 
availability of water and N in the environment since both resources 
appear to limit growth. Secondly, creosotebush, despite being a 
deep-rooted perennial plant, is able to respond to the small precipi- 
tation events which often occur in the region. Finally, creosotebush 
is most responsive to increased moisture availability during the 
seasons of the most reliable precipitation in the northern Chihua- 
huan Desert, the late summer and early fall. 
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Variability within a native stand of blue grama 
W.J. MCGINMES, W.A. LAYCOCK, T. TSUCHIYA, CM. YONKER, AND D.A. EDMUNDS 

AbSMCt 

Considerable variability and patchiness have been observed 
within sites of native range dominated by blue grama [Botielow 
gra&z(H.B.K.) GrIffItha] range at the Central Plains Experhuen- 
tal Range, Weld County, Colorado. Patches contalnhtg tall plants 
of blue grama with many seedstalks were interspersed with patches 
of short plants with few seedstalks. Differences in plant height were 
not entirely related to soil properties. Relative differences ln plant 
height among plants collected in the field were maintained when 
these plants were grown in a greenhouse environment. “Dry spots” 
(usually 2 to 4 m in dlameter) that contain dark-colored, wllted 
plants have s&o been observed during dry, hot weather. We found 
several differences in soil properties that could be responsible for 
the dry spots. Ail differences in soil properties were within the 
range for the soil series of the experimental site, an Ascalon flne 
sandy loam (Arldic Arglustoll). Sixty-two plants of blue grama 
were collected based on their variability from a single pasture, 
increased vegetatively in the greenhouse, and transplanted into a 
spaced-plant nursery. In the third growing season following trans- 
planting, mean v8lues for measurements on replicated clones 
ranged from 202 to 719 reproductive culms per ramet, 25 to 46 cm 
height of reproductive cuhus, 17 to 24 cm basal diameter, 39 to 93 
grams dry matter per remet, and from 11 June to 20 July for first 
anthesls. Somatic chromosome numbers were determined for 60 
plants and 55 were tetraploids (4x = 40), 3 were pentaploids (5x = 
SO), and 2 were hexrploids (6x q  60). We concluded that the 
observed variablllty and patchlness apparently result from a com- 
blnatlon of both gene& and edaphic f&on. 

Key Words: Colorado,Boutelouagr&l&, genetic, edaphlc, Great 
Pi&s, shortgrass pr8lrle 
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McGinnies (1984) measured the effects of thinning blue grama 
[Bouteloua grocilis (H.B.K.) Griffiths] on forage production at the 
Central Plains Experimental Range (CPER) and observed consid- 
erable plot-to-plot variation and patchiness for which there was no 
ready explanation. Where patchiness was observed (Fig. I) some 
patches had relatively tall seedstalks while on other patches seed- 
stalks were much shorter or largely absent. There were also patches 
with a high proportion of bare ground. The various patches ranged 
from 2 to 10 m in diameter. The patchiness was intensified because 
these pastures were grazed only during the winter so that all of the 
current year’s growth was present. If the pastures had been grazed 
during the growing season, the patchiness would have been less 
obvious. 

On other occasions, numerous dry spots (1 to 4 m in diameter) 
were observed where the blue grama appeared wilted, brown and 
lifeless. However, the wilted appearance of the plants on these 
spots disappeared following a substantial rainstorm and reap- 
peared when the soil again dried. 

The present sequence of studies reported here was designed to 
determine the nature and causes of the observed variablity and to 
evaluate whether this variability resulted from genetic or edaphic 
causes. 

Experimental Area 

The studies were conducted at the Central Plains Experimental 
Range, Weld County, Colorado. Elevation is 1,630 m and average 
annual precipitation is 3 IO mm. Native vegetation is dominated by 
blue grama, but sun sedge (Curex heliophila Mack.), sand drop- 
seed [Sprorbolus cryprundrus (Torr.) Gray], red threeawn (&is- 
tida longiseta Steud.), and bottlebrush squirreltail (Situnion hys- 
trix J.G.Sm.) are also present. Field studies were conducted, and 
the blue grama genotypes for the spaced-plant nursery were col- 
lected on an Ascalon fine sandy loam (Aridic Argiustoii) in NW% 
Sec. 17, TION, R6SW. The spaced-plant nursery was estab- 
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lishedinSE%, NE!& Sec. lS,TION, R65W wherethesoilisaVona 
sandy loam (Ustollic Haplargid). 

Tall and Short Blue Grama 

Methods 
In an area where patches of blue grama with taller seedstalks 

were intermingled with patches containing shorter seedstalks, 13 
IO-cmdiam. cores were taken from the“tall”seedstalk patchesand 
13 cores from adjacent (usually within 2 m) “short” seedstalk 
patches in September 1980. The cores were then placed in 15-cm 
diam. pots and the pots were filled with additional soil from the 
site. The plants were then grown in the greenhouse under a 15-hour 
day and 24’ C temperatures regimen. Seedstalk heights were mea- 
sured 14 Feb., 20 April, 1 I June, and 7 Oct. 1981. Plants were 
clipped to a 5sm stubble after each height measurement. A com- 
plete liquid fertilizer was added 5 Mar. and 20 Mar. Treatment 
means were evaluated by analysis of variance. 

Results 
The plants from the tall class in the field were consistently, but 

not always significantly, taller than plants from the short class 
when grown in the nreenhouse (Table 1). Plants in the tall natches 
in the&Id grew in& that was slightl; less sandy and cohtained 
slightly more total N. In the greenhouse, all plants received sufti- 
cient fertilizer to overcome any differences in soil fertility that 
might have caused differences in height in the field. Consequently, 
at least part of the difference in height may be due to genetic 
differences. The relatively smaller difference in height observed on 
7 Oct. 1981, in the greenhouse probably was a result of all plants 
becoming “pot-bound.” 

Table 1. Heibhtafseedrt=lkslrom 13coneswith“short”nd 13coreswith 
“tall”seedstslks when transplanted into a greenhouse in September 1980, 
nnd soil chsracteristics of the cores. 

‘xxxt” ‘“Tall- Significance 

Maximum seedstalk height (cm)l 
24 F.?bmary 1981 53.5 61.1 0.10 
20 April 1981 56.0 63.8 0.05 
IIJune ,981 40.5 49.9 0.01 
7 October 1981 55.7 56.5 N.S. 

Sail characteristics2 
Sand (%) 80.4 75.7 
Silt (%) II.8 14.7 
Clay (%I 7.8 9.6 
Tote.1 N (a/a) ,305 1436 

The difference in height between the tall and the short plants 
appeared to be relatively greater in the field than inthe greenhouse. 
The patchiness in the field gives the appearance of soil variability, 
but the greenhouse tests showed that there apparently was also a 
genetic component to the variability. 

Methods 

First Dry Spot Study 

In July, 1981, frequent round OT oval “dry” spots 1 to 4 m in 
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Table 2. Soil charaderisk of first dry spot study, 1983. 

0.0-7.5 
“Dry” depth (cm) 

7.5-15.0 15.0-22.5 0.0-7.5 
“Wet” depth (cm) 

7.5-15.0 15.0-22.5 

Sand (%) 80 77 70 77 72 66 
Silt (%) 11 11 14 13 12 13 
CbY (%) 9 12 16 10 16 21 

Total N @g/g) 970 860 1050 1090 1030 1190 
NaHCOs &g/g) 19 9 6 16 9 7 
Organic matter (%) 0.93 0.80 0.95 1.10 0.94 0.98 

Soil moisture (%) 
July 26 8.3 8.8 8.2 11.1 11.5 9.0 

28 4.7 6.3 6.5 6.5 8.7 8.6 
Aug. 3 2.8 3.6 5.9 4.8 6.7 

8 5.9 6.3 6.7 
z 

9.6 9.9 
12 3.6 6.4 8.3 414 8.7 9.9 
16 3.3 7.0 8.9 4.3 7.5 8.9 

I; 4.2 2.3 4.8 5.0 6.6 6.7 3.6 5.0 5.7 6.2 8.1 7.8 
Sep. 2 3.3 4.4 6.5 5.0 7.1 
Mean 4.3 5.8 7.1 

::: 
7.5 8.4 

diam. were observed in the pastures. Within the dry spots, the blue 
grama appeared wilted or brown, but again turned green after a 
rainstorm. The dry spots were separated by green areas of blue 
grama 1 to 5 m wide (referred to as “wet”areas in this paper). On 14 
July 1981,5 dry spots and adjacent wet areas were sampled. The 
wet areas contained less sand, but more clay, N, and soil water than 
the dry spots. From these preliminary data, it was hypothesized that 
the cause of the dry spots was an edaphic factor, and the dry spots 
were staked for future study. In 1983, soil water was measured 
gravimetrically on 10 days between 16 July and 2 Sept. at depths of 
0.0 to 7.5,7.5 to 15.0, and 15.0 to 22.5 cm. Soil samples from these 
depths were also analyzed for texture, total Kjeldahl N, NaHCOs 
P, and organic carbon. 

ReSUltS 
Soil from the dry spots contained slightly more sand and slightly 

less clay, N, and organic carbon in the surface 15 cm than did soil 
from the wet spots (Table 2). Soil moisture was consistently higher 
in the wet spots than in the dry spots during the period from 26 July 
to 2 Sept. There was no difference in the rate of drying during the 
summer in the surface 7.5 cm, but in the 7.5 to 15-cm zone the rate 
of drying was slower in the wet than in the dry areas. The differen- 
ces in soil moisture between the wet and dry spots were presumed 
to be, at least in part, caused by higher amounts of clay and organic 
carbon in the wet spots. Although soil differences existed, it was 
not possible to determine if these differences alone could explain 
the presence of the dry spots. No difference in micro-relief between 
wet and dry spots could be discerned. 

MethO&? 
Second Dry Spot Study 

Eleven pairs of wet and dry plots (30.5 by 30.5 cm) were selected 

Table 3. Second dry spot study. Soil charectcristics, plant cover, species 
composition, and berbqe production on wet end dry spots, 1985. 

A horizon, N bg/g) 
A horizon, organic PO @g/g) 
A horizon, organic OC (%) 
Top 10 cm, N (cIg/g) 
Top 10 cm, organic P. @g/g) 
Top 10 cm, organic OC (%) 
Top 10 cm, sand (%) 
Top 10 cm, silt (%) 
2O-cm depth, clay (%) 
Total cover (%) 
Cover, blue grama (%) 
Cover, sedge (%) 
Cover, buffalograss (%) 
Bare soil (%) 
Dry weight (g/plot) 

Dry Wet P value 

1020 1310 0.022 
7.6 10.4 0.030 
0.6 0.9 0.030 

930 1180 0.005 
6.0 8.3 0.001 
0.6 0.8 0.009 

74.8 69.8 0.003 
13.4 17.4 0.006 
20.6 25.3 0.055 
65.1 77.1 <O.OOl 
61.8 54.3 0.270 

2.2 10.1 0.025 
0.3 6.8 0.255 

15.0 2.1 co.001 
6.4 10.3 co.001 

and sampled in Aug. 1985. Aerial plant cover by species, litter, and 
bare ground were measured in these plots with a point frame (100 
points). Total standing herbage was determined by clipping to 
ground level and drying. 

A IO-cm diam. hydraulically driven probe was used to obtain 
soil cores in all plots. Horizons were described and soil was saved 
for subsequent laboratory analyses. Particle size (hydrometer 
method), total Kjeldahl nitrogen (N), total NaHCOs phosphorus 
(Pt), inorganic NaHCOs phosphorus (Pi), organic phosphorus 
(PO) by difference (Pt-Pi), and organic carbon (OC) were deter- 
mined for each horizon. Very fine, fine, medium, coarse and very 

Table 4. Number end height of se&talks, basal diameter, weight per plant, end date of first rnthesis for 60 clones of blue gram8 in a spaced-plant nursery 
et CPER.’ 

1984 1985 

Min Max Mean SD Min Max Mean SD 

Number of reproductive culms 2 287 134 46 202 719 404 99 
Maximum sealstalk height (cm) 48 37 4 25 46 36 4 
Basal diameter (cm) 8 17 13 2 17 24 20 2 
Plant weight (g) 9 54 21 7 39 93 57 10 
Date of first anthcsis 29 June 27 July 10 July 5 11 June 20 July 24 June 9 

‘Based on averages for all ramets of each clone alive at date of measurement. 
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coarse sand was determined by sieving for the Fit 2 horizons of the 
profile, typically the A and BA. Comparison of wet and dry areas 
was made on the basis of chemical and particle size data as well as 
thickness of the A horizon, depth to the top of the Bt horizon, 
depth to lime, solum depth, depth to lithologic discontinuity, and 
thickness of the Bt horizon. Laboratory analyses for the top 10 cm 
of soil, independent of horizons, were also compared, as was 
percent clay at 20 cm depth. Differences between wet and dry areas 
were evaluated by analysis of variance. 

Results 
Values for N, PO, and OC were all greater in the wet spots than in 

the dry spots (Table 3), and these higher values could explain the 
greater total cover and dry weight in the wet spots than in the dry 
spots. The wet spots also had less sand and more silt in the top 10 
cm and more clay at 20 cm than did the dry spots; these differences 
would tend to increase the water-holding capacity of the wet spots. 
Most of the roots were concentrated in the top 20 to 30 cm of soil. 
The higher percentage of bare ground in the dry spots would 
increase the rate of evaporation and the higher sand content near 
the surface would result in lower soil water-holding capacity. Both 
of these conditions could contribute to the formation of the dry 
spots. There were no obvious problems within the solum, such as a 
hardpan or a gravel layer, that might account for the dry spots. 

Species composition, based on cover, in the wet spots was 7% 
blue grama and 13% sun sedge. Species composition in the dry 
spots was 95% blue grama and only 3% sun sedge. The significantly 
higher amount of sun sedge in the wet spots was expected because 
most sedges tend to favor moist sites. The difference in species 
composition between wet and dry spots is probably more a reflec- 
tion of the difference in available soil water than a cause of it. 

Methods 

Spaced Plant Nursery 

A high degree of variability was observed among blue grama 
plants growing in a 7-ha pasture that had never been plowed at 
CPER. This variability did not appear to result from microsite 
differences. To evaluate the variabilty among plants, 62 plants 
were selected from this site. Plants were selected on 10 September 
198 1, based on phenotypic variability for such characters as seed- 
stalk height, number of seedstalks, leaf length, leaf color, bunchi- 
ness, or general plant appearance. Selected plants were removed as 
lo-cm diam. soil-plant cores and immediately watered. Because 
there appeared to be an intermingling of genotypes within a core, 
each core was washed to remove the soil, and a single tillering 
sequence was selected to insure that only 1 genotype was being 
tested. The tillering sequence was then divided and planted in IO- 
cm pots and grown in the greenhouse. These ramets were subse- 
quently divided vegetatively to produce enough ramets for 12 
replications. The ramets were transplanted from the greenhouse 
into a spaced-plant nursery in a field at CPER on 28 July 1982. 
Ramets were planted in a grid with 76 cm between ramets using a 
randomized complete block design with 12 replicates. The ramets 
were allowed to grow undisturbed through 1983. In 1984 and 1985 
data were collected on each ramet for number of seedstalks, height 
of seedstalks, basal diameter, date of first anthesis, and dry matter 
yield. Soil samples obtained at the time the original clones were 
collected were analyzed for total Kjeldahl N, NaHCCb P, organic 
C, and texture. Somatic chromosome numbers of 60 of the clones 
were obtained from mitotic root-tip cells from ramets grown in the 
greenhouse. 

ReBtlltS 
Considerable variation was observed among the 60 surviving 

clones in the spaced-plant nursery. The range in means among the 
replicated clones for number of reproductive culms, maximum 
seedstalk height, basal diameter, dry matter yield and date of first 
anthesis is shown in Table 4. In 1984, jackrabbits grazed some 
individual ramets differentially early in the season, and this utiliza- 

tion probably had some effect on the measured characteristics. A 
rabbit-proof fence was constructed in July 1984 and eliminated this 
problem. Because essentially no interplant competition was pres- 
ent in this spaced-plant nursery, these results may not necessarily 
reflect results obtained in a solid sward on rangeland where there 
would be intensive competition among plants. For example, it is 
not uncommon in rangeland to see patches of blue grama 1 to 2 m 
in diameter where no seedheads are present. In the spaced-plant 
nursery all clones had seedheads, yet some of the clones came from 
patches without seedheads on rangeland. 

Growth forms differed widely among the clones, but it is difticult 
to quantify these differences. Variation included tall, tightly 
bunched plants with few basal leaves, spreading plants with short 
seedstalks and many basal leaves, and all combinations between. 
No apparent relationship existed between growth form or size of 
plant and any of the measured soil factors (texture, level of N and 
P) associated with the soil at the spot where the clone was collected. 

Somatic chromosome number was determined for the 60 surviv- 
ing clones. Fifty-five were tetrapoids (4x = 40), 3 were pentaploids 
(5x = 50), and 2 were hexaploids (6x = 60). Fults (1942) reported 
that the basic chromosome number (x) for blue grama was 7, but 
our results show that the basic number was 10, which agrees with 
the results reported by Snyder and Harlan (1953). Pentaploids of 
blue grama have not been previously reported. In the spaced-plant 
nursery, the pentaploids and hexaploids did not differ in appear- 
ance or size from the tetraploids. A more detailed report on the 
cytogenetics of blue grama will be published elsewhere. 

Conclusions 
In many years of observation at CPER, few seedlings of blue 

grama have been observed, and even fewer are known to have 
become established (CPER personnel, unpublished). Even in 
drought-thinned stands, blue grama roots form a dense mat near 
the soil surface, and competition likely prevents seedlings from 
becoming established. Consequently, most of the clones collected 
in the field from which the plants for the nursery were taken likely 
had been growing there for a very long time. That such a wide 
variety of blue grama plants would be found in 1 pasture may seem 
unusual, but Harper (1977) points out that such variability within a 
stand dominated by a single species is expected. He states that, 
“The diversity of a plant community is inadequately described by 
the number and abundance of species within it. A major part of 
community diversity exists at the intraspecific level....It has indeed 
been suggested that where the number of species is low (loose 
species packing) the intraspecific diversity may be higher-a form 
of compensation.” We believe that the blue grama pasture that we 
sampled was really a mosaic of microenvironments and soil prop- 
erties significant to plant growth. We should expect, then, that 
there would be a mosaic of genotypes and polymorphs occupying 
these diverse ecological niches. 

Once we became aware of patchiness, we were able to find it in 
most stands of blue grama. The patchiness is most easily observed 
in pastures that have been chemically thinned, and is more obvious 
in pastures that have not been grazed during the growing season. 
The dry spots have been observed in a number of locations and 
were most easily seen late in the summer during dry periods. 
Patchiness and dry spots appear to be mutually exclusive, and both 
frequently occur in the same field. 

The patchiness observed in our study is attributable to both 
genetic and edaphic characteristics. Wet spots generally had a 
more favorable nutrient balance and a slightly higher water hold- 
ing capacity than the dry spots, but these differences were subtle. 
Although we believe that the dry spots are caused primarily by 
edaphic factors, the exact factors involved have not been deter- 
mined. Further information is needed to explain both the patchi- 
ness and dry spot phenomena. We hope that this paper will help to 
stimulate such research. 

There is apparently muchmore genetic variability within a stand 
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of blue grama than was previously supposed. Differences among 
the geographic sources of blue grama have been reported (Griffths 
1912, Riegel1940, Snyder and Harlan 1953), but little information 
is available concerning the variation within a single stand (Samuel 
1985). 

Variability within a single stand of blue grama is of particular 
importance to persons doing research on this species. One must 
consider the effects of patchiness and dry spots on the sample sire 
needed to characterize a stand. Stratification may be one way to 
approach this problem. When dealing with individual plants, an 
adequate number must be collected across the mosaic of microen- 
vironments found at a particular range site so that a representative 
sample of the genetic variability present is acquired. The high level 
of genetic variability (polymorphs) should benefit the plant 
breeder interested in developing improved cultivars of blue grama 
for the Central Great Plains. 
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Use of UV absorption for identifying subspecies of Artemi- 
sia tridentata 
GEORGE G. SPOMER AND DOUGLASS M. HENDERSON 

Use of UV absorption spectra for identifying subspecies of 
Artemida tdatdu Nutt. was investigated by analyzing the rela- 
tive optical densities of alcohol extracts from herbarium and fresh 
plant material at 240 nm, 250 nm, and 265 nm. In all but 1 
comparison, mean relative optical densities were significantly dif- 
ferent (~~0.95) between subspecies, but intraplant and intrasub- 
species variation and overlap was found to be too large to permit 
use of UV absorbance alone for identifying individual specimens. 
These results held whether dry or fresh leaves were extracted, or 
whether methanol or ethanol was used as the extracting solvent. 

Key Words: big sagebrush, phenotypic expression, chemotaxonomy 

Recognition of major evolutionary trends (formally established 
as taxonomic subspecies) within Artemisia tridentata Nutt. has led 
to a better understanding of the ecology of big sagebrush (Gifford 
et al. 1979, Winward 1980, Tisdale and Hironaka 1981, Hironaka 
et al. 1983), but subspecitic identification based on morphological 
features is not always easy (Winward and Tisdale 1977, T&dale and 
Hironaka 1981, Hironaka et al. 1983). Several workers have 
reported, however, that UV fluorescence or absorption character- 
istics of tissues or extracts may be. valuable in identifying subspe- 
cies of A. tridentata (Tisdale and Hironaka 1981, Shumar et al. 
1982, Hironaka et al. 1983). Subjective evaluations of UV proper- 
ties is a major limitation in their use, but Shumar et al. (1982) 
recently published some quantified spectral descriptions of alcohol 
leaf extracts. Their results indicated that spectra between 220 nm 
and 270 nm are consistent and unique for each subspecies and 
might be used as the sole criterion for identification. Their results 
were the same for fresh or dried material, although their main 

Authors arc associate professors of botany, Department of Biological Sciences, 
University of Idaho, Moscow 83843. 
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findings were based upon extracts from fresh leaves. 
Following this report, we attempted to use similar methods for 

identifying various specimens of big sagebrush, but in preliminary 
trials, we were not consistently able to obtain distinctive subspe- 
cific spectra. Subsequent investigations suggest that UV spectra 
may not always be suitable as the sole criterion for specimen 
identification. In these investigations we evaluated intraplant vari- 
ation as well as interplant differences within subspecies. In contrast 
to Shumar et al.% use of ethanol (EtOH) and fresh leaves, we 
primarily used methanol (MeOH) as an extracting solvent and dry 
material from herbarium specimens, but additional studies indi- 
cate that these differences in techniques do not account for the 
differences in the results. 

Materials and Methods 

Subspecific identifications were made using the morphological 
criteria presented in Winward (1980). Specimens from the Univer- 
sity of Idaho Herbarium (ID) were used as the source of dried 
leaves (Table 1); 23 specimens of Artemisia tridentata Nutt. subsp. 
tridentata, 31 of A.t. subsp. vaseyana (Rydb.) Beetle, and 8 of A.t. 
subsp. wyomingensb Beetle & Young. Twelve duplicates of the 
above taxa plus 2 specimens of uncertain identity were used for 
investigating intraplant variation and for comparing the 2 methods 
of extraction (MeOH vs. EtOH). In the first case, 3 subsamples 
from each species were used, while in comparing solvents, material 
from 2 leaves was divided between the 2 solvent systems for each 
paired sample. In all cases a single leaf was found to provide 
sufficient material. 

Limited studies were also done with fresh material of subsp. 
tridentata for intraplant and intrataxon comparisons. In this case, 
6 single-leaf subsamples were obtained and extracted from 5 indi- 
viduals from each of 2 populations near Lewiston, Idaho (Table 1). 
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T8ble 1. Source of le8f outwi8l. All dried mrrtcrlrl from University of 
Id8bo Hcrb8rlum (ID). Spedmem 8re listed by lo&Ion, collector 8od 
number. Numbers rppeclring lo () 8re ID 8ccaulon combers In llm of 8 
collector!s number. 

Dried Material 
A. tridenroro subsp. rridentoto 

USA. C8llfomir: Riverside Co., Hendrickson 4257. Idaho: Ada 
Co., Kcithly 19; Bin&am Co., Lyman s.n.(8028); Cassia Co., Biggers 
s.n.(8826), Weilner 3007; Gooding Co., Wellner 2911; Idaho Co., 
Johnson 77227; Lewis Co., Sattier 13; Oneida Co., Richardson 47; 
Owyhee Co., Henderson 5571, Tisdaie s.n.(65312); Valley Co., H:nd- 
erson 5239. Montana: Carbon Co., Booth 54574; Park Co., Suksdorf 
993. 
Nevada Elko Co., Kinnaman s.n.(30846). Oregon: Deschutes Co., 
Steward 6849; Malheur Co., Tisdaic s.n.(69162). Wyoming: Natrona 
Co., Duchoim 8500. 

CANADA. British Coiumbi8z Anonymous (63051). 
A. rridenroto subsp. vaseyona 

USA. Coior8do: Routt Co., Christ 1420. Idrbo: Adams Co., 
Bingham 245, Wellner 1678,2066, Bear Lake Co., Wellner 2407; Butte 
Co., Zink s.n.(34392); CaribouCo., Wellner 3329; Clark Co., Moseley 
463, Wellner 2365,2385; Custer Co., Henderson s.n.(74140), Wellner 
1563, 1956; Franklin Co., Wellner 3336; Fremont.Co., Rust 728; 
Idaho Co., Bingham 169; Lemhi Co., Baker 14666, Henderson 5038; 
Valley Co., Wellner 1447, 189OA, 2688; Teton Co., Brunsfeld 2341. 
Montuu: Big Horn Co., Booth 55781; Gallatin Co., Booth s.n.(38945); 
Madison Co.. Eiiison 580: Powell Co.. Booth 55677. Nevada: Hum- 
boldt Co., Risentreter G91. Ore& Klamath Co., Coombs 157; 
Wallowa Co., Mohan 28. Wyomiog: Teton Co., Lowrie s.n.(24865). 

A. rridenraro subsp. wyomingensis 
USA. Id8ho: Bingham Co., Baker 9985; Butte Co., Andersen 89, 

Stafford s.n.(84503); Cassia Co., Baker 8784, Lcmhi Co., Wellner 
2oo0, Twin Falls Co., Wellner 2900. 

A. tridenloro (subspecies uncertain) 
USA. Idaho: Franklin Co., Wellner 3350. New Mexico: Hardesty 

22. 
Fresh Material 

A. rridenroro subsp. tridenrato 
USA. Idaho: Nes Perce Co., top of Lewiston Grrde along hwy US 95, 
~8. .5 km N of Lewiston, eiev. ~8.820 m; bottom of Lewiston Grade, N 
edge of Lewiston 8long bwy US 95, eiev. ~8.230 m. 

Whether herbarium or fresh tissue was used, no obviously dam- 
aged or discolored leaves were included. 

Extraction were made by first crushing the tissues in the bottoms 
of centrifuge tubes. Five millilitres of solvent (8% v/v aqueous 
MeOH, except in the comparison of solvents where 70% v/v 
aqueous EtOH was also used) were then added, and the contents 
were shaken vigorously for about 15 s. After this material was 
centrifuged at top speed in a clinical type centrifuge for 5 min., the 
supematent was decanted and stored at 4O C until spectral mea- 
surements were made. Preliminary studies showed that such stor- 
age for several days altered readings by less than 1%. 

Optical densities (OD) in all cases were measured against a blank 
contclining the respective solvent in a (doublebeam) Beckman 
Spectronic 2000. Optical density was measured at 220 nm, 250 nm, 
and 265 nm in each case. As in Shumar et al. (1982), relative OD 
was obtained for 250 nm and 265 nm by dividing the respective OD 
readings at these wavelengths by the OD at 220 nm for that sample. 
The spectral slope between 250 nm and 265 nm, where Shumar’s 
group found the most significant differences in their spectra, were 
evaluated by dividing 15 nm into the differences between the 250 
nm and 265 nm relative OD values. 

unpaired data. The correlation between MeOH and EtOH extrac- 
tions was assessed using linear regression. A T-test (Guenther 
1965) was then used to ascertain if the regression slopes were 
signXcantly different from 1 .OO. 

Subsequent to the preceding, we became aware that 250 nm 
might not be an appropriate wavelength for separating subspp. 
vaseyana and wyomingensis based upon Shumar et al. (1982). 
Therefore 5 leaf samples each from 4 herbarium specimens of 
subspp. vaseyana and tridentata, and 3 of subsp. wyomingensis 
were extracted with l&OH. Optical density was then measured at 
220 nm and 240 nm, and analyzed as before. 

Results 
Spectra obtained in these studies were similar to those of 

Shumar et al. (1982) with the highest OD’s at 220 nm and the lowest 
at 265 nm. Values at 250 nm were intermediate but closer to those 
for 265 nm than to 220 run. 

When intraplant samples were compared, considerable varia- 
tion was observed. The average plant relative OD at 250 nm was 
0.817 for the 12 herbarium specimens and the mean standard 
deviation (SD) was f 0.081, while the relative OD mean and SD at 
265 nm was 0.685 and f 0.078. Thus the mean SD was K& or more 
of sample plant means. The relative OD values at 250 nm differed 
by 0.001 to 0.321 in individual specimens, and by 0.003 to 0.299 at 
265 nm. Similar intraplant variation was found with all three taxa. 
Fresh material of subsp. tridentota exhibited as much variation 
with a mean of 0.777 and 0.701 for 250 nm and 265 nm, respec- 
tively, and mean SD’s of f0.073 and fo.092. 

Intrataxon values were also found to vary widely (Fig. l), but 
SD values were generally less in comparison to intraplant SD. 
There was considerable overlap in values among the subspecies, 
but mean relative OD values proved to be significantly different (JJ 
= 0.95) in all cases except for subspp. fridenlata and vareyuna at 
250 nm and all 3 subspp. at 240 nm (Table 2). Mean spectral slopes 

T8bie 2. Comparisons of rel8tive OD 8t 240 MI of extrwts from 3 SUbePP. 
of A. &identata 

subsaa. mean ramxe *SD f95% C.I. 

rridenrata 0.589 0.520-0.627 0.047 0.086 
vaseyona 0.588 0.520-0.714 0.087 0.160 
wyomingensis 0.610 0.5236664 0.231 0.231 

between 250 nm and 265 nm were significantly different between all 
subspecies. As a whole, fresh tissue extracts of subsp. hkn~ata 
were not significantly different from herbarium tissue extracts 
(Fig. 2), but the mean relative ODs for the population at the top of 
the Snake River Canyon were significantly different (p = 0.95) from 
that of the population at the bottom. 

Correlation between the MeOH and EtOH extractions of sim- 
ilar tissues were poor to moderate (Table 3), but this may reflect 

T8bie 3. Linear regression equations of MeOH extrrcts on EtOH extract 
spectm uluea of 10 berbuiom specimens. 

Relative OD at 250 nm: MeOH = 0.39 EtOH + 0.29 

Relative OD at 265 nm: MeOH = 0.40 EtOH + 0.19 

Relative spectral slope from 250 nm to 265 nm: 
MeOH = 0.93 EtOH + 0.001 

(r2 q  0.33) 

(r2 = 0.66) 

(r* = 0.0631) 

Means and standard deviations were computed for the individ- 
ual specimens that were subsampled. Means from the subsampled intraplant variation. More importantly, intraspecific variation was 
herbarium material were then combined with single sample speci- as large among the EtOH extracts as it was among the MeOH 
men’s values for given subspecies to compute the means, standard extracts, e.g., EtOH extracts from 4 subsp. tridentala specimens 
deviations, and 95% confidence intervals for that subspecies. All yielded a mean relative OD of 0.691 and a SD off 0.192 compared 
differences were tested for significance using a standard t-test for to the mean of 0.543 and a SD off 0.126 for MeOH extracts. In 
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Fig. 1. Comparisons of combined relative optical density measurements among the 3 subspecies of Attemisii tridcntata. (N q  23,31. and 8 for subsp. 
tridcntata, vaseyana and wyomingensis, respectively. 

both cases SD was about 20% of the mean values. In general, EtOH 
had higher relative ODs than MeOH extracts (i.e., less difference 
between ODs at 220 nm and those at 250 nm and 265 nm), but the 
regression slopes of EtOH vs. MeOH OD’s did not prove to be 
significantly different from 1.00 @ = 0.95). 

Discussion and Conclusions 
The results above indicate that, similar to many taxonomic 

features, UV absorbance is probably too variable to be used alone 
for positive subspecific identification of individual specimens in 
Artemisia triahtata. The variation may be due to phenotypic 
expression in the extracted materials (terpenes) in response to 
current local conditions. Thus the wide geographic and seasonal 
diversity represented in herbarium specimens could also represent 
a wide variety of growing conditions and phenotypic responses. 
Phenotypic variability could also explain the differences found 
between 2 Snake River Canyon populations, which, at any one 
time, usually experience rather different habitat conditions. 

On the other hand, there were definite trends in values as seen in 
the significantly different subspecific means. Consequently, UV 

absorbance could be a valuable taxonomic tool when used in 
conjunction with other features for comparing populations in 
adjacent habitats, or perhaps for identifying and separating whole 
populations. In individual cases, however, it may be best to use a 
combination of morphological features coupled with UV spectra 
for reliable identification, as suggested by Goodrich et al. (1985) 
and Winward (pers. comm.). It may also be possible to obtain more 
definitive UV absorption spectra by refining and separating the 
extracts before examining the spectra. Certainly more work in this 
area Seems warranted. 
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Toxicological investigations on Ruby Valley pointvetch 
M. COBURN WILLIAMS AND RUSSELL J. MOLYNEUX 

AbllhCt 
Ruby Valley pointvetcb (Oxytropisr&da Lb.), a native of the 

central Soviet union, was irmdvertently hltroduced into the united 
Statea during the early part of the 20tb century. Ruby Valley 
pointvetcb hrr long been establbbed in southwestern Montana, is 
spreading into Wyoming and Idaho, and is being investigated for 
Its potential u 8 forage plant. The plant was analyzed for rlipbatic 
nitro compounds, soluble oxxlates, nitrates, cyanide, and swain- 
sonine. Sw8lnronine b found in 2 nxtive Oxytroplr sjmh 8nd 
causal the loco syndrome and conga&e beart failure. Tbe plant 
was tested for toxicity to l-week-old chicks. 

Ruby Valley milkvetch teeted negative for alipbatic nitro com- 
pounds, soluble oxalates, cyan&k, and mvahmonine. Nitrates were 
prenent at nontoxic levels. Leavea, stems, seeds, and pods were 
nontoxic when fed to chicka for 5 days at 1% of body wdght as 
dried plant. Extracta of these plant parts fed in one dome at 10% of 
body weight (813 dried plant) were likewise nontoxic. 

Key Words: introduced plant, legume, chemical analysis, SW&I- 
sonlne, for8ge 

Ruby Valley pointvetch (Oxyrropis ripuriu Litv.) is native to the 
central Soviet Union east of the Caspian Sea and south and south- 
east of the Aral Sea (Komarov 1948). Ruby Valley pointvetch is a 
perennial, subglabrous plant with nearly prostrate branches 70 to 
100 cm long. The corolla of the bluish-purple flowers is 6 to 7-mm 
long and the standard is about 4.5 mm wide. Pods are 10 to 12-mm 
long, 5-mm wide, and hang on 2-mm stipes. The plant flowers from 
June to August. 

Ruby Valley pointvetch was inadvertently introduced into 
North America and it is the only introduced species of Oxytropis 
found in the United States. The plant was earlier known as Ruby 
Valley milkvetch (Astrugufu rubyi Green and Morris) (Green and 
Morris 1935) and thought to be an indigenous species until the 
taxonomy was clarified and its Russian origin noted by Bameby 
(1964). The plant is adapted to river valleys, moist meadows, 
waterways, and other areas where ample water is available. Ruby 
Valley pointvetch was well established in the Ruby (hence its 
common name) and Jefferson River Valleys of southwestern Mon- 
tana by the early 1930’s. The plant is now foundalong the Green 
River northwest of Green River, Wyo., and along the Snake River 
on the Fort Hall Indian Reservation north of Pocatello, Idaho. 
Ruby Valley pointvetch is prolific and is considered excellent 
pasture forage in southwestern Montana. No livestock losses have 
been reported from the plant. The forage is reported similar to 
alfalfa for protein, N-free extract, crude fiber, ether extract, and 
ash content, and 50 to 70% higher in P content than alfalfa when 
grown on P-deficient soils (Green and Morris 1935). The effects of 
temperature, water stress, and scarification on seed germination 
and establishment have been studied (Delaney et al. 1986, Hicks et 
al. 1987, Townsend and M&in&s 1972). 

Two species of Oxyfropis native to the western United States, 
Lambert crazyweed (0. hmbertii Pursh) and silky craxyweed (0. 
sericeu Nutt. ex T. & G.), have long been known to cause the loco 
syndrome in livestock (Ralphs et al. 1986). The toxic compound 
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responsible for locoism is swainsonine, a potent inhibitor of o- 
mannosidase. Swainsonine was first isolated from the genus 
Swoinsona in Australia (Colegate et al. 1979), then later from 
Astrugulus Ientiginosus Dougl. ex Hook. in the United States 
(Molyneux and James 1982). Swainsonine has been identified in 
both Lambert and silky crazyweeds (Molyneux et al. 1985). Swain- 
sone has also been isolated from several other species of Astrugulus 
in North America, 6 species of Swuinsonu in Australia, and from 
the fungus Rhkoctonka leguminicolu (Schneider et al. 1983). 

Silky crazyweed has also been shown to cause congestive heart 
failure in cattle that gram the plant at high elevations (James et al. 
1985). This plant also causes abortions and death. Consumption of 
plants that contain at least 0.02 to 0.03% swainsonine (dry weight) 
and above may cause toxicosis in livestock. 

Because Ruby Valley pointvetch is spreading in the western 
United States and is being examined for its potential as a crop 
plant, its examination for toxic compounds, particularly swainso- 
nine, is important to insure that it will not endanger livestock. The 
presence of toxic levels of swainsonine would make the plant 
objectionable and necessitate efforts to control it and prevent its 
spread. 

In this study, Ruby Valley pointvetch was analyzed for several 
toxic compounds and fed as dried plant and extract to chicks as an 
assay for poisonous properties. 

Materials and Methods 

Ruby Valley pointvetch was collected from a hay meadow 4 
miles north and 4 miles west of the headquarters at the Fort Hall 
Indian Reservation north of Pocatello, Idaho. Collections were 
made 9 July 1987, when the plant was in bloom, and 12 August 
1987, when the plants had both green and black (mature) pods. The 
plant was separated into leaves, stems, and flowers, green pods 
with seeds, empty black pods, and seeds. Plants were analyzed for 
presence of cyanide (Anonymous 1980), nitro compounds (Willi- 
ams and Norris (1969), and soluble oxalates (Dye 1956). Nitrate 
analyses were performed at the Utah State University Soil Testing 
Laboratory. 

Analysis for swainsonine was carried out by extraction of the 
ground plant material (0.5 g) with methanol. The extract was 
evaporated to dryness, the residue dissolved in 1N HCl, filtered 
and applied to short (4 cm X 0.5 cm) Dowex 5OW-X81,20-50 mesh 
ionzxchange column (NH4 form). The column was washed with 
an equal volume of distilled water and the retained basic com- 
pounds eluted with 0.5% aqueous ammonium hydroxide. The 
eluate was evaporated to dryness, redissolved in distilled water and 
made up to 10 ml in a volumetric flask. 

A 100 ~1 portion of the solution was transferred to a reaction 
vial and evaporated to dryness at 500 C under a stream of argon. 
The residue was dissolved in dry pyridine (100 p 1) and treated with 
BSTFA m,O-bis(Trimethylsilyl)trifluoroacetamide] (100 or 1) at 
room temperature for 30 min to form the TMS derivative. Gas 
chromatography was carried out on a 0.32 mm X 30 m SE-30 
capillary column with oncolumn injection. The column was 
temperature programmed from 120“ C to 300” C at 5 C/ min. An 
authentic sample of swainsonine, treated under the same condi- 
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tions, eluted from the column at 14.37 min. None of the plant 
samples showed a peak at this elution time. 

One-week-old Leghorn cockerels (50 g f 3 g) were fed ground 
leaves, stems, seeds, and pods of Ruby Valley pointvetch at 1% 
body weight daily for 5 days. Four chicks were used per plant part. 
The chicks were deprived of food and water each preceding night, 
then given the material in No. 4 gelatin capsules the next morning 
of each day. They were then given chick mash and water free choice 
and observed for toxic signs from the fit feeding through 8 days. 
Thirty grams each of leaves, stems, pods, and seeds were ground 
and extracted with ethanol for 24 hr on a Soxhlet extractor. The 
extract was evaporated to dryness, redissolved in water, and evap 
orated to 30 ml so that each ml was equivalent to 1 g of plant. Two 
chicks each were given a dose of extract with a syringe and polyeth- 
ylene catheter. The dose was equivalent to feeding whole plant 
material at amounts equivalent to 109$c of body weight. The chicks 
were then given chick mash and water free choice and observed 3 
days for toxic signs. Weights of treated and control chicks were 
recorded daily during the tests. 

Results and Discussion 
No toxic signs were observed in chicks fed leaves, stems, pods, or 

seeds of Ruby Valley pointvetch for 5 days at amounts equivalent 
to 1% of body weight. The aqueous extract administered at 10% of 
body weight likewise produced no toxic signs. Treated chicks 
gained weight during the tests at the same rate as the controls. 

The plant tested negative for cyanide, soluble oxalates, and nitro 
compounds. Nitrates were detected at 0.05% expressed as KNOs. 
Sublethal poisoning has been observed in livestock that ingested 
feed containing 0.5 to 1 .S% nitrate; concentrations above 1.5% are 
potentially lethal (Kingsbury (1964). Leaves, stems, flowers, seeds, 
and pods tested negative for swainsonine. 

Ruby Valley pointvetch contained none of the toxic compounds 
commonly associated with livestock poisoning. Of particular sig- 
nificance was the absence of swainsonine, the toxic compound 
found in 2 native species of Oxytropis responsible for the loco 
syndrome and congestive right-heart failure in livestock. The only 
objectionable characteristic of the plant seems to be in hay fields 
where its somewhat woody stems may foul cutter bars during 
mowing; and because it dries more slowly than grass, it often 
retains enough moisture to cause molding in baled hay (personnal 
communication, Delbert Farmer, Pesticide Control Officer, Fort 
Hall Indian Reservation, Fort Hall, Ida.). 

Because Ruby Valley pointvetch is apparently nontoxic, and 
compares favorably with alfalfa in nutritional value, it has promise 
as a pasture forage plant. However, care should be taken to prevent 

its introduction and spread where it might infest crops or meadows 
where grass is harvested for hay. 
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Comparative chemical composition of armed saltbush and 
fourwing saltbush 
ANDRES GARZA, JR., AND TIMOTHY E. FULBRIGHT 

Armed saltbush [Atriplcx acanthocarpa (Torr.) Wats.] and 
fourwing saltbush [A. cunescens (Pursh) Nutt.] are browsed by 
livestock and white-tailed deer (Odocoikus virginianus Raf.). The 
objective of this study was to compare the chemical composition of 
these 2 shrubs growing together in south Texas. Leaves and stems 
from the outer 5 cm of current year’s growth of each species were 
randomly collected from each of 5 stands in November 1985 and 
February, May, and August 1986. Samples were analyzed for 
crude protein (CP), calcium, potassium (K), magnesium (Mg), 
sodium (Na), phosphorus(P), and in vitro organic matter digestibil- 
ity (IVOMD). Height and standing crop were also determined. 
Crude protein of armed saltbush leaves ranged from 32% in Febru- 
ary to 1% in August. Fourwing saltbush leaf CP ranged from 24% 
in February to 12% in August. Armed saltbush leaves and stems 
generally had greater P concentrations than fourwing saltbush. 
Calcium, K, and Mg concentrations and leaf IVOMD of the 2 
species were similar. Fourwing saltbush had lower Na concentra- 
tiom and gre8ter kafst8nding crop th8n ume4i saltbush. Laboratory- 
determined values suggest that both species may provide nutritious 
browse for cattle and deer on saline rangeland. 

Key Words: Atr@lex acanthmarpa, A triplex canescms, browse, 
crude protein, in vitro digestibility 

Saltbushes (Atriplex sp.) are found in semiarid environments in 
the western United States, the Middle East, Australia, Africa, and 
Siberia (Davis 1981), and many species are valued as forage for 
domestic and wild herbivores. Two saltbushes native to North 
America are armed saltbush [A. acunthocurpu (Torr.) Wats.] and 
founving saltbush [A. cunescens (Pursh) Nutt.]. 

Armed saltbush grows on saline soils from south Texas west to 
Arizona (Vines 1960, Jones 1982). The half-shrub is palatable to 
cattle (Bos. sp.) and white-tailed deer (Odocoileus virginiunus 
Raf.) (Vines 1960, J.H. Everitt, USDA-ARS, Weslaco, Texas, 
pers. commun.) and has potential for use in revegetation of saline 
rangeland (T. Gonzalez, SCS, Laredo, Texas, pers. commun.). 
Fourwing saltbush occurs from Canada south to Mexico and west 
to southern California (Vines 1960). The shrub is considered valu- 
able browse for cattle, sheep, and deer (Stubbendieck et al. 1982) 
and is widely used in revegetation. 

The chemical composition of fourwing and numerous other 
saltbushes is well documented (Beadle et al. 1957, Pieper et al. 
1959, Chatterton et al. 1971, Cordovaand Wallace 1975, Khalilet 
al. 1986, Petersen et al. 1987). However, the chemical composition 
of armed saltbush has not been documented. The objective of this 
study was to compare the chemical composition of armed saltbush 
with that of fourwing saltbush. 

Materials and Methods 
The study was conducted on the Hinnant-Fulbright Ranch in 

northeastern Zapata County, Texas. Study sites were on a rolling 
hardland range site. Soils are Maverick clay (fine, montmorillo 
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nitic, hyperthermic Ustollic Camborthid). Electrical conductivity 
of these soils exceeds 4 dS m-l in the surface 25 cm and 12 dS m-l in 
the 25 to 50 cm depth (Fanning et al. 1965). Topography is gently 
rolling with less than 3% slope. Hot summers and short, mild 
winters characterize the climate. Mean annual precipitation is 
about 38 cm, with peaks in May and September (Fulbright 1985). 
Associated woody vegetation includes honey mesquite (Prosopis 
glundulosu Torr.), creosotebush (Lurreu divuricutu Cav.), black- 
brush (Acuciu rigid& Benth.), guajillo (Acuciu berlundieri Benth.), 
guayacan [Porlieru ungustifoliu (Engelm.) Gray], leatherstem 
(Jutrophu dioicu Sesse ex Cerv.). allthom (Koeberliniu spinosu 
Zucc.), vine ephedra (Ephedru untisyphliricu Berl. ex C.A. Meyer), 
allthom goatbush [Cusrelu texunu (T. & G.) Rose], trecul yucca 
( Yucca treculeunu Carrie@, lotebush [ Condaliu obtusifoliu (Hook.) 
Weberb.], and knifeleaf condalia (Condoliu spurhulutu Gray). 
Associated herbaceous vegetation includes berlandier nettlespurge 
(Jurropha curhurticu Teran & Berl.), Texas varilla (Vurillis texunu 
Gray), threeawns (Aristidu sp.), and multiflowered false-rhodesgrass 
[ Chloris plurifloru (Foum.) Clayton]. 

Five stands supporting both saltbush species were sampled. 
Each stand was a replication (block) in statistical analyses since 
samples were collected, dried, and chemically analyzed separately 
for each stand. Samples of the outer 5 cm of current year’s growth 
from at least 4 randomly selected individuals of each species were 
collected within each stand in November 1985, and February, 
May, and August 1986. Samples were dried at 40° C to a constant 
weight, separated into stems and leaves, and ground in a Wiley mill 
to pass a l-mm screen. Dry and organic matter contents were 
determined following AOAC (1980) procedures. Crude protein 
(CP) (9% N X 6.25) was determined by the micro-Kjeldahl proce- 
dure (AOAC 1980) and is reported on an organic-matter basis. 
Mineral analyses were done by the Soil Testing Laboratory, Texas 
Agricultural Extension Service, Texas A&M University, College 
Station. Atomic absorption spectrophotometry was used to deter- 
mine calcium (Ca) and magnesium (Mg) concentrations. Sodium 
(Na) and potassium (K) levels were determined with flame pho- 
tometry, and phosphorus (P) content was determined colorimetri- 
tally (Parkinson and Allen 1975). All assays were done in duplicate 
and values are reported on a dry matter basis. 

In vitro organic matter digestibility (IVOMD) was determined 
by the procedure of Tilley and Terry (1963). Rumen inocula were 
obtained from a Jersey cow fed a high quality roughage. diet. 
Forages with known in vivo digestibilities were included in each 
digestion batch to standardize results. 

Height and standing crop of armed and fourwing saltbush were 
determined in August 1986. Height of 20 randomly selected, 
mature plants of each species was measured in each of 4 stands. 
Plants were then cut at ground level and dried at 55” C to a 
constant weight, separated into leaves and non-leaf material 
(stems, branches, trunks) and weighed. Density of armed and 
four-wing saltbush was estimated in April, 1988 by counting the 
number of individuals rooted in 6 randomly placed 2.44 by 15.25-m 
plots in each of 4 stands. 

Bimonthly rainfall data from the Hinnant-Fulbright Ranch for 
1985 and 1986 were obtained from C.W. Hanselka, Texas A&M 
University, Corpus Christi, Texas. 

Chemical composition and digestibility data were analyzed by 
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Table 1. Tcmporrrl trenda in rnti percent crude proteh (CP), UMum (th), phpbonu(Ph nodlam WI), pohmhu~~ (IQ mwnedum (Mgh nnd in vitro 
omnk matter digestibility (IVOMD) of wmed rad fourrlng s&bmb krve~ 4 ntem~, Zqmh County, Texan, lW-19g6. 

Sampling date and species 
November 1985 February 1986 May 1968 August 1986 

Variable and plant part Armed Fourwing Armad Fourwing AlllEd Founving AlllEd Founving 
CP 

Leaves 
Stems 

Ca 
Leaves 
Stems 

K 
Leaves 
Stems 

M8 
Leaves 
Stems 

Na 
Leaves 
Stems 

P 
Leaves 
stems 

IVOMD 
Leaves 
Stems 

20.lal 18.9a 
9.lb 8.4b 

1.8a 1.6a 
I .Ob 0.7c 

l&b 2.3a 
1.3b 1.4b 

1.3a 1 .Oab 
0.7b 0.3c 

7.7a 2.7b 
3.3b I.lC 

0.23a 0.19a 
0.17a 0.09b 

68.Oa 66.2a 
34.2b 32.0b 

32.4a 
2O.lb 

I .3a 
1.3a 

2.7a 
2.la 

0.9ab 
0.6b 

9.4a 
4.4b 

0.29a 
0.28a 

62.6ab 
59.lb 

23.71, 
14.7c 

I .8a 
1.2a 

2.8a 
2.2a 

l.la 
0.5b 

2.6c 
1.4d 

0.23ab 
0.16b 

7l.Oa 
45.4c 

24.6a 
14.3c 

1.3ab 
1.4ab 

2.6a 
2.6a 

0.8a 
0.4b 

9.8a 
5.4b 

0.29a 
0.24ab 

66&l 
47.7b 

18Sb 
10.ld 

1.5a 
Lib 

2.7a 
2.4a 

0.8a 
0.4b 

2.2c 
1.3c 

0.21b 
O.IoC 

62.5a 
36%~ 

18.8a 
10.9b 

1.4a 
1.3ab 

2.3ab 
2.lab 

0.8a 
0.4b 

10.5a 
5.4b 

0.23a 
0.2Oab 

58.2b 
41.5c 

11.6b 
4.6c 

1.3ab 
1 .Ob 

2.5a 
1.9b 

0.7a 
0.3b 

2.7~ 
I.ld 

0.18b 
0.07c 

61.7a 
3l.M 

‘Means for a variable within a sampling date followed by the same kttcr are not significantly different at the 0.05 level according to Tukcy’s test. L.eavcs were compared to stems 
within a sampling date. 

analysis of variance using a randomized complete-block experi- 
mental design with stands as blocks and sampling dates as a split in 
time. The sampling date X species and plant part interaction was 
significant (ZYO.05) for all variables except P and K, thus a separ- 
ate analysis of variance was done for each sampling date to com- 
pare species and plant part means. Tukey’s test was used to separ- 
ate means, where appropriate (Snedecor and Cochran 1967). 
Height and standing crop data were analyzed using t-tests. Infer- 
ences based on the results of this study are restricted to the study 
area. 

Results and Discussion 
Rainfall during August 1985 to August 1986 was 29.2 cm (Fig. 

1). Rainfall was above average in June-July 1985 and 1986, but 
was below average during the remainder of the study. 

Crude protein concentration of armed saltbush leaves and stems 
exceeded that of fourwing saltbush on all sampling dates except 
November 1985 (Table 1). Crude protein of armed saltbush leaves 
ranged from 32% in February to 19% in August while that of 
fourwing saltbush leaves ranged from 24% in February to 12% in 
August. Crude protein values for fourwing saltbush were similar to 

AUG-SEP OCT-NOV DEC-JAN FEB-MAR APR-MAY JUN-JUL AUG-SEP 

TIME (MONTHS) 
Fig. 1. Bimonrhly precipitation (cm) from August, 1985 through Sep 

tember, 1986 on the Hinnant-F&right Ranch, Zapato County, Texas. 

those reported for 4 fourwing ecotypes from west Texas (Petersen 
et al. 1987). 

Calcium, K, and Mg levels were similar in armed and fourwing 
saltbush leaves and stems on all sampling dates except November 
(Table 1). In November, levels of Ca and Mg were higher in armed 
than in fourwing saltbush stems. 

Sodium levels in armed saltbush leaves ranged from 7.7 to 
10.5%, compared to 2.2 to 2.7% for fourwing saltbush leaves 
(Table 1). Armed saltbush stems were also higher in Na than 
fourwing saltbush stems on all sampling dates. Other researchers 
have reported lower Na concentrations in fourwing saltbush in 
comparison to other Atriplex species (Wallace et al. 1973, Smit and 
Jacobs 1978, Khalil et al. 1986). 

Levels of Na in fourwing saltbush were higher than the 0.21% in 
leaves reported by Khalil et al. (1986), whereas K levels were much 
lower than the 6.06% they reported. Differences between our 
results and those of Khalil et al. (1986) possibly resulted because 
distinct biotypes of fourwing saltbush exist with regard to Na and 
K accumulation (Richardson 1982). Certain biotypes tend to 
exclude Na and absorb large amounts of K, while others accumu- 
late Na and absorb less K. Also, differences in soil Na content 
probably caused results to differ between studies. 

Phosphorus levels were similar in armed and fourwing saltbush 
leaves in November and February and were higher in armed than in 
fourwing leaves in May and August (Table 1). Armed saltbush 

Table 2. Mean beigbt (cm), standing crop/plaot (g) of kww and woody 
nuterhl, WI toW hnding crop/pht (g) of umed rad fourwing 
rltburb in Augsut W6, Zqnta Comty, Texa. 

Saltbush species 
Characteristic AlllEd Founving 

Height 65 95” 
Leaf standing crop/ plant 40 1145 
Woody material standing crop/plant 146 920- 
Total standing crop/plant 186 1.034*+ 

l ‘**Signifiint difference bet-n specia at the 0.05 or 0.01 kA, mpectiwly. 
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leaves had P levels ranging from 0.23 to 0.29%. compared to 0.18 to 
0.23% for founving saltbush leaves. Armed saltbush stems had 
higher P concentrations than fourwing saltbush stems on all sam- 
pling dates. 

The IVOMD of founving saltbush leaves exceeded that of armed 
saltbush in August, but digestibility of leaves of the 2 species was 
similar on other sampling dates (Table 1). Armed saltbush stems 
were more digestible than fourwing saltbush stems on all sampling 
dates except November, when digestibility was similar. Lower 
digestibility of founving stems was expected because they are 
woodier than stems of armed saltbush. 

Founving saltbush plants were 46% taller than armed saltbush 
(Table 2). Although leaf standing crop of founving saltbush was 
almost triple that of armed saltbush, the leafistem ratio was higher 
for armed saltbush than for four-wing (1:3.7 and 1:8.1, respec- 
tively). Total standing crop/ plant of founving was 5.6 times higher 
than armed saltbush. Estimated mean density of armed saltbush 
was 1,648 f 921 plants ha-’ (5 f SE, n = 4) compared to 2,836 f 
1,194 plants ha-’ for founving saltbush. 

These data suggest that founving and armed saltbush on saline 
rangeland may provide nutritious browse for cattle and deer. 
Research on animal performance while consuming these plants is 
needed to fully understand their importance to herbivores on saline 
rangeland in southern Texas. Results of laboratory analyses may 
be misleading because many shrubs contain secondary plant 
metabolites that may interfere with protein digestibility (Robbins 
et al. 1987). Further research is needed to determine if armed 
saltbush and founving saltbush contain secondary plant metabolites. 
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Effects of burning on germinability of Lehmann lovegrass 
C.B. RUYLE, B.A. ROUNDY, AND J.R. COX 

Abstract 

Lehmrnn iovcgrass (Eragostis lehmandam Nces) may be 
viewed as either an undesirable exotic invader or an important 
ground cover and forage pbmt on southwestern rangelands, 
depending on management goals. Successional responses to man- 
agement practices intended to control or enh8nce this grass are 
highly dependent on the processes of natural revegetation. Tbe 
effect of seasonal burning on germinability of Lehmann lovegrass 
in the seedbank was investigated on the Santa Rita Experimental 
Range in southern Arizona. Samples of surface soil were taken for 
bioassay immediately after burning in February, June, July, and 
November for 2 years. Nearly 40% more seedlings emerged from 
bioassay sample-s taken from burned than unburned plots. The 
increase in germinability of Lehmann lovegrass seeds associated 
with fire may be one of several factors important in its observed 
ability to re-establish after mature piants are kiiied by burning. 

Key Words: seedling emergence, fire, heat-treatment of seeds, 
Eragrostis lem Nets 

Lehmann lovegrass (Erugrosris lehmanniana Nees) is a drought- 
tolerant, warm-season, perennial bunchgrass native to southern 
Africa. The grass was introduced into Arizona over 50 years ago 
and has been seeded extensively for erosion control and forage 
production (Cable 1971). The species is well adapted to southeast- 
em Arizona and has increased in abundance, now covering 
approximately 200,000 ha (Cox and Ruyle 1986). Land managers 
have mixed emotions regarding the grass because it is an invader 
species and not considered palatable to grazing animals, yet it 
establishes easily on disturbed sites and provides excellent soil 
cover. Ranchers are faced with incorporating the new grass into 
grazing management schedules. On the other hand, preserve man- 
agers are concerned with Lehmann lovegrass invasion into native 
grasslands (Bock et al. 1986). In both cases prescribed burning is 
often recommended as a management tool. Observations suggest 
that while hot fires can kill Lehmann lovegrass plants (Cable 1965), 
new stands quickly reestablish from seed (Cable 1965, Cable 1971, 
Cox and Ruyle 1986), and cooler fires have little effect (Pase 1971, 
Martin 1983). Additionally, where native perennial grasses are 
killed by fire, Lehmann lovegrass seedlings quickly establish and 
persist on the site (Cable 1965, 1971). 

Artificially induced heat treatments may increase both the per- 
centage and rate of Lehrnann lovegrass germination (Haferkamp 
and Jordan 1977, Weaver and Jordan 1985). Heat treatments 
scarify the seedcoat and increase the rate of imbibition of Lehmann 
lovegrass seeds (Haferkamp et al. 1977). Jordan (1981) suggested 
that a rapid germination rate would favor Lehmann lovegrass 
establishment in Arizona, given the erratic nature of summer pre- 
cipitation and short periods of available soil moisture. Observa- 
tions are that fire enhances emergence of Lehmann lovegrass seed- 
lings. An important factor in this response may be the enhancement 
of germination directly by a natural heat treatment from fire. The 
purpose of this research was to experimentally determine the 
effects of seasonal burning on germinability of Lehmann lovegrass 
seed in the seedbank. We also documented field differences in 
seedling emergence associated with burning and seedling survival 
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when burning resulted in the death of established plants. 

Materials and Methods 

The study was conducted on the Santa Rita Experimental Range 
6CLkm south of Tucson, Ariz. The 3-ha study site was on an alluvia1 
fan at 1,200 m elevation and supported a nearly pure stand of 
Lehmann lovegrass. Annual precipitation averages 398 mm with 
60% falling between June and September. The soil is a coarse- 
loamy, mixed (calcareous) thermic Typic Torrifluvent of the 
Comoro series. The site was fenced in January 1984 and subdivided 
into 48, I5 by 15-m plots, each separated bv 2-m fire lines. 

Treatments were assigned in a randomized block design and 
included winter (February), early summer (June), mid-summer 
(July), and fail (November) burned and unburned plots. All treat- 
ments were replicated 3 times and were performed on separate 
plots in 1984 and 1985. Bum treatments were applied as head fires 
following initial back tiring. Temperatures at the soil surface were 
constantly monitored during the 1985 bums with 5 thermocouples 
per burned plot. 

Within each treated plot, 5 soil samples, approximately 8 by 15 
cm in area by 2-cm deep, were collected immediately following the 
bum. Unburned plots also were sampled on each bum date. Sam- 
ples were collected in separate plastic bags for immediate transport 
to the greenhouse for processing and bioassay. The bioassay tech- 
nique followed was modified from Young et al. (1981). Soil sam- 
ples were placed in Styrofoam cups over 250 ml of 60-mesh sterile 
sand. The cups had perforated bottoms and were kept moist by 
sub-irrigation with tap water. Emergent Lehmann lovegrass seed- 
lings were counted daily for 42 days. New seedlings were removed 
after emergence. 

To document differences in seedling emergence associated with 
burning in the field, seedling density was sampled on unburned 
plots and plots burned in 1984. Seedlings were counted in fifty 5 by 
3O-cm quadrats in each plot in August and December 1984 and 
May 1985. To document the stand renewal ability of Lehmann 
lovegrass, seedling density on the November 1984 burned plots, 
where 80% of the mature plants were killed, was tracked from July 
to November of 1985. Seedlings were counted in 30 permanently 
marked 0.25-m* quadrats in each burned plot. The larger perman- 
ently marked quadrats were necessary to assess emergence and 
mortality over time. To determine if changes in density in these 
quadrats were associated with recruitment or mortality, ail seed- 
lings in 3,3 by 5O-cm transects per burned plot were permanently 
marked with toothpicks color-coded to the sampling date when 
first observed. Ail bioassay and field seedling density data were 
scaled to number of seedlings per m* area. Analysis of variance was 
used to determine significance of burning treatments in time. 

Results and Discussion 

Bioassay 
There was a significant treatment @ = 0.06) and seasonal @ q  

0.01) response in the numbers of Lehmann lovegrass seedlings that 
emerged in bioassay samples (Table 1). Season, treatment and year 
interactions were not significant @rO.OS). Overall, bioassay sam- 
ples from burned plots averaged 342 emerged seedlings/m* or 40% 
more emerged seedlings than samples from unburned plots. Signif- 
icantly (p = 0.01) more seedlings emerged from the samples col- 
lected in June before the summer rainy season than from the other 
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T8blc 1. Analysts of vwhnce of Lehm8nn lovegrur emergence (seed- 
lings/mz) in biourcly urnplea in reMion to burning treatment 8nd d8te 
of s8mple collection. 

Source of variation DF F P 

Treatment (T) 1 3.76 .06 
Month (M) 3 20.72 .Ol 
Year(Y) 1 0.59 .41 
TXM 3 0.45 .72 
TXY I 0.01 .92 
MXY 3 1.12 .36 
TXMXY 3 2.17 .I1 

: -----Burned 
-Unburned 

Fig. 1. Lehmann lovegrass seedling emergence from bioassay samples 
taken from unburned and burned plots averaged from 1984 and 1985. 
Vertical lines are twice the standard error of the mean. 

3 collection periods (Fig. 1). Seedling emergence from soil col- 
lected in June was more than twice that from any other collection 
period, averaging 700/m*. 

Seedling Density 
Seedlings were not found in December 1984 or May 1985 but 

emerged after summer rains and were counted in plots sampled in 
August 1984 (Table 2). Seedling emergence was much higher on 

T8ble 2. L.ebm8nn loveyus seedling density (x f st8nd8rd error) in 
August 1984 on se8son8l bum 8nd unburned plots. 

Treatment 

Unburned 
February bum 
June bum 
July bum 

Seedlings/m* 

20 f 0.8 
120 f 4.8 
113 f 5.2 
80 + n-8 

burned than unburned plots and was similar among plots burned 
in February and June 1984. Contrary to results of Martin (1983), 
80% of the mature Lehmann lovegrass plants died after the 
November 1984 bum. On these plots, numerous seedlings emerged 
after successive rains in July 1985 (Fig. 2). Observations of individ- 
ually marked seedlings indicated that there was little recruitment 
after initial emergence and that subsequent changes in seedling 
density were due to mortality of emerged seedlings. Maximum 
seedling density on these November 1984 burned plots was 320 
seedlings/m* compared to 0.8 seedlings/ mr on the unburned plots 
on 30 July 1985. Seedling density on the burned plots decreased 
rapidly in August and September with decreased precipitation but 
leveled off in October and November. Lehmann lovegrass densities 
on the November burned plots also increased by rooting of nodes 
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Fig. 2. Lehmann lovegrass seedling density in 1985 on plots burned 
November 1984. Vertical lines are twice the srarukrrd error of mean. 

from decumbent tillers of mature lovegrass plants that survived the 
fire. An average of 3.2 new plants/m* were produced from rooted 
nodes on the burned plots while no rooted nodes were found on the 
unburned plots. 

The bulk of Lehmann lovegrass seed in the Southwest is pro- 
duced in August after summer rains and the seed shatters in 
October and November. Some seed may also be produced during 
the fall, winter, and spring. Spring temperatures and early-summer 
moisture conditions are not favorable for seed germination and 
seedling emergence until summer rains begin, usually in July. 
Dormancy of Lehmann lovegrass seed decreases with time after 
harvest (Wright 1973). A large seed reserve and afterripening of 
seed produced the previous summer may explain why emergence 
from bioassay samples taken in June was greater than from those 
taken in February. Lower emergence from bioassay samples col- 
lected in July probably resulted from loss of viable seeds from the 
seedbank through germination and decay associated with the 
summer rainy season. Low emergence from the November bioas- 
say may reflect the initial dormancy of the current year’s seed crop. 

Burning apparently increases germination of Lehmann love- 
grass seed reserves. Burning may raise soil surface temperatures to 
450” C for a fraction of a second (Fig. 3). These natural heat 
treatments could reduce dormancy in a way similar to artificial 
heat treatments (Haferkamp et al. 1977) by breaking down the seed 
coat and increasing imbibition. Lehmann lovegrass only emerges 
from very shallow depths (Cox and Martin 1984) and may be 
exposed to high temperatures during burning (Fig. 3). The greater 
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Fig. 3. Soil surface temperatures during burning of a pure stand of Leh- 

mann lovegrass. Data were similar and therefore averaged for burns 
conducted in February, June, July, and Novemberfor 2 years. Vertical 
bar at peak is twice the standard deviarion of the mean. 
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difference in seedling emergence between burned and unburned 
bioassay samples taken in February than November suggests that 
burning may increase germinability of seeds that have been in the 
seed bank a few months more than it does the germinability of 
newly fallen seed (Fig. 1). Yet the higher germinability of seed in 
June compared to February bioassays from both bum and control 
plots indicates that the majority of seeds require an afterripening 
period to germinate as has been reported by Haferkamp and 
Jordan (1977). Artificial heat treatments increase the germination 
of old seeds more than new seeds (Haferkamp and Jordan 1977). 
Natural heat treatments by fire may be more effective in reducing 
seedcoat dormancy of older seeds with weaker seedcoats than new 
seeds with hard seedcoats. 

Although seed germinability as indicated by seedling emergence 
in bioassay samples was much lower after the February burn than 
after the June bum (Fig. 1), actual seedling densities in August 
1984 were similar (Table 2). Seedbank germinability on both 
burned and unburned plots was low in November 1984 but a high 
number of seedlings emerged on the burned plots during the next 
summer rainy season in 1985 (Fig. 2). High seedling densities in 
August 1984 and 1985 on burned plots that had few seedlings 
emerge in the bioassay samples immediately after burning reflects 
the increase in L.ehmann lovegrass seed germinability with after- 
ripening. 

The increase in seed reserve germinability associated with bum- 
ing probably does not fully account for the much greater seedling 
emergence on burned than unburned plots in the tield. Burning 
reduces the mature plant canopy and may result in increased 
incident radiation and soil temperatures, as well as reduced 
mature-plant transpiration and longer periods of available soil 
water for germination and seedling growth. Specific effects of fire 
on the seedbed environment that result in higher seedling emer- 
gence in the field requires future research. Meanwhile, the demon- 
strated ability of Lehmann lovegrass to renew itself by high seed- 
ling emergence after high mortality associated with burning 
indicates that fire may be used to increase, not reduce, dominance 
of this grass. 

Literature Cited 
Bock, C.E., J.H. Bock, K.L. Jepeon, 8nd J.C. Orteg8. 19116. National 

Geographic Res. 2456463. 
Cable, D.R. 1965. Damage to mesquite, Lchmann lovegrass and black 

grama by a hot June fire. J. Range Manage. l&326-329. 
Cable, D.R. 1971. Lchmann lovegrass in the Santa Rita Experimental 

Range, 1937-1968. J. Range Manage. 2417-21. 
Cox, J.R., 8nd M.H. M8rtin. 19M. Effects of planting depth and soil 

texture on the emergence of 4 lovegrasses. J. Range Manage. 37204-205. 
Cox, J.R., 8nd C.B. Ruyk. 191M. Influence of climatic and edaphic factors 

on the distribution of Eragrostis lehmandana Nets in Arizona, U.S.A. J. 
Grassl. Sot. S. Afr. 3:25-29. 

H8ferk8mp, M.R., G.L. John, rad K. M8trud8. 1977. Physiological 
development of Lchmann lovegrass seeds during initial hours of inhibi- 
tion. Agron. J. 69:295-299. _ 

H8ferk8mD. M.R.. 8Ild G.L. Jordan. 1977. The effect of selected mesowinn .- I . 
seed treatments on germination of Lehmann lovegrass. J. Range Man- 
age. 30:151-153. 

Jord8n. G.L. 1981. Range reseeding and brush management on Arizona 
rangelands. Bull. T8112l. Arizona Agr. Exp. Sta. Univ. of Arizona, 
Tucson. 

Mutin, S.C. 19113. Responses of semi-arid grasses and shrubs to fall 
burning. J. Range Manage. 36604-610. 

Pase, C.P. 1971. Effects of a February bum on L.chmann lovegrass. J. 
Range Manage. 24454-456. 

We8ver, L.C., 8ndG.L. Jord8n. 191)s. Effects of selected seed treatment on 
germination of rates of 5 range plants. J. Range Manage. 38:415418. 

Wright, L.N. 1973. Seed dormancy, germination environment and seed 
structure of Lchmann lovegrass, Eragrostis khmanniana Nets. Crop 
Science 13:432-435. 

Young, J.A.,R.A.Ev8m,C.A.R8guse,8nd J.R.Luaon. l%l.Gem~inable 
seeds and periodicity of germination in annual grasslands. Hilgardia 
49: l-37. 

JOURNAL OF RANGE MANAGEMENT 41(5). September 1~66 



Fire effects on tobosagrass and weeping lovegrass 
FRED H. ROBERTS, CARLTON M. BRITTON, DAVID B. WESTER, AND ROBERT C. CLARK 

AbShCt 

Firelinc intensity (kW/m) was measured on 61 plots of weeping 
lovegrass [Eragmstis cum& @chrad.) Nces.] and toboqrass 
[wuorio nu&a (Bucki.) Renth.] burned M beadfirer and backfires 
during late winters of 1982 and 1983 in western Texas. Relative 
humidity, air temperature, wind speed, soil moisture, soil tempen- 
ture, and fuel moimture were measured at time of burning. Vegeta- 
tion response was based on plant yield, plant height, and number of 
seed stalks. Plant responses were not correlated with fireline inten- 
sity or any of the environmental parameters measured. Although 
fireline intensity is an important fire behavior measurement, high 
fireiine intensities did not cause a negative impact on either weep 
ins lovegrass or tobosagmss. Therefore, range managers can con- 
duct high intensity fires to damage or burn down shrub8 and not 
damage these grasses. 

Key Words: prescribed fire, fireline intensity, yield, basal area, 
plant height, seed stalks, Hila& nudica, Eragrostis auvuh 

Fire intensity is a commonly used term in prescribed fire litera- 
ture. Virtually every vegetative response associated with prescribed 
fire or wildfire has been attributed to tire intensity (Wright and 
Bailey 1982). The hypothesis that a hot, intense, fast-moving fire 
results in more damage to grasses compared to a less intense, 
slow-moving fire has not been adequately tested in grassland 
communities. 

Byram (1959) defined fireline intensity as heat released per unit 
time per unit length of fire front. Numerically, fireline intensity 
(kW/m) is the product of available fuel (kg/m*), heat yield of the 
fuel (kJ/ kg), and the forward rate of spread of the fire front (m/ s). 
Therefore, fireline intensity integrates several important character- 
istics and is useful in predicting ftre behavior. 

Previous conclusions about the effect of fire intensity on her- 
baceous vegetation in grasslands have been based on artificial 
ratings of fire intensity. Blaisdell(1953) and Conrad and Poulton 
(1966) rated fire intensity based on the quantity of stems remaining 
or to the general level of tine fuel consumption after burning. These 
observed fire intensities were positively correlated to plant dam- 
age. However, Wright and Klemmedson (1965) observed that cer- 
tain leafy bunchgrasses died following fire regardless of apparent 
intensity of the passing tire. The objective of this study was to 
measure a range of tireline intensities and determine the subse- 
quent effect on yield, plant height, and number of seed stalks for 2 
grasses in west Texas. 

Materials and Methods 

Weeping lovegrass [Eragrostis curvulu (Schrad.) Nees.] plots 
burned in 1982 and 1983 were 5 km north of Brownfield, Texas, at 
1,000 m elevation. Climate of the area is warm, temperate, sub- 
humid, continental with mean annual precipitation of 47 cm. Soil 
is an Amarillo loamy fine sand (Aridic Paleustalf) with caiiche at 
1.2 to 1.8 m (Miller et al. 1959). Study plots were located in a 
relatively homogeneous, ungrazed, decadent stand established in 
1976. 

Tobosagrass [Hiluriu muticu (Buckl.) Benth.] plots were 11 km 

Authors were research assistant, associate professor, research scientist, and 
research assistant, Department of Range and Wildlife Management, Texas Tech 
University, Lubbock 79409. This study was supported in part by a grant from the 
Intermountain Fire Sciences Laboratory, USDA Forest Service. This is a contribu- 
tion of the Colkge of Agricultural Sciences, Texas Tech University, No. T-9438. 

Manuscript accepted 13 April 1988. 

JOURNAL OF RANGE MANAGEMENT 41(5), September 1985 

southeast of Gail, Texas, at 800 m elevation and were protected 
from grazing throughout the study by an electric fence. Average 
annual precipitation is 44 cm and the soil is classified as a Stamford 
clay (Typic Chromustert) (Dixon 1975). 

Sixty-one plots were burned from 2 February to 15 April 1982 
and from 14 March to 28 April 1983. Seventeen plots were burned 
as headfires and 10 plots as backfires in weeping lovegrass. 
Twenty-two plots were burned as headtires and 12 as backfires in 
tobosagrass. The minimum plot size was 20 by 20 m. Fires were 
ignited under a variety of weather conditions to produce a wide 
range of fireline intensities (Clark 1983). 

Standing crops of fine fuel were estimated by clipping ten, 
0.25-mr quadrats in weeping lovegrass and fifteen, 0.0625-mr 
quadrats in tobosagrass adjacent to the fire run in each plot. 
Samples were oven dried at 600 C to a constant weight, then 
weighed to the nearest 0.1 g. Heat yield of fine fuel was determined 
from duplicate subsamples in an oxygen bomb calorimeter. A final 
reduction correction of 23.9 kJ/ kgl%MC (MC = weighted mois- 
ture content) was made to account for the difference between heat 
content determined in the laboratory with ovendry samples and 
the additional moisture contained in each fuel component during 
test fires (Van Wagner 1973). Rate of fire spread was determined by 
photographing the spreading fire with infrared film using metal 
stakes to mark distances (B&ton et al. 1977). Byram’s fireiine 
intensity was calculated as the product of tine fuel, heat yield, and 
rate of fire spread. 

Soil samples were taken from the surface 5 cm at 5 random 
locations per plot and placed in airtight cans prior to each bum. 
The samples were weighed, then dried at 105“ C for 48 hr and 
reweighed. Soil water contents were determined gravimetrically. 
Soil and grass crown temperatures were measured with soil ther- 
mometers 1 cm below grass crowns in 5 randomly located plants 
prior to burning. Readings were taken after a IO-minute equilibra- 
tion period. Fuel moisture samples were taken prior to each bum 
and weighed in the field. Samples were then oven dried at 60“ C for 
48 hr and reweighed. Fuel moisture was expressed as a percent of 
the dry weight. Air temperature and relative humidity were deter- 
mined within 3 min of ignition with a sling psychrometer (Anon. 
1959). Wind speed at 2 m was measured with a totalizing ane- 
mometer (Clark et al. 1981). 

Grass responses were estimated after 1 growing season. Fifteen 
0.0625-mr quadrats were randomly located in each tobosagrass 
plot. The height of the tallest leaf was measured and number of 
seedstalks was counted in each quadrat. Vegetation was then 
clipped 1 cm above the soil surface. Ten, 0.25-mr quadrats were 
similarly located and sampled in the weeping lovegrass plots. Sam- 
ples were dried at 60” C until weight was constant then weighed to 
the nearest 0.1 g. 

Percentage change in basal area was measured on weeping love- 
grass plots that were burned in 1982. Ten quadrat locations were 
permanently marked in each plot. Initial basal area was measured 
after each bum to minimize fuel continuity disturbance. Residual 
crown stubble was sufficient to obtain prebum basal area. Black- 
and-white, overhead photographs were made of each quadrat. 
Photographs were retaken after clipping at the end of the growing 
season. Five randomly placed lines were drawn through each print 
and basal area was measured by line intercept method. Percentage 
change in basal area was calculated from the difference in the initial 
and final measurements. Basal area measurements were not made 
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Table 1. Flreline intensity end plant responees to spring bums of tobose- 
grass conducted in weat Texas.1 

Bum Yield Intensity 
date (kg/ ha) (kW/ m) 

SCCdStalk 

number 
(No./ms) 

Height 
(cm) 

Table 2. Fireline intensity and plant responses to spring burns of weeping 
lovegrass conducted in west Texas.1 

Headfires 

3113182 2089 (2271 
3j 13’ 
3119 
3/ 19 
3119 
3119 
3120 
3120 
3120 
3127 
3127 
3127 
3127 
3115183 
3115 
3115 
3118 
3/18 
3/18 
3131 
3131 
4119 

2360 
3888 
2176 
2418 
3156 
2386 
2185 
3735 
2737 
2850 
3127 
1821 
1406 
1563 
2037 
1399 
2273 
1298 
1413 
12% 
549 

ii94j 5223 
(267) 4752 
(245) 1649 
(211) 2908 
(314) 3576 
(163) 85 
(248) 1083 
(480) 1424 
(194) 392 
(255) 591 
(281) 1273 

(84) 992 
(145) 1597 
(116) 302 
(337) 558 
(145) 646 
(242) 438 
(127) 170 
(175) 4453 
(151) 8036 
(53) 1893 

3113182 2997 
3113 2971 
3119 2591 
3119 2291 
3119 3223 
3120 3199 
3127 2601 
3/ 15/83 1111 
3115 1033 
3/18 595 
3131 1673 
4119 756 

(234) 
(349) 
(166) 
(141) 
(354) 
(226) 
(169) 
(165) 
(92) 
(98) 

“(Ez; 

40 
84 
44 
2 (3) 

(5) 
84 (10) 
24 (4) 

:; (g; 
76 (6) 

;: (ii; 
92 (9) 

39 (2) 
40 (1) 
47 (2) 
36 (2) 
36 (2) 
34 (2) 

2 I;; 
43 (2) 
42 (2) 
43 (2) 
41 (2) 
40 (I) 

12 (4j 16 iij 
22 (2) 
18 (2) 

40 19 iij 
48 (7) 22 (1) 

z ($i 
2l (I) 
20 (1) 

40 (7) 21 (1) 
4 (2) 17 (I) 

BidtiltS 

108 36 
101 56 
61 16 

103 64 
130 68 
51 44 
41 53 
63 20 
60 
53 2: 

125 40 
97 0 

(6) 42 
(8) 44 
(3) 40 
(5) 31 
(9) 38 

I? 45 37 
(9) 37 
(3) 
I;; )i 

(0) 17 

Bum Yield Intensity 
date (kg/ ha) (kW/ m) 

Seedstalk 
number 

(No./ m*) 
Height 
(cm) 

2/10/82 
2110 
2110 
3115 
3117 
3117 
3/18 
3/18 
3/18 
412 
41 I5 
4115 
3/ 14/83 
3120 
4125 
4128 
4128 

3/ 17182 
3118 
412 
4115 
4115 
3114 
3120 
4125 
4128 

Headfires 

1644 (290) 5569 128 (71) 84 (IO) 
1667 (295) 5824 80 (13) (4) 
1894 (240) ;E 116 (24) 

:: 
(2) 

1544 (164) 52 (10) 77 (3) 
1297 (95) 2046 8 (2) 
1191 (203) 1278 48 (15) 

;; (2) 
(3) 

2060 (205) 67 56 (10) 75 (4) 
1395 (187) 191 40 68 (2) 
1597 (198) 527 16 

I:; 
776 (3) 

811 (138) 1889 48 (19) (4) 
772 (125) 1159 72 (14) 71 (3) 
918 (120) 2194 75 (3) 

1419 (88) 371 :: (1’:; 60 1094 (65) 1331 80 (16) 64 I;; 
766 (103) 12603 112 (20) 53 (2) 

1456 (135) 804 84 (19) 59 (2) 
1138 (131) 3146 60 (19) 56 (1) 

Backfires 

1623 (137) 121 20 (8) 71 (2) 
1016 (105) 112 16 
518 (65) 202 4 

::; :: (3) 
(2) 

801 (127) 474 48 (8) 79 
*z (I’:; 366 117 E! (1’:; 66 70 I:; 

(2) 
:: ,s:; 292 159 96 36 (12) 

(29) 
49 55 (5) 

980 (100) 223 32 (7) 61 
4128 1131 (205) 199 60 (20) 63 (3) 
‘Standard errors are shown in parentheses. 

IStandard errors arc included in parentheses. 

Table 3. Basic stetisttcs of headfires and backfires in tobomgmw end weeping lovegreas for burns conducted in weat Texas in 1982 and 1983. 

Parameter Mean 
Headfires (n=22) 

Std. Min. 
JAY. 

Tobosagrass 

Max. Mean 
Backfires (n=12) 

Std. Min. 
DW. 

Max. 

Soil moisture (%) 15 5 9 26 14 5 9 25 
Soil temperature (C) If 4 9 21 17 4 9 21 
Relative humidity (%) 42 25 11 97 34 19 II 70 
Air temperature (C) 18 8 7 33 . 20 7 5 33 
Wind speed (km/ hr) 19 11 8 53 21 11 II 50 
Fuel moisture (%) 26 8 15 42 23 6 16 37 
Intensity (kW/m) 2034 2047 85 8036 83 31 41 130 
Rate of spread (m/min) 13 13 1 55 1 0 0 1 

Parameter Mean 

Soil moisture (%) 8 
Soil temperature (C) 16 
Relative humidity (%) 37 
Air temperature (C) 21 
Wind speed (km/ hr) 19 
Fuel moisture (%) 19 
Intensity &W/m) 2660 
Rate of spread (m/ min) 16 

Headfiies (n=17) 
Std. Min. 
DW. 

3 3 
5 7 

27 12 
10 -3 
8 6 
9 7 

3075 67 
15 1 

Weeping Lovegrass 

Max. Mean 

:: 7 
17 

93 29 
30 23 
39 20 

12;: 19 
226 

51 1 

Backfires (n= 10) 
Std. Min. 
JAY. 

3 3 
5 6 

19 12 
9 I 
6 16 
9 7 

119 112 
1 1 

Max. 

12 
23 
63 
36 
36 
35 

474 
3 
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Effects of prescribed fire on Chamaespartium tridentatum 
((L.)P. Gibbs) in Pinus pinaster (Aiton) forests 
FRANCISCO C. RECO, STEPHEN C. BUNTING, AND M.G. BARREIRA 

AbStnCt 

Prescribed burning in Pinuspinaster forests w8s evrlu8ted in 
terms of the effects on Chamauprtium tridentatum. Postfire 
for8p qu8ntiQ 8ad qtulity were studied. TOW biomass produc- 
tion, current yeu’s loot production, md nutritive value were 
studied in reMon to time since fire. Chamaespartium, 8 vigorous 
resprouter, 8cbieved !I096 of ita preburn biom8sa level in 2 ycrus. 
Current ye8r’s shoot production racbed 8 maximum 3 to 4 ye8rs 
rtter fire. Nutritive v8he of Chuwtaespurtium ~8s briefly enhanced 
by burning but returned to prebum levels. Se8son81 v8ri8tions of 
for8p qu8lity were very import8nt with lower vrluea in summer or 
f8M. Short-lived incrcrrses in protein, cellulose, urd bemi-celluhe 
contents 8fter fire in Chumuapurthm~ shoots returned to preburn 
level9 in 4 ye8rs. This SUppOrhd the tr8ditlOn81 fire frequency in tbc 
shrublands of 3 to 7 in order to maintin forage qu8My md 
productivity. 

Key Words: biomass production, forge production, nutrition, 
Portug8l 

Thspractice of prescribed burning was a traditional land man- 
agement practice on Portuguese shrublands as in the whole Medi- 
terranean Basin for over 3,000 years (Lc Houerou 1973, Naveh 
1974). However, during the current century the practice has 
become less common. Reforestation of shrublands with Pinus 
pinuster (Aiton) has resulted in decreased use of fire in order to 
protect the young plantations. Prescribed burning has been rein- 
troduced into older pine forests recently as an experimental prac- 
tice to evaluate the effects on wildfire control. Since these forests 
are also important forage producing areas, the effects of fire on 
production, nutritive value, and biomass accumulation of the 
understory vegetation was considered important to evaluate. 
Shrubs produce over 80% of the annual biomass on these sites with 
Chamaespartium tridentutum ((L.) P. Gibbs) present as the domi- 
nant shrub on many areas. 

Aboveground biomass (referred to as biomass in this paper) of 
shrubs accumulates after fire at a rate depending upon the amount 
of sprouting species present at the time of the fire (Morgan and 
Neuenschwander 1988), the age of the burned stand, the conditions 
during and after fire, and various habitat factors. However, where 
regeneration is largely vegetative and is rapid and uniform, there 
are 3 main growth phases: (1) the building phase, corresponding 
with a continuing, approximately linear, increase of biomass; (2) 
the mature phase, in which total biomass accumulation begins to 
decline; and (3) the degenerate phase, represented by a levelling out 
and possibly decrease in total biomass (Gimingham 1972). 

Estimates of total production in perennial, evergreen, woody 
vegetation are not easily obtained. Aboveground production con- 
sists of current year’s shoot production and input to stem diameter. 
Several grazing studies have concentrated on the production of 
current year’s shoots since these provide an index of the production 
of edible material (browse) and often comprise most of the biomass 

Authors arc auxiliary professor of range science, Department0 FIorestaI, Univer- 
sidadc de Tras-os-Monks c Alto Douro, Vii Real 5000, Portugal; ansociatc professor 
of range resources, University of Idaho, Moscow 63843, USA; and forest engineer, 
Direccao GemI dos Scrvicos Rorcsta~, Braganca 5300, Portugal. Research was partly 
fund+ by the US Agency for International Development and the Direccao GcraI dos 
Scrvlcos FIorcstaia. Umvcrsity of Idaho, Forest, WiiIiie and Range Experiment 
Station Contribution No. 382. 

Manuscript accepted IO May 1988. 
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removed by browsing, as shown for Culluna vulguris ((L.) Hull) 
(Giiingham 1972, Milne 1974). 

For Calluna vulgaris, Miller and Watson (1974) suggested a 
peak of shoot production in the building phase followed by pro- 
gressive decline. Other studies in a variety of vegetation types have 
also documented increased annual shrub production for 3 to 5 
years followed by declines in productivity (Lay 1965, Dills 1970). 
The ratio of annual shoot production to total above-ground bio- 
mass declines rapidly following a fire. Robertson and Davies 
(1965) showed that the proportion of young Calluna vulgaris 
shoots (the current and previous year’s growth) drops from about 
8l%during thesecondyeartoabout 21 and 14%by 15 and 35 years 
following a fire, respectively. 

Published results on nutritional quality of postfire shrub forage 
are quite variable but, generally, indicate increases in nutrient 
content of shrubs are short lived. Increased nutrient level may last 
from only 1 year to as long as 20 years (Bendell 1974, Lyon et al. 
1978). Miller and Watson (1974) found increase in nitrogen, phos- 
phorus, magnesium, and potassium in Calhuza vulgaris shoots 
after fire. Calcium initially decreases but then increases in concen- 
tration with a peak 5 years after fire. In spite of the reported 
variability most investigations agree that changes in nutrient con- 
centrations occur within 5 years. Since increases in nitrogen and 
phosphorus are particularly significant for animal nutrition, bum- 
ing will often improve quality of post-fire forage. Comparable twig 
segments obtained from recently burned sites are significantly 
more digestible than those from unburned sites. This is primarily 
due to increases in lignin and other cell wall components (Short et 
al. 1972). However, Milne (1974) found no significant differences 
in the digestibility of Calluna vulgaris twigs in stands of different 
ages. 

Methods 

Thii study was conducted in the mountain ranges separating 
Minho and Tras-os-Montes provinces in northern Portugal. Natu- 
ral climax vegetation prior to human influence would have been 
dominated by deciduous oaks such as Quercus robur L. and Q. 
pyrennuicu Willd. (Braun-Blanquet et al. 1956). However, most 
original natural forest vegetation has been removed through wood 
cutting and wildfiies. The vegetation of the region is now domi- 
nated by shrublands or forest plantations of Pinuspinuster. Sites 
were selected among mature stands of P. pinaster with dominant 
Chamaespartium tridentatum in the understory. Other common 
shrubs include: Culluna vulgaris, Erica arboreu (L.), E. cinereu (L.) 
E. unbellata (L.) and UZex minor (Roth). Grasses were a minor 
component of the community but Agrostis curtisii(Kerguelen) and 
Pseudarrhenatherum longifolium (Rouy) were commonly present 
on the sites. The age of the P. pinaster stands varied from 26 to 62 
years old and tree dbh varied from 20 to 31 cm. Total annual 
precipitation and mean annual temperature are approximately 
1,000 mm and 13’ C respectively, but show a close relation with 
elevation that varied from 280 to 880 m. Soils are shallow and 
stony, and derived from schists and granites. Slope varied from 12 
to 20%. Areas subject to intensive grazing or other disturbances 
were avoided. 

Five study sites were selected for prescribed burning at the 
beginning of the study. Each site was divided intoj plots which are 

. 
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Table 1. Date of fire md fire cbaractehttca of pmertbed tires conducted 
in PbrusptMsla forests in northenl Portug8l. wiDd8peed for rll prem- 
nibsdtlrarulusthaa3lua/hr. 

Fire location Fire date 
Air Rel. Flame 

temp. humidity height 
(Cl lo/,1 Cm1 

P&as Salgadas Dec. 3, 1982 5.8 71 31.0 
June 4, 1983 14.0 76 5.0 

Vieire do Minho Dec. 28,1982 11.1 67 6.0 
May 24,1983 18.5 69 1.0 

Amarante 1 Nov. 22,1982 14.0 72 
Apr. 14,1983 17.0 25 ::: 

Amarante 2 Nov. 30. 1982 10.5 57 0.8 
May $1983 13.0 80 1.5 

Marao Am. 18.1983 14.0 60 2.0 

0.25 to 0.5 ha in size. Two of each of these plots were prescribed 
burned with backfires between November 1982 and May 1983 
(Table 1). On each of the 5 sites, 1 plot was burned in spring 1983. 
However, only 4 sites had bums in winter of 1982. Vegetation data 
were collected prior to the fire. Data were collected for 4 consecu- 
tive years following the fires. In order to have as long-term infor- 
mation as possible on the ecological effects of burning, data were 
collected on sites that were prescribed burned prior to study initia- 
tion. These additional data were collected on 3 sites burned in 1979 
and 2 sites burned in spring 1982. 

Biomass determinations were made indirectly through pre- 
viously developed relationships between biomass dry-weight for 
Chamaespartium tridentatum with cover and height. These rela- 
tionships were established in 2X5 m plots, where shrubs were 
measured for height and cover and then clipped and weighed. 
Cover was determined by the line intercept method (Canfield 1941) 
by placing 2 lines through the diagonals of the plot. Cover and 
height were measured to the nearest cm. Dry weight biomass was 
determined by oven drying a subsample of the clipped sample at 
65O C for 48 hours. A variety of pinus pinaster-Chamaespartium 
rridenturum communities were sampled to develop an equation to 
predict Chamaespartium biomass values. These communities 
included the variation included in soils, slope, and elevation of the 
burned sites. These data resulted in the following regression 
equation: 

Y = 154.40 X - 1.850 X2, R = 0.877 n = 22 

where Y is the dry weight biomass (Kg/ ha) and X is the product of 
percent cover and height (m) for Chumaespurtium. 

Browse can be defined as the sum total of the plant material on 
woody species that is potentially edible to a specified set of animals. 
But commonly browse is viewed as current annual growth of leaves 
and twigs. In Calluna vulgaris, for example, the current annual 
growth generally comprises the bulk of the biomass utilized by 
herbivores (Gimingham 1972). Browse production can be esti- 
mated by determining the average weight per stem and estimating 
the average stems per plant (Wetzel et al. 1975). However, the 
always difficult task of defining the individual (plant or stem) 
becomes more difficult when working with species that propagate 
vegetatively (Mueller-Dombois and Ellenberg 1974) as Chumues- 
partium tridentatum. Therefore, we selected a procedure where the 
current year’s shoots were hand-separated, and the proportion in 
whole shoots cut at ground level was computed. Since variability in 
this proportion is known to be low in even-aged stands (lo-20% of 
the mean, Gimingham and Miller 1968) this proportion was 
determined in small subsamples, and the weight of the current 
year’s growth per unit area calculated from the total biomass of the 
samples (Gimingham 1972). 

For determinations of forage quality, current year’s shoots of 

Chamaespartium tridentatum were collected during the 4 seasons 
in 1983, the first growing season following the fire. Three samples 
were collected at each prescribed bum site. 

The dried forage was analyzed sequentially for the various cell 
wall components (CWC) as proposed by Goering and Van Soest 
(1970). Neutraldetergent fiber (NDF), acid-detergent fiber (ADF), 
and aciddetergent lignin (ADL) were measured. Cellulose was 
calculated by comparison of ADF and ADL, and hemicellulose 
by difference between NDF and ADF (Dietz 1972). Crude protein 
(Kjeldahl 6.25xN), ash, and dry matter of forage samples were 
determined by procedures described by A.O.A.C. (1975). In vitro 
organic matter digestibility (IVOMD) followed the method of 
Martens and Barnes (1980). 

Biomass estimates were analyzed as a general linear model. 
Included in the model were sites and years after fire. Adjusted 
means (least square means) were used to build the model of bio- 
mass accumulation after fire. 

Differences in forage chemical constituents were analyzed by an 
ANOVA using years after fire and season as sources of variation. 
Differences among means were determined with Duncan’s multi- 
ple range test (P = 0.05), except when means of burned treatments 
were compared with the control. In that case the least significant 
difference (P = 0.05) was used (Steel and Torrie 1980). 

Results and Discussion 
Chamaespartium is a vigorous sprouter and well adapted to fire. 

Although biomass was reduced to nearly 0 during the fire, signifi- 
cant regrowth occurred every year during the first 4 years 
(EO.05). However, no significant differences were observed 
between the fall versus the spring burned plots. This is possibly a 
result of its adaptation to frequent fires and defoliation which have 
been prevalent in the Iberian Penninsula for a millenia (Le Hou- 
erou 1973). Variation in regrowth between sites was significant. 
Using the means, adjusted for differences between sites, a model 
was built relating Chumuespurtium biomass (Kg/ha) to age after 
fire: 

Chamaespartium biomass = 5800 - 4885 t+‘bl” R*=O.977 n=7 

Where t equals years after fue. 
The Chamaespartium current year’s shoot biomass as a percen- 

tage of total biomass was related to age after fire in the following 
regression equation: 

Current year’s shoot percentage = (0.457 tQ~lOO R* = 0.762 n = 37 

Where t>l. Current year’s shoots equal lm total biomass during 
the first year. 

The equation relating percentage of current year’s shoots to total 
Chumuespurtium biomass was established using individual plot 
data, since variation between sites was not significant. As occurred 
in most reviewed literature, Chumuespurtium current year’s shoots 
increased rapidly, nearly doubling every year for the first 3 to 4 
years after fue. The annual productivity rapidly declines following 
this period. Annual production may exceed 1,000 kg/ha for the 
second to fourth year. It is estimated that annual production may 
decline to less than 500 kg/ ha by 20 years after the fire. Nearly all 
production of Chamaespartium is from resprouting plants so post- 
fire biomass production is highly dependent upon prebum density. 

Increased forage quantity may not be meaningful unless the 
quality is sufficiently high to sustain herbivores. Forage quality 
varies seasonally, between locations, and with age since fire. Cha- 
muespurtium quality on burned plots differed significantly from 
unburned sites (Table 2). We concluded that cellulose and hemi- 
cellulose increased significantly 6 months after fire, but their levels 
were not significantly different from the prebum level 2 years after 
burning. There was a delay between responses of cellulose and 
protein. Protein values were significantly higher between 6 months 
and 2 years after burning. Samples taken 4 years after fire were not 
significantly different from unburned plants for any component 
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Table 2. Effects of prescribed fire on the nutritive vaiue of Ca- 
Hum Ir&fentatum twigs in Pinu,vpbros(cr foreat8 of nortilern Portugal. 

Treatment means 
Times since fire 

ceil w8li Un- 3 6 2 4 
component (%) burned months months years Years 

ceiiuiosc 
Hemi-cellulose 
Lignin 
Protein 
Total organic 

matter 
Organic matter 

digestibility 
(in vitro) 

19.17 23.64. 24.84’ 19.76, 19.78 
9.55 9.99 11.68’ 8.48 8.90 

25.86 24.97 23.83 24.57 25.86 
8.% 9.67 IO.515 10.60 9.30 

91.83 92.18 91.70 91.66 92.10 

41.75 41.49 42.29 46.05 44.11 

Means followed by an asterisk are significantly dierent from unburned (KO.05) as 
determined by the least significant dlffercncc (LSD). 

analyzed. While not significant, lignin values seem to vary in 
opposition to those of cellulose and hemi-cellulose. The increase in 
protein following fire is important since 9% is near the deficiency 
level for some ruminants (National Research Council 1975). 

Chamaespartium is the most important forage species in the 
community with respect to both quantity and quality. Nutrient 
quality of current year’s shoots varies directly with growth stage 
(Short et al. 1972). Cellulose and hem&cellulose were lower during 
the winter than during the other seasons (Table 3). Protein content 

Table 3. Seasonal variation In the mstrltlonal value of Catium 
lridmtohrm twigs in Pfuuspfu&ef forests of northern Portugal. 

Cell wail component (%) 

Celluiose 
Hemi-cellulose 
Lignin 
Protein 
Total organic matter 
Organic matter digestibility 

(in vitro) 

Treatment means 
Spring Summer Fall Winter 

22.18b 22.15b 21.75b 18.73a 
li.iOb 9.96b 10.34b 8.45a 
20.98a 26.29b 26.03b 25.99b 
9.62ab 9.33ab 9.16a 10.1 lb 

90.68a 92.46c 91.95b 92.0ib 
44.47b 41.8Oab 39.89a 44.41b 

Means followed by a similar letter within the sane row arc not significantly different at 
the 0.05 level of probability, as determined by the Duncan’s new multiple range test. 

was greatest during the winter and least during the fall. Protein 
content during the other seasons was intermediate. Forage digesti- 
bility appeared to more closely related to low lignin and high 
protein content than to cellulose and hemi-cellulose content. 

Conclu!dons 
Chamaespartium tridentatum is a dominant species in post-fire 

succession of the understory vegetation in the pine forests of the 
study area. A vigorous sprouter, it produced 5% of the prebum 
biomass in 2 years and it is estimated that biomass will return to 
prebum levels in 7 to 10 years after tire. 

The effect of fire on the nutritional quality of Chamaespartium 
twigs is in agreement with what has been found in other studies 
(Grant and Milne 1973, Milne 1974). Short-lived increases in cellu- 
lose and hem&cellulose (6 months) with a related decrease in lignin. 
An increase of 1.5% in the protein content from 6 months to 2 
years, approaching the prebum level after 4 years. While not 
dramatic, this increase allows the protein content of the twigs to be 
adequate to supply the gestation requirements of ewes (National 
Research Council 1975). A similar trend is apparent for forage 
digestibility. 

Fire increased production of Chamaespartium browse and bene- 

412 JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 

fited browse quality for at least 2 years after prescribed fire. Shep 
herds traditionally have used fire in these shrub communities at 
intervals of 3 to 7 years. The results of thii study provide evidence 
of the rationality of this fire-free-interval when the primary objec- 
tive is to provide the greatest amount of high quality forage. This 
information enables forest managers to use prescribed burning as a 
management tool in this region to enhance livestock grazing in 
Pinus pinaster forests. 
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Economic comparison of aerial and ground ignition for 
rangeland prescribed fires 
G. ALLEN RASMUSSEN, GUY R. MCPHERSON, AND HENRY A. WRIGHT 

AbStT8Ct 
Average ignition costs per ha for aerial and ground ignited 

prescribed burns in redberry juniper (Jun#wruspinchoffl~mixed 
grass communities were compared to determine the feasibility of 
using aerial ignition on rangehnds. Aerial ignition techniques had 
greater total coats than ground ignition because of bigher fixed 
costs. However, if greater than 4,000 ba could be burned, as 8 singie 
or multiple unit, 8eriai ignition costs 8re S1.36/ha less than eati- 
mated ground ignition coats. 
Key Words: fireiine costs, average costs, redberry juniper-mixed 
grass, Jun@ems pinchotii 

Increased use of prescribed fire for natural resource manage- 
ment has resulted in a variety of ignition techniques for the imple- 
mentation of prescribed fire. Ignition techniques can be classified 
into 2 categories, aerial and ground ignition. Aerial ignition tech- 
nology has advanced so that the gellied-gasoline helitorch (dis- 
penses gellied-gasoline through a pump assembly carried by a 
helicopter) and the aerial ignition device (which uses plastic 
spheres filled with potassium permanganate and ethylene glycol) 
are common ignition sources (Jukkala 1984). Both are being con- 
tinually refined as they are tested on the many fuel types and 
conditions found in natural resource management. The most 
extensive work has been conducted in forests on prescribed fires 
and wildfires. Ground ignition is any type of ignition technique 
which is performed from the ground. Techniques range in sophisti- 
cation from the fire rake to the vehicle-mounted terra torch (dis- 
penses gellied gasoline through a high pressure pump placed in a 
truck). Most common, however, is the drip torch which uses a 
gasoline and diesel mixture as an ignition source. 

Comparisons of aerial and ground ignition have been restricted 
to mechanical and functional aspects. For example, aerial ignition 
offers greater ignition speed and increased safety to ground per- 
sonnel compared to ground ignition in specific cases (Mathews 
1984). Economic considerations have received little attention. 

The objective of this study was to compare aerial and ground 
ignition in redberry juniper (Juniperur pinchotii Sudw.)-mixed 
grass communities in western Texas. This study was conducted 
concurrently with another study to determine ifthe helitorch could 
meet prescribed fire objectives in this fuel type. 

Materials and Methods 
The dominant vegetation type on all units was redberry juniper- 

mixed grass. Herbaceous vegetation was dominated by little blue- 
stem (Schizuchyrium scopurium [Michx.] Nash.), buffalograss 
(&rchloe ductyloides mutt.] Engelm.), tobosagrass (Hiloriu mut- 
ice [Buckl.] Benth.), and sideoats grama (Boutelouu curtipendula 
[Michx.] Torr.). All units had been chained or individually tree 
dozed to reduce redberry juniper competition and allow herbace- 
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ous production to increase. Mechanical treatments occurred from 
3 to 15 yr before burning. This vegetation type is considered 
volatile, so most units were burned using a two-stage technique. 
Firelines were 125 m wide and were burned out using ground 
ignition techniques for safety considerations. The two-stage igni- 
tion technique used to bum this community type has been de- 
scribed previously (Wright and Bailey 1982, McPherson et al. 
1986, Rasmussen et al. 1986). One aerial and one ground ignition 
unit were burned in one stage. 

Costs associated with prescribed burning can vary greatly, 
depending on fuel type and how costs are determined (Lionberger 
1984). Other variables within a fuel tYpe which cause costs to vary 
include weather, fuel loads and continuity, existing fuel breaks, 
and topography. To reduce cost variability, economic compari- 
sons were restricted to prescribed fires in redberry juniper-mixed 
grass habitat conducted between 1983 and 1986 by the Texas Tech 
University Department of Range and Wildlife Management for 
research and training purposes. Bums were classified by their 
source of ignition of the main unit (aerial or ground; fiielines for all 
units were ground-ignited). 

A survey by the authors indicated the helitorch is the most 
commonly available and widely used aerial ignition system in the 
United States, so it was selected for use in this study, though no 
aerial ignition system is available in western Texas. Aerial ignition 
with a helitorch was used on 6 units ranging from 659 to 4,014 ha. 
Organizational procedures for aerially ignited units followed Mas- 
ters et al. (1986). Ground ignition was conducted on 5 units ranging 
from 142 to 964 ha. Prebumed firelines were not used on the 142 ha 
unit. Drip torches were used for ground ignition because they are 
the most commonly used and available to prescribd fire practition- 
ers. The ignition pattern for both techniques varied depending on 
the bum objectives, topography, and fine fuel loads. 

Data obtained from each bum included number of personnel 
and assignments, distance traveled from Lubbock, Texas, hours of 
tracklaying tractor work needed to prepare the mineral soil lines, 
and drip torch and helitorch fuel needed. Costs are expressed in 
1986 dollars. Only actual direct burning costs were included in this 
analysis. Pasture deferment and overhead costs were not included. 

In the redberry juniper fuel type, preparation procedures are 
identical for both aerial and ground ignition techniques. There- 
fore, costs were separated into average preparation costs (APC) for 
all bums, and average ignition costs (AIC) for aerial and ground 
ignited units. Preparatory costs included reconnaissance, con- 
struction of mineral soil lines, and fireline burning costs. Ignition 
costs included only the labor, fuel, maintenance, and transporta- 
tion costs that occurred during ignition of the main unit. For aerial 
ignition the costs of the helitorch and its required fuel was also 
included. 

Since all bums were conducted for teaching and research, per- 
sonnel costs were estimated by paying the fire boss $SOO.OO/day, 
and other personnel SSO.OO/day. Vehicle costs were obtained by 
charging $0.3 1 /km for four-wheel drive vehicles and $O.ZS/km for 
two-wheel drive vehicles. Drip torch fuel (7030 ratio of diesel and 
gasoline) cost was $0.26/ 1. The tracklaying tractor (0.104 MW) 
equipped with a bulldozer blade was rented for $55.00/ hr, which 
included the rental of the tractor and operator wages. Maintenance 
cost on equipment other than vehicles was estimated at $U.OO/ bum- 

413 



Table 1. Coats incurred during preparation of 125-m wide firelinea for prescribed burning redberry juniper-mised grum rutgeiand. 

Unit 
size 
(ha) 
223 
311 
364 

Z 
769 
964 

12S0 
1417 
1417 
371s 
4014 

Total 
fireline 
length 
(W 
2.08 
4.31 
5.27 

Z 
7:19 
7.19 
8.15 
8.62 
8.62 
9.74 

19.80 

Time 
to 

bum 
(days) 

f 

2 

1 1 
2 
2 
4 
2 
2 

: 

Labor’ 
1800 
1800 
1800 

800 950 
1600 

:g 
1600 
1800 
2700 
SO00 

Trans.2 
560 
896 
550 

28s 342 
570 
896 
8% 
660 
660 

1146 
2156 

cost (S) 

Tractors 
292 
369 
120 

369 292 
369 
440 
369 
880 
589 
732 

2932 

Fuel4 

SO 
40 
7s 

131 25 
62 
SO 
SO 
65 

11s 
192 
233 

Eq.5 
:: 

SO 

2s 2s 

:: 
100 
:: 

7s 
12s 

Total 
cost 
0) 
2752 
315s 
2595 

DO4 1740 
2651 
3336 
4965 
3255 
3214 
484s 

10446 

cost 
(S/km) 

1323.08 
732.02 
492.41 

626.87 340.5 1 
368.71 
463.98 
609.20 
377.61 
372.85 
497.43 
527.58 

‘Firs boss paid S5OO.OO/day for each da burned, other personnel paid SSO.OO/day. 
2Transportation-4X4 at SO.31 / km, 2X I at SO.ZS/ km. 
‘Track layi tractor (0.104 MW) with operator at SSS.OO/hr. 
‘Drip torch ucl at SO.26/ 1. Y 
~Mamtcnancc for misceUancow equipment at SZS.OO/day. 

ing day. This estimate was obtained by summing maintenance 
costs from 1983 through 1986, and dividing by the number of 
burn-days. 

One reconnaissance trip was included in the preparation costs on 
all bums. The reconnaissance trip ensured correct placement of 
mineral soil lines and provided details for the fire plan. The cost of 
this trip was $5OO.OO/day for the fire boss and $50.OO/day for other 
personnel (1 to 4 depending on unit size) plus transportation. Trips 
taken to the bum unit but canceled due to inappropriate weather 
were included as part of the cost of preparation or ignition depend- 
ing on when they occurred. 

Use of the helitorch required additional support personnel 
including an aerial ignition boss, helipad boss, and suppression 
crew boss all at $15O.OO/day. In addition, a 3-person helipad crew 
(3) was needed at $50.OO/day per person. Suppression crews were 
divided into 2 crews ranging in size from 2 to 6 people. These crews 
moved in conjunction with the helitorch depending on the ignition 
pattern. 

The helitorch contractor estimated the cost of using the helitorch 
on individual units at $9.88/ha for 1,000 ha, $4.94/ha for 2,ooO ha, 
and $2.47/ha for 4,000 ha. No further decrease in helitorch costs 
occurred if more than4,OOO ha were to be burned. Contracted cost 
included the helicopter, pilot, helicopter fuel, helitorch, and thick- 
ening agent for the helitorch fuel. Gasoline for the helitorch was 
purchased at an average cost of $0.26/liter. 

Ground ignited headfires were ignited with ignition crews of 2 to 
8 personnel depending on ignition pattern. One unit, burned to 
improve wildlife habitat, consisted of several segments ranging in 
size from 3 to 24 ha. A single mineral soil fire line was placed 
around each segment, which was then burned using a strip-headfie 
technique in a single stage. All other units consisted of a single 
segment and were ignited using a single headfire technique, with 
prebumed firelines. 

Summary statistics (means and standard errors) were deter- 
mined for f&line preparation and headfve costs. Regression anal- 
ysis was used to determine the effect of unit size on APC and AIC 
per ha for aerial and ground ignition. Total average costs were 
determined by summing APC and AIC regression equations. 

Results and Discussion 
Units can be burned without prebumed firelines under specific 

conditions. However, firelines were used on most bums in thii 
study to reduce the risk associated with prescribed burning. Aver- 
age cost of installing these firelines and other preparatory opera- 
tions (reconnaissance, constructions of mineral soil lines) was 

expressed as a logarithmic function (Fig. 1). Decreasing slope 
indicated an economy of size between the cost of preparing a unit 
to be burned and its size. The major source of variation in prepara- 
tory costs was attributed to burning finlines. When preparation 
costs are divided into individual categories, labor accounted for 56 
f 9.17% of the costs to burn out the fireline (Table 1). Unit shape as 
well as size influenced the length of fireline needed to prepare a unit 
to be burned. Time required to bum out tirelines depended on 

- 3.38[log(siaa)] 

I 1 I 

1 2 3 4 

SIZE (ha x 1000) 

Fig. 1. Relorionship between unit size and average preparation costs for 
prescribed burns conducted between 1983 and 1986 in a volatilefuel type 
(redberry juniper-mixedgrass) near Lubbock. Texas. These costs include 
reconnaissance, mineral soil line preparation, and burning firelines. 

weather, fine fuel characteristics, topography, availability of exist- 
ing fuel breaks and unit size. 

The relationship between unit size and AIC/ ha for aerial igni- 
tion was logarithmic (Fig. 2). NO significant (KO.05) relationship 
was found between unit size and average ignition costs using 
ground ignition. 

The sum of APC and AIC for ground and aerial ignited pre- 
scribed fires indicated similar trends for total average costs curves 
(Fig. 3). Factors affecting total average cost were the same as those 
previously discussed for burning firelines. Units larger than 1,Oofl 
ha are rarely burned using ground ignition because these problems 
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= 53.63 - 6.02[log(rire)] 
2 = 0.62 

A 
Y = 65.40 - 7.60[log(si.e)] 

. Ground 

* 

I 
I 1 

1 2 3 4 

SIZE (ha x 1000) 

Fig. 2. Rekotionship between unit size and overage ignition costfor aerial 
and ground ignitedprescribed bums conducted between 1983 and 1986 
on a volatile fuel type (redberry juniper-mixed grass) near Lubbock. 
Texas. 

30 

25 

I I I I 
1 2 3 4 

SIZE (ha x 1000) 
Fig. 3. Relotionship between unit size ond total averoge ignition cost (sum 

of APC + AIC regression lineslfor aerial andground ignitedprescribed 
burns. 

increase time required for ignition and decrease the probability 
that bum objectives can be met. 

Before the helitorch became available, the largest unit attempted 
by the Texas Tech University research burning program was 964 
ha. Larger units were not attempted because of labor and time 

requirements needed to complete these bums in the redberry 
juniper-mixed grass fuel type. For example, the largest unit ignited 
with the helitorch required 70 man-hours. It ~88 &hated that 600 
man-hours would be requtred to bum the same unit using ground 
ignition because of the inordinate number of fuel breaks (roads, 
trails, and ridges) (Masters et al. 1986). A lo-person ignition crew 
would be the largest which could safely ignite the unit with availa- 
ble equipment. Thus ground ignition would require approximately 
12 days and the estimated budgeted cost would be S 1.36/ ha more 
than aerial ignition. This also assumes 12 burning days would 
occur during a single season. In western Texas, 12 days which are 
appropriate for headfire ignition rarely occur during 1 spring 
burning season. 

Preparation costs accounted for an average of 22 f 3.4% of the 
total average costs on aerially ignited units and 61 f 1.3% on 
ground ignited units. Lower values for aerially ignited units were 
attributed to (1) increased cost of using the helitorch on the head- 
fire phase of ignition, and (2) decreased distance of fireline per unit 
area on large units. Aerially ignited units in this study required an 
average of 0.0048 km of tireline per ha burned; ground-ignited 
units required an average of 0.0087 km/ha. 

The helicopter and helitorch accounted for an average. of 66 f 
5.5% of the average total cost on aerially ignited units. A helitorch 
contractor is not available in western Texas. The contractor used in 
this study required $10,000 to bring his helitorch to this area. If at 
least 4,000 ha could be burned as a single unit or in multiple units, 
the helitorch could be contracted for $2.47/ha. Helitorch costs 
probably can be reduced in areas closer to a helitorch contractor. 
The smaller aerially ignited units in this study burned as multiple 
units (contracted for the minimum cost of $2.47/ha) had total 
average costs of SS.% f 0.7O/ha. If small units are to be burned, 
the full economic advantage of aerial ignition can be realized only 
if burned in association with other units. 

These data indicate aerial ignition is an economically feasible 
alternative for burning large units or groups of smaller units. These 
data do not indicate precisely at what size aerial ignition becomes 
less expensive than ground ignition. Aerial ignition offers a practi- 
cal alternative on units larger than 1,000 ha since it allows these 
units to be burned with increased efficiency. The increased efti- 
ciency allows a greater number of hectares to be burned for the 
same average cost as ground ignition. However, aerial ignition 
loses its advantage in the presence of area or capital constraints. 
Cost curves for aerial ignition found in this study were strongly 
influenced by the contractor’s price structure. A different price 
structure for using the helitorch could alter these conclusions. 
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Atrazine dissipation and off-plot movement in a Nebraska 
sandhills subirrigated meadow 
J.J. BREJDA, P.J. SHEA, L.E. MOSER, AND S.S. WALLER 

AbSbCt 

A-[-j-tky~Wl-metk~~~l-~ 
mine] c8n be used to modify species composition of n8tur8liy 
subirripted S8mIhil1s meadows. Tbc potenthI for ground w8ter 
contunin8tion exists 8s the w8ter t8ble depth rrages from 0 to 3 m. 
Atnzine ~8s 8ppiied 8t 2.2 8nd 3.4 kg h-1 in &y 1984, August 
1984, or M8y 1985 to 8 G8nnett fine sandy io8m (Typic H8ph 
quoii, co8rse-io8my, mixed, mesh) in 8 Nebr8sk8 Slndhills subir- 
rig8ted me8dow. Residues of 8tr8zine rpplied in 1984 8nd 1985 
c8rried over into 1985 md 1986, respectively. Herbicide dissip8tion 
811d Off-piOt movement were monitored in 1985 by S8mpling soil 8t 
0 to 5 cm urd 5 to 15 cm depths within ind outside the experimenW 
8re8s. Ahzinc dissipation inithlly 8pprorrcked zero-order kinetica 
8fter M8y 1985 rpplic8tion, but generally followed first-order 
kinetics during tbe entire 320&y sunpiing period. Atnzine hlf- 
life in the entire 0 to 15 cm s8mpling zone ~8s 46 f 7 d8ys. 
Herbicide concentr8tions 8t tbe 5 to 15 cm lumpling depth did not 
exceed 1eVeb me8sUrcd 8t 5 drys 8fter 8pplhtiOn. LOW 8nd bighiy 
v8rhble 8tr8zine concentrations detected in some of tbe untrcrted 
plots 8nd in some off-plot soil s8mples indicrted minim81 lrter8l 
movement of the herbicide. 

Key Words: triazh, ground wrter, runoff, hching, cont8mh8tion 

Atrazine can be used in Nebraska Sandhills subirrigated mea- 
dows to manipulate the vegetation for haying and grazing (Brejda 
1986). The Nebraska Sandhills overlay a major portion of the 
Ogallala aquifer and water levels are at or near the soil surface in 
naturally subirrigated meadows. In many meadows the water table 
rises above the soil surface in the spring, then recedes to a maxi- 
mum depth of approximately 2 m during the summer. Soils are 
coarse-textured, composed primarily of fine sand, and the surface 
horizon is high in organic matter. Subirrigated meadows are pri- 
marily used for hay production and most have never been 
cultivated. 

Atrazine has been identified as a contaminant in rivers, lakes, 
estuaries, and ground water (Richards et al. 1975, Junk et al. 1980, 
Spalding et al. 1980, Frank et al. 1982). Lateral movement of 
atrazine dissolved in surface runoff water and adsorbed on eroded 
sediment has been documented (White et al. 1967, Hall et al. 1972, 
Ritter et al. 1974, Wauchope 1978), and leaching through soil has 
been reported (Bumside et al. 1963, Rodgers 1968, Wehtje et al. 
1984). Atrazine can be adsorbed on soil clay and organic colloids 
(McGlamery and Sliie 1966, Weber et al. 1969, Weber 1970), but 
may leach in coarse-textured soils low in organic matter (Bumside 
et al. 1965, Rodgers 1968, Roeth et al. 1969). Atrazine persistence 
can increase with soil pH and depth (Roeth et al. 1969, Lavy et al. 
1973) and degradation may be very slow under aquifer conditions 
(Goswami and Green 1971, Wehtje et al. 1983). The potential for 
ground water contamination is greatest where atrazine is applied to 
soils overlaying shallow water tables (Spalding et al. 1979). 

Information is needed on the fate of atrazine in subirrigated 
meadows before widespread use occurs. The objective of this 
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research was to quantify herbicide residues in soil and determine 
off-plot movement following atrazine application to a naturally 
subirrigated meadow of the Nebraska Sandhills. 

Materials and Methods 

Research was conducted in 1984 and 1985 at the University of 
Nebraska Gudmundsen Sandhills Laboratory (GSL) located in 
Grant County, 12 km northeast of Whitman, Neb. (Brejda 1986). 
The GSL lies in a precipitation zone of 500 to 560 mm per year, of 
which 75 to 80% occurs between April and September. Precipita- 
tion during this period was average in 1984 and below average in 
1985. The soil was a Gannett fine sandy loam (Typic Haplaquoll, 
coarse-loamy, mixed, mesic) (Table 1). The meadow had a slope of 

T8b1c 1. Soil properties of 8 Gannett fine mndy lo8111 8t two depths in a 
Sandhillr rubirrighd meadow at the Gudmuudaen Sandbib L&on- 
tory, Grant County, Nebruka. 

Depth 

soil property o-scm 5-15 cm 

Organic carbon (g LP;‘) 170’ ‘42 
Total nitrogen (g kg- ) 5 
Phosphorus (mg kg-‘) : 7 
CEC (cm01 p ‘kg-‘) 51 32 
pH (1: 1 soikwater) 7.6 7.7 
Sand, 0.05 to 2.0 mm (%) 65 
Silt, 0.002 to 5.0 nun (%) :: 21 
Clay, 9.002 nun (%) 10 14 

1Partially decomposed thatch was not removed. 

<3% and surface drainage was from south to north. Subsurface 
water flow was from west to east. 

The plant community of the experimental meadow prior to 
treatment consisted of predominantly cool-season grasses [Ken- 
tucky bluegrass (Poaprufensis L.), timothy (Phleumprurense L.), 
quackgrass (Agropyron repens L.), and redtop bentgrass (Agrostis 
stolonifera L.), and red clover (ZX~olium pratense L.). Small 
populations of native warm-season big bluestem (Andropogon 
gerurdii Vitman), indiangrass [Sorgharfrum nufun.s (L.) Nash], 
and switchgrass (Panicurn virgutum L.) were also present. 

Atrazine was applied to suppress the cool-season grasses and 
restore dominance of the more productive native warm-season 
grasses. Two separate experiments were conducted in which 0,2.2, 
and 3.4 kg a.i. ha-’ atrazine was applied in 200 L ha-’ water to 6 X 
12 m plots on 14 May or 23 August 1984, and on 15 May 1985 (Fig. 
1). Wind speed was variable, but less than 16 km h-’ at herbicide 
application. A tractor-mounted sprayer with shielded, flat fan 
nozzles was used to minimize herbicide drift during application. 
Water table depth ranged from 0.3 to 1.0 m at herbicide applica- 
tion. The 1984 field plot design was a split plot with season of 
application as whole plots and atrazine rate as sub-plots arranged 
in a randomized, complete block. A randomized, complete block 
design was used in 1985. The 1985 experimental site was approxi- 
mately 185 m east of the 1984 site. 

Soil was sampled from the center 3 X 9 m of each plot with a 
IO-cm diameter hand-held auger 5 days after atrazine application 
in May 1985, and at monthly intervals through 1 September 1985. 
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Fig. 1. Field treatmentplanfor experiments initiated in 1944 and 1985 at 
the Gundmundsen Sandhills Laboratory in Grant County, Nebraska. 
Atrazine was applied in May (S) or August (F)at 0,2.2, or3.4 kg a.i. ha-’ 
in 3 blocks (Bl, B2 and B3). The 1985 experimental site was approxi- 
mately 185 m east of the 1984 site. Numbers outside treatment areas 
indicate locations of off-plot soil sampling. 

Samples were thawed; thatch and plant material were removed 
and discarded. Soil was screened through a l-mm sieve and air- 
dried at 25” C prior to atrazine analysis. Atrazine was soxhlet- 
extracted from 30 to 40 g of soil with 125 ml methanol for 1.75 
hours. The extract was reduced to 5 ml by rotary evaporation, 
transferred to a test tube, and taken to near dryness under a stream 

Soil samples were also collected on 1 April 1986 to determine carry 
over of atrazine residues. Samples were similarly collected at 
monthly intervals between 1 June and 1 September 1985 from all 

of nitrogen gas in a water bath at 45” C. Three ml of toluene were 

1984 experimental plots. Soil samples were concurrently collected 
3 m north, south, east, and west of 1984 and 1985 experimental 

added to the tube and thoroughly mixed using a vortex stirrer. 

sites, and from 2 depressions northwest of the 1985 site (Fig. 1). At 
each sampling date 3 soil cores were removed from random loca- 

Atrazine concentration was determined with a Perkin-Elmer 

tions within each plot and off-plot locations at 0 to 5 and 5 to 15 cm 
depths, cornposited, and frozen at -20“ C until atrazine analysis. 

Sigma 2000 gas chromatograph equipped with a thermionic nitro- 

gen-phosphorus specific detector. A spiral glass column (91 cm 
long, 2 mm i.d.) packed with 1.5% OV-17 + 1.95% OV-202 on 
lOO/ 120 mesh Chromosorb W HP WY used for the separation. 
Carrier gas was nitrogen at 30 ml min- , and detector gases were 
hydrogen at 3 ml mid and air at 160 ml mm-‘. Peak area for each 
sample was integrated by a dedicated microprocessor. Minimum 
atrazine detection was 1 _pg kg-’ and the limit of quantitative 
determination was 10 p kg . Extraction efficiency was greater than 
909% and atrazine recovery following field application was calcu- 
lated using a soil bulk density of 1.33 g cm . 

Data from the 1984 and 1985 experimental sites were analzyed 
using analysis of variance for split-plot and randomized, complete 
block designs, respectively (Steele and Torrie 1980, SAS Institute 
1982). Soil depths and sampling dates were treated as repeated 
measures in both experiments. Treatment means were compared 
using preplanned orthogonal contrasts. Exponential regression 
equations for atrazine dissipation over time were computed using 
the least squares method (James et al. 1985) with best tit based on 
lowest root mean square error (RMSE) values (Willmott 1982). 

Results and Discussion 
Dissipation 

Atrazine dissipation in soil initially approached zero-order 
kinetics following the May 1985 application, but generally fol- 
lowed first-order kinetics over the entire 320day sampling period 
(Fig. 2). The initial deviation from first-order may be partially due 
to atrazine wash-off from the sod and thatch onto soil during 
rainfall, as previously observed (Ghadiri et al. 1984b). The 45 pg 
kg-’ atrazine detected at the 5 to 15 cm depth at 5 days after 
application may be due to contamination during sampling, as no 
rainfall was received during this period. Atrazine concentration 
did not exceed this level at any of the later sampling dates. The lack 

Atrazine recovery from the 0 to 5 cm soil depth at 5 days after the 
May 1985 application was 27 f 2% of that applied and only 2 f 1% 
was detected at the 5 to 15 cm depth (Table 2). No rainfall was 
received during this period. Atrazine detection in some untreated 
plots indicated low level contamination during application, after 
application, or during soil sampling. The vapor pressure of atra- 
zine is relatively low, 0.04 kPa at 20’ C (Weed Science Society of 
America 1983), and air temperatures did not exceed 25O C during 
the 5day period after application. However, some vapor drift may 
have occurred, as surface temperatures may be significantly higher 
than air temperatures under high light intensity (Parr and Papen- 
dick 1978). Some atrazine photolysis may also have occurred 
through secondary sensitization and catalysis from exposure to 
ultraviolet light (Jordan 1970). Thatch was not analyzed for atra- 
zine, but previous research indicated significant atrazine intercep- 
tion and retention by crop residues (Ghadiri et al. 1984a). 

T8blc 2. Atmzinc concentmtio~~s~ in soil 8t 0-S cm 8nd S-15 cm depths in 1985 8nd April 1986 foUowing8ppliatioos 8t 0,2.2 8nd 3.4 kg&t in M8y 1985. 
Atr8zine treatment 8nd soil depth comp8hons were m8de using ortbogod contruts lad pnphmed tests Of bypotbeees. 

Sampling date 
Time after Cumulative Untreated 2.2 kg ha-’ 3.4 kg ha-’ 

application rainfall O-5 cm 5-15 cm O-5 cm 5-15 cm O-5 cm 5-15 cm 

Wvd 
20 May 1985 5 
1 June 17 
1 July 47 
1 Aug. 78 
1 Sept. 109 
1 Apr. 1986 320 

Comparison 
Untreated vs. Treated 
2.2 kg ha-’ vs. 3.4 kg ha’ 
O-5 cm vs. 5-15 cm Soil Depth 

(mm) 
0 

12 
29 
65 

116 
289 

11 f 11 
T 

10 f 10 
11 f 11 

ND 
T 

PR>F 
<O.OOl 

0.002 
<O.OOl 

T 
ND 

T 
T 
T 

ND 

Q&g kg-’ f S.D.) 
749 f 34 33 f 7 1432 f 215 45 f 19 
795 f 151 llf5 1394f34 T 
283 f 110 22f 11 623 f 21 15 f 5 
405f5 14 f 13 589 f 109 T 
241f62 12 f 6 159 f 37 ND 

21 f 11 T 47 f 28 T 

“T’ indicates etrazine detected was below the 10 pg kg-’ limit of quantification. 
‘ND’ indicates no atrazine was detected. 
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Fig. 2. Best-j% exponential regression for atrazine dissipation over time at 
the 0 to 15 cm soildepthfollowing application at 2.2 kg ha-l or3.4 kg a.i. 
ha-’ on 15 May 1985 to a subirrigated meadow at the Gudmundren 
Sandhills Laboratory in Grant County, Nebraska. Vertical bars indicate 
standard deviations of the means. No bar indicates a standard deviation 
113 p kg-‘. 

of change may be due to herbicide retention in thatch, degradation, 
and the minimal precipitation received during spring and summer 
1985. Atrazine half-life in the entire 0 to 15-cm sampling zone was 
estimated to be 46 f 7 days. 

Atrazine applied in August 1984 carried over and residues were 
detected in the 0 to 1Scm sampling zone within the treated area in 
June 1985 (Table 3). Atiazine concentrations at the 5 to 15 cm 
depth appeared to be higher in plots that had received the higher 
herbicide application rate, but variability was also greater in those 
samples. Less than 2% of the atrazine applied in August was 
recovered from the 0 to 15-cm sampling zone at 375 days after 
application. 

Low and variable atrazine concentrations detected in some 
untreated plots (Tables 2 and 3) and soil samples collected outside 
the experimental area (Tables 4 and 5) did not support lateral 
herbicide movement, with the possible exception of off-plot 
depressions where water accumulated. Elevated atrazine concen- 
trations in the depressions on 1 June were not likely caused by 
runoff, as only 12 mm of precipitation was received (4 mm was the 
largest event) between herbicide application and soil sampling. The 
higher atrazine application found in 1 depression (site 10) on 1 July 
could have resulted from runoff, as 15 mm of precipitation was 
received in 1 event. Atrazine concentration did not increase in the 
other depression (site 9), and differences between the depressions 
may be due to variations in topography. 

Low concentrations of residual atrazine from May 1984 and Atrazine concentrations were significantly higher in soil sampled 

May 1985 applications were detected at the 0 to 5 cm depth in June 
1985 and April 1986, respectively, and trace concentrations were 
detected at the 5 to 15 cm depth (Tables 2 and 3). Residual atrazine 
concentrations in plots treated in May 1984 were not significantly 
different from that detected in untreated plots (Table 3). Soil was 
not sampled at depths greater than 15 cm, but data from the 0 to 15 
cm depths did not substantiate atrazine leaching. 

Atrazine mobility increases as soils become mom coarse in tex- 
ture (Helling 1970,1971), but organic matter can adsorb the herbi- 
cide and reduce leaching (Rodgers 1968, Weber et al. 1969). 
Although the meadow soil was high in sand and low in clay 
content, the soil was covered by dense thatch and organic matter 
content was very high near the surface. Experimental data did not 
indicate mass displacement of atrazine, as concentrations at the 5 
to 15 cm depth did not exceed initial levels at any later sampling 
date. Less residual atrazine was detected at both sampling depths 
at 320 days after the May 1985 application than after a similar 
interval following August 1984 application. However, no differen- 
ces in atrazine residues after comparable intervals following 
August or May 1984 applications were apparent in 1985. Although 
experimental data were inconclusive, slower, degradation during 
the winter months (Talbert and Fletchall 1964, Burnside et al. 
1965, Roeth et al. 1969) could increase the contamination risk from 
late-season atrazine application. 

Off-Plot Movement 

Table 3. Atrazine concentrations~ in soil at O-5 cm and S-15 cm dcptbs in 1985 following application at 0.2.2 or 3.4 kg ba-1 in May and August 1984. 
Atrazine treatment and soil deptb comparisons were made udng orthogonal contrasts and preplanned tents of hypotbesa. 

Sampling date 
Time after Cumulative Untreated 2.2 kg ha-’ 3.4 kg ha-’ 
application rainfall O-5 cm 5-15 cm 0-5cm 5-15 cm O-5 cm 5-15 cm 

(days) (mm) -------------(lrg kg-’ f SD.) 

1 June 1985 384 
1 July 414 
1 Aug. 445 
1 Sept. 476 

Comparison 
Untrcatcd vs. Treated 
2.2 kg ha-’ vs. 3.4 kg ha-’ 
O-5 cm vs. 5-15 cm Soil Depth 

1 June 1985 283 
1 July 313 
1 Aug. 344 
1 Sept. 375 

Comparison 
Untrcatcd vs. Trcatcd 
2.2 kg ha-’ vs. 3.4 kg ha-’ 
0.5 vs. 5-15 cm Soil Depth 

May 1984 Application 
468 T T 
485 19 f 17 T 
521 31 f 14 T 
572 T T 

PR>F 
0.721 
0.293 
0.002 

August 1984 Application 
163 T ND 
180 T T 
216 18 f 12 T 
267 T T 

PR>F 
0.047 
0.062 
9.034 

44f 17 ND 
T T 

10 f 4 ND 
T T 

274 f 39 41 f 17 
175 f 21 44 f 22 
82 f 47 37 f 29 
19 f 5 14 f 7 

43f 10 
33 f 4 
34f 12 
19 f 17 

1091 f 722 
403f91 
312 f 146 
47f 19 

ND 
T 
T 

ND 

342f294 
39f 17 
23 f 7 

T 

IT’ indicates atrazinc detected was below the 10 fig kg-’ limit of quantification. 
‘ND’ indicates no atrazine dewted. 
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Table 4. Atrazlne concentrations1 measured in 1985 and April 191M in roll at O-5 cm end 5-15 cm depths at eempling sha 3 m north (N), mouth (S), east(E), 
weal (W) of the cxperlmental area treated with the herbicide on 15 May 1985. Depreaslons (slta 9 and 10) were located northreat (NW) of the 
experimental area. Sampling date, depth and east-weal comparisons were nude using preplanned tcdr of hJpotbcrir. 

1 June 1985 1 July 1 Aug. 1 Sept. 1 April 1986 
Site number Direction O-5 cm 5-15 cm 0-5cm 5-15 cm O-5 cm 5-15 cm 0-5cm 5-15 cm O-5 cm 5-15 cm 

tig kg_‘) 
1 N T T T T T ND ND ND T ND 
2 E ND T T ND T T ND ND T ND 
3 E 106 11 10 T 11 31 ND T T ND 
4 E T ND T T __ 10 T ND ND 
5 S T ND T T ND T ND T 16 26 
6 W ND ND T T T T 45 ND T 18 
7 W T 40 152 ND 54 ND T T ND 
8 W T T 11 T T T ; T 16 T 
9 NW 581 315 34 121 T 12 T - - 

10 NW 293 20 9: 454 55 65 98 418 - - 

Comparison PR>F 
Sampling Date 0.761 
Sampling Depth 0.111 
East vs. west 0.021 

‘Y’ indicates atrazine detected was below the 10 pi kg-’ limit of quantification. 
‘ND’ indicates no atrazine detected. 

Table 5. Atrazlne concentratlond measured in 19g5 in soil et O-5 cm end 5-15 cm depthsat sampling sitea 3 m north(N), south(S), east(E), west (W) end 
between (B) blocks at the experimental area treated with the herbicide on 14 May or 23 August 1984. Sampling date, depth and east-west comparisona 
were nude using preplanned tests of hypotheees. 

Site number Direction 
1 June 1985 1 July 1 Aug. 1 Sept. 

O-5 cm 5-15 cm O-5 cm 5-15 cm O-5 cm 5-15 cm O-5 cm 5-15 cm 

11 N ND T T 28 
OIts kg“) 14 

T 16 ND 
12 N ND 12 T 44 T 24 ND ND 
13 E ND ND 12 T 10 T ND 
14 E 15 T T T 29 T :: 12 
15 S-E ND T 14 T ND ND 10 ND 
16 E T T T T 10 __ T ND 
17 E 98 ND 16 ND ND ND ND ND 
18 S ND 13 T T 10 32 ND ND 

;: 
W ND ND 33 

: 
18 T ND ND 

W T ND T 22 T ND 
21 W ND \ ND 10 11 T N’D 10 
22 W 10 ND 41 54T 13 T 15 T 
23 B 11 ND 33 ND 20 ND 113 ND 
24 B 43 ND 12 ND T ND 70 ND 

Comparison PR>F 
Sampling Date 0.319 
Sampling Depth 0.002 
East vs. west 0.533 

1.T’ indicates atrazine detected was below the 10 pg kg-’ limit of quantification. 
‘ND’ indicates no atrazine detected. 

west than east of the experimental area in May 1985. As the 
direction was opposite ground water flow, these data did not 

meadow during the experimental period. 

support significant subsurface movement of atrazine in 1985. 
Atrazine concentrations were not consistently higher in any par- 

Conclusions 

ticular direction outside of the experimental area at the later sam- The hydrology of subirrigated meadows, in which the water 
pling dates. Atrazine runoff has been observed to be greater when table periodically rises to the soil surface, may increase the poten- 
rainfall occurs shortly after herbicide application (Ritter et al. tial for ground water contamination. Herbicide movement from 
1974), and little rainfall was received during the first several weeks treated areas could contaminate streams and ponds that drain the 
after herbicide application in 1985 (Table 2). meadows. Observations following atrazine application to a subir- 

A dense grass sod was present in the meadow and a 1.5 to 2.5 cm rigated Nebraska Sandhills meadow did not indicate significant 
thick layer of roots, rhizomes and thatch had accumulated on the herbicide movement. However, late-season atrazine applications 
soil surface. As thatch accumulation would prevent sediment may have greater potential for contamination than spring applica- 

movement off treated areas, atrazine displacement would be tions due to slower degradation in cooler soils, and the fact that the 
limited to transport in water. Variable and irregular distribution of water table rises to the soil surface in the fall and winter. Additional 
atrazine residues in off-plot soil samples did not indicate signifi- studies are needed to adequately characterize atrazine dissipation 
cant runoff or subsurface movement of atrazine at the Sandhills in naturally subirrigated meadows. 
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Estimation of phytomass for ungrazed crested wheatgrass 
plants using allometric equations 
PATRICIA S. JOHNSON, CRAIG L. JOHNSON, AND NEIL E. WEST 

AbS&Ut 

The 8llometric relationship between plant volume and pbyto- 
mass 01 crested wheatgrass was studied for the 1981,1983, and 
1984 growing seasons in west-central Utah. Basal diameters, can- 
opy diameters, and standing plant beigbts were measured for btdi- 
vidual plants. Three models of volume (basal elliptical cylinder, 
canopy elliptical cybnder, and elliptical cone section) were tested as 
predictors of plant pbytomass usbtg nonlinear regression. Ellipti- 
cal cone section produced the blgbeat R* and lowest SEE, but 
requires measurement of canopy diameters which m8y be subject 
to excessive measurement error. Basal elliptical cylinder produced 
R* and SEE v8lues nearly comparable to those of the elliptical cone 
section; moreover, this model does not require measurement of 
canopy dirmeters, making it the practic81 choice. Nonlinear 
regressions for plants by sixe class (small, medium and large) were 
produced using 1983 data. Predictive ability of size class-specific 
equations was compared to that of tbe equati011 for alI size classes 
combined. When pbytomass of only small or medium size class 
plants was predicted, the SEE of s&e class-specific equations was 
slightly lower than the SEE of the equation for all sixe classes 
combined. Wben pbytomass of plrnts from all sixe classor was 
predicted, however, the equation for alI size classes combbted 
produced the lowest combined SEE for new data (i.e., data not 
used to generate tbe equation). There were substantial year-to-year 
differences between equations, which indicates the necessity of 
producbrg new equations each year. 

Key Words: Agropyron &wtorum, volume-weight relationships, 
nonlineu regression, biomass prediction 

There is considerable interest in using nonlinear models to pre- 
dict plant biomass (phytomass) because these models generally fit 
biological data as well as, if not better than, linear models (Payan- 
deh 1983). Allometric equations, which are nonlinear models of the 
form y = aXb (Causton and Venus 1981), have heen used very 
successfully to describe relationships between various plant mea- 
surements and phytomass. There is an enormous literature report- 
ing the use of allometric equations to relate the phytomass (total, 
foliage, wood, etc.) of many tree and shrub species to such vari- 
ables as stem or bole diameter, crown area, and plant height (e.g., 
Ohmann et al. 1976, Tritton and Homheck 1982, Smith and Brand 
1983). The generally high R2 values indicate a good fit, and many 
equations predict pbytomass well (e.g., Crow 1978, Payandeh 
1981, Tritton and Hombeck 1982). 

Allometric equations have also heen fitted to grass and forb data 
(e.g., Ohmann et al. 1981, Smith and Brand 1983), but are less 
common than those for trees and shrubs. The R2 values are gener- 
ally low, which may be the result of inappropriate predictor vari- 
ables, regression model, or both. Percent cover is the most com- 
mon independent variable used in phytomass prediction equations 
for grasses and forhs. Large coefficients of variation are associated 
with low vegetation cover estimates (less than 40% cover) (Hatton 
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et al. 1986), which are common for grasses and forbs. In addition, 
foliage density and height, and thus pbytomass, can be quite vari- 
able for any given cover value, introducing still more variation and 
contributing to a poor tit. An alternative predictor variable is 
canopy volume, which has not heen widely used but which has a 
strong theoretical relationship to phytomass (Tausch 1980). Can- 
opy volume has shown promise for several grasses and a forb, with 
coefficients of determination for grasses exceeding 0.80 for both 
linear and allometric regression equations (Tausch 1980). 

Pbytomass estimation of grasses and forbs is an important proh- 
lem in range research and is crucial in evaluation of production and 
utilization. Considerable effort has gone into examination of rela- 
tionships between measurable plant attributes and phytomass, and 
there is a great need for identification of those relationships that 
will allow accurate prediction of phytomass. The objectives of this 
study were (1) to describe the relationship between crown volume 
and phytomass for a single caespitose grass species, crested wheat- 
grass (Agropyron desertorum (Fisch. ex Link)Scbult.) using non- 
linear regression analysis, (2) to evaluate the accuracy of these 
equations in predicting phytomass, and (3) to determine whether 
these allometric equations varied over time. 

Methods 

The study was conducted in Tintic Valley, approximately 8 km 
southwest of Eureka, Utah, on a research area maintained cooper- 
atively by Utah State University and the Bureau of Land Manage- 
ment (U.S. Department of Interior). The area has an elevation of 
approximately 1,830 m and an average precipitation of 320 mm, 
the majority of which falls in winter and spring (Cook 1966). 
Twenty-four improved pastures (28 ha each) were established on 
the area in the late 1940% and early 1950’s on land previously 
dominated by sagebrush (Artemisia tridentata Nutt. spp. triakn- 
tata Beetle) and juniper (Juniperus osteosperma [Torr.] Little). 
The 9 improved pastures utilized in this study had been seeded to 
crested wheatgrass either in monoculture or in combination with 1 
or more other grass species following removal of the woody 
SpeCieS. 

Crested wheatgrass plants were protected from livestock grazing 
and sampled during the 1981, 1983, and 1984 growing seasons. 
Since genetically distinct individuals are difficult to distinguish in 
caespitose grasses, a plant was defined as a clump of continuous 
grass cover that is spatially distinct from its neighbors. Plants 
selected at each sampling date were chosen to represent the range 
of plant sixes (hased on basal area) in the pasture sampled. Stand- 
ing plant height and 2 or more diameters were measured on each 
plant. Diameter measurements excluded dead areas of the plant 
crown greater than I cm in diameter. The plants were then clipped 
to the crown and any dead material from previous growing seasons 
was removed. Bach plant was placed in a paper bag, oven dried at 
70° C, and weighed. Data collection methods varied between 
years, especially as regards diameter measurements, pastures 
sampled, and sampling dates. The following sections provide addi- 
tional information on collection methods. 

1981 Data 
Approximately 35 plants were collected on each of 5 dates in 

pasture I7 (I 3 May to 9 June at about l-week intervals), on each of 
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Basal Elliptical 
Cylinder (BEC) I 

Canopy Elliptical 
Cylinder (CEC) 

Elliptical 
Cone (EC) 

Fig. 1. Diagrammatic representation of a crested wheatgrass plant and 
three models for descn.bing its volume. 

9 dates in pasture 19 (6 May to 10 July at about l-week intervals) 
and on each of 5 dates in pasture 8 (17 June to 15 July at about 
l-week intervals). Total sample size was 669. Two basal (crown) 
diameters for each plant were measured (the greatest and the 
greatest perpendicular to the first) and averaged, and the average 
basal diameter was recorded in the field. 

1983 Data 
Approximately 15 plants were collected from each of 4 pastures 

(2,8,18, and 22) on each of 4 dates: 26 May, 3 1 May, 8 June, and 23 
June. An additional 15 plants were collected from each of 2 pas- 
tures (14 and 19) on all but the first sampling date. Total sample 
size was 324. Diameter measurements recorded in the field for each 
plant hcluded: 

dl = longest basal diameter 

da q  longest basal diameter perpendicular to dt 
cl = longest canopy diameter 
cs = longest canopy diameter perpendicular to ct 

1984 Data 
A total of 43 plants were collected on 13 May from pastures 8, 

14, 18, and 19 and a total of 50 plants were collected on 28 June 
from pastures 9, 10, 17, 18, and 19. Total sample size was 93. 
Diameter measurements were determined as in 1983. 

Three models (Fig. 1) were used to describe the volume occupied 
by the aboveground portion of crested wheatgrass plants: (1) basal 
elliptical cylinder (BEC) calculated using basal diameters and plant 
height, (2) canopy elliptical cylinder (CEC) calculated using can- 
opy diameters and plant height, and (3) elliptical cone section (EC) 
calculated using plant height and both canopy’and basal diameters. 
Equations for calculating these volumes are: 

BEC = A dld2h 
4 

CEC = n clc2h 
4 

EC = $(F_ - - d2ct c1c2, dld2 ) 
4 2 2 

where: dl = longest basal diameter (dl = d2 for 1981 data) 
d2 = longest basal diameter perpendicular to dl 
cl q  longest canopy diameter 
c2 = longest canopy diameter perpendicular to cl 
h = standing plant height 

Allometric equations of the form: 

y=a+bVc 
where y = phytomass (g) 

V = canopy volume (cm3) de&d as BEC, CEC or EC, above and 
a, b and c q  nonlinear regression coefficients, 

were fitted to data using a Simplex algorithm (Caceci and Cacheris 
1984). Goodness of fit was measured by R* and standard error of 
the estimate (SEE) was used to express precision of estimation. 
Residuals for these analyses were determined to be approximately 
normally distributed. 

The 9 plant size classes of Norton and Johnson ( 198 1,1986) were 
reduced to three: (1) small (basal area < 80 cmr), (2) medium (80 
cm2 I basal area < 180 cmr), and (3) large (basal area I 180 cmr). 
Data from 1983 were divided according to these classes for analysis 
by size. 

The data sets for the 3 years as well as data for the 3 size classes in 
1983 were each randomly divided into 2 groups. The first (the fitted 
data) consisted of approximately 70% of the data from an original 
data set and were used to generate a nonlinear regression equation. 
The remaining 30% (the test data) were used to validate the regres- 
sion equation (Snee 1977). SEE was calculated separately for the 

Table 1. Comparison of 3 volume models for asted wheatgram phntcr for 1983 and 1984 using nonhur rqmdo~~ 8ndysis. 

Nonlinear regression ccefficientd 
Year Volumet a b C R2 SEE 

BEC 2.547147 0.001011 1.120109 0.8463 7.9629 
1983 CEC 0.113934 0.000028 1.299936 0.7982 9.1247 

EC 4.429602 o.OOOOO7 1.485287 0.8817 6.9871 

BEC 0.080242 0.013790 0.777349 0.7957 4.7705 
1984 CEC -0.468961 0.006120 0.797446 0.7664 5.1016 

EC -0.269877 0.006946 0.812984 0.7963 4.7644 

‘Vohune models are basal elliptical cylinder (BEC), canopy elliptical cylinder (CEC) and elliptical cone section (EC). 
*Nonlkar regression model is y = a l bVE where y = phytomass, and V = plant volume (calculated as BEC, CEC, or EC). 
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Table 2. Comparison olaonltnear regraaio~~ quatlona for unall, medium, large and JI rize clusea of created wheatgrass phntr collected in 1983, udng 
data to which cc@ionr were fitted (709b of each data set) and teat data (renuhing 30% of each data set). 

Nonlinear Fitted Test 
Size 
class 

S 
M 
L 

ALL 

Regression coefficicnts~ 

a b C 

1.3780 0.#0031 1.6301 
4.8534 o.OOOOO5 1.7478 
2.6373 0.000293 1.2344 

2.5298 0.000797 1.4111 

Data statistics Data statistics 
n 112 SEE, SEE.u n SEE- SEE.n 

110 0.795 1.964 2.723 2.584 2.725 
72 0.721 5.768 7.463 

:: 
6.183 6.220 

46 0.873 13.982 14.465 14 21.478 19.912 

228 0.873 7.149 7.843 94 8.872 8.207 

~Nonlii ngression model is y = a + bVC where y = phytomass and V = plant volume calculated as BEC. 

fitted data and the text data for all years; SEE was also calculated 
for each size class for the 1983 data using size class-specific equa- 
tions (SEE,) and for the equation in which all size classes were 
combined (SEE.$. In order to determine SEE for an entire fitted 
or test data set (all size classes combined) when size class-specific 
equations were used, the equation to calculate SEE was expanded: 

SEE= ( zgli-~i)2+~(Yj-~j)Z+f(yk-~k)Z 
1112 

ni+nj+nk-6 

where y^’ = the observed phytomass and 
tr=H+bV$ 

for: 
the ith small plant when r = i, 
the jth medium plant when r = j, and 
the kth large plant when r = k, 

whe?: 
P, band 2: = nonlinear regression coefficients of 
the size class-specific equations, and 

ni, nj, and nk = sample size for small, medium and large size 
classes, respectively. 

Residuals for these analyses were determined to be approximately 
normally distributed. 

Results and Discussion 
The fit of each model of crested wheatgrass plant volume (basal 

elliptical cylinder, canopy elliptical cylinder and elliptical cone) 
was tested using only the 1983 and 1984 data because canopy 
diameters, and thus CEC and EC, were unavailable for 198 1. The 
results of nonlinear regression analysis (Table 1) indicated that the 
elliptical cone model provided the best fit, canopy elliptical 
cylinder the poorest, and basal elliptical cylinder was intermediate. 
The shape of a crested wheatgrass plant is more conical than 
cylindrical (Fig. I), so it is not unlikely that the relationship 
between EC and phytomass would produce the best results. The 
improvement in SEE and R2 when equations in which EC rather 
than BEC was the independent variable is not as great as might be 
expected. This is likely due to the fact that calculation of conical 
volume requires canopy diameters, which are subject to more 
measurement error than basal diameters. Canopy boundaries are 
seldom well defined, and windy conditions increase the subjectivity 

of measurement. Basal diameter measurements, on the other hand, 
are much easier to obtain and the results are more reliable, as 
indicated by the higher fl and lower SEE for BEC compared to 
those for CEC. 

The error associated with estimating canopy diameters can 
reduce the advantage gained by calculating plant volume using the 
more realistic elliptical cone equation. The expense of measuring 
canopy diameters in addition to basal diameters makes it apparent 
that, of the models considered, the basal elliptical cylinder provides 
a good compromise of realism, reliability and expense. Thus we 
have chosen to use volume calculated as BEC for the data pre- 
sented in this paper. 

Results of nonlinear regression analysis for plants collected in 
1983 and separated into 3 size classes are presented in Table 2. As 
would be expected, each SEE, for the fitted data was smaller than 
SEE= for the test data. A comparison of the size class-specific 
equations with the equation generated for all size classes in terms of 
their ability to predict phytomass for each size class (SEE= versus 
SEE& produced mixed results (Table 2). Phytomass was best 
predicted using size class-specific equations rather than the equa- 
tion for all size classes combined in all cases except for large test 
plants. The difference between SEE, and SEE.II was usually rela- 
tively small, which indicates only a small advantage in producing 
separate equations for each size class. 

Another comparison of the precision of estimation of size class- 
specific equations versus the equation for all size classes combined 
was made using plants of the entire (all size classes combined) fitted 
and test data sets (Table 2). Again, there were only small diiferen- 
ces between SEE= and SEE.n for both the fitted and test data. For 
the fitted data, SEE.s exceeds SEE=, with the reverse being the 
case for the test data. The small differences between SEE, 
and SEE.U, both for size class specific and combined size class data, 
indicate there is no great advantage in developing equations spe- 
cific to plant size, especially when phytomass must be predicted for 
plants from a wide range of size classes. If, however, phytomass of 
only small and medium sized plants is to be predicted, the greater 
precision of prediction may be sufficient justification for collection 
of sufficient data to generate 2 separate nonlinear regression 
curves. 

Ideally a nonlinear equation relating plant volume to phytomass 
for 1 year would be valid for all years. However, this does not 
appear to be the case for crested wheatgrass. The coefficient c (the 

Table 3. Comparison of nonlinear regressIon quationa for 3 yeers using R’ and SEE for data to which qtutions were fitted (70% of each data &) and 
SEE for test data (remaining 30% of ucb data ret). 

Year 

Nonlinear Fitted Test 
Regression cocffkients~ Data statistics Data statistics 

a b C n R SEE n SEE 

1981 -0.749803 0.302264 0.337041 460 0.6790 1.5978 209 1.6146 
1983 2.529759 0.000797 1.141111 228 0.8734 7.8425 96 8.2074 
1984 0.145643 0.015307 0.759322 65 0.8253 I 4.2548 28 6.2266 

lNonlincar regression model is y = a + br where y = phytomass and V = plant volume calculated as BEC. 
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Fig. 2. Plots of random subsets of 1981.1983. and 1984pLnt volume (basal elliptical cylinder) andphytomass data, and the curves developedfor those 
data using allometric equations. 

power of the volume) ranged from 0.337041 to 1.14111 over the 3 
years (Table 3). These functions were plotted over a range of 
canopy volumes typical for plants found at the study site (Fig. 2). 
Obviously the predicted phytomass for any given canopy volume 
changes markedly with a change in equations, and an equation 
fitted to data from 1 year will not accurately predict phytomass for 
a different year. This may be due in part to the fact that the 
aboveground structure of grasses is reconstructed every growing 
season and is subject to environmental perturbations which may 
affect the volume-to-weight relationship. Equations developed for 
shrubs and trees are probably more stable, due to the presence of a 
perennating structure which more regularly defines plant volume. 

of plants of a wide range of size classes is to be estimated. It may, 
however, be beneficial if the goal is to predict phytomass for only 
small and medium-sized plants. Extreme annual variation in the 
coefficient estimating the power of the allometric equation for 
crested wheatgrass indicates that the relationship between volume 
and weight was extremely variable. Thus, allometric equations for 
grass species should be generated yearly. 
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Methods of ytterbium analysis for predicting fecal output 
and flow rate constants in cattlb 
K.P. COFFEY, E.E. PICKETT, J.A. PATERSON, C.W. HUNT, AND SJ. MILLER 

Continuous or puise dosen of Yb-Weied f- with subse- 
quent fed s8mpiing an be used to estimate digesta pMs8p &es 
and fecai output in ruminants. However, the validity of such 
estimates is affected by minerai elements in feai sampies that 
interfere with atomic absorption anaiysis of Yb. A procedure was 
developed involving co-precipitation (COP) of Yb with iantbaoum 
(La) ox8iate 8t pH 1.0 to sep8rate Yb from interfering elements 
present in the fecai matrix. The procedure was tested for accuracy 
of Yb determination, repeatabiiity, and for validity of predicting 
fecai output. Repetitive analysis of tbe same sample reeuited in a 
coefficient of vui8tioo of 2.2% for the COP technique. An experi- 
ment using 12 mature Angus cows offered 1 of 4 diets tested the 
l ccur8cy of predicting fecal output using on* and tw*compartment 
models. Cows were pulse-dosed with Yb-marked orchardgrass 
neutral detergent fiber, and fecal sampies were collected from the 
rectum at 9,12,1&l% 24,32,40,4g, 60, 72, g4, md 96 h after 
dosing. Ytterbium content of fecal sampia was determined by 
neutron activation (NA) or atomic absorption spectrophotometry 
after slow oscillation of the fecal ash for 12 h in 3 M nitric and 3 M 
hydrochloric acid (acid leaching; AL) or COP of Yb with La 
ouiate. For fecal Yb concentrations fit to the one-compartment 
model, the 4 parameter (scaiing factor reiated to initiai marker in 
the age-dependent compartment) was greater (p<.OS) for COP 
than for AL or NA. Likewise, c&dated first l ppear8nce of 
marker (Tau) rod the age-dependent rate constant (kl) were 
greater (K.05) for COP than for NA. For the two-compartment 
model, the initial marker concentration estimate (&) was greater 
(PC.05) for COP than for NA or AL, and Tau was less (X.10) for 
NA than for COP. Rate constant estimates (AI, Al) were not 
affected by method of analysis. For both modeis, fili and retention 
time e&mates differed (X.05) between COP and NA. Fecai out- 
put estimated from both modeis was similar to actuai fecai output 
for COP, but the one-compartment model estimate of fecai output 
for AL and NA over-estimated (.X.05) rctuai fecal output. Like- 
wise, the two-compartment model estimate of fecai output for NA 
was greater (X.05) than 8ctuai fec8i output. Co-precipitation of 
Yb with La oxalate appears to be a valid anaiyticai procedure that 
may yield more accurate &mates of fecal output than other 
reported procedures. 

Key Words: ytterbium analysis, extemai markers, digestibility, 
fecai sampling 

Accurate determination of particulate passage rate, fecal output 
and voluntary intake requires accurate measurement of external 
digesta-marker concentrations. Presently, a number of procedures 
exist for the solubilization of ytterbium (Yb) from fecal matter 
before atomic absorption spectrophotometry. Ellis et al. (1982) 
proposed a procedure in which the Yb is “leached’* from ash 
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residue with a mixtumof 3 N nitric acid (HNOs) and 3 N hydro- 
chloric acid (HCl). The use of ethylenediamine-tetraacetic acid 
(EDTA, Hart and Polan 1984) or diethylenetrinitrilo-pentaacetic 
acid (DTPA; Firlcins et al. 1984) have also been proposed as 
leaching agents for Yb. Iron, Ca, Mg, Na, Al, K, Ba, and Sr have 
suppressive effects on the atomic absorption spectrophotometric 
determination of Yb (Mazzucotelli et al. 1982) that are curvilin- 
early dependent upon the interfering element to Yb ratio. Solu- 
tions of. 1 M HCl or. 1 M EDTA have been used to extract Ca, Mg, 
K, Cu, Mn, Zn, Fe, Al, P, B, and Sr from plant tissues (Baker and 
Greweling 1967). The problem of solubilizing interfering elements 
can be addressed by preparing standards from fecal samples taken 
before Yb dosage (Ellis et al. 1982, Firkins et al. 1984, Hart and 
Polan 1984). This approach, however, assumes solubilization of a 
constant amount of interfering elements from each fecal sample. 
The purpose of this study was to develop an atomic absorption 
spectrophotometric technique for Yb analysis which replaces a 
matrix of unknown element fluctuation between sampling times 
with one of consistent and known elemental composition. The new 
technique was compared to an acid leaching procedure (Ellii et al. 
1982) and neutron activation (Gray and Vogt 1974) for determin- 
ing particulate passage rate constants and predicting fecal output 
in cattle. 

Materials and Methods 

Triai 1. Analyticai Technique 
A procedure involvingco-precipitation (COP) of Yb and lantha- 

num (La) with oxalic acid was developed and tested in the follow- 
ing manner. 

I. Fecal samples were collected, dried at 55O C for 48 hr, allowed 
to equilibrate to atmospheric moisture, then ground to pass 
through a l-mm screen using a Wiley mill. 

2. Approximately 1 g air-dry feces was weighed into dry 50-ml 
narrow mouth, heavy glass plasma containers or 50-ml narrow 
mouth Kimax erlenmeyer flasks (Kimble 26500). 

3. Samples were dried at 100” C for 6 h to determine the sample 
dry matter then ashed at So00 C for approximately IO-12 h to 
ensure complete ashing of the sample in the narrow-mouth 
containers. 

4. The ash residue was boiled in 5 ml concentrated HCl for 15 
minutes with occasional swirling, then transferred to 50-ml volu- 
metric flasks, diluted to volume with deionzied water and mixed 
thoroughly. The solution was allowed to stand for a minimum of 6 
h to allow undissolved ash residue to settle. 

5. A 25-ml aliquot was removed from the upper portion of each 
flask and placed in a 50-ml graduated screw-cap centrifuge tube (38 
X 114 mm; Corning 25339). 

6. One milliliter of La (20,000 ug/ ml) was added to the solution 
and pH adjusted to 1 .O f .05 using dilute (1: 1; v/v) ammonium 
hydroxide with deionized water or concentrated HCl. The pH 
electrode was soaked in pH 1 buffer for l-2 d prior to use and at all 
times between uses. 

7. Two milliliters of a 5% (W/V) aqueous solution of oxalic acid 
were added to the tube resulting in formation of a cloudy white 
precipitate. The solution was stirred vigorously with a glass rod. 

8. Tubes were placed in a 900 C water bath for 25 min, cooled 
for 25 min and centrifuged for 20 min at 3,000 rpm. 
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9. Supematant fluid was decanted and 5 ml concentrated 
perchloric acid (HClO4) was added and swirled to dissolve the 
precipitate. Tube walls were rinsed with approximately 4-5 ml of 
deionized water. 

10. Three drops of 5% (w/v) aqueous potassium permanganate 
(KMnO4) were added and the tube swirled using a vortex until the 
purple KMnO4 color disappeared. Tubes were inspected to insure 
that all the precipitate was in solution. If not, the tubes were 
vortexed until the precipitate dissolved. The titration procedure 
was repeated with dropwise additions until the solution was no 
longer colorless, indicating the oxalic acid had been consumed. At 
this point, swirling by hand was sufficient. 

2MnOd- + 5H&s01+ 6H+ - 2MtP +lOCO2 + 8&O 

11. One drop (.04 ml) of 3% hydrogen peroxide was added to 
reduce excess MnOd- to Mn2+ and the solution was swirled. Deio- 
nized water was added to dilute the final solution to 25 ml total 
volume. Because the Yb standard curve was nonlinear above 6 
ug/ ml, solutions estimated as having greater than 6 ug/ ml Yb were 
diluted to 50 ml with deionized water and compared with standards 
which were similarly prepared. 

12. Ytterbium concentrations of the final solutions were deter- 
mined by atomic absorption spectrophotometry at a wavelength of 
398.8 nm using a nitrous oxide/acetylene flame. 

Validation of the COP procedure was evaluated using fecal 
samples obtained from cattle offered a range of Yb-free diets 

Table 1. Absorbance readinga of various fecal m&ices to which 4 q/ml 
Yb were added before extrxction of Yb by a La oxelate co-precipitation 
procedure. 

Animal diets (% of each ingredient) 
Absorbance 

units 
% of 

standard 

Com:Com silage:Soybean meal (70~255) 
Com:Timothy hay (25:75) 
Silage:Soybean meal (955) 
Timothy hay 
Corn gluten feed:Timothy hay (30~70) 
Fescue pasture 
Alfalfa haylage 
Alfalfa hay1age:Com (40~60) 

Mean 
Standard error 
4-ppm Yb standard 

.166 94.9 

.173 98.9 

.180 102.8 

.I73 98.9 

.177 101.1 

.179 102.3 
,183 104.7 
.172 98.2 
.I75 
JO19 
.175 

100.2 
1.10 

100 

(Table 1). Approximately 1 g dried (55O C for 72 hr) feces was 
ashed, boiled for I5 min in concentrated HCI, and diluted to a final 
volume of 50 ml. One hundred micrograms of Yb were added to a 
25-ml aliquot of the Yb-free solution to provide a final Yb concen- 
tration of 4 ug/ml. Ytterbium concentrations were determined 
using the described COP technique. Fecal composite samples were 
obtained by mixing equal quantities of each of the previously used 
fecal samples. Composite samples were ashed and 100 ug Yb added 
to the 25-ml aliquot prior to COP to estimate a coefficient of 
variation (Snedecor and Cochran 1980) for the procedure. All 
standards were prepared using the COP technique without the 
addition of fecal ash to the original solutions. 

Trial 2. 
Twelve mature Angus cows that were in their last third of 

gestation were used in a total collection study to evaluate the 
accuracy of fecal output prediction from Yb data when dietary 
composition varied. Chopped (lO-cm screen) orchardgrass (L&WY_ 
lis glomerata L.) hay was fed ad libitum and was either offered as 
the only dietary source or was supplemented once daily with isoca- 
loric and isonitrogenous supplements consisting of either 1,360 g 
chopped alfalfa (Medicago sativa L.) hay, 419 g soybean meal plus 
502 g cracked corn, or 60 g urea plus 1,3 15 g liquid cane molasses. 
Cows were grouped by age and body weight and randomly 
assigned to 1 of 4 dietary treatments. A dietary adaptation period 
of 16 d was followed by 5 d of total feces and urine collection. Feces 

were collected daily, weighed, mixed, subsampled and dried at 55’ 
C to determine fecal output. At 1800 hr of the first day of total 
collection, cows were pulse-dosed with 200 g (air dry basis) of 
Yb-marked orchardgrass hay which had previously been extracted 
with neutraldetergent fiber solution (Goeringand Van Soest 1970) 
without EDTA. Hay was marked according to the immersion 
technique of Teeter et al. (1984). Fecal samples were collected from 
the rectum at 9,12,15,18,24,32,40,48,60,72,84, and 96 hr after 
dosing and dried at 55O C. Total fecal output was corrected for the 
amount of dry feces taken via rectal samples. Ytterbium content 
was determined by neutron activation (NA; Gray and Vogt 1974), 
or by atomic absorption spectrophotometry after; (1) acid leaching 
(AL; Ellis et al. 1982) with standards made from similar fecal 
matrices, or (2) COP with standards processed similarly to samples 
but without addition of fecal ash. Ytterbium content of the ground 
(lmm) marked forage was determined by the 3 previously des- 
cribed techniques using smaller sample sizes. Marked forage ana- 
lyzed by the acid leaching technique was compared with standards 
made from matrices of orchardgrass hay NDF diluted similarly to 
the marked forage sample. 

statistical Amly!aa? 
Concentrations of Yb in fecal samples determined from each 

procedure were fitted to one- and two-compartment models pro- 
posed by Pond et al. (1982) and further described by Judkins et al. 
(1987). These models produced rate constants that were used to 
estimate particulate passage rates, gastrointestinal tract fill, and 
fecal output. With the exception of fecal output, orthogonal con- 
trasts (Snedecor and Cochran 1980) were used to compare COP 
with NA and AL. Orthogonal contrasts were also used to compare 
fecal output estimated by total collection with that predicted by 
each model and analytical technique. 

Results and Discussion 
Analytical Methods 

Absorbance readings from a known quantity of Yb added to 
various fecal matrices and compared with a pure chemical stand- 
ard prepared according to the COP technique are shown in Table 1. 
These data indicate that Yb may be quantitatively recovered from a 
broad range of fecal matrixes by COP of Yb with La oxalate and 
that this procedure may be used to overcome matrix interference. 
When a known quantity of Yb was added to the same fecal samples 
following ashing and acid solubilzation but analyzed before the 
COP step of the procedure, Yb absorbance readings ranged 
between 55 and 89% of that of a pure chemical standard (Coffey 
and Pickett, unpublished data). The COP procedure is not pro- 
tected from matrix interference, having in the final solution ele- 
ments which may either suppress or enchance the absorbance 
signal of Yb (Mazzucotelli et al. 1982). However, by quantitative 
addition of reagents and titration with KMnO4, interfering ele- 
ments should be in similar quantities in each sample. Also, compar- 
isons of pure chemical standards prepared by the COP technique 
with pure chemical standards which were not prepared by the COP 
technique indicated a 98% recovery of Yb by the COP technique. 
Therefore, the matrix remaining after co-precipitation of Yb with 
La oxalate does not appear to cause absorbance interferences, but 
preparing samples and standards similarly should standardize the 
matrix and eliminate any concerns. Precipitation of other elements 
is prevented by adjusting the pH to 1 .O f .05 preceding oxalic acid 
addition. Calcium, the most common precipitated element was not 
precipitated in measurable quantities at a pH below 1.4. 

Results of analyses on samples having a similar matrix (Table 2) 
suggest that acceptable precision and accuracy may be attained by 
the COP procedure when samples are compared with similarly 
prepared standards. The differences in absorbance reading between 
the standards used in Tables 1 and 2 resulted from daily variation 
of the atomic absorption spectrophotometer or minor optimiza- 
tion differences because the samples were compared with the same 
prepared standard. Standard errors of absorbance readings across 
sample types (Table 1) and within a constant sample type (Table 2) 
were similar, indicating the variation between samples in Table 1 
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T8blc 2. Prcci~fo~~ of AbSorb8acc mding~ from the S8me feal mntrlr to 
which 4 ug/ml Yb w8S 8dded before extmction of Yb by 8 L8 ox8l8te 
co-predpit8th procedure. 

Sample 

I 
2 
3 
4 
5 
6 

Mean 
Standard Error 
Coeffkient of 

variation 
4-ppm Yb standard 

Absorbance % of 
units standard 

.178 103.5 

.170 98.9 

.I68 97.6 

.I76 102.5 

.172 100.0 

.175 101.8 

.I73 100.7 

.0016 .92 

2.21% 2.23% 
.172 100 

was more likely due to variation in technique rather than variation 
in the ability to overcome matrix interferences. 

Fecal Output and Passage Rate 

Fecal output predictions using parameter estimates derived 
from both the one- and two-compartment models are shown in 
Table 4. Orthogonal contrasts were used to compare values esti- 
mated by each technique with actual fecal output (avg. 3,781 

Mean values for each parameter derived from both the one- and 
two-compartment models (Pond et al. 1982) were evaluated by 
dietary treatment. Although numerical differences were present 
among dietary treatments, no significant (p>. 10) diet effects were 
observed for any of the variables measured. Therefore, data were 
pooled across diets within each analytical technique. Parameters ko 
(scaling factor related to initial marker in the age dependent com- 
partment), lcl (age dependent rate constant) and tau (calculated 
time of first appearance of marker in the feces) derived from the 
one-compartment model differed (X.05) between COP and NA. 
Likewise, ko and tau differed (X.05 and K.10, respectively) 

T8ble 4. Fecal output, flow r8teS, fill 8nd retention time in COWS 8S e&i- 
m8ted by one- 8nd two-comp8rtment model8 8nd 3 techniqUeS for Yb 
8MfyStS. 

Acid co- Neutron 
Item leaching precipitation activation SF 

Actual fecal out- 
put, g/day 3781 

T8ble 3. Pu8meter esttm8teS from one- 8nd two-compartment 8n8lySiS of Fecal output, 
cow fecal yb excretion d8t8 with Yb 8n8lySis by 3 uulythl techn@eS. nldav 

I, I 

Flow rate, h-” 
Fill, g’ 
Retention time, Techniaue 

Item 
Acid co-- - Neutron 

leaching precipitation activation SE’ 

ltob” 
kc 
Tau” 

A0 bc 
Al 
Al 
Tan” 

one-compartment model 
29933 33642 26150 

.048 St48 .042 
18.5 20.1 17.8 

two-compartment model 
887 1156 142 

.I56 .I31 .I26 

.029 .033 ,027 
16.5 16.1 14.4 

1694.2 
.0022 
.81 

112.9 
.I062 
.0043 
.85 

%tandard error (N=12). 
%Zo-pncipitation vs Acid leaching (K.05). 
‘Co-precipitation vs Neutron activation (Ey.05). 
%o-precipitation vs Acid leaching (K.10). 
‘Co-precipitation vs Neutron activation (Eu. IO). 
kF = concentration of marker in the feces if instantaneously mixed. 
k.r = age dependent rate parameter. 
Tau = time delay. 
Aa = concentration of marker if instantcously mixed in the rumen. 
AI = time-dependent turnover rate. 
As = time-independent turnover rate. 
Tau q  time lag. 

between COP and AL (Table 3). Ellis et al. (1982) reported 98.8% 
solubilization of Yb from feces by the AL technique. Therefore 
differences in parameter estimates probably resulted from matrix 
fluctuations. Ellis et al. (1982) attempted to reduce matrix prob- 
lems by preparing standards from a zero-hour sample matrix, an 
approach that assumes a constant matrix at each sampling time. 
Gray and Vogt (1974) minimized matrix interference by allowing a 

decaying period to permit deterioration of shorter-lived isotopes. 
It is possible, however, that these allowances are not completely 
effective. 

The parameter estimate ko is used to calculate undigested dry 
matter fill and fecal output. Therefore, inaccurate values for ko 
result in erroneous values for till and fecal output. Particulate flow 
rates are estimated using ki, from the one-compartment model and 
therefore may be similar between AL and COP, depending upon 
the degree of matrix fluctuation from the zero-hour sample. Tau 
represents the estimated time, postdosing, at which the marker first 
appears at detectable levels in the feces and is used to calculate 
retention time of the marked feedstuff in the intestinal tract. 

Lambda0 values derived from the two-compartment model and 
estimated from Yb concentrations determined by COP were greater 
(X.05) than those estimated by AL and NA techniques. Tau 
values estimated by COP were similar (p>. 10) to those estimated 
by AL but tended to be greater (K.10) than those estimated by 
NA. Values for AI and AZ estimated by COP were similar (p>. 10) to 
those estimated by AL and NA. 

Technique 

one-compartment model 

4306b 4051 4816b 243.4 
.028 .029 .025 .0013 

6317 5883 8111 361.4 

hC 61.3 61.6 66.0 

two-compartment model 

1.73 

Fecal output 
glday 

Fill, g’ 
Retention time, 

4092 3871 455Zb 254.6 
6023 5171 7453 503.7 

hC 66.2 65.1 71.9 2.66 

Standard error (N=12). 
bValues followed by superscript differ (K.05) from total coUcction(avg. 3781 g/day). 
To-precipitation vs Neutron activation (K.05). 

g/day). When onecompartment values are considered, fecal out- 
put values estimated by COP were similar statistically (P = .27) to 
total collection but overestimated by 7%. Fecal outputs estimated 
by AL overestimated (X.05) actual fecal output by 13.9% while 
NA over-estimated (X.05) fecal output by 27.4%. 

Two-compartment model values appeared to more closely esti- 
mate actual fecal output. Fecal output values estimated by COP 
and AL were similar (P= .73 and .23, respectively) to total collec- 
tion, overestimating actual fecal output by 2.4 and 8.2% respec- 
tively. Neutron activation values were 20.4% greater (X.05) than 
total collection estimates of fecal output. Hunt et al. (1984) and 
Mader et al. (1984) have reported acceptable agreements between 
actual fecal output and fecal output estimated using Yb concentra- 
tions from a pulse dose. However, Mader et al. (1984) corrected for 
matrix fluctuations by use of the standard additions technique 
(Beukelman and Lord 1960). Other workers have not been able to 
repeat these results (Paterson, J.A., R.R. Worley and W. Martin, 
unpublished data) with grazing animals or have otherwise obtained 
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questionable results from Yb generated data (Turner, K.E., J.A. 
Paterson, C.S. Saul, unpublished data; W.G. Bergen, personal 
communication). These discrepancies possibly result from a greater 
degree of fluctuation in the fecal mineral content than was present 
in the study by Hunt et al. (1984). 

One-compartment model estimates of passage rate, as well as 
one- and two<ompartment model estimates of undigested dry 
matter fill and retention time estimated by COP differed (ZV.05) 
from those estimated by NA. All values for flow, fill and retention 
time were similar (p>. 10) between COP and AL. 

Co-precipitation of Yb with La oxalate appears to be a viable 
technique for determination of Yb concentration in fecal samples. 
The method provides a means of standardizing the sample matrix 
as well as reducing the number of and quantity of interfering 
elements. others have proposed to minimize matrix interferences 
by using dilute solutions of solubilizing agent and preparing stand- 
ards from matrices of similar composition. The AL procedure 
specifies dilute acids and slow solubilization of Yb to decrease 
extraction of undesirable salts (Ellis et al. 1982). However, Baker 
and Greweling (1967) used .l M HCl to extract many of the 
interfering elements from plant material. Hart and Polan (1984) 
attempted to minimize the fecal matrix by extracting with dilute 
(.05 M) EDTA and by using a small sample size (200 mg). Furth- 
ermore, atomic emission has been used to attain greater sensitivity 
(Kniseley et al. 1969) than atomic absorption. However, the 
increased sensitivity would only be expected from a flame emission 
spectrophotometer with specifications similar to that indicated by 
Kniseley et al. (1%9). It is suspected that interfering elements are 
solubilzed by dilute EDTA (.OSM) and that the solubilization of 
these elements may fluctuate, resulting in matrix differences. 

The effect of the presence of foreign elements on the atomic 
absorption spectrophotometric characteristics of Yb are vastly 
different from those effects on other elements in the Lanthanum 
series (Mazzucotelli et al. 1982). These authors concluded that only 
a few of the differing effects could be explained by usual spectral 
considerations such as spectral buffering or other general optical 
causes. Although a number of elements interfere with the atomic 
absorption signal of Yb (Mazzucotelli et al. 1982), it is presently 
unknown how the elements interact when combined in a solution 
such as a fecal matrix. In one example, single element additions of 
5,000 ug/ ml La or potassium (K) enhanced the atomic absorption 
signal of a 4-ug/ml Yb solution (Coffey and Pickett, unpublished 
data). These results are expected in light of the data by Mazzuco- 
telli et al. (1982). However, when a mixture of 5,000 ug/ ml La plus 

5,000 ug/mI K was added to a 4-ug/ml Yb solution, the atomic 
absorption signal was highly suppressed, indicating undesirable 
and unpredictable effects of mixed solutions on the absorption 
reading of Yb. Therefore, to correct for matrix interference, Yb 
shall be carefully precipitated from the fecal matrix unless the 
technique of standard addition is used. 
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The use of comparative yield and dry-weight-rank tech- 
niques for monitoring arid rangeland 
M.H. FRIEDEL, V.H. CHEWINCS, AND G.N. BASTIN 

Abstract 
The comparative yield (CY) method for estimating pasture dry 

weight and the dry-weight-rank (DWR) method for determining 
species composition were applied in a variety of arid vegetation 
types by several operators. The methods were evaluated for their 
suitability in a range monitoring program, on the basis of consis- 
tency of estimates and the time taken. Four calibration regressions 
for the CY technique were compared initiaiiy and; of these, linear 
regression of untransformed data is recommended. Differences 
among operators’ yield estimates were unacceptably large, and the 
procedure of standard selection and calibration was too slow. We 
suggest that photographic standards can reduce the time taken and 
improve precision. The DWR technique was recommended because 
operators achieved consistent estimates of species composition 
within 80 minutes, which we regarded as a reasonable time for a 
monitoring procedure. Weighted multipliers did not improve 
composition estimates. The technique was easy to use but initial 
training of operators was important. While fixed quadrats would 
probably reduce differences caused by spatial variability, time 
spent relocating quadrats could be excessive. 

Key Words: pasture yield, composition, consistency, time 
Methods for determining herbage species composition and yield 

are basic requirements for interpreting seasonal and management 
effects in most native pastures. For the purposes of range monitor- 
ing, methods need to be rapid and capable of sampling adequately 
across the spatial heterogeneity in vegetation distribution. Meth- 
ods must also be effective regardless of seasonal conditions, and 
different operators should be able to use them consistently. 

There have been many studies of particular methods (e.g., van 
Dyne et al. 1963, Bonham 1976, Santillan et al. 1979, Strauss and 
Neal 1983), usually focussing on the sire, shape, or number of 
sampling units. In general they have not compared the perfor- 
mance of several operators with the same technique. Fewer studies 
have investigated the comparative performance of several methods 
at once (Hyder and Sneva 1960, Walker 1970, Poissonet et al. 1973, 
Reese et al. 1980). This may not bp an important consideration in 
relatively uniform, high yielding vegetation; but, in arid and semi- 
arid rangelands where vegetation is sparse and very unevenly dis- 
tributed, some commonly used methods fail. 

Working in the arid rangelands of central Australia, Friedel and 
Shaw (1987) compared several operators using 3 techniques for 
pasture cover or yield and 4 for pasture composition. The tech- 
niques were: aerial cover with a wheelpoint apparatus, yield from 
quadrat clipping, and yield from whole-site estimation after clip- 
ping; pasture composition was estimation with the same tech- 
niques and with frequency quadrats. No technique was found in 
which operator differences were reduced to acceptable levels 
within realistic time limits. Using single operators was essential, to 
minimize errors. With this proviso, the wheelpoint method for 
aerial cover and composition was the best of the methods tested. It 
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was, however, a difficult technique to use in shrubby areas and 
consequently impractical for lengthy use in a monitoring program. 

Since there were no published reports of a satisfactory method 
for estimating pasture amount and composition in extensively 
managed arid rangelands, studies were extended to 2 complemen- 
tary techniques. The dry-weight-rank (DWR) method for species 
composition was devised by ‘t Mannetje and Haydock (1963) for 
tropical pastures and improved by Jones and Hargreaves (1979). 
Statistical tests have demonstrasted its robustness (Sandland et al. 
1982) and it has been widely applied (Tothill et al. 1978, Kelly and 
McNeil1 1980, Barnes et al. 1982, Gillen and Smith 1986). The 
comparative yield (CY) estimation of pasture dry weight (Haydock 
and Shaw 1975) could be readily combined with the DWR estima- 
tion of species composition (Tothill et al. 1978, Kelly and McNeil1 
1980). Both procedures were potentially useful because they were 
rapid, but no tests had been reported for arid environments. 

The study examines the value of CY and DWR methods, by 
determining the extent of among-operator differences in a range of 
arid vegetation types. Available time is generally a limiting factor 
in range monitoring procedures, and staff turnover in monitoring 
agencies is such that repeated assessments are likely to be made by 
different operators. Methods must enable us to rapidly estimate 
yield and composition, and to detect change from one occasion to 
the next, despite a change in operator. While consistency from one 
occasion to the next is important for a single operator, we perceive 
that consistency among different operators is a more critical 
problem. 

In addition, the accuracy of a yield estimate (that is, its proxim- 
ity to the actual yield of a site) is not readily determined without 
harvesting the greater part of the site. Actual yield can vary 
markedly in a limited area and in a short time, so that its accurate 
determination is neither feasible nor necessary. We assume that 
precision is more important, so that, with different operators, a 
reasonably consistent estimate of current yield is achieved, and 
change over extended time can be detected. Consequently, we do 
not attempt to compare estimates with actual values. 

Vegetation types were chosen for their different spatial distribu- 
tions of pasture and for contrasting structure and composition. 
The tests were not repeated over time. Other estimates of yield and 
composition were not compared but the tests were planned to 
enable comparison with the earlier study by Friedel and Shaw 
(1987). 

Methods 

The experimental area was located on Atartinga Station (22” 26’S, 
134O 14’E), 150 km north-north-east of Alice Springs, in the 2% 
mm annual rainfall zone of the Northern Territory of Australia. 
The area experiences hot summers and cool winters, and on aver- 
age over 70% of the rain falls in the summer months, October to 
March. At the time of the study, July 1985, the preceding summer 
had been dry and there had been no effective winter rain. 

Five sites were selected in range types preferred by grazing cattle 
(Table I), and varied from 2 to 9 ha, depending on the area 
available. The sites differed from one another in pasture composi- 
tion and yield and in the spatial distribution of vegetation. 

The methods to be tested depended on dry weights of plant 
material and so, in a preparatory exercise, a wide variety of pasture 
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Table 1. Landform, soil and vegetation description of 5 experimental situ. Soil dacriptiom follow Nortbcote (1971). 

Raw type 
CdCMCOUS 
shrubby grass- 
land (CSG) 

Cottonbush flat 
(CBF) 

Landform and soils 

Gently undulating calcareous plain with reddish-brown 
calcareous sandy clay loam (Ge 1.12) 

Flat alluvial plain with scalded texture contrast soil, 
reddish-brown sandy loam over clay loam (Db. 3.53). 

Vegetation 

Very sparse Acacia kempeana F. Muell. and A. victoriae 
Benth. over Enneapogon spp. and Tripogon loliiformis (F. 
Mucll.) C.E. Hubbard. 

Very sparse Maireona ophylla (R. Br.) P.G. Wilson and 
Cassia spp. with Siaia spp., Enteropogon acicukuis (Lindl.) 
Lzuar and Tbipogon loliz$ormis. 

Open woodland 
(OWG, OWP) 

OWG: Alluvial plain with gradational soil, dark reddish- 
brown sandy loam over sandy clay loam (Gn 2.43). 

OWG: Very sparse Cassia and Eremophila spp. over Ennea- 
pogon polyphyllus (Domin.) N.T. Burb., Aristido contorto 
F. Muell. and Rtteropogon acicularis 

OWP: Gentle slope with shallow uniform soil, reddish-brown OWP: Very sparse Acacia kempeonu and Cassia spp. over 
sandy loam (UC 1.21). Aristida contort0 and Bmeapogon polyphylhu. 

Perennial grassland Alluvial plain with uniform soil, reddish-brown clay loam Very sparse EremophiIa spp. and Acacia aneuro F. Mucll. cx 
(PGR) (Uf 6.12). Benth. over mid-dense Enteropogon acicuiaris and Etdalia 

fulvo (R. Br.) Kuntm. 

species were collected, dried and weighed, and their proportional 
moisture content was calculated. Summaries of these data were 
used by operators making their estimates during the main experi- 
ment. 

Data Andy& 
Comparative Yield 

Sub-shrubs such as Sclerolaena spp. were included in the tests 
but larger shrubs were not. Seven operators undertook all tests, 
with one exception in which there were 6 operators, and the time 
taken for the various tasks was recorded. 

Comparative Yield 
Detailed descriptions of the method are provided in Haydock 

and Shaw (1975) and Tothill et al. (1978). In summary, there were 3 
stages. Operators selected five l-m2 reference standards by consen- 
sus, to represent an equal-interval scale from least to highest dry 
matter yield, after clipping and weighing vegetation from numer- 
ous quadrats to gauge their approximate yields. Next, each opera- 
tor selected 100 l-m* quadrats on a stepped-out grid, and rated 
them according to the reference standards on a 17-point scale of 1, 
1.25,1.5 up to 5. The grid spacing depended on the size and shape 
of the site, but resulted in an even distribution of quadrats over the 
whole site. Finally, twelve l-m2 quadrats were selected by 2 or 3 
members of the group to represent the range from low to high yield, 
and all members independently rated them on the 17-point scale. 
The quadrats were clipped, dried, and weighed to establish a 
calibration scale for each operator. 

All data were initially analysed with the MSDOS version of the 
BOTANAL program (Hargreaves and Kerr 1978, revised 1981), 
modified to allow processing of selected quadrat increments. Four 
different curves were fitted to each operator’s calibration data from 
each site, using the 4.04B version of GENSTAT (copyright Lawes 
Agricultural Trust: Rothamsted Experimental Station 1984). 
These were linear regressions of untransformed, log transformed 
and square root transformed data, and quadrat regression of 
untransformed data. The regressions were weighted according to 
the numbers of quadrats in each yield rank at 100 quadrats, and 
they were calculated for the individually chosen quadrats only. The 
different calibration regressions were compared according to their 
percentage of variation accounted for, and according to the 
number of negative yield estimates obtained for low-yield quad- 
rats. The term “yield estimates” is used throughout to denote 
estimates derived from individuals’ calibration regressions from 
each site. 

Alternative procedures were also followed at some sites. At 
CBF, an eroded site with obvious spatial heterogeneity in vegeta- 
tion distribution, all members of the group independently rated a 
fixed set of 100 quadrats as well as their own individually selected 
set, in order to investigate the differences among operators inde- 
pendently of vegetation distribution. At OWG, a relatively uni- 
form site, the same test was performed but with only 50 fixed 
quadrats, due to time limitations. At OWP, operators increased 
their number of individually selected quadrats from 100 to 200, to 
more fully investigate how many quadrats might ultimately be 
necessary to minimize differences among operators. 

Dry-weight-rank 

To determine whether the differences among operators were 
minimized after a certain number of quadrats, the coefficient of 
variation (CV) of all individuals’ yield estimates was calculated at 
20,40,60,80, and 100 quadrats. CVs were based on variation from 
the mean of all individuals. For OWP and the OWG fmed quad- 
rats, CVs were calculated up to 200 and 50 quadrats, respectively. 
The increments in quadrat numbers were achieved by random 
selection from the rows of quadrats on the sampling grid. 

The degree of significant difference among operators was inves- 
tigated in greater detail on a more limited number of quadrat 
intervals: yield estimates of all operators for the first 40 and 60 
quadrats were subjected to analysis of variance (ANOVA) after log 
transformation to normalize skewed distributions of data. 

Operators also estimated which species occupied first, second, 
and third place in terms of dry weight for each quadrat. These 
rankings were to be converted to percent composition by a set of 
multipliers provided by Jones and Hargreaves (1979). Recom- 
mended procedures for treating equal-ranked species, less than 3 
species, and species which consistently formed a high proportion of 
the biomass were followed: details of the method are available in ‘t 
Mannetje and Haydock (1%3), Tothill et al. (1978) and Jones and 
Hargreaves (1979). 

ANOVA was not appropriate for the fixed sets of quadrats 
because the data were not randomized. Instead, a regression equa- 
tion was calculated for the individual quadrat yield estimates of 
every possible observer-pair combination, and analysis of covar- 
iance (Zar 1984, p. 300-2) was used to test whether the slopes and 
elevations of the pair-wise regression combinations were different. 
Yield estimates were log transformed to normalize the data distri- 
bution, before the analyses. 
Dry- Weight-Rank 

DWR data were also analysed with the MSDOS version of the 
BOTANAL Program (Hargreaves and Kerr 1978, revised 1981), 
modified to allow processing of selected quadrat increments. Fol- 
lowing the same progression of data analysis outlined for CY, 
differences among the species composition estimates of operators 
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Fig. 1. Effect of increasing numbers of quadrats on the dvferences among 
species composition estimates of 7 operators, as indicated by group mean 
coeficients of determination (9) on calcareous shrubby grassland 
(CSG), cottonbushfit (CBF), open woodland with shallow uniform soil 
(0 WP), open woodland with gradational soil (0 WC), and perennial 
grassland (PGR). 

were compared at the same increments in quadrat number. Linear 
regression of arcsine transformed, percent composition data from 
every possible observer-pair combination was used to produce a 
matrix of coefficients of determination (rz), from which means of rz 
were derived. Three different estimates of species composition 
were included: 1 calculated with unweighted multipliers and 2 
calculated with weighted multipliers (see Jones and Hargreaves 
(1979) for a discussion of weighting), where the weighting factors 
were yield estimates derived from the linear untransformed and 
square root transformed calibration regressions for each site. 
These procedures were followed for both the individually selected 
quadrats and the fixed sites of quadrats. 

Results 

Data in the Tables are presented in the same order that the sites 
were visited. 

Comparative Yield 
Effect of Calibration Regression 

The log transformed regression accounted for the least variation 
in the calibration data (41.4 to 67.6%), and the quadratic regression 
produced negative estimates of yield on low-yield quadrats, for 
most operators at 3 of the 5 sites. Consequently, only the linear 
untransformed (SO.5 to 82.2% variance accounted for) and square 
root transformed (47.0 to 81.0%) regressions were used in all later 
analyses. In general, if the regression accounted for 50% or more of 
the variance in the data, it was regarded as satisfactory. An excep- 
tion was made for the 47% value, since all others obtained from the 
linear square root transformed regression were above 57%. Any 
negative yield values were set to zero. 

Effect of Linear Square Root i’?ansformation 
Use of the transformation reduced the variability among opera- 

tors at some sites but not at others, in the various data analyses that 
were performed. The conclusions to be drawn from the data were 
the same, with or without the use of the transformation, and so 
only the analyses of linear untransformed data are reported here. 

Effect of Increasing Numbers of Quadrats 
Ulfferences among operators had not stabilized after 100 quad- 

rats and the CVs were generally large (Table 2). However, between 
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Table 2. Effeel of increasing numbem of quadrats on the mean yield 
estimates (g/m*) of 7 operntors. Coefficients of variation (9%) are gtvcn in 
brackets. 

No. of Range Type 
quadrats CSG CBF OWP PGR OWG 

------------_B/m*(% c.v.)-------------- 
20 47.7(26.5) 17.q19.7) 169.7(22.9) 67.3(23.6) 
40 44.1(28.9) 16.q12.6) 17.153.2) M&7(13.2) 67.3(26.7) 
60 40.7(27.0) 17.q21.7) 16.q20.9) 161.9(6.9) 70.q22.1) 
80 43.9(36.6) 16.7(28.6) 16.7(19.5) 174.q9.0) 68.7(22.1) 

100 50.8(34.5) 16.3(25.5) 16.q18.7) 182.q9.3) 67.9(20.1) 
120 - - 16.9(19.8) - - 
160 - - 16.q23.1) - - 
200 - - 16.7(21.2) - - 

40 and 60 quadrats, differences decreased in all sites except CBF 
and so the nature of the differences was examined at these intervals 
by ANOVA (Table 3). It was clear that while overall estimates had 
approached one another more closely at 60 quadrats (Table 2), the 
variation within the 60 quadrats was generally greater than at 40 
quadrats (Table 3). The degree of significant difference actually 
increased. 

Table 3. F values1 for ANOVA of 7 operators' yield estimates, at 4Oand 60 
qludr8ta. 

No. of Range Type 
quadrats CSG CBF OWP PGR OWG 

40 8.82 6.89 10.38 3.25 7.38 

60 17.50 17.03 17.09 3.71 8.44 

‘Levels of signiticance at pCO.01 and 0.001 are: 
40 quadrats - 2.86 and 3.86 
60 quadrats - 2.85 and 3.83 

Individually Selected vs. Fixed Quadrats 
When all operators estimated yield from the same quadrats, the 

variability among individuals’estimates of OWG was considerably 
less at 40 quadrats and above, than if the operators had selected 
their own quadrats (Table 4). Unexpectedly, the reverse was the 
case at the strongly patterned CBF site. 

Table 4. Comparison of mean yield estimates (g/ml) of 7 (CBF) or 6 
(OWG) operaton for individually-s&cted and fixed quadrats. Coeffl- 
cknts of variation ($6) are given in brackets. 

Rw?c Type 
No. of CBF CBF OWG OWG 
quadrats (individual) (tixed) (individual) (fixed) 

20 
---------------91m2 (c.v.%540(252) 

17.6(19.7) 24.0(21.5) 68.8(24.4) 
40 16.q12.6) 19.0(29.5) 68.5(28.2) 63:0(18:8) 
50 70.0(29.1) 64.7(17.3) 
60 17.G1.7) 18.63.2) - - 
80 16.7Q8.6) 16.7(36.0) - - 

100 16.3(25.5) 17.q34.6) - - 

Did fixed quadrats confer an advantage? Differences among 
operators were significant with fixed quadrats: where slopes were 
not significantly different, elevations were (Table 5): Although 
Tables 3 and 5 are not directly comparable, the inferences from 
both are the same: regardless of the way quadrats were chosen, 
individuals’ estimates of yield differed significantly. 
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Table 5. F valuee’ for covarhnce aulysle of 7 (CBF) or 6 (OWG) opera- Table 7. Mean time taken f SE (min) for comparative yield and dry- 
tom’ yield estimatea et 60 or SO fixed quadrste mpectively. reight-raok procedures, by 7 operators (DF = 6). 

CBF OWG 

Operator Slope Elevation Slope Elevation 

1 6.40 32.59 19.07 13.74 
2 7.09 36.26 13.60 9.75 
3 10.09 48.03 - 
4 2.34 30.15 39.62 m39 
5 2.53 34.16 55.85 19.44 
6 6.50 

:: 
21.49 15.50 

7 10.91 
35:32 

33.54 10.85 
Mean 6.55 30.53 14.95 

1Levels of significance at p<O.OS, 0.01 and 0.001 are: 

Ranae Tvne 
CSG CBF OWP PGR OWG 

Individual’s 
100 quadrats 

Individual’s cali- 
bration quadrats 

minfSE 

206fl8 136i9 130&E 134f8 14lf6 

29It2 12fl 13f2 llfl 12f2 

CBF - 2.24, 3.08 and 4.22 
OWG - 2.41,3.40 and 4.19 

Dry-Weight-Rank 
Effect of Weighting 

Unweighted multipliers were satisfactory. Weighted multipliers 
did not maker operators’ estimates of species composition more 
alike, with the exception of the “untransformed” weighting of PGR 
data. The improvement for PGR was marginal; at some other sites, 
weighted multipliers conferred a marginal disadvantage. Only the 
analyses with unweighted data are presented here. 

Effect of Increasing Numbers of Quadrats 
Correlation among operators’ estimates increased markedly 

between 20 and 40 quadrats. Subsequent increases were less with 
every 2Oquadrat interval, so that improvements were only small 
from 60 to 100 quadrats (Fig. 1). 

A CBF Individual 
A CBF Fixed 
n OWG Individual 
0 OWG Fixed 

Individually Selected vs. Fixed Quadrats 
When all operators assessed the same quadrats, species composi- 

tion estimates were more closely correlated than they were when 
quadrats were selected by each individual (Fig. 2 and Table 6). The 
correlation was particularly improved at CBF, the site where vege- 
tation distribution was clearly patterned. 

” 00 
0 20 40 60 80 100 

No of Ouadrats 

Time 
Excluding CSG, where operators were least experienced, the 

mean time to assess 100 quadrats for both yield and species compo- 
sition was 2 hours 15 mins (from Table 7). The time taken by the 

Fig. 2. Comparison of specks composition estimates of 7 (CBF) or 6 
(0 WG) operatorsfor individually selected orfixed quadrats, as indicated 
by group mean coe__cients of determbtation (rJJ CBF is cottonbushjlar; 
0 WG, open woodland with gradational soil. 

group to select yield standards ranged from 1 to 2 hours, and to 
select and later harvest the calibration quadrats was 30 mins. Once 
again excluding CSG, the mean time for individuals to assess the 
calibration quadrats was 12 mins. Thus, the process of standard 

Table 6. Estimates of percentage species composition io CBF from 60 individuelly-selected or flxed quadnte. Group man coefficients of determination 
(S) are 0.64 8nd 0.84 reepectlvely. 

Gperator 

SpeciCS 1 2 3 4 5 6 7 

(a) Individually-selected - -- -A- 
Chloris scariosa F. Muell. 4 6 6 10 5 10 6 
Enteropogon acicularis 20 31 28 13 20 21 11 
Fimbristylis dichotoma (L.) Vahl 8 : 1 10 
Sclerolaena divaricata (R. Br.) Domin 2 4 5 9” 

5 9 
0 3 

Sclerolaena knicuspis (F. Muell.) 
Benth. 8 

2: 3: 
8 4 8 

Sida sp. 25 23 22 28 3: 
nipogon loliijormis 22 15 12 24 20 15 20 
Other species (each contributing <5%) 11 13 12 7 14 13 12 

(b) Fixed 
Chloris scariosa 9 9 8 10 9 8 10 
Enteropogon acicukris 21 23 17 18 20 17 20 
Fimbristylis dichotoma 1 1 2 7 4 8 6 
Sclerolaena divaricata 9 7 6 8 7 6 7 
Sclerolaem krnicuspis 16 19 

;; 
13 16 18 

Sida 
18 

sp. 29 25 22 21 27 24 
nipogon loliiformis 4 7 7 9 11 7 
Other species 

5 
11 9 13 13 12 9 10 
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selection and calibration took on average about 2 hours, giving an 
overall time of 4 hours 15 mins for the complete procedure. 

Discwion 
Pasture in arid rangelands is very patchy distributed and yield in 

particular can fluctuate a great deal in a short time. Short-term 
variation in yield is such that accurate estimates for monitoring 
purposes are not worth the time spent attaining them. It is suffi- 
cient for trained operators to obtain reasonably consistent esti- 
mates of both yield and long-term change in yield. 

The CY method tested in this study did not meet these require- 
ments within the time constraints of a monitoring program, but it is 
possible to modify the procedure, to achieve useful estimates 
(Friedel and Bastin 1988). The CY method is worth adapting 
because it is compatible with DWR, which we recommend over 
other techniques for estimating species composition. 

As tested here, CY had several weaknesses. Differences among 
operators were generally large (Table 2) and significant (Table 3), 
so that only the grossest changes in yield could be confidently 
determined if different operators were responsible for assessments 
on different occasions. We might expect that a series of assess- 
ments over time would be subject to less error if undertaken by the 
same operator throughout, but this was not tested. 

Differences among operators’ yield estimates were not simply 
due to sampling differences in a spatially variable environment; 
variation among operators’ estimates remained high when the 
same quadrats were assessed by everyone (Table 4). It would be 
relatively simple to correct for the disparity if operators consist- 
ently over- or under-estimated yield in comparison with one 
another, but they did not. Both the slopes and the elevations of 
pair-wise regressions of observers’ estimates were different (Table 
5), indicating that some observers were overestimating high yields 
and underestimating low yields, in comparison with others. 

Assessing 100 quadrats for both yield and composition took an 
average of 2 hours 15 mins (Table 7, excluding CSG), after initial 
experience with the methods. The mean CV for yield estimates was 
18.4% (from Table 2, excluding CSG). In a comparable test, Frie- 
de1 and Shaw (1987) reported that point-based aerial cover and 
composition could be estimated in a simiir time, with a mean CV 
for cover estimates of only 10% for 6 operators, and that an 
acceptable level of accuracy could be achieved by a single operator 
in 40 to 70 minutes. To match this latter time, the number of 
quadrats would have to be reduced to about 50, and CVs would 
remain high. The disadvantages of aerial cover estimates are that 
they are not matched by satisfactory cover-based estimates of 
species composition (Friedel and Shaw 1987), and that cover is less 
useful than yield for assessing forage quantity. 

The process of CY standard selection and calibration was too 
time-consuming to be of use in a monitoring program and we 
suggest the efficiency of the method can be improved by using 
photographic standards, which are used for calibration as well 
(Friedel and Bastin 1988). A wide variety of photographs, repre- 
senting different vegetation structure, distribution, yield, composi- 
tion, and phenology can be substituted for the 5 reference stand- 
ards. Since photographic standards can be carried by operators for 
constant checking against quadrats in the field, it is likely that 
precision of estimates will improve. 

The dry-weight-rank method is recommended for determining 
species composition firstly because operators could apply the rank- 
ing scheme consistently;-increasing the number of sampling units 
(quadrats in this case) increa& Birity among operators’ 
estimates (Fig. 1). By contrast, Friedel and Shaw (1987) found that, 
when a point-based measure of cover and composition was used, 
differences among operators became more entrenched with extra 
sampling units, and so estimates of composition diverged. Secondly, 
correlations of operators’ estimates from the dry-weight-rank 
technique were high (Fig. 1) after 60 quadrats in about 80 mins: 
that is, within a realistic period of time for monitoring. However, in 

our opinion, the species compositions which gave rise to an r* value 
of 0.64 (Table 6) would be too different from one another to be 
acceptable for monitoring, whereas those which gave r* = 0.84 
would be satisfactory. The options for increasing the similarity of 
operators’ estimates include increasing the number of quadrats 
(and the time taken), more training, and the use of fixed quadrats. 

The improvement in r* values when all operators assessed the 
same quadrats (Fig. 2, Table 6) indicates that differences among 
individuals’ estimates were considerably influenced by spatial pat- 
tern. We suggest that monitoring a set of fixed quadrats would 
reduce the effect of spatial variability, but this advantage may be 
offset by the extra time spent on relocating quadrats in difficult 
terrain. 

Like Gillen and Smith (1986), we found that weighted multipli- 
ers did not improve composition estimates, and that operator 
training was important. P.E. Novelly, D. Despain, E.L. Smithand 
W.E. Frost (pen. comm.) showed that weighted multipliers were 
useful in some of their desert grasslands, so the decision to use 
weighting will depend on pasture type. 

DWR is easy to use and can be combined with recording the 
frequency of less common species. It has the advantage that, being 
dry-weight based, the estimates are directly related to forage quan- 
tity, which cover-based estimates are not. It is also potentially very 
useful in combination with the comparative yield technique, if the 
efficiency of the latter is improved as we propose. 

Griffin and Bastin (1988) have devised a program for a hand- 
held computer which will collect and check data from a modified 
comparative yield and an unweighted dry-weight-rank technique, 
and will calculate estimates of pasture yield, composition and 
frequency in the field. This package of methods and analytical 
tools enables data to be interpreted immediately in the field, which 
we believe is an important prerequisite of an effective monitoring 
system. 
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Optimal stocking rate for cow-calf enterprises 
range and complementary improved pastures 
R.H. HART, J.W. WAGGONER JR., T.G. DUNN, CC. KALTENBACH, AND L.D. ADAMS 

AbShCt 

Complementary pasture-native range systems are known to 
increase production per cow and per hectare of cow-calf enter- 
prises, but the proper ratio of complementary pasture to range and 
the optimum stocking rate on each has not been established. From 
19784985, crested wheatgrass [Agropyron duertorum (Fiscb.) 
Scbult.+native range and meadow bromegrass (Bromus bieber- 
steinii Roem. and Scbult.)-alfalfa (Me&qo s&vu L.)-native 
range systems were grazed by cow-calf pairs and yearling heifers at 
a range of grazing pressures. Gains of all clrwes of cattle and 
conception rate of cows remained constant 8cross 8 ringe of low 
grazing pressures, then declined linearly as grazing pressure 
increased. These response functions were used to calculate eco- 
nomically optimum p8sture-to-rurge ntios 8nd stocking r&es at 
1980-1984 average costs and prices. Tbe optimum ratio of created 
wheatgrass to range at estimated yields, costs and prices was 1~3.94 
(0.66 ha of wheatgrass and 2.60 ha of range per animal unit), which 
returned S35.70/ba to land, labor, and management. Usual ratios 
of 1:8 to 1:12 were much less profitable. At optimum stocking 
rates, the brome-alfalfa-nntive range system retumed only 83.38 
more per bect8re tban the crested wbeatgr8ss-native range system, 
not enough to pay additional cost of irrigation. Optimum ratios, 
stocking rates, and returns will vary with levels of forage produc- 
tion, production costs, and livestock prices. 

Key Words: pasture systems, gains, reproduction, profitability, 
crested wheatgrass, alfalfa-brortlegrass 

Cow-calf herds grazing crested wheatgrass [Agropyron deserro- 
rum (Fisch.) Schult.] in spring and native range the remainder of 
the grazing season generally produce greater calf crops, weaning 
weights, and pounds of weaned beef per hectare (Houston and 
Urick 1972, Hart et al. 1983b) than herds grazing native range 
season-long. Similar results have been reported from cow-calf 
herds grazing other types of complementary pastures in conjunc- 
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tion with range (Mcllvain and Shoop 1973, Sims 1984, Manske 
and Conlon 1986). Cattle gains and carrying capacity have been 
greater on crested wheatgrass-range systems than on range alone 
(Cook et al. 1983, Jefferies et al. 1967, Lodge 1970, Smoliak and 
Slen 1974). 

Kearl(1984) and Cordingly and Kearl(l975) cited a number of 
studies showing increased forage production, calf crop;and calf 
weight gains, plus lengthened grazing season, reduced winter feed 
requirement, and development of special use pastures as benefits of 
seeding crested wheatgrass complementary pastures. They calcu- 
lated that seeding 385 ha of a 5,844-ha ranch to crested wheatgrass 
would, within 5 years, increase net ranch income 26% and the 
return to capital 35%. Godfrey et al. (1979) used estimated rates of 
gain before and after seeding crested wheatgrass to estimate the 
economic returns from seeding. Spielman and Shane (1985) con- 
cluded it was profitable to seed crested wheatgrass pastures if 
meadow hayland and range forage resources were not limiting on 
the ranch in question. 

These studies did not consider the functional relationships 
among stocking rate, livestock performance, and profitability; 
data on these relationships are seldom available. The grazing stu- 
dies compared range and range-complementary pasture systems at 
a single stocking rate on each. Often the stocking rates were differ- 
ent for the 2 systems, and were less than those required to maximize 
profits. Because stocking rate has an over-riding impact on profit- 
ability of grazing systems (Quigley et al. 1984, Hart et al. 1988), 
comparisons&ystems are valid only at the optimum stocking rate 
or grazing pressure (GP) on each. Determining this rate depends 
upon reliable estimates of biological responses. 

We concluded that the superiority of complementary pasture 
systems over native range alone had been adequately demon- 
strated, but that optimum management of each system, in terms of 
the area and stocking rate of each component, had not been 
defined. Our objective was to quantify these parameters for com- 
plementary pasture systems combining dryland crested wheatgrass 
or irrigated bromegrass-alfalfa pastures with nativerange, and to 
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demonstrate how these parameters could be used for economic 
analysis. 

Materials and Methods 
The study site was on the High Plains Grasslands Research 

Station located 7 km northwest of Cheyenne, Wyo. Climate at the 
Station is semiarid continental. Mean January and July tempera- 
tures in Cheyenne are -3 and 200 C, respectively, and mean 
(1871-1986) annual precipitation is 338 mm, with 55% falling 
April-July (NOAA 1987). Average frost-free season is 127 days 
(Stevenson et al. 1984). 

Pasture Mmqtment 
Four crested wheatgrass pastures, established 30-40 years 

before the study began in L978, were grazed. The 2 pastures grazed 
in 1978-1979 were on Nucla loam (tine-loam, mixed, mesic Aridic 
Haplustoll) and Ascalon loam, (fine loamy, mixed, mesic Aridic 
Argiustoll). The 2 pastures graxed 1980-1985 were on Wheatridge 
loam, a tine-loamy over sandy, mixed, mesic Aridic Argiustoll. 
Crested wheatgrass and smooth bromegrass (Bromus inermis L.) 
provided about 90 and 10% of the forage from the pastures grazed 
in 1978-1979, with only traces contributed by other species. Forage 
from the pastures grazed 1980-1985 was 98% crested wheatgrass 
with traces of several native grasses and forbs. 

The irrigated ‘Regar’ bromegrass (Bromus biebersteinii Roem. 
and Schult.)-alfalfa (Medicogo suriva L.) pastures were established 
in 1976 on Wheatridge loam. Brome and alfalfa were seeded in 
rows 20 cm apart at 6 and 7 kg/ha, respectively. Superphosphate 
was applied at 20 kg/ ha of P before seeding and annually there- 
after. Irrigation was by flooding as needed. During the years the 
pastures were grazed, forage composition averaged 28% alfalfa 
and 72% bromegrass. 

The native range pastures were on mixed-grass prairie. Botani- 
cal composition averaged approximately 50% blue grama [Boufe- 
louu gracilis (H.B.K.) Lag ex Griffiths], 17% western wheatgrass 
(Agropyron smithii Rydb.), 19% other graminoids (chiefly needle- 
andthread (St&a comuru Trin. and Rupr.) and needleleaf sedge 
(Curex eleochuris Bailey), and 14% forbs and half-shrubs [chiefly 
scarlet globemallow, Sphuerulceu coccineu (Pursh.) Rydb.; Drum- 
mond milkvetch, Astrugulm drummondi Do@.; and fringed 
sagewort, Artemesiu frigidu Willd.]. Topography is rolling hills at 
altitudes of 1,915 to 1,975 m. Soils are predominantly Altvan, 
Ascalon and Ascalon Variant loams (fine-loamy, mixed, mesic 
Aridic Argiustolls), with smaller areas of Albinas loam (fine- 
loamy, mixed, mesic Pachic Argiustoll), Cascajo gravelly loam 
(sandy-skeletal, mixed, mesic Aridic Calciorthid), and Larim Var- 
iant gmvelly loam (loamy-skeletal, mixed, mesic Ustollic Haplargid). 

The bromegrass-alfalfa pasture was grazed as a single unit in 
1978. In 1979 it was subdivided into 2 pastures, each further 
divided into 2 paddocks and managed as a 2-pasture l-herd system. 
Grazing and rest periods were 5 to 10 days, depending on forage 
supply and growth rate. Crested wheatgrass pastures were not 
subdivided but pastures used in 1978 and 1979 were different from 
those used in 1980 through 1985. The native range area originally 
consisted of 2 pastures. In 1982 a portion of the larger pasture 
which had been fenced off and excluded from the study in 1980 was 
brought into the experiment to provide a third and heavier stock- 
ing rate. In 1985 this area was again excluded, and the smaller of 
the 2 original pastures was subdivided into 4 units to provide a total 
of 5 stocking rates. Pasture sixes and stocking rate are presented in 
Table 1. 

Tabk 1. Padure da, forage produetlom (sta~&~I error in parenthe@ and stoeklag rate (SR). 

Ycaf 

1978 

1979 
1980 

1981 
1982 

1983 

1984 

1985 

Bromegrass-alfalfa crested whcatgrass Native range 
Ha/ Forage. SR. Ha/ Forage SR. w Forage, SR, 

pasture kc/b AUD/ha pasture kg/ha AUD/ha pasture kg/ha AUD/ha 

8.1 2740 90 7.4 ($g 103 191.4 - 30 
(210) 10.3 76 283.3 m 

3.5 4270 106 1::: 18rn 82 191.4 - 4.6 (430) 81 WV 60 283.3 z 
3.5 136 11.3 1650 49 191.4 - 27 
4.6 

(Z 
103 14.6 (190) 38 248.9 21 

3.5 27m 180 11.3 980 42 191.4 - 4.6 (430) 146 14.6 (160) 35 248.9 ii 
3.5 2570 170 11.3 1030 50 34.4 1180 44 
4.6 (380) 97 14.6 (60) 23 191.4 (270) 32 

214.5 13 
. l 34.4 1450 60 

191.4 (260) 40 
202.4 11 

* + 34.4 :tG 47 
191.4 30 
202.4 13 

l l 24.3 50 
24.3 42 
24.3 

118.6 f 
202.4 26 

*In 1983-1985, all cattle grazed together ore 8.1 ha bromcgrass-alfalfa and 25.9 ha of crested wheatgrass during the improved pasture grazing season. 
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Appendlr Table 1. Program for ukulatinS reepotue of everqedally gain 
to~~pnrrure,~c~ADCbaowcritierlpuia~prarure; 
eemple date eet; end nmple reeponee curve. Coded in Compeqt BASIC, 
vemion 3. 

10 DIM X(64), Y(64) 

20 PRINT “REGRESSION OF ADG ON GRAZING PRESSURE” 
30 INPUT “TITLE “,Q3 
40 INPUT “MEASURE OF GRAZING PRESSURE (X) “,X3 
50 INPUT “UNITS OF ADG “,YS 
60 INPUT “NO. OF DATA POINTS “,N 

70 PRINT INPUT X & Y. WITH X5 IN ORDER FROM SMALLEST 
TO LARGEST” 

80 FOR I=1 TO NPRINT -X”; LINPUT X(I):PRINT “y”; 1:INPUT 
Y(I):NEXT I 

90 FOR I=1 TO N:Sl=Sl+X(I):SZ=SZ+Y(I) 
100 S3=S3+X(I)-2:S4=S4+Y(I)‘ZSS=W(X(I)*Y(I)):NEXT I 
110 S7=S4(S2-2/N):B=(N*S5-S2+Sl)/(N+S3-Sl-2):A=(S2-B*Sl)/N 

120 R=(S5-((Sl+S2)/N))-2/((S3-Sl-2/N))*(!+4-(S2-2/N))) 
130 LPRINT QS:LPRINT :LPRINT “ADG (“;Ys;“) = “;B;“(“;XS;“) +“;A 
140 LPRINT “R SQUARED q  “;R:LPRINT 
150 FOR M=2 TO (N-l) 
160 Sl=OS2=OS3=OS4=OzS5=OS6=CkR2=O 
170 FOR I=M TO N:Sl=Sl+X(I):S2=S2+Y(I) 
180 S3=SFX(I)‘2:S4=S4+Y(I)‘2:SS=S5+X(I)’Y(I):NEXT I 

190 Bl=((N-M+l)‘SS-S2+Sl)/(N-M+l)*S3-Sl-2):Al=(S2-Bl+Sl)/ 
(N-M+l) 

2OOFORI=l TOM-l:S6=S6+Y(I):NEXTI:S6=S6/(M-l):Zl=(S6-Al)/Bl 
210 FOR I=1 TO N:IF X(I)>Zl GOT0 230 
220 Rl=(S6-Y(I))-Z:GOTO 240 
230 Rl=(Y(I)-(Bl+X(I)+Al))-2 

240 IU=RZ+Rl:NEXT I:R2=(S7-R2)/S7 
250 IF R2CR GOT0 270 
269 R=R2:A=Al:3=Bl:Z=Zl:S8=S6 

270 NEXT M 
280 IF Z=O GOT0 340 
299 LPRINT’TFGRAZING PRESSURE IS LESS THAN”; (INT(Z*lOO))/ 

1oO;Xs;” THEN” 

300 LPRINT” ADG (“;Ys;“) =“;S8 
3l0LPRINT”IFGRAZlNGPRESSUREISMORETHAN”;(INT(Z*lOO)) 

/ loO,xS;” THEN” 
320 LPRINT ” ADG (“;Ys;“) q  -;B-(“;XS;“) +“;A 
330 LPRINT “R SQUARED q  “;R 
340 END 

Grazing 
pmssule 

AUD/ t DM 

11 
28 
32 
45 
62 
a9 

101 

ADG. 
kg 

0.98 
0.97 
1.01 
0.86 
0.69 
0.48 
0.26 

Teet 

ADG (kg) = -8.409248E33 (AUDI 
tonne DM) + 1.192086 

R SQUARED = .9342105 

IF GRAZING PRESSURE IS LESS I 
THAN 33.22 AUD/ tonne DM THEN 

ADG (kg) = .9866667 
IF GRAZING PRESSURE IS 

MORE THAN 33.22 AUD/tonne 
DM THEN 
ADG (kg) = -1.009543Ea2 (AUD/ 
tonne DM) + 1.322086 

R SQUARED = 9880446 

Herbage dry matter yields and utilization were estimated by 
clipping inside and outside exclosures. In 1978-1982,5 exclosures 
were located at random on each crested wheatgrass pasture. Two 
0.18-mr quadrats were clipped inside and 2 outside each exclosure 
at theend of grazing each year. In the same years, 6 exclosures were 
located on each brome-alfalfa pasture, 3 in each half of each 
pasture. Two quadrats inside and 2 outside each exclosurc were 
clipped whenever cattle were removed from that half of the pas- 
ture; if cattle were to be rotated back to that half later, the exclo- 
sums were moved a few meters to another location. 

On the native range pastures, production was not estimated until 
1982. Four, 9, and 7 exclosures were placed on the small, interme- 
diate, and large pasture in 1982-1984. In 1985,3,6, and 7 exclo- 
sure8 were placed on each 24.3~ha, the 118.6-ha, and the 202.4ha 
pasture, respectively. Locations of exclosures were stratified by 
soil type each year. Herbage production inside the exclosures was 
measured in August at the approximate time of peak standing 
crop. Standing crop outside the exclosures was clipped after the 
cattle were removed from the pastures in late fall when possible, 
although in some years snow prevented clipping outside some or all 
of the exclosures on the range pastures. Two 0.18-m2quadrats were 
clipped inside and outsideeach exclosure in 1982-1984, in 1985 one 
quadrat per exclosure was clipped after herbage standing crop was 
estimated on both quadrats with an electronic capacitance meter 
(Neal et al. 1976). Correlations (rs) between clipped yields and 
meter estimates were 0.90 in August and 0.74 after grazing; n=l8. 
Estimated herbage dry matter yields are shown in Table 1. 

Cattk Management 
All pastures were grazed with mixed herds of Hereford cows 

with calves, yearling heifers, bulls in breeding season, and in 
1978-1981, esophageally fist&ted steers (the latter were used in a 
diet study reported by Samuel and Howard 1982 and Hart et al. 
1983a). In some years dry cows were included in the herds on the 

most lightly stocked pastures. Grazing on the improved pastures 
began between 13 and 23 May and ended between 13 June and 6 
July when cattle were moved to range pastures. Cattle were 
removed from the range to winter pasture between 7 and 21 
November, except in 1985 when snow forced removal on 9 
October. Cattle were assigned randomly to improved pastures, 
then randomly reassigned to range pastures. Stocking rates on all 
pastures are shown in Table 1. Stocking rates and graxing pressures 
were calculated assuming each cow-calf pair, dry cow or bull was 1 
animal-unit (AU) and each yearling heifer or steer was 0.75 AU. 

Cattle were wintered together on a large pasture, partly native 
range and partly crested wheatgrass and smooth bromegrass. They 
were fed good quality grass-legume hay ad lib and 0.5 to 1 .O kg of 
concentrate daily to maintain gains of approximately 0.5 kg/day 
during the third trimester of pregnancy. In all years but 1984, estrus 
was synchronized with Lutalasei or similar products. The breeding 
season began between 26 May and 10 June and ended between 21 
July and 14 August. Cows were artificially inseminated at the first 
estrus after synchronization; bulls were present for the entire 
breeding season. All cattle were weighed every 2 weeks, after an 
overnight shrink without feed or water. Pregnancy was determined 
by palpation in late summer or early fall each year. 

Expcrhental Design and Data Analysis 
The experiment was designed and analyzed as a non-replicated 

sampling study. Responses of weight gain and conception rate to 
grazing pressure (GP. animal-unit days per tonne of herbage dry 
matter produced) were fitted to the model of Hart (1978) by 
regression; see Appendix Table 1 for the program used. Replica- 
tions are superfluous in regression analysis, although they provide 
additional data points. Validity of the model used is supported by 
the SMART model of forage growth, forage intake by cattle, and 
cattle gains (Hart 1986). 

lMention of x trademark or proprietary product does not constitute its approval by 
USDA to the cxchsion of similar products. 
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Expressing the independent variable as grazing pressure rather 
than stocking rate eliminated effects of years on forage production, 
but effects of year-to-year variation in nutritional quality of cattle 
diets (Hart et al. 1983a) were necessarily confounded with those of 
grazing pressure. Variation in cow weight and condition at the 
beginning of the breeding and grazing seasons was minimized by 
maintaining a high plane of nutrition during each winter. Differen- 
ces in potency and enthusiasm of bulls also may have contributed 
to variation. 

o---- aromegrarr-alfalfa 

. - Crested wheatgrass 

Available land limited the number of graxing pressures which 
could be tested each year and the number of animals which could 
be carried at each grazing pressure; it would have been desirable 
but not practical to have greater numbers of both. For example, to 
estimate conception rate to the nearest 4% within each experimen- 
tal pasture would require 25 cows per stocking rate. If all stocking 
rates were tested each year, a minimum of 4 stocking rates on each 
type of improved pasture would be needed, for a total of 200~0~s. 
Our average stocking rates were 123 AUD/ha on brome-alfalfa 
and 48 AUD/ ha on crested wheatgrass, and average length of 
grazing season on improved pastures was 32 days. Thus this ideal 
experiment would have required 26 ha of bromealfalfa and 67 ha 
of crested wheatgrass. Average stocking rate and graxing season on 
range were 30 AUD/ha and 141 days; 940 ha of range would be 
needed to accomodate the 200 COWS. And these areas do not 
include the requirements of 40 to 50 replacement heifers necessary 
to maintain the herd. Such an ideal experiment was impractical in 
terms of land, cattle, and money. However, we felt that estimates of 
production based on less precise data from a less-than-ideal exper- 
iment were preferable to estimates based on no data at all as a basis 
for economic analysis. 

Fig. 1. Grasingpressure andaverage &iiy gains (ADG) of lactating cows. 
yearling heifers and calves on irrigated bromegrass-alfolfo or drybnd 
crested wheatgrass pastures, 19784982. 

grazing pressure, gains declined linearly with increasing graxing 
pressure as on brome-alfalfa, but the rate of decline was more rapid 
for all age classes. Thus gains were higher on crested wheatgrass at 
intermediate grazing pressure but higher on brome-alfalfa at high 
and low grazing pressures (in the case of calves, the difference 
between pasture types was extremely small). 

Reonomic Analysis 
The functions defining the response of gain and conception rate 

to grazing pressure were used to calculate the most profitable 
stocking rate on a matrix of improved pasture-native range combi- 
nations. These calculations demanded certain assumptions about 
returns and costs. 

Calf gains decreased very slowly with increasing grazing pres- 
sure, because milk provided most of their nutritional needs. 
Because of the nutritional demands on the cow for milk produc- 
tion, cow gains declined precipitously with increasing grazing pres- 
sure. Cows lost weight at the highest grazing pressures in this study, 
even though quality of crested wheatgrass and brome-alfalfa usu- 
ally are assumed to be excellent. 

Returns derive from the sale of calves and dry cows. Certain 
fixed costs, including but not limited to interest, veterinary and 
supplement costs, death losses, and transportation, are incurred to 
maintain an animal unit. 

On native range, critical grazing pressure and gains below criti- 
cal grazing pressures of cows and heifers were much lower than on 
the improved pastures (Fig. 2, Table 2). Maximum gains of calves 
were nearly the same on range as on crested wheatgrass but lower 
on both than on bromealfalfa. Again, cow gains declined sharply 

When cows lose weight and condition, estms may be delayed 
and conception rate reduced (Dunn and Kaltenbach 1980, Herd 
and Sprott 1986). Thus a simplified objective might be to end the 
grazing season with cows at the same weight as at the start of the 
season. If cows have lost weight, additional feed must be provided 
to restore that lost weight; on the other hand, if they have gained 
weight, less winter feed will be needed and this weight gained can be 
considered a return. 

l.Oy 

I- s ..*. 
. . . 

1.0 
-t-e . . . . 

0.0 I \ Yeding: l 

12: 0.7 1 =A.. 

Finally, a cost is incurred if a cow does not conceive. In the 
simplest case, this is the cost of buying a replacement heifer times 
1.09 (in the study reported here, 109 bred yearling heifers were 
needed to produce as many live calves as 100 bred cows), minus the 
price received when the open cow is sold. 

6 0.0 

9 

-1.p 

Results and Discussion 60 0 60 

Liveweight Gain8 
AUD/tonne forage DM 

Gains of lactating cows, yearling heifers, and calves declined 
linearly with increasing grazing pressure (GP) on irrigated brome- 
grass-alfalfa pastures (Fig. 1, Table 2). There was no indication 
that any of the graxing pressures imposed were below the critical 
grazing pressure (i.e., the graxing pressure heavy enough to reduce 
gains). On dryland crested wheatgrass pastures, on the other hand, 
critical grazing pressure was estimated as approximately 40 
animal-unit days (AUD) per tonne (1 tonne = 1,000 kg) of forage 
dry matter produced (Fig. 1, Table 2). Below the critical grazing 
pressure, cow, heifer, and calf gains remained approximately con- 
stant at 1.27,l. 16, and 0.97 kg/ day, respectively. Above the critical 

Fig. 2. Grasingpressure and average abily gains ADG) of kzctating cows, 
yearling heifers. and calves on native range, 1981-85. 

with increasing grazing pressure above the critical grazing pres- 
sure, and cows lost weight at the highest grazing pressures. Year- 
ling heifers, which still had the potential for rapid growth, showed 
a higher rate of gain below the critical graxing pressure than did 
cows, and heifer gains declined more slowly with increasing grax- 
ing pressure, as they did on improved pastures. 

Conception Rates 
Data on conception rate do not include first-calf heifers, which 

438 JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 



Tsble 2. Relati-blp of aversp daily gdm (ADG) of lactating cons, yeullng bdfar, and calves, and conceptron rate (C) of cows, to 3rsziq prenure 
(GP, mtmd-lmit-day&nne of barbage dry matter produced) OII irrigated bromepu-alfah, dryland created wbutpm, and mixed-paw native 
mwm 

Pasture, parameter and sample siz.c (n) 

Bromegrass-alfalfa (n = 9) 
Cow ADG 
Heifer ADG 
Calf ADG 
Conception rate 

Crested wheatgrass (n = 10) 
Cow ADG 
Heifer ADG 
Calf ADG 
Conception rate, 1979 
Conception rate, 1980 
Conception rate. 1981& ‘82 
Conception rate, 1979. ‘81 & ‘82 

Native range (n = 14) 
Cow ADG 
Heifer ADG 
Calf ADG 

Critical GP, 
AUDI t 

41.1 

40.2 
40.1 
42.0 
28.1 
6.6 

47.0 
41.0 

18.9 
15.6 
9.3 

Units 

ks 
ke 
ks 
% 

ke 
kg 
kg 
z! 

; 

ke 
kg 
k 

Estimates of pcrfomancc 
Below critical 

GP Above critical GP 

ADG = 2.69 - 0.0477 GP 
ADG = 2.50 - 0.0170 GP 
ADG = 1.33 - 0.0104 GP 

100 C = 129 - 0.708 GP 

1.27 ADG = 5.77 - 0.112 GP 
1.16 ADG = 2.85 - 0.0421 GP 
0.97 ADG = 1.47 - 0.0119 GP 
100 C q  I17 - 0.67 GP 
100 C= 104-0.67GP 
100 C = 129 - 0.67 GP 
100 C = 125 - 0.67 GP 

0.52 ADG = I .39 - 0.0459 GP 
0.81 ADG = 1.16 - 0.0222 GP 
0.94 ADG = 1.00 - O&l607 GP 

P 

0.52. 
0.40, 
0.84. 
0.86’ 

0.84*+ 
0.84.. 
0.44, 
0.83’. 
0.91.. 
0.96** 
0.81.’ 

0.75** 
0.71’. 
0.59’ 

+, l and ** indicate regression is &nifiint at the IO,5 and 1% probability hd, I’eWdVdY. 

were bred at the University of Wyoming, Laramie, in 1978-1979 to 
calve in January and February rather than in March and April with 
the older cows. In later years heifers were bred at the High Plains 
Grasslands Research Station, but numbers in all years were too 
small to provide reliable data on conception rate. 

Cow breeding data from 1978 also were excluded from calcula- 
tions of the response function because of reproductive problems in 
newly purchased cows. Only 17 of the 32 cows purchased in 1978 
calved in 1979, while 28 of the 34 cows raised at High Plains 
Grasslands Research Station calved. 

Timing and length of breeding season had no apparent effect on 
conception rate. The response of conception rate to grazing pres- 
sure followed the same model as did liveweight gain. On brome- 
alfalfa, conception rate was 100% below the critical grazing pres- 
sure of 41.1 AUD/tonne of herbage dry matter produced, then 
declined linearly with further increases in grazing pressure (Fig. 3, 
Table 2). 

l~j--. .-. 
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Fig. 3. Gras& pressure and conception rates of cows on irrigated 
bromegrass-avava or drylondcrested wheotgross springpastures. 1979- 
19g2. 

The response on crested wheatgrass was more complex. The rate 
of decline in conception rate with increasing grazing pressure 
seemed to be similar in all years, but the critical grazing pressure 
varied widely, from 6.6 AUD/ tonne in 1980 to 47.0 AUD/ tonne in 
1981 and 1982. 

Annual variation in the rate of maturity of crested wheatgrass, 
caused by variation ‘in temperature and precipitation, may be 
responsible. In 1980 conception rates began to decline at a very low 
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grazing pressure. June of 1980 was the driest June in 104 years of 
records. As a result, crested wheatgrass matured early with a 
resulting rapid decline in quality. Crude protein concentration of 
crested wheatgrass was 9.8% on 12 June 1980~s. 12.5% on 11 June 
1981 (Adams 1986). Brome-alfalfa, under irrigation, maintained 
higher crude protein levels in both years and showed less difference 
between years, 13.8% and 15.4% respectively. Because weather 
conditions during 1980 deviated substantially from normal, the 
mean response of conception rate to grazing pressure over 1979, 
1981, and 1982 was used to calculate optimum stocking rate on 
crested wheatgrass. 

Caleulating the Most Protitable Stocking Rate 
The most profitable stocking rate can be calculated by an expan- 

sion of the equations presented by Hart et al. (1988), but it is 
simpler to compute conception rate and cow and calf gains over a 
range of stocking rates and at the same time calculate values, costs, 
and net return per hectare. The information in Figure 4 was so 

Range, ha/AU 

Fig. 4. Contours of net return/ha to land, labor, and management (solid 
lines) from cows and caives grazing a crested wheatgrass-native range 
complementary pasture system; effects of ratio of wheatgrass to range 
(broken lines) and stocking rates. 



generated. Optimum stocking rate and ratio of crested wheatgrass 
to native range will depend upon range types, forage production, 
grazing season, production costs, and livestock prices. Level of 
management (Wilson et al. 1987) and marketing strategies (Ethridge 
et al. 1987) also influence returns. Finally, these calculations are 
based on short-term studies and do not consider possible long-term 
effects of stocking rate (Torell and Hart 1988). 

A 42day grazing season from 1 June to 12 July was assumed on 
the improved pasture, with forage production of 2,500 and 1,600 
kg/ha of dry matter on brome-alfalfa and crested wheatgrass, 
respectively, during the time. Cattle would graxe native range for 
112 days from 13 July to 1 November. Calves would be weaned 20 
September so would bc on range only 70 days. Forage production 
on range was set at 1,200 kg/ha. 

Livestock prices of $1.50 per kg for weaned calves, $438 for a 
500-kg dry cow in September, and $478 for a pregnant 360-kg 
heifer at the same date were taken from the 1980-84 averages given 
in Kearl(l985). Thus the total cost of replacing an open cow is s40 
times 1.09 or $43.60. Herd and Sprott (1985) indicate 4.1 kg of 
shelled corn or its energy equivalent are required for 1 kg of gain by 
a mature cow. The average price of corn was So. lOS/kg in 1980-84 
(USDA 1984); 1 kg of cow gain was valued at 4.1 times SO. 105 or 
$0.43. Daily fixed costs per AU were estimated at $0.30 from data 
in Jose et al. (1985) and Kearl(l984); these include interest costs of 
$0.25 per day. 

On improved pastures, conception rate remained at 100% until 
stocking rate increased beyond the point of maximum net return 
(Fig. 3). A conception rate of 100% did not mean a 100% weaned 
calf crop. We found that 95% of the cows and 84% of the heifers 
which tested pregnant in late summer produced live calves the 
following spring. Of those producing live calves, 95% of the cows 
and 98% of the heifers weaned those calves. Thus 90% of the 
pregnant cows and 82% of the pregnant heifers weaned calves the 
following year or, as stated in Material and Methods, 109 bred 
heifers are needed to produce as many calves as 100 bred cows. 

Loss of weight by cows limited the stocking rates which could be 
sustained. At stocking rates in the permissible range of cow gains 
or losses, conception rate remained at 100%. Calfweaning weights, 
assuming a calf weight of 100 kg at the start of grazing on 1 June, 
varied only from 188 to 170 kg over all stocking rates and crested 
wheatgrass/range ratios simulated, reflecting the relative insensi- 
tivity of calf gains to stocking rate. 

The optimum combination of 0.66 ha of crested wheatgrass and 
2.60 ha of range per animal unit, equal to 1 ha of crested wheatgrass 
per 3.94 ha of range, returned $35.701 ha to land, labor, and man- 
agement (Fig. 4). This is a much higher ratio of crested wheatgrass 
to range than is usually used or recommended. Cordingly and 
Kcarl(1975) based their calculations for “a typical northern plains 
ranch” (range type and productivity unspecified) on 1 ha of crested 
wheatgrass per 12.1 ha of range. Houston and Urick (1972) used 1 
ha of crested wheatgrass-alfalfa per 8.6 ha of range in Montana; 
botanical composition was similar to our range, but average pro- 
duction was only 740 kg/ ha. Hart et al. (1983b) used 1 ha of crested 
wheatgrass per 11.3 ha of the same range used in this study; average 
forage production was 1,020 kg/ ha. Our calculations indicate pro- 
duction at such a wide ratio of crested wheatgrass to range would 
be greater than that on optimally stocked native range alone but 
less than that from the optimum ratio and stocking rate on a 
crested wheatgrass-range system. For example, maximum return 
at a 1:10 ratio of crested wheatgrass to range was calculated as 
$23.671 ha, on 0.53 ha of crested wheatgrass and 5.3 ha of range per 
AU (Fig. 4). This return is Zoo/o higher than the $19.77/ha return 
calculated for optimally stocked range alone (at 4.53 ha/ AU) but 
33% less than the return of $35.7O/ha from the optimum stocking 
rate (3.26 ha/AU) and optimum ratio of crested wheatgrass to 
range (1:3.94). 

Two factors may account for the large increase in net return 
formerly predicted from a ratio of crested wheatgrass to range of 

1:lO. First, net returns from range alone were underestimated 
because the range was understocked. Houston and Urick (1972) 
provided 10.4 ha of range per AU and Hart et al. (1983b) provided 
10 ha/ AU, but our calculations predict maximum return at 4.53 
ha/ AU. Predicted net return at a stocking rate of 10 AU/ ha for a 
M-day grazing season was $14.62/ha. The combination of 0.53 ha 
of crested wheatgrass and 5.3 ha of range per AU (A 1:lO ratio) 
should return $23.67/ha or 62% more. This is in line with pre- 
viously cited estimates of increased returns which can be expected 
from seeding 1 ha of crested wheatgrass complementary pasture 
per 8 to 12 ha of range. 

Secondly, other analyses may have overestimated the cost of an 
open cow, considering each open cow equivalent to loss of income 
from 1 calf. But if open cows are detected at the end of the grazing 
season, they can be sold for almost enough to cover the cost of 
replacements. Figures cited earlier (Kearl 1985) indicated each 
open cow can be replaced at a net cost of $43.60. Thus the 9% 
reduction in conception considered by Cordingly and Kearl(1975) 
would cost only $0.87/ha at the optimum stocking rate of 4.53 
ha/AU on range. 
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Simulation and management implications of feral horse 
grazing on Cumberland Island, Georgia 
MONICA GOIGEL TURNER 

Cumberiand Island National !&shore, Georgia, is inhabited by 
a population of feral horsea that intensively graze the island’s salt 
marshes. Based on 18 months of experimental grazing studies, a 
carbon flow simulation model was developed for a medium height 
Spartina a&emfloru marsh and used to estimate an acceptable 
population size of feral horses. Five-year shnulations indicated a 
threshold of 2,700 kg/ha aboveground Spurtha biomass below 
which the system did not recover if intensive grazing continued. 
The difference between this threshold and annual peak biomazs of 
ungrazed Sparth was used to estimate horse densities that would 
not cause marsh degradation. Results suggest the horse population 
should number between 49 and 73 horses if exceesive damage to the 
salt marshes is to be prevented. Thus, the current population of 180 
horses should be reduced. 

Key Words: simulation model, salt marsh, Sportin alternfloro, 
feral horses, Equus cabdus population size, Cumberland Island 
National Seashore 

The impacts of exotic species, including feral animals, have been 
documented in numerous ecosystems (e.g., Bratton 1975, Petrides 
1975, Rudge and Campbell 1977, Turner 1984). During the last 
century, horses (Equus caballus), pigs (Sus scrofa), and cattle (Bos 
faurus) have ranged free on Cumberland Island National Sea- 
shore, Georgia. The U.S. National Park Service removed the cattle 
in 1974 and has greatly reduced the hog population through trap- 
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ping. The horse population, however, remains unmanaged and 
appears to be increasing at a rate of approximately 5% annually. 
The population has increased from a minimum of 144 horses in 
1981 (Lenarz 1983), to 154 horses in 1983 (Ambrose et al. 1983), 
and 180 horses in 1985 (Finley 1985). 

Feral horses on Cumberland Island feed primarily in salt 
marshes, dunes, interdune meadows, and lawn areas. Lenarz 
( 1983) reported that 5 1.7% of his observations of feral horse feed- 
ing occurred in salt marshes, which encompass 34.1% of the island 
(Hillestad et al. 1975). Vertebrate herbivory in salt marshes may 
alter the structure of the vegetation (Chabreck 1968, Shanholtzer 
1974), reduce net aboveground primary production (Reimold et al. 
1975), reduce standing stocks of belowground biomass (Smith and 
Odum 198 i), result in a network of paths (Howell 1984), or reduce 
invertebrate populations (Reimold et al. 1975). In mixed species 
marshes, relative species abundance or successional patterns may 
be changed (Ranwell 1961, Bakker 1978, 1985, Dijkema 1984). 
With ungulate grazing, plant regeneration may be slow because of 
trampling (Chabreck 1968, Jensen 1985). 

Horses presently remove up to 98% of the aboveground standing 
stock of Spartina alternifIora in heavily grazed marshes on Cum- 
berland Island, and trampling alone can decrease net aboveground 
primary production (NAPP) by 40% (Turner 1987). Horses may 
also be having significant impacts on other plant communities on 
the island (Turner and Bratton 1987). Management of the horse 
population requires an estimate of the number of horses that can be 
maintained without excessive damage to natural ecosystems. 
Based on 18 months of experimental field studies, an ecosystem 
simulation model of the salt marsh was developed to examine the 
effects of various grazing intensities on standing stocks of Spar- 
tina. The objective was to determine an acceptable population size 
of horses based on impacts on the salt marsh, their major foraging 
community. The simulation model and its management implica- 
tions are described in this paper. 
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CUMBERLAND ISLAND &fj 

Beach, Dunes. Herdune 

Fig. 1. Map of Cumberland Island, Georgia, showing major vegefation 
communities. 

Study Area 
Cumberland Island, Georgia (30’48 N. lat., 81°26’W. long.) is 

the largest and most southern of the Georgia barrier islands (Fig. 
I), measuring 25 km in length and 9 km across at its widest point. 
Designated a National Seashore in 1972, the federal boundaries 
encompass approximately 14,500 ha, owned, and administered by 
the U.S. National Park Service. The geology, soils, water resour- 
ces, vegetation, and fauna of Cumberland have been described by 
Hillestad et al. (1975). The interior of the island is of Pleistocene 
origin whereas the seaward portion is of the more recent Holocene. 
Except in dune areas which may reach elevations of 18 m, the 
island is generally of low relief (5-8 m above sea level). The climate 
is warm temperate to subtropical and is characteristically warm 
and humid. Major plant communities are those typical for Georgia 
barrier islands (Johnson et al. 1974). Salt marshes occur through- 
out the tidal land on the mainland side of the island, characterized 
by a dominant macrophyte, the smooth cordgrass Spartina altemi- 

The compartments, or state variables, are related by flows of 
carbon as shown in Figure 2. Changes in the state variables are 
calculated by a series of differential equations (Table 1) which 
incorporate the flows between compartments (Table 2). Season is 
an important control on many flows, for example, on photosyn- 
thesis and respiration. Seasonal variability is included in the model 
by changing relevant parameters at approximately 9Oday intervals 
during the simulation. Two types of feedback control are also used 
in the model: (1) space-related feedbacks, such as overcrowding or 
self-shading; and (2) resource-related feedbacks, such as resource 
refuge levels and consumer satiation levels. The general forms of 
these controls are shown in Table 3, and the functions are fully 
described by Wiegert (1979). Values of the parameters used in the 
simulations are listed in Table 4. The computer program was 
written in BASIC, and calculations in the model are done on a 
daily basis. Initial conditions were obtained from field data 
(Turner 1985, 1987) and are set at the January values at the 
beginning of each simulation. 

Grazing simulations were done for 5 years. The effects of horse 
grazing on other compartments were simulated, but the population 
dynamics of the herd (birth rate, death rate, etc.) were not gener- 
ated internally in the model. Horse density was specified at the 
beginning of each simulation, either as a constant or with an 
annual rate of increase. 
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jlora. The upper margin of the marsh grades into a grass-forb 
community composed primarily of glass wort (Salicomia virgin- 
ica), salt grass (Distichlis spicata), and occasional stands of needle 
rush (Juncus roemerianus). 

The upland portions of the marsh are bounded by tidal creeks 
that horses do not readily cross. To determine the marsh area 
accessible to horses, color infrared aerial photographs from 1983 
(nominal scale of 1:24,000) and a Bausch and Lomb Zoom 
Transfer Scope were used. Area was calculated by planimetry. 
Results indicated that 411 ha of salt marsh were potentially avail- 
able to the horse population. However, approximately half of this 
marsh area is only available at mean low tide and is not frequently 
grazed by horses. The remaining half of the marsh (approximately 
205 ha) is used frequently and is already severely overgraxed @er- 
sonal observation). The current population of 180 animals (Finley 
1985) is at a density of 0.88 horse l ha-’ of frequently used salt 
marsh. 

Model Structure 
The model contained 7 compartments (Fig. 2) and was deve- 

loped to simulate carbon flow through the system on a yearly basis. 
The objectives of the model were to (1) adequately simulate the 
ungrazed, or nominal condition, of the salt marsh; (2) simulate 
current intensities of horse grazing; and (3) predict potential 
impacts on the marsh due to increased horse grazing. 

Table 1. Differential equation8 wed for etate variabke III the ccoeystem 
dmuhtion model. 

Eovpripo 
dXl/dt = Fo~+F~I-FI~-FI~-FM-FI~-FIcI 

dXt/dt = F12-F20 

dX3/dt -F13-F36-F~)-F31 

Wdt = FwF4o 

dX3ldt = FG-F~~J 

dX&it = +36-F65_F(jo 



Fig. 2. Diagram 
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of aboveground Spartina dynamics during 1 year of the simulation, showing seasonal patterns. 
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T&b 2. Dacripth~ of hvs (Ft$ used III the dI&rentiaI equatIona Tabk 4. Vdues of parameters d ia tke dmuhtion model. 

FOI 

F~I 

FIO 

F12 

F13 

F14 

F17 

F36 

F65 

F60 

F40 

Fso 

F20 

F30 

Gross photosynthesis of Sporfina 
[(maximum gross phofosynrhctic rate by season)(stacding stock of Sparrim ) 
(space related feedback control with response thrsho!d and carrying capacity)] 

Translocation of carbon from roots to shoots in Spartina 
I6pccific raw. of oa”slocation per xason)(sta”ding stock of roots and rhizomes)] 

Respiration of Sparlina shoots 
I (specific rate of respirndon by season)(standing stock of shoots)] 

Nonpredatory mortality of Spartina sboots 
[(death rate of shoots by scason)(standi”g stock of shcats)] 

Translocation of carbon lrom shoots to roots in Sporriro 
[(specific mte of nanslccntion per rason)@tanding stwk of shoots)] 

Ingestion of Spartim by insect grazers 
Itmaximum rate of iopstion)(standing sto& of imectQ(space f&back) 
(wowce feedback control with satiatio” level sod refoge kvcl)] 

Ingestion of Sportino by horses 
[(maximum iogerdon rate per hone by season&tandiog stock dhmes) 
(space fecdbtuk)@r.- feedbrk)] 

Death of live roots and rhizomes, becoming sediment macroorganic matter 
[(rcssonal derth lucxstwxtiog stock ofmaa and rhiumro)] 

Ingestion of macro-organic matter by aerobic betcrotrophs 
((maximum ingestion n!eXstanding stock of hctcmnophs)(spacc relati f&tack 
te”“)(l-egcstio”)] 

Lore of macroorganic matter from the marsh, e.g., sinking, tidal export 
[(qecific loss ratc)(sta”ding stock of “lacmmgtic matter)] 

Respiration of insect grazers 
((searonsl specific mtc of rcspiration)(standi”g stock of insms)] 

Respiration of aerobic beterotrophs in the sediment 
[(xasonal specific rate of rcspiraticm)(standi”g stozk of ticmbes)] 

Lass of standing dead from the system 
l(scasonal specific loss rate)(standing stock of standing dead Spo&a)] 

Respiration and leaching of live Spartim roots and rhiionws 
I(xaso”al spccifx loss tateXstandi”g stock ofrcotr and rhizonrs)] 

Table 3. General lorms of feedback controla on rates of carbon transfer. 

A. Getmalircd logistic for space-related comrols: 

fIXi) = ( l- (VT) Io(i-aii) I (Ki-aii)]l 

where 

b = specific loss rate of xi, 

‘I = qecific rate of i”pcstio” of xj, 

~~ij = density of Xi II which the density rrsponse begins, 

Ki = carrying capacity of Xi, 

such that the function langes between 0 urd 1. such that when Xi c as, foci)=1 

UXI when Xi 2 Ki, f(Xi) = 0, bcm” *SC pointy tk fvnction ti liner. 

)Sj = the WiSiOll ICVCI Of Ic%NUCC Xi f0I CoMumcT Xj beyond 

which tk ingestion rate will no langa incxasc. 

oij = the mfuge keel of ~CY~UM Xi below which it is not 

rvailabk 10 COOSU_ Xj, 

such that the function ranges from 0 to 1. such that Whc” Xi < aij, the” f(Xi) 5 O md 

COlEUl@On by Xj will also bc 0. md when Xi ~xj then f(Xi) * 1 md e~nsumption by 

Xjwillbeatnmaxim~;bcnutenaud7,thc~do”is~. 

TAUOI 

TAU13 

TAU31 

TAU65 

TAU14 

TAU17 

LAM10 

LAM2fI 

IAhMO 

LAM5il 

LAM60 

MU12 

MU36 

Mu56 

EPS65 

ALPHA11 

ALPHA44 

ALPHAS5 

Kl 

K4 

K5 

ALPHA17 

GAluM417 

Specific rater used in flow quations (day-t) 

maximum photosynthedc rate of Spanina 
spccinc rate of tm”skcadon fmnl &Jots 
to mot* 

,062 ,136 .I36 .O44a 

.02 .05 .Ol .02a 

spwitic rate of tm”slocation ti m0t.s 
to shoots 

.OOOI .003 .OOO~ .OO3b 

t”aCnum i”gestion mte of aerobic hem- 
oauphs i” the sediment 

.38 .38 .38 .38b 

maximum i”pstion rate of i”sect gnzrs .25 .25 .25 .25c 
on Spaninn shoots 

“nximum ingestion rate of hasa .osO6 II482 .O6 .osow’ 

spccttic rate of shall rcrpindon .OO35 .OCMS .OO26 .OOlgb 

specitkRDoflossofsta”di”gdtad .OO7 .OO3 .024 .o1b 
fmdll the syae”l 

spxific rate ofrespbatay and leaching .OOO97,.01148,.OO7653. .oth 
losses frcml loots and lilizomcs to inPmdtial water 

spwitic late of insect lwpbmion .114 .I2 .12 .114b 

spxifx loss rate of aerobic ktclwophs .ll .ll .I1 .tlb 
blcbldblg lapinwion 

rpcific loss Iate of mc matter .0004 a004 SICKM acab 
i”cloding tidal loss and scnling 

spocifie d&l rate of shoots .OO23 .OO15 .012 .O42b 

SpCCiG~~dl~~oftU0C.Ud~ a31 a043 .004 .OO3sb 

spccifx&a~nteofaembickmwvphs .OOS .OOS .w5 .cad 

Parameters in control feedback lunctions (g C. m-2) 

pIop0I60n Of material cgcsted by aerobic 
hetemuophs in the sedimnt 

dueshold response density of shoots 

threshold response density of insect gmxxs 

threshold response density of aerobic hetercaophs 

carrying capacity of shoots 

ca”yi”g capacity of insect gtazcrs 

cattying capacity of aerobic hetemnvphs 

25 (u”itkssP 

lad 

1.25c 

7.44a 

2OOd 

1.25= 

g.ob 

mfugc level of show fmm hoRe gt&ng 

utiationkvelofshcaswithrcgardtohorw 

7.26a 

4Od 

%Mifud fmm W&en ud Wetzel(l979) using data from Ttmxr (1985.1987). 
hFnza Wicgm ud Wet7cl(1979). 
vm”l Smalley (1959). 
dFro”l rulner(1985, 1987). 
CFrom Wiegen et al. (1975). 

Results 
Simuhtions 

The nominal model simulates stable annual cycles of the com- 
ponents and shows no net change from year to year (Fig. 3). 
Seasonal growth cycles are apparent; peak biomass is reached in 
late summer, while peak standing dead occurs in early winter. 
Insect grazers increase during the summer, then decline. These 
simulations agree closely with field data from horse exclosures 
(Turner 1987), as illustrated by comparing an annual cycle of 
simulated and observed ungrazed live Spartina alterniflora bio- 
mass (Fig. 4). A series of sensitivity analyses was also done with the 
nominal model (see Turner 1985), indicating as expected that 
Spurtina productivity was the dominant control in the marsh. 

The effects of grazing on Spurtina standing stocks with constant 
horse densities are shown in Figure 5a-c. With 0.136 horse/ha, 
Spurtina productivity is sustained (Fig. 5a). When the horse den- 
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sity increases to 0.15 1 horse/ ha, standing stocks decline gradually 
during the 5-year simulation (Fig 5b); and a density of 0.165 
horse/ha causes a drastic reduction in Spartina biomass (Fig. 5~). 
Horse grazing also caused macroorganic matter to be lost from the 
system during the simulations, but the insect grazer and bacterial 
populations were not affected. Results of simulating the horse 
population using the current annual rate of increase, 0.05, and 
beginning with a density of 0.136 horse/ha are shown in Fig. 5d. 
This simulation suggests a sharp demarcation between what 
appear to be tolerable intensities of grazing and deleterious levels. 
When the aboveground peak biomass of Spartina falls below a 
threshold of about 125 g C.m-* (equivalent to 2,700 kgoha” dry 
weight of Spartintt), the plants cannot recover unless grazing inten- 
sity is reduced. This occurs because primary productivity becomes 
insufficient to support the herbivory, and Spartina standing stocks 
fall to refuge levels; when grazing pressure is reduced, biomass will 
again increase. 

Actual grazing patterns on the marsh vary spatially, with some 
areas used intensively and other areas only used sporadically. The 
grazing simulations correspond closely with field data from plots 
which had light, moderate, and high intensities of horse grazing 
(Fig. 6). The model generates reasonable effects of grazing, as can 
be seen by comparing the curves in Figure 6 with l-year segments 
of the grazing simulations shown in Figure 5. 

Estimating an Acceptable Horse Popuhtion Size 
Biomass produced in excess of the threshold of 2,708 kg&a-’ was 

considered a sustainable loss of Spartina to horse grazing. A range 
for the size of the horse population was then determined. This 
required several steps: 

1. Average daily consumption of forage per horse (Table 5) was 
estimated at 7.7 kg dry weight per day based on standard horse 
nutritional requirements (National Research Council 1978) and 

Live Spartina alterniflora 
200 
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Y 

El00 
0 
CD 
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I 
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240 360 

Fig. 4. Comparison of one-year simulation of live Spar&a and 1984 fWd 
&la urom lI4mer 1985. 1987). 

the population structure of the herd in 1983. This value will vary 
with herd structure. 

2. Average daily consumption of Spartina per horse was esti- 
mated to be 50% of total forage, based on Lenarz’s (1983) observa- 
tions of horse foraging. A higher (60%) and lower (40%) propor- 
tion of Spartina in the diet was also examined to bracket the 
estimates with more and less intense grazing effects. Thus, annual 
Spartina consumption per horse is: 

0.60 X 7.7 kg X 365 days = 1,686 kg/year (more intense 
grazing) 

GRAZING SIMULATIONS 

fb) ’ I I I 

(dl ’ 1 I I 
THRESHOLD 

1 2 3 4 5 1 2 3 4 5 

YEAR 

---__ LIVE S/mrtina 
_ STANDING DEAD 

Fig. 5. Simulated aboveground Spartina with dgferent horse grazing intensities: (a) 0.136 horse/ha; (b) O.lSl horse/ha; (c) 0.165 horse/ha: (d) 0.136 
horse/ha increasing at 5% per year. Note threshold level in (d) where decline in Spartina standing stock is quite sharp. 

JOURNAL OF RANGE MANAGEMENT 41(5), September 1988 445 



Table 5. Daily forage requirementr per home for the 1984 feral home 
population on Cumbehnd Island. 

Digestible energy Dry fmge Total dly fmgc 
Number of rtquind per hmebtc raquti peg hmebd required 

H0IS.d WA) (kg) (kg) 

Live Spaffina alteff7iflof~ 

*O”- 

1 Grazing Intensity 
150-l Q 

Maturehorses 113 16.86 

ktaillgmam 7t 25.00 

Foals 1 9.10 

Yedings ( 27 16.80 

IurAL 154 

Avaage 

WnJm Ambrmc et al. 1983. 
bDm -: N&d Research cGuril(1978). 

1.7 870.1 

11.4 79.8 

4.1 28.7 

1.6 205.2 

1183.8 

7.7 

9 
El00 
. 
0 
Ln 

50 

4 

4 

4 

guedm4OOkgrmnm weight,includcaoninanurttequinmcntplvs 3 Mcll fonv6lking. 
%sed cm value., repmted for digestible energy ument of gnzd gmsser. 
s%imaad ecuI mc numbu of foals. 0 

0.50 X 7.7 kg X 365 days = 1,405 kg/year (average grazing) 
0.40 X 7.7 kgX 365days = l,124kg/year (lessintensegrazing) 

3. From the model and field data, the amount of Spurtino 
available to the horses if the integrity of the marsh is to be main- 
tained was estimated at 400 kg/ ha. This number was estimated as 
follows. Field data indicated a range of annual net aboveground 
primary production from 3,000 to 4,250 kg/ ha (Turner 1987). The 
simulation model indicated a threshold level of 2,700 kg/ha of 
Spartina, below which the system could not be sustained if grazing 
continued at the same intensity. This suggests that a yearly loss to 
grazing of 300 to 1,550 kg/ha might be tolerable, depending on 
location; thus a loss of 800 kg/ ha might be acceptable on average. 
But, because trampling causes a decrease in NAPP equivalent to 
that of consumption (Turner 1987), only half the 800 kg/ ha should 
actually be consumed as forage. 

4. The area of marsh required per horse could then be determined: 
1,686 kg/ horse/400 kg/ha = 4.2 ha/ horse (more intense grazing) 
1,405 kg/ horse/400 kg/ ha = 3.5 ha/ horse (average grazing) 
1,124 kg/horse/400 = 2.8 ha/horse (less intense grazing) 

5. The final step then requires dividing the generally accessible 
marsh area (205) ha by the area required per horse: 

205 ha14.2 ha/ horse = 49 (more intense grazing) 
205 ha/3.5 ha/ horse = 59 horses (average grazing) 
205 ha/2.8 ha/ horse = 73 horses (less intense grazing) 

Thus, an acceptable range for the size of the horse population may 
be between 49 and 73 animals, which is 27% to 40% of the current 
population size. 

120 DAY 240 
Fig. 6. Aboveground live Spartina in 1984 with diflerent intensities of 

horse grazing (akta are from Turner 1985, 1987). Vtese curves can be 
compared with one-year segments of the simulations shown in Figure 5. 

model. Impacts of the horses on communities such as the interdune 
meadow and maritime forest should be monitored. For example, 
the model assumes a constant proportion of Spurtinu in the horses’ 
diet and that switching to a different forage does not occur. As the 
marsh becomes more severely overgrazed, horses may select an 
alternative food source, which may increase their impact on other 
habitats. 

The horse population has significance in the history of Cumber- 
land Island, and there is public interest in maintaining the herd. 
This study suggests that a small horse population can probably be 
maintained on Cumberland Island without excessive marsh deter- 
ioration. The population must be reduced from its present size, 
however, to permit recovery of the overgrazed marshes. This study 
indicates an acceptable population of 49 to 73 animals on the island 
based on current grazing intensities in the marshes. A smaller horse 
population could also be restricted to a portion of the island and 
excluded from the remainder, permitting a recovery from grazing. 
The long-term impacts of horse grazing on the marshes and other 
habitats should also be monitored regularly. 
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Book Reviews 
Livestock and Wildlife Management During Drought, 

1985. Robert D. Brown (Ed.). Caesar Kleberg Wildlife 
Research Institute, Texas A & I Press $5.00 paper. 
This book contains the proceedings of a workshop held at Texas 

A & M University on June 19, 1985. The introductory paper 
reviews the frequency and severity of droughts in South Texas 
from 1900 to 1983 and establishes a foundation for the eight papers 
that follow. 

While the introductory paper describes the climate and empha- 
sixes the unreliable rainfall problems of South Texas as being 
unique, it is obvious from world precipitation maps that serious 
rangeland droughts are not unique to South Texas, or even to the 
United States, but tour le mode. Personal experiences reinforce 
the fact that many rangelands in Northern and Southern Africa as 
well as portions of Australii also experience “unique” drought 
problems such as those described in the proceedings. Thus, conclu- 
sions in the papers regarding cattle management during times of 
drought are appropriate for other parts of the world. Such sugges- 
tions as lowering stocking rates during droughts as well as working 
cattle in early morning or late evening are sound recommendations 
for management in such far-away ranges as are found in Lesotho, 
Swaziland, or Morocco. 

Several of the papers discuss the possibility of using short- 
duration grazing and other rotation systems to alleviate the effects 
of drought. The Savory Grazing method is briefly reviewed within 
the text. Overall, the authors suggest that “‘grazing systems offer 
possibilities of benefits for both livestock and wildlife which could 
not be obtained otherwise.” Most of the results quoted are preliii- 
nary. Nevertheless, an important conclusion stressed later in the 
proceedings is that, “benefits can be derived by using a planned 
grazing system, especially during drought.” 

We were disappointed in the lack of attention given wildlife 
management. Inter-relationships between cattle and wildlife dur- 
ing and after drought are of utmost importance for the welfare of 
all concerned and justify full consideration. The tendency of deer 
to vacate pastures as cows moved in is similar to results found on 
other ranges. This practice is similar to the natural rotation process 
in Africa where one species of grazing animal is followed by 
another. 

A recommendation that “prickly pear should be included in any 
range management plan in thii (or) similar areas throughout the 
world” is debatable, particularly in relation to other parts of the 
world. Such a program might be an injustice to fellow herdsmen in 
some developing countries. Cacti already planted at the expense of 
grass in those countries cannot economically be made edible by 
burning off spines because of a lack of finances for fuel. Spineless 
forms of cacti are usually protected from grazing so the fruits can 
be sold at the market. Also, in most of these countries native 
vegetation is so low in protein content that the introduction of 
protein-deficient cacti would aggravate the situation. 

In summary, the book has practical information for use by 
hands-on range managers. It not only includes suggestions for 
easing drought problems, but also offers good recommendations 
to aid during the recovery period when the rains return. We think it 
is well worth the price of five dollars and should be in every range 
manager’s library. Curl J. Goebel, Washington State University, 
Pullman and Jeff Goebel, Hana Ranch Resource Manager, Maui. 

Colorado Flora: Western Slope. 1987. William A. Weber. 
Colorado Associated Univ. Press, Boulder, CO 80309. 
530~. $19.50 cloth. 
Range managers, botanists, and ecologists doing field work in 
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western Colorado have not had a single, comprehensive, current 
volume with which to identify vascular plants. This has changed 
with the publication of Professor Weber’s new flora. 

This flora is intended to be used in the field by both professionals 
and amateurs, so detailed descriptions of the species have been 
omitted to keep the volume reasonably portable. The book has 64 
color plates and 107 figures, each containing 3 to 5 line drawings. 
Thus, only a fraction of the 2,150 species recognized in the book is 
illustrated. The book seems to be sturdily bound and is attractively 
priced. 

The flora is organized by three major groups: ferns and their 
allies, gymnosperm& and angiosperms. The alphabetic arrange- 
ment of families and genera within families greatly facilitates locat- 
ing taxa. Monocot and dicot families are intermingled within the 
angiosperm group. Also included are meanings of genus names, 
which can aid in remembering them. 

The book ends with a glossary of terms, an index to selected 
common names, and an index to genera. The genus index refers the 
reader to the corresponding family acronym but, unfortunately, 
does not give page numbers. The generic index also cross- 
references the numerous “new” (to most readers) generic names 
which either replace or are subdivisions of “old” genera. The 
generic index does not contain the names of species, which is 
inconvenient when trying to locate quickly species in large genera 
such as Astragalus or Carex. 

Professor Weber is aware that his flora will undoubtedly frus- 
trate many readers because of its plethora of unfamiliar genus 
names. Weber states that he deliberately set aside his preconcep 
tions of generic boundaries and sought a “fresh new look at the 
flora.” Almost 200 genera appear in this flora which were not 
recognized in Harrington’s Manual of the Plants of Colorado. No 
reasons are given for particular generic rearrangements, although a 
brief phrase or two of explanation could have been added in each 
instance without unduly burdening the book. He has concluded 
after 40 years of study in Colorado and around the globe that 
“lumping is not a virtue.” He implies that his use of unfamiliar 
generic concepts will be vindicated in the future. 

The author points out that one need not subscribe to his generic 
concepts in order to use this flora. In the vast majority of instances, 
the cross-referencing of “old”and “new”genera makes the transla- 
tion of names simple. When one ends up at an unfamiliar genus or 
species name after using the keys, a reference to the former name 
appears at the end of the brief species description. Most readers 
should become comfortable with the keys in short order. 

Colorado Flora: Western Slope will be an important tool for 
range scientists performing vegetation studies in western Colorado 
mainly because the keys are so good. Professor Weber has written a 
flora whose value to field workers should not be underestimated 
because of his use of strange generic names.-Alan T. Carpenter, 
Colorado State University. 

Ecological Simulation Primer. 1987. Gordon L. Swartzman 
and Stephen P. Kaluzny, MacMillan Publishing Co., New 
York. 370p. 

To quote the authors, “Simulation models are the only tool 
presently available for translating a collection of hypotheses for 

ecological processes into a representation of how the whole ecosys- 
tem functions.” This fact, in itself, is sufficient justification for 
mastering the use of this important tool. However, there are other, 
perhaps even more important reasons for understanding the apph- 
cations and techniques for simulation modeling. Policy decisions 
ranging from management of Federal lands to storage of high-level 
nuclear wastes are increasingly based on results from simulation 
models. Legal decisions may also draw heavily on these results. 
These facts lead one to conclude that scientists need training in 
simulation modeling. Not only in how to do it, but in testing and 
validating models, and in knowing the limitations and problems 
inherent in any simulation effort. 

Ecological Simulation h’mer, according to its authors, was 
written to provide a text “devoted to ecological simulation model- 
ing that covers the basics of model development, techniques for 
model analysis, and methods for model evaluation....“They claim 
that, upon completion of study of the text, the reader “should be 
able to design and run a simulation model and be able to read, 
comprehend, and evaluate modeling articles in the literature.“The 
orientation of the book is therefore that required to provide the 
working knowledge of modeling that modern ecologists need. 

The book starts from an overview of simulation modeling and 
progresses through linear models, model processes, nonlinear 
models, stochastic methods, model evaluation, and applications. 
At each step, algorithms are presented in easily understood pseud- 
ocode as well as in nicely structured modules of Fortran 77. While 
Fortran is often used for model coding, it would be an easy matter 
to recode the modules in other languages, if desired. Simulation 
examples are given in the text, and exercises are given at the end of 
each chapter. The mathematical skills required for mastery of the 
materials in the book are perhaps somewhat beyond those typical 
of many upper-class and graduate students in biology, but append- 
ices provide useful reviews of topics in linear algebra and statistics. 

I felt that the objectives of the book were admirably fulfilled. 
One would not expect to be an expert at simulation modeling after 
completing the book, but it certainly provides a good foundation 
on which to build. Even if one were not to go in in this area, the 
material learned from the book would allow one to ask the right 
questions about models that are proposed as bases for manage- 
ment decisions or policy making. Features of the book that I 
especially liked were the excellent treatments of model documenta- 
tion and organization and the examples of code modules and 
module interfaces. Most modelers could benefit greatly from a 
careful reading of these sections. Other features that I liked were 
the examples and exercises. I doubt that any student can expect to 
master this subject without working through the exercises. The 
examples provide good test cases to try before one jumps off into 
the unknown. 

The models presented and discussed in the book are ideal for 
presenting the information the authors wish to present, but are, of 
course, much simpler than many ecosystem models which are in 
common use today. The book is obviously not a substitute for the 
extensive knowledge of biology, soils, environmental physics etc., 
required to be a good ecosystem modeler. It does, however, pro- 
vide a sound foundation on which to build.-Gaylon S. Campbell, 
Dept. of Agronomy and Soils, Washington State University, Pul- 
lman 99163. 
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