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Range Management in the United States for 
the Next One to Three Generations1 

MARION CLAWSON 

Resources for the Future, Washington, D.C. 

It is difficult to project the longer 
run future with any assurance, 
whether one is concerned with 
rangeland or with any other natural 
resource. One has only to recall 
the great changes that the past one 
to three generations have brought 
in every aspect of our lives; he 
would be wise to assume that the 
next one to three generations will 
bring equally great changes. The 
recent past was not, and could not 
be, accurately foreseen at the begin- 
ning of any past period; and today 
we are uncertain about the nature 
of future changes, while at the same 
time assuming they will be very 
great. 

Let us start by briefly recalling 
some attributes of life in the United 
States in 1900. In 1900, the total 
population of the United States was 
76 million people; today it is over 
200 million. In 1900, the gross na- 
tional product in current prices was 
about $20 billion, today in current 
prices it is about $1,000 billion, or 
apparently 50 times as much; even 
at constant prices it would be well 
over 10 times as much. In 1900 
there were only 8,000 registered cars 
in all of the United States; today, 
there are over SO million. In 1900 
there were no airplanes-the Wright 
brothers had not yet made their 
historic flight; today, there are 
150,000 airplanes, some with wing 
span greater than the length of the 
first flight. In 1900, and long there- 
after, there were no space vehicles; 
today, we have landed several men 
on the moon, and brought them 
back safely. In 1900, there was no 
frozen food industry, no radio, no 
television, nor any of scores of other 
production and consumption tech- 

l Presented at the 25th Annual Meet- 
ing of the Society for Range Manage- 
ment, February 4-11, 1972, Washing- 
ton, D.C. 

nologies that we take for granted 
today. And the paid vacation was 
almost unknown-college professors 
and other teachers got “vacations,” 
but without pay; and the average 
work week was 60 hours, today it 
is about 40. 

And one could go on and on, con- 
trasting the situation 70 years ago 
with that of today. Americans today 
are more numerous, have higher 
incomes, are more mobile, travel far 
more, and have an enormous range 
of gadgets in their daily lives, com- 
pared with a few generations ago. 

In another 70 years, by 2040, 
there will almost surely be more 
people in the United States than 
now-how many more, depends 
upon our reproductive habits, but 
a population of at least 300 million 
is highly probable, 400 million not 
unlikely, more entirely possible. 
National income, in total and per 
capita, will almost surely be higher 
than now-very much higher, prob- 
ably. Our children and grandchil- 
dren may well choose to use much 
of their higher productivity per 
manhour by increasing their leisure 
rather than by increasing their con- 
sumption of goods, but we cannot 
be certain of this either. There is 
every reason to believe that our 
technology then will be more ad- 
vanced than now, in ways we do 
not now foresee. We live in a dy- 
namic and changing world, and the 
future is as exciting and as un- 
known for us as it was for our 
grandfathers. 

Within the range livestock indus- 
try, these past 70 years have also 
seen vast changes. The national 
forests were only partly established 
in 1900, now they are fully so. In 
1900, the grazing districts were un- 
known; now all the federal land 
suitable for grazing use is included 
within them. In 1900, a lot of what 
is now privately-owned range, espe- 
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cially on the Great Plains but else- 
where as well, was still public do- 
main, fast being transferred into 
private ownership. In 1900, there 
were 60 million cattle of all ages 
in the United States; today there 
are over 110 million head. The 
type of cattle has changed. In 1900, 
there had been no range survey, and 
the idea of managing grasslands 
and other natural ranges scarcely 
existed. In the intervening years, 
science has been applied to range 
management and to livestock pro- 
duction, with great results. Mar- 
kets for the range livestock have 
changed, in location and in type. 

One of the major changes over 
the past 70 years, and more particu- 
larly over the past decade, has been 
the rise in popular support for con- 
servation. There were great conser- 
vationists before 1900 and in that 
year, and there was some popular 
support. But the average man today 
gets onto the land and into the 
forests in a way that was undreamt 
of two generations ago. Threats to 
the environment have arisen from 
many sources, including some from 
our new technologies, and many 
new demands are being made upon 
our natural resources. Whereas use 
and management of land, forests, 
and water was once considered the 
sole prerogative of the owner, today 
many people who neither own nor 
directly use such resources neverthe- 
less have very definite ideas about 
how they should be managed. One 
can assume that such interest will 
increase in the future. 

Range Management is Practical 
Ecology 

The rancher and the range man- 
agement specialist are practical ecol- 
ogists, by necessity. They must 
work with, and at best manipulate, 
natural forces; they cannot wholly 
replace natural vegetation with 
crops of their choosing, grown by 
methods they select, as the crop 
farmer can and does. The range 
manager accepts the climate and 
soil as he finds them; he can modify 
plant cover to some extent, but only 
within limits. To the natural limi- 
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tations of most range areas must be 
added some economic ones: range 
areas are, by and large, lands of low 
physical productivity. A range 
which yields a ton of harvestable 
air-dry forage per acre is tremen- 
dously productive; the average acre 
in grazing districts produces less 
than 100 pounds. Not only is the 
tonnage low, but these are rough- 
ages-valuable livestock feed, but 
not concentrated feed. Most range- 
land responds only modestly to 
added inputs of labor, capital, and 
management. Even if some range 
management practice can double 
output, this is still only a limited 
weight of forage per unit of land 
area. As a consequence, the rancher 
cannot afford to undertake expen- 
sive programs on most range. And, 
of course, such a low output per acre 
means that the plant growth can 
be harvested only by grazing ani- 
mals. This inevitably leads the 
rancher and the range manager into 
livestock operations, with all their 
specialized technical problems. 

In thus stressing the practical 
ecology aspect of range manage- 
ment, I do not in the least suggest 
that all past rancher and specialist 
management of rangeland has been 
good ecology. As we all know, in 
altogether too many instances the 
ranges have been overgrazed, or 
grazed at improper seasons, or 
otherwise mismanaged, with conse- 
quent loss of productive plants and 
often with damage to the soil as 
well. Much of this mismanagement 
arose from lack of knowledge; some 
came from lack of control over land 
use-if one man’s cattle did not 
graze all the grass, someone else’s 
cattle did. My experience and re- 
search lead me to the conclusion 
that range managers as a whole 
have been neither better nor worse 
than crop farmers as a whole or 
than foresters as a whole. In the 
frontier era of American history, 
natural resources were relatively 
plentiful, capital and labor were 
generally scarce, and exploitation 
for immediate gain was economi- 
cally advantageous and some times 
necessary. Modern range manage- 

ment has opened up many possi- 
bilities for achieving more output 
from rangeland today while at the 
same time maintaining or building 
up productivity for the future. The 
low point in conservation of crop- 
land, forests, and rangeland seems 
to have been the 1920s; since then 
there has been modest improvement 
for all three, though conditions are 
far from fully satisfactory today. 

Rangeland management of the 
past was directed primarily toward 
the output of domestic livestock, 
Some, not primary, attention was 
given to game animals and water- 
shed effects. Chemicals were used 
to control unwanted plant species, 
or to control predators, or for other 
purposes. The pollution problems 
which draw so much attention today 
were often largely ignored. As we 
move into a new social and eco- 
nomic era, the ecological require- 
ments of range management have 
changed, and will change still more. 
But good range management can 
never ignore the economics of in- 
puts to the land, and outputs from 
it-whether the outputs be only 
beef, or include also various recrea- 
tional, aesthetic, and other values. 
These latter outputs are not infi- 
nitely valuable, one must consider 
what he gets for the expenditures 
he makes. 

Projections of the Future 

There is a continuum from the 
past to the present to the future; 
our only real guide to the future 
lies in our understanding of the 
past and present. We often do not 
understand the past, sometimes we 
even try to ignore it; our under- 
standing of the present world in 
which we live is often deficient-as 
participants, we are not good ob- 
servers. Our efforts to project the 
future are often severely inhibited 
by our preoccupation with the pres- 
ent-and with the present as we see 
it from our unavoidably rather re- 
stricted viewpoint. We usually find 
it difficult to imagine a future 
which differs greatly from the 
present; more commonly, we antic- 

ipate modest changes of the present 
situation. 

Though they may be difficult to 
foresee in general, and impossible 
to foresee in detail, yet the major 
innovations and changes of the fu- 
ture may dominate it. For instance, 
in 1900 it would have been impos- 
sible to foresee all the changes in 
sources and amounts of energy 
which would develop in the ensuing 
70 years; as far as I know, no stu- 
dent of energy problems of that day 
foresaw anything remotely ap- 
proaching what has actually hap- 
pened. But a wild blue yonder 
guess about sources and uses of 
energy would almost surely have 
proven more accurate than a sober 
and modest extension of the situa- 
tion of 1900 and of recent trends to 
that date. Likewise today, we are 
caught up in many problems of 
energy production, transmission, 
and use, including many pollution 
problems. Most projections include 
a trend toward more and more 
energy, from sources now in use or 
on the horizon of use; but might 
the course of events be quite dif- 
ferent-some wholly new sources, 
or some actual reduction in energy 
use, or something else equally un- 
foreseen now? I do not know; I 
cannot imagine what the drastically 
new sources or uses might be; but 
I do know that in the past the un- 
foreseeable has often become the 
actual, and in the process made a 
mockery of sober calculations. 

I have used the energy example, 
in part because it is quantifiable 
and dramatic and important. But 
one could use other examples, closer 
to the range livestock industry, of 
significant changes in technology or 
in markets or in objectives which 
have greatly influenced the indus- 
try. One can never rule out the 
possibility of an unexpected major 
change of some sort. Nevertheless, 
one can project the future only on 
the basis of his ability to under- 
stand the present and to imagine 
future change; my comments which 
follow are as pedestrian as anyone’s, 
while at the same time I realize that 
time may prove them much in error. 



330 CLAWSON 

Traditional Outputs of Rangeland 
As long as the sun shines and the 

rain falls, grass and other range for- 
age will grow; and I cannot imagine 
a world where some, if not all, that 
is harvestable will actually be used 
to produce domestic livestock and 
game animals. Beef, lamb, and 
wool are the traditional outputs of 
the range country, and I think it 
certain they will continue so. But 
there may be-indeed, it is highly 
likely that there will be-substantial 
changes in the way the range is 
managed, the amount of harvestable 
forage produced, the way the live- 
stock are operated, and the amount 
and kind of turnoff. 

The Forest Service and the Eco- 
nomic Research Service have been 
engaged in a comprehensive study 
of rangeland possibilities--the For- 
est-Range Environmental Study, 
which comes down to FRES (some- 
one must have gotten a meritorious 
promotion for thinking up that 
one!). I shall not attempt to sum- 
marize its findings, which have been 
reported only preliminarily until 
now. But, in general, FRES shows 
that the rangeland of the United 
States could be made to produce a 
great deal more forage, which could 
be the basis for a much enlarged out- 
put of range livestock. To produce 
more, the rangelands would require 
considerable investment of capital 
and labor, as well as the conversion 
of some land from primarily forest 
to primarily range production, with 
consequent loss of needed forest 
products output. The production 
capabilities of range differ greatly 
according to site and vegetation 
characteristics; the precise combina- 
tion of inputs to achieve the poten- 
tial would likewise vary greatly. 

The physical potentialities of 
rangeland, while important, are 
only part of the story; the markets 
for the output, and the economics 
of producing it, are equally impor- 
tant. On the market side, range- 
land is in a fairly strong position. 
The demand for beef (the principal 
range output) is strong and is likely 
to continue so; as their incomes rise, 
Americans consume more beef and 

better grades of beef. One need 
only go to a supermarket today, to 
find best grades of beef selling for 
as much as $3 per pound, and to 
see people buying such expensive 
beef, to realize that the demand is 
indeed high. More people and 
more income per capita will surely 
add up to a much higher demand 
for beef in the future. This is not 
contradictory with the possibility of 
temporary or shortrun reductions in 
beef or cattle prices. For a great 
many farm commodities-wheat and 
potatoes, to use but two examples- 
demand is comparatively insensitive 
to income levels of consumers, and 
total consumption will not rise 
more than total population in- 
creases, and may rise less. Among 
the many farm commodities, beef 
is in a pretty good position to bene- 
fit from rising average per capita 
incomes. 

Though great increases in phys- 
ical output of rangelands are possi- 
ble, will they be profitable? Here, 
one must remember again that 
rangelands produce a small phys- 
ical output per acre; one must be 
careful about spending more to 
increase forage yields than the in- 
creased forage is worth. Moreover, 
range people must remember that 
much beef is produced from farm 
pastures and crops; range is an im- 
portant area of origin for beef, but 
far from the only one. Great in- 
creases in physical output of farm 
pastures and croplands are also pos- 
sible; could they be achieved more 
cheaply than the same increases in 
output from the rangelands? I do 
not know, this is not the time or 
place for a detailed review of the 
economics of beef production, and I 
suspect that such a review would 
be inconclusive in any case. Only 
time will tell whether range or 
farm pasture can produce beef more 
cheaply in the future. 

One of the major developments 
in beef production of the past two 
decades or so has been the rise of 
the very large feedlot, where many 
thousands of head of cattle are fed 
each year. Economies of scale in 
use of labor have been one major 

factor leading to the development 
of such large feedlots, but various 
technological developments have 
also been a factor. It is generally 
agreed that such large feedlots can 
produce beef economically, but it 
is becoming apparent that the pol- 
lution arising out of such enter- 
prises must be controlled and that 
this will cost money, perhaps seri- 
ously reducing the relative econ- 
omies of such large operations. 
Can we possibly devise some way 
that cattle can be fed and fattened, 
while on the range, from feed pro- 
duced elsewhere, with the manure 
returned naturally to the land to its 
benefit, and all at a profitable rela- 
tion between cost and output? I 
confess, I do not know of any such 
development on the horizon, and I 
can see major economic problems 
in any such attempt. But. might it 
be possible to process common farm 
feed crops such as corn or sorghum 
into some form that could be dis- 
tributed over the range from air- 
planes, letting the cattle feed them- 
selves, eliminating the pollution 
problem, and the whole operation 
economically profitable? This is 
the type of wild dream, probably 
infeasible, but truly major in its 
consequences, that I was alluding to 
earlier. I leave it to you to poke 
the idea full of holes, or just possi- 
bly to make it practical. 

Al though lives tack production is 
the traditional output of rangeland, 
and although it will almost surely 
continue in the future, its precise 
form and characteristics may well 
change with time. The need for 
rangeland research is as great as 
ever; I have no doubt range re- 
searchers will turn up vast amounts 
of new information, and develop 
many new ways of managing range- 
land better. I am unable to fore- 
see any dramatic breakthroughs, 
though of course there may be 
some; but the steady accumulation 
of knowledge, for ways each of 
which increases efficiency just a 
little, in time adds up to a tremen- 
dous total. And it is not enough to 
di .scover or develop new knowledge; 
it must be applied, put into practice 
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on the average ranch or the average 
acre of rangeland. There surely is 
room for all the professional and 
technical knowledge and compe- 
tence the range management pro- 
fession possess or can acquire-not 
all the discoveries have been made 
yet, by any means! 

Rangeland Uses of Growing 
Importance 

To the traditional output of 
domestic livestock from rangeland 
must be added some other out- 
puts of recently growing impor- 
tance; I refer particularly to water- 
shed values, outdoor recreation, 
aesthetic values, and environmental 
concerns generally. In the past 
quarter century, these values have 
come very much to the fore, and we 
can expect, I think, a continued 
rise in their importance; range man- 
agement in the future will have to 
deal with such values increasingly. 

The extensive rangelands of the 
United States obviously have consid- 
erable watershed, recreational, and 
aesthetic values; but they also have 
some limitations for these uses. 
The situation differs enormously 
for different range types. The high 
mountain meadows have an ex- 
tremely important watershed, recre- 
ation, and aesthetic function, to use 
but one example. Such lands will 
be in increasing demand for these 
outputs, often to the extent that 
traditional livestock production 
from such ranges must be materially 
modified or even eliminated. In 
contrast, much of the lower foot- 
hills in the West, with their pinion- 
juniper forage types, yield relatively 
little water but often produce a 
good deal of sediment in the streams 
and have only limited recreational 
values. Likewise, much of the Great 
Plains are not attractive to the or- 
dinary recreationist, nor are they 
located close to large population 
centers, hence their total recreation 
value is relatively low. 

The rise in these demands for 
watershed, recreation, and aesthet- 
ics have raised many difficult ques- 
tions of rangeland management. 
How can one realistically measure 

the value or the importance of these 
land uses, particularly since these 
outputs are not sold in the market? 
How can one measure the worth of 
these outputs, against the value of 
beef or other traditional outputs, 
when it comes to a choice between 
them? How can one measure the 
value of these outputs, as compared 
with the cost of the added inputs 
necessary to produce them? These 
are difficult questions, partly tech- 
nical, partly economic. 

In the past two decades, the tools 
of economic analysis have gradually 
been brought to bear on some of 
these problems. I am proud that 
I have been able to play a role in 
such application of economic analy- 
sis to the problems of land man- 
agement, especially for these non- 
marketed outputs. I think that 
benefit-cost analysis, which includes 
all the benefits and all the costs, 
whether bought or sold in the mar- 
ket place, has much to contribute 
to the management of these re- 
sources. But most economic analy- 
sis has been deficient, even in strictly 
economic terms. It is not enough 
to know that the total value of 
all outputs, marketed and nonmar- 
keted, is greater then the cost of 
the inputs necessary to produce 
such outputs; one must go further, 
and ask: who bears these costs? 
who gets these benefits? do some 
groups bear the costs and others 
get the benefits? can the cost-bear- 
ing and the benefit-receiving be 
brought nearer into coincidence? by 
what institutional devices, if any, 
can more equitable arrangements 
for cost-bearing and value-sharing 
be developed? In practice, a great 
deal of the benefits of watershed 
management, recreation, aesthetics, 
and the like have been received by 
groups and individuals who pay 
little or nothing toward the costs. 
As long as some or all of these out- 
puts from rangeland are free, or 
nearly so, to the beneficiaries, then 
the demand for them will rise and 
will be, to some extent, irresponsi- 
ble. No output of rangeland, in- 
cluding water or aesthetic beauty, 
is free of cost to someone; unless 

those who gain also bear some of 
the costs, rather directly, then they 
will urge land management prac- 
tices which they would not under- 
take if in fact they had to bear the 
costs. 

It seems to me that range man- 
agers must be more alert to these 
relatively new demands on the 
rangeland than you have been in 
the past. We must recognize that 
times have changed since we older 
persons were young, that new values 
and new life styles have arisen, and 
that land and other resources must 
be managed in new ways. But we 
must insist that new land uses, how- 
ever strongly they may be urged by 
enthusiastic proponents, must be 
made to demonstrate their worth as 
compared with their cost and as 
compared with the uses they dis- 
place, and that some means must 
be found to pay the costs associated 
with these new uses, including the 
income foregone because of them. 

Some Far-Out Future Possibilities 
for Rangeland 

In addition to the traditional 
outputs of the range, and in addi- 
tion to some relatively new uses of 
growing importance, what far-out 
possibilities for the use of range 
might evolve, as we move into the 
Zlst century? Obviously, no one 
can know what such uses may be; 
perhaps we cannot even guess very 
intelligently; but, if my earlier state- 
ments are correct, it is to the far- 
out uses that one must look for 
really significant changes in the 
future. The difficulty is, what far- 
out possibilities really make sense? 
But let me cast caution to the 
winds, and conclude with a few 
speculations. 

First of all, ranching may evolve 
into a form of conspicuous con- 
sumption, much like yacht-owning 
was once. In fact, to some extent it 
already has done so. Many men 
who make their money elsewhere, 
buy and operate a ranch because 
they like this style of life or because 
it is a way of gaining a certain 
social distinction. They can, and 
often do, pay more for the land and 
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livestock than the earnings of the 
ranch can possibly justify, as com- 
pared with other sources of invest- 
ment. Part of their income is psy- 
chic. Most such ranch owners do 
not scorn cash income from ranch 
operations, and they have a keen 
sense of how to manipulate the 
federal income tax laws to their 
advantage, but many of them would 
probably continue to operate the 
ranch even at a net cash loss (after 
taxes). In this regard, ranch-owning 
is akin to some forest landowning 
in the United States today; the 
usual economic returns are only a 
part of the reason for resource 
ownership and management. 

How much further might this 
type of ranch ownership go, over 
the next several decades? What ef- 
fect will it have upon the use and 
conservation of rangeland? What 
effect will it have upon the com- 
mercial ranchers, those who try to 
make a living and a competitive 
return on their investment, from 
their ranch operations? These are 
not easy questions to answer, but 
range managers as a professional 
group should be aware of some of 
the possibilities in these directions. 

How far, if at all, might the 
range country of the United States 
become the location for major fu- 
ture urban development? How far 
might New Towns be located in 
the Great Plains, the Intermountain 
country, or in the Southern range 
country? There is almost complete 
agreement among social scientists 
and planners that all net popula- 
tion growth in the future will be 
located in metropolitan areas. A 
metropolitan area, by definition, 
includes a major city of 50,000 or 
more population. While some cities 
smaller than 50,000 may increase 
in population, other small cities 
and open country will decrease in 
about the same proportion. There 
is a good deal of sentiment in the 
United States that there is some- 
thing undesirable about having a 

large proportion of our total popu- 
lation living on a small proportion 
of our total land area. The evils 
and the problems of the cities are 
often used as an argument that 
population dispersal should be en- 
couraged. The range country is, by 
and large, thinly populated. Why 
not build some cities of modest size 
(say 100,000 to 200,000 population) 
in the range country, where the air 
is clean, the views are wonderful, 
and the highways are not crowded? 

While the United States may well 
have some free-standing indepen- 
dent New Towns over the next 
several decades, the difficulties of 
building such towns are consider- 
able. Not only must they be reason- 
ably self-contained, as far as employ- 
ment and labor force are concerned, 
when they are completed, but they 
must also be in reasonable balance 
during their construction period. A 
New Town takes a lot of invest- 
ment before it begins to repay that 
investment; land assembly and land- 
holding during the long develop- 
ment period are also serious ob- 
stacles. By and large, the range 
country is not a likely place to put 
a New Town of 100,000 or more; 
many of the small cities in the range 
country have experienced consider- 
able difficulty in attaining an eco- 
nomic prosperity. 

If some New Towns were built 
in the range country, their land 
area would be very small, in com- 
parison with the total range area; 
their direct impact upon rangeland 
would probably be small. But their 
indirect impacts might be large; the 
New Town would offer a type of 
urban contrast, relatively nearby, 
that might considerably affect ranch 
people. For instance, ranch owner- 
ship by urban people would be stim- 
ulated, if their city home were rea- 
sonably close to their ranch location. 

Might the rangeland of the 
United States become the deposi- 
tory for a substantial part of the 
wastes of our industrial civiliza- 

tion-a sort of garbage dump extra- 
ordinary? We are gradually begin- 
ning to realize that disposal of 
wastes or pollutants from industrial 
processes is not simple; nothing is 
ever really destroyed in a world 
where the law of the conservation 
of matter is still basic. We can 
transform the wastes into air or 
water pollutants, or we can bury 
them; and sometimes we can recycle 
them for another round of use. But 
we cannot really destroy them; they 
show up somewhere, in some form. 
Many of the complex chemicals 
from modern industry are partic- 
ularly hard to handle. Might we, 
as a Nation, locate some of our 
chemical industry plants in the 
closed watersheds of the Great 
Basin, where the pollutants could 
accumulate but not be inflicted on 
anyone else? Might some range 
areas become the sites for extensive 
landfills, to provide a home for the 
garbage of our Iarger cities? A pro- 
posal, to bury San Francisco’s gar- 
bage in a range area of northern 
California, was seriously considered 
only a few years ago; it was re- 
jected, not because infeasible, but 
because a cheaper site was found 
nearby. This idea that rangeland 
might become the garbage dump 
of the country will no doubt seem 
offensive to many range managers. 
I do not say it will happen; we may 
indeed develop recycling procedures 
to the point where they can effi- 
ciently handle all our waste prob- 
lems. But the course of economic 
and social development of the past 
three generations (at least) has been 
toward more and more waste prod- 
ucts; we are growing increasingly 
restive that they should be dumped 
in our air, water, and land so near 
where we live. The open range may 
well be the place where such wastes 
can be accommodated with the least 
disturbance to people; you range 
managers must at least consider this 
possibility, as you contemplate the 
longer run future of the range. 
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Highlight 
Canada’s cattle population is ex- 

pected to increase from its present 13.7 
million head to about 16.5 million 
head by 1980. About 5.3 million acres 
of additional pasture will be required 
to feed the extra cattle and most of it 
will come from land presently in grain. 
Range managers will be more con- 
cerned than formerly with cultivated 
pastures and hayland and the integra- 
tion of these with native range. 

Canada is a very large country in 
terms of total area. But much of 
it is inhospitable to human settle- 
ment and unproductive of renew- 
able resources. Most of the popula- 
tion of 21.7 million live within one 
hundred miles of the International 
border. By the early 1980’s the 
population is expected to increase 
to about 28.0 million and disposa- 
ble income to rise about 70 percent. 
The per capita consumption of beef, 
now about 87 pounds, is expected 
to rise to 100 pounds by 1980 and 
to about 130 pounds by the end of 
the century. For various reasons, 
which include an advancing agricul- 
tural technology that is expected 
to accelerate, commodity surpluses, 
a growth in domestic food demand 
that is too slow to absorb surpluses, 
and rising self-sufficiency in less 
developed countries, farmers of the 
western prairies must reduce wheat 
acreage by about 10.0 million acres 
during the next few years. Present 
government policies are directed to 
the seeding of a large portion of 
this acreage to grass-legume mix- 
tures for livestock production. The 
Canadian dairy herd must be re- 
duced from its present 2.6 million 
cows to about 1.7 million by 1980 
because of declining milk consump- 
tion and increased production per 

l Presented at the 25th Annual Meet- 
ing of the Society for Range Manage- 
ment, February 4-11, 1972, Washing- 
ton D.C. 

cow. Land and labor will become 
more costly (Task Force, 1969). 

These are some of the forces that 
will affect the rangelands of Canada 
in the decades ahead. 

Geographically, Canada can be 
divided into at least seven regions, 
each making its own distinctive 
contribution to the national scene. 
These are: the Atlantic Region; 
southern Quebec; southern On- 
tario; the Boreal Forest Complex; 
the Arctic Tundra; the Interior of 
British Columbia; and the Prairie 
Region (Warkentin, 1968) (Fig. 1). 

The first six regions will be dis- 
cussed briefly and then, in more 
detail, the Prairie region in which 
almost all of the rangelands of Can- 
ada lie. 

The Atlantic Region 
The Atlantic provinces of Canada 

have been for the last 100 years a 
region of emigration. Agriculture 
is based upon a narrow range of 
cool season crops and a limited 
amount of arable land. Acreage of 
improved land reached a peak in 
1891 but, soon after, pastures and 
hayfields were allowed to revert to 
brush. The trend continues. Vari- 
ous efforts have been made to in- 
terest farmers in beef production 
but with indifferent success. For 
example, at least three schemes in- 
volving the practical raising of cat- 
tle or sheep by western ranch tech- 
niques have failed. The Canadian 
government developed an extensive 
pasture acreage on tidal marshlands 
but local farmers have shown little 
interest in the work. Agricultural 
research stations in the region have 
solved such problems as trace ele- 
ment deficiency, growing forage 
crops on bog lands and organic 
soils, increasing the productivity of 
pasture and hayland, and estab- 
lishing grazing systems for cattle or 
sheep. But the solutions seem to 
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have had little impact on the agri- 
culture of the region. 

The raising of domestic livestock 
has been of minor importance in 
the Atlantic provinces since the 
American Civil War; sheep num- 
bers in Nova Scotia, for example, 
have declined steadily since 1872. 
The Atlantic provinces will have 
little or no effect on Canadian 
rangelands in the next 30 years. 

Southern Quebec 

Southern Quebec is a riverine 
province. The population is largely 
French-speaking, with a culture that 
was transplanted from France to 
North America over 300 years ago. 
Cattle were first introduced to 
southern Quebec in 1628 and an 
early agriculture, which was sec- 
ondary to the fur trade, was based 
on the growing of spring wheat, 
barley, and peas. 

Agriculture in southern Quebec 
today is primarily dairy-oriented. 
Veal marketings run to over 400,000 
head annually of which about 
130,000 are exported to the east- 
ern United States. The dairy herd 
will drop from 1.0 million cows to 
about one-half that number by 
1980. Provincial policies, in an ef- 
fort to diversify and expand agri- 
culture, are directed to the encour- 
agement of beef cattle production 
and to the feeding of dairy calves 
to heavier weights before slaughter. 
Western producers are watching 
these developments because about 
40 percent of Alberta’s finished cat- 
tle are marketed in Montreal, which 
is located in southern Quebec. 

Southern Ontario 

Southern Ontario was a child of 
the American War of Independence, 
the backbone of the settlement 
being made up of British North 
Americans who were opposed to 
republican institutions and wished 
to remain under the British crown. 
The “United Empire Loyalists,” as 
they were called, brought with them 
to southern Ontario an agriculture 
based on the pattern set in the New 
England colonies. 
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FIG. 1. The geographic regions of Canada 

In the early 1800’s wheat acreage 
increased in Ontario, as it had done 
earlier in New York state, but had 
later given way to dairying, live- 
stock production, and the growing 
of feed grains. In 186 1 the Amer- 
ican Civil War began. By then the 
prairies of Illinois had been broken 
and were producing wheat in suf- 
ficient quantity to supply the war- 
time needs of the northern United 
States and to export considerable 
quantities to Europe to pay for 
munitions. At the same time horses 
and cattle were much in demand; 
exports from Ontario to the United 
States consequently rose sharply. 
After the war, considerable diversi- 
fication of Ontario agriculture took 
place. Cheese-making, with a con- 
sequent increase in dairy cattle, 
pasture and hayland, assumed a 
position of importance. (Livestock 
and dairy products still account for 
nearly 60 percent of Ontario’s farm 
cash receipts. Southern Ontario, 
with Alberta, dominates beef pro- 
duction in Canada.) 

The most striking change in the 
cropping pattern in recent years has 
been a rapid increase in corn pro- 
duction to a little over 1.0 million 
acres in 1971. It is expected that 
the acreage will increase and that 
much of the 2.0 million acres now 

producing oats, hay, and pasture 
will be converted to corn. In a re- 
lated development, techniques have 
been worked out whereby a six-fold 
increase in production on rough 
or stony grazing lands is possible 
through the use of birdsfoot trefoil. 

The dairy industry of southern 
Ontario, like that of southern Que- 
bec, is of some concern to western 
Canadian beef producers, and for 
a similar reason-the production of 
dairy beef. In Canada about 90 per- 
cent of the veal and about 30 per- 
cent of the beef produced comes 
from the dairy cattle, of which 
about 80 percent are raised in east- 
ern Canada. And about 20 percent 
of calves in Canada are surplus 
male dairy calves. In the past, most 
of these calves ended up as veal but 
the trend now is toward feeding 
calves and finishing them as beef. 

During the 1960’s beef cattle 
numbers in southern Ontario in- 
creased about 20 percent to 2.3 mil- 
lion head whereas dairy cattle de- 
creased about 12 percent to 895,000 
head. These trends will continue. 
Pastures may be largely eliminated 
in the more intensive dairy and 
beef feeding regions of southern On- 
tario in the next two decades but 
will increase on rougher, stonier, 
and marginal lands of the nrovince. 

Boreal Forest Complex 

The Boreal Forest, which 
stretches across Canada in a broad 
arc from Newfoundland to the Yu- 
kon Territory, was a major source 
of furs during the 200-year fur 
trading period that began in the 
middle of the 17th century. Dur- 
ing this time the fur traders relied 
for their meat requirements on the 
pemmican provided by the buffalo 
of the southern grasslands. 

The Boreal Forest Region is not 
attractive to agriculture. Winter 
comes early and stays late. Soils are 
thin or absent, and often organic, 
but with pockets of mineral soils. 
Agriculture has penetrated into the 
Boreal Forest complex only in the 
clay soils of the central regions of 
Quebec and Ontario. Agriculture 
in this “Clay Belt” is based upon a 
subsistence type of mixed farming 
with emphasis on dairy cattle where 
markets exist. Provincial govern- 
ment policies favor a shift to beef 
production in these regions also. 

There has been some settlement 
along the southern edge of the Bo- 
real Forest complex where it adjoins 
the prairie-parkland of western 
Canada. The Peace River District 
of northwestern Alberta and north- 
eastern British Columbia might be 
looked on as a pocket of arable land 
within the Boreal Forest region. 
Agriculture in the Peace River Dis- 
trict is largely confined to grain 
and forage seed production. With 
a long winter feeding period, this 
district is unlikely to become an 
important beef producing region in 
the next 30 years. 

The Boreal Forest Region has 
great recreational potential, partic- 
ularly for hunting, fishing, canoe- 
ing, and other outdoor sports. The 
region is absorbing, and will con- 
tinue to absorb, much recreational 
pressure from the prairie range- 
lands, from the densely settled re- 
gions of Ontario and Quebec, and 
from the northeastern part of the 
United States. 

The Arctic Tundra 

The tundra, treeless and frozen 
for much of the year, is perhaps the 
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most distinctive and least known of 
the Canadian regions. Wild grazing 
animals, among them the muskox, 
are present in scattered areas. The 
muskox may have been approaching 
extinction when saved by full pro- 
tection under law in 19 17 and the 
creation of game ranges in 1927. 
Today the largest herds of muskox 
are on the northern islands and 
only scattered groups survive on the 
mainland. The main interest in 
muskox today arises from the pros- 
pects of domestication and their 
potential value for meat or wool. 

Barren ground caribou are found 
throughout the Arctic. Caribou 
herds numbered between 2.0 and 
3.0 million head around 1900 but 
by 1950 excessive slaughter and de- 
struction of winter range by fire 
had reduced numbers to about 
250,000 head. There are indica- 
tions now that their numbers may 
be on the increase. 

A few small herds of domestic 
reindeer, about 6,000 head in all, 
are located on 25,000 square miles 
of range in the Mackenzie River 
Lowlands. The reindeer were in- 
troduced to the North West Terri- 
tories in the 1930’s for the purpose 
of making the Eskimo population 
of the region self-sufficient in meat, 
but the experiment seems to have 
been a failure because the people 
have not adjusted to the life of 
herders. 

The future of the Arctic Region 
lies in its mineral wealth and energy 
resources. At present exploration is 
underway but development and ex- 
ploitation have hardly begun. Great 
damage is being done to the en- 
vironment of the region. Every 
major Arctic island and the Mac- 
kenzie River Lowland bears the 
marks of resource exploration, most 
of it in the search for oil. The 
territorial mainland within the Ca- 
nadian Shield, as well as Baffin 
Island, is spotted by mineral re- 
source activity (Muir, 197 1). The 
Hudson Bay Lowland is being in- 
vestigated for oil and gas. In the 
future the range manager will be 
vitally interested in the Arctic be- 

cause of the great need for ecolog- 
ical repair. 

In the next 30 years cities may 
develop in Canada’s Arctic, de- 
pending upon the extent of mineral 
and petroleum discoveries. The city 
dwellers will eat beef produced on 
the southern grasslands and even 
the native population will obtain 
decreasing amounts of food from 
the wild grazing animals. Large 
wilderness areas, possibly one or 
more National Parks will be set 
aside in the region in the next 10 
or 20 years. 

The Interior of British Columbia 

The range livestock industry of 
the interior of British Columbia 
owes its start to the discovery of 
gold in the Cariboo in 1858. The 
first cattle were trailed in from the 
United States. Ranches were estab- 
lished and continued to flourish 
even after gold mining declined in 
the late 1860’s. Ranching was fur- 
ther stimulated by the completion 
of the Canadian transcontinental 
railway in the 1880’s. By 1900 all 
readily available range was being 
grazed and fencing was common. 
Overgrazing began to show in the 
form of lowered grazing capacity 
and in an increase in weedy species. 
And the resulting shortage of grassy 
range led to the increased use of 
timber range for summer grazing. 

The region is characterized by a 
series of irregular plateaus sepa- 
rated by broad, deep valleys and 
interspersed in places by mountain 
ranges. Elevations vary from 600 
feet in the valleys to 6,000 feet in 
the southernmost ranges. Precipita- 
tion throughout the region is low 
because of the “rain shadow” effect 
of the coastal mountains. Locally, 
at higher elevations precipitation is 
greater and temperatures are lower 
than in the valleys. Range vegeta- 
tion reflects this and changes from 
sparse grassland vegetation in the 
dry valleys through various kinds 
of forest at high elevations to alpine 
range above 6,000 feet. 

Alpine range once was grazed by 
domestic sheep during a short sum- 
mer period but is being used in- 

creasingly by cattle. In some areas, 
also, native ungulates are forced by 
changing range patterns and recrea- 
tional activities in the valleys to 
graze alpine vegetation excessively. 
Because alpine vegetation is limited 
in extent, it may be necessary to 
stop grazing domestic stock on it. 
Conflicts have developed, and there 
will be increasing recreational pres- 
sure on the zone. 

There are about 530,000 head of 
cattle on British Columbia ranges. 
Grazing there must fit into a pat- 
tern of multiple land use that 
includes timber production, water- 
shed maintenance, wildlife pro tec- 
tion, and recreation development. 
Fire protection has reached a high 
state of efficiency and considerable 
invasion of grassy range by trees 
is occurring. Much of the invading 
tree growth is of no potential value 
as timber but the grazing resource 
is being reduced nevertheless. Re- 
seeding is not extensive and is con- 
fined mostly to the overgrazed 
ranges of the valley bottoms of 
the lower grassland zone. Recrea- 
tional use of the rangelands is im- 
portant and is increasing year by 
year. All-terrain vehicles, particu- 
larly snowmobiles, here as else- 
where, are an ecological disaster. 
Considerable rangeland is being 
purchased for summer homes by 
urban residents, many of the buyers 
coming from California. Elsewhere 
strip mining activity is destroying 
recreational areas and the winter 
range of wild ungulates. 

Developments in the future will 
be like those of the immediate 
past-a slow but steady increase in 
cattle numbers, further decline in 
sheep numbers, intensification of 
agriculture in the valleys, increased 
recreational use, and further sub- 
division of ranches for summer 
homes. It is likely that rangeland 
use will be more closely regulated 
to permit of orderly multiple use. 

The Prairie Region 

The Prairie Region is an east- 
ward-sloping plain between the 
Rocky Mountains and the Precam- 
brian or Canadian Shield. Vege- 
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tation associations include mixed 
prairie, fescue grassland, and park- 
land. Groves of aspen distinguish 
the parkland and white spruce, a 
characteristic tree of the boreal 
forest, increases northwards. 

The range livestock industry of 
the Prairie Region was an exten- 
sion of that in the United States. 
During the 1870’s and early 1880’s 
livestock rolled in a flood from the 
ranges of Texas to the Bow River 
of Alberta and beyond. By the 
1920’s cattle had reached the North 
Saskatchewan River; today there 
are herds far beyond it. Now there 
are about 7.0 million beef cattle in 
the Prairie Region, about half of 
them in Alberta. And in 1970, 44.0 
million acres of native range, 4.4 
million acres of bush range, 6.0 
million acres of seeded pasture, and 
6.2 million acres of hayland pro- 
vided feed for the 7.0 million beef 
cattle in the Prairie Region. About 
12 percent of the grazing was ob- 
tained from stubble fields and crop 
residue. 

Thus, two-thirds of Canada’s beef 
herd is located in the Prairie Re- 
gion, where only about one-fifth of 
the human population of the coun- 
try live. Traditionally, calves from 
the Prairies moved east to Ontario 
for fattening on corn and corn si- 
lage. But in the last few years there 
has been a major switch and the 
bulk of Prairie cattle are being fat- 
tened and killed on the Prairies, 
then shipped as carcasses to the 
eastern Canadian and West Coast 
markets. 

The number of cattle on the 
prairies declined slightly between 
1965 and 1968, after a period of 
depressed prices, but the overall 
trend has been upward. Most in- 
dications are that the trend will 
continue upward. For example, a 
recent study (Task Force, 1969) con- 
cluded that there was a potential 
market in the United States for 
500,000 feeder cattle annually, all 
of which would be produced in the 
West. 

Canadian ranchers tend to be 
suspicious of such conclusions and 
to feel that the national beef herd 

should expand slowly and cau- 
tiously. They point out that when 
economic conditions warrant ex- 
pansion of the industry, then ex- 
pansion will occur. The economy 
under which Canadian producers 
operate is North American rather 
than Canadian. The U.S. beef herd 
is about ten times as large as the 
Canadian beef herd and costs of 
production both seem to be about 
the same. Therefore, the U.S. mar- 
ket strongly influences Canadian 
prices and trends. 

Nevertheless, informed opinion is 
that the Canadian beef herd will 
expand (Hiscocks, 197 1). There- 
fore, despite the severe climatic 
limitations of Canada, there is a 
rising need for forage crop produc- 
tion. In 1951 forage crops in Can- 
ada totalled 21 million acres and 
rangeland about 54 milhon acres, 
compared to 26 million acres of for- 
age crops and 52 million acres of 
range in 1970. All of the expansion 
occurred in the Prairie Region 
where the area of forage crops rose 
from 6.0 million acres in 1951 to 
13.0 million acres in 1970. The 
Prairie beef herd increased about 
100 percent during the same period. 
By 1973 forage crops will account 
for about 15.0 million acres as a 
result of various federal and pro- 
vincial forage crop expansion pro- 
grams now underway that are de- 
signed to take land out of grain 
production. 

The number of dairy cows in 
Canada reached a peak of 3.5 mil- 
lion head in the 1950’s but dropped 
to 2.6 million head by 197 1. Beef 
cow numbers rose from about 1.0 
million head in 1951 to about 3.0 
million in 1971. Total cattle num- 
bers in Canada, at 13.7 million head 
in 1971, declined in the Atlantic 
region during the previous 20 years, 
showed no clear trend in direction 
in Quebec, rose steadily in Ontario 
and British Columbia, and rose 
rapidly on the Prairies (Task Force, 
1969). 

Because of current and projected 
increases in consumption of red 
meat, the possibility of expanding 
export markets, and a change in the 

size of the national dairy herd, the 
number of cattle in Canada is ex- 
pected to increase to about 16.5 
million head by 1980, a one-fifth 
increase over the existing number. 
Also, the demand for forages will 
rise about 30 percent during the 
same period, an increase of about 
5.3 million acres. Most of the in- 
crease in cattle numbers and for- 
age acreage will take place on the 
Prairies, and most of the forage 
acreage will come from land now 
in grain. The prairies will produce 
more beef because cattle provide 
the best alternative to wheat and 
feed grains. Eastern Canada will 
produce more beef cattle and less 
dairy cattle. 

The implications for the range 
manager of the future are obvious. 
He will have to be more concerned 
than before with seeded pastures 
and hayland, and with integrating 
these with native range. Because 
much grain land will be going into 
grass, he will have to be concerned 
with such things as fencing and 
water development. The increased 
numbers of cattle will lead to in- 
creased pressure on native range 
and, hence, to such measures as the 
application of fertilizer in areas of 
adequate rainfall, reseeding of the 
better native range, and weed and 
brush control. In related develop- 
ments the number of feedlots will 
increase throughout Western Can- 
ada as ranchers seek to retain con- 
trol of their animals until finally 
sold as beef. Environmental con- 
siderations will have a marked in- 
fluence on the location and density 
of livestock operations, including 
feedlots. The disposal of animal 
wastes will be subject to stringent 
regulations. 

The range manager will have 
fewer ranchers with whom to work, 
because the number of farms and 
ranches will decline substantially in 
the next couple of decades. Some 
will still be family operations but 
all will be profit-oriented busi- 
nesses. Mergers and consolidation 
will result in units large enough to 
afford the best management. 

Although the urban dweller of 
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the 1980’s will have few direct ties 
to the land, he will have an ever 
increasing say in the administration 
and disposition of public land. Op- 
position by an increasingly hostile 
public will bring an end to such 
things as coyote poisoning cam- 
paigns. Grazing of cattle in the 
forest reserves and provincial parks 
of Alberta will end in the next 10 
years. And while ranchers today 
assume that grazing on public 
lands is a right, the possibility exists 
that, in the future, this may become 
an unwarranted assumption. 

Intensification of ranching opera- 
tions will lead to more breeding by 
artificial insemination. Organiza- 
tions that undertake artificial in- 
semination predict that 20 percent 
of the Prairie beef cow herd will 
be bred artificially in the 1980’s, 
compared to the present 5 per- 
cent. More attention will be paid 
to animal nutrition, especially as 
it relates to reproduction, to fall 
calving, and possibly to twinning. 
Researchers believe that by the 
1980’s about 75 percent of Prairie 
beef cows will be cross-bred and that 
greater emphasis will be placed on 
animal genetics. Leading ranchers 
in western Canada are using com- 
puters now; an increase in com- 
puter-centered data processing sys- 
tems and management assistance 
plans can be expected in the future. 

In some areas of the livestock 
business of western Canada the 
trend toward intensification is not 
yet apparent. Few operators have 
become involved in environmental 
control and confinemen t rearing of 
sheep, a technique that may repre- 
sent the last hope for the survival 
of the sheep industry in western 
Canada. Still another development 
is the formation of farmer coopera- 
tives to market grain through live- 
stock, a development that will create 
an additional market for 
tle and, hence, should 

feeder cat- 
stimulate 

basic production. 
There is considerable agitation in 

western Canada for the establish- 
ment of grassland wilderness areas 
and grassland parks. The most re- 

cent proposal envisages the creation 
of a wild horse refuge in the foot- 
hills of western Alberta. If the de- 
mands are met some rangeland will 
no longer be available for grazing. 
Nevertheless, the range manager of 
the future will be much involved 
in recreation (Jackson, 1970). In 
western Canada loans and assist- 
ance are available to the farmer or 
rancher who wishes to attract pay- 
ing guests to his holdings. In Al- 
berta the trespass law likely will be 
changed soon to put the onus on 
the trespasser, rather than the land 
owner. It will be up to the tres- 
passer to determine who owns the 
land he intends to enter and to ob- 
tain permission to enter it. The 
new regulations will open the way 
to paid hunting or paid recreational 
use of wild lands. Needless to say, 
the impending regulations are being 
vigorously opposed by the urban 
sportsman who still regards the re- 
gion as an open frontier. But the 
hiker, the hunter, the photographer, 
and the seeker after space and soli- 
tude, soon will have to pay for the 
privilege of setting foot on the 
rancher’s land (Hedlin and Hedlin, 
1971). 

Paid hunting should resolve the 
hunter-rancher controversy. Every 
fall the rancher sees his rangeland 
invaded by an army of hunters. 
With them comes the possibility of 
fires, damage to fences, wounding 
and killing of livestock and disrup- 
tion of productive activities on the 
ranch. These occurrences, and the 
provision of forage for game ani- 
mals, are positive, measureable costs 
(Hedlin and Hedlin, 197 1). Changes 
in game laws and game manage- 
ment policies may be needed in 
support of the objective of paid 
hunting. The new regulations will 
apply to leased or Crown land, as 
well as to deeded land. 

A related developmen .t of 
to range managers is that of mineral 
exploitation. In western Canada 

concern 

this primarily takes the 
strip mining for coal, a 

form of 
practice 

that is already spoiling recreational 
and scenic areas along the foothills 

of Alberta. Much of the winter 
range of bighorn sheep, goat, and 
Rocky Mountain caribou is being 
destroyed. Watershed values are 
being impaired. There is consider- 
able public opposition to the dam- 
age being done by resource exploi- 
tation and the controversy over it 
is destined to become much hotter 
in the future. The demands on 
range managers and workers in 
other disciplines for assistance in 
programs concerned with ecological 
repair will increase greatly. 

A Land Use Planning Committee 
is at work in Alberta and we can 
expect to see rural zoning in the 
next 20 years. ‘Work of the commit- 
tee will be helped by the launching 
of the first Earth Resources Tech- 
nology Satellite, which will make 
available detailed pictures of the 
entire province taken at l&day in- 
tervals. These data will be used 
by the land resource administrator 
although it is difficult even to spec- 
ulate as to how the information will 
be used. And it appears possible 
that farmers and ranchers may be- 
come direct users of remote sensing 
photographs to detect diseased veg- 
etation, to determine range condi- 
tion, to locate springs and seeps for 
water development, and in other 
practical ways. 

The year 1980 is only 8 years 
away, about 1.5 generations in 
the cattle population (Slen and 
Cameron, 1969). The establishment 
of new systems of management will 
take time to achieve. But by 1980, 
according to current projections, 
the cattle population in Canada 
will be about 16.5 million head, 
about one-fifth more than now. 
The range manager will have to 
provide about 5.3 million acres of 
additional forage to feed the extra 
cattle. Most of the increase in cattle 
numbers, and in forage acres, will 
occur in the Prairie Region-the 
southern part of the provinces of 
Alberta, Saskatchewan, and Mani- 
toba. Ranches will be fewer but 
larger. The intensification of 
methods will mean more feedlots, 
greater use of techniques such as 
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artificial insemination, crossbreed- 
ing, and fall calving. New methods 
of increasing production from range 
and tame pasture will have become 
common. The rancher will have 
become involved in providing vari- 
ous recreational facilities that will 
contribute a significant percentage 
of his income. The range tech- 
nician will find himself deeply 
involved in ecological repair of 
damage caused by resource exploi- 
tation and an ever-increasing urban 
population. 
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In recent years many leaders in the cattle industry have 
advocated restraint in cattle numbers in order to improve 
the cattleman’s market position. During the same period, 
numerous articles have appeared in the Journal of Range 
Management recommending various range improvements 
as means of increasing beef output. There has been some 
question as to whether these two recommendations are con- 
tradictory. Since the rationality of the two recommenda- 
tions depends upon the price elasticity of demand for beef, 
regression analysis was used to estimate a demand function 
for beef. An elasticity coefficient of -0.67 was derived from 
this function and then employed in the construction of a 
payoff matrix in order to determine the correct action for 
the individual rancher to take with regard to cattle num- 
bers. The analysis indicates that increases ain cattle numbers 
by individual ranchers (through range improvements or 
other management tools) are economically sound goals. 
The study also suggests that cattle numbers at the industry 
level will likely contlinue to increase despite the recommen- 
dations of cattle industry leaders. 

Range researchers have traditionally been con- 
cerned with increasing livestock production on 
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rangelands. Since beef is the most important meat 
in the United States (Working, 1954) great effort 
has been devoted to increasing cattle carrying capac- 
ity of the western range. According to Upchurch 
(1967), increasing the productivity of cattle ranges 
is an important concern because of the growing 
demand for beef and the expected increases in cat- 
tle numbers in the future. Numerous authors have 
recommended that various range improvement 
practices be implemented in order to increase 
rangeland cattle production (Cook and Jeferies, 
1963; Hooper et al., 1969; Nielsen, 1967; Workman 
and Hooper, 1968). 

Many leaders in the cattle industry, on the other 
hand, have recommended that the beef industry 
reduce the number of cattle marketed. They also 
recommend that cattlemen market their stock at 
lighter weights (American National Cattleman’s 
Association, 1968a). Industry spokesmen observed 
that cattle prices have been below production costs 
since 1963 and expressed the belief that restraints 
in cattle numbers can restore the cattle industry to 
a sound position in the market. It was stated that 
“a one percent decrease in beef tonnage usually 
brings about a three to six percent increase in cattle 
prices.” Gifford (1967) observed that beef cow 
numbers increased at the rate of Z%/year for the 
period 1957-1967. An annual increase in cattle 
numbers of 4.3% is possible for the period 1968- 
1972 (American National Cattleman’s Association, 
1968b) and the stated goal was to hold the growth 
rate down to 0.5 percent annually. 

Thus, recommendations of the cattle industry 
and those of various range researchers appear to be 
contradictory. Both sets of recommendations are 
based on a concept of economics called “price elas- 
ticity of demand.” The elasticity coefficient (E) is 
defined as the percentage change in quantity sold 
of a product divided by the percentage change in 
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rangelands. Since beef is the most important meat 
in the United States (Working, 1954) great effort 
has been devoted to increasing cattle carrying capac- 
ity of the western range. According to Upchurch 
(1967), increasing the productivity of cattle ranges 
is an important concern because of the growing 
demand for beef and the expected increases in cat- 
tle numbers in the future. Numerous authors have 
recommended that various range improvement 
practices be implemented in order to increase 
rangeland cattle production (Cook and Jeferies, 
1963; Hooper et al., 1969; Nielsen, 1967; Workman 
and Hooper, 1968). 

Many leaders in the cattle industry, on the other 
hand, have recommended that the beef industry 
reduce the number of cattle marketed. They also 
recommend that cattlemen market their stock at 
lighter weights (American National Cattleman’s 
Association, 1968a). Industry spokesmen observed 
that cattle prices have been below production costs 
since 1963 and expressed the belief that restraints 
in cattle numbers can restore the cattle industry to 
a sound position in the market. It was stated that 
“a one percent decrease in beef tonnage usually 
brings about a three to six percent increase in cattle 
prices.” Gifford (1967) observed that beef cow 
numbers increased at the rate of Z%/year for the 
period 1957-1967. An annual increase in cattle 
numbers of 4.3% is possible for the period 1968- 
1972 (American National Cattleman’s Association, 
1968b) and the stated goal was to hold the growth 
rate down to 0.5 percent annually. 

Thus, recommendations of the cattle industry 
and those of various range researchers appear to be 
contradictory. Both sets of recommendations are 
based on a concept of economics called “price elas- 
ticity of demand.” The elasticity coefficient (E) is 
defined as the percentage change in quantity sold 
of a product divided by the percentage change in 
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price of the product (Leftwich, 1966). In algebraic 
terms 

AQ AP AQ P 
E=Q+pors.Q, 

where A denotes “change in.” If the absolute value 
of E is greater than 1, price elasticity is said to be 
“relatively elastic” while if the absolute value of E 
is less than 1, price elasticity is said to be “relatively 
inelastic.” This concept states that as the quantity 
produced of any product is increased, price falls but, 
depending upon the nature of the demand curve for 
the product, total revenue (price multiplied by 
quantity sold) will increase (if demand is elastic) 
or will decrease (if demand is inelastic). In rec- 
ommending that cattle production be increased 
through range improvement practices, range re- 
searchers have implicitly assumed an elastic de- 
mand for beef (that is, that the resultant decrease in 
beef price will be more than offset by the increase 
in pounds of beef produced). The industry recom- 
mendation discussed above is based on the assump- 
tion of an inelastic demand for beef (that the de- 
crease in pounds sold will be more than offset by 
the increase in beef price). 

Since published recommendations concerning 
cattle numbers appear to be contradictory and since 
such recommendations are based upon the concept 
of “elasticity of demand,” a study was conducted to 
estimate the elasticity coefficient for beef. The 
elasticity coefficient was then used to test the eco- 
nomic rationality of recommendations suggesting 
(1) that ranchers decrease their cattle numbers in 
an attempt to force beef prices up and (2) that 
ranchers invest in range improvement programs de- 
signed to increase cattle numbers. 

Methods 

The quantity of beef purchased annually in the United 
States is a function of (1) the price of beef, (2) consumer 
income, (3) number of consumers, (4) price of substitute or 
complementary goods, and (5) the general price level (Work- 
ing, 1927; Working, 1954; Liebhafsky, 1963). Data for the 
period 1947-1967 were obtained from Agricultural Statistics 
(1970). With the exception of beef substitutes and comple- 
ments, each of the above independent variables was taken 
into account in a double natural logarithmic demand func- 
tion which expressed per capita beef consumption (Q) as a 
function of deflated beef price (P) and deflated disposal per 
capita income (Y). In natural logarithms, the estimated 
demand function took the following form: 

log Q = log a + b log P + c log Y 
Estimation of demand in terms of a double logarithmic 
function makes for ease of calculation of the elasticity coef- 
ficient (E). E is the partial derivative of log Q with respect 
to log P or simply b. 

A payoff matrix (Richmond, 1957) was used to predict 
the future trend in cattle numbers produced by the indi- 
vidual rancher and the resultant trend in cattle numbers 
at the industrv level. The basic assumption upon which 

the model is based is that the rancher can control his own 
individual herd size but he has no control over cattle num- 
bers at the industry level. 

Results and Discussion 
Elasticity of Demand 

Regression analysis of the data shown in Table 1 
provided the following estimate of beef demand. 

log Q = 2.4259 - 0.6725 log P + 0.6012 log Y 
where Q = per capita beef consumption, P = de- 
flated price of choice beef, and Y = deflated dis- 
posable income per capita. The R-squared value 
was 0.97 and the t values were significant at the 
0.001 level for both P and Y. The elasticity coeffi- 
cient (E) = d log Q/d log P = -0.6725 which was 
rounded to -0.67. 

Several other estimates have been made of the 
elasticity of demand for beef. Working (1954) re- 
ported a relatively elastic demand of -1 .l for the 
period 1922-1941 while Learn (1956) estimated a 
relatively inelastic price elasticity of -0.73 for the 
years 1924-1954. Tomek (1965) reported an elas- 
ticity of -0.9 for the period 1956-1964. According 
to Breimeyer (196 1) and Tomek (1965), price elas- 
ticities for meats have generally become more ine- 
lastic through time. Thus the somewhat more ine- 
lastic coefficient of -0.67 estimated in this study 
appears reasonable. 

The price or elasticity coefficient indicates that 
the beef quantity consumed would decrease by 0.67 
percent as a result of a one percent increase in 
price. The inverse of the price coefficient (some- 
times referred to as the quantity coefficient) 

-0.67 - = -1.49 

shows the percent decrease in price which would 
result from a one percent increase in quantity. 
Thus, it was concluded that demand for beef 
in the United States for the period 1947-1967 was 
relatively inelastic and that at the present time any 
decrease in cattle numbers will result in more total 
revenue to the cattle industry as a whole since the 
increase in beef price will more than offset the de- 
crease in quantity of beef sold. Thus the cattle in- 
dustry recommendation for cattlemen to cut back 
on cattle numbers appears to be economically sound 
if the goal of the cattlemen is to increase total beef 
revenue at the industry leve1.4 
4 Economic analyses concerning elasticity of demand have 

traditionally viewed maximum total revenue as the rele- 
vant goal for management decisions. These analyses have 
implicitly assumed that average costs remain constant as 
supply is increased or decreased and that only average 
revenue (price) changes with a change in output level. 
Under these assumptions, total revenue is the relevant mea- 
sure for decision making by the cattleman. However, it 
should be recognized that as cattle numbers are decreased 
on the individual ranch (in order to decrease industry wide 
beef production as recommended by ANCA), the rancher 
moves back along his average cost curve. Thus, in terms 
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Table 1. Beef consumption per capita (lb.), price ($ cwt., choice), income ($ billions), and population.1 

Year 
lL!L 

consumption 
EL 
price 

ConEmer 
price index 

195769 = 100 

(4) 
Disposable 

personal 
income 

De2ted De&cd (6) 
Disposable 

(5) income ($)/ price of 
disposable 

Population capita beef (8) 
income ($)/ 

(OW,@m) (4) f (5) 
capita 

(2) + (3) (6) f (3) 

1947 69.6 42.42 77.8 170.1 143.5 1185 54.52 1523 
1948 63.1 50.24 83.8 189.3 146.1 1296 59.95 1547 
1949 63.9 42.48 83.0 188.6 148.6 1270 51.18 1530 
1950 63.4 46.52 83.8 206.9 151.1 1369 55.51 1634 
1951 56.1 56.30 90.5 226.6 153.7 1474 62.21 1629 
1952 62.2 53.21 92.5 238.3 156.4 1523 57.52 1646 
1953 77.6 39.98 93.2 252.6 159.0 1589 42.90 1705 
1954 80.1 40.10 93.6 257.4 161.8 1591 42.84 1700 
1955 82.0 39.24 93.3 275.3 164.6 1672 42.06 1792 
1956 85.4 37.89 94.7 293.2 167.5 1750 40.01 1848 
1957 84.6 39.38 98.0 308.5 170.5 1809 40.18 1846 
1958 80.5 45.04 100.7 318.8 173.4 1839 44.73 1826 
1959 81.4 45.04 101.5 337.3 176.6 1910 44.57 1882 
1960 85.2 43.98 103.1 350.0 180.0 1944 42.66 1886 
1961 88.0 41.14 104.2 364.4 183.0 1991 39.48 1911 
1962 89.1 44.84 105.4 385.3 186.0 2071 42.54 1965 
1963 94.6 40.83 106.7 404.6 188.7 2144 38.27 2009 
1964 100.1 39.48 108.1 436.6 191.5 2280 36.52 2109 
1965 99.6 42.61 109.9 469.1 194.0 2418 38.77 2200 
1966 103.8 43.04 113.1 505.3 196.3 2574 38.67 2276 
1967 106.2 43.37 116.3 546.5 198.6 2752 37.29 2366 

1 Agricultural Statistics, 1970. 

Future Trend in Cattle Numbers set in the industry wide market. The individual 
The estimated elasticity of demand of -0.67 is of 

the magnitude for beef prices to increase in the 
event of a decrease in cattle numbers. 

But is it likely that cattle numbers will actually 
be decreased in the future? A payoff matrix will 
be used to answer this question (Table 2). The 
payoff matrix model is composed of three possible 
trends in industry cattle numbers and three possi- 
ble courses of action by the individual rancher. The 
three trends in cattle numbers at the industry level 
are : 

Beef cattle numbers decrease by one percent. 
Beef cattle numbers remain the same. 
Beef cattle numbers increase by one percent. 
These trends are on an industry wide basis and 

represent the total result of the actions of all indi- 
vidual ranchers. The individual rancher has no con- 
trol over total beef cattle numbers. He operates in 
a purely competitive market in which his produc- 
tion is an insignificant portion of the total beef 
supply and he cannot influence beef price. He can 
sell all the beef he produces at the going price 

rancher does, however, control his own individual 
herd size. For illustrative purposes, it is assumed 
that the rancher can choose from among the follow- 
ing three courses of action: 

Reduce his cattle numbers by one percent. 
Leave his cattle numbers unchanged. 
Increase his cattle numbers by one percent. 
The outcomes shown in the matrix of Table 2 

are in terms of the change in total revenue of the 
individual rancher. For instance, if beef cattle 
numbers decrease by one percent at the industry 
level and the rancher chooses to cooperate with the 
industry trend and decrease the size of his herd by 
one percent, his total revenue will increase by 0.48 
percent.” 

The final step in the use of the payoff matrix 
model is to choose the correct course of action for 
the rancher to follow, given the outcomes in Table 
2 and the rancher’s goal of maximum total revenue. 
Several formal criteria have been developed for 
making correct choices from among various courses 
of action (Spencer, 1968). However, even without 

of net revenue, the individual rancher may be better off or 
worse off after his total revenue has been increased due to 
the increase in beef price. The final effect on the net 

5 Given our elasticity coefficient of -0.67 and the resultant 

revenue of the individual cattleman depends upon (1) his 
quantity coefficient of -1.49, a one percent decrease in 

original position on his average cost curve and (2) the 
beef quantity will cause price to increase by 1.49 percent. 

shape of his average cost curve (whether relatively flat or 
The increased beef price when multiplied times the de- 

steeply falling and rising). 
creased beef quantity gives a total revenue of: 101.49 x 
99 = 100.48 or an increase in total revenue of 0.48 percent. 
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Table 2. Payoff matrix showing nine 
in individual rancher total revenue. 

possible changes (%o) 

Change in 
individual herd 

size (%) 

Change in industry beef cattle numbers (%) 

-1 0 +1 

-1 +.48 -1 .oo -2.48 
0 +1.49 0 -1.49 

+1 +2.50 +1.00 -0.50 

applying formal criteria to the problem at hand, 
cursory examination of Table 2 indicates that no 
matter which of the three industry wide trends the 
rancher encounters, increasing his cattle numbers 
by one percent is the correct action to take. In each 
of the three cases, this action either maximizes the 
increase or minimizes the decrease in total revenue. 
It should be noted that the stronger the ranchers 
suspicion that the beef industry as a whole will 
reduce cattle numbers, the more likely that the 
rancher will increase his individual herd size. Of 
course, if each individual rancher expects the in- 
dustry to decrease beef output, and each individual 
responds by increasing his herd, cattle numbers at 
the industry level will instead increase and each 
rancher will receive a decrease in total revenue. 
However, even in the event of industry wide in- 
creases in beef output, an increase in individual 
herd size is still the course of action which will 
minimize the individual rancher’s revenue decrease. 

It should be remembered that the payoff matrix 
(Table 2) was constructed using arbitrary annual 
changes in cattle numbers of one percent. Annual 
increases could be as high as two percent (as oc- 
curred between 1957 and 1967) but the relative re- 
lationships set out in Table 3 still apply. Of course, 
the greater the rate of increase in cattle numbers 
at the industry level, the greater the loss in total 
revenue of the individual rancher. 

Summary and Conclusions 

In recent years cattle industry leaders have advo- 
cated restraint in cattle numbers while many range 
researchers have recommended investment in range 
improvements in order to increase range carrying 
capacity and cattle numbers. There has been some 
question as to whether these recommendations are 
contradictory and, if so, what the correct strategy 
for range cattle operators really is. Since both rec- 
ommendations are based on the price elasticity of 
demand for beef, regression analysis was employed 
to estimate a demand function for beef from which 
an elasticity coefficient of -0.67 was derived. Ac- 
cording to this coefficient the demand for beef is 
said to be “relatively inelastic.” This means that a 
given decrease in beef quantity will be more than 
compensated for by an increase in beef price, re- 

sulting in an increase in total beef revenue. Based 
on this coefficient, a payoff matrix was constructed 
which allowed the determination of the correct 
action for cattle ranchers to take regarding their 
herd sizes. 

Although industry recommendations of restraint 
in cattle numbers is rational from the viewpoint of 
the cattle industry as a whole, the correct strategy 
for the individual cattle rancher to take to maxi- 
mize total revenue (regardless of whether beef pro- 
duction increases or decreases at the industry level) 
is to increase his livestock numbers through profit- 
able investments in range improvements or other 
means of increasing carrying capacity. Thus, indi- 
cations are that cattle numbers will continue to 
show an upward trend. 
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Highlight 

The practice of charging hunters a 
fee to use private lands, although ex- 
tensive and well-established in Texas, 
is relatively new in western South 
Dakota. Problems caused by, and the 
possibilities for, commercial hunting 
systems are compared between these 
States. Discussion centers around four 
factors: state hunting regulations, 
proximity of public lands, hunter de- 
mand and the game crop, and atti- 
tudes of landowners and hunters. 

The practice of charging hunters 
a fee to use private lands, although 
relatively new, is becoming in- 
creasingly popular with western 
South Dakota landowners. Leasing 
systems of this kind have been in 
use in other parts of the country 
for many years. Commerical hunt- 
ing began in Texas in the early 
1920’s (Teer and Forrest, 1968) and 
today it is virtually impossible to 
hunt any species of big game and 
many small game species in that 
State without paying a “trespass,” 
“hunting,” or “landuse” fee. 

Like other land management 
problems, fee hunting policies in 
one State may not be applicable in 
another. However, comparisons of 
specific problems as well as basic 

1 Approved by the director of the South 
Dakota Agricultural Experiment Sta- 
tion as Journal Series No. 1037. Re- 
ceived December 3, 197 1. The authors 
express their appreciation to the offi- 
cers and members of Dakota Safaris, 
Inc. for their cooperation in supply- 
ing information used in this publi- 
cation. 

2 Forest Service, U.S. Department of 
Agriculture. Central headquarters 
maintained in cooperation with Colo- 
rado State University at Fort Collins. 
Research reported here was conducted 
in cooperation with the South Dakota 
School of Mines and Technology at 
Rapid City. 

principles between States may help 
landowners, sportsmen, and profes- 
sional land managers develop guide- 
lines for their particular situations. 
The purpose of this paper is to 
compare the circumstances which 
dictate commercial hunting system 
policy in South Dakota with those 
affecting similar programs in Texas. 
We do not intend to unequivocally 
condemn or condone commercial 
hunting systems. However, we do 
believe a system designed not only 
for optimum economic return, but 
also with the needs of the public 
and the total range and wildlife 
resource in mind, will result in 
an increased awareness of the im- 
portance of proper management. 
Hopefully, this awareness will re- 
sult in added interest and incentive 
to maintain or develop better land 
management programs. 

We previously described one kind 
of a leasing system designed by 
Dakota Safaris for deer hunting in 
western South Dakota (Gartner and 
Severson, 1972). Although this is 
considered an economically success- 
ful operation, it is not without 
some biological, social and legal 
problems. 

The success or failure of a com- 
mercial hunting operation can be 
attributed to a number of factors, 
including State hunting regulations, 
proximity of public lands, hunter 
demand and the game crop, and at- 
titudes of landowners and hunters. 
These factors will be compared in 
their effects on fee hunting in South 
Dakota and Texas. 

Hunting Regulations 

State hunting regulations that 
can influence commercial hunting 
systems include the total number 
of licenses available, the number 
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made available to nonresidents, the 
length of the season, and bag limits. 

South Dakota has three basic deer 
hunting areas. The Black Hills 
area has an unlimited number of 
licenses available (for both residents 
and nonresidents) and the season 
normally lasts 30 days. However, 
most of this area is public land ad- 
ministered by the Forest Service of 
the U.S. Department of Agricul- 
ture. Private lands are interspersed 
throughout the area, but most are 
too small to provide trespass privi- 
leges for deer hunting. 

The East River Area (east of the 
Missouri River) was limited to 9,500 
resident licenses for a g-day season 
in 1970. While virtually all private 
land, most holdings are in farms 
too small to provide for an ade- 
quate fee hunting system. 

Most of the fee hunting sys- 
tems in South Dakota are being 
developed in the West River Area- 
that rangeland between the Mis- 
souri River and the Black Hills 
excluding Indian lands. Here, the 
landholdings are in larger ranches, 
many of which have potential for 
some kind of leasing system. In 
1970, 11,400 licenses were distrib- 
uted for a g-day season among 20 
units (essentially by counties). Non- 
residents were allowed 4% of the 
licenses in each unit, compared to 
8% in previous years. 

The total number of licenses 
issued in each unit probably would 
not restrict a fee hunting system, 
but ranchers operating a hunting 
system in States where license quotas 
are in effect should be constantly 
aware that these quotas are sub- 
ject to fluctuations. Below-average 
quota allotments could result in too 
few licenses to make a hunting sys- 
tem profitable, particularly if sev- 
eral such operations exist within a 
single management unit. 

Limitations on nonresident quo- 
tas can adversely affect fee hunting 
systems, especially those tailored for 
the affluent hunter. South Dakota 
ranked 35th in per capita income 
in a 1969 survey (U.S. Bureau of 
the Census, 1970). Only 35% of 



the 56 hunters handled by Dakota 
Safaris in 1970 were South Da- 
kota residents (Marion Robinson, 
personal communication). Primary 
lands controlled by Dakota Safaris 
are located in two hunting units 
with a 1970 combined total of 3,000 
licenses. Thus they had a poten- 
tial of 120 licenses for nonresi- 
dent hunters. In 1971, because of 
changes in hunting unit boundaries, 
only 900 toltal licenses were avail- 
able on these Dakota Safaris lands, 
36 of which went to nonresidents. 
If many ranchers initiated expen- 
sive, all-services, hunting systems 
under these restrictions, there would 
be too few nonresident licenses to 
make such systems economically 
feasible for each rancher. Other 
less expensive hunting systems, with 
fewer services, would have to be 
developed in order to attract hunt- 
ers from lower income groups. 

The length of the hunting sea- 
son is important. A short season 
can prevent a commercial hunting 
system from providing good, un- 
crowded hunting conditions and/or 
from obtaining an adequate kill. 
Lessors would have the option of 
putting too many hunters on their 
land at one time, or not getting an 
adequate harvest. The g-day season 
presently in effect in South Dakota’s 
West River Area prohibits necessary 
flexibility. The length of the sea- 
son is not a necessary factor in con- 
trolling the number of deer killed 
because this has already been ac- 
complished by limiting the number 
of licenses. The length of hunting 
season was set in past years at the 
specific request of many ranchers, 
to keep the period of disturbance 
by hunters to a minimum. Many 
ranchers would still object to ex- 
tending the hunting period. 

Texas, where commercial hunting 
systems are prevalent, is divided 
into 11 hunting districts. Three of 
these have 16-day hunting seasons 
and the rest from 48 to 51 days 
(San Antonio Express/News, 1970). 
Texas ranchers, therefore, have the 
time during this long season neces- 
sary to manipulate various groups 
of hunters interested in different 
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kinds of deer hunting, and can dis- 
tribute the kill between areas and/ 
or between sexes as the situation 
warrants. For instance a rancher 
may restrict a group of hunters to 
a specific pasture for the first week 
of the season and specify only ma- 
ture bucks be harvested. Later for 
another group of hunters more in- 
terested in venison than trophies, 
he might permit them to take a 
certain number of does. This of 
course can be done only in those 
areas where either sex is legal. 

The Texas hunting lessor has an 
added advantage in that the yearly 
bag limit for deer is two, three, or 
four, depending on the district. It 
is obvious that hunting leases are 
more easily sold when the lessee has 
a chance to get more than one deer. 
Although South Dakota’s prairie 
deer numbers could be increased 
substantially through habitat im- 
provement programs, it is doubtful 
that numbers will ever allow more 
than one deer per hunter per season. 

Proximity of Public Land 

If some lands in public owner- 
ship (Forest Service, U.S. Depart- 
ment of Agriculture, and Bureau of 
Land Management, U.S. Depart- 
ment of the Interior) are close to 
private areas where a fee is charged, 
it is only natural to expect many 
hunters to choose the “free” area. 
The effects of proximity of public 
land on fee hunting systems will 
depend on the percent of the total 
area made up of public land and 
the number of hunters using that 
area. The demand for recreation on 
public lands is steadily increasing, 
however, and is becoming so intense 
that hunters, in particular, are more 
willing to invest some money for 
the sole purpose of getting away 
from the crowds. For example, the 
number of deer licenses sold in the 
Black Hills Unit, almost all of 
which is in the Black Hills National 
Forest, increased from 14,709 in 
1964 to 26,538 in 1969 (J. Kranz, 
Research Biologist, personal com- 
munication). One rancher, whose 
land is within the Black Hills Unit, 
but on the northern edge of the 
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National Forest, reported no prob- 
lem in obtaining hunters at a mod- 
est fee of $5 per hunter per day. 
Comments from hunters indicated 
that control of the number of 
hunters allowed on the area was 
one of the main reasons they didn’t 
mind paying a fee (H. Frawley, Jr., 
personal communication). - 

It is evident that a private land- 
owner located in an area that is pre- 
dominantly public land would have 
to provide services (guiding, pack- 
ing, accommodations) other than 
just access if his operation is to suc- 
ceed. On the other hand, a lack of 
public hunting areas combined with 
a large number of hunters, presents 
an optimum situation for the devel- 
opment of a fee hunting operation. 
Teer and Forrest (1968) attribute 
the early and successful growth of 
commercial hunting in Texas pri- 
marily to “. . . the virtual lack of 
public lands on which the public 
had free access to hunt.” 

One other factor that could in- 
fluence the use of leasing systems 
is Recommendation 65 in the Pub- 
lic Land Law Review Commission 
Report (1970) which states “A Fed- 
eral land use fee should be charged 
for hunting and fishing on all pub- 
lic lands open for such purposes.” 
If implemented, this would tend to 
put commercial hunting systems on 
private lands on a more competitive 
basis with public lands. 

Hunter Demand and the Game 
Crop 

South Dakota simply doesn’t have 
the demand (numbers of hunters) 
or the quantity (numbers of deer) 
that Texas has. Texas has a deer 
population estimated at about 3 
million (Teer and Forrest, 1968) 
compared to about 250,000 in South 
Dakota. The total deer harvest in 
Texas was estimated at 239,000 in 
1967 (Teer and Forrest, 1968); in 
the same year 29,000 were killed in 
South Dakota (South Dakota De- 
partment of Game, Fish, and Parks, 
1968). 

Klussman (1966) analyzed data 
from 1965 and reported that 22 
million acres were leased for hunt- 
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ing by 13,000 landowners in Texas. 
Income from these leases amounted 
to $13 million. Teer and Forrest 
(1968) thought these to be rough 
approximations, but indicated that 
hunting income was substantial in 
the state. Teer and Forrest (1968) 
reported that “on many ranches in 
the Edwards Plateau and Central 
Mineral region net returns from 
the sale of hunting rights exceed 
the returns from the livestock enter- 
prise on the same ranges.” 

The average South Dakota 
rancher will probably never realize 
such returns from leasing hunting 
rights. Only for those operations 
that are located in prime deer 
habitat, provide trophy hunting, 
and offer a maximum of services 
beyond access, will the potential 
income begin to compare with that 
in Texas. The potential for these 
operations is limited, primarily be- 
cause of the uneven distribution of 
good deer habitat on the prairies of 
western South Dakota and the rela- 
tively light demand for extensive 
services. 

Attitudes of Landowners 
and Hunters 

The “average” South Dakota deer 
hunter is accustomed to free access 
for hunting and is not going to 
appreciate having to pay to hunt. 
Initially, almost all will be strongly 
opposed to programs of this type. 

The task of convincing such 
hunters that a fee will result in a 
more favorable hunting experience 
will fall on none other than the 
landowners as a group. They must 
approach this task in two ways: 
1) by initiating different kinds of 
hunting systems that could include 
hunters from all income groups 
and 2) by diverting some of the 
income derived from this source 
into planning and managing for 
the game crop. 

Four basic types of leasing ar- 
rangements described by Teer and 
Forrest ( 1968) could be used by 
South Dakota landowners. In the 
outfitter system, several ranches 
may be leased to an outfitter who 
handles all the arrangements. Gen- 

erally, the services offered are ex- 
tensive enough (food, lodging, guide 
services, care of game, and so forth) 
that prices are quite high ($50- 
$70/hunter/day). This is essentially 
the arrangement employed by Da- 
kota Safaris. In the season-long 
lease system, a rancher or group of 
ranchers leases access rights to an 
individual or group who would 
then have exclusive hunting privi- 
leges for that season. This would 
be within reach of more of our 
resident hunters. The day-long lease 
allows hunters access to game on a 
per-day basis. Prices under this sys- 
tem would vary with local circum- 
stances, but could be within reach 
of almost all South Dakota resident 
hunters. The fourth system in- 
volves charging directly for the ani- 
mal; legal only if the rancher has 
purchased and/or raised the game 
animal. Texas ranches are im- 
porting and raising several species 
of exotic game animals such as 
mouflon, barbary sheep, and black- 
buck. Because this requires con- 
siderable physical and monetary 
output by the rancher, costs to the 
hunter would be quite high. Ad- 
vantages here are that a hunting 
license is not required and hunting 
seasons are generally much longer 
than they are for State-owned game, 
although the operator is required 
to have a shooting preserve license. 
Initial efforts have been made in 
this direction in South Dakota by 
raising and releasing pheasants, 
mallards, and bob-white quail. 

It is important, if fee hunting is 
adopted over a large area involving 
many separate operations, that more 
than one of these systems be used. 
If all landowners implemented the 
outfitter system in South Dakota 
under the present nonresident re- 
strictions, there wouldn’t be enough 
hunters to go around. Those resi- 
dent hunters unable to afford such 
accommodations could, as a group, 
force legislation to prohibit or im- 
pair development of hunting sys- 
tems. Systems must be developed to 
meet all demands. 

The landowner has another re- 
sponsibility-to limit the number 

of hunters allowed on a tract of 
land to provide a safe, quality 
hunting experience. 

All of these responsibilities, how- 
ever important, assume secondary 
status when considering the land- 
owner’s attitudes toward manage- 
ment of the game crop. If the land- 
owner is realizing an income from 
wildlife, he must express concern 
for this resource in his management 
plans. This point was emphasized 
by Teer and Forrest (1968) who 
stated, “Landowners merit an eco- 
nomic return for animals in which 
inputs of resources are made. We 
consider unethical those hunting 
programs in which management is 
only directed at attracting, holding, 
and concentrating game for harvest 
purposes.” Concern for the wild- 
life resource must be a basic axiom 
for commercial hunting programs. 

The term “management” here, 
specifically implies proper manage- 
ment. One problem regularly en- 
countered with leasing systems in 
Texas is underharvest-not enough 
deer are killed (Ramsey, 1965; Teer 
et al., 1965; Teer and Forrest, 1968). 
Ranchers, hunters, and most others 
do not realize how many deer are 
present and how many can be har- 
vested without damaging the herd. 
Apparently, as game becomes more 
valuable, landowners have a tend- 
ency to become more conservative 
in their allowed kill. With the re- 
sultant population buildup from 
repeated underharvests, the range 
resource will deteriorate just as it 
will from overgrazing with live- 
stock. Overpopulations of deer be- 
come much more of a problem on 
haystacks, winter wheat, and alfalfa. 
Also, deer herds held on a low- 
quality diet contain fewer quality 
animals; they are generally smaller 
deer with poorer antler develop- 
men t. Harvest management should 
not be directed only at total deer 
removed, but should strive to 
achieve a proper ratio of does/ 
bucks taken. Sufficient harvest of 
does can become a real problem on 
ranches that stress only trophy buck 
hunting. 

Wildlife habitat must also be 



managed. South Dakota ranchers 
do not have the forage competition 
problems so evident in Texas. In 
the Edwards Plateau and Llano 
Basin country, deer ranges are also 
used by cattle, horses, sheep, and 
goats (Teer et al., 1965). Northern 
Great Plains ranchers would be con- 
cerned primarily with integrating 
cattle range management with deer 
range management, although sheep 
and horses would be involved in a 
few cases. In many areas of the 
West, high-condition ranges may be 
optimum for cattle production, but 
slightly to moderately overgrazed 
ranges could enhance the area for 
wildlife (for a discussion of prin- 
ciples see p. 108-109, National Re- 
search Council, 1970). One of the 
reasons for this is that many of the 
shrubby plants, beneficial to wild- 
life for food and cover, respond 
as increasers on overgrazed cattle 
ranges. Although more studies are 
needed to determine the compo- 
nents of high-condition rangeland 
in the Northern Great Plains, par- 
ticularly for wildlife, management 
goals for livestock and wildlife ap- 
pear to be similar-toward high con- 
dition on most, if not all, range 
sites. Regardless whether manage- 
ment goals are for livestock or wild- 
life, some sacrifices and changes will 
probably have to be made when 
wildlife is to be integrated into an 
operation previously managed only 
for livestock. Landowners have a 
moral obligation to make such 
changes commensurate with the 
income they are receiving from the 
wildlife resource. Certainly, if a 
leasing system is successful the eco- 
nomic incentive would dictate such 
changes. 

Cooperation between landowners 
and State game management 
agencies would be essential. Un- 
ethical operations could result in 
“backlash” legislation that would 
prevent the establishment, or at 
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least hinder the development, of 
fee hunting programs. Commercial 
hunting operations need the sup- 
port of the State so that appropri- 
ate regulations are developed that 
would encourage their stability and 
growth. 

to expend personal income to main- 
tain and improve conditions for 
wildlife. A small investment by 
sportsmen could be repaid many 
fold in enhanced quantity and qual- 
ity of hunting opportunities. 

State game agencies also have the 
expertise to assist the landowner 
with wildlife management prob- 
lems. It would behoove private 
land managers to seek this advice. 
Game biologists, when offering such 
advice, must realize that livestock 
grazing will still probably be the 
primary use of the unit, and wild- 
life management suggestions must 
be realistic and fit the economic 
structure of the overall operation. 
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Highlight 

A big game winter range in nor-then Utah was grazed 
with domestic sheep to ascertain what seasons and intensity 
of use would maximize utilization of herbs and minimize 
utilization of shrubs which provide the majority of forage 
for big game in winter, thus minimizing forage competition 
between big game and sheep. In late spring and early 
summer sheep ate mostly herbs. The light utilization of 
shrubs resulted in little or no reduction in forage produc- 
tion by shrubs at the end of the growing season. After mid- 
July, sheep heavily utilized bitterbrush (Purshiu triamtata), 
the most desirable and abundant shrub for big game in 
this area. Grazing after mid-July reduced the volume of 
bitterbrush forage available for big game proportionately 
to the percentage utilization observed. There was no evi- 
dence that subsequent annual productivity of established 
plants was impaired by any of the grazing systems imposed. 

For range managers, no problem is more critical 
than that of properly allocating forage on ranges 
frequented by big game in winter and domestic live- 
stock at other times of the year, usually in spring 
and fall. These ranges typically constitute the weak 
link in forage for big game and commonly set the 
upper limit on big game populations. 

The problem has two main facets. First, single 
use grazing patterns tend to cause trends from one 
type of vegetation to another. Second, big game 
and livestock may be in direct competition for the 
same forage plants even though time of occupancy 
may be different. 

If trends occur under single use, they are usually 
toward a less desirable vegetative mix for the ani- 
mal singly using the range. On a northern LJtah 
range big game use alone caused a reduction in 
shrubs and an increase in herbs; spring use by do- 
mestic livestock coupled with winter use by big 
game reduced herbs and increased shrubs (Smith, 
1949). At the U.S. Sheep Station near Dubois, 
Idaho, spring sheep grazing or a combination of 
spring and fall sheep grazing of sagebrush-grass 
rangeland resulted in an increase of three-tip sage- 
brush (Artemisia trifxxrtita)2 and a decrease of 
grasses and forbs. Heavy fall sheep use maintained 

l A contribution of Federal Aid Project PRW-105-R. Re- 
ceived October 13, 1971. 

2 Nomenclature follows Holmgren and Reveal, 1966. 

a vigorous cover of herbaceous plants with sage- 
brush forming an open stand among them (Lay- 
cock, 1967; Craddock and Forsling, 1938). 

In northern Utah utilization of bitterbrush (Pur- 
shia tridentata) by cattle was inconsequential prior 
to July 1, but substantial thereafter. Cows con- 
sumed primarily grasses and secondarily forbs. 
Clipping of herbaceous vegetation during the grow- 
ing season significantly increased yields of bitter- 
brush plants and demonstrated that cattle grazing 
before July 1 caused little competition for forage 
between cattle and big game (Smith and Doell, 
1968). Such findings suggest that vegetation may 
be manipulated by controlling livestock use to 
maintain or increase forage production by desira- 
ble shrubs. There is support for this in the work 
reported by others (Ferguson and Basile, 1968; 
Garrison, 1953; and Neff, 1964). 

The objectives of this study were to determine 
the forage preferences of domestic sheep through- 
out the summer and to identify the seasons and 
intensities of use which would hold forage com- 
petition with big game to an acceptable level. 

. 

Study Area and Procedures 
The study was conducted on big game winter range at 

the state-owned Hardware Ranch near Logan, Utah, be- 
tween 5,700 and 6,200 feet elevation. The vegetation is a 
sagebrush-grass type, although shrubs and herbaceous vegeta- 
tion alternately dominate specific sites. Grasses, forbs, and 
shrubs provide about equal amounts of forage. Annual 
plants are of little importance, except in years with abun- 
dant summer precipitation. 

Soils are of the Ant Flat and Yeates Hollow series (Doell, 
1966). Average annual precipitation is about 16 inches. 
The frost-free period is usually from mid-June to mid-August 
lasting about 100 days, although in 1969 temperatures lower 
than 30 F were observed in every summer month (U.S. Dept. 
of Commerce). 

From 1967 through 1969, twelve pastures approximately 
three acres in size were grazed by dry and yearling Columbia 
ewes during six different periods between May 20 and Octo- 
ber 15 and at two intensities within each period. Beginning 
dates for grazing were approximately May 20, June 20, July 
15, August 10, September 5, and October 1 each year; there 
was no late May period in 1967. Each pair of pastures was 
grazed during the same period, but intensities were alter- 
nated each year. 

In 1967, the two grazing intensities were set at 40% (mod- 
erate) and 70% (heavy) utilization of the assumed key spe- 
cies, Pacific aster (Aster chilensis) and arrowleaf balsamroot 
(Balsamorhiza sagittata). In the late June and late July 
periods, grazing was terminated when these intensities of 
use were attained. In subsequent periods the pastures were 
grazed for 108 and 189 sheep days per pasture for moderate 
and heavy intensities respectively to achieve comparable 
intensities of use. 

The 1967 data showed highly variable utilization values 
which appeared to be primarily due to differences in amounts 
of forage produced in individual pastures by the key species. 
Accordingly, intensities of use in 1968 and 1969 were as- 
signed on the basis of pregrazing estimates of “usable forage” 
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Table 1. Sheep days use per acre and acres per AUM for 
two grazing intensities (%) and six grazing periods, 1967- 
1969. 

Projected Acres 
intensity 

Season of use 19678 1968 1969 Mean Apu”Mb 

Late May 40 - 41 38 39.5 3.8 
70 - 59 88 73.5 2.0 

Late June 40 35 49 58 47.3 3.2 
70 59 94 87 80.0 1.9 

Late July 40 41 53 51 48.3 3.1 
70 75 85 93 84.3 1.8 

Mid-August 40 35 60 43 46.0 3.3 
70 59 102 72 77.7 1.9 

Mid-September 40 37 56 53 48.7 3.1 
70 58 101 87 82.0 1.8 

Early October 40 36 65 60 53.7 2.8 
70 68 94 108 90.0 1.7 

Mean 40 36.8 54.0 50.5 47.2 3.2 
70 63.8 89.2 89.2 81.2 1.8 

a There was no late May grazing in 1967. 
bBased on five dry ewes to an Animal Unit. 

production. Species which were observed to be of low palat- 
ability to sheep in 1967 were excluded from total forage 
production-big sagebrush (Artemisia tridentata), low sage- 
brush (A. arbuscuZu), and mulesears wyethia (Wyethia um- 
plexicaulis) for all grazing periods and bluebunch wheat- 
grass (Agropyron inerme) after late July. A daily forage 
requirement of 3 lb./animal was assumed. Moderate use 
was set at 40% utilization and heavy use at 70% utilization 
of usable forage. The total sheep days allotted each pasture 
was determined before sheep were placed in the pastures by 
multiplying the total usable forage in each pasture by the 
desired utilization percentage and dividing by three. 

The sheep herd was divided between the two pastures of 
each pair so that the length of the grazing perio,d would be 
the same in each. Grazing periods for the pairs of pastures 
lasted from 8-16 days. 

Weight estimates (Pechanec and Pickford, 1937a) were 
made in 50 circular plots of two sizes-96 ft2 in the case of 
bitterbrush and 9.6 ft2 for all other species. Both plots were 
permanent and centered on the same stake. Utilization of 
all species other than bitterbrush was determined by ocular 
estimates (Pechanec and Pickford, 1937b) in the same plots 
upon completion of grazing. 

Utilization of bitterbrush was obtained from measuring 
the twigs on four branches on each of 50 plants within each 
pasture (Smith and Urness, 1962). Since there was little or 
no current year’s twig growth in May and June, the previous 
year’s growth was measured. Thereafter, only current growth 
was considered. 

In 1968 and 1969, in areas adjacent to the pastures, thirty 
bitterbrush plants were selected to determine the rate of 
twig growth when unaffected by sheep grazing. Current 
twigs on four marked branches per plant were measured at 
weekly intervals from the time twig elongation began in 
late May or early June until growth rate decreased in mid- 
August. Thereafter, measurements were made twice each 
year. 
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FIG. 1. Three year average utilization of bitterbrush under two 
grazing intensities compared to stages of growth. 

Phenological data for the principal plant species were 
recorded at intervals throughout the summer. 

Results 
Grazing Intensities 

The three-acre pastures provided 35 to 65 sheep 
days per acre under moderate grazing and 58 to 108 
sheep days per acre under heavy grazing (Table 1). 
Based on a conversion ratio of five sheep to an AU 
(animal unit), the pastures carried from 0.23 to 
0.70 AUMs (animal unit months) per acre or, con- 
versely, required 4.3 acres to 1.3 acres/AUM. 
There was no evidence that the intensities im- 
posed caused changes in composition of vegeta- 
tion, although changes have been reported in this 
length of time under spring grazing (Laycock, 
1967). Grazing intensities were alternated between 
paired pastures each year which may have obscured 
the effects of intensity. Consequently, there is no 
assurance that the heavy intensity would be per- 
missible every year. 

Phenology of Bitterbrush 

Growth on unbrowsed bitterbrush plants was ob- 
served about May 1, 1968 in the enlargement of 
leaves. Numerous flower buds were evident by 
June 1 and plants had reached full flower about 
June 12. Growth of twigs began concurrently with 
the full flowering stage and rate of elongation was 
nearly constant through a seven-week period ending 
on about August 1, when 91% of the season’s total 
twig growth was attained. Growth rate of twigs 
then declined and elongation was not detected after 
August 15 (Fig. 1). Seed matured and abscised 
coincident with the slowing of growth between 
August 1 and August 15 much as reported from 
California (Hormay, 1943). 

In 1969, comparable phenological stages were 
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reached about three weeks earlier than in 1968, 
except for completion of twig elongation which was 
about one week later. 

Browsing either by sheep in summer or by big 
game in winter altered phenological stages and 
growth patterns. Leaves started growth about one 
week later and twig elongation began about ten 
days earlier than on unbrowsed plants, but the 
times of flowering and seed cast were unaffected. 
Browsing substantially reduced flower and seed 
production and increased twig growth. 

Utilization of Shntbs 

Utilization of bitterbrush was comparatively light 
in late May and only slightly heavier in late June 
(Table 2). There was little use of the year-old twigs 
which were measured in these periods. Sheep picked 
off the leaves and bud clusters from older growth 
without reducing the length of twigs: consequently 
twig measurements at this time did not accurately 
indicate actual utilization. 

Heavy use of bitterbrush was first observed in 
July when twig growth was rapid and herbaceous 
plants were drying. Utilization declined somewhat 
in August, September, and October. However, the 
lighter utilization in October reduced bitterbrush 
forage by one-third when moderately used and 
about two-thirds when heavily used. 

In addition to differences in intensity of use, 
there were differences in the way sheep browsed 

ET AL. 

from period to period which left distinctive marks 
(Fig. 2). Plants browsed by sheep in late May and 
late June or by big game in winter were character- 
ized by numerous shoots and large volumes of for- 
age by the end of the growing season. In late July 
sheep consumed most of the current year’s growth. 

Table 2. Three year mean utilization of important plants by sheep during six periods and two intensities on a northern 
Utah foothill rangeland 1967-1969. 

Moderate intensity Heavy intensity 
IAte Late late Mid- Mid- Early Late IAte Iate Mid- 

species 
Mid- 

May June July Aug. Sept. cm. May JU”C WY A”& 
Ea**y 

Sept. Oct. 

GILUSeS 
Bluebunch wheatgrass 
Prairie Junegrass 
Kentucky bluegrass 
Sandberg bluegrass 

Forbs 
western yarrow 
Pacific aster 
Arrowleaf balsamroot 
Bushy birdbeak 
Fremont geranium 
One-flower helianthella 
Stoneseed 
Tailcup lupine 
Slender cinquefoil 
Mulesears wyethia 

Shrubs 
Saskatoon serviceberry 
Yellowbrush 
Bitterbrush 

4 2 2 1 1 1 16 4 9 3 7 5 
PO 16 25 31 48 50 30 40 44 48 58 64 
30 17 20 25 39 39 48 34 42 47 49 60 
27 10 25 9 12 28 50 5 42 10 25 47 

4 17 
37 32 
21 22 
_ 15 
0 4 

40 
30 1 
29 15 
_ 8 

31 5 

_ 36 40 55 55 0 _ 73 61 70 70 4 
0 2 6 6 4 12 2 24 38 14 24 30 

22 23 72 65 46 33 32 45 87 80 66 60 

5 
53 
10 
24 

4 
75 
_ 

61 
33 
4 

7 
56 
42 
43 
_ 

42 
58 
60 
_ 
_ 

11 
50 
20 
14 
_ 

24 
35 
58 

0 

1 16 18 17 14 25 22 
40 72 61 77 66 72 61 

8 42 71 _ 57 55 23 
17 _ 57 74 42 51 47 
5 0 17 17 _ _ 10 

67 68 0 49 45 
_ 70 I - 74 72 15 

41 26 61 79 65 75 67 
40 _ 31 50 ~ - 54 

4 95 16 11 3 32 - 
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Such heavily browsed plants did not produce re- 
growth and appeared to lack vigor. In August, and 

bluegrass reached those stages about July 15. In 

to a lesser extent in September, sheep stripped bit- 
the fall these species produced green regrowth when 

terbrush twigs of leaves and bark and left the woody 
soil moisture was adequate. Consequently, utiliza- 

xylem exposed. Few twigs were nipped off as they 
tion of these grasses was comparatively heavy dur- 

had been earlier and as they were again in October. 
ing early September and early October periods. 

Whatever the use pattern, plants browsed after mid- 
Use of most other grasses did not reach the as- 

July did not produce regrowth. 
signed utilization intensities in any period. All 

Shrubs other than bitterbrush were relatively 
species of the tribe Triticeae including Great Basin 

unimportant sources of forage due to infrequency 
wildrye (Elymus cinereus), bluebunch wheatgrass, 

of occurrence or low palatability to sheep. Big sage- 
western wheatgrass (Agropyron smithii), and squir- 

brush, low sagebrush, and yellowbrush accounted 
reltail (Sitanion hystrix) along with oniongrass 

for 51% or more of the available shrub forage in the 
(Melica bulbosa) were lightly used especially as 
the season advanced. 

various pastures. The two sagebrushes were little 
Annual bromes (Bromus 

utilized, if at all. The less abundant yellowbrush 
tectorum and B. japonicus) received negligible use 

(Chrysothamnus viscidiflorus) provided some for- 
during any growth stage under either intensity. 

age after the late May period but was not a pre- Utilization of Forbs 

ferred species (Table 2). Saskatoon serviceberry 
(Amelanchier alnifolia) was heavily utilized but 

Forbs were important in all periods but most 

produced such small amounts of forage that infer- 
species showed marked seasonal differences in palat- 

ences about its palatability to sheep are hazardous 
ability. Pacific aster alone maintained a relatively 

except in October when it was lightly utilized indi- 
high palatability, and it was utilized at approxi- 

cating low palatability at that season. 
mately the assigned intensities (40% and 70%) in 
all grazing periods. Better than any other plant, it 

Utilization of Grasses 
qualified as a key species in this vegetative mix irre- 

Utilization of grasses was variable. Kentucky 
spective of its abundance or its season of use (Table 

bluegrass (Poa patensis) was one of the more pre- 
2). 

ferred plants, but following seed maturity in late 
Arrowleaf balsamroot was utilized most heavily 

June and July utilization decreased (Table 2). 
in the early periods although utilization of it was 

Seasonal utilization of Sandberg bluegrass (Poa 
erratic (Table 2). Much of the utilization observed 

secunda) and prairie Junegrass (Koeleria cristata) 
after the late June period may have been due to 

was similar to that of Kentucky bluegrass. Sand- 
trampling of dried stems and leaves. Similarly, 

berg bluegrass seed matured and seed stalks dried 
mulesears wyethia was utilized heavily in late May 

about June 25. Prairie Junegrass and Kentucky 
with utilization decreasing in late June and be- 
coming negligible after mid-July. This decline in 

Table 3. Average percent of sheeps diet and percent composition by forage classes for two intensities and six grazing 
periods at Hardware Ranch (1967-1969). 

Use period Intensity 

Grasses Forbs Shrubs Bi tterbrush’ 

“/0 diet y0 camp. y0 diet “/* camp. y0 diet y0 camp. y0 diet y0 camp. 

Late May2 

Late June 

Late July 

Mid-August 

Mid-September 

Mid-October 

Period averages 

Average 20.3 27.2 

Moderate 25.9 29.3 68.3 40.1 5.6 30.6 5.3 2.6 
Heavy 23.0 26.0 73.7 46.9 3.4 27.1 3.0 2.5 
Moderate 23.4 20.2 58.0 33.7 18.5 46.1 9.6 4.4 
Heavy 19.7 17.6 58.1 38.4 22.2 44.0 12.4 5.1 

Moderate 19.7 20.4 51.9 53.1 28.4 26.5 23.5 4.0 
Heavy 26.1 22.6 52.5 47.4 21.4 30.0 16.2 3.8 

Moderate 11.2 40.0 61.0 29.8 27.8 30.2 24.0 6.7 
Heavy 8.9 31.8 63.7 35.3 27.4 32.9 21.9 7.6 
Moderate 17.3 41.5 59.9 36.5 22.8 22.0 21.0 8.5 
Heavy 17.1 42.7 57.9 33.4 25.0 23.9 22.0 10.1 

Moderate 26.8 16.5 50.2 34.6 23.0 48.9 20.8 11.0 
Heavy 25.3 18.4 45.7 34.0 28.9 47.6 22.8 10.6 

Moderate 20.6 28.0 
Heavy 20.0 26.5 

58.3 38.0 
58.6 39.2 

58.5 38.6 

21.1 34.0 17.3 6.2 
21.4 34.3 16.3 6.6 

21.2 34.2 16.8 6.3 

1 Included in shrub total. 
a Only two year’s data. 
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consumption of mulesears wyethia started when the 
pungent odor it emits became evident-about two 
weeks before the full flower stage. Except for the 
seed heads, it was not eaten in the later periods, but 
the dry leaves were trampled to a mulch. 

One-flower helianthella (Helianthella uniflora) 
was one of the more abundant and preferred plants 
in late May. Its absence or scarcity in the paddocks 
grazed in later periods does not permit any conclu- 
sive inference about its palatability seasonlong, 
although such amounts as were present in the pas- 
tures grazed in mid-August and mid-September 
were avidly eaten. It was a relished plant for sheep 
in northern Utah (Smith and Gaufin, 1950). 

Tailcup lupine (Lupinus caudatus) was largely 
ignored prior to the flowering stage, but it was a 
highly preferred species during flowering and fruit- 
ing stages. Young plants which did not produce 
seeds were not usually eaten. 

When they were present in the pastures, stone- 
seed (Lithospermum ruderale) and slender cinque- 
foil (Potentilla graciZis) were relished by sheep. 
Salsify (Tragopogon spp.) was palatable up until 
September, and bastard toadflax (Commandra 
urn bellata) was heavily utilized seasonlong. 

Western yarrow (Achilles millefolium) was pre- 
sent in all pastures and usually provided some for- 
age, although it was not a preferred plant. Occa- 
sionally flower heads and possibly basal leaves were 
eaten, although the readiness with which they pull 
free at the leaf axil leaves little evidence of use. 
Fremont geranium (Geranium fremontii) was 
largely ignored in all periods. 

Several other forbs were utilized by sheep but 
their infrequency in the pastures prevents positive 
inferences about their seasonal desirability to sheep. 
Bushy birdbeak (Cordylanthus ramosus), a late 
growing annual, was used in the later periods. 
However, its weak, brittle stem readily breaks at 
the ground surface, and its disappearance from 
sample plots may have been caused either by 
trampling or foraging. Columbia groundsel (Sene- 
cio integerrimus) was heavily utilized in late May 
but was unused after maturity. 

Contribution of Forage Classes to Sheep’s Diet 

In all periods except late July, forbs contributed 
proportionally more to the diet than to production 
of forage-58% as compared to 39% for all periods 
(Table 3 and Fig. 3). The reversal of the general 
trend in late July was attributed to the presence of 
large amounts of mulesears wyethia, which ac- 
counted for 35’% and 26% of the forage produced 
under moderate and heavy intensities respectively 
but in each instance made up less than 15% of the 
diets. 

With the exception of the mid-August and mid- 
September periods of use, grasses were consumed 

0 Diet P/e) 
n Production (%) 

FIG. 3. Comparison of the proportions of available forage present 
and the proportions of each forage class in the diet of sheep 
under two grazing intensities. 

approximately in proportion to their production of 
forage (Fig. 3). However, the three most readily 
eaten grasses (Kentucky bluegrass, prairie June- 
grass, and Sandberg bluegrass) were consistently 
more important in the diet than they were in terms 
of forage produced. In August and September blue- 
bunch wheatgrass, a less palatable species, made up 
the bulk of the grass forage, hence grasses as a group 
appear less important than in other periods. 

Bitterbrush made up a greater proportion of the 
seasonlong diet than of total forage (Fig. 3). The 
small contribution of bitterbrush to the diet in the 
May and June periods was primarily due to the 
fact that little new growth was present and measure- 
ment of the previous years’ growth did not accu- 
rately measure use. Other shrubs contributed little 
forage to the diet, providing a maximum of about 
6% of the sheep intake, even though they provided 
as much as 42% of the available forage. 

Amounts of Forage Consumed 

Daily forage intakes estimated from production 
and utilization data were 2.32 and 2.38 pounds 
(oven-dry) per animal daily for heavy and moderate 
intensities respectively, somewhat less than the 
three pounds assumed at the outset (Table 4). Con- 
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Table 4. Daily forage intake (lb., oven-dry) per sheep dur- 
ing the six periods and two grazing intensities. 

Use 
Heavy intensity Moderate intensity 

Period 
period 1968 1969 Mean 1968 1969 Mean mean 

Late May 1.21 1.91 1.56 1.32 1.24 1.28 1.42 
Late June 2.54 2.21 2.38 1.65 2.74 2.20 2.29 
Late July 2.48 2.62 2.55 3.13 2.12 2.62 2.58 
Mid-Aug. 2.19 2.38 2.28 2.87 3.07 2.97 2.62 
Mid-Sept. 2.94 2.66 2.80 2.92 2.61 2.76 2.78 
Early Oct. 2.41 2.28 2.34 2.91 2.07 2.49 2.41 

Mean 2.32 2.38 2.35 

sumption averaged only 1.42 pounds per day in late 
May, increased in each successive period to a max- 
imum of 2.78 pounds in mid-September, and then 
dropped slightly in early October. 

The smaller amounts of herbage consumed in the 
early periods are possibly explained by two factors. 
Plants were growing rapidly during May, and 
growth during the eight to ten day grazing periods 
was substantial which would tend to bias utiliza- 
tion figures downward. Second, forage produced 
in the early growth stages is more nutritious than 
later and sheep may have required less forage, dry 
weight. Consumption based upon field weights 
was as great or greater in the early grazing periods 
as in the later ones. 

Discussion 

Results indicate that sheep can use big game 
winter range without prohibitive use of bitterbrush 
and other shrubs, a possibility that previously had 
little support among many biologists. However, a 
range management plan geared to attaining or 
maintaining a high volume of browse forage for 
big game winter use must meet with the following 
requirements: 

(1) Grazing periods must be timed so that utiliza- 
tion of shrubs by domestic livestock does not 
exceed acceptable levels. 

(2) Herbaceous species must be utilized sufficiently 
to minimize competition with the shrubs. 

(3) The time and intensity of use must be consistent 
with other rangeland uses and values. 

Sheep grazing on big game winter ranges is com- 
patible with big game use in this type of forage mix 
provided it is restricted to the early growing sea- 
son before bitterbrush twigs are growing rapidly. 
Grazing should terminate approximately at the 
time bitterbrush sets seed which at this location oc- 
curred about June 15, in 1969 and July 1 in the 
two previous years. 

After twigs have produced about one-third of 
their seasonal growth, about July 15, even moderate 
sheep use will result in considerable loss of current 

year’s production of bitterbrush. At Hardware 
Ranch this stage corresponds approximately to seed 
maturity of Kentucky bluegrass, prairie Junegrass, 
and balsamroots. Since, in this area, bitterbrush 
was the preferred shrub in all periods of spring, 
summer, and fall grazing, it is doubtful that other 
shrubs will be harmed by grazing if excessive utili- 
zation on bitterbrush is avoided. 

Our results are similar to those obtained pre- 
viously with cattle and reinforce the conclusion 
reached then, that livestock use on big game winter 
ranges is tolerable only during the early part of the 
plant growing season if maximum forage is to be 
retained for over-wintering game animals. After 
early June, sheep utilized bitterbrush more heavily 
than did cattle under similar conditions. The 
periods of heaviest sheep use were in July, August 
and September when little forage was left for game 
use. By contrast, even though use was heavy in 
October, considerable forage remained after sheep 
were removed. The heavy stripping of the current 
growth in August and September left an abundance 
of dry shoots that were unattractive as forage. 

Sheep may be less effective than cattle in min- 
imizing competition to shrubs from herbaceous 
plants. Their preference for forbs and reluctance 
to eat some grasses may not distribute grazing pres- 
sure adequately among the various components of 
the stand. This conclusion may be less valid in 
other areas where palatable grasses are more prom- 
inent, although the gradual conversion of vegeta- 
tion toward grass under sheep use is a well known 
phenomenon. Ultimately it may be necessary to 
impose both cattle and sheep use in some systematic 
scheme in order to achieve the desired balance 
among various plant species in the stand. 

Although restricting domestic livestock grazing 
to the early stages of bitterbrush growth is con- 
sistent with the outlined criteria for the short term, 
apprehension remains regarding the long term ef- 
fects of continued single season use by livestock. 
Our data did not indicate any vegetative trends, 
although research results elsewhere indicate that 
vegetative changes are inherent under the influence 
of repeatedly grazing at a particular season. Conse- 
quently, periodic checks of vegetative composition 
of grazed and ungrazed areas should be made to 
make certain undesirable trends do not occur. 
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Three Methods of Determining Diet, Utilization, 
and Trampling Damage on Sheep Ranges’ 
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Highlight 
Esophageal fistula sampling and ocular utilization estimates gave similar 

figures for dietary composition and for percentage utilization by sheep for most 
plant species in the tall-forb type. The paired-plot method gave higher utiliza- 
tion figures than the above methods because it estimated not only herbage eaten, 
but also that trampled. As a result, this method overestimated the dietary com- 
position of species most susceptible to trampling damage; trampling accounted 
for one-half to two-thirds of the herbage removed by grazing. 

Studies of sheep diet on range- 
land generally are conducted to 
determine the quality and quantity 
of herbage eaten or the proportion 
of herbage eaten. Knowledge of 
what and how much herbage ani- 
mals eat is needed for proper man- 
agement of both the animals and 
the range. Discussions of the vari- 
ous methods used to study diet and 
utilization have been published 
[Smith et al., 1962; National Acad- 
emy of Sciences-National Research 
Council (NAS-NRC), 1962; Martin, 

l Received August 23, 1971. 
2 Stationed in Logan, Utah, at the For- 

estry Sciences Laboratory, maintained 
in cooperation with Utah State Uni- 
versi ty. 

1970; and others], but few studies 
have compared these methods. 

The objective of this study was to 
compare three sampling methods- 
esophageal fistula; paired (caged 
and open) plot; and ocular utiliza- 
tion estimates-for determining bo- 
tanical composition of the diet of 
sheep and the percentage of each 
plant species utilized on tall-forb 
range. The study also enabled us 
to estimate the amount of herbage 
trampled at different periods dur- 
ing the summer. 

Procedures 
Data reported here were obtained 

in conjunction with another study 
to determine daily and seasonal 

trends in the botanical and chemi- 
cal composition of the diet of sheep 
on a tall-forb summer range. De- 
tails are reported elsewhere by 
Buchanan et al.3 and only informa- 
tion necessary for the comparisons 
made will be repeated here. 

This study was conducted during 
the summer of 1967 on the U.S. 
Sheep Experiment Station* summer 
range in southwestern Montana. 
The study area, located on a gentle, 
north-facing slope at an elevation 
of approximately 2,380 m (7,800 ft), 
had a fairly uniform cover of tall 
forbs dominated by sticky geranium. 
Six pastures, each 0.12 ha (0.3 acre) 
in size, were used-two each in early 
summer (mid-July), midsummer 
(early August), and late summer 
(late August). For comparisons of 
methods, data are presented only 
for the early summer trial in order 

3 Buchanan, Hayle, W. A. Laycock, and 
D. A. Price. Botanical composition 
and nutritive content of the diet of 
sheep at three periods during the 
summer on a tall-forb range in south- 
western Montana. Intermountain For- 
est and Range Experiment Station, 
Ogden, Utah. (In preparation.) 

4 Range management research here is 
conducted cooperatively by the Inter- 
mountain Forest and Range Experi- 
ment Station of the Forest Service, the 
Animal Husbandry Research Division 
of the Agricultural Research Service, 
both U.S. Department of Agriculture, 
and the Agricultural Experiment Sta- 
tion of the University of Idaho. 
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Highlight 
Esophageal fistula sampling and ocular utilization estimates gave similar 

figures for dietary composition and for percentage utilization by sheep for most 
plant species in the tall-forb type. The paired-plot method gave higher utiliza- 
tion figures than the above methods because it estimated not only herbage eaten, 
but also that trampled. As a result, this method overestimated the dietary com- 
position of species most susceptible to trampling damage; trampling accounted 
for one-half to two-thirds of the herbage removed by grazing. 

Studies of sheep diet on range- 
land generally are conducted to 
determine the quality and quantity 
of herbage eaten or the proportion 
of herbage eaten. Knowledge of 
what and how much herbage ani- 
mals eat is needed for proper man- 
agement of both the animals and 
the range. Discussions of the vari- 
ous methods used to study diet and 
utilization have been published 
[Smith et al., 1962; National Acad- 
emy of Sciences-National Research 
Council (NAS-NRC), 1962; Martin, 

l Received August 23, 1971. 
2 Stationed in Logan, Utah, at the For- 

estry Sciences Laboratory, maintained 
in cooperation with Utah State Uni- 
versi ty. 

1970; and others], but few studies 
have compared these methods. 

The objective of this study was to 
compare three sampling methods- 
esophageal fistula; paired (caged 
and open) plot; and ocular utiliza- 
tion estimates-for determining bo- 
tanical composition of the diet of 
sheep and the percentage of each 
plant species utilized on tall-forb 
range. The study also enabled us 
to estimate the amount of herbage 
trampled at different periods dur- 
ing the summer. 

Procedures 
Data reported here were obtained 

in conjunction with another study 
to determine daily and seasonal 

trends in the botanical and chemi- 
cal composition of the diet of sheep 
on a tall-forb summer range. De- 
tails are reported elsewhere by 
Buchanan et al.3 and only informa- 
tion necessary for the comparisons 
made will be repeated here. 

This study was conducted during 
the summer of 1967 on the U.S. 
Sheep Experiment Station* summer 
range in southwestern Montana. 
The study area, located on a gentle, 
north-facing slope at an elevation 
of approximately 2,380 m (7,800 ft), 
had a fairly uniform cover of tall 
forbs dominated by sticky geranium. 
Six pastures, each 0.12 ha (0.3 acre) 
in size, were used-two each in early 
summer (mid-July), midsummer 
(early August), and late summer 
(late August). For comparisons of 
methods, data are presented only 
for the early summer trial in order 

3 Buchanan, Hayle, W. A. Laycock, and 
D. A. Price. Botanical composition 
and nutritive content of the diet of 
sheep at three periods during the 
summer on a tall-forb range in south- 
western Montana. Intermountain For- 
est and Range Experiment Station, 
Ogden, Utah. (In preparation.) 

4 Range management research here is 
conducted cooperatively by the Inter- 
mountain Forest and Range Experi- 
ment Station of the Forest Service, the 
Animal Husbandry Research Division 
of the Agricultural Research Service, 
both U.S. Department of Agriculture, 
and the Agricultural Experiment Sta- 
tion of the University of Idaho. 
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to reduce amount of tabular mate- 
rial. Data from all three periods 
are used to estimate forage intake 
and trampling damage. 

Clipped, Paired-Plot Method 
For each trial, 10 pairs of plots, 

0.45 m2 (4.8 ft2) in size, were located 
on a restricted random basis in each 
pasture prior to grazing. All plots 
were marked and one of each pair 
was randomly selected to be caged. 
Plots were at least 3 m apart to 
minimize the effect of the cage on 
the open plot. Immediately after 
grazing, the 20 pairs of plots in the 
two pastures used in each trial 
were clipped to ground level. The 
amount and percentage of each spe- 
cies removed from the open plots 
were calculated from the difference 
between herbage weight on caged 
plots and that on open plots. Total 
utilization calculated in this man- 
ner included herbage eaten plus 
that destroyed by trampling. Total 
dry weight production of each spe- 
cies on the caged plots was used as 
a control to compute utilization by 
the other methods. 

Esophageal Fistula Method 
Seven esophageally fistulated 

sheep were used (four in one pas- 
ture and three in the other) during 
each 6-day grazing trial to collect 
samples representative of the diet. 
Three samples taken on alternate 
days were used for analysis of botan- 
ical composition. Data presented 
are combined from the two pastures 
used simultaneously in each trial. 
Total fecal output was collected 
from four bagged yearling wethers 
(two in each pasture) that grazed 
with the fistulated sheep. Amount 
of acid-detergent fiber in fistula and 
fecal samples was determined (Van 
Soest, 1963) and dry-matter intake 
was calculated by the lignin-ratio 
technique (Forbes and Garrigus, 
1948). 

Total grazing pressure was 250- 
300 sheep days per ha (loo-120 
sheep days per acre), a rate similar 
to that on adjacent herded ranges. 
The average dry-matter intake per 
sheep per day multiplied by the 
total number of days all sheep 

grazed provided an estimate of the 
total dry weight of forage consumed 
per trial in each pasture. 

Microscopic point sampling was 
used to obtain the percentage com- 
position of each species found in 
the fistula samples. In order to com- 
pare results of the three methods, 
the composition of fistula samples 
was converted from a surface area 
basis to a weight basis. The weight: 
surface area ratios calculated for 
the same plant species by Krueger 
(1970) were used to make the con- 
version. This method indirectly de- 
termines composition by weight. 
Hand separation of fistula material 
(Leigh and Mulham, 1966), the only 
direct method, was considered too 
time consuming and laborious for 
this study. 

To obtain percentage utilization 
for each species, the total dry weight 
intake of all sheep for the entire 
trial was converted to intake by 
species according to percentage com- 
position in fistula samples. This 
amount, expressed as a percentage 
of the total amount of each species 
produced on the 20 caged plots, was 
an estimate of utilization. Because 
of the number of steps and the sam- 
pling errors associated with each, 
utilization figures obtained by this 
method probably are much less re- 
liable than those given by the other 
two methods. 

Ocular-Estimate-by-Plot Method 
Percentage utilization by weight 

was estimated immediately after 
grazing in each trial, by the ocular- 
estimate-by-plot method (Pechanec 
and Pickford, 1937). The average 
utilization for each species was com- 
puted for eighty 0.45-m2 plots (40 
in each pasture). In each trial, this 
percentage multiplied by the aver- 
age dry-weight production of each 
species from the 20 cage plots was 
an estimate of the total amount 
eaten. The percentage each species 
contributed to the diet was also 
computed. 

Results and Discussion 
Clipped, Paired-Plot Method 

Generally, the botanical composi- 
tion of the diet estimated from 

paired-plot clippings was similar to 
that obtained by the other methods 
(Table 1). Major exceptions were: 

yarrow and sticky geranium, which 
had considerably higher dietary 
composition estimates; and north- 
west cinquefoil, which had lower 
dietary composition estimates from 
clipped plots. 

The paired-plot method consist- 
ently gave higher utilization per- 
centages than the other methods 
because the difference between the 
caged and open plots represented 
not only herbage eaten by the sheep, 
but also that destroyed by them in 
other ways (e.g., trampling). Deer 
or other game animals did not use 
any forage in the pastures. Utiliza- 
tion by insects and rodents and nor- 
mal loss of plant parts by shattering 
or lodging might affect the differ- 
ence; however, these factors should 
have about the same effect on both 
plot types. Cages were in place only 
8 days; so any changes in growth as 
the result of microclimatic altera- 
tions should be minimal. 

Esophageal Fistula Method 
Because fistula samples were a 

portion of the sheep’s actual diet, 
this method was the standard 
against which diet computed by the 
other two methods was compared. 
These comparisons are presented 
under the discussions for the other 
methods. 

Estimates of utilization deter- 
mined from fistula samples were 
not always realis tic. For some 
highly palatable species, such as 
pale agoseris, mountain sorrel, and 
thickleaf groundsel, estimates of the 
amount of a particular species eaten 
sometimes were greater than the 
total amount of that species pro- 
duced on the caged plots (desig- 
nated by lOO+ in the Utilization by 
Weight section of Table 1). This 
situation possibly resulted from in- 
accurate production estimates due 
to the relatively low number of 
caged plots used. The 20 plots used 
for each trial gave reasonably pre- 
cise estimates of the total green 
herbage present; the half-confidence 
interval in the early summer trial 
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was 16% of the mean at the 95% 
confidence level. However, for some 
of the less abundant species the 
half-confidence interval was larger. 
It was 35% of the mean for pale 
agoseris, which had a frequency of 
occurrence in the plots of 80%. The 
half-confidence interval was consid- 
erably higher for mountain sorrel 
and thickleaf groundsel, both of 
which had low frequencies (30% 
and 100/o, respectively). 

Ocular-Estimate-by-Plot Method 

The percentage utilization and 
the botanical composition of the 
diet indicated by ocular estimates 
generally were similar to figures ob- 
tained by the fistula method (Table 
1). Major exceptions were: low 
estimates of both utilization and 
diet for mountain knotweed. The 
reason was learned only after fis- 
tula samples were examined. Sheep 
pulled many of these annuals from 
the ground and consumed roots, 
stems, and leaves. Few partially 
eaten stems remained; consequently, 
utilization estimates were inaccu- 
rate. 

The ocular-estimate-by-plot 
method was fastest, both in field 
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and computation time. However, 
considerable training is necessary to 
achieve proficiency and observer 
bias can also affect accuracy of data 
(Smith et al., 1962). A major dis- 
advantage of the method is the pos- 
sibility of bias when a positive or 
negative correlation exists between 
amount eaten and amount present. 
To get unbiased estimates, each uti- 
lization estimate must be weighted 
by production on the same plot 
(Smith, 1968). However, in the tall- 
forb type, this technique would 
only partially correct estimates. “In- 
visible” utilization (use by sheep 
that is not readily discerned), such 
as that described for mountain knot- 
weed, would not be detected by 
this technique. Reasonable esti- 
mate of this type of utilization can 
only be obtained from comparisons 
of caged and open plots or from 
careful observations on the same 
plots before and after grazing. 
Weighted production values would 
also be biased by the amount of 
herbage trampled and overlooked 
by estimators. Some trampled herb- 
age “disappears” when it is mixed 
with the litter or loose soil. Careful 
observations probably would have 

separated some of the recently 
trampled material from the previ- 
ous year’s litter. 

Intake 

Results of all methods showed a 
stable or slightly increased dry- 
weight intake from early to late 
summer (Table 2). The NAS-NRC 
(1957) suggested 1.8 kg per day of 
air-dry feed for the class of sheep 
(50-kg rams) most comparable to 
our test animals. The intake com- 
puted by the clipped plot method 
was higher than this because 
trampling losses were included in 
the figure. Intake from the ocular 
estimate method is lower than the 
NAS-NRC’s suggested intake be- 
cause utilization estimates for some 
plant species probably were low 
due to “invisible” utilization. The 
reason for low intake figures from 
fistula and fecal samples is not 
known; however, salivary wetting 
followed by drying may have arti- 
ficially increased the apparent 
amount of lignin in fistula samples 
as suggested by Lesperence and 
Bohman (1964). Such an increase 
in lignin would decrease the feces: 

Table 1. Air dry herbage production (kg/ha, air-dry), utilizat,ion (% by weight), and botanical composition (%) of the 
diet of sheep in early summer as determined from fistula samples, clipped plots, and ocular utilization estimates on 
plots. 

Air-dry 
Utilization Botanical composition of diet 

herbage Estimated 
Species production Fistula 

Clipped 
plots plots Fistula 

Clipped Estimated 
plots plots 

Total grass1 205 30 49 28 16 10 12 

Yarrow (Achilles millefolium) 81 4 57 1 1 5 t2 
Pale agoseris (Agoseris glauca) 65 35 77 40 6 7 10 
Leafybract aster (Aster foliaceus) 37 66 50 37 6 1 3 
Thickstem aster (Aster integrifolius) 114 8 80 48 2 6 8 
Sticky geranium (Geranium viscosissimum) 899 1 23 3 2 28 8 
Stickseed (Hackelia floribunda) 21 31 54 21 2 2 1 
Mountain knotweed (Polygonurn montanum) 83 25 43 2 5 4 t 
Northwest cinquefoil (PotentiZZa gracilis) 476 26 37 42 32 17 45 
Mountain sorrel (Rumex paucifolius) 16 100+ 78 54 7 3 5 
Thickleaf groundsel (Senecio crassulus) 2 100+3 7 63 5 t t 

Other forbs 221 27 65 12 16 17 8 
Total forbs 2,015 16 39 16 84 90 88 
All vegetation 2,200 17 40 17 100 100 100 
l Grass species were not differentiated in fistula samples. 
a Less than 0.5oJ, of the diet. 
3 Utilization of 100+~o 
in the pasture. 

indicates more herbage was found in the fistula samples than the caged clipped plots indicated was present 



DIET AND UTILIZATION SAMPLING 355 

Table 2. Comparison of amount of air-dry forage eaten (kg/sheep/day) com- 
puted from fistula and fecal samples, clipped plots, and utlilization estimates. 

Method 

Fistula and fecal samples 
Paired, clipped plots 
Utilization estimates 

Early 
summer 

0.9 
2.3 
1.0 

Midsummer 

1.1 
3.1 
1.0 

Late 
summer 

1.1 
2.3 
1.1 

fistula lignin ratio and the intake 
value. 

Trampling Losses 

Trampling losses were considered 
to be the total amount of forage 
removed minus the amount eaten. 
The total amount removed was the 
difference between the amounts of 
herbage on caged and open plots 
and the amount eaten was the in- 
take calculated from fistula and 
fecal samples (Table 3). Approxi- 
mately one-half of the total herbage 
removed in early and late summer 
was eaten, one-half was destroyed 
by trampling. Trampling damage 
was most severe in midsummer 
when it accounted for approxi- 
mately two-thirds of the herbage 
removed. By early August, all forbs 
had reached maximum height and 
were still quite succulent. Conse- 
quently, they were particularly sus- 
ceptible to being knocked over or 
otherwise damaged by the sheep. 

Sticky geranium was the major 
species affected by trampling. Of 
the total weight of forbs lost by 

trampling, this species made up 
43% in early summer, 70% in mid- 
summer, and 26% in late summer. 
Sticky geranium contributed 30- 
40% of the herbage present, but was 
unpalatable to the sheep. Stems 
apparently were knocked down or 
broken off by animals as they for- 
aged. Yarrow, which has rather 
slender, easily broken leaves, was 
also severely affected by trampling. 
Thickstem aster was damaged by 
trampling in the early summer trial. 
Alpine leafybract aster, which 
flowers in middle to late summer, 
was damaged by trampling in late 
summer. 

The trampling loss figures in 
Table 3 may be too high because 
intake figures might be low. How- 
ever, even if the amount of feed is 
increased to the suggested NAS- 
NRC level, 14% to 40% of the total 
forage removed can be attributed to 
trampling. A more sophisticated 
study design would help to more 
accurately determine trampling 
losses in this vegetation type. 

In most grazing studies the 

Table 3. Comparison of amount (kg/ha and %) of dry matter eaten and tram- 
pled by sheep on tall-forb range. 

Dry matter removed 

Trial Class Eaten1 Trampled2 Total3 

Early summer Grass 62(61)4 39(39) 101 
Forb 325(41) 471(59) 796 
Total 387(43) 510(57) 897 

Midsummer Grass 26(55) 21(45) 47 
Forb 310(36) 544(64) 901 
Total SlO(36) 565(63) 901 

Late summer Grass 24( 12) 168(88) 192 
Forb 395(62) 242(38) 637 
Total 419(51) 410(49) 829 

l Amount eaten ‘by sheep, calculated from fistula and fecal samples. 
s Amount trampled = total removed minus amount eaten. 
aTotal amount removed, based on difference between herbage weights on caged and 

open plots. 
’ Figures in parentheses are values expressed in percent. 

amount of herbage lost by trampling 
has been all but ignored. Brown 
(1954) and Wagner et al. (1950) dis- 
cussed trampling loss as a factor 
that complicates evaluation of herb- 
age consumption on cultivated pas- 
tures, but they gave no quantitative 
data. Grelen (1967) found that uti- 
lization based on production inside 
and outside stationary cages on 
pine-bluestem ranges was greatly 
overestimated when grazing was 
heavy, but he did not attribute any 
of the error to trampling loss. 
Quinn and Hervey (1970) measured 
trampling loss on a sandhills grass 
range at 22 kg/ha (1% to 5% of the 
standing crop). This loss is small 
compared with the 410 to 465 kg 
per ha (17% to 23% of the standing 
crop) trampled in the present study. 
Differences in vegetation type (sod 
versus tall forb) and the animal 
type (cattle versus sheep) probably 
account for variances in the amounts 
trampled in the two studies. 

The difference in amount of 
herbage present on caged and open 
plots was the method suggested for 
calculating the intake of grazing 
animals in the International Biolog- 
ical Program (Milner and Hughes, 
1968). Correction for increased 
growth rate in areas caged for 
long periods was also suggested 
for IBP studies, but the authors 
did not propose any correction for 
trampling losses. In some vegeta- 
tion, such as the tall-forb type, 
trampling losses may be substantial, 
so the difference method overesti- 
mates total intake and gives a biased 
estimate of the botanical composi- 
tion of the diet. 

Various studies to ascertain the 
effect of trampling on amount of 
litter and on soil characteristics 
were reviewed by Lull (1959) and 
by Reynolds and Packer (1962). 
However, few studies to determine 
the effect of trampling on subse- 
quent production have been con- 
ducted. Packer (1953) found that 
trampling by means of an “artificial 
hoof” had the immediate effect of 
reducing ground cover on wheat- 
grass and cheatgrass ranges, but he 
did not determine the effect on 
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production or cover in following 
years. By artificially flattening the 
stems of tall bluebell (Mertensia 
arizonica var. leonardi) during the 
early flowering and fruiting stages 
for 4 consecutive years, Laycock 
and Conrad (1969) found that herb- 
age production was reduced by ap- 
proximately 50%. Similar studies 
for other species are needed to clar- 
ify the effect of trampling upon 
herbage production and vigor. 

Conclusions 
1. The esophageal fistula 

method is the most accurate method 
tested for determining the actual 
composition (either botanical or 
chemical) of the diet of sheep; how- 
ever, it is extremely time con- 
suming, both in the field and in 
the laboratory. For this reason, it 
is basically a research tool and not 
a technique suitable for actual 
range management operations. The 
fistula method does not accurately 
measure the total impact of grazing 
on the range because it accounts 
only for forage consumed and not 
for other losses, such as trampling. 
Utilization percentages of indi- 
vidual species are also inaccurate 
because of the number of steps 
and associated sampling errors in- 
volved in the calculation. 

2. The difference in amount of 
herbage on paired, clipped plots is 
the best method for measuring the 
total impact of grazing on the range 
because it measures total herbage 
loss, both by consumption and by 
trampling. However, it is also time 
consuming. Because trampling 
losses are included, it is not a good 
method for determining the botani- 
cal composition of the actual diet 
of sheep. Plant species susceptible 
to trampling will be overrepre- 
sented in the diet. 

3. The ocular-estimate-by-plot 
method probably is the best com- 
promise for determining both diet 
and utilization on large-scale range 
operations. It is rapid to use and 
yields relatively reliable data for 
most plant species. Whenever pos- 
sible, utilization estimates should 
be weighted by herbage production 
on the same plots (Smith, 1968). 

Also important are adequate train- 
ing, procedures to minimize the ef- 
fect of personal bias, and other 
techniques to improve the method 
suggested by Smith et al. (1962). 
Observations before and after 
grazing or comparisons of produc- 
tion on protected and grazed areas 
should be made to minimize the 
errors caused bv “invisible” utili- 
zation. 

4. Studies are needed to deter- 
mine the amount of trampling 
damage that occurs in different 
vegetation types and the effect of 
trampling on production and vigor 
of individual species. With this 
information, management systems 
could be devised to minimize 
trampling damage and thus make 
more efficient use of rangelands. 
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Highlight 

The lambing performance of range ewes was compared 
with that of similar ewes which were supplemented for 17 
days prior to and the first 17 days of breeding (four years), 
were fed in drylot (four years), or grazed an improved pas- 
ture (two years) over the same period. Supplementation 
(2.25 kg alfalfa pellets/ewe/week, fed twice weekly) did 
not improve lambing performance, but drylot feeding (1.82 
kg alfalfa hay/ewe/day) increased the number of lambs 
born/ewe present at lambing from 101 to 128% (P < 0.001). 
Access to improved pasture also increased lambing percent- 
age (from 110 to 138) (P < 0.01). Current feed costs, and 
availability and alternative uses of an area of improved 
pasture will determine which of the two effective treatments 
is most likely to result in the greatest net returns from 
flushing. The observed flushing effect was associated 
mainly with the live-weight change over the flushing period, 
rather than any static live-weight effect. For every kg in- 
crease in the weight gain during flushing, lambing o/o in- 
creased by about 8%. 

Flushing has been well established among com- 
mercial sheep breeders for some time. There are 
two effects of flushing; firstly, a reduction in the 
number of dry ewes, and secondly, an increased 
twinning rate. The physiological mechanism op- 
erating in increasing the incidence of multiple ovu- 
lation is not well understood. However, Coop 
(1966) has separated the effect of flushing into two 
components; a static live weight effect not specifi- 
cally related in time to the breeding period, and a 
dynamic effect of the change in live-weight which 
is specific to the breeding period. 

The aim of this investigation was not to further 
explore the flushing phenomenon per se, but rather 
to determine the most efficient way of achieving 
the lambing response in range ewes. In California, 
breeding coincides with a period of rapidly de- 
clining nutritive value of the annual range pas- 
tures. Flushing, therefore, offers perhaps the most 
efficient way of improving lamb production in this 
environment . 

Experimental Procedures 

The investigation was conducted over a period of four 
years (1965-68) at the University of California’s Hopland 
Field Station in the North Coastal Range of California. The 

l Received August 28, 1971. 

range pasture consisted of annual grasses (mainly Bromus 
spp.), annual forbs and some subterranean clover (Trifolium 
subterraneum) (Van Dyne and Heady, 1965), and was com- 
pletely dry at time of breeding each year (September). The 
pasture used in this study (46 ha) had been grazed at ap- 
proximately 1.1 sheep/ha for 13 years prior to the beginning 
of the experiment in accord with the average stocking rate 
for the Hopland area. The stocking rate was increased to 
2.7 sheep/ha at the beginning of the experiment, and main- 
tained at approximately this level throughout the four years 
of experimentation. 

In 1965, 150 yearling and two-year old Corriedale ewes 
were grazed together on this pasture except during the treat- 
ment period of 17 days prior to and the first 17 days of 
breeding. On August 27 the ewes were divided at random, 
after stratification by age, into three groups. Group 1 (con- 
trol) remained on the dry annual range pasture; salt was the 
only supplement available. Group 2 remained on range with 
group 1, but received a supplement of 2.25 kg/ewe/week 
of alfalfa pellets [19.8% crude protein (CP)], fed twice a 
week. Group 1 ewes were also penned twice a week, but 
were not supplemen ted. Group 3 was fed in drylot 1.82 
kg/ewe/day of alfalfa hay throughout the 34 day treatment 
period. All ewes were weighed 21 days prior to the begin- 
ning of the treatment period as well as on the first and last 
days of treatment. All weights were recorded after an over- 
night shrink. Breeding began on September 15, and lasted 
35 days. Six Suffolk rams were used; four on range and 
two in drylot. At each feeding of the group 2 ewes, rams 
were rotated between range and drylot. 

At the end of the treatment period all ewes and rams 
were returned to the range, and after the breeding period 
the ewes remained together until the experimental treatments 
were repeated the following year. All ewes were brought 
into a barn 2 to 5 days prior to lambing. All dry ewes were 
returned to the range immediately, and as the remaining 
ewes lambed they were also returned to the range. More 
than 90% of the wet ewes had lambed by 17 days. 

In 1966 the ewes were allotted to the three treatment 
groups independently of their allocation in 1965. Ewe losses 
were made up with similar ewes of the same age. In 1967 
and 1968 the same total number of ewes was divided into 
four treatment groups. The first three treatments were 
those used in 1965 and 1966. The ewes in the additional 
treatment group grazed an improved pasture during the 34 
day flushing period. This pasture was a mixture of sub- 
terranean clover and Hardinggrass (Phalaris tuberosa L. var. 
stenoptera (Hack.) Hitchc.), and was mown prior to maturity 
and left in the swath. This practice has been shown to 
retain the protein content of annual pasture at levels more 
than 50% higher than unmown pasture (Kay and Torell, 
1970). 

Lambing performance results were analyzed statistically by 
Chi-square (Steel and Torrie, 1960), since the dependent 
variable of lambs born per ewe is discrete. Other results 
[incidence of dry ewes (%) and incidence of twin births 
(%)I were analyzed by analysis of variance. Multiple regres- 
sion analysis (Snedecor, 1956) was used to partition the 
flushing response between the effects of initial live-weight, 
the live-weight gain during flushing, and the covariation 
between initial live-weight and live-weight gain. An increase 
in lamb drop from 130 to 140% is designated a 10% in- 
crease (Coop, 1966). 
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Table 1. Effect of age on reproductive performance of 
ewes means of treatments 1, 2 and 3). 

Year 
Measurement 1965 1966 1967 1968 

Avg. age of ewes at 
breeding (months) 

Avg. weight at breeding 
(kg) 

No. of ewes1 
% dry ewes 
% multiple births 
Lambing o/o2 
Lambing %a 

25 37 50 56 

43.7 53.0 57.2 62.3 
146 137 98 115 

18.5c 5.9d 13.0d 7.1d 
18.9a 22.38 27.68 36.la 
96.7a 115.2” lll.Ob 127.4b 

118.9a 122.3a 127.6a 136.98 

l At lambing. 
2 Lambs born x lOO/ewe 
3Lambs born x lOO/ewe 

=sb Means on the same lint 
significantly (P < 0.05). 

c,d Means on the same line 
significantly (P < 0.01). 

Results and Discussion 

present at lambing. 
lambing. 
bearing different superscripts differ 

bearing different superscripts differ 

Since the same animals were used over the four 
years of the investigation, results are discussed in 
two parts; firstly, treatments 1, 2 and 3 (range, sup- 
plementation, and drylot feeding, respectively) over 
all four years; and secondly, all four treatments 
(including the group which grazed improved pas- 
ture) over the last two years (1967 and 1968). The 
effects of flushing were quite clear-cut, but there 
was a confounding effect due to the progressive ma- 
turity of the ewes in succeeding years. It is well 
known that reproductive efficiency tends to im- 

Table 2. Effect of supplementation and drylot feeding on 
reproductive performance of range ewes (means of 4 
years). 

Treatmen t1 

Measurement 1 2 3 

No. of ewes2 162 159 177 
Avg. weight at breeding (kg) 53.6 55.2 54.2 
% dry ewes 12.3a 9.7a 11.4a 
% multiple births 14.5aJ 20.6” 43.6- 
Lambing %a 100.6d 113.9d 128.2e 
Lambing %4 114.5d 120.6d 144.2e 
BUN (mg/lOO ml plasma)5 8.0a 11.9a 30.4b 
Lamb production6 25.0d 24.9d 29.7e 

lTreatment 1: range; treatment 2: supplemented with 2.25 
kg alfalfa pellets/ewe/week; treatment 3: fed in drylot on 
1.82 kg alfalfa hay/ewe/day. 

a At lambing. 
3 Lambs born x lOO/ewe present at lambing. 
4 Lambs born x lOO/ewe lambing. 
6 Blood urea nitrogen in ewes at breeding (D1, of treatment). 

Mean of 3 years (1966-68). 
6 Kg lamb at weaning/ewe present at lambing. 

n*b,c Means on the same line bearing different superscripts differ 
significantly (P < 0.05). 

die Means on the same line bearing different superscripts differ 
significantly (P < 0.01). 

prove with age. This is demonstrated here, in that 
the percentage of dry ewes decreased after 1965 
(P < 0.01) (Table l), while there was a trend, al- 
though not statistically significant, for the incidence 
of multiple births to increase throughout the four 
years of experimentation. 

Four Year Effect of Supplementation and Drylot 
Feeding on Reproductive Performance 

The results for the three treatments tested over 
all four years are shown in Table 2. The mean 
lambing percentage (lambs born x lOO/ewe present 
at lambing) was improved by 27.6% by feeding range 
ewes in drylot for 17 days prior to and the first 17 
days of breeding (P < 0.001). On an individual 
year basis the improvement was significant in 1965 
(P < O.Ol), 1966 (P < O.OOl), and 1967 (P < 0.05), 
but there was no significant improvement in 1968. 
The mean lambing percentage was not improved 
significantly by supplementing the ewes twice a 
week. In individual years the effect of supplemen- 
tation was significant only in 1966 (P < 0.05). The 
improvement in reproductive performance when 
the ewes were fed in drylot was due mainly to the 
increase (P < 0.05) in the incidence of multiple 
births; there was no significant effect on the inci- 
dence of dry ewes (Table 2). 

Two Year Effect of Supplementation, Drylot Feeding, and 
Improved Pasture on Reproductive Performance 

The results for the four treatments tested in 1967 
and 1968 are shown in Table 3. The conclusions 
from the first three treatments were similar whether 
considered over all four years or only the last two 

Table 3. Effect of supplementation, drylot feeding and 
improved pasture on reproductive performance of range 
ewes (means of 2 years). 

Treatment1 

Measurement 1 2 3 4 

No. of ewes2 70 65 78 76 
Avg. weight at breeding (kg) 59.3 60.3 56.8 62.5 
% dry ewes 13.0a 7.6a 9.5a 2.7a 
% multiple births 24.5~ 18.4c 51.9d 41.7d 
Lambing %a 109.6a 109.3a 138.7b 138.Ob 
Lambing %4 125.4a 118.4a 153.1b 141.7b 
BUN (mg/lOO ml plasma)” 9.2c 13.9c 28.4d 19.6d 
Lamb production6 27.0a 26.7a 32.6b 36.4” 

1 Treatments 1, 2 and 3 same as in table 2; treatment 4: im- 
proved pasture. 

2 At lambing. 
3 Lambs born x lOO/ewe present at lambing. 
4 Lambs born x lOO/ewe lambing. 
5 Blood urea nitrogen in ewes at breeding (D,, of treatment). 
c Kg lamb at weaning/ewe present at lambing. 

alb Means on the same line bearing different superscripts differ 
significantly (P < 0.05). 

cld Means on the same line bearing different superscripts differ 
significantly (P < 0.01). 
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FIG. 1. Mean live-weight of range ewes over the experimental 
period 1965-68. Arrows indicate beginning of flushing period. 

years of the investigation; supplementation on the 
range with the amounts of alfalfa used in this ex- 
periment did not significantly improve reproduc- 
tive performance. Feeding the ewes in drylot im- 
proved the lambing percentage (lambs born x lOO/ 
ewe present at lambing) by 29.1% (P < 0.001). 
Grazing the ewes on improved pasture resulted in 
a similar improvement (28.4%) (P < 0.01). In indi- 
vidual years the improvement on the improved 
pasture treatment was significant in 1967 (P < 0.05), 
but not in 1968. The improvement in reproductive 
performance was again due mainly to the increase 
(P < 0.05) in the incidence of multiple births when 
the ewes were fed in drylot or grazed an improved 
pasture; there was no significant effect due to a 
reduction in the number of dry ewes. 

The mean weight for all ewes is shown in rela- 
tion to time in Figure 1. Except in 1965 the ewes 
were gaining weight prior to flushing. Consistent 
in all years was the dramatic loss in live weight in 
the fall months immediately after the flushing 
period until the next growing season. Mean weights 
and weight changes of the ewes in each group dur- 
ing the flushing period are shown in Table 4. The 
correlation coefficient (r) between the live-weight 
change over the flushing period and lambing per- 
formance (lambs born x lOO/ewe present at lamb- 
ing) was 0.993 for the three treatments tested in all 
four years, and 0.945 for all four treatments over 
the last two years. Neither was statistically signifi- 
cant (P = 0.05), because of the small number of 
treatment means. Use of individual values from 
each year was prohibited by the confounding effect 
of ewe age already mentioned. The corresponding 
correlation coefficients between ewe live-weight at 
the beginning of the flushing period and lambing 
performance were 0.969 (three treatments over four 
years) and -0.305 (f our treatments over two years). 
The variation between the two latter correlation 

Table 4. Mean weights and weight changes of range ewes 
(kg). 

Treatment1 

Year Measurement 1 2 3 4 

1965-68 Weight2 53.7 54.1 54.3 
Weight changes -3.2 -1.5 +0.3 

1967-68 Weight 60.0 60.2 59.1 60.5 
Weight change -5.8 -4.7 -2.7 -1.9 

1 Treatments: as in table 3. 
aDay 1 of treatment period. 
3 Weight change over 34 day treatment period. 

coefficients indicates that the observed flushing ef- 
fect was associated mainly with the change in live- 
weight over the treatment period (Coop, 1966; 
McInnes and Smith, 1966), rather than any static 
live weight effect (Coop, 1962; Fletcher, 1971). 

This conclusion is supported by multiple re- 
gression analysis of the lambing performance data. 
When the results from the three treatments tested 
over all four years were analyzed, the contribution 
made to the flushing phenomenon by the initial 
weight of the ewes was only 0.4%, while the con- 
tribution made by the live-weight change during 
flushing was 88.2%. The remainder (11.4%) was 
due to covariation between the initial weight and 
the weight change during flushing. When the data 
from the four treatments tested in 1967 and 1968 
were analyzed, the contributions were 6.2% (initial 
weight), 90.7% (live-weight change), and 3.1% (co- 
variation between the initial weight and the weight 
change). Based on the simple regression coefficient 
(b) between live-weight change and lambing per- 
cent, for every kg increase in the weight gain dur- 
ing flushing, lambing percent increased by approxi- 
mately 8.3%. 

It should be noted that although all ewes were 
weighed after an overnight shrink, this procedure 
cannot be expected to eliminate completely differ- 
ences in gut fill between treatments. It is well 
known that ruminants fed low quality roughage 
generally have higher levels of gut fill than similar 
animals fed high quality alfalfa. This source of 
bias would have no effect on live weights measured 
at the beginning of the flushing period, but could 
be expected to reduce, to some extent, differences 
between treatments in weight changes over the 
flushing period (Table 4). If this is indeed the case, 
the actual increase in lambing percent per kg in- 
crease in the weight gain made by the ewes during 
flushing would be somewhat less than the value of 
8.3% calculated. 

Blood urea nitrogen (BUN) levels measured in 
plasma samples collected at breeding (i.e., day 17 
of the treatment period) reflected the nutritional 
status of the ewes. Thus there was no significant 
difference in mean BUN levels between ewes on 
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range and ewes supplemented twice weekly with 
alfalfa pellets (Tables 2 and 3). However, the mean 
BUN level of ewes fed in drylot or grazing im- 
proved pasture was higher than that of ewes on the 
other two treatments (P < 0.01). These results sug- 
gest that mean BUN levels may be a useful pre- 
dictor of the effectiveness of a flushing treatment, 
especially since there was a good correlation be- 
tween BUN levels and lambing performance (lambs 
born x lOO/ewe present at lambing) (r = 0.943 for 
three treatments over three years, 0.876 for four 
treatments over two years). 

There were significant differences in lamb pro- 
duction (kg lamb weaned/ewe present at lambing) 
between treatments and between years. Lamb pro- 
duction was greater in 1968 than in any other year 
(P < 0.001). Part of this increase was no doubt due 
to the improvement in reproductive efficiency with 
increasing age of the ewes (see Table 1). Lamb 
production was similar on treatments 1 and 2, but 
greater on treatment 3 (P < 0.01). There was no 
significant difference between treatments 3 and 
4. On the basis of current feed costs and lamb 
prices, the returns from the extra lamb production 
achieved by the drylot flushing treatment were in 
excess of the cost of the feed used to produce the 
effect. The economics of the improved pasture 
treatment are more difficult to assess, being com- 
plicated by the availability of a suitable area 
ture, and alternative uses of that pasture. 

of pas- 

It was evident that further work would be neces- 
sary to determine whether or not responses similar 
to those from feeding the ewes in drylot just prior 

to and during breeding could be achieved at still 
lower cost, either by feeding for a shorter period 
(Hulet et al., 1962), and/or by changing the amounts 
of protein and energy fed, and by feeding cheaper 
sources of these nutrients. Experiments designed 
to examine the relative contributions of protein 
and energy to the flushing phenomenon are now 
in progress. 
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Highlight 
On a range in central Louisiana, maximum production 

of carpetgrass and total herbage was obtained by harvesting 
once or twice per season. Carpetgrass and forbs increased 
in percent botanical composition with frequent harvests, 
while bluestems and other grasses increased with infre- 
quent harvests. 
production. 

Site did not significantly affect herbage 
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This paper reports responses of carpetgrass (Ax- 
onopus affinis), a potentially important source of 
forage on Gulf Coast forest ranges, to major envi- 
ronmental influences. Persistence and production 
at several harvesting frequencies were observed 
on two sites where carpetgrass stands were well 
established. 

Common carpetgrass is low growing and occurs 
most frequently on relatively heavy, imperfectly 
drained soils, where it spreads rapidly by stolons 
to form dense sod. It also becomes dominant on 
moderately sandy, well-drained soils that have been 
compacted. Being only moderately tolerant of 
shade, carpetgrass is found mainly along roads and 
trails, near feedlots and corrals, on firelines, and in 
other forest openings that receive heavy use. 

Since cattle generally graze forest openings more 
heavily than adjacent wooded range, carpetgrass 
often becomes an important component of the her- 
baceous cover on forest ranges. Use further inten- 
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heavily than adjacent wooded range, carpetgrass 
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sifies after carpetgrass establishment because cattle 
prefer this species to most associated range grasses 
(Halls et al., 1956). C onsequently, grass stubble in 
openings is usually kept extremely short, even when 
overall range use is moderate. This condition 
creates an impression that carpetgrass yield is mea- 
ger; however, Wahlenberg (1946) stated that car- 
petgrass produces 3 to 20 times more beef per acre 
than associated native range grasses. 

Newell and Keim (1947) studied effects of 
harvesting frequency on five important native 
grasses of the Great Plains. The group included 
four bunchgrasses and buffalograss (Buchloe dac- 
tyloides). Only buffalograss yielded more herbage 
on plots frequently clipped than on those cut once 
per season. This species, like carpetgrass, is stolonif- 
erous and commonly grows where heavy grazing 
has reduced bunchgrasses. Lang and Barnes (1942) 
found that midgrasses decreased in yield under fre- 
quent clipping, but shortgrasses clipped frequently 
produced more than those harvested only at the 
end of the season. Thus, it appeared that frequent 
removal of herbage might stimulate growth of the 
relatively short, stoloniferous carpetgrass. In any 
event, some knowledge of the proper harvest 
frequency for maximum range productivity was 
needed. 

Procedure 
This study was restricted to two sites on the Palustris 

Experimental Forest in central Louisiana where longleaf 
pines had been clearcut more than 20 years before. For at 
least 10 years the areas had been heavily grazed. One site 
was flatwoods and the other sandy ridge. The sandy ridge 
soil, Ruston fine sandy loam, is coarser and considerably 
more permeable than Beauregard silt loam, the flatwoods 
soil. 

On each site, the density and composition of the herba- 
ceous cover were reasonably uniform. Carpetgrass domi- 
nated lesser amounts of slender bluestem (Andropogon 
tener), pinehill bluestem (A. divergens), panicums (Panicurn 
spp.), bahiagrass (Pus@zZum notatum), and other inter- 
mingled PusPaZum species. Principal forbs were common 
lespedeza (Lespedexu striutu), low hop clover (Trifolium pro- 
cumbens), poor-Joe (Diodia teres), rabbit-tobacco (Gnuphu- 
lium obtusifolium), and ragweed (Ambrosia urtemisifoliu). 

Three areas on each site were fenced to exclude cattle. A 
15.5- X 9.3foot rectangle centered in each exclosure was 
divided into 15 contiguous 3.1- x 3.1-foot plots by spring- 
loaded wires as described by Duvall (1968). Five clipping 
treatments, replicated three times, were randomly assigned 
to each set of 15 plots. 

Treatments consisted of clipping herbage to %-inch stub- 
bles every 2 weeks, 4 weeks, and 8 weeks, and twice and once 
per growing season. Cutting at Z-, 4-, and 8-week intervals 
required, respectively, 13, 7, and 4 harvests annually with 
the initial harvest each year near mid-May. On plots cut 
twice per season, harvesting was done in late July and late 
October. The final harvest on all plots was made in late 
October. Treatments were repeated for 3 consecutive years, 
1967 through 1969. 

Table 1. Average annual production (lb./acre) of herbage 
classes by harvest frequency and site. 

Site and 2 
forage class weeks 

Sandy Site 
Carpetgrass 1141 
Bluestems 65 
Other grasses 69 
Forbs 206 

Total 1481 

Harvest frequency 

4 8 Twice/ Once/ 
weeks weeks season season 

1517 1798 1912 1825 
90 153 348 518 

128 90 282 253 
185 220 321 237 

1920 2261 2863 2833 

Fla twoods Site 
Carpe tgrass 1262 1654 1857 2340 2062 
Bluestems 13 9 68 268 398 
0 ther grasses 234 162 293 583 1132 
Forbs 147 133 72 66 91 

Total 1656 1958 2290 3257 3683 

Herbage was separated into four classes: (1) carpetgrass, 
(2) bluestems, (3) other grasses (including grasslike plants), 
and (4) forbs. These were ovendried at 75C and weighed. 
Total herbage production was computed annually after the 
final October harvest. 

The experimental design was a split-split-plot factorial, 
and data were subjected to analysis of variance. Means were 
compared by Duncan’s new multiple range test to find sig- 
nificant differences at the 0.05 level (Steel and Torrie, 1960). 

Results and Discussion 
Site Production 

The flatwoods site appeared slightly more pro- 
ductive than the sandy site, but the difference was 
not statistically significant (Table 1). The greatest 
difference in total production between sites, 850 
pounds per acre, occurred with one annual harvest. 
Production on both sites decreased with increased 
frequency of harvest. 

An interaction between site and harvesting fre- 
quency significantly influenced production of other 
grasses and total herbage. Production was greatest 
on flatwoods sites when harvests were once or twice 
per season, but productivity was similar on both 
sites with harvests at 2- to 8-week intervals. Carpet- 
grass, bluestems, and forbs responded similarly on 
both sites to harvest frequency. 

Herbage Production 

Average annual production of carpetgrass ranged 
from about 1,200 lb./acre when harvested every 2 
weeks to over 2,100 lb. when harvested twice per 
season (Table 2). Variation in bluestem produc- 
tion within cutting frequencies was so great that 
treatment effects were nonsignificant; however, 
there was a trend toward increased bluestem pro- 
duction as cutting frequency decreased. Production 
of other grasses increased when harvest frequency 
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Table 2. Product,ion (lb./acre) of herbage classes by harvest frequency and year. 

Species 
and 

year 
2 4 

weeks weeks 

Harvest frequency 

8 
weeks 

Twice/ Once/ 
season season Average 

Carpetgrass 

1967 
1968 
1969 

Average 

1422 1608 1884 2198 2273 1876 bl 
1452 2223 2581 3099 2745 2420 a 

730 925 1017 1083 814 914 c 

1201 cs 1585 bc 1827 ab 2127 a 1944 ab 1736 

Bluestems 

1967 
1968 
1969 

Average 

89 
22 

6 

109 147 199 127 a 
124 349 531 213 a 
98 427 643 239 a 

39 a 

91 
37 
21 

50 a 110 a 308 a 458 a 193 

0 ther Grasses 

1967 
1968 
1969 

Average 

137 116 147 171 268 168 b 
197 219 269 583 796 413 a 
122 101 158 545 1013 388 a 

152 c 145 c 191 bc 433 ab 692 a 323 

Forbs 
1967 
1968 
1969 

Average 

145 151 110 
221 182 182 
164 144 146 

I33 150 a 
119 203 a 
239 150 a 

178 a 159 a 146 a 

209 
313 

59 

194 a 164 a 168 

Total 

1967 
1968 
1969 

1793 1966 2250 2725 2873 2321 b 
1892 2661 3156 4344 4191 3249 a 
1022 1191 1419 2114 2709 1691 c 

Average 1569 d 1939 c 2275 b 3061 a 3258 a 2420 

l Yearly average values followed by a common letter are no,t significantly different at the 0.05 level. 
a Treatment average values followed by a common letter are not significantly different at the 0.05 level. 

was reduced; one harvest per season produced 4 
times as much herbage as harvests at Z-week inter- 
vals. Forb production remained relatively uniform 
at all cutting frequencies. Total herbage produc- 
tion more than doubled by reducing frequency of 
harvest from 2 weeks to once per season. An earlier 
study in central Louisiana reported similar findings 
(Cassady, 1953). 

Maximum and minimum herbage production 
occurred in 1968 and 1969, respectively. Yearly 
fluctuations apparently reflected precipitation pat- 
terns. Rainfall distribution was variable in 1967 
but relatively uniform during the 1968 growing 
season; an extended drought occurred during the 
1969 season. In 1969, growth of the shallow-rooted 
carpetgrass was severely limited, while that of other 
herbage classes appeared to be only slightly im- 
paired. Bluestems and other grasses were appar- 
ently more drought resistant than carpetgrass, 

especially when harvested infrequently. Forb pro- 
duction appeared to be unaffected by drought at 
any cutting frequency. Aggressive, deep-rooted 
bahiagrass, the major other grass, grew very well 
during 1969 despite low rainfall. 

Changes in production of individual grasses 
during the 3-year study were strongly affected by 
clipping interval. Production of herbage in all 
classes except forbs was lowest in 1969 at 2- and 
4-week harvesting intervals. At intervals of once 
or twice per season, however, production of blue- 
stems and other grasses increased 3- to 4-fold from 
1967 to 1969. In 1967 production of bluestems 
and other grasses was twice as great for harvests 
once per season as for harvests every 2 weeks. In 
1969, during drought, production was about 10 
times greater for these two herbage classes when 
harvested only once per season. Maximum carpet- 
grass production was obtained when harvested twice 
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Table 3. Proportion (%) of total herbage produced, by herbage class, harvest frequency, and year. 
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Species 
Harvest frequency 

and 2 4 
year weeks weeks 

8 Twice/ 
weeks 

Once/ 
season season 

Carpe tgrass 
1967 79.3 81.8 83.7 80.7 79.2 
1968 76.7 83.5 81.8 71.4 65.5 
1969 71.4 77.7 71.7 51.2 30.1 

Average 75.8 ab2 81.0 a 79.1 ab 67.8 bc 58.3 c 

Bluestems 
1967 5.0 4.6 4.9 5.4 6.9 
1968 1.2 1.4 3.9 8.0 12.7 
1969 0.6 1.7 6.9 20.2 23.7 

Average 2.3 b 2.6 b 5.2 ab 11.2 a 14.4 a 

0 ther grasses 
1967 7.6 5.9 6.5 6.3 9.3 
1968 10.4 8.2 8.5 13.4 19.0 
1969 11.9 8.5 11.1 25.8 37.4 

Average 10.0 b 7.5 b 8.7 b 15.2 ab 21.9 a 

Forbs 
1967 8.1 7.7 4.9 7.6 4.6 
1968 11.7 6.9 5.8 7.2 2.8 
1969 16.1 12.1 10.3 2.8 8.8 

Average 12.0 a 8.9 ab 7.0 bc 5.9 c 5.4 c 

l Yearly average values followed by a common letter are not significantly different at the 0.05 level. 
a Treatment average values followed by a common letter are not significantly different at the 0.05 level. 

Average 

80.9 al 
75.8 b 
60.4 c 

5.3 b 
5.4 ab 

10.6 a 

7.1 c 
11.9 b 
18.9 a 

6.6 b 
6.9 b 

10.0 a 

per season; more and less frequent harvests both 
diminished carpetgrass production after the initial 
year of study. Forb production was not affected by 
harvest frequency or year. 

Botanical Composition 

During the initial year of study, carpetgrass pro- 
duced about 81% of the total herbage regardless 
of harvest frequency (Table 3). The proportion of 
carpetgrass was maintained for 3 years by harvest- 
ing at Z-, 4-, and S-week intervals but diminished 
significantly with less frequent harvesting. Earlier 
studies (Wahlenberg et al., 1939; Duvall and Lin- 
nartz, 1967) showed that heavy grazing encourages 
the spread of carpetgrass, while the proportion of 
carpetgrass diminishes rapidly with little or no use. 
In the present study the reduction in proportion of 
carpetgrass after harvests once per season was due 
mainly to the large increase in production of the 
other herbage classes rather than a reduction in 
carpetgrass production. Carpetgrass production in 
1969 was about equal on most and least frequently 
harvested plots. 

increased during successive years where harvests 
were infrequent. On plots clipped once per season, 
bluestems produced nearly one-fourth of the 
total herbage in 1969. However, frequent har- 
vests reduced the proportion of bluestems. Simi- 
lar responses to grazing and clipping were noted 
by Wahlenberg et al. (1939) and Cassady (1953), 
respectively. 

The proportion of other grasses increased each 
year regardless of harvest frequency, but the pro- 
portion increased less with frequent harvests than 
with infrequent harvests. Other grasses were the 
largest component of total herbage in 1969 on plots 
clipped once per season. 

The proportion of herbage contributed by forbs 
was variable but generally increased with each suc- 
cessive year of study and with increased frequency 
of harvest. These responses can be attributed to 
changes in production of associated herbage classes 
because forb production remained relatively uni- 
form regardless of year or harvest frequency. 

Conclusions 

The proportion of total herbage produced by 
bluestems ranged from about 5 to 7% in 1967 but 

Study results indicate that maximum herbage 
production cannot be achieved if the range is grazed 
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to maintain a high proportion of carpetgrass. Mod- 
erate use of established carpetgrass stands will pro- 
vide a variety of species for animal selectivity and 
maximum sustained yield. Heavy grazing is re- 
quired to maintain pure stands of carpetgrass, 
which are often desirable as a firebreak on forested 
southern range. 
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Highlight 

Pre-conditioning of bluebunch wheatgrass, squirreltail 
and Thurber stipa plants by exposure to different tempera- 
tures and watering schedules affected their tolerance to 
moisture stress. Plants conditioned under high or low tem- 
peratures were more resistant to moisture stress than plants 
conditioned at moderate temperature. Plants grown in 
fertile mound soil were less conditioned to withstand mois- 
ture stress than those grown in less fertile inter-mound soil. 

In the drier portion of the sagebrush-grass re- 
gion, establishment of squirreltail (Sitanion hystrix 
(Nutt.) J. G. Smith), bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh.) Scribn. and Smith), and 
Thurber stipa (Stipa thurberiana Piper) appears to 
be related to microsite conditions (Schlatterer, 
1968). Over extensive areas where these species oc- 
cur, the microtopography is characterized by low 
mounds coincident with the distribution of sage- 
brush. Sagebrush is, or was, a primary factor in the 
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genesis of these mounds. The mounds are raised 2 
to 15 cm in height above adjoining surface levels and 
their diameter is frequently less than a meter but 
may reach 2 or more meters where they have coa- 
lesced. Microsite conditions of mound and inter- 
mound positions are quite different. The inter- 
mound position has a harsher micro-environment, a 
soil that is less fertile and contains less available 
moisture for plant growth than does the adjacent 
mound. Nonetheless, squirreltail is found to estab- 
lish more frequently in the intermound position 
even when competition from sagebrush is removed 
in a depleted Artemisia tridentata subsp. wyomin- 
gensis/Stipa thurberiana community (Schlatterer, 
1968). This is contrary to what would be expected 
on the basis of available soil moisture. 

Successful establishment in regions of low rain- 
fall occurs when a plant is able to withstand the 
severity of its environment. Resistance or tolerance 
to moisture stress is genetically inherited and to 
some degree can be induced by pre-conditioning 
(McAlister, 1944; Levitt, 1956). 

This paper deals with the influence of soil, tem- 
perature, moisture and genetic inheritance on con- 
ditioning response to moisture stress of 3 perennial 
range grasses. 

Methods 

The upper 15 cm of mound and inter-mound soils from a 
depleted Artemisia tridentata subsp. wyomingensis/Stipa 
thurberiana community was used for the experiment. The 
soil, Minidoka silt loam, was developed from loessial parent 
material. 

Seed sources for seedlings were as follows: squirreltail- 
Cassia County, Idaho, elevation 1310 m; bluebunch wheat- 
grass-Minidoka and Twin Falls Counties, Idaho, elevations 
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to maintain a high proportion of carpetgrass. Mod- 
erate use of established carpetgrass stands will pro- 
vide a variety of species for animal selectivity and 
maximum sustained yield. Heavy grazing is re- 
quired to maintain pure stands of carpetgrass, 
which are often desirable as a firebreak on forested 
southern range. 
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conditioned at moderate temperature. Plants grown in 
fertile mound soil were less conditioned to withstand mois- 
ture stress than those grown in less fertile inter-mound soil. 

In the drier portion of the sagebrush-grass re- 
gion, establishment of squirreltail (Sitanion hystrix 
(Nutt.) J. G. Smith), bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh.) Scribn. and Smith), and 
Thurber stipa (Stipa thurberiana Piper) appears to 
be related to microsite conditions (Schlatterer, 
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genesis of these mounds. The mounds are raised 2 
to 15 cm in height above adjoining surface levels and 
their diameter is frequently less than a meter but 
may reach 2 or more meters where they have coa- 
lesced. Microsite conditions of mound and inter- 
mound positions are quite different. The inter- 
mound position has a harsher micro-environment, a 
soil that is less fertile and contains less available 
moisture for plant growth than does the adjacent 
mound. Nonetheless, squirreltail is found to estab- 
lish more frequently in the intermound position 
even when competition from sagebrush is removed 
in a depleted Artemisia tridentata subsp. wyomin- 
gensis/Stipa thurberiana community (Schlatterer, 
1968). This is contrary to what would be expected 
on the basis of available soil moisture. 

Successful establishment in regions of low rain- 
fall occurs when a plant is able to withstand the 
severity of its environment. Resistance or tolerance 
to moisture stress is genetically inherited and to 
some degree can be induced by pre-conditioning 
(McAlister, 1944; Levitt, 1956). 

This paper deals with the influence of soil, tem- 
perature, moisture and genetic inheritance on con- 
ditioning response to moisture stress of 3 perennial 
range grasses. 

Methods 

The upper 15 cm of mound and inter-mound soils from a 
depleted Artemisia tridentata subsp. wyomingensis/Stipa 
thurberiana community was used for the experiment. The 
soil, Minidoka silt loam, was developed from loessial parent 
material. 

Seed sources for seedlings were as follows: squirreltail- 
Cassia County, Idaho, elevation 1310 m; bluebunch wheat- 
grass-Minidoka and Twin Falls Counties, Idaho, elevations 
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1280 m and 1675 m, respectively; Thurber stipa-Minidoka 
and Owyhee Counties, Idaho, 1280 m and 1675 m, respec- 
tively. Annual precipitation at lower elevation sites aver- 
ages less than 250 mm, while sites at the higher elevations 
receive about 400 mm of precipitation. 

Seedlings were grown in 950 cc plastic cylindrical con- 
tainers, 14.5 cm tall and 11 cm top diameter. After emer- 
gence, the number of seedlings were reduced to 2 per pot 
from a maximum of 5. A total of 240 pots were involved. 

Experimental treatments included: 5 seed sources, 2 soils, 
3 temperature regimes and 2 watering schedules. There 
were 4 replicates comprised of 8 individuals. 

The duration of the experiment extended from October 
to April. Average greenhouse temperatures were 29.4 C 
and 12.8 C during the day and night periods, respectively. 
“Grolux” fluorescent lighting supplemented natural light 
during the 14-hour daylength. Pot positions were periodi- 
cally rotated in a systematic manner. 

Seedlings were grown in the greenhouse for a period of 
8 weeks before temperature treatments were initiated. After 
measuring shoot height of all plants, one-third of the seed- 
lings was transferred to a growth chamber with a 14-hour 
day temperature of 18.3 C and IO-hour night temperature of 
1.7 C for a Z&week period. Another one-third of the seed- 
lings was placed in a second growth chamber for the same 
period under similar conditions except the day temperature 
was maintained at 32.2 C. The remaining lot of seedlings 
was left in the greenhouse as a control. 

One-half of all pots received water every fifth day during 
the first eleven weeks. The remaining one-half of the pots 
was watered every tenth day. Water was supplied until the 
soil was saturated. 

After a 3-week period in the growth chamber, all plants 
were clipped 1.0 cm above the crown and watered. Water 
was withheld from all plants for a 5-week period before 
regrowth was clipped and weighed. All pots were watered 
immediately after the second clipping and again for the 
last time one week later, after which regrowth was clipped 
weekly for four weeks. 

The experiment was repeated under similar conditions 
except that the plants were 11 weeks old instead of 8 weeks 
when they were placed in the growth chamber. This delay 
of 3 weeks resulted in initiating the 5-week moisture stress 
period when the plants were 14 weeks of age instead of 11 
weeks. 

Statistical analyses of data were made by analysis of vari- 
ance and Duncan’s new multiple range test. 

Results and Discussion 
Mound Versus Intermound Soils 

Vigor of seedlings in mound soil was greater 
than for seedlings from intermound soil during the 
first eleven weeks (Table 1). At the end of 8 weeks 
shoot height differences were as much as 2.5 cm 
to 4.0 cm greater for plants grown in mound soil. 
At the end of the 11 th week, top weight differences 
ranged from .035 g to .085 g greater per plant for 
the 3 species on mound soil. The difference in 
vigor as suggested by plant height and weight was 
attributed to higher nutrient availability, particu- 
larly nitrogen, as well as a more favorable root en- 
vironment provided by the mound soil (Table 2). 

Table 1. Mean height (cm) of seedlings grown on two 
types of soil before temperature conditioning (8 wks) 
and the mean shoot weight (g) of seedlings after tempera- 
ture conditioning period (11 wks). 

Bluebunch 

Soil 
Squirreltail wheatgrass Thurber stipa 

Type Height Weight Height Weight Height Weight 

Mound 35.17 a* .320 a 40.90 a .257 a 31.64 a .197 a 
Inter- 

mound 32.28 a .235a 36.82 a .209a 28.96 a .I61 a 

* Values designated by different letter symbols are significantly 
different at the 95% probability level. 

Reversal in growth response occurred during 
the 5-week moisture stress period. Plants on the 
less fertile intermound soil produced more re- 
growth than those on mound soil (Table 3). This 
reversal was consistent for all three species but sta- 
tistically significant 
bunch wheatgrass. 

for only squirreltail and blue- 

The conditioning of plants to moisture stress 
was affected by soil. The normally higher pro- 
ducing soil of the mounds developed plants that 
were less tolerant to moisture stress than those 

Table 2. A comparison (Z & s) of some of the important 
soil characteriitics of the surface 15 cm of mot&d and 
intermound soil from the Castleford site, Twin Falls 
County, Idaho. 

Soil 
property Inter-mound Mound 

“t” test 
significance 

% aggregation 
below 2 mm in 
size 15.62 -c- 3.64 19.84 & 2.49 
Hydraulic 
conductivity 
(cm/min) .0192 2 .0081 .0399 & .0123 
% nitrogen .093 s+ .006 .I36 & .016 
Potassium 
kilo/hectare 677.0 -1- 24.2 1087.2 & 11.0 
Phosphorus 
kilo/hectare 13.1 -c- 2.5 20.7 -c 7.3 
Magnesium 
meg/lOO g 3.47 -I- .15 3.71 rt .33 
Exchange capacity 
meg/lOO g 18.42 & 1.23 21.00 * .88 
Calcium 
meg/lOO g 10.31 If: .97 12.18 -t- .73 
Sodium 
meg/lOO g .59 & .I3 .76 2 .20 
Electrical 
conductivity 
mho/cm .76 & .06 1.32 of: .28 

x 

%X 

XI 

## 

ns 

ns 

Jcx 

# 

ns 

+* 

* Significant at the 95 percent probability level. 
** Significant at the 99 percent probability level. 
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grown on the less productive soil of the intermound 
positions. 

Effect of Different Rates of Watering 

Saturation every 10 days had a greater condi- 
tioning effect than saturation every 5 days for all 
three species. The difference was statistically sig- 
nificant for all species except Thurber stipa. Low 
water supply induced a more favorable condition- 
ing effect than a high water supply. The pots were 
weighed periodically and at no time was the soil 
moisture stress above the 15 atmosphere level for 
either group. It is apparent, therefore, that this 
conditioning effect can occur even when soil mois- 
ture stress is not great enough to produce wilting. 

Effect of Temperature Stress 

The results of temperature conditioning were 
striking. In all cases the production of regrowth 
by the greenhouse control was lower than for the 
groups conditioned at either high or low tempera- 
tures. This suggests that deviation from the day- 
night temperature pattern that occurred under 
greenhouse conditions was effective in inducing 
resistance to moisture stress. Because the magni- 
tudes of diurnal fluctuation in the cool growth 
chamber and in the greenhouse were both 16.6 C, 
the greater resistance induced in plants in the 
growth chamber was primarily attributed to the 
lower temperatures to which the plants were ex- 
posed. However, two other factors in the environ- 
ment of the growth chambers may have aided in 
inducing greater resistance. Plants in the growth 
chambers were under the influence of a “wind,” 
artificially created to maintain constant circulation 
of air and minimum fluctuation in temperature. 
Also, the lighting in the growth chamber while 
adequate for photosynthesis was of distinctly dif- 
ferent quality than that in the greenhouse. 

Evidence of unfavorable growing conditions in 
the growth chambers were noted. Plants in the 
growth chambers all developed necrotic leaf tips 
and a distinct reddish-purple cast especially at the 
stem base and on the lower leaves. Older leaves 
began to yellow and die. These symptoms have 
been reported in barley as the result of either a 
nitrogen or phosphorus deficiency (Wallace, 196 1). 
The additional stresses induced by the constant 
drying winds of the growth chamber and the lower 
quality of light probably contributed to the con- 
ditioning process. 

Weight of regrowth of the warm conditioned 
Thurber stipa and squirreltail was greater than 
the weight of regrowth produced by the cold con- 
ditioned plants. These differences were statisti- 
cally significant for squirreltail and nearly so for 
Thurber stipa. No difference was detected for 
bluebunch wheatgrass. 

Table 3. Mean weight (g) of regrowth per plant after five 
weeks of soil moisture stress. 

Weight of 
regrowth 

Bluebunch Thurber 
Item Squirreltail wheatgrass stipa 

Soil 
Mound .674 a* .282 a .133 a 
Intermound .773 b .451 b .229 a 

Watering sequence 

Every 5 days .627 a .277 a .115 a 
Every 10 days .820 b .456 b .247 a 

Temperature conditioning 
Cold .775 a .454 a .181 ab 
Warm .888 b .458 a .257 a 
Control .508 c .187 b .105 b 

Plant source 
Low elevation - .368 a .202 a 
High elevation - .365 a .159 b 

* Values designated by different letter symbols are significantly 
different at the 95 percent level. 

Effect of Seed Source and Species 

Thurber stipa from the lower elevation seed 
source, a product of more xeric conditions, out- 
produced those from the high elevation seed source, 
a product of a more mesic environment (Table 3). 
There were no significant differences in the re- 
sponse of bluebunch wheatgrass from the two seed 
sources. 

Squirreltail plays a seral role in the sagebrush- 
grass community studied, and is a minor constit- 
uent of the ultimate stable community. It is a 
shorter lived species than either Thurber stipa 
or bluebunch wheatgrass. Although squirreltail is 
taxonomically closely related to bluebunch wheat- 
grass, it was expected to respond differently in this 
study due to its differing ecologic role. In most 
cases, however, the response of both squirreltail 
and bluebunch wheatgrass were similar. 

Thurber stipa has a morphology different from 
either bluebunch wheatgrass or squirreltail. Its 
most obvious characteristic is its tightly rolled 
leaves. Such a characteristic is effective in reducing 
transpirational losses when soil moisture is in short 
supply (Oppenheimer, 1960). Following the 5 
weeks of soil moisture stress, it was noted that a 
considerably higher proportion of the Thurber 
stipa leaves remained green as compared to blue- 
bunch wheatgrass and squirreltail (53% as opposed 
to 28 and 34%, respectively). The subsequent poor 
response of Thurber stipa in weight and regrowth 
may have resulted from the ability of this species 
to resist moderate moisture stress by reduction of 
transpiration rather than entering dormancy or 
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storing carbohydrate reserves. Clipping of the tops 
of Thurber stipa after 5 weeks of moisture stress 
was undoubtedly more detrimental to this species 
due to a higher proportion of the leaves still being 
physiologically active. 

Results of the second experiment were essentially 
the same as the first. The only notable difference 
was the slightly larger size of plants at the begin- 
ning of the 5-week moisture stress period. 

Conclusion 
Greater knowledge of the effects of pre-condi- 

tioning of plants to resist environmental stresses 
would better enable us to interpret plant-environ- 
ment relations. Resistance or tolerance to moisture 
stress is influenced by soil productivity level, tem- 
perature, and moisture availability. Within limits, 
growing conditions less than optimum tend to pro- 
duce plants that are able to tolerate greater mois- 
ture stress. Application of knowledge on the effect 
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of pre-conditioning of plants to resist or withstand 
moisture stress should be considered in efforts to 
establish plants in areas where availability of mois- 
ture is a major concern. 
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Operation of the nitrogen (N) cycle in grass- 
land soils is poorly understood (Harmsen and 
Kolenbrander, 1965; Harmsen and van Schreven, 
1955). Under the natural environment, the quan- 
tity of N circulating annually through this cycle in 
temperate grasslands is too small to measure accu- 
rately with the research tools available. In addi- 
tion, earlier investigators found that mineral forms 
of soil N (NH4+ and NoQ--N primarily) failed to 
accumulate or rapidly disappeared from grassland 
soils compared to cultivated soils (Harmsen and 
van Schreven, 1955; Richardson, 1938). As a re- 
sult, few acceptable theories on the operation of 
the N cycle in grassland soils have been promul- 
gated. Consequently, the development of princi- 
ples for N management in grasslands has been 
limited. 

Many of the problems encountered in studying 
the N-cycle in grasslands could be overcome by uti- 
lizing the l”N isotope. However, this procedure is 
not only very expensive, particularly for equipment 
and technically trained manpower, but is poorly 
suited for routine use in field experiments-only a 
very limited number of environments or conditions 
can be investigated. By applying ample fertilizer 
N to grasslands however, the amount of N circu- 
lating through the cycle annually is raised from just 
a few to 100 kg N/ha or more. The amount of N 
immobilized in many components of the N-cycle 
can then be reasonably estimated by routine sam- 
pling and analysis. Such an approach informs us 
of N transformations in fertilized grassland soils- 
knowledge of considerable value in establishing 
management programs for fertilized grasslands. 
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FIG. 1. Diagram of the basic elements of the N-cycle in a soil- 
plant system. 

Basic elements of the N-cycle in grasslands are 
outlined by the diagram in Figure 1. No attempt 
is made here to outline all of the possible pathways, 
interactions, and points of lesser importance in the 
N-cycle. N is added to the ecosystem either by nat- 
ural means of biological or nonbiological N-fix- 
ation or by N fertilization. N is irreversibly lost 
from the ecosystem by gaseous means (ammonia 
volatilization or denitrification), by leaching, and 
by removal in the harvested product (forage or live- 
stock products). By detailed sampling and analysis, 
we can measure the amount of N immobilized in 
many components of the N-cycle. Thus, total N 
in grass tops, roots, mulch and residues, in soil inor- 
ganic forms, and that lost by leaching can be deter- 
mined in field experiments with typical analytical 
error of about 20 kg N/ha or less. These compo- 
nents are therefore marked with an asterisk in 
Figure 1. Errors in determining total N in soil 
organic matter and fixed ammonium by Kjeldahl 
methods are usually about an order of magnitude 
larger than those for the N forms indicated above. 
No accurate methods exist for making field mea- 
surements of the amount of N lost in gaseous form 
or fixed by natural means. 

Reasonable estimates of fertilizer N in a given 
component of the N-cycle can be made by sub- 
tracting total N values for unfertilized treatments 
from those of respective N-fertilized treatments 
(Carter, et al., 1967). Therefore, with these tech- 
niques we can estimate the amounts of fertilizer 
N immobilized in tops, roots, mulch and residues; 
removed in harvested product; lost by leaching; 
and remaining in the soil in mineral form. Fertil- 
izer N not accounted for in the sum of these forms 
would be found in soil organic N (including micro- 
bial cells), fixed ammonium, or irreversibly lost in 
gaseous form. 

Table 1. Fertilizer N (kg N/ha) removed from the N-cycle 
in grass tops when applied at different rates (kg/ha/yr). 

N Years 
Year 

rate applied 1963 1964 1965 1966 1967 1968 Total 

01 - 8 6 7 3 2 9 45 
34 1 1 o-3 0 0 0 -2 
68 1 7 4 2 0 1 1 15 

135 1 13 11 3 1 1 2 31 
270 1 27 30 20 6 6 7 96 
540 1 30 41 30 10 11 24 146 

11 3 -2 0 0 0 0 2 0 
22 3 1 4 7 2 3 3 20 
45 3 2 9 5 2 2 2 22 
90 3 11 24 24 7 7 11 84 

180 3 19 45 41 12 17 21 155 
6 6 0 1 1 1 0 2 5 

11 6 1 4 2 2 3 6 18 
22 6 0 4 4 2 4 10 24 
45 6 2 9 18 9 9 21 68 
90 6 8 25 28 13 18 36 128 

LSD 
0.05 3.8 4.5 4.8 2.4 2.4 4.0 - 

l Total N in tops for check only, fertilizer N in tops for all others. 

These techniques of sampling and calculating 
have been used extensively in grassland experi- 
ments at Mandan, North Dakota in recent years. 
The purpose of this paper is to present results from 
one of the first of these experiments, providing in- 
formation on the fate of fertilizer N, and also pro- 
viding data whereby a hypothesis can be developed 
to explain the principles regulating N transforma- 
tions in grassland ecosystems. 

Methods 
A replicated field experiment was initiated at Mandan, 

North Dakota in 1963 wherein ammonium nitrate at rates 
up to 540 kg/ha (480 lb./ acre) was broadcast on native mixed 
prairie grasses either all in one year, one-third in each of 3 
consecutive years, or one-sixth of the total in each of 6 con- 
secutive years. Predominate grasses were western wheat- 
grass (Agropyron smithii), green needlegrass (St@z viridula), 
and blue grama (Bouteloua grucilis), plus threadleaf sedge 
(Carex filifoliu). Soil type was Grail silt loam, with no free 
CaCO, in the upper 15 cm and a surface pH of 6.6. Fer- 
tilizer P was surface broadcast at 28 kg/ha at the initiation 
of the experiment and 3 years later. Ditches were con- 
structed between each replication to prevent foreign water 
from flowing over the plots. 

Soil samples were collected to 90-cm depth (180-cm at the 
end of 6-years) before fertilization each spring, immediately 
frozen, and later extracted with 2~ KC1 and analyzed for 
NO,-, NO,-, and NH,+-N by steam distillation (Bremner, 
1965). The neutron method was used to monitor soil water 
content at approximately monthly intervals. Grass tops 
above the 2.5-cm height were harvested in early August 
(after mid-grasses had matured), dried, weighed and analyzed 
for total N. After the sixth growing season 12 cores 37 mm 
in diameter were taken from the 0- to 30- and 30- to 90-cm 
depths of each plot; roots, stubble, and mulch were washed 
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free of soil by an elutriation process, dried, weighed, and 
analyzed for total N. 

From the samples collected and analyses performed, total 
N was calculated for the following components of the N- 
cycle; (a) grass tops-above 2.5-cm height, (b) inorganic soil 
N to 90-cm depth, and (c) root, stubble and residues (1969 
only). Since neither water nor nitrate-N moved below the 
90-cm depth, leaching losses of N were zero. Likewise ab- 
sence of runoff eliminated overland flow as a vehicle for 
removing fertilizer N. An accurate record of the amount of 
fertilizer N applied was available. Therefore the amount of 
fertilizer N immobilized in grass tops was calculated by the 
difference method (Carter, et al., 1967): 

F, = N, - Ck, PI 
Where F, = fertilizer N in tops, and N, and Ck,= 
total N in tops from N fertilized and check plots re- 
spectively. 

Similar calculations were performed to determine the amount 
of fertilizer present in soil inorganic forms and also im- 
mobilized in roots, residues, and stubble (hereafter referred 
to as roots). Prior to 1969 no data were available on root- 
bound N. Therefore fertilizer N not accounted for in tops 
plus inorganic forms was designated as “Immobilized N” 
and was calculated by the equation: 

Immobilized N = Fertilizer N applied (cumulative) 
- fertilizer N in (tops + inorganic N) PI 

In addition to fertilizer N immobilized in roots, soil organic 
matter, and fixed ammonium, the “immobilized N” fraction 
also included gaseous losses. 

Results 

The effects of the treatments on dry matter accu- 
mulation, root weights, and water use have been 
discussed in earlier publications (Power, 1970; 
Power and Alessi, 197 1). Cumulative dry weights 
for the 6-year period were essentially equal for the 
3 methods of fertilizer N addition. In this publica- 
tion only the fate of fertilizer N will be considered. 

Fertilizer N removed in plant tops (equation [l] 
above) is shown by the data in Table 1. As ex- 
pected, fertilizer N in tops generally increased with 
increased fertilization rate. Considerable year-to- 
year variation existed as a result of variability in 
available water supply-uptake was very low in the 
relatively dry years of 1966 and 1967. At the higher 
N rates, fertilizer N was still being absorbed into 
the tops at the end of the experimental period, 
indicating that some of the fertilizer N was still 
available for plant growth. Like dry weights, cu- 
mulative fertilizer N uptake by tops for the 6-year 
period varied little for equal N rates, whether ap- 
plied either all in one year or one-third in each of 
the first 3 years. Cumulative uptake for the 6-year 
treatment was generally somewhat lower, probably 
because residual effects of fertilization had not 
yet had the opportunity to show up fully for this 
treatment. 

Fertilizer N present in the soil in inorganic form 
in early spring of each year is given by the data in 

Table 2. Fertilizer N (kg N/ha) present as soil inorganic 
N prior to fertilization each spring when applied at dif- 
ferent rates (kg/ha/yr). 

N Year 
Years 

rate applied 1964 1965 1966 1967 1968 1969 

or - 27 19 24 22 40 46 
34 1 -----_ 
68 1 ----__ 

135 1 3 4 0 -3 1 -8 
270 1 42 27 2 4 32 - 8 
540 1 308 250 134 115 30 64 

11 3 ------ 
22 3 -_---- 
45 3 2 4 3 9-l 0 
90 3 2 4 1 3 8 9 

180 3 22 73 134 53 65 14 
6 6 ___--- 

11 6 -----_ 
22 6 0 3 l-l-6 -12 
45 6 0 3 4-l l-7 
90 6 1 4 5 23 23 31 

LSD 
0.05 22 15 17 17 23 16 

l Total inorganic N for check only, fertilizer N in soil for all 
others. 

Table 2, again calculated by equation [l]. This 
represents the sum of the fertilizer N found as soil 
nitrate N plus exchangeable ammonium N. Since 
no nitrite-N accumulation could be detected the 
first several years, this analysis was not made in 
later years. Inorganic N in soil of the check plot 
was generally in the 20 to 40 kg/ha range. Inor- 
ganic N analyses were not made on soils from the 
two lower N rates-from the data presented one 
would assume such values to be similar to those of 
check plots. 

The amount of fertilizer N remaining in the soil 
one year after application increased as fertilizer rate 
increased. The application of 540 kg N/ha in one 
year immediately established a sizeable pool of in- 
organic N in the soil, and pool size progressively 
diminished in the following years. When 540 kg 
N/ha was applied over a 3- or 6-year period, the 
inorganic N pool increased progressively, with max- 
imum values occurring the spring after the last ap- 
plication. In no instance did the application of 135 
kg N/ha, either in 1, 3, or 6 years, result in a sig- 
nificant increase in the size of the inorganic N pool. 
Applying 270 kg N/ha in one year slightly increased 
inorganic N for 2 years-a temporary increase also 
occurred in the fifth year. However, applying the 
same amount of N in either 3 or 6 years resulted 
in no significant increase in the inorganic N pool. 

One year after the initial application of fertilizer 
N (spring, 1964), fertilization rates less than 180 
kg N/ha failed to maintain an inorganic N pool in 



370 POWER 

1963 1965 1967 1969 1965 1967 1969 1965 1967 1969 
APRIL 1 of YEAR INDICATED 

FIG. 2. Fate of 540 kg fertilizer N per ha applied to grassland 
(A) all in one year, (B) one-third in each of 3 years, and (C) 
one-sixth in each of 6 years. 

the soil. In other words, all fertilizer N applied at 
this or lower rates had become immobilized within 
the N-cycle or was lost within one year. At higher 
fertilization rates, approximately 230 kg fertilizer 
N/ha disappeared from the inorganic N pool dur- 
ing the first year, being immobilized in the N-cycle 
or lost in gaseous form. Only about 30 of this 230 
kg N/ha was immobilized by absorption into grass 
tops (Table 1). This left approximately 200 kg 
N/ha immobilized in the other components of the 
N-cycle during the first year-that is, immobilized 
in grass roots, soil organic matter and microbial 
cells, fixed ammonium, or lost by gaseous means. 

By subtracting the cumulative amount of fertil- 
izer N removed in tops plus that in the soil as inor- 
ganic N from the cumulative amount of fertilizer 
N applied to each plot, in accord with equation [2], 
the amounts of fertilizer N immobilized in roots, 
soil organic forms, and fixed ammonium, plus that 
lost in gaseous form, were calculated. Results are 
plotted in Figure 2 for the 540 kg N rate applied 
either in 1, 3, or 6 years. Similar calculations could 
also be made from the data given for the lower N 
rates. 

When the entire 540 kg N/ha was applied the 
first year, an inorganic N pool was established (Fig. 
2A). The size of this pool rapidly decreased for the 
next 4 years, then began to level off in the 30 to 
60 kg N/ha range. Applying first-order kinetics to 
this curve gives a half-life (t”z) to the inorganic pool 
of about 1.5 years (k = 0.460). Cumulative fertil- 
izer N uptake by grass tops increased with time. In 
accord with equation [2], about 200 kg N/ha was 
immobilized or lost in undetermined forms the 
first year. This value increased to the 320 to 380 
kg/ha range within about 3 years, and remained 
relatively constant thereafter. 

When fertilizer N was applied at the rate of 180 
kg N/ha for each of the first 3 years of study (Fig. 
2B), fertilizer N in the inorganic N pool slowly in- 
creased with time to a maximum after the last year 
of fertilization, then declined toward the level of 
the check. Cumulative fertilizer N uptake in tops 
again increased in approximate linear fashion. 

Consequently, for this treatment, “immobilized N” 
increased from about 150 kg/ha the first year to 
about 350 kg/ha by the end of the fourth year, and 
remained at about that level. 

When 90 kg N/ha was added for each of 6 years, 
only in the later years did a small accumulation of 
inorganic N occur (Fig. 2C). Again cumulative 
fertilizer N uptake by tops was almost linear. 
Since rate of fertilizer addition was linear, the in- 
crease in “immobilized N” was also almost linear 
with time. In every year, approximately 75% of 
the fertilizer N added went into immobilized forms. 
The entire 6-year period was required for “immo- 
bilized N” to reach 350 kg/ha, the level at which 
the other two treatments began to level off. Un- 
fortunately, fertilizer additions were terminated 
after 6 years, so no information is available to deter- 
mine if immobilized fertilizer N for this treatment 
would also level off at about 350 kg/ha. 

In each of the three parts of Figure 2, a point is 
shown on the right representing the amount of fer- 
tilizer N immobilized in the grass roots of each 
treatment at the end of the experiment. These 
values range from about 120 to over 200 kg fertil- 
izer N/ha. In most instances the amount of fertil- 
izer N immobilized in roots represents about half 
of the total “immobilized N” fraction. This leaves 
up to 200 kg fertilizer N/ha immobilized in the 
combined forms of soil organic matter and micro- 
bial cells, and fixed ammonium, plus gaseous losses. 

Discussion 

The foregoing data provide an accounting of the 
fate of fertilizer N applied to a grassland ecosystem. 
In all instances where sufficient fertilizer N was 
added, approximately 350 kg/ha was immobilized 
in the various components of the N-cycle. A period 
of 3 to 4 years was required for immobilization to 
come to equilibrium. Only about 200 kg/ha could 
be immobilized the first year. This value increased 
by 50 to 75 kg N/ha each of the following years 
until the 350-kg/ha level was attained. 

In earlier work with bromegrass growing on a 
sandy loam, again with no leaching or runoff, about 
80% of the fertilizer N applied could be accounted 
for in tops, roots, and soil inorganic form combined 
(Power, 1967). In the present experiment approxi- 
mately 60% of the fertilizer N applied could be 
accounted for, leaving about 200 kg N/ha not ac- 
counted for and presumably immobilized in soil 
organic matter and fixed ammonium or lost by 
gaseous means. No data are available to indicate 
how much of this 200 kg N/ha was in each of these 
components. Consequently, it is possible that a 
major part of this unaccounted for fertilizer N es- 
caped the system in gaseous form. 

The data presented here suggest that each com- 
ponent of the N-cycle has some fairly definite ca- 
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pacity to immobilize inorganic N. Although a 
multitude of factors probably influence fertilizer 
N immobilization within a grassland soil (root 
growth, lignin content of organic matter, soil oxy- 
gen and water, amount and mineralogy of soil clays, 
etc.), data given here indicate that the total immo- 
bilizing capacity of a given system is relatively 
constant. 

A 3- to 4-year period was required for the N- 
immobilizing capacity of the soil-plant system to 
become saturated (provided sufficient fertilizer N 
was added); about half of the immobilized N was 
found in grass roots; and 50 to 75 kg N/ha was 
immobilized or lost each year after the first year. 
Since root absorption is a major factor in N immo- 
bilization, these results suggest that rate of N turn- 
over in the root material must also operate on a 3- 
to 4-year cycle. Thus, it appears that 40 to 50 kg 
fertilizer N is immobilized in new root growth each 
year (about 8000 kg new roots/ha/year with N con- 
tent about 0.5% higher than in roots of check). This 
leaves as much as 25 kg N/ha to be immobilized 
or lost by other means in all years except the first, 
when approximately 150 kg N/ha was so immo- 
bilized. Once the N-immobilizing capacity of the 
ecosystem is saturated, a new equilibrium level is 
attained wherein annual N immobilization and 
losses can be balanced by N mineralization plus 
fertilizer additions. Such additions would have to 
equal irreversible losses minus natural N fixation. 

A review of the literature gives support to the 
above conclusions. Other investigators, utilizing 
various means, have calculated the turnover rate of 
root systems for temperate grasses to be 3 to 5 years 
(Dahlman and Kucera, 1965; Weaver and Zink, 
1946). Dilz and Woldendorp (1960) found that 
about 45% of the N applied as 15N was immobilized 
in soil plus roots, and about half this quantity was 
found in roots. An earlier paper by Power (1968) 
shows that incubation of unfertilized grass roots 
with soil resulted in net immobilization of inor- 
ganic N, but incubation of fertilized grass roots 
with soil resulted in the net mineralization of inor- 
ganic N. In another paper by Power (1967) it was 
shown that the availability of water was the domi- 
nant factor controlling the rate at which inorganic 
N was converted to biologically immobilized N, 
primarily by grass roots and tops. Interpretations 
given to the present study are based primarily on 
carbon-nitrogen balances in the ecosystem. No evi- 
dence was found that materials in grass roots in- 
hibitory to the nitrification process (Lyon, et al., 
1923; Theron, 1963) were of any consequence to 
N circulation in the soil-plant system. 

In summary, the hypothesis developed from the 
results of this study may be stated as follows: 

“Nitrogen may be eliminated as a growth-limit- 
ing factor within a soil-plant system by providing 

sufficient inorganic N to completely saturate the 
capacity of the system to immobilize N, thereby 
setting up new equilibrium conditions whereby 
annual immobilization and irreversible losses are 
balanced by mineralization plus inorganic N 
additions.” 

The N-immobilizing capacity of a given system may 
vary somewhat with soil texture, vegetation, and 
other environmental parameters. Once an approxi- 
mation of this value is made, however, nitrogen 
management systems may be devised wherein im- 
mobilization and removal of N from the system is 
balanced by mineralization plus inorganic N addi- 
tions. Such an approach may apply to all types of 
ecosystems, but is of prime importance in grasslands 
because of their high capacity to immobilize N. By 
utilizing such an approach, N may be eliminated as 
a growth-limiting factor and maximum production 
for the prevailing conditions may be obtained. 
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Highlight 
Three annual burnings near Alturas, California, did not result in a decrease 

in medusahead. Medusahead increased and downy brome decreased after burn- 
ing. No changes were observed in perennial grass populations in relation to 
burning. Changes in densities of annual grasses due to burning apparently were 
not a result of destroying caryopses; but probably were caused by alteration of 
the seedbed environment. 

Fire is usually considered a low 
cost method of obtaining range im- 
provement. The use of fire has 
been given considerable attention 
in the control of medusahead (Tae- 
niatherum asperum (Sim.) Nevski) 
because many areas infested with 
this grass are too rocky and steep 
for the application of other treat- 
ments. In general, burning medusa- 
head stands has resulted in more 
desirable plant communities in cis- 
montane California (Furbish, 1953; 
Murphy and Lusk, 1961; Major et 
al., 1960; McKell et al., 1962), but 
burning in the intermountain area 
has resulted in continued medusa- 
head dominance (Sharp et al., 1957; 
Tore11 et al., 1961). 

On the XL Ranch near Alturas, 
California there are excellent stands 
of native perennial grasses which 
have been repeatedly burned be- 
cause of their proximity to a steep 
railroad grade. Adjacent sites with 

l Received for publication September 
4, 1971. Cooperative investigation of 
the Plant Science Research Division, 
Agricultural Research Service, U.S. 
Department of Agriculture, the Agri- 
cultural Experiment Station, Univer- 
sity of Nevada, Reno, Nevada and the 
Cooperative Extension Service, Modoc 
County, California. Agricultural Ex- 
periment Station Journal Series No. 
183. 

The assistance in providing land 
and fencing plots given by Erin 
Forrest, XL Ranch, Alturas, Cali- 
fornia made this study possible. Ap- 
preciation is also extended to the 
California Division of Forestry fire 
crews for standing by during burning. 

similar topography and soils but 
which have not been burned re- 
cently (a highway or stream sepa- 
rates them from the railroad), sup- 
port dense stands of medusahead. 

Our purpose was to determine 
the influence of repeated annual 
burning on medusahead versus pe- 
rennial grass dominance of plant 
communities. 

Methods 

A portion of a large block of na- 
tive range infested with medusa- 
head was fenced in 1966. The vege- 
tation was mostly medusahead with 
a small amount of downy brome 
(Bromus tectorum L.) intermixed. 
Remant perennial grasses present 
were bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh) Scribn. and 
Sm.), squirreltail (Sitanion hystrix 
(Nutt.) J. G. Smith), Sandberg blue- 
grass (Pan secunda Presl.), and June- 
grass (Koeleria cristata (L.) Pers.). 

We burned three l-acre blocks at 
the XL Ranch on August 7, 1968. 
Blocks were burned in early morn- 
ing, the only time when a burning 
permit was available for that area. 
We burned into the prevailing wind 
with a rate of fire advance estimated 
at 2 to 3 ft/minute. McKell et al. 
(1962) determined that this type of 
fire was most effective for medusa- 
head control. At time of burning, 
medusahead caryopses were in the 
late soft dough stage. The heads 
were nodding and the plants were a 
golden brown color. This is the 
stage of phenological development 
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when medusahead caryopses are 
most susceptible to fire damage 
(McKell et al., 1962). At this stage 
the caryopses will have about 10% 
moisture content and the litter con- 
siderably less. Very few caryopses 
had dehisced from the medusahead 
influorescences. 

Two of the blocks were reburned 
on July 29, 1969 and one block was 
burned a third time on August 5, 
1970. An additional block was 
burned for the first time in 1969. 
Second and third burnings were 
conducted at the same time of day 
and at the same stage of phenologi- 
cal development of medusahead. 
However, with the second and espe- 
cially the third consecutive burn- 
ings, it was necessary to burn with 
the prevailing wind in order to 
carry the fire. 

In 1970, we burned a stand of 
intermediate wheatgrass (Agropy- 
ron in termedium (Host) Beauv.). 
The intermediate wheatgrass stand 
had been established in a medusa- 
head infested area by a mechanical 
fallow (Young et al., 1969b). Me- 
dusahead and downy brome had 
reinvaded between the rows of pe- 
rennial grass. Intermediate wheat- 
grass flowers were approaching an- 
thesis at the time of burning. 

In all years we divided the large 
treatment blocks into four subplots 
for sampling. We employed fre- 
quence sampling using the step- 
point method of Evans and Love 
(1957). In addition, in each sub- 
plot, we clipped four 9.6~sq. ft plots 
after determining the projected 
herbage cover of the species present. 

We collected 10 one-sq. ft sam- 
ples of litter down to mineral soil 
and of soil in l-inch increments to 
3 inches before and after burning. 
These samples were mixed with 
vermiculite. Germination tests of 
the samples were conducted in 
the greenhouse using methods de- 
veloped by Young et al. (1969a). 

Results and Discussion 

The first time a stand of medusa- 
head was burned a slow burning 
fire was easily achieved by burning 
into the wind. Care had to be 
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Table 1. Herbage yield (lb./acre) from 1968 through 1970 in relation to burning 
treatments.a 

taken not to burn with the wind 
the first year, because the fire would 
have advanced very rapidly. The 
height of the flame (1.5 ft) and the 
rate of advance (2 to 3 ft/min) com- 
pared favorably with the optimum 
suggested by McKell et al. (1962) 
for burning medusahead. 

By the second year, it was very 
difficult to get the fire to carry in 
the vegetation growing on the site 
which had been burned the previ- 
ous year even though herbage pro- 
duction was higher on the plots 
burned the previous year (Table 1). 
Resistance to burning was caused 
by an increase in poverty weed (ha 
axillaris Pursh) and a decrease in 
litter (Table 2). Poverty weed is 
a creeping root-stocked perennial 
with succulent green leaves in mid- 
summer. It is virtually fire proof 
and would make excellent cover for 
firebreaks. 

The first year fire did burn the 
current year herbage and scorched 
the surface of old material that was 
already in contact with the soil. 
There was a very heavy concentra- 
tion of pronghorn antelope (Anti- 
locapra americana) on the plots 
during the winter and the resulting 

Year of 
herbage yield Control 1968 

Years of burning 

1968, 69 1968, 69, ‘70 

1968 
1969 
1970 
1971 

1400 - - - 
1160 b 1450 a - - 
1180 b 1080 b 1520 a - 
1540 b 1600 b 1730 a 1800 a 

a Means followed by the same letter are not significantly different at the 0.05 probability 
level as determined by Duncan’s Range Test. All comparisons are made horizontally. 

head and poverty weed (Tables 2 
and 3), neither of which are desira- 
ble forage species. By 1971 herbage 
production on the plots burned in 
1968 was not markedly higher than 
on the control plots. 

Repeated burning did not mark- 
edly influence the perennial grasses 
(Tables 2 and 3). We have had a 
very short time base in which to 
measure any increase in perennial 
grasses, but failure to obtain any 
reduction in medusahead makes it 
improbable that there would be 
any improvement in the density of 
perennials. 

Burning annual grasses did not 
appear detrimental to the perennial 
grasses. The intermediate wheat- 
grass stand we burned in 1970 pro- 
duced 2250 lb./acre of herbage in 
1971. 

There was a significant increase 
in medusahead after two and three 
annual burnings (Table 3). When 
a stand was burned once there was 
an initial increase of medusahead, 
but after three years the cover of 
medusahead had returned to a level 
not markedly different from the 
unburned control. The cover of 
downy brome was reduced by re- 
peated burning. Poverty weed 
greatly increased after one and two 
annual burnings, but was reduced 
by the third burning. 

Downy brome is about two weeks 
ahead of medusahead in phenolog- 
ical development at this location. 
The caryopses of downy brome were 
shattered before burning. However, 
downy brome decreased with re- 
peated burning (Tables 2 and 3), 
and the first burning did not de- 
stroy sufficient caryopses of downy 
brome to account for the resulting 

trampling helped in the disappear- 
ance of old litter. However, it ap- 
peared that scorched litter decom- 
posed much more rapidly than 
“litter” on adjacent unburned plots. 
For the second and third burnings, 
there was not fragmented litter 
under the current year’s herbage 
which made burning more difficult. 

We have previously demonstrated 
in annual grass communities that 
herbage production is increased 
with reduced density (Young and 
Evans, 1972). This density reduc- 
tion apparently accounted for part 
of the increase in production ob- 
tained with burning (Table 1). 
Unfortunately, the increase in pro- 
duction was composed of medusa- 

Table 2. Frequency of plants, litter, and bare ground in relatsion to repeated 
annual burning. 

Years of Peren- 
sampling and Medusa- Downy nial Poverty Other Bare 

treatment head brome grass weed forbs Litter ground 

1968 
Pretreatment 
After burning 

1969 
Burned 1968 
Reburned 1969 

(after burning) 
Control 

1970 
Burned 1968, 69 
Burned 1968 
Control 

1971 
Burned 1968, 69 

and 70 
Burned 1968, 69 
Burned 1968 
Control 

71 9 7 0 1 12 0 
0 0 9 0 0 84 7 

81 2 5 7 0 0 5 

9 
7 

91 
1 

0 
9 68 11 0 4 

74 1 4 19 
82 4 6 5 
64 10 8 0 

0 
0 

14 

2 
3 
1 3 

76 
78 
80 
70 

14 
12 
3 
2 

0 
1 
3 

10 
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of burned plots were viable. Lack 
of germination during the after- 
ripening period may have misled 
Murphy and Turner (1959) into 
believing they were accomplishing 
more through burning than actually 
was the case. 

We periodically sampled germi- 
nation and establishment of the 
annual grasses in an undisturbed 
site at the XL Ranch in 1969. 
These data, reported in a previous 
publication (Young and Evans, 
1972), revealed peak downy brome 
and medusahead populations of 
about 600 and 1000 seedlings per 
sq. ft, respectively. There is close 
agreement between the field popu- 
lation of downy brome and germi- 
nation obtained from the samples 
processed in the greenhouse (Fig. 
1). We only obtained roughly 50% 
of the medusahead germination in 
the greenhouse that was previously 
reported for the field (Fig. 1). The 
extremely long incubation period 
may have caused some of the cary- 
opses to rot or afterripening re- 
quirements were not satisfied in the 
greenhouse as they were under 
colder field conditions. 

Burning apparently gives medusa- 
head a greater competitive advan- 
tage over downy brome. This advan- 
tage probably is expressed during 
the germination and early establish- 
ment stage, for if medusahead is 
initially controlled with a herbi- 
cide during the germination period, 
downy brome will suppress medusa- 

Table 3. Projected herbage cover (%) in relation to repeated burning treat- 
ments.1 

Cover 

Years of sampling Medusa- Downy Perennial Poverty Perennial Alien 
and treatment head brome grass weed forbs forbs 

Control-unburned 
1968 
1969 
1970 
1971 

5 
3 
3 
2 

3a 

5 1 
1 1 
4 1 
3 2 

3b 1 

65 
54 
67 
60 

Mean 62 b 

15 
7 

11 
16 

12 a 

68 
80 
79 
68 

Mean 74 b 

13 4 4 2 
2 4 10 0 
8 3 3 0 

10 2 1 2 

8 ab 3a 5 ab 1 

81 1 2 11 0 0 
76 6 3 6 2 1 

79 ab 4b 3a 9a 1 0.5 

86 a 2b 2a 2b 0 0 

Burned 1968 
1968 (Pretreat- 

ment) 
1969 
1970 
1971 

Burned in 
1968 & 69 

1970 
1971 

Mean 

Burned in 1968, 
69 & 70 

1971 

1 Means followed by the same letter are not significantly different at the 0.05 probability 
level as determined by Duncan’s Range Test. All comparisons are made vertically. 

decrease in this species (Fig. 1). Re- 
duced production of downy brome 
the first year after burning-coupled 
with second year burning effects- 
severely depleted the downy brome 
population (Fig. 2). Samples before 
and after the third burn (1970) re- 
vealed a further depletion of repro- 
ductive potential of downy brome. 

Before the initial burn there were 
some medusahead caryopses in the 
litter and soil that would germi- 
nate at relatively high temperatures 
(about 20 to 30 C in the greenhouse) 
(Fig. 1). These caryopses were de- 
stroyed in the burn leaving only 
caryopses which apparently had 
afterripening requirements that pre- 
vented germination at high temper- 
atures (Fig. 1). Medusahead cary- 
opses have severe temperature de- 
pendent afterripening requirements 
which prevent germination at tem- 

peratures above 10 C for about 180 
days after maturity (Young et al., 
1968). When these requirements 
were satisfied, many medusahead 
caryopses from the litter and soil 

SAMPLES COLLECTED 

- - - After Burning 

- Before Burning 

Burned 1969 

DOWNY BROME 

I 2 3 6 12 18 
(August 20) 

Weeks After Burning 

.- 

(Dscambrr 20) 

MEDUSAHEAO 

FIG. 1. Germination of downy brome and medusahead from litter and soil samples 
before and after burning from plots burned the first time in 1969. 
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SAMPLES COLLECTED 

-- - After Burning 

- Before Burning 
L 
:: 
:: 
_$ IOO- 

Burned 1968 and 1969 

MEDUSAHEAD 

DOWNY BROME 

I 

(August 20) 
3 6 

Weeks After Burning 

18 
(December 20) 

FIG. 2. Germination of downy brome and medusahead from litter and soil samples 
before and after burning from plots burned in 1968 and 1969. 

head on this site (Young and Evans, 
1972) and continue this suppres- 
sion for at least 3 years. Evans and 
Young (1970) have investigated the 
influence of litter on seedbeds and 
its effect in controlling population 
size of these species. It would seem 
from this information that burning 
profoundly affects establishment of 
these species by altering litter ac- 
cumulation and possibly other fac- 
tors of the seedbed. 

Results from the collection of 
litter and soil samples illustrate 
that viable medusahead caryopses 
are almost entirely located in the 
litter and on the soil surface. This 
same relationship was previously 
demonstrated for downy brome 
(Young et al., 1969a). 

Results of three years of burning 
leave us a long way from the ob- 
served high condition native peren- 
nial grass stands that have been 
repeatedly burned in areas adjacent 
to the experimental location. The 
differences between these sites are 
apparently ones dealing with dif- 
ferent seral stages in time. If a 
good stand of perennial grasses is 
present, the community is relatively 
stable even under repeated burning 
for the burning serves to reduce 
competition from woody species. If 
the density of perennial grasses is 
depleted, then burning leads to 
dominance by medusahead. This 

has been demonstrated in previous 
investigations of medusahead com- 
munities (Young and Evans, 1970 
and 1971). The adjacent stands 
were burned in wildfires, but studies 
by McKell et al. (1962), have shown 
that fast moving fires with short 
periods of maximum temperatures 
are not effective in killing medusa- 
head caryopses. During much of 
the wildfire season medusahead 
caryopses are on the ground and 
relatively protected from fire. The 
conversion to perennial grass-domi- 
nated communities from annual 
grass-dominated ones, has been ac- 
complished by tillage and seeding 
(Young et al., 1969a) or herbicide 
application and seeding (Evans et 
al., 1969). A partial successional 
shift from medusahead to downy 
brome is also possible with herbi- 
cide application (Young and Evans, 
1972). Repeated burning in the 
environment of this investigation 
only leads to more medusahead. In 
cismontane California where there 
are many native and alien annual 
species growing with medusahead, 
there are more opportunities for 
manipulation of species composi- 
tion through burning. 
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Highlight 

Results of a Z-year study conducted on the mixed prairie 
near Sidney, Montana, indicated that high rates of nitrogen 
(N) fertilization accompanied by phosphorus (P) were nec- 
essary to obtain maximum levels of energy fixation. Total 
energy fixed over a Z-year period (1969-70) by the above- 
ground portion of native vegetation was 1136 kcal/ma or 
2384 lb./acre yield equivalent. Single applications of 100, 
300, and 900 lb./acre of N increased the level of energy 
fixation 1.6-, 2.2, and 2.0-fold, respectively, when applied 
without P; 1.7-, 3.2, and 2.8fold, respectively, when applied 
with 100 lb. P/acre; and 2.0-, 3.0-, and 3.3-fold, respectively, 
when applied with 200 lb. P/acre. The high N-P treatment 
decreased the grass plus sedge portion of total yield from 
77 to 70% in 1969, but increased it from 61 to 98% in 1970. 
Increased growth of individual plants and changes in spe- 
cies composition accounted for the high levels of energy 
fixation by the fertlilized vegetation. Precipitation-use effi- 
ciency for the 1970 growing season was 110 lb./acre/inch 
on the unfertilized plots and 336 lb./acre/inch on the high 
N-P treatment plots. 

Life within an ecosystem is dependent upon the 
ability of chlorophyll-bearing plants within the 
system to capture or fix energy received from the 
sun. While the portion of the sun’s energy that is 
fixed is very small, levels of fixation within an eco- 
system vary widely in response to environmental 
conditions. Energy flow in an ecosystem is con- 
trolled by man to the extent that he can control 
the environmental factors related to plant growth 
or energy fixation. Nutrient availability is one 
such factor that can be manipulated by man. 

Availability of soil water has generally been con- 
sidered the major growth-limiting environmental 
parameter on semiarid rangelands. Decreasing 
yields from the tall grass regions to the short grass 
regions coincide with decreasing seasonal precipita- 
tion. Low yield responses to numerous low-rate 
fertilization trials on semiarid rangelands have 
strengthened this concept. 

Recently, however, significant yield responses 
have been obtained from high rates of nitrogen (N) 

l Contribution from the Northern Plains Branch, Soil and 
Water Conservation Research Division, Agricultural Re- 
search Service, USDA, in cooperation with the Montana 
Agricultural Experiment Station, Journal Series No. 258. 
Presented at American Society of Range Management 
annual meeting, Reno, Nevada, February 18, 1971. Re- 
ceived August 30, 1971. 

and phosphorus (P) fertilization, indicating that 
plant nutrients play a major role in energy-fixing 
processes in rangeland ecosystems of the northern 
Great Plains. 

In Canada, Smoliak (1965), Lutwick et al. (1965), 
Johnston et al. (1968), and Smith et al. (1968) found 
that yields increased Z- to 4-fold with applications 
of 300 or more lb. N/acre. Applications of P with 
N were beneficial, in most cases, when compared 
with the effect of the same rate of N applied alone. 
Johnston et al. (1967) reported yield increases of 
up to 900% with high rates of N-P fertilizer appli- 
cations. 

In central Montana, high N and P fertilization 
rates increased yields 3- to 4-fold (Choriki et al., 
1969). These workers also reported a 6-fold in- 
crease in beef production (24 vs. 150 lb. beef per 
acre on the check and fertilized pastures) the first 
year following applications of 300 lb. N/acre and 
100 lb. P/acre. 

At Mandan, North Dakota, Power and Alessi 
(197 1) compared a single application of 480 lb. 
N/acre over a 6-year period with three annual 
applications of 160 lb. N/acre and six annual ap- 
plications of 80 lb. N/acre and found all three 
methods of N fertilization were equally effective. 
Yield increases over the unfertilized plots for the 
6-year period were between 3- and 4-fold. Smika 
et al. (1965) reported a 5-fold yield increase over a 
4-year period for native range near Mandan re- 
ceiving annual applications of 160 lb. N/acre. 
Rogler and Lorenz (1957), also at Mandan, reported 
a 3-fold increase in yield over a 6-year period with 
annual applications of 90 lb. N/acre. 

Because fertilizer N and P are immobilized by 
the soil-plant system, low application rates of N 
and P fail to supply these nutrients in amounts ade- 
quate to meet plant needs. Power (1970 and 1972) 
estimates that as much as 300 lb./acre N can be 
immobilized by the biomass of grass roots, mulch, 
and microbial cells. Thus, nutrient availability has 
not been fully recognized as a growth-limiting fac- 
tor in semiarid rangelands. 

A study was initiated in 1969 to assess the signif- 
icance on N and P in the energy-fixing processes of 
a rangeland ecosystem in the northern Great Plains. 

Methods 

The study area was located near Sidney, Montana,, on a 
sandy glaciated plains range site with 1 to 2% slope. Annual 
precipitation averages 13 inches with about 70% received 
during the growing season (April through September). Veg- 
etation belongs to the Bouteloua-Carex-Stipa (Blue grama- 
threadleaf sedge-needleandthread) faciation of the mixed 
prairie association (Weaver and Albertson, 1956). Basal 
cover measured by the point method was approximately 
13%. Clubmoss (Selaginella densa) accounted for 42% of 
the basal cover, with grasses, sedges (Carex spp.), and forbs 
and shrubs accounting for 24, 15, and 19oJ0, respectively. 

376 



FERTILIZATION AND ENERGY FIXATION 377 

ze 

1000 

0 

it 0 lb P/acre 
- 100 lb P/acre 
l 200 lb P/acre 

, I 

1970 

./: 

*---* 

-4 
$- 

0 100 300 900 0 100 300 900 
NITROGEN (lb/acre) NITROGEN (lb/acre) 

FIG. 1. Effects of N and P fertilization on total yield in a range- 
land ecosystem, 1969 and 1970. 

Factorial combinations of ammonium nitrate at rates of 
0, 100, 300, and 900 lb. N/acre and concentrated super- 
phosphate at rates of 0, 100, and 200 lb. P/acre were broad- 
cast on ZO- by ZO-ft plots of native range in the early spring 
of 1969. Plots were arranged in a split-plot design, with P 
treatments as main plots and N treatments as subplots. 
Main plots were randomized within each of two blocks. 

Forage yields were determined from one 0.25- by 4-m (9% 
by 157.5-inch) quadrat in each plot hand clipped at ground 
level. Yield samples were taken when the major grass species 
had reached maturity. Harvested plants were separated by 
species, ovendried at 65 C, and weighed. During the spring 
of 1970, density of western wheatgrass (Agropyron smithii) 
was determined by counting number of culms within a 1.0-f@ 
area in each plot. Forage in all plots was harvested to a 
4-inch height during November 1969 to remove part of the 
old residue. 

Soil moisture profiles were determined periodically in the 
check plots and high fertility plots (900 lb. N!acre and 200 
lb. P/acre) by the neutron method. 

Precipitation-use efficiency was calculated as the units of 
forage (ovendry) produced per unit of precipitation received 
and was based on the plant growth and precipitation that 
occurred between beginning of harvests in 1969 and 1970. 
Fall regrowth was not measured. Calculated in this manner, 
precipitation-use efficiency takes into account both the ef- 
fects of fall precipitation on fall tillering and on forage 
yields the following year, and the effects of fall and winter 
precipitation on soil water recharge. The precipitation-use 
efficiency term provides a means of comparing cropping or 
management systems as to their ability to make efficient 
use of yearly precipitation. 

Solar energy was measured with a Moll-Gorczynski type 
solarimeter located about 1.2 miles from the research area. 
Net radiation was measured during 1969 with a net radi- 
ometer (Fritschen, 1965) placed about 47 inches above the 
vegetation canopy. Yields were converted to energy fixation 
based on a conversion factor of 4.25 kcal/g of ovendry plant 
material (Lieth, 1968; and Morowitz, 1968). 

Results 
Favorable growing conditions prevailed during 

most of the 1969 and 1970 growing seasons. Except 
for April and May of 1969, precipitation was near 
or above average (Table 1). A heavy snow cover 
delayed the beginning of the 1970 growing season 
until April 25. 
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FIG. 2. Effects of N and P fertilization on yield of western wheat- 
grass in a rangeland ecosystem, 1969 and 1970. 

Energy fixation (yield) in the rangeland ecosys- 
tem in which this study was conducted was in- 
creased severalfold as a result of N and N plus P 
fertilization (Fig. 1). In 1969, total yield increased 
progressively (P = .lO) with the lOO- and 300-lb./ 
acre rate of N, but no additional increase was ob- 
tained at the 900-lb./acre rate of N. In 1970, yield 
increases were progressive with increasing N rates 
up to 300 lb./acre without P or with 100 lb./acre 
of P added, and up to 900 lb./acre with 200 lb./acre 
of P added. This 1970 yield increase was due 
almost entirely to the increased production of west- 
ern wheatgrass on the high N-P plots (Fig. 2). De- 
crease in total production in 1969 at the high N 
rate was due primarily to decreases in sedges, forbs, 
and fringed sagewort (Artemisia frigida). 

The significance of P in the energy-fixing proc- 
esses of the rangeland ecosystem is demonstrated in 
Figure 1. Phosphorus applied without N had no 
effect on yields. However, phosphorus significantly 
increased total production at the loo-, 300-, and 900- 
lb./acre levels of N during 1969 but only at the 
300- and 900-lb./acre level of N during 1970. 

Western wheatgrass was the major component of 

Table 1. Seasonal (growth initiation to harvest) climatic 
characteristics for 1969 and 1970, Sidney, Montana. 

Climatic characteristic 
20-year 
average 1969 1970 

Start of season (date) 
Harvest (date) 
Length of season (days) 
Seasonal precipitation (inches) 
Monthly precipitation (inches) 

April 
May 
June 

Seisubllal solar radiation 
(kcal/m-2 x 105) 

Seasonal net radiation 
(kcal/m-2 x 105) 

-+ 4/4 4125 
- 7/16 7/13 
- 104 80 
- 13.32 7.70 

1.10 1.53 2.61 
1.85 0.85 3.38 
2.87 6.73 2.70 
1.97 4.70 2.92 

- 4.67 4.03 

- 2.36 - 

+ Data not available. 
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FIG. 3. Effects of N fertilization on yield in a rangeland ecosys- 
tem, 1969 and 1970. 

vegetation on the N-fertilized plots (Fig. 2). It was 
the only species that responded significantly to each 
additional increment of N. This relationship held 
true in all cases, only at the 200-lb./acre P level. 
The decrease in western wheatgrass in 1970 on the 
900 lb./acre N and 100 lb./acre P treatment was 
apparently a result of natural variation in the com- 
position of the vegetation on one of the plots. 
Because western wheatgrass responded to each addi- 
tional rate of N at the highest P rate, and at each 
additional rate of P at the highest N rate, it was 
not determined what N-P rates were necessary for 
maximum yield. 

High rates of N and P fertilization greatly in- 
creased density of western wheatgrass culms. In 
the spring of 1970, culms averaged about 30/ft2 on 
unfertilized plots and about 1 15/ft2 on plots re- 
ceiving 200 lb./acre P and 900 lb./acre N. An in- 
crease in plant density is the main reason for the 
increase in yield in 1970 compared to 1969. Addi- 
tions of N and P also increased number of seed 
stalks and seed set. 

Responses of other major members of the plant 
community to N fertilization are shown in Figure 
3. Because the P effects were not significant (P = 
.lO) for the species in Figure 3, the three levels 
of P are averaged for each level of N. Forbs and 
fringed sagewort were stimulated the first year fol- 
lowing application of N at rates of 100 and 300 
lb./acre but were depressed by the 900-lb./acre rate. 
Of particular interest is the significant reduction of 
fringed sagewort at all rates of N the second year 
following fertilizer application. Threadleaf sedge 

(Carex fiZifoZia) responded only to the 100 lb./acre 
rate of N. Needleandthread (Sti@ comata) ap- 
peared to reach its maximum production at the 
300 lb./acre rate of N. Blue grama (Bouteloua 
gradis) and prairie junegrass (Koeleria cristata), 
minor yield components of the plant community, 
were not affected by the fertilization treatments. 
Another important change in the plant community 
was the reduction of clubmoss obtained with high 
rates of N and P. Generally, rates of 300 lb. N/acre 
and above, with or without P, reduced or eliminated 
the clubmoss population. 

Precipitation-use efficiency in the rangeland eco- 
system was greatly improved by additions of N and 
P. Precipitation between the 1969 and 1970 har- 
vests totaled 12.0 inches. During this period, the 
unfertilized plots produced 1324 lb./acre of above- 
ground plant material or 110 lb./acre/inch of pre- 
cipitation, while plots receiving 900 lb. N/acre and 
200 lb. P/acre produced 4026 lb./acre or 336 lb./ 
acre/inch. Fertilized plots were drier than unfer- 
tilized plots at the end of the 1969 growing season 
and remained drier during fall and winter. In De- 
cember, the high fertility plots contained 5.3 inches 
water in the top 4 feet of profile as compared to 
6.3 inches water for the unfertilized plots. How- 
ever, snowmelt and April and May precipitation 
recharged both profiles to about the same level 
(9.4 inches water,/4 feet of profile). The fertilized 
plots lost water more rapidly than unfertilized plots 
during the grand growth period of the dominant 
vegetation. In early July, there were 6.2 inches 
water in the profile of the high fertility plots and 
8.8 inches water in the nonfertilized plots. By har- 
vest and continuing into winter, high fertility plots 
contained less soil water than unfertilized plots. 

Whenever precipitation is adequate to fully re- 
charge the soil profile, fertilized vegetation will 
likely have more water available for plant growth 
than unfertilized. The stimulated root systems of 
fertilized vegetation are able to extract more water 
from the soil profile than the root systems of unfer- 
tilized vegetation. Thus, the fertilized vegetation 
is, in effect, drawing water from a larger reservoir 
than the unfertilized vegetation. However, if pre- 
cipitation is not adequate to recharge the soil pro- 
file, then available soil water content will be about 
the same on both fertilized and unfertilized plots. 
There was some evidence that plots which were 
driest in the fall took water in most readily in early 
spring. Similar results were reported by Black and 
Power (1965). 

Discussion 
Results of this study generally agree with similar 

studies conducted in the northern Great Plains. 
Yield increases of 3-fold or more, increases in Agro- 
pyron species, and decreases in clubmoss-all re- 
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FIG. 4. Energy fixation by various cropping systems near Sidney, 
Montana, for two levels of management. (Above average for 
native range represents the annual yield averaged over a 2-year 
period following a single application of 900 lb N/acre and 
200 lb P/acre.) 

sulting from high rates of N and P fertilization-are 
common to th& and other work reported. How- 
ever, Johnston et al. (1967) and Smith et al. (1968) 
reported increases in shrubs and forbs, whereas in 
this study, the shrubs and forbs were reduced by 
N and P applications the second year following 
treatment. 

Energy-fixing capacity of the rangeland ecosys- 
tem was compared to that of other crops in the 
Sidney; Montana, area. Total energy fixed (Fig. 
4) was based on average crop yields (G. P. Hartman, 
p‘ersonal communicatlion) for two levels of manage- 
ment. With the exception of sugarbeets, values in 
Figure 4 were computed on the basis of above- 
=&nd nlant production. Values for wheat would 
abe redu:ed at&roximatelv three-fifths if only the 
grain were cosidered. In comparing native range 
to other crops, it should be kept in mind that less 
than half of the grasses and sedges are harvested 
under normal graiing conditions-and that shrubs 
and many forbsare utilized very little. Thus, under 
pristine conditions, native range ranks considera- 
bly below the other crops in its ability to capture 
the sun’s energy for use by man. However, when 
N and P are adequate, native range becomes much 
more competitive. 

Despite wide variation in their energy-fixing 
capabilities, the crops (Fig. 4) fix only a very small 
portion of the total yearly solar radiation (less than 
0.7% for silage corn). Levels of energy fixation at- 
tained by silage corn under irrigation may be near 
maximum for the Sidney area and indicate that 
radiation (solar energy) and CO2 availability should 
not limit energy fixation in the rangeland ecosys- 
tem. Thus, it appears that at least three factors 

play dominant roles in regulating energy-fixing 
capabilities of rangeland ecosystems in this area: 
(1) Soil water availability, (2) genetic potential of 
chlorophyll-bearing plants in the ecosystem, and (3) 
nutrient availability. 

Results of this study strongly suggest that water- 
as an immediate requirement for plant growth- 
does not limit production on rangeland ecosystems 
to the extent that nutrient availability does. The 
energy-fixing capacity of the rangeland ecosystem 
studied ranges from about 250 in dry years to 700 
kcal/m2 in wet years. As indicated in Figure 4, 
however, the addition of N and P increased the 
yearly average energy fixation from 568 to 1842 
kcal/m2 during 1969 and 1970. Plant nutrients 
alone nearly tripled the energy-fixing capacity. 

The dominant role of soil water in the energy- 
fixing processes of a semiarid rangeland ecosystem 
should not be underrated. In addition to supplying 
water for transpiration and metabolic processes of 
plants, soil water is also indirectly related to energy- 
fixing processes through its effect on genetic poten- 
tial and nutrient cycling. Genetic potential of a 
native plant community is primarily a function of 
species present . These species are, in turn, the 
product of climatic regimes-primarily temperature 
and water. Perhaps the most limiting role of water 
in energy-fixing processes of a rangeland ecosystem 
is its effect on nutrient cycling. Once an ecosystem 
has been primed with necessary plant nutrients, 
and maximum levels of production consistent with 
existing climatic conditions have been obtained, 
the ecosystem should continue to function at this 
new, high energy level with only small additions 
of nutrients to replace those removed by grazing 
animals, leaching, and other miscellaneous losses- 
providing that nutrients cycle fast enough to supply 
yearly plant needs. 

Using nitrogen as an example, some estimates 
can be made on N requirements and N cycling in 
the northern Great Plains. Power and Alessi (197 1) 
have reported root weights of 25,000 lb./acre on 
unfertilized native range near Mandan, North Da- 
kota. Similar values have been reported by Lorenz 
and Rogler (1967) and Goetz (1969). According to 
Power (J. F. Power, personal communication), in- 
creased root growth due to fertilization is about the 
same amount as increased top growth; and the 
yearly turnover rate for roots is about one-fourth 
their total weight. Power also found that N con- 
tent of roots averages about 0.7% on unfertilized 
range to about 1.2% on fertilized range. Based 
upon yields and N content of the aboveground 
plant material from the experiment reported in 
this paper, and root yields and N content data of 
Power, the calculated yearly N requirement on un- 
fertilized range is about 59 lb./acre-N require- 
ment of roots = 44 lb./acre (25,000 -+ 4 x 0.007) 
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and N requirement of tops = 15 lb./acre (1192 X 
0.013). On fertilized range (high rates of N and P), 
the N requirement is 165 lb./acre-N requirement 
of roots = 87 lb./acre [(ZS,OOO + 3,892) + 4 x O.OlZ] 
and N requirement of tops = 78 lb./acre (3,892 X 
0.02). Assuming a production level equivalent to 
that of the fertilized range but with no increase in 
N content of the roots and tops, the N requirement 
would be 101 lb./acre-[(25,000 + 3,892) f 4 X 
0.007 + (3,892 x 0.013)]. 

As evidenced in this study, nutrient cycling in 
the northern Great Plains rangeland ecosystems 
(unfertilized) is inadequate to supply the N neces- 
sary for maximum production. These rangelands 
appear to be cycling N at a rate of 59 lb./acre per 
year or less (usually less), whereas 101 to 165 lb./ 
acre per year would be needed for maximum yield. 
The rate at which the N-enriched grassland ecosys- 
tem will cycle N is not known. Low soil tempera- 
tures in spring, fall, and winter, coupled with long 
periods of drought in the summer, leave little time 
for decomposition and nitrification. However, 
Smoliak (1965) reported from a study in central 
Alberta that plots receiving an initial application 
of 300 lb. N/acre were producing 1.6 times more 
than the check plot after 8 years, indicating an in- 
crease in the cycling rate of N as a result of N fer- 
tilization. Power (1968) reported that incubation 
of unfertilized grass roots with soil resulted in a net 
immobilization of inorganic N, while incubation 
of fertilized grass roots with soil resulted in a net 
mineralization of N. 

From the results of this experiment and other 
work referred to, it is evident that plant nutrients- 
particularly N and P-play a vital role in the en- 
ergy-fixing processes of rangeland ecosystems in the 
northern Great Plains. The ecosystems appear to 
be functioning at an energy level about one-third 
to one-half that obtainable when N and P availabil- 
ity is adequate. Nutrient cycling, which is directly 
influenced by the climate-primarily temperature 
and water-appears inadequate to supply nutrients 
at rates needed to maintain levels of production 
consistent with climatic conditions. 
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Highlight 

Soil ripping in 1963 effectively reduced runoff on the 
San Luis watershed of the Rio Puerto, New Mexico, and 
caused a favorable shift in forage production from galleta 
to alkali sacaton. Ripping effects on runoff are short-lived, 
but forage production patterns may persist for 10 years. 

Man’s activity has a tremendous impact on the 
environment. Often a single goal in land treatment 
results in many subtle effects that are not readily 
discernible until some time later, sometimes with 
disastrous consequences. Soil ripping, for instance, 
a form of deep plowing to break up soil, effectively 
reduces surface runoff and erosion from semi-arid 
watersheds (Hickey and Dortignac, 1964). But 
what is the effect of this treatment on the vegeta- 
tion growing on treated areas? The effect of soil 
ripping on the vegetation of one large area was in- 
vestigated over a period of 15 years. 

Study Site and Methods 

The San Luis Watersheds on the Rio Puerto drainage are 
located 58 miles northwest of Albuquerque, New Mexico, 
in the transition zone between woodland and semi-desert 
grassland. The area is comprised of mesas or uplands, steep 
rocky breaks, and alluvial grasslands. 

Watershed II, the test area, is 471 acres; Watershed I, left 
untreated for comparison, is 555 acres. On both of these 
watersheds, the headwaters originate on mesas that break 
off into steep, rocky slopes. These breaks give way to rolling 
foothills that merge with the alluvial bottoms. A layer of 
Mesa Verde sandstone overlies Mancos shale. The sandstone 
breaks and underlying shales form the parent soil material, 
the texture of which varies from sandy loams to silty clays. 
The area, which ranges in elevation from 6,000 to 7,000 feet, 
is typical of the larger semi-arid area in northwestern New 
Mexico. 

The principal perennial grasses on the watersheds are 
alkali sacaton (Sporobolus airoides Torr.), galleta (Hilaria 
jamesii (Torr.) Benth.), and blue grama (Bouteloua gracilis 
(H.B.K.) Lag.). Shadscale saltbush (Atriplex confertifolia 

Torr. and Frem.), other saltbushes (Atriplex spp.) and big 

l Research reported here was conducted in cooperation with 
the Bureau of Land Management, U.S. Department of the 
Interior, Albuquerque, New Mexico. 

2 U.S. Department of Agriculture, Forest Service, with cen- 
tral headquarters maintained at Fort Collins in coopera- 
tion with Colorado State University; authors are located at 
Albuquerque in cooperation with the University of New 
Mexico. 

sagebrush (Artemisia tridentata Nutt.) are the most common 
shrubs. Some pinyon pine (Pinus edulis Engelm.) and juni- 
per (Juniperus spp.) trees and cholla cactus (Opuntia spp.) 
are scattered over the area. 

Grazing on the area has been over-winter only (November- 
April) since 1958. Numbers are adjusted to achieve 55% 
utilization of alkali sacaton (Aldon and Garcia, 1967). 

Average annual precipitation is close to 10 inches. Aver- 
age growing-season precipitation (May l-November 1) is 
around 6 inches. High-intensity convective thunderstorms 
characterize the summer storm period (July and August). 

The S and S Soil Saver-3 (Fig. 1) was used to rip the allu- 
vial bottoms and other workable areas (slopes less than 5%) 
in the spring of 1963 on Watershed II. The ripper was 
drawn on the contour by a large crawler-type tractor. The 
ripper has two chisels about 7 feet apart, with conical augers 
mounted behind each chisel. The augers revolve as they are 
pulled through the soil. This action cuts a 4-inch vertical 
rip approximately 28 inches deep, with a channel about a 
foot in diameter near the bottom of the rip. As the machine 
advances, two vertical triangular plates form small terraces 
about 4 inches high on each side of the rips. 

Herbage production of the principal grasses was deter- 
mined by a weight-estimate (Pechanec and Pickford, 1937) 
and double-sampling technique (Wilm et al., 1944). Mea- 
surements have been taken on 75 permanent 9.6-f@ plots 
randomly located on each watershed each fall after growth 
of forage has stopped since 1955. 

The loop transect method (Parker, 1951) was used as an 
index to changes in ground cover due to treatment. Twenty- 
five clusters of three lOO-ft transects were randomly distrib- 
uted over the watersheds. “Hits” of perennial vegetation, 
bare soil, litter, and rock within a %-inch loop placed at 
l-foot intervals along the lOO-foot transects were recorded. 
Perennial vegetation must have the root crown, or a portion 
thereof, within the loop to constitute a “hit.” 

Summer runoff was collected and measured behind earthen 
dams. 

Results 

The soil ripping treatment effectively stopped 
runoff on the treated watershed. The treatment 
effectiveness has been diminishing gradually, as 
expected, since the third year (Aldon, 1966). 

Ground cover has been improving on the area 
since grazing management was started (Aldon and 
Garcia, 1967). Alkali sacaton and galleta occur 
about the same number of times on the watershed, 
with galleta occasionally showing one or two more 
hits. In 1963, ripping caused a temporary 28% de- 
cline in perennial grass cover. This decline was 
about equal for each of the three principal species. 

Total forage production has also been improving 
on the areas since grazing management was started 
(Aldon and Garcia, 1967) in spite of variable pre- 
cipitation (Table 1). When the percent contribu- 
tion of each species to total forage production is 
graphed, a marked response to the ripping treat- 
ment is apparent (Fig. 2). From 1955 to 1962, 

3 Trade names are used for the benefit of the reader, and do 
not imply endorsement or preferential treatment by the 
U.S. Department of Agriculture. 
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FIG. 1. The soi, ripper, pulled behind a crawier tTBCL”r, effrc- 
rively breaks up soil fo a depth of about 28 inches. 

galleta provided over half of the total forage pro- 
duction. Untreated Watershed I shows about this 
same relationship. Since Watershed II was treated, 
alkali sacaton has produced over half of the forage 
(Fig. 2). The trend since treatment, however, is 
to revert back gradually to the original relationship. 

Blue grama has contributed about 10 percent of 
the total forage throughout the 15 years of study. 

Discussion 
Individual alkali sacaton plants are now pro- 

ducing more forage as a result of treatment. The 

Table 1. Growingeason precipitation (inches) for Water- 
shed II (ripped in 1963) and production of principal 
grasses (lb./acre, air dry) on Watersheds I and II. 

1955 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

Precipitation I II I II I II 

6.35 27 42 74 105 39 17 
2.20 15 20 48 45 14 5 
8.16 27 36 84 53 16 8 
6.44 49 88 126 110 61 33 
6.84 68 55 134 118 46 15 
5.42 45 52 151 86 33 13 
9.59 a7 72 144 137 59 20 
2.32 112 88 199 193 69 23 
3.94 111 123 176 118 57 24 
6.57 86 289 207 159 44 28 
9.02 1 255 1 115 1 25 
6.05 295 156 44 
9.08 276 164 41 
5.60 293 180 52 

11.57 338 230 83 
5.92 299 222 67 

treatment’s effectiveness for runoff and erosion con- 
trol is short-lived, but its effect on plants--a favor- 
able shift in forage importance from galleta to 
alkali sacaton-has continued for seven years. It 
may take another 3 to 5 years until the original 
relationship is reestablished. 
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Highlight 

Response of sand bluestem seed units (florets) to three rates of cotton-bur 
mulch and treatment with an organic mercury pathogenicide was measured by 
germination, emergence and establishment. All rates of cotton-bur mulch im- 
nroved soil moisture conditions, but heavier rates formed a physical barrier 
I 

to the emergence of grass seedlings. More than three times 
became established from florets treated with a pathogenicide 

Las ‘many plants 
than from un- 

treated florets. 

Sand bluestem (Andropogon 
hallii Hack.) is an important range 
grass on sandy lands throughout 
the Great Plains and the Southern 
High Plains. It is a tall, palatable 
and nutritious warm-season grass 
used for seeding rang-eland and 
abandoned cropland. 

An environment favorable for 
seed germination and seedling 
growth is a prime requisite for suc- 
cessful plant establishment. A re- 
cent survey (Great Plains Agricul- 
tural Council, 1966) showed: (1) 
seeding success diminishes from 
north to south within the Great 
Plains, (2) sands are one of the 
most difficult soils on which to 
establish grass, and (3) more inten- 
sive practices, including a litter 
cover or mulch, give better stands. 
The importance of soil moisture 
and of moisture-conserving practices 
is well established (Griffith, 1910; 

1 Published with the approval of the 
Director of the Texas Agricultural 
Experiment Station as TA-9395. Re- 
ceived September 13, 197 1. 

Thornber, 1910; Wooton, 1916; 
Glendening, 1941; Doneen and 
MacGillivary, 1943; Ayers, 1952; 
Helmrich and Pfeiffer, 1954; Mc- 
Ginnies, 1960; and Bement, et al., 
1961). 

Manipulating the habitat to im- 
prove grass seed germination and 
seedling emergence also encourages 
pathogen development. High grass 
seedling mortality due to pathogens 
has been observed under good mois- 
ture conditions (Shultz and Biswell, 
1953). Pathogen injury also has been 
associated with cold, wet weather 
following planting (Tatum and 
Zuber, 1943; Laude, 1956). Pre- 
emergence infection was most severe 
under habitat conditions more fa- 
vorable to the pathogen than the 
host (Leach, 1947). Disinfecting 
with a fungicide destroyed seed- 
borne organisms and may have 
established a barrier immediately 
surrounding the seed which pro- 
tected it from attack by soil-borne 
pathogens (Jones, 1939; Haskell, 
1949). 

Methods 

Five accessions of sand bluestem 
were used; they included Woodward 
and Elida varieties and G-1742,2 
G-1773 and G-1805 collected in 
western Texas. Florets were planted 
in Amarillo sandy clay loam at the 
U.S. Big Spring Field Station at 
Big Spring, Texas3 The surface 
soil is weakly alkaline, weakly gran- 
ular to structureless, varies from 7 
to 10 inches thick and forms a thin 
crust on drying. Amarillo sandy 
clay loam is one of the major soils 
of the Texas High Plains (Burnett, 
Oakes and Godfrey, 1962). A split- 
plot design was used with sand 
bluestem varieties or accessions as 
the main plot; subplots were seed 
treatments and the sub-subplots 
were mulch treatments. Thiram 
(tetramethylthiuramdisulfide) dust 

was used as the pathogenicide. 
Cotton-burs were used as a surface 
mulch at 0, 2.5, and 5.0 tons per 
acre. The treatments were repli- 
cated four times each year. 

Each plot, seeded to sand blue- 
stem florets in late April, 1969 and 
in early May, 1970, consisted of six 
rows, 40 inches apart and 20 ft long. 
Florets were planted with a hand 
planter to a depth of % inch in a 
clean seedbed at the rate of 12 pure 

2 Plant materials collected for potential 
drought resistance in a cooperative 
program with New Crops Branch, 
Crops Research Division, Agricultural 
Research Service. 

3 The U.S. Big Spring Field Station is 
a cooperative research facility main- 
tained by the Soil and Water Con- 
servation Division of Agricultural 
Research Service and the Texas Agri- 
cultural Experiment Station. 
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Response of sand bluestem seed units (florets) to three rates of cotton-bur 
mulch and treatment with an organic mercury pathogenicide was measured by 
germination, emergence and establishment. All rates of cotton-bur mulch im- 
nroved soil moisture conditions, but heavier rates formed a physical barrier 
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to the emergence of grass seedlings. More than three times 
became established from florets treated with a pathogenicide 

Las ‘many plants 
than from un- 

treated florets. 

Sand bluestem (Andropogon 
hallii Hack.) is an important range 
grass on sandy lands throughout 
the Great Plains and the Southern 
High Plains. It is a tall, palatable 
and nutritious warm-season grass 
used for seeding rang-eland and 
abandoned cropland. 

An environment favorable for 
seed germination and seedling 
growth is a prime requisite for suc- 
cessful plant establishment. A re- 
cent survey (Great Plains Agricul- 
tural Council, 1966) showed: (1) 
seeding success diminishes from 
north to south within the Great 
Plains, (2) sands are one of the 
most difficult soils on which to 
establish grass, and (3) more inten- 
sive practices, including a litter 
cover or mulch, give better stands. 
The importance of soil moisture 
and of moisture-conserving practices 
is well established (Griffith, 1910; 
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Manipulating the habitat to im- 
prove grass seed germination and 
seedling emergence also encourages 
pathogen development. High grass 
seedling mortality due to pathogens 
has been observed under good mois- 
ture conditions (Shultz and Biswell, 
1953). Pathogen injury also has been 
associated with cold, wet weather 
following planting (Tatum and 
Zuber, 1943; Laude, 1956). Pre- 
emergence infection was most severe 
under habitat conditions more fa- 
vorable to the pathogen than the 
host (Leach, 1947). Disinfecting 
with a fungicide destroyed seed- 
borne organisms and may have 
established a barrier immediately 
surrounding the seed which pro- 
tected it from attack by soil-borne 
pathogens (Jones, 1939; Haskell, 
1949). 

Methods 

Five accessions of sand bluestem 
were used; they included Woodward 
and Elida varieties and G-1742,2 
G-1773 and G-1805 collected in 
western Texas. Florets were planted 
in Amarillo sandy clay loam at the 
U.S. Big Spring Field Station at 
Big Spring, Texas3 The surface 
soil is weakly alkaline, weakly gran- 
ular to structureless, varies from 7 
to 10 inches thick and forms a thin 
crust on drying. Amarillo sandy 
clay loam is one of the major soils 
of the Texas High Plains (Burnett, 
Oakes and Godfrey, 1962). A split- 
plot design was used with sand 
bluestem varieties or accessions as 
the main plot; subplots were seed 
treatments and the sub-subplots 
were mulch treatments. Thiram 
(tetramethylthiuramdisulfide) dust 

was used as the pathogenicide. 
Cotton-burs were used as a surface 
mulch at 0, 2.5, and 5.0 tons per 
acre. The treatments were repli- 
cated four times each year. 

Each plot, seeded to sand blue- 
stem florets in late April, 1969 and 
in early May, 1970, consisted of six 
rows, 40 inches apart and 20 ft long. 
Florets were planted with a hand 
planter to a depth of % inch in a 
clean seedbed at the rate of 12 pure 

2 Plant materials collected for potential 
drought resistance in a cooperative 
program with New Crops Branch, 
Crops Research Division, Agricultural 
Research Service. 

3 The U.S. Big Spring Field Station is 
a cooperative research facility main- 
tained by the Soil and Water Con- 
servation Division of Agricultural 
Research Service and the Texas Agri- 
cultural Experiment Station. 



1969 19702 

Measurement 0.0 T/acre 2.5 T/acre 5.0 T/acre 0.0 T/acre 2.5 T/acre 5.0 T/acre 

Total established 17.5 b 22.2 a 18.5 ab 12.0 y 16.8 x 9.4 y 
Lost to pathogens 0.5 a 2.0 a 2.7 a 1.0 x 2.5 x 3.4 x 
Lost to soil drying 16.2 a 12.9 a 4.0 b 15.9 x 9.4 y 3.0 z 
Lost to wind-blown sand damage 4.5 a 3.7 a 3.2 a 15.9 x 12.2 x 13.0 x 
Lost to insect and rodent damage 5.5 a 6.1 a 5.5 a 9.0 x 9.5 x 9.5 x 

Total emerged 44.2 a 46.9 a 33.9 b 53.8 x 50.4 x 38.3 y 
Lost to pathogens 0.8 a 2.3 a 3.7 a 1.2 x 2.7 x 4.0 x 
Lost to soil drying 34.7 a 17.4 b 5.5 c 35.0 x 17.3 y 3.7 z 
Unemerged due to mulch barrier 0.0 c 13.0 b 31.2 a 0.0 z 13.4 y 31.7 x 
Lost to insect and rodent damage 1.7 a 2.7 a 2.9 a 1.7 x 1.8 x 2.3 x 

Total germinated 81.4 a 82.3 a 77.2 b 91.7 x 85.6 y 80.0 z 
Lost to pathogens 15.2 b 15.3 b 20.1 a 7.0 z 14.0 y 20.0 x 
Ungerminated caryopses 3.4 a 2.4 a 2.7 a 1.3 x 0.4 x 0.0 x 

Total seed units 100.0 100.0 100.0 100.0 100.0 100.0 

11969 mean values, for comparison between different mulch rates, followed by different letters (a, b and/or c) are significantly dif- 
ferent at the 5% level of probability. 

2 1970 mean values. for comnarison between different mulch rates, followed by different letters (x, y and/or z) are significantly dif- 
ferent at the 5q/,‘level of krobability. 

live seeds per linear foot. Ten, l- 
ounce paper cups were used as con- 
tainers for individual grass florets 
planted in the center row of each 
sub-subplot. The bottom of each 
cup was cut to facilitate drainage 
and root growth. The location of 
each cup was marked with a Z-inch 
strip of plastic attached with a wire 
staple. 

Results and Discussion 

Seedling emergence, rate of 
growth and seedling survival were 
recorded weekly for nine weeks 
after planting. Cups with no seed- 
lings after nine weeks were re- 
covered, and the seed units were 
placed in a laboratory germinator 
at 85 F to determine germination. 
Seedlings which failed to emerge 
were examined to ascertain the rea- 
son for failure. 

Transformation of a planted grass 
seed into an established plant is a 
sequence of developmental stages 
beginning with seed germination. 
A surface mulch favors grass estab- 
lishment from seeding but the ad- 
vantage gained is largely offset by 
increased pathogen activity under 
mulch (Table 1). 

Pathogen activity accounted for 
the loss of approximately 25 to 35% 
of the florets planted but treat- 
ment with thiram effectively re- 
duced pathogen activity (Table 2). 
A tendency was observed for seed- 
lings grown under heavy rates of 
mulch to be susceptible to pathogen 
activity but the numbers involved 
were not great. 

Temperatures of the surface 0.5 
inch of soil varied with weather 
conditions, moisture content of the 
soils and time of day. Maximum 
temperatures recorded were 114, 
106 and 94 F under mulch rates of 
0, 2.5 and 5.0 T/acre, respectively. 
Minimum temperatures were 87, 
85 and 81 F. Temperatures aver- 
aged 7 to 14 F lower under 2.5 and 
5.0 T/acre than where no mulch 
was applied. 

Moisture in the surface 3 inches 
of soil was determined gravimetri- 
tally at 3-day intervals in 1969 and 
weekly intervals in 1970. Tempera- 
ture of the soil surface was deter- 
mined under various atmospheric 
conditions using a thermistor probe. 
Rainfall and other weather data 
were recorded at a nearby official 
weather station. Three sprinkler 
irrigations were applied in 1970 to 
avoid moisture stress during a pro- 
longed dry period. 

Following germination, physical, 
rather than biological, factors of 
the habitat determined seedling 
survival. A tendency existed for 
improved germination under mulch 
but the numbers were small. 

The apparent increase in loss 
of emerging seedlings from florets 
treated with thiram (Table 2) was 
a function of the greater number 
of seeds germinating in each case. 
On the basis of number of seeds 
germinated rather than planted, the 
percentage loss from desiccation was 
approximately the same for treated 
and untreated seed. 

Moisture content of the soil was 
enhanced by a surface mulch but 
cotton-burs served as a physical 
barrier to the emergence of germi- 
nated grass seedlings (Table 1). 
Approximately 50% of the germi- 
nated seed emerged as seedlings 
(Tables 1 and 2). 

Neither mulching nor thiram 
treatments affected the number of 
plants lost from causes such as 
insects, rodents or soil blowing 
(Tables 1 and 2). A larger percent- 
age of plants was lost in 1970 than 
in 1969 due to soil blowing. More 
days with blowing sand occurred 
in 1970. Losses due to blowing sand 
were due largely to smothering by 
the blown material, particularly on 
the mulch treatments. 
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Table 1. Effect of mulch (T/acre) on the germination (%), emergence (%), and establishment (%), of sand bluestem. 
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Table 2. Effect of pathogenicide treatment on the germination (%), emergence 
(%), and establishment (96) of sand bluestem for two separate years. 

Measurement 

1969 

Treated Untreated 

19702 

Treated Untreated 

Total established 
Lost to pathogens 
Lost to soil drying 
Lost to wind-blown sand 

damage 
Lost to insect and rodent 

damage 

Total emerged 
Lost to pathogens 
Lost to soil drying 
Unemerged due to mulch 

barrier 
Lost to insect and rodent 

damage 

Total germinated 
Lost to pathogens 
Ungerminated caryopses 

Total seed units 

31.4 a 
1.1 a 

11.2 a 

4.2 a 

6.4 a 5.0 a 

54.3 a 
1.6 a 

21.3 a 

31.0 b 
2.9 a 

15.7 b 

14.9 a 

2.4 a 

94.5 a 
2.8 b 
2.7 a 

100.0 

8.9 b 
2.3 a 

10.8 a 

4.0 a 

14.2 a 

2.4 a 

66.2 b 
30.9 a 

2.9 a 

100.0 

19.5 x 
1.3 x 
9.4 x 

14.0 x 

8.8 x 

53.0 x 
2.0 x 

21.8 x 

16.4 x 

2.1 x 

95.3 x 
4.0 y 
0.7 x 

100.0 

6.4 y 
3.2 x 
9.4 x 

13.3 x 

9.9 x 

42.2 y 
3.2 x 

15.5 y 

13.6 x 

1.8 x 

76.3 y 
23.3 x 

0.4 x 

100.0 

1 1969 mean values, for comparison between treated and untreated plots, followed by 
different letters (a or b) are significantly different at the 5% level of probability. 

a 1970 mean values, for comparison between treated and untreated seed units, fol- 
lowed by different letters (x or z) are simificantly different at the 5% level of prob- 
ability. ’ 

The rate of growth, expressed 
in terms of extended leaf height, 
of Elida sand bluestem was signifi- 
cantly larger than the other variety 
and the three accessions. This was 
the only significant difference be- 
tween the varieties or accessions 
throughout the duration of the 
experiment. 

Summary and Conclusions 

A planted seed that germinates 
and grows into an established plant 
is influenced by a number of hab- 
itat factors which vary with stage 
of plant development. A surface 
mulch conserves moisture in the 
upper layer of soil. This moist 
habitat favors the development of 
pathogens which attack germinating 
seed. However, loss of germinating 
seeds to pathogens was overcome 
by seed treatment with a patho- 
genicide. Seedlings were nearly im- 
mune to disease organisms but they 
were susceptible to desiccation. 

More than 50% of the seedlings on 
the unmulched plots did not. sur- 
vive soil drying. However, cotton- 
burs, a waste material from the 
ginning process, interfered with 
grass seedling emergence. 

Results from these studies indi- 
cate that moisture conservation is 
important to the success of range 
plant seedlings. However, these ad- 
vantages may be offset by pathogen 
activity on germinating seeds if not 
pretreated with a pathogenicide. 
Furthermore, emergence may be 
dependent on the type of mulch 
applied. 
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Highlight 

Silvex was the most effective herbicide for reducing sand shinnery oak 
(Quercus havurdii Rydb.) density and increasing grass production in the Rolling 
Plains of Texas. Combinations of silvex or 2,4,5-T with picloram controlled 
more sand shinnery oak than expected (synergistic) and substantially increased 
grass production. Picloram and 2,4-D (1:1) at 0.5 lb./acre total were additive 
and less effective than other phenoxy:picloram combinations. Combinations of 
dicamba with 2,4,5-T or silvex were usually additive. 

Low-growing, shrubby oaks 
(Quercus spp.) or “shin oaks” in- 
fest about 8.7 million acres of Texas 
rangeland (Smith and Rechenthin, 
1964). About 3 million acres of the 
High and Rolling Plains of Texas 
are infested with sand shinnery oak 
(Quercus hauardii Rydb.). It has 
been suggested that controlling 70% 
or more of the sand shinnery oak in 
dense infestations would conserve 
the equivalent of 2 inches rainfall 
annually and leave ample brush 
for wildlife cover (Rechenthin and 
Smith, 1967). 

Sand shinnery oak infests deep 
sands or sandy soils with shallow 
clay layers near the surface (Robison 
and Fisher, 1968). Most sand shin- 
nery oak plants are 2 to 4 ft tall but 
circular mottes of plants 6 to 12 ft 
tall occur in most stands (Fig. 1). 
The mottes afford excellent wild- 
life cover. Sand shinnery oak re- 
produces from acorns and well-de- 
veloped, lateral rhizomes. Rhizomes 
occur in the surface 6 inches of 

1 Approved by the Director, Texas Agri- 
cultural Experiment Station as tech- 
nical article 9247. Received July 2, 
1971. 

2 The author is grateful to Jim Hum- 
phries, Pitchfork Land and Cattle 
Co., Guthrie, Texas who made land 
available for this study. Technical 
‘assistance in plot installation, main- 
tenance and evaluation was provided 
by R. R. Hahn, J. H. Brock and J. 
C. Halifax, Texas Agricultural Ex- 
periment Station, Lubbock and Col- 
lege Station. Portions of the applica- 
tion equipment were provided by Dr. 
R. W. Bovey, College Station. 

soil and have small but viable buds 
along their entire length (McIlvain, 
1956). The underground portion of 
sand shinnery oak may comprise 
90% or more of the total biomass 
(Pettit and Deering, 1970). 

Dense sand shinnery oak infest- 
ations severely reduce grass produc- 
tion (Fig. 1). Management of in- 
fested ranges is complicated by sand 
shinnery oak’s toxicity to livestock 
(Dollahite et al., 1966; Boughton 
and Hardy, 1936). It is poisonous 
during flowering and before forma- 
tion of new leaves (Robison and 
Fisher, 1968). 

About 0.5 lb./acre of (2,4,5-tri- 
chlorophenoxy) acetic acid (2,4,5-T) 
or Z-(2,4,5trichlorophenoxy) propi- 
onic acid (silvex) is used for sand 
shinnery oak control (Robison and 
Fisher, 1968). Applications from 
May 1 to June 1, when sand shin- 
nery oak is in full leaf and ac- 
tively growing, are most effective. 
Spraying plus grazing deferment 
increased forage production 3 to 5 
times as compared to unsprayed and 
deferred sand shinnery oak ranges 
in the Rolling Plains of Texas. 
However, two or three successive 
applications of silvex or 2,4,5-T are 
usually required to maximize grass 
production. 

Repeated sprays to maximize for- 
age production on sand shinnery 
oak ranges increase producer costs. 
Bovey et al. (1969) showed that a 
single application of 2,4,5-T and 
4-amino-3,5,6-trichloropicolinic acid 
(picloram) in combination were 
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more effective than repeated appli- 
cations of 2,4,5-T alone for control 
of live. oak (Q. virginiana Mill.). 
The objectives of this study were a) 
to evaluate the influence of several 
herbicides and herbicide combina- 
tions for control of sand shinnery 
oak, b) to define interactions of 
herbicides in combination relative 
to phytotoxicity to sand shinnery 
oak, and c) to evaluate forage pro- 
duction following various levels of 
sand shinnery oak control in the 
Rolling Plains of Texas. 

Materials and Methods 

The experimental area was lo- 
cated in the Rolling Plains of north- 
west Texas (Gould, 1962). The area 
is typified by gentle slopes of Carey 
and Woodward fine sandy loams 
interspersed with valleys of deep 
sand. The study site was a lowland, 
deep sand dominated by sand shin- 
nery oak and little bluestem (An- 
dropogon scoparius Michx.). The 
surface 6 inches was 95% sand and 
3% clay with pH of 6.7 and about 
0.2% organic matter. Significant in- 
creases in clay content were not 
obvious until 4 to 6 ft deep. 

The study site was aerially treated 
with 0.5 lb./acre 2,4,5-T in 1957 but 
was densely reinfested with sand 
shinnery oak 2 to 4 ft tall in 1969 
(Fig. 1). Sand sagebrush (Arternisia 
filifolia Torr.), small soapweed 
(Yucca glauca Nutt.) and plains 
pricklypear (Ojmntia polyacantha 
Haw.) were minor components of 
the community. During 1969, the 
study site received about 11 inches 
precipitation. Slightly over 30 
inches of rainfall were recorded in 
1970. No measurable precipitation 
occurred from January to May, 
1971. 

Studies were established on May 
19 and May 23 in 1969 and 1970, 
respectively. Sand shinnery oak was 
in full leaf when treated. Herbi- 
cides were applied to plots 17 by 
50 or 75 ft with a truck-mounted 
sprayer. All treatments were ap- 
plied in a diesel oil:water emulsion 
(1:4) at 21 gal/acre. Treatments 
were replicated 4 times in random- 
ized complete blocks in each experi- 
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ment. Phenoxy herbicides applied 
at 0.5 lb./acre included 2,4-dichloro- 
phenoxyacetic acid (2,4-D), 2,4,5-T 
and silvex. Each phenoxy herbicide 
was combined with picloram in 1:l 
ratios to yield 0.5 or 1 lb./acre total 
herbicide. Silvex or 2,4,5-T was 
combined with 3,fi-dichloro-o-anisic 

acid (dicamba) in 1:l ratios totaling 
0.5 and 1 lb./acre herbicide. 

Four workers independently esti- 
mated the percentage of total can- 
opy damage 30 days after herbicide 
application. Canopy damage in- 
cluded necrotic foliage plus degree 
of defoliation. At 1 and 2 years 

Table 1. Apparent canopy reduction (%) after 30 days and 1 year and density 
(thousands of live stems/acre) of sand sh’innery oak after 1 and 2 years where 
0.5 or 1 lb./acre of 5 herbicides were applied alone and in combination (I:1 
ratios) in northwest Texas.’ 

herbicide added 

Apparent canopy 
reduction 

NOW 
2.4-D 
2;4-D 
2.4-D 
2,4,5-T 
2,4,5-T 
2,4,5-T 
2.4.5-T 
2;4,5-T 
Silvex 
Silvex 
Silvex 
Silvex 
Silvex 
None 

NOW 
NOM 
Picloram 
Picloram 
NOIX 
Pidoram 
Picloram 
Dicamba 
Dicamba 
NOW 
Pi&ram 
Pi&ram 
Dicamba 
Dicamba 
Pi&ram 
Dicamba 

0.5 
0.5 
1 
0.5 
0.5 
1 
0.5 

days year 

0 0 
15 43 
14 42 
55 86 
90 75 
95 87 
98 97 
92 80 
95 87 
90 84 
97 91 
99 96 
84 62 
98 80 
41 36 
21 II 

Dalsity~ 

1 2 
year years 

70.4 a 89.4 a 
49.0 b 61.1 abc 
43.3 bc 78.9 ab 
22.7 cdef 30.3 bed 
48.6 b 66.4 ab 
18.G def 31.6 bed 
5.3 f 8.5 d 

32.4 bed 32.4 bed 
32.0 bed 42.1 abc 
24.7 cdef 34.0 bed 

9.4 ef 35.6 bed 
6.5 ef 13.4 cd 

42.1 bc 53.0 abc 
32.0 bed 32.4 bed 
29.5 bcde 59.5 abc 
79.1 a 77.7 ab 

after treatment, the number of live 
sand shinnery oak stems were re- 
corded in 2, meter square, quadrats 
from each plot. At the same time, 
live sand shinnery oak stems and 
new grass growth were harvested to 
leave l-inch stubble, oven-dried and 
weighed. A sand shinnery oak stem 
was considered live if any green 
tissue was present at harvest. The 
study area was grazed only during 
October and November 1970 at 26 
XX/AU. 

Herbicide interactions, based on 
reductions in density and produc- 
tion of sand shinnery oak, were 
evaluated as described by Colby 
(1967). Expected reductions (“E”) 
by the herbicide combinations were 
calculated from the equation: 

.=X+.-O VJk*e, 

X = % reduction from herbicide “A” 
at rate “p” in lb./acre, and 

Y = % reduction from herbicide “B” 
al rate “4” in lb./acre. 

Expected values were compared to 
observed control levels (x) resulting 
from application of herbicides A + 
B at p + q lb./acre. If observed 
control levels were greater than ex- 
pected levels, the combination was 
synergistic. Equality of observed 
and expected control indicated ad- 
ditivity. When observed levels were 
less than expected levels, the com- 
bination was antagonistic. Bovey 
et al. (1968) used the same basic 
method and accepted a difference 
of 20% in defoliation to assess herbi- 
cide interactions on several woody 
species. Colby (1967) indicated that 
expected and observed control could 
be compared with a chi-square test. 
In the present research, the standard 
deviations of mean values (S,) for 
each variable and evaluation .time 
were considered. A synergistic re- 
sponse was accepted only if ob- 
served control was equal to or 
greater than E + SC. When % 5 E 
- S,, an antagonism was accepted; 
and when E - S< < j: < E + S, the 
herbicides were considered additive. 

Results and Discussion 
Thirty days after application, 

most of the treatments containing 
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Table 2. Oven-dry production of live sand shinnery oak stems (tons/acre) and 
grass (lb./acre) 1 and 2 years after 0.5 or 1 lb./acre of 5 herbicides were ap- 
plied alone or in combination (1:l ratios) in northwest Texas.1 

Sand shinnery oak Grass 

Phenoxy Herbicide Application 1 2 1 2 
herbicide added rate year years year years 

None 
2,4-D 
2,4-D 
2,4-D 
2,4,5-T 
2,4,5-T 
2,4,5-T 
2,4,5-T 
2,4,5-T 
Silvex 
Silvex 
Silvex 
Silvex 
Silvex 
None 
None 

None 
None 
Picloram 
Picloram 
None 
Picloram 
Picloram 
Dicamba 
Dicamba 
None 
Picloram 
Picloram 
Dicamba 
Dicamba 
Picloram 
Dicamba 

- 
0.5 
0.5 
1 
0.5 
0.5 

0.5 
1 
0.5 
0.5 
1 
0.5 
1 
0.5 
0.5 

1.79 b 1.22 bc 190 a 150 a 
1.49 bc 1.04 bed 110 a 325 ab 
2.56 a 1.80 a 130 a 170 a 
0.70 ef 0.54 f 730 c 750 bed 
0.95 de 0.80 def 210 ab 410 b 
0.25 g 0.52 f 110 a 410 b 
0.04 g 0.16 g 1010 d 1040 d 
1.79 b 0.63 ef 200 a 470 bc 
1.25 cd 0.59 f 140 a 760 bed 
0.40 fg 0.55 f 720 c 380 ab 
1.25 cd 0.74 f 600 c 600 bc 
0.17 g 0.12 g 600 c 825 cd 
1.14 cd 0.92 cde 240 b 320 ab 
0.69 ef 0.58 f 600 c 560 bc 
1.20 cd 1.27 b 185 a 100 a 
1.83 b 0.61 ef 200 a 300 a 

1 Evaluations 1 year after treatment represents the average of two experiments. Means 
within a column followed by the same letter are not significantly different at the 5% 
level. 

silvex and 2,4,5-T damaged over 
90% of the sand shinnery oak can- 
opy (Table 1). These evaluations 
compare initial phytotoxicity of the 
herbicidal sprays. However, such 
reductions may not accurately serve 
as indices of control the season fol- 
lowing treatment. The least effec- 
tive treatments in initially reducing 
the sand shinnery oak canopy were 
2,4-D, 2,4-D plus picloram, pic- 
loram, and dicamba. In all cases 
except where 2,4-D was combined 
with picloram at 0.5 lb./acre of 
each, recovery of foliage was evi- 
dent 1 year after treatment. 

Combinations of low rates of 
2,4-D and picloram were no more 
effective in reducing sand shinnery 
oak density than 0.5 lb./acre of 
either herbicide applied alone 
(Table 1). Two years after applica- 
tion, 2,4-D, picloram, or 2,4-D plus 
picloram at 0.25 lb./acre of each 
herbicide did not significantly re- 
duce the density of sand shinnery 
oak stems as compared to the un- 
treated areas. 

Sand shinnery oak production in 
plots receiving 2,4-D or the low rate 
of 2,4-D plus picloram was not re- 
duced at either evaluation time 
(Table 2). Sand shinnerv oak nro- 

duction was reduced by picloram 
applied alone only on plots evalu- 
ated 2 years after treatment. How- 
ever, density and production of 
sand shinnery oak on plots treated 
with the combination at 0.5 lb./ 
acre of 2,4-D and picloram were 
reduced at both evaluation times 
(Tables 1 and 2). 

Observed density reduction was 
equal to expected levels with 2,4-D 
plus picloram resulting in an addi- 
tive effect (Table 3). An additive 
effect also resulted when sand shin- 

nery oak production was considered 
1 year after treatment. The com- 
bination was effective enough to be 
considered synergistic using produc- 
tion values 2 years after treatment. 
In every case, control of sand shin- 
nery oak from the combination of 
2,4-D plus picloram at 0.5 lb./acre 
total herbicide was equivalent to 
control from 0.5 lb./acre of silvex 
applied alone. 

Grass production was not in- 
creased at 1 or 2 years following the 
application of 0.5 lb./acre 2,4-D, 
picloram, or 2,4-D plus picloram as 
compared to untreated plots (Table 
2). However, grass production was 
increased 3 to 5 times by a single 
application of 2,4-D and picloram 
combined to give 1 lb./acre. 

Initial canopy damage indicated 
sand shinnery oak to be more sus- 
ceptible to 2,4,5-T than to 2,4-D 
(Table 1). However, 2,4,5-T was no 
more effective than 2,4-D in re- 
ducing sand shinnery oak density. 
High densities 1 year after treat- 
ment with 2,4,5-T were due to new 
sprouts. Sprays of 2,4,5-T evidently 
damaged aerial sand shinnery oak 
stems but were not lethal to under- 
ground organs. This released vege- 
tative buds from apical dominance 
and allowed resprouting. These ob- 
servations substantiate the need for 
retreatment with 2,4,5-T as indi- 
cated by Robison and Fisher (1968). 

Since most of the new brush 
growth was less than 6 inches tall 
2 years after treatment with 2,4,5-T, 

Table 3. Interaction of 0.25 lb./acre of 2,4-D, 2,4,5-T or silvex with 0.25 
lb./acre of dicamba or picloram in reducing density and production of live 
sand shinnery oak stems 1 and 2 years after treatment in northwest Texas.1 

Herbicide 

2,4-D 2,4,5-T Silvex 
Measurement 

and 1 2 1 2 1 2 
herbicide Year years Year years Year years 

Density 
Dicamba - - Ad Ad Ad Ad 
Picloram Ad Ad SY SY Ad Ad 

Production 
Dicamba - - An Ad An An 
Picloram Ad SY SY SY SY SY 

l “Ad” indicates additivity, “An” indicates antagonism and “Sy” indicates synergism 
with herbicide combinations. 



HERBICIDES AND SHINNERY OAK 389 

sand shinnery oak production was 
reduced by about 50% when com- 
pared to untreated plots (Table 
2). Grass production more than 
doubled 2 years after 2,4,5-T appli- 
cation. 

Combinations of 2,4,5-T and pic- 
loram were more effective in con- 
trolling sand shinnery oak than 
either herbicide applied alone 
(Tables 1 and 2). Green foliar tis- 
sues were almost eliminated by 30 
days after application of picloram 
combined with 2,4,5-T at 0.5 lb./ 
acre of each herbicide (Table 1). 
The combination was synergistic 
using either density reductions or 
reduced sand shinnery oak pro- 
duction as indices. More grass 
was produced on plots where the 
high rate of 2,4,5-T plus picloram 
was applied than from any other 
treatment. Due to dry growing 
conditions, no new grass seedlings 
were noted in any plot. All pro- 
duction increases resulted from re- 
lease of established grass clones. 

Sand shinnery oak -control from 
dicamba combined with 2,4,5-T was 
equal to control expected 2 years 
after application resulting in addi- 
tive reductions in sand shinnery oak 
density and production (Table 3). 
Additivity of this combination was 
suggested by Scifres and Hoffman 
(1972) from results with honey mes- 
quite (Prosopis glandulosa Torr. 
var. glandulosa) in Rolling Plains 
of Texas. However, grass produc- 
tion was statistically equivalent to 
plots treated with the same rates of 
2,4,5-T plus picloram. 

Silvex was more consistent than 
other herbicides applied alone for 
control of sand shinnery oak regard- 
less of experiment, evaluation time, 
or evaluation method. Grass pro- 
duction was higher a year after 
application of 0.5 lb./acre silvex 
than where other herbicides were 
applied alone (Table 2). Less sand 
shinnery oak regrowth occurred on 
silvex-treated plots 1 and 2 years 
after treatment than on plots 
treated with 2,4,5-T. 

Density reductions from silvex 
combined with picloram were simi- 
lar to those from 2,4,5-T and pic- 

loram (Table 1). The combination 
was not effective enough to be 
classed as synergistic when density 
reduction was considered (Table 3). 
However, when evaluated on the 
basis of production, observed con- 
trol from the silvex/picloram com- 
bination was higher than expected 
control. Synergistic action may oc- 
cur through the same physiological 
mechanism operative when 2,4,5-T 
and picloram is applied to live oak. 
Foliar absorption of picloram was 
augmented by 2,4,5-T (Baur et al., 
1971). Two years after treatment, 
grass production where sand shin- 
nery oak was treated with silvex/ 
picloram combinations was similar 
to that from plots treated with com- 
binations of 2,4,5-T and picloram 
(Table 2). 

Silvex combined with dicamba 
reduced densities in an additive 
fashion (Table 3) and controlled 
about the same amount of sand 
shinnery oak as did the combina- 
tion of 2,4,5-T and dicamba (Table 
1). However, observed sand shin- 
nery oak production was greater 
than expected (Table 3) and the 
combination was less effective than 
silvex alone. Interactions of di- 
camba with silvex or with 2,4,5-T 
on sand shinnery oak indicate the 
need for more research to clarify 
performance of dicamba/phenoxy 
herbicide combinations on woody 
plants. 

No treatment effectively pre- 
vented regrowth of sand shinnery 
oak. Fewer new stems were re- 
corded where silvex or silvex plus 
picloram were applied than in 
other plots. However, retreatment 
would probably be necessary within 
3 to 5 years after initial application 
of 2,4,5-T or silvex whether applied 
alone or in combination with other 
herbicides. 

Since sand shinnery oak infests 
sandy soils, total control would 
probably not be advisable. In light 
of these data, the 70% control level 
advised by Rechenthin and Smith 
(1967) would be satisfactory initially 
if grass were established to stabi- 
lize sand shinnery oak sites. Re- 
treatment schedules for mainte- 

nance of sand shinnery oak control 
would depend upon livestock man- 
agement programs devised for in- 
fes ted rangelands. 
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Salt Tolerance and Cation Interaction in Alkali 
Sacaton at Germination’ 
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Highlight 
Salt tolerance and cation interaction in alkali sacaton (Sporobolus airoides 

Torr.) was studied during the germination stage. Germination was inhibited 
at a concentration of 275 meq/liter of sodium chloride. Mannitol and other 
salts at iso-osmotic pressure restricted germination in the following decreasing 
order: MgCl,, KCl, CaCI,, NaCI, and mannitol. Inhibitory effects of mag 
nesium on germination were partially counteracted by calcium and sodium. 
Greater recovery in germination was noted by addition of calcium than sodium 
in seeds previously treated with a high concentration of magnesium chloride. 
The role of sodium and calcium in counteracting magnesium effects has been 
discussed. It is also concluded that specific effects of salts are more important 
than osmotic effects on the seed germination of this species. 

Cultivation of salt tolerant forage 
plants which can grow under nat- 
ural rainfall is profitable where 
land is highly saline and adequate 
water for leaching down the salt is 
not available (Malcolm, 1969). This 
approach is one utilization rather 
than reclamation of saline soils. 
Vast areas of land with low rainfall 
and high salinity are found through- 
out West Pakistan. Neither crops 
nor good quality grasses can grow 
on such lands. In the southern 
region of West Pakistan this prob- 
lem is more acute because of fodder 
shortage. In order to make the best 
use of such land, a search is being 
made for exotic species which can 
thrive and produce fodder under 
our local conditions. 

Alkali sacaton (Spo~obolus 
airoides Torr.) is an important. for- 
age plant of southwestern United 
States. It has a reputation of being 
highly salt tolerant (Hayward and 
Bernstein, 1958), and is particularly 
used for soil stabilization (Aldon, 
1969). The climate of southwestern 

l The research reported was financed 
in part by a grant made by the United 
States Department of Agriculture 
under PL-480. Manuscript received 
September 2, 1971. 

2 Grateful acknowledgement is accorded 
to Dr. Wesley Keller, Utah State Uni- 
versity, Logan, Utah, for providing 
the seeds and Dr. Alma M. Wilson 
of Washington State University for 
making helpful criticism of the man- 
uscript. 

United States is similar to that of 
the southern region of West Paki- 
stan. For these reasons this plant 
was included in our preliminary 
studies carried out for determining 
salt tolerance under laboratory con- 
ditions. The present report de- 
scribes the results of this study. 

Materials and Methods 
Seeds of alkali sacaton were ob- 

tained from the Crops Research 
Laboratory, Utah State University, 
Logan, Utah. Healthy seeds were 
selected for experiments and steri- 
lized with 0.1% HgC12 solution for 
one minute. These seeds were 
soaked in distilled water for 18 
hours prior to imposing treatments. 
Seeds were germinated in water cul- 
ture in a laboratory at room tem- 
perature. The temperature ranged 
between 90 F to 100 F during the 
day and 65 to 75 F during the night. 
Small polythene cups of 200 ml 
capacity were used as culture vessels. 
Polythene nets were used to support 
the seeds in the vessels. These nets 
were suspended over the treatment 
solutions in the culture vessels and 
50 seeds were placed on the nets 
in each vessel. The seeds were 
covered with watch glass to keep 
the atmosphere humid. 

The saline treatments were im- 
posed by adding various salts to 
the distilled water in increasing con- 
centration. To obtain osmotic pres- 
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sure equivalent to 1 atm 25 meq of 
NaCl and KCI, and 32 meq of CaCl, 
and MgC12 were dissolved in one 
litre of distilled water. Higher 
osmotic pressures of these solutions 
were calculated on the same basis. 
The osmotic pressure of mannitol 
was adjusted according to the’ tech- 
nique of Uhvits (1946). Germina- 
tion in distilled water served as the 
control. 

Observations were recorded by 
counting the germinated seeds. To 
begin with, germination was re- 
corded every day starting from the 
3rd to 9 th day after commencement 
of the experiment and then on 
alternate days till the conclusion of 
the experiment. A seed was con- 
sidered to be germinated when both 
roots and coleoptile had attained the 
length of 3 mm, 

Germinated seeds were discarded 
after counting. The experiments 
were continued for 12 to 16 days, 
and the treatments were replicated 
4 times. 

Results 
Effects of Various NaCl 

Concentrations 
Concentrations of NaCl used for 

imposing salinity were 25, 75, 125, 
225, 275, 325 meq/liter. Figure 1 
shows that 125 meq/liter of NaCl 
inhibited germination more than 
50%, with a greater depression at 
higher concentrations of NaCl. 
Germination of seeds continued 
at 275 meq/liter of NaCl, but vir- 
tually stopped at the highest con- 
centration of NaCl used. 

Effects of Different Salts 
NaCI, KCl, CaC12, and Mgcls at 

1 and 2 atm were compared for 
their effects on seed germination. 
Figure 2 shows that NaCl at 1 atm 
had little inhibitory effect on seed 
germination, but at 2 atm some in- 
hibition in germination was noted. 
The other salts depressed germina- 
tion even at 1 atm and the effects 
became more pronounced at 2 atm. 
The depression effect in decreasing 
order was MgC12, KCl, CaC12, and 
NaCl. 
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FIG. 1. Effects of NaCl (0 to 375 meq/liter) 
on seed germination. 

a&cdd 
FIG. 4. Interaction of MgCl (3 atm) and 

NaCl (10, 20, and 25 meq/liter) on seed 
germination. 

Comparison of Effects of Salts 
and Mannitol 

NaCl, KCl, CaC12 M&la, and 
mannitol at 3 atm were used to 
distinguish between osmotic and 
non-osmotic effects on germination. 
Mannitol at 3 atm depressed germi- 
nation only slightly but other salts 
depressed germination significantly 
at this level of salinity (Fig. 3). The 
depression of germination by the 
salts was in the same order as in 
Figure 2. 

FIG. 3. Effects of mannitol, NaCI, KCl, 
CaCl,, and MgCl, at 3 atm on seed 
germination. 

MgClz at 3 atm. For comparison, 
NaCl at 4 atm was also tested. 
MgCl, at 3 atm greatly depressed 
germination (Fig. 4). The inhibi- 
tory effects of Mg++ were partly 
neutralized by adding various con- 
centrations of NaCl. 

noted in the 4%hour pretreatment 
period. 

Discussion 

There is very scanty information 
on the salt tolerance of alkali sac- 
aton. However, Richards et al. 
(1954) have shown that this species 
grows better between 0.3% and 0.5% 
soil salinity than at higher concen- 
trations. In the present investiga- 
tion the germination of seed con- 
tinued at 275 meq/liter of NaCl, 
indicating a good salt tolerance of 
this species, at least during germi- 
nation. Salt relations of seed dur- 

Interaction of Na+, K+, and Ca++ 
with Rag++ 

NaCl, KCl, and CaClz at 20 meq/ 
liter with MgC12 at 3 atm were 
studied in order to determine if 
these salts also counteract the in- 
hibitory effects of Mg++ on germina- 
tion. The inhibitory effects of Mg++ 
were counteracted more by addi- 
tion of CaClz than NaCl; addition 
of KCl, however, had little effect 

Interaction of Na+ and Mg++ 

The interaction of NaCl and 
MgClz was studied because at iso- 
osmotic concentrations NaCl was 
much less inhibitory than MgCIB. 
NaCl at 10, 20, and 25 meq/liter 
was added to a solution containing 

a=---Hz0 
b (Fig. 5). ing germination are as important 

,---NaCl 
CB --CaCL2 

as during later growth stages. In 
d =----KC1 Recovery in Germination on Addition the present study, high concentra- 
e- ---MgC12 of Na+ and Ca++ tions of salt in the medium re- 

After pretreatment of seeds in 3 
atm MgC& for 24 or 48 hours, 20 
meq/liter of CaC12 or NaCl was 
added to the MgClz solution to 
determine the relative effectiveness 
of NaCl and CaClz in counteracting 
the inhibitory effects of MgC12. 
The percentage of recovery was 
greater in the presence of Ca++ than 
Na+ in the 24 hour pretreatment 
period (Fig. 6). A similar trend, 
though less pronounced, was also 

stricted germination. Ionic species 
differed in their inhibitory effects 
on germination. For example, there 
was greater reduction in germina- 
tion in chlorides of Mg++ and K+ 
than Na+ and Ca++ at equal osmotic 
concentrations (Fig. 2). 

Interionic influences on the 
uptake process have been studied 
in the past but their effects on 
seed germination have not been 
thoroughly investigated. With mea- 

) c c 
atn 

FIG. 2. Effects of NaCl, KCl, 
MgCl, at 1 and 2 atmospheres on seed 
germination. 
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FIG. 5. Interaction of MgCl (3 atm) and 
NaCl, KCl, and CaCl, (20 meq/liter) on 
seed germination. 

ger data in hand it is difficult to 
arrive at definite conclusions on 
the cause of reduced germination in 
MgC12. It is likely that the ionic 
balance of seeds in solution of high 
MgCl concentration was drastically 
changed. Mg++ may have a direct 
effect on seed metabolism and thus 
restrict the germination process. In 
studying the interaction of MgC12 
with other ions it was found that 
addition of Ca++ and N+ counter- 
acted the deleterious effects of Mg++. 

Effects of Na+ in counteracting 
Mg++ inhibition of germination are 
surprising but the possibility of its 
nutritive role can not be ruled 
out since its essentiality in some 
halophytes such as Atriplex 
uesicaria has been established 
(Brownell, 1965). The interaction 
of Ca++ and Mg++ is well known. 
Both are divalent and may compete 
for similar absorption sites. Greater 
recovery in germination on addi- 

v 
QL: 
0. 

a= m-----H20 

b=MgC/23atm&&ZOq/l. 
Cm-n--+N&-n 
46 -99 --+o 
. 

a z!Q! II0 
c cd 

FIG. 6. Recovery in germination on addi- 
tion of NaCl, CaCl, (20 meq/liter) after 
24 hours, and 48 hours of pretreatment 
with MgCI, (3 atm). 

be due to effects of Ca++ on seed 
membranes. Calcium is important 
in maintaining the structure of the 
protoplasm and semipermeability 
of the membranes (Fisher, 1966). 
Epstein (1961) has shown that Ca++ 
is essential for maintaining the in- 
tegrity of selective ion transport 
mechanisms. High MgC12 may re- 
place the endogenous Ca++ from 
seeds and consequently cause dis- 
organization of protoplasm and de- 
pression of germination. 

Germination in a saline environ- 
ment is affected by osmotic and 
specific ion effects (Uhvits, 1946). 
Knipe (1968) reported that germi- 
nation of alkali sacaton was se- 
verely restricted by moisture ten- 
sion greater than 1 atm. In the 

stricting germination was the spe- 
cific effect of salts; germination was 
more severely depressed in various 
salt solutions than in the iso-osmotic 
concentration of mannitol. 

The conclusion which can be 
drawn from the present study is 
that the establishment of this grass 
in the field will depend on the 
salt concentration and ionic com- 
position of the soil. Soil rich in 
Mg++ and low in Ca++ will not favor 
germination. 
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Highlight 

A method utilizing beta particle attenuation was developed for measuring 
soil erosion and deposition in a shortgrass plains ecosystem. This method used 
a sealed strontium-90 source located below ground level. Soil erosion and depo- 
sition was observed by fluctuations in detected count rates using a portable 
Geiger Mueller counting system. Initial results indicate that quantitative mea- 
surement of soil depth fluctuations in amounts considerably less than one milli- 
meter and over a period of a few weeks are possible. Data are presented from 
aD&ication of this method in six soil series under heavy, moderate, and light 
s;Amer grazing treatments. 

The impact of management prac- 
tices upon soil fluctuations is often 
suggested, but seldom measured. 
Dowel pins inserted into the ground 
have been used to measure soil 
movement in a plowed seed bed 
(Hyder and Bement, 1970), and 
“erosion stakes” were employed in 
a chaparral community to examine 
soil behavior following a fire (Samp- 
son, 1944). The use of such stakes 
may create an artificial barrier and 
thus bias soil movement data. Fur- 
thermore, soil depth changes on the 
order of one millimeter or less 
would be difficult to measure with 
accuracy. 

Woolridge ( 1965) has successfully 
used the radioactive isotope, iron- 
59, to measure soil particle move- 
ment. Broad coverage of the use of 
radioactive tracers in erosion re- 
search is given in an article by 
McHenry (1968) in which it is 
stated that measurement of total 
volume of eroding soil is difficult 
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applying polynomial regression tech- 
niques, and the review of this manu- 
script by Drs. N. R. French and R. 
L. Watters is gratefully acknowledged. 
This project was financed by National 
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Structure and Function of Grassland 
Ecosystems.” Received August 31, 
1971. 

2 Present position and address is Junior 
Radiation Biologist, Department of 
Radiology & Radiation Biology, Colo- 
rado State University, Fort Collins, 
Colorado 8052 1. 

to evaluate, and that as a result, 
erosion data obtained with tracers 
is often more qualitative than quan- 
ti tative. 

In order to measure soil depth 
fluctuations quantitatively in a re- 
latively undisturbed shortgrass 
plains ecosystem, a method in- 
volving strontium-90 beta particle 
attenuation was developed and ap- 
plied on the U.S. International Bio- 
logical Program Grassland Biome 
Site at the Central Plains Experi- 
mental Range near Nunn, Colorado 
(Pawnee Site). 

Methods and Materials 

The basic principle of this 
method involves measurement of 
beta particles which penetrate the 
soil above a buried radioactive 
source. As soil or litter, measured 
in milligrams per square centimeter, 
is deposited over the source, a de- 
creased count rate is measured 
using a portable Geiger-Mueller 
(GM) survey instrument. Removal 
of material results in an increased 
count rate. 

Beta particles travel tortuous 
paths through matter as a result of 
multiple interactions with electrons 
in which energy is lost. The range 
of a beta particle of a given energy 
depends upon the number of elec- 
trons which it encounters in passing 
through absorbing materials. The 
effectiveness of a material in ab- 
sorbing beta particles depends upon 
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the number of electrons per unit 
mass of material: the ratio of the 
atomic number (Z) to the atomic 
mass (A). In general, the ratio of 
Z to A is nearly the same for all ele- 
ments except hydrogen. The ratio, 
in general, decreases slightly as A 
increases. Range of beta particles 
in a material is generally expressed 
in grams or milligrams per square 
centimeter, (density multiplied by 
thickness). When range is expressed 
in this manner, beta particle ab- 
sorbance is moderately independent 
of absorbing material. Further dis- 
cussion of beta particle attenuation 
is given in Lapp and Andrews 
(1964). 

Strontium-90 was selected as the 
radioactive source for this study 
because it decays to yttrium-90 
which emits a 2.27 MeV beta parti- 
cle. A particle of this energy en- 
ables detection of reasonable dif- 
ferences in soil fluctuations. For 
example, a 45% change in count 
rate corresponds approximately to 
a 1 mm change in soil depth for a 
9%r-goY source. The 30 year half 
life of strontium-90 allows continu- 
ation of investigation over a con- 
siderable period of time without 
need to replace the source. When 
working with any radioactive ma- 
terial such as strontium-90 one must 
recognize that a potential health 
hazard exists and precautionary 
measures need to be taken. State 
and federal regulations concerning 
use of radioactive materials should 
be consulted prior to any investiga- 
tion utilizing such materials. 

An absorption curve was obtained 
in the laboratory for a typical stron- 
tium-90 source using machined alu- 
minum absorbers (Fig. 1). Similar 
data were obtained using soil and 
litter as absorber media (Fig. 2). 
Similar absorption characteristics 
for these materials were expected 
because, as has already been pointed 
out, beta particle attenuation is 
proportional to the atomic number 
divided by the atomic weight which 
is nearly constant for all elements. 
Also, when absorber thickness is 
expressed in milligrams per square 
centimeter, attenuation is nearly 
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independent of absorbing media. 
Primary elements comprising soil 
are aluminum and silicon with 
atomic numbers of 13 and 14, re- 
spectively. Utilizing the data pre- 
sented by Lyons et al. (1952), for 
relative elemental constituents of 
soil, and applying Mayneord’s for- 
mula for effective 2 (Johns, 1964 
p, 206), an approximation of 12 was 
obtained for the effective 2 of soil. 
Using an average bulk density value 
of 1.21 (Galbraith, 1969) for Pawnee 
Site soils, 80 mg/cm2 corresponds 
approximately to 1 mm of soil 
depth. 

Application of polynomial regres- 
sion techniques to the data for Fig. 
1, resulted in the following regres- 

sufficiently to prevent any leaching 
of the isotope into surrounding soil. 

sion equation with an r2 of 0.9983, 
N = 20: 

Y = - 24946.26 + 32918.87X - 
15574x2 + 3226.01X3 - 249.32x4 

Where: 
X = log of net counts per minute 

obtained from field data 
Y = thickness of absorbing media in 

mg/cm~; (an x mg/cn+) 

This equation was used to relate 
count rate data from the field to 
the quantity of soil above each 
source. Obviously, the equation 
should not be construed as a math- 
ematical explanation for beta par- 
ticle absorption processes or soil 
erosion relationships. 

Field application of the beta par- 
ticle method is illustrated in Figure 
3. A 0.5 microcurie aliquot of 
strontium-90 in a small drop of 
0.125 N hydrochloric acid solution 
was placed in a notch filed in a 15 
cm ring-shank nail. The acid solu- 
tion reacted with the nail at the 
point of application and helped to 
fix the isotope in the notch. The 
isotope was dried under a heat 
lamp and was then sealed in place 
with clear Krylon (commercial 
name, Krylon, Inc.) and spray en- 
amel. It was verified experimentally 
that this process sealed the source 

The head hf the source nail was 
removed to eliminate any artificial 
wind barrier it might have caused. 

In the field, the radioactively 
tagged nail was inserted into the 
soil at a 35 degree angle such that 
the notch bearing the isotope was 
a few millimeters below the surface 
and centered in a triangle formed by 
the plot markers (Fig. 3). Source 
depth was established by inserting 
the nail until the observed count 
rate was in the mid-portion of the 
calibration curve (Fig. 1). Place- 
ment of the source in this manner 
allowed quantitative measurement 
of both removal and deposition of 
soil and litter up to 300 mg/cn?. 
When soil or litter accumulated, or 
was removed to the extent that the 
count rate exceeded the limits of 
the regression equation (1000 to 
7000 cpm), the source was reset to 
well-within the bounds of the equa- 
tion. The source nail protrudes 
above ground 5 to 8 mm presenting 
only a slight wind barrier as com- 
pared to microterrain and vegeta- 
tional variations. 

When reading plots, any standing 
vegetation between the source and 
the detector window was clipped, 
but all litter was left in place. This 
procedure was followed to remove 
any absorbance of beta particles by 
materials not directly subject to 
agents of erosion. Initial fluctua- 
tions in count rates observed shortly 
after establishing plots or resetting 
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Table 1. Typical counting and soil movement data from sield transects. 

March 20, 1971 June 11, 1971 
Change 

Plot No. CPM” mg/cm” CPM mg/cm2 mg/cm2 

166 2221 430.6 2469 416.4 - 14.2 
167 2190 432.5 1302 506.9 + 74.4 
168 2269 427.8 1767 462.3 + 34.5 
169 1912 451.3 1593 477.2 + 25.9 
170 2092 438.8 1900 452.1 + 13.3 
171 1859 455.2 2403 420.0 - 35.2 
172 3103 386.0 1538 482.3 + 96.3 
173 1964 447.5 2049 441.7 - 5.8 
174 1558 480.4 1515 484.6 + 4.2 
175 1364 500.1 960 553.4 + 53.3 
176 3380 374.7 1310 506.1 +131.4 
177 4489 335.3 7325 251.2 -120.1 
178 2450 417.4 2180 433.2 + 15.8 
179 2288 426.6 2371 421.8 - 4.8 
180 2329 424.2 1297 507.6 + 83.4 

* CPM stands for corrected counts per minute. 

from field data were converted to 
net counts per minute with correc- 
tion for natural background radi- 
ation, physical decay, and counter 
efficiency. Corrected counts were 
applied in the regression equation 
to obtain milligrams per square 
centimeter of soil over the point 
source at the time of counting. 
Soil depth fluctuations were deter- 
mined from the differences be- 
tween successive readings. Table 1 
illustrates typical plot data. 

To field test the beta particle 
attenuation method and obtain soil 
movement data, 265 plots were es- 
tablished at the Pawnee Site during 
the fall season of 1970 in light, 
moderate, and heavy summer-grazed 
pastures. Plots were located in spe- 
cific soil types along predetermined 
transects 200 to 800 meters in 
length, established for their simi- 
larity in slope, aspect, and adjacent 
soil series. Other transects were 
located on the basis of special in- 
terest such as varied soil series, 
opposite facing slopes, and topo- 
graphic sinks. Individual plots were 
established on transects by pacing 
a distance equal to the transect 
length divided by the number of 
plots for that transect. Character- 
istics of the soils examined are given 
in Table 2. The specific location of 
each plot was determined without 
bias, except that patches of plains 
pricklypear (Ofmntia polyacantha) 
were purposely avoided. Plant com- 
munity structure and soil associa- 
tions for this area have been pre- 
viously reported (Hyder et al., 1966). 

source nails were believed to have 
been caused by minor disturbance 
of the soil by the investigator. 
Therefore, we allowed a period of 
about two weeks for the plots to 
come to a state of “homeostasis” 
with their environment before ac- 
tual data collection was begun. 

Three 26 cm ring-shank bridge 
spikes driven approximately 21 cm 
into the ground were used as refer- 
ence markers for each plot. The 5 
cm portions of the spikes protruding 
above the soil surface served as 
legs for a portable tripod that 
contained the GM probe used in 
counting (Fig. 4). Markers were 
placed so as to leave an open area 
in the direction of prevailing north- 
westerly winds. Source nails were 
placed normal to the prevailing 

winds. This procedure reduced any 
wind shadow effect that might be 
caused by the markers and source 
nails. 

Counting was done with a Lud- 
lum Model 44-7 end-window GM 
probe attached to a portable Lud- 
lum Model 20-A scaler. The probe, 
encased in an open-ended tube on 
a tripod, was placed over the radio- 
active source with arms resting 
on the plot markers (Fig. 4). The 
source-to-probe-window distance 
was approximately 5 cm and was 
constant for repeated measurements. 
Three-minute counts were taken at 
each plot, and every two hours a 
standard strontium-90 source and 
background were counted to assure 
reproducibility and reliability of 
the counting system. Gross counts 

Table 2. Characteristics of soils examined.* 

Soil 
series Parent material y0 Gravel y0 Sand y0 Silt y0 Clay 

Ascalon Granitic fluvial outwash 
Vona Coarse outwash, Pierre 

sandstone 
Shingle Shale and siltstone from 

Pierre sedimentary ma- 
terial 

Renohill Shale and siltstone from 
Pierre sedimentary ma- 
terial 

Undifferentiated alluvial 

2.4 64.2 19.2 16.6 

- 74.0 12.8 13.2 

- 53.1 21.3 25.5 

2.4 68.6 16.4 15.0 
- 52.1 22.1 25.8 

* Data from Franklin (1969). 

Results and Discussion 
Data gathered from field plots 

over a 10 month period are sum- 
marized in Tables 3 and 4. Pas- 
ture, season, and total means are 
listed to indicate preliminary trend. 
To make valid comparisons among 
these averages each soil series mean 
should be weighted according to its 
relative contribution to the total 
soil surface area within each pas- 
ture. Continued investigation to 
define soil movement and the fac- 
tors influencing the movement will 
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be the subject of future research 
and reports. 

The large standard error for the 
means in Tables 3 and 4, and the 
data in Table 1, illustrate the 
large variation found along tran- 
sects. Such variation appears real 
and not due to poor precision of 
measurements. The standard devia- 
tion (a) due to counting for the 
difference between two successive 
counts was calculated by the fol- 
lowing relationship: 

u- - 

Where: 
R s+b = initial count rate of the sam- 

ple plus background (counts/ 
min) 

R, = initial count rate of the back- 
ground (counts/min) 

R” *+b = final count rate of the sam- 
ple plus background (counts/ 
min) 

R” b = final count rate of the back- 
ground (counts/min) 

t = duration of a particular count 
(min) 

This relationship is similar to that 
presented in Lapp and Andrews 
(1964) as it sums the counting vari- 
ances associated with each of the 
four separate measurements needed 
to determine a change in sample 
count rate. By dividing the count- 
ing variation (a) by the net differ- 
ence between the successive count 
rates, an estimate of counting error 
of 12% with a standard error of 4% 
was obtained. This error can easily 
be reduced by increasing the count- 
ing time. This may be justified 
where differences between readings 
are small. Evaluation of other 
sources of error in the field is being 
conducted at the present time, but 
initial results indicate these errors 
to be relatively small. It becomes 

Table 3. Summary of soil movement data for four soil series and three summer grazing treatments. 

obvious when examining data and 
field plots that a high degree of 
micro-environmental variation be- 
tween plots greatly influences soil 
movement data. Variability in soil 
erosion has been previously recog- 
nized and eleven factors influencing 
it have been presented (Woodruff 
and Siddoway, 1965). 

Net soil loss for all pastures dur- 
ing the winter period is indicated 
by the data in Table 3. Examina- 
tion of climatic data for the Pawnee 
Site indicates that during the winter 
a greater frequency of high velocity, 
gusty winds occur, and that pre- 
cipitation is low (less than 0.12 cm/ 
week). Such winds coupled with 
dry soil surface conditions and min- 
imal vegetative cover produce high 
rates of erosion. As pointed out by 
Chepil et al. (1962) wind erosion of 
soil is directly proportional to the 
cube of the wind velocity and in- 

Grazing treatment 
and soil 

Fall (Sept.-Nov.) Winter (Nov.-Mar.) Spring (Mar.-June) 
Pasture 

AM St N AM St N AM Sf N mean AM 

Heavily grazed 
Ascalon 
Vona 
Shingle-Renohill 
Undifferentiated 
Seasonal mean 

Moderately grazed* 
Ascalon 
Vona 
Shingle-Renohill 
Undifferentiated 
Seasonal mean 

Lightly grazed 
Ascalon 
Vona 
Shingle-Renohill 
Undifferentiated 
Seasonal mean 

Combined pastures 
Ascalon 
Vona 
Shingle-Renohill 
Undifferentiated 

Total 

+144 
+11s 
+ 3 
-190 

+ 18 

+ 88 
+143 
+152 
+221 
+151 

109 
85 

114 
185 

108 
86 
75 
59 

13 -104 
15 -189 
14 - 99 
14 - 89 

-123 

- 88 
-130 
-121 
- 8 
- 87 

15 -192 
13 - 79 
15 -144 
14 -144 

-140 

46 13 
30 13 
43 10 
37 9 

45 14 
42 14 
34 15 
19 15 

38 14 
80 13 
45 14 
35 10 

+ 80 
+ 70 
- 33 
- 59 

+ I4 

+254 
+ 96 
+ 38 
+ 85 
+llS 

+284 
+ 6 
+ 57 
+ 42 
+ 97 

75 10 
58 11 

110 7 
80 8 

104 
109 

79 
57 

13 
10 
13 
15 

89 
114 
93 
69 

12 
9 

14 
8 

+36 

-30 

+I6 

+58 
+4 
-18 
-18 

+7 

AM= mean soil movement in g/ma/month. 
* = Winter data for this pasture extends from September through March. 
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Summary of soil movement data for slopes, sinks, shingle, and renohill 

Grazing treatment 
and location 

Fall (Sept.-Nov.) Winter (Nov.-Mar.) Spring (Mar.-June) 

AM SZ N AM Sji. N AM N 

Heavily grazed 
Ascalon Northeast 

Slope +12 21 5 -86 37 4 +104 
Ascalon Southwest 

Slope +65 34 4 -31 33 4 +105 
Sinks +28 15 8 -70 34 6 + 75 
Lynn Lake -91 526 --- - 

Moderately grazed* 
Renohill -38 23 15 + 40 
Shingle -23 33 12 + 43 
Shingle Southeast 

Slope -44 49 7 + 76 
Shingle Northwest 

Slope +6 44 5 +9 

45 4 

75 3 
47 5 
- - 

27 12 
18 10 

25 5 

17 5 

A M = mean soil movement in g/ma/month. 
* Winter data for this pasture extends from September through March. 

versely proportional to the square 
of the effective soil water content. 

Franklin (1969) speculated that 
the Shingle-Renohill soils occupying 
the steeper slopes at the Pawnee 
Site were relatively unstable. This 
speculation is supported by the net 
loss shown in our data for this soil 
series. The loss of material from 
the undifferentiated alluvial soil is 
primarily from the transect in the 
heavily grazed pasture. This tran- 
sect is located in an area near cattle 
watering and handling facilities and 
a large amount of physical distur- 
bance as well as extreme grazing 
occurs there. 

To examine opposing slopes, two 
transects were established, one each, 
on the Shingle soil series in the 
moderately grazed pasture and on 
the Ascalon soil series in the heavily 
grazed pasture. Resulting data 
(Table 4) indicate that the south- 
west facing Ascalon slope accumu- 
lates more soil in the fall and loses 
less in the winter than does the 
northeast slope. Little difference 
exists between data from these 
slopes during the spring. The op- 
posing Shingle slopes illustrate the 
same general pattern of greater total 
accumulation on the southerly ex- 
posure. However, the accumula- 
tion on the northwest Shingle soil 
slope during winter contrasts with 

observations from the Ascalon inves- 
tigation. Prevailing winter winds 
from the northwest possibly account 
for these observations. Prevailing 
southwest summer winds may re- 
verse winter erosional patterns. The 
possibility also exists that neither 
slope will exhibit any significant 
difference in soil erosional behavior 
and that only the tops of the knolls 
will continually lose soil. This 
possibility has been pointed out by 
Chepil et al. (1964). 

The sinks examined in this study 
were covered with a dense mat of 
buffalo grass (Buchloe dactyloides) 
and were accumulating soil (except 
in winter), while a dry lake (Lynn 
Lake), characterized by erosion 
pavement in its basin, appears to 
be eroding. However, observations 
on the lake are tenuous because no 
data were collected during the win- 
ter or spring when freezing and 
thawing of the high clay soil caused 
surface cracks and exposed many of 
the source nails. 

Minor problems have arisen in 
in field application of the beta 
particle attenuation method for 
measuring soil fluctuations. Distur- 
bance of plots by man, livestock, 
and antelope has been observed, 
but for the duration of this study, 
less than two percent of the plots 
were altered. Frost heaving of nails 

has been suggested as a potential 
problem, but field observation has 
revealed no such phenomenon. One 
plot, established with the source 
exposed to evaluate alterations in 
count rate from factors other than 
erosion and deposition of mate- 
rial, yielded consistent count rates 
throughout the study period. 

Soils high in clay have been ob- 
served to crack open with freezing 
and thawing, often exposing nails. 
These soils generally have a high 
water holding capacity and are thus 
more susceptible to frost action. 
This problem has occurred with 
much less frequency in soils with 
a lower clay content. Low soil 
water content in the winter greatly 
reduced problems arising from 
freezing. 

Moisture in the surface soil pre- 
sented a problem in collection of 
field data. Laboratory studies in- 
dicated that when gravimetric soil 
water was greater than two percent, 
count data were altered. At each 
counting period, soil samples were 
taken and water content was deter- 
mined. Attempts were made to cor- 
rect for soil water content, but due 
to non-uniform distribution of mois- 
ture throughout the transect, this 
was not feasible. Counting was 
therefore restricted to periods when 
water content of the surface soil 
was less than two percent. 

Conclusions 

Initial investigations indicate that 
sensitive, quantitative measurement 
of soil movement in a shortgrass 
plains ecosystem over short periods 
of time may be made utilizing the 
beta particle attenuation method. 
However, the attenuation method is 
sensitive to soil water content, re- 
stricting data collection to periods 
when surface soil water content is 
less than two percent. Frost heaving 
of nails is recognized as a potential 
problem, but thus far it has not 
been observed. 
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Highlight 
Floristic and soil factors on 60 sites in the shadscale and 

sagebrush zone in Hot Creek Valley, Nevada were sampled 
to derive one or more equations for estimating production 
on those sites. The factors were analyzed by an all possible 
correlation followed by stepwise regression with production 
as the dependent variable. Many of the factors correlated 
significantly with production, but widths of growth rings 
of shrubs accounted for most of the variation in production. 
Thus, ring widths of big sagebrush, bud sagebrush, shad- 
scale, common winterfat, and spiny hopsage were used to 
derive regression equations to estimate forage production. 
Big sagebrush and shadscale ring widths varied exponen- 
tially with production, while a linear relationship expressed 
the regression of production on ring widths for the other 
shrubs. The linear regression probably represents only a 
portion of the complete curve. The methods of collection 
and analysis of shrub rings to derive production estimation 
equations could probably be extended to other areas within 
the Great Basin. 

Forage productivity, with reservations due to 
varying stages of plant succession, has been used 
extensively as an index of site quality. Productivity 
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is a function of at least climate, vegetation, soil, 
time, and biota. We need to relate production, as 
the dependent variable, to site characteristics in 
developing production estimation equations. 

Carmean (1954) determined the effects of soil, 
climate, and topography on the growth of Douglas- 
fir [Pseudotsuga Menziesii (Mirb.) France] in south- 
western Washington. He linked site quality with 
specific site factors, and developed prediction equa- 
tions of the general form, 

Y = f (X, x2 . . . X,) 

which expressed tree height in terms of tree age 
and associated environmental conditions. Carmean 
found that site quality for Douglas-fir increased 
with an increase in depth to substratum, decreased 
with an increase in percent of gravel in the soil 
profile, and decreased as soil compaction increased. 

Hulett et al. (1969) found that total forage pro- 
duction and total basal area on clay upland range 
sites in western Kansas increased as the combined 
depth of the A and B horizon increased. Doolittle 
(1957) noted that depth of the A horizon accounted 
for 91% of the variation in the site index of scarlet 
and black oak in the southern Appalachians. 

Soil texture, like depth, has been a useful index 
to productivity. Medin (1960) found that the 
production of mountainmahogany (Cercocarpus 
montanus Raf.) varied directly with the clay con- 
tent of the A horizon and soil depth. 

In the last few years, a great deal of work in the 
western United States has been completed relating 
production and precipitation. One of the most 
complete studies relating precipitation to yield was 
done by Sneva and Hyder (1962) in eastern Oregon. 
They found that in a single growing season herbage 
production depended largely upon the amount of 
precipitation received immediately before and dur- 
ing the growing season. Yield indices were plotted 
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is a function of at least climate, vegetation, soil, 
time, and biota. We need to relate production, as 
the dependent variable, to site characteristics in 
developing production estimation equations. 

Carmean (1954) determined the effects of soil, 
climate, and topography on the growth of Douglas- 
fir [Pseudotsuga Menziesii (Mirb.) France] in south- 
western Washington. He linked site quality with 
specific site factors, and developed prediction equa- 
tions of the general form, 

Y = f (X, x2 . . . X,) 

which expressed tree height in terms of tree age 
and associated environmental conditions. Carmean 
found that site quality for Douglas-fir increased 
with an increase in depth to substratum, decreased 
with an increase in percent of gravel in the soil 
profile, and decreased as soil compaction increased. 

Hulett et al. (1969) found that total forage pro- 
duction and total basal area on clay upland range 
sites in western Kansas increased as the combined 
depth of the A and B horizon increased. Doolittle 
(1957) noted that depth of the A horizon accounted 
for 91% of the variation in the site index of scarlet 
and black oak in the southern Appalachians. 

Soil texture, like depth, has been a useful index 
to productivity. Medin (1960) found that the 
production of mountainmahogany (Cercocarpus 
montanus Raf.) varied directly with the clay con- 
tent of the A horizon and soil depth. 

In the last few years, a great deal of work in the 
western United States has been completed relating 
production and precipitation. One of the most 
complete studies relating precipitation to yield was 
done by Sneva and Hyder (1962) in eastern Oregon. 
They found that in a single growing season herbage 
production depended largely upon the amount of 
precipitation received immediately before and dur- 
ing the growing season. Yield indices were plotted 
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over respective precipitation indices and fitted by 
linear regression. Blaisdell (1958) observed a sim- 
ilar correlation between precipitation and subse- 
quent herbage yield along the upper Snake River. 
In western Kansas, forage production on clay up- 
land range sites was related to seasonal precipita- 
tion, with May and June precipitation the most 
influential determinant of total forage production 
(Hulett et al. 1969). 

Floristic qualities by themselves have not been, 
until quite recently in the United States, related to 
site production. Kinsinger and Strickler (1961) in 
Nevada noted significant correlations between the 
production and ground cover of winterfat [Eurotia 
Zanata (Pursh) Moq.]. Crown diameters of Utah 
juniper [Juniperous utahensis (Engelm) Lemm.] 
were used successfully by Mason and Hutchings 
(1967) to estimate the total foliage production of 
juniper. Goebel et al. (1958) observed a definite 
correlation between plant cover estimate and herb- 
age production in shadscale [A triplex confertifoka 
(Torr. & Frem.) Wats.] and winterfat when these 
plants occurred in pure stands. Tower (1970) 
found significant correlations between the cover, 
density, and production in Nevada of antelope bit- 
terbrush [Purshia tridentata (Pursh) DC.]. 

McGinnies (1967) reported good correlations be- 
tween herbage production and radial increment of 
growth rings. He compared production of crested 
wheatgrass plantings with the annual growth incre- 
ments of trees and shrubs surrounding the seedings. 

DieHert (1938) in his description of the stem 
structure of big sagebrush (Artemisia tridentata 
Nutt.) describes the growth rings as annual rings. 
Ferguson (1964) found that the width of annual 
rings of big sagebrush were strongly correlated to 
winter precipitation in Arizona. 

Experimental Area and Procedures 
The Hot Creek study area is located within the Great 

Basin Section of the Basin and Range Province described by 
Hunt (1967). The study area is at the base of Morey Peak, 
about 70 miles northeast of Tonopah, and within the Atomic 
Energy Commission’s Central Nevada Supplement Test Site. 

The elevation of the area varies from 5,440 feet to 6,500 
feet with an average elevation of 5,705 feet. The past an- 
nual ZO-year average precipitation for the Rattlesnake High- 
way station (elev. 5,910 feet) is 5.84 inches and the average 
temperature is 51 F. 

The plant associations were defined on the basis of domi- 
nant shrubs in the overstory and dominant grasses or forbs 
in the understory. Once the plant associations were defined 
and delineated, a macroplot procedure was used to collect 
vegetation and ground cover information excluding produc- 
tion. Each plot was selected on the basis of uniformity, not 
only in regard to floristic composition, but also with regard 
to soil and relief. Vegetation data were collected from four 
to fourteen 15 x 30 m macroplots within each plant asso- 
ciation. Ten, 15 m transects were located perpendicular to 
the 30 m baseline and up slope where the slope could be de- 

termined visually. Frequency, vegetative cover, and ground 
cover characteristics were determined along the 15 m tran- 
sects. Frequency percentages were determined as rooted 
presence in 100 microplots per macroplot. Cover, as used 
here, is the basal area of the forbs and grasses plus the shrub 
crown cover, The ground cover was classified into one of 
the following categories: (1) plant basal area, (2) litter, (3) 
bare soil, (4) gravel (2 mm to 7 cm), and (5) stone (greater 
than 7 cm diameter). 

Productivity of grasses, forbs, and shrubs was determined 
from clippings on twenty 9.6 fta plots located along a line 
through the center of each macroplot. Grasses and forbs 
were clipped at ground level. Only the current year’s growth 
of the shrubs was removed. Clipping was completed each 
of 2 years after all of the major plant species had completed 
growth. This occurred during late August the first year and 
the first of September the second year. The plant material 
was oven-dried and weighed to the nearest gram. These 
weights were then converted to pounds per acre. 

Within each macroplot a soil pit was dug to at least a 
48-inch depth or until a duripan or bedrock was encountered. 
Soil characteristics such as pH, depth of horizon, color, and 
position on slope were coded so that differences in each 
property could be expressed quantitatively and used to de- 
termine their relationship to plant production on each 
macroplot. A soil sample was obtained from each soil horizon 
and particle size distribution was determined using a hydrom- 
eter method (Bouyoucos, 1936). The available water-hold- 
ing capacity was estimated from soil texture and depth of 
soil (Anon., 1968). Elevation, slope, microrelief, location on 
the slope and aspect were recorded for each macroplot. 

Stems of each shrub species were collected and ring widths 
from ten shrubs of each species were measured for every 
macroplot. Shrub rings measured were those from shrubs 
that had 25 to 35 growth rings. After sanding and polishing 
the cross sections, ring widths were measured to the nearest 
0.01 mm with a Craighead-Douglas dendrochronograph. Ring 
widths were measured along two radii on each cross-section 
and averaged for each year. Shrub cross-sections were col- 
lected again the second year when the macroplots were 
clipped for production. 

All growth rings were compared with the known annual 
rings of big sagebrush to determine if any correlation ex- 
isted. A close correlation might suggest that the rings from 
species other than big sagebrush were annual rings. 

Results and Discussion 
To determine the effect of all of the factors on 

the production within 50 macroplots, each of 60 
soil and floristic factors were correlated with all of 
the remaining factors for all macroplots (Table 1). 
Using a step-wise regression program (Dixon, 1970), 
those variables with the highest partial correlation 
coefficients with production were combined to 
create a multiple regression equation having the 
least possible standard error. Even though some of 
the simple coefficients were highly significant, the 
most significant accounted for only 16% of the vari- 
ation in the annual forage production. The stan- 
dard error of the resulting equation was 25% of the 
mean and too large to estimate forage production. 

The shrub rings would be expected to corre- 
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Table 1. Correlation coefficients of floristic and soil fac- 
tors in Hot Creek Valley which in 1969 were significantly 
correlated with forage production. 

Factor r1 Factor r 

Aspect .379 

Percent cover .256 

Number of species 
in macroplot .438 

Ten year average 
ring width .233 

1969 ring width .489 

Available water- 
holding capacity 
A & B horizons .412 

Clay B-horizon .216 

Percent gravel 
A Pe B horizons -.271 

Avail. water-holding 
capacity in the effec- 
tive rooting depth 

Effective rooting depth 

Strength Structure ‘B’ 

Silt & clay in the B 
horizon 

Depth B x texture 

Total depth A & B x 
texture 

Depth to effervescence 

Percent basal area 

-.387 

.340 

-.554 

.235 

.390 

.425 

.218 

.430 

1 Significance of the correlation coefficients. 
r = .211 P < .l 
r = .250 P < .05 
r = .324 P < .Ol 

late poorly because spiny hopsage [Gruyia spinosa 
(Hook.) Moq.], big sagebrush, bud sagebrush 
(Artemisia spinescens D.C. Eat.), and shadscale are 
grouped together as one variable. This grouping 
was necessary because none of the shrubs are found 
on all of the macroplots. Big sagebrush, which is 
the most widely distributed shrub, is located on 
only one-third of the macroplots. 

There was no correlation between ring widths 
of big sagebrush and those species belonging to the 

Chenopodiaceae. Evidence suggests that these spe- 
cies may not produce annual rings (Eames and 
MacDaniels, 1925; Plummer”). The ring widths on 
the cheopods were complacent. Ring width differ- 
ences within a site normally varied no more than 
20 percent. However, from site to site there was 
as much as 600% difference. Thus, we feel that 
even though the ring widths may not necessarily 
be annual increments, they definitely reflect site 
differences. 

To reduce the variance, the macroplots were 
grouped into five plant associations (Table 2) and 
analyzed with an all-possible correlation analysis 
followed by the step-wise regression. Shrub rings 
accounted for an average of 90% of the reduction 
in the standard error. Therefore, the estimation 
equations could be greatly simplified, without re- 
ducing their precision significantly, if ring widths 
only were used as the independent variable. Then 
simple linear and curvilinear regressions were cal- 
culated with production as the dependent variable. 

The relationship between production and width 
of big sagebrush and shadscale growth rings appear 
to be exponential. The highest correlation coeffi- 
cient was obtained by relating the logarithms of 
both production and ring width (Fig. 1). The 
confidence belt shown is for the mean and not 
for individual ring width observations. Figure 2 
illustrates examples of shrub rings used in esti- 
mating production. 

In contrast, linear equations adequately describe 
the relation between yield and ring widths of win- 
terfat, spiny hopsage, and bud sagebrush. This 

4 Personal communications with A. Perry Plummer, 1971. 

Table 2. Production estimation equations for Hot Creek Valley with ring widths of shrubs as the independent variables. 

Significance 
Shrubs Location Equation r and r” level 

Winterfat All plant associations where 
found1 

Shadscale Atco Hija plant associations 

Bud sagebrush Atco Hija plant associations Y = 756.43 + 39.33X, 

Spiny hopsage All plant associations where 
found1 

Big sagebrush Artr Hija plant associations 

Big sagebrush Artr Grsp Orhy associations 

Y = 1620X, - 129.22 

Log Y = Log(X,)1.454 + 3.45 
Y = 2795x1.454 

Y = 1328.69 - 76.41X, 

Log Y = Log(X,)1.5196 + 2.15 
Y = 346X11=96 

Log Y = Log(X,)1.55 + 2.55 
Y = 354x11.55 

r = .939 
r2 = .882 

.OOl level 

r = .933 
rz = . 870 

.OOl level 

r = .615 
r- o = .378 

.Ol level 

r = .832 
r-2 = . 693 

.OOl level 

r = .823 
r-3 = . 678 

r = .972 
r2 = .945 

.OOl level 

.OOl level 

l Five plant associations were defined in this study: 
used are: Atco = shadscale, Hija = 

Atco Hija, Artr Hija, Artr Grsp Orhy, Chvi Hija, and Eula Atco Hagl. Symbols 

grass (Oryzo~sis hymenoides), Chvi 
galleta (Hilaria jamesii), Artr = big sagebrush, Grsp = spiny hopsage, Orhy = Indian rice- 

(Halogeton glomeratus). 
= yellowbrush (Chrysothamnus ~iscidiflorus), Eula = winterfat, and Hag1 = Halogeton 
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regression probably represents only a linear portion 
of the complete curve (Fig. 1). 

The method used to derive estimation equations 
could possibly be extended to other plant associa- 

tions in the Intermountain Region. To eliminate 
the problem caused by younger plants with larger 
rings, individual ring widths should be standardized 
by dividing each ring width by the average ring 
width of that particular plant. The widths then 
would be expressed as a percentage of the average 
width. Production of a site should then be ex- 
pressed as a percentage of the site’s average annual 
production. This method of converting production 
was done by Sneva and Hyder (1962) and the con- 
verted values are referred to as yield indices. Yield 
indices for range sites from whuzh the shrubs were 
collected are then plotted against the standardized 
ring widths. The sampling could be continued 
until the standard error is reduced to the satisfac- 
tion of the resource manager. On big sagebrush 
sites approximately 50 ring widths were needed to 
reduce the standard error to 10% of the average 
production. Once a sufficient number of sites have 
been sampled, a single regression equation may 
be computed to obtain a production estimation 
equation for that particular shrub and within the 
area sampled. This would be meaningful only for 
plants such as big sagebrush that have sensitive ring 
widths. 

Ring widths on species such as big sagebrush 
that represent annual growth increments appear to 
relect annual fluctuations in production. Ring 
widths for those chenopod species such as winterfat 
and shadscale may not always represent annual 
growth increments but they do reflect the produc- 
tivity of each site. These ring widths can be used 
to determine average annual productivity. 
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The past average estimated production for a site 
with big sagebrush or other species with sensitive 
growth ring series could be determined as far back 
in time as there are annual rings of the sample 
shrub. This offers an excellent opportunity for ob- 
taining 5, 10, or 15 year average production for a 
particular site. For a shrub to be useful in esti- 
mating yield, unless it occurs as a pure stand, its 
period of growth must coincide with those species 
that contribute to all or most of the production 
within the association. 
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THESIS: UNIVERSITY OF WYOMING 

Size, Density, Growth Rate and Age of Rocky Mountain Juniper and Interrelationships with Environmental 
Factors, by Carl L. Wambolt. M.S., Range management. 

An investigation was made of three Rocky Mountain 
Juniper (Juniperus scopulorum Sarg.) communities in the 
Big Horn Basin of north-central Wyoming. Each of the 
study sites was chosen to exhibit an age gradation o,f the 
juniper trees so that the sites could be further subdivided 
into age zones. Juniper size and form were used as criteria 
on which to base age differences between zones. This was 
done so that the various age zones could be compared to 
one another on the basis of any differences or similarities 
found in this investigation. Data were collected on vegeta- 
tion, soils and other site characteristics. 

The only study site with a northerly exposure had a 
slower juniper crown diameter growth rate in all three age 
zones than did the other two sites but it only had a slower 
growth rate in height in the mature age zone. A strong cor- 

1968. 

relation was evident between juniper age and soil depth 
with the older trees being found on shallower soils. Soil 
pH was higher in samples taken from directly beneath 
juniper trees th an it was from samples taken from opening 
between trees. Shrub and grass cover increased and forb 
cover decreased from the mature zones to the younger zones 
found downslope. There was evidence at two of the study 
sites that the growth rate of the junipers increased with the 
deeper soil, higher organic matter and better soil moisture 
conditions in the younger zones found downslope. A fair 
correlation was evident between juniper size and age for 
particular sites, but due to site differences this does not 
appear to be consistent from site to site. It was also noted 
that as tree density increased, understory cover decreased. 
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Highlight 

In laboratory tests, dilute foliar ex- 
tracts of western coneflower (Rud- 
beckiu occidentalis Nutt.) inhibit ger- 
mination and seedling growth of seeded 
grasses as do those of some supposedly 
innocuous species. Under natural con- 
ditions on aspen range, measurements 
of plants of mountain brome growing 
in close association with coneflower 
gave doubtful evidence of suppressed 
growth. Large doses of dried aerial 
parts of coneflower force-fed to sheep 
produced no evidence of toxicity or 
other distress. We found no evidence 
of coneflower posing any special threat 
on mountain range, except as a rela- 
tively unpalatable increaser species. 

Mountain range forbs are considered 
to be undesirable or noxious when they 
(1) are relatively unpalatable increaser 
species; (2) are poisonous to grazing 
animals; or (3) act to suppress estab- 
lishment or growth of desirable species 
through competition. Competition may 
be direct for light and soil nutrients or 
indirect by production and liberation 
of substances toxic to associated species. 
Western coneflower (Rudbeckia occi- 
dentalis Nutt.) is an unpalatable in- 

1 Adapted from a portion of a thesis 
submitted by the senior author in 
partial fulfillment of the require- 
ments for the Ph.D. degree in Range 
Science at Utah State University, 
Logan, Utah. Received November 
20, 1971. 

2 Stationed in Logan, Utah, at Forestry 
Sciences Laboratory, maintained in 
cooperation with Utah State Univer- 
sity. 

creaser species (USDA Forest Service, 
1937). Because of toxic substances in 
its foliage or roots, this plant has been 
suspected of poisoning livestock (Pam- 
mel, 1911) and of inhibiting germina- 
tion of other species (Carnahan and 
Hull, 1962). 

Our examination of possible toxic 
effects in coneflower included: (1) A 
laboratory study of the effects of foliar 
extract of coneflower on germination 
and seedling growth of two commonly 
seeded grasses-Nordan crested wheat- 
grass and Manchar smooth brome; (2) a 
field study of the effects of coneflower 
on the growth of mountain brome 
(Bromus carinatus Hook. and Am.) 
growing in close association with cone- 
flower; and (3) an animal toxicity study 
in which sheep were force-fed high 
doses of the dried aerial parts of cone- 
flower. 

Field studies and collections of plants 
in the fruiting state for laboratory and 
sheep toxicity studies were made on an 
aspen range site on the Cache National 
Forest in northern Utah. Laboratory 
methods for the evaluation of inhibi- 
tory substances in foliar extracts gen- 
erally followed those of Carnahan and 
Hull (1962). The statistical signifi- 
cance of certain differences at the 5% 
level was determined by variance analy- 
sis and multiple range tests. 

The minimum concentration of a 
filtered extract of the air-dry leaf pow- 
der that significantly inhibited germi- 
nation and coleoptile and root growth 
of the test grasses was equivalent to 
12.5 mg/ml of the unextracted leaf 
powder. A dialysate of the extract 
nearly eliminated the inhibitions. Re- 
moval of compounds adsorbable on 

activated charcoal eliminated the in- 
hibition of coleoptile growth only. 
Paper chromatographic fractionation of 
the extract obtained by using either 
distilled water or 40% aqueous meth- 
anol as a developing solvent showed 
inhibitory activity at all Rf values, but 
greatest within the 0.8-1.0 range. How- 
ever, extracts of leaves of mountain 
brome, supposedly an innocuous spe- 
cies, in the same dilutions showed the 
same inhibitory effects on the test 
grasses as did coneflower extract. 

These results indicate that under 
laboratory conditions inhibitory effects 
can be found in the extracts of many 
species, as has been reported in the 
literature (Bonner, 1950; Borner, 1960). 
Osmotic activity and/or inhibitory 
products of the micro-organisms that 
proliferate in the unsterilized extract 
during the test period could account 
for at least part of the activity. How- 
ever, some species, such as coneflower, 
might produce a secondary inhibition 
due to a particular fraction of its foliar 
extract that may be of questionable ef- 
fectiveness in the field. 

To test for possible inhibitory effects 
of coneflower on the growth of moun- 
tain brome during midsummer, mea- 
surements were made of 60 plants-20 
were growing alone; 20 were growing 
in close association (within clusters of 
stems) with coneflower; and the re- 
mainder were growing in close associa- 
tion with a codominant forb, groundsel 
(Senecio serra Hook.). For the 60 
plants, determinations were made of 
stem number per bunch, stem height, 
length of main roots, and shoot-root 
ratios (Table 1). Only the results for 
stem number support the hypothesis 

Table 1. Average growth characteristics of mountain brome growing alone, in 
close association with coneflower, or in close association with groundsel. 

Mountain brome 
With With 

Item Alone coneflower groundsel 

Stem number 8.95a 5.5Ob 4.65’~~ 
Stem height (cm) 95.30ab 102.458 87.90” 
Root length (cm) 11.60a 13.lOab 13.85” 
Shoot/root 2.89a 2.59a 3.27a 

* Values for any growth characteristic with the same letter in subscript do not differ 
significantly at the 5% level. 
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that coneflower depresses the growth 
of brome in the field. However, 
groundsel had the same effect on brome. 

For sheep toxicity studies, aerial 
parts of coneflower (seed heads, stalks, 
and leaves) were collected from the 
aspen site and were air dried, ground, 
mixed, and prepared in feeding units. 
On the first day, the material was 
pumped into the rumen of each of 
three test animals at the rate of one, 
two-thirds, and one-third pound, re- 
spectively. When no symptoms of dis- 
tress had developed by the following 
day, the two lower doses were increased 
to 11/a lb. each, and the feedings were 
continued for an additional 3 days. 
Observations and inspections of the 
animals during and after the 4-day 
trial showed no evidence of toxicity 
or distress of any kind. 

Under laboratory conditions, cone- 
flower extract in low concentrations 
can effectively inhibit germination and 
seedling growth of some seeded grasses, 
and extracts from species considered 

Electric Shears for Plot 
Harvesting’ 

L. A. DAIGGER 

Associate Professor of Agronomy, Scot ts 
Bluff Station, University of Nebraska, 

Mitchell, Nebraska. 

Highlight 

Battery powered electric shears can 
reduce hand labor required to harvest 
small forage plots. Extra rechargeable 
batteries extend capacity to operate 
shears for several hours. Such shears 
will clip alfalfa and native range 
grasses more uniformly than when har- 
vested with conventional hand sickle. 

The hand labor required to harvest 
forage on’ small plots can be reduced 
by using battery powered, electric 
shears. Such shears have been used 
successfully to harvest alfalfa and native 
range grass plots. Alfalfa and native 
range grasses were clipped more uni- 
formly and more easily, than when 
harvested with a conventional hand 
sickle. Weeds larger than alfalfa stems 
were difficult to cut with the shears. 

l Published as paper number 3341, 
Journal Series, Nebr. Agric. Experi- 
ment Station. 
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to be nontoxic duplicate coneflower’s 
inhibiting effects on other plants. 
Carnahan and Hull (1962) found that 
extracts from three range plants (cone- 
flower, tar-weed, knotweed) produced 
abnormal germination in seeds of in- 
termediate wheatgrass and radish and 
that even intermediate wheatgrass ex- 
tract had the same effect on radish 
germination. During the study re- 
ported here, we found that mountain 
brome extract had an inhibiting influ- 
ence on crested wheatgrass and smooth 
brome. If coneflower were exerting 
a significant inhibitory influence on 
closely associated mountain brome in 
the field, the effect should be detect- 
able in growth characteristics other 
than stem number per clone. Varying 
soil and light conditions and differing 
competitive capacities of closely asso- 
ciated species are more likely explana- 
tions for particular growth effects in a 
particular location. Also, if coneflower 
were significantly toxic to grazing ani- 
mals, the effect probably would have 

Small rechargeable batteries are con- 
tained in the body of the shears; a 
battery charger is included with each 
shears. The capacity of the small bat- 
teries was not sufficient for lone opera- 
tion. Operating time between battery 
charges was increased by adding an ex- 
ternal battery pack, with no modifica- 
tion of the shears. The battery charger 
included with the shears can be used 
to charge the battery pack. 

Four rechargeable nickel cadmium 
1.25 volt, 0.4 ampere hour battery cells, 
series connected, will provide sufficient 

been apparent from the large doses 
given in the force-feeding experiment. 
Therefore, although coneflower is un- 
desirable because of its status as an 
unpalatable increaser, it does not pose 
a special threat because of toxic or 
inhibitory characteristics. 

Literature Cited 
BONNER, J. 1950. The role of toxic 

substances in the interactions of 
higher plants. Bot. Rev. 16:51-65. 

BORNER, H. 1960. Liberation of or- 
ganic substances from higher plants 
and their role in the soil sickness 
problem. Bot. Rev. 26:393-424. 

CARNAHAN, G., AND A. C. HULL, JR. 
1962. The inhibition of seeded 
plants by tarweed. Weeds 10:87-90. 

PAMMEL, L. H. 1911. A manual of 
poisonous plants. The Torch Press, 
Cedar Rapids, Iowa. 

USDA FOREST SERVICE. 1937. Range 
plant handbook. U.S. Government 
Printing Office, Washington, D.C. 

capacity to operate the shears for sev- 
eral hours. A laboratory test of the 
shears’ performance, with the shears 
running, but not cutting, gave a run- 
ning time of about 30 minutes with 
the internal batteries, and about 3 
hours with the battery pack. 

The male charging connection of the 
shears will fit the female connection on 
polarized television power cords. The 
battery pack is connected to the shears 
by plugging the battery pack cord into 
the charging connection on the shears. 
The battery pack can be housed in a 

FIG. 1. Shears, charger, charging adapter, and battery pack. 
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that coneflower depresses the growth 
of brome in the field. However, 
ground& had the same effect on brome. 

For sheep toxicity studies, aerial 
parts of coneflower (seed heads, stalks, 
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aspen site and were air dried, ground, 
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to be nontoxic duplicate coneflower’s 
inhibiting effects on other plants. 
Carnahan and Hull (1962) found that 
extracts from three range plants (cone- 
flower, tarweed, knotweed) produced 
abnormal germination in seeds of in- 
termediate wheatgrass and radish and 
that even intermediate wheatgrass ex- 
tract had the same effect on radish 
germination. During the study re- 
ported here, we found that mountain 
brome extract had an inhibiting influ- 
ence on crested wheatgrass and smooth 
brome. If coneflower were exerting 
a significant inhibitory influence on 
closely associated mountain brome in 
the field, the effect should be detect- 
able in growth characteristics other 
than stem number per clone. Varying 
soil and light conditions and differing 
competitive capacities of closely asso- 
ciated species are more likely explana- 
tions for particular growth effects in a 
particular location. Also, if coneflower 
were significantly toxic to grazing ani- 
mals, the effect probably would have 

Small rechargeable batteries are con- 
tained in the body of the shears; a 
battery charger is included with each 
shears. The capacity of the small bat- 
teries was not sufficient for lone opera- 
tion. Operating time between battery 
charges was increased by adding an ex- 
ternal battery pack, with no modifica- 
tion of the shears. The battery charger 
included with the shears can be used 
to charge the battery pack. 

Four rechargeable nickel cadmium 
1.25 volt, 0.4 ampere hour battery cells, 
series connected, will provide sufficient 
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been apparent from the large doses 
given in the force-feeding experiment. 
Therefore, although coneflower is un- 
desirable because of its status as an 
unpalatable increaser, it does not pose 
a special threat because of toxic or 
inhibitory characteristics. 
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capacity to operate the shears for se”- 
era1 hours. A laboratory test of the 
shears’ performance, with the shears 
running, but not cutting, gave a run- 
ning time of about 30 minutes with 
the internal batteries, and about 3 
hours with the battery pack. 

The male charging connection of the 
shears will fit the female connection on 
polarized television power cards. The 
battery pack is connected to the shears 
by plugging the battery pack cord into 
the charging connection on the shears. 
The battery pack can he housed in a 
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container, with a wire clip to hold the 
container on a belt or pocket. A plas- 
ticbox x 15 x 6cmwasusedinthe 
assembly pictured in figure 1. The 
added battery pack is easily assembled 
and inexpensive. 

The battery pack can be connected 
to the battery charger cord with an 
adapter made by soldering two male, 
polarized television power cord recep- 
tacles back-to-back, and plugging the 
charger cord into one side of the adapter 
and the battery pack into the other 
side. Battery polarity must be correct, 
the external batteries must be in par- 

Construction and Use of an 
Inexpensive Rain Gauge1 

PAUL D. OHLENBUSCH 
Research Associate, Department of 

Range Science, Texas A&M 
University, College Station. 

Highlight 

An inexpensive, wind - proof rain 
gauge was devised for measuring pre- 
cipitation at remote locations. The 
gauge can be constructed from a fun- 
nel, gasoline can and assorted lumber 
and metal. Gauges in use over one 
year have withstood winds in excess of 
50 miles per hour. Ease of installation 
and minimal maintenance require- 
ments make the gauge desirable for 
remote or inaccessible locations that 
are visited infrequently. Protection 
from livestock may be necessary if 
rubbing is a problem. 

An inexpensive rain gauge with 
wind-proof stand was developed while 
establishing studies to characterize the 
phenology of vegetation in West Texas. 
The gauges were to be left for periods 
of up to three weeks. Various gauges 
were considered but found to be un- 
acceptable. The small glass vial type, 
while being less expensive, limited data 
collection to the frost-free period. Offi- 
cial Weather Bureau gauges were con- 
sidered to be too expensive. 

l Published with approval of the Di- 
rector of the Texas Agricultural Ex- 
periment Station as TA9424. Re- 
ceived October 8, 1971. 

allel with the internal batteries. The 
recharging time for the battery pack 
will be longer than for the internal 
batteries. 

Materials Needed 

I-Diston, No. ECS 2 shears with 
battery charger (H. K. Porter 
Co., Inc., Danville, Va.)2 

4-Nickel cadmium, 1.25 volt, 0.4 
ampere hour battery cells. 

2 Mention of firm names is for the con- 
venience of the reader and does not 
imply an endorsement of the product. 

Haas and Morton2 designed and 
used a gauge made from a tractor fun- 
nel and a gasoline can in Idaho, and 
found it accurate enough for year-round 
research studies. The can was partially 
buried in the ground to prevent being 
overturned. A later version used by 
Haas in East Texas sat on a platform 
and was supported by a metal stake. 

The reliability of the gauge was 
studied by Haas”. Two of the funnel- 
can gauges and two official Weather 
Bureau gauges were compared at Col- 
lege Station, Texas. One of each type 
of gauge was located on two sites 150 
yards apart. Measurements were made 
with a calibrated ruler for the Weather 
Bureau gauges. The funnel-can gauges 
were measured using a graduated cyl- 
inder. Measurements were made within 
twelve hours after each rain from May 
through August. Thirty-two measure- 
ments were made ranging from 0.11 to 
1.93 inches. The mean rainfall mea- 
surements at each site were the same 
for both types of gauges (Site No. l- 
0.67 inches; Site No. Z-O.69 inches). 

The purpose of this article is to de- 
scribe a gauge based on the one built 
by Haas and Morton with a wind-proof 
stand (Fig. 1). 

Construction, Installation and Use 

A list of materials for the construc- 
tion of an inexpensive rain gauge is 
found in Table 1. The rain gauge is 

2 Haas, R. H., and H. L. Morton. 1955. 
Annual Report, Weed Investigation 
Section, Agr. Res. Serv., U.S. Dep. 
Agr. 

3 Haas, R. H. Unpublished data. 

l-Polarized TV power cord (“cheater 
cord”). 

Z-Male polarized TV power cord 
receptacles. 

l-Plastic box 9 x 15 x 6 cm, or 
other suitable container for 
holding battery cells. 

When the shears are in operation 
the cord from the battery pack to the 
shears must be kept clear of the cutting 
blades. Threading the cord through 
the shirt neck opening down through 
the sleeve and out the cuff will hold 
the cord above the forage and away 
from the blades. 

assembled by cutting out the center of 
the filler cap of the gasoline can and 
then brazing the funnel spout into it. 
The cap gasket is cut to form a ring 
to seal the cap when the cap and can 
are assembled. 

The stand is made by nailing four 
pieces of 1 x 12 inch lumber into an 
open-ended box with inside measure- 
ments of approximately 11 inches on 
a side. The two pieces of 2 x 4 inch 
lumber are nailed into one end of the 
box flat leaving an opening approxi- 
mately 3 inches wide and 11 inches 
long. The stands can be painted white 
for protection from the weather. 

FIG. 1. The assembled rain-snow gauge in 
service. 
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Haas and Morton2 designed and 
used a gauge made from a tractor fun- 
nel and a gasoline can in Idaho, and 
found it accurate enough for year-round 
research studies. The can was partially 
buried in the ground to prevent being 
overturned. A later version used by 
Haas in East Texas sat on a platform 
and was supported by a metal stake. 

The reliability of the gauge was 
studied by Ha&. Two of the funnel- 
can gauges and two official Weather 
Bureau gauges were compared at Col- 
lege Station, Texas. One of each type 
of gauge was located on two sites 150 
yards apart. Measurements were made 
with a calibrated ruler for the Weather 
Bureau gauges. The funnel-can gauges 
were measured using a graduated cyl- 
inder. Measurements were made within 
twelve hours after each rain from May 
through August. Thirty-two measure- 
ments were made ranging from 0.11 to 
1.93 inches. The mean rainfall mean 
surements at each site were the same 
for both types of gauges (Site No. I- 
0.67 inches; Site No. Z-O.69 inches). 

The purpose of this article is to de- 
scribe a gauge based on the one built 
by Haas and Morton with a wind-proof 
stand (Fig, 1). 

Construction, Installation and Use 

A list of materials for the construct 
tion of an inexpensive rain gauge is 
found in Table 1. The rain gauge is 

a Haas, RR. H., and H. L. Morton. 1955. 
Annual Report, Weed Investigation 
Section, Agr. Res. Serv., U.S. Dep. 
Agr. 

‘Haas, R. H. Unpublished data. 

assembled by cutting out the center of 
the filler cap of the gasoline can and 
then brazing the funnel spout into it. 
The cap gasket is cut to form a ring 
to seal the cap when the cap and can 
are assembled. 

The stand is made by nailing four 
pieces of 1 x 12 inch lumber into an 
open-ended box with inside measure- 
ments of approximately 11 inches on 
a side. The two pieces of 2 x 4 inch 
lumber are nailed into one end of the 
box flat leaving an opening approxi- 
mately 3 inches wide and 11 inches 
long. The stands can be painted white 
for protection from the weather. 
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The gauge is installed by inserting 
the anchor pins through the holes 
drilled in the 2 x 4 lumber from inside 
the box. Legs are then put over the 
anchor pins. A steel post driver or a 
piece of pipe and hammer are then 
used to drive the pins into the soil 
until snug. The stand is leveled by 
driving the appropriate rod further 
into the soil. (Note: The pin should 
not be raised in an attempt to level 
the stand.) The assembled gauge is 
then lowered into the stand, whereupon 
approximately four inches of the fun- 
nel will extend above the stand. Care 
should be taken to keep the handle of 
the gasoline can on the side opposite 
the pouring spout,. This will aid in 
removing and reading the gauge. 

To prevent evaporation and freezing, 
diesel oil and antifreeze were used. 

From May 1 to November 1, the frost- 
free period, 400 ml of No. 2 diesel oil 
was kept in the gauge. The gauges 
were read and the diesel oil changed 
at least every three weeks when the 
temperature exceeded 95 F. At these 
temperatures approximately 5% of the 
diesel oil was lost each week. During 
the remainder of the year, 400 ml of 
ethlyene-glycol antifreeze was main- 
tained in the gauge. A small amount 
of diesel oil may be kept in the gauge 
also. At temperatures above 10 F, the 
antifreeze will prevent precipitation of 
1.5 inches from freezing. The amount 
of antifreeze used was based on the 
expected low temperature and precip- 
itation. Antifreeze need not be re- 
placed unless diluted or high tempera- 
tures are experienced. 

Precipitation is measured with a 

Table 1. List of materials needed to assemble an inexpensive, wind-proof rain- 
snow gauge for collection of preciPitation data in remote locations. 

No. Item and Description 

1 Funnel, tractor-type (approximately 10 inch diameter with five inch verti- 
cal sides) 

1 Two gallon gasoline can with center filling cap 

4 lN x 12” x 20” pine lumber boards 

2 2” x 4” x 11” pine lumber boards (one with a s inch hole drilled in 
center of 4 inch side, the other with a 3/4 inch hole drilled 2% inches 
from each end of the 4 inch side) 

3 Legs, 1%” X 4” pipe 

3 3 Anchor pins, /a ‘I x 18” steel or iron rods with a washer welded to one 
end 
No. 8 box nails 

graduated cylinder. A 500 ml graduate 
was convenient for our conditions. The 
volume of precipitation is determined 
by making the measurement at the oil- 
water interface and by subtracting the 
amount of antifreeze from the total 
volume in the gauge. To determine the 
volume of precipitation needed to 
make an inch of precipitation the fol- 
lowing formula was used4: 

ml per inch of precipitation = 
G(51.4814) 

where r = ehe radius of the funnel 
from the center of the lip. 

Discussion 

Materials cost approximately $9.00, 
plus one hour labor, for each gauge. 
Six of the gauges were made and in- 
stalled in early 1970 and all have with- 
stood winds in excess of 50 miles per 
hour on at least two occasions. One 
gauge was damaged by cattle using it 
as a “rubbing-post.” A fence made 
from four 6-foot steel posts, 50 feet 
of 36-inch sheep wire and 50 feet of 
barbed wire erected in a square around 
the gauge has prevented further dam- 
age. Four other gauges placed in pas- 
tures with cattle have not been dam- 
aged. 

The design of the stand (i.e., the 
open bottom) allows ventilation, keep- 
ing the liquid in the gauge cool. This 
ventilation probably helps reduce evap- 
oration. 

4 Derived as follows: (3.1416) x (radius 
of funnel)2 x (1 inch depth in funnel) 
x (16.387) ml per inch of precipita- 
tion = rz(51.4814). 

BOOK REVIEWS 

The Forest Service. By Michael 
Frome. Praeger Publishers, 111 
Fourth Avenue, New York, N.Y. 
10003. 1971, 242 p. 

Michael Frome is recognized as one 
of the foremost conservation writers in 
America today. He has achieved this 
recognition, at least in part, through 
his often sharp criticism of the Forest 
Service. I had considerable reserva- 
tions that Mr. Frome could write objec- 
tively of this Agency’s work. I was, 
therefore, pleasantly surprised to find 

this book a descriptive and accurate 
account of the complex activities of 
this important conservation Agency. 
Only when he chronicles the timber 
harvesting activities, particularly the 
issues of clearcutting and wilderness, 
does he obviously enjoy the role of 
critic. Although the book deals with 
history and bureaucratic organization, 
it is to Mr. Frome’s credit as a writer 
that it is immensely interesting and 
readable. It combines enough of today’s 
political and social conflicts to make it 
relevant and timely. 

The first chapter capsulizes the first 
100 years of progress in forest manage- 
ment. This period saw devastation and 
plundering, then a slow building of a 
forest management conscience, the crea- 
tion of the forest reserves, and a few 
years later the managing agency, the 
Forest Service. Then came legislation 
that served as a foundation for man- 
agement, research programs, and finally 
evolution of an orderly management 
process. Use, rather than custody, was 
the doctrine. The Forest Service organi- 
zation is traced from the early day 
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the stand.) The assembled gauge is 
then lowered into the stand, whereupon 
approximately four inches of the fun- 
nel will extend above the stand. Care 
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the gasoline can on the side opposite 
the pouring spout,. This will aid in 
removing and reading the gauge. 

To prevent evaporation and freezing, 
diesel oil and antifreeze were used. 

From May 1 to November 1, the frost- 
free period, 400 ml of No. 2 diesel oil 
was kept in the gauge. The gauges 
were read and the diesel oil changed 
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temperature exceeded 95 F. At these 
temperatures approximately 5% of the 
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the remainder of the year, 400 ml of 
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of diesel oil may be kept in the gauge 
also. At temperatures above 10 F, the 
antifreeze will prevent precipitation of 
1.5 inches from freezing. The amount 
of antifreeze used was based on the 
expected low temperature and precip- 
itation. Antifreeze need not be re- 
placed unless diluted or high tempera- 
tures are experienced. 
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snow gauge for collection of preciPitation data in remote locations. 
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1 Funnel, tractor-type (approximately 10 inch diameter with five inch verti- 
cal sides) 

1 Two gallon gasoline can with center filling cap 

4 lN x 12” x 20” pine lumber boards 

2 2” x 4” x 11” pine lumber boards (one with a s inch hole drilled in 
center of 4 inch side, the other with a 3/4 inch hole drilled 2% inches 
from each end of the 4 inch side) 

3 Legs, 1%” X 4” pipe 

3 3 Anchor pins, /a ‘I x 18” steel or iron rods with a washer welded to one 
end 
No. 8 box nails 

graduated cylinder. A 500 ml graduate 
was convenient for our conditions. The 
volume of precipitation is determined 
by making the measurement at the oil- 
water interface and by subtracting the 
amount of antifreeze from the total 
volume in the gauge. To determine the 
volume of precipitation needed to 
make an inch of precipitation the fol- 
lowing formula was used4: 

ml per inch of precipitation = 
G(51.4814) 

where r = ehe radius of the funnel 
from the center of the lip. 

Discussion 

Materials cost approximately $9.00, 
plus one hour labor, for each gauge. 
Six of the gauges were made and in- 
stalled in early 1970 and all have with- 
stood winds in excess of 50 miles per 
hour on at least two occasions. One 
gauge was damaged by cattle using it 
as a “rubbing-post.” A fence made 
from four 6-foot steel posts, 50 feet 
of 36-inch sheep wire and 50 feet of 
barbed wire erected in a square around 
the gauge has prevented further dam- 
age. Four other gauges placed in pas- 
tures with cattle have not been dam- 
aged. 

The design of the stand (i.e., the 
open bottom) allows ventilation, keep- 
ing the liquid in the gauge cool. This 
ventilation probably helps reduce evap- 
oration. 

4 Derived as follows: (3.1416) x (radius 
of funnel)2 x (1 inch depth in funnel) 
x (16.387) ml per inch of precipita- 
tion = rz(51.4814). 
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The Forest Service. By Michael 
Frome. Praeger Publishers, 111 
Fourth Avenue, New York, N.Y. 
10003. 1971, 242 p. 

Michael Frome is recognized as one 
of the foremost conservation writers in 
America today. He has achieved this 
recognition, at least in part, through 
his often sharp criticism of the Forest 
Service. I had considerable reserva- 
tions that Mr. Frome could write objec- 
tively of this Agency’s work. I was, 
therefore, pleasantly surprised to find 

this book a descriptive and accurate 
account of the complex activities of 
this important conservation Agency. 
Only when he chronicles the timber 
harvesting activities, particularly the 
issues of clearcutting and wilderness, 
does he obviously enjoy the role of 
critic. Although the book deals with 
history and bureaucratic organization, 
it is to Mr. Frome’s credit as a writer 
that it is immensely interesting and 
readable. It combines enough of today’s 
political and social conflicts to make it 
relevant and timely. 

The first chapter capsulizes the first 
100 years of progress in forest manage- 
ment. This period saw devastation and 
plundering, then a slow building of a 
forest management conscience, the crea- 
tion of the forest reserves, and a few 
years later the managing agency, the 
Forest Service. Then came legislation 
that served as a foundation for man- 
agement, research programs, and finally 
evolution of an orderly management 
process. Use, rather than custody, was 
the doctrine. The Forest Service organi- 
zation is traced from the early day 
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woodsmen who served as the backbone 
of the organization to the present day 
organization that must cope with com- 
plex social and political pressures. 
There is an excellent discussion of 
Forest Service responsibilities in State 
and private forestry and in forest and 
rangeland research; neither of which 
has much public understanding. 

The greater part of the book appro- 
priately deals with the changing role 
of the national forests in a time of in- 
creasing demand for limited space and 
resources. This has brought competing 
sectors of our society into direct con- 
frontation on how the national forests 
are to be managed. The author points 
out that these increasing demands are 
challenging the successful application 
of the multiple use principle which 
has served as a basic principle of na- 
tional forest management for many 
years. 

An entire chapter is devoted to the 
issue of clearcutting. The author’s dis- 
cussion summarizes conflicting views of 
preservationists and those who advo- 
cate maximum economic return from 
the land. This very basic conflict crops 
up repeatedly in Frome’s timber and 
wilderness discussions. The “Politics 
of Timber” could well title the chapter 
dealing with the report of the Public 
Land Law Review Commission and the 
dominant use theory. 

The author gives a simple directive 
to solve the economic-ecologic struggle. 
He states, “Perhaps the first rule to 
guide those who administer the public 
lands should be that economic parts of 
the biotic clock will not function 
without the uneconomic parts.” This 
would simplify decision making for the 
Agency, but it ignores the whole busi- 
ness of conservation politics. The 
author, of course, does not ignore the 
politics of Agency decision making. 
His awareness is apparent in the docu- 
mentation of the emerging role of spe- 
cial interest groups and the courts in 
reshaping the decisional processes of 
the Forest Service. He points out that 
Congress historically prescribed the pur- 
pose and mission of the agencies and 
the executive carried them out. How- 
ever, the courts have now become a 
frequent third party to management 
decisions. 

The latter chapters of the book give 
the author’s views on Administration 
reorganization proposals and the op- 
portunities ahead for the Forest Service 

be less complex than the present. The 
author predicts, “The bitter conflict 
among the commercial and noncom- 
mercial “publics” of the Forest Service 
is clearly destined to continue through 
the 1970’s.” If the public is to be in- 
telligently involved in public land de- 
cisions, then it must do a lot of home- 
work as Mr. Frome has done. His book 
could help dispel much of the public 
ignorance surrounding the Agency that 
manages one-tenth of the Nation’s 
land.-George N. Engler, Great Falls, 
Montana. 

Land Use and Wildlife Resources. 
Prepared by the committee on 
Agricultural Land Use and Wild- 
life Resources, Division of Biol- 
ogy and Agriculture, of the Na- 
tional Research Council. Pub- 
lished by National Academy of 
Sciences, Washington, D.C. First 
printing October 1970 and second 
printing September 1971, 262 p. 
$6.95. 

The committee that produced this 
book was headed by Sanford S. Atwood 
and included Durward L. Allen, Stan- 
ford N. Fertig, William L. Giles, Donald 
F. Hervey, Ralph R. Hill, Daniel L. 
Leedy, Emmett L. Pinnell, Edward H. 
Smith and Gustav A. Swanson. Each of 
the nine chapters is authored or co- 
authored by one or more of these com- 
mittee members. The objectives in 
producing this book were: First, “to 
evaluate the interrelations of agricul- 
tural land use and the protection and 
production of wildlife and other nat- 
ural resources”; second, “to examine 
areas of apparent conflict between the 
objectives of agriculture and wildlife 
management, with a view to what might 
be done through cooperative research, 
education, extension, and regulatory 
programs toward their resolution.” Be- 
cause agricultural and other land use 
activities affect watersheds and thus 
aquatic and semi-aquatic habitats the 
committee included a discussion of the 
problems of land use in wetland hab- 
itats. 

The over-all scope of this book is 
impressive and reflects the diverse tal- 
ents of the committee members. The 
book begins with a historical account 
of the primitive conditions of the land, 
flora, and fauna of North America at 

aspect and composition through vari- 
ous stages of influence. The role of 
the beaver, bison, Paleo-Indians, trap- 
pers, settlers and early farmers are dis- 
cussed in relationship to their impact 
as modifying agents within the environ- 
ment. The natural role of fire in deter- 
mining vegetative composition in many 
areas is discussed. In subsequent chap- 
ters the modern multifaceted scope of 
man’s influence on the land and water 
is revealed and problems of maintain- 
ing wildlife resources are discussed. 
The reader may find some of the his- 
torical dating and percent analyses of 
land use trends somewhat burdensome 
but these contribute to a so,ber realiza- 
tion of the impact that man has had 
and will continue to have on land and 
wildlife resources. 

The multiple use concept is incor- 
porated in the discussions of wildlife 
habitat management in major ecosys- 
tems. The special problems of main- 
taining wildlife in areas (e.g. on crop- 
lands and in urban areas) under single 
dominant use are well reviewed. Water 
pollution is discussed only in connec- 
tion with activities and operations on 
watersheds. The problem of pesticides 
and wildlife is limited to a generalized 
interpretation of trends. Control of 
wildlife species that conflict with man’s 
endeavors and objectives is discussed 
in considerable breadth but is some- 
what lacking in depth. All chapters, 
except for the concluding chapter, con- 
tain a very useful list of references. 
These help the more intense reader to 
delve deeper into the subject matter. 

This book seems useful from several 
standpoints. It should be of interest 
to those who gain satisfaction from just 
being informed. It is a very useful 
reference text for a wide variety of 
problems relating to wildlife and land 
management. It has definite value as 
one of the required texts for university 
courses in wildlife management, range 
management, and conservation.--JeTrun 
T. Flinders, Lubbock, Texas. 

8 

Elementary Soil and Water Engi- 
neering, 2nd Ed. By Glenn 0. 
Schwab, Richard K. Frefert, 
Kenneth K. Barnes, and Talcott 
W. Edminster. John Wiley and 
Sons, Inc., New York, N.Y. 316 
p. illus. 1971. $9.95. 

to exercise leadership in environmental the end of the Wisconsin glacial period This is an updated edition of a pop- 
forestry. The future hardly promises to and then traces the modifications in ular book used as either a textbook 
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or reference for elementary courses in 
soil conservation and agricultural sur- 
veying. It could also be used as source 
material for courses that deal with the 
ecological aspects of soil and water 
as they relate to conservation. The 
changes necessary to keep a general 
reference text up to date in light of 
recent experience and developments 
from research have been incorporated 
in this new edition as well as new chap- 
ters dealing with water supply and 
surface irrigation. Because it is in- 
tended only to provide information on 
an elementary level, those expecting to 
find “in depth” treatment of each sub- 
ject in this many-faceted field will be 
disappointed. However, the basic pro- 
cedures necessary for a new student or 
a layman are adequately and easily 
detailed; i.e. it is a book that reads 
easily and procedural instructions are 
clear and easy to follow. 

Included in this reference text are 
chapters covering surveying and the use 
of equipment; elementary hydrology; 
various aspects of soil erosion and its 
control; water supply, structures, and 
storage on the farm or ranch; tile and 
surface drainage; sprinkler and surface 
irrigation; land clearing; and watershed 
and farm planning. In addition to 
those using the book for classroom use, 
ranchers, experiment station superin- 
tendents, range field researchers, and 
particularly those working for various 
soil conservation agencies should find 
this a valuable reference because the 
book contains much useful data omitted 
from more advanced texts.--Bill E. 
Dab I, Lubbock, Texas. 

9 
Earthkeeping. By Gordon Harri- 

son. Houghton Mifflin Company, 
Boston, 232 p., 1971, $5.95. 

The key to this book can be found 
very succinctly in the subtitle, “The 
War With Nature and A Proposal for 
Peace.” All through the book Mr. 
Harrison attempts to show that man 
has always treated various aspects of 
nature as if it were an enemy. His chap- 
ter on pesticides, “To Kill a Goose” 
is one of the best examples. Here he 

shows that if an insect or animal, for 
instance, is deemed by man to be a 
pest, the normal reaction is to kill the 
pest rather than to manage the desired 
crop so that the portion taken by the 
pest is minimal and man still gets most 
of what he wants. 

The book is presented in three parts. 
In part I-Situation Report-Harrison 
describes the various aspects and “bat- 
tlefronts” of the war. The growth of 
population, technology, consumption 
and waste in addition to our ways of 
treating nature as an enemy add up to 
the plight we face today. He demon- 
strates that neither the population 
boom nor the advance of technology is 
to blame for our predicament. Rather, 
we are in the mess we are in because 
our economic, political, and value sys- 
tems, operating very well, are pro- 
ducing mess as part of their normal 
output. An especially meaningful point 
is that the cost of making or cleaning 
up the mess is never considered in the 
so-called cost-benefit analysis. 

Part II-The Antagonists-is a study 
of all the components of an ecosystem 
and how it works. To make clear what 
is involved in this war with nature, the 
author first examines how nature func- 
tions without man in the picture. Then 
he shows how man, as a nonconforming 
species, generates trouble in this nat- 
ural environment. In his chapter on 
the city, the author analyzes human 
society in its most highly organized 
system of relationships, accompanied 
by a passion to consume, which is add- 
ing to our present impasse. In the 
chapter “The American Dream” Harri- 
son forces us to take a good long look 
into the mirror and we just may not 
like what we see. The American dream 
is that individual freedom to do as one 
pleases with whatever is his must be 
preserved at all costs. Thus, we resist 
efforts which might put a damper on 
this “individual freedom” (without re- 
sponsibility?). Attempts to restrict this 
freedom in order to promote the com- 
mon good have always met with cries 
of “socialism” and worse. 

Part III-Earthkeeping-is Harrison’s 
proposal for peace. In this section, he 
lays out clearly what the price is that 
we will have to pay. He does not pro- 

pose that we go back to the wilderness, 
but that we manage our present and 
future systems in such a way that we 
will be working with nature rather 
than waging continual war. 

The message of this book can best 
be summed up in Harrison’s own words 
in an exerpt from the preface: “Engi- 
neering the natural environment for 
profit and convenience has been man’s 
way up from the beginning. To berate 
ourselves for the damage caused seems 
to me to make no more sense than 
scolding a snake for biting. Further- 
more, it is beside the point. Environ- 
mental wounds so evident in befouled 
air and water, uglified landscapes, poi- 
soned birds and fish, everspreading 
deserts (some subdivided) have not 
been the result of carelessness or irre- 
sponsibility or even ordinary stupidity; 
they are direct consequences of an un- 
duly prolonged state of war with 
nature.” 

“The primeval human habit of mind 
that regarded the world outside the 
tribe as an assemblage of hostiles has 
disastrously persisted into a time when 
man is incomparably the most power- 
ful force on earth and his world is the 
home not of his enemies but of him- 
self. In such a world we can and must 
make peace.” 

Although most people working in 
the field of natural resources are well 
aware of the problems and solutions 
of which Harrison writes, it is well 
worth reading, for he puts it all together 
in a way that is humorous, entertaining 
and informative. The book is a must 
for the layman who is interested in 
doing something to improve his envi- 
ronment. It is certainly one of the 
better books on the subject which are 
flooding the bookstands today.--Jim 
Lime, Billings, Montana. 
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