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Highlight
The economic implications of variable grazing fees and single grazing fees
on Federal lands are important considerations relative to further policy changes.
Many factors must be considered when establishing fees on different grazing
units. Quantity and quality of forage are only two of these factors and generally not the most important ones. Variable grazing fees will have to be implemented if the government is going to minimize the problem of having some of
its land over-priced and some under-priced
Establishing
grazing
fee2 levels
has long been a problem for those
administering
Federal lands. Each
proposed
fee increase
has caused
considerable
reaction
from special
interest groups on both sides of the
issue. The purpose of this paper is
to discuss the economic implications
of variable grazing fees and single
grazing fees on Federal lands. Variable grazing fees are fees that vary
from one grazing management
unit
to another in any given year. The
grazing management
unit may be
an allotment,
group of allotments,
or one or more districts. The single
fee is one that is the same for all
land administered
by a given agency
in a given year.
Traditionally,
the U. S. Forest
Service
(FS) has had a fee system
that allowed for some variation between management
units. Prior to
1968, the FS had 19 different base
fee rates for cattle and 17 for sheep
on the western
national
forests.
Grazing
allotments
within
forests
were the administrative
units where
different
base fees were imposed.
The other major Federal grazing
land administrative
agency, the Bureau of Land Management
(BLM),
has traditionally
had a single grazlFunds for research on determining
variable fees for Forest Service grazing land were made available by the
U. S. Forest Service. Received April
21, 1971.
2Grazing fees are defined as the
amount of revenue received by the
Federal government from domestic
livestock grazing; they are not necessarily the same as the total cost of
Federal grazing to the rancher.

ing fee for all grazing units. Grazing fees have varied from year to
year in both agencies depending on
changes in the components
of their
respective fee formulas.
The FS has been using a variable
fee system since the 1920s.
The
BLM has had a single fee system
since 1934. Both agencies have good
reasons for wanting to retain their
traditional
system. Yet the agencies
have been instructed by the Bureau
of the Budget to follow a given set
of principles
and guidelines
in establishing grazing fees. These principles provide that:
“Fees established on a uniform
basis should be charged by all
agencies for the grazing of livestock on Federal lands. . . . Fees
should be based on the economic
value of the use of land to the
user, taking into account such
factors as the quality and quantity of forage, accessibility, and
market value of livestock. Economic value should be set by an
appraisal that will provide a fair
return to the Government and
equitable treatment to the users.
Competitive bidding should be
used to provide reliable guidelines for establishing a fee structure that represents true market
value where feasible.
Where
competitive bidding is not feasible, the appraisal should take
into consideration comparability
with fees established for comparable state and private grazing lands.“3
3Executive Office of the President,
Bureau of the Budget, Natural Resource User Charges: A Study, 1964.
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One of the agencies (FS or BLM)
is going to have to give up its traditional
position
on fees if they
conform
to the directive of establishing fees on a uniform basis by
all Federal agencies. Since quantity
and quality of forage and accessibili ty vary considerably among grazing
administrative
units
(allotments, etc.) a variable
fee system
would have to be adopted to meet
the directive.
This would indicate
that the BLM would have to give
up its traditional
fee system.
Economic
Implications
of
Alternative
Fee System
A brief review of past grazing-fee
Grazing fees were
policy follows.
first assessed by the Forest Service
in 1906 and by the BLM in 1936.
In general, the public land agencies
and the Congress
were primarily
interested in protection of the Federal range resources.
Grazing fees
were used as a means to this end by
providing a source of income to pay
the administrative
cost of managing
these lands. In most cases, grazing
fees were below the value of the
grazing to the user. This did not
cause concern because of a policy
to encourage
use of the lands for
settlement
and development
of the
public land states, and there was
little or no competition
for use of
these lands at that time.
This philosophy continued
until
about 1950 when the idea of marketvalue grazing began to receive more
and more attention.
For about 60
years on FS lands and for about 30
years on BLM lands, ranchers operated under a fee policy different
than “fair market value.”
During
this time period, economic
forces
were functioning
in the allocation
of public
grazing
to individual
ranchers.
This
allocation
process
took place within the transfer regulations of the agencies.
For ranchers
to qualify for the
original FS and BLM grazing permits,J they had to demonstrate
at
4A grazing permit is authorization
given by the Forest Service or Bureau
of Land Management for a rancher
to graze livestock on a given range for
a given period of time.

GRAZING
least two things:
(1) prior use of
the land for grazing, and (2) enough
private land or other grazing leases
to carry their livestock
while off
the Federal ranges. Some ranchers
got permits because they had control of water on the Federal range.
Over the years there have been a
few changes in the “base fees” of
However,
annual
the
agencies.
changes in fees have been tied to
changes in average prices received
for livestock in the West.
The grazing fee formulas used by
agencies
prior to 1969 had little
relationship
to the supply of or the
demand for range forage. As a result, forage on these Federal ranges
was under-priced
as far as grazing
fees were concerned.
The fact that
grazing fees (the amount collected
by the government)
were below the
market value of forage did not prevent the market from setting prices
on the forage. It soon became evident that the grazing permit (the
authorization
to use these Federal
lands) was the vehicle where these
market forces were going to have
an impact.
As early as 1916, there
were indications
of value being attached to grazing permits.5
Permits can only be transferred
with the sale of livestock or commensurate property (land or water).
In the FS, the permit is turned back
to the government
(by the seller)
and reissued
to another
rancher
Th is value that has
(the buyer).
been capitalized into permits shows
up at the time of sale either in the
value of the ranch real estate or in
the price paid for livestock.
Yet
when one investigates
the market
for Federal
grazing he is able to
find current market prices for grazing permits being quoted on given
Federal grazing units.

Review of Range Forage

Pricing

A brief review of the economics
of range forage pricing may clarify
these points.
Each rancher has an
idea about what he can afford to
pay for an additional
animal unit
month
(AUM)
of grazing.
This
5 Peffer, E. Louise. 1951. The Closing
of the Public Domain, Stanford Univ.
Press. 186 n.
I
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value, to the rancher, is referred to
as the marginal
value
product
(MVP)
of grazing.
The
MVP of
forage is what the forage is worth
at the margin
in producing
livestock
Its
magnitude
products.
depends on ranch organization,
production relationships,
market situations and the amount
of forage
available at a given point in time.
A rancher bids for public or private
grazing, assuming he meets the commensurability
requirements
and
that grazing on public and private
lands can substitute for each other.
Under these conditions
the forage
values to the rancher in an equilibrium position would be as follows:
P, = P, = MVP
where:
P, = value per AUM for public
grazing
P, = value per AUM for private
grazing
MVP = marginal value product
for the rancher
If the administered
grazing fee is
less than P, or P2 then it is less than
the MVP of grazing to the rancher.
In the past, the grazing fee charged
by the Government
has been below
the MVP of grazing for most ranchers. Therefore,
ranchers have tried
to obtain control over this low cost
public grazing. As ranchers bid for
control
of public grazing (with a
fixed grazing fee) the authorization
to graze these lands took on a value.
Thus, the grazing permit takes on
a monetary
value that is able to
vary as the supply and demand conditions for grazing change.
If there is a reasonable
amount
of competition
and a relatively free
market for grazing, then the capitalized difference
between
the total
fee and non-fee costs (excluding the
permit value) of using public and
the total fee and non-fee costs of
using private grazing should equal
the permit value for some reasonable capitalization
rate.
This hypothesis was tested in a pilot study
in Utah.6 The results of the pilot
6.Jensen, Bartell C., and Don Thomas.
1967. Determining Grazing Fees on
National Forests. Unpublished report
to the IT. S. Forest Service, Utah State
Univ.

study did not find evidence to reject the hypothesis
that the differential capitalized
at a reasonable
rate would equal the permit value.
It was concluded
that there is a
reasonable
amount of competition
in the forage market,
given the
transfer
restrictions
imposed
by
Government,
and that a relatively
free competitive
market exists for
public grazing. ’ If a competitive
market does not exist, there is no
reason to expect the capitalized differential
between
public and private costs of grazing to equal the
average permit value. It should also
be pointed out that if a competitive
market does not exist, one has no
economic
basis for using private
lease rates to set public grazing fees.

Implications

of Full Market Value

A grazing fee policy to collect full
market value of the forage in fees
would eliminate
the permit value.
It is only at the point where the
permit value is zero that the government is getting full market value
in fees. As long as ranchers are willing to pay each other for grazing
permits, the government
is not getting full market value in fees. If
the fee and non-fee costs of using
government
land for grazing
are
higher than the rancher’s MVP he
would be unable
to pay for the
forage in the long-run, and it would
have no value to him, i.e., he would
not be willing to go out and try to
buy more permits on the allotment.
On the other hand, if the fee and
non-fee
costs are lower than his
MVP for grazing, he can still afford
to bid and pay for permits,
thus
giving

them

some value.

In other

7The Forest Service and the Bureau of
Land Management have commensurability requirements that must be met
before a rancher can qualify for a
grazing permit. For a rancher to meet
this requirement, he must have enough
private land resources to provide feed
for the permitted livestock while not
on the Federal lands. Whether institutional barriers to a free market are
significantly limiting competition has
been tested in other areas with different results; see:
Gardner.
1962.
Transfer Restrictions and Misallocations in Grazing Public Range. 44 J.
Farm Econ., No. 1.
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words, the market value, of the permit is approximately equal to the
capitalized differential between the
value of the forage and the cost of
utilizing it by the second most efficient user of the range. The rancher
who bids it away in the market
might still be capturing some rent,
i.e., the fee and non-fee cost plus
the interest (cost of owning) on the
market value of the permit may still
be below this rancher’s MVP of an
AUM of grazing. If this is the case,
there would still be some rent not
captured in the permit value. If
these rents (differentials)
are substantial, the government could extract part or all of them by raising
fees over and above what would be
necessary to make the market permit value go to zero. The efficient
rancher could still afford to use the
land and would not declare nonuse. The above discussion of forage
valuation and grazing fee systems
is the basis upon which problems
of variable versus single fees are
analyzed.
Given the goal of the government to collect full market value
of the forage in grazing fees, there
are several economic implications
of variable versus single fees. For
purposes of this paper, full market
value (the revenue which theoretically could be captured by the government) of the forage will be defined as follows:
(1)
where:

F=MVP-E
F = full market

value of
the forage per AUM
MVP = market value of the
forage determined
from private lease
rate@
E = non-fee costs of using
public ranges

A summary of the cost data used
in setting the new grazing fees is
given in Table 1.
is assumed that private lease rates
represent the MVP of grazing to at
least the second most efficient user of
the resource. At any rate, the private
lease rate, set in a competitive market, comes nearer to estimating the
MVP of grazing than any other economic indicator available.

“It

Table 1. Summary of combined
animal unit month, 1966.1

average public costs and private costs per

Sheep

Cattle

Itemized
Lost

Combined
public
costs

costs

Veterinary
Moving livestock to and from
allotments
Herding
Salting and feeding
Travel to and from allotments
Water
Fence maintenance
Horse
Water maintenance
Developmental depreciation
Other costs
Private lease rate
Total

costs

1968.
2 The difference

weighted

Private
costs

$ .70

$ .65

.04

-

.ll

.13

.24
.46
.56
.32
.08
.24
.16
.19
.ll
.13
$3.28

.25
.19
.83
.25
.06
.25
.lO
.15
.03
.14
1.79
$4.54

.ll

.ll

.42
1.33
.55
.49
.I5
.09
.I6
.11
.09
.29

.38
1.16
.45
.43
.I6
.I5
.07
.09
.02
.22

$4.53

$5.66

1.77

$1.132

$1.262

Difference
Weighted average
1 Developed from data

Combined
public
costs

$ .37

$ .60
.08

animals

Association fee

Private
costs

$1.23
analysis

by

of the grazing fees technical
corresponding

Data from Table
1 can be used
in equation
(1) to determine
the
grazing fee. For cattle the fee would
be as follows:
F = $4.54 - $3.28
F = $1.26
Forest Service grazing fees averaged $.51 per AUM prior to the
new fee schedule. Therefore,
fees
will have to be increased $.75 per
AUM in order to approach full
market value. If the decision is
made to have a single grazing fee
for all Federal grazing lands, the
new fee would be $1.26 per AUM.
This would be full market value
for grazing for the average permittee. But, working with averages
creates peculiar problems when one
attempts to set fees on Federal grazing lands on this basis.
Total cost of using public and
private grazing lands varies from
one permittee to another.
There
are several reasons why one would
expect variation between the costs
of individual permittees or groups
of permi ttees.
not
are
Grazing
allotments
equally accessible to all permittees.

committee,

November

29,

AUMs results in weighted average of $1.23.

Those remote grazing allotments
with poor accessibility would have
higher non-fee costs than a readily
accessible allotment. The variation
in non-fee costs for permittees due
to accessibility is quite pronounced.
In addition to the accessibility difference, there is considerable variation in the management functions
required by the land management
agency which are paid for by the
permittees.
Some allotments have
progressive programs underway that
cost the permittees money; others
have few programs for improved
thus, low costs for
management;
functions.
required
management
These
non-fee
cost differences
should be reflected in the grazing
fee.
Local supply and demand situations for forage will have a significant effect on the price of forage.
For example, a given locality may
have an excess of summer grazing.
Thus, the price of summer grazing
may be relatively low, while in another locality summer grazing may
be in short supply relative to demand; thus it commands a high

GRAZING
price. These conditions could vary
considerably from one area to an0 ther. Supply and demand situations in a local area can cause high
quality forage in a glut season to
sell for less than poor quality forage in a short season.
Assumptions

vs. Data

Many people believe that forage
quality should play a vital role in
determining grazing fee levels, i.e.,
the higher the quality and quantity
of forage per acre, the higher the
fee per AUM. The data available
do not support this notion. Forage
quality and quantity do not have
a very high correlation with what
ranchers are willing to pay for the
forage. The usual response to this
analysis is: “Any rational rancher
would pay more for grazing on high
quality improved ranges than he
would for grazing on low producing,
unimproved sagebrush ranges.” At
a given location (the two ranges
side by side) and at a given point
in time, the better range would
command a higher price. However,
the given-location
and the givenpoint-in- time qualification
soon
break down. Ranchers face different supply and demand conditions
in different areas and at different
times of the year. For example,
high mountain summer grazing on
FS lands would have a quality and
quantity index above most desert
winter ranges. Yet it is highly possible that ranchers are willing to
pay as much or more per AUM for
the winter range. Ranchers may
have many alternative sources of
feed for the summer grazing, but
the only alternative for the winter
grazing might be to feed hay.
A rancher in Oregon may have
only dry, cheatgrass (Bromus tectorum) ranges for summer use,
while a rancher in Montana may
have lush mountain meadows available for summer use, yet it is entirely conceivable that the rancher
in Oregon would pay as much for
the “cheat grass” range as the
rancher in Montana pays for the
lush mountain meadow per AUM.

FEES

Local supply and demand conditions for livestock forage are far
more important
in determining
prices than the quality of forage.
Ranches that are efficient in the
production
of livestock products
can probably pay more for forage
than ranches that are not so well
organized or managed.
Thus we
have differences in the MVP of individual ranches, which is reflected
in the total price they can rationally
pay for forage.
0 ther Fee Considerations
Therefore,
full market value of
grazing is different for each permittee or at least for different groups
of permittees. If grazing fees are to
meet the goal of collecting full market value of grazing, the amount of
variation
in the differential
between total cost of using public
(cost of permit not included) and
the total cost of using private
leased ranges should be minimized
among groups of permittees.
If permittees can be stratified
into grazing fee market areas where
their total cost differentials
are
more nearly homogenous, the variation within each group or market
area would be much less than when
all permittees are grouped together.
In addition, the government would
come nearer its goal of collecting
full market value in grazing fees.
In fact, if one adopts a single fee
policy, he is accepting the maximum amount of variation in total
cost differentials. Any stratification
into market areas could have no
more variation than would be the
case with a single fee. It is quite
likely that one could reduce this
variation
if available data were
grouped into rather rough market
areas.
To set up grazing fee market
areas that would minimize
the
variation, one would have to determine the level in the grazing organizational structure where the variation occurs. It might be at the
forest or district level or it might
be that the variation arises at the
grazing allotment level. If the variation is at the grazing allotment,
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level, one would have to make his
stratifications and establish market
areas of grazing allotments. One of
the arguments against variable fees
is that there is as much variation
within forests and districts as there
is between forests and districts. If
this is the case, one should go to
the grazing allotments within forests or districts to determine market
areas or fee areas as they did in the
1920’s.
The peculiar problems associated
with a single fee for all Federal
grazing can be shown by a hypothetical example. Suppose the total
cost differential
is computed for
each individual permittee grazing
Federal ranges. Let’s assume that
when plotted as a probability density function that the density function has the same shape as the “normal curve.” In this example, the
mean or average differential would
be $.75 per AUM. This would also
indicate that half the ranchers had
cost differentials less than or equal
to $.75 and half would have cost
differentials greater than or equal
to $.75.
The problem is not serious for
permittees that have differentials
near the mean. It is serious, however, when the differentials get significantly larger or smaller than the
mean. Permittees with differentials
significantly lower than the mean
may not be able to pay the new fee.
If their differential is low because
of inefficiency in production, another more efficient rancher might
buy them out or take up the permit
if it is turned in. This situation is
not too serious because the resource
is still being used. However, as
grazing fees are pushed to the average full market value, there will be
a considerable amount of the range
resource that will be priced out of
use for grazing because the fee costs
are just too high. The remote, or
low productive ranges, or the high
cost management ranges, or those
where livestock losses to poisonous
plants are high, will go unused. In
these situations even the efficient
rancher cannot afford to use them.
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Question of Resource

Use

Should these range resources go
unused? Of course, the answer to
this question will have to be made
by the administering agency. However, there are a few points that
should be considered when looking
at the problem from society’s pointof-view. The Federal range is a
public resource, so we are justified
in analyzing the problem from a
societal level. Assuming that grazing is properly managed and no
damage is done to the resource, we
have a flow resource that can be
used annually to get the benefits.
Non-use of a properly used good to
excellent condition range does not
represent
rational
conservation.
The forage produced simply goes
to waste.
One should also determine, if
possible, the marginal cost of managing these types of ranges. In all
probability,
these extremely high
cost ranges would be a small portion of the total resource being
managed by a given management
unit. Therefore, the marginal cost
would be low or it might be zero.
Thus, this resource should be used
even if the grazing fees had to be
set at zero. Society would be better
off because an otherwise unused
resource would now be used and
would make a contribution to the
production of goods for use by society. If one considered all of the
benefits and costs, he might find
that society, through a government
agency, could afford to pay some of

the costs so that an unused resource
could be used and add to the production of goods and services for
society.
Getting back to the discussion of
these high priced ranges, permittees
may attempt to pay more than their
MVP for using these range “resources.” How long this will go on
is difficult to estimate. However,
in the long-run they cannot afford
to pay more than their MVP for
grazing. Thus, one would expect a
period of adjustment
before he
knew how extensive the non-use of
the resource would be.
On the side of the mean fee value
we have those permittees who have
a differential greater than $.75 per
AUM. Federal grazing is still a bargain for these ranchers. They would
be willing to pay for the authorization to hold these permits. Thus,
the permit value is not zero and the
government is not collecting full
market value. If the magnitude of
the differential is caused by low
non-fee costs of using the Federal
range, there would be many bidders
for these permits. On the other
hand, if the differential exists only
because some ranchers are more
efficient than others (this would be
reflected in their MVP for grazing)
then the small, generally inefficient
ranchers would not be bidding for
the grazing. Undoubtedly the high
differentials are caused by a combination of lower non-fee costs and
rancher efficiency.
At any rate, it is only at or near

the mean that government would
be reaching its goal of collecting
full market value of the grazing.
The government
would still be
faced with the problem of having
some of its land under-priced and
some over-priced.
A competitive
bid system of fees where each individual could bid for control of
public grazing would come nearer
than any other fee system in achieving the goal of collecting full market value. This assumes enough
competition in each grazing area
to force the bids up near the MVP
Given
of the successful bidder.
present-day
communications
and
ability to move livestock, there
would be very few Federal ranges
that would be monopolized by a
single rancher.
Apparently the intent of the Federal government is not to go to the
extreme of competitive bid grazing
fees. We then have to settle for a
somewhat arbitrary
institutionalized system of setting fees. The
single fee system is the least effective system of collecting full market
value of grazing from all users.
Several other methods have been
tried in an attempt to arrive at a
reasonable method of setting variable fees. The data currently available does not provide the best possible means of setting variable fees.
However, it does provide enough
information to set variable fees that
would bring the government closer
to its goal than is the case with a
single fee.

Outcome of Annual Election
Ballots cast in the 1971 annual election
serve the Society
President
Directors-

during

the next

three

were counted
years were:

Elect-Martin
H. Gonzalez
John H. Ehrenreich,
F. Robert

on December

9.

Selected

by the membership

to

Gartner

at the forthcoming
Annual
Meeting,
at which time Dr. Floyd E. Kinwill succeed to the presidency.
Dr. Gonzalez will serve as president
in 1973 and the two newly-elected
directors
will serve for the three-year
term 1972-74.
Retiring
next month from the Board of Directors
will be Wm. D. Hurst, past president,
and Dillard
H. Gates and David G. Wilson,
directors.
Their
contributions
to the Society have been of significant
value and are sincerely
appreciated.
The
1971 Elections
Committee,
responsible
for counting
the ballots
received,
consisted
of James
B. Bryan, George L. Burnett,
Richard
E. Greffenius,
Charles W. Luscher,
J. Robert
Owen, Milton
M.
Wright,
and Francis
T. Colbert.
The

new officers

will be installed

singer, the current president elect,

Developing Range Management
in Latin America1
JOHN
Regional

Off icer, FAO,

BLYDENSTEINZ

Grassland

Resources

Survey,

Santiago,

Chile.

Highlight
The differences in outlook on the conservation of natural resources and
multiple use of rangelands between the United States and the countries of Latin
America is stressed and it is shown how technical assistance in the field of range
management must take these differences into account. Proposals are made for
a phased program for development of integrated grazing land management in
Latin America, starting with a range resources evaluation which will be the
basis for a limited intensive development of suitable areas in order to alleviate
the grazing pressure on the natural vegetation. This development phase should
be accompanied by range research for management applications during a second action phase. The requirements and difficulties of implementing such a
programme *are discussed. L

El Foment0 de1 Manejo de
Pastizales Naturales en
Ambrica Latina
Resumen
Se pone Cnfasis en las diferencias
entre 10s EE.UU. y 10s paises de Am&
rica Latina en 10s puntos de vista sobre
la conservation de recursos naturales y
el uso multiple de 10s pastizales naturales. La asistencia tecnica en el
campo de manejo de pastizales naturales debe tomar en cuenta estas diferencias. Se propone un programa para
el desarrollo de un manejo integrado
de las tierras de pastoreo en America
Latina, empezando con una evaluation
de 10s recursos forrajeros naturales, la
cual for-mar& la base para un desarrollo
intensivo pero limitado de las mejores
areas para aliviar la presion de pastoreo
sobre la vegetation natural. Al mismo
tiempo se inician las investigaciones en
manejo de pastizales naturales para su
posterior aplicacion en la segunda fase
de1 programa. Se indican 10s requerimientos y dificultades para implementar un programa de este tipo.

Range management is a typical
United States term, it cannot even
be properly translated into Spanish
or many other languages without
losing the connotations
associated
with it in the United States. Although natural grazing land man1 Paper presented at the Annual Meet-

ing of the Society for Range Management, Reno, Nevada, February 14-18,
1971
2Present address: FAO Regional Office for Latin America, Casilla 10095,
Santiago, Chile.

agement is practised in other countries of the world, it is hardly ever
known as range management.
In
the United States, range science developed as a response to a call for
the conservation of the natural resources available on public lands.
The sad state of depletion of these
resources and the case for their
“conservation” was well presented
in the widely known Senate Document 199, “The Western Range,”
35 years ago. At the same time, the
Federal Government was in a position to do something about the
situation, as owner of large tracts
of natural grazing lands.
The U.S. range manager, as a
custodian of these public lands,
developed a management
systern
based on proper use factors, seasonal
grazing restrictions and other practices, designed to preserve the natural vegetation of the lands entrusted
in his care in as good a condition as
was practically possible. But this
was not ranch management,
and
the livestock producer, as a parttime user of the public lands, was
forced to adapt to this public land
management policy by intensively
developing the private property under his control and maintaining
his livestock through periods of restricted natural grazing with the
use of improved pastures, conserved
fodders or supplements. This production system is backed up within
the United States by large-scale in7

expensive feedstuff production in
other parts of the country, available
to the rancher through a welldeveloped transport system. The
whole system is unique to the
United States, developed through a
historical pattern of settlement and
homesteading
laws and the active
management by the U.S. Forest Service or Bureau of Land Management of the lands remaining under
Government control.
In many developing countries, the
philosophy of conservation of natural grazing lands is not deep-rooted,
and instead productivity has priority. In spite of the fact that almost
90% of the livestock production of
Latin America is dependent on
natural range, grasslands are usually not even recognized as a reWhere
consideration
is
source.
given to natural vegetation as a
renewable resource, this usually is
limited to forests, but even there
this consideration does not guarantee adequate forest management.
Natural vegetation is there to be
used, and are often abused. As in
Latin America the control of natural land resources is often in the
hands of private individuals, it is
not surprising
that emphasis is
placed on exploitation
and not
conservation.
On those lands not suitable for
crop production, the most obvious
product is livestock, principally and
traditionally cattle in Latin America. Water as a product of the
rangelands is rarely of much interest to the private owners and
recreational values are even lower
in priority while the social pressures to recognize these values are
little developed in Latin America.
The production system in Latin
America is also influenced by the
prevalence of absentee ownership
and widely varying degrees of managerial control. Further complications are the value of land in an
inflationary economy and the deeprooted social tradition of equating
wealth and social status with land
ownership, even if the natural vegetation and soil resources of that
land have been exhausted.
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It is within this framework that
range management must be tackled
in Latin America. This means a
wider view of range management,
including those associated management practices needed to maintain
a viable production from the range,
even if thev are not directlv annlied
to the range vegetation. Because of
the low value of the land in areas
where natural vegetation provides
the grazing resource, and the relative ease of acquiring more land
for horizontal
expansion,
range
management
needs to emphasize
low capital inputs and the generation of high marginal returns on
investments as the only economitally feasible way to make these
areas productive. Even if this program may sound logical to a United
States audience, it must be remembered that Latin American agricultural scientists receive an agronomyoriented training and their first
reaction to the problems of “modernizing” natural grazing land management is to replace the whole lot
with cultivated pastures. They can
cite experimental evidence that pangola grass produces more dry matter
or protein than the native forages,
but unfortunately these studies usually do not show if the cultivated
pastures produce more net dollars
(or pesos, or cruzeiros) than the native range. Another important factor in Latin America is the fragmentation of range lands in private
holdings and the weakness of any
central government
authority in
such a land ownership pattern to
impose management guidelines.
Range management
starts with
the idea that there is some sort of
natural grazing available throughout most of the year. It then tries
to improve the productivity from
tl1is land
under
native
range
through two basic approaches:
(1) Efficient
use of available
natural grazing- by_ adapting
_
- herd
requirements to the natural fluctuations in forage availability, through
breeding control, seasonal sales, etc.
(2) Efficient use of capital investments to fill in the gaps in natural
forage availability by concentrating
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pasture, fodder and water developments around well-defined needs in
the most favorable areas, instead of
spreading them thinly over the
whole of the large land area which
forms the basis for such extensive
operations.
In this wav Nature takes care of
the large-scale needs of native grazing lands, while Man concen Gates
his limited economic resources on
selected key problems, which is
what range management really is
all about.
Although this technical basis for
range management
remains
the
same throughout the world, as it
concerns the management
of a
physical resource, these techniques
must be fitted into the local social
organization
before they can be
accepted and applied. For example,
the basic
concept
of damage
through over-grazing may lead to a
recommendation
to reduce grazing
In the
pressure on the range.
United States this can be accomplished through a reduction
in
grazing permits on public lands and
the rest of the livestock production
system makes appropriate
adjustments. But in countries where there
is no practical
control over liveI
stock numbers on the range, a reduction of grazing pressure leads to
recommendations
for a wholesale
reduction of the herds. This involves considerations for the economic and social status of the owners; if slaughter is contemplated,
the potential of the market to absorb such a sudden influx of meat
must be weighed. A possibly more
feasible alternative may be to accomplish the desired reduction in
grazing pressure on the native range
by developing new seasonal fodder
resources to supplement the critical
grazing period, at the same time
maintaining herd numbers at their
present levels
.
Range Lives tack Development
Program
The first action phase in a livestock development program based
on range vegetation comes in the
form of recommendations on tech-

niques
and capital
investments
needed to obtain new fodder resources at the lowest possible cost.
This means the development of
carefully delimited areas within the
range country for intensive fodder
crop production to fulfill a given
seasonal need. To accomplish this
a prior range resources evaluation
phase is needed to fulfill one of the
basic requirements of range management which is a good knowledge
of the natural grazing resources of
the locality. The evaluation will
determine the extent of the various
range types, their condition and
actual contribution
to forage production, their normal carrying capacity and its seasonal fluctuations,
and their position in the natural
landscape and relation to areas of
potential
intensive improvement.
Armed with this basic information,
the range manager can relate the
existing natural grazing resources
with known livestock nutritional
requirements and determine where
the deficiencies are that form a
bottleneck to higher productivity.
Even at best, it can only be expected that a small percentage of
all the ranchers in the area will
respond to an action program to
relieve these bottlenecks, even if
adequate credit can be made available, but their increased production
can make a significant contribution.
It is also important that their
value as demonstrators of the viability of the new techniques be
actively exploited by the program.
The major effort must be directed
to increased breeding efficiency and
higher calving rates, as this is the
product towards which livestock
development under extensive conditions should be oriented. Cheap
steers, in uniform lots and with high
fattening capacity, is what the fatteners on the improved pastures are
looking for in Latin America. This
means rather large animals, produced through controlled breeding
cycles and ready for market at the
appropriate time.
Most of the applicable techniques
at this stage of the program are
known. The success of the program
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lies in the selection of those techniques which are economically attractive and at the same time solve
the critical problems of livestock
production from the local range
resource. These techniques are not
the exclusive property of the range
management profession, and often
specialists in cultivated
pastures
and animal management are needed
in this phase. The range management specialist can contribute with
techniques of better range utilization through livestock distribution,
range grazing systems, and others.
Often an entomologist or wildlife
specialist may be needed to solve a
particular local problem.
With a functional integration of
on- and off-range fodder sources,
the limitation to production shifts
back to the natural grazing lands,
as productivity of intensively developed supplementary pastures can
be raised to desired levels with fertilizers or other economic inputs.
But practices designed to increase
carrying capacity of the range, such
as brush clearing, controlled burning, reseeding, or others, can only
be developed after local research
has shown what the reaction of the
native vegetation is to such actions.
The experience from other regions
or other countries is of only limited
help here, as the local native vegetation has its own unique relations
with its environment and the local
production
system has its own
unique economic conditions. Local
range research should be carried
out at the same time that the first
action phase is put into practice, in
order that the information is available when needed. And it will be
needed, as experience has shown
that once the confidence of the land
owners is gained in matters of management advice, they will come back
demanding more and more sophisticated information.
The second action phase would
consist of applying the knowledge
gained through the range research
program. This application can only
be successful if the first action phase
has made an impact, because the
effectiveness of these range man-
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agement practices depends on an
improved balance between livestock
numbers and forage availability on
the natural grazing lands, an improvement attained during the first
phase of intensive development of
alternative seasonal fodder sources.
The program outlined above can
be summarized as alternating phases
of research and ranch level action,
with some overlapping to ensure
that the needed knowledge is available when the time for the next
action phase is at hand. Both the
governments and the private ranchers will have an active role to play
in this program and it is in the
delimitation of these roles that the
differences
between
the United
States and Latin America show up
most. The first research phase,
range
resources
evaluation,
is
clearly a government action through
its agricultural research services and
possibly in cooperation with Universities. The results of this evaluation can immediately be applied
in the first action phase by a better allocation of credit resources
for livestock development
in a
ranching economy. Credit for such
often
comes from
development
international
sources and is distributed through government-controlled banks or within an official
technically supervised program. But
the ultimate producer is the private
rancher and it is his acceptance of
the development and credit risks
that make such a program a success
or failure.
The concurrent range research
phase will again be a government
responsibility,
but often no adequate land extensions are available
on existing experiment stations and
close cooperation between investigators and private producers is
necessary in this phase. The application of the research results in the
second action phase usually does
not involve such large capital requirements as the intensive fodder
developments of the first action
phase, but certain large scale actions such as brush clearing or reseeding may require special subsities or tax concessions to make
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them attractive
to the private
rancher. Also, as this whole program is based on the premise that
rangelands will continue to provide
feeder stock to other areas where
these are fattened, some active development and control of the marketing channels may be necessary
on the part of the government to
maintain this kind of production
as an attractive land use, and prevent misguided attempts to get
more out of these lands than they
are capable of producing.
0 ther Developments
Even while developing such a
program for range management, it
must be remembered that in Latin
America another type of development also takes place; a socio-economic development which changes
the whole
infrastructure
upon
which extensive land use for livestock production is based. Some extensively managed areas will be
advancing towards more intensive
developing
land
uses, possibly
through cultivated pastures for beef
fattening or dairy production all
the way to intensive crop production. But other areas will remain
as range livestock rearing areas, because of natural and ecological
limitations which no amount of infrastructure development can alleviate. Only their management options in the selection of techniques
and capital investments for range
management
will develop to include a wider variety of choices.
Technical
assistance in range
management, as in other fields, involves more than the simple transfer of modern techniques to the
developing countries.
Introduced
techniques are derived from existing production systems with which
they are intricately interwoven, and
their adaptation and testing in a
different environment
should not
only include experimentation
as to
their physical applicability
under
the new conditions, but also a review of their place within the existing institutional
organization and
social structure of the country, into
which they are introduced.

Beef Production on Lodgepole
Pine-PinegrassRange in the Cariboo Region
of British Columbia1
ALASTAIR

MCLEAN

Range Ecologist, Canada Agriculture
Kamloops, B. C.
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Highlight
Results from the Cariboo grazing trail confirm those from previous ones on
lodgepole pine-pinegrass summer range near Kamloops. They also suggest that
similar results could be expected in other regions with ecologically similar sites.
Yearling steers in the Cariboo district had a 3-year average daily gain of 1.74
lb. for 97 days starting in early June. The average gain per acre was 17.8 lb.
The average carrying capacity was 4.6 acres/animal unit month.

Pinegrass (Calamagrostis
rubestens) is generally considered to be
unacceptable
forage for cattle in
the Cariboo region of British Columbia. Although McLean (1967)
obtained satisfactory gains on yearling steers near Kamloops, popular
belief was that these results would
not apply farther north in the
Cariboo.
To obtain some knowledge on the response of beef cattle
to grazing lodgepole pine-pinegrass
forest range in the Cariboo district
a trial was undertaken about 20
miles southeast of Williams Lake
from 1968 through 1970.
The site is within the douglasfir
zone at 3 100 feet. elevation.
It is
presently dominated by lodgepole
pine, about 70 feet tall. A few old
trees of douglasfir remain, however,
and the reproduction
is mostly
douglasfir and lodgepole pine. Pinegrass dominates the ground cover.
Twinflower
(Linnaea
borealis)
is
subdominant.
Other species consistently present are rose (Rosa
nutkana), ricegrass (Oryxopsis asperifolia), and creamy peavine (Lathyrus ochroleucus).

Procedure
Field A (81 acres) is typical of
forest range in the district and had
a moderately dense stand of lodgepole pine. Field B (72 acres) was
logged about 10 years ago. Both
fields have very similar ground
l Received April 19, 197 1.

covers. The two fields were considered as replicates. Field C (16 1
acres) is covered by a dense stand
of lodgepole pine and is discussed
separately.
Yearling steers were turned in
when the pinegrass was about 6
inches high and removed early in
September
before
the
weather
turned stormy and the animals began to lose weight. The animals
were on the fields for 104, 90, and
97 days in 1968, 1969, and 1970 respectively from early June to early
September.
Adjustments in the number of
animals per field were necessary as
the forage became fully utilized.
Therefore,
average daily weight
gains were based only on the animals that remained in the same
field for the entire grazing period.
Animals were generally weighed
every 3 weeks.
In 1968 one-half of the animals
were from the Kamloops Research
Station while the rest were supplied
by a local rancher. In 1969 all stock
was provided by the Research Station. In 1970 all animals were
bought in April in Williams Lake.
All stock were grazed on open range
prior to turnout.
Results
General observations in the fields
indicated that cattle graze the pinegrass readily during June and July
but tend to avoid it during the latter part of the summer. They did
10

.

not especially avoid it while grazing

under the trees but seemed to prefer to dally in the open areas. Observations on range adjacent to the
fields suggested that the stock
grazed only slightly where the trees
formed a near-complete
canopy
when they had a choice.
The stocking rate for fields A
and B was 4.6 acres/animal unit
month (AUM) (Table 1). The average gain per acre was 17.8 lb.
The average daily gain (ADG)
was 1.74 lb. (Table 2). The ADG
declined progressively, as the season
advanced, from 2.61 lb. to 0.70 lb.
The 1970 gains were 0.25 lb./day
greater than for either of the other
2 years.
In 1968 the animals trucked from
Kamloops needed 49 days to regain
their leaving weight while the local
ones needed only 3 days. The seasonal ADG for the Kamloops and
local animals was 1.25 and 1.91 lb.
respectively.
The local animals,
however, had a lower starting
weight (457 vs 673 lb.) than those
from Kamloops. In 1969, when all
stock were trucked from Kamloops,
they took 35 days to regain their
leaving weight.
The animals were sold at the
Williams Lake auction sales. They
brought $25.50, $32.00, and $32.70
per 100 lbs. in 1968, 1969, and 1970
respectively.
The per-acre return
was $3.95, $5.12, and $7.20 for each
of the 3 years.
The crude protein content of the
pinegrass declined from turnout
time onward as the grass matured
(Table 3). The values for 1969 were
lower throughout the season than
either of the other 2 years. The
crude protein trends were quite
similar over the 3 years considering
the very different weather patterns.
Field C was considered poor
range because of the dense canopy
of lodgepole pine. Pinegrass, however, was still the dominant groundcover species although the stand
was thin in places. The object of
grazing this field was to see if heavy
shade had an adverse effect on the
cattle. The carrying capacity was
lower than expected so the animals

PINEGRASS
Table
1. Production
data for yearling
A and B from 1968 through
1970.

steers

on Cariboo
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experimental

fields

Year

Start
date

Finish
date

Start
wt (lb.)

Stock rate
(acre/AUM)

Avg gain/
acre (lb.)

1968

June 6

Sept 18

553

4.8

15.4

1969

June 5

Sept 10

596

4.9

16.1

1970

June 4

Sept 9

495

4.2

21.9

*vg

June 5

Sept 12

548

4.7

17.8

had to be removed early each year.
The stocking rates were 13, 19, and
24 acres/AUM for the 3 years. The
average daily gains for the periods
on the field were 1.96 lb. (63 days),
1.59 lb. (70 days), and 1.70 lb. (71
days).
Weather records were obtained
at the site in 1970 only. Consequently the records for the Williams Lake airport, about 22 miles
northwest, were used for year-toyear comparisons. The mean temperatures of the summer months
(May through September) were 53,
56, and 55 F for 1968, 1969, and
1970. The 5-month rainfall
for
1968, 1969, and 1970 was 5.98, 9.63,
and 3.83 inches respectively.
The
rainfall at the test fields in 1970
was 4.82 inches as compared with
3.83 inches at the airport.
Discussion
The concept of ecological sites is
illustrated in the Cariboo grazing
trails. That is, where results from
one region can be applied to others
provided they are ecologically similar. The results verify those obtained earlier in the Thompson
Valley near Kamloops, about 120
miles southeast on similar range
(McLean, 1967).

There are remarkable similari ties
in animal daily gains, gains per
acre, and carrying capacities of the
fields. The ground cover is similar
in species and volume between the
Cariboo and Kamloops sites. The
chemical composition of the pinegrass is similar throughout the season. The ADG was 1.74 pounds in
the Cariboo and 1.75 pounds at
Kamloops. The Cariboo and Kamloops stocking rates were 4.6 and 4.8
acres per AUM respectively. The
gains per acre were 17.8 and 19.3
pounds respectively.
The crude protein contents of the
pinegrass were up to 2% lower in
the Cariboo for comparative dates
as compared with the Kamloops
values (McLean et al., 1969). Some
variation can be expected, however,
because of difficulty in determining
comparable growth stages since the
grass does not always head out.
Pinegrass dominates about 77% of
the ground cover in the Cariboo
fields and 80% at Kamloops. The
site index for lodgepole pine is
about 75 (per 100 years) at both
locations.
The summer climates at the two
locations are comparable. The Mayto-September mean temperature for
1970 was 54 F at the Cariboo fields

Table 2. Average daily gains (lb.) of yearling steers
fields by weigh periods from 1968 through
1970.

on Cariboo

June 5

June 27

Aug. 3

1968

2.43

1.29

1.41

1969

1.74

3.45

1.65

1970

3.68

2.73

1.89

*vg

2.61

2.48

1.64

Aug. 22

Sept. 8

Season
A.D.G.

1969

1970 Average

June 5

14.8

12.2

14.3

13.8

*June 27

11.9

10.2

9.6

10.6

Aug. 3

8.1

7.5

9.0

8.2

Aug. 22
Sept. 8

7.5

5.6

6.8

6.6

6.5

4.2

5.2

5.3

and 55 F at the Kamloops ones. The
1970 rainfall was 4.82 inches at the
Cariboo fields and 5.13 inches at
the Kamloops fields.
The results of the Cariboo trial
suggest that pinegrass can be grazed
successfully by yearling steers in
that region during the summer,
even under a tree canopy. Animals
that were grazed on the field with
the dense tree cover did not appear
to suffer adverse effects since the
daily gains were satisfactory. The
main problem seemed to be the low
carrying capacity. It appears necessary, however, to confine the animals on these areas to obtain full
utilization.
The carrying capacities indicated
for the test fields are higher than
can be expected from larger range
units since full utilization was obtained in the fields. No allowances
had to be made for such factors as
distance from water, accessibility,
and topography; important factors
on large range units.
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No. of
animals

1.66

12

0.82

1.66

16

1.18

0.86

1.91

15

1.52

0.89

1.74

14

1.33

Crude protein
1968

Evaluation of pinegrass as range for-

1.01

2.07

Average
date

age. Can. J. Plant SC. 49:351-359.

Average weigh dates
Year

experimental

Table 3. Crude protein content
(%,
oven dry wt) of pinegrass at various
growth stages on the Cariboo experimental fields.
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Spread of African Pasture Grasses
to the American Tropics1
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Professor of Geography, Department of Geography,
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Highlight
Most of the economically
important
pasture
grasses
of the tropics
have
originated
in Africa.
Introduced
into
the New World,
they have often become
naturalized,
spreading
rapidly
and widely.
Six species have been
principally
involved
in this massive
ecologic invasion. With the aid of man
the face of much of the continent
is
gradually
being changed
from forest
to productive
grassland.

The once limitless
forests of
humid tropical America are rapidly
being converted to grasslands. Areas
newly cleared of selua or montana
are cropped for a few years, then
planted to perennial African grasses
to’form “artificial” pastures. These
generally have been aggressively
colonizing species, readily disseminated either by seed or cutting, and
they have become widely naturalized. Agriculture
is thus but a
temporary stage in the process by
which forest is being converted to
potreros,
especially where grazing
pressure, set fires, and the purposeful cutting or uprooting of aggressive woody species promote the
dominance of grasses over secondgrowth vegetation (rastrojo). There
is a surge and ebb to the forestgrassland boundaries thus created,
but the relentless sweep of the
colonos axe is producing an everwidening sea of grass. Where once
stood great tracts of lowland forest
-along the Pan American Highway
in Mexico and Central America, on
1This research

has been supported
by
the
Geography
Branch,
Office
of
Naval Research,
and the Center for
Latin American Studies, University of
California,
Berkeley.
This is a revision and extension of an earlier paper,
“The Africanization
of the New World
Tropical
Grasslands,” which appeared
in Tiibingen
Geographische Studien,
34: 141-153 (1970). Received February
6, 1971.

the north coast of Colombia, on the
Andean spurs of eastern Venezuela,
in the interior of Brazil, on the islands of the Greater Antilles-today
one sees pasture lands stretching to
the horizon, interrupted
only by
scattered palms, remnant woodlots,
or linear rows of trees planted
originally as live fences. The tropical forest of Latin America, so long
considered inviolate, is under serious and sustained attack on countless fronts and it must now be considered
an important
question
whether it will long endure (Sternberg, 1968).
Tropical
Africa-especially
Angola, Rhodesia, and the Transvaal
-has been an independent center
of development for a number of
sown forage grasses, including virtually all of the important ones that
may be considered truly tropical
(Hartley and Williams, 1956). Most
of these are said to have evolved
from woodland or forest margin
habitats (Cooper, 1965). Although
originally they appear to have had
distributions
in
quite restricted
Africa, they are today found over
wide areas of ‘derived’ savanna surface that once supported trees. Introduced into America, these grasses
have proven to be explosively aggressive, invading and holding vast
areas wherever they have received
minimal support by man. For most
of them numerous subspecies or
ecotypes have been recognized, but
little is known regarding their differing ecologic adaptations and the
mechanisms for them (Torres, 1954).
The role of genetic variability, including polyploidy, in the evolution
of these invasive species remains to
It is noteworthy
be investigated.
that all appear to have the ability
to respond to higher soil nutrient
levels than those encountered in the
regions from which they came. In12

variably they are more palatable to
livestock than the native American
species, and more productive. Such
adaptability to grazing clearly must
be related to their simultaneous
evolutionary
development
with
grazing animals in their areas of
origin during the late Pliocene and
Pleistocene.
There are no data on how much
of Tropical America today supports
a grass cover. It is a patchwork
quilt. Excluding the Amazon basin,
it must approach 40 per cent. What
part of this surface supports naturalized African species is not known.
Although the vegetation maps may
not show it, grass, whether volunteer, planted, or simply encouraged
by man, is the most widespread of
all cover types over much of the
continent.
Most pastures and extensive tracts of so-called savanna
are, in fact, a mixture of native and
introduced grasses.
A half dozen species of Gramineae
have been principally involved to
date in this African
invasion:
Guinea grass (Panicum
maximum
Jacq.), Para grass (Brachiaria
mutica (Forsk.) Stapf), molasses grass
(Melinis minutiflora
Beauv.), jaragua
(Hyparrhenia
rufa
(Nees)
Stapf), Kikuyu grass (Pennisetum
clandestinum
Hochst.), and, most
recently, Pangola grass (Digitaria
decumbens
Stent). The first two
have been longest in the Americas
and are probably the best known
and most valued, although some of
the later arrivals have been more
aggressive colonizers.
Guinea Grass
Guinea grass (Panicum
maxia tall growing clump-former
that may be propagated either by
seeds or cutting, is undoubtedly the
most widespread. It is also known
as hierba
de India
(Colombia),
priuilegio or xacatdn (Mexico), and
capim coloniao (Brazil). Its establishment in the West Indies apparently dates from the seventeenth
century.
In 1684 Hans Sloane,
founder of the British Museum, collected and described a “Scotch
grass” in Barbados, and later in
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FIG. 1. The spread of sonle African pasture grasses into the New World tropics.
# (1823) = place of collection and date of first scientific description of species.

Jamaica
(Sloane, 1707, p. 106). He
labeled it “gramen paniceum maximum or paniceum
vulgare.”
He
described
it as 4-5 feet tall with
thick nodes at six-inch intervals on
the stalk, being:
“Planted
in moist
ground
all
over the island for provision
for
cattle, but grows wild . . . in the
north side [of Jamaica]
and in
part of Barbadoes
called
Scotland, whence
the name.
After
its being found very useful
in
Barbadoes,
and had been there
planted
for some time, it was
brought
hither [Jamaica]
and is
now all over the island in the
moister
land
by
river
sides,
planted
after
the manner
of
sugar canes.”

Such an early English introduction
would fit into a pattern of fairly
widespread
introductions
of economic plants to the West Indies
from West Africa, for many slave
ships made Barbados their first and
often only port of call. Alternately

the seed might have arrived from
Brazil, with which Barbados
had
fairly close associations at the time.
But to be sure that Sloane’s grass
was indeed Panicum maximum we
need to examine his collections
in
London.
Bryan Edwards, the historian
of
Jamaica, writing prior to 1794, was
enormously
impressed
with
the
rapid spread of “Guinea grass,” but
he, like several
other
observers,
attributed
its presence in the West
Indies to a casual introduction
from
Africa to Jamaica
in 1740 or 1741
by the captain of a slave ship who
had intended it for use as bird seed.
Multiple
introductions
seem quite
likely. Commenting
on the revolutionary impact of the grass, he observed (Edwards,
1801, p. 253):
“. . . Most of the grazing and
breeding farms, or pens, throughout the island [of Jamaica]
were
originally
created
and are still
supported
by this
invaluable
herbage.
. . . Perhaps the settle-

Its spread
throughout
the West
Indies was apparently
rapid.
The
first scientific
description
of the
grass, in 1786, was from a specimen
collected in Guadeloupe,
where it
was said to have become naturalized
Guadeloupe
sponte
insula
(“In
crescit”).
By the end of the century
it was described
as being “extensively cultivated” in Antigua, where
it had been introduced
from JaAs early as 1813 it had
maica.
reached Mississippi,
approximately
the northern
limit of its range in
the New World (Weintraub,
1953).
Guinea
grass appears
to have
been introduced
to New Granada
(Colombia)
from Jamaica
in 1797
(Restrepo,
1963).
Here, too, it is
reported to have been looked upon
at first as only a curiosity, a source
of bird seed. Its large scale cultivation was initiated
in the area of
Guaduas
(Cundinamarca)
in the
middle
Magdalena
Valley in the
1830’s where it created
a major
land-use revolution.
One observer
called it “a true miracle grass,” suggesting that the unknown
person
responsible
for its introduction
to
that region deserved a statue “as
high as New York’s Statue of Liberty, illuminated
by night . . . so as
to be visible throughout
the vast
area of the new haciendas
of the
tierra caliente that it has made productive” (Rivas, 1946). It was also
from Jamaica
that it reached Central America, apparently
sometime
around the middle of the 19th century. Extensive planted pastures of
Guinea grass began to appear in

Guatemala
about
this time,
reportedly introduced
by way of the
Soconusco
coast of Chiapas
(Esponda, 1888). In 1870 “great zacat6n
potreros full of fat cattle” were described as one of the principal arms
of
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of the Rio Grijalva in the 1880’s
was attributed directly to the establishment of the new Guinea grass
potreros. The seed was introduced
into Costa Rica in 1885 (Pittier,
1957).
The time and manner of the arrival of Guinea grass into Brazil
seems to be undocumented.
It was
undoubtedly early. Indeed numerous Brazilian observers have mistakenly called it native to that
country. The late Agnes Chase, authority on all matters pertaining to
grasses, suggested that it was probably introduced as bedding on slave
ships, establishing itself wherever
such vessels unloaded (Chase, 1944).
From Brazil it may have gotten to
Venezuela, although the more important implantation to that country seems to have come from Colombia in the early years of the
nineteenth century.
Par6 Grass
Pari

(Brachiaria
~ur~urascens]),

grass

mutica

a lower
growing stoloniferous grass spreading chiefly by runners, is to the
poorly drained bottom lands of the
tierra caliente what Guinea grass is
to the better drained lower slopes.
The name suggests an early connection with the lower Amazon Valley;
in the earlier literature it is sometimes referred to as Mauritius grass;
in Oaxaca it is known as Egipto, in
It has been
Colombia as admirable.
so long established in Brazil that it
has often been listed as a native,
but there it is called capim Angola.
Like Guinea grass it may have been
introduced
as bedding in slave
ships. It was well established in
Brazil at least as early as 1823, for
it was first described taxonomically
in that year from a specimen collected at Rio de Janeiro. It was in
Guadeloupe, French West Indies,
sometime prior to 1844, when it
was taken to Venezuela with some
fanfare (Official correspondence. . .
1849). From there it was carried to
the Santa Marta area of Colombia
(Ospina Vasquez, 1955). Its adoption was rapid, especially in Antioquia and the middle Magdalena
[Panicurn

Valley. It reached the Valle de1
Cauca in the 1860’s. A Colombian
observer (Rivas, 1946) at the end
of the 19th century wrote of the
great prosperity
that Para and
Guinea grass had brought to that
country:
“In the warm and temperate
lands where it was so difficult
to maintain clean pasture they
are now established easily by
means of these two grasses, which
destroy all other competing
plants.”
Their introduction
has been called
(Ospina VAsquez, 19.55, p. 447) the
most bportant
economic event in

Colombia between 1820 and the
final establishment of coffee as the
country’s major commercial crop
near the end of the century. The
introduction of Para grass into Central America seems to have been
relatively late; it reached Mexico
from Cuba in 1872. At that time it
was already in Guatemala where it
was especially valued for milk production. Today Para grass is found
soils
on moist, poorly drained
everywhere in the American tropics,
including the irrigated pastures of
the desert coast of Peru and along
the new “penetration roads” reaching down from the Andes into the
Amazonian lowlands.
Molasses

Grass

Melinis minutiflora
or molasses
grass (gordura, melado), so named
for its characteristic sweet odor and
the gummy exudations that make
its hairy leaves sticky, occurs naturally in two disjunct areas of tropical Africa. The western one extends in an arc from central Angola
to Cameroun, while another to the
east includes the lower slopes and
adjacent areas of the Ruwenzori
Range and Mount Kenya (Rattray,
1960). The time and manner of its
initial introduction into the New
World is unrecorded, but it is clear
that molasses grass found here
optimal ecologic conditions.
The
worn and eroded soils of the abandoned coffee lands of the Paraiba
Valley, between Rio and SBo Paulo,
are almost taken over by this self-

sowing grass, which tends to form
a thick and impenetrable mat that
snuffs out all competition. It seems
to thrive best in disturbed areas
and on thin soils, especially in the
more temperate “coffee climates.”
Molasses grass is the basis for much
of the modern beef cattle industry
of Minas Gerais and Goias; it
covers patches of soil on the steep
open sides of the Sugar Loaf and
other granitic domes around Guanabara Bay.
The first scientific description of
Melinis
minutiflora,
published in
1812, was from a specimen collected
near Rio de Janeiro; it was not
identified in its African homeland
until nearly half a century later.
St. Hilaire observed it in 1816 in
Minas Gerais spreading so rapidly
northward that he judged it to be
an invader (Anon., 1922). Martius,
on the other hand, like many other
observers, thought it must be indigenous to Brazil. Gardner (1830)
observed:
“It is now everywhere so common in this province (Minas) it
is difficult to say which of those
excellent botanists is right: [but]
all of the agriculturalists I have
spoken with on the subject agree
with St. Hilaire . . .”
St. Hilaire had not observed it beyond 17”4O’S, but Gardner met it
much further north, especially in
the vicinity of houses. He thought
that it would soon overrun the
mountains on the Goias-Minas border, its dissemination being greatly
aided by cattle.
Despite its early establishment,
molasses grass, also known in Latin
America as calinguero,
seems to
have been curiously slow in moving
beyond Brazil. It is said to have
been introduced
from there to
Venezuela in 1860, but apparently
without major consequence. It was
not known in Colombia until 1906
when seeds were inadvertently included in packets of seed of jaragud,
another African invader, that were
being sent from Brazil by the Colombian Minister to that country,
General Rafael Uribe Uribe (Parsons, 1968, p. 133). The true jaragua
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took hold slowly and unimpressively in Antioquia, where the seeds
were first sown, and since two
grasses resulted from the packets
sent by General Uribe, the public
gave the name yaragua (jaragua) to
that which prospered better, the
unsuspected Melinis. As a result it
became known, quite erroneously,
as yaragua or yaragua Uribe. The
confusion in terminology resulting
from this circumstance still persists,
not only in Colombia but in neighboring Venezuela and in Puerto
Rico, to which the species apparently was carried from Colombia.
The spread of molasses grass outward from the point of its initial
introduction
in Colombia was remarkably rapid. Only three years
after it had first been planted in
the Amalfi district of Antioquia a
hacienda there had demands for
more than 4,000 kilograms of seed
coming from all parts of the republic and from Ecuador in response
to some articles in a Bogota newspaper. It was heralded as “the salvation of Antioquia,”
a province
with particularly steep slopes and
much thin, eroded soil. At first it
was carefully seeded in beds of
ashes with the first maize crop in
new forest clearings, but it quickly
became a volunteer, invading abandoned cafetales, road cuts, railway
embankments
and even pastures
dominated by native grasses. Continuing forest destruction, together
with man-set dry-season fires and
assiduous roguing of weedy woody
growth is encouraging its expansion. A recent study of the Colombian Llanos
(Blydenstein,
1967)
identifies
a “Melinis minutiflora
association” on the higher terraces
and foothills at the eastern base of
the Andes.
In one generation molasses grass
has largely taken over the temperate
uplands of tropical America. During the ‘twenties’ it spread southward into Peru and Bolivia and
northward through Central America and Mexico. Henri Pittier had
observed it in Venezuela in 1913,
but restricted only to the immediate
vicinity of Caracas. Twenty-three
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years later, he found it to be “completely naturalized and reproducing
spontaneously, as well as being cultivated on a large scale as a forage
crop of recognized excellence” (Pittier, 1937). It is first mentioned in
Costa Rica in 1908; twenty years
later it was described as “completely
naturalized” there in some areas.
Hitchcock and Chase (1917) do not
mention it in their “Grasses of the
West Indies.” By 1920, however, it
was being distributed by a Cuban
experiment station, from whence it
was introduced into Mexico (Tabasco) four years later (Martinez,
1959). In Mexico, however, it has
never become very well established.
It was present in Puerto Rico by
1923, but it was only after a second
and well-publicized
introduction
from Colombia three years later
that it began to take hold vigorously (Chardon, 1930). A study of
the Puerto Rico grasslands includes
a Melinis minutiflora disclimax as
one of the principal plant associations in the central
highlands
(Garcia-Molinari,
1952). In Jamaica’s Blue Mountains it has become
widespread
on “ruinate”
lands
above 2500 feet elevation. There it
is known as Wynne grass and its
characteristic
spicy fragrance
is
even mentioned as an attraction in
the tourist literature.
Jaraguii
Jaragua (Hyparrhenia rufa) is a
member of one of the two most
common and widespread genera of
grasses in tropical and sub-tropical
Africa. It is dispersed by seed with
uncommon ease and it seems reasonable to assume repeated accidental introductions on slave ships.
It was certainly in Brazil early, and
like the other grasses previously
mentioned
has frequently
been
considered to be part of the native
flora. It was first identified taxonomically
in
1829
(originally
Trachypogon rufus Nees) on the
basis of a specimen collected by
Martius in Piaui in the northeast
of Brazil (Chase and Niles, 1962).
Throughout
Latin America, it is
known by the Tupi name jaragua
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(“yaragua,”
“faragua”)
meaning
roughly “master of the field.” In
Brazil, it is also known as capim
vermelho, because the tips of the
leaves redden conspicuously on maturing.
Remarkably,
j aragua seems not
to have spread beyond Brazil to any
other part of Latin America prior
to General Uribe’s introduction of
seeds into Colombia in 1906. He
himself presumed it to be a native
of Goias, observing that it was
spreading rapidly there, often driving out molasses grass (Uribe Uribe,
1955, p. 330-333).
“If it doesn’t
deserve the title ‘Queen of the
grasses,’ ” the General wrote with
reference to Brazil, “it is only because of the incomparable Guinea
grass.”
Cheese made in Minas
Gerais from dairy cows fattened on
jaragua he pronounced the most
exquisite he had ever eaten and he
hoped that Colomibans might one
day enjoy a comparable product.
Once established in Colombia, he
accurately predicted, it would be
only a matter of time before it
would take over the country, at
least below the 1500-meter contour.
Colombia seems to have served as
the staging base from which the
red-tipped jaragua, like molasses
grass, spread to the rest of tropical
Spanish America. It is in the decade of the 1920’s that it is first
reported in the Central Andes, in
Central America and in the West
Indies. Especially in the drier areas,
where the dry season lasts five
months or more, it has held a strong
competitive advantage. Outside of
Brazil, it has perhaps reached its
maximum development in the drier
western side of Central America,
especially in Guanacaste
and in
Nicaragua where it is recognized
as the base of a substantial livestack industry. It was surprisingly
slow in reaching Mexico. It is first
recorded for the Vera Cruz coast
in 1924 and the following year was
introduced into Tabasco where today it supports an important livestock industry around Palenque.
Jaragua is also prominent in Cuba
where it was first sown on marginal
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lands in Oriente province as early
as 1920. Six years later it was reported by Hitchcock as “becoming
naturalized” near Camaguey.
By
1950, it was found throughout the
island, “no pasture grass having
ever spread so rapidly” (Alonso
Olive, 1953). In Puerto Rico, in
contrast, it seems to have established itself much more slowly. In
Venezuela,
too its establishment
must have initially have been slow.
As late as 1936 Pittier could write
that he had not yet encountered it
there, although he suspected that it
had been introduced (Pittier, 1937).
Thirty years later it was one of the
most widespread and conspicuous
exotic grasses in that country.
Jaragua’s remarkable aggressiveness and its self-seeding ability is
demonstrated
by its capacity to
with
native
savanna
compete
grasses. Clumps of jaragua, well
established and vigorously spreading, can be seen at the Llanos Experimental
Station
at Calabozo,
Venezuela, far removed from any
possible seed source and in the
midst of a coarse Trachypogon
savanna scattered with gnarled, fireresistant Curatella and Byrsonima
trees. Within a generation, parts
of the open Venezuelan Llanos may
well be dominated by this aggressive African invader.
Even more
than the other exotic grasses in the
New World tropics jaragua appears
to be aided by fire. After a number
of years, it may tend to weaken and
eventually be invaded by other species unless regularly burned. Stockmen, who know this well, fire
jaragua ranges each year in the dry
season and graze it rather closely
during the rainy period to avoid its
becoming rank and fibrous, with
progressively lower nutritive value.
Kikuyu Grass

In contrast to other African immigrants previously discussed, Kikuyu grass (Pennisetum
clandestinum) belongs chiefly to the tierras
frias. In the last twenty years, it
has spread explosively throughout
the higher elevations wherever there
is no severe drought period.
It

shows very vigorous vegetative development of runners and stolons
but its reproductive organs tend to
be reduced and stunted. This concentration
on vegetative
matter
probably enhances its value as pasture. In Ecuador and Colombia it
prospers best above 6,000 feet coming down progressively lower as it
moves away from the equator. In
Mexico City, where it was introduced as a lawn grass perhaps as
late as 1950, it has invaded vacant
lots as a weed and is a common
grass in Chapultepec
Park.
But
there it needs watering for good
growth. In La Paz it crowds out
other lawn grass and grows aggressively in cracks in the pavement.
It is a weed along the temperate
coast of California, at least as far
north as San Francisco Bay Area,
where it is employed sparingly as a
lawn grass. Originally
from the
slopes of Kilamanjaro
and the
Kenya-Uganda
lake country, this
species
mat-forming, stoloniferous
seems to have first reached the
Americas in the early 1920’s, probably through agricultural
experiment station activity.
The first
references that I have found to it
are from 1923, and at three widely
Guateseparated
places- Brazil,
mala, and Peru. Characteristically,
is has escaped from trial plots to
overrun adjacent areas. At first
considered an ineradicable weed, it
is today recognized as a valuable
pasture grass in lower latitudes. In
a period of about 40 years since its
introduction
onto the Sabana de
Bogota it has almost completely
overrun every open field and roadside, choking out all competition.
Similarly it has invaded the Quito
basin and the upper yungas of Peru
and Bolivia. It mantels the terraces
of the famous ruins of Machu Picchu in Peru. On the slopes of Costa
Rica’s Irazti volcano, where it was
introduced about 1928, it was long
considered a pest which tended to
dominate the so-called noble grasses
such as orchard, rye and fescue in
the zone from 6,000 to 9,000 feet.
Following the 1964-65 eruptions of
Irazti, when all other grasses were

killed off, Kikuyu came back early
and strong, apparently invigorated
by the ash. Dairymen who once
scorned it now describe Kikuyu as
their strongest, most resistant and
resilient pasture, supporting one
head per acre throughout the year.
Pangola Grass

The most recent African invader
dePangola grass (Digitaria
cumbens),
apparently a very unimportant species in its home on
the Pangola River in South Africa.
It was introduced into a Florida
station in 1935 and
experiment
from there was taken to the West
Indies and the mainland of Central
and South America. Like Kikuyu,
it is propagated exclusively by stolons or stem cutting, being a sterile
triploid that does not produce seed.
Currently it enjoys great popularity
in tropical America, although in
some areas it is subject to a destructive virus disease. When healthy,
its low, thick sward tends to crowd
out all competition.
Pangola grass was introduced
into Puerto Rico in 1946 and the
same year into Costa Rica. For
most other countries the date of its
introduction is some time in the
‘fifties. It has a wide range of adaptability and has been found doing
well to elevations as high as 5,000
feet in Costa Rica and even higher
In Jamaica it has
in Colombia.
been used extensively for rehabilitation of mined out bauxite areas.
Its susceptibility to disease is currently resulting in its displacement
on newly cleared lands in Mato
Grosso, where it has enjoyed recent popularity, by an even newer
African introduction,
signal grass
or Brachiara
brixantha,
also considered to have great promise.
There are other grasses, including several from the more temperate parts of the African continent,
that are contributing to the “Africanization” of the tropical American grasslands. Among these are
the ubiquitous
Bermuda
grass
(Cynodon
dactylon
L.), Johnson
halepensis
L.),
(Sorghum
grass
(Chloris
gayana
Rhodes
grass

is
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Kunth),
elephant
grass
(Penniseturn purpureum
Schumach)
and
Natal
grass
(Tricholaena
rosea
Nees). Although
some of these are
aggressive colonizers,
none has assumed the importance
within the
American
tropics of the species reviewed.
This African invasion is reminiscent of the replacement
of the California bunch grass by Mediterranean annuals, but in the tropical
example
human
agency
plays a
The
movement
has
larger
role.
been
almost
all one way, from
Africa to the Americas,
as is also
the case with the Mediterranean
grasses stand
grasses. The 4frican
up better
to grazing
and have
higher nutritives
values than native American
species.
In
this
respect the invasions
can be considered advantageous,
although botanists may mourn
the disappearance of native members of the flora
that it may cause. A somewhat similar, but less spectacular,
spread of
African grasses into the Southeast
Asian tropics may also be documented
(e.g. Burkhill,
1935; Bor,
1960; Whyte, 1968) but the secondary role of stock-raising
there, together
with
the
existence
of
aggressive, indigenous
species such
cylindrica
and Sacchaas Imperata
makes this invarum spontaneum,
sion of a lesser order of consequence.
Good grazing grasses appear to
develop
under
grazing
pressure.
Few cultivated
grasses are indigenous to the New World. We have to
go to the Great Plains, with its buffalo and grama grasses, to find anything remotely
equivalent
to the
Old World grasses in terms of grazing value. From the American tropics come Bahia
grass (Paspalum
notatum Fluegge), Carpet grass (Axonopus compressus Beauv.), and Imperial (Axonopus
scoparius L.). But
none

of these

tance.
noticed

are of major

It is instead

impor-

the largely

but massive invasions

vigorous

African

species

that

un-

of the
is at

the base of the new hope for the development

of a viable

commercial
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livestock industry in the low latitudes of the New World tropics.
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Estimating Cattle Gains from Consumption of
Digestible Forage on Ponderosa Pine Range’
HENRY
Rocky Mountain
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Flagstaff, Arizona.

Highlight
In vitro digestibility measurements
reduce the variability in estimating
cattle gains from forage intake measurements. The daily digestible forage
intake requirements of range cattle
appear similar to the requirements of
cattle in feedlots.

La Estimation de Ganancias de1
Ganado Bovino por el Consumo
de Forraje Digestible
Resumen3
Se llev6 a cabo el estudio en un pastizal tipo
pino
ponderosa
cerca
de
Flagstaff,
Arizona,
E.U.A.
Las ganancias de1 ganado
bovino
fueron
relacionadas directamente
con el consume
de forraje
digestible
y el consume
ordinario.
El consume de forraje digestible explica el 80% de las ganancias y el
consume ordinario
explica el75.3%.
Se
concluy6
que la mejor
evaluacih
de
10s pastizales
es el consume
de forraje
digestible.

Range

nutritional

value

is usu-

ally measured
in terms of forage
production,
utilization,
and chemical analyses, and less frequently
in
terms of animal
production.
Although it is generally simpler and
less expensive
to measure
forage
than animals,
some conversion
of
forage measurements
into animal
products
is necessary
to properly
assess range value. The most meaningful conversion is based on forage
l Received January 22, 1971.
‘Forest Service, U. S. Department of
Agriculture, Flagstaff, Arizona, in cooperation
with Northern
Arizona
University; central headquarters maintained at Fort Collins, in cooperation
with Colorado State University. Author is currently Principal Range Scientist, Southern Forest Experiment
Station, Pineville, Louisiana.
3Por Donald L. Huss y Benjamin
Lopez, Dept. Zootecnia, I.T.E.S.M.,
Monterrey, Mexico.

Station,2

intake and digestibility
of that forage:
digestible
forage consumed.
This conversion
provides a better
evaluation
of different
ranges regardless of species composition
of
the animal diet.
Forage requirements
for animal
maintenance
and gain are also important in determining
range value.
The energy requirements
for domestic livestock in feedlots have been investigated by several workers (Green
et al., 1959; Garrett
et al., 1959;
1953),
Winchester
and Hendricks,
but little quantitative
information
is available on maintenance
or gain
requirements
for grazing animals
under range conditions.
Kromann
et al. (1961) found no difference in
the maintenance
requirements
for
digestible energy between steers fed
in a drylot and those grazing irrigated pasture.
They suggest that
the extra activity involved in grazing does not materially increase the
digestible
energy requirements
of
cattle.
Relationships
between digestible
forage intake
and yearling
cattle
gain on ponderosa
pine
(Pinus
ponderosa Laws.) summer range are
reported here. Included are (1) the
beef gain-forage
consumption
per
acre relationship,
and (2) quantitative daily requirements
of grazing
cattle. In vitro dry matter digestibility has been applied directly to
animal responses instead of being
converted
to in vivo digestibility
prior to application.
Since digestible dry matter accurately describes
digestible
energy
digestible
nutrients
and
total
(TDN),
with appropriate
transformations these terms can apparently
be used interchangeably
when considering nutrient
requirements
for
livestock (Moir, 1961; Harris et al.,
1959; McCullough,
1959).
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Methods and Procedures
The ponderosa
pine range studied, near Flagstaff,
Arizona, is described in detail by Pearson
and
Jameson
(1967); it includes seven
pastures varying from 40 to 250
The
pine stands in four
acres.
pastures were thinned to different
densities of trees; two pastures were
clearcut
and one was left
unthinned.
These differing
densities
of overstory provided pastures with
varying
forage
yields.
Arizona
(Festuca
arizonica
Vasey),
fescue
mountain
muhly
(Muhlenbergia
montana
(Nutt.)
Hitchc.),
bottlebrush squirreltail
(Sitanion hystrix
(Nutt.)
J. G. Smith),
and sedge
(Carex
geophila
Mackenz.)
comprised the major
portion
of the
herbaceous vegetation.
Yearling
Hereford
heifer cattle
grazed each pasture for a 4-month
season, June
through
September,
1963-67.
The
average
animal
weight varied between 450 and 600
pounds.
Forage utilization
varied
between 5 and 40%.
Water and salt were manipulated
to provide uniform grazing in each
pasture.
Trap gates at the water
facilities
were used to catch animals for weighings.
Animals were
held off water 12 to 16 hrs prior to
weighings.
Animal gain was determined by difference between initial
animal weight in June and ending
weight in September.
Forty-five
pairs of 9.6-f@ plots
(one caged, one uncaged) were located in each of the seven pastures
to measure utilization
production,
and forage digestibility.
The caged
plots were clipped at 6-week intervals during the season to resemble
cattle grazing on the uncaged plots.
Digestibility
of the clipped forage,
which duplicated
cattle intake or
consumption
ranged from 52.1 to
60.3% and was determined
by the
two-stage in vitro technique
(Tilley and Terry, 1963). The remaining forage on the caged plots was
clipped to near ground level at the
end of the growing season. Total
production was obtained by adding
all clippings.
Least squares regression analyses

DIGESTIBLE
were used to determine simple prediction formulas based on pasture
mean values. The independent variables (seasonal forage intake and
seasonal digestibility) were subject
to large sampling error, however.
Animal weight gains and forage
intake varied according to stocking
rate, grazing intensity, and forage
production.
From these relationships a regression equation was calculated to describe the maintenance
and gain requirements of grazing
cattle. The maintenance and gain
requirements are determined by use
of the equation f = awb (1 + kg)
described by Winchester and Hendricks (1953), where f is the daily
energy intake, w is the mean body
weight, b is the basal metabolism
factor, and g is the mean daily
weight; a is the intercept constant
determined from the linear relationship between energy intake and
weight gain while k is a constant
determined by dividing the regression coefficient from the linear relationship by the intercept constant.
Results

and Discussion

Beef Gain-Forage Consumption
per Acre

Beef gain per acre was directly
related to in vitro digestible forage
consumption per acre (Fig. 1) and
ordinary forage consumption.
The
regression equation expression of
beef gain per acre to digestible forage consumption was:
G = 0.257 DC - 1.013
where G is the seasonal yearling
beef gain in lb./acre and DC is the
mean product of in vitro digestible
dry matter consumption
in lb./
acre. Digestible forage consumed
explains 80% of the variation in
gains. The equation for ordinary
forage consumption per acre was:
G = 0.141 C - 0.643
where C is dry matter consumption
in lb./acre. Consumption alone explains 75.3% of the variation in
Relative
precision of the
gains.
equations is computed as the ratio
of the coefficients of determination
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FIG. 1. Relationship
between digestible
forage consumed and beef gain per acre.

(1 - r2). The relative gain in precision by inclusion of digestibility
was 25”/0,which is significant at the
0.0 1 probability
‘level (Williams,
1959).
Since forages can differ in nutritive value from year to year on
various ranges, the digestibility
measurements enhance forage evaluations.
Forage
from different
ranges can be compared, regardless
of species composition.
These relationships are most useful for predicting beef production
from studies in which forage can be
measured but beef gains cannot.
The in vitro digestibility measurements are especially useful in range
evaluations. Only small forage samples are necessary for determinations and an acceptable level of
precision can be prescribed.
The
specific relationships described here
apply only to beef yields per acre
for yearling heifers grazing pine
summer range in the southwestern
United States, however.
Daily Nutrient

Requirement

The equation used to describe
daily intake requiremen ts was:
DDM = 0.033 w3/4(1 + 0.479g)
where DDM represents the mean
daily in vitro digestible dry matter
intake in pounds, w is the mean
body weight in pounds during the
grazing season, and g is the mean
daily weight gain in pounds. The
constants a (0.033) and k (0.479)
were calculated
from the data,

while the constant b (%) was assumed (Garrett et al., 1959). A
scatter diagram between digestible
forage consumed and weight gain
per animal shows that this equation has little predictive value.
Although
the constants
from
these data were somewhat different, this equation was similar to
the equation by Garrett et al. (1959)
for estimating TDN requirements
for maintenance and gain (TDN =
0.0312~3/~ (1 + 0.633g). Since no
transformations were calculated for
converting DDM to TDN, the values must be assumed equal for comparing regressions. Within limits,
however, daily maintenance
and
gain requirement
data obtained
from the feedlot studies can apparently be applied to range evaluations. These data are also in general agreement with Kromann et al.
(1961), who converted TDN measurements to digestible energy by
the conversion factor of 2,000 kcal/
lb. of digestible feed. Applying this
conversion factor to these in vitro
digestibility
measurements
would
yield an equation similar to Garrett’s for daily digestible energy requirements.
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Highlight
Perennial grass production on southern bluestem range
was not significantly affected by pine straw mulch, ash,
or leachate. Pine straw mulch and ash significantly reduced the perennial grass basal cover index but increased
bluestem flower-stalk density.

To maintain
high forage production,
southern
pine-bluestem
ranges are customarily
burned in
winter or early spring every few years after considerable pine straw has accumulated
(Wahlenberg
et al., 1939). This paper reports a study of the possible causes for the production
decreases that are
known to occur when pine straw is allowed to accumulate.
No single cause could be identified.
Experimental

Area and Procedures

The study area is on the Palustris Experimental Forest in
central Louisiana. It is longleaf pine-bluestem range that
had been protected from grazing for 15 years and from fire
for 7 years prior to study initiation. Herbaceous cover consisted primarily of pinehill bluestem (Andropogon
divergens) and slender bluestem (A. tener) with lesser amounts
of panicums (Panicum spp.) and paspalums (Paspalum spp.).
No tree overstory was present on study plots.
Treatments consisted of mulching with pine straw, burning immediately after mulching with pine straw, watering
with pine straw leachate, and a nontreated check. The treatments were designated mulch, ash, leachate, and control, respectively. Mulch, ash, and leachate treatments utilizing
pine straw at rates of 5, 10, and 15 tons/acre were designated
light, moderate, and heavy, respectively. Recently cast longleaf pine (Pinus palustris) needles were collected under
nearby trees and ovendried 48 hours at 24 C.
l Received January 20, 1971.
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The 10 treatments replicated four times were randomly
assigned to 5- by 5-ft plots. Forage data were collected from
3.1- by 3.1-ft quadrats centered on each plot.
All plots were burned in early March to remove the old
herbaceous litter. Pine straw was placed on the ash treatment plots just prior to the March burning to produce the
prescribed levels of ash. Pine straw was placed on the
mulch treatment plots immediately after burning and remained there until termination of the study. Pine straw for
the leachate treatments was soaked with tap water in individual 30-gallon containers. Three gallons of water containing the leachate were applied to plots at approximately
2-week intervals from early April to September. At the same
time 3 gallons of tap water were applied to all other plots.
Water was replenished in the leachate container after each
application.
Basal cover index of perennial grasses, pinehill and
slender bluestem flower stalk density, and production of
bluestems and other perennial grasses were determined in
mid-September. Basal cover index was estimated by averaging 100 %-inch-diameter loop readings systematically spaced
on each quadrat. Flower stalks were counted on each quadrat and production was determined by clipping to l-inch
stubble and ovendrying for 48 hours.
Results
Grass Production

Although perennial grass production after treatment ranged from less than 2000 to over 2800
pounds per acre, none of the treatment means differed significantly
(0.05 level) from the average on
control plots (Table
1). Other workers have reported that herbaceous vegetation decreases when
pine straw is allowed to accumulate
on southern
pine-bluestem
range (Wahlenberg
et al., 1939;
Heyward, 1939; and Hilmon and Hughes, 1965).
In those studies, however, production was evidently
influenced by overstory as well as mulch.
Basal Cover Index

Basal cover of perennial grasses appeared to be
less on mulch and ash plots than on leachatetreated and control plots when spring regrowth
began.
The
low basal cover
index
persisted
throughout
the growing season on most of the ash
and mulch treatments
(Table 2). Partial to complete mortality of crowns of perennial grasses was
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The 10 treatments replicated four times were randomly
assigned to 5- by 5-ft plots. Forage data were collected from
3.1- by 3.1-ft quadrats centered on each plot.
All plots were burned in early March to remove the old
herbaceous litter. Pine straw was placed on the ash treatment plots just prior to the March burning to produce the
prescribed levels of ash. Pine straw was placed on the
mulch treatment plots immediately after burning and remained there until termination of the study. Pine straw for
the leachate treatments was soaked with tap water in individual 30-gallon containers. Three gallons of water containing the leachate were applied to plots at approximately
2-week intervals from early April to September. At the same
time 3 gallons of tap water were applied to all other plots.
Water was replenished in the leachate container after each
application.
Basal cover index of perennial grasses, pinehill and
slender bluestem flower stalk density, and production of
bluestems and other perennial grasses were determined in
mid-September. Basal cover index was estimated by averaging 100 %-inch-diameter loop readings systematically spaced
on each quadrat. Flower stalks were counted on each quadrat and production was determined by clipping to l-inch
stubble and ovendrying for 48 hours.
Results
Grass Production

Although perennial grass production after treatment ranged from less than 2000 to over 2800
pounds per acre, none of the treatment means differed significantly
(0.05 level) from the average on
control plots (Table
1). Other workers have reported that herbaceous vegetation decreases when
pine straw is allowed to accumulate
on southern
pine-bluestem
range (Wahlenberg
et al., 1939;
Heyward, 1939; and Hilmon and Hughes, 1965).
In those studies, however, production was evidently
influenced by overstory as well as mulch.
Basal Cover Index

Basal cover of perennial grasses appeared to be
less on mulch and ash plots than on leachatetreated and control plots when spring regrowth
began.
The
low basal cover
index
persisted
throughout
the growing season on most of the ash
and mulch treatments
(Table 2). Partial to complete mortality of crowns of perennial grasses was
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Table
1. Perennial
leaf pine-bluestem
in March.

grass production
(lbs./acre)
range in September
after

Heavy mulch
hloderate
mulch
Light mulch
Xloderatr leachatr

18781
2072
2026
2132

Light leachate
Heavy ash
Control
Heavy lrachnte
Light ash
hloderate
ash

2105
22fi6
2358
2507
2580
2817

Arcrage

2274

601
24

on long
treatment

19381
2096

14”
74
135
36
45
92

2166
2206
2241
2.302
2403
2599

44
32

2624
2849

68

2342

1Treatment differences r,“t statistically significant at 0.05 level.
according to Duncan’smultiple range test.
in mid-June
on the moderate
and heavy
(Fig. 1). Evidently,
burning
high
quantities
of pine straw produced
sufficient
heat
to kill some of the grasses.
Earlier
studies have re-

apparent
ash

treatments
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Table
2. Perennial
grass basal cover index on longleaf
pine-bluestem
range in September
after treatment
in
March.

Heavy mulch
nhlera1c
mulch
Heavy ash
I.ight mulch
hloderate ash
Light leachate
Hea,y leachate
C0”WJl
Light ash
Afoderate leachate

9.25a’
14.5”ab
18.50abc
24.25abcd
24.75abcd
29.5Obcd
30.75cd
31.75cd
34.50d
36.00d

ported
similar
effects
(Wahlenberg
et al., 1939;
Dwall
and Linnartz,
1967).
Since
the light ash
treatment
did not reduce
the basal cover index,
burning
apparently
is not significantly
detrimental
to the plants
until
the heat
exceeds
a certain
amount.
Moderate
and heavy mulching
delayed
spring

Table 3. Bluestem floweraalk
blucstem range in September

density on longleaf pineafter treatment in March.
Seedstalks
per 9.6 w

Treatment

nrderatck~hate
Heavy leachate

92
18ah
28ab
30ab
35ab
35ah
63ah
F8b
71h
74b

Light mulch
Light leachate
Light ash
Con tro1
Heavy aah
may
mnlch
hfoderate mulch
\loderate
ash

I Values followed by the same lcftc* do not differ significantly at
the 5% level according to Duncan’s multiple range test.

that all tillers which initiated growth successfully
penetrated
the pine straw layers.
Similar effects
were observed
with herbaceous
litter
(Hulbert,
19F9).
Perennial
gnsses on the control and leachatetreated plots resumed growth soon after the herbaceous rough was burned.
Differences
in rate of
growth and change in basal cover index were not
observed within these treatments.
Flower-Stalk

Density

On moderately
and heavily ashed or mulched
plots mature bluestems
had two to eight times
more flower stalks than on other plots (Table 3).
Dix and Butler (1954) and Ehrenreich
(1959) reported that bluestem flower-stalk density increased
following
tire. Increased
flower-stalk
density on
mulched plots is contrary to earlier findings (Curtis
and Partch, 1950; Weaver and Rowland,
1952).
Bluestem
flower-stalk
density (Y) was inversely
related to the perennial grass basal cover index (X).
However, the equation relating the two,
Y = 85.67 + 1.68 X,

regrowth
(Fig. Z), and low herbage density persisted throughout
the growing season. Delayed regrowth on deeply mulched plots was probably due
to low soil temperatures
as monitored
by other
workers (Weaver and Rowland,
1952; Ehrenreich,
1959).
Furthermore,
deep mulching
apparently
inhibited
tiller development.
Sparse herbage density was the result of only a few tillers initiating
growth under heavy mulch; observations
indicated

explained only 34% of the variation in stalk density. Reduction
of perennial grass basal cover index probably reduced plant competition
and the
surviving
more vigorous
gnsses
utilized
solar
energy, available moisture, and essential plant nutrients for flower-stalk
production.
Flower-stalk
density,
stature,
and coarseness
increased
after
moderate and heavy ashing or mulching,
while
basal cover index decreased.
Mulching
and burning to remove the mulch were equally effective in
decreasing
basal cover and improving
conditions
for flower-stalk
,growth. Flower-stalk
density and
basal cover were not influenced
by other treatments.
Since tlrere was no significant
difference
in forage production due to treatment, the increased size

SOUTHERN
and number
of flower stalks on plots with low
basal area index apparently
offset
the greater
amount of vegetative
growth on treatments
with
higher basal area index.
Similar
changes from
vegetative
to reproductive
growth following
fire
were cited by Burton
(1944)
and Ehrenreich
(1959), and the latter author reported no significant effect of burning on total production.
Discussion
studies,
herbage
production
was
In previous
shown to be increased equally by burning or close
grazing (Duvall, 1962) and burning or mowing and
raking (Grelen and Epps, 1967). The one common
factor in the earlier studies was that all treatments
removed the old accumulation
of herbaceous
material. In the present study burning to remove the
herbaceous
mulch on all plots apparently
influenced production more than pine straw mulch, ash,
or leachate.
Under natural
conditions
herbage
production
diminishes when pine straw is allowed to accumulate.
However,
the accumulation
is a slow but
continuous
process as is the accompanying
change
in vegetation;
duration of the present study may
have been inadequate
to allow measurable changes
in vegetation
to occur.
Furthermore,
the present
study was conducted on a treeless range. In practical application
an overstory canopy in combination with pine straw mulch would probably reduce
herbage production and cover at a more rapid rate
than mulch alone.
The study results indicate
that longleaf
pine
straw is a physical barrier
to southern
bluestem
growth.
Apparently,
straw prevents initiation
of
some tillers and heat from burning destroys some
plants.
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Highlight
The chemical response of two species of annual range plants, soft chess and
broad-leaf
filaree,
to nitrogen
and potassium
fertilization
was studied in a
field plot trial in Amador
County, California.
Heavy losses of cows due to
grass tetany have been reported
from that vicinity in recent years.
higher than that in
The K/(Ca + Mg) ratio in soft chess was significantly
broad-leaf
filaree, and fertilization
with N and K increased
the ratio in both
species. Fertilization
increased the concentration
of K in broad-leaf
filaree, but
had little effect on the concentrations
of Ca and Mg. In contrast,
fertilization
decreased the Ca and Mg percentages
in soft chess but did not change the K
concentration.
The presence of alkaloids in soft chess was detected by a “spot-test” technique.

There appears to be a lack of
information regarding the relationship of the chemical composition
of California range forage to the
occurrence of grass tetany. Much
of the information
dealing with
the forage aspects of this disorder
was developed in areas where animals feed on more intensively
managed pastures. As indicated in
the review by Grunes, Stout and
Brownell (1970) numerous studies
in many areas of the world have
been directed towards discovering
the causes of grass tetany since
Sjollema (1930) reported that the
syndrome (called Kopziekte) was
associated with a low serum magnesium level. This feature also appears to be characteristic
of the
disorder as observed on California
ranges (Hjerpe, 1965).
Because a number of plant and
animal factors are involved (Stevenson and Wilson, 1963) it has not
been possible to define simply the
occurrence of hypomagnesemic tetany in terms of the level of magnesium in feed eaten by the animals.
l Received January 29, 1971.
2Present title is Laboratory Assistant.
3We would like to thank Mr. Robert
Plaister, Amador County Farm Advisor, for his valuable assistance in
the field studies.

Kemp and ‘t Hart (1957) reported
a significant
correlation
between
the incidence of grass tetany and
the K/(Ca + Mg) ratio in the forage. Other workers obtained similar results in their studies of tetany
with beef breeding cows in New
Zealand (Metson et al., 1966) and
with dairy cows in Scotland (Butler
et al., 1963).
Fertilization of forage with nitrogen and potassium has been found
to increase the K/(Ca + Mg) ratio
in the plants (Kemp and ‘t Hart,
1957). Also this was shown to increase the incidence and severity of
grass tetany (Kemp and ‘t Hart,
1957; Bartlett et al., 1954), and to
decrease the serum magnesium in
grazing animals (‘t Hart, 1960;
Kemp, 1958, 1960; Kemp et al.,
1960). Kemp et al. (1961) also reported that forage fertilized with
nitrogen and potassium had less
magnesium available to the animal.
Some other nervous disorders
characterized by tetanic convulsions
have been tentatively traced to high
amounts of alkaloids in the forage.
Aasen et al. (1969) reported from
studies in Australia the occurrence
of ryegrass staggers in sheep and
cattle grazing pastures consisting
solely of ryegrass seedlings and newshoot growth. The perloline and
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holostachine alkaloids were found
to be more abundant at this early
stage of growth, and the level in
the plant seemed to be dependent
on climatic conditions.
Culvenor,
Dal Bon, and Smith (1964), in reporting the presence of tryptamine
alkaloids in Hardinggrass (Phalaris
tuberosa), suggested that these compounds may be responsible, in part,
for the Phalaris staggers disorder
in Australia.
Metson et al. (1966) perceptively
summed up the voluminous work
related to tetany as follows: “The
extensive and often apparently contradictory literature on grass tetany
and related disorders, offers ample
scope for the construction of plausible hypotheses to account for any
given set of observations, and whatever hard facts happen to be available.” Even though grass tetany
has been a problem for more than
100 years, the complex of factors
contributing to this disorder is still
A comprehensive reexuncertain.
amination of the old hypotheses
and testing of new, reasonable ones
should be initiated to arrive at a
workable solution to the problem.
The purpose of the present study
was to determine the effects on
plant chemical composition from
additions of N- and K-containing
fertilizer to a soil in the Sierra foothills in Amador County.
Experimental
A virgin annual grassland area in
western Amador County, California, was selected for the trial.
Ranchers in the vicinity suffered
heavy animal losses due to grass
tetany in the winter of 1963-1964
(Hjerpe, 1965).
Three replicate pairs of plots,
each 10 ft2, were located randomly
in a 40-acre field. One plot in each
pair served as a control. The other
was fertilized in early January with
an equivalent of 300 pounds ammonium
sulfate/acre
and
400
pounds potassium sulfate/acre. To
insure a uniform application, the
fertilizers were dissolved in water
and then sprinkled on the plots.
The treatment was repeated halfway through the S-month trial.

RANGE
Animal
exclosures
were placed
around each plot, and these, in
turn, were surrounded by barbedwire fencing to give further protection.
The forage was sampled initially
in early January at the time of the
first fertilizer treatment. Since the
several kinds of grasses could not
be identified in their early vegetative stages, a composite grass sample was used for analysis. An investigation of botanical composition
at a later stage of development revealed a predominance of soft chess
(Bromus
mollis).
Two other grass
diandrus)
species, ripgut (Bromus
and slender wild oat (Arena
barbata), were present in very small
quantities.
One species of forb,
broad-leaf filaree (Erodium
botrys),
was present in sufficient quantities
for sampling in five of the six plots,
and later in the season it became
sufficiently abundant to sample in
the sixth plot. More frequent sampling was not feasible because of
insufficient growth on the control
plots.
Plant samples were dried for 2
days at 70 C, and then were ground
in a Wiley Mill to pass a 40-mesh
screen. Cations were solubilized by
digesting the ground material with
a nitric-ternary
acid mixture, as
suggested by Johnson and Ulrich
(1959). Calcium, Mg, and K were
determined by atomic absorption
spectrophotometry,
using Cs and
La in 1 N nitric acid to suppress external interference (Brownell, J. R.,
1969).
The replicate
treatments
were
composi ted to provide sufficient
sample for determination
of alkaloids. Their presence was detected
by a “spot-test” technique (Raffauf,
1962). Color was developed using
the modified Dragendorff reagent
of Thies and Reuther, as described
by Block,
Durrum,
and Zweig
(1958).
Soil samples taken from the top
6 inches of each plot at the end of
the trial were air-dried and sieved
through a Z-mm mesh screen. Exchangeable cations were extracted
by leaching the soil with 1 N am-
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Table 1. Composition (meq/kg) of fertilized and unfertilized soft chess and
broad-leaf filaree at three sampling dates. Fertilizer applied on January 6
and February 22. Mean values of three replicates.
Species and
sampling date

Ca

K

Mg

Unfert.

Pert.

Unfert.

Fert.

Unfert.

Fert.

266

246

144

143

747

700

March 7

220
253

183
163”

142
142

107a
102a

801
814

797
862

Broad-leaf filaree
January 6”
January 31*
March 7

426
472
602

484
414
519

154
162
178

162
121
156

519
618
537

587
774
755a

Soft chess

January 6
January 31

n Significantly different from unfertilized
b Significantly different from unfertilized
* Means of two replicates only (see text).

at the 95% confidence level.
at the 9% confidence level.

monium acetate solution, pH 7, as
outlined by Chapman and Pratt
(1961). Water-soluble cations were
extracted from the saturation paste.
Calcium, Mg, and K were determined in 1 N nitric acid solutions
by atomic
tometry.

absorption

spectropho-

Results and Discussion
The two species studied differed
significantly in their reaction to the
fertilization
treatment (Table
1).
In broad-leaf filaree, the K percentage was increased, but the Ca and
Mg concentrations
remained unchanged. In contrast, the levels of
Ca and Mg in soft chess were depressed by fertilization, but percent
K remained unchanged.
The increase in percentage of K in broadleaf filaree and decrease of Ca in
soft chess, for the January 31 sampling, was found to be statistically
significant at the 90% confidence
level.
The K/(Ca + Mg) ratio in the
plants was also calculated (Fig. 1).
Kemp and ‘t Hart (1957), in discussing the significance of this ratio
in relation to the occurrence of grass
tetany have indicated that the disorder seems to occur far more frequently when the ratio is above 2.2.
Butler et al. (1963) stated that this
ratio has no physiological basis, but
that it may indicate the presence of
other tetany-producing factors and
thus may be useful in predicting
the occurrence of grass tetany.

In the present study, soft chess
consistently
had a significantly
higher K/(Ca + Mg) ratio than did
broad-leaf filaree. This is in agreement with a report by Thompson
(1960) indicating that grasses have
a higher ratio of monovalent to
divalent cations than do broadwith
leaved species. Fertilization
ammonium and potassium sulfates
increased the K/(Ca + Mg) ratio in
both soft chess and broad-leaf
filaree, and brought the ratio in
soft chess well over the critical level
of 2.2. Increases in the ratio as a
result of fertilization have also been
reported by Kemp and ‘t Hart
(1957) working with a mixed forage. They, as well as others (Bartlett et al., 1954; Kemp, 1958), have
also shown that nitrogen and potassium fertilization increases the incidence of grass tetany.
The growth habits of soft chess
and broad-leaf filaree become significant in relation to grass tetany
when we consider the differences in
K/(Ca + Mg) ratios between the
two. Early in the growing season
broad-leaf filaree is low and somewhat sheltered from the grazing
animal by the tall, abundant soft
chess. Later, however, the filaree,
with the lower K/(Ca + Mg) ratio,
grows to some height and a significant amount can be ingested by the
animal. Although this generalization ignores animal preferences, a
change in feeding habits may contribute
to observed decrease in
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RENDIG
a contributor
to tetany problems
because of its K/(Ca + Mg) ratio,
account should also be taken of possible effects due to the alkaloids
which it likewise contains. Possibly
a toxic effect of the alkaloids could,
as additive or interacting factors,
precipitate the disorder under certain conditions. The concentration
of alkaloids in plants varies with
environmental conditions and age
of plant (Sokolov, 1959). Very little
is known about the pharmacological effects of alkaloids in relation
to animal constitution
and individuality. Further studies into these
areas are certainly warranted.

3.00

FERT.

Literature

I- 6-7 0

I-31-70

3-7-70

FIG. 1. The K/(Ca + Mg) ratio of fertilized and unfertilized
filaree at three sampling dates.

deaths from grass tetany as the forage matures (Grunes et al., 1970).
The
differences
between
the
K/(Ca + Mg) ratios in the two species should be considered in range
management.
Although reseeding
of native pasture in the California
foothills is usually not economically
feasible, there is an obvious possibility of decreasing deaths from
grass tetany by introducing species
with naturally low K/(Ca + Mg)
ratios. Butler and Metson (1967)
have suggested a similar “selection”
process as a means for controlling
grass tetany.
The soils in the trial area are
moderately acidic and generally regarded as low in fertility (USDA,
Table 2.
Composition
three replicates.

(meq/kg)

soft chess and broad-leaf

1965). Fertilization appeared to increase the exchangeable K (Table
2). No other significant trends were
observed.
Alkaloids were detected in all
samples of soft chess. However, the
method was not quantitative, and
thus no actual values are reported.
Relative values could not be satisfactorily measured because of interference from pigments in the plant
juices.
The findings of this study illustrate the kind of complexities that
can be encountered in attempting
to relate intra- and inter-plant species differences to possible effects
on feed value. While soft chess
might more likely be implicated as

of soils collected

on May 2.

Unfertilized

K
Soluble1
Exchangeable

0.0182
0.233

Ca
0.0282
3.887

Mean

values

of

Fertilized
Mg

0.0122
1.213

K

0.070a
0.617

l Determined on the saturation extract.
2 Mean of two replicates only.
a Significantly different from unfertilized at the 90% confidence level.

Ca
0.089
3.800

Mg

0.03 1
0.867
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Highlight
The nitrate contents and distributions were found to be similar in some

South Dakota range soils with and
without alfalfa and from over-grazed
and 1ightIy grazed range. Less than 3
ppm N03-N was found except for 8
ppm in shale substrata below the normal depth of moisture penetration.

Nitrates in lower layers of some
Colorado soils were depleted
by
alfalfa

(Medicago

sat&z), which has

a deep root system (Stewart, et al.,
1967). If nitrates accumulate
in
range soils, alfalfa interseeded into
the range probably would cycle this
nitrogen back to the soil surface. In
addition, subsoil nitrates should be
less abundant
in lightly grazed
range than in over-grazed range
l South Dakota Agricultural Experiment Station Journal series 1007. Received March 18, 1971.

where the plants have shallower
root systems (Jameson, 1964). The
nitrate contents and distributions
in some South Dakota range soils
with and without alfalfa and from
over-grazed
and
lightly
grazed
range will be reported.
Methods

and Materials

Well-drained
soils at the Antelope Range and the Cottonwood
Range Field Stations were sampled.
The Antelope Station is in northwestern South Dakota, has about,
340 mm annual precipitation, and
soil developed from Tertiary-age
fine sandstones with lenses of siltstone and shale. The Cottonwood
Station is in west central South Dakota, has about 380 mm average annual precipitation, and soils developed from Cretaceous-age
Pierre
shale. Soils at the two stations are
sandy loams or loams and clays,

9
respectively,
which span the textures most commonly
found
in
South Dakota.
At Antelope
Range,
several alfalfa varieties were established
in
1953 after the natural
vegetation
was reduced by disking.
Soil samples were taken in June, 1970 from

location A-l (area in low range
condition used by sheep in winter),
A-2 (10 m from A-l in old Ladak
alfalfa plot), A-3 (50 m from A-l in
the low condition range), and A-4
(15 m from A-3 in old plot of
an experimental
alfalfa variety).
Soils A-l and A-2 were from a
southwest-facing, 3 percent slope of
a ridge crest and Soils A-3 and A-4
were from the north-facing, 12 percent slope of the ridge. The vegetation growing on soil A-l was mainly
threadleaf sedge (Carex filifolia),
blue grama
(Bouteloua
grucilis),
and fringed
sagewort
(Artemisiu
frigida) with a few plants of needleandthread
(Stifxz comutu),
prairie
junegrass (Koeleriu &tutu),
scarlet
globemallow
(Sphuerulceu
coccineu), scarlet gaura (Guuru coccineu)

and rush

skeletonplant

(Lygodes-
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where the plants have shallower
root systems (Jameson, 1964). The
nitrate contents and distributions
in some South Dakota range soils
with and without alfalfa and from
over-grazed
and
lightly
grazed
range will be reported.
Methods

and Materials

Well-drained
soils at the Antelope Range and the Cottonwood
Range Field Stations were sampled.
The Antelope Station is in northwestern South Dakota, has about,
340 mm annual precipitation, and
soil developed from Tertiary-age
fine sandstones with lenses of siltstone and shale. The Cottonwood
Station is in west central South Dakota, has about 380 mm average annual precipitation, and soils developed from Cretaceous-age
Pierre
shale. Soils at the two stations are
sandy loams or loams and clays,
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respectively,
which span the textures most commonly
found
in
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At Antelope
Range,
several alfalfa varieties were established
in
1953 after the natural
vegetation
was reduced by disking.
Soil samples were taken in June, 1970 from

location A-l (area in low range
condition used by sheep in winter),
A-2 (10 m from A-l in old Ladak
alfalfa plot), A-3 (50 m from A-l in
the low condition range), and A-4
(15 m from A-3 in old plot of
an experimental
alfalfa variety).
Soils A-l and A-2 were from a
southwest-facing, 3 percent slope of
a ridge crest and Soils A-3 and A-4
were from the north-facing, 12 percent slope of the ridge. The vegetation growing on soil A-l was mainly
threadleaf sedge (Carex filifolia),
blue grama
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FIG. 1. Comparison of total and nitrate nitrogen distribution in soils from range
(A-l), adjacent sparse alfalfa planted in range (A-Z) and range (A-3), and adjacent
moderately thick stand of alfalfa planted in range (A-4).

Needleandthread and
blue grama were the main vegetation of Soil A-2 which had Ladak
alfalfa although the nearest alfalfa
plant at time of sampling was about
2 m away. Vegetation on soil A-3
was mainly threadleaf sedge but
with more needleandthread
than
was on soil A-l and with some
western
wheatgrass
(Agropyron
smithii),
fringed sagewort and sil(Psoralea
argoverleaf
scurfpea
phylla) about 1 m away. Alfalfa
plants of an experimental
variety
on soil A-4 had stems that spread to
nearly cover the ground at sampling
time although the 1 m spacing between the plants contained considerable needleleaf sedge (Carex
and some small needleeleocharis)
and-thread plants.
At Cottonwood, soils C-5 and
C-8 were 4 m apart in a good range
condition pasture where use had
been light since 1942. Soils C-6 and
C-7 were about S and 12 m, respectively, from the first two soils in a
poor range condition pasture which
had been heavily grazed since 1942.
The lightly grazed sampling area
was mainly western wheatgrass with
some green needlegrass (Stipa virid&a) while the heavily grazed sampling area was mainly buffalograss
(Buchloe
dactyloides)
with sparse
western
wheatgrass,
needleleaf
sedge, fringed
sagewort,
scarlet
globemallow, six weeks fescue (Festuca octoflora), and Japanese brome
mia juncea).

Shale fragjaponicus).
ments became more numerous and
larger in size from a depth of 1 m to
2 m where the fragments were essentially unweathered
except for
oxidation of the outer part of the
dark-colored fragment.
Nitrates were extracted from the
undried soils with 1~ CuS04 and
determined by the phenoldisulfonic
acid method (Jackson, 1958). The
N03-N is reported on an oven-dry
weight basis while the Kjeldahldetermined total N is reported on
an air-dry weight basis.
(Bromus

Results and Conclusions
Soils

at Antelope Range Field
had similar total N and
N03-N contents where the vegetation was range or alfalfa or where
alfalfa had been planted in range
(Fig. 1). The average N03-N for
the soils was about 1 ppm and it
did not appear to be related to the
total N content. The low, relatively
uniform NO,-N content with depth
in the soil probably is because the
subsoil rarely is moistened by water
draining
downward
from
the
nitrogen-rich
surface layers.
A
meter-thick layer of loam soil, dried
previously by plants, can store
about 20 cm of plant-available
water (Black, 1968) before water can
drain from this layer. Thus, soil
moistening below a meter would be
unlikely because three-fourths
of
the 340-mm annual precipitation
Station

2oou
0
20

0
%ii-eGd
NO,.N.-ppm

FIG. 2. Comparison of total and nitrate
nitrogen distribution in soils from lightly
grazed range (C-5 and C-S) and from an
adjacent heavily grazed range (C-6 and
C-7) at the Cottonwood Range Field Station.

comes during the growing season
when it is used rapidly by plants.
Nitrates would not leach from the
soil where the precipitation is less
than the amount needed to wet
the subsoil. At the time of sampling,
the soil below 100 or 125 cm had
7-12s
moisture in the sandier
layers which is about the amount
found when plants wilt. Apparently subsoil nitrates either have
not accumulated or have been removed by the deep-rooted forbs in
the prairie as well as in the soils
planted to alfalfa. Possibly on these
soils nitrogen is needed more than
water for plant growth so the NO,N is used rapidly and cannot accumulate in the soil.
Soils from lightly and heavily
used range at the Cottonwood
Range Field Station also had similar total N and NOs-N contents
(Fig. 2). The average NO,-N content of the upper well-developed
soil layers was about 1 ppm while
the substratum which lacks soil development had about 8 ppm. This
nitrate
distribution
probably
is
caused by the depth of moisture
penetration in the soil. Nitrates
are not likely to be from the shale
parent material because oxidation
was poor when the dark color developed. Apparently water does not or

CARBOHYDRATE
rarely enters the shale substratum
or it would have more soil development. In addition, water contents
in the lower soil and shale (about
20%) are those found at the wilting
point. Leaching of nitrates from
overlying soil into the shale cannot
be excluded as a possibility. However, plant roots usually do not
grow extensively in shales (Fehrenbather et al., 1965) so the removal
of the leaching water by plants is
Water might move
questionable.
up from the shale to the overlying
frozen ground in the winter. In
addition, nitrates may move downward as the soil freezes. Soluble salt
solutions are concentrated in fluid
cavities in sea ice as it freezes.
These fluid globules subsequently
migrate downward as the ice warms
and cools as the air temperature
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changes (Kingery and Goodnow,
1963). This process, if it occurs in
soils, could concentrate nitrates in
the substratum.
Nitrogen in the well-drained soil
must be utilized rapidly by plants as
it is mineralized so that high concentrations of nitrates do not accumulate irrespective of grazing intensity and presence or absence of
Apparently
the shallow
alfalfa.
water penetration in the soil would
not leach nitrates below the rooting zone if abnormal conditions did
cause them to temporarily acccumulate.
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The total water-soluble carbohydrate
(TWSC)
fraction of intermediate
wheatgrass stem bases and roots is depleted with etiolation and is a good measure of the reserve energy of this species. When the TWSC fraction was depleted to about 1% dry weight, vigor of the grass was too poor to recover from
a clipping treatment.
Root weight was also reduced with etiolation.
Late
September to early November was a period of active herbage and root growth
for intermediate wheatgrass. Growth during this fall period enabled grasses
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recover to very nearly the level of TWSC and root weight as the check plants.
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response to phenological development, climate, and grazing treatments is essential to develop good
systems for proper management of
range plants. A measure of the total
energy reserve rather than specific
carbohydrate
fractions is usually
the information desired for making
management decisions, but the fractions present determine what methods of analyses are appropriate.
The carbohydrates which func-

tion as reserves in most higher
green plants are sugars, fructosans,
and starches (Weinmann,
1947).
Which of these fractions predominate in the stem bases and roots,
however, vary with species. De
Cugnac (1931) reported analyses of
a number of grasses and classified
these according to the distribution
of starch, sucrose and fructosans in
their stubble. He divided the grass
family into two definite physiological groups: (1) the “Sacchariferes,”
mostly grasses of tropical origin,
which never form levulosides (fructosans) in their tissues but contain
sucrose, reducing sugars, and starch;
and (2) the “Levuliferes,”
mostly
plants of temperate origin, which
are characterized by the presence of
levulosides in some of their organs
or at certain stages in their development.
Considerable evidence has accumulated which show that grasses belonging to the temperate origin
Agropyron genus store fructosans as
their primary polysaccharide
reserve. Julander (1945) reported that
tissues of bluestem wheatgrass (Agropyron smithii Rydb.) and bluebunch wheatgrass (Agropyron
spicatum
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rarely enters the shale substratum
or it would have more soil development. In addition, water contents
in the lower soil and shale (about
20%) are those found at the wilting
point. Leaching of nitrates from
overlying soil into the shale cannot
be excluded as a possibility. However, plant roots usually do not
grow extensively in shales (Fehrenbather et al., 1965) so the removal
of the leaching water by plants is
Water might move
questionable.
up from the shale to the overlying
frozen ground in the winter. In
addition, nitrates may move downward as the soil freezes. Soluble salt
solutions are concentrated in fluid
cavities in sea ice as it freezes.
These fluid globules subsequently
migrate downward as the ice warms
and cools as the air temperature
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mostly
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are characterized by the presence of
levulosides in some of their organs
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contained fructosans, and the iodine test for starch was negative.
Chilcote (1950) and Cook, Stoddart, and Kingsinger (1958) recognized that fructosans were present
and starch was not present in the
roots of crested wheatgrass (Agropyron desertorum [Fisch.] Schult.).
Ogden (1966) found a large portion of the polysaccharide reserve
of intermediate
wheatgrass (Agropyron intermedium [Host] Beauv.)
roots and stem bases was extracted
in 80% ethanol extract along with
the reducing sugars and sucrose.
Smith and Grotelueschen (1966) reported that it is primarily short
chain fructosans which are readily
soluble in 80% ethanol, and Smith
(1968 and 1969) lists intermediate
wheatgrass as a species which stores
primarily short chain fructosans.
The reducing sugars, sucrose, and
fructosans are all water soluble, and
the data presented in this paper
show that analysis of total watersoluble carbohydrates in stem bases
and roots of intermediate wheatgrass provides an index to the
energy reserves of this species which
are depleted by etiolation and are
sensitive to fluctuations associated
with clipping and phenological development.
Methods
Four treatments (check, clipped,
early etiolated, and late etiolated)
were studied. The treatments were
applied in a randomized block design with three rep’lications. The
study site was a pasture at The
Utah Agricultural Experiment S tation Livestock and Range Field Station, Cedar City, Utah.
Treatments were begun June 28,
1960 after the pasture had been
grazed earlier in the spring. At this
time, the grass had regrown to early
head stage. Clipped plots were cut
to a l-inch stubble height June
ZSth, August 9th, and September
Znd.
Early etiolated plots were
covered June Z&h, and the plants
clipped to a l-inch stubble height
June 28th and August 9th. The
late etiolated plots were covered
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August 11th and clipped to l-inch
on August 1 lth and again on September 22nd. Check plots were unclipped and not covered.
The covering for etiolated treatments consisted of frames which
were covered with Sisal-kraft paper
sprayed with silver paint. Temperatures under the frames during
August reached 43 C as a daytime
maximum and 12 C as a nighttime
minimum.
Summer and early fall precipitation was 3.4 inches, and this was
supplemented with five irrigations
at approximately
ZO-day intervals
during July, August, and September.
A random sample was collected
in the field for each treatment replication at each sampling date. Samples were collected at about 6-week
intervals to allow etiolation stress
to develop and to enable sampling
of check plants at early head, June
28, dough stage, August 9, mature
seed and beginning fall regrowth,
September 22, and on November 5
with abundant fall regrowth evident. Reserve carbohydrate depletion was also expected for the clipping treatments with this interval
of cutting. Samples consisted of a
6-inch cube of intermediate wheatgrass sod lifted with a shovel. After
clipping herbage to l-inch stubble
height, the sod was placed in soil
screens for washing the soil from
the roots and stem bases. After
most of the soil was removed, samples were taken into the laboratory
where additional
soil and dead
plant material were washed from
the sample. Roots and stem bases
were separated, and the samples
blotted with paper towels to remove
excess moisture.
Samples
were
placed in screen baskets, weighed
to obtain a wet weight, and killed
by holding them in an oven at 100
C for 1 to 2 hours, depending on
the amount of material, and then
dried at 80 C. They were then
ground to pass a 60-mesh screen.
Roots and stem bases collected
from all replications and sample
analyzed
for root
dates were
weights, reducing sugars, sucrose,

and fructosans and data were subjected to analyses of variance. Total
water-soluble carbohydrates in stem
bases and roots were determined on
cornposited samples of the three
replications for each treatment at
each date. The carbohydrate data
by fractions are not reported in this
paper. Data on carbohydrate fractions and comparisons and accuracy
of methods of analyses utilized in
this study are reported by Ogden
(1966).
Analyses for water-soluble carbohydrates were accomplished
by
pouring distilled water over the 1
g of ground samples in 40-ml centrifuge tubes and holding in a boiling water bath at 92 to 93 C. After
holding samples in the water bath
for 10 to 15 minutes, they were centrifuged, and the extract decanted
into 250-ml volumetric flasks. This
was repeated five times.
Twenty-five-milliliter
aliquots of
the fraction extracted in water were
hydrolyzed by adding 0.25 ml of
concentrated HCl and holding in a
boiling water bath for 30 minutes.
The samples were neutralized with
sodium hydroxide, cleared with lead
acetate and dipotassium phosphate,
and reducing substances determined
by oxidation with ferricyanide and
ceric sulfate titration (Hassid, 1936
and 1937).
Results and Conclusions
Total water-soluble carbohydrates
(TWSC) in both stem bases and
roots of intermediate
wheatgrass
increased from early head to dough
stage of plant growth (Table 1).
Root mortality exceeded growth
during this period. The TWSC
levels were similar at dough stage
and at mature seed stage. The
lower level of TWSC on November
5 compared to September 22 corresponded to a period of very active
root growth between these dates.
The depletion of TWSC associated
with this root growth should not
be interpreted
as detrimental.
When the percentage TWSC in
roots was multiplied by root weight
to get a measure of TWSC in roots
per unit of soil, there were more
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Table 1. Total water-soluble carbohydrates (TWSC) in stem bases and roots, root weights, and growth
mediate wheatgrass subjected to clipping and etiolation treatments.

Date

Treatment

TWSC in stem
bases
(% dry weight)

Root weight
per 6-inch
TWSC in roots
cube of soil
(% dry weight) (g, dry weight)

June 28

Check

4.8

8.4

Aug. 9

Check

8.7

13.9

Sept. 22

Growth
stage

Early head after grazed in early
spring

.94

11.2 abcl

8.4 bed

seeds not developed but
some in dough stage

1.17

Most

Clipped

6.7

15.0

7.8

cd

1.17

Regrowth

leaves 9 inches

Early

1.5

2.2

6.2

d

.14

Regrowth
12 inches

leaves
tall

Check

8.8

13.3

Clipped

6.1

11.0

8.6

1.1

1.0

4.7

1.9

5.6

7.5

Check

7.0

11.4

13.7 a

1.56

Abundant
fall
leaf
and many new roots

Clipped

5.8

11.6

11.9 ab

1.38

Abundant
new root

Late

1.1

1.4

Early
Late
Nov. 5

TWSC in roots
in 6-inch cube
of soil
(g glucose
equivalects)

stage of inter-

etiolated

etiolated
etiolated

etiolated

11.2 abc

7.6

Mature
rhizome

1.49

tall

yellow-green,

seeds, abundant
and root growth

new

.95

Regrowth
leaves at 2- to 3-leaf
stage, 6 inches
tall, new root
growth evident

d

.05

Regrowth
leaves
nearly dead

few,

cd

.42

Regrowth
inches tall

yellow,

bed

cd

Only

.11

leaves

plant

regrowth

leaf regrowth
growth

a few

yellow

18

leaves,

and
no

root growth
1 Root weights followed by the same letter are not significantly

on November
5 than on
September 22 even if the percent5.
age was less on November
Percentage
TWSC
in stem bases
and roots and weight of roots were
depleted with both early and late
etiolation
treatments
(Table
1).
When the TWSC of stem bases and
roots were about 1% (September
22
for early etiolated and November
5
for late etiolated plants), the vigor
of plants was too poor to recover
Thus, low reserves
after clipping.
and reduced root weight were both
associated
with mortality
of the
The TWSC
fracetiolated
plants.
tion of intermediate
wheatgrass was
utilized as a reserve and is a good
measure
of available
energy
for
plant regrowth.
The TWSC
fraction does not include
starch, but
Smith
(1968)
reported
that only
0.7% of the total nonstructural
carbohydrates
of intermediate
wheatgrass stem bases was starch.
A
TWSC
analysis should adequately

TWSC

different

at the 95% level.

indicate
the reserve energy status
for intermediate
wheatgrass.
By August 9, the plants clipped
on June 28 had grown to 9 inches
tall with abundant,
leafy growth.
Stem
base TWSC
were slightly
lower in clipped
plants than for
check plants, but TWSC
in roots
were slightly higher in roots of the
clipped plants compared
to check
plants. The TWSC in roots per 6inch cube of soil (Table 1) were the
same for clipped and check plants.
Under irrigated conditions,
the removal of old top growth at early
head stage was only slightly detrimental to the TWSC levels of stem
bases and root TWSC
levels were
replenished
by six weeks of growth.
A second clipping
on August 9
resulted in reduced TWSC in stem
bases and roots of clipped plants
compared to the check plants when
sampled
September
22.
Root
weights were also significantly lower
for clipped plants compared to the

check plants on September
22, so
that the TWSC in roots per 6-inch
cube of soil averaged .95 g compared
to 1.49 g for check plants.
Plants
had only grown 6 inches and were
at the Z- to 3-leaf stage in the six
weeks from clipping
to sampling.
A period
longer
than six weeks
would be necessary to provide recovery from this second clipping.
Clipped
plants replenished
root
reserves to very nearly the same percentage level as for check plants by
November 5 after the third clipping
on September 22. Root weight did
not recover to the level of check
plants

but

different

was

not

significantly

from the check so that the

TWSC

in roots in the 6-inch

of

samples

soil

lower

than

was

the check

only

cube

slightly

plants.

The

late September
to early November
period was a very efficient
period
of root growth and TWSC production for intermediate
wheatgrass.
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These clipping data indicate that,
when irrigated, intermediate wheatgrass could be grazed twice, or perhaps even three times, in a summer
at about 6-week intervals if a period of fall growth to replenish
TWSC and provide for root growth
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The effects of various mechanical and manuring treatments on dense clubmoss were investigated on an ungrazed mixed prairie site in northern Montana
30 years after a ten-year sequence of treatments. The least clubmoss ground
cover occurred on range which had received the most intensive mechanical treatments. Manure treatments also reduced clubmoss cover but the effect of manuring intensity was not distinct. Herbage yield was highest at the lowest levels of
clubmoss cover.

Dense clubmoss (Selagineh
densa
Rydb.) (Fig. 1) has been recognized
as part of northern mixed prairie
vegetation since the turn of the century (Underwood, 1898; Rydberg,
1900). In some areas clubmoss accounts for more than 80% of the
ground cover (Fig. Z), yet until recently it had not been studied intensively. Some researchers ignored
it or assumed its effects to be neglil Montana Agricultural Experiment Station Paper No. 245. From a thesis
submitted by the senior author in partial fulfillment of the requirements
for the M.S. degree in range management. The research was supported in
part by Bureau of Land Management
grant funds. Received February 8,
1971.

Others theorized that it
gible.
played a vital but unquantified role
as a soil stabilizer in the severe environment of the Northern Great
Plains (Clarke et al., 1942; Clarke
and Tisdale, 1945; Coupland, 1950).
Little is known of the water
utilization characteristics
of clubmoss. It is probable that available
soil water is increased by the ability
of clubmoss to reduce runoff. This
in turn would tend to promote soil
stability. However, there are areas
where clubmoss competes with other
vegetation, reducing production of
the more desirable forage species.
High clubmoss density is inimical
to maximum
range
production

SMITH, DALE. 1968. Classification of
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as starch or fructosan accumulators
in relation to taxonomy. J. Brit.
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Res. Div., Madison, Wise. Report 41.
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of the stem bases of several northernadapted grasses at seed maturity.
Crop Science 6:263-266.
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of total available carbohydrates in
plants. Plant Physiol. 22:279-289.
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Recent mechanical range renovation treatments at the North Montana Branch Station have increased
the productivity of preferred forage
species (Ryerson et al., 1962; Taylor, 1967). This effect has been explained as being partially due to the
removal of clubmoss competition
for water and an increase in available nitrogen resulting from the
decomposition
of uprooted
and
buried clubmoss. No appreciable
soil loss has resulted from clubmoss
disturbance on this relatively level
site. Fertilization
studies at the
same location indicate that added
fertility reduces clubmoss cover and
increases forage production on native rangeland.
These effects are
quantitatively
and
qualitatively
similar to those achieved with mechanical treatments (Taylor, 1967).
Several questions arise as a result
of these experiments.
How long
after clubmoss removal will the increased forage productivity be retained? Will the clubmoss on such
treated range return to its former
abundance? Will there be any undesirable effects from clubmoss removal?
A unique opportunity to probe
these questions existed at the North
Montana Branch Station at Havre.
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treated range return to its former
abundance? Will there be any undesirable effects from clubmoss removal?
A unique opportunity to probe
these questions existed at the North
Montana Branch Station at Havre.

EFFECTS

A series of mechanical
treatments
and manure applications
was applied to range on the station between 1925 and 1935. The treated
area has remained essentially undisturbed since that time. Station records and an evaluation of the treatments
in
1947
(Heady,
1952)
mention
the presence of clubmoss
on the treatment
plots. However,
treatment
effects
specifically
on
clubmoss were not evaluated until
1965.
Study

Area

and

Methods

The study area is located on typical northern
mixed prairie at the
North
Montana
Branch
Station,
Havre.
The
site is on glaciated
topography at an elevation of about
2700 feet. Soil is Joplin clay loam,
two to four percent west exposure.
Mean annual precipitation
is 11.6
inches,
with half falling
during
>fay, June and July.
The study area became part of
Fort Assinniboine
in 1879 and undoubtedly
was grazed
by army
horses and mules. Trespass grazing
occurred from 1911, when the Fort
was abandoned,
until 1915 when
the area became a part of North
Montana Branch Station. The area
never has been plowed and has not
been grazed since 1915. A fire reportedly burned the study area in
the early spring of 1925.
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Sixteen 6G x 200 ft plots were established
on this area of native
grassland in 1925. The sod was mechanically treated about April 1 of
each
treatment
year (Table
1).
Manure
applications
and seeding
followed
mechanical
treatments.
Table 1. Treatments applied
between 1925 and 1935.

Treatments
were applied through
1935 but no attempt was made to
replicate
the
treatments
(North
Montana
1937).

Branch

to native mixed prairie

in northern

Year
Plot

‘25 ‘26 ‘27 ‘28 ‘29 ‘30 ‘3,

Station,

1925-

Montana

T*eatlW”tS
represented by X

‘32 ‘33 ‘34 ‘35

2

X

X

Disked twice and
wheatgrass sown

9
4

X

X

Disked twice and
sweetclo”er sown

Yellow

5

x

Disked twice plus
tooth harrow

spring-

6

x

Check

7

x

8

x

9

X

10

X

11

xxx

12

x
x
xx

13
14

X

X

X

X

Disked twice
tooth harrow

plus spring-

Disked twice
Disked twice
Disked twice plus 10 tons
manure/acre
X

x

x

X

x

x

x

X

x

x

Disked twice plus 10 tons
manure/acre
10 tons manure/acre

x

x

10 tons manure/acre
10 tons manure/acre

x

10 tons manure/acre

xx
X

xx

xx

x

15
16

X

X

X

X

18

crested

10 tons manure/acre

10 tons manure/am
Check

34
In the 1965 study the original
plot length of 200 ft was shortened
to 180 ft to eliminate a strip of disturbed vegetation from the area to
be sampled. Plot 1, a check plot,
had been partially destroyed by a
fenceline trail and invading crested
cristatum).
wheatgrass (Agropyron
Thus, in 1965, another plot, number 18, was established as an alternate check. It was placed on an
adjacent relict area, on soil identical with that of the treated plots.
For purposes of this study each
plot was divided into three subplots, each 60 x 66 ft. Although
this subdivision did not compensate
for the lack of replicated
treatments, it did present three separate
areas from which to gather comparable data in order to estimate
plot variability.
Basal ground cover was estimated
by the line transect method developed by Fisser and Van Dyne
(1960). Nine transects were placed
randomly on each plot, three per
subplot.
Crested
wheatgrass
dominated
portions of all plots except 18.
When a disproportionate number of
transect positions occurred within
the crested wheatgrass, some were
rerandomized so that the relative
number of transects located on native vegetation and crested wheatgrass would correspond to the relative amount of each aspect within
each plot.
Rooted dead clubmoss was interspersed within areas of live clubmoss on the study site. Green and
greenish-brown clubmoss were recorded as live. Light brown and
gray clubmoss
were considered
dead.
An analysis of variance of the
intercept data for each major species and species group in each treatment plot was obtained. Duncan’s
multiple range test (Duncan, 1955)
was used to determine significant
differences in ground cover among
plots. Correlations between treatment intensity and vegetational responses were not attempted because
of the confounding
effects
of
weather variation among years of
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Table 2. Percent ground cover of clubmoss in 1965 on plots treated between
1925 and 1935.
Treatments

Plot

Live clubmoss

Dead clubmoss

18

34.38 al

49.09

3

26.07 ab

40.02 a

Check plots

a

All clubmoss
83.46 a
66.08 ab

Mechanical2
treatments

7

15.60 bed

22.96 b

38.54 cd

5

20.38 bc

37.07 a

57.44 bc

4

14.29 cde

20.38 bc

34.66 de

2

0.89 f

1.13 d

2.02 f

8

1.04 f

0.00 d

1.04 f

6

4.09 ef

4.60 d

8.68 f

5.76 def

13.42 bed

Manure2
treatments
15
9

0.06 f

13

25.58 ab

19.16 def

0.40 d
43.24 a

0.46 f
68.82 ab

11

4.84 ef

7.89 cd

16

1.02 f

0.78 d

12.72 ef
1.80 f

10

0.08 f

0.47 d

0.54 f

14

2.80 f

13.13 bed

15.92 ef

12

1.33 f

0.69 d

2.02 f

l Identical letters indicate no significant difference in ground cover within a column at

the .05 probability level according to Duncan’s multiple range test.
2 Mechanically treated and manured plots are ranked in order of increasing

treatment

intensities.

partial treatments. Correlation coefficients were obtained for paired
ground cover and yield categories.
Six circular 9.6 ft2 plots were
clipped at ground level on each
treatment plot, two per subplot,
during the first week in September,
1965. Herbage was separated into
the following categories:
needleand-thread
(Stipa
comata),
blue
grama (Bouteloua gracilis), crested
wheatgrass, western wheatgrass (Agropyron smithii), junegrass, (Koeleria
cristata),
other
perennial
annual
grasses,
sedges
grasses,
(Carex spp.), perennial forbs, annual and biennial forbs, fringed
sagewort (Artemisia
frigida),
and
winterfat (Eurotia lanata).
Clip plots were placed subjectively in areas of typical and homogeneous vegetation.
In addition,
they were placed on areas of native
vegetation and crested wheatgrass
to the relative
proportionately
amounts of each type within each
treatment plot.

The 9.6 ft2 rings also were used
for litter collection. One litter plot
was paired with each clip plot.
Plant material samples from both
clip plots and litter plots were oven
dried and weighed to the nearest
0.01 g. After recording weights by
species the clipped vegetation from
each treatment plot was combined
into grass and non-grass samples for
crude protein analysis. Analysis of
variance, Duncan’s multiple range
tests, and correlation
coefficients
were used to process weight data.
Results

and Discussion

Response of Clubmoss

Live clubmoss ground cover on
the two check plots did not differ
significantly (Table 2). Check plot
18 had a denser cover of live clubmoss than any mechanically treated
plot, while live clubmoss cover on
check plot 3 was greater than that
on any of the four most intensively
cultivated plots. No significant dif-

EFFECTS

total

clubmoss

major categories of cover

coefficients between

Table 3. Correlation
production data.

and yield

cover

of all

clipped

and all vegetation

11

II

II

needle-and-thread

litter
II

bare

cover
1,

yield

-.538*

except

-.697* *

clubmoss

Response

of Other Vegetation

yield

-24 1

and

needle-and-thread

cover

-.184

Ground

and

blue

-.113

and

crested

and

litter

and

bare

and

all vegetation

and

needle-and-thread

and

yield

Needle-and-thread
ground cover
was not significantly
affected by mechanical treatment
(Table 4). Plot
16, which received four IO-ton manure applications
had more needleand-thread cover than either of the
check plots. However, no discernible trend was found between manuring
intensity
and the ground
cover of this species. A direct relationship was found between needleand-thread
ground
cover and the
cover contributed
by all vegetation
except clubmoss (Table 3).
Blue grama was present on all
less
treatment plots. It contributed
cover on several of the plots than on
check plot 3, but no relationship
between blue grama cover and treatment was evident.
Crested wheatgrass was seeded on
plot 2 and was the dominant,
except for one small area. The plot
boundaries
were clearly
defined
by the crested wheatgrass
aspect.
Crested wheatgrass also invaded extensive portions
of plot 10. This
plot received the most intensive mechanical
treatment
combined
with
four manure applications.
At least one transect in subplot 1
of each treament
plot was located
in an area of crested wheat<grass aspect. This explains
the significant
difference
in ground cover of the
species
found
among
subplots,
within treatments.
Western wheatgrass was encountered erratically along the transects
suggesting
an insufficient
number
of transects
to adequately
sample
this rhizomatous grass.
Ground cover contributed
by all
grass species was not distinctly
affected by treatment intensity. Sedge
cover apparently was not related to
treatment.
Perennial forbs were encountered
infrequently
along
the transects.

gamma

cover

wheatgrass

-.491*

cover

-.954**

cover

-.203

soil
cover

except

clubmoss

of all clipped

.531*
.500*

yield
vegetation

.835”*
.433

and

litter

and

bare

soil

cover

and

yield

of all clipped

I,

and

all vegetation

and

bare

soil

and

yield

of all clipped

soil

vegetation

was greater, as was litter. It must be
emphasized that these data do not
tell whether the decrease in clubmoss ground cover resulted directly
from the initial treatments
or occurred as a secondary response.

needle-and-thread

and

needle-and-thread

cover
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cover

-.683**
cover

vegetation

.728**

except

.689”*

clubmoss

.OlO
vegetation

-.470

* Significant at the .05 probability level.
++ Significant at the .Ol probability level.

ference
appeared
between
check
plot 3 and either of the least intensively cultivated plots.
As the intensity
of mechanical
treatment
increases the percentage
of live clubmoss ground cover deIt is clear that clubmoss
creases.
will not readily re-establish
itself
following
partial
to complete
destruction
by mechanical
means in
this environment.
All manured
plots had significantly less live clubmoss
ground
cover than either check plot, with
the exception
of plot 13, which received two IO-ton manure applications. Although manuring
reduced
clubmoss,
the effect of manuring
intensity was not distinct.
There was no significant
difference in the amount of dead clubmoss between the two check plots.
Significantly
more dead clubmoss
was present on the check plots than
all but one of the mechanically
treated plots and one of the manured plots. Neither of these was
intensively
treated.
A significant
trend toward less dead clubmoss
was noted as the intensity
of me-

chanical disturbance increased. Such
a trend was not distinguishable
on
the manured
plots.
Plot
13 unaccountably
exhibited
high
live
and dead clubmoss cover. Both live
and dead clubmoss
cover on this
plot were comparable
with
the
check plots.
The sum of live and dead clubmoss ground
cover reacted essentially the same as did live and dead
clubmoss
cover
considered
separately.
Crested wheatgrass invaded portions of the study area, severely reducing clubmoss cover. This situation was encountered
primarily on
the northern-most
row of subplots
and created differences of clubmoss
cover among subplots within treatmen ts.
Significant
inverse relationships
occurred
between
total clubmoss
cover and total vegetative cover (excluding
clubmoss),
the yield
of
clipped vegetation,
crested wheatgrass cover, and litter cover (Table
3). Thus, where clubmoss cover was
encountered
less frequently,
production and cover of other herbage

Cover
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Treatments

Plot

Needle-andthread

Blue

AND

TAYLOR

Ground cover (%) in 1965 on plots treated between 1925 and 1935.

grams

Crested
wheatErass

All grass
species

Perennial
forbs

Sedges

All attached
vegetation

All vegetation
except
clubmoss

Litter

Bare

Sol1

Check plots
18

2.22

cdd/

0.18

ab

0.00 b

2.49

e

0.13

abed

0.00 b

2.71

ef

86.16

a

2.04

cde

0.75

a

0.13

2.95

de

0.13

bed

0.07

3.18

def

69.26

ab

20.44

Mechanic.&
treatments

ab

6.22

j

0.69 cde

ij

5.60

b

1.93

cde

0.67

ab

0.00

b

2.87

de

0.44

*

0.04

ab

3.40

def

41.94

cd

41.00

fgh

1.93

bcae

1.60

de

0.27

ab

0.35

b

2.22

e

0.20

abed

0.02

b

2.44

f

59.88

bc

30.47

ghl

4.13

bcdo

2.09

cde

0.40

ab

0.60

b

3.24

bcde

0.31

abc

0.07

ab

4.84

abcdef

39.50

cd

49.31

efg

1.62

bcde

0.53

e

0.27

ab

4.15

a

5.04

abed

0.07

cd

0.00

b

5.11

abcde

7.12

ef

67.13

bcde

a

2.09

cde

0.78

a

0.91

b

3.89

bcde

0.22

abed

0.11

a

4.31

abcdef

5.34

ef

69.95

bed

2.51

bcde

6

2.33

bcde

0.02

b

1.09

b

3.67

bcde

0.27

abed

0.02

b

4.71

abcdef

13.40

ef

65.73

bcde

1.00

cde

23.70

4

Manure

b

2f

12.29

a

treatnlents

l/Identical
column at
~/Mechsnicolly
treatment

15

3.91

abc

0.40

ab

0.04

b

4.44

abcde

0.07

bed

0.02

b

4.53

abcdef

9

2.02

cde

0.00

b

0.80

b

3.09

de

0.15

abed

0.00

b

3.69

bcdef

13

2.93

bed

0.18

ab

0.00

b

3.20

cde

0.07

bed

0.00

b

3.31

def

11

2.60

bed

0.13

ab

0.24

b

3.11

de

0.22

abed

0.00

b

3.60

cdef

16

5.73

a

0.62

ab

0.24

b

6.75

s

0.02

d

0.00

b

6.78

10

2.04

cde

0.00

b

3.95

a

6.04

ab

0.09

bed

0.00

b

6.38

14

3.24

bed

0.13

ab

1.40

b

5.20

abed

Il.27

sbcd

0.00

b

5.47

abed

12

2.84

bed

0.13

ab

0.95

b

4.02

abcde

0.35

sb

0.00

b

4.55

abcdef

de

57.42

cdef

4.93

bc

f

65.67

bcde

4.47

bed

72.12

ab

24.84

hi

0.40

e

16.32

ef

72.31

sbcd

1.73

bcde

a

8.56

ef

80.40

ab

0.55

de

ab

6.92

ef

77.78

abc

4.09

bcde

def

73.78

abed

1.02

cde

ef

91.55

a

0.60

de

4.14

21.40
6.56

letters
indicate
no significant
difference
in ground wver within
a
the .05 probability
level
according
to Duncan’s
multiple
range test.
treated
and manured plots
sre ranked in order of Increasing
intensities.

reflects the relatively small
basal area contributed by perennial
forbs and a corresponding low probability of basal interception.
As treatment intensity increased
the ground cover contributed by
total attached vegetation decreased
significantly, reflecting clubmoss reduction.
Highly significant differences in
litter cover among treatments were
found. As treatment intensity increased, litter cover tended to increase. A direct relationship
was
found between litter cover and
yield of all clipped vegetation, and
between litter cover and all vegetative cover excluding clubmoss.
The amount of bare soil intercepted by the transects varied considerably. No particular relationship between the amount of bare
soil and treatment intensity became
evident.
This

Yield

Needle-and-thread yield was not
significantly related to intensity of
mechanical
treatment
(Table
5).
Only plot 2, seeded to crested
wheatgrass, yielded significantly less
needle-and-thread
than check plot
18. The most intensively manured
plot produced significantly
more

Because of high variability
of
crested wheatgrass yields, there was
little significant difference among
treatments.
Western wheatgrass produced significantly greater yields on one of
the most intensively manured plots
than any other treatment plot. The
remaining treatments did not differ
significantly with respect to yield of
this species. No distinct relationship between treatment and yield
became apparent.

needle-and-thread
than the plot
least intensively manured and one
of the check plots. As the yield of
needle-and-thread
increased,
the
yield of all vegetation increased significantly and bare soil decreased.
Blue grama yielded significantly
more on the plot least intensively
disturbed mechanically than on two
of the most heavily manured plots.
Yield from the check plots did not
differ significantly from that of any
treatment plot.
Table 5. Mean yields (lb./acre)
tween 1925 and 1935.

Vegetational
components

Needle-and-thread
Blue grama
Western wheatgrass
Junegrass
Crested wheatgrass
Other perennial grasses
Annual grasses
Sedges
Fringed sagewort
Annual & biennial forbs
Perennial forbs
All clipped vegetation
Litter

by treatments in 1965 from plots treated be-

Check

plots

(2 plots)

Mechanical
treatments

(6 plots)

Manure
treatments

(6 plots)

818

748

10

70

1163
10

42

19

87

12

8

6

122

356

323

13

13

13

0

6

4

10

27

6

0

18

0
19

4

9

10

16

4

1044

1227

1629

268

458

996

EFFECTS
Junegrass did not appear in the
clipped herbage samples of the five
most intensively
manured
plots.
The species was present in the yield
samples of all other treatment plots
but yield was not related to treatment.
Yields of annual
grasses and
afsedges were not significantly
fected by treatment.
Increased intensity of both mechanical and manure treatments apparently favored increased numbers
of annual and biennial forbs. Plot
12, which received the most manure, supported significantly more
of these forbs than any other treatment plot.
Perennial forbs produced heaviest yields on the check plots and
least intensively treated plots.
Fringed sagewort yielded substantial herbage only on the two plots
which received the most intensive
mechanical
treatments.
Only the
check plots and one mechanically
treated plot yielded any winterfat.
A distinct and significant yield
increase of all vegetation, excluding
clubmoss, occurred as treatment intensi ty increased.
Litter weight varied directly with
intensity of treatment. The weight
of litter from heavily manured plots
was significantly greater than litter
yields from less intensively
manured plots. A similar but nonsignificant increase in litter yield
occurred as mechanical treatments
intensified.
Protein

Content

Crude protein of the combined
grass samples ranged from 4.5 to
5.8 percent. Non-grass species from
the treated plots contained from 6.4
to 8.8% crude protein. There appeared to be no correlation between
treatment and the protein content
of the vegetation.
Summary

and Conclusions

Reduced
clubmoss was clearly
evident 30 to 40 years after mechanical and manure treatments were
applied to native range. Less clubmoss was present on plots which received more intensive mechanical
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treatments. Manure applications reduced clubmoss cover but there was
little difference among treatment
intensities.
As clubmoss cover decreased, the
yield and ground cover contributed
by other vegetation increased significantly.
The response
of needle-andthread ground cover to treatment
was erratic. Heaviest yields of needle-and-thread were obtained from
the heaviest applications of manure.
The yield of needle-and-thread and
total forage yield were correlated
significantly.
Needle-and-thread
cover and cover contributed by all
clubmoss,
vegetation,
excluding
were similarly related. As the yield
of needle-and-thread increased, bare
soil decreased significantly.
Neither yield nor cover of blue
grama responded
predictably
to
treatment.
Crested wheatgrass yield was not
affected by treatment intensity, but
a significant
inverse relationship
was found between crested wheatgrass cover and clubmoss cover.
Western
wheatgrass responded
favorably to three of the most intensive manure treatments.
No junegrass occurred in the
clippings of any of the five most intensively manured plots, although
it was present in the herbage samples of every other treatment plot.
As treatment intensity increased,
the yield of annual and biennial
forbs increased but never made up
more than 2.5% of the total clipped
vegetation.
Highly significant
increases in
litter cover and yield were found
with increased treatment intensity.
This increased litter was associated
with increased forage production.
No residual effects of treatment
on protein content were observed.
Since reduced clubmoss cover and
increased forage production still are
apparent many years after treatment, and no detrimental effects to
the site were observed, such renovation practices would appear to be
effective in similar areas where
clubmoss is a problem. These observations cast serious doubt on

the popular view that clubmoss is
aggressively “taking over” these
northern glaciated rangelands.
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Highlight
A deep and unfertile sandy soil sin the Georgia Coastal
Plain from which the top soil had been removed was seeded
to Pensacola bahiagrass in 1967 and allowed to grow until
1970. No harvests were made, and no fertilizer was applied.
When sampled in 1970, the plots under grass contained
23.1% more N than did fallow plots. The soil organic matter content to 12 inches deep in the soil profile had more
than doubled under the sod, and bases had been accumulated in the soil surface under sod but were concentrated
lower in the soil profile under fallow.

Bahiagrass
was introduced
into the Southeast
about 1912 (Scott, 1920). Little notice was made of
bahia until Finlayson
(1941) introduced
a fineleaved bahia found growing on a wharf in Pensacola, Florida.
The latter strain, presently called
“Pensacola,”
was further distributed
by the Soil
Conservation
Service through their Plant Material
Organization.
In the 1940’s, Pensacola bahiagrass was noted for
its weed free growth on poor soils. In the 1950’s,
sod grass rotations were advocated in certain areas
of the Southeast.
During
the last 10 years, unreported research by the senior author, where test
crops have followed
bahiagrass
have shown responses that were not explainable
on the basis of
treatments applied.
Thus far, no explanation
is available to suggest
the process by which N accumulates
where Pensacola bahiagrass is grown. A similar accumulation
of N has been found where fescue was grown in
the Georgia
Piedmont
(Giddens,
personal
communications).
It has been established
by Beaty et al. (1964)
that up to 13400 kg of bahiagrass roots, stolons
and leaves may accumulate
on an acre of nonfertilized
bahiagrass growing on deep sand. The
addition of N increased plant parts per acre, but
soil organic matter stabilized at approximately
2.0%
regardless of treatment.
The possibility that a grass can increase the organic matter and N content of the surface soil is
not to be taken lightly. The possible use of such a
plant in the tropics and sub-tropics where N is desperately needed justifies continued
research.
The

In 1967, an area of deep sand at the Southeast Georgia
Branch Station, Midville, was selected as the poorest soil
available in the Georgia Agricultural Experiment Station’s
system. The top soil had been removed in 1961. No effort had been made to reclaim the area by fertilization or
seeding. The area was essentially free of vegetation. Part of
the area was loosened by disking and seeded to Pensacola
bahiagrass at 40 pounds of seed per acre. Adjoining areas
were left unseeded. No fertilizer, lime or inoculum was
applied at seeding or later. A composite soil sample collected at time of seeding was analyzed by soil testing.
In August of 1970, soil cores from 4 replicates of both
seeded and non-seeded areas were collected to depths of
O-4, 4-8, and 8-12 inches for analysis. Nine additional
cores, 6 inches in diameter and 8 inches deep, were collected
to determine the amount of leaves, stolons, and roots present.
The air dried soil samples (< 2 mm) were analyzed for
organic C, pH, N, Na, K, Ca, Mg, Zn, and Mn content.
Organic C was determined by the Walkley-Black procedure,
and N by Kjeldahl (Tan et al., 1970). Bases were extracted
with neutral ammonium acetate solution (Jackson, 1958)
and individually determined by atomic absorption spectrophotometry. pH was measured with the glass electrode using a 1: 1 soil-water and a 1:5 soil-N KC1 suspension. Data
were analyzed statistically to establish correlations as an aid
in interpretations.
Data of grass and fallow plots were
analyzed by analysis of variance. Correlations and regressions were completed from data of grass plots.
Results

and Discussion

the period between seeding in 1967, and
sampling in 1970, no dry matter was removed, and
no fertilizer applied.
In 1967, the bahiagrass seedlings were chlorotic,
to approximately
4 inches in
height and with little lateral spread.
At the end of 1968, seedlings were still chlorotic,
approximately
6 inches high, some flowering culms
were present, and active stolon growth had been
initiated in random areas.
By the end of 1969, the light green foliage of 1968,
became a darker green color, and leaves averaged
9 to 11 inches in height.
Flowering
culms were
more numerous, and stolon growth had produced
a sod over the area.
When sampled in August of 1970, leaves present
averaged 6862 pounds per acre, roots to 12 inches
averaged 4504 pounds, and stolons, surface growing horizontal stems that produce leaves, seed stalks
and roots, averaged 10128 pounds per acre. The
soil in 1967 was light in color, and in 1970, the
0 to 8 inch zone had darkened appreciably.
Percent N content and pounds of N contained
in the plant tissue are shown in Table 1. N content
of stolons and roots at 0.61 and 0.62% respectively
were essentially
equal, while leaves contained
an
During

l Journal Series Paper No. 1078 of the University of Georgia
College of Agricultural Experiment Stations, College Station, Athens. Received February 4, 1971.
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Table 1. Percent N and pounds
acre of bahiagrass.

Plant
part

of dry matter

and N per

SOIL
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CHANGES

Table 3. Exchangeable
macro- and micronutrient
content
in the Norfolk soil at 3 soil depths (inches) as affected by
grass and fallow treatment
(average of 4 reps.).

N

Forage
pounds

lb./ acre

%

Treatment
and
depth

Na

K

Ca

Mg

Mn

Zn

Sum of
bases

leaf

6862

0.76

55.4

root

4504

0.62

27.8

10128

0.61

61.8

Grass

145.0

04

0.65

3.00

2.52

1.97

0.34

0.32

0.417

4-8

0.48

2.40

1.92

1.15

0.12

0.19

0.285

8-12

0.41

1.73

1.61

0.84

0.06

0.15

0.225

o-4

0.51

2.27

1.37

0.78

0.21

0.11

0.226

4-8

0.64

1.95

1.73

0.86

0.26

0.13

0.267

8-12

0.70

3.14

2.80

1.58

0.40

0.23

0.405

stolen
Total

The N content reported
here is
average 0.76%.
indicative
of the low N fertility status of the test
area. N contained
in the plant material
totaled
145 pounds per acre and was composed of 55.4
pounds in the leaves, 27.8 pounds in the roots,
and 61.8 pounds in the stolons. On the fallow soil
area, the soil contained
627 pounds of N to 12
inches as compared
to 653 pounds on the grass
plots. The 145 pounds of N in the plant residues
provide extra N accumulation
amounting to 23.1%
of that contained in the fallow soil.
Soil pH, organic material and N for both grass
and fallow plots are shown in Table 2. pH was
not significantly
influenced
by sod. However, the
pH was significantly
lower in KC1 solution than in
water.
Such a relationship
is to be expected in
soils such as this where bases are low and H+ saturation is high. Measurements
of pH in KC1 solution would have detected a change in base saturation by showing higher values than pHHZO, if the
soil exchange complex was not saturated with H+
and addition of bases by sod residue was sufficiently
high. Soil organic matter showed a dramatic increase where bahiagrass
was grown as compared
to fallow plots at all depths measured.
At the time
of seeding, 1967, the area was uniform and conTable 2.
Norfolk
(average

pH, organic matter and nitrogen content of the
soil as affected
by grass and fallow treatment
of 4 reps.).

Treatment
and
depth
(inch)
Grassed

PH

H,O

PH

KC1

Organic
matter
(%)

N
%

lb./acre

306.67

plots

o-4

6.49

5.17

1.51

0.023

4-8

6.31

4.86

1.02

0.014

186.67

8-12

6.10

4.61

0.72

0.012

160.00

Total
Fallow

653.34
plots

o-4

6.50

5.22

0.71

0.017

226.67

4-8

6.15

4.74

0.33

0.015

200.00

8-12

5.73

4.51

0.42

0.015

200.00

Total

626.67

(me/ low

(mg/ w4
plots

Fallow

plots

tained
approximately
0.70% organic
matter
at
O-4” depth. After four years under fallow conditions, the organic matter content decreased rapidly
from O-4” to 4-8” depth but tended to remain
constant at the deeper layer. After 4 years under
grass, the organic matter content
had increased
significantly
not only in the surface but also in
the subsurface
soil. As can be noticed from the
data in Table 2, a twofold increase was obtained at
O-4” depth, but a threefold increase was observed
at 4-8” depth. In summary, it can be stated that
organic matter in the O-4” surface soil increased
113% in grass plots over fallow plots as compared
to 209% at the 4-8” and 71% in the 8-12 inch
depths.
The decomposition
rate of bahiagrass
leaves,
stolons, and roots is unknown, but the soil organic
matter changes obtained here would indicate they
are mineralized
rapidly after growth ceases. An
examination
of leaves, stolons and roots obtained
showed decomposition
closely followed the actively
growing stolon tip.
Soil N content was not significantly
lower under
fallow than under grass. The lack of a significant
difference
in soil N is thought to be due to the
bahiagrass taking up the N as fast as the organic
material is mineralized.
All bases amounted to 0.92 me per 100 grams of
soil on grass plots as compared to 0.90 me per 100
grams under fallow. The significant
factor is the
distribution
of the bases in the profile.
In the fallow plots, the base element content increased with
depth, while under grass the highest base content
was in the surface and decreased with depth (Table
3). The positive and significant correlation
between
total bases and percent organic matter, four replications and three depths (Fig. l), is interpreted
to
signify that bahiagrass significantly
increases the
organic matter content of low fertility soils. This
relationship
indicates that the available bases in-
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The phenomena described in this paper appears
to be similar to those occurring during soil formation as affected by prairie vegetation (Weaver et al.,
1935; and Runge and Riecken, 1966).
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FIG. 1. Relationship between organic matter content of a sandy
soil growing Pensacola bahiagrass and total bases contained.

crease as organic matter content is increased
by
addition of bahiagrass residue. A similar relation
could not be obtained in fallow plots, since, in this
respect, no addition
of organic matter occurred.
Finally, it can be stated that increase or change in
organic matter content due to growing grass corresponds with the distribution
of bases in the profile as explained above.
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nual grasses (McKell et al., 1962; Young and Evans,
1970).
In the Intermountain
area, medusahead
(Taeniatherum
asperum
(Sim.) Nevski)
has re(Bromus
tectorum
L.)
placed
downy
brome
(Hironaka and Tisdale, 1963; Turner et al., 1963).
The short period of green feed, variability in yield
among years, and flammability
of downy brome
make it much less desirable than perennial grasses.
However, downy brome is one of the principal forage species for many livestock operations.
Medusahead has all the undesirable
characteristics
of
downy brome, and in addition its high silica content and barbed awns virtually eliminate
utilization by livestock or chukar partridges (Sharp and
Tisdale,
1952; Major et al., 1960; Savage et al.,
1970).
Tillage and herbicide
treatments have been developed and are being perfected to control medusahead and permit the establishment
of perennial
grasses (Tore11 and Erickson,
1967; Young et al.,
1969a).
Tillage
treatments
are restricted
to the
limited
rangeland
areas that can be cultivated.
Herbicide treatments extend these practices to areas
where a rangeland drill can be used to plant the
perennial
grasses. There are millions of acres of
rangeland, where medusahead has replaced downy
brome, that are too steep and rocky for application
A possibility for temporary
of current techniques.
range improvement
on these areas would be to shift
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MEDUSAHEAD
Table

1.

Location,

vegetation,

and

Location

physical

TO

characteristics

DOWNY
of

Deep-vertisol
Deep-vertisol
Shallow-clay
Deep-clay

clay
clay

Methods
Test

We planted 100 caryopses of downy brome and medusahead in separate sections of flats. Four replications in a
randomized block design were employed. Treatments applied were diuron at 0.25, 0.5, 1.0, and 2.0 lb./acre and control. In one experiment, the herbicide was applied as soon
as the caryopses were planted; and in another, applications
were made when the seedlings reached the two-leaf stage.
The herbicide was applied in 35 gal per acre of water by
using a boom-type sprayer. Surviving seedlings were counted
in the various treatments 4 weeks after application of the
herbicide.
Field

sites where

diuron

Experiments

The majority of the field trials were conducted at the XL
Ranch near Alturas, California. A portion of a large block
of native range infested with medusahead was fenced in
1966. The vegetation was mostly annual grass with a small
amount of downy brome intermixed with the dominant
medusahead. Remnant perennial grasses present were bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. and
Smith), squirreltail (Sitanion hystrix (Nutt.) J. G. Smith),
Sandberg bluegrass (Poa secunda Presl.) and Junegrass (KoeZeriu cristutu (L.) Pers.).
The mean annual precipitation at Alturas is 12.97 inches.
The north-northwest aspect of the experimental area traps
drifting snow making the effective precipitation higher.
The soil at the XL Ranch experimental site has a clayloam surface horizon grading into a heavy clay.
In 1966 we applied diuron logarithmically at rates ranging from 0.125 to 4.0 lb./acre. The herbicide was applied in
35 gal of water per acre. A four-replicate split plot with systematic arrangement of subplots (rates) was employed. The
diuron was applied October 15 after initial germination of
the annual grasses.
In 1967 2 lb./acre of diuron was sprayed on a 200 by 200
ft block in mid-October after initial annual grass germination. The diuron was applied in 10 gal of water per acre
using whirl chamber nozzles (Klingman, 1964).
In mid-October, 1968, the 1967 treatments were repeated
and also applied an additional 2 lb./acre of diuron to a 50
by 200-ft section of the block that was treated in 1967.
To obtain a pregermination treatment, a 50 by lOO-ft
block was disk-harrowed before applying 2 lb./acre of diuron.

was

applied

in

1968.

Annual
(PPt,
inches)

Elevation
(feet)

Entirely medusahead
Medusahead and forbs
Medusahead and downy brome
Medusahead and forbs

the ecologic balance of these sites to permit the
return of downy brome.
Our purpose was to convert medusahead
dominated sites to downy brome plant communities
through the use of the herbicide
3-(3,4-dichlorophenyl)-1,1-dimethylurea
(diuron).

Greenhouse

experimental

Vegetation

Soil

Fisher Ranch
Adin Mountain
Fly-Blown-Flat
Susanville

41

BROME

11
17
14
14

4200
5000
4100
4200

a 50 by 50-ft portion of the disk-harrowed area, we
seeded 1,000 downy brome caryopses per sq ft before applying the herbicide.
We applied the basic 2 lb./acre of diuron treatment to
100 by lOO-ft blocks in the fall of 1968 at 4 additional locations. These were the Fisher Ranch near Canby, California;
Adin Mountain and Fly-Blown-Flat near Adin, California;
and east of Susanville, California (Table 1). In the fall of
1969, the 2 lb./acre of diuron treatment was repeated at the
XL Ranch for the third year.
During 1967, we visually evaluated shifts in species composition during the growing season on plots where diuron
was applied logarithmically.
In all other years, the large
treatment blocks were divided into four subplots for sampling. Frequency sampling was employed using the steppoint method of Evans and Love (1957). In addition, in
each subplot, 4-square meter plots were clipped after determining the projected herbage of the species present.
In 1968 at the XL Ranch we sampled the density of the
annual grass population weekly for 6 weeks following application of the diuron. Density was sampled with four 2
by 4-inch randomly located plots in each subplot by using
the technique developed by Young et al. (1969b).
On

Results

and Discussion

Greenhouse

Trials

Diuron at 1 lb./acre completely
controlled
medusahead and downy brome when the herbicide
was applied before the grasses had germinated (Table 2). In contrast, when the diuron was applied
to seedlings the downy brome largely survived at
Table 2.
Percentage
survival (4 weeks after treatment)
of
downy brome and medusahead
seedlings in relation
to
timing and rate (lb./acre)
of diuron application
in the
greenhouse.
Time of
application
and
species

Rate of diuron applied
Control
(none)

0.25

0.5

1 .O

1.5

2.0

Before
germination

Downy brome

100

34
30

11
3

0
0

0
0

0
0

After
germination
Medusahead
Downy brome

94
98

12
88

8
94

0
88

0
64

0
72

Medusahead

88
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Table
3. Cover (%) by species in 1970 of medusahead
communities
treated with 2 lb./acre
of diuron in 1967,
1968, and 1969 with an untreated
control.1
Percent
Time of
treatment

Downy
brome

Medusahead

Poverty
weed

Control

15d

69a

6b

1967
Diuron

48a

3b

13b

1967-68
Diuron

53a

lb

1968
Diuron

36b

1969
Diuron

25c

cover
Perennial
grasses

Annual
forbs

5bc

Perennial
forbs

0

1

19a

3

6

17b

17a

3

5

2b

26a

14ab

3

6

Ob

33a

3c

8

1

0

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

the 1 lb./acre
died.

rate while the medusahead
Field

seedlings

Trials

The results of the 1966 trials where diuron was
applied with a logarithmic
sprayer indicated that
medusahead was totally controlled
at rates from 2
to 4 lb./acre.
Above 2 lb./acre the downy brome
was injured.
Effective
conversion
from medusahead to downy brome dominance was accomplished
only at, or very near, the rate of 2 lb./acre of
diuron.
From 1967 through 1969, 2 lb./acre of diuron
was very effective in converting
medusahead communities to downy brome communities
(Table 3).
It was not necessary to repeat the treatment
annually to maintain
the shift in dominance.
The
first year following treatment
there was a marked
increase in poverty weed (Iva axillaris Pursh). The
poverty weed was gradually suppressed in subsequent years by an increase in downy brome. Perennial grasses were apparently
not injured
by the
initial treatment
and by the third year following
Table
4.
Herbage
yields (lb./acre)
from
1968 through
1970 in relation
to diuron
treatments
(2 lb./acre)
applied in October.1

Year of
herbage
yield

u

Years of diuron application
Control

1967

1968

1400a

520b

1969

1160b

1670a

1970

118Oc

1420bc

1968

19671968

1969

-

500b

-

5ooc

48Oc

2200a

1560b

530d

1 Means followed by the same letter are not significantly different
at the 0.05 probability level as determined by Duncan’s Multiple
Range Test. All comparisons are made horizontally.
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FIG. 1. Scatter diagram of the relation
and frequency of annual grasses.
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between the herbage yield

treatment there was a significant
increase in cover
of perennial
grasses.
The first year following application
of diuron
herbage production was markedly depressed (Table
4). The second growing season after application of
the herbicide herbage production significantly
surpassed that obtained on the control plots. By the
third year, production had dropped until it was not
markedly higher than that obtained on the control
area. However, in all 3 years the herbage was virtually free of the medusahead.
The increase in production
the second year is
apparently a function of the relation between annual grass density as interpreted
from frequency
sampling and production
(Fig. l), and possibly a
fallow effect from the first year when there was a
low density of vegetation
(Young et al., 1969b).
Maximum
herbage production
usually occurs at
densities lower than those found in undisturbed
stands. The first year after treatment
the downy
brome plants respond dynamically with a relatively
few well spaced plants producing
a great many
tillers.
The tremendous
caryopses production
of
this type of downy brome population
has been
documented
by Young et al. (1969b).
These caryopses restock the stand for a great increase in production the second year. In the third year, the
stand approaches pretreatment
densities with intraspecific competition
reducing production.
Application
of 2 lb./acre of diuron controlled
medusahead at all locations, but did not necessarily
lead to an increase in downy brome. At the Fisher
Ranch the medusahead
formed a relatively
pure
stand and the diuron treatment
produced a clean
fallow which was invaded the second year by Russian thistle (Salsola kali L. var. tenuifolia Tausch.)
and medusahead.
At Adin Mountain
and Susanville, there was an increase in forbs followed by a

MEDUSAHEAD

q

FIG. 2. Medusahead
relation

to diuron

CONTROL

i- ;
__

TO

OIURON

and downy brome seedling populations
treatment.

in

reinvasion of medusahead without a Ggnificant increase in downy brome.
The diuron treatment at
Fly-Blown-Flat
initially
gave very similar results
to those obtained at the XL Ranch. Unfortunately,
this plot was destroyed by road construction
before
a second year’s data could be obtained.
It seems
that availability
of downy brome caryopses on these
sites makes the difference between replacement
by
this species or not.
Therefore,
two conditions
must exist in order
for the diuron treatment
to be effective:
1) there
must be a residual stand of downy brome in the
medusahead
population,
and 2) the grasses must
germinate in the fall before the diuron is applied.
The results of the greenhouse
work showed there
was no selectivity between medusahead and downy
brome if the diuron was applied before the grasses
germinate.
Sampling in the field after application
of the herbicide
reinforced
this relation.
On the control plots the density of medusahead
continued to increase during the late fall. Medusahead rapidly dropped out of the diuron-treated
communities,
but the density of downy brome remained relatively
stable (Fig. 2). When we diskharrowed plots before applying the diuron a clean
fallow was obtained the next year with no annual
grasses. This was also the case where we seeded
downy brome caryopses on the disk-harrowed
area
before applying the herbicide.
Diuron is not registered with the United States
Department
of Agriculture
for this use on rangeland so an economic evaluation
of the conversion
of medusahead
to downy brome is largely conjectural. The initial treatment
would cost approximately $7.00/acre.
There would be a loss of all
grazing the first year to allow the downy brome to
increase.
The second and third years for the XL

DOWNY
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Ranch
site herbage
production
averaged about
1600 lb./acre annually.
With 80% utilization
this
production results in 1280 lb./acre harvestable forage. The
1280 lb./ acre of forage @ $O.O05/lb.
(value of forage = $lO/ ton hay) results in a $6.40
There is virtually no utivalue of the forage/acre.
lization of downy brome, forbs, or perennial grasses
in medusahead-dominated
communities
in this
area, so the increase in forage following the diuron
treatment
is almost entirely an economic benefit.
Without discounting
for interest it is apparent by
the start of the third year the initial investment
has been repayed. If the conversion from medusahead to downy brome lasts for four or more years
under grazing, the cost can be prorated in terms of
the additional
return.
The increase in perennial
grasses may be an additional
bonus.
All the material presented in this manuscript reflects results obtained
with no grazing after the
initial treatment.
We are still investigating
the
dynamics of downy brome-medusahead
communities under diuron and grazing treatments.
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Highlight
Root production of switchgrass (Punicum &-g&urn L.)
seedlings was decreased when 1 or 2 ppm picloram were
placed on the soil surface or at a depth of 3 inches. Root:
shoot ratios by weight of switchgrass were decreased when
picloram was placed on the surface or in the third inch of
soil but were not affected by placement at 6 inches. Root
production of sideoats grama (Bouteloua curtipendula
(Michx.) Torr.) was decreased by picloram placed in the
surface inch of soil. However, sideoats grama root production was increased in soil with 1 ppm picloram in the sixth
inch. Root:shoot ratios of sideoats grama in treated soil
were usually no different than those of seedlings grown in
untreated soil but rooting pattern was affected.

Combinations
of 4-amino-3,5,6trichloropicolinic acid (picloram),
an experimental
herbicide,
with chlorophenoxyacetic
acid herbicides
effectively control
a wide spectrum
of undesirable
woody species and herbaceous
weeds. Relatively
little research has been concerned with the reaction
of desirable
species in rangeland
ecosystems
to
picloram.
Preemergence
applications
of picloram
controlled several species of warm-season grass seedlings including
sideoats grama (Bouteloua
curti$wnduZa (Michx.) Torr.) and switchgrass (Panicum
virgatum L.) (Arnold and Santelmann,
1966). However, applications
of 1.5 lb./acre or less after the
grass seedlings developed 2 to 4 true leaves did not
reduce production
of topgrowth.
McCarty
and
Scifres (1968) reported that fall applications
of picloram were more injurious to smooth bromegrass
(Bromus inermis Leyss.) than spring applications
damage was
regardless of rate. Smooth-bromegrass
attributed
to root uptake of picloram.
According
to McCarty et al. (1967), picloram in combination
with 3-amino-1,2,4-triazole
(amitrole) retarded vegetative production
and caryopsis yields of sideoats
grama.
Recent research has emphasized the persistence
of picloram in grassland ecosystems.
Soil residues
were usually restricted
to the surface foot for 60
days following application
of 0.25 lb./acre of picloram in the Rolling Plains of Texas (Scifres et al.,
1971 b). Concentrations
were about 2 ppm in the

surface inch of soil the day of application.
Picloram dissipated from aerial portions of grasses
within 60 days after application
(Scifres et al.,
1971a).
Data indicated
that grasses absorbed picloram from the soil without affecting forage production.
Factors providing impetus for the present study
were soil residues following picloram application
to rangelands and sensitivity of some grass seedlings
to picloram.
The influence of picloram residues on
root production,
rooting
depth, and root:shoot
ratios in switchgrass and sideoats grama seedlings
was evaluated.
Materials

and

Methods

Opaque-polyethylene tubes, 3 inches in diameter and 18
inches long, were filled with a sand-clay loam (1:4) mixture
to within 7 inches of the top. Technical-grade picloram
(99%) in aqueous solution was incorporated with additional
portions of the soil mixture at 1 or 2 ppm on a wt/wt basis.
One-inch layers of picloram-treated soil were placed at
depths of either 6 inches, 3 inches or on the soil surface in
the tubes. One gram of switchgrass cultivar “Blackwell” or
sideoats grama cultivar “Premier” seeds were planted on the
soil surface and covered with 5 mm of sand. The base of
each tube was placed in a plastic cup. Sprinkler irrigation
was applied as necessary to germinate the seeds and maintain vigorous seedling growth. Picloram treatments were
triplicated for each species in randomized complete block
designs.
Emergence and seedling growth were observed weekly.
Seedlings in each tube were assigned a numerical rating
where “0” indicated no symptoms of phytoxicity and “100”
Fresh
indicated no emergence or complete mortality.
weights of seedling topgrowth were recorded after 21 days.
The soil was then removed from each tube as an intact
core and arbitrarily divided in sections, 0 to 3, 3 to 6 and 6
to 12 inches long from the surface. Soil sections were placed
in 5 mm sieves and soaked to separate roots from soil. The
roots were blotted dry and fresh weights recorded.
Glass-front boxes were planted to each species and root
elongation measured. The box fronts were covered to prevent light entry between root measurements. The surface
inch of soil mixture was treated with 0, 1 or 2 ppm picloram
prior to planting seeds in one set of glass-front boxes. Average penetration depth of grass roots was recorded at threeday intervals. Each treatment was duplicated for each species in a completely random design.
Each experiment was conducted twice and data pooled for
statistical analyses. Root yields were converted to percentage
of untreated seedlings by sampling depth for presentation.
An inverse-sine tranformation was applied to percentage
data before conducting analysis of variance as suggested by
Steel and Torrie (1960).
Results

and Discussion

Topgrowth
of switchgrass seedlings was chlorotic shortly after emergence
from soil with picloram in the surface inch. Switchgrass seedlings,
after 21 days in soil with picloram on the surface
or at a depth of 3 inches, displayed more phytoxicity than those grown in soil with picloram at 6

l Approved by the Director, Texas Agricultural Experiment
Station as TA-9106. Received April 26, 1971.
2The authors appreciate the cooperation of J. Priddy and
the George Warner Seed Company, Hereford, Texas, who
supplied the caryopses for this study.
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Table
1. Ratings
of phytoxicity
symptoms
in topgrowth
of switchgrass and sideoats grama seedlings 21 days after
planting in soil containing
1 or 2 ppm picloram
at various depths (inches).

PICLORAM
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Table 2. Root production
(%) of switchgrass seedlings 21
days after planting in soil containing
1 or 2 ppm picloram
at various

depths

(inches).1

Picloram
Symptom rating1

Concentration

Picloram
concentration

Picloram
depth

Switchgrass

0

-

0

0

1

o-1

40

10

3-4

32

7

S-7

3

0

o-1

58

7

3-4

57

7

6-7

13

0

2

Sideoats grama

inches (Table
1). Symptoms in switchgrass
topgrowth developed about a week sooner when picloram was on the surface than when it was in the
third inch of soil. Roots reached the third inch
5 or 6 days after planting and some were 6 inches
deep after a week (Fig. 1). Picloram symptoms in
topgrowth were usually noted within 2 days after
switchgrass roots penetrated treated soil. Reaction
of switchgrass topgrowth to picloram placed at 6
inches varied between experiments.
Slight epinasty
of coleoptiles,
a common symptom in petioles and
meristematic
tissues of broadleaved
species treated
with picloram, was noted in the first study within
10 days after emergence.
However,
epinasty did
not develop in seedlings in the second study. This
differential
may have been due to removal of the
picloram by leaching in the second study; an important method of dissipation
under field conditions
(Scifres et al., 197 1b).
Sideoats grama topgrowth was less susceptible to
picloram
residues regardless
of concentration
or
18
Sideoats grama

0

2

4

6

8
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16
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20

DAYS AFTER

0

2

4

6

8

IO

12

14

16
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PLANTING

FIG. 1. Average root penetration
of switchgrass and sideoats
grama seedlings when the surface inch of soil contained picloram at 0, 1 or 2 ppm.

Depth

o-3

3-6

6-12

0

-

1

o-1

24 efg

3-4

64 bc

53 cd

55 cd

6-7

97 a

89 a

50 cd

2

1 Average rating where “0” indicates no symptoms of phototoxicity and “100” indicates all seedlings dead or failed to emerge.

Soil layer2

o-1

100 a

100a
42 de

100 a
19fg

20 fg

17g

3-4

44 cde

45 cde

61 cd

6-7

81 ab

55 cd

40 def

9g

1 Means represent percentages by weight of roots produced by
untreated seedlings at each depth.
2 Means followed by the same letter are not significantly different
at the 5% level.

placement depth, than switchgrass (Table 1). Slight
chlorosis developed in sideoats grama seedlings 21
days after planting in soil containing
picloram on
the surface or at a depth of 3 inches.
Sideoats
grama roots were recorded at a depth of 3 inches a
week after planting and were present at 6 inches 2
to 3 days later (Fig. 1). Epinasty developed in sideoats grama coleoptiles
shortly
after emergence
when picloram was present on the soil surface. No
symptoms of phytotoxicity
were displayed 21 days
after planting
sideoats grama in soil containing
picloram at 6 inches (Table 1).
Picloram in the surface inch of soil reduced root
production
of switchgrass seedlings at all depths
(Table 2). Root production was greater in soil containing 1 than 2 ppm picloram.
Root penetration
was restricted
to 12 inches or less when picloram
was placed on the surface (Fig. 1). Greatest reductions in root production
from 1 ppm picloram
on the soil surface occurred in the upper 3 inches
and from the 6 to 12-inch depth. Root elongation
was most rapid at 3 to 6 inches regardless of picloram concentration.
Placement
of 2 ppm picloram on the soil surface decreased root production of switchgrass 80 to 90% at all depths.
Root production of switchgrass at all depths was
greater when picloram was placed at a depth of 3
inches than on the soil surface, regardless of concentration
(Table
2). However, root production
was decreased 50 to 60% at all depths with this
placement.
Picloram at a depth of 6 inches did not
significantly
decrease root production
of switchgrass seedlings in the surface 3 inches of soil at a
concentration
of 2 ppm or in the surface 6 inches
at 1 ppm.
However,
root production
decreased
about 50% in the 6 to 12-inch zone when picloram
was placed at a depth of 6 inches.
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Table 3. Root production (%) of sideoats grama seedlings
21 days after planting in soil containing 1 or 2 ppm
picloram placed at various depths (inches).1
Picloram
Concentration

Table 4. Root:shoot ratios by weight (g) of switchgrass
and sideoats grama seedlings 21 days after planting in
soil containing 1 or 2 ppm picloram at various depths
(inches).1

Soil layer2
Depth

0

-

1

O-l

3-4
6-7
2

HALIFAX

o-3

3-6

6-12

100a

IOOa

IOOa

45 efg
121 bc
146 a

4.5 efg

Oh

59 e

Oh

135 ab

33 fg

O-l

36 fg

7h

Oh

3-4

56 ef

23 gh

4h

6-7

153 a

88 d

6h

1 Means represent percentage by weight of roots produced by
untreated seedlings at each depth.
2 Means followed by the same letter are not significantly different
at the 5% level.

Root production
of sideoats grama seedlings
was decreased most when picloram was placed on
the soil surface (Table
3). When 1 ppm of picloram was placed on the soil surface and 2 ppm
were placed at a depth of 3 inches, similar reductions in root production
occurred.
Root production was severely inhibited
or prevented in the 6
to 12-inch zone regardless of picloram concentration or placement depth. Although sideoats grama
roots penetrated
to a depth of 14 inches in untreated soil, restriction
in root penetration
to 6
inches was noted when seedlings were <grown in soil
with picloram on the surface (Fig. 1). However,
when either picloram concentration
was placed 6
inches deep and when 1 ppm was placed 3 inches
deep, root production
increased
as compared
to
that of untreated seedlings in the surface 3 inches
of soil (Table 3).
Relatively
low root:shoot ratios based on weight
of switchgrass seedlings indicated that foliage was
developed at the expense of root production when
picloram was placed in the soil (Table 4). Root:
shoot ratios indicated no differential
inhibition
of
sideoats grama roots and shoots although depth of
penetration
was reduced when picloram was placed
in the surface inch of soil. Most root:shoot
ratios
from sideoats grama were near 1.0. Thus, the primary influence
of picloram was in changing rooting pattern.
The only root:shoot
ratio different
from that of untreated
sideoats grama seedlings
resulted from placing 1 ppm of picloram 6 inches
deep. Increased root:shoot ratios when 1 ppm was
placed at depths of 3 or 6 inches and 2 ppm were
placed at 6 inches reflected increased root production in the surface 3 inches of soil.
Differential
susceptibility
of grass species to picloram, similar to that between switchgrass
and

Picloram
Concentration

Depth

Switchgrass

Sideoats grama

0

-

0.98 a

0.96 x

1

o-1

0.46 c

0.94 x

3-4

0.71 abc

1.13 xy

6-7

0.92 a

1.38 y

O-l

0.36 c

0.86 x

3-4

0.56 bc

0.87 s

6-7

0.87 ab

1.10 xy

2

l Means followed by the same letter are not significantly

different

at the 5% level.

sideoats grama, has been noted in sorghum (Scifres
and Bovey, 1970). The auxin-type influence of picloram on range grasses warrants further research.
Variation
in root production
of switchgrass and
sideoats grama seedlings in soil treated with picloram depends on location and concentration
of
residues. Success from range seedings is often limited by minimal
yearly precipitation,
summer
droughts and insect damage (Robocker et al., 1965).
These data indicate
that picloram
applied just
prior to or following range seeding or applied to
badly depleted rangeland could further complicate
rate of seedling establishment.
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Highlight
Bitterbrush
seeds exposed to field
conditions for 80 days following seed
fall exhibited reduced viability.
Exposure of seeds to dry heat for periods
up to 15 consecutive hours in the laboratory did not reduce germination
percentage until temperature exceeded
176 F. No evidence was found that
high soil surface temperatures resulted
in seedling mortality.
Seedling survival and growth were significantly affected by both artificial watering and
slope exposure.
Artificial
revegetation
is often
the most rapid and practical way to
restore or increase the supply of forage on mule deer (Odocoileus
hemionus) winter range.
In southern
Idaho,
as in other
parts of the
mountainous
Western
United
(Purshia tridenStates, bitterbrush
tutu (Pursh) DC.) is one of the most
valuable
forage plants for use in
revegetation
efforts.
Holmgren
(1954) and Holmgren
and Basile
(1959) cited the value of this palatable shrub.
Holmgren
(1956) also
pointed out that the mortality rate
of bitterbrush
seedlings often was
high;
Hormay
(1943) stated that
perhaps less than 5% of planted seed
will produce mature plants.
The effects of available soil moisture, soil surface temperatures
and
air temperatures
on establishment
of bitterbrush
seedlings
have not
been thoroughly
assessed.
Holmgren (1956) concluded that few bitterbrush seedlings are able to survive competition
from cheatgrass
l Information
reported here was
tained through cooperation of
Intermountain Forest and Range
periment Station and the Idaho
and Game Department, Federal
in Wildlife Restoration
Project
111-R. Received March 6, 1971.
2 Stationed in Boise, Idaho.
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(Bromus tectorum L.) and that the
inhibiting
influence of broad-leaved
weeds results in stands of low-vigor
plants, which continue
to die off
for 2 or 3 years. Hubbard
(1956)
noted that elimination
of weed and
grass competition
greatly increased
bitterbrush
seedling
growth
and
reduced seedling mortality.
Even when competing vegetation
is eliminated
within a 6.25 ft2 plot
around
bitterbrush
seedlings,
as
recommended
by Holmgren
and
Basile (1959), I have observed 60
to 90% seedling mortality
in some
seeding trials. Such high mortality
emphasizes
the need to assess the
influence
of environmental
factors
on seedling survival.
In recent years, a research work
unit at Boise, Idaho, of the Intermountain
Forest
and Range
Experiment
Station,
Forest
Service,
U. S. Dept. of Agriculture,
has continued research on factors affecting
the successful establishment
of bitterbrush
by direct seeding.
This
paper presents the findings
from
several separate studies that clarify
the influence
of soil moisture and
environmental
temperatures
on bitterbrush
seedling
establishment.
These
findings
may increase
our
understanding
of the factors affecting the natural
establishment
of
bitterbrush
seedlings.
Effects

of Heat

on Seed Viability

Bitterbrush
seed ripens from late
une
through
July
on
foothill
J
ranges in most of southern
Idaho.
The seed falls to the surface of the
soil and is exposed to environmental
temperatures
that are determined
primarily
by vegetative
cover and
by aspect and slope of terrain.
I
have measured temperatures
as high
as 168 F at the soil surface of a
47

south-facing
slope dominated
by
temperatures
between
cheatgrass;
140 and 160 F are common in the
The
question
summer
months.
thus arises whether the hot microenvironment
at the soil surface
could be severe enough
to lower
seed viability.
In four separate experiments
we
exposed
bitterbrush
seeds to dry
heat at oven temperatures
ranging
from 120 to 205 F. Periods of exposure ranged from 5 to 15 hours.
Table
1 shows the temperature
treatments
to which seeds were exposed and the number of seeds used
in each experiment.
Exposure of seeds to dry heat in
the laboratory
did not result in a
significant
reduction
in germination percentage
until temperatures
exceeded
176 F. Thus
it seemed
that environmental
temperatures
to
which bitterbrush
seeds are normally exposed
under field conditions do not have a major effect on
seed viability.
However, a later field experiment
indicated
that some seeds may be
damaged as a result of exposure to
conditions
existing on the soil surface following seed fall. Bitterbrush
seeds were collected in early July
1966. Half the seeds were immediately scattered
on a bared southfacing soil surface. The remaining
seeds were stored at room temperature.
After 80 days, the field-exposed seeds were retrieved.
Seed
dormancy was broken by thiourea
treatment (Pearson, 1957; Hubbard
et al., 1959) and the seeds tested for
germination
at room temperature.
Mean percent germination
was 78
and 82 for two replications
(400
seeds in each) of field-exposed seeds,
and 92 for both replications
of
laboratory-stored
seeds.
A smaller sample of the seeds
from each group was examined following
staining
with tetrazolium
chloride.
This method of assessing
viability
(Moore,
1960) indicated
that 84% of 45 field-exposed
seeds
were viable, whereas all 49 seeds in
the lab-stored
sample were judged
viable.
Inasmuch
as the results of
and the tetrazothe germination
lium tests were similar,
there is

48

FERGUSON

Table 1. Dry heat (OF) treatments1 applied to bitterbrush seed in four separate laboratory experiments.
Treatments
Experiment
no.
1

2
3
4

Length of
exposure
(hr)

Oven
temperature

160,
120,

1 In each experiment,
as a check.

130,
130,
175,
140,

145,
160,
190,
160,

160
190
205,
175,

5,
220
195

IO,
5
5
5

No. seeds
RepliPer
treatment cations

15

seed that had been exposed to room temperature

little doubt that some seeds exposed to field conditions were damaged. Prolonged desiccation is sussuch factors
as
pect, although
disease or fungi cannot be ruled
out.
Soil Moisture and Environmental
Temperature
Bitterbrush
seed will begin germination during the winter months.

The cotyledons of the seedling may
emerge at any time from late February through late April depending
on the rate of soil warming.
Throughout southern Idaho (especially on areas of granitic soils),
bitterbrush
seedlings seldom survive except where competing vegetation is sparse or almost completely
lacking within a radius of 1 to 3
feet of the seedling. Establishment
by direct seeding requires site preparation that will free emerging seedlings from competition
for available soil moisture. The importance
of this is born out by data collected
during the summers of 1965 and
1966.
In the early spring of 1965, sixty
5-gallon cardboard containers were
filled with granitic topsoil. The
soil was thoroughly mixed, and
exactly the same amount packed
into each container.
Several small
holes were made in the bottom of
each container for drainage. Twelve
containers of seedlings were set
flush with the soil surface at each
of five exposures (NE, E, SE, SW,
W) around a cone-shaped hill. The
study area was 10 miles east of Boise,
Idaho. In April 1965, four seedlings were established in each con-

100
50
100
100

4
8
4
4

only were used

tainer (the number was changed to
three in 1966). The same containers
were used in both years, having
been left in place during the winter of 1965-66.
Half the containers on each aspect were provided
with periodic subsurface irrigation
throughout
the growing season.
During the period June 1 to September 30, data on seedling survival
and rate of growth were recorded at
regular intervals.
Maximum soil
surface temperatures
reached on
each exposure were recorded at
least once each week using thermopapers. In both years, the IO- by
ZO-ft rectangular plots within which
the 12 containers of seedlings were
located were kept free of all vegetation.

Effect of Supplemental Water on
Survival and Growth

Survival
and
mean
seedling
weights at the end of each growing
season are shown in Table 2. Analysis of variance indicated that survival of watered seedlings was significantly
better (P < .05) than
that of unwatered seedlings in both
years. Similarly, in both years, watered seedlings were significantly
heavier (P < .Ol) than unwatered
seedlings.
Monthly measurements of seedling height showed that virtually
all surviving seedlings continued
growing throughout each summer.
Thus, with the elimination of competing vegetation, even unwatered
seedlings were able to withdraw
sufficient water from the soil to
continue growth. This was notably
demonstrated
in 1966 when the
cumulative precipitation from October 1,1965, through May 31,1966,
at a weather station 4 miles to the
east was 10.4 inches, the seconddriest such period in 54 years.
Effect of Exposure on Survival
and Growth
Only in 1965 was there a statistically significant difference (P < .05)

in survival among exposures.

The

Table 2. Comparison of survival (%) and mean weight (g) of watered and
nonwatered bitterbrush seedlings on five aspects. Mores Creek study area,
1965 and 1966.
1965
Aspect and
treatment

1966

Survival

Mean
weight

NE
Watered
Unwatered

88 (21/24)
84 (16/19)

5.50
3.48

100 (18/18)
89 (16/18)

7.58
4.50

ESE
Watered
Unwatered

96 (23/24)
88 (21/24)

7.17
3.65

94 (17/18)
78 (14/18)

11.11
6.26

52 (12123)

6.00
4.40

100 (18/18)
78 (14/18)

6.62
2.66

Watered
Unwatered

46 (H/24)
22 ( 6/23)

1.89
1.41

78 (14/18)
78 (14/18)

4.77
2.27

Watered
Unwatered

96 (23/24)
75 (18/24)

4.59
4.02

72 (13/18)
61 (11/18)

9.77
4.47

Survival

Mean
weight

SSE
Watered
Unwatered

83

(20/23)

SU’

W

BITTERBRUSH
difference in that year was due to
the poorer survival on the southwest exposure.
Significant differences (< .Ol) in
growth occurred on the several exposures during both years. The
heaviest seedlings grew on the southeast exposures, especially when they
received supplemental
water.
In
both years the southwest exposure
produced the smallest seedlings.
Soil Surface and Air
Temperatures
Careful
examination
of many
seedlings under field conditions indicates that bitterbrush
seedlings
can endure extremely high soil surface temperatures.
In southern
Idaho, a soil surface temperature
of 140 F may be reached at any time
between approximately May 1 and
October 1 when the maximum daily
air temperature reaches 90 F and
night temperatures are higher than
50F.
During June and much of
July, soil surface temperatures of
150 F or higher often occur on
south-facing slopes.
Despite careful examination
of
numerous seedlings, we have yet to
find a definite stem lesion caused
by high temperature such as those
described for coniferous species by
Baker (1929), Vaartaja (1954), Silen
(1960), Shearer (1967), and others.
However, in tests made in the greenhouse we have produced complete
girdling of the stem and the subsequent death of the seedling by artificially heating the soil surface to
140-150 F with a magnifying glass.
This result can be obtained after 2
to 5 minutes exposure to heated
soil.
It is probable that field-grown
seedlings become hardened to high
0 thersoil surface temperatures.
wise, it would be difficult to account for the survival of many seedlings growing where soil surface
above
130 F comtemperatures
monly last for periods of 3 to 5
hours on clear, hot days. Greenhouse-grown seedlings girdled by
heating the soil surface may remain
alive for as long as 3 weeks. We
used orthotolidine
solution to test

SEEDLING

for the viability of stem and root
tissue and found that the root
below the heat-damaged area remained alive for some time after
the death of the top.
Some of the seedlings observed
during the summers of 1965 and
1966
died
from
undetermined
causes. While disease or root damage by some soil-inhabiting
organism may have caused these losses,
it is possible that excessively high
air temperatures were responsible.
Twice-weekly readings of maximum
registering thermometers placed at
1 and 2 inches above the soil revealed that air temperatures
between 110 and 120 F were quite
Slow-growing seedlings
common.
with most of their leaves in the air
layer near the soil surface are thus
exposed to extremely desiccating
conditions.
Implications

for Seeding Success

Our studies indicate that soil
moisture has a significant effect on
the vigor and growth of bitterbrush
seedlings. Although the drier condi tions usually encountered
on
southwest exposures tend to overcome all but the most vigorous
seedlings, satisfactory seedling survival can be obtained if special care
is taken to eliminate
competing
vegetation prior to seeding. Handmade scalps intended to control
vegetative competition should be at
least 30 inches square, as recommended by Holmgren and Basile
(1959). My own observations lead
me to believe that scalps are even
more effective when made 3 feet
square. Scalped strips made with
a bulldozer are effective and should
be 3 to 4 feet wide.
Evidence also indicates that when
other site factors are approximately
equal, seedling growth is somewhat
more rapid on south-easterly slopes
Where a
than other exposures.
choice can be made, or when revegetation efforts are limited by availability of seed, nursery stock, or
lack of funds, it would perhaps be
wise to utilize the southeast exposures as often as possible.
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Highlight
A mixture of five grasses and one legume was seeded at
3, 6, 12, and 24 lb./acre spring and fall for 4 years (196266) at a high elevation. A mixture of three grasses and one
legume was similarly seeded for 2% years (1964-66) at a
low elevation. To get a good stand within a reasonable
time at least 6 lb./acre should be seeded at the low elevation and 12 lb./acre at the high elevation.

Estudio de Cuatro Aliios sobre Intensidades y
Distancias de Siembra en Pastizales Naturales
en Los Estados de Idaho y Utah, E.U.A.
Resumen2
Se sembro una mezcla de gramineas y treboles adaptados
de las regiones a las intensidades de 3, 6, 12 y 24 libras de
semilla por acre a varias distancias: entre surcos de 6 y 12
pulgadas y se sembro al voleo. No hubo diferencias significativas entre las diferentes distancias de siembra con respect0
al porcentaje de plantas de 10s semilleros. Pero, disminuyo
el porcentaje de plantas de 10s semilleros con el aumento
en la intensidad de siembra. La intensidad de 3 libras de
semilla por acre fue mas recomendable pero hubo diferencias
en tre localidades.

Mueggler and Blaisdell
(1955) reported results
from drilling crested wheatgrass (Agropyron desertor-urn (Fisch.) Schult.) at 2, 4, 8, 12 and 24 lb./acre
on the Snake River Plains of Idaho. The highest
rates gave the best stands for the first 3 years, but
by the sixth year all stands produced similarly.
They recommended
8 lb./acre to produce a satisfactory stand within a reasonable time. Hull and
Holmgren (1964) drilled fairway wheatgrass (Agropyron cristatum (L.) Gaertn.) at rates of 1, 2, 4, 6,
8, 10, 20 and 40 lb./acre in southwestern
Idaho.
All stands were approximately
the same at the end
of 10 years. They concluded that low seeding rates
produced thin stands which were slow to reach full
productivity
and allowed invasion of undesirable
plants. They recommended
5 to 7 lb./acre for fairl Cooperative investigations of Plant Science Research Division, Agricultural Research Service, U. S. Department of
Agriculture; Forest Service, U. S. Department of Agriculture; Utah Department of Fish and Game; and Utah Agricultural Experiment Station. Utah Agricultural Experiment Station Paper 1097. Received January 16, 1971.
2Por Donald L. Huss y Benjamin Lopez, Dept. Zootecnia,
I.T.E.S.M.,
Monterrey, Mexico.
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way wheatgrass and gave specific rates for other species.
Cook et al. (1967) seeded four wheatgrasses at
low to high rates in Utah. They recommended
at
least 5 lb./acre viable seed of crested wheatgrass,
with higher rates for the larger-seeded wheatgrasses.
Also in Utah, Vallentine et al. (1963) recommended
6 to 9 lb./acre on sagebrush areas and 9 to 11
pounds on mountain brush and aspen areas.
In the Intermountain
area, Plummer
et al.
(1955) recommended
4 to 8 lb./acre of good seed
for drilling and 8 to 14 for broadcasting.
These
amounts should be doubled where a quick cover
is needed. Springfield (1965) tested 2, 4 and 6 lb./
acre in New Mexico.
The two lower rates were
slow to produce a full stand, but 5 years after seeding, yields from all rates were approximately
the
same.
Reynolds
and Springfield
(1953)
recommended
6 lb./acre
of crested
wheatgrass
with
higher rates on moist sites in the southwest.
Spring and fall seedings of 6, 12 and 18 lb./acre
in 1961-62 at the experimental
site in southeastern
Idaho indicated that seeding rates of at least 12 lb./
acre were advantageous
in the establishment
of
seeded stands. This study followed these preliminary results.
Experimental

Sites and Procedures

The first and the major experimental site is at Franklin
Basin in southeastern Idaho. It is an opening dominated by
annual weeds in the spruce-fir type. The dominant species
is tarweed (Madia glomeruta
Hook.), with considerable
bushy knotweed (Polygonum
ramosissimum
Michx.) and collomia (Collomia linear-is Nutt.). A thick growth of fleshyrooted plants such as bicolor biscuitroot (Lomatium
Zeptocarpum
(Torr. and Gray) C. and R.) and lanceleaf spring
beauty (Claytonia
1anceoZatu Pursh) occurs in the spring.
The elevation of this area is 8,400 feet with an annual precipitation of 46 inches. The soil is a clay loam, low in
organic matter.
This study was repeated, mainly as a check, near Logan,
Utah, 23 miles southwest of Franklin Basin. This is a
formerly cultivated bench area at 4,800 feet elevation. Annual precipitation is approximately 17 inches. The soil is
a deep, productive silt loam.
We planted a mixture at 3, 6, 12 and 24 lbs./acre by
drilling at both 6- and 12-inch row spacings and by broadcasting each spring and fall for 4 years (fall 1962 to spring
1966) at Franklin Basin and for 2% years (spring 1964
to spring 1966) at Logan. Plots were 6 by 10 feet. There
were 4 replications of each treatment.
At Franklin Basin six species comprised the mixture:
Intermediate wheatgrass (Agropyron
intermedium
(Host)
Beauv.), slender wheatgrass (Agropyron
truchycaulum
(Link)
Malte), meadow foxtail (Alopecurus
pratensis
L.), tall oatgrass (Arrhenatherum
elutius
(L.) Presl), smooth brome
(Bromus inermis Leyss), and birdsfoot trefoil (Lotus cornicuZutus L.). At Logan the mixture was crested, fairway, and
intermediate wheatgrasses, and alfalfa (Medicago sativa L.).
All grasses were equal in weight with the legume weight
being half that of any grass. Seed was weighed for each

RATES

AND

ROW

Table 1. First and second year plantsIft
and fifth year
year relative success ratings1 for a mixture drilled at 2
row spacings and broadcast at 4 rates per acre at Franklin Basin. Figures are the average of 4 spring and 4 fall
seedings ( 1962-66).
Pounds seed per acre

Row
spacing

3

Broadcast
6“ rows
12” rows

1.7
2.2
1.5

2.9
3.8
2.7

1.8

3.1

6
First

Average

year

Second
Broadcast
6” rows
12” rows
Average

1.1

Average

Average

6.4
6.2
5.1

11.8
10.7
8.3

5.7
5.7
4.4

5.9

10.3

5.3

3.0

year

Row
spacing

Pounds seed per acre

Broadcast
6” rows
12” rows

year

1.1
.9

3.4

2.7
2.0

1.0

1.8

2.9

4.6

2.6

7.4
7.4
7.4

8.4
8.4
8.1

6.8
6.9
6.9

5.4

6.3

7.4

8.3

6.9

a perfect stand of

7.9
8.1

seedlings

2.5

4.6

7.7

16.1
16.1
15.1

Average

2.3

4.5

8.7

15.8

7.8

Broadcast
6“ rows
12” rows

1.2
1.6
1.5

2.9
2.7
2.9

5.2
5.3
4.4

8.4
8.9
8.3

4.4

1.4

2.8

5.0

8.5

4.4

Average

Third

6.0
6.5
6.3

Average

9.0
9.5

ratings

5.2
5.4
5.6

24

4.6
4.4

Second
5.6
4.9

12

1.9
2.5

plants

1 Ratings on a 0 to 10 basis with 10 indicating
grass (Hull, 1954).

6

3
First

3.7
2.9
2.1

year

Table 2. First and second year plants/fta and third year
relative success ratings1 for a mixture drilled at 2 row
spacings and broadcast at 4 rates per acre near Logan.
Figures are the average of 3 spring and 2 fall seedings
(1964-66).

seedlings

1.9
2.0
1.5

Fifth
Broadcast
6” rows
12” rows

24

12
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Broadcast
6” rows
12” rows
Average

year

year

7.5

plants
4.6
4.3

ratings

6.6
6.8
7.0

8.1
8.4
8.9

9.0
9.5
9.3

9.6
9.9
9.8

8.3
8.7

6.8

8.5

9.3

9.8

8.6

1 Ratings on a 0 to 10 basis with 10 indicating
grass (Hull, 1954).

8.7

a perfect stand of

broadcast plot and for each row of the drilled plots. Seeding
rates are based on the amount
of live pure seed.
The
amount of seed actually used averaged 20% higher than the
amount of seed shown. The number of live pure seeds sown
/ft2 at 3 lb./acre was 22 at Franklin
Basin and 12 at Logan.

low seeding rates to less than the number needed
for good stands. Survival of emerged plants at the
end of the second growing season averaged 49% at
Franklin Basin and 56% at Logan.

Areas to be seeded were plowed and harrowed 2 or more
times to give a firm seedbed.
We drilled
the seed to an
average depth of l/2 inch with a hand-pushed
cone seeder.
Broadcast
seed was sown by hand on a freshly harrowed
seedbed.
Soil from outside
the plots was thrown
on the
seed. Plots were then raked and walked on to approximate
packing of the drilled plots. As most broadcast
seed was in
harrow depressions,
it was covered up to 1 inch with an
average of l/2 inch.

Species

Seedlings
were counted
after full emergence
and at the
close of the first two growing
seasons.
Ratings
on a 0 to
10 basis, with 10 indicating
a perfect stand of grass (Hull,
1954), were made during the third and fifth growing
seasons at Franklin
Basin and during the third growing season
at Logan.
Fifth year ratings were also planned
at Logan,
but the experimental
area was torn up to be used for other
purposes.
However,
stands were more fully established
in 3
years at Logan than in 5 years at Franklin
Basin.

Results

and

Discussion

Counts of seedlings and Z-year-old plants and
stand ratings are shown in Tables
1 and 2. Considering
that 22 seeds/ft2 were seeded at the 3
pound rate at Franklin
Basin and 12 at Logan,
seedling emergence and survival were low. Enough
plants emerged to produce fair to excellent stands.
However, mortality reduced plant numbers at the

All species in the mixtures grew well on both
sites. At Franklin Basin separate grass and legume
counts made only during the last 2 years showed
that birdsfoot trefoil comprised
11% of the spring
seeded stands and 10% of the fall seeded stands.
At Logan alfalfa and grass were counted separately
in all years.
Here alfalfa averaged
14% of the
spring seeded stands and 5% of the fall. Though
legume seedlings often suffered higher mortality
than grass seedlings, there was still a good proportion of legumes in most established stands.
Location

Logan averaged
better
than Franklin
Basin.
Two exceptions
were the fall of 1964 and the
spring of 1966. Logan seedings in the fall of 1964
had poor emergence and 60% were lost because of
frost heaving in March of 1965. In the spring of
1966 there was poor emergence and a 69% summer
drought loss.
Seasons and Years

Spring seeded stands generally averaged better
than fall seeded stands (Table 3). Exceptions
were
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Table 3. First-year seedlings and second-year plants/ftz
from the different years and seasons of seeding at Franklin Basin and Logan. Average of 4 rates and 3 spacings.
Year and
season of seeding

Plants

5.9

3.2

-

-

2.1

1.6

-

-

Spring

7.1

5.4

10.8

7.9

Fall

9.7

3.0

4.1

2.4

1963

Spring
Fall

1966

Logan
Seedlings

-

Fall

1965

Plants

.5

1962

1964

Franklin Basin
Seedlings

.9

-

Spring

6.4

1.6

14.6

8.3

Fall

2.7

1.4

4.7

2.3

Spring

7.5

3.9

4.9

1.3

the spring of 1965 at Franklin
Basin and 1966 at
Logan.
Both of these springs were followed by
dry summers which resulted in high seedling mortality. The relatively poor emergence and survival
from Franklin
Basin seedings in the fall of 1962,
1963, and 1965 resulted from frost heaving in late
fall and early spring. Seedling emergence
counts
may be low at both locations because plants killed
by frost heaving often dry up and are not visible to
be counted as having emerged.
Spring seedings were usually better than fall
seedings because spring plowing gave better control of annual weeds during the summer than did
fall plowing. Thus spring seeded plants established
themselves better during the first growing season
than did plants seeded the previous fall. Spring
seedings in this study were made with hand and
small motorized
machinery.
Large-scale
seedings
with heavy machinery would not be feasible in the
spring, especially on mountain lands.
Row Spacing and Broadcasting

There was little difference
among 6- or 12-inch
rows and broadcast treatments.
The slight reduction of plant numbers in 12-inch rows was that
plants were confined to a smaller space and grew
together so that two or more plants were often
counted as one. The good showing from broadcasting was the result of covering the broadcast seed.
Rate

The higher the rate of seeding, the greater the
number
of seedlings and the higher the rating.
However, there was a higher percentage
of seedlings counted at the lower rates than at the higher.
Using 3 lb./acre as lOO%, the percentage of seedlings for the other rates at Franklin Basin averaged
86% at 6 pounds, 82% at 12, and 72% at 24. At
Logan the percentage was 98% at 6, 95% at 12, and

86% at 24 pounds. The lower percentages from the
higher seeding rates were probably not real. This
undoubtedly
resulted because two or more plants
would grow together and be counted as a single
plant.
This was evident where different
species
often grew together as a single clump.
Because
of lower seedling
emergence,
higher
mortality,
and less favorable growing conditions,
Franklin Basin required a higher seeding rate than
Logan to obtain satisfactory stands. Both areas had
good seedbeds, but the annual weeds competed
with the young seedlings.
At Logan the seedlings
were able to grow with the weeds when the soil was
moist in April, May and early June.
They gradually crowded out the weeds and established a good
seeded stand which became thicker each year. At
the end of 3 years the 3 lb./acre stand had a fair
rating with 6 pounds rating good and 12 and 24
At Franklin
Basin snow
pounds rating excellent.
normally
leaves in early June.
After the snow
leaves, the ground dries out rapidly and the seeded
species are unable to compete with such rapidly
growing, aggressive annuals as tarweed. Good initial stands are therefore
important
because thin
stands thicken very slowly. At the end of 5 years
the stands at Franklin Basin rated fair for 3 and 6
lb./acre, and good for 12 and 24 pounds.
Conclusions

This study indicates that a mixture
of wheatgrasses and alfalfa seeded at 3 lb./acre on a good
site at a low elevation can be expected to produce
a fair stand at the end of 3 years. However, to have
a good stand which will control weeds and allow
early use, 6 lb./acre of live pure seed should be
used. At higher elevations
with reduced
emergence, higher mortality and a shorter growing season, the rate of seeding a mixture should be increased to 12 lb./acre to get a good stand within
reasonable length of time.
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Highlight
The trend was toward lowered infiltration rates following plowing and
seeding of a big sagebrush site. The greatest decline occurred during the fall
period of the second year following treatment. Sediment production rates increased following plowing, but yields were variable. The ability to predict
infiltration rates using cover characteristics alone in multiple regression equations varied with time, both within a given storm event and also on a seasonal
basis. Ability to predict infiltration rates was not particularly affected by the
plowing treatment.

Considering the vast number of
acres of big sagebrush (Artemisia
trident&a) which have been plowed,
sprayed, burned, railed, ripped, or
contour
furrowed
in the last 20

years, one can only wonder at the
lack of quantitative information regarding influence of such cultural
practices on both biotic and abiotic
segments of rangeland
environments. Information
regarding hydrologic aspects of vegetation manipulation
in the big sagebrush
type is particularly lacking.
Surface runoff from big sagebrush sites within the Sevier Lake
Watershed in Utah has been studied by Woodward (1943). Using an
F-type infiltrometer
(plots 6 ft. x
12 ft.), he found that infiltration
capacities increased directly with increases in plant-cover density. The
magnitude of increase varied with
soil type. Through use of regression
equations
infiltration
rates as a
function of time and parent material were calculated
for varying
cover densities and a series of curves
were developed.
l This research was supported by the
Ecology Center, Utah State University under Project 28. Received February 1, 1971.

Rosa and Tigerman (1951) have
summarized the sediment data from
the Sevier Lake Watershed study, as
well as some sediment data collected along the Wasatch Front during the years 1941-47.
Sediment
production
rate from sagebrush
sites with good vegetal cover was
about one-third of the rate for sagebrush sites in fair condition. Sites
in poor condition produced sediment at a rate about three times
greater and the bare condition sediment production was from five to
twelve times greater than for sites
in fair condition.
A study by Tigerman (1952), utilizing a limited number of plots,
indicated that disturbance of sagebrush range by overgrazing, reseeding practices, or burning will reduce the infiltration capacity of the
site.
More recently, Gifford and Skau
(1967) have studied the influence of
various cultural treatments on runoff and sediment production the
first year following treatment from
two big sagebrush sites in Nevada.
Treatments evaluated with a large
14 nozzle sprinkling
apparatus
equipped with type “F” nozzles included rip and drill, plow and drill,

plow and contour deep furrow drill,
spray and drill, and spray and contour deep furrow drill. Results indicated that the influences of site
and condition of plots (dry or wet)
were significant during all aspects
of infiltrometer runs from start of
incipient ponding through infiltration rates after 30 minutes. The alluvium site and dry plot conditions
had greater infiltration rates than
the site with sedentary soils and wet
plots, respectively.
Treatment
influenced only certain aspects of the
infiltrometer runs; time from start
of infiltrometer run to when runoff exceeded 0.1 inches/hr and infiltration rates after 10, 15, and 20
minutes. Plowing significantly reduced infiltration rates as compared
with other treatments,
including
controls. Major factors important
in controling infiltration included
percent cover, soil texture, condition of plot (dry or wet), and rock
(% by wt) in the O-l inch or 1-4
inch layer of soil. Sediment yields
were variable, with no distinct pattern emerging.
This study was designed to provide additional
information
regarding the influence of plowing
sagebrush on surface runoff and
sediment production.
Methods

and Study Area

The study site is located in southern Idaho, about 5 miles west of
Holbrook.
Topography
of the
treated area is gently rolling, with
a south aspect. Soils are derived
from basaltic materials
and are
silty loam in texture. Some limited
erosion pavement is present under
the natural sagebrush, but surface
soils generally have less than 5% by
weight rock. Before plowing, principal plant species included big
sagebrush, Sandberg bluegrass (Pea
secundu),

squirreltail

(Situnion

his-
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rates as a
function of time and parent material were calculated
for varying
cover densities and a series of curves
were developed.
l This research was supported by the
Ecology Center, Utah State University under Project 28. Received February 1, 1971.

Rosa and Tigerman (1951) have
summarized the sediment data from
the Sevier Lake Watershed study, as
well as some sediment data collected along the Wasatch Front during the years 1941-47.
Sediment
production
rate from sagebrush
sites with good vegetal cover was
about one-third of the rate for sagebrush sites in fair condition. Sites
in poor condition produced sediment at a rate about three times
greater and the bare condition sediment production was from five to
twelve times greater than for sites
in fair condition.
A study by Tigerman (1952), utilizing a limited number of plots,
indicated that disturbance of sagebrush range by overgrazing, reseeding practices, or burning will reduce the infiltration capacity of the
site.
More recently, Gifford and Skau
(1967) have studied the influence of
various cultural treatments on runoff and sediment production the
first year following treatment from
two big sagebrush sites in Nevada.
Treatments evaluated with a large
14 nozzle sprinkling
apparatus
equipped with type “F” nozzles included rip and drill, plow and drill,

plow and contour deep furrow drill,
spray and drill, and spray and contour deep furrow drill. Results indicated that the influences of site
and condition of plots (dry or wet)
were significant during all aspects
of infiltrometer runs from start of
incipient ponding through infiltration rates after 30 minutes. The alluvium site and dry plot conditions
had greater infiltration rates than
the site with sedentary soils and wet
plots, respectively.
Treatment
influenced only certain aspects of the
infiltrometer runs; time from start
of infiltrometer run to when runoff exceeded 0.1 inches/hr and infiltration rates after 10, 15, and 20
minutes. Plowing significantly reduced infiltration rates as compared
with other treatments,
including
controls. Major factors important
in controling infiltration included
percent cover, soil texture, condition of plot (dry or wet), and rock
(% by wt) in the O-l inch or 1-4
inch layer of soil. Sediment yields
were variable, with no distinct pattern emerging.
This study was designed to provide additional
information
regarding the influence of plowing
sagebrush on surface runoff and
sediment production.
Methods

and Study Area

The study site is located in southern Idaho, about 5 miles west of
Holbrook.
Topography
of the
treated area is gently rolling, with
a south aspect. Soils are derived
from basaltic materials
and are
silty loam in texture. Some limited
erosion pavement is present under
the natural sagebrush, but surface
soils generally have less than 5% by
weight rock. Before plowing, principal plant species included big
sagebrush, Sandberg bluegrass (Pea
secundu),

squirreltail

(Situnion
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Table 1. Influence of sampling date on infiltration
sediment production (tons/acre).
Avg.
cover1
(%)

rates (inches/hr)

Infiltration rates at given
time intervals (min)2
3-8

8-13

13-18

18-23

and

Sediment2
yield

23-28

4.0

/

::

57

3.23~~1 2.64’~~

2.40~

2.30~

2.24d

0.26a

4/ 12/69

26

3.65d

3.02~

2.49c

1.93”c

1.66b

0.358

S/18/69

41

3.89”

2.83bc

2.52~

2.31~

2.22cd

2.13”c

8/H/69

37

2.53a”

1.64a

1.60ab

1.56ab

1.57b

3.24~

6/20/70

67

3.42~”

2.8Obc

2.12bc

1.99”c

1.74”c

0.6W’

B/27/70

73

2.93bc

2.16a”

1.518

1.50a”

1.38&b

1.83b

o/ 31704

65

2.22a

1.56a

1.20a

1.15%

1.03a

1.45ab

l Includes litter, brush, grasses, and forbs.
2 Any two means in same column with same letter are not significantly
level of probability.
3 Sampling date prior to plowing.
4 Cattle were grazing treated area during this sampling period.

&ix), Idaho fescue (Festuca idahoensis), broom snakeweed (Gutierrezia sarothrue), small rabbitbrush
(Chrysothumnus viscidiflorus), bluebunch wheatgrass (Agropyron spicuturn), Eriogonum spp., arrowleaf
balsamroot (Bulsumorhizu sugittutu),
and Phlox spp. After plowing, principal plant species included crested
wheatgrass (Agropyron cristutum),
cheatgrass (Bromus tectorum), alfalfa (Medicago sutivu), intermediate wheatgrass (Agropyron
intermediate), Lupine spp., Cirsium spp.,
broom snakeweed, and small rabbitbrush. The area was grazed by cattle during the fall period of the
second growing season following
seeding.
A Rocky Mountain infiltrometer
(Dortignac,
1951) was utilized to
simulate high intensity (three inches
/hr or greater) rainfall on plots
approximately 2.5 ft2 in size. The
area to be treated was sampled during August 1968, prior to plowing;
during April, June, and August of
1969, the first summer following
plowing; and during June, August,
and October of 1970, the second
summer following plowing.
One
hundred fifty eight plots were studied during the 7 sampling dates (20
to 24 plots per date).
All plots were pre-wet a minimum of 3 hours before infiltrometer runs began. Runoff was measured at selected time intervals

different

at .05

during each infiltrometer run. Infiltration, as used here, includes water
absorbed into the soil, that intercepted by vegetation, that held in
depressions, and that in transit
across the surface at the moment
runoff was sampled.
Simulated
rainfall was applied to each plot
until a constant runoff rate was
reached (generally 25 minutes were
sufficient).
Sediment was measured by collecting total runoff plus sediment
from each plot, mixing thoroughly,
and finally obtaining a l-quart sample. The water was then evaporated off, sediment oven-dried, and
sample weights converted to tons
per acre.
Results and Conclusions
Values given in Table 1 indicate
that distinct changes in infiltration
rates occurred on the treated area.
The differences probably represent
both normal seasonal fluctuations
(high in spring, lower in fall) and
influence of the land management
practices. Higher infiltration rates
in the spring result from increased
porosity (less compaction) caused by
freezing and thawing over winter.
As the summer progresses, drying
of the soil, soil microorganism activi ty, and convectional
rainfall
(which disturbs and/or seals the
soil surface) all contribute to lower
infiltration rates. As grazing is im-

a

L

1 \b<_____..
-.

z

81 61683

-

1.0

.

2;;

---*a,-,0

-w-_____._

-----Q

10-3-70

0.0
0

5

10

15
The

20

25

30

(minutes)

FIG. 1. Infiltration
curves for seven sampling dates. Infiltration
rates for the
sam&ng
period prior to plowing (August 6, 1968) are denoted by circles. The
zashed lines emphasize the decrease in
infiltration
rates late in the second year
following treatment.

posed on the area, the additional
compaction and removal of plant
materials also contributes to lowered infiltration rates. Of particular note are the decreased infiltration rates apparent in the fall of
1969 and 1970 (Fig. l), especially
after approximately 13 minutes of
simulated rainfall.
The decrease
was greatest in the fall of the second
year, even though percent cover had
nearly doubled over that present
the first year, and even exceeded
that present prior to plowing (Column 2, Table 1).
Sediment yields were greatest the
first year following plowing, probably the result of reduced plant
cover. A review of data in Table 1
indicates however, that sediment
yields were variable regardless of
sampling date.
Factors

Influencing Infiltration
Sediment Production

and

The possibility of predicting infiltration rates and sediment production based on cover characteris tics was tested
by multiple
regression techniques. Independent
variables included percent bare soil,
percent litter, percent brush, percent grass (all species), percent
crested wheatgrass, percent cheatgrass and percent forb cover. Table
2 shows R2 values for predicting infiltration rates during specified time
intervals and also sediment production on the 7 sampling dates, plus a
composite (data from all dates combined).
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Table 2. R2 values for predicting
infiltration
rates (inches/hr)
during specified time intervals (min) and also sediment production
(tons/acre)
on 7 sampling dates, plus a composite.

Avg.
cover-l
@)

Sampling
date

Infiltration rates at given
time intervals
3-8

8-13

13-18

18-22

23-28

Sediment
yield

.53
.25
.46
.07
.27
.32
.38

.46
.47
.53
.I5
.45
.29
.35

.48
.47
.55
.28
.61
.27
.45

.44
.60
.56
.37
.62
.47
.25

.52
.67
.40
.07
.45
.42
.38

.lO

.16

.15

.I6

.06

6/ 18169

57
26
41

S/11/69
6/20/70
S/27/70
lo/ 3/703

37
67
73
65

.32
.24
.I6
.I4
.23
.46
.68

Composite

52

.08

81 61’682
4/ 12/69

1 Includes litter, brush, grasses, and forbs.
2 Sampling date prior to plowing.
3 Cattle were grazing treated area during this sampling period.

within a given storm event and
also on a seasonal basis,
2. The
relation
of measured
cover characteristics
may help explain hydrologic
behavior
of a
site at one time, yet be of little
value at another time,
3. Considering the variation, the
ability to predict infiltration
rates
was not particularly
affected by
the plowing treatment.

It is obvious that the ability to
predict infiltration
varies considerably both within a given sampling
date and also between
sampling
dates. It is also obvious that little
meaningful
information
is derived
through
pooling of data collected
during several sampling dates over
a two-year period.
This brings out
some important points.
1. The ability to predict infiltration rates using cover characteristics alone varies with time, both
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Predictive
abilities might be improved
through
addition
of soil

characteristics
to the prediction
equations,
as in the Nevada study
(Gifford
and Skau,
1967).
However, in many hydrologic
analyses
time and equipment
are too limited
for detailed examination
of soils.
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This study was conducted
in northcentral
Wyoming
to
evaluate the relationships
of harvester ant (Pogonomyrmex
owyheei) abundance
and activity
with grazing
intensity,
vegetation
cover
and composition
and edaphic
factors.

Ant colony density, percent of soil surface denuded by ants,
and average
area denuded
per ant colony were used as
indices of ant abundance
and activity.
The study area,
located
in a Nuttall
saltbush range type, was a pasture
system of 600 acres involving four grazing intensities with
distinct variations
in vegetational
cover and composition
values. After 10 years of grazing at four intensities of use,
harvester
ant abundance
was positively
correlated
with
appeared
incidental
to the
some plants, the correlations
ability of a species to establish and grow in specific soil
conditions
and were not related to any ant preference
for
available food source. Soil texture was the most important
factor influencing
harvester
ant abundance.
If harvester
ant abundance
is affected by grazing and range condition,
then such responses are very slow, requiring more than ten
years in the area of this study.

l Published with the approval of the Director, Wyoming
Agricultural Experiment Station as Journal Article No.
422. Received March 1, 197 I.
2 Research for this publication was supported by the Bureau
of Land Management contract number 14-1 I-0008-2787,
entitled Arid Land Ecology and Research.
3 Present address is Assistant Professor, Botany Department,
Oakland College, Oakland, Indiana.

Harvester
ants (Pogonomyrmex
spp.) are important rangeland
insects throughout
the western
United
States because
of their abundance
and
broad distribution.
They
are characterized
by
building large conspicuous mounds surrounded by
circular denuded areas, the habit of collecting and
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(tons/acre)
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3 Cattle were grazing treated area during this sampling period.
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storing seeds, and living in arid to semi-arid habitats. Their activities are considered detrimental
to
rangelands
and their abundance
is often related
to poor range condition.
Melendez
(1963) and
Wheeler and Wheeler (1963) observed that P. occidentalis was more abundant on overgrazed ranges
than on ranges in good condition.
Sharp and Barr
(1960) reported a similar relationship
on saltbush
ranges in Idaho.
Although increased ant activity
was considered by the latter authors to be a result
rather than a cause of overgrazing and poor range
condition,
the increased
competition
with livestock and game animals for forage has created an
additional problem in the management
of grazing
lands. The Big Horn Basin of Wyoming is a noteworthy example.
Hull and Killough
(195 1) estimated 90,000 acres of this area to be denuded by
harvester
ants.
King (1962)
found that about
850,000
acres of the Basin were moderately
to
severely infested with harvester ants.
Colony density has commonly been used to indicate the abundance
of harvester ants in different areas, ranging up to 40 per acre for P. occidentalis (Sharp and Barr, 1960) and from 2.3 to 36.1
per acre for P. owyheei in eastern and central Oregon (Willard,
1964).
Local variations
in colony
densities may be due to dominant
vegetation
or
soil physical properties
(Cole, 1934). Colonies of
P. occidentalis were twice as dense in shallow gravelly soils of a pinyon-juniper
area than in soils of
sandy to clayey texture in adjacent grasslands of
New Mexico
(Melendez,
1963).
Willard
and
Crowell (1965) found the greatest density of P.
owyheei colonies in areas of deep soils. Low populations were recorded in areas of shallow, rocky
soils. Costello (1944) reported a close correlation
and succesbetween
densities
of P. occidentalis
sional stages of abandoned
cultivated
lands of
northeastern
Colorado. The foregoing studies have
suggested possible relationships
which deserve further investigation.
The purpose of the present study was to determine the effect of different grazing intensities applied over a ten year period on harvester ant abundance.
The influence
of vegetation
and soils on
ant abundance
was also evaluated.
This study,
involving P. owyheei, was conducted on the Dry
Fork Study Area near Greybull
in the Big Horn
Basin of northcentral
Wyoming during 1966. The
climate of the area is typically cold desert with
low and variable
amounts of precipitation
(5-7
inches annually),
strong winds and high evaporation rates.
The study area was located on the southwest
flank of Sheep Mountain with underlying deposits
of interbedded
Eocene shales and sandstones.
The
resistance
of the sandstone layers to weathering
has resulted in low sandy ridges with occasional
sandstone ou tcroppings separated by drainage de-
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FIG. 1. Schematic diagram of study area (1 mile x
illustrate pastures by percent use and zones.

1 mile) to

pressions of heavier-textured
soils derived from the
shales. The soils are generally poorly developed
and alkaline in reaction over the gently rolling upland terrain.
Experimental

Procedures

The Dry Fork Study Area consisted of 600 acres of arid
nuttn2Zii) rangeland
divided
Nuttall
saltbush
(Atriplex
into fenced pastures. Two replications of 20, 40 and 80% use
pastures were established in 1956 as the original modified
block design and used until 1962 when two 30% use pastures were added by division of the 20% use pastures (Fig.
1). The pastures were grazed annually by sheep in the fall
(Oct.-Nov.)
to achieve the desired utilization
percentages.
Ten years of grazing resulted in distinct changes in the
vegetative cover which was predominantly
Nuttall saltbush
with few other species important
in the cover and composition of the area (Fisser and Steger, 1967).
Available stereographic
aerial photographs
taken in 1954
(scale approximately
3 inches = 1 mi.) were used to count
the number of ant colonies per pasture before grazing intensities were applied over the ten year period.
It was assumed that no changes occurred
in ant abundance
within
the area during the interim two years before initial grazing.
Similar photographs
taken in the summer
of 1966
were used to determine
the number of ant colonies in each
pasture following the grazing treatment.
To assess ant colony differences due to grazing distribution, in addition to utilization rates, each pasture was hypothetically divided into three zones of nearly equal area (Fig.
1). The inner part of each pasture (Zone 3) was used more
heavily than the outer due to pasture shape and watering
at the center of the area.
Three circular, two-acre macroplots were randomly located
in each pasture zone to sample ant colonies, vegetation
and
Ant colony charactersoil, resulting in 72 total macroplots.
istics including
the number of live and recently dead (in-
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Table 2.
colonies

Table
1. Ant colony counts of the Dry Fork Study Area
by pasture
from aerial photographs
taken in 1954 and
1966.

Analysis of variance for the numbers of live ant
per macroplot
on the Dry Fork Study Area.

Source
Pet.
use

Pasture
No.

1954
count

1966
count

20
20
30
30
40
40
80
80

4A
7A
4B

164
187
130

170
179
141

7B
1
5

267
395
371
67
125

251
398
389
66
131

2
6

Deviation
or change

Pet.
Dev.

-8

+ 3.66
- 4.28

+ 11
- 16

+ 8.46
- 5.99

+3
+ 18
1

+
+
+

+6

+6

Among
Blocks

0.76
4.85
1.49
4.80

active but with distinct mound and denuded area) colonies
and radii of the denuded area in four directions were measured in each macroplot.
From these measurements,
the
number of colonies per acre, percent of total area denuded
and average denuded per colony were computed
for use as
indices of ant abundance.
A composite of soil samples taken to a depth of 6 inches
at 5 random
locations within each macroplot
was used to
determine
soil texture by the hydrometer
method (Bouyoucos, 1936).
Vegetative
cover (basal for grasses and forbs;
crown for shrubs) by species was estimated
ocularly from
160 randomly located square foot plots (1 ft x 1 ft) in each
macroplot.
Ant colony differences due specifically
to grazing factors
were evaluated
by three procedures.
Mound counts from
1954 and 1966 photos were compared for significant changes.
Factorial
analyses of variance
were conducted
on colony
density and percent of area denuded based on macroplot
data taken in 1966.
A correlation
analysis was conducted
on macroplot
data to determine
simple linear correlations
and possible relationships
between environmental
variables
All statistical analyses were
and ant colony characteristics.
conducted
using probability
levels of 0.90 and 0.95 and
procedures as given by Steel and Torrie (1960).

Results and Discussion

Counts of total numbers of ant colonies in each
grazed pasture from aerial photos of the Dry Fork
Study Area indicated no conclusive increase or decrease due to grazing intensities.
Both positive and
negative changes among pastures were observed to
be relatively small in all cases (Table 1). Percentage changes were considered to be within the magnitude of counting errors for the most part. Pasture 5 (40% use) and 4B (30% use) had the greatest
absolute
increase
in ant colony numbers.
This
could well be due to increased
surface sand by
wind erosion from the adjacent 80% use pasture.
The mean number of colonies per acre obtained
from the 1954 photo counts was 2.84 and 2.88 from
the 1966 photo counts of the 600 acre area. These
values are comparable
to the 3.04 colonies per acre
computed from field sampling with 2-acre macroplots. This indicated
that photo counts were a
reliable
accurate
means of determinin,g ., colony
numbers.
I

57

ANTS

df

Mean squares

F-value

zones
1

98.00

1.43 nsl

Treatments
Use (%)
Zone
Use X zone

11
3
2
6

142.72
119.75
9.19

2.08 ns
1.75 ns
0.13 ns

Error
Subsampling

11
48

Total
1 ns = non-significant

68.61

71
at .90 and .95 levels of confidence.

The numbers
of live colonies sampled in the
field macroplots ranged from zero to ten per acre,
with a mean and standard deviation of 3.04 and
3.89, respectively.
The large value for the latter
was substantiated
by extensive variations observed
in the numbers
of live colonies
per macroplot
within zones and pastures.
The numbers of dead
colonies were relatively few, ranging from zero to
one per acre. The average for the entire study area
was 0.125 per acre. The number of dead colonies
was found to be positively
associated with and
strongly dependent
upon the number of live colonies.
The results of the factorial analysis of variance
on the number of colonies per macroplot are presented in Table 2. The F-ratios for percent use and
zones, as well as the interaction
of these factors,
were not significant.
The conclusion
drawn from
this analysis indicates that ten years of the grazing
intensity treatment had no significant
effect upon
colony density, either in terms of percent use or
zones within pastures.
This does not mean that
grazing intensity never affects density of ant colonies. More than ten years may be necessary for
measurable
changes to occur.
Also, other communities
and conditions
might give different
results.
The percent of area denuded by ant colonies
ranged from zero in some two acre macroplots up
to 7.65 percent.
The estimated mean for the 600
acre study area was 2.43% of the soil surface denuded.
Percent of area denuded was closely related to ant colony density with a correlation
coefficient
of +0.93.
As would be expected,
the
results of analyses of percent of area denuded generally followed those of colony density.
In the
factorial analysis of variance, the grazing factor of
percent use and location factor of zone, were found
to be non-significant
(Table 3). Thus, the conclusion is made that the grazing factors applied for
ten years did not significantly
affect the percent of
area denuded by ant colonies.
Three
ant colony characteristics
were used in
a correlation
analysis with the measured environ-
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Table 3. Analysis of variance for the percent of area denuded by ant colonies in macroplots on the Dry Fork
Study Area.
Source

df

Mean squares

Among zones
Blocks
Treatments
Use (%>
Zone
Use X zone
Error
Subsampling
Total

1
11
3
2
6
11
48
71

10.66

1.42 ns

17.94

2.39 ns
2.37 ns
0.17 ns

ns = non-significant
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Table 4. Simple linear correlation coefficients between
ant colony and environmental characteristics of the Dry
Fork Study Area.

F-value

r1
Variables

17.80
1.25

7.51

at .90 and .95 levels of confidence.

mental variables (Table 4). A strong positive correlation (0.93) was measured between colony density (Yl) and percent of soil surface area denuded
(Y3), but these two characteristics
were only slightly
associated in a negative manner with the average
denuded area per ant colony (YZ), -0.31 and -0.07,
respectively.
This indicated
that percent of surface area denuded
was more closely associated
with, and likely dependent upon, the colony density than with the average area denuded per colony.
Conversely,
the data indicate
that the denuded
areas of ant colonies were greater on sites with
widely dispersed colonies than on sites with high
colony densities.
The correlation
coefficients
between ant colony
variables and percent grazing use by pasture (Xl)
were not significant
(Table 4). Low positive correlations were obtained between the influence
of
grazing intensity as measured by zones within pastures (X2) and all ant colony variables.
Ant colony
density (Yl), average area denuded
per colony
(YZ), and percent of soil surface denuded
(Y3)
tended to be greatest in the most intensively grazed
pastures as well as the intensively
utilized zones
within each pasture.
Because of the low correlations, however, between grazing influences
(X 1,
X2) and all ant colony characteristics
(Y 1, Y2, Y3), it
seems apparent that little or no association exists in
terms of late fall utilization
impact by the grazing
animals and harvester ant abundance and vigor.
Although the ant colony variables did not appear
to be associated with grazing influences,
soil characteristics
were very significantly
correlated
with
ant colony densities (Yl) and percent of surface
soil area denuded by the insects (Y3). The average
area denuded per ant colony (YZ) however, was not
strongly correlated
with, and thus seemingly independent
of, any environmental
character
measured in this study. Ant colony densities (Yl) and
percent denuded surface areas (Y3) were positively
correlated with percentages of sand (X3) and gravel
(X6) in the soil but negatively with the silt (X4)
and clay (X5) values. Thus the significant positive

Yl

Yl Number of live ant colonies
(density)
Y2 Average area denuded per
ant colony
Y3 Percent
of soil surface area
denuded
Xl Grazing intensity by pasture
X2 Zones within pastures
X3 Percent sand in soil
X4 Percent silt in soil
X5 Percent clay in soil
X6 Percent gravel in soil
X7 Crown cover percent-Artemisia

Y3

1.00
-0.3 1

1.oo
-0.07

0.93
0.06
0.31
0.83
-0.80
-0.64

0.10
0.06
-0.20
0.16
0.21

0.06
0.34
0.83
-0.80
-0.62

0.57

0.05

0.62

0.55

spinescens
X8

Y2

-0.09

0.55

Crown cover percent-Atriplex
nuttallii

X9 Crown cover percent-All
shrubs
X10 Basal cover percent-Oryxopsis
hymenoides

-0.28

-0.03

-0.24

-0.18

-0.07

-0.17

0.50

-0.21

0.40

Xl 1 Basal cover percent--Pea
sandbergii
X12

-0.17

-0.12

-0.18

Basal cover percent-Sitanion
hystrix

Xl3

Basal cover percent-All
grass
X14 Basal cover percent-All
annual forbs
Xl5 Basal cover percent-Opuntia
polyacantha

0.23

-0.14

0.20

0.20

-0.21

0.16

-0.02

0.08

0.05

0.35

-0.09

0.38

0.67
0.52

-0.09
-0.10

0.64
0.54

0.29

-0.23

0.26

Xl6

Basal cover percent-All
perennial
forbs2
X 17 Basal cover percent-All
Xl8 Basal cover percent-All
herbaceous
plants2

forbs2

l Absolute values of r greater than 20 and .23 significant
and .95 levels of confidence, respectively.
2 Excludes Opuntia polyacantha.

at .90

correlations
between sand and gravel abundance
and the two ant colony characteristics
are suggestive
of an influence of soil texture on ant abundance.
The association
of greater ant colony densities
and amounts of surface denuded areas with sandy
soil sites was also observed both in the field and
during evaluation of the aerial photographs.
Ant
colonies were obviously most abundant on sandy
ridges but sparse on low lying flatlands and drainages with soils of lesser sand concentrations
but
greater amounts of silt and clay.
To test the causative influence
of sandy soils
upon harvester ant presence, abundance, and vigor,
simple linear regressions were conducted with ant
colony densities and percent denuded surface areas
as dependent variables and percent sand as the independent variable (Kirkham,
1967). In each case,
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a highly significant
proportion
of the variation in
the ant characteristic
(69%) was attributable
to the
amount of sand in the soils.
Some vegetational cover percentages of associated
plants on the study area were highly correlated with
ant colony densities
(Yl) and percentages
of denuded (Y3) soil surface area. Greatest positive COTrelations
occurred
between the ant colony characters and cover values of bud sagebrush (Artemisia
s~inescens)
(X7), Indian ricegrass (Oryzopsis hymenoides) (X10), and perennial forbs (X16). Vegetational cover values of other plant categories such
as squirreltail
(Sit&on
hystrix) (X12), all grasses
(X13), and plains pricklypear
(O@mtia
@Zyacantha) (X15) were also positively related to ant colony
characteristics
but with lesser correlation
values.
Negative
relations
existed
between
vegetational
cover of Nuttall saltbush (X8), Sandbag
bluegrass
(Pm sandbergii)
(Xl I), and total shrub cover (X9)
in correlations
with the ant colony factors. Thus,
in addition to the strong indication
that ant colonies were most abundant on sandy soils, a strong
positive relationship
existed between ant colony
characters
and plants normally
associated
with
sandy soils. Additional
tests by Kirkham
(1967)
showed that cover values of bud sagebrush, Indian
riceLyass and perennial
forbs were positively and
sigmficantly
correlated
to sandy soils. Conversely,
Nuttall
saltbush,
Sandberg
bluegrass
and total
shrub cover values were negatively
correlated
to
soil sand but positively correlated
to silt and clay
percentages.
The positive intercorrelation
of ant colony values and the species listed above with percent sand

HARVESTER

ANTS
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in the soil may also be construed to indicate that
establishment
of mound locations is independent
of variations
in vegetation
composition,
at least
within the conditions
existing on the Dry Fork
Study Area. The influence
of soil texture upon
colony density and the closely related percent denuded surface area seems to be related to the ease
with which new colonies may be established
and
maintained
in sandy soil as opposed to soils with
greater percentages of silt and clay.
The variations
in soil texture which occurred
within and between pastures $ave rise to the results
of the correlation
analyses III expressing
the relationship of soil texture and ant colony abundance
and activity.
It is conceivable
that soils distribution among the pastures may have influenced
the
results of the factorial analyses of variance for the
effects of grazing factors upon ant colony characters. However, the results of photo counts (Table
1) and correlation
analyses (Table 4) supported the
analysis of variance
finding that grazing factors
did not affect the number of colonies and percent
of surface soil area denuded by harvester ants. The
concurring
results of these three analysis procedares have substantially
increased
the authors’
confidence
in this conclusion.
These results do
not preclude the influence of grazing on ant abundance in other environments,
under variations of
grazing season, and/or over a longer period of time
in the area of this study.
Distinct annual differences
in the area denuded
around some colonies was evidenced by a perennial
vegetation perimeter plus one or more boundaries
of annual vegetation
of different
ages (Fig. 2).
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These observations have suggested that the vigor of
a colony and possibly the number of adult workers
may vary considerably from year to year. Available
food supply, predators,
physical
conditions
for
hatching and larval development,
and overwintering losses could contribute
to such annual variations.
A high degree of relative stability in ant colony
numbers was indicated by various aspects of this
study. The results of photographic
comparisons
indicated small changes in colony densities, even
under heavy grazing and wind erosion disturbance.
The numbers of recently dead and newly established colonies
were a small percentage
of the
total population of colonies. Assuming that colony
density was nearly stable in the area of this study,
then soil texture was apparently
the most important factor regulating
ant colony densities.
Responses to annual changes in environmental
factors
and food supply were probably expressed most by
changes in the number of individuals
per colony
but not in the numbers of colonies.
The findings of this study contrast with those
workers
(Sharp
and Barr,
1960;
of previous
Wheeler and Wheeler,
1963) in other areas, who
have found harvester ants to be more abundant in
situations of overgrazing and poor range condition.
Such apparent contradictions
in evidence indicate
the need for further investigation
of the relationships between harvester ant abundance
and livestock grazing.
Summary

and Conclusions

A study was conducted in northcentral
Wyoming
to evaluate the relationships
of harvester ant abundance and activity with grazing intensity, vegetation
cover and composition,
and edaphic factors. Colony density, percent of soil surface denuded by ants
and average area denuded per ant colony were used
as indices of ant abundance and activity. The study
area, located in a Nuttall saltbush range type, was
a pasture system of 600 acres involving four grazing intensities with distinct variations in soils and
vegetational
cover and composition
values. Field
data collected on the number and size of ant colonies, cover and composition
of vegetation,
and
soil properties were examined statistically
by factorial, regression, and correlation analyses. Changes
and differences of ant colony numbers per pasture
were determined
from aerial photographs
taken
before and after ten years of grazing treatment.
The conclusions
derived from this study are as
follows:
1. Ten years of grazing at different intensities did
not result in significant
changes in the abundance of harvester ants.
2. Although ant colony abundance was positively
correlated
with some plants, the correlations
appeared accidental to a species ability to establish and g’row in sDecific soil conditions,
and
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3.

4.

5.

6.

FISSER
not related to any ant preference for available
food source during colony establishment.
Soil texture was the most important factor influencing
harvester ant abundance,
probably
through colony establishment
which is known
to be a critical period for the ants.
If harvester ant abundance
is affected by g-razing and range condition,
then such responses
are very slow, requiring more than ten years in
the area of this study.
Although the harvester ant has a wide range of
distribution,
locally
existing
environmental
conditions
are important
in determining
its
abundance within a given area.
Although
some deviations
from field samples
were noted, counts of ant colonies from aerial
photos were useful in determining
colony densities for research and survey purposes.
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Highlight
The frequency
of plant species in the diets of 14 grasshopper
species, collected on rangeland
lightly grazed by cattle at the Eastern Colorado
Range Station, was determined
by microscopic
examination
of crop contents.
Significant
correlations
were found between frequency
of plant species in the habitat and
the frequency
of plant species in the diets of all grashopper
species except
was found between the body weight or
Melanoplus confusus. No correlation
potential
mobility
of grasshopper
species and the degree to which plant frequency influences
their diets. As the number of plant species eaten increased,
the influence of the relative availability
of plant species on the diets decreased.
There was no correlation
between either body weight or potential
mobility and
the number of plant species eaten or the number of plant species/crop.

Grasshoppers, which are generally regarded as the most destructive insect. to range vegetation, commonly damage range plants most
severely when drought conditions
prevail, thus the effects of their
feeding are severe (Stoddart. and
Smith, 1955). Rangeland grasshoppers differ widely in their feeding habits, and the high degree
of selectivity in their feeding is well
documented.
Many theories have
been presented in attempts to understand the mechanism of food
selection in grasshoppers. Mulkern,
Toczek,
and Brusven (1964) reported that the degree of selectivity,
that is the number of plant species
eaten, is inherent in a grasshopper
species, but the expression of selectivity is determined by the habitat.
Leaves of different plants differ
relatively little in nutritional substances needed by insects and substances of no nutritional value, such
as glucosides, essential oils, alkaloids, saponins, or tannins, act as
olfactory and contact chemical stimuli which are effective at extraordinarily low concentrations (Fraenkel,
1953; Dethier, 1954). Painter (1953)
suggested that plant-feeding insects
1Present

address is Assistant Professor,
Range and Wildlife Management
Department,
Texas
Tech
University,
Lubbock,
Texas
79409.
Received
March 5, 1971.

are attracted to those plants that
are nutritionally
satisfactory
because the two organisms evolved together, and that any strain that had
a behavior pattern that caused it to
feed on toxic plants or nutritionally
deficient plants would be eliminated.
Size and mobility of insects may
affect feeding habits, food selection,
and energy flux. Mulkern, Anderson, and Brusven (1962) observed
that the variety of food plants ingested by grasshoppers
increases
with morphologic development of
the insect due to smaller crop capacity and less mobility of the
younger instars. However, they observed no relationship between the
adult size of a species and the number of plant species eaten. Langford
(1930) reported that adult female
Melanoplus
bivittatus consume 2.5
times more forage than males of the
same species. Male grasshoppers
assimilate larger percentages of ingested food than females (Kaufmann, 1965). Larger body sizes in
insects result in increased food intake (Reichle, 1968) and increased
metabolic rate (Wiegert, 1965).
Various plant species have different effects upon survival, longevity,
fecundity, body size and proportions, and rate of development. of
Scharff ( 1954) indigrasshoppers.
cated that seasonal and yearly vari-
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in the general
food-plant
complex may be important determinants in the build-up or decrease
of Melanoplus
mexicanus
populations. Mulkern et al. (1962) reported that grasshopper species with
high population densities in alfalfa
fields ingested plant species in almost direct proportion
to their
abundance.
Both the taxonomic
composition and the physical structure of the vegetation have been
reported to be important environmental factors in determining the
distribution of grasshoppers (Can&all, 1943; Isely, 1944; Isely, 1946;
Wolcott,
1937; Anderson,
1964;
Kaufmann, 1965).
There is a close correlation of
the structure of mandibles
and
feeding
habits
in grasshoppers.
Kaufmann
(1965) indicated
that
grasshoppers with different feeding
differently
shaped
habits
have
maxillary lacinia and that mandibles can be classified as the graminivorous-type, the forb-feeding type,
and the moss-feeding type.
reviews of the
Comprehensive
literature concerning the effects of
grasshoppers on rangeland and the
food habits of grasshoppers have
been prepared by Mulkern (1967),
Ueckert (1968a), and Mulkern et al.
(1969).
Almost every year, millions of
dollars are spent on rangeland grasshopper control and forecasting of
future population levels. If our
ultimate goal is understanding the
ecology of rangeland and efficient
control of pest species, then exact
knowledge of interrelationships, behavior, and life histories is essential. The purpose of this study was
to determine the influence of plant
frequency, body weight, and potential mobility
upon the feeding
habits and diets of 14 grasshopper
species common on sandhill rangeland in northeastern Colorado.
ations

Methods and Materials
Study

Area

The study area was a 40.5 ha pasture on the Eastern Colorado Range
Station, located 27 km north of
Akron,
in Washington
County,
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Colorado. The pasture had been
lightly grazed by steers (4 ha/steer)
during the 5 summer months for 13
years prior to this study. The climate of the area is semiarid with
an average annual precipitation of
about 38 cm, most of which comes
as rain during the growing season.
The frost-free season usually starts
in May and lasts until early October. This study was restricted to
the “deep sand” range sites where
soil textures are sandy loam and
loamy sand, and the topography is
dune type with no definite drainage patterns.
The study area is in a BoutelouaCalamouilfa-Stipa-Artemisia
association in the mixed-grass prairie in
which grasses make up about 80%
of the total dry weight of aboveground vegetation.
The
major
grasses and their contribution
to
total herbage production include
grucilis),
blue grama (Bouteloua
42%; prairie sandreed (Calamovilfa
Zongifolia),
18%; and needleandcorn&a), 16%. Other
thread (St+
important
grasses include
sand
dropseed (Sporobolus
cryptandrus),
western
wheatgrass
(Agrofiyron
smithii), and sand bluestem (Andropogon
hallii).
Sand
sagebrush
(Artemisia filifolia)
is the only important shrub on the study area.
Forbs make up about 6% of the
total dry weight of above-ground
plant biomass. Common forbs include western ragweed (Ambrosia
psilostachya),
scarlet globemallow
(Sphaerulcea
coccinea),
lambsquarters (Chenopodium
album),
and
scurfpea (Psoralea spp.).
The frequency of plant species
on the study area was recorded on
1000 quadrats on l-3 July 1968, by
“nested
quadrat”
technique
a
(Hyder et al., 1965). The frequency
for blue grama was recorded on a
5 x 5-cm quadrat and a 40 x 40-cm
quadrat was used for all other species. We assumed that plant frequency in this plant association
would not change appreciably during the growing season.
Grasshopper Diets
About 50 adult specimens of each
of the most numerous species of
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Table 1. Plant frequency (%) on 1,000 40 x 40-cm plots on rangeland lightly
grazed by cattle at Eastern Colorado Range Station, 1968.
Plants

Frequency
Forbs

Grasses and grasslike plants
Agropyron
smithii
Andropogon
hallii
Aristida longiseta
Bouteloua
gracilisl
Calamouilfa
longifolia
Festuca

octof lora

Hordeum
ju ba turn
Sporobolus
cryptandrus
Stipa comata
Carex heliophila

Forbs
Ambrosia
Artemisia
Artemisia
Asclepias

psilostachya
filifolia

17.1
3.8

0.7
64.9
70.3
38.0

C yptan tha sp.
Eriogonum
annum
1 Frequency

for Bouteloua

0.2

Gaura coccinea
Haplopappus
spinulosus
Hoffmannseggia
jamesii

Lia tris puncta ta
Lithospermum
incisum

32.6
10.3

1.0
18.4
1.9

undulatum

spp.
nuttallianus

60.9
11.1

Astragalus spp.
Chenopodium
album
texensis

(continued)

Euphorbia
Evolvulus

Ipomoea
leptophylla
Lepidium
densiflorum
Lesquerella
ludoviciana

5.4

Croton

Frequency

0.6
3.9

ludoviciana
pumila

Cirsium

Plants

2.7

0.1

0.5
0.9

4.2
0.1
0.4
1.1

Lupinus
pussilus
Lygodesmia
juncea

0.1

Opun tia humifusa
Penstemon
albidus
Phlox spp.

2.0
0.3
1.0

Physalis subglabrata
Plan tago purshii

0.2
0.6

Psoralea lanceolata
Psoralea tenuiflora
Sphaeralcea
coccinea

1.7
5.1

Thelesperma
Tradescantia
Yucca glauca

gracilis was recorded on a 5 X 5-m

grasshoppers
were collected
biweekly during the 1968 growing
season. Specimens were captured
with sweep nets or by hand from
the study area. Captured specimens
were killed immediately in 95%
ethanol and stored in the alcohol
until laboratory work was begun.
Several specimens of each species
were saved as reference specimens
for identification.
An ocular estimate of the density of grasshopper
populations was made during each
collection period.
A microscope slide was prepared
from the contents of each individual grasshopper crop, and the composition of diets was estimated by
examining the slides under a microby Ueckert
scope as described
(1968b). Plant tissues on slides were
identified by comparison with reference tissue of identified plants.
Twenty fields/slide were examined
and frequency
percentages
were
calculated
for each food item
present.
Correlation coefficients were calculated between the percent fre-

1.6
0.7
0.2
0.1
0.3

megapotamicum
occidentalis

0.1

5.4
5.2
3.4
0.1

plot.

quency of the plant species on the
study area and the percent frequency of the plant species in the
diet of each grasshopper species to
determine the degree to which diets
are influenced by plant frequency.
A correlation coefficient was calculated between the diet-plant frequency correlation coefficients for
all grasshopper species and the
number of plant species eaten to
determine the influence of dietary
selectivity upon the degree to which
diets are influenced by plant frequency.
Femur and tegmen lengths and
body weights were determined on
21 to 46 specimens of each sex for
11 grasshopper species. An approximate live weight was obtained on
individual specimens by air-drying
the alcohol-preserved specimens for
about 2 hours at room temperature
and then weighing them. The mobility of each grasshopper species
studied was assumed to be proportional to its mean femur and tegCorrelation
coeffimen lengths.
cients were calculated
between
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means of each of these three measurements and (1) the total number
of different plant species eaten by
each grasshopper species, and (2)
the mean number of plant species/
crop for each grasshopper species,
to determine the correlation
between grasshopper
mobility
and
body weight and their feeding selectivity and grazing habits.
Correlation coefficients were calculated between the mean body
weight, tegmen length, and femur
length of each grasshopper species
and their diet-plant frequency correlation coefficients to determine
if the influence of plant frequency
upon the diet of a grasshopper species is a function of its potential
mobility or weight.
Results
Species of plants occurring in
10% or more of the frequency plots
included
prairie
sandreed,
blue
grama, needleandthread,
six-weeks
fescue (Festzlca octofZora), western
ragweed,
lambsquarters,
western
and sand sagebrush
wheatgrass,
(Table 1).
Grasshopper collections were begun in early May of 1968 and concluded in mid-September of 1968.
The crop contents of 2173 grasshoppers, of 14 species, were examined.
Epidermal tissue of 43 plant species
was identified in crop samples (Table 2). Several species of important
western
forage plants, including
wheatgrass,
blue grama,
prairie
needleandthread,
and
sandreed,
sedge, were major foods of most of
the grasshopper
species studied
(Table 2). The population density
of grasshoppers on the study area
increased from about 2/m2 in early
May to about 20/m2 in mid-June
this level
and remained
near
throughout the summer. The number of specimens of each species
analyzed does not represent its relative abundance.
Correlation coefficients between
the percent frequency of plant species in the diet and the percent frequency of plant species in the habitat were positive and significant (P
= 0.01) for all grasshopper species

GRASSHOPPER

DIETS

Table 2. Frequency (96) of plant species in the diets of 14 grasshopper species
common on sandhill rangeland in northeastern Colorado.
Grasshopper species1
Plant species
Agropyron smithii
Andropogon hallii
Aristida longiseta
Bouteloua gracilis
Bromus tectorum
Buchloe dactyloides
Calamovilfa longifolia
Cenchrus paucif lorus
Festuca octoflora
Koeleria cristata
Paspalum stramineum
Sporobolus cryptandrus
Stipa comata
Carex heliophila
Juncus balticus
Amaranthus retroflexus
Ambrosia psilostachya
Argemone intermedia
Artemisia filifolia
Asclepias pumila
Astragalus spp.
Chenopodium
album
Cirsium undulatum
Croton texensis
Eriogonum annum
Euphorbia spp.
Evolvulus nuttallianus
lpomoea leptophylla
Kochia scoparia
Lepidium densiflorum
Lesquerella ludoviciana
Liatris punctata
Lithospermum
incisum
Lupinus pussilus
Medicago sativa
Melilotus alba
Penstemon albidus
Psoralea lanceolata
Psoralea tenuflora
Solanum rostratum
Sphaeralcea coccinea
Tradescantia occidentalis
Tribulus terrestris

1

2

3

12
<I

3

28
4

<l
42

1
74

16

21

9

10

11

12

13

14

7
4
1<17

6

26
2

28
5

1

32
1

1

8 37

1

22

84

19

3

633

9

4
5

8

4567
17

<l
9 46

1

4
1

<l <l
37
8

<l
13

2

3

4
17

<l
1
27 21
4
<l

28
4

3

7

44

4

<I
8 <I
<l
<l
1
7
62 28 12
5
11
1
2
1
<l <l
<I

<l
16
1
4
5
1
3
4

<l

<l

2

4
4 18
3

1
3

1
11
2
14
5
3
I 3
1 <l

7

30

3

1 <l

17

1
18
17

9
11
4

1 <l
15 29
6

3
<I

9
1

1
1
<l

<l

<l

7
4

3
1
3

1

1
10
<l

<I
4
1
1 <l
<I
2
<I
1
2
2
2
3
1
2
2
3
7
1
1
1
5
1 37
2
<l

<I
<l

1

<I
4

1 Grasshopper species by number are:
I-Ageneotettix
deorum, 2-Amphitornus
coloradus, 3-Arphia
conspersa, 4-Arphia
pseudonietana,
5-Cordillacris
occipitalis, 6Eritettix simplex, 7-Melanoplus
angustipennis,
0-Melanoplus
confusus, 9-Melanoplus foedus, IO-Mermiria
maculipennis, 1 I-Pardalophora
apiculata, 12-Spharagemon
collare, 13-Trachyrhachys
kiowa, and 14-Xanthippus
corallipes.

except Melanoplus
confusus (Table
3). Plant frequency in the habitat
accounted for as much as 74% (r2 =
0.74) of the variability of plant frequency in the diets of Eritettix simmaculipennis,
plex and Mermiria
and for as little as 21% (r-2 = 0.21)
of the variability of plant frequency
in the diet of Melanofks
foedus.
Females were from 1.2 to 3.6
times heavier and had femora and

tegmina from 1.0 to 1.3 times longer
than males of their respective species.
Mean grasshopper
weights
varied from 184 mg for Eritettix
simplex to 1,420 mg for Pardalowhile femur and
phora apiculata
tegmen lengths varied from 1.12
cm and 1.27 cm respectively for
Ageneotettix
deorum
to 1.93 cm
and 3.43 cm respectively for P.
apiculata (Table 4).
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Table 3. Correlation of the frequency
(%) of plant species in the diets of
14 species of grasshoppers with the
frequency (%) of plant species in
their habitat at Eastern Colorado
Range Station.
Species

l-1

Eritettix
Mermiria

Amphitornus
coloradus
Arphia
conspersa
Arphia pseudonietana
Cordillacris
occipitalis
Eritettix
simplex

Melanoplus
Melanoplus

+0.45
+0.042

1 All correlation coefficients are significant
at the 1% level of significance except for
Melanoplus confusus.
at the 5% level of signifi-

The number of plant species
eaten varied from 6 to 38 in the
grasshopper species studied. Amphitornus coloradus, Cordillacris
occipitalis, Mermiria maculipennis,
and
Trachyrhachys
Kiowa each fed on
six plant species while Melanoplus
angustipennis
fed on 38 plant spe-

cies (Table 4). The mean number
of plant species/crop varied from
1.1 in M. maculipennis to 3.0 in M.
angustipennis.

Correlation coefficients of femur
lengths, tegmen lengths, and body
weights of 11 grasshopper species
and the number of plant species
eaten were not significant
(P =
0.05).
Correlation
coefficients of
the same three body measurements
of the 11 species and the mean number of plant species/crop were not
significant (P = 0.05). Correlation
coefficients of femur lengths, tegmen lengths, and body weights of
the 11 species and their diet-plant
frequency correlation
coefficients
were not significant (P = 0.05).
There was a negative correlation
(r = -0.55) between diet-plant frequency correlation coefficients and
the number of plant species eaten

Melanoplus
Melanoplus
Melanoplus

Plant
species
eaten

species

Ageneotettix

+0.56
+0.52
+0.52
+0.51

2 Not significant
cance.

Grasshopper

+0.86

+0.67
+0.65
+0.62
+0.57

AL.

Table 4. Number of plant species eaten, mean number of plant species/crop,
mean femur and tegmen lengths (cm), approximate mean live weights (mg),
and number of crops examined from grasshoppers collected at Eastern Colorado Range Station, 1968.

+0.86
+O.Sl
+0.74

simplex
maculipennis
Ageneo tettix deorum
Cordillacris
occipitalis
Arphia conspersa
Xanthippus
corallipes
Amphitornus
coloradus
Trachyrhachys
kiowa
Arphia pseudonietana
Pardalophora
apiculata
Melanoplus
angustipennis
Spharagemon
collare
foedus
confusus

ET

12
6

deorum

11
9
6

angustipennis
confusus
foedus

Mermiria
maculipennis
Pardalophora
apiculata
Spharagemon
collare
Trachyrhachys
Xanthippus

Mean no.
plant
species/crop

Mean1
femur

Mean1
tegmen

Mean1
weight

Total
no.
crops

1.9

1.12

1.27

187

250

1.2
1.6
1.5
1.2
1.5
3.0
1.9
2.7

1.28
1.35
1.58

1.70
2.46
2.77

212
514
678

97
191
151
90

1.14

1.19

1.39
1.64

184
210

146
227

1.48

2.16

480

106
151

10
38
24
34
6
13

2.1

1.93

3.43

1420

1.47
1.19
1.82

2.53
1.95
3.33

525
223
1378

1.1

19

2.1

Kiowa

6

1.2

corallipes

14

1.9

84
110
144
200
226

l Average of male and female means.

by the grasshopper
(P = 0.05).

species studied

Discussion
Although

all

herbivores

have

food preferences, it is only logical
to expect that plant frequency in
their habitat exerts some degree of
influence upon their food habits.
The frequency of a species of plant
in the habitat determines how often
a herbivore will encounter it as it
moves about. Similarly, the percent
of the total biomass of live, aboveground vegetation that a plant species comprises determines its relative availability as a potential food
for herbivores.
A non-selective feeder could be
expected to eat foods exactly in proportion to the frequency with which
they were encountered, and consequently, 100% of the variability in
its diet would be associated with
plant frequency.
In this study
there was statistically
significant
correlation between the frequency
of plants in the habitat and the frequency of plants in the diets of all
grasshopper species except M. confusus. As much as 74% of the variability in the diets of E. simplex
and M. maculipennis
may be associated with plant frequency in
Although some of
their habitat.

the lower correlation
coefficients
may not be ecologically important,
this study provides evidence that
the diets of grasshoppers are influenced by the plant composition in
the habitat, even though strong
feeding preferences are expressed.
The influence of plant frequency
upon feeding habits varies among
grasshopper species. There was no
correlation between the body weight
or potential mobility of grasshopper species and the degree to which
plant frequency influences diets.
The food preferences of a grasshopper species are apparently genetically inherited traits and are not dictated by the grasshopper’s ability
to search for foods. However, a
negative correlation was found between the number of plant species
eaten by the grasshopper species
studied and the influence of plant
frequency upon their diets. As
feeding selectivity decreased (or the
number of plant species eaten increased) the influence of the relative availability of plant species on
the diet decreased, thus diets of species which feed on few different
plant species (stenophagous)
are
generally influenced more by plant
frequency than are diets of species
which feed on many different plant
species (euryphagous).

RANGELAND
The number of plant species in
the diet of a herbivore is an index
stenophagous
herbiof selectivity;
vores are more selective, whereas
euryphagous
species are more general feeders.
It would seem that
euryphagous species should be able
to adapt to more niches than stenophagous species, and thus be favored
by
evolutionary
selection.
However, specialization
(in diet or
otherwise)
is generally
considered
to be a deepening rut in evolution
(National
Academy
of Sciences,
1968).
There was no correlation between
body weight or potential mobility
of the grasshopper
species stuclied
and the number
of plant species
eaten or the number of plant species in their crops while grazing under natural conditions.
Large grasshoppers
are
not
more
highly
selective
nor less selective
than
smaller, less mobile species. Larger
species do not move from plant to
plant while feeding any more than
smaller and less mobile species.
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Highlight
Measurements of 32 site factors on
931, 100 ft2, circular plots systematically distributed among lower, middle
and upper Cache la Poudre, Colorado
winter range study areas of about 500
surface acres each, were related to
cumulative
mule deer (Odocoileus
her&onus) fecal groups counted on
those plots (1963-65). Single and multiple linear regression and C&i-square
analyses indicated that vegetative measurements, particularly antelope bitterbrush (Purshia trident&u) parameters,
were the site factors most closely related to fecal group counts. These site
factors accounted for about lo-13 percent in single linear regressions, and
8-20 percent in multiple linear regressions of the significant variation (R2)
in fecal group counts.

The distribution patterns of deer
fecal groups counted on sample
plots are commonly used as indices
of: (1) deer distribution within adjacent
habitats
(Julander,
1955;
White, 1960; Reynolds, 1962a, 1966,
1969; McCaffery and Creed, 1969);
and (2) deer response to habitat
modification (Taber and Dasmann,
1958:69; Bramble and Byrnes, 1958;
Reynolds, 1962b, 1964; Neff, 1968;
Shafer and Liscinsky, 1968; Anderson, 1969; Krefting and Hansen,
1969; McCulloch,
1969; Patton,
1969; Wallmo, 1969). The validity
of fecal group distribution patterns
as an index to deer habitat preferences has not been experimentally
verified and available data are in
conflict.
Direct, diurnal observations of mule deer distribution were
found by White (1960) and Lovel Contribution

from Colorado Federal
Aid Project W-105-R. We thank all
individuals who assisted in the field,
office, and manuscript review. Received February 9, 1971.
2Present address: U. S. Forest Service,
Intermountain Forest and Range Experiment Station, Boise, Idaho.

less (1967) to generally support, and
by Leckenby (1968) to refute, results
obtained by fecal group counts.
The efficient design of experiments
to test discrete hypotheses relative
to the validity of the technique
would seem to require more detailed information
on site factormule deer fecal group count relationships than presently available.
The objective of this exploratory
study was to identify the site factors
most strongly related to counts of
mule deer fecal groups on individual plots.
Methods
Three

study

areas of about

500

acres each, were selected to include
the elevational sequence of the major topographic and vegetative features of the lower (Area I), middle
(Area Z), and upper (Area 3) winter
range of mule deer on the north
side of the Cache la Poudre River
within Roosevelt National Forest,
northcentral Colorado.
Sampling was systematic. Mule
deer fecal groups were counted and
removed on each of 960, 100.ft2,
circular plots by two observers. Our
sampling design, fecal group search
methods, fecal group criteria, and
some statistical attributes of the
fecal group counts are described in
Bowden et al. (1969). The cumulative (1963-65) counts of mule deer
fecal groups were used herein
(Table 1).
The following measurements of
abiotic and biotic site factors were
made on, or immediately adjacent
to, each of 960 fecal group plots.
Abiotic Site Factors

Plot elevations were read to the
nearest 100 ft from topographic
maps (1 inch = 500 ft, 20 ft contour
intervals) constructed for this study
66

by a commercial engineering firm.
Slope exposure was read to the
nearest degree from true north with
a Brunton compass. Slope gradient
was read to the nearest percent with
an Abney level. Radiation index is
a theoretical quantity of solar irradiation and was read from the
measured slope exposure and gradient of each plot as tabulated for lat
40 N by Frank and Lee (1966).
Slope position was obtained by subjectively assigning and scoring each
plot position as being in the lower
(l), middle (Z), and upper (3), onethird of its respective slope. Soil
depth was subjectively judged and
scored on the basis of ground surface characteristics
as to whether
developed soil depths were shallow
(l), moderate (Z), or deep (3). Soil
texture was subjectively judged and
scored on the basis of ground surface characteristics as to whether
textures were coarse (l), medium
(Z), or fine (3).
Biotic Site Factors
ground
cover.-Defined
as the proportion of the ground
surface occupied by the vertical projection of live plant parts, both
basal and aerial, plus that occupied
by non-living matter such as litter,
rock and dead plants. These components were sampled with vertical
point quadrats (Fayle, 1959).
Shrub density.-All living shrubs,
four or more inches in crown diameter and rooted within the 100.ft2,
circular
fecal group plots were
counted by species.
Semi-woody
species were not included in these
counts.
Browse yields.- Oven-dry weights
of forage were predicted directly
from the estimated green weights of
true mountainmahogany (Cercocarpus montanus),
antelope
bitterbrush (Purshia tridentata) and big
sagebrush
(Artemisia
triden tata)
(Hilmon, 1959; Blair, 1959). Forage
was considered to be the current
annual twig growth of true mountainmahogany, current annual twig
growth and attached leaves for antelope bitterbrush, apparent annual
twig growth and all leaves but exPercent
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Table 1. Basic data relative to the mule deer fecal group counts, and concurrent estimates of browse yield and utilization.
Time
interval
WY4

End dates of
each sampling

Study
areas

Surface acres
and elevation (ft)

1

490.1 acres
5,710-7,230

10-13-63
5-27-64
1O-6-64

5-27-64
1O-6-64
5-17-65

227
132
223

2

509.2 acres
6,710-7,840

10-21-63
5-21-64
1 l-5-64

5-21-64
1 l-5-64
5-13-65

213
168
189

3

495.0 acres
7,440~8,800

1 I-15-63
5-27-64
1 l-6-64

5-27-64
1 I-6-64
5-27-65

194
163
202

eluding the flowering parts for big
sagebrush. All such forage below a
5-ft height was estimated by species
within the lOO-ft2, circular, fecal
group plots. Estimates made on
were
individual,
tagged
plants
summed for each 100-f@ fecal group.
Sampling dates are given in Table 1.
Browse utilization.-Winter
use
of forage by deer was estimated in
the late spring for the individual,
tagged, true mountainmahogany,
antelope bitterbrush, and big sagebrush plants using the ocular-estimethods
mate-by-average-of-plants
of Pechanec and Pickford (1937).
We assessed the percentage removal
by weight for each plant with the
“use-class” technique (Clark, 1944).
Sampling dates are given in Table 1.
Additional site factors.-The
presence or absence of plants, number
of plants, percent ground cover,
grams oven-dry yield, grams utilization, and percent utilization were
derived from the vegetative measurements on a per plot basis for
true mountainmahogany,
antelope
bitterbrush, and big sagebrush. The
percent ground cover of fringed
sage (Artemisia frigida), percent
ground cover of cheatgrass (Bromus
tectorum), number of shrub genera,
and the number
of herbaceous
genera were similarly
obtained.
Thirty-two site factors were measured on each plot.
Statistical Analyses
Site factor
measurements
were
complete for 360 plots on area 1,298

plots on area 2, and 273 plots on

area 3. Simple correlation coefficients (r) were calculated for all site
factors (X,) measured on each of
these plots versus their corresponding mule deer fecal group counts
(Y). Because of the large number
of correlation
coefficients
calculated, inferences are made at P <
0.001 to avoid spuriously significant
relationships.
Stepwise, multiple
linear regression analyses were used
to estimate the relative importance
of sample plot site factor measurements (X,) as influents on mule
deer fecal group counts on these
plots (Y). For those 12 site factors
which could be adequately categorized, C hi-square contingency tables were used to detect significant
(P < 0.05) differences among the
category frequency distributions of
mule deer fecal group counts.
Results
Simple

correlation

coefficients

(P <
0.001) from zero correlation
are
listed in Table 2. Antelope bitterbrush density and percent utilization accounted for the maximum
variation (R2 = 10-13 percent) in

which

differed

significantly

fecal group counts. The results of
the stepwise multiple linear regression analyses are listed by area in
Table 3. Combinations of site factors accounted for S-20 percent of
the variation (R2) in fecal group
counts.
Chi-square analyses revealed that
elevation, slope gradient, slope exposure, soil depth, bare soil, density of antelope bitterbrush,
and
density of all shrub species were
significantly (P < 0.05) related to
the frequency distributions of mule
deer fecal group counts. Maximum
fecal group densities were significantly (P < 0.05) associated with
higher elevations on the lower winter range study area and lower elevations on the upper winter range
study area. Southeasterly slope exposures, 20-60 percent slope gradients, shallow or moderate
soil
depths, 50-60 percent bare soil, l-6
antelope
bitterbrush
plants per
plot, and 11-15 shrubs of all species per plot were each significantly
(P < 0.05) associated with maximum mean fecal group densities
on one or more study areas. Antelope bitterbrush
densities of l-6
shrubs per plot and southeasterly
exposures were both associated with
the maximum
mean fecal group
densities of 2 groups per plot.
Conclusions

Both parametric and non-parametric analyses indicate that antelope bitterbrush in particular, and
vegetation in general, were most
closely related to mule deer fecal
group counts. Significantly, current
studies show that antelope bitterbrush was the major food item in
stomach
content
samples
from
Cache la Poudre mule deer collected from the winter range at ap-

Table 2. Simple correlation coefficients of those counts of mule deer fecal
groups (Y) related to site factors (X).
Study
area

Site factors

Correlation
coefficients

3

Number of bitterbrush plants (per lOO-fts)

0.33

3

% utilization of bitterbrush

0.36

2

% utilization of bitterbrush

0.32
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Table
3.
Multiple
correlation
coefficients
of winter range mule deer fecal
group counts (Y) significantly
(P < 0.01) related to that combination
of site
factors (X) in which all the partial
regression
coefficients
were significant
(P < 0.05).

Study area

Multiple
correlation
coefficient

1

0.40

elevation (ft)
soil texture
% ground cover of bitterbrush
% of ground cover of cheatgrass
70 utilization of bitterbrush

2

0.37

radiation index
Grams utilization of mountainmahogany
Grams utilization of bitterbrush
No. shrub genera

3

0.45

bare soil (%)
Grams utilization of mountainmahogany
Grams yield of bitterbrush
% utilization of sagebrush

proximate
65.

weekly

intervals,

Independent site factors

1961-
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Optimum Temperatures
Germination
of
Winterfatl
H.

W.

NOTES

for

SPRINGFIELD

Range Scientist, Rocky Mountain
Forest and Range Experiment
Station,2 Albuquerque,
New
Mexico.
Highlight
(Eurotia lanata)
Seeds of winterfat
collected
four consecutive
years at a
site in central New Mexico were tested
at temperatures
from 33 to 110 F. Op
timum
temperatures
for germination
were 50 to 80 F.
Germination
was
practically
complete
within
5 days at
59 F or higher.

Previous literature
has indicated
that
the temperature
requirements
for ger(Eurotia
Zanata
mination
of winterfat
(Pursh)
Moq.)
have been only partly
1941;
Springfield,
resolved
(Hilton,
1968a; U. S. Forest Service, 1948; Workman and West, 1967). To learn more
about
the effects
of temperature
on
the germination
of winterfat,
a series
of tests were conducted
at temperatures from 33 to 110 F.

.

20

.-

OWMT

t

20

FIG. 1. Germination
of winterfat seeds at
constant and alternating
temperatures
in IO-day period.
(WMT = weighted
mean of alternating
temperatures.)

iological
characteristics,
year to year:

varied

Number of
seeds per pound

11/16/66

206,400

ll/
ll/

170,700
189,300
149,800

10/29/69

Seeds were collected
in the fall each
year from 1966 through
1969 from a
group
of plants
at an experimental
site 15 miles
west of Corona,
New
Mexico.
Elevation
of the site is 6,300
feet, annual
precipitation
15 inches,
and the soil is a sandy loam that grades
into a clay loam at depths of 8 to 12
inches.
All seeds were stored in paper
bags at 38 to 42 F from the date of
collection
until germination
was tested
(within one year) to minimize
losses in
viability
(Springfield,
196813, 1968c).
Size of the seeds, as well as other
undetermined
morphological
and phys-

Germination
procedures
were standardized.
Four replicates
of 50 seeds
each were put in petri
dishes filled
with 100 ml of vermiculite
and 60 ml
of distilled
water.
Two layers of germination
blotter
were put on the vermiculite.
Seeds were dusted
with
a
thiram3
fungicide
and placed on top
of the blotters,
which remained
moist
throughout
the test. A total of 76 germination
tests were conducted
during
the four years.
All tests were made
under controlled
temperatures,
either
in a modified
refrigerator
or in a germinator
programmed
for specific temperature conditions.
A seed was classed
as germinated
when the cotyledons
and
radicle together measured one-half inch
long
and were
completely
detached
from the seed coat.
Optimum
temperatures
for germination were from 50 to 80 F (Fig. 1). The

l Received
February
10, 1971.
2Forest
Service,
U. S. Department
of
Agriculture,
with central headquarters
maintained
at Fort Collins in cooperation with Colorado
State University;
research reported
here was conducted
at Albuquerque
in cooperation
with
the University
of New Mexico.

3 This article reports research involving
pesticides.
It does not contain recommendations
for their use, nor does it
imply
that the uses discussed
here
have been registered.
All uses of pesticides must be registered
by appropriate State and/or Federal
agencies before they can be recommended.
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FIG. 2. Speed of germination
winterfat
seeds at different
tures.

of 1969
tempera-

from

Date
collected
l/67
l/68

-

most conspicuous
feature of the curve
in Figure 1 is the flat top-germination
exceeded
90% over a relatively
wide
range in temperature.
In Figure 1, alternating
temperatures
(tabulated
below)
are expressed
as
weighted means (WMT);
for example:

(80

x

8 hr + 60 x

Weighted
66
67
68
72
77
82
87

mean

16 hr) + 24 = 66.7.
Corresponding
alternating
temperatures
76(Q)
80( 8)
76(12)
85( 8)
90( 8)
95( 8)
lOO( 8)

+
+
+
+
+
+
+

56(12)
60(16)
60(12)
65(16)
70(16)
75(16)
80(16)

Germination
appeared
to depend
on
the high temperature
in the alternation.
For example,
when the WMT
exceeded
75 F-that
is, when the high
temperature
exceeded 90 F for 8 hours
-germination
seemed to be depressed.
On the other hand, germination
was
very good at WMT’s
of 66 to 72 F.
The relationship
between
germination and temperature
was essentially
the same for each of the four collections. The 1969 seeds germinated
better than the others,
despite
the fact
that each year temperature
responses
were tested eight to ten months after
collection,
the period when seeds theoretically were near peak viability.
Compared with the other three collections,
the 1966 seeds appeared
to lack vigor;
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they germinated poorly, especially at
the higher temperatures. Size of seed
could have been a factor, since the
1966 seeds were appreciably smaller
than the 1969 seeds.
Germination
began the second or
third day at most temperatures (Fig.
Z), and was practically complete within
5 days at temperatures of 59 F or
higher. Germination was delayed at
the lower temperatures. At 35 F, germination of the 1968 seeds was not
complete until the 20th day.
Winterfat seedlings appeared especially vigorous at temperatures from
40 to 70 F. By contrast, seedlings

HILTON, JAMES W. 1941. Effects of
certain micro-ecological factors on
the germinability and early development of Eurotia Zanata. Northwest
Sci. 15:86-92.
SPRINGFIELD,H. W. 1968a. Germination of winterfat seeds under different moisture stresses and temperatures. J. Range Manage. 21:314-316.

SPRINGFIELD,H. W. 1968b. Cold storage helps winterfat seeds retain viability. J. Range Manage. 21:401-402.
SPRINGFIELD,H. W. 1968c. Age and
year of collection affect germination
of winterfat seeds. U.S.D.A. Forest
Serv. Res. Note RM-112, 2 p. Rocky
Mt. Forest and Range Exp. Sta., Fort
Collins, Colo.
U. S. FOREST SERVICE. 1948. Woody
Plant Seed Manual. U. S. Dep. Agr.
Misc. Pub. 654, 416 p.
WORKMAN,JOHN P., ANDNEIL E. WEST.
1967. Germination of Eurotia Zanata
in relation to temperature and salinity. Ecology 48:659-661.

9

8

seemed to lack vigor at temperatures
of 90 F or higher. These results, together with additional observational
evidence, indicate winterfat responds
best to temperatures of less than 80 F.
Literature Cited

4%
One-Square-Meter
KAMAL

M.

NOTES

of the side strips and the-third to fix
the height of the frame by means of
vertical adjustable legs to suit the vegetation type. All parts can be dismantled and easily carried in the field.
This method utilizes the basic concepts underlying the range reconnaissance and square-foot-density
range
survey methods (Stewart and Hutchings, 1936). The quadrat size (one
square meter) is large enough to include the different species yet small
enough to be viewed readily from
above. Estimates are expressed directly
in percent cover. The subdivision by
the crosspieces facilitate the accuracy
of estimates and save recording time.
The frame was developed in 1964 at
the Desert Institute, Cairo.
It was
found to be particularly well adapted
for securing an objective measure of
vegetation characteristics of the semidesert grassland types of north western
coastal region, UAR and desert shrub
type of West Pakistan where overlapping of vegetation cover does not exceed 100 percent.

Method1

IBRAHIM2

Head,
Range
Management
Unit,
Desert
Institute,
El Mataria,
Cairo,

UAR.

Highlight
One-square-meter frame was developed to estimate directly percent cover
of vegetation. It is well adapted to
semi-desert grassland and desert shrub
types where vegetation cover does not
exceed 100 percent. The device provides accuracy of estimates and saves
recording time.
One-square-meter method was used
to determine the percent canopy and
basal cover for species as well as for
total vegetation. The frame shown in
Figure 1 is made of steel strips, 2 cm
wide and 3 mm thick. Two opposite
sides have four equally spaced holes to
receive cross bars (4 mm dia) and the
other two sides have a central crosspiece (4 mm dia) dividing the frame
into 10 rectangular
sub-units each
l Received J anuary 25, 1971.
2Present address is FAO Range Management Specialist, Pakistan Forest
I&titute, Pishawar; West Pakistan.

Specialists

FIG. 1. The
place for
cover.

one-square-meter
estimating
the

frame in
vegetation

having an area of 20 x 50 cm or 10
percent of the entire frame. The ends
of the cross bars are threaded to be
fixed through the holes of the side
strips by nuts from the outer side of
the frame.
For further sub-division of the rectangular sub-units into areas of 20 X
25 cm or 5 percent of the entire frame,
a movable steel rod (3 mm in dia) is
placed parallel to the central crosspiece
dividing each rectangular into equal
parts. Shallow grooves are made in the
crossbars to adjust the steel rod in its
designated place.
The ends of the four side strips fit
into four threeway tabular right angled
corners to form a meter square frame.
Each corner is fitted with three
threaded bolts, two to tighten the ends

in Qualify

N AT I V E G R AS S E S
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We grow, harvest, process these seeds
Your Inquiries
Appreciated

SHARP

Literature Cited
STEWART, G., AND S. S. HUTCHINGS.
1936. The plant observation-plot
(Square-foot-density) method of vegetation survey. J. Amer. Sot. Agron.
28:714-726.
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they germinated poorly, especially at
the higher temperatures. Sire of seed
could have been a factor, since the
1966 seeds were appreciably smaller
than the 1969 seeds.
Germination
began the second or
third day at most temperatures (Fig.
2), and was practically complete within
5 days at temperatures of 59 F or
higher. Germination was delayed at
the lower temperatures. At 35 F, germination of the 1968 seeds was not
complete until the 20th day.
Winterfat seedlings appeared espe~
cially vigorous at temperatures from
40 to 70F.
By contrast, seedlings

NOTES

seemed to lack vigor at temperatures
of 90F or higher. These results, together with additional observational
evidence, indicate winterfat responds
best to temperatures of less than X0 F.
Literature

Cited
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Method’

M. IBRAHIMZ

Head, Xonp Management unit,
Desert Institute, El Matario,
Cairo, UAR.
Highlight
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One-square.meter frame was developed to estimate directly percent cover
of vegetation. It is well adapted to
semi&sert grassland and desert shrub
types where vegetation cover does not
exceed 100 percent. The device provides accuracy of estimates and saves
recording time.
One-square-meter method was used
to determine the percent canopy and
basal cover for species as well as for
total vegetation. The frame shown in
Figure 1 is made of steel strips, 2 cm
wide and 3 mm thick. Two opposite
sides have four equally spaced boles to
receive cross bars (4 mm dia) and the
other two sides have a central crosspiece (4 mm dia) dividing the frame
into 10 rectangular
sub~units each
‘Received January 25, 1971.
2Present address is FAO Range Management Specialist, Pakistan Forest
Institute, Pcshawar, West Pakistan.
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having an area of 20 X 50 cm or 10
percent of the entire frame. The ends
of the cross bars ate threaded to be
fixed through the holes of the side
strips by nuts from the outer side of
the frame.
For further sub~division of the reck
tanguular sub-units into areas of 20 X
25 cm or 5 percent of the entire frame,
a movable steel rod (3 mm in dia) is
placed parallel to the central crosspiece
dividing each rectangular into equal
parts. Shallow grooves are made in the
crossbars to adjust the steel rod in its
designated place.
The ends of the four side strips fit
into four threeway tabular right angled
corners to form a mete* square frame.
Each corner
is fitted with three
threaded bolts, two to tighten the ends

of the side strips and the third to fix
the height of the frame by means of
vertical adjustable legs to suit the vegetation type. All parts can be dismantled and easily carried in the field.
This method utilizes the basic cons
cepts underlying the range reconnaiasance and square-foot-density
range
survey methods (Stewart and Hutchings, 19%).
The quadrat size (one
square meter) is large enough to include the different species yet small
enough to be viewed readily from
above. Estimates ate expressed directly
in percent cover. The subdivision by
the crosspieces facilitate the accuracy
of estimates and save recording time.
The frame was developed in 1964 at
the Desert Institute, Cairo.
It was
found to be particularly well adapted
for securing an objective measure of
vegetation characteristics of the semidesert grassland types of north western
coastal region, LIAR and desert shrub
type of West Pakistan where overlapping of vegetation cover does not exceed 100 percent.
Literature

Cited

STEWART, G., AND S. S. Hurcm~cs.
19%. The plant observation-plot
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Plants

Poisonous

ROBERT

to Humans

E. STEGER

I

Extension
Range Management
Specialist,
Extension
Service, New Mexico
State
Las Cruces, New Mexico.

The general public appears to be rather s ocked
when someone-is
poisoned on a plant. An rticle
in Emergency Medicine (1970, May: 17-41) by1 J. M.
Arena indicates that data from a survey of Poison
Control Centers in the U. S. revealed that there
were 3,278 reported plant poisonings in 1968. This
figure was projected to 15,000 poisoning cases with
probably 100 deaths for all the U. S. during that
year based on the number of Poison Control Centers to other hospitals.
Plant
poisonings
rank
seventh when compared
to other sources of poisonings.
An article
in the Archives
of Environmental
Health (Vol. 9:216-242)
by Shirley O’Leary
revealed that there are at least 250 recognized species

NOTES
of poisonous plants. Humans do not usually come
into contact with these plants. Most of the research
on poisonous plants has been conducted
from a
grazing animal standpoint
since plants that are
poisonous
to livestock
are usually poisonous
to
humans.
It would appear that the plant poisoning problem is increasing
in the United States.
This is
probably a result of three causes:
(1) the search
for natural plant materials as food; (2) the search
for hallucination
producing effects by thrill seekers; (3) the natural curiosity of children.
Almost
three-fourths
of all poisonings occur to children.
There are several poisonous plants that a person
only encounter on forests and rangeland
*ping,
hiking or picnicking.
No good
rules-of-thumb
exist on how to tell poisonous
plants.
The fact that birds or wildlife eat them
does not mean they are safe for humans. The only
way to be sure is to know the plants.
A summary of the toxic principles,
the plants,
toxic parts, symptoms and some general comments
for several commonly
toxic plants follow.

Some Poisonous Native Plants
Type of poisoning and plant
Alkaloid

poisoning

-

Both

green

Symptoms

Poisonous parts
and

dry plant

parts

toxic.

All parts, but immature
fruit most dangerous

Fatal.
Intense digestive
Children
are attracted

Larkspur
and Lupine
(Delphinium
and
Lupinus
species)

Young

plant

Digestive
upset, nervous
excitement,
depression.
fatal.
Selected
for natural
food, especially
the

Monkshood
(Aconitum

Fleshy

roots

napellus)

Veratrum
(Vera&urn

species)

Nightshades
(Solanum

species)

Digestive
upset
and nervous
excitement.
natural
food, especially
the seed.

seeds

Bulb
All

poisoning

-

A result

symptoms.
May
seed.

Selected

be

for

a

Watering
of mouth, vomiting,
diarrhea,
stomach pains, genera1 paralysis,
fall in temperature,
convulsions
and death
due to asphyxiation.
Can also cause malforming
effects. The
leaves resemble
cabbage and are collected
as natural
food.
Fatal.
Salivation,
muscular
weakness,
hypotension.
confused
with wild onion or wild garlic.

or root

species)

Poison Hemlock
(Conium
species)

acid

and

seeds

Leaves

Death Camas
(Zygadenus

Organic

and

disturbances
and nervous
to the tomato-like
fruit.

parts

Fatal.
Weakness,
drowsiness,
nausea, vomiting,
labored respiration,
paralysis,
asphyxia.
The roots are most toxic and
are confused with parsnips;
the leaves are mistaken for parsley and the fruit for anise.

of the action

Wild Rhubarb
(R heum
species) Contains
Oxalic
Acid, one of the organic
acids.

Leaf

Oak (Quercus
species)
Contains
Tannic
Acid,
one of the organic
acids.

Foliage

Often

of the acids

blades

in the plant

on

human

tissues.

Fatal.
Large amounts
of raw or cooked leaves
convulsions,
coma, followed
by rapid death.

or acorns

Affects kidneys gradually.
era1 days or weeks.
Large
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Symptoms
appear only
amount
is required.

can

after

cause

sev-

.
l

.
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Some Poisonous Native Plants (Cont.)
Type of poisoning and plant
Prussic

acid poisoning

-

Cherry or Peach

A result of cyanide poisoning being released in the various plant parts and at the start of growth
or after freezing, crushing or wilting.
Fatal.
Gasping, excitement and prostration are common
Twigs and foliage
symptoms, after appearing within minutes. May be found
growing wild around old homesteads.

poisoning
Causes pathogenic, allergenic
Mushrooms
All parts
(Some Amanita species)

Fungi

Nitrate

poisoning

Other

poisonous

species)

Leaves and base
of stems

Acute toxicity and asphyxiation at the cellular level. Plant
collected for a food source of greens.

Berries

Fatal.

Contains an amine that is toxic. Symptoms similar
to those caused by digitalis, which affects the nervous system.
Contains several toxins. Inflamation of mucous membranes,
vomiting, stupor, paralysis sometimes.

species)

(Phorudendron

Buckeye

Seeds
species)

Mescalbean
(Sophora

Seeds

Contains an alkaloid similar to bysine. Causes intoxication
characterized by excitement and delirum followed by deep
sleep for two or three days. May cause death when ground.
Selected for hallucination producing effects.

All parts

Fatal.

Leaves

Contains selenium where soils naturally high in selenium.
Toxicity of the ingested plant or brain damage from
smoking.

secundiflora)

Water Hemlock
(Cicuta

Diarrhea, violent convulsions and spasms, tremors,
extreme stomach pain, vomiting, dilated pupils and delirium. Similar to poison hemlock.

masculata)

Locoweed
(Astragalus and
Oxy tropis species)

Handy

Device for Dispensing
Barbed Wire
ROGER

R.

KERBS

Range Research
Technician,
Rocky
Mountain
Forest and Range Experiment Station,1 Forest Service, U. S.
Department
of Agriculture,
Rapid City, South Dakota.

Highlight
A barbed wire dispensing device that
is held vertically
in the rear stake
pocket
of a pickup
truck was constructed for about $6.00.
This device
frees one man of a two-man crew to

headq uarters maintained in
cooperation with Colorado State University at Fort Collins. Research reported here was conducted in cooperation with the South Dakota School
of Mines and Technology at Rapid
City. Received September 25, 1971.

1 Central

Several symptoms may occur, including vomiting,
diarrhea, and mental disturbances. The type of poisoning
varies with the species, so positive identification is necessary, but very difficult.

Fatal.

substances

Mistletoe

(Aesculus

or toxic problems.

An accumulation of nitrates in the plant after a warm, clear day followed by a cold night and cloudy
morning.

-

Lambsquarter
(Chenopodium

Symptoms

Poisonous parts

do other work, and reduces
bility of wire entanglements.

the possi-

A major problem while unrolling
new barbed wire from a spool is an
oversupply of wire, and the inevitable
entanglement. Corrective actions result
in lost time and-often-wire
cuts and
scratches. A device described here fits
on the back of a pickup truck and dispenses wire as needed. The device can
be constructed for about $6.00.
The dispenser was modified and improved from a “makeshift” device used
by Bob Albin, Range Technician, Wall
Ranger District, Buffalo Gap National
Grassland.
The
dispensing device was constructed from the following materials:
Steel plate-%
inch thick by 14
inches square.
(2) Steel pipe-l
inch diameter by
22 inches long.
(3) Channel iron-2
inches wide by
6 inches long.

(1)

The steel pipe is inserted through a linch-diameter hole drilled through the
center of the steel plate. The section
of channel iron is then welded to the
plate and pipe (Fig. 1).
The barbed wire dispenser functioned very well on both short and
long spans’of new fence construction.

16 inches

Ginches

FIG. 1. All-metal barbed wire dispenser,
made of 2-inch channel iron welded to
%-inch plate and l-inch pipe.
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One worker could handle all wirc-dirpensing situations regardless of topography. The dispenser can he moved
easily from stake pocket to stake pocket
on either side of a pickup. A bank of
two or more dispensers constructed
across the hack of a pickup saves considerable time in dispensing several
strands of wire at a time (Fig. 2).
Friction is the working element of
the barbed wire dispenser. The weight
of the spool of wire on the ?/-inch dispcnser plate causes enough friction to
control the rate of spin of the spool as
wire is unrolled. In contrast, a hori~
tontally mounted dispenser does not
create ‘enough friction to control the
dispensing rate, especially if a barb becomes caught on the spool. When the
barb under tension suddenly becomes
free, the wire spool spins excessively

and causes a time-consuming
,,,ent,

entanglr-

Where fence had to be built across
a derp draw or ravine, the vehicle was
parked near one edge, and a worker

pulled
the lwse
end of wire across.
W’itbont a vertical dispenser, either
two workers would he required to
carry a rotating spool of wire between
them across the rugged ravine, therefore being more susceptible to injury,
or one worker would have to remain
near a horizontal dispenser to prevent
entanglements while the other worker
pulled the wire across the draw.
During construction of 4 miles of 4.
strand barbed wire fence, no entanglements occurred while using the vertical
wire dispenser. One worker was thus
freed from the wire-stringing aspect of
thr project, and at the same time hazards of handling barbed wire were reduced.
An earlier version of the dispenser,
made with a rotating ?&inch plywood
base plate, was not entirely satisfactory.

VIEWPOINTS
What Are the Real Problems
in Resource Management
Education?
The first and last articles in the
September issue of the Journal
of
Range Management
have particular
significance to this question if we are
to meet the critical needs in resource
management education. Dr. Thomas’
expose on rangeland environments and
,,,an presents three challenges for members of the Range profession that, of
course, must be dealt with and translated into action, both as educational
and operational programs in resources
management.
Dr. Knight, on the other hand, put
his finger on what he believes to be
the Number I problem of land managers, the social problem of human
overpopulation.
Indirect reference to
this question has undoubtedly been
made in the third challenge of Dr.
Thomas, namely the need for looking
internally and asking ourselves the
right qocstions as we face the future.
I am a bit perplexed though, whether
Dr. Thomas thinks we should blindly
expect to provide the consumer goods
and living environment for six billion
peop,c or that we should try to educate
our resource managers of the dire need
for reducing this expected population
if we are to deal with our problems in
an effective fashion.

Four points that we must emphasize
in the area of resource management
education if we are going to fulfill our
obligations in dealing with the environmental problems of the future
are: (1) the basic question of popular
tion and what we as resource managers
can do to help convince our constituents of the necessity to limit population growth; (2) providing resource
managers with a greater understanding
and appreciation of how social attitudes and behavior
patterns
are
formed; (3) marshalling all the aid
technology can provide in solving resource problems on a sound ecological
basis; and finally, (4) how to effectively
provide educational experirnces in resource management to a larger cross
section of our population.
If we begin to lend our support to
the importance of quality vs. quantity
in all aspects of life we should be more
convincing in our arguments to limit
population growth. Economists have
begun to recognize that quality measures have been neglected and should
be subjected to the same scrutiny now
given to numbers and pounds. In the
Society for Range Management
we
could be leaders in espousing resource
economics that includes more attention to the so-called intangible values:
i.e., esthetics, natural areas, etc.
Who better than members of our
Society can champion technology to he
used as a twl in solving resource man-

agement problems? Enough has been
said about the undesirable aspects of
technology. We now need to concentrate on the positive ways in which our
knowledge can be put to effective use
so that we can avoid past mistakes, solve
existing problems, and reassure a troubled citizenry that our objectives are
in their best interests.
This latter reference to a credibiti:y
gap emphasizes the need for better
communications with our liberal arts
colleagues and others in non-technical
positions.
We have neglected this
audience and as a result are facing
both their active criticism and suspicious nature whenever we propose even
reasonable solutions to resource many
agement problems. We can only overcome such antagonistic and unfriendly
attitudes by effective reciprocal educational opportunities for a large crosssection of our population.
The elementary, secondary and prep schools
along with liberal arts colleges offer
the most fruitful opportunities for suck
cess. We have spent too much time in
Land Grant and technical institutions
talking to ourselves and righteously
renouncing out liberal arts counters
parts. It is about time to provide them
a glimpse into our backyard so that
we can work together rather than at
cross purposes on the resource related
environmental problems we all face.D. W. Hedrick, Humbolt State College,
Arcata, California.
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VIEWPOINTS
One worker could handle all wire-dispensing
situations
regardless
of topography.
The dispenser
can be moved
easily from stake pocket to stake pocket
on either side of a pickup.
A bank of
two or more
dispensers
constructed
across the back of a pickup saves considerable
time
in dispensing
several
strands of wire at a time (Fig. 2).
Friction
is the working
element
of
the barbed wire dispenser.
The weight
of the spool of wire on the l/-inch dispenser
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them across the rugged ravine,
therefore being more susceptible
to injury,
or one worker would have to remain
near a horizontal
dispenser
to prevent
entanglements
while the other worker
pulled the wire across the draw.
During construction
of 4 miles of 4strand barbed wire fence, no entangleFIG. 2. With the vertical dispenser, friction keeps some tension on the wire,
and prevents spin-caused entanglements.
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Where
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VIEWPOINTS
What Are the Real Problems
in Resource Management
Education?
The
first and last articles
in the
September
issue
of the Journal
of
Range
Management
have
particular
significance
to this question -if we are
to meet the critical needs in resource
management
education.
Dr. Thomas’
expose
on rangeland
environments
and
_
man presents three challenges
for members of the Range- ^
profession
that, of
course, must be dealt with and translated into action,
both as educational
and operational
programs
in resources
management.
Dr. Knight,
on the other hand, put
his finger on what he believes
to be
the Number
1 problem
of land managers,
the social
problem
of human
Indirect
reference
to
overpopulation.
has undoubtedly
been
this question
made in the third challenge
of Dr.
Thomas,
namely the need for looking
internally
and
asking
ourselves
the
right

questions

I am a bit
Dr.

Thomas

expect
and

for reducing

thinks

we should

blindly

the consumer

environment
managers
this

fashion.

goods

for six billion
try to educate

of the dire need

expected

if we are to deal with
an effective

future.
whether

or that we should

our resource
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though,

to provide

living
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perplexed
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our problems
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Four points that we must emphasize
in the area of resource
management
education
if we are going to fulfill our
obligations
in dealing
with
the environmental
problems
of the future
are: (1) the basic question
of population and what we as resource managers
can do to help convince
our constituents of the necessity
to limit population
growth;
(2) providing
resource
managers with a greater understanding
and appreciation
of how social attiand
behavior
patterns
are
tudes
formed;
(3) marshalling
all the aid
technology
can provide
in solving resource problems
on a sound ecological
basis; and finally, (4) how to effectively
provide educational
experiences
in resource management
to a larger
cross
section of our population.
If we begin to -lend our support
to
__
the importance
of quality vs. quantity
in all aspects
of life we should be more
_
convincing
in our arguments
to limit
population
growth.
Economists
have
begun
to recognize
that quality
measures have been neglected
and should
be subjected
to the-same
scrutiny now
given to numbers
and pounds.
In the
Society
for Range
Management
we
could be leaders in espousing
resource
economics
that includes
more
attention to the so-called intangible
values;
i.e., esthetics,
natural
areas, etc.
Who
better
than members
of our
Society can champion
technology
to be
used as a tool in solving resource man-

agement
problems?
Enough
has been
said about the undesirable
aspects of
technology.
We now need to concentrate on the positive ways in which our
knowledge
can be put to effective
use
so that we can avoid past mistakes, solve
existing problems,
and reassure a troubled citizenry
that our objectives
are
in their best interests.
This latter reference
to a credibility
gap emphasizes
the need for better
communications
with our liberal
arts
colleagues
and others in non-technical
positions.
We
have
neglected
this
audience
and as a result
are facing
both their active criticism
and suspicious nature whenever
we propose even
reasonable
solutions
to resource
management problems.
We can only overcome such antagonistic
and unfriendly
attitudes
by effective
reciprocal
educational opportunities
for a large crosssection
of our population.
The
elementary,
secondary
and prep schools
along with liberal
arts colleges
offer
the most fruitful opportunities
for success. We have spent too much time in
Land Grant and technical
institutions
talking
to ourselves
and righteously
renouncing
our liberal
arts counterparts. It is about time to provide them
a glimpse
into our backyard
so that
we can work together
rather
than at
cross purposes
on the resource
related
environmental
problems
we all face.D. W. Hedrick,
Humbolt
State College,
Arcata, California.

BOOK
Environment
and Man. Richard
H. Wagner. 197 1. W. W. Norton
8c Co., New York. 491 p. Illus.
$7.50.
This book contains much information on the whole realm of environmental contaminants. Whether we define man’s environment
as all that
exterior to the flesh or that which lies
outside any imaginary, spiritual or
physical boundary, we can now see or
foresee in the near future some type of
contaminant to that environment.
The theme of Wagner’s book is
“that man’s relationship to his environment has passed through several phases.
In the beginning, man was passively
shaped by his environment. With the
subsequent development of culture, he
achieved a measure of control over his
surroundings.
Today,
his rampant
technology has escaped his control and
he is again coming under the direct
influence of a more hostile environment. . . .” The book is much more
than just another emotional outcry as
so many on the new “ecology bandwagon” are.
Wagner clearly and systematically
outlines the major environmental problems of the day from food additives to
the Torey Canyon oil spill; from thermal loading of streams to radiation
sickness. While a given problem is not
discussed in detail, enough background
is given so that the average layman
may grasp the impact of various contaminants on his environment. An upto-date annotated reading list at the
end of each chapter gives the reader
an opportunity to go into more detail
on the various subjects and problems
if he wishes.
The text is extremely readable-one
may read from cover to cover, or select
topics of interest and not be disappointed with the writer’s style or coverage. It would seem to be an excellent
text for an introductory course covering; man’s environmental problems, for
science and non-science majors alike.
The book includes a good chapter on
the role of fire as a natural phenomenon in forests and grasslands and the
consequences of total fire exclusion.
For the student in natural resources
conservation, perhaps the book does
not give enough detail on certain
problems, or perhaps doesn’t even
mention certain ones associated with
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management; for example, clear cutting of forests, close grazing, road
building, etc. However, there is something in the book for everyone interested in his environment
and we
strongly recommend it for reading.Michael

C. Stroud

and Harold

H. Bis-

well, School of Forestry and Conservation, University of California, Berkeley.
9

Vertebrate Pests: Problems and
Control. Principles of Plant and
Animal Control. Volume 5. Prepared by the National Research
Council, Agricultural Board, Subcommittee on Vertebrate Pests.
Published by National Academy
of Sciences, Washington, D. C.
1970. 153 p.
This volume is one of a series of
reports on principles of controlling
pests and diseases of plants and animals
prepared under the National Research
Council project on plant and animal
control. The purpose of these reports
is to outline, for each of several classes
of pests, the principles of control where
these are established; to call attention
to effective procedure where true principles are not yet established; and to
indicate areas of research that appear
to warrant early attention.
Volume 5 is divided into eight chapters, each written by one or more members of the Subcommittee on Vertebrate Pests.
In Chapter 1, R. A. McCabe, R. E.
Lennon, and E. L. Kozicky discuss what
comprises a pest situation and some of
the conflicts and complications of dealing with pest situations. In Chapter 2,
R. E. Lennon catalogs marine and
freshwater fishes more commonly recognized as injurious to man or man’s
interest and discusses the biological,
chemical, physical, and legal approaches
and methodology for combating pest
problems. Chapter 3, by J. C. Neess,
is an account of the geographic distribution, problems and susceptibility
to control of amphibians and reptiles.
In Chapter 4, E. L. Kozicky and R. A.
McCabe discuss birds in pest situations,
of conflict and techniques for control
of bird pests. W. E. Eadie and N. B.
Kverno present a discussion of mammal pest situations in relation to agriculture, industry, and recreation and
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human health in Chapter 5. Chapter
6, by R. A. McCabe and M. Caroline,
presents a rather wide ranging discussion of problems, control programs,
and human conflicts relating to predatory mammals that become pests. Pest
situations involving big game animals
are considered in Chapter 7 where
R. D. Taber outlines the biological,
legal, social, political, and economic
aspects of the problem and the relationships of big game to human health
and safety, livestock and crop production, and forestry. In conclusion, in
Chapter 8, R. A. McCabe, R. E. Lennon, and E. L. Kozicky review “Where
We Stand,” evident research needs, a
need for training pest control workers,
and some ethical and regulatory aspects
of animal pest control.
Although some readers will fault the
variation in format among Chapters 2
through 7, these discussions on pest
problems and control within various
vertebrate groups are fairly effectively
written. Basic problems are delineated
and potential solutions presented. The
authors repeatedly point to man’s imposition of himself upon habitats of
fish, birds, and mammals struggling to
feed and maintain themselves and/or
his alterations of these habitats creating
attractive nuisances as basic causes of
conflict and pest situations. Most authors emphasized the need for specificity in control; for solving individual
problems which vary from species to
species and from time to time and from
place to place with a given species.
Most also noted that effective, long
term solutions were rooted in detailed
understanding of a particular pest situation and the biology and ecology of
the species involved.
Unfortunately
these and other points or principles of
basic importance in understanding vertebrate pest problems and conducting
control programs are not all summarized satisfactorily
and may be
missed by the casual reader. A point
clearly made is that modern man can
no longer mistakenly assume that pest
situations will always be resolved in
his favor-more
and more he will be
forced to live with his self-imposed pest
situations for there will be few acceptable alternatives.
As a general and broad review of
major problems and considerations in
the control of vertebrate pests, professionals and laymen alike should find

BOOK
this book informative and interesting
reading. The references given in each
chapter may also be useful for further
and more detailed examination of pest
problems
and control-R
ichard J.
Ma&e,
Bozeman, Montana.

9
The

Life of Prairies

and Plains.

By Durward L. Allen, McGrawHill Inc., New York, N. Y., 232 p.
illustrated.
$4.95.
This volume presents a fascinating
picture of North America’s grassland
ecology that has now nearly vanished.
The setting for this look at our country’s prairies and plains prior to white
man’s arrival is therefore 1491-the
year before the discovery of America.
From an imaginary flying craft, the
author views the vast, undisturbed
scene (tallgrass prairie, mixed prairie
and shortgrass plains), and pieces together the story of them in their original condition from historical records
and modern studies. The dramatic effect the great ice age had on our grasslands is discussed. Fire, climate and
shifts in climate are examined in light
of present locations of grasslands and
how some patches were cut off and isolated far to the east of the present
locations.
Stressed throughout the book are the
fascinating adaptations the wide variety
of creatures inhabiting this land have
developed for life on American plains
and prairies. For example, a discussion
of the habit of bison horning and destroying pine trees on forest margins
(thereby improving the environment
for grass upon which they subsisted) is
concluded: “Thus, because their heads
itch, buffalo manage the grass and improve their own range.”
In a section entitled “The Wild
Community,” producers, consumers, decomposers, trophic levels and nutrient
cycling of the grassland ecosystem are
viewed. Plant succession is only briefly
Population
fluctuations
mentioned.
and natural selection of the prairie
animals are treated in some detail.
Considerable space is devoted to man’s
role and impact on the grassland, the
culture of America’s plains Indians,
and the plight of the bison.
An appendix includes information
on such things as grassland areas administered by the Department of the
Interior, scientific classification, grass
anatomy, clues for identifying grasses,
plant collection tips, and pictures and
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descriptions
of vanishing
grassland
animals.
Although the author’s background is
in the field of zoology and wildlife, he
recognizes the range profession and the
importance of managing our grassland
with the following two quotes. “Only
a range expert can ever be familiar
with this beautiful and varied flora.”
“Certainly, for our own well-being, we
need to manage them well.”
Durward Allen’s volume is one in a
series of twelve covering everything
from deserts to oceans in the McGrawHill Book Company series, Our Living
World of Nature.
This book was produced jointly with the publishers of
The World Book Encyclopedia
and developed with the cooperation of the
United States Department of the Interior.
This book would be educational
reading for anyone interested in learning the basic ecological principals operating in the grassland ecosystem. Even
though the bison has been replaced by
domestic livestock and white man’s
endless overhauling of the land has
altered natures scheme, the principles
still apply. Interestingly written and
well illustrated, this volume should
make enjoyable reading even for those
knowledgeable in grassland ecology.Wesley
W. Thompson,
Rapid City,
South Dakota.

High Meadow-The
Ecology of a
Mountain Meadow. By Eleanor
B. Heady and Harold F. Heady.
Grosset and Dunlap,
Inc., New
York, N. Y. 121 p. plus index.
Illus. $4.50.
This book is a delightful story of
the ecology of a mountain meadow
throughout the year, written to instill
interest and inform the junior high
school students in the workings of Nature. Prepared in narrative form, the
chapters carry the reader through the
yearly cycle of meadow progression and
ecological relationships as is illustrated
by titles of seven of the eight chapters:
The Meadow Sleeps; The Meadow
The
Meadow
Rushes;
The
Stirs;
Meadow Suns Itself; The Meadow
Parches; The Meadow Prepares; and
The Meadow Sleeps Again. This is
preceded
by
an
explanation
of
meadow succession and development
from the Ice Age when the lake was
formed to the establishment of the climax meadow. Ecological relationships

between plants, mammals (large and
small), birds, insects, and man are
woven into a story in a way to capture
the interest of the young reader. This
is enhanced by the 119 drawings, all
pen and ink sketches that illustrate
many of the plants and animals common to the meadow, their ecological
relationships, and the general functioning of an ecosystem.
This book is a good illustration of
how highly competent scientists, as the
Headys are, can put technical information in a simplified form that can be
readily understood by young students.
-EZbert
H. Reid, Fort Collins, Colorado.

NEW

PUBLICATIONS

LEADERS
OF AMERICAN
CONSERVATION,
edited by Henry Clepper, includes brief biographies of our
most outstanding conservationists. You
will recognize many of the names:
Audubon, Bennett, Cain, Carson, Chapline, Clawson, Clements, Clepper, Cottam, Crafts, Dasmann, Hafenrichter,
Jardine, Leopold, Merriam, Pinchot,
Rasmussen, Udall, Weaver.
On the
other hand, you may not recognize
the names Edward A. Bowers, Austin
Cary, W. J. McGee, Robert Sterling
Yard, and many others. Since progress
in conservation is intimately linked
with the names of these leaders, this
book is a useful reference as well as
reminder of our debt and heritage.
Sponsored by the Natural Resources
Council of America. The Ronald Press
Company, New York. 1971, 353 p.,
price not quoted.

OUR LIVING LAND, the 1971 Department of the Interior conservation
yearbook is now available. The new
publication explores our land heritage
and Interior’s efforts to conserve our
fragile earth. OUR LIVING LAND
outlines Interior’s responsibilities
as
custodian of public lands and as a research organization
providing information on which resource management decisions can be based. While
the yearbook is written for the layman, it contains valuable information
for the environmental expert as well
as full-color
pictures and unusual
graphics affording a rich supplement
to the text. The report is available
from the Superintendent
of Documents, 5801 Tabor Ave., Philadelphia,
Pa. 19120, for $2.00.

