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Increasing Red Meat from Rangeland 

through Improved 

Range Management Practices 

THADIS W. BOX 

Highlight: The demand for red meat will likely increase, not 
because of an increase in per capita meat consumption but 
from a consuming population increase. Increased demand for 
land for non-livestock purposes will cause an intensification of 
management on rangelands and a gradual decline in feedlot 
beef. A shift to non-beef sources of red meat may be antici- 
pated. Increasing meat production from rangelands will require 
careful application of science and the development of new and 
innovative management systems. 

The supply and demand for red meat is central to supplying 
the nutritional requirements of the growing human population 
of the world. The role of rangelands in supplying these human 
nutrients was recently discussed at the Annual Meeting of the 
Society for Range Management. In general, the panelists 
predict a growing demand for red meat in America with this 
demand being met by an additional 14 million beef cattle 
grazing the marginal cropland and humid pasture of the United 
States (Hodgson, 1974). 

I support a slightly different scenario about the future 
demand for red meat than has been presented by most 
economists and livestock people. Most of them suggested that 
we will have an increase in per capita demand for beef (Skold, 
1974; Guyer, 1974; Clanton, 1974). My position is that we 
will see a decrease on a per capita basis in the demand for red 
meat consumption. This decrease will come about because of 
increased prices for meat, increased human population pres- 
sures on the land resource, and a gradual shortening of the 
food chain. I believe that it is inevitable that the human 
population will shift to more plant products in their diet. Red 
meat will be eaten only by those affluent few who can afford 
it. However, this may not make a substantial difference when 
we consider the pressure on the range resource itself. Even 
though there have been some optimistic trends in this country 
and some of the developed countries regarding stabilizing 
human populations, the world population continues to grow. 

Author is dean, College of Natural Resources, Utah State University, 
Logan. 

This paper is adapted from an address given to the Annual Meeting 
of the Society for Range Management, Tucson, Arizona, February 8, 
1974. 
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In addition to this, the age group of 15 to 35 years is 
increasing. This is the group that consumes most of the 
resources and they will put an increasing demand on foods and 
food products. Therefore, regardless of whether per capita red 
meat consumption increases or decreases, there will be a 
continuing, increased demand for red meat. 

This increased demand for red meat will have to be met 
with a shrinking land base. Most crop land suitable for feed 
and fodder crops will be used to produce grain and other 
products for human food. Therefore, most of the marginal 
crop land that could be used for permanent pastures to 
increase the forage supply will not be available for that use. 
Neither will the many acres of marginal timber land that could 
be converted to forage crop production. The energy shortage 
has caused a shift from aluminum and plastic back to wood 
products and a complete rearranging of the timber industry. 
This will likely take most of the marginal timber land out of 
the forage production arena. The energy shortage may also 
cause a shift from the high energy-requiring synthetic fibers 
back to natural fibers. This shift will take land for fiber 
production, and the production of wool from rangelands will 
further reduce the land base for producing red meat. 

Increased demands for recreational areas and for protection 
of watersheds for water quality concerns will further reduce 
the rangeland available for red meat production. Conservation 
groups have challenged the right of livestock to graze public 
lands, and these challenges could alter the use of western range 
(Heady et al., 1974). The western range covers many of the 
nation’s energy reserves, and such activities as coal mining will 
reduce land available for livestock (Box et al., 1973). The end 
result of all these land use changes will be less land available 
for meat production and a declining of meat production in 
feedlots due to alternate uses of grains. Red meat will become 
a very expensive luxury product. High prices for red meats 
may cause people to accept non-traditional meat sources. We 
have recently seen Americans willing to buy horse meat. While 
most of the projections for red meat supply deal solely with 
beef, I think it is entirely reasonable to expect that horses, 
buffalo, goats, sheep, and possibly even other more exotic 
animals may well enter into the red meat mix in the future. 

Therefore, I see the role of rangelands and range manage- 
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ment in the future as a very important one. They will be called 
upon to produce more meat with-fewer resources. Range 
production will be limited to those areas too hot, too cold, too 
wet, or too high for crop production. It is inevitable that we 
will be expected to practice more intensified management on 
the so-called marginal lands. The level of intensification and 
the kind of practices used will vary between developed and 
developing countries. 

In developed countries a major effort will be put in two 
areas-increasing forage supply and intensifying animal man- 
agement. The intensive efforts to increase forage supply will be 
geared mainly around water efficiency and improved water 
management, since most rangelands are arid or semiarid in 
nature, and the probable payoff will be through more efficient 
water use. It has been estimated that in many west Texas 
ranges it takes over 100 tons of water to produce a pound of 
meat at the supermarket level (Thomas, 1970). Most of this 
inefficiency was the result of water wastage by nonedible 
plants. 

One of the most obvious ways to improve forage produc- 
tion is through noxious plant control and vegetative type 
conversion. The removal of nonedible plants and the substitu- 
tion of forage plants for them offer high potential throughout 
the range areas. Water wastage and the decrease in range forage 
have been well documented in the mesquite area throughout 
the American Southwest; and the feed supply from those 
yearlong ranges could almost be doubled with the removal of 
this one species alone (Schmutz et al., 1959; Rechenthin, 
1964). Many of the spring-fall ranges throughout the Inter- 
mountain West have dense stands of pinyon and juniper and 
produce very little forage. Improving the forage-producing 
ability of these foothill ranges would not only increase 
production on those ranges but would allow more animals to 
be handled during the spring and fall that could be used to 
graze the summer mountain ranges and the winter desert 
ranges (Cook, 1966). 

There is no accurate estimate of the extent to which forage 
supply could be increased with vegetation-type conversions 
alone. Studies have shown a range from as little as a 10% in- 
crease where some soils were not highly productive to 300 and 
400% and, in some cases, even several thousand percent in- 
creases on the best sites with deep soils, favorable climate, and 
a very high potential (Vallentine, 1971). In my opinion a very 
conservative estimate would be an overall 25% increase in feed 
supply from type conversion alone. 

Another major area for improving the production of 
rangelands is proper grazing management. Although simple 
grazing control has been taught in basic range management 
courses for more than half a century, there are still many areas 
where improper distribution occurs, animals are not balanced 
with the carrying capacity of the land, ranges are not grazed 
with the right kind of animals or grazed at the right season of 
the year. Simply bringing these areas under control has a 
reasonable chance for producing fairly sizable increases. 
However, the potential is even greater when one considers the 
number of successful grazing systems that are available and not 
applied in many areas of the United States. Spectacular 
successes have been received from the Merrill Deferred 
Rotation System, the Hormay Rest-Rotation System, and 
many other modifications since the basic philosophy of 
deferred rotation grazing was first outlined by Sampson 
(19 13). Although a recipe-type grazing system may destroy 
rangelands if improperly applied, these systems properly 

applied have the potential for increasing range production as 
much as 10 to 15% throughout the western United States. 

Range fertilization has shown itself valuable in the more 
humid range regions. It is not a well-accepted technique in the 
more arid regions of the range area, but a number of recent 
studies in the semiarid areas indicate that fertilization allows 
more efficient use of moisture if it is properly applied (Dwyer, 
1967; Roger and Lorenz, 1969). I believe that this technique 
alone might also increase range production 10 to 15%. 

Fifteen years ago the thought of fertilizing the arid and 
semiarid rangelands would have been considered foolhardy. In 
fact, it may be by many today. If we consider technology that 
may become available in the next few years, it is conceivable 
that rangeland production may be doubled simply from that 
new technology. For instance, the few studies on chemical 
curing of annual rangelands have been largely ignored by range 
managers and most of our efforts have still been concentrated 
on converting annual rangelands to perennials. From a water 
efficiency standpoint, annual crops may out-produce peren- 
nials in total dry weight production. However, quality declines 
greatly after growth ceases, and the overall animal production 
is usually. less on annual rangelands than on perennial type 
ranges. A cheap, efficient way of storing the nutrients 
produced by annual crops might change the entire approach to 
many range areas. 

There have been some thought and some preliminary 
studies in chemically altering the palatability and digestibility 
of so-called useless range plants. If we could change sagebrush, 
mesquite, and creosote bush to forage plants, we would 
immediately triple the forage supply of the West. These 
suggestions may sound heretical, but I believe that potential 
for new technology can double range forage production. If we 
could couple new technology with new management schemes 
that will allow animals to be produced totally on forage by 
combining range forage with crop aftermath that is now 
wasted in many farming areas, the red meat producing animal 
supply could certainly be increased. 

Such suggestions as combining crop aftermath with range 
will lead to more intensive animal management. One of the 
first needs will be to balance the nutrition of range animals 
yearlong. Again, this may sound like some basic statement 
from a beginning range management text. However, if this 
country and other developed countries move to a greater 
dependence on range forage with few feedlot operations, then 
whole new systems of management may have to be developed. 
These will involve integrating different kinds of rangelands 
with different kinds of crop aftermath and supplemental 
feeding to keep animals growing yearlong and producting a 
grass-fed, marketable animal at 2 to 2% years of age. This may 
call for some rather large scale nomadic shifts of both breeding 
stock and growing animals. Breeding stock may be handled on 
crop aftermath and lower quality ranges with fattening animals 
moving from high quality ranges to temporary pastures such as 
winter wheat grazing in the plains and back to high altitude, 
higher quality summer range. 

If the forage supply is to be called upon for both carrying 
the breeding animal and producing marketable cattle, the 
breeding practices of the livestock must be managed more 
efficiently. Such a simple and proven technique as culling 
nonproducers through pregnancy testing must become more 
widespread. A serious attempt will be made to get more 
offspring per female. This will include increasing the breeding 
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life of the female through earlier breeding, such as more supply to allow animals now grazing the deteriorated areas to 
be shifted temporarily. widespread acceptance of breeding yearling heifers in the beef 

cattle industry and keeping those breeding animals as long as 
they will produce an offspring. The application of new 
technology to produce more live offspring per pregnancy in 
ungulates will become accepted more widely in the range 
areas. Such techniques as hormonal control of estrus, the 
production of multiple ovulations (Laster, 1973), etc., may 
become standard range practices. 

Some of the most immediate payoffs in increasing red meat 
production from rangelands can come through improved 
animal management in the developing countries. Disease 
control and control of predators may allow an immediate and 
rather dramatic increase in meat supply. The control of 
tick-borne diseases, renderpest, bovine plural pneumonia, and 
foot-and-mouth disease would make many animals immedi- 
ately available for world consumption. Removal of the 
predator problem in much of Africa would allow grazing 
animals to take advantage of night grazing where they are now 
penned and could increase production as much as 25 to 30%. 

New breeds, new strains within breeds, new crossbreeds of 
animals will be developed specifically for use of roughage and 
low-quality range forage supply. I think it is entirely reason- 
able to expect that we will see more so-called exotic breeds of 
beef cattle and sheep and perhaps even a move to hair sheep 
rather than wool sheep. 

The move to non-traditional breeds of livestock may also 
result in a gradual transition to new forage harvesters and 
non-traditional kinds of livestock developed for specific range 
conditions (Macfarlane, 1968). I predict that we will see more 
new animals such as fat-rumped and fat-tailed sheep, goats, 
buffalo, and perhaps even donkeys and horses used as 
meat-producing animals. In addition, we may see even more 
exotic animals such as camels, oryx, eland, or other ungulates 
from dry areas being used on the ranges of developed 
countries. 

At the same time that the intensification of management is 
going on in developed countries, there will be a parallel 
intensification in the developing countries of the world. 
However, their intensification will take a different form. The 
first step in developing countries is simply to apply the 
improved range management rechniques that are now taught in 
most beginning range courses in America. Such simple things 
as the control of grazing for a more efficient use is inevitable. 
Livestock numbers must be balanced against the supply 
available to them. The application of proper range manage- 
ment could greatly increase forage production, but in order to 
effect it major sociological and economic changes have to take 
place. For instance, many nomadic pastoralists of the world 
continue to keep large numbers of animals for security 
purposes, and they will continue to do so until new marketing 
systems, new credit systems, and other techniques needed for 
stability of their life styles are developed (Box, 1969). 

The proper distribution of animals cannot be obtained to 
many developing countries because of lack of water resources 
or disease restrictions such as tsetse fly areas. The removal of 
these obstacles and allowing the animals to fully use the range 
could greatly increase meat production. On the other hand, 
these techniques could destory good rangelands if proper 
controls are not built into the development scheme. The 
removal of such physical or biological obstacles could also 
improve the season of grazing situation in many areas and 
allow for new kinds of rotational systems that are simply not 
practical now because animals cannot survive in the area 
during the time when planned grazing is most effective. 

In my opinion, little will be done with the kind of animals 
in developing countries. In most cases the most efficient 
animal for using the particular forage has evolved along with 
the livestock production system of the nomads. 

Another big increase in livestock production in developing 
countries may come about through the reclamation and 
restoration of heavily overgrazed ranges. However, any 
improvement here must be coupled with some system of 
animal control and a development of an alternate forage 

Proper breeding control also has a huge potential for 
immediate payoff, particularly in tropical monsoonal areas. 
There, cattle usually breed early in the wet with offspring 
being dropped in the middle of the dry. In some areas as few 
as 30% of the calves survive. Simply changing the breeding 
season through supplemental feeding or flushing of the females 
to get them to breed in the dry and drop their calves near the 
beginning of the wet could greatly increase turnoff. However, 
in order to employ even these simple management techniques, 
the animals must be brought under control. 

The increase in quality of breeding stock may also 
dramatically increase the red meat production. Introduction of 
Sahiwal and Boran bulls into some of the native herds of East 
Africa has shown immediate and dramatic increases in live 
weights of animals turned off (Allen, 1973). 

The need to balance nutrition yearlong in developing 
countries is perhaps greater than in developed countries. In the 
tropical areas of the world, there is a great imbalance between 
wet and dry periods, with animals gaining rapidly during the 
wet and losing most of the weight during the dry period. 
Introduction of forages that cure well or supplemental feeding 
during the dry in order to keep the animals growing or at least 
maintaining their own body weight during this period can lead 
to faster turnoff of animals and a greatly increased red meat 
supply. The same principle applies to many of the cold and 
moderate regions of the world where winter feed supply is 
short. Although the developing countries face essentially the 
same kinds of problems as developed countries, the sophistica- 
tion in the solution of the problems may be much less and the 
acceptance of improved practices slower. It is imperative that 
improved marketing systems be developed in most of the 
developing countries to allow the livestock producer the 
incentive to move animals from rangelands as quickly as they 
are available for market . 

My overall evaluation of the problem of increasing meat 
production from rangelands is as follows. First, the demand 
for red meat will increase. It will increase primarily because of 
an increase in population and an increase in the 15 to 35 age 
group rather than any per capita increase in demand for red 
meat. In fact, per capita demand will probably go down. The 
land available to produce meat will decrease. Red meat, then, 
will become a luxury product with high costs and be mostly 
produced from rangelands. These factors dictate that range 
management must intensify on rangelands and that this 
intensification of management will come quickly in developed 
countries and very slowly in the developing countries of the 
world. However, regardless of whether we live in a developed 
or developing country, the science of range management will 
play a key and central role in the production of red meat 
supply for the world in the next two decades. 
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Surface Coal Mining in Wyoming: 

Needs for Research and Management 

JOHN F. THILENIUS AND GARY B. GLASS 

John F. Thilenius is a plant ecologist at the Rocky Mountain Forest 
Highlight: Wyoming ranks second in the nation in strippable 

and Range Experiment Station work unit at Laramie, Wyoming, in co- coal resources, with at least 18.9 billion tons of coal presently 
operation with the University of Wyoming; central headquarters main- 
tained at Fort Collins, Cola., in cooperation with Colorado State Uni- 

recoverable. Mining this coal could disturb about 590 square 
versity. Gary B. Glass is the staff coal geologist with the Geological miles (0.6%) of the state’s land area. The presence of this 
Survey of Wyoming in Laramie. disturbed land offers a challenge to, and opportunity for, the 

Manuscript based on a talk by Thilenius to a joint meeting of Colo- 
rado Sections of the Society for Range Management and the Wildlife 

varied fields of renewable resource research and management 
Society, Denver, Colorado, December 6, 1973. to practice their sciences and arts to allow the nation to use 

Manuscript received March 20, 1974. the coal without lasting detrimental effects on other resources. 
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Location and Quantity of Coal 

In 1902, the Hon. Fenimore Chatterton, Wyoming Secre 
tary of State, made the following statement: 

“Coal? Wyoming has enough with which to run the forges 
of Vulcan, weld every tie that binds, drive every wheel, change 
the North Pole into a tropical region, or smelt all hell!” 

While today this kind of bombastic rhetoric may be in 
disfavor, there is little doubt Fenimore Chatterton was correct. 
Present estimates are that between 0 and 6,000 feet below the 
surface of some 40,000 square miles of Wyoming are over 545 
billion tons of coal (Table 1). This is 17% of the total coal 
present in the United States and ranks Wyoming first among 
the states in total coal resources. Only a very small fraction of 
this coal has been mined (Table 2). 

Of this, 25%, or 136 billion tons has actually been mapped. 
The coal which has been mapped is within 3,000 feet of the 
surface. Approximately 2% is lignite, 88% is subbituminous, 
and 10% is bituminous coal. These three classes of coal 
increase in heat value from lignite to bituminous. 

One half of the mapped coal in Wyoming is considered 
recoverable, with 17% classified as a strippable resource. 
This is more than 20% of the nation’s known strippable coal 
and ranks Wyoming second only to Montana. Almost SO%, or 
18.9 billion tons, (1) occurs in seams with a minimum 
thickness of 5 feet, (2) underlies overburdens ranging from 20 
to 200 feet, and (3) has stripping ratios (ratio of overburden to 
coal) between 1:4 and 10: 1. These seams are mineable under 

present technology and economics. Approximately 236 square 
miles of pit acreage (15 1,000 acres) or about 0.2% of the 
state’s land area could be disturbed if all this strippable coal 
were mined. When the additional acreage affected by spoils, 
roads, buildings, etc., is added to the pit acreage, the total 
disturbed acreage increases to 590 square miles. 

There are 10 major coal-bearing regions in Wyoming (Fig. 
l), but the majority of the strippable coal is located in only 
five (Table 2). Almost 90% of the strippable coal reserves are 
in the Powder River Basin of northeastern Wyoming. The 
Hams Fork and Green River regions in southwestern Wyoming 
each contain over 4%. The remaining 1.2% is in the Hanna 
Field and Bighorn Basin. 

Table 1. Remaining shippable coal reserves (tons) in major Wyoming 
coal-bearing regions as of January 1,1973.’ 

Strippable area’ 

Coal region Coal reserves 
Square 
miles Acres 

Powder River Basin 17 billion 110.3 70,560 
Green River Region 921 million 92.1 58,935 
Hams Fork Region 793 million 20.0 12,800 
Hanna Field 214 million 13.1 8,400 
Bighorn Basin 2.4 million >O.l 42 

Total 18.9 billion 235.6 150,737 

‘Modified from Smith, 1972. 
*These estimates are only the pit acreages. Currently, 2.5 times the pit 

acreage is disturbed in extraction of the coal when spoils, roads, build- 
ing, tipples, etc., are added to the pit acreage. 

FIGURE 1: WYOMING COAL-BEARING AREAS 

FROM BERRYHILL, 1950 
--- 

Fig. 1. Wyoming coal-bearing areas. 
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Table 2. Estimates of remaining Wyoming coal resources (billions of the open-pit operation. An open-pit mine is particularly 
tons) as of January 1,197 3. adaptable where the coal seam is thick and flat, and the over- 

Resource 
Original coal resource’ 

Mapped and Mapped and burden thin. Contour stripping is most adaptable where a seam 

explored unexplored is thinner and more steeply dipping. 
(o-3000 ft) (o-6000 ft) 

136.89 545.71 
Uses of Wyoming Coal 

Production of coal’ 
Underground mines -0.38 
Strip mines -0.08 
Total production -0.46 -0.46 

Losses due to mining 
Underground mines (50% recovery) -0.38 
Strip mines (80% recovery) -0.02 
Total losses 0.40 0.40 

Remaining coal resource 136.03 544.85 
1 Source: U.S. Geological Survey and U.S. Bureau of Mines. 
2Source: U.S. Geological Survey, U.S. Bureau of Mines, and Wyoming 

State Inspectors of Mines. 

There are 23 coal seams currently being mined in Wyoming. 
They range from less than 4 feet to 118 feet in thickness. 
Seams mined underground are usually thinner and average 
about 8% feet thick. Surface-mined seams average 32 feet. The 
thickest seams occur in the Hams Fork Region and the Powder 
River Basin. Another coal seam, 220 feet thick and perhaps 
the thickest coal seam in the world, occurs just east of Buffalo, 
wyo. 

Coal seams in the eastern and southern United States are 
generally much thinner, and much more land must be 
disturbed to obtain an equal tonnage of coal. However, heat 
values of eastern coal average 1800 Btu/lb greater than the 
average Wyoming coal. 

Eastern coals are also normally higher in sulfur, leading to 
the much-publicized acid water problem and to atmospheric 
pollution with sulfur dioxide. Overall, 96% of the strippable 
coal in Wyoming contains less than 1% sulfur. The ash content 
of Wyoming coals (anoth .er attribute important in air pollu- 
tion) is also low, averaging only 7.6%. 

Mining Activity and Methods 

Coal has been mined in Wyoming since about 1865. 
Underground mines have accounted for nearly 83% of the 
total production. Annual surface-mined coal tonnage did not 
exceed that of underground mines until 1954. Since then, 
surface mine production has increased more than seven-fold 
and constituted 96% of the record annual production of 10.9 
million tons set in 1972. Within the next 8 years, surface 
mines should produce as much coal as was mined in over a 
century of underground mining. 

Current estimates indicate underground mines will continue 
to account for less than 4% of Wyoming’s annual coal 
production for the next 25-30 years. Strict new regulations 
limiting or banning surface coal mining could alter this. Most 
of Wyoming’s strippable coal deposits are too thick and have 
too little overburden to be efficiently mined by underground 

Almost 93% of Wyoming’s coal production presently is 
consumed by steam-generated electric power plants. The sugar 
beet, cement, and synthetic coke industries, and domestic 
users utilize smaller amounts. 

Although Wyoming coal is relatively low in heat value, it is 
suitable for power plants because, (1) it is very abundant and 
can meet fuel supply demands; and (2) it is “clean”, that is, 
low in sulfur, and can meet air pollution standards. 

Gradually, the use of coal for power generation will become 
less important as nuclear power and other more exotic energy 
sources are developed. Greater utilization and demand for coal 
in the petro-chemical industry as a source of carbon-based 
compounds is likely in the future. 

Another use of Wyoming coal will be conversion to gaseous 
and liquid fuel. Because larger quantities of water are needed, 
a shortage of industrial water in Wyoming’s coal-rich regions 
may be the greatest limiting factor in the conversion of coal to 
synthetic fuels. 

Water use projections for the requirements of a synthetic 
fuel industry in the Powder River Basin are as high as 2.2 
million acre-feet a year by 1990. The current estimate of 
available industrial water that could be diverted into the area is 
832,000 acre-feet a year-a considerable difference. The devel- 
opment of industries based on Wyoming coal resources would 
mean a large and concomitant development of water 
resources with their manifold attendant environmental prob- 
lems. The effects of atmospheric pollution and the social and 
economic problems (housing, transportation, sewage disposal), 
which may arise from rapid and intensive industrialization of a 
basically rural State, are also major problems which would 
need to be solved. 

Reclamation Laws in Wyoming 

Prior to 1969, Wyoming had no laws requiring mine spoils 
to be reclaimed. In 1969, the Open Cut Land Reclamation Act 
became law. It applied to the surface mining of all mineral 
resources in Wyoming, including those on federal land, but 
excepting Indian land. This Act required for reclamation: 

-surety bonding equal to reclamation costs; 
-minimum guidelines for grading; 
-reseeding required whenever “practicable”; 
-an annual report of reclamation (including a map); and 
-liberal timing requirements for reclamation-these were 
left to the State Land Commissioner’s discretion. 

Under the Open Cut Land Reclamation Act, the coal 
companies reported they had rehabilitated nearly one-half the 
surface acreage affected between 1969-71. About 29% of the 
total surface acreage disturbed by surface coal mining prior to 

methods. 1971 is considered by the state to have been rehabilitated 
Currently, 12 of the 16 active coal mines in Wyoming are under the minimal standards of the 1969 Act. The 1969 Act 

surface mines. These surface mines are of two types: open-pit did not require rehabilitation of land disturbed prior to its 
(or area mines) and contour strip mines. Both types are about enactment. 
equally represented at present, but open-pits are likely to In 1973 a new law was passed, entitled the Wyoming 
predominate in the future. Contour stripping tends to disturb Environmental Quality Act of 1973. It is designed to regulate 
more land than open-pit mining, because the cut is long and land development and control the pollution of air, water, and 
narrow in contrast to the more or less equilateral excavation of land within the state. The 1973 Act pertains to all types of 
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underground mining as well as surface mining. It does not 
regulate oil OI gas operations, which are under a separate law. 
Some of its more important features with regard to rehabilita- 
tion are: 

1) It repeals the 1969 Act. 
2) It establishes a 9.man board to administer the Act in 

place of the Land Commissioner. This board is appointed by 
the Governor. 

3) It requires issuance of an operator’s license and mining 
permits and sets provisions for dental of permits. 

4) It requires advertisement of mining permit applications, 
and provides for filing objections to the application and public 
hearings. 

5) It requires land disturbed by mining to be returned to a 
use of equal or greater value than its prior use. 

6) It requires a mining plan showing the nature and extent 
of the mineral resources, the land to be mined, and a 
description of the mining operations, with a time schedule. 

7) It requires a reclamation plan prior to the issuance of a 
mining permit. This plan must include: 

a) cost estimates for reclamation; 
b) maps showing extent of reclamation, which must be 

periodically updated; 
c) methods of stockpiling, preserving, and returning the 

topsoil; 
d) methods of regrading and recontouring the affected 

land; and 
e) methods and plants used for revegetation. 
8) It requires the prevention of water pollution from mine 

spoils. 



9) It sets time limits on reclamation, and can raise the 
surety bonding requirements. 

10) It requires the consent of the surface owner (if 
different from the mineral owner) to both the mining and 
reclamation plans. 

Opportunities for Research and Management 

Most of the land which overlies the rich coal seams of 
Wyoming is rangeland in the truest sense of the word. It has, in 
the past, been considered to be of low economic value, and 
used as range for domestic livestock and wildlife. 

Now, an acre of this land, which was valued at $3.00 to 
$50.00, may have from $50,000 to $220,000 worth of coal 
beneath it. One needs only to get rid of the “low value land” 
on top of the coal. However, the law in Wyoming now requires 
the overlying “low value land” to be put back so it is 
“returned to a use of equal or greater value than its prior use.” 
This is, of course, the challenge. 

To return these lands to equal or greater value, it is 
necessary to know, and to know should be emphasized-not 
think, feel, or believe-a great deal about the what, where, why, 
how, and when of the surface resources. These questions apply 
not only to the areas disturbed by mining, but also to the 
surrounding areas which, although not directly disturbed by 
the mining, nevertheless may be influenced by mining and 
associated activities. 

Successful rehabilitation of mine spoils can lead to habitat 
diversification as new ecosystems are being introduced. How 
will this rehabilitation influence animal populations? Will they 
occupy or use the spoil areas, if so why, which ones, how 
much, and when? If wild herbivores are attracted to these 
areas, how will they influence plant development, growth, and 
succession? Deer have been observed ruminating less than 100 
yards from a location where 75toncapacity trucks were 
dumping overburden at a rate of about one truck every 4-5 
minutes, and antelope commonly graze revegetated spoil areas 
in the middle of ongoing mining operations. This does not 
mean mining has no effect on deer or antelope or their habitat, 
but the effect may not be entirely detrimental. We need to 
know how serious the effects are. Similar questions might be 
asked about the influence of domestic animals on the spoils. 
Finding answers to these questions leads to what may be the 
major challenge and opportunity-management. 

This “need to know” provides an unparalleled opportunity 
for renewable resources research and management to exercise 
its skills and expertise. The opportunities are vast and varied, 
in both basic and applied fields. 

What about the management of these areas? Specialists in 
renewable resources certainly should be looking carefully at 
their possible or potential use and management. What can be 
done with rehabilitated mine spoils? How should it be done? 
Does their presence modify current land uses, products, or 
management ? In Wyoming, there are potentially over 500 
square miles of mine spoils. We need to know how best to use 
them. With proper management and integration into a 
coordinated plan for renewable resource development, the 
rehabilitated spoils can become an environmental asset. 

For example, it is necessary to know what these lands are 
like prior to mining with regard to their soil, vegetation, water, 
and animal resources. Then changes wrought by mining can be 
evaluated, and standards from which to measure the success, 
or failure, of rehabilitation efforts can be developed. This 
“need to know” will require a strong program of ecological 
classification and detailed resource inventory. 

What Should Be Done? 

The basic ecology of the mine spoils must be understood. 
Mine spoils are, in reality, new ecosystems; their environ- 
mental attributes and ecological processes must be known if 
they are to be successfully rehabilitated and eventually utilized 
to yield renewable resource products. 

Ml of what has been said before has been “after the fact,” in 
other words, what needs to be done after mining has occurred. 
Specialists in renewable resources should and must also 
become directly involved in the planning and design of mining 
operations. If the problems of rehabilitation are considered 
before they take place, the costs and efforts needed to 
accomplish successful rehabilitation could be decreased, and 
the chance of successful rehabilitation increased. 

Methods and technology of rehabilitation obviously pro- 
vide a vast area for research. One hears, or reads, “it can’t be 
done!” or “there’s no problem.” The real situation most likely 
lies somewhere between: certain sites may be easier, or harder, 
to rehabilitate than others. It is possible. to find mine spoils 
that have been successfully revegetated and others where 
revegetation failed completely. It is essential to know why 
rehabilitation was successful in one place and not at another, 
and how to increase the chances of success. Of course, just 
what constitutes successful rehabilitation may be a matter of 
preference. To some a dense stand of crested wheatgrass would 
indicate success; to others only restoration of a complete 
community of native flora and fauna would be acceptable. 

There is much to be learned about the relationships 
between mining activities and wildlife. What is the influence of 
surface coal mining on composition, density, and movements 
of wildlife populations ? There is little doubt that surface 
mining may directly destroy many animals, especially those 
which live in the earth, or lack ability to migrate easily. 
Animals may also be indirectly eliminated from the mined 
areas by the destruction or severe alteration of their habitat. 

Increased coal mining and industrialization will naturally 
bring about an increase in the human population density of 
what is now a very sparsely populated part of Wyoming. The 
direct study of the social and economic consequences of this 
are obviously within the province of other disciplines. Never- 
theless, increased human density and activity will certainly 
have many effects on renewable resources and these effects 
will extend far beyond the actual mined areas. Effects may be 
direct, such as the loss of habitat to housing and utility and 
transportation systems; or indirect because of increased 
recreational or aesthetic needs of the people. The renewable 
resource specialist should and must be involved from the start 
in this phase of the problem if the detrimental effects of these 
impacts are to be minimized or avoided and management plans 
devised which incorporate the new or increased needs of the 
people. 

Only a few of the problems where specialists in renewable 
resources can and should become involved in surface mining of 
coal have been considered. There are many others, and there 
are many renewable resource specialists already involved. The 
need to become involved is urgent. Coal from Wyoming and 
other western states is being mined now, and this mining will 

But are these changes permanent? 
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be greatly expanded in the near future. This coal seems 
necessary and essential for the nation’s continued existence 
and prosperity. However, the necessity for using the coal does 
not confer any right to exploit or permanently degrade or 
destroy other resources in the process. 

At present, it is still possible to be optimistic that surface 
mining rehabilitation can be achieved. Simply because past 
surface mining of coal has in some areas led to environmental 
degradation and destruction, it does not inevitably follow that 
such degradation cannot be avoided. The varied specialists in 
renewable resources research and management have a tre- 
mendous opportunity to practice their sciences and arts to 
allow the nation to use one major and very important resource 
without lasting detrimental effects on other resources. 

Very soon we must reach the stage where we stop talking 
about doing something, and arguing about how to do it, and 
start doing it. We are already behind. The mine spoils are there 
now, and there will be more of them soon. 
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Effects of One Year 
of Intensive Clipping on Big Bluestem 
CLENTON E. OWENSBY, JERRY R. RAINS, AND JAY D. 
McKENDRICK 

Highlight: Effects of 1 year of clipping on tiller density, 
herbage yield, rhizome weight, rhizome nitrogen content, and 
rhizome total nonstructural carbohydrate content of big blue- 
stem were investigated. We observed that as clipping frequency 
increased, tiller density, herbage yield, and total nonstructural 
carbohydrate content decreased, that recovery of rhizome 
nitrogen percentages was rapid under rest, and that rhizome 
weight was not significantly affected. 

Heavy forage use may seem advisable in rangeland manage- 
ment programs in a given year. If temporary heavy use severely 
limits growth and plant vigor in following years, it may not be 
advisable. Management must be based on the amount of forage 
that can be removed without lessening plant vigor. Carbo- 
hydrate reserve quantity and quality are integral factors in 
plant growth and survival (McKendrick, 1971). Reserve levels 
depend largely on the amount of photosynthetic material 
present for carbohydrate production, but also are governed by 
size or quantity of storage organs. Any treatment that affects 
photosynthesis will be reflected in carbohydrate storage. 

Grasses having severe foliage removal reportedly have 
reduced quantities of storage organs, particularly roots (Crider, 
1955; Biswell and Weaver, 1933). Dwyer et al. (1963) 
suggested that both tops and roots are replaced in number 
proportional to the severity of top removal. That severe foliage 
removal reduces quality of storage organs of grasses, is 
reflected in lower total nonstructural carbohydrate percent- 
ages (Bukey and Weaver, 1939; Pierre and Bertram, 1929). 

We studied the effects of one year of clipping at different 
intensities, followed by a year of nonclipping, on rhizome 
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total nonstructural carbohydrate levels, herbage yield, tiller 
production, rhizome weight, and rhizome nitrogen content of 
a pure stand of big bluestem (Andropogon gerardi Vitman). 

Materials and Methods 

During the 1969 growing season a series of clipping 
treatments were applied to rectangular plots (.9 1 m x 2.44 m) 
in an &year-old stand of Kaw big bluestem that had not been 
grazed for 3 years prior to the study, but had been burned in 
late spring (May 1) each of those 3 years. Plots were organized 
in a completely random design with 5 replications and 6 
clipping treatments. Clipping was done to a 4-cm stubble 
height: 

Treatment level Clipping date 

0 no clip 
1 July 17 
2 July 17, Aug. 1 
3 July 17, Aug. 1, Aug. 15 
4 July 17, Aug. 1, Aug. 15, Sept. 1 
5 July 17, Aug. 1, Aug. 15, 

Sept. 1, Sept. 15 

Twenty to one-hundred big bluestem rhizomes were col- 
lected from 20-cm-wide sod strips removed from across the 
middle of each plot at the end of the growing season in 1969 
and in 1970. After sods were dug, brought to the lab, and 
cold-water washed, rhizomes only were retained. In 1969 the 
rhizome samples were analyzed collectively; in 1970 they were 
divided into current year (1970), past year (1969), and 
2-year-plus (1968 and older) age classes, then oven dried at 
70°C for 5 days and weighed. All samples were ground in a 
Wiley mill (40 mesh screen), then stored in sealed glass bottles 
in the dark. Total nonstructural carbohydrates (TNC) present 
were determined by acid extraction and copperiodometric 
titration (Smith, 1969). Kjeldahl nitrogen also was run on each 
sample. 

In mid-July 1970, grams dry matter/l000 cm2 and tiller 
number/500 cm2 were collected. For yield data, shoots were 
clipped to soil surface in rectangular areas (20 X 50 cm) in 
each plot. 
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be greatly expanded in the near future. This coal seems 
necessary and essential for the nation’s continued existence 
and prosperity. However, the necessity for using the coal does 
not confer any right to exploit or permanently degrade or 
destroy other resources in the process. 

At present, it is still possible to be optimistic that surface 
mining rehabilitation can be achieved. Simply because past 
surface mining of coal has in some areas led to environmental 
degradation and destruction, it does not inevitably follow that 
such degradation cannot be avoided. The varied specialists in 
renewable resources research and management have a tre- 
mendous opportunity to practice their sciences and arts to 
allow the nation to use one major and very important resource 
without lasting detrimental effects on other resources. 

Very soon we must reach the stage where we stop talking 
about doing something, and arguing about how to do it, and 
start doing it. We are already behind. The mine spoils are there 
now, and there will be more of them soon. 
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Highlight: Effects of 1 year of clipping on tiller density, 
herbage yield, rhizome weight, rhizome nitrogen content, and 
rhizome total nonstructural carbohydrate content of big blue- 
stem were investigated. We observed that as clipping frequency 
increased, tiller density, herbage yield, and total nonstructural 
carbohydrate content decreased, that recovery of rhizome 
nitrogen percentages was rapid under rest, and that rhizome 
weight was not significantly affected. 

Heavy forage use may seem advisable in rangeland manage- 
ment programs in a given year. If temporary heavy use severely 
limits growth and plant vigor in following years, it may not be 
advisable. Management must be based on the amount of forage 
that can be removed without lessening plant vigor. Carbo- 
hydrate reserve quantity and quality are integral factors in 
plant growth and survival (McKendrick, 1971). Reserve levels 
depend largely on the amount of photosynthetic material 
present for carbohydrate production, but also are governed by 
size or quantity of storage organs. Any treatment that affects 
photosynthesis will be reflected in carbohydrate storage. 

Grasses having severe foliage removal reportedly have 
reduced quantities of storage organs, particularly roots (Crider, 
1955; Biswell and Weaver, 1933). Dwyer et al. (1963) 
suggested that both tops and roots are replaced in number 
proportional to the severity of top removal. That severe foliage 
removal reduces quality of storage organs of grasses, is 
reflected in lower total nonstructural carbohydrate percent- 
ages (Bukey and Weaver, 1939; Pierre and Bertram, 1929). 

We studied the effects of one year of clipping at different 
intensities, followed by a year of nonclipping, on rhizome 
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total nonstructural carbohydrate levels, herbage yield, tiller 
production, rhizome weight, and rhizome nitrogen content of 
a pure stand of big bluestem (Andropogon gerardi Vitman). 

Materials and Methods 

During the 1969 growing season a series of clipping 
treatments were applied to rectangular plots (.9 1 m x 2.44 m) 
in an g-year-old stand of Kaw big bluestem that had not been 
grazed for 3 years prior to the study, but had been burned in 
late spring (May 1) each of those 3 years. Plots were organized 
in a completely random design with 5 replications and 6 
clipping treatments. Clipping was done to a 4-cm stubble 
height: 

Treatment level Clipping date 

0 no clip 
1 July 17 
2 July 17, Aug. 1 
3 July 17, Aug. 1, Aug. 15 
4 July 17, Aug. 1, Aug. 15, Sept. 1 
5 July 17,Aug. 1,Aug. 15, 

Sept. 1, Sept. 15 

Twenty to one-hundred big bluestem rhizomes were col- 
lected from 20-cm-wide sod strips removed from across the 
middle of each plot at the end of the growing season in 1969 
and in 1970. After sods were dug, brought to the lab, and 
cold-water washed, rhizomes only were retained. In 1969 the 
rhizome samples were analyzed collectively; in 1970 they were 
divided into current year (1970), past year (1969), and 
2-xear-plus (1968 and older) age classes, then oven dried at 
70 C for 5 days and weighed. All samples were ground in a 
Wiley mill (40 mesh screen), then stored in sealed glass bottles 
in the dark. Total nonstructural carbohydrates (TNC) present 
were determined by acid extraction and copperiodometric 
titration (Smith, 1969). Kjeldahl nitrogen also was run on each 
sample. 

In mid-July 1970, grams dry matter/1000 cm* and tiller 
number/500 cm* were collected. For yield data, shoots were 
clipped to soil surface in rectangular areas (20 X 50 cm) in 
each plot. 
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An analysis of variance (.05 level) was used to test effects 
of clipping treatments, rhizome-age class, and year on rhizome 
TNC content, rhizome nitrogen content, rhizome weight, 
herbage yield, and tiller density. Linear effects among clipping 
treatments were compared orthogonally (Cochran and Cox, 
1968). Means were separated by LSD multiple range tests 
when significant F-values were found. 

Results and Discussion 

Tiller Density 

Clipping frequency during 1969 significantly affected tiller 
density in 1970, which did not decrease linearly, however, as 
clipping increased (Fig. 1). Tiller densities on plots clipped 
more than once did not differ but were significantly lower 
than those on unclipped or clipped-once plots. Unclipped plots 
and once clipped-plots had similar tiller densities. 

Alberda (1957) stated that immediately after they clipped 
grass, tillers did not form for a time and leaf growth was 
slower. Intensive clipping apparently greatly reduced tiller 
formation, although White (1973) noted that grazing intensely 
may be less detrimental than clipping, provided grazing leaves 
ungrazed tillers while removing others, allowing for transfer of 
carbohydrates. Crider (1955) showed that tillers of bunchgrass 
plants function independently, with partial foliage removal 
stopping growth for only those tillers clipped. 

On blue grama-buffalograss range in western Kansas basal 
cover was reduced only by clipping closely during the growing 
season (Albertson et al., 1953). Through McKendrick (197 1) 
stimulated secondary shoots on big bluestem by removing 
growing points on tillers, he never found tertiary shoots on 
secondary shoots under intensive use; thus, tiller density 
decreased under intensive use. 

Herbage Yield 

When clipping frequency of big bluestem increased one 
season, herbage yields the following growing season declined 
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Fig. 1. Big bluestem tillers per 500 cm2 for indicated treatments 
(July, 1970). Means with a common letter do not differ significantly 
(P < 0.05). 

linearly (Fig. 2). Unclipped plots yielded significantly (P<.O5) 
more herbage than did clipped ones. Plots clipped 5 times 
yielded less herbage than did those clipped 1 or 3 times, and 
plots clipped 1, 2,3, or 4 times had similar herbage yields. 

Differences in dry matter produced and in amount of 
soluble carbohydrate in various plant parts are caused mainly 
by tiller number and carbohydrate differences, not necessarily 
by differences in tiller weight (Alberda, 1957). Intensive 
clipping of big bluestem with low tiller density can be 
expected to decrease herbage yield. Dwyer et al. (1963) 
reported that herbage yields of tall grasses decreased when 
defoliation frequency was increased. 

Rhizome Weight 

Clipping frequency in 1969 did not significantly affect 
rhizome weight for all age classes combined in 1970, but all 
age classes differed from each other in rhizome weight; 1969 
rhizomes were heaviest (111 mg/rhizome), 1968 intermediate 
(88mg/rhizome), and 1970 lightest (53 mg/rhizome). Appar- 
ently, 1970 rhizomes were still in the developmental stage at 
season’s end with some deterioration taking place in the 1968 
and older rhizomes, which may account for the lower rhizome 
weights. 

Evidently, clipping herbage intensively for only one season 
does not reduce big bluestem rhizome weight. Alberda (1957) 
and Crider (1955) observed that clipping stops root and 
rhizome growth temporarily, simultaneously decreasing 
weight, but that recovery time varies with conditions and plant 
species. As carbohydrate reserves are depleted over time and 
not allowed to rebuild, rhizome weights decrease, new 
rhizomes fail to be produced, and old rhizomes die more 
rapidly, resulting in decreased plant vigor and eventual plant 
death (Crider, 1955; Jameson and Huss, 1959). 

Number of Clippings 

Fig. 2. Big bluestem herbage yield (grams D.M./lOOO cm2) for indi- 
cated treatments (mid-July, 1970). Means with a common letter do 
not differ significantly (P < 0.05). 
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Fig. 3. Total nonstructural carbohydrates (%) in big bluestem rhizomes 
(all age classes combined) for indicated treatments on Oct. 8, 1969, 
and Nov. 6, 1970. Means with a common letter do not differ signifi- 
oantly (P < 0.05). 

Rhizome Nitrogen Content 

Clipping frequency did not affect rhizome nitrogen con- 
tent, but nitrogen content of various age rhizomes differed 
significantly (P<, lo), in within-year comparisons. Nitrogen 
content was highest in 1970 rhizomes (1.04%), intermediate in 
1969 rhizomes (0.68%), and lowest in 1968 or older rhizomes 
(0.48%). Rhizome nitrogen content of combined age classes in 
1969 was lower than that of 1970. Regrowth following 
clipping contains more nitrogen than does forage on unclipped 
plots (Owensby et al., 1970). Nitrogen would have been drawn 
from storage organs following clipping in 1969 but would have 
been stored in 1970, when there was no clipping. 

That increased clipping and grazing decrease nitrogen in 
roots is substantiated by Jameson (1964) Barnes (1961), and 
Pierre and Bertram (1929). Stoddart and Smith (1955b) 
concluded that when photosynthetic tissue is reduced so are 
carbohydrate and nitrogen reserves, accompanied by decreased 
root and forage production. However, that effect seems to be 
limited to current year of intensive clipping. 

Total Nonstructural Carbohydrates 

Clipping intensity in the summer of 1969 did not affect 
TNC levels of rhizomes collected that fall, but a significant 
linear trend downward was observed as clipping intensity 
increased (Fig. 3). Residual effects of summer 1969 clipping 
were indicated by lower TNC percentage in fall of 1970 for 
plots clipped 4 and 5 times (Fig. 3). Rhizomes produced in 
1968 (6.67%) and 1969 (7.23%) had lower percentage TNC 
in fall of 1970 than did those produced in 1970 (9.62%). 

Percent TNC from combined overall age classes was lower 
in 1970 than in 1969, with lowest levels under the most 
intensive clipping (Fig. 3). 

Kinsinger and Hopkins (1961) reported that big bluestem 
carbohydrate-reserve storage was not affected adversely by a 

single year’s intensive clipping, but that two years of intensive 
clipping reduced reserve storages. Apparently, the effects of 
intensive clipping on reserve storage carry over into the next 
growing season before a reduced carbohydrate storage can be 
seen. 

Conclusions 

One year’s intensive clipping: 

1) 
2) 
3 
4) 

5) 

6) 

decreased tiller density the following year; 
decreased herbage yield the following year; 
did not significantly affect rhizome weight; 
decreased rhizome nitrogen percentage during the year 
of intensive clipping, probably because of increased 
nitrogen in regrowth; 
decreased total nonstructural carbohydrate percentages 
the following year; and 
indicated that in the tallgrass prairie even one year’s 
intensive use is not advisable as a range management 
practice. 
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Alternative Cow-Calf and Stocker 

Production Systems 

in the Georgia Piedmont Area 

G. CHRIS LANCE, GRADY V. CALVERT, AND WALLACE 
A. GRIFFEY 

Highlight: Economic analyses indicated that costs and re- 
turns were closely related to age of cattle, quality of forage, 
and cattle market prices in the Southeast. Brood cow-calf and 
stocker calf operations performed best when annual winter 
grazing was included in the production systems. Returns per 
acre to capital, land, and management during the 1966-1970 
period were $18.37 for the winter cow-calf system with 
annual winter grazing and $10.87 for the summer Cow- 
calf unit. Returns per acre to capital, land, and management 
during the 1963-1970 period were estimated at $6.46 for the 
summer stocker calf system and $41.00 for the winter stocker 
calf system with annual winter grazing. The summer cow-calf 
system and the winter stocker calf system were the best com- 
bination of systems to increase total beef production for the 
Piedmont area. 

Beef production offers considerable potential for expansion 
in the Southeast even though incomes have generally been 
reported as low from most beef systems in past studies 
(Allison, 1970). The Southeast is an important source of cattle 
for finishing in the midwest and western areas (Goodwin, 
1965). In the Southeast the long growing seasons and mild 
winter temperatures are conducive to the production of 
forage. Uncertain weather conditions, cattle performance, and 
variable cattle prices are limitations that must be considered in 
planning beef operations. 

Cow-calf and stocker calf production tests were designed 
and conducted at the Central Georgia Branch Experiment 
Station near Eatonton, Georgia, to supply more information 
on cattle performance, production requirements, and returns 
for alternative beef production systems in the Piedmont area. 
In an unusual feature of this study, managers of the 
production tests used their judgment in making management 
decisions to attempt to maximize net income, whereas most 
experimental projects adhere to a fixed experimental design 

The authors are instructor of agricultural economics, Georgia Sta- 
tion, Experiment, (Griffin); assistant professor and superintendent, 
Central Georgia Branch Experiment Station, Eatonton; University of 
Georgia College of Agriculture Experiment Stations. Mr. Griffey is now 
assistant superintendent, Piedmont Substation, Alabama Agricultural 
Experiment Station, Camp Hill. 

Manuscript received September 1, 1973. 

regardless of economics. Management decisions made within 
individual years were influenced by weather conditions, animal 
performance, feed costs, and cattle prices. The results of these 
analyses should be applicable to similar areas in the Piedmont 
of Alabama and South Carolina. 

Design and Method 

Systems Evaluated 

Winter Co w-calf 

This system was designed to utilize annual winter grazing as 
the primary source of nutrients for a fall calving operation. 
Annual winter grazing consisted of wheat (Triticum aestiuum), 
oats (Avena sativa), and annual ryegrass (Lolium multi- 
Jlorum). Permanent pasture consisted of common bermuda 
(Cynodon dactylon), coastal bermuda (Cynodon dactylon), 
and serecia lespedeza (Lespedeza cuneta). Brood COWS were 
allowed 1.5 acres of permanent pasture and 0.5 acre of annual 
winter grazing per head plus additional woodland to range 
over. Woodland consisted of pine, oak, sweet gum, and 
hickory, which actually produced little cattle feed but 
provided weather protection for cattle. An average of 3,12 1 lb 
bermuda hay per cow was fed free choice per year and 1 lb 
cotton seed meal pellets was fed per cow per week during the 
winter period. The brood cow herd on the average consisted of 
72 cows and 8 replacement heifers. 

Replacement heifers for the winter cow-calf herd were 
purchased at weaning age because, with the inclusion of winter 
grazing in the system design, they could be grown to breeding 
age with the brood cows. Annual winter grazing is a good 
quality forage for growing replacement heifers. 

The cows and replacement heifers were bred in December, 
January, and February to calve in September, October, and 
November. The calves were marketed to the summer stocker 
test unit when weaned at the termination of the winter grazing 
season in May and June. The cows and replacement heifers 
were pregnancy tested in July and the nonbreeders and other 
cull cows and heifers were sold. 

Summer Cow-calf 

This system was designed to utilize spring and summer 
permanent pasture as the primary source of nutrients for a 
spring calving operation. Permanent pasture consisted of 
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common bermuda, coastal bermuda, and tall fescue (Festuca 
arundinacea) pasture plus additional woodland to range over. 
Brood cows were allowed 2.5 acres of permanent pasture per 
head. An average of 2,83 1 lb bermuda hay per cow was fed 
free choice per year and 12 1 lb cotton seed meal pellets was 
fed per cow annually for the first 3 years of test. No pellets 
Jvere fed during the last year of test. The quality and quantity 
of forage during the final year obviated the feeding of cotton 
seed meal pellets. An average of 75 cows were bred during 
May, June, and July to calve during February, March, and 
April during the four test years. Replacement heifers averaging 
near 765 pounds were purchased during May and June of each 
year for breeding. Cows and heifers were pregnancy tested 
during October and the nonbreeders and other culls were sold. 
The calves were weaned and most were sold to the winter 
stocker test unit during November. 

dressing was applied to common bermuda 
pastures used for grazing and hay harvest. 

and coastal bermuda 

Test Results 

Detailed records were maintained of expenses, receipts, and 
cattle performance for each system. Cows and heifers were 
valued according to current market prices at the beginning and 
end of each year to estimate the value of the cattle inventory. 
Changes in the value of inventory were due to growth of 
heifers, death losses, and increases in general cattle price levels. 
Prices of 300-to 550-lb feeder calves varied from $15.38 per 
hundredweight in October of 1964 to $35.90 in April of 1970. 
Surplus forage was harvested from each unit, and the value of 
the hay over the cost of harvesting was added to the total 
revenue of each unit as a pasture credit. 

Winter Stocker System Cow-Calf Systems 

This system was designed to utilize annual winter grazing as 
the primary source of nutrients for growing stocker calves. 
Starting dates on winter grazing varied from October 30 to 
December 6, and the stockers were marketed at the termina- 
tion of the grazing season, which varied from May 7 to June 1. 
The stocking rate was usually determined by the estimated 
carrying capacity of the fall accumulation of forage and the 
past experience of the operators with winter grazing. The 
average number on test was 6 1 with an average stocking rate of 
1.3 calves per acre. Mixed fescue and bermuda hay was 
available at all times in hay racks. 

Summer Stocker System 
The treatment of calves in the summer stocker unit varied 

considerably over the test period in an effort to find a 
profitable production method. Stockers were purchased from 
other sources during the first 3 years of tests and from the 
winter cow-calf herd during the last 3 years of tests. A decision 
was made to purchase calves in June rather than April and 
harvest hay before starting calves during the last 2 years of test 
because the earlier weaning dates were penalizing the winter 
cow-calf unit. The peak forage production period for both the 
winter cow-calf system and the summer stocker calf system 
was from April 15 to June 15; therefore, early weaning 
penalized the cow-calf system and late weaning penalized the 
stocker calf system. It was judged most practical to use the 
late weaning date. The average number on test was 55, with a 
stocking rate of 1.1 calves per acre. Calves were usually 
marketed in September. 

Calves were marketed from approximately 97% of the bred 
cows, and heifers maintained in both the winter and summer 
herds after pregnancy testing and culling (Table 1). An average 
of 19% or 13.5 head of brood cows in the winter system and 
20% or 15 head in the summer system was culled each year in 
order to market this high percentage of calves. The average 
weaning weights were 428 lb/calf at 229 days of age for the 
winter system and 420 lb/calf at 231 days of age for the 
summer system. Weaned weights per acre of pasture land were 
205 lb for the winter and 166 lb for the summer system. 

Table 1. Brood cow-calf tests, average production results, Georgia 
Piedmont, 1966-70. 

Item Unit 
Winter 
cow-calf 

Summer 
cow-calf 

Bred cows and heifers 
Open replacement heifers 
Death loss-cows 
Death loss-calves 
Number calves sold 
Average selling weight 
Receiptsa 
Expenseb 
Total returnsC 
Returns per cow’ 
Returns per acreC 

no. 
no. 
no. 
no. 
no. 
lb 

; 

: 
$ 

71.00 75.60 
7.80 
2.00 1.00 
1.00 - 

70.00 73.00 
428.00 420.00 

13,065.OO 11,295.oo 
lOJ81.59 9,283.5 1 

2,883.41 2,012.49 
36.13 26.61 
18.37 10.87 

Pasture Management 

Annual Winter Pasture 

aReceipts include 
. tory increase. 

calf sales, cull cattle sales, pasture credits, and inven- 

‘Expenses include cattle purchase, fertilizer, seed, feed, labor, equip- 
ment, and miscellaneous. 

‘Returns to capital, land, and management. 
The land was usually prepared by harrowing three or four Source: Cow-calf production tests, Central Georgia Branch Experiment 

times during July and August, depending on the amount of Station, Eatonton. 

rainfall. Planting dates varied from the first week to the last 
week in September. Small grain was planted with a grain drill, 
and the annual ryegrass was seeded and packed by a Returns to capital, land, and management for the winter 

cultipacker. Seeding rates per acre were usually 1 bushel cow-calf system averaged $36.13 per brood cow or $18.37 per 
wheat, 3 bushels oats, and 18 lb annual ryegrass seed. acre of pasture land. Returns to capital, land, and management 
Approximately 500 lb 5-10-15 fertilizer was used at planting, for the summer cow-calf system averaged $26.61 per brood 
and 100 lb/acre of available nitrogen was applied as top cow or $10.87 per acre of pasture land (Table 1). 
dressing in split applications in October and November. 
Establishment cost for annual winter grazing was about $35 !Qocker Calf Systems 
per acre. Winter Stocker System 
Summer Permanent Pasture 

Usually 500 lb/acre of a O-lo-20 analysis fertilizer was The average weight gain per acre varied from 277 lb in 
applied every other year. Approximately 50 lb/acre of 1966-67 to 428 lb in 1968-69 and averaged 352 lb over the 
available nitrogen top dressing was applied per year to pastures entire period. The average weight gain per calf was 251 lb. 
used only for grazing. Nearly 80 lb of available nitrogen top Average number of days on grazing was 180 with an average 

JOURNAL OF RANGE MANAGEMENT 27(5), September 1974 345 



Table 2. Average production results, stocker calf grazing tests, Georgia 
Piedmont area, 1963-70. 

Annual Summer 
winter permanent 

Unit grazing pasture 
I Stockers 

Average purchase weight l”b”’ 
61.00 55.00 

411.00 454.00 
Average market weight lb 662.10 568.00 
Gain per calf lb 251.10 114.00 
Gain per acre lb 352.00 125.00 
Purchase price $/cwt. 23.08 24.00 
Selling price $/cwt. 24.11 20.94 
Pasture and feed cost $/cwt. 14.23 3.59 
Total production costa $/cwt. 19.74 
Returns per calf b 

19.90 

Returns per acreb : 
29.00 5.88 
41 .oo 6.46 

aProduction costs include stocker calf, pasture, feed, machinery, and 
labor. Capital, land, and management costs are not included. 

bReturns to capital, land, and management. 
Source: Weaned stocker calf production tests, Central Georgia Branch 

Experiment Station, Eatonton. 

daily gain per calf of 1.44 lb. Production costs including 
stocker calf purchase, pasture, feed, machinery, and labor 
averaged $19.74 per hundredweight. Returns to capital, land, 
and management averaged $29.00 per calf and $41 .OO per acre 
(Table 2). 

Summer Stocker System 

Average annual calf weight gains per acre ranged from 53 lb 
in 1968-69 to 221 lb in 1963-64, averaging 125 lb over the 
entire period. The average gain per calf was 114 lb. Production 
cost including stocker calf purchase, pasture, feed, machinery, 
and labor averaged $19.90 per hundredweight. Returns to 
capital, land, and management averaged $5.88/calf and 
$6.46/acre (Table 2). 

Evaluation and Discussion 

Cow-Calf Systems 

Average receipts were greater for the winter system than for 
the summer system, due primarily to additional pasture credits 
from harvesting hay and a seasonal price advantage for 
marketing calves in June rather than in November. Feed costs 
were about the same for the two systems. The main difference 
in production cost was the additional expense in the winter 
system of establishing the annual winter grazing. 

Stocker Systems 

The winter stocker system had several important advantages 
over the summer stocker system. The winter grazing system 
was better adapted to stocker calf production than the 
summer system, due probably to the fact that tender annual 
winter grazing is more digestible by younger animals than 
coarse summer forage. Average gains were almost three times 
greater for the winter system than the summer system. The 
winter system also had a seasonal marketing advantage because 
calves were purchased in a lower price season and marketed in 
a higher price season. The opposite was true for the summer 
system which had a seasonal market price disadvantage. The 
highlight of the summer stocker system was the low pasture 
and feed costs of $3.59/100 lb of gain. This indicated the 

possibility of incorporating the summer feeder calf phase into 
an extended grazing or feeding system. Pasture and feed costs 
were reduced by harvesting surplus grass for hay. 

Cow-Calf and Stocker Combinations 

Each system was analyzed separately to study costs and 
returns, and then a combination of systems was examined to 
see if they could be combined economically. The summer 
cow-calf and the winter stocker systems offered the best 
combination of systems compared and yielded the greatest 
return. This combination offered cow-calf operators a good 
alternative for additional weight gains for their calves and a 
method to advance their cattle to a more favorable marketing 
period. 

The winter cow-calf and the summer stocker systems did 
not work as well. The cow-calf system was penalized when 
calves were weaned in April or May and the stocker system 
was penalized when calves were weaned later in June. Summer 
gains were low and fall market prices were not as favorable as 
spring market prices. 

Summary and Conclusions 

The primary objectives of the tests were: 1) to evaluate the 
economics of each system, and 2) compare cow-calf and 
stocker-calf production systems based on winter grazing as the 
primary source of nutrients to systems based on summer 
grazing as the primary source of nutrients. 

Average weaning weights for the two cow-calf systems were 
nearly equal, with 428 lb/calf for the winter system and 420 
lb/calf for the summer system. Estimated returns to capital, 
land, and management per acre of pasture land for the 
1966-70 period were $18.37 for the winter system and $10.87 
for the summer system. 

Average weight gains per calf were 25 1 lb for the winter 
stocker systems and 114 lb for the summer stocker system. 
Estimated returns to capital, land, and management were 
$41 .OO per acre (1963-70 period) for the winter stocker 
system and $6.46 per acre (1963-69 period) for the summer 
stocker system. 

The tests show that returns to cow-calf systems were low 
relative to capital and land requirements. Returns were 
increased very little by transferring weaned calves from the 
winter cow-calf system to the summer stocker system. This 
was due in part to the inability of young cattle to utilize 
summer forage and unfavorable price margins between spring 
and fall cattle markets. Returns were increased significantly by 
transferring weaned calves from the summer cow-calf system 
to the winter stocker system. Stocker calves were able to 
utilize annual winter grazing well and cattle price margins were 
favorable. The summer cow-calf system and the winter stocker 
systems were the best combination of systems to increase total 
cattle production for the Piedmont area. 
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Sour Paspalum - 

Tropical Weed or Forage? 

ALAN A. BEETLE 

Highlight: Where carpetgraSs (Axonopus compressus) will 
grow, sour paspalum (Paspalum conjugatum) has no place and 
is probably a sign of poor management. However, in areas of 
poor or sour soils, in shade and in times of drought, sour pas- 
palum comes into its own throughout the tropics as a valuable 
component of the total forage resource. 

Paspalum is a rather large genus “numbering nearly 400” 
species (Chase, 1929). 

Sour paspalum (Paspalum conjugatum) stands by itself in 
this genus as suggested by Chase (1929) who created for it, 
alone, the Section Conjugata (Fig. 1). Its most unusual 
character is the vigorously stoloniferous habit allowing, at 
times, for a rapidly formed perennial ground cover. 

Sour paspalum has been assumed to be native where it 
occurs in the Americas, from Florida to Texas and southward 
to Peru, Bolivia, and northern Argentina, from sea level to 
4,000 ft elevation. The grass was first described from a 
specimen collected in Surinam (Dutch Guiana). 

Sour paspalum has been assumed, however, to be intro- 
duced wherever it occurs in the Old World tropics (Fig. 2) and 
Pacific Islands. The early trade routes were between Australia, 
Singapore, and Africa. Probably both carpetgrass (Axonopus 
compressus) and sour paspalum, being of similar distribution 
and ecology, were spread at the same time to the same places. 

Where there are cognate forms of plant names (as with tea 
or coffee or guineagrass) the plant has been spread along the 
route of commerce. Within Gabon, cognate forms are used 
from tribe to tribe for this grass (gesinga, esinga, gisinga, 
bissinda, isinga, Nkakatsitsinga, singa). There does not seem to 
be a parallel between any of the continents or between other 
countries. 

Worldwide, the variety and abundance of common names 
suggests a grass common near dwellings, that sour paspalum is 
easily recognized, and also is somewhat useful, or there would 
be no need to give it a common name. Following is an 
alphabetical list of common names used for sour paspalum 
with the country of origin for each: 

The author is professor of range management, Plant Science Divi- 
sion, University of Wyoming, Laramie. The research is published with 
approval of the director, Wyoming Agricultural Experiment Station, as 
Journal Article 63 1. 

Manuscript received November 11, 197 3. 

Bissinda (Gabon), bitter grass (Philippines), camalote de 
antena (Mexico), canamazo (Cuba), cafiamazo hembro (Cuba), 
cafiamazo amargo (Cuba), capim amargoso (Brazil), capim 
marreca (Brazil), capim papuao (Brazil), carabao grass (Phil- 
ippines), cintillo (Peru), co dang (Indochina), calapi (Philip- 
pines), djuba-gov6 (Gabon), &inga (Gabon), gamalote (Costa 
Rica), ge’singa (Gabon), gisinga (Gabon), grama de antena 

Fig. 1. Paspalum conjugatum. Spikelets X.5. This plant is drawn from 
Mexican material and represents var. conjugatum. (Originaldrawing 
by Clayton Marlow.) 
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paspalum only when it is kept closely cropped, or when it is 
grazed prior to flowering. It has been reported (McClelland, 
1915) that when the heavy growth produced during rainy 
seasons is eaten in quantity it disturbs the digestion of cattle. 

The management of this grass may involve burning or 
mowing to keep the more palatable young growth available. 

If the area is a true disclimax, then proper grazing will allow 
for the recovery and dominance of dallisgrass, or other climax 
grasses. 

Fig. 2. Worldwide distribution of sour paspalum. 

(Mexico), grama froquilha (Brazil), guepico (Argentina), herb; 
creole (Seychelles Islands), hilo grass (Hawaii), horquetilla 
(Puerto Rico), horquetilla blanca (Puerto Rico), isinga 
(Gabon), mauuhilo (Hawaii), mauu malahini (Hawaii), Nkaka- 
tsi t singa (Gabon), niga-gusa (Hawaii), obur (Gabon), 
ogasawara-suzumenohie (Japan), olala (Gabon), pata de gallina 
(Columbia and Peru), papuao (Brazil), reh-n-wai (Ponape), 
singa (Gabon), sourgrass (British West Indies), sour paspalum 
(USA) suzume-no-naga-bie (Japan), tarurco (Peru), Torurco 
(Columbia and Peru), Torvara (Costa Rica), Utodu-a-mboka 
(Gabon), z’herbe sure (Haiti). 

Ecology 

As with many range plants, there is no way to fit sour 
paspalum into one ecological niche. This grass may appear in 
communities which are (1) successional, (2) disclimax, or (3) 
climax. In each of these cases the management approach to 
sour paspalum may be quite different. 

Successional 

In the American tropics the abandoment of cultivated land 
may lead to a number of relatively rapid changes in the plant 
cover. Immediately preceding or concurrent with the last 
harvest will be a cover of annual grass such as junglerice 
barnyardgrass (Echinochloa colonurn), common goosegrass 
(Eleusine indica), southern sandbur (Cenchrus echinatus), 
feather lovegrass (Eragrostis amabilis), or swollen chloris 
(Chloris barbata), followed by stoloniferous grasses such as 
sour paspalum, molasses grass (Melinis minutiflora), and 
carpetgrass, which in turn are succeeded by rhizomatous 
grasses such as bahiagrass (Paspalum no tatum), dallisgrass 
(Paspalum dilatatum), cogon satintail (Imperata cylindrica), 
West Indies smutgrass (Sporobolus indicus), and St. Augustine- 
grass (Stenotaphrum secundataum). 

Fruits cling easily to any surface because of the ciliate 
margins of the glume and lemma within which they are closely 
wrapped. Thus this species spreads rapidly and soon appears 
after any soil disturbance in the tropics. 

Because both carpetgrass and bahiagrass are more palatable 
than sour paspalum, grazing management may tend to empha- 
size the sour paspalum stage. It is this role that sour paspalum 
plays in succession following cultivation that leads to its being 
referred to as a “common weed.” Even without grazing, the 

Climax 

In rainy seasons sour paspalum makes a heavy growth on 
poor soils or sour (acid) soil and especially under shade. This 
seems to be the true climax position of sour paspalum where it 
is not the dominant of the community but nevertheless a 
conspicuous and integral part of the understory of moist, 
tropical savannas. 

Uses 

Forage 

The experience in Puerto Rico summarized by Alberts and 
Garcia-M. (1943) appears to be typical of the use of sour 
paspalum for forage. Sour paspalum “is never seeded or 
planted because its palatability is low-cattle prefer most other 
common grasses to cintillo. If animals are placed in fields that 
contain a predominance of this species of grass they graze such 
other more palatable species as may be available first, and then 
when they become hungry they take cintillo. Where the stand 
consists entirely of this species, cattle will graze it in patches. 
They will return again to these patches to graze the fresh green 
herbage that has developed and let the ungrazed area go to 
seed. Animals will eat the plants before they have formed the 
inflorescences but after that time they shun them.” According 
to Whyte et al. (1959) “seeds tend to stick in the throats of 
livestock and choke the animals.” 

The following table compares the published chemical 
analyses (%) for sour paspalum, the first and earliest being on a 
dry matter basis. 

N free 
Protein Fat extract Ash Lime Moisture 

McClelland, 1915 4.71 2.30 54.39 8.25 0.26 79.47 
Pepa, 1927 2.46 0.92 8.51 2.47 79.47 
Suratos, 1933 1.78 0.68 11.38 3.10 76.12 
Avila de Araujo, 1943 2.46 0.60 5.98 1.15 86.76 

Because the protein content of sour paspalum is only about 
half that which one might except from such northern grasses 
as perennial ryegrass (Lolium perenne) or orchardgrass 
(Dactylis glomeruta), and because sour paspalum is less 
palatable than most other grasses when it occurs in mixtures, it 
has a poor reputation as a forage grass. 

While it would appear on the surface that light applications 
of nitrogen fertilizer would greatly increase both the palata- 
bility and the productivity of this grass, no reports of fertilizer 
application have been found in the literature. 

Golf Grounds 

sour paspalum stage between annuals and rhizomatous peren- From Florida to Texas and in the West Indies, sour 
nials may last for a period of several years. paspalum may make an excellent fairway cover if the moisture 

Disclimax 
conditions are good and this cover can easily be maintained by 
regular mowing. Here it may be compared in color and texture 

The fact that sour paspalum is less palatable than other to carpetgrass. However, this grass has a tendency to invade 
grasses enables it to crowd them out. Livestock eat sour putting greens where it is not desirable. 

JOURNAL OF RANGE MANAGEMENT 27(5), September 1974 



Plantation Cover 

Because of its shade tolerance and aggressive nature, sour 
paspalum makes a natural (self-establishing and self- 
perpetuating) and uniform cover for plantations. Plantations 
where such stands have been found include abaca (Musa 
textilis), palm savanna (Acrocomia sclerocarpa), rubber (Hevea 
brasiliensis), banana (Muss paradisiaca), and coconut (Cocos 
nucifera). After cultivation this cover may appear naturally, 
but if desired a stand may be obtained by planting vegetative 
cuttings. 

Taxonomy 

Key to Variations 

Racemes two, conjugate 

Spikelets 1.2-1.4 mm long, leaves usually glabrous 

Paspalum conjugatum var. parviflorum 

Spiklets more than 1.4 mm long 

Spiklets 1.5-1.8 mm long, leaves 
mostly on the upper surface 

ciliate or sparsely pubescent, 

Paspalum conjugatum var. conjugatum 

Spiklets of 1.9-2.2 
both surfaces 

mm long, leaves conspicuously pubescent on 

Paspalum conjugatum var. pubescens 

Racemes three, two conjugate, a third below 

Paspalum conjugatum f. tristachya 

Paspalum conjugatum Bergius apud Swartz var. conjugatum 

A stoloniferous perennial from extensively creeping, leafy 
stems, the culms up to 2m long and rooting at the nodes, 
frequently purple below, commonly forming a dense ground 
cover but not a sod or turf. 

Culms geniculately ascending or suberect when flowering, 
20 to 50 cm tall (rarely to 1 m tall), simple or sparingly 
branched, the nodes on the stolons usually conspicuously 
pilose, the others pubescent to glabrous, the internodes l-15 
cm long, compressed, wiry, glabrous. 

Sheaths loose, compressed, ciliate on the margin, often 
pubescent on the collar, otherwise glabrous, those of the 
stolons short and broad, the ligule 1-1.5 mm long, membrana- 
ceous, with a dense line of hairs l-2 mm long behind it, the 
blades flat, rather thin, 5-22 cm long, 15 mm wide slightly 
narrowed at the base, usually with a tuft of long hairs at the 
very base, the margin scabrous to short-ciliate, otherwise 
glabrous or sparsely papillose-pubescent on the upper or both 
surfaces. Racemes 2, widely divaricate, 8-12 cm long pared, 
often arcuate, slender, 4 to 15 cm long, rachis narrowly 
winged, about 0.8 mm wide, densely pubescent at the base. 

Spikelets 1.4 to 1.8 mm long, l-l.2 mm wide, ovate, pale 
yellow, the margin conspicuously ciliate-fringed, solitary, 
imbricate, flattened, concave-convex, subacute to abruptly 
apiculate, the pedicels flat. First glume wanting, the second 
glume and sterile lemma equal, very thin and closely appressed 
to the fruit, 2-nerved, the midnerves suppressed, the nerves of 
the glume papillose-ciliate with long fine hairs forming a 
delicate fringed margin to the spikelet, both glumes otherwise 
glabrous. 

Lodicules 2, M shaped above; anthers 3, yellow, ca. 0.3 mm 
long; stigmas 2, white and feathery; about 1.5 mm long, pale, 
not strongly indurate. 

Paspalum conjugatum var. pubescens Doe11 

A larger, coarser plant with heavily pubescent leaves on 

both surfaces, blades commonly 15 to 20 cm, occasionally 25 
cm long; racemes commonly 10 to 15 and occasionally as 
much as 20 cm long; spikelets 1.7-2.2 mm long, rather more 
copiously ciliate than usual in the species. Distributed from 
Mexico to Brazil. 

Paspalum conjugatum f. tristachya (Vanderz) Beetle 

This plant is similar to var. conjugatum except for the 
occasional third raceme. Rare in both Africa and South 
America, and recently collected in Mexico. 

Paspalum conjugatum var. parvilorum Doe11 

Except for the small spikelets 1.5-1.6 mm long this plant is 
little different from var. conjugatum. However, the whole 
plant is nearly glabrous. Distributed from Florida to Uruguay 
and Bolivia; Hawaii, Malaysia. 

Cytology 

A diploid number of 40 is the only one reported for sour 
paspalum, and this has been confirmed by Delay (1950), 
Janaki Amal, E. K. as reported by Darlington and Wylie 
(1955), Senaratna (1956), Bor (1960), Larsen (1963), the 
material from Thailand, Tateoka (1965) the material from 
Uganda, Pohl and Davidse (197 1) the material from Costa 
Rica. According to Juliano and Aldama, (1937, citing Schnarf, 
1929) successive divisions of the microspore mother cells are 
the rule as is typical of most species in the Gramineae. 

Conclusion 

Sour paspalum is a variable grass in size and morphology. It 
has unusual and desirable characteristics such as its stolonif- 
erous vigor. This grass could become increasingly useful if 
management can avoid its undesirable characteristics. 
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Nutritive Characterization 

of Certain Grass Hays 
in Northern New Mexico 

JOE D. WALLACE, R. E. LENINGTON, AND L. W. HARMS 

Highlight: Botanical and chemical composition along with nutrient digesti- 
bility were studied on five grass hays from north-central New Mexico. Although 
botanical composition varied widely among the hays, they were similar in most 
chemical constituents and in digestibility of these constituents. Crude protein 
was the most variable chemical constituent and was also the most variable com- 
ponent in digestibility among the hays. Digestible protein contents for the hays 
were closely related to their crude protein percentages. By comparing nutrient 
composition to nutrient requirements for cattle, an estimate of the feeding value 
of the hays was obtained. All hays contained sufficient energy and all but one 
sufficient protein for pregnant cows, but most hays were deficient in these 
nutrients for lactating cows or growing calves. 

Throughout many higher elevation 
areas of the western range area, grass 
hays are used for wintering cattle. 
These hays commonly make up part or 
all of the ration for wintering weaner 
calves and replacement stock and 
often serve as feed for the entire herd 
when range forage is under snow 
cover. New Mexico grass hays are 
generally harvested in late summer and 
early fall, and yields vary with both 
summer rainfall and previous winter 
precipitation. 

Grass hays are harvested from 
valley bottoms and low-lying areas 
which receive additional run-off water. 
In northern New Mexico such hays are 
commonly referred to as “Vega hay.” 
Botanical species found in such grass 
hays are highly variable but generally 
represent plants indigenous to respec- 
tive areas where they are harvested. In 
some areas, e.g., Chama Valley in 
upper Rio Arriba County, grass hays 
are chiefly composed of timothy 
(Phleum pratense). 

The objective of this study was to 
nutritionally characterize certain grass 
hays representative of some of those 
fed in northern New Mexico. Nutrient 
composition and digestibility along 
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with metabolizable energy and nitro- 
gen balance were determined for each 
hay studied. Important nutrient com- 
position values were compared to 
recommended nutrient requirements 
(NRC, 1970) for different classes of 
cattle. 

Experimental Procedure 

Description of the Hays 
Grass hays were collected from five 

locations representing four counties 
(Colfax, Mora, San Miguel, and Rio 
Arriba) in north-central New Mexico. 
All hays were baled prior to collection 
in the summer and fall of 1972 and 
were coarsely-chopped (2 to 3 cm 
lengths) and fed during the winter of 
1972-73. Elevation in the areas from 
which hays were harvested ranges from 
1830 to 2440 m; average annual precip- 
itation varies from about 38 to 46 cm. 

Sub-samples of each hay were hand- 
separated by species to determine 

botanical composition (Table 1). Two 
hays had high contents of timothy 
while the other hays contained varying 
mixtures of native grasses. Forb con- 
tent ranged from 2.2 to 5.5%. The 
Cimarron grass hay was harvested from 
an area which had not been recently 
used for hay production and, conse- 
quently, contained 19% old growth 
(forage from previous years’ growth). 
Old growth content among other hays 
was less than 1%. Stage of maturity for 
individual species making up each hay 
varied somewhat but, in general, all 
species were classed as late-bloom to 
mature. Each hay was cut only once 
during the year. 

Metabolism Trials 

Nutritive values for all hays were 
established by feeding them to sheep 
in conventional digestion trials. Sheep, 
rather than cattle, were used because 
of the greatly reduced feed require- 
ment and because previous research 
has indicated that digestibility values 
for the same forage are interchange- 
able between sheep and cattle 
(Alexander et al., 1962; Blaxter and 
Wainman, 196 1; Langlands, Corbett 
and McDonald, 1963). 

Each hay was fed to the same six 
crossbred wether lambs (averaging 31 
kg in weight) in metabolism stalls 
equipped to collect the total excretion 
of feces and urine. A lo-day 
preliminary period followed by a 7- 

Table 1. Botanical composition (%) of northern New Mexico grass hays. 

Native grass hays Timothy hays 

Species Cimarron Springer Las Vegas Chama Springer 

Agropyron smithii 22 - - 1 
Boutelouu gracilis 27 69 - - - 
Muhlenbergh spp. 10 - 24 - - 
Panicum obtusum 10 21 1 - 
Phleum pratense - - - 64 85 
Poa spp. - 

29 
- 5 1 

Sporobolusairoides 18 2 - - 
Trifolium spp. - - - - 6 
Forbs 4 5 5 2 5 
Miscellaneous grasses 16 17 1 19 8 
Old growth’ 19 1 <l 1 <l 

‘Old growth represents the portion of plant material left from the previous Year. 
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day collection period was used with 
each hay. Daily rations were fed at a 
level of 60 g dry matter per unit of 
metabolic body weight and were fed in 
equal parts twice daily. Aliquot 
samples of hay, refusals, feces and 
urine were taken during collection 
periods of each trial. 

Apparent digestion coefficients 
were determined for dry matter, 
organic matter, crude protein, fiber, 
lignin, and’ gross energy. Fiber and 
lignin analyses were according to acid 
detergent procedures (Van Soest, 
1963). Gross energy values were deter- 
mined in an oxygen bomb calorimeter. 
Other chemical analyses procedures 
were those of A.O.A.C. (1965). 

Nitrogen (N) balance studies were 
conducted with each hay; regression 
analyses were used to estimate meta- 
bolic fecal N and endogenous urinary 
N excretion (Elliot and Topps, 1964). 
Toluene was used to prevent ammonia 
losses from urine collection and stor- 
age vessels. 

Metabolizable energy (ME) values 
were established for each hay by 
deducting urine and methane energy 
losses from digested energy. Urine 
energy was determined directly on 
lyophilized urine samples while meth- 
ane losses were calculated according to 
Blaxter and Clapperton (1965). TDN 
values for the hays were derived from 
ME values, i.e., 3.6155 Meal ME = 1 kg 
TDN (NRC, 1970). 

Since this study was purposely an 
attempt to characterize northern New 
Mexico grass hays and not to compare 
areas or hays of differing botanical 
composition, it was felt that statistical 
comparisons among hays were unwar- 
ranted. 

Results and Discussion 
Chemical Composition and 
Digestibility 

Although botanical composition 
(Table 1) varied widely among the five 
hays, chemical composition was quite 
similar (Table 2). The most variable 
chemical constituent was crude pro- 
tein which ranged from 5.5 to 10.3%. 
Crude protein values for the native 
hays were close to those for rush-sedge 
meadow hay (Raleigh et al., 1964). 
Lower crude protein in Cimarron 
native hay was probably due to its 
higher old growth content compared 
to other native grass hays studied 
(Table 1). Crude protein in timothy 
hays was similar to those found by 
Lloyd et al. (196 1). Higher protein 
level in Chama timothy as compared 
to that from Springer was due partially 

Table 2. Chemical composition (%) of dry matter and digestibility (%) by sheep of north- 
ern New Mexico hays. 

Native grass hays Timothy hays 

Constituent Cimarron Springer Las Vegas Chama Springer 
Chemical composition 

Dry matter, % 95.4 95.1 93.8 95.0 93.5 
Ash, % 7.7 8.1 8.8 8.2 6.6 
Protein, % 6.8 10.3 9.9 8.2 5.5 
Fiber, % 41.1 37.9 42.6 40.2 42.0 
Lignin, % 4.7 5.3 9.2 6.1 9.3 
Gross Meal/kg energy, 4.37 4.47 4.39 4.35 4.49 

Digestion coefficients’ 
Dry matter 55 (4.4) 58 (1.3) 54 (2.3) 56 (1.0) 52 (2.1) 
Organic matter 58 (4.1) 60 (1.3) 56 (1.4) 57 (1.0) 54 (2.2) 
Protein 44 (9.3) 63 (4.1) 65 (3.0) 56 (9.2) 35 (2.4) 
Fiber 51 (5.7) 51 (3.7) 53 (2.1) 44 (2.7) 47 (3.5) 
Lignin -5 (8.7) 8 (6.3) 21 (2.3) 10 (5.8) 20 (8.2) 
Gross energy 54 (3.6) 55 (1.3) 54 (2.2) 54 (1.1) 53 (2.3) 

1 Digestion coefficients represent means of 6 sheep and values given in parenthesis are 
standard deviations. 

to differences in clover (Trifolium 
spp.) content (Table 1). Lignin also 
varied among hays studied, with the 
lowest value (4.7%) found for Cimar- 
ron hay despite its relatively high 
content of old growth. 

Digestibility values were also quite 
similar among hays (Table 2) and were 
considered reasonable for the quality 
of forages studied. Dry matter digesti- 
bility for the native grass hays agreed 
closely with those found by Gallup 
and Briggs (1948) for Oklahoma prai- 
rie hay and to those reported by 
Raleigh et al. (1964) for meadow hay. 
Digestibility values for the timothy 
hays were somewhat lower than those 
found by Brown et al. (1968) but were 
close to those of Kivimae (1966) for 
timothy cut at a similar growth stage. 
The timothy hays used in this study 
were slightly higher in most digestion 
coefficients than timothy hay har- 

vested in the full- to post-bloom stage 
in Canada (Lloyd et al., 1961). 

Fiber digestibility tended to be 
higher in native grass hays than in 
timothy hays with differences ranging 
from 4 to 9 percentage units. Fiber 
digestibility did not appear to be 
negatively related to lignin content as 
has generally been reported. Fiber 
digestion did, however, seem to be 
influenced by digestibility of the lignin 
fraction, with those hays having 
increased lignin digestion also having 
higher fiber digestion coefficients 
within each hay category (Table 2). 

Highly variable results in lignin 
digestibility as well as negative diges- 
tion coefficients for this constituent 
are not uncommon (Forbs and 
Garrigus, 1950; Watkins, 1955; 
Wallace and Van Dyne, 1970). Because 
of this point, use of lignin in ratio 
procedures to indirectly estimate for- 

Table 3. Energy and nitrogen balance data from sheep fed northern New Mexico grass 
hays. ’ 

Measurement 

Native grass hays Timothy hays 

Cimarron Springer Las Vegas Chama Springer 

Energy flux (Meal/day) 
Intake 2.63 
Feces 1.19 
Digested 1.44 
Urine 0.14 
Methane’ 0.19 
Metabolized 1.11 

Nitrogen flux (g/day) 
Intake 6.5 
Feces 3.6 
Digested 2.9 
Urine 2.9 
Retained 0.0 

3.02 2.41 2.89 2.57 
1.32 1.10 1.33 1.20 
1.70 1.31 1.56 1.37 
0.17 0.11 0.13 0.10 
0.22 0.18 0.21 0.18 
1.31 1.02 1.22 1.09 

11.1 9.0 8.7 4.7 
4.1 3.2 3.8 3.1 
7.0 5.8 4.9 1.6 
5.2 2.4 4.2 1.0 
1.8 3.4 0.7 0.6 

’ Each value represents the mean of 6 observations. 
2 Calculated according Blaxter and Clapperton (1965). 
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age digestibility would seem 
questionable. 

Energy and Nitrogen Metabolism 

Energy and nitrogen (N) balance 
data resulting from sheep metabolism 
trials with each hay studied are given 
in Table 3. Variation in energy intake 
by sheep fed the five hays was due to 
differences in dry matter intake 
coupled with slight differences in gross 
energy content of the hays (Table 2). 
Fecal energy was responsible for most 
of the energy loss in the balance 
studies, accounting for 45.6% of the 
energy intake when averaged over all 
five hays. 

Urinary energy losses ranged from 
7.3 to 10% of the energy digested and 
averaged 8.8% across all hays. In com- 
parison, Blaxter (1962) quotes a figure 
of 10% as a “normal” expectancy 
when urinary energy is expressed as a 
percent of energy digested on forage 
rations. 

Methane energy losses were calcu- 
lated using the formula from Blaxter 
and Clapperton (1965) in which Meal 
methane energy per Meal food intake 
was determimined as: 0.047 (% digesti- 
ble energy) + 4.67. Calculated meth- 
ane energy losses averaged 13% of 
digested energy which agrees quite 
well with published results on similar 
forages (Graham, 1969: Wallace, Knox 
and Hyder, 1970). 

As noted in Table 3, N intake by 
sheep varied considerably among hays. 
This was largely due to differences in 
N content of the hays (Table 2). 
Compared to N intake, N losses in the 
feces were less variable, while those in 
the urine were equally as variable. 
When fed the Cimarron hay, sheep 
were in N equilibrium; with all other 
hays they were in positive N balance. 
Australian workers (Milford and 
Haydock, 1965) indicated that a mini- 
mum level of dietary protein necessary 
to promote positive N balance in sheep 
fed forage rations was 7.8%. In this 
study two hays, Cimarron grass hay 
and Springer timothy, were below this 
level (Table 2); however, sheep fed the 
latter hay were in a slight positive 
balance. 

A measure of efficiency of N utili- 
zation from N balance trials is the 
percentage of digested N which is 
retained (Graham, 1964). With this 
approach, native hays from Springer 
and Las Vegas had efficiency percent- 
ages of 26 and 59, respectively. Like- 
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wise, values of 14 and 38% were found 
for Chama and Springer timothy hays, 
respectively. 

The relation of urinary N (Y) and N 
intake (X) in grams per day gave the 
equation, Y=.564.X- 1.26 with a stand- 
ard error of kO.040. The intercept, 
1.26, serves as an estimate of endoge- 
nous N excretion in grams per day. 
This value is essentially the same as 
that found by Wallace et al. (1970) on 
similar forages. 

Metabolic fecal N, estimated by 
regression between N intake and fecal 
N loss, was 0.47 g per 100 g of dry 
matter intake, which is slightly lower 
than commonly reported values of SO 
to .55 g (McDonald et al., 1966; 
Mitchell, 1962). 

Feeding Value of the Hays for Winter- 
ing Cattle 

Energy, protein, and phosphorus 
deserve first consideration in the win- 
tering of range cattle. In Table 4, the 
composition of these are given for 
each hay studied, as are National 
Research Council (1970) suggested 
requirements for classes of cattle most 
likely to be fed such hay. Energy 
composition and requirements are 
given both as metabotizable energy 
(ME) and total digestible nutrients 
(TDN). 

The ME content of these hays were 
slightly higher than those found by 
Kelsey et al. (1973) for N-fertilized 
and unfertilized grass hay (1.80 and 
1.63 Meal/kg, respectively). These 

workers studied blue grama hay har- 
vested at the full-bloom stage in south- 
central New Mexico. In the present 
study, all hays were adequate in ME 
(or TDN) for pregnant cows but, if fed 
alone, would be inadequate for either 
lactating cows or growing calves. 

Digestible protein values (Y) for the 
hays were closely related to their 
crude protein percentage (1) and 
could be accurately predicted using 
the equation, Y=O.93(X) - 2.93. This 
equation also indicates that true 
digestibility of protein was 93% (Elliot 
and Topps, 1964). Digestible protein 
for hays in this study were similar to 
those for blue grama hay (Kelsey, 
1971). All hays except Springer 
timothy meet digestible protein 
requirements for pregnant cows. Only 
two of the hays (Springer and Las 
Vegas native grass hays) contain suf- 
ficient digestible protein for lactating 
cows and none have adequate amounts 
for growing calves (Table 4.) 

Phosphorus content of the hays 
studied were, in general, higher than 
those found by Watkins and Repp 
(1964). These workers investigated 14 
range grasses collected to simulate 
grazed forage in different seasons at 
various locations in New Mexico and 
found that only during the brief 
period of early growth did grasses 
contain adequate phosphorus for beef 
cattle. Phosphorus levels in the present 
hays were lower than those reported 
for blue grama hay (0.35%) by Kelsey 
(1971). Most ranchers in the western 

Table 4. Nutritive composition of northern New Mexico grass hays compared to nutritive 
requirements’ for different classes of beef cattle. 

Nutrients 

Digestible 
ME TDN’ protein Phosphorus 

Item (Meal/kg) (%I (%I (%I 

Composition 

Native grass 
Cimarron 1.84 51 3.0 0.16 
Springer 1.94 54 6.5 0.24 
Las Vegas 1.85 51 6.4 0.21 

Timothy 
Chama 1.84 51 4.6 0.20 
Springer 1.92 53 1.9 0.10 

Requirements 
Cattle class and wt 

Growing calf 2.28 63 7.1 0.20 
(200 kg - .5 kg/day gain) 

Pregnant cow 1.80 50 2.8 0.16 
(450 kg) 

Lactating cow 2.06 57 5.4 0.22 
(450 kg) 

’ N.R.C. 1970. Nutrient requirements of beef cattle. 
‘Calculated from ME, 3.6155 Meal ME = 1 kg TDN (N.R.C., 1970). 
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range area provide a free-choice phos- 
phorus supplement in combination 
with salt; consequentely, the lower 
phosphorus levels (particularly that for 
Springer timothy) is not regarded as a 
serious problem. 

The authors do not contend that 
hays studied in the present experiment 
are representative of all hays harvested 
in northern New Mexico nor that any 
one hay from a specific location ade- 
quately represents that area. As is well 
established, the principal factor affect- 
ing nutritive value of forage plants is 
stage of maturity (Brown et al., 1968); 
thus, grass hay from a single field may 
vary widely from year to year depend- 
ing on when it is cut. It is also granted 
that hays used in these studies were 
collected rather imprecisely; however, 
they were harvested in a manner typi- 
cal of most ranchers in northern New 
Mexico. Data obtained in this study 
furnish some broad guidelines on the 
nutritive value of hays grown in this 
area. 
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Spy Mesa Yields Better Understanding 

of Pinyon-Juniper in Range Ecosystem 

ALBERT P. THATCHER AND VIRGIL L. HART 

Highlight: A Z-year study on the Spy Mesa relict of the rangelands are: (1) How much pinyon or juniper is natural for 
Arizona Strip provides information concerning the natural the site, (2) what kind of management techniques are 
occurrence of pinyon-juniper in range ecosystems of this area. 
The 40-acre relict is unique because there is a wide variety of 

necessary to control the amount of pinyon-juniper, and (3) 

soils and natural fires have occurred over the past 50 years. 
what results can be expected when these small trees are 

The plants have been grazed by rodents and mule deer and yet 
removed from the plant communities? 

they have been inaccessible to livestock. This study reveals Reporting on the effect of fire in pinyon-juniper zones, 

that, following natural fires, grass became significant in the Dwyer and Pieper (1967) found that wildfire resulted in a 

plant community only on soils that had sandy surface textures. significant reduction of the trees and that grass recovered from 
Pinyon-juniper was the dominant species in the absence of fire, the initial damage by the second year. Aro (1971), in his 
regardless of the kind of soil. Those soils having a vesicular, evaluation of pinyon-juniper conversion to grassland, states 
massive, or piizty surface layer did not produce significant that controlled burning should be the primary conversion 
quantities of grass at any stage of plant succession. technique where vegetation is dense enough to carry an 

effective fire. Arnold et al. (1964) recognized that natural fires 

Rangeland relicts have long been used to determine the 
potential productivity of ranges and the adaptation of plant 
species to soil and climate. Relict areas have also served for the 
study of variations in plant communities as influenced by 
weather, fire, fauna, and other natural factors operating within 
the ecosystem. Such areas often are the only real benchmarks 
from which the natural plant communities can be recon- 
structed. But, in using data from these areas, all factors of the 
environment should be considered. Small differences in soil, 
the presence or absence of fire, and the direction and degree of 
slope can cause dramatic differences in species composition 
and production. 

Within the large area often referred to as the pinyon (Pinus 
edulis) - juniper (Juniper-us spp.) zone, there is much diversity 
in the composition of plant communities. Some areas are 
almost completely dominated by pinyon and/or juniper while 
in other areas neither species is found even though the plant 
communities have been completely altered due to abusive 
grazing and absence of fire. Some of the major questions that 
confront the student or the manager of these kinds of 

played a role in controlling the invading juniper and that 
controlled burns, either as broadcast burns or individual tree 
burns, were a valuable tool to manage these kinds of lands. 

The response to pinyon-juniper control has been varied. 
McCulloch (1966) reports that the yield of cliffrose (Cowania 
mexicana) increased significantly following bulldozing of 
juniper from a site on the north Kaibab Plateau in northern 
Arizona. Judd (1966), in a study of seeding establishment and 
longevity of stand, shows that good results were obtained 
following removal of juniper from a site identified as Buck- 
head Mesa. In a 1969 study on areas in northern Arizona that 
had been cleared of pinyon-juniper, O’Rourke and Ogden 
found grass and forbs increased very little where the calcium 
carbonate (13%) was found in the surface foot of soil. Crown 
cover of pinyon-juniper was also relatively low in those areas 
associated with a poor increase in perennial grass production 
following brush control. 

The influence of soil characteristics on the amount and 
kind of native vegetation has been recognized by many people 
who have studied pristine plant communities. Passey and 
Hugie (1962) demonstrated that detailed soil information can 
be related to the kinds and amounts of vegetation found in 

Authors are state range conservationist, U.S. Department of Agricul- 
natural plant communities. 

twe, Soit Conservation Service, Phoenix, Arizona, and natural resource 
specialist, U.S. Department of the Interior, Bureau of Land Manage- 

Mason (1967), in a relict area study at No Man’s Land Mesa 
ment, Phoenix, Ariz. in Utah, found two distinct plant communities directly related 

Manuscript received December 8, 1973. to distinct differences in soil. Jameson (1962), in a study of 
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Table 1. Vegetation mmposition (%) and yields (lb/acre) of vegetation 
on six different soils identified an Spy Mesa in northern Arizona. 
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10 

Total annual yield 498 405 971 1308 442 1120 993 
'TR =lesstha" 0.5% composition. 

the Fishtail Mesa relict in northern Arizona, shows a strong 
correlation of soil and natural plant communities in the 
pinyon-juniper type. Klemmedson (1970) recognized the need 
for detailed soil information so that correct decisions can be 
made regarding treatment of the range resource. 

The magnitude of pinyon-juniper invasion into grassland 
has been recognized by several authors including Arnold et al. 
(1964), who reported that both trees and shrubs increased in 
areas both protected and grazed between 1940.1953. The 
understory plants decreased as the amount of pinyon-juniper 
overstory increased. Pinyon-juniper control methods, both by 
mechanical means and by tire, were evaluated. In general, the 
results have been an increase in grasses, forbs, and shrubs. 
Jameson and Reid (1965) also indicate that the pinyon-juniper 
invasion in northern Arizona is widespread and that this 
invasion will continue even if areas are protected from grazing. 
They further report that understory vegetation is suppressed as 
this invasion grows. 

Study Area and Procedure 

The Spy Mesa relict is 40 acres in size and is located 15 
miles south of Colorado City in the part of northern Arizona 
known as the “Arizona Strip.” The elevation at the top of the 
mesa is approximately 5,000 feet. Using the records of the 
nearby weather station at Fredonia, Arizona, it was estimated 
this area receives an average of 13 inches of precipitation 
annually, about 50% of which is received during the period of 
July thrtugh October. The average annual temperature is 
about 52 F. Extreme temperatures range from a high of 105’ 
down to - 15’ F. 

Spy Mesa is a true relict in the sense that all apparent 
factors of the natural environment have been allowed to 
function without the influence of modern man and his 
domestic livestock. Activities of wildlife observed here were 
those of deer, porcupine, rabbits, ground squirrels, and 
coyotes. Although it was impossible to determine frequency of 
wildfires, there was abundant evidence of relatively recent fires 
(Fig. 1) having occurred. Also in evidence were situations 
where individual trees had been killed by lightning fires or, in 
the case of the pinyon, being killed by activities of porcupine. 

The area lies well within the pinyon-juniper zone of the 
intermountain area. The floristic composition is quite rich, 

with 27 species identified. About 15 species (Table 1) 
contribute significantly to the vegetative production of one or 
more of the soils. 

Soil differences, a wide variability in kinds of vegetation, 
the occurrence of natural fires, and the influence of various 
kinds of wildlife make the Spy Mesa relict ideal as a study 
area. 

The study of the relict was initiated by an intensive soil 
investigation. Detailed soil profile descriptions were written 
noting all characteristics at each identifiable horizon as shown 
in Figure 2. Soil profiles for. each of the study areas were 
numbered 1 through 6. No attempt was made to identify these 
soils as to series, type, or phase. 

Vegetative transects were established within each of the six 



soil areas. Care was taken to avoid sampling small inclusions of 
other soils that might lie within the soil boundary. The 
vegetation was measured using the double sampling procedure 
with production expressed as pounds of air dry annual herbage 
produced per acre. Plots of 9.6 ft’ were used to sample 
grasses, forbs, and small shrubs. Nested l/IO-acre plots were 
used to sample the larger shrubs and trees. Production data 
were obtained from a minimum of ten sample plots on each 
transect. Total pounds/acre and pounds/acre of each species 
were recorded for each soil area and summarized in Table 1. 

Results and Discussion 

Soil areas numbered 1 (Fig. 3), 2 (Fig. 4), and 4 (Fig. 5) 
primarily produced pinyon pine, juniper (J. osteosperma), and 

shrubs of various types as shown in Table 1. Grass production 
was slight to nonexistent. This was true even when the trees or 
shrubs were lost in the plant community as the result of fire, 
senility, and destruction by porcupine or disease. On these 
soils, the ecosystem changes are from trees to shrubs and back 
to trees again (Fig. 4 and Fig. 5). Grass did not appear to any 
significant extent at any of the stages of plant succession. The 
soil factors that cause this phenomenon are not exactly 
known. The one identifiable soil characteristic common to 
these three soils is the vesicular, massive, or platy surface layer. 
Soil scientists have associated this with poor water infiltration 
rates. It seems logical that soils with high water runoff 
characteristics would have less available moisture and thus be 



under greater moisture stress. This soil factor could eliminate 
from the plant community those plants that are not able to 
compete for limited moisture under drought conditions. 

Soil areas 3 (Fig. l), 5 and 6 (Fig. 6) produced in all cases 
significant amounts of grass. The amount of grass (on these 
soils) seemed to be inversely related to the amount of pinyon 
and juniper, which in turn was inversely related to the 
frequency of fire or other means by which the trees died. 
Those sites where tire had recently functioned in the plant 
community (column 3B in Table 1) produced 1,271 lb/acre of 
desert needlegrass (Sripa speciosa). Where fire had not played a 
recent role in the development of the plant community (Fig, 
7) and (Column 3A in Table l), the amount of desert 
needlegrass was 612 lb/acre. Here again it is not fully 
understood why these soils produce significant quantities of 
grass. The one thing that each of these three soils has in 
common is the granular sandy loam surface soil layer on which 

common is the granular sandy loam surface soil layer on which 
moisture infiltration rates into the soil profile would be ideal. 
As there were apparently no adverse soil conditions such as 
high pH, salinity, and slowly permeable subsoil horizons, the 
authors believe that this soil surface condition plays the 
primluy role in determining the significant production of grass 
in these three plant associations. 

High lime concentrations in the soil profile were apparently 
not a characteristic which limited the amount of grass 
production. One soil with little or no lime in the soil profile 
produced little or no grass, while two of the soils which 
produced grass had at least moderate concentrations of lime 
somewhere in the soil profile. 

Conclusions 

What appeared at first to be a disarray of plant communi- 
ties, i.e., nearly pure stands of grass in parts of the relict and 
plant communities made up of pinyon, juniper, and shrubs 
with very little grass in other areas, became understandable 
only after detailed soil investigations were completed. These 
two basic plant communities were even more clearly defined 
when the influence of fire was noted. 

Soils with vesicular, massive, or platy surface layers did not 
produce significant quantities of grass in any stage of plant 
succession. The principal plants produced on these soils were 
primarily confmed to pinyon, juniper, and shrubs. 

Those soils with granular sandy loam surface layers, even 
when very shallow, produced relatively large quantities of grass 
under natural ecological conditions. 

The data supplied here contributes to a better understand- 
ing of soil conditions that allow natural establishment of grass 
following juniper controls for these kinds of soils in this type 
of climate. 
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Relationship between Animal Activity and 
Bare Areas Associated with California 

Sagebrush in Annual Grassland 

J. PAT HALLIGAN 

Highlight: Thickets of California sagebrush support large 
populations of small mammals which eliminate grassland vege- 
tation from the vicinity of the shrubs. The effect of the shrubs 
is density dependent, with greatest effect at more than 50% 
canopy coverage and virtually no. effect at 25% cover and less. 
The amount of grassland exclusion diminishes rapidly with 
distance from the shrub stands, but extends beyond the well- 
defined border zone as rabbit trails. Although scattered shrubs 
do not exclude grassland vegetation, they apparently protect 
the grass under their canopies from grazing by cattle. The 
extent of the bare areas fluctuates greatly over periods of 
years. The areas denuded by small mammals are populated by 
diminutive species which do not live in the unbroken 
grassland, and show a greater species diversity than unbroken 
grassland. 

California sagebrush (Artemisia californica) is a common 
shrub invader of grasslands in coastal southern and central 
California. It is a dominant shrub species of the California 
coastal sage scrub, or soft chaparral, and is often associated 
with sage (Salvia spp.) and coyote brush (Baccharis pilularis). 
Stands of coastal sage scrub, when in contact with grassland, 
produce a pattern of grassland exclusion, leaving bare areas 
under and fringing the shrub stands. No such grassland - - 
exclusion is seen with scattered or single shrubs of California 
sagebrush. 

Various mechanisms have been proposed to account for the 
bareness associated with the thickets of shrubs, including 
allelopathy (or poisoning by volatile toxins) by Muller (1966), 
trampling and grazing by cattle (Wells, 1964), and grazing and 
seed predation by small mammals (Wells, 1964; Bartholomew, 
1970). Of the three proposed causes of bareness associated 
with ‘the coastal sage scrub, cattle can be dismissed, since the 
bare areas are equally pronounced in areas where cattle have 
been excluded for years. Allelopathy was shown to be 
important for certain forbs, but not to be important for the 
major grasses of the annual grassland (Halligan, 1973). 
Competition for moisture was hypothesized as a cause of the 
bareness associated with big sagebrush (Robertson, 1947 ; 
Frischknecht, 1963), although it was only of minor impor- 
tance in the case of California sagebrush (Halligan, 1973). 

The author was with the Department of Biological Sciences, 
University of California, Santa Barbara. At present he is visiting 
assistant professor, School of Life Sciences, University of Nebraska, 
Lincoln. 

The author wishes to thank Dale Smith, Nancy Vivrette, Dick 
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In this paper I intend to briefly describe the herb pattern 
associated with California sagebrush, and to present its major 
cause. 

Materials and Methods 

Four study sites were used. The major site was located at 
the La Purisima State Historical Park, near Lompoc, Calif. 
Another major site was located immediately west of the 
intersection of San Marcos Pass Road and San Antonio Creek 
Road in Santa Barbara, Calif. Two additional sampling sites 
were located about a mile from each of the major sites. The 
one near the La Purisima site was the only site located in 
grassland grazed by cattle, and will be referred to as the 
Lompoc site. The one near the San Marcos site will be called 
the Santa Barbara site. 

All sites were located in a semiarid Mediterranean climate, 
with a moist cool growing season, generally extending from 
November to April, and a warm dry dormant season extending 
from May through October. The La Purisima site averages 
about 14 inches (36 cm) of precipitation per year while the 
San Marcos averages about 22 inches (56 cm) (Personal 
communication: Santa Barbara County Flood Control and 
Water Conservation District). However, the San Marcos site is 
warmer and has a higher estimated annual rate of evapotrans- 
piration (Elford et al., 1965). The La Purisima site is located 
on a sandy loam soil, while the San Marcos site is located on a 
clay soil (Halligan, 1972). 

Four permanent transects were placed at La Purisima. 
These consisted of l- cm X lo-cm quadrats extending from 
within the shrub zone, across the border zone, and into the 
grassland. They were sampled biweekly in 1969-70, and twice 
yearly through 1972. Two other transects were placed at San 
Marcos. Densities of each species were monitored, along with 
evidences of grazing (clipped leaves), heights of some species, 
and condition (e. g. wilting). These transects were supple- 
mented with over 100 5-cm X 5-cm quadrats in the three 
zones. 

To determine the relationship between shrub density, and 
development of bare areas, 16 quadrats, measuring 20 ft (6 m) 
by 20 ft (6 m) were sampled in an area of variable shrub 
densities, at the Santa Barbara site. In each quadrat three 
quantities were determined: 1) the area occupied by shrub 
canopies, 2) the amount of bare area under the shrub canopies, 
and 3) the amount of bare area not under the shrub canopies. 
By definition, a bare area is essentially devoid of vegetation, as 
compared to surrounding grassland. These include animal 
trails, dirt mounds, and areas without much herb growth. The 
demarkation between bare areas and grassland was sharp, with 
little intermediate vegetation. From these measurements, the 
percentage cover by the shrub canopies is calculated, along 
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Fig. 1. A sfond of Cahforornti sagebrush in annunlgrasslond showing the 
bare-looking border zone between the sbrubsond~rassland. Fence in 
middle bockground is the fence exclosure. 

with the percentage bare area under and between the shrubs. 
Five transects 30 ft (9 m) long and 1 ft (30 cm) wide were 

used to sample the grassland-shrubland contact, at the Santa 
Barbara site. These transects were intended to determine the 
extent of the bare areas fringing a large shrub stand, and to 
measure the bareness beyond the border zone. The transects 
were broken into l-ft (30 cm)square quadrats in which the 
proportion of bare area to grassland vegetation was noted. 
Again, the sharp distinction between bare areas and grassland 
facilitated this measurement. The width of the border zone in 
each transect was also recorded. 

A fence exclosure at the La Purisima site was constructed 
of H inch (1.27 cm) mesh hardware cloth placed 6 inches (15 
cm) into the ground and extending 18 inches (45 cm) into the 
air. This exclosure (Fig. 1) measured 50 ft by 60 ft (16 X 20 
m) and enclosed substantial areas of all three vegetation zones. 
Brush rabbits (Syfvilagus) were completely excluded, while 
mice (Peromyscus and Reifhrodontomys) required constant 
trapping to maintain a low population. Birds were not 
excluded. The vegetation inside the exclosure was sampled on 
two permanent transects extending across all three zones, and 
that outside was sampled with two other transects. 

Box exclosures were constructed of 3/8 inch (0.9 cm) mesh 
hardware cloth measuring 2 ft (60 cm) square and 9 inches (23 
cm) high, to exclude all mammals and birds. Control box 
exclosures were raised 5 inches (13 cm) above the ground to 
allow free access to small animals (Fig. 2). One set of box 
exclosures was placed in the shrub zone at San Marcos and one 
set in the border zone; two sets were placed in the shrub zone 
at La Purisima, one of the sets within the fence exclosure. The 
San Marcos box exclosures were sown in June with 100 ripgut 
brome spikelets, 100 wild oat caryopses, and 100 foxtail chess 
spikelets. La Purisima box exclosures were sown with 400 
ripgut brome caryopses. All seeds were collected from the 
respective study sites in May. 

Emergent seedlings were counted in each box exclosure in 
November, after the first rains of the wet season; and the grass 
shoots were weighed (oven dry) in April, at the time of 
flowering. Samples of dominant specimens of the grasses from 
adjacent grassland were also weighed for comparison. 

The only work done in an area grazed by cattle was 
sampling at the Lompoc site to ascertain the effect of cattle on 
the vegetation pattern associated with California sagebrush. 
Sampling was conducted in an area of scattered sagebrush in 
February. Fifteen shrubs were sampled for heights of grasses 
and evidence of grazing (clipped leaves) along with grassland 
controls. Sixteen other shrubs were sampled for grass density 
and numbers of tillers, using 5. cm X S-cm quadrats sampled in 

Table 1. Percent composition’ of the three herb zones at the La 
Pwisima site. 

Species’ 

Grassland s-pecies 

Grass- 
land 

Border Shrub 

0 
0 
* 
* 

21 

* 
* 

0 
0 

7 18 
5 33 
1 15 
1 9 

27 12 
15 7 

i 
1 
1 

1 * 
1 n 

pairs, one under a shrub and the other in the grassland 4 ft 
away from the shrub sample. Only robust species of grasses 
were considered, viz. brome, chess and wild oats, but not 
fescue. 

Results 

The vegetation associated with California sagebrush is 
arranged into three distinct zones, both in terms of species 
composition and in terms of physiognomy (Fig. 1). The 
species present in each zone differs radically from the other 
two zones (Table 1). The larger species predominate in the 
grassland at La Purisima, averaging 29.8 cm in height in April. 
The shrub and border zones support much smaller species, 
with average heights of 2.9 cm in the border zone and 2.1 cm 
in the shrub zone. The cover by live leaves in January is 32.3% 
in the grassland, 0.9% in the border zone, and 1.5% in the 
shrub zone. The density in the border zone is 64% of the 
grassland density; that of the shrub zone is 49% of the 
grassland density (Halligan, 1973). The herbs of the shrub and 
border zone are small, lower, less dense, and of different 
species than those of the grassland. The species diversity of the 
grassland based on percentage composition is 0.56,while that of 
both the shrub and border zones is 0.82. 

In stands of shrubs with less than 30% canopy coverage, less 
than 5% of the areas both under the shrubs and in the 
grassland is bare (Fig. 3). Where there is between 30% and 50% 
canopy coverage, bare areas both under the shrubs and 
between the shrubs rise rapidly. In stands of over 50% canopy 
coverage by shrubs, more than 75% of the area under the 
shrub canopies is bare, and between 25% and 70% of the area 
between the canopies is bare. Apparently, 30% cover is the 



end o,fgrowip season. Excbsures were removed ro facilitare “iewing. 

critical density at which the shrubs begin to exert a controlling 
influence on the grassland. The grassland vegetation is more 
severeiy affected beneath the shrubs than between them. 

The bareness associated with dense stands decreases with 
distance from the edge of the stands (Fig. 4). The bareness 
extends beyond the well-defined border zone in the form of 
rabbit trails, which either radiate from the shrub stands or 
parallel the edges of the stands, often connecting adjacent 
stands or areas of the same stand. The trails decrease rapidly in 
number and influence with distance from the stands, as 
reflected in the distribution of bare area in Figure 4. The 
width of border zone around larger thickets varies in width 
from 0 m to over 3 m. Eleven measurements of border zone 
width taken during the first year each site was studied gave an 
average of 0.8 m, ranging from 0 m to 1.4 m. 

Although the vegetation inside the fence exclosure origi- 
nally was similar to the vegetation outside, within the first 
growing season it had become noticably and measureably 

350 

lusher (Table 2). Ripgut brome outside the exclosure was 
severely grazed by small mammals, accounting for its low height 
and lack of reproduction. I observed that individual grasseswere 
sporadically truncated almost to the ground, usually 
accompanied by deposition of rabbit fecal pellets, strongly 
suggesting grazing. The inflorescences were almost invariably 
clipped before anthesis. Foxtail fescue was less severely grazed, 
and a moderate percentage were able to reproduce with 
horizontal inflorescences. Small mammals apparently selectively 
graze the coarser grasses more intensively than the tine-leaved 
fescue. 

The border zone changed considerably in width over the 
period of this study. During the 1969-70 growing season, the 
border zone within the fence exclosure remained stable or 
became slightly narrower, while outside the exclosure it 
increased considerably in width (Table 3). By the first part of 
the 1970.71 growing season, the grassland had encroached 
considerably into the border zone within the fence exclosure. 
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Fig. 3. Relationship between shrub canopy coverage and percentage 
bare area under and between shrubs. 

Fig. 4. Percentage cover by grassland vegetation across the 
between shrub and grassland communities. Distance is in feet. 

Outside the exclosure the grassland withdrew, leaving the 
border zone wider. I observed that the grassland was deci- 
mated in episodes, leaving irregular islands of untouched 
grassland interspersed with areas of grasses clipped close to the 
ground. Among the clipped grasses were an abundance of 
rabbit fecal pellets (Fig. 5). Inside the exclosure the grassland 
did not encroach much into the border zone within a given 
growing season, except by vegetative proliferation of existing 
plants. However, over the dry season, seeds of grassland species 
were disseminated into the border zone. These remained on 
the ground within the fence exclosure, but disappeared outside 
the fence exclosure. The following growing season, the seeds 
germinated and formed the basis for the advance of the 
grassland into the border zone. 

The emergence of grass seedlings in the open box exclosures 
(Table 4) was low for the large-seeded grasses (wild oats and 
ripgut), but was relatively high for the smaller-seeded foxtail 
chess. None of these three species emerged in the vicinity of 
the box exclosures due to natural recruitment, but foxtail 
fescue, a grass with tiny seeds, emerged both within and 
around the box exclosures from naturally dispersed seed. I 
observed that most wild oat and ripgut brome seeds dis- 
appeared from the open exclosures over the dry season, but I 
observed little disappearance of foxtail chess seeds. Seed 
predation by small animals is suggested by an earlier experi- 
ment where the disappearance over the dry season of wild oat 
seeds buried in the shrub zone was accompanied by consider- 
able disturbance of the soil. Emergence of ripgut brome in the 
box exclosures at La Purisima paralleled that at San Marcos, 
except that the seeds did not disappear under the open box 
exclosure within the fence exclosure, but instead were cracked 
open, perhaps by insects or birds. 

The dry weights of the shoots of the grasses in the closed 
exclosures (Table 5) suggest that in the absence of grazing, 
conditions are favorable for the growth of grasses in the shrub 
zone, but less so in the border zone. The open exclosures 
contained no live grasses of the three species sown the previous 
June, but did contain dead, truncated stumps of the sown 
grasses (Fig. 2). However, there were numerous live individuals 
of foxtail fescue, a small, thin-leaved grass which grew 
naturally throughout the shrub and border zones. 

Grasses under scattered shrubs in grassland grazed by cattle 
were four times taller than those in the adjacent grassland 

10 0 10 20 
DISTANCE FROM EDGE OF SHRUB ZONE 

con tact 

Table 2. Survival (%) to fruiting and average maximum height (cm) of 
ripgut brome and foxtail fescue where protected from grazing (inside 
exclosure) and open to grazing.’ 

Species and location Survival 

Ripgut brome 
Inside exclosure 40 
Outside exclosure 0 

Foxtail fescue 
Inside exclosure 48 
Outside exclosure 17 

’ All individuals measured were in the border zone. 

Height 

17.5 
2.5 

8.9 
3.5 

Table 3. Comparison of the changes in the width (m) of the border 
zone along four transects, two inside the fence exclosure and two 
outside the fence exclosure. 

Location of transect 

Inside exclosure 

Outside exclosure 

Nov. Apr. Nov. 
1969 1970 1970 

0.4 0.3 0.1 
0.9 0.9 0.5 

0.6 1 .o 1.8 
0.9 1.3 - 

Table 4. Emergence (% of control) of sown grasses inside open box 
exclosures as a percentage of the emergence in corresponding closed 
box exclosures. 

Species Shrub zone Border zone 

San Marcos site 
Ripgut grass 
Wild oats 
Foxtail chess 

La Purisima site 
Ripgut 

Outside fence exclosure 
Inside fence exclosure 

6.7 5.7 
0.0 5.0 

53.1 75.7 

0.0 - 
6.0 

Table 5. Dry weights of shoots of sown grasses inside box exclosures, 
as a percentage of dry weight of corresponding species in the grass- 
land. 

Species 

Shrub zone Border zone 

Closed Open Closed Open 

Ripgut grass 316 0 104 0 
Wild oats 65 0 58 0 
Fox tail chess 174 0 37 0 

JOURNAL OF RANGE MANAGEMENT 27(5), September 1974 361 



(Table 6). The percentages of clipped grasses suggest that the 
grasses in the grassland were much more heavily grazed than 
those under the shrubs. Evidence of clipping underestimates 
the amount of grazing since clipped leaves are difficult to 
identify as such soon after grazing. The density of robust 
grasses (brome, chess, and wild oats, but not foxtail fescue) 
was about twice as high under the shrubs as in the adjacent 
grassland. The grasses in the grassland had about three times 
the tillers (other than the main stem) of the grasses under the 
shrubs, indicating a more horizontal growth pattern in the 
grassland. 

Discussion and Conclusions 

The hypothesis that small mammals contribute to the 
bareness associated with California sagebrush is supported by 
the box exclosure experiments, by the fence exclosure 
experiment, and by the observation of clipped stumps of 
grasses in areas of grassland regression. 

Seed size appears to be an important factor influencing seed 
predation, with larger seeds being taken more readily than 
smaller seeds. In general, the dominant species of the grassland 
have large seeds, while those of the shrub zone have small 
seeds. Grazing by small mammals tends to be directed at the 
coarser grasses, as seen in the relative performance of foxtail 
fescue and the larger grasses in the fence and box exclosure 
experiments. Other species of the shrub and border zones 
avoid grazing through their small size, as in most shrub zone 
species; through their spininess, as in Navnrretia and 
Choriznnthe; or perhaps through their unpalatability, as in 
Croron and Sotureja. 

Table 6. Comparison of grasses’ under scattered shrubs with grasses 
in s”rm”“ding grassland in February at the Im”poc site, an area 
grazed by cattle. 

“n&r In adjacent 
hk~S”~U”~“t SllI”b grassland 

Height (cm) 26.1 6.5 
Chess and wild oats/25 cm’ (no.) 5.6 2.9 
Secondary tillers/gla”t (“0.1 0.31 1.07 
Samples grazed (%I 26.6 73.3 

1 Grasses include lxome, chess and Wild oats but not foxtail fescue. 

The width of the border zone varies with time. At La 
Purisima the border zone expanded from about 1 m wide in 
1970 to between 2 and 4 m wide in 1973. At San Marcos, the 
border zone over the same period of time was not observed to 
change appreciably. Muller (1971) noted the reverse effect in 
mixed stands of California sagebrush and sage (Salvia 
leucophylhz). Between 1964 and 1968 the border zone which 
originally was about 2 meters wide was invaded completely by 
grassland. 

The formation of bare areas is characteristic of large stands 
of contiguous or clustered shrubs. Scattered shrubs in grass- 
land generally do not have associated bare areas (Fig. 3 and 6). 
The effect of the shrubs is density dependent. When the shrubs 
are scattered, grassland vegetation is not inhibited under the 
shrubs; and in grassland grazed by cattle, the grasses under the 
shrubs are taller and denser than in the grassland. Apparently, 
the grasses under the shrubs are protected from cattle grazing 
by the branches of the shrubs. 

An important aspect of grazing is the opportunity given to 
small herbs to grow in areas denuded of grassland. A large 
proportion of the species found at the two study sites grow 
only in denuded areas and are dependent upon grazing for 
their bare habitat. 
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Highlight: The variation in miserotoxin concentration (percent dry weight) of 
timber milkvetch (Astragalus miser var. serotinus) was ascertained for 19 sites 
throughout British Columbia. Determinations were based on recently developed 
methods of micro-isolation and derivatization of miserotoxin from fresh-frozen 
timber milkvetch samples. With the exception of one site, timber milkvetch 
located in fescue grassland areas yielded the highest miserotoxin values (5.8 to 
7.3%); whereas the lowest peaks (3.1 to 4.3%) were recorded in the medium- 
canopied forests of the Douglasfir-pinegrass community. Subalpine, Savannah, 
parkland, and semiopen areas of the montane forest exhibited intermediate 
miserotoxin maxima (4.3 to 5.8%). The data for 1973 suggest that grazing 
should be avoided in the fescue grasslands in spring and minimized in exposed 
forest areas. 

Miserotoxin (3-nitro-1 -propyl-B-D- 
glucopyranoside) is the poisonous 
prmciple that occurs in three varieties 
of timber milkvetch: Astragalus miser 
var. hylophilus (Rydb.) Barneby; A. 
miser var. oblongifolius (Rydb .) 
Cron.; and A. miser var. serotinus 
(Gray) Barneby (Williams and Norris, 
1969). These varities are widely sep- 
arated geographically and the distribu- 
tion of variety serotinus is limited to 
northern Washington, British Colum- 
bia, and western Alberta (Barneby, 
1956; Norris, 1970). Various estimates 
agree that 2 to 5% of the rangeland 
cattle are either chronically or fatally 
affected by timber milkvetch poison- 
ing in British Columbia (Bruce, 1927; 
MacDonald, 1952; B. C. Dep. of Agri- 
culture, 1967). The economic losses 
are magnified by reduced liveweight 
gains, calf crop losses, and forced 
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shipment of cattle (Nicholson, 1963; 
B. C. Dep. of Agriculture, 1967). 

Stermitz et al. (1969, 1972) con- 
ducted the original isolation and char- 
acterization of miserotoxin from A. 
miser var. oblongifolius and Hahn 
(1970) reported the purification of the 
aglycone of miserotoxin, 3-nitro-l- 
propanol, from the same variety. 
Majak and Bose (1974) have con- 
firmed recently the occurrence and 
identity of miserotoxin from A. miser 
var. sero tinus. 

The clinical signs of timber milk- 
vetch poisoning in cattle can be in- 
duced by equivalent doses of 3-nitro-l- 
propanol (Williams et al., 1969), the 
toxic metabolite of miserotoxin which 
is released in the rumen (Williams et 
al., 1970). Mosher et al. (1971) 
demonstrated with sheep that timber 
milkvetch toxicosis is accompanied by 
elevated serum glutamate oxaloacetate 
transaminase activity but that the 
blood levels of glucose and thiamine 
were unaffected. Intramuscular injec- 
tion of thiamine hydrochloride, how- 
ever, is used therapeutically with 
limited success in south central British 
Columbia (Nicholson, 1963). 

Researchers have proposed two 
approaches to timber milkvetch con- 
trol: Williams (1970) reported that 
toxicity of timber milkvetch can be 
reduced by the application of the 
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herbicides Silvex or 2,4,5-T, which 
depressed the level of miserotoxin by 
two thirds. Hall and Brink (1971), on 
the other hand, have advocated the use 
of nitrogen fertilizers to enhance the 
competitive growth of grasses produc- 
ing a concomitant decline in the popu- 
lation of timber milkvetch. The feasi- 
bility of these proposals for vast tim- 
bered rangelands is, however, 
questionable. 

The present study was conducted 
to elucidate the toxicity trends of 
timber milkvetch at 19 representative 
rangeland sites in British Columbia. 
Seasonal fluctuations in miserotoxin 
concentration of the variety serotinus 
were determined during the spring and 
summer of 1973 according to the 
recently developed method of Majak 
and Bose (1974). Accordingly, the 
results would contribute toward the 
formulation of range management 
guidelines. 

Materials and Methods 

Experimental Plots 

Uniform sampling sites, at least 100 
X 200 ft, were selected at the various 
locations in British Columbia de- 
scribed in Table 1. The soil at each site 
was classified (Canada Soil Survey 
Committee, 1970) by inspection and 
by consultation with soil survey per- 
sonnel of the B. C. Department of 
Agriculture, Kelowna. Relative tree- 
canopy covers were estimated as either 
medium (normally-stocked, montane 
forest, 20 to 35% cover), light (semi- 
open conditions such as parkland or 
Savannah, 0 to 20% cover), or zero 
(fescue grassland). 

Plant Samples 

Random sampling of timber milk- 
vetch at a given point in time pro- 
ceeded as follows: the aerial portions 
of 15 to 20 plants were excised 1 inch 
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Table 1. Vegetation classifications and physical features of plots 1 to 19. 

Plot no. Location Plant zone Plant community 
Elevation Slope 

(ft) Soil order Exposure (%I Canopy’ 
1 Lac du Bois 
2 Lac du Bois 
3 McQueen L. 
4 McQueen L. 
5 Pinantan L. 
6 Miner Mt. 
7 Greenstone Mt. 
8 Bonaparte R. 
9 Princeton 

10 Canoe Cr. 
11 Leighton L. 
12 Tatlayoko L. 
13 Pass L. 
14 Pass L. 
15 Bonaparte R. 
16 Bridesville 
17 Canoe Cr. 
18 Canoe Cr. 
19 Tunkwa L. 

Rough fescue 
I, 
l, 
,, 
,l 
,l 

Subalpine fir 
Douglasfir I, 

,, 
,, 
I, 
I, 
I, 
,l 
I, 
,, 
I, 
,l 

Rough fescue-eriogonum 
I, 
I, 
l, 
,I 
,, 

Alpine big sagebrush-pinegrass 
Douglasfir-rough fescue 
Douglasfir-pinegrass 

,# 
,, 
I, 
l, 
,I 
1, 
I, 
I, 
,, 
I! 

3000 
2950 
3200 
3200 
3150 
3000 
5684 
3000 
2600 
3960 
3800 
2750 
3150 
3175 
3115 
4700 
3500 
3900 
4000 

Chernozem - 
,I WNW I, E ,# SW ,, ssw ,, SW 

Brunisol ssw ,, S 
Luvisol SE 
Brunisol W I, 

,, W 
Luvisol SW I, SW 

,1 - 
I, W 

Brunisol - 
l, W 

Luvisol WNW 

2 0 
45 0 
27 0 
21 0 
11 0 
27 0 
38 L 
15 L 
5 L 

13 L 
1 L 

20 L 
30 L 
30 M 

2 M 
5 M 
2 M 
5 M 
5 M 

’ Canopy indicated by M (medium), L (light), and 0 (zero). 

above ground to make a combined 
sample of about 50 g; the fresh mate- 
rial was placed in plastic bags which 
were sealed and stored at - 10 C. Prior 
to analysis for miserotoxin, the fresh- 
frozen plants were sorted and diced at 
2’C, 5-g samples were pooled for 
duplicate dry weight determinations 
(55’C, 48 hr), and a 15-g sample was 
tared for extraction and maintained 
at - 10°C. 

Extraction of Miserotoxin 

The frozen, 15-g sample was ex- 
tracted twice with 100 ml boiling 80% 
ethanol in a Waring blender at high 
speed (two I-min spins). The suspen- 
sion was filtered on a Buchner funnel, 
the residue was washed with 250 ml 
boiling 80% ethanol, and the volume 
of the filtrate was adjusted to 500.0 
ml. A lOO-ml aliquot was concentrated 
to dryness in a rotary evaporator, 
suspended in a minimum amount of 
hot water, filtered (Buchner funnel, 43 
mm diam) through a bed of polyamide 
(Woelm) and Celite (1:3), and the 
filtrate was adjusted to 50.0 ml 
(extract 1). Extract 1 is the starting 
point for the micro-isolation of 
miserotoxin on stratified thin-layer 
plates. The chromatographic and 
detection methods as well as the 
quantitative calorimetric procedures 
(coupling reaction between 
miserotoxin and diazotized para- 
nitroaniline) have been described pre- 
viously (Majak and Bose, 1974). Ex- 
traction of fresh material was prefer- 
able since the concentration of misero- 
toxin could be reduced significantly if 
timber milkvetch samples were initi- 
ally oven dried and ground (Majak and 
Bose, 1974). The losses on drying may 
be partially attributed to the release 

and volatilization of the -aglycone. 
Since the extraction procedure was 
complete (as evidenced by thin-layer 
chromatographic checks of serial ex- 
tractions) and since interspersed dupli- 
cate extractions yielded the same 
miserotoxin values, a single extraction 
of each sample was found to be 
sufficient. Extract 1, however, was 
chromatographed twice (two, 0.05-ml 
aliquots) and the miserotoxin band 
was eluted and quantified in duplicate. 
These duplicates differed by less than 
5%. The seasonal, peak miserotoxin 
concentration measured for a given 
plot was used as an index of toxicity 
and the various plots were compared 
on this basis. 

Results and Discussion 

The 19 experimental plots encom- 
passed three plant zones: (1) rough 
fescue (Festuca scabrella); (2) Douglas- 
fir (Pseudotsuga menziesii); (3) subal- 
pine fir (Abies Zasiocarpa); and four 
plant communities: (1) rough fescue - 
eriogonum (Eriogonum heracleoides); 
(2) Douglasfir - rough fescue; (3) 
Douglasfir - pinegrass (C’alamagrostis 
rubescens); (4) alpine big sagebrush 
(Artemisia triden tata ssp . vaseyana) - 
pinegrass. Eighteen plots were situated 
in a parallelogram area (100 x 200 
miles) of the southern British Colum- 
bia interior and the remaining one 
(plot 12) was located in the Chilcotin 
district. The 19 sites represented a 
diversity of exposures, three soil 
orders, and elevations ranging from 
2600 to 5700 ft (Table 1). 

Fescue Grasslands (Plots 1 to 6) 
These sites, located on Black to 

Dark Brown Chernozemic soils, exem- 

plify the fescue grassland conditions of 
British Columbia and, with the excep- 
tion of plot 5, they exhibited the 
maximum miserotoxin concentrations 
(5.8 to 7.3%). The first experimental 
samples (May 4) were collected within 
a week of emergence and thus, a rapid 
synthesis of the toxin was reflected in 
the initial stages of growth (Fig. 1). 
The peak levels were associated with 
prebud and bud stages of growth 
followed by a decline occurring during 
bloom. Similar trends were described 
for plots 3 (“wet site”) and 4 (“dry 
site”) sampled during the summer of 
1972 (Majak and Bose, 1974). 
Although plot 5 reveals a second peak 
at the prepod stage, this is not 
observed for either plots 1 and 2 or 
the “dry site” (see above). Sampling 
beyond the flower stage for the re- 
maining sites (3, 4, and 6) was impos- 
sible due to extreme plant dessication. 
The short growing season for this 
group is attributed to the drought in 
the spring and summer of 1973. Pre- 
cipitation for the month of July, for 
example, was the third lowest on 
record (0.09 inches) at the Kamloops 
airport, and the previous 15 months 
exhibited precipitation below the 
30-year norm (Atmospheric Environ- 
mental Service, 1973). Excepting plot 
5, the peak miserotoxin concentra- 
tions occurred from the beginning of 
May to the beginning of June (1973), 
and there was no apparent relationship 
between these values and either slope 
or exposure. The pattern in plot 5 is 
enigmatic and whether it bears a rela- 
tionship to plot 13 (see below) re- 
mains to be seen (i.e. plots 5 and 13 
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Fig. 1. Variation in miserotoxin concentration (percent dry weight) of timber milkvetch collected in 1973and located in fescue grasslands 
(plots 1 to 6), semiopen areas (plots 7 to I2), and montane forests (plots 13 to 19). 

exhibited lower miserotoxin levels than 
would be predicted). 

Montane Forests (Plots 13 to 19) 

These sites represent various suc- 
cessional levels of the Douglasfir climax 
forest (Tisdale and McLean, 1957): 
Douglas fir forest (plots 13 and 14); 
Douglasfir - lodgepole pine (Pinus 
contorta) (plots 15, 17, 18, and 19); 
Douglasfir - western larch (Larix 
occidentalis) (plot 16). The areas are 
characterized by medium canopy (with 
the exception of plot 13 which was a 
small opening in a Douglasfir forest) 
and either Brunisolic or Luvisolic soils. 

Two basic trends are revealed by 
these groups (Fig. 1): plots 15, 17, 18, 
and 19, situated in typical lodgepole 
pine stands, exhibited peak concentra- 
tions (3.9 to 4.3%) from the beginning 
of June to the beginning of August; 
plots 13, 14, and 16, which are associ- 
ated with Douglasfir stands, showed 
peak values (3.1 to 4.0%) from the be- 
ginning of May to the beginning of 
July. Peak miserotoxin concentrations 
prior to flowering were evidenced, 
except for plot 19, where sampling was 
initiated at bloom and the earlier 
values were unknown. A secondary 
peak was associated occasionally with 
the prepod (plots 13 and 14) and the 
pod stages (plots 17, 18, and 19). 
Evidence of regrowth may account for 
the undulating profile in plot 19; 
similar observations were made for plot 
11 and the final sampling in plot 10, 
which showed an increment in misero- 
toxin concentration. 

Plots 13 and 14, situated on the 
same slope, differed on the basis of 
elevation (3 150 and 3175 ft respec- 
tively) and canopy. The persistence 

of moisture in the covered forest area 
(plot 14) reflects the perseverance of 
timber milkvetch and the extension of 
the miserotoxin interval. 

The trends indicate, therefore, that 
peak toxicity levels in the fescue grass- 
lands are approximately twice as great 
as those in successional forests of the 
Douglasfir - pinegrass community. No 
direct relationship was observable 
between miserotoxin values and either 
elevation, exposure, slope, or latitude. 

Semiopen Areas (Plots 7 to 12) 

Trends are not readily apparent 
among these highly diversified sites 
which encompass two plant zones and 
three plant communities characterized 
by light canopies and mostly 
Brunisolic soils. Although plots 9 to 
12 are found in the Douglasfir - 
pinegrass community they exhibit 
anomalous features in comparison to 
the normally-stocked forest areas 
(plots 13 to 19): plot 9, for example, 
was located in the open areas of a 
parkland; the western exposure of plot 
10, in a lodgepole stand, was adjacent 
to a marsh, and plot 11 was situated in 
a young lodgepole stand with a recent 
history of fire; plot 12 was found in an 
area of willow (SaZix sp.) and Douglas- 
fir reproduction with mature Douglas- 
fir trees occurring at dispersed inter- 
vals. Plot 8, on the other hand, was 
located in a Douglasfir - ponderosa 
pine (Pinus ponderosa) Savannah; and 
plot 7 was unique, bordering the upper 
edge of a subalpine fir - Engelmann 
spruce (Picea engelmanni) forest . 
Thus, on the basis of available light, it 
can be hypothesized that plots 7 to 12 
are characterized by conditions of 
intermediate light as compared to the 
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fescue grasslands (abundant light) and 
the normally stocked montane forests 
(depressed light). Peak miserotoxin 
concentrations for plots 7 to 12 (4.3 
to 5.8%) are also intermediary to the 
high values for the fescue grasslands 
(5.8 to 7.3%) and the low values for 
the normally stocked forests (3.1 to 
4.3%). Unlike the latter two groups, 
however, peak miserotoxin levels (Fig. 
1) were associated with bloom (plots 
7, 8, 9, and 12) and pod stages (plots 
7, 10, and 11) and, in this respect, the 
pattern resembles that of A. miser var. 
oblongifolius (Williams and Norris, 
1969). Variety serotinus, however, 
exhibited miserotoxin fluctuations of 
greater magnitude. 

Conclusions 

The results of this survey con- 
ducted at 19 rangeland sites in British 
Columbia indicate that, with the ex- 
ception of one site, the highest 
miserotoxin concentrations were 
attained in the fescue grasslands during 
the spring. Concomitantly, the 
medium-canopied Douglasfir - lodge- 
pole pine forests revealed significantly 
lower maxima while exposed forest 
areas exhibited intermediate peaks. 
The corollary suggests, therefore, that 
timber milkvetch poisoning could be 
controlled, in part, by avoiding the 
fescue grasslands in spring and mini- 
mizing grazing in exposed forest areas. 
The incidence of poisoning, however, 
is also a function of the rates of timber 
milkvetch ingestion and toxin absorp- 
tion. A Hereford steer (479 lb), for 
example, can die with 4.5 hours after 
the direct administration (by stomach 
pump) of 2.24 lb of dried timber 
milkvetch containing 2.1% misero- 
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toxin (Williams et al., 1969). Thus, 
affection frequency is related also to 
timber milkvetch density and range 
quality. Well-managed “high toxin” 
ranges could conceivably result in 
fewer cases of poisoning than over 
grazed “low toxin” areas which were 
depleted of grasses, thus increasing the 
relative proportion of timber 
milkvetch. 
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Highlight: Cheatgrass seeds germinate readily and usually near 100% shortly 
after collection. Generally, practically all seeds that fall to the ground germinate 
and plants emerge with favorable conditions in the fall, during the winter, or in 
early spring. In this study, an average of 692 cheatgrass plantsIft= emerged the 
first year. In th e same soil samples, 273 seedsfft= did not germinate but pro- 
duced plants when these seeds were brought into favorable conditions in the 
greenhouse. When these ungerminated seeds remain in the soil-litter mass in the 
field, they germinate and emerge more slowly than seeds brought into the green- 
house. Seeds that remain in seedheads over winter germinate slowly but with a 
high percent when placed in a germinator. Nitrogen at 80, 160, 320, and 640 
lb/acre caused the number of plants that emerged in the field to decrease 
slightly as the rate of fertilizer increased. 

Cheatgrass (Bromus tectorum L.), 
an aggressive introduced winter an- 
nual, is well adapted to large areas of 
rangeland, especially in the western 
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United States. Though cheatgrass pro- 
duces large volumes of feed, it has 
many undesirable characteristics, and 
rangeland values would be improved if 
cheatgrass could be replaced by more 
desirable forage species. Replacement 
is difficult, however, because cheat- 
grass produces abundant seed and 
seedlings that compete with and often 
prevent successful establishment of 
seedlings of perennial grasses (Evans, 
1961; Hull, 1963; Harris, 1967; Klomp 

and Hull, 1972). To successfully reveg 
etate cheatgrass areas with more desir- 
able species, we must eliminate cheat- 
grass seeds and plants. 

Cheatgrass seeds in dry storage re- 
main viable for several years. Seeds 
stored in a laboratory up to 11.5 years 
germinated from 95 to 100% (Hulbert, 
1955). Seeds stored in unheated sheds 
up to 12 years germinated 98 to 100%. 
Seeds stored from 28 to 40 years did 
not germinate (Hull, 1973).’ 

Many workers have reported that 
cheatgrass seeds germinate in the fall, 
winter, or early spring and that prac- 
tically all of the seeds germinate as 
soon as conditions are favorable (Warg, 
1938; Chepil, 1946; Stewart and Hull, 
1949; Hulbert, 1955; Klemmedson 
and Smith, 1964). Klemmedson and 
Smith (1964) observed regrowth from 
new tillers in late spring, after plants 
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toxin (Williams et al., 1969). Thus, 
affection frequency is related also to 
timber milkvetch density and range 
quality. Well-managed “high toxin” 
ranges could conceivably result in 
fewer cases of poisoning than over 
grazed “low toxin” areas which were 
depleted of grasses, thus increasing the 
relative proportion of timber 
milkvetch. 
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United States. Though cheatgrass pro- 
duces large volumes of feed, it has 
many undesirable characteristics, and 
rangeland values would be improved if 
cheatgrass could be replaced by more 
desirable forage species. Replacement 
is difficult, however, because cheat- 
grass produces abundant seed and 
seedlings that compete with and often 
prevent successful establishment of 
seedlings of perennial grasses (Evans, 
1961; Hull, 1963; Harris, 1967; Klomp 

and Hull, 1972). To successfully reveg- 
etate cheatgrass areas with more desir- 
able species, we must eliminate cheat- 
grass seeds and plants. 

Cheatgrass seeds in dry storage re- 
main viable for several years. Seeds 
stored in a laboratory up to 11.5 years 
germinated from 95 to 100% (Hulbert, 
1955). Seeds stored in unheated sheds 
up to 12 years germinated 98 to 100%. 
Seeds stored from 28 to 40 years did 
not germinate (Hull, 1973).’ 

Many workers have reported that 
cheatgrass seeds germinate in the fall, 
winter, or early spring and that prac- 
tically all of the seeds germinate as 
soon as conditions are favorable (Warg, 
1938; Chepil, 1946; Stewart and Hull, 
1949; Hulbert, 1955; Klemmedson 
and Smith, 1964). Klemmedson and 
Smith (1964) observed regrowth from 
new tillers in late spring, after plants 

1 Also, unpublished file data. 
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had matured and dried considerably. 
They thought that this might explain 
the “second crop” from seed that 
some persons have observed. 

Warg (1938) reported that cheat- 
grass seeds subjected to high moisture 
and freezing temperatures during the 
winter germinated only 3% in the 
spring. This contrasts with 99% germi- 
nation of seed in dry storage. He 
concluded that there is little field 
germination of cheatgrass in the 
spring. 

Young et al. (1969) found that 
freshly harvested cheatgrass seeds ger- 
minate 95% within 2 weeks. However, 
ungerminated seeds that spent one 
winter in the soil exposed to freezing 
and thawing were collected in May 
1965 and when placed in favorable 
conditions, germinated continuously 
for one 12-week period in each of 3 
years; 1965, 1966, and 1967. Some 
physiologic process in the seed con- 
verts it from simultaneous to continu- 
ous or intermittent delayed germina- 
tion, and thus large numbers of viable 
seeds are carried from one year to the 
next in the litter and soil. 

In the late winter of 1964, we 
observed a light density of cheatgrass 
seedlings on an area where cheatgrass 
had been plowed after emergence the 
previous fall. Also, in the fall of 1965 
we found many cheatgrass seeds in the 
soil after good fall emergence. These 
seeds exhibited “continuous” or 
delayed germination under greenhouse 
conditions without having been ex- 
posed over winter. 

The purpose of this study was to 
determine the number of germinable 
cheatgrass seeds in the soil after sup- 
posedly complete emergence. 

Location and Procedures 

We collected soil containing cheat- 
grass and cheatgrass seeds at three 
areas: Wendell, Ida., and Promontory 
and Logan, Utah. The original vegeta- 
tion on all three areas was sagebrush- 
grass. The sagebrush (mainly Artemisia 
tridentata) had been burned and the 
perennial grasses (mainly Agropyron 
spica turn and A. riparium) either 
plowed or grazed to extinction, leaving 
good stands of cheatgrass. Wendell is 
at 3,500 ft elevation, annual precipita- 
tion averages 8.5 inches, and the soil is 
Portneuf sandy loam. Promontory is at 
4,400 ft elevation, annual precipita- 
tion averages 15 inches, and the soil is 
a Kearns silt loam. Logan is at 4,800 ft 
elevation, annual precipitation is 17 

Table 1. Field and greenhouse emergence of cheatgrass plants/ft’ at three locations 1965 
to 1973. 

Season and year collected 
Location and 

place of 
emergencea 

1965 1966 
Fall Spring 

1971 1972 1973 
Spring Fall Spring Fall Spring 

Wendell 
Field - 822 1,329 845 451 1,118 883 
Greenhouse - 154 667 257b 202 179 80 
Total - 976 1,996 1 ,l 02c 653 1,297 963 
DEa - 159 203 52 223 208 157 

Promontory 
Field 419 590 1,223 912 447 355 183 
Greenhouse 704c 274 206 199d 165 86 59 
Total 1,123 864 1,429 l,llld 612 441 242 
DE 2oc 205 142 96d 174 204 142 

Logan 
Field 447 726 972 759 441 949 194f 
Greenhouse 505c 417 245 231e 113 346 20 
Total 952 1,143 1,217 990e 554 1,295 214 
DE 2oc 210 183 97e 201 214 139 

Average 
Field 448 713 1,174 839 446 807 420 
Greenhouse 605 282 373 229 160 204 53 
Total 1,053 995 1,547 1,068 606 1,011 473 
DE 2oc 191 176 82 199 209 146 

aDE = days from first to last greenhouse emergence. 
bGerminated 52 days, stored 256 days, then germinated for 73 days. No emergence after 

storage. 
‘Samples discarded because emergence was slow. 
dGerminated 80 days, stored 256 days, then germinated for 73 days. Emergence during 

these 7 3 days accounts for 118 plants and 16 days of germination included here. 
eGerminated 86 days, stored 256 days, then germinated for 73 days. Emergence during 
“these 73 days accounts for 59 plants and 11 days of germination included here. 
* Winterkill, mainly snow mold.- 

inches, and the soil is deep Timpano- 
gos silt loam. At all locations, precipi- 
tation was near normal during the 
years of the study. 

We collected 10 samples of soil 
including emerged cheatgrass plants 
and surface litter at seven dates as 
follows: fall, 1965; spring, 1966; 
spring and fall, 1971 and 1972; and 
spring, 1973. Samples were either 4 by 
4 or 6 by 6 inches and 0.8 inch deep. 
For uniformity, all samples were con- 
verted to plants/ft2. Fall samples were 
taken so that fall emergence would be 
complete; spring samples were taken 
when seedlings stopped emerging. The 
emerged cheatgrass plants were 
counted and removed. One inch of soil 
was placed in a pot that had been 
partly filled with a greenhouse soil 
mixture. Pots were placed in the 
greenhouse and watered. As seedlings 
emerged, we counted and removed the 
seed and its plant. Greenhouse 
temperatures during the day usually 
ranged from 46” to 92’ F with a mean 
of 76O F and during the night from 
47’ to 82’ F, with a mean of 64’ F. 

After cheatgrass emergence in the 
fall of 197 1 we selected six 4- by 
4-inch samples on each area, counted 
and removed the cheatgrass plants, and 
covered each sample with plastic and 
fine screen to protect it from outside 
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seeds. As cheatgrass plants emerged in 
these samples during 1972 and 1973, 
they were counted and removed. 

In the spring of 1966, 1972, and 
1973, we collected cheatgrass seeds 
from panicles that had retained seeds 
over winter. Two lots of 100 seeds 
from each area were germinated soon 
after collection. We also collected 
seeds at maturity during the previous 
summer, stored them in the labora- 
tory, and germinated them as a check 
on seeds that remained over winter in 
the panicle. 

In the fall of 197 1, we applied 
nitrogen at 0, 80, 160, 320, and 640 
lb/acre to lo- by lo-ft plots on all 
areas to determine its effect upon seed 
germination. 

Results and Discussion 

Moisture was adequate in all sea- 
sons, and temperatures were suitable 
for good field emergence. However, 
there were many ungerminated cheat- 
grass seeds in the soil after field 
emergence was apparently complete 
(Table 1). G ermination varied widely 
among years and between seasons. In 
the greenhouse, the greatest number of 
seeds emerged from the fall of 1965 
samples, whereas the fewest emerged 
from the spring of 1973 samples. The 
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amount of delayed emergence did not 
seem to be related to precipitation. 

Averaging all years, 692 cheatgrass 
plants/ft2 emerged in the field and 
273 plants/ft2 that failed to emerge in 
the field, emerged later from the same 
soil samples in the greenhouse. If the 
273 seeds/ft2 in the soil after apparent 
complete emergence of cheatgrass 
would germinate at once, there would 
be enough for a full stand of cheat- 
grass that could prevent establishment 
of seeded species. However, delayed 
germination of seeds in this amount 
has been rarely observed, and then 
only when the spring season was long 
and exceptionally wet. Severe compe- 
tition of species seeded in cheatgrass 
areas can normally be avoided by 
killing all cheatgrass plants and pre- 
venting seed formation the year of 
seeding. 

Seedlings emerged in the field more 
rapidly than in the greenhouse. When 
soil moisture and temperatures are 
favorable, field emergence may be 
completed within a few days. The span 
of plant emergence in the greenhouse 
varied from 52 to 223 days, with an 
average of 167 days. The 20-day emer- 
gence in 1965 is excluded because the 
samples were discarded when the rate 
of emergence decreased. 

Germination in the greenhouse may 
be interrupted by drying and seeds 
may then continue germination. 
Samples collected in the fall of 1971 
germinated in the greenhouse for 52 to 
86 days, were stored in an unheated 
shed for 256 days, and then 
germinated in the greenhouse for 
another 73 days. During the second 
germination period in the greenhouse, 
plants emerged from the Promontory 
and Logan samples (Table 1). 

Field samples protected by plastic 
had 787 cheatgrass plants ft2 when 
established in the fall of 1971. These 
plants were removed and an additional 
197 plants/ft2 emerged on these plots. 
Thirty-one plants emerged in the 
spring of 1972, 161 that fall, and five 
during the spring of 1973. Delayed 
germination in the field was 20% as 
compared with 21% when seeds and 
soil were brought into the greenhouse. 

Cheatgrass seeds collected at matu- 
rity averaged 99% germination. Seeds 
that remained over winter in the 
panicle germinated from 74 to lOO%, 
with an average of 96%. Seeds kept in 
dry storage required from 2 to 7 days 
for emergence, those that remained 
over winter in the panicle required 5 
to 52 days, and those from the soil 
and litter required from 52 to 223 
days. 

The first spring after fertilization, 
the number of plants that emerged in 
the field decreased as the rate of 
fertilizer increased. Rate of fertilizer 
did not affect the number of plants 
that emerged in the greenhouse. The 
fall after fertilizer application, the 
number of plants that emerged in the 
field increased slightly, and the num- 
ber that emerged in the greenhouse 
decreased as the rate of fertilizer in- 
creased. 

Conclusions 

After fall and spring emergence of 
cheatgrass is complete, usually enough 
ungerminated seed is left in the soil to 
produce a full stand of cheatgrass that 
could compete with seeded species if 
all the seed should germinate at the 
same time. However, complete germi- 
nation at one season is rare. Therefore, 

severe competition of species seeded in 
cheatgrass areas can normally be 
avoided by killing all cheatgrass plants 
and preventing seed production the 
year of seeding. Fertilization does not 
appear to be practical as a method of 
manipulating cheatgrass stands. 
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attention on the importance of insects in range ecosystems. These 
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small animals are omnipresent on rangeland and play a role that is 
most often subtle but sometimes turbulent. They are best known 
for their destruction, yet their equally real but vital role of 
benefactor often passes unnoticed. 

‘This booklet is intended primarily as a supplementary text for 
range management students at the college level and as an abbreviated 
reference for others interested in rangeland insects.” 
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Use of Rio Grande Plain Brush 

Types by White-tailed Deer 

CRAIG A. McMAHAN AND JACK M. INGLIS 

Highlight: The relative use of 11 major brush types and a 
rootplowed area by white-tailed deer was studied on the San 
Pedro Ranch in Dimmit County, Texas. The mesquite drainage, 
hackberry drainage, and guajillo scrub types were preferred by 
deer in fall, winter, and spring. In summer, the mesquite drain- 
age was preferred and all other types were used about equally. 
The granjeno drainage, rootplowed, and mesquite Savannah 
types were used least. The preferred brush types occurred on 
sandy loam soils. The composition, density (within a range of 
tolerance), structure, and phenology of brush were not impor- 
tant factors influencing selection of types by deer. The quality 
of typical brushlands as deer habitat appeared to be largely a 
function of range site. Range sites capable of high gross pro- 
duction of herbaceous plants deserve consideration for their 
value to deer in brush clearing schemes. Some brush should be 
left intact as screening cover on such sites to insure continuing 
deer populations on ranches practicing brush control in the 
Rio Grande Plain. 

During the last 30 years large scale brush clearing to 
improve rangeland for cattle has occurred over the Rio Grande 
Plain of Texas-a region known for its trophy-sized white- 
tailed deer (Odocoileus virginianus). Increase in brush and 
cacti has reduced range carrying capacity for cattle in South 
Texas and has led to clearing operations. Brush is little 
browsed by cattle, but some brush is an essential attribute of 
most deer habitats. Brush clearing continues; but wildlife 
conservationists, aware of the need for range management 
plans that consider wildlife , still cannot explain exactly which 
of the plant communities in the brush formation provide good 
habitat for white-tailed deer, nor the reasons for the hypothe- 
sized selection of the communities. 

Historically, the Rio Grande Plain was an open grassland 
interspersed with low, stunted brush on the gravelly hills, in 
erosional breaks, and along some drainages (Johnston, 1963; 
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Inglis, 1964). Now, however, the designation thorn shrub 
(Muller, 1947) probably best describes the physiognomy of 
the region. 

Davis and Spicer (1965) surveyed the extent of brush 
control, and Inglis (1964) reviewed the history of the 
vegetation in the Rio Grande Plain. Davis and Winkler (1968) 
reported the effects of rootplowing on some populations of 
deer and the food habits of deer in cleared and uncleared 
habitat. 

Objectives of the study were to evaluate the relative use of 
major brush types bywhite-tailed deer in the Rio Grande Plain, 
to determine the influence of plant abundance and phenology 
in the selection of brush types, and to investigate the influence 
of ecological factors in deer selection of site. The project 
aimed at providing ranchers with alternatives to complete 
clearing of brushlands used by wildlife. 

SAN PEDRO 

DIMMIT CO. 

TEXAS 

L miles 
0 100 

Fig. 1. The Rio Grande Plain, hatched, and location of study area. 

JOURNAL OF RANGE MANAGEMENT 27(5), September 1974 



Table 1. Characteristics of examples of brush types Sdmpled for deer wiletqrouos 

Name 

Mesquite drainage 
Guajillo scrub 
Hackberry drainage 
Mesquite woodland 

Average brush Average brush Acres in No. 0.0,. 
thickness’ height? Sail mapping unit Range site units sampled acre plats 
Thick High Miguel fine sandy loam 40 29* 
Moderate LOW Dilley fine sandy loam 120 
Thick High Miguel fine sandy loam 27 
Moderate High Randada fine sandy loam 198 

Mixed scrub Moderate Law 
Colubrina scrub 

Zapata gravelly loam 
Thin High Dwa, loamy fine sand 

Blackbrush scrub Moderate LOW Zapata gravelly loam 
Guayacan scrub Moderate Low Maverick clay 
Creosotebush Moderate Low Hidalgo-like clay loam 
Mesquite swannab Thin High Nueces fine sand 
Rootplowed Thin Low Zapata gravelly loam 
Granjeno drainage Moderate High Miguel fine sandy loam 
Vegetation units between blackbrush Mixed 
Mesquite savannah in Colubrina scrub Thin High Nueces fine sand 

Tight sandy loam 
Shallow sandy loam 
Tight sandy loam 
Shallow sandy loam 
Shallow *i&e 
Loamy sand 
Shallow ridge 
Rolling hardland 
Shallow 
Deep sand 
Shallow ridge 
Tight sandy loam 

Deep sand 

92 
64 

186 
36 
22 

156 
205 

15 
106 27 

18 

30 
7 

50 
23 
16 
46 
Xl* 

:;* 
50 
16* 
27 

6 

1,285 315 
‘Thickness estimated by the percent visibility in types: Thicket-0 to IO; ‘rhick--l, to 25; Moderate-~6 to 50; ‘rbinm~, to 75. 
2 Low-2 to 4 feet: High-4 to 10 feet. 
‘Types oversampled due to late changes in the vegetation map. 

Study Area 

The study was conducted on the San Pedro Ranch in 
southwestern Dimmit County, Tex. (Fig. 1). The elevation is 
about 800 ft. Topography is level to rolling, and the land is 
dissected by intermittent streams. Average annual rainfall is 20 
inches. 

The 3,640.acre South Mott pasture, which made up most 
of the study area, was typical of brushland in South Texas. 
Overstay plants consisted mainly of blackbrush (Acacia 
rigid&), guajillo (Acacia berlandieri), and creosotebush 
(Larrea divaricata) on low ridges; netleaf hackberry (C&is 
reticulata), granjeno (Celris pallida), honey mesquite (prosopis 
glandulosn), and whitebrush (Aloysia gratissimn) in the drain- 
ages; and mesquite guajillo, and Texas colubrina (Colubrina 
texensis) on upland deep soils. 

A 205.acre brush-cleared area had been cleared with a 
rootplow, roller chopped, and seeded to a mixture of Kleberg 
bluestem (Bothriochion ischaemum var. songarica), bufflegrass 
(Cenchrus ciliaris), and blue p&cum (Panicurn antidot&) in 
1966. 

The overall stocking rate on the ranch was 25 acres per 
animal unit of mixed breeds and herefords. An informal 
rotation grazing system was followed. The South Mott pasture 

was grazed by 276 yearling cattle during late winter (Febru- 
ary), spring, summer, and fall of 1970 at the rate of 17 acres 
per animal unit. The range condition was termed fair by U. S. 
Soil Conservation Service technicians in 1970. 

White-tailed deer densities in the southwestern part of 
Dimmit County (censused by airplane over a 16-m& transect) 
were estimated at 26 acres per deer in 1969 and 28 acres per 
deer in 1970. This density is probably typical for the Rio 
Grande Plain. 

Methods 

The relative habitation by deer of 11 major brush types, a 
rootplowed area, and two other land areas juxtaposed with 
blackbrush scrub and colubrina scrub, respectively, was esti- 
mated by the pellet-group count technique (Bennett et a,., 
1940; McCain, 1948). Brush types of 200 ft or more in 
diameter were distinguished by ocular estimates of species 
dominance, height, pattern, form, and thickness. Each type 
was named after its dominant brush plant (Table 1). Two of 
the most common brush types on the study area are shown in 
Figure 2. 

With the exception of granjeno drainage, colubrina scrub, 
and guajillo scrub, the types were considered representative of 



Table 2. Summary of analysis of variance 
among brush types, within seasons. 

of deer pellet-group means 

Season and 
source of variation D. F. Mean square 

Fall 
Month 
Brush type 
Month X brush type 
Residual 
Total 

Winter 
Month 
Brush type 
Month X brush type 
Residual 
Total 

Spring 
Month 
Brush type 
Month x brush type 
Residual 
Total 

Summer 
Month 
Brush type 
Month X brush type 
Residual 
Total 

2 
13 
26 

1083 
1124 

2 
13 
26 

1083 
1124 

2 
13 
26 

1083 
1124 

2 
13 
26 

1083 
1124 

0.076 
0.250** 
0.028 
0.039 
0.042 

0.060 
0.455** 
0.089** 
0.049 
0.055 

0.017 
0.323”” 
0.078”” 
0.036 
0.041 

0.004 
0.128** 
0.040” 
0.023 
0.024 

*Significantly different at the 0.05 level. 
**Significantly different at the 0.01 level. 

distinct communities occurring widely in the Rio Grande 
Plain. The granjeno drainage appeared as a broad xeric wash. 
Colubrina scrub was a secondary succession community 
resulting from hand clearing of brush in the 1940’s. The 
guajillo scrub was a moderately dense stand on shallow sandy 
loam, atypical of the dense guajillo community that occurs on 
gravelly ridges in the northwestern Rio Grande Plain. 

Pellet-groups were sampled on O.Ol-acre circular plots 
placed 1 chain (66 ft) apart along randomly located transects 
in large, continuous examples of each major compositional 
brush type. Plot center markers were offset to the right of the 
traverse when the marker landed in impenetrable brush or 
cacti. Offsetting was adopted because the purpose was to 
determine differential use by deer on land that they could use, 
and not to make estimates of deer density. 

Sampling intensity was 25 pellet-group plots per 100 acres 
of brush type sampled, so sampled brush types contained 
varying numbers of plots, arranged as closely as possible into 
lo-plot transects. All plots were swept clean in October, 1969. 
Pellet-groups were then counted and cleared every 30 days 
over a 12-month period. 

The negative binomial distribution was selected to trans- 
form the original data into a normal distribution, utilizing a 
program devised by Gates and Ethridge (1972). The inverse 
hyperbolic sine, sinh-’ y (Anscombe, 1948) was used to 
transform raw pellet-group data for analysis of variance. 

The means of deer pellet-groups per plot were tested for 
significance among brush types within seasons. Seasons were 
fall (September, October, November); winter (December, 
January, February); spring (March, April, May); and summer 
(June, July, August). Fall season sampling was not consecutive 
since data from November, 1969, were grouped with those 
from September and October, 1970. This grouping was done 
because weather and vegetation conditions to mid-November 
of both years were generally the same and the statistical 
analysis of pellet-group means among brush types revealed that 
month was not a significant variable in the arbitrary grouping. 

Duncan multiple range tests provided the basis for deer 
habitat rankings. Ranking indices for a type were determined 
by algebraically summing the number of types with signifi- 
cantly smaller numbers of pellet-groups (+) with the number 
of types with significantly greater numbers (-). 

Abundance of plant species was estimated every second 
week. At the same time the phenological status of each species 
was characterized and assessed as to availability and use by 
deer. 

The abundance of each plant species was coded: 1 = very 
rare; 2 = rare; 3 = infrequent; 4 = abundant; and 5 = very 
abundant. The abundance figures were used to evaluate the 
similarity of brush types by means of a similarity coefficient. 

This was calculated by the formula C = s (Bray and Curtis, 

195 7), where a and b equal the sum of the species abundance 
codes for the two types compared respectively, and w equals 
the sum of the smaller of the two abundance codes of all 
species shared by both types. Values range from zero, where 
no species are shared by the two types, compared to 1, where 
all species are shared and all have equivalent abundance in 
both types. Separate similarity coefficients were worked out 
for woody plants and forbs for each pair of types. 

A narrative summary of the phenology of plants was made 
monthly. Meteorological data were obtained from a weather 
station in South Mott pasture and from the Texas Agricultural 
Experiment Station in Crystal City (40 miles NE). 

Each plant species was coded according to its availability 
and degree of use by deer (Dasmann, 195 1). The categories 
were: 1 = all available, light use; 2 = all available, moderate 
use; 3 = all available, heavy use ; 4 = largely available, light use; 
5 = largely available, moderate use; 6 = largely available, heavy 
use; 7 = largely unavailable; 8 = unavailable. 

Nine attributes of 0.0 l-acre plots were related to variation 
in pellet-group densities. These were (1) brush pattern; (2) 
brush density; (3) brush height; (4) lower canopy height of 
brush; (5) plant dominance; (6) forb density; (7) grass density; 
(8) soil type; and (9) slope over 15”. During each monthly 
reading of the pellet-group plots, a coded appraisal was made 
of each parameter. A least squares analysis using the General 
Linear Hypothesis Program (GLYHY) (Gates, 1969) was used 
to analyze these data. 

Results 

Relative Use of Brush Types 

The distribution of pellet-groups indicated that deer were 
selective in their use of brush types during all seasons (Table 

Table 3. Annual ranking of major brush types as deer habitat based on 
seasonal ranking indices’ derived from Duncan multiple range tests. 

Season 

Brush type 

Mesquite drainage 
Guajillo scrub 
Hackberry drainage 
Mesquite woodland 
Mixed scrub 
Colubrina scrub 
Blackbrush scrub 
Guayacan scrub 
Creosotebush 
Mesquite Savannah 
Rootplowed 
Granjeno drainage 

Fall Winter Spring Summer 

+9 +4 +9 +2 
+7 +4 +9 0 
+4 + 11 +6 -1 
-1 +4 -3 0 
-2 +1 +1 0 

0 0 -1 0 
+3 -4 -3 0 
-4 0 0 0 
-2 -4 -3 0 
-4 -4 -4 -1 
-4 -5 -5 0 
-6 -7 -6 0 

Annual 

+ 24 
+ 20 
+ 20 

0 
0 

- 4 
- 4 
- 9 
- 13 
- 14 
- 19 

1 Ranking indices were determined by algebraically summing the num- 
ber of types with significantly smaller numbers of pellet-groups (+) 
with the number of types with significantly greater numbers (-). 
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2). As shown by the significant month X brush type 
interaction the same brush types did not attract the most deer 
use from month to month. However, inspection showed that 
this was the result of minor shifts in order of preference 
similar to those between seasons, discussed below. 

There was a gradient in the intensity of use of brush types 
by deer in all seasons except summer. The mesquite drainage, 
guajillo scrub, and hackberry drainage were at the top of these 
gradients in fall, winter, and spring; granjeno drainage, 
rootplowed, and mesquite savannah fell at the bottom of the 
seasonal gradients. In summer the mesquite drainage was 
preferred and all other types were used about equally. 

Ranking indices for each brush type (Table 3) as derived 
from multiple range tests showed that the mesquite drainage 
(Fig. 3) was the type most used by the deer herd. Guajillo 
scrub and hackberry drainage were the next highest ranked 
types with equivalent annual sums. The remainder of the brush 
types ranked poorly by comparison. By selecting these types 
and the mesquite woodland in winter, deer showed a tendency 

to inhabit areas of sandy loam in fall, winter, and spring. 

Evaluation of the Causes of Selection 

Due to an obvious difference in deer defecation rates 
among seasons, seasonal shifts in relative use of brush types 
could not be evaluated. Pellet-groups were generally greatest in 
winter and sequentially less in spring, fall, and summer. 
However, when abortive statistical tests were run, it was noted 
that means of pellet-groups between transects and between 
plots within transects were highly significant in eight of the 
brush types. Since the shrubs made up a fairly uniform 
stratum and ground cover was heterogeneous, this suggested 
that brush was not the primary factor governing the distribu- 
tion of deer within a type. 

Coefficients of similarity between pairs of brush types 
showed that compositional similarity to a much-used brush 
type did not assure that another type would be favored. In 
Table 4 (woody plants), each of the three types ranked highest 
in deer use showed as many or mope species of shrubs with one 
of the three types ranked lowest as they did among them- 
selves. The same was true with “similarity” of forb composi- 
tion. Winter data are similar in pattern to those of other 
seasons. The three lowest ranked types had least similarity 
among themselves. Grass composition was not analyzed by 
similarity coefficients, but it was essentially the same in the 
brush types on the deep sand, loamy sand, and shallow sandy 
loam range sites. The brush types on the shallow and shallow 
ridge range sites shared a common grass cover but guayacan 
scrub on rolling hardland was almost entirely curly mesquite 
(Hilnria belangeri). Bufflegrass and blue panicum were domi- 
nants in the rootplowed type. As expected, similarity of the 
vegetation was greatest between types that fell on similar range 
sites. Generally, the vegetation of types occurring on sands OI 
sandy loams showed least similarity to types on finer-textured 
soils. 

Phenology of the vegetation did not appear to be a factor 
in deer selection of types since plants had about the same 
reasonal development across all types. 

Neither did deer select types because of the abundance of 
particular plants relished as food. Joint-fir (Ephedra 

Table 4. Percent similarity’ of brush and forb composition among brush types receiving most and least use by deer. 

Ranking 
Mesquite Guajillo Ha&berry Mesquite Root- Granjeno 

drain scrub drain SZl”LUI”h plowed drain 

Woody plants 
Most use 

Mesquite drainage 
Guajillo scrub 48 
Hackberry drainage 46 27 

Least “SC 
Mesquite savannah 45 34 37 
Rootplowed 42 60 19 18 
Granjeno drainage 48 26 62 38 19 

Forbs Winter) 
Most use 

Mesquite drainage 
Guajillo scrub 56 
Hackberry drainage 47 21 

Least use 
Mesquite Savannah 34 45 18 
Rootplowed 41 44 23 26 
Granjena drainage 40 34 52 22 32 

’ Similarity coefficient = 2. where a and b equal the sum of the species abundance codes for the z types compared, and w equals the sum ,,f the 

smaller Of the z abundance codes Of all species shared by both types 
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Fig. 4. Percentage of O.Olacre pellet-group plots within each major 
brush type (ranked in decreasing order of deer preference) where 

Fig. 5. Percentage of O.OI-acre pellet-group plots within each major 

forbs were classed as dense. 
brush type (ranked in decreasing order of deer preference) where 
grasses were classed as dense. 

antisyphlitica), palo Verde (Cercidium texanum), and kidney- 
wood (Eysenhardtia texana) were the shrubs receiving heavy 
use by deer where found, but they were not associated with 
any particular brush type. Of the forbs, only alkali sida (Sida 
hederacea), sensitivebriar (Schrankia sp.), bloodberry rouge- 
plant (Rivina humilis), and knotweed leafflower (Phyllan thus 
polygonoides) received heavy grazing by deer. But these forbs 
were generally classed as rare or infrequent in the preferred 
brush types. 

Use of grasses by deer was impossible to determine since 
cattle grazed the South Mott pasture, but this class of forage is 
generally considered important to deer as food only in spring 
when annuals are in evidence on almost all range sites. 

Least Squares Analysis of Pellet-group Densities and Param- 
eters of Site 

Selection of sites appeared to be significantly related to (1) 
dominance by leatherstem (Jatropha dioica) (P<O.Ol) or 
guajillo (P<O.Ol); (2) forb density (P<O.Ol); (3) grass density 
(P<O.Ol); and (4) soil type (P<O.Ol). Plots with stands of 
leatherstem and guajillo had the highest mean number of 
pellet-groups. Leatherstem is not browsed by deer; however, 
the plant has a high fidelity to the guajillo scrub type on 
shallow sandy loam range sites. The dense classes of forbs and 
grasses were associated with the highest pellet-group means, as 
were the sandy loams among soil types. Of the ecological 
parameters associated with. the sample plots, only these four 
had an orderly relationship to the abundance of pellet-groups. 
None of the structural attributes of brush (composition, 
pattern, form, or density) had such a relationship. 

Because many possible combinations of conditions did not 
occur, only two interactions could be tested; forb density X 
grass density, and forb density X soil type. The former 
interaction was significant (P<O.Ol), while the latter was not. 
Pellet-group means associated with the interaction of forb and 
grass densities showed that dense stands of forbs and grass 
were about equally attractive. The highest mean was associated 

with dense forbs and moderately dense grass (% = 0.852), 
followed by the mean for sparse forbs and dense grass (x = 
0.848). The least attractive situation was that in which forbs 
were moderately dense and grass was sparse (X = 0.683). 
Intermediate means of pellet-groups were greater as the 
combined density of forbs and grasses increased. 

The highest percentage of plots with dense herbaceous 
plants occurred in the preferred types (Fig. 4,s). The relative 
paucity of grass in hackberry drainage was apparently compen- 
sated for by dense forbs. The density of herbs, the sandy loam 
soils, and the occurrence of guajillo were factors most 
important in the selection of both site and type of brush. 

Discussion 

Except for guajillo, the characteristics of the woody 
overstory do not appear to be important criteria for deer 
selection of type within the range of compositional types, 
stature, and density of San Pedro Ranch brush. 

The reason brush species do not elicit any more response 
among deer is probably because so many species of similar 
growth form provide adequate food, cover, and shelter. Only a 
few brush species are especially relished by deer as food, so 
almost any plant will be browsed; and since browse is less 
palatable than herbs (Drawe and Box, 1968), a moderately 
dense stand of almost any brush species would serve as food. 
The apparent affinity of deer for guajillo shrubs is puzzling 
since the plant was only lightly browsed during our study; 
however, the attraction may lie in the high quality of its leaves 
as food. 

The minimum density of brush that makes land habitable 
for deer remains an unanswered question, but the rootplowed 
land clearly was below this threshold. Mesquite Savannah (Fig. 
6) was probably near the limit. The absence of brush for 
screening cover is likely the reason for the very limited use of 
open land by deer. 

It is clear that deer tolerate a wide range of brush 
attributes, given a basic cover screen, and within this range 
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. . animals do not distinguish between compositional types of 
brush, or between any of the structural attributes of brush, 
such as height, pattern, or density. But lack of brush over 
extensive seas causes much reduced use by deer. Deer are 
attracted to dense herbaceous vegetation; thus, the quality of 
typical brushlands as deer habitat is largely a function of the 
range site. Deer make use of all the major range sites and most 
lesser ones, vrovided the brush is not impenetrable a very 
sparse. When’the deer population has a good interspersion and 
choice among range sites, the sandy loams having more dense 
herbaceous vegetation are favored in fall, winter, and spring. 

they respond more to herbaceous vegetation than to any of 
the other environmental factors considered. Avoidance of the 
granjeno drainage by deer gave further evidence that herba- 
ceous plants are paramount in deer selection of habitat. Brush 
was abundant and varied in the granjeno drainage, as it was in 
the mesquite and hackberry drainages, but the relief of the 
granjeno drainage was not so pronounced. Consequently, 
effective water for plant growth appeared to be less than that 
available to the hackberry and mesquite drainages located in 
deeper valleys. This condition probably accounted for the 
paucity of herbaceous vegetation as compared to the other 
drainage types despite the common soil type. If herbaceous 
plants had little to do with the selection of habitat, the 
expectation would be that granjeno drainage would be utilized 
to the same extent as the mesquite OI hackberry drainages. But 
granjeno drainage was clearly selected against. 

The indicated attraction that deer show for the brush types 

Management Implications 

The ranch manager who is concerned with deer habitat 
should pay particular attention to drainages and uplands with 
sandy loam soils in formulating a brush clearing plan. 
Considering the relatively small acreages of drainages, their 
productivity, and high degree of use by deer, it would seem 
wise to leave them intact for deer habitat. Upland sandy loam 
range sites could be treated in a variety of ways to provide for 
deer. Moderate to low density brush could be left untreated. 
Treatment of dense brush on extensive acreages of shallow 
sandy loam or of any range site highly productive of native 
herbs should include leaving some pattern of brush within the 
clearings as cover. In this way the herbaceous plants shown to 
be so attractive for deer could be better utilized by the herd. 

Literature Cited 
~nscombe, F. I. ,948. The transformation af Poisson, binomial, and 

negative binomial data. Biometiika 3~246-254. 
Bennett, L. J., P. F. English, and R. M&tin. ,940. A study of deer 

populations by use ofpellet-groups. J. Wildl. Manage. 4:398-403. 
Bray, J. R., and J. T. Curtis. ,957. A” ordination of the upland forest 

cammunities of southern Wisconsi”. Eco,. Moyr. 27:325-349. 
Dasmann. W. P. 195 1. Some deer range SUIV~Y methods. California Fish 

types on sandy loam range sites is probably associated with and G&m 37:43-52. 
improved moisture conditions for herbaceous plant growth. Davis, R. B., and R. L. SPicer. ,965. Status of the practice of brush 

Sandv loams tend to have more moisture for effective plant control in the Rio Grande Plain. Texas Parks and Wildlife Bull. 46. I,, I 
growth after rain showers than clays 01 clay loams. The D=G~‘sU, i. B., and C. K. Wintier. ,968. mush vs. cleared m”ge as deer 
prevalance of improved moisture conditions for plant growth habitat in southern Texas. J. Wlldl. Manage. 32:32,-329. 
on sandy loams would seem to explain the preference by deer &awe, D. L., and T. W. Box. ,968. Forage ratings for deer and cattle 
for the mesquite and hackberry drainages, guajillo scrub, and on the Welder Wildlife Refuge. J. Range Manage. 2, ~2%235. 

mesquite woodland during the wet winter season. With the 
Gates, C. I?. 1969. GLHYP documentation (General Linear Hypothe- 

advent of the dry season these improved conditions may 
sis). Unpub,. mimeo. paper, Inst. Stat., Texas A &M Univ., College 
Station. 30 p. 

become less apparent, except in the more shady drainages, and Gates C. E., and F. G. Ethridge. 1972. A generalized set of discrete 
this could account for the selection of the mesquite drainage frequency distributions with FORTRAN program. Mathematical 

in summer. The negative response by deer to hackberry 
Geology 4~1-24. 

drainaee in summer mobablv resulted from rank growth of 
Inglis, J. M. 1964. A history of vegetation o” the Rio Grande Plain. 

Texas Parks and Wildlife Bulletin. 45. 122 o. 
” 

field ragweed (Ambrdsia conjhifora), and Mexican sagewort Johnston, M. C. 1963. Past and present &sla”ds of southern Texas 
(Artemisia ludoviciana) to the exclusion of more succulent and northeaster” Mexica. Ecology 44~456466. 

forbs and grasses. McCai”, R. 1948. A method for measuring deer range “se. Trans. North 
America Wildlife. Natural Resources Conference. 13:43,-440. 

White-tailed deer *se of San Pedro brushland maY be ~u,,er, C. H. ,947. vegetation and climate of Cotiui,a, Mexico. 
summarized as follows: Brush to deer is simply brush; the Madrono 9:33-57. 

374 



Forage Production and Utilization in a 

Sprayed Aspen Forest in Alberta 

JAMES E. HILTON AND ARTHUR W. BAILEY 

Highlight: In aspen forest in Alberta, Canada, receiving as 
little as 3 lb/acre of 2,4-D in a single application achieved an 
annual herbage production of 874 lb/acre 2 years after treat- 
ment compared to only 188 lb/acre in the control. Sprayed 
forest border areas (small aspen) showed a four-fold increase 
in herbage production. Grasses, sedges, and forbs increased in 
herbage production in sprayed forests. Only two forbs were 
detrimentally affected by the herbicides. In the sprayed forest 
area, even though there wasa considerable amount of obstruc- 
tion, cattle were able to consume 48% of the total herbage and 
as much as 58% of the green herbage. However, even with the 
inclusion of 2,4,5-T in the second herbicide application, there 
were many woody species in the treatment areas with as high 
or higher densities than in the control. 

One of the primary concerns of many cattle ranchers in the 
aspen parkland area of Alberta and Saskatchewan is to increase 
forage production through the replacement of woody species 
by usable forage plants. Mechanical means of brush removal 
are available but often prove costly (Friesen et al., 1965). The 
use of herbicides is an alternate method of controlling the 
woody species. Herbicide application to aspen’ forests of 
Saskatchewan has shown both increased density and produc- 
tion of desirable forage species (McIver, 1963; Skogland and 
Coupland, 1966). The purpose of this study was to provide 
information on the kinds and amount of understory herbage 
produced as a result of spraying, and how much was grazed by 
cattle. 

The study area was located on the University of Alberta 
Ranch, 95 miles southeast of Edmonton. The topography was 
hilly because it was the site of a terminal morraine. It is known 
locally as knob and kettle topography because of the 
abundance of lOO- to 200-foot-high hills (knobs) with depress- 
ions (kettles) between. The vegetation and soil have developed 
in response to the numerous microclimates. Rough fescue 
grassland was present on south-facing slopes of hills and 
uplands while aspen forest occupied the north-facing slopes of 
hills and well-drained lowlands (Fig. 1). The poorly drained 
depressions were often occupied by ponds and sedge meadows. 

At the time of the research, the authors were at the Department of 
Plant Science, University of Alberta, Edmonton, Alta., Canada. The 
senior author is now at the Department of Plant Science, University of 
British Columbia, Vancouver, B.C. 

This research was partially supported by grants to the junior author 
from the Canada Department of Agriculture and Alberta Agricultural 
Research Trust. 

Manuscript received August 3, 1973. 

‘Scientific names are given in the tables; the botanical nomenclature 
follows Moss (1959). 
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Methods 

In August, 1966, four 40-acre strips were sprayed with 1, 2, 
3 and 4 lb/acre acid equivalent of mixed butyl esters of 
2,4-Dichlorophenoxy acetic acid (2,4-D), respectively. A fixed- 
wing aircraft applied the herbicide in a diesel oil carrier at the 
rate of 1 gallon total solution/acre. Each strip was 1 mile long 
by 330 ft wide; the strips were spaced 150 ft apart. Relatively 
poor mortality of woody plants in the 1 and 2 lb/acre 2,4-D 
treatments and abundant resuckering in the remaining treat- 
ments necessitated further brush control measures. In October, 
1967, the 3 lb/acre 2,4-D strip was burned and was identified 
as the 3+B treatment. In July, 1968, the remaining strips were 
resprayed at the same rate as in 1966 but with 3 gallons total 
solution/acre of a diesel oil carrier. In addition to the 2,4-D, 
the three strips were treated with 8 oz/acre 2,4,5- 
trichlorophenoxy acetic acid (2,4,5-T) to control the 2,4-D 
resistant shrubs, wild rose, wild raspberry, and gooseberry. The 
three strips were identified as the 2, 4 and 8 lb/acre, 2,4-D 
treatments. 

In the spring of 1968, a 136-acre field was constructed to 
include 59 acres of unaffected grassland and forest and 57 
acres of sprayed grassland and forest. The remaining area was 
bare ground used as a fire guard in a separate study. 

Because of a relatively short grazing period in 1968, forage 
production and utilization were determined by clipping plots 
before and after grazing (Subcommittee on Range Research 
Methods, 1962). Only treatments which received 3 and 4 
lb/acre of 2,4-D in 1966 were sampled in 1968, because the 
other two treatments showed little tree damage. A total of 19 
transect lines per treatment were randomly located, extending 
from the upland grassland through the adjacent small aspen 
zone (DBH<3 inches) and then into the large aspen zone 
(DBH>3 inches). On each transect line, a l-foot-square plot 
was randomly located in each of the vegetation types crossed 
by the transect lines. From August 12 to 16, all vegetation 
from the selected plots, except shrubs, was harvested. 

On August 23, 1968, 30 head of cows and yearlings and 2 1 
calves were placed in the experimental field. The herd grazed 
in the study area for 21 days, using 20 animal-unit-months 
(AUM) of forage. One-foot-square utilization plots adjacent to 
the production plots were clipped September 16-20, after the 
cattle had been removed from the field. 

In 1969, the study was simplified by limiting it to a 
comparison of sprayed versus unsprayed areas. The 8, 4, and 0 
lb/acre 2,4-D treatments were sampled. Exclosures were built 
in selected grassland and forest sites before animals were 
introduced into the field (Fig. 1). Areas with low forage 
production were avoided because the main interest in 1969 
was to determine the utilization of forage present in both 
treated and control areas. Four rectangular exclosures were 
constructed on selected locations in the control and in 
treatments receiving 4 lb/acre and 8 lb/acre of 2,4-D. Each 
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exclosure extended from the low meadows, through the forest, 
and 20 ft into the grassland. Each exclosure was 16 ft wide 
and from 75 to 120 Et long, depending upon the size of the 
forest area. In order to sample the grasslands on upper slopes, 
triangular exclosures were located in the appropriate areas. 
Three 30-f? triangular exclosures were constructed in the 
upper grassland areas of each treatment. 

From June 26 to August 13, 1969, a herd consisting of 
cows, calves, heifers, and one bull was allowed to graze in the 
field: this resulted in a total of 47 AUM of grazing. 

After the animals were removed, a predetermined number 
of l-foot-square plots were clipped inside and outside each 
rectangular and triangular exclosure. The number of clipped 
plots chosen in each of the vegetation types was derived from 
the 1968 data using a sample sire formula of Guenther (1965). 

The vegetation in a plot was clipped at ground level and 
frozen for later hand sorting. The number of stems and average 
height of the shrub species in each l-foot-square plot was 
recorded. The amount of browsing on each shrub was 
estimated following the Subcommittee on Range Research 
Methods (1962). 

The clipped vegetation was hand sorted into grass, sedge, 
forb and litter categories. The percentage, by weight, of each 
species in the grass category was estimated. As a check on 
accuracy, one sample out of every 20 was sorted to species. 
Forbs were hand sorted to the species level. 

Results and Discussion 

Herbage Production 

The herbicide had little effect on forage production in the 
grassland, but a dramatic increase appeared in the treated 
forest types. The 1968 annual herbage production of the 
grassland treatmems ranged from 1071 to 1274 lb/acre 
compared to 1089 lb/acre in the control (Table 1). Grasses and 
sedges formed the majority of the annual herbage production, 
956 to 1064 lb/acre in the treatments compared to 970 lb/acre 
in the control. The forb production was nearly equal in the 
treatments and control. 
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In the forest types, the annual herbage production in- 
creased five to seven-fold upon receiving as little as 3 lb/acre of 
2,4-D (Table 1). In the small aspen type, the annual herbage 
production (green herbage) varied between 1060 and 1312 
lb/acre compared to 277 lb/acre in the control. The annual 
herbage production was also much greater in the sprayed large 
aspen forest: 356 lb/acre and 766 lb/acre compared to 98 
lb/acre in the control. As in the grassland, the grass-sedge 
component was more productive than the forbs; but the latter 
wae a very important component, forming as much as 46% of 
the annual herbage production in one treatment. 

The forbs were little affected by the August 15, 1966, 
spraying because of dry soil conditions and lateness in the 
growing season. It is not understood, however, why the forbs 
were not more detrimentally affected by the July 2, 1968, 
herbicide treatment. In both forest types, forb production in 
the control was similar to the treatment sprayed twice (8 
lb/acre 2,4-D) but lower than in the treatment sprayed 
once (3+B treatment). 

The production results of 1969 coincide fairly well with 
those of 1968 with the exception of a much greater 1969 
treatment production in the large aspen type (Table 2). This 
was largely a result of not locating the exclosures in forest 
areas which had little or no forage production. As in 1968, the 
annual herbage production consisted mostly of the grass-sedge 
component, with the forb component becoming more impor- 
tant in the forest types. In 1969, the higher rate of 2,4-D did 
not result in a greater amount of forage and did not appear to 
have a detrimental effect on the overall forb production. 

The amount of dead herbage varied considerably among 
treatments, vegetation types, and years. The relatively low 
amount of dead herbage in the 3tB treatment of the 
grassland and small poplar type was due to the October, 1967, 
burn (Table 1). The greater amount of dead herbage in the 8 
lb/acre 2,4-D treatment and control in 1969 probably resulted 
from the lighter grazing pressure in 1968 compared to 1967. 



Table 1. Herbage production (lb/acre) and utilization (%I) in 1968 by category in three vegetation types resulting from three treatments (lb/acre) 
with 2,4-D. 

2,4-D treatments 

Measurements 

All herbage 
Production 
Utilization 

Dead herbage 
Production 
Utilization 

Green herbage 
Production 
Utilization 

Green grass and sedge 
Production 
Utilization 

Green forbs 
Production 
Utilization 

Grassland Small aspen Large aspen 

8 3+B’ 0 8 3+B’ 0 8 3 0 

1677 1674 1843 1400 1425 348 390 805 101 
33 49 42 29 63 22 41 40 44 

606 a2 400 b 754 a 340 a 113ab 71 b 34 ab 39 a 3b 
10 14 26 15 -92 -18 -82 -26 0 

1071 1274 1089 1060 1312 227 356 766 98 
46 60 53 33 68 35 45 46 45 

956 a 1064 970 a 849 a 767 a 169 b 247 a 410 a 25 b 
43 60 58 26 72 23 38 49 49 

115a 210a 119a 211 a 545 b 108a 109a 356b 73a 
91 64 16 63 63 53 60 43 44 

’ Burned in October, 1967. 
‘Weights within a vegetation type followed by the same letter are not significantly different according to the LSD test (p < 0.05). 

Herbage Utilization 

There was close agreement between the grazing observa- 
tions (Hilton and Bailey, 1972) and clipped plot data (Table 1) 
when comparing utilization of sprayed and unsprayed grass- 
lands. In 1968, cattle spent about 44% of the grazing time in 
the sprayed grasslands and about 40% in the unsprayed 
grasslands; this is comparable to the average of 53% use of the 
annual production in the treatments and control (Table 1). 

Green grasses and sedges provided most of the forage 
consumed by the cattle in 1968. The forbs showed a very 
non-uniform level of use ranging from 9 1 to 64% in the spray 
treatments to a low of 16% in the control. The dead herbage 
showed a low level of use. 

In both the grassland and the small aspen type, the herbage 
of the 3+B treatment was used at a much higher rate than in 
the other spray treatment or in the control. This may be due 
to the availability of only green herbage because of the fall 

burn. In both the small and large aspen types, the amount of 
forage consumed in the treatments was much greater than in 
the control; which agrees with the grazing observations 
showing approximately 13% of the grazing observations 
occurring in the sprayed forest compared to only 4% in the 
control. 

In 1969, cattle used the sprayed grassland more than the 
grassland of the control (27% vs 12%) (Hilton and Bailey, 
1972). This is consistent with the utilization data in Table 2 
which shows an average of 693 lb/acre of annual production 
consumed (64% use) in the treatments versus 480 lb/acre in 
the control (5 1% use). The cattle also showed a much greater 
preference for the sprayed forest areas over the control forest 
consuming 539 lb/acre in the sprayed small and large aspen 
types (50% use) compared to only 95 lb/acre in the control 
(44% use). 

Table 2. Herbage production (lb/acre) and utilization (%) in 1969 by category in three vegetation types resulting from three treatments (lb/acre) 
with 2,4-D. 

2,4-D treatments 

Measurements 

Grassland Small aspen Large aspen 

8 4 0 8 4 0 8 4 0 

All herbage 
Production 1980 1954 1794 1887 1660 433 1624 1806 110 
Utilization 45 46 17 36 41 47 48 48 -57 

Dead herbage 
Production 873 a’ 894 a 852a 865 a 540 b 173a 622 a 592 a 16b 
Utilization 23 22 -21 32 22 24 33 43 

Green herbage 
Production 1107a 1060 ab 942 b 1022 a 1120a 260 b 1002 b 1214a 94c 
Utilization 62 66 51 41 49 63 58 50 25 

Green grass and sedge 
Production 964 ab 1008 a 799b 677 a 762 a 93 b 645 b 1028 a 29 c 
Utilization 61 68 51 44 50 39 58 52 

Green forbs 
Production 143 a 52b 143 a 345 a 358a 167 a 357 a 186a 65 b 
Utilization 69 37 53 34 48 76 57 39 40 

‘Weights within a vegetation type followed by the same letter are not significantly different (P < 0.05) according to the LSD test. 
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Table 3. Herbage production (lb/acre) and utilization (%) of selected species in the grassland type, 1969. 

2,4-D Treatment (lb/acre) 

Species 

Rough fescue (Festuca scabrella) 

Wheatgrass (Agropyron subsecundum, A. trachyaulum) 

Bluegrass (Poa palustris, P. pratensis) 

Measurement 8 

Production 300 ab’ 
Utilization 70* 
Production 402 a 
Utilization 82 
Production 57a 
Utilization -2 

4 0 

500 a 273 b 
75 50 

269 a 112b 
71 60 

2b 3 ab 

Western porcupine grass (Stipa spartea var. curtiseta) 

0 ther grasses 

Sedge (Carex obtusata and others) 

Asters (Aster hesperius, A. pansus) 

Northern bedstraw (Galium boreale) 

Bastard toad-flax (Coma&-a pallida) 

Other forbs 

Production 
Utilization 
Production 
Utilization 

Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 
Utilization 

Production 
Utilization 

89 a 
30 
49 
77 
35 a 
78 

7a 

135 a 
68 

8 

11 a 

la 

52 36 

29 a 

90 

49 a 175 b 
43 59 

55 158 

78 a 
21 

28 
65 
21 a 
87 
26 b 
82 
68 

‘Weights followed by the same letter are not significantly different (P < 0.05) according to the LSD test. 
* Utilization percentages are given only for grasses of more than 40 lb/acre and for forbs of more than 20 lb/acre. 

Table 4. Herbage production (lb/acre) and utilization (%) of selected species in the small aspen type, 1969. 

2,4-D treatment (lb/acre) 

Species Measurement 8 4 0 

Wheatgrass (Agropyron subsecundum, A. trachycaulum) 

Rough fescue (Festuca scabrella) 

Blue grasses (Poa palustris, P. pratensis) 

Reedgrasses (Calamagrostis neglecta, C. inexpansa) 

Fringed brome (Bromus ciliatus) 

Other grasses 

Sedges (Cizrex pratiea and others) 

Wild strawberry (Frageria virginiana var. glauca) 

Asters (Aster hesperius, A. pansus) 

Northern bedstraw (Galium boreale) 

Vetchling (Luthyrus och~oleucus, L. venosus) 

Blunt-leaved sandwort (Arenaria LzterifZora) 

Canada anemone (Anemone canadensis) 

Chickweed (Cerastium nutans, C. arvense) 

Other forbs 

Production 
Utilization 

Production 
Utilization 

Production 
Utilization 
Production 
Utilization 

Production 
Utilization 
Production 
Utilization 

Production 
Utilization 

Production 
Utilization 

Production 
Utilization 

Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 

325 a’ 
46* 
35 a 

149 a 
67 
58 a 
68 
22 a 

2 

87 a 
-1 

140 ab 
-1 

65 
69 
66 a 
80 

lb 

24 
48 
11 

11 

31 

177 ab 
-8 

320 b 
93 
31 b 

69 a 
100 

50 a 
57 
52 

65 a 
-29 

155 a 
-5 

61 
98 
13bc 

8b 

38 
99 
28 
95 
24 
86 
34 

33 b 

9a 

1b 

0 

la 

12 

37 a 
1 

18b 

7 

31 ab 
8 

80 a 
92 

0 

6 

5 

22 

‘Weights followed by the same letter are not significantly different (P < 0.05) according to the LSD test. 
* Utilization percentages are given only for grasses of more than 40 lb/acre and for forbs of more than 20 lb/acre. 
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Production and Utilization by Species 

In the grassland areas rough fescue and wheatgrasses 
constituted the bulk of the forage in the treatments and 
showed a 70 to 82% level of use (Table 3). In the control, in a 
more arid grassland, western porcupine grass was also an 
important forage component, having a production of 175 
lb/acre and a 59% level of use. None of the other grasses or the 
sedge contributed much to the forage production or utiliza- 
tion. 

The forb production was low and generally variable. Of the 
major species in the grassland, only bastard toad-flax, was 
detrimentally affected by the herbicide. 

In the small aspen type, the grass component showed a 
marked response to herbicide application while the sedges 
showed little increase (Table 4). As in the grassland, rough 
fescue and wheatgrasses formed the largest portion of the 
forage production; but reedgrasses, bluegrasses, and fringed 
brome were also important forage components. Rough fescue 
was the most preferred grass. The negative utilization value 
(-8%) for wheatgrasses in the 4 lb/acre 2,4-D treatment was 
misleading because wheatgrass had a higher frequency in the 
grazed area, and it regrows after grazing, Assuming that the 
cattle did not completely remove a plant species from plots 
outside the exclosure, the frequency of a particular species 
inside and outside the exclosure would have had a great effect 
on the over or underestimation of the use of a forage species 
(Hilton, 1970). 

As a result of the herbicide application, the forb production 
more than doubled in the small aspen type with most of the 
increase coming from wild strawberry and the asters. 

It is clearly indicated in the small aspen type that wild 
strawberry, asters, blunt-leaved sandwort, Canada anemone 
and chickweed benefited from two applications of 2,4-D. 
Increased forb production in sprayed forests was due to an 
increased frequency as well as increased production of some 
species. For other species that had a decreased frequency, the 
survivors were much larger and more robust than in unsprayed 
forests, Similar increases in forb production in sprayed forests 
are reported by Davis (1967). The highly palatable vetchlings 
were the only major species to be detrimentally affected by 
herbicide. The majority of the forb species showed relatively 
high levels of use with the exception of the most productive 
forb, wild strawberry, which showed a negative use. Wild 
strawberry was grazed extensively by cattle, but it apparently 
was stimulated by grazing and the lack of competition for light 
from the grazed grasses, resulting in much greater regrowth in 
the grazed areas than in the adjacent ungrazed exclosures. 

In the large aspen type, the sedges formed a more 
important part of the increased herbage production following 
spraying (Table 5). The sedge production in the treated areas 
was 261 and 385 lb/acre with an average 45.5% level of use. 
The dominant grasses (wheatgrass and reedgrass) showed a 
relatively high level of use ranging between 44 and 86%. 

In the large aspen type, the forb production was from 3 to 
5 times as much following the herbicide application as before, 
with the same species as in the small aspen type forming the 
majority of the forage production. As in the small aspen type, 
wild strawberry, smooth aster, blunt-leaved sandwort, Canada 
anemone, and chickweed benefited from the removal of 
woody competition by herbicides. In the large aspen type, 

Table 5. Herbage production (lb/acre) and utilization (%) of selected species in the large aspen type, 1969. 

2,4-D treatment (lb/acre) 

Species Measurement 8 4 0 

Sedges (Czrex prairea and others) 

Wheatgrasses (Agropyron subsecundum, A. trachycaulum) 

Reedgrasses (Calamagrostis neglecta, C. inexpansa) 

Bluegrass (Poa palustris, P. pratensis) 

Fringed brome (Bromus ciliatus) 

False melic (Schizachne purpurescens) 

Other grasses 

Wild strawberry (Frageria virginiana var. glauca) 

Chickweed (Cerastium nutans, C. arvense) 

Northern bedstraw (Galium boreale) 

Blunt-leaved sandwort (Arenaria kzteriflora) 

Smooth aster (Aster Zaevis var. geyeri) 

Canada anemone (Anemone canadensis) 

Vetchling (Luthyrus ochroleucus, L. venosus) 
Other forbs 

Production 
Utilization 

Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 
Utilization 
Production 

261 b’ 
452 

193 a 
61 
69 b 
86 
69 a 
52 
31 a 

0 

20 
Production 96 a 
Utilization 14 
Production 61 
Utilization 98 
Production 35 ab 
Utilization 62 
Production 38 a 
Utilization 43 
Production 24 
Utilization 61 
Production 19 
Utilization 78 
Production 2b 
Production 95 

385 a 
46 

167a 
44 

170a 
79 
64 a 
50 
58 a 
33 

134 
37 
54 

73 a 
33 

3 

38 a 
54 

4 ab 

5 

20 
89 

5b 

41 

17 c 

5b 

0 

la 

4a 

0 

0 
1oc 

5b 

2b 

16a 

35 
‘Weights followed by the same letter are not significantly different (P < 0.05) according to the LSD test. 
‘Utilization percentages are given only for grasses of more than 40 lb/acre and for forbs of more than 20 lb/acre. 
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Table 6. Density of woody stems (no./100 ft’), difference in height (%) between ungrazed and grazed areas and utilization level (%) in the 8,4, 
and 0 lb/acre 2,4-D. 

2,4-D treatment (lb/acre) 

Density Difference in height (%) Utilization level (%) 

Species and vegetation type 8 4 0 8 4 0 8 4 0 

Aspen (Populus tremuloides) 
Grassland 7 5 0 P’ P - 25 33 - 
Small aspen 30 53 7 50 64 P 8 28 - 
Large aspen 9 60 0 71 54 - 43 3 - 

Snowberry (Symphoricarpos occidentalis) 
Grassland 39 41 38 0 58 23 4 - - 
Small aspen 67 84 230 9 14 15 1 1 2 
Large aspen 65 37 109 36 60 0 2 1 2 

Wild rose (Rosa sp.) 
Grassland 32 67 47 80 75 0 51 33 33 
Small aspen 74 54 61 62 88 12 36 30 - 
Large aspen 59 102 85 74 60 12 47 30 17 

Wild raspberry (Rubus sp.) 
Grassland 0 2 0 P - - 5 - 
Small aspen 35 4 39 33 100 71 1 - - 
Large aspen 61 10 50 50 0 41 12 4 5 

Gooseberry (R&es sp.) 
Grassland 0 0 0 - - 
Small aspen 26 0 0 93 1 I 30 - - 
Large aspen 74 7 9 14 83 86 10 - - 

Total woody stems 
Grassland 77 129 95 
Small aspen 230 199 353 
Large aspen 268 215 275 

’ P = present only in grazed area. 

however, northern bedstraw also had a seven times greater 
production in sprayed treatments. Only the vetchling produced 
less in sprayed areas than in the control. 

Brush Density and Use by Cattle 

In 1969, three growing seasons after initial herbicide 
treatment, the density of brush species was markedly different 
in treated areas than in the control (Table 6). The density of 
aspen was much greater than in the untreated areas. This was 
because more of the large trees had been killed by the two 
herbicide treatments but subsequent aspen sucker growth had 
not all been killed by the second herbicide treatment. The 
density of 2,4-D susceptible snowberry was unchanged in the 
grassland but reduced in the two forest types. The 2,4-D 
resistant shrubs wild rose, wild raspberry, and gooseberry, 
were not controlled by a single application of 2,4,5-T in 1968. 

Cattle browsed some brush species during the 2-month 
grazing season of 1969. Based upon both the difference-in- 
height method and the estimated-utilization method, aspen, 
wild rose, wild raspberry, and gooseberry suckers were 
preferred browse for cattle. Snowberry, one of the major 
understory brush species, was usually not preferred. The 
utilization percentage of the woody species using the ocular- 
estimate method was generally lower than that obtained from 
the difference-in-height method; but both methods showed a 
definite preference by cattle for certain woody species. Aspen 
generally had a higher density in the grazed areas, probably as 
a result of the development of lateral sprouts after initial 
browsing (Maini, 1966). 

Three years after initial spraying, the density of woody 
stems was generally about the same in sprayed areas as in the 
control. The density of snowberry, however, had been reduced 
by 2,4-D in the aspen types. Cattle use of some suckers and 
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shrubs helped to control their growth and thereby maintained 
the valuable understory herbage. 

Summary and Conclusions 

Herbage production in the aspen types increased sharply 
after spraying and was readily utilized by cattle. The grasses 
were the major increasers after spraying in the small aspen type 
while grasses and sedges increased greatly in the large aspen 
type. Cattle preferred to graze most grasses over sedge. They 
also heavily utilized most forbs. Cattle readily browsed some 
woody species which, when repeated, may aid in their control. 
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Controlling Bitterweed with Fall and 

Winter Applications of 2,4-D Amine 

STEPHEN C. BUNTING AND HENRY A. WRIGHT 

Highlight: Bitter-weed can be effectively controlled in cen- 
tral Texas with 2,4-D (2,4-Dichlorophenoxyacetic acid) amine 
between November 1 and January 1.5. To minimize damage to 
associated annual forbs, 2,4-D should be applied in late 
December or January. A rate of % to 1 lb a.e./acre of 
2,4-D will give excellent control of bitterweed. However, 
spraying with 2,4-D has no long-term benefits under a good 
range management program. Its primary value is to kill bitter- 
weed during wet winters when it is abundant. This minimizes 
death losses of sheep and increases the vigor of perennial 
grasses for 1 or 2 years. 

Bitterweed (Hymenoxys odorata) was first recognized as a 
poisonous plant in 1922 (Sperry, 1949) and has been a serious 
problem in central Texas for many years. Death losses of sheep 
average 1 to 6% annually (Sultemeier, 1961). Although it is a 
problem primarily in central Texas, bitterweed is a native of 
the United States and is found in central and west Texas, 
western Oklahoma, and eastern and southern New Mexico 
(Sperry, 1949). 

Good range management has been the best method to 
control bitterweed (Sperry, 1949). Keeping the soil covered 
with grass will reduce the problem (Sperry, 194 1; Vance, 
1958). Despite this recommendation by several researchers, 
many ranchers in the Edwards Plateau region still have 
periodic bitterweed infestations. Infestations often occur after 
grass cover has been reduced by drought, even though a range 
is being properly managed. 

Spraying with an ester formulation of 2,4-D (2,4- 
Dichlorophenoxyacetic acid) in the pre-bloom or early 
flowering stage is currently the recommended control measure 
for dense bitter-weed infestations (Sperry and Sultemeier, 1965). 
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But, by this time many sheep may have died from bitterweed 
poisoning. Recent research by Chambers and Wright (1972) 
showed that bitterweed can be killed before serious sheep 
losses occur if 2,4-D amine is applied before February 1. 

The following study was designed to determine (a) how 
early in the fall and winter 2,4-D amine could be applied to 
obtain a satisfactory kill of bitterweed, (b) the minimum rate 
of 2,4-D amine required, and (c) whether spraying could be 
used to accelerate the replacement of bitterweed with peren- 
nial grasses. 

Methods 

Spray treatments were conducted in 1970-71 and 1972-73 
on the Hal Noelke Ranch, 45 miles west of San Angelo, Texas. 
Vegetation in 1970 was in fair condition and consisted 
primarily of red grama (Bouteloua trifida), threeawns (Aristida 
spp.), buffalograss (Buchloe dactyloides), tobosa (Hilaria 
mutica), bitterweed, and various annual forbs. The ranch had a 
history of heavy grazing, but a four-pasture deferred rotation 
system was put into effect in 1969. 

The study was conducted on a bottomland site of the 
Nuvalde clay loam series. This soil is moderately deep, 
underlain with limestone or caliche. Topography of the area is 
gently rolling. Annual precipitation averages 19 inches. 

Methods of application and preliminary results of the 
1970-7 1 study were reported by Chambers and Wright (1972). 
Only the long-term effects of the 1.25 and 2.50 lb a.e./acre of 
2,4-D amine treatments applied on January 10, 1971, will be 
included in this report. This information answers the question as 
to whether the control of bitterweed plants can speed up 
succession in bottomland sites that have a thin stand of resident 
perennials. 

The experimental design used in 1972-73 was a completely 
randomized split-plot with 4 replications, 4 dates of application, 
and 5 rates of application. The dates of application were 
September 1, 1972, October 15, 1972, December 1, 1972, and 
January 15, 1973. The treatments included four rates of .2,4-D 
amine-0.5, 1, 1.5, and 2 lb a.e./acre-and a control. They 
were applied on 25 X 25 ft plots. To evaluate rates of 
application on a larger scale, the 1, 1.5, and 2 lb a.e/acre rates 
were aerially applied to 100 acre tracts on October 24, 1972. 
Information from these trials provided answers to questions 
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Table 1. Bitterweed yield (lb/acre) on May 23, 1973, one growing Table 2. Plant measurements on May 23, 1973, one growing season 
season after application of 2,4-D amine at various rates.’ after aerial spraying on October 24, 1972.’ 

Treatments (lb a.e./acre of 2,4-D) 
Dates 0 0.5 1 1.5 2 

Sept. 1 149*a 1OOa 357 a 126 a 251 a 
Oct. 15 149a 267 a 79 a 59 a lb 
Dec. 1 149 a 2b 42 b 2b Ob 
Jan. 15 149 a 6b 34 b 15 b lb 

1 Means within a row followed by the same letter are not significantly 
(p < .lO) different. 

*An average for 160 plots from all control treatments (Sept. 1 to 
Jan. 15). 

Treatments (lb a.e./acre of 2,4-D 

Plant measurements 0 1 1.5 2 

Bitterweed yield (lbjacre) 351a 2b 2b 2b 
Grass cover (%) 58 a 66 a 74 a 78 a 
Frequency of all forbs (%) 114a 58b 74 b 64b 
Frequency of desirable forbs (%) 106a 56b 72 a 62b 

‘Means within a row followed by the same letter are not significantly 
(P < .lO) different. 

about season and rate of 2,4-D amine application. 
Herbicide solutions for both ground and aerial application 

were mixed with water to a total volume of 3 gal/acre. 
Herbicides were applied to the plots with an 80-inch boom 
mounted on bicycle wheels. The nozzles, spaced at 20-inch 
intervals, contained loo-mesh screens. Nitrogen gas was used 
to regulate pressure. The aerial applications were applied 
commercially with standard equipment. 

Table 3. Frequency (%) for all forbs except bitterweed one growing 
season after application of 2,4-D at various rates and datesof applica- 
tion in 1972-73.’ 

Date of 
Treatments (lb a.e./acre of 2,4-D) 

On May 23, 1973, bitterweed was clipped from ten 1.2 ft2 
plots per replication. Also, cover of grasses by species was 
estimated on each of the ‘ten plots per replication, and 
frequency of all species was measured. On the large aerial 
sprayed tracts, ten 1.2 ft2 plots were sampled on each of five 
stands in each treatment. The yield data were normalized with 
a d= transformation before analysis. Frequency data were 
analyzed using a Chi-square analysis. 

application 0 0.5 1 1.5 2 

Sept. 1 41*a 35 a 18b 30a 60a 
Oct. 15 41a 22a 20 a 40a 18b 
Dec. 1 41 a 18b 18b l2b l2b 
Jan. 15 41 a 32 a 45 a 28 a 25 a 

‘Means within a row followed by the same letter are not significantly 
(p < .lO) different. 

*An average for 160 plots from all control treatments (Sept. 1 to 
Jan. 15). 

Results and Conclusions 

Table 4. Cover (%) of grasses be- 
fore treatment (1970) and 3 
years after treatment (1973). 

Based on bitterweed yield data from the hand-sprayed plots 
and aerial-sprayed tracts (Tables 1 and 2), November 1 to 
January 15 is the best time to spray bitterweed with 2,4-D 
amine. No rate of 2,4-D killed bitterweed when applied in 
September and only the 2 lb a.e./acre rate was effective when 
applied on October 15 (Table 2). However, all rates were 
effective when applied in late October, December, and 
January. 

Treatments 
Year 

Table 5. Frequency (%) of all 
forbs except bitterweed on May 
23,1973,one and three growing 
seasons after application of 
spray treatments.’ 

(lb a.e./acre of 2,4-D) 1970 1973 

0 14 62 
1.25 20 57 
2.50 19 74 

Treatments Year 

(lb a.e./acre of 2,4-D) 1971 1973 

0 15a 92a 
1.25 14a 95a 
2.50 15a 48b 

The September 1 and January 15 applications of 2,4-D did 
the least damage to the forbs that are important forage for 
sheep (Table 3). 

‘Means within a row followed by 
the same letter are not signifi- 
cantly (I’< .lO) different. 

Similar results were reported by Chambers and Wright 
(1972) for the January 15 application. Thus, to control 
bitterweed with minimum damage to the desirable forbs, we 
recommend spraying bitterweed in late December or early 
January. The 0.5 lb a.e./acre of 2,4-D amine seems adequate 
and the 1 lb a.e./acre treatment is more than adequate to kill 
bitterweed. 

The long-term effect of spraying on grass cover was not 
significant (Table 4). There was a 200% increase in cover for 
all treatments between 1970 and 1973, but this was attributed 
to the deferred rotation grazing system initiated in 1969. This 
supports Sperry’s (1949) and Vance’s (1958) findings that 
good range management is the best method to control 
bitterweed. 

there are no long-term benefits from spraying bitterweed. 
However, there are short-term benefits. Spraying dense patches 
of bitterweed during “bitterweed years” will minimize live- 
stock losses. It will also help conserve winter moisture for 
early spring growth of grasses and thereby increase the vigor of 
perennial grasses for one or two growing seasons. Where no 
perennial grasses exist, spraying suppresses bitterweed for only 
1 to 2 years. 
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Wood Boring Insect Infestations 

in Relation to Mesquite Control Practices 

D. N. UECKERT AND H. A. WRIGHT 

Highlight: Wood boring insect activity in mesquite wood is of interest to fire 
ecologists because infested trees are much easier to burn down than uninfested 
trees. Wood borer tunnelling in mesquite killed by six different methods was 
compared over a 2-year period. Basal spraying with diesel oil + 2,4,5-T and 
girdling resulted in significantly more tunnelling by wood borers. Borer activity 
was intermediate in trees killed by basal spraying with diesel, and by burning; 
slight in felled trees (simulated chaining or root-plowing); and insignificant in 
trees top-killed by 2,4,5-T spray and in the control. Ranchers planning to use 
prescribed burning as a method oj’removing dead mesquite stems from rangeland 
previously treated with conventional mesquite control practices could expect a 
high degree of wood borer activity, and hence a greater burndown in pastures 
where trees have been killed in previous years by basal spraying with diesel oil f 
2,4,5-T. Wood borer activity will be substantial for good burndown in trees top- 
killed by basal treatment with diesel oil and by burning. 

Wood boring insect activity is com- 
mon in honey mesquite trees (j’rosopis 
glandulosa var. glandulosa) that have 
been top-killed by fire or drought, but 
not in trees top-killed with a 2,4,5-T 
spray (Britton and Wright, 1971). Borer 
activity is of particular interest to fire 
ecologists because mesquite trees in- 
fested with wood borers burn down 
much easier. Ranchers in mesquite- 
tobosa communities, and other plant 
communities where burning may be 
feasible, are becoming increasingly inter- 
ested in prescribed burning to increase 
forage production and quality, to con- 
trol live mesquite, and to remove dead 
mesquite killed by previous brush con- 
trol programs. This study was under- 
taken to determine which brush control 
treatments enhance borer activity, in 
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order to assist ranchers who are consid- 
ering subsequent removal of dead trees 
by burning in selecting initial mesquite 
control treatments. 

Boring insect activity in mesquite 
stems provides a more efficient transfer 
of heat into the stem and transfer of gas 
out, resulting in a decreased ignition 
time (Britton and Wright, 197 1). More- 
over, Burton et al. (1972) found that 
intensive activity by wood borers re- 
duced the time required for ignition of 
mesquite wood by about one-half, with- 
out altering the ignition temperature. 
They theorized that this was caused by 
factors which resulted in more rapid 
heating of the wood surface, such as (1) 
an increased surface-to-volume ratio re- 
sulting from unfilled borer tunnels 
which supplied internal heating paths; 
(2) a lower sapwood thermal conduc- 
tivity due to borer tunnels filled with 
frass; and (3) a combination of both 
phenomena. Numerous species of wood 
boring insect larvae, including flat- 
headed borers (Buprestidae), round- 
headed borers (Cerambycidae), branch 
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or twig borers (Bostrichidae), and 
powder-post beetles (Lyctidae) feed and 
develop within dead mesquite wood 
(Burke, 1918; Van Dyke, 1918; Fisher, 
1942; Craighead, 1921, 1949; Werner 
and Butler, unpublished). The larval 
galleries or tunnels of flat-headed 
borers, usually flattened or oval in 
cross-section, are always tightly packed 
with fine, saw-dust-like frass. Flat- 
headed borers tunnel within the 
cambium. layer, as well as through the 
sapwood and heartwood. The adults, 
commonly known as metalic wood 
borers, emerge from the bark through 
very characteristic oval or elliptical exit 
holes. Branch or twig borer and powder- 
post beetle larvae mine through dry 
sapwood with small round tunnels 
which become tightly packed with 
dry,powder-like frass. The adults emerge 
through small, round exit holes. Round- 
headed wood borers usually produce 
large round tunnels and may produce 
fine sawdust, flaky chips of wood, or 
long fibrous, excelsior-like shreds of 
wood, which may be tightly packed 
behind the larvae or extruded through 
small holes, leaving the tunnels or galler- 
ies open. Their adults, long-horned 
beetles, emerge through larger, round 
exit holes (Craighead, 1949). 

Methods and Materials 

This study was conducted on a heavy 
clay range site, dominated by honey 
mesquite and tobosagrass (Hilaria 
mutica), 16 km south of Post, Texas, in 
Garza County. Honey mesquite trees on 
the study area were mostly single- 
stemmed trees 2-3 m in height and 7-12 
cm in diameter. Six treatments, includ- 
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Table 1. Mean numbers of woad-boring insect tunnels per crosssection in stems and branches of 
honey mesquite in 1971 and 1972 following application of various brush control treatments in 
1970. Means have been adjusted by wvariance to ~emow effect of tree size and branch diameter. 

No. small tunnels No. large t”nnelS 

TIeatmentS 1971 1972 1971 1972 

Control cl.3 bl 0.0 a 0.6 E ll.oa 
Aerial spray (2,4,5-T) .Oa .2 a 3 b .I a 
Fell 1.4d 3.6 alI s b 1.8 b 
Bun (butane) .7 c 6.0 ab 1.4d 2.5 bc 
Basal spray (diesel) 5.2f lO.ObC 1.8 e 2.3 bc 
Basal spray (diesel + 2,4,5-T, 3.7 e 16.9 c 0.2 a 3.0 c 
Girdle 11sg 16.6 c 2.2 f 2.8 bc 

‘“alues within a column followed by similar letters are not significantly different from each other 
at the 90% level of probability. 

ing: (1) aerial spraying with the propy- 
lene glycol butyl ether esters of the 
herbicide 2,4,5-Trichlorophenoxyacetic 
acid (2,4,5-T); (2) basal treatment of 
mesquite stems with diesel oil + 2,4,5-T; 
(3) basal treatment of mesquite stems 
with diesel oil; (4) burning with butane 
torch (simulated range fire); (5) felling 
at ground level with a chain saw (simu- 
lated chaining or root-plowing); and (6) 
girdling with chain saw, were each ap- 
plied to randomly selected groups of 10 
trees in late June, 1970. Ten randomly 
selected trees were left untreated as a 
control. All trees were permanently 
marked for future reference. 

On August 2, 1971, three trees from 
each of the treatments were collected 
and taken to the laboratory where 
cross-sections of various sires of 
branches were cut and the numbers of 
woodboring insect tunnels per cross- 
section and the diameter of each cross- 
-section were recorded. Approximately 
20 cross-sections (range S-29) were 
taken from each tree. On June 30, 
1972, five additional trees from each 
treatment were collected and taken to 
the laboratory, where 25 cross-sections 
from each tree were cut, and similar 
data were recorded. These data were 
analyzed as randomized complete block 
designs with covariance to determine 
differences between treatments for (1) 
tunnelling activity by small borers such 
as branch borers, death-watch beetles, 
and powder-post beetles and (2) tunnel- 
ling activity by larger borers such as 
flat-headed and round-headed borers. 
Cross-section diameters were used as the 
covariant, to eliminate variation in 
branch and tree size. Ten billets, 15 cm 
in length, were cut from mesquite stems 
over 2.5 cm in diameter from trees 
collected in 1972, the bark was re- 
moved, and tunnelling damage in the 
cambium layer by maturing flat-headed 
borers was ranked by three observers on 
a scale from O-5, where 0 indicated the 
absence of tunnels and 5 indicated that 
over 80% of the cambium layer had 
been consumed by flat-headed borers. 
The averages of the three observers’ 
rankings were used as data. These data 
were analyzed with analysis of variance 
as a randomized complete block design. 
Duncan’s multiple range test was used 
where appropriate to separate treatment 
means. A paired t-test was used to 
determine if total wood boring insect 
activity on all the treatments i&eased 
from 1971 to 1972. 

Mesquite wood samples from each of 
the treatments and the control were 
enclosed in rearing cages in the labora- 
tory for collecting adult specimens of 
wood borers for identification. Speci- 
mens of the adult insects were shipped 
to appropriate specialists for taxonomic 
determinations. 



Results and Discussion 

The method of top-killing honey 
mesquite had a significant effect on the 
ensuing infestations of the dead wood 
by boring insects. Quantitative counts 
of small borer tunnels in cross-sections 
of mesquite branches in 1971 (Table 1) 
revealed that girdling and basal treat- 
ment with diesel oil resulted in the 
highest degree of small wood borer 
activity (Figs. 1 and 2). 

Girdling and basal treatment with 
diesel oil also proved to be the treat- 
ments which attracted most larger 
borers (Table 1; Fig. 3). Examination of 
cross-sections of mesquite branches in 
1972, the second year following applica- 
tion of treatments, revealed very similar 
results for both small and large borer 
activity, with the major exception that 
both small and large borer activity had 
increased tremendously in trees killed 
by basal application of diesel oil + 
2,4,5-T (Table 1). In 1972, activity by 
small borers was highest in trees killed 
by basal application of diesel oil + 
2,4,5-T, girdling, and basal application 
of diesel oil. Small borer activity was 
negligible in the control and in twss 
top-killed with aerial application of 
2,4,5-T, and was intermediate in trees 
top-killed by felling and burning. In 
1972, large borer activity was greatest in 
trees basally treated with diesel oil + 
2,4,5-T, intermediate in trees killed by 
girdling, burning, and by basal treat- 
ment with diesel oil, and negligible in 
untreated trees, in trees top-killed with 
aerial application of 2,4,5-T, and in 
felled trees. The total number of all 
sizes of wood borer tunnels increased 
significantly (P< .05) from 1971 to 
1972, with the greatest increase occur- 
ring in trees treated basally with diesel 
oil + 2,4,5-T. In 1971, girdling and basal 

Table 2. Ranking of degree of flat-headed 
borer activity in the cambium layer of dead 
mesquite wood in 1972 following various 
brush contiol heatments applied in 1970. 

Tunnelling 
in cambium 

Burn (butane) 2.2 bc 
Basal spray (diesel + 2.4.5-T) 2.1 bc 
Girdle 2.6 bc 
Basal (diesel) 3.0 c 

‘Values within a column followed by similar 
letters are not significantly different at the 
95% level Of probability. 

application of diesel oil resulted in the 
greatest degree of wood borer activity; 
however, by 1972, basal treatment with 
Iiesel oil f 2,4,5-T and girdling resulted 
n the highest degree of activity, while 
~a1 treatment with diesel oil and the 
mrning treatment were in an inter- 
nediate category. In both years, total 
activity by wood borers was lowest in 
mtreated trees, in trees killed by aerial 
application of 2,4,5-T, and in those 
which were felled. Examination of bolts 
n 1972 for activity by flat-headed borer 
arvae in the cambium of treated mes- 
luite trees (Table 2; Fig. 4) revealed 

very similar results. 
Differential response of wood boring 

insects to mesquite wood killed by 
different methods can perhaps be ex- 
plained physiologically. Wood boring 
larvae feed on the wood which they 
inhabit, and most species rely on 
starches and sugars in the wood as 
SOUIC~S df energy. The application of 
lethal quantities of 2,4,5-T to the leaves 
of honey mesquite is believed to result 
in one or more of several phenomena, 
including: (1) depletion of carbo- 
hydrates normally stored in the pith and 
xylem parenchyma cells; (2) formation 



of an abnormal wood with narrow, 
thick-walled vessels and axial par- 
enchyma cells in which wall thickening 
is inhibited; and (3) the transformation 
of the fusiform initials into septate 
parenchyma cells (Meyer, 1970; 
Robnett and Morey, 1973). Topkill of 
mesquite with foliar application of 
2,4,5-T is slow, and in 4 to 6 weeks the 
cambium may be indistinct or absent, 
being replaced by septate parenchyma 
cells. Basal treatment of mesquite with 
diesel oil + 2,4,5-T, or diesel oil alone, 
kills quickly, leaving the cambium dead 
and structurally weak (P. R. Morey, 
personal communication). 

Apparently, either the depletion of 
stored carbohydrates and/or the forma- 
tion of unusual wood in trees aerially 
sprayed with 2,4,5-T makes this dead 
mesquite wood unsuitable for wood 
boring larvae, either because the wood 
no longer is nutritionally suitable, or 
because the unusual structure of the 
new wood creates a habitat unfavorable 
for egg deposition, incubation, or 
development and movement of young 
larvae. 

Other physiological changes in the 
mesquite wood following application of 
top-killing treatments may also explain 
differential infestations of wood boring 
insects. Some brush control treatments, 
such as basal treatment with diesel oil, 
basal treatment with diesel oil + 2,4,5-T, 
and burning may significantly reduce 
relative water content of honey mes- 
quite, while others such as aerial spray- 
ing with 2,4,5-T may increase relative 
water content in the cambium and 
sapwood and create conditions which 
fail to elicit oviposition response of 
adult beetles or create intolerable condi- 
tions for brood development (Hodges 
and Pickard, 1971; Williamson, 197 1). 
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A preference for vertical host configura- 
tion in mesquite wood boring insects 
may be the reason that felled trees were 
somewhat resistant to attack by wood 
borers (Vite and Crozier, 1968). Wood 
borer populations in mesquite wood 
felled by chaining or root-plowing may 
be maintained at low levels by exces- 
sively high temperatures encountered 
near the soil surface (Craighead, 1920). 

Adult wood borers reared from 
mesquite which had been killed by 
various treatments included: Tri- 
colymus extremus White or near 
(Anobiidae); Acmaeodera gibbula 
LeConte, Chrysobothris acaciae Knull, 
C exesa LeConte, C. lateralis Water- 
house, C. purpleovittata Horn, C. rossi 
Van Dyke (Buprestidae); Hippopsis sp., 
Oncideres rhodosticta Bates, Taranomis 
bivit tata (DuPont) (Cerambycidae), 
Amphicerus bicaudatus (Say), Apatides 
fortis (LeConte), Xyloblaptus quad- 
rispinosus (LeConte) (Bostrichidae), 
Trogoxylon parallelopipedum (Mel- 
sheimer) (Lyctidae), and Oryzaephilus 
surinamensis (L.) (Cucujidae). 

Ranchers planning to use prescribed 
burning as a method of removing dead 
mesquite stems from rangeland previ- 
ously treated with conventional mes- 
quite control practices could expect a 
greater burndown in pastures where 
trees have been controlled in previous 
years by basal treatment with diesel oil 
+ 2,4,5-T. Previous control methods 
such as basal treatment with diesel oil 
and burning would also result in satis- 
factory results. Basal application of 
diesel oil or diesel oil + 2,4,5-T is often 
not economically feasible on large acre- 
ages of mesquite or in dense stands. 
However, where mesquite density is 
light and pastures are relatively small, 

ranchers may wish to consider basal 
treatment in order to promote borer 
activity and increase burndown of dead 
mesquite with controlled burning in 
subsequent years. 
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Response of Herbaceous Vegetation 

to Felling of Alligator Juniper 

WARREN .P. CLARY 

Highlight: Felling of a 13% cover of alligator juniper in 
northcentral Arizona resulted in a 38% increase in total herbage 
production and a 45% increase in forage plant production. 
These increases were highly variable relative to the control. 
There was little or no apparent response in three of the seven 
postfelling years. 

Management of the southwestern pinyon-juniper is of 
interest to many because of its contributions to livestock 
grazing, wildlife habitat, and domestic and agricultural water 
supplies. Most attempts at improving these values consist of 
reducing pinyon-juniper stands by cabling or pushing, burning, 
or by chemical control (Aro, 1971 ;Arnold et al., 1964). 

This paper reports the response of herbage to the felling of 
alligator juniper (Juniperus deppeana). The trees were felled 
with power saws to eliminate soil pits which are created when 
trees are uprooted through cabling or pushing. These pits were 
considered undesirable because they retain surface water, 
thereby reducing runoff yield (Skau, 1961) they are a 
potential source of sediment, and when the trees are uprooted 
much of the cool-season grass is destroyed which normally 
grows under larger alligator juniper crowns (Clary and Morri- 
son, 1973). 

Study Area and Methods 

The study was conducted in north-central Arizona on a 
loo-acre experimental watershed at an elevation of approxi- 
mately 6,400 ft. The soils are a complex of the Gem clay loam 
and Springerville very stony clay series. These soils, formed 
over basalt and volcanic cinders, have an average profile depth 
of 44 inches (Williams and Anderson, 1967). 

Average annual precipitation on the area during the study 
was 20 inches. Crown cover of the tree vegetation was 
approximately 13%. The tree basal areas per acre were alligator 
juniper, 22.3 ft2 ; others, 1.6. 

The tree overstory was felled with power saws in the fall of 
1965. Chemicals were used to control the sprouting of 
alligator juniper and to remove most other minor woody 
vegetation, primarily shrub live oak.’ Stumps of alligator 
juniper were treated with polychlorinated benzoic acid to 
reduce sprouting, shrub live oak clumps were treated with 
pelleted fenuron, and the few Gambel oak sprouts were 
treated with a dormant-season basal spray of 2,4,5-T. 

About half of the alligator juniper sprouts were killed, but 
little damage was evident on shrub live oak. Poor herbicide 
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ture. Research reported here was conducted at Station’s Research Work 
Unit at Flagstaff, in cooperation with Northern Arizona University. 
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distribution was apparent in both cases. The residual juniper 
sprouts, shrub live oak, and Gambel oak sprouts were treated 
with picloram and 2,4-D in 1968. Most alligator juniper 
sprouts were killed, but kill of the oaks was variable.2 Miller 
(1971) made a cost analysis of this treatment. 

No forage plants were seeded because of the good cover of 
native species (Fig. 1). 

The study area had been paired with an adjacent control 
area 6 years previous to treatment. Sampling on both the 
control and the treated areas consisted of ten lOO- by 300-ft 
plot clusters. Each contained five 9.6 ft2 plots used to 
determine herbage production by species via the weight 
estimate method (Pechanec and Pickford, 1937), and two 
3-step transects (Parker, 1954). During herbage sampling, a 
sixth plot at each cluster was estimated, clipped, ovendried, 
and weighed to determine the conversion from estimated green 
weight to ovendry weight. 

Data on herbage production were collected for 3 of the 6 
pretreatment years. Data were collected each year of the 
posttreatment evaluation period, 1966 to 1972. The transects, 
used to determine ground cover and plant frequency, were 
read in 1960, 1965, 1966, and 1971. 

The study area was grazed by beef cattle during spring and 
fall. Utilization averaged 15% for all forage grasses combined, 
but was about double the average for cool-season grasses alone. 
Grazing was not deferred following the felling treatment, but 
was changed to alternate-year use. 

The statistical analysis was based on a comparison of ratio 
estimates utilizing pretreatment and posttreatment data for. 
both treated and control areas (Cochran, 1963, p. 181). 

Herbage Response 

Felling the alligator junipers resulted in a 38% average 
increase in herbage yields. The treated watershed would have 
had an estimated mean production for the posttreatment 
period of 635 lb/acre if left untreated, while the actual 
production was 877 lb/acre. This is a 242-lb/acre difference or 
about a 38% increase. Production increases yere largest in 
bottlebrush squirreltail and western ragweed (Table 1). 
Plumeweed birdbeak, which is partially root parasitic on juniper, 
declined. 

Forage plant (U. S. Forest Service, 1970) yields on 
untreated and treated plots were estimated to be 292 and 423 
lb/acre, respectively, or an increase of 45% as a result of tree 
removal. Based on 40% utilization and 750 lb of forage per 
animal unit month (AUM), the potential livestock carrying 
capacity has increased from 0.16 AUM/acre before treatment 
to 0.23 AUM/acre after treatment. 

The herbage production increase was not consistent from 
year to year (Fig. 2). Herbage production increased for 2 years 
after the juniper felling, then became variable in relation to the 

1 Botanical names of understory plants are given in Table 1. ’ Johnsen, Thomas N., Jr. 1972. Personal communication. 
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control area. This variation in treatment response may have 
two independent causes. One is time related: a stimulation 
effect, related possibly to nutrients, etc., is often apparent for 
up to several years after overstory removal. Thereafter, 
however, the response of herbage production appears to be 
primarily affected by climatic variation. 

Grasses respond somewhat differently to the timing and 
amount of precipitation than do forbs, and therefore often 
attain peak yields in different years than do forbs. Of the I 
posttreatment years, perennial grass production was signifi- 
cantly higher than pretreatment levels in 3 years, and total 
herbage production was significantly higher in 4. When all 
posttreatment years are combined, average herbage yields were 
significantly higher as a result of treatment. 

were felled. (BJ In 1971. 6 yearsafter felling. 

The response of herbaceous vegetation to the felling of 
alligator juniper differs from the response suggested by some. 
It has been suggested that herbage yields will steadily increase 
after juniper removal until a maximum level is reached, 
perhaps 10 years later (Arnold and Schroeder, 1955; Arnold et 
al., 1964). In most cases on the Beaver Creek watersheds, 
however, herbage production after treatment appears to more 
closely follow the pattern suggested by Odum (1960): Total 
herbage production reaches essentially a steady state within a 
year OI two, and does not tend to increase measurably through 
time, even though plant composition is changing, so long as 
the plants are of the same major life form. If this is true, then 
grazing capacity will increase due to increases in total herbage 
production only in the first few years after treatment. Further 

Table 1. Average production (lb/acre) of understory plants. 

Control area Treatment area 

Species Pre-treatment Post-treatment Pretreatment Post-treatment 

Grasses 
Blue (lkureloua gronlis) grama 82.5 98.7 109.6 158.9 
Side-oats (Boureloua curtipendulo) gram 45.9 59.0 38.7 51.6 
Prairie junegrass (Koeleria crisroro) 19.6 23.8 9.1 19.7 
Bottlebrush squirreltail (Sitanion hysrrix) 18.5 40.0 23.8 118.4 
Mutton bluegrass (Poofend,erima) 18.1 30.2 12.0 11.3 
Black drapseed (Sporobolus interru~tus) 17.8 23.9 8.4 18.6 
Spike muhly (Muhlenbergti wrightit 1.0 s 1.7 2.9 
Fend,.% three-awn (Aristida fendleriana) .3 .8 1.4 3.6 
Western wheatgrass (Agropyron smirhii) .O .O 2.5 10.2 

Total grasses 203.7 216.9 207.2 395.2 

Forbs and half-shrubs 
Broom snakeweed (Cutierrezti sarothroe) 81.3 65.4 151.2 166.3 
Sulfur eriogonum (E,wgonum cogmtum) 45.2 55.1 34.8 49.8 
Plumeweed birdbeak (Cordylonthus wri&ii) 30.8 40.6 50.3 13.2 
Goldeneye (Viguiero spp.) 11.5 18.3 8.3 37.7 
Western ragweed (Ambrosia psi,osfachya) 5.8 17.5 4.0 94.6 
Showy aster (Aster commutarus) 5.8 13.5 2.1 29.6 
Redroot eriogonum (Eriogonum mcemosum) 5.8 6.3 10.0 17.7 
Common sunflower (Helkmthus annuus) s ., 5.5 9.2 
othe*s 18.2 35.6 15.4 63.6 

Total forbs and half-shrubs 204.9 252.4 281.6 481.7 

Shrubs 
Shrub live oak (Quseus rurbinelln) 26.7 48.6 
Wavyleaf oak (puereus undularo) 4.3 2.4 :LY :: 

Total shrubs 31.0 S,.cl .O .O 

AU vegetation 439.6 580.3 488.8 876.9 
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Fig. 2. Herbage production on the treated area as a proportion of the control area. 

increases will result only as nonpalatable plants are replaced by control. U. S. Dep. Agr. Prod. Res. Rep. 84. 28 p. 

palatable plants via plant succession, at an expected average 
replacement ratio of 1: 1. 

Measurements of ground cover and range condition on the 
3-step transects were not affected by juniper removal. 

Summary and Conclusions 

1) The increase in total herbage yields as a result of 
felling a 13% cover of alligator juniper averaged 38%; the 
increase in forage plant yields averaged 45%. 

2) The herbage increase was highly variable. There was 
little or no response in 3 of 7 posttreatment years. 

3) Experience here and on other Beaver Creek watersheds 
suggests that average herbage production may reach a near 
steady state within several years after tree removal. If palatable 
forage plants then replace nonpalatable plants during succes- 
sional change, it will be about at a 1: 1 ratio. 

4) Little effect of treatment on ground cover and range 
condition was detected by the 3-step transect measurements. 
This suggests that major changes in range condition on these 
sites will take long periods of time or will require major 
changes in grazing management in addition to the juniper 
control. 
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Economics of Fertilizer Application 

on Range and Meadow Sites in Utah 

JOHN P. WORKMAN AND THOMAS M. QUIGLEY 

Highlight: Forage production response to nitrogen and phosphorus application 
on six Utah range and meadow sites was subjected to economic analysis. There 
was no response to phosphorus application, but nitrogen resulted in significant 
increases in forage production on three sites. When forage was harvested as hay, 
nitrogen application proved to be a profitable practice on semiwet meadow and 
mountain loam sites. Fall application was more profitable than spring on both 
sites. Nitrogen application proved unprofitable when increased production was 
valued in terms of range forage. Nitrogen application would become profitable, 
however, if there was either a slight increase in AUM prices or a small decrease in 
nitrogen price. 

Numerous studies during the past 
30 years have demonstrated that on 
many range sites the application of 
fertilizer is an effective means of in- 
creasing livestock forage production 
(Bentley, 1946; Dickey et al., 1948; 
Lang, 1956; Cook, 1965; Dwyer, 
197 1). However, economic analyses of 
this promising range improvement 
practice have not kept pace with bio- 
logical research. Hooper (1969) found 
range fertilization to be economically 
feasible on several California sites, but 
his work was confined to annual grass- 
lands. A later economic study by 
Hooper et al. (1969) dealt with fertili- 
zation of Utah mountain rangelands, 
but application consisted of only a 
single rate of nitrogen and the analysis 
did not deal with either optimum 
application rates or optimum combina- 
tions of nutrients. In view of the lack 
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of economic analyses of rangeland 
fertilization, a study was initiated in 
1970 to investigate the economic 
aspects of nitrogen and phosphorus 
application on several Utah range and 
meadow sites. 

Site Descriptions 

Five Utah range and meadow sites 
and one Idaho range site were selected 
for study. Included were two moder- 
ately dry mountain loam sites (which 
for purposes of the study were desig- 
nated Swan and White), a semiwet 
meadow site (Jensen), a wet meadow 
site (Theurer), and two dry foothill silt 
loam sites (Junction and Curlew). 

The Swan mountain loam site is 
located at an elevation of 7,200 ft 15 
miles northeast of Huntsville, Utah, on 
a southwest slope of 10%. The soil is a 
silt loam and dominant grasses include 
Great Basin wildrye (Elymus cinereus), 
Kentucky bluegrass (Pea pratensis), 
bearded wheatgrass (Agropyron sub- 
secundum), Junegrass (Koeleria 
cristata), and Idaho fescue (Festuca 
idahoensis). Annual precipitation aver- 
ages 22 inches, 0 ccurring primarily 
during the winter. During 197 1, the 
year studied, 28.08 inches were re- 
ceived. Grazing by cattle occurs during 
the summer and fall. 

Located l/2 mile west of Paradise, 
Utah, at an elevation of 4,800 ft, the 
White mountain loam site slopes 

slightly to the north. The soil is a silt 
loam and the vegetation is composed 
primarily of seeded intermediate 
wheatgrass (Agropyron intermedium). 
Average annual precipitation is 16 
inches, most of which occurs during 
the winter. During 197 1, 19.14 inches 
were received. Cattle normally graze 
the area in both spring and fall. 

The Jensen semiwet meadow site is 
situated at an elevation of 4,420 ft l/2 
mile north of Young Ward, Utah. 
Currently in use as irrigated grass hay, 
the vegetation consists of a pure stand 
of tall wheatgrass (Agropyron 
elongatum). The soil is a silt loam. 
Precipitation averages 14 inches 
annually, and 19.14 inches fell in 
197 1. Because of irrigation, precipita- 
tion does not limit forage production. 

The Theurer wet meadow site is 
situated on a perennial stream at 4,450 
ft elevation 1 mile southwest of 
Logan, Utah, and is often under water 
for up to 6 weeks each spring. Annual 
precipitation averages 14 inches, while 
in 1971, 19.14 inches were received. 
The soil is a silt loam and the vegeta- 
tion is composed primarily of reed 
c a narygrass (Phalaris arundinacea), 
timothy (Phleum pratense), redtop 
(Agrostis alba), and foxtail (Hordeum 
jubatum). Hay harvest in July is fol- 
lowed by late fall grazing. 

The Junction foothill silt loam site 
is situated 20 miles southwest of 
Snowville, Utah at an elevation of 
4,700 ft. Average annual precipitation 
is 9 inches, and 10.16 inches fell in 
197 1. The vegetation consists of a 
seeded stand of crested wheatgrass 
(Agropyron cristatum) with scattered 
plants of big sagebrush (Artemisia 
tridentata) and halogeton (Halogeton 
glomeratus). Cattle graze the area in 
both spring and fall. 

The Curlew silt loam site is located 
11 miles north of Snowville, Utah, 
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Table 1. Production functions with independent variables significant at 90% or higher 
probability levels. 

Site 

Curlew foothill silt loam 

Semiwet meadow 

White mountain loam 

Season of 
application 

Spring 

Spring 
Fall 

Spring 
Fall 

Function production R2 

Y = 1268 + 17.42N - .0623N* .56 

Y = 5392 + 28.26N - .0278N* .66 
Y = 6070 + 27.96N - .0266N* .67 

Y = 1897 + 29.88N - .0462N* .81 
Y = 25 15 + 26.46N - .0392N* .73 

near the Utah-Idaho border at an 
elevation of 4,800 ft. The vegetation is 
composed of a pure stand of crested 
wheatgrass. Annual precipitation aver- 
ages 11 inches, and 16.89 inches fell in 
197 1. The area is grazed by cattle on a 
rotational basis from April through 
December. 

Methods 

Six rates of ammonium nitrate and 
six of treble superphosphate were 
applied on each site during the spring 
of 197 1. Fall applications were also 
made on the semiwet meadow and the 
two mountain loam sites during 1970. 
The experimental design consisted of 
three replications of a randomized 
block factorial. 

Ammonium nitrate (N) application 
rates were 0, 25, 50, 100, 200, and 
400 lb N/acre on the White mountain 
loam site; 0, 50, 100, 200, 400, and 
800 lb N/acre on the Swan mountain 
loam site, semiwet meadow site, and 
wet meadow site; and 0, 12.5, 25, 50, 
100 and 200 lb N/acre on the two 
foothill silt loam sites. Per acre appli- 
cation rates of treble super phosphate 
(P) were 0, 12.5, 25, 50, 100, and 200 
lb P,O, on the two mountain loam 
sites, the semiwet meadow site, and 
the wet meadow site; and 0, 6.25, 
12.5, 25, 50, and 100 lb P,O, on the 
two foothill silt loam sites. 

During the summer of 197 1, each 10 
ft X 15 ft sub-plot was clipped and 
weighed in the field to determine total 
forage production. Sub-samples of 
forage from each sub-plot were oven 
dried for conversion of green weights to 
air dry forage production per acre. 

The functional relationship between 
forage production and fertilizer appli- 
cation was estimated by stepwise mul- 
tiple regressional analysis. Standard 
marginal economic analysis was em- 
ployed to determine the most profit- 
able rates of fertilizer application 
(Heady and Pesek, 1954). 

Fertilizer application and forage 
harvest costs followed custom machin- 
ery rates listed in Doanes Agricultural 
Report (1972). Fertilizer and hay 
prices were taken from Christensen 
and Richards (1969). The price per 

AUM of range forage reported by 
Hooper et al. (1969) was employed 
after being adjusted to 1972 price 
levels. 

Results and Discussion 

Biological Response 

The production function tested by 
stepwise multiple regression analysis 
was as follows: 

Y=a+bN+cN2 +dP+eP2+fNP 

where Y = pounds air dry forage 
production per acre, N = pounds 
nitrogen applied per acre, and P = 
pounds phosphorus applied per acre. 
Independent variables which showed t 
test significance at 90% probability 
levels or higher were retained in the 

predictive equations. Only the produc- 
tion function models yielding an R2 
value of SO or higher were subjected 
to economic analysis. The five produc- 
tion functions meeting these criteria 
appear in Table 1. Application of 
phosphorus had no significant effect 
on forage production on any of the six 
sites studied. The influence of nitrogen 
on forage production was significant at 
three sites as shown in Table 1. 

The production function for the faII 
application on the White mountain 
loam site is shown graphically in 
Figure 1. This graph may be inter- 
preted to mean that in the absence of 
nitrogen application, 2515 lb of air 
dry forage are produced. The initial 
application of 1 pound of nitrogen 
yields 26.46 pounds of additional for- 
age, but due to the “law of diminish- 
ing returns,” forage production 
response decreases with each addi- 
tional pound of nitrogen applied. At 
application rates exceeding 337.5 lb 
N/acre, air dry forage production 
begins to decrease. 

Most Profitable Application Rates for 
Hay Harvest 

Standard marginal economic analy- 

Y= 2515 + 26.46 N - 00392 N2 

I I I I 

100 200 300 400 
Lbs N/Acre 

Fig. 1. Boduction function for White mountain barn site fall application. 
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Table 2. Summary of costs and prices employed in marginal analyses. 

Fixed costs 
Fertilizer application . . . . . . , . . . . . . . . . . . . . . . . . . . . $1 SO/acre 
Swathing . . . . . . . . . . . . . . . . . . . . . . , . . . , . . . . . . . $3SO/acre 

Variable costs 
Nitrogen fertilizer ($82.08/tori of ammonium nitrate) . . . . , . . . $ .1207/lb 
Baling hay ($4.29/ten of hay) . . . . . . . . . . . . . . . . . . . . . . $ .0021/lb 
Hauling hay ($3.30/tori of hay) . . . . . . . . . . . . . . . . . . . . . $ .0017/lb 

Prices 
Baled hay ($22.28/tori))) . . . . . . . . . . . . . . . . . . . . . . . . . $ .Olll/lb 
Grazed forage ($5 /AUM) . . . . . . . . . . . . . . . . . . . . . . . . . $ .0044/lb 

sis was employed to locate the maxi- 
mum profit point on the production 
function curve (Heady and Pesek, 
1954). Simply stated, maximum profit 
from fertilizer application is obtained 
when the last dollar spent on fertilizer 
application yields one dollar’s worth 
of additional forage. In the case of the 
White mountain loam site shown in 
Figure 1, this is accomplished by 
equating the first derivative of forage 

dY (Y) with respect to nitrogen, - =- 
dN 

26.46 - .0784N, with the ratio of the 
price of nitrogen to the price of 

PN 
forage, pY* 

Costs and prices employed 

in the marginal analyses are shown in 
Table 2. Forage mowed and baled for 
hay was valued at $.Ol 11 /lb based on 
the average Utah price of $22.28/tori 
for the period 1958-1968. The net 
price of hay is the appropriate price to 
use in valuing forage if the oppor- 
tunity exists to harvest and sell hay 
from the site in question (as it does for 
the White mountain loam site) or if 
the only alternative to grazing is feed- 
ing purchased hay. The net hay price is 
calculated by subtracting the costs per 
pound of baling and hauling from the 
market price for hay. Thus, the net 
price per pound of hay is $ .Ol 11 
minus $.002 1 minus $ .0017 equals 
$.0073/lb. Since the cost of swathing 
must be paid whether or not nitrogen 

is applied, it is classified as a “fixed” 
cost and does not enter into the 
marginal analysis. Nitrogen price was 
set at $.1207/lb based on the average 
price of $82.08/tori paid in Utah for 
ammonium nitrate (34% N) during the 
period 1963-1968. 

Substituting the above values into 
the marginal analysis equation: 

.1207 
26.46 - .0784N = .oo73 

and solving for N, we obtain 127 lb/acre 
which is the optimum application rate 
for maximum profit. Optimum 
application rates for hay production 
and resulting profits for all three sites 
analyzed appear in Table 3. 

Fixed Costs and the Decision to Apply 
Fertilizer 

Although the fixed cost of fertilizer 
application does not enter into the 
determination of maximum profit 
application rates, this cost must be 
taken into account when the decision 
is made as to whether or not to apply 
fertilizer at all. As shown in Table 3, if 
the land manager decided to apply 
nitrogen on the Curlew foothill silt 
loam site, 7 lb N/acre will yield a 
larger profit than any other applica- 
tion rate. However, fertilizer should 
not be applied at all on this site since 
the value of the extra forage produced 
is exceeded by the fixed costs of 

Table 3. Maximum profit nitrogen application rates, pounds of forage produced, and 
profit per acre when forage is harvested as hay. 

Site 

Season Optimum 
of rate of N 

application (lb/acre) 

Forage Profit 
produced Profit at without 

at optimum optimum fertilizer 
rate (lb/acre) rate ($/acre) ($/acre) 

Curlew foothill 
silt loam Spring 7 1386 4.27 5.76 

Semiwet meadow Fall 215 10852 48.27 40.81 
Spring 211 10117 43.39 35.86 

White mountain loam Fall 127 5243 17.95 14.86 
Spring 144 5240 15.87 10.35 

fertilizer application. Profit in the 
absence of nitrogen fertilization is 
1268 lb forage per acre (from the 
production function in Table 1) priced 
at $.0073/lb = $9.26/acre minus the 
swathing cost of $3.50/acre = $5.76 as 
compared to $4.27/acre when the 
optimum rate is applied. It should also 
be emphasized that forage on the 
Curlew site is currently harvested by 
grazing cattle and, due to the low 
productivity of the site, it is unlikely 
that it will ever be harvested as hay. 
Thus the price per AUM of range 
forage discussed in the following sec- 
tion is a more appropriate measure of 
the value of forage produced on the 
Curlew site than is the price of hay. As 
indicated in Table 3, considerably 
more profit is obtained at the opti- 
mum rate than at the control on both 
of the other sites analyzed. 

Season of Application 

Table 3 also offers the opportunity 
to compare the results of spring and 
fall seasons of application. The fall 
application (mid-October) proved to 
be more profitable than the spring 
application (mid-March) on both the 
White mountain loam and semiwet 
meadow sites. The Curlew foothill silt 
loam site did not receive a fall applica- 
tion until 1972, and the results have 
not yet been analyzed. 

Nitrogen Application for Range For- 
age 

On sites normally harvested by 
grazing animals and where forage pro- 
duced through fertilization. can be 
substituted for other range forage but 
not for purchased hay, the appropriate 
price to be used in valuing additional 
forage production is the lease rate per 
AUM. The current lease rate for 
privately owned range is $5 per AUM 
(Hooper et al., 1969). If 400 lb of 
total digestible nutrients (T.D.N.) are 
required per AUM (Shultis et al., 
1970) and air dry forage of tall, 
intermediate, and crested wheatgrass is 
50% T.D.N. (National Academy of 
Sciences, 1970), 800 lb of air dry 
forage are required per AUM. How- 
ever, due to sustained yield considera- 
tions, only 70% of the&xtnding crop 
of these grasses can be “utilized. Thus 
1143 lb of air dry forage are required 
per AUM, and the price per pound of 

$5 forage is 1143 = $.0044. Substituting 

this price into the marginal analysis 
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Table 4. Maximum profit nitrogen application rates, 
profit per acre when forage is harvested by livestock. 

pounds of forage produced, and 

Forage Profit 
Season Optimum produced Profit at without 

of rate of N at optimum optimum fertilizer 
Site application (lb/acre) rate (lb/acre) rate ($/acre) ($/acre) 

Curlew foothill 
silt loam Spring 0 1268 5.58 

Semiwet meadow Fall 10 6341 26.3 1 26.71 
Spring 15 5810 22.25 23.12 

White mountain loam Fall 0 2515 11.07 
Spring 26.5 2656 6.99 8.35 

equation for the White mountain loam 
spring application: 

1207 
29.88 - .0924 N = a 

and solving for N we obtain 26.5 lb 
N/acre, which is the maximum profit 
application rate if nitrogen is applied 
at all and if the forage is harvested by 
livestock rather than as hay. Optimum 
nitrogen application rates for range 
forage production and profit per acre 
at the optimum application rates 
appear in Table 4 for all three sites 
analyzed. Profit per acre at the opti- 
mum application rates must next be 
compared to profit obtained in the 
absence of fertilization in order to 
verify that the fixed costs of nitrogen 
application have been covered by the 
increased forage. For the White site 
spring application, profit without fer- 
tilizer is 1897 lb air dry forage per acre 
(from Table 1) priced at $.0044/lb = 
$8.35/acre. Since profit at the opti- 
mum nitrogen application rate is only 
$6.99/acre (2656 lb air dry forage per 
acre valued at $.0044/lb equals $11.69 
minus $1 SO nitrogen application costs 
minus 26.5 lb N ‘priced at $.1207), we 
may conclude that it is not profitable 
to apply nitrogen to the White site if 
the forage is harvested by livestock. As 
indicated in Table 4, at average AUM 
and nitrogen prices none of the three 
sites studied responded sufficiently to 
nitrogen application to cover the costs 
of the fertilization program. However, 
a small rise in AUM price (or a small 
decrease in nitrogen price) would 
allow fertilization to become a profit- 
able practice on the semiwet meadow 
site. 

This report analyses only the forage 
production response occurring the ini- 
tial year following fertilizer applica- 
tion. If there is a significant carryover 
effect into the second or possibly the 
third growing season following nitro- 
gen application, it is likely that fertili- 
zation to augment range forage will 
prove profitable on some sites studied. 
Our initial results also indicate that 
nitrogen application hastens spring 
range-readiness. Alleviating the spring 
range “bottleneck” may, by itself, 
economically justify nitrogen applica- 
tion. Both carry-over production and 
advanced range-readiness will be anal- 
yzed in detail in the second phase of 
our range fertilization work. 

Summary and Conclusions 

Although numerous studies have 
demonstrated that range fertilization is 
an effective means of increasing live- 
stock forage, economic analyses of this 
practice have been few and 
inconclusive. This paper reports the 
results of an economic evaluation of 
nitrogen and phosphorous application 
on six Utah range and meadow sites. 
None of the sites studied responded to 
phosphorous application, but forage 
production of three of the sites was 
significantly increased by applying 
ammonium nitrate. 

Standard marginal economic anal- 
ysis indicated that when the forage 
was harvested for hay, nitrogen appli- 
cation was a profitable practice on the 
semiwet meadow and mountain loam 
sites. Fall application offered a 
definite economic advantage over 
spring application on both sites. 

Nitrogen application to augment 
range forage harvested directly by live- 
stock proved uneconomical on all sites 
studied. Application of nitrogen would 
become profitable on the semiwet 
meadow site if AUM price increased 
slightly or if there was a small decrease 
in nitrogen price. Initial results also 
indicate that nitrogen application 
hastens spring range-readiness. This 
benefit alone may provide economic 
justification for nitrogen fertilization 
of rangelands. 
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Response of Pensacola Bahiagrass to 

Irrigation and Time of N. Fertilization 

E. R. BEATY, Y. C. SMITH, AND JOHN D. POWELL 

Highlight: Irrigated and not-irrigated Pensacola bahiagrass (Paspalum notatum 
var. saurae Parodi) was fertilized with 0, 84, 168, and 336 kgN/ha in six combi- 
nations of split applications during the season. Forage yields showed the folloiu- 
ing responses.* 

Irrigation increased the average forage yield 2165 kg/ha in a dry year and 
1303 kg in a wet year. Largest forage yields were obtained when irrigation was 
combined with the highest N rates. 

Average forage yield was 2967 kg/ha without fertilization and 12,017 kg with 
fertilization at a 336 kgN/ha rate. 

When N was applied to bahiagrass grown on soil low in N, best yields were 
obtained when 50% or more of the N wasapplied before growth starts in March 
or April. On similar soils application of N after August 1 was not as effective in 
increasing forage yields as March or April applications, but N applied in August 
or September increased forage production the following year. 

Nitrogen level is known to in- 
fluence growth and quality of grass 
herbage and the timing of N applica- 
tion has economic, convenience, pro- 
duction, and quality considerations. 

Pensacola bahiagrass (Paspalum 
notatum var. saurae Parodi) is one of 
the major forage grasses in the South- 
east, a region extending from Texas to 
North Carolina. This region produces 
47% of the beef cows in the United 
States, and stocking rates may exceed 
two cows with calves per ha on more 
than 2.5 million ha of Pensacola bahia- 
grass (Blakely, 1964). 

Bahiagrass is an important species 
in the developing regions of Central 
America and the tropics. Little pub- 
lished information is available on the 
advantages of time of N application on 
Pensacola bahiagrass production. In an 
area where drouth frequently modifies 
the response of a grass to N fertiliza- 
tion it is reasonable to suspect that 
irrigation would enhance production. 
This investigation provides data to 
alleviate part of the data deficiency. 

Literature Review 

Previous work has shown that 

Authors are professor of agronomy, Col- 
lege Agricultural Experiment Station, Ath- 
ens, Georgia; agronomist TVA, Texas A&M 
Umversity, College Station, Texas; and su- 
perintendent, Americus Plant Materials Cen- 
ter, Americus, Ga., respectively. 

Manuscript received December 5, 1973. 

Pensacola bahiagrass is a satisfactory 
forage grass, but it is susceptible to 
drouth and produces most of its 
growth in June, July, and August. It 
responds to nitrogen fertilization both 
in yield and protein content (Beaty et 
al., 1960; Burton and DeVane, 1954) 
but no data are available concerning 
the effect of time of N application on 
forage production. Burton and 
DeVane (1954) Burton and Jackson 
(1962), Coats (1957) and Morris and 
Celecia (1962) have reported that N 
applied in split applications to Coastal 
b e rmudagrass (Cynodon dactylon) 
produced higher yields and resulted in 
greater N recovery than did a single 
application in the spring. However, 
Morris and Celecia (1962) found little 
advantage from splitting applications 
of P and K for Coastal bermudagrass. 

Procedure 

Beginning in 1962, fertilizer treat- 
ments were applied for 2 years to an 
18-year old stand of Pensacola bahia- 
grass growing on Eustis loamy sand at 
the Americus Plant Materials Center, 
Americus, Georgia, No fertilizer had 
been applied to this stand during the 3 
years prior to 1962. Plots were not 
fertilized in 1964, but they were har- 
vested to measure forage production 
from fertilizer carry-over. Soil test 
showed the area to be high in P and 
medium in K, with a surface pH of 
6.1. Nitrogen rates applied were 0, 84, 

168, and 336 kg/ha in split applica- 
tions as shown in Table 1. N, P, and K 
were applied in a 4.00 - 0.44 - 1.67 
ratio, and P and K were applied at the 
time of the first N application only. 
Sources of N, P, and K were 
ammonium nitrate (34% N), 
superphosphate (8.8% P), and muriate 
of potash (50% K), respectively. 

Fertilizers were broadcast on the 
soil surface. The first application each 
year was made in late March or early 
April, and later applications were 
made following the June, July, 
August, and September harvests. 

Plots, separated by plowed furrows, 
were 1.84 by 3.05 m in size. Forage 
yield samples were collected from an 
area 1.2 by 2.54 m. Samples were 
dried at 66 C. and yields were com- 
puted on an oven-dry basis. Beginning 
June 1, plots were harvested at 
monthly intervals 6 times in 1962 and 
5 times in each of 1963 and 1964. The 
forage was harvested at a height of 6.6 
cm. 

Treatments were replicated three 
times in a split plot-randomized com- 
plete block design with water level as 
main plots; N rates and time of appli- 
cation as sub-plots. Irrigation was used 
to provide 32 mm of water weekly. 
Six O-N plots were included per repli- 
cation and were averaged for yield 
determinations. 

Results and Discussion 

Forage yields for each treatment 
for 1962 and 1963 are presented in 
Table 1. The 1962 season was rela- 
tively dry with May to August rainfall 
145 mm below that of 1963. The 
average 1962 forage yield of 7076 kg 
was 603 kg/ha less than the 1963 
yield. The larger forage yields in 1963 
can be attributed in part to more 
rainfall and in part to carry-over of N, 
particularly at the higher N levels. 

In 1962,130 mm of water added in 
seven irrigations added 2289 kg/ha to 
the average yield, whereas in 1963 the 
average increase from 112 mm of 
water added in four irrigations was 
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Table 1. Yields (kg/ha, oven-dry)’ of Pensacola bahiagrass as influenced by irrigation and time and rate (kg/ha) of nitrogen (N) fertilization. 

Year 
and 
Plot 

Percent of total N 
applied each month 

Apr. June July Aug Sept 

Rate of N applied 

0 84 168 336 

Irr. Dry Irr. Dry Irr . Dry Irr. Dry Avg 
1962 

1 100 
2 20 
3 
4 50 
5 33 
6 10 

Average 

1963 
1 100 
2 20 
3 
4 50 
5 33 
6 10 

Average 

20 
50 

30 

20 
50 

30 

20 
50 
50 

33 
30 

20 
50 
50 
33 
30 

20 

20 

20 

20 

8858 5153 10847 7972 
20 5592 5524 9073 6852 

7624 4769 9624 7469 
7078 7372 11473 8310 

33 6447 4148 8370 5803 
10 6581 4806 7671 6758 

3989 2575 7030 5295 9510 7194 

6593 5854 10222 8841 
20 6276 5011 9339 7727 

6326 5593 10935 9020 
6433 5687 10087 8625 

33 6755 4864 9024 7747 
10 5658 5041 8569 7418 

2862 2440 6340 5342 9696 8230 

13888 9770 9415 
12861 9970 8312 

9493 8693 7962 
13920 8679 9472 

11691 8121 7430 
12184 9732 7955 

12356 9161 

14131 12669 9718 
14716 11599 9111 
13418 12057 9558 
14272 11735 9473 
14969 12123 9247 
15122 12494 9050 

14438 12113 

1 Least significant differences for 5% and 1% levels are as follows: 

1962 
Treatment .OS .Ol -- 
Irrigation 638 1472 
N rate 522 731 
Time of N application 668 886 

128 1 kg/ha. In 1962 irrigation in- 
creased forage production at each N 
level. Without N, irrigation increased 
forage production significantly in 
1962. At the 84 kg N rate, irrigation 
increased forage production by 2069 
kg and at the 336 kg N rate the 
increase for irrigation was 3 195 kg/ha. 
These increases in forage production in 
1962 were highly significant. In 1963, 
increases in forage produced due to 
irrigation were 42 1, 998, 1466, and 
2325 kg for the 0, 84, 168, 336 kg N 
applications, respectively. Irrigation 
increased forage production signifi- 
cantly with the 84 and 168 kg N rates; 
with the 336 kg N rate, the increase 
was highly significant. As a practical 
solution to forage production pro- 
grams involving bahiagrass, it is doubt- 
ful that irrigation can be justified since 
most of the extra production from 
irrigation could have been obtained 
from less than 100 kg of N/ha and 
probably at a considerable saving of 
labor and equipment. 

In 1962, the forage increases result- 
ing from the interaction of N rate and 
time of application were highly signifi- 
cant. However, since the same inter- 
action showed no significant differ- 
ence in 1963, it was concluded that 
significance in 1962 was due to the 
low soil N level when treatments were 
initiated. Once N treatments were 
applied, enough N was carried over 

1963 

.05 .Ol -- 
668 1543 
449 631 
NS NS 

annually in the soil or in plants to 
sustain spring growth of bahiagrass on 
these treatments until N was applied 
the following year. 

Responses in forage production due 
to N rate were similar to those pre- 
viously reported. The decrease in for- 
age yield without N fertilizer in 1963 
as compared to 1962 probably repre- 
sents removal of nutrients previously 
available and has been experienced 
before when old bahiagrass sods were 
used for research. At 84 kg of N, 
forage production was stable at 
approximately 5880 kg/ha per year. 
At the 168 and 336 kg N rates, forage 
production during 1963 was 564 and 
2516 kg higher than in 1962. The 
forage increase in 1963 at the higher N 
rates was probably due either to a 
carry-over of N in the soil to the 
following year or to more primordia 
being stimulated to active growth. 
Nitrogen application also increases the 
weight of stolons available to produce 
growth (Beaty et al., 1964). 

In 1962, applying 50% or more of 
the N (treatments 1 and 4) well before 
growth started in the spring was 
superior to applying 50% of the N 
after June 1 (treatment 5). Delaying N 
application (treatments 2, 3, 5, and 6) 
reduced forage yield by an average of 
1592 kg in 1962 as compared to 
applying 50% or 100% of the N in 
March or April. In 1963, the differ- 
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ence in forage production due to time 
of N application dropped to 352 
kg/ha. 

In 1963, no significant differences 
in forage production attributable to 
time of N application were obtained, 
and the N rate by time of application 
interaction was not significant. The 
lack of response to time of N applica- 
tion in 1963 probably can be ex- 
plained by carry-over of N applied in 
August and September of 1962 and 
not used in forage production until the 
following season. In 1964 no N was 
applied and forage production for the 
0, 84, 168, and 336 kg N rates was 
2496, 3423, 5783, and 6752 kg, re- 
spectively. Forage produced attribut- 
able to N carry-over minus forage 
produced at O-N was 927, 3287, and 
4256 kg for the 84, 168, and 336 kg N 
rates. 

Due to past treatment of the area 
(harvesting forage or seed without 
applying fertilizer), the soil N levei in 
the spring of 1962 was relatively low. 
Data reported here indicate that when 
bahiagrass grown under low fertility is 
to be fertilized for increased produc- 
tion, a major part of the N should be 
applied early in the growing season if 
maximum yields are to be obtained. 
Other experiments have shown that 
fertilizing bahiagrass with N increases 
root and stolon production by up to 
16,300 kg/ha (Beaty et al., 1964). It 



appears logical to assume that on areas 
where stolons and roots have been 
built up by high N applications over a 
period of years, roots and stolons will 
die and the organic N contained in 
them will be mineralized; therefore, 
forage production will remain above 
that of the unfertilized check until 
nutrients released by mineralization 
are exhausted, if mineralization rate 
can keep up to the demands of the 
plants. 

It is apparent that no yield advantage 
is to be gained in forage production of 
Pensacola bahiagrass from splitting N 
applications. A single application of N 
before growth starts in the spring 
appears to be equal to or superior to 
splitting N in any combination. 
Splitting N had little influence on 
seasonality of forage production as 
compared to applying it in a single 
application. Since bahiagrass growth 

usually slows down in August, N 
applications after July 15 are not likely 
to be fully utilized until the following 
year. 

Forage produced in years following 
N fertilization indicates that signifi- 
cant quantities of N are carried over in 
the sod parts, and additional research 
could quantitate the amount. Apply- 
ing N to bahiagrass to increase hay 
production in August or September 
would not appear to be valid. Perhaps 
the most serious deficiency of bahia- 
grass, poor seasonal distribution of 
forage production, cannot be signifi- 
cantly modified by seasonal applica- 
tions. Consequently the practice of 
using split N applications on perennial 
forage grasses cannot be justified for 
use on bahiagrass. 
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Range Plant Yield and Species Relationships 

in Natural and Partially Controlled 

Environments 

ALVIN T. BLEAK, WESLEY KELLER, AND A. C. HULL, JR. 

Highlight: Competition and herbage production studies 
were established on soil columns (1.2 m square) that were 
isolated from the surrounding soil by heavy plastic sheeting 
to a depth of 1.4 m. Some plots received only natural precipi- 
tation,- some I-1 12 times the growing-season precipitation, and 
some 213 the growing-season precipitation. These different 
moisture levels had no significant effect on herbage yields 
during the 3-year period. Plots of alfalfa yielded most. Plots 
containing Kochia yielded as much as those containing alfalfa 
the first year, but not thereafter. Crested wheatgrass consis- 
tently outyielded Russian wildrye. Adjacent natural field 
plantings of the same species provided evidence that both 
alfalfa and Kochia had roots below the plastic barrier and were 
obtaining moisture from adjacent soil. Alfalfa was least af- 
fected and Kochia most affected by a close (5cm) harvest 
height. 

Authors are range scientist, agronomist, and range scientist, Agricul- 
tural Research Service, U.S. Department of Agriculture, Logan, Utah. 

The research represents cooperative investigations of the Apr. Res. 
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Since the climate is an ever-changing variable, each crop 
season is different from all others. In the West, water is 
generally regarded as of first importance in determining plant 
response (Keller, 1971). 

Studies on the relationship of weather to crops have 
emphasized the importance of precipitation and other climatic 
factors on production and also demonstrated the adaptability 
of various species or varieties to specific conditions. Annual 
herbage production on arid rangelands can vary by several 
hundred percent, generally as a result of precipitation (Hannay 
and Lacy, 1931). 

Competition and herbage production studies were estab- 
lished on isolated soil plots where growing season precipitation 
was increased or decreased and on adjacent unaltered field 
plots. Selected range species were compared as single species 
and in mixtures for 3 years. This study was established to 
determine stand improvement or depletion with age, the 
production by single species and species mixtures, and to 
follow the soil moisture depletion within the isolated soil 
plots. 
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appears logical to assume that on areas 
where stolons and roots have been 
built up by high N applications over a 
period of years, roots and stolons will 
die and the organic N contained in 
them will be mineralized; therefore, 
forage production will remain above 
that of the unfertilized check until 
nutrients released by mineralization 
are exhausted, if mineralization rate 
can keep up to the demands of the 
plants. 

It is apparent that no yield advantage 
is to be gained in forage production of 
Pensacola bahiagrass from splitting N 
applications. A single application of N 
before growth starts in the spring 
appears to be equal to or superior to 
splitting N in any combination. 
Splitting N had little influence on 
seasonality of forage production as 
compared to applying it in a single 
application. Since bahiagrass growth 

usually slows down in August, N 
applications after July 15 are not likely 
to be fully utilized until the following 
year. 

Forage produced in years following 
N fertilization indicates that signifi- 
cant quantities of N are carried over in 
the sod parts, and additional research 
could quantitate the amount. Apply- 
ing N to bahiagrass to increase hay 
production in August or September 
would not appear to be valid. Perhaps 
the most serious deficiency of bahia- 
grass, poor seasonal distribution of 
forage production, cannot be signifi- 
cantly modified by seasonal applica- 
tions. Consequently the practice of 
using split N applications on perennial 
forage grasses cannot be justified for 
use on bahiagrass. 
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Range Plant Yield and Species Relationships 

in Natural and Partially Controlled 

Environments 

ALVIN T. BLEAK, WESLEY KELLER, AND A. C. HULL, JR. 

Highlight: Competition and herbage production studies 
were established on soil columns (1.2 m square) that were 
isolated from the surrounding soil by heavy plastic sheeting 
to a depth of 1.4 m. Some plots received only natural precipi- 
tation- some l-l /2 times the growing-season precipitation, and 
some 213 the growing-season precipitation. These different 
moisture levels had no significant effect on herbage yields 
during the 3-year period. Plots of alfalfa yielded most. Plots 
containing Kochia yielded as much as those containing alfalfa 
the first year, but not thereafter. Crested wheatgrass consis- 
tently outyielded Russian wildrye. Adjacent natural field 
plantings of the same species provided evidence that both 
alfalfa and Kochia had roots below the plastic barrier and were 
obtaining moisture from adjacent soil. Alfalfa was least af- 
fected and Kochia most affected by a close (j-cm) harvest 
height. 

Authors are range scientist, agronomist, and range scientist, Agricul- 
tural Research Service, U.S. Department of Agriculture, Logan, Utah. 

The research represents cooperative investigations of the Agr. Res. 
Serv., U.S. Dep. Agr., and the Utah Agricultural Experiment Station, 
Logan. (Utah Agr. Exp. Sta. Paper 1787.) 
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Since the climate is an ever-changing variable, each crop 
season is different from all others. In the West, water is 
generally regarded as of first importance in determining plant 
response (Keller, 1971). 

Studies on the relationship of weather to crops have 
emphasized the importance of precipitation and other climatic 
factors on production and also demonstrated the adaptability 
of various species or varieties to specific conditions. Annual 
herbage production on arid rangelands can vary by several 
hundred percent, generally as a result of precipitation (Hannay 
and Lacy, 1931). 

Competition and herbage production studies were estab- 
lished on isolated soil plots where growing season precipitation 
was increased or decreased and on adjacent unaltered field 
plots. Selected range species were compared as single species 
and in mixtures for 3 years. This study was established to 
determine stand improvement or depletion with age, the 
production by single species and species mixtures, and to 
follow the soil moisture depletion within the isolated soil 
plots. 
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Fig. 1. Natural soil columns were separated from the surrounding soil 
by a sheet of plastic to a depth of 1.4 m. 

Materials and Methods 

The study was located about 4 km northeast of Logan, 
Utah on dry farmland with a rather uniform slope (6.5%). The 
soil was essentially free of rock to a depth of 1.4 m. This soil 
was classified in the Parleys series which is a member of a 
fine-silty, mixed, mesic family of calcic argixerolls (U. S. 
Department of Agriculture, 1970). 

Sixty-seven undisturbed soil columns (Fig. 1) 1.2 m square 
(4 ft square) were separated from the surrounding soil by a 
sheet of plastic to a depth of 1.4 m. The details of the field 
development have been reported (Keller et al., 1974). These 
isolated columns were handseeded to four rows 30 cm apart. 
Good stands were produced from seedings made in the spring 
of 1969 by use of a portable sprinkling system. The same 
species or species combinations were planted under natural 
field conditions on either side of these isolated columns. These 
plantings were 2.4 m wide (8 ft), with about 2 m of 
clean-cultivated land between them and the row of isolated 
columns. 

Where two species were planted in a single plot, they were 
in alternate rows, except when cheatgrass (Bromus tectorum 
L.) was included. Cheatgrass seed was mixed with seed of 
‘Nordan’ crested wheatgrass (Agropyron desertorum (Fisch. ex 
Link) Schult.) or with ‘Vinall’ Russian wildrye (Elmus junceus 
Fisch.) to determine the effect of cheatgrass competition on 
both the establishment and productivity of these perennial 
grasses. Plants were hand-clipped at about 5 cm above the 
ground. ‘Ladak’ alfalfa (Medicago satiua L.) and Kochia 
prostrata (L.) Schrad. produced enough regrowth after the 
initial harvest that one or two additional crops were taken 
each year. 

Catchments (Fig. 2) were used to increase growing-season 
precipitation (1 l/2 natural) or decrease precipitation (2/3 
natural) after snow melt-usually around April 1. They were 
removed about October 1. Therefore only spring and summer 
precipitation was altered. Gypsum moisture blocks placed at 
six depths (15, 30, 46, 76, 106, and 137 cm) in each soil 
column were read 9 to 12 times each year to determine the 
effect of moisture treatments. 

Results and Discussion 

Effect of Adjusted Precipitation 

The mean yields of seven species or species combinations 
with additional water (1 l/2 natural) and reduced water (2/3 
natural) during the growing season are presented in Fig. 3. 
Generally those plots receiving two-thirds natural precipitation 

Fig. 2. The trough carried 33% of the moisture off the plot, but the 
catchments increased the moisture catch from each storm during the 
growing season by 50%. 

were drier than those receiving 1 l/2 times natural precipita- 
tion. These two levels did not result in any significant 
differences in yield of individual species or species combina- 
tions. We have therefore combined the water levels in all 
comparisons of species and mixture combinations. 

Crop-year precipitation (Oct. to Sept.) for 1970, 1971, and 
1972 was 485,673, and 5 15 mm respectively (Table 1). Spring 
precipitation (April-June) before the first harvest was 159, 

/ 1619 / 1626 

I/ 871 
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/ 
2/s 

7 
/ 
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Fig. 3. Mean yield of seven species or species-combinations in three 
replications with reduced water (213 natural) or additional water 
(I -I /2 natural) in 3 consecutive years. 
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Table 1. Precipitation (mm) at Green Canyon study axea for the 1970, 
1971, and 1972 crop years.’ 

Month 1970 1971 1972 

October 50 76 119 
November 9 109 31 
December 44 64 71 
January 68 91 35 
February 26 34 17 
March 43 69 32 
April 60 75 104 
May 44 56 6 
June 55 35 40 
July 26 7 2 
August 53 21 17 
September 7 36 41 

Total 485 673 515 

’ Each crop year began in October and ended in September of the year 
stated. 

166, and 150 mm for 1970, 1971, and 1972 respectively. The 
precipitation differences between additional ‘( 1 l/2 natural) 
and reduced (2/3 natural) totaled 132, 138, and 125 mm for 
the April-June precipitation for 1970, 1971, and 1972. 
Apparently this April-June precipitation did not have much 
effect on first harvest yields. 

Soil Moisture 

The soil-moisture blocks were read nine times in 1970 
between April and September, 10 times in 197 1 between April 
and October, and 12 times in 1972 between April and 
October. The soil surface dried rapidly after spring snow melt 
and after each stormy period. Soil moisture tension at the 
15-cm depth was usually between 5 and 10 bars by mid-May 
providing the precipitation in a single storm did not exceed 10 
mm. Soil moisture tension at the 45-cm depth had increased to 
more than 5 bars by the end of May each year. The soil depths 
where moisture tension remained below 1 bar up to the first 
harvest are shown in Table 2. 

Some species combinations differed significantly with 
respect to depth of soil drying. Crested wheatgrass with alfalfa 

dried the soil most, followed by crested wheatgrass with 
Russian wildrye. None of the other combinations differed 
significantly. Only a few plots had moisture tension greater 
than 1 bar tit the 137-cm depth (deepest), even by the end of 
the summer. That soil moisture was not a limiting factor at the 
137-cm depth has an important bearing on the interpretation 
of our data and the behavior of alfalfa and Kochia. Informa- 
tion obtained from this study should apply to range sites 
where soil moisture is normally recharged to field capacity to a 
depth of about 1 m (3 feet) by late fall, winter, and early 
spring precipitation. 

Yield in the Columns Compared with Outside 

In 1970, the outside yields were greater than those in 
isolated columns except for plots including alfalfa or Kochia 
(Table 3). The greater yields of these species inside demon- 
strated that their roots had extended below the plastic barrier 
and were benefitting from the absence of competition outside. 
Since moisture tension exceeded 1 bar at the 137-cm depth 
only on the alfalfa plots and only in 1970 (Table 2), the above 
interpretation may be an oversimplification. By 197 1, crested 
was yielding more on the isolated columns than outside, and 
by 1972, Russian wildrye was also. 

All harvested plots outside the columns were provided with 
a border extending about 1 m (3 feet) beyo_nd the plot to 
approximate conditions in a large field planting. Relatively 
rapid growth of plants in this border from the available 
moisture in the surrounding bare area resulted in larger, more 
vigorous plants. These larger border plants continued to grow 
after plants within the plot had apparently depleted most of 
the available moisture in the root zone. The border plants 
apparently adversely affected plant growth, size, and yield 
within the plots outside the columns. 

Components of the Mixtures 

Three combinations of crested wheatgrass with (1) Russian 
wildrye, (2) alfalfa, and (3) Kochia in alternate rows provided 
an opportunity to assess the contribution of each species to 
the total plot yield (Table 4). All species yielded well during 
1970, the first harvest season. All species except alfalfa 
declined drastically in yield in 197 1. This decline in yield in 

Table 2. Soil depth (cm) where moisture remained readily available (tension below 1 bar) under plantings of species or mixtures at first harvest 
each year. Adjusted precipitation wasreduced to 2/3 natural or increased to l-1/2 natural precipitation. 

Adjusted Year 

Species or mixtures precipitation 1970 1971 1972 Mean Crop mean 

Crested wheatgrass and alfalfa 213 137 97 107 113.5 115.2 a’ 
l-1/2 137 107 107 116.8 

Crested wheatgrass and Russian wildrye 213 76 107 107 96.5 93.1 ab 
l-1/2 66 97 107 89.7 

Crested wheatgrass and Koch& 213 97 76 107 93.2 88.2 abc 
l-1/2 76 76 97 83.1 

Crested wheatgrass 213 107 56 66 76.2 83.0 abc 
l-1/2 86 76 107 89.7 

Russian wildrye 213 86 97 97 93.2 76.2 abc 
l-l /2 56 66 56 59.2 

Crested wheatgrass and cheatgrass 213 76 76 66 72.9 63.5 bc 
l-1/2 41 86 36 54.1 

Russian wildrye and cheatgrass 213 66 51 76 64.3 51.6 c 
l-1/2 41 46 30 39.0 

Means 213 92.2 79.8 89.2 87.1 a 
l-1/2 71.9 79.0 77.1 75.9 a 

‘Three-year means followed by the same letter do not differ significantly at the 1% level. 
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Table 3. Mean herbage yield (9) on isolated columns and on adjacent outside plots. Each value from columns for crested wheatgrass or Russian 
wildrye is a mean of 15 plots, and for the species combinations is a mean of six plots. Each value for outside is a mean of 30 and 12 plots, 
respectively. 

1970 1971 1972 

Outside Outside Outside 
Species Columns plots Ratio Columns plots Ratio Columns plots Ratio 

Crested wheatgrass 1,330 1,393 0.95 683 548 1.25 430 263 1.64 
Russian wildrye 1,038 1,171 0.89 358 329 1.09 281 152 1.85 
Crested and Russian wildrye 1,587 1,702 0.93 593 506 1.17 369 241 1.53 
Crested and alfalfa 2,880 2,218 1.30 2,832 1,475 1.91 
Crested and Kochia 

2,396 1,341 1.79 
2,843 2,143 1.33 1,188 721 1.65 1,231 910 1.35 

Crested and cheatgrass 863 1,075 0.80 592 605 0.98 373 355 1.05 
Russian wildrye and cheatgrass 843 1,003 0.84 208 331 0.63 263 220 1.20 

Mean 1,626 1,529 922 632 763 497 

1971 occurred in a high-precipitation year. Yield declined 
further in 1972, except with Kochia, which increased. 

Mean yields by years differed greatly. The decline in yield of 
crested wheatgrass and Russian wildrye from 1970 to 1971 is a 
good indication that the severe harvesting procedure was a 
factor. All species appear to have suffered some damage, 
although alfalfa was noticeably tolerant to close harvest (5 cm). 
Kochia was damaged particularly, and after the first year was 
harvested at 7.5 cm. 

Although soil moisture was recharged to near field capacity 
each spring, mean yield declined each year except for Kochia 
which made some recovery in 1972 with less severe harvesting. 
Altering the growing-season precipitation did not significantly 
affect yield of perennial forage species. Crested wheatgrass 
showed a rather consistent decline in the three different 
combinations. About two-thirds of the yield from the 
alternate-row plots of the crested wehatgrass and Russian 
wildrye was crested wheatgrass. After the first year, crested 
wheatgrass produced only about one-fifth of the crested 
wheatgrass alfalfa combination, which was significantly higher 
in yield. 

Table 4. Yield (g) and composition (%) of Russian wildrye, alfalfa, 
and Kochia when each is grown in mixture with crested wheatgrass 
for 3 years. Yield is the mean for three replications at two moisture 
levels. 

1970 1971 1972 

Mixture Yield Comp. Yield Comp. Yield Comp. 

Crested wheatgrass 1,031 61 379 75 168 70 
Russian wildrye 672 39 127 25 73 30 

Total 1,703 100 506 100 241 100 

Crested wheatgrass 979 44 277 19 260 19 
Alfalfa 1,240 56 1,198 81 1,081 81 

Total 2,219 100 1,475 100 1,341 100 

Crested wheatgrass 1,088 51 400 55 309 34 
Kochtz 1,056 49 322 45 600 66 

Total 2,144 100 722 100 909 100 

About two-thirds of the yield from the alternate-row plots of 
the crested and Russian wildrye was crested. After the first 
year, crested produced only about one-fifth of the crested- 
alfalfa combination, which was significantly higher in yield. 

Russian wildrye was clearly less productive than crested 
wheatgrass. In the first year, plots of crested wheatgrass and 
Russian wildrye planted in alternate rows exceeded the yield of 
plots seeded to crested wheatgrass alone. Thereafter, crested 
wheatgrass alone was more productive than the alternate-row 
mixture. In plots where crested wheatgrass or Russian wildrye 
seeds were mixed with cheatgrass seeds, the stand of perennial 
grass was poorer than where perennial grasses were seeded alone. 
Yields from perennial grass mixed with cheatgrass were 
consistently less than those where cheatgrass was not included. 
By the third growing season, neither of these species had 
recovered from the competition provided by cheatgrass where 
the seed mixtures were planted. 

Total plot yields from a mixture of crested wheatgrass with 
alfalfa or Kochia were greater than production from either 
crested wheatgrass or Russian wildrye planted alone or mixed. 
The relatively deep rooted alfalfa and Kochia made good and fair 
regrowth respectively after harvest. The shallower rooted 
crested wheatgrass and Russian wildrye plants had depleted 
most of the available soil moisture from the upper 50-cm depth 
and made little regrowth after first harvest. 
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Response of Sideoats Grama to Animal Saliva 
and Thiamine 

PATRICK 0. REARDON, C. L. LEINWEBER, AND L. B. MERRILL 

Highlight: Sideoats grama plants clipped to various heights and 
frequencies were used to compare plant growth response to additions 
of animal saliva and thiamine. Comparisons were also made between 
plants which were either grazed or clipped. Results indicated that plants 
will respond to additions of thiamine when they are clipped at a 
moderate intensify (6 inches) and frequency (6 weeks). Plants did not 
respond to thiamine or saliva when clipped to three inches regardless of 
the frequency. Plants grazed by cattle, sheep or goats had significantly 
higher growth rates than clipped plants. Caution should be taken in 
interpreting data when mechanical clipping is substituted for grazing. 

Researchers have observed and studied the influence ani- 
mals exert on grasses and grasslands for many years. Most of 
this research has been directed toward clarifying the influence 
of animal numbers, kind of animals, and management systems 
on range condition and secondary succession. Mechanical 
clipping is often substituted for actual grazing in this research. 
The grazing animal influences growth of individual grass 
plants, and this influence may differ from mechanical clipping 
(Carter, 1962; White, 1973). Reasons for different responses as 
a result of clipping or grazing are not clearly understood, but 
researchers have suggested several reasons this phenomenon 
may occur. One possibility is the effect of animals on the cycle 
of nutrients in the ecosystem. About 75 to 96% of the 
nitrogen and phosphorus and 90% of potassium in forage 
consumed by grazing animals is returned to the pasture in 
feces, but virtually all nitrogen, phosphorus and potassium in 
the forage are removed by mowing (Peterson et al., 1956; 
Sears, 1951). Another reason, first suggested by Vittoria and 
Rendina (1960) and later verified by Reardon et al. (1972), is 
that the grazing animal causes plant growth stimulation by 
deposition of saliva during grazing. Recent research (Reardon 
et al., 1972) showed that animal saliva contained thiamine 
(Vitamin Bl) at concentrations previously reported to stimu- 
late a growth response in grass plants (Bonner and Greene, 
1939). In a similar test Johnson and Bailey (1972) reported 
that the addition of bovine saliva to plants did not stimulate 
growth. Reardon et al. (1972), however, collected saliva from 
the animals’ mouth, while Johnson and Bailey (1972) col- 
lected saliva directly from the rumen. Rumen saliva could be 
expected to contain detrimental contaminants such as bac- 

The authors are assistant professor, Texas A&M University, Agricul- 
tural Research and Extension Center, Uvalde; professor and director of 
Environmental Quality Program at Texas A&M University, College 
Station; professor in charge of the Texas A&M University Agricultural 
Research Station at Sonora. 

The authors wish to express their appreciation to Dr. M. M. 
Kothmann, Dr. T. G. Welch, and Mr. Joe R. Stewart for their assistance 
and suggestions in carrying out the research and in preparation of this 
manuscript. 

Manuscript received January 26, 1974. 

400 

terial enzymes and rumen microflora. The stimulation of plant 
growth by deposition of saliva may be a result of thiamine 
contained in the saliva. Jameson (1964) suggested the need for 
research on the application of thiamine and other materials to 
partially defoliated plants. This study was initiated to test: (1) 
the effects of adding thiamine and animal saliva to grass plants 
clipped at two heights and frequencies; and (2) compare 
growth responses to plants grazed by cattle, sheep, or goats to 
plants which were clipped. 

Materials and Methods 
Sideoats grama [Bouteloua curtipendula (Michx.) Torr.] 

seeds were germinated in sand flats and at 30 days of age were 
transplanted to an outdoor grass nursery on the Texas A&M 
University Agricultural Research Station at Sonora. The soil 
located in the grass nursery was a Tarrant silty clay. Thiamine 
at 10 parts per billion (pbb) and pure bovine saliva were used 
to treat the sideoats grama plants to determine their response 
to thiamine and saliva. Additions of thiamine at this concen- 
tration previously resulted in positive growth responses (Bon- 
ner and Greene, 1939). Table 1 lists and describes the treat- 
ments included in this study. Thiamine and saliva were applied 
with a pipette in a 0.2 ml aqueous solution to the freshly cut 
surfaces or at the rate of 250 ml of the same thiamine solution 
to the soil. The 0.2 ml treatment was the quantity of solution 
necessary to wet the cut leaf and stem tips. Likewise, 250 ml 
was found to be the quantity necessary to wet the soil in the 

Table 1. Average forage yields (8) and increase over controls (o/o) for 
plants in treatments 1-16. 

Forage yield 
Treatment Forage increase over 

number Treatment description yield (g)’ control (%)2 

1 Control - 3 in x 3 wk 31 e - 
2 Control - 6 in x 3 wk 52 cde - 
3 Control - 3 in x 6 wk 60 cd - 
4 Control - 6 in x 6 wk 78 bc - 
5 Thiamine on plant, 3 in x 3 wk 36 de 16 
6 Thiamine on plant, 6 in x 3 wk 72 bc 38 
7 Thiamine on plant, 3 in x 6 wk 55 cde - 8 
8 Thiamine on plant, 6 in x 6 wk 109a 40 
9 Thiamine on soil, 3 in x 3 wk 36 de 16 

10 Thiamine on soil, 6 in x 3 wk 72 bc 38 
11 Thiamine on soil, 3 in x 6 wk 53 cde - 12 
12 Thiamine on soil, 6 in x 6 wk 111 a 42 
13 Saliva on plant, 3 in x 3 wk 32 e 3 
14 Saliva on plant, 6 in x 3 wk 75 bc 44 
15 Saliva on plant, 3 in x 6 wk 65 c 8 
16 Saliva on plant, 6 in x 6 wk 96 ab 23 

’ Numbers in a column followed by the same letter are not significantly 
different at the 5% level. 

2 Percent increase of forage yields over control plants clipped at the 
same height and frequency. 
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root zone surrounding each plant. The addition of thiamine to 
the plant and soil was done primarily to relate the response of 
saliva and thiamine as well as exploring the use of thiamine on 
a commercial basis. Each treatment, including a control, was 
clipped at 3- and 6-week intervals and at 3- or 6-inch stubble 
heights. 

Rates of growth were determined by accumulating forage 
yields of each plant in each treatment. The statistical design 
used in this study was a 2X2X4 randomized block design and 
the data were analyzed by analysis of variance procedures 
(Snedecor and Cochran, 1967). 

tuted for grazing. 
Mechanical clipping of selected plants at different fre- 

quencies and intensities is another technique used by re- 
searchers to relate plant vigor or production to various systems 
of grazing or additives. Results from this study indicate that 
clipping sideoats grama plants at a high frequency and high 
intensity will severely reduce plant vigor. Clipping plants on a 
more moderate schedule may allow them to absorb and utilize 
thiamine for accelerated plant growth. 
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The fact that thiamine exists in animal saliva in sufficient - 
concentrations to stimulate plant growth lends support to the 
hypothesis that animal saliva, deposited on foliage during 
grazing, has a stimulating effect on plant growth (Reardon et 
al., 1972). Results from this study, however, did not neces- 
sarily show this. The good structure and high fertility of the 

Radiant Temperatures 

of Hair Surfaces 
soil used in this test could be one explanation for the lack of 
response. Woodhouse and Morris (1942) reported increases in 
plant growth only from plants grown in soils of low fertility. 
Certain workers (Robinson et al., 1936; Stapledon and Jones, 
1927; White, 1973) feel that even though plant response to 
clipping and grazing are similar, it may not always be wise to 
substitute one for the other. An example of this was evident in 
this study since all grazed plants had significantly higher 
growth rates than clipped plants. Some grazing characteristics 
or possibly saliva deposited on the plant foliage during grazing 
may have caused the difference. Therefore, caution should be 
taken in interpreting data when mechanical clipping is substi- 

AARON N. MOEN 

Highlight: The radiant temperatures (T,) of the surfaces of 
winter pelage of white-tailed deer, mule deer, snowshoe hare, 
cottontail rabbit, and red fox decrease with a decrease in air 
temperature (T,) and an increase in wind velocity (U). The 
relationship between T, and T, is linear, but nonlinear for 
T,:U. Changes in the lower velocities have a relatively greater 
effect than changes in the higher velocities. The variation 
between species results in considerable overlap; the use of 
thermal scanning techniques for censusing of these different 
species is doubtful under most field conditions. 

Table 2. Average height (inches) of growth for plantsgrazed either by 
cattle, sheep, or goats or mechanically clipped.’ 

The author is associate professor, wildlife ecology, and principal 

Treatment 
investigator, BioThermal Laboratory, Department of Natural Resources, 

Average height New York State College of Agriculture and Life Sciences, a Statutory 
number Method of harvest of growth College of the State University, Cornell University, Ithaca, New York. 

17 Grazed by cattle 29.5 a 
This work has been funded by the New York State Department of 

Environmental Conservation under Federal Aid Pittman-Robertson 
18 Grazed by sheep 29.2 a Project W-124-R “Energy Relationships of Homeotherms to Their 
19 Grazed by goats 28.8 a Environment” at the BioThermal Laboratory and the Agricultural 

20 Mechanically clipped 22.3 b 
Experiment Station, Cornell University. Various aspects of the work 
were completed by D. S. Stevens, F. L. Jacobsen, and W. P. Armstrong. 

1 Numbers followed by the same letter are not significantly different at Lynda L. Marrone assisted in typing and editing the manuscript. 
the 5% level. Manuscript received January 5, 1974. 
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root zone surrounding each plant. The addition of thiamine to 
the plant and soil was done primarily to relate the response of 
saliva and thiamine as well as exploring the use of thiamine on 
a commercial basis. Each treatment, including a control, was 
clipped at 3- and 6-week intervals and at 3- or 6-inch stubble 
heights. 

Rates of growth were determined by accumulating forage 
yields of each plant in each treatment. The statistical design 
used in this study was a 2X 2X4 randomized block design and 
the data were analyzed by analysis of variance procedures 
(Snedecor and Cochran, 1967). 

To compare the effect of grazing to that of clipping on 
growth response, 15 of the sideoats grama seedlings were 
grazed once every 3 weeks by either cattle, sheep, or goats and 
15 were mechanically clipped. The clipped plants were 
harvested to a height equal to the average stubble height of the 
grazed plants. The effect of clipping versus grazing was 
evaluated by measuring the height of foliage regrowth before 
each subsequent harvest. 

Results 

Results indicated there was a highly significant response to 
both height and frequency of clipping. Clipping height had the 
most profound effect on forage yields. Clipping to a 3-inch 
height at 6-week intervals was not as detrimental to a plant 
yields as clipping to 3 inches every 3 weeks. Plants clipped 
once each 6 weeks to 6 inches had the highest forage yields of 
the 16 treatments tested (Table 1). Clipping to 6 inches 
produced greater yields than clipping to 3 inches at all clipping 
frequencies. 

Plants responded to additions of thiamine but not saliva. 
Thiamine added to the soil or the plant under a 6-inch X 
6-week clipping schedule increased the forage yields of 40 and 
42%, respectively, over that from control plants (Table 1). 

Plants grazed by cattle, sheep, or goats all had significantly 
taller foliage growth than mechanically clipped plants (Table 
2). There were no significant differences among plants grazed 
by cattle, sheep, or goats. 

Discussion 

The fact that thiamine exists in animal saliva in sufficient 
concentrations to stimulate plant growth lends support to the 
hypothesis that animal saliva, deposited on foliage during 
grazing, has a stimulating effect on plant growth (Reardon et 
al., 1972). Results from this study, however, did not neces- 
sarily show this. The good structure and high fertility of the 
soil used in this test could be one explanation for the lack of 
response. Woodhouse and Morris (1942) reported increases in 
plant growth only from plants grown in soils of low fertility. 
Certain workers (Robinson et al., 1936; Stapledon and Jones, 
1927; White, 1973) feel that even though plant response to 
clipping and grazing are similar, it may not always be wise to 
substitute one for the other. An example of this was evident in 
this study since all grazed plants had significantly higher 
growth rates than clipped plants. Some grazing characteristics 
or possibly saliva deposited on the plant foliage during grazing 
may have caused the difference. Therefore, caution should be 
taken in interpreting data when mechanical clipping is substi- 

Table 2. Average height (inches) of growth for 
cattle, sheep, or goats or mechanically clipped. 

plants grazed 
1 either by 

Treatment 
number Method of harvest 

Average height 
of growth 

17 Grazed by cattle 
18 Grazed by sheep 
19 Grazed by goats 
20 Mechanically clipped 

29.5 a 
29.2 a 
28.8 a 
22.3 b -_ 

1 Numbers followed by the same letter are not significantly different at 
the 5% level. 

tuted for grazing. 
Mechanical clipping of selected plants at different fre- 

quencies and intensities is another technique used by re- 
searchers to relate plant vigor or production to various systems 
of grazing or additives. Results from this study indicate that 
clipping sideoats grama plants at a high frequency and high 
intensity will severely reduce plant vigor. Clipping plants on a 
more moderate schedule may allow them to absorb and utilize 
thiamine for accelerated plant growth. 
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Radiant Temperatures 
of Hair Surfaces 
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Highlight: The radiant temperatures (T,) of the surfaces of 
winter pelage of white-tailed deer, mule deer, snowshoe hare, 
cottontail rabbit, and red fox decrease with a decrease in air 
temperature (T,) and an increase in wind velocity (U). The 
relationship between T, and T, is linear, but nonlinear for 
T,:U. Changes in the lower velocities have a relatively greater 
effect than changes in the higher velocities. The variation 
between species results in considerable overlap; the use of 
thermal scanning techniques for censusing of these different 
species is doubtful under most field conditions. 

The author is associate professor, wildlife ecology, and principal 
investigator, BioThermal Laboratory, Department of Natural Resources, 
New York State College of Agriculture and Life Sciences, a Statutory 
College of the State University, Cornell University, Ithaca, New York. 

This work has been funded by the New York State Department of 
Environmental Conservation under Federal Aid Pittman-Robertson 
Project W-124-R 
Environment” 

“Energy Relationships of Homeotherms to Their 
at the BioThermal Laboratory and the Agricultural 

Experiment Station, Cornell University. Various aspects of the work 
were completed by D. S. Stevens, F. L. Jacobsen, and W. P. Armstrong. 
Lynda L. Marrone assisted in typing and editing the manuscript. 

Manuscript received January 5, 1974. 

JOURNAL OF RANGE MANAGEMENT 27I5). Seotember 1974 401 



The radiant temperature of a surface is the temperature 
which is effectively communicating with the thermal environ- 
ment and represents an integration of the energy emitted. It is 
used when calculating the amount of energy emitted from a 
surface with equation (1): 

Q, = oeTr4 (I) 
where Q, = radiant energy emitted 

(T = the Stefan-boltzman constant 
E = emissivity; the fraction of the 

black surface emissive power 
T = temperature (OK) 

When the energy emitted is known, equation (1) can be re- 
arranged to give the radiant temperature T,, as in equation (2): 

T,= v--g- (2) 

Radiant temperatures are being used extensively in two 
ways, including: (1) energy balance calculations and.(2) cen- 
susing applications. Both applications are of interest to wild- 
life and range managers. The former is useful when analyzing 
the effects of weather on free-ranging animals and in deter- 
mining shelter and food requirements; the latter has obvious 
importance in population ecology and management. This 
paper describes the relationship between radiant temperature, 
air temperature, and wind for five different mammals, with a 
conclusion relating to the possibilities of identifying these 
species by infrared detection in the field. 

The feasibility of using infrared radiation detectors for 
censusing big game animals has been tested by Croon et al. 
(1968) and Parker (1972). Early background information 
was provided by Marble (1967) and Moen (1968). The 
general conclusion reached by Parker (1972) is that thermal 
scanning [infrared detection] remains a feasible technique, 
but success is dependent on the sophistication of the equip- 
ment, physical characteristics of topography, and the ambient 
thermal environment. The thermal characteristics of the target 
species are a major consideration also; deer were frequently 
mistaken for antelope (Parker and Driscoll, 1972). 

Experiments in two wind tunnels at the BioThermal Labora- 
tory have shown that most of the change in the radiant temper- 
ature of a hair surface exposed to sudden changes in wind 
velocity occurs in a few seconds. The changes are virtually 
complete within two minutes (Moen and Jacobsen, 1974). The 
effects of wind on T, in relation to air temperature has been 
measured on winter pelage from the trunks of white-tailed 
deer (Odocoileus virginianus); mule deer (0. hemionus), red 
fox (Vulpes f&a), snowshoe hare (Lepus americanus), and 
cottontail rabbit (SyZviZizgus floridanus). 

Measurement Techniques 

Radiant temperatures are measured in the wind tunnels 
with an infrared thermometer (Model IT-3, Barnes Engineering) 
positioned over the raw pelt placed on a substrate heated to 
38OC (- body temperature). Wind velocities from O-630 
cm/set (0 to 14 mi/hr) were tested in the larger tunnel, and 
O-360 cm/set (0 to 8 mi/hr) in the smaller. The larger tunnel 
has an experimental section 1 m wide, 1 m high, and 2 m long; 
the smaller tunnel, 15 cm wide, 16 cm high, and 60 cm long. 
The interior walls of the experimental sections are painted 
with 3M Nextel Velvet coating (lOl-Cl0 Black). The quoted 
emissivity of this paint is 0.98 or better at wavelengths from 
2 to 35 microns. The techniques are further described and 
illustrated in Moen (1973). 

Results and Discussion 

Radiant temperatures are linearly related to air tempera- 
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Fig. 1. Radiant temperature in relation to ati temperature for white- 
tailed deer (NY = 555) and mule deer (N,, = 22) pelts exposed to a 
range of wind velocities. 

tures. No differences were observed for white-tailed deer when 
the hair orientation was with and against the free-stream flow 
field. Wind effects are nonlinear, with the lower velocities 
having a relatively greater effect. A single predictive equation 
for T, on the trunk of white-tailed deer is (From Stevens 
1972): 

T, = [e 2.26 - 0.064Ul +([38 - (e2’;;- o’064u)1 [T,]) 

where T, = radiant temperature (“C) 
U = wind velocity (mi/hr) 

T, = air temperature (“C) 

The regression lines are shown in Figure 1. The shaded area 
in Figure 1 shows the radiant temperature range for mule deer 
winter pelts for U = 45 to 360 cm/set (1 to 8 mi/hr) in the 
small tunnel. The overlap is nearly complete; there appears to 
be little or no difference between the results for these two 
species. The equations, adjusted through 38°C (2 body tem- 
perature), for the outer limits of the mule deer data are 
Y= 38 + 0.804 (X-38) for 45 cm/set and Y = 38 + 0.889 
(X-38) for 360 cm/set. 

For the other species, values for b,,, and bmin in the 
regression equation are 0.834 (45 cm/set) and 0.942 (360 
cm/set), 0.778 and 0.883, and 0.641 and 0.827 for the snow- 
shoe hare, cottontail and red fox, respectively (Fig. 2). Note 
the amount of overlap; all of these species appear thermallv 
similar under some wind conditions. Further, the white-tailed 
deer and mule deer data in Figure 1 fall in the area of greatest 
overlap. 

The high degree of similarity in the T,:T, relationships for 
these five species when exposed to a range of wind velocities 
common in their natural habitats indicates that the identifica- 
tion of species by thermal scanning techniques in censusing 
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Fig. 2. Radiant temperature in relation to air temperature for three 
pelts from three species (NY = 9 for each species) exposed to wind 
velocities from 1 milhr (45 cmjsec) to 8 mi/hr (360 cm/see). 
Maximum and minimum values for b are given in the text. 

applications is hardly feasible. Additional variation due to the 
effects of solar radiation (all of these tests were conducted in 
wind tunnels with uniform radiation from the walls), and 
variations in the subskin temperature due to local tissue 
metabolism and vascular changes, would make the thermal 
image even more dynamic. Vegetative cover would diffuse the 
thermal image also. Larger target species, deer, contribute 
more to a thermal signal than the smaller hare, rabbit, and fox, 
given equal spatial resolution of the scanning equipment. 
Since vegetative cover may occlude and diffuse part or all of 
the image, the apparent thermal image may be more a func- 
tion of behavior and habitat characteristics than numbers of 
each species present. In conclusion, the feasibility of thermal 
scanning for censusing purposes is doubtful in all but the 
simplest of habitats. 
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Cover-Weight Relationships 
GENE F. PAYNE 

Highlight: Cover-weight relationships on 160 plots in southwestern 
Montana indicate that cover can be used as a suitable index to herbage 
production of most species. 

A study of vegetational changes occurring as the result of 
sagebrush control by 2,4-D provided an opportunity to 
correlate cover and herbage production data. 

The study was conducted on 26 sites on the Beaverhead 
National Forest in southwestern Montana, 8 of which yielded 
data for this analysis. 

Table 1. Correlation and regression values of cover (X) and weight (Y). 

Species 
No. of plots Correlation 

occurring coefficient Regression equation 

Agropyron dasystachyum 43 
67 

20 
6 

36 
4 

124 
20 

109 
59 

160 

Agropyron spicatum 
Bromus marginatus 
Bromus tectorum 
Carex spp. 
Danthonia unispicata 
Festuca tdahoensis 
Koeleria cristata 
Poa spp. 
Stipa comata 

Total grasses 

Agoseris glauca 
Arenaria congesta 
Arnim fulgens 
A straga lus miser 
Gzlochortus nitidus 
Campant.& rotundifolkz 
Clematis hirsutissima 
Collinsia parvtflora 
Collomia linearis 
Comandra umbellata 
Delphinium bicolor 
Erysimum inconspicuum 
Galium boreale 
Geranium viscosissimum 
Geum triflorum 
Lappula redowskii 
Lomatium triternatum 
Lupinus spp. 
Penstemon eriantherus 
Phlox longifolia 
Polygonum aviculare 

Potentilla gracilis 
Senecio lugens 
Tragopogon dubius 

.78** 

.87** 

.84** 

.97** 

.94** 

.90* 

.72** 

.88** 

.95** 

.90** 

.62** 

10 .84** 

40 .65** 

25 .77** 

18 .54* 

13 .64* 

6 .91** 

4 .91* 

28 .65** 

46 .91** 

20 .74** 

24 .61* 

10 .94** 
6 .85* 

8 .93** 

6 .98** 
7 .96** 

17 .94** 

92 .85** 
6 .90** 

54 .76** 
26 .87** 

9 .88** 
7 .93** 

10 .98** 

Y = 2.97 + 2.10x 

Y= -.34 + 3.80X 

? = 15.33 + 17.07x 
Y= .04 + 2.35X 
Y= .25 + 1.97X 
Y = -.53 + 3.43x 
? = 2.76 + 1.57X 
? = -.Ol + 2.90x 
Y = -.44 + 2.52X 
+ .79 + 2.59x 
f= .78 + 2.60X 

q= -.ll + 1.39x 
+ .44 + 2.12x 
Y= .25 + .59X 
Y= .56 + 1.39X 
Y = -.02 + 2.08X 
Y = -.lO + 2.88X 

ir = -.71 + 3.10x 
+ .04 + ‘.76X 
+ .24 + 1.31X 
+ = -.22 + 4.11x 
+ .13 + .61X 
Y= -.93 + 8.50X 
Y= .46 + .91X 
Y= .28 + 1.83X 
Y= -.20+ 1.96X 

Y= 2.22+ 1.20x 
Y= .25 + 3.05X 
+ = -.95 + 2.42X 
?= -.17 + 2.45X 
% = -.54 + 3.64X 
+ .78 + .76X 

? = -1.35 + 3.11x 
+ .47 + 1.67X 
Y = -1.78 + 9.38X 

Total forbs 160 .76** ?= .20 + 1.77x 

*Correlation significant at P < 0.05. 
* *Significant at P < 0.0 1. 

The author is professor of range science, Montana State University, 
Bozeman. 

This paper (MAES Journal Series No. 481) is taken from the final 
report of a cooperative study by the Beaverhead National Forest, Forest 
Service, and the Montana Agricultural Experiment Station. 
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Fig. 2. Radiant temperature in relation to air temperature for three 
pelts from three species (NY = 9 for each species) exposed to wind 
velocities from I mi/hr (45 cm/set) to 8 mi/hr (360 cmlsec). 
Maximum and minimum values for b are given in the text. 

applications is hardly feasible. Additional variation due to the 
effects of solar radiation (all of these tests were conducted in 
wind tunnels with uniform radiation from the walls), and 
variations in the subskin temperature due to local tissue 
metabolism and vascular changes, would make the thermal 
image even more dynamic. Vegetative cover would diffuse the 
thermal image also. Larger target species, deer, contribute 
more to a thermal signal than the smaller hare, rabbit, and fox, 
given equal spatial resolution of the scanning equipment. 
Since vegetative cover may occlude and diffuse part or all of 
the image, the apparent thermal image may be more a func- 
tion of behavior and habitat characteristics than numbers of 
each species present. In conclusion, the feasibility of thermal 
scanning for censusing purposes is doubtful in all but the 
simplest of habitats. 
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GENE F. PAYNE 

Highlight: Cover-weight relationships on 160 plots in southwestern 
Montana indicate that cover can be used as a suitable index to herbage 
production of most species. 

A study of vegetational changes occurring as the result of 
sagebrush control by 2,4-D provided an opportunity to 
correlate cover and herbage production data. 

The study was conducted on 26 sites on the Beaverhead 
National Forest in southwestern Montana, 8 of which yielded 
data for this analysis. 

Table 1. Correlation and regression values of cover (X) and weight (Y). 

Species 
No. of plots Correlation 

occurring coefficient Regression equation 

Agropyron dasystachyum 43 
Agropyron spicatum 67 

Bromus marginatus 20 
Bromus tectorum 6 
Carex spp. 36 
Danthonia unispicata 4 
Festuca tdahoensis 124 
Koeleria cristata 20 
Poa spp. 109 
Stipa comata 59 

Total grasses 160 

.78** 

.87** 

.84** 

.97** 

.94** 

.90* 

.72** 

.88”” 

.95** 

.90** 

.62** 

Agoseris glauca 10 .84** 

Arenaria congesta 40 .65** 

Arnica fulgens 25 .77** 

A straga lus miser 18 .54* 

Calochortus nitidus 13 .64* 

Gzmpanula rotundifolia 6 .91** 

Clematis hirsutissima 4 .91* 

Collinsia parviflora 28 .65** 

Collomia linearis 46 .91** 

Comandra umbellata 20 .74** 

Delphinium bicolor 24 .61* 

Erysimum inconspicuum 10 .94** 
Galium boreale 6 .85* 
Geranium viscosissimum 8 .93** 
Geum triflorum 6 .98** 
Lappula redowskii 7 .96** 
Lomatium triternatum 17 .94** 
Lupinus spp. 92 .85** 
Penstemon eriantherus 6 .90** 
Phlox longifolia 54 .76** 
Polygonum aviculare 26 .87”* 

Potentilla gracilis 9 .88”” 
Senecio lugens 7 .93** 
Tragopogon dubius 10 .98** 

Y = 2.97 + 2.10x 

? = -.34 + 3.80X 

? = 15.33 + 17.07x 
Y= .04 + 2.35X 
Y= .25 + 1.97X 
? = -.53 + 3.43x 
+ = 2.76 + 1.57X 

Y = -.Ol + 2.90x 
? = -.44 + 2.52X 
+ .79 + 2.59x 
Y= .78 + 2.60X 

Y= -.ll + 1.39x 
& .44 + 2.12x 
Y= .25 + .59x 
Y= .56 + 1.39X 

Y = -.02 + 2.08X 

Y= -.lO+ 2.88X 
Y = -.71 + 3.10x 
+ .04 + :76X 
+ .24 + 1.31X 
+ = -.22 + 4.11x 
$= .13 + .61X 
? = -.93 + 8.50X 
Y= .46 + .91x 
+ .28 + 1.83X 
Y= -.20 + 1.96X 

Y = 2.22 + 1.20x 
Y= .25 + 3.05X 

Y = -.95 + 2.42X 

? = -.17 + 2.45X 

Y = -.54 + 3.64X 
+ .78 + .76X 

? = -1.35 + 3.11x 
+= .47 + 1.67X 
9 = -1.78 + 9.38X 

Total forbs 160 .76** Y= .20 + 1.77x 

*Correlation significant at P < 0.05. 
* *Significant at P < 0.01. 

The author is professor of range science, Montana State University, 
Bozeman. 

This paper (MAES Journal Series No. 481) is taken from the final 
report of a cooperative study by the Beaverhead National Forest, Forest 
Service, and the Montana Agricultural Experiment Station. 
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Table 2. Species not showing significant correlations between cover 
and weight. 

No. of plots Correlation 
Species occurring coefficient 

Melim bulbosa 7 .23 
Stipa richardsoni 8 .32 
Achilles millefolium 60 .22 
Arabis holboellii 9 .29 
Balsamorhiza sagittata 4 .84 
Draba nemorosa 16 -.14 
Fritillaria atropurpurea 6 .05 
Lithophragma parviflora 6 .44 
Lithospermum pilosum 7 .40 
Microseris nutans 5 .56 
Taraxacum laevigatum 11 .57 
Viola nuttallii 16 .42 

Cover analysis was based on the Daubenmire (1968) 
concept of a vertical projection of a polygon drawn about the 
extremities of the canopy of each plant. Cover was estimated 
in a 4 X 5 dm plot frame placed at ground level. Cover 
estimates were aided with separate 1 dm2 and 4 dm2 handheld 
frames. Data were recorded to the nearest 0.1 dm2 rather than 
by cover class. There were 50 plots on the unsprayed range 
and 50 plots on the sprayed range at each site on which cover 
was estimated. Beginning with the first plot every 5th plot was 
clipped. This provided 20 plots per site or 160 plots total in 
which both cover and herbage production were sampled. 
Species were bagged separately and the samples oven dried and 
weighed. 

Correlations between cover in dm2 per plot and weight in 

grams per plot were tested for those species occurring in four 
or more plots. Regression equations were calculated for species 
showing statistically significant correlations. 

Results 

Table 1 lists the species showing significant correlations 
between cover and weight. Table 2 lists those species tested 
which did not show significant correlations. 

Sixteen species had significant correlations of .90 or higher. 
Some of these species occurred in fewer than 10 plots. 

Only 6 species with significant correlations had correlations 
below .70. Generally the species which did not have significant 
correlations occurred in less than 17 plots. The major 
exception to this was western yarrow (Achilles millefolium) 
which occurred in 60 plots. 

Conclusions 

Herbage production sampling by species is a very time- 
consuming process. The high cover-weight correlation values 
for nearly all the major species occurring in the mountain 
grasslands of southwestern Montana indicated that a great deal 
of field and laboratory time might be saved by using cover 
values alone as an index of herbage production differences. 
Similar studies should be made in local flora to test the 
cover-weight relationships and develop appropriate regression 
equations before applying this method. 
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the nation’s range resources has been 
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Within the research branch of the 
Forest Service, the “Forest Survey” 
has been delegated nationwide 
responsibility for the collection and 
analysis of resource information from 
forest and forest-related lands. Author- 
ity for this activity is contained in the 
McSweeny-McNary Forest Research 
Act of 1928 and subsequent amend- 
ments. To date, this authority has 
been exercised only with respect to 
timber and wood products. Research 
Work Units, headquartered at various 
experiment stations throughout the 
country, have the responsibility for 
carrying out the functions of the 
Forest Survey. At the Southern Forest 
Experiment Station, for example, the 
Forest Survey is an assignment of the 
Forest Resources Research Work Unit. 

Early in 1973, the Forest Resources 
and the Range Management Research 
Work Units of the Southern Station 
initiated a large-scale field test in 11 
parishes (counties) of southwest Lou- 
isiana. With a land area of nearly 7 
million acres on the Gulf Coastal Plain, 
the region encompasses most of the 
longleaf pine-bluestem ecosystem west 
of the Mississippi. The ecosystem is 
probably unexcelled in its ability to 
produce forage and timber simul- 
taneously. 

The objectives of this initial study 
were (1) to devise appropriate range 
methods and sampling procedures that 
could be incorporated into the existing 
field design of the Forest Survey, and 
(2) to relate timber resource classifica- 
tions of the nationwide Forest Survey 
to associated range conditions. The 
ultimate objective will be to inventory 
the region’s forest and rangeland re- 
sources in southwest Louisiana. This 
paper describes the methods, rationale, 
and reliability of integrated forest- 
range inventories conducted by the 
Forest Survey in the South. 

Methods and Rationale 

Advantages in programming the 
Forest Survey as a vehicle for conduct- 
ing range inventories include regular 
measurement intervals that provide 
precise trend information; a holistic 
look at understory-overstory forest 
potentials-timber, range, wildlife hab- 
itat; and use of the Forest Survey 
organization’s expertise to administer 
the project. 

To be usable by the Forest Survey 
in the South, range methods need to 
be essentially workable year-round; 
cause no disturbance of vegetation or 
site; require not more than approxi- 
mately l/2-hour per sample location 
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Table 2. Species not showing significant correlations between cover grams per plot were tested for those species occurring in four 
and weight. or more plots. Regression equations were calculated for species 

No. of plots Correlation 
showing statistically significant correlations. 

Species occur&g coefficient Results 
Melica bulbosa I .23 
Stipa richardsoni 8 .32 
Achilles millefolium 60 .22 
Arabis holboellii 9 .29 
Balsamorhiza sagittata 4 .84 
Draba nemorosa 16 -.14 

Table 1 lists the species showing significant correlations 
between cover and weight. Table 2 lists those species tested 
which did not show significant correlations. 

Sixteen species had significant correlations of .90 or higher. 
Some of these species occurred in fewer than 10 plots. 

Fritillaria atropurpwea 6 .05 Only 6 species with significant correlations had correlations 
below .70. Generally the species which did not have significant 
correlations occurred in less than 17 plots. The major 
exception to this was western yarrow (Achilles millefolium) 
which occurred in 60 plots. 

Lithophragma parviflora 6 .44 
Lithospermum pilosum 7 .40 
Microseris nutans 5 .56 
Taraxacum laevigatum 11 .57 
Viola nuttallii 16 .42 

Cover analysis was based on the Daubenmire (1968) 
concept of a vertical projection of a polygon drawn about the 
extremities of the canopy of each plant. Cover was estimated 
in a 4 X 5 dm plot frame placed at ground level. Cover 
estimates were aided with separate 1 dm2 and 4 dm2 handheld 
frames. Data were recorded to the nearest 0.1 dm2 rather than 
by cover class. There were 50 plots on the unsprayed range 
and 50 plots on the sprayed range at each site on which cover 

Conclusions 

Herbage production sampling by species is a very time- 
consuming process. The high cover-weight correlation values 
for nearly all the major species occurring in the mountain 
grasslands of southwestern Montana indicated that a great deal 
of field and laboratory time might be saved by using cover 
values alone as an index of herbage production differences. 
Similar studies should be made in local flora to test the 

was estimated. Beginning with the first plot every 5th plot was cover-weight relationships and develop appropriate regression 
clipped. This provided 20 plots per site or 160 plots total in equations before applying this method. 
which both cover and herbage production were sampled. 
Species were bagged separately and the samples oven dried and Literature Cited 
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Within the research branch of the 
Forest Service, the “Forest Survey” 
has been delegated nationwide 
responsibility for the collection and 
analysis of resource information from 
forest and forest-related lands. Author- 
ity for this activity is contained in the 
McSweeny-McNary Forest Research 
Act of 1928 and subsequent amend- 
ments. To date, this authority has 
been exercised only with respect to 
timber and wood products. Research 
Work Units, headquartered at various 
experiment stations throughout the 
country, have the responsibility for 
carrying out the functions of the 
Forest Survey. At the Southern Forest 
Experiment Station, for example, the 
Forest Survey is an assignment of the 
Forest Resources Research Work Unit. 

Early in 1973, the Forest Resources 
and the Range Management Research 
Work Units of the Southern Station 
initiated a large-scale field test in 11 
parishes (counties) of southwest Lou- 
isiana. With a land area of nearly 7 
million acres on the Gulf Coastal Plain, 
the region encompasses most of the 
longleaf pine-bluestem ecosystem west 
of the Mississippi. The ecosystem is 
probably unexcelled in its ability to 
produce forage and timber simul- 
taneously. 

The objectives of this initial study 
were (1) to devise appropriate range 
methods and sampling procedures that 
could be incorporated into the existing 
field design of the Forest Survey, and 
(2) to relate timber resource classifica- 
tions of the nationwide Forest Survey 
to associated range conditions. The 
ultimate objective will be to inventory 
the region’s forest and rangeland re- 
sources in southwest Louisiana. This 
paper describes the methods, rationale, 
and reliability of integrated forest- 
range inventories conducted by the 
Forest Survey in the South. 

Methods and Rationale 

Advantages in programming the 
Forest Survey as a vehicle for conduct- 
ing range inventories include regular 
measurement intervals that provide 
precise trend information; a holistic 
look at understory-overstory forest 
potentials-timber, range, wildlife hab- 
itat; and use of the Forest Survey 
organization’s expertise to administer 
the project. 

To be usable by the Forest Survey 
in the South, range methods need to 
be essentially workable year-round; 
cause no disturbance of vegetation or 
site; require not more than approxi- 
mately l/2-hour per sample location 
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for data collection; and employ classi- 
fications that can be applied by junior- 
grade professional foresters. 

Forest Survey ground sample loca- 
tions are permanently established at 
3-mile grid intersections throughout 
each state. At each forested location, 
10 sample points are systematically 
distributed on an area of about 1 acre 
and specified timber resource data 
recorded. Circular 9.6 ft2-range plots 
(Campbell and Cassady, 1949) are 
located 10 ft north of points num- 
bered 3, 5, 7, and 9 of the timber 
survey samples and marked with small 
center stakes. The four range sample 
plots at each location are arranged in a 
diamond-shaped pattern 114.3 ft 
apart. 

Foliage cover 

Plant cover is the best single 
measure of environmental impacts on 
understory vegetation (Morris, 1973). 
It can be used to describe responses 
due to fire, logging, grazing, overstory, 

and many other ecological factors. 
Moreover, with practice it can be 
rapidly and accurately estimated. 
Within limits, herbage yield potential 
can also be determined directly from 
foliage cover estimates (Reppert et al., 
1963). For instance, measurements 
made in February on 155 caged plots 
in the longleaf-slash pine bluestem 
type of central Louisiana showed that 
foliage cover accounted for 72.4% of 
the variation in herbage yield. For 
practical purposes herbage yield 
equaled 25 times the percent of foliage 
cover. Estimates on grazed plots-even 
with heavy grazing-were similar to 
those ungrazed. 

In this study, the relative amounts 
of herbage (grasses, grasslikes, and 
forbs) and browse (shrubs, vines, and 
trees) were measured independently. 
Foliage ground cover was estimated in 
five 20% classes and included heights 
up to 5 ft. Preliminary comparisons 
estimating to the nearest percent 
showed that estimators with less than 

Table 1. Chi-square evaluations’ for range resources quality control of Forest Survey after 
elimination of constant and linear bias when tested at the 5% level of significance. 

Measurement 

Observer 

1 2 3 4 5 6 7 8 9 10 

Herbage cover 
Browse cover 
Herbage indicator species’ 

Andropogon tener (I) 
A. virginicus (U) 
Other Andropogon (D) 
Uniola spp. (D) 
Panicum spp. (I) 
Muhlenbergia expansa (D,U) 
Axonopus affinis (U) 
Aristida spp. (U) 
Other grass (I) 
Grasslike (I) 
Legume (I) 
Other forbs (U) 

Browse indicator species3 
Ilex vomitoria (D) 
Gzllicarpa americana (D) 
Vaccinium elliottii (D) 
Myrif22 cerifera L. (U) 
Rhus spp. (U) 
Cornus spp. (D) 
Oataegus spp. (M) 
Quercus spp. (U) 
Other shrubs & trees (M) 
Rubus spp. (M,U) 
Smilax spp. (D) 
Other vines (D) 

Pine reproduction 
Herbage condition 
Browse condition 
Burning 
Livestock 
Herbage use 
Browse use 

* 

* 

* 

* 

* 

* * 

* * 

* 
* 
* 

* 

* 

* * 
* 

* 

* 
* 

* * 

* 

1 Asterisks denote statistical significance. 
‘Letters in parenthesis refer to herbage value rating: D-decreaser, I-increaser, and U- 

unaffected. 
‘Letters in parenthesis refer to browse value rating: D-desirable, M-moderately desirable, 

and U-undesirable. 

Plants either increase in relative 
coverage with heavy grazing, decrease 
after a period of increase, or decrease 
immediately until ultimately elimi- 
nated (Dyksterhuis, 1949). Conse- 
quently, herbage was categorized as 
unaffected, increaser, or decreaser 
plants. Unaffected plants also include 
species that are essentially not affected 
by heavy grazing. Browse was assessed 
similarly to herbage, but categories 
designated desirability for animal con- 
sumption: desirable, moderately desir- 
able, and undesirable. Desirability and 
ecological ranking are generally synon- 
ymous. 
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1 -day’s training could measure foliage 
cover by ocular estimate as accurately 
as with the point-frame method. 

Indicator species 

Botanical composition indicates 
management history (Grelen and 
Duvall, 1966). Threeawns (Aristida 
spp.), for example, are symptomatic of 
heavy grazing or other disturbance on 
dry sites; carpetgrass (Axonopus 
affinis Chase) indicates heavy grazing 
on moist sites. 

Plants were estimated by 25% 
botanical composition categories. 
Forest Survey personnel classified 20 
different species or species groups. All 
other species were categorized in one 
of four classes: “other” grasses, forbs, 
vines, or shrubs. When indicator . 
species in grouped categories exceeded 
25% of the botanical composition, 
dominant species were listed in the 
remarks section of the field form. 

To determine botanical composi- 
tion, indicator species with more than 
25% were assigned the low percentage 
of each category, for instance, 25, 50, 
and 75%. For species having less than 
25% of the botanical composition, 
percentages were calculated: 
Percent = 
100 - (Sum of percentages greater than 25%) 

Number of species with less than 25% 

Forest-range condition 

Range condition refers to the state 
and health of the range. It is judged in 
terms of what the range is naturally 
capable of producing. Separate herb- 
age and browse classifications appear 
appropriate for forest-ranges in the 
South. Herbage condition was defined 
as a current departure of the herba- 
ceous vegetation composition from the 
ecological potential that a forest-range 
ecosystem is capable of supporting 
when grazing is excluded. Browse con- 
dition was similarly defined in terms 
of “desirable browse.” It is recognized 
that in traditional range condition 
classifications, browse plants are gen- 
erally considered invaders. 



Plots were evaluated according to 
five forest-range condition classes: (1) 
excellent-more than 75% botanical 
composition composed of the sum of 
all decreaser herbage or desirable 
browse percentages and “allowable” 
percentages for increasers or moder- 
ately desirable browse, (2) good-51- 
75% (3) fair-26-50%, (4) poor-lo- 
25%, and (5) very poor-less than 
10%. The “allowable” percentage was 
5% each since increaser herbage or 
moderately desirable browse groups 
include individual species varying in 
ecological importance. The exception 
was slender bluestem (Andropogon 
tener (Nees) Kunth), which was 15%. 
Unaffected herbage and undesirable 
browse were not considered in condi- 
tion determinations. 

Pine reproduction 

Pine reproduction (trees less than 
1.0 inch dbh.) was recorded on each 
plot by the dominant-number or 
vigor-species (longleaf, slash, loblolly, 
shortleaf, or other pine). These meas- 
urements indicate the effects of graz- 
ing and timber management on pine 
seedling establishment. 

Burning history, livestock presence, 
and utilization 

Observed disturbances on each sam- 
ple location were classified for burning 
history, livestock presence, and inten- 
sity of forage utilization. In the deter- 
mination of utilization intensity, herb- 
age and browse components were indi- 
vidually examined. Categories in- 
cluded : 

Light.-Difficult to find grazed 
plants. Grazing patchy and gen- 
erally less than 35% of the plants 
grazed. 
Moderate.-Frequently find grazed 
plants but ungrazed plants are 
present. Generally 35 to 70% of the 
plants are grazed. Carpetgrass may 
be relatively abundant; if so, seed- 
stalks are usually noticeable and 
average stubble heights are more 
than 4 inches. 
Heavy .-Generally more than 70% 
of the plants are grazed. Carpetgrass 
may be relatively abundant; if so, 
seedstalks are conspicuously absent 
and carpetgrass gives a mowed 
appearance. Average stubble height 
of carpetgrass is less than 4 inches. 
Threeawn grasses or forbs may be 
abundant. 

Aside from providing a record of 
disturbance, burning history also de- 
scribed some indicator plant values for 
forest-range condition classifications. 
For instance, without burning during 
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the previous 3 years, cutover muhly 
(Muhlenbergia expansa (DC.) Trin.) 
and blackberry (Rubus spp.) are 
“unaffected” and “undesirable” 
plants, whereas with burning, cutover 
muhly is a “decreaser” and blackberry 
is “moderately desirable.” 

Schooling 
Training 

A 4-day forest-range training school 
was conducted on the Palustris Experi- 
mental Forest in June, 1973. During 
the first 2 days, species identification 
and measurement techniques were dis- 
cussed, demonstrated, and practiced. 
Evaluations of predetermined plots 
were carried out on the third day. Plot 
evaluations were discussed on the 
fourth day. 

Each Forest Survey team member 
was given field training on actual 
sample plots during the 2 weeks im- 
mediately following the formal school- 
ing. After field training, an intensive 
l-day review session was held on the 
Experimental Forest to reinforce 
knowledge of species identification. 

Training evaluation 

Thirty-five circular 9.6 ft2 plots 
were measured with a point frame for 
evaluation by the Forest Survey teams. 
Plot variety ranged from open longleaf 
pine forest with dense ungrazed blue- 
stem grasses to sparsely vegetated lob- 
1011~ pine-hardwood stands with uniola 
grasses (Uniola spp.), grasslikes, and 
browse dominating the understory. 

Plot evaluation accuracy was tested 
by chi-square analyses (Freese, 1960). 
The accuracy specified was + one unit 
at one standard deviation probability. 
Since chi-square tests reject inaccurate 
measurements regardless of the source 
(bias, lack of precision, or both), 
additional tests were conducted when 
the allowable accuracy was exceeded. 
The tests determined if the inaccuracy 
was due to bias or lack of precision. 

Herbage foliage cover accuracy 
appeared questionable since only 77% 
of the estimators met the requirements 
prior to bias elimination. Subsequent 
analyses showed bias caused inaccur- 
acies. The inaccuracies were alleviated 
through additional field training. 
Other estimates were within accept- 
able accuracy; therefore, it was con- 
cluded that all participants were ade- 
quately trained for initiation of the 
first forest-range inventory of south- 
west Louisiana. 

Quality Control 

The period of field inventory ex- 
tended from June to October, 1973. 
In all, 3,180 range sample plots were 
measured. Data collection time aver- 

aged 35 minutes per sample location. 
Quality-control field checks during 

July and August assured conformance 
to the required accuracy specified. 
After bias elimination, only one test of 
the possible 330 (33 measurements by 
10 individuals) was significantly inac- 
curate (“other vines” browse indicator 
species category). Data inspection 
indicated recording errors may have 
caused the inaccuracy since amounts 
appeared shifted on several plots. 

A two standard deviation proba- 
bility accuracy test was employed for 
identifying additional training needs. 
After bias elimination, only 23 of the 
possible 330 evaluations were signifi- 
cant (Table 1). All were from esti- 
mates of indicator species. Inaccur- 
acies resulted from three main causes: 
(1) incorrect amounts estimated-43%; 
(2) confusion of two or more plant 
species-4 1%; and (3) overlooked plant 
species- 16%. Most of the herbage 
inaccuracies resulted from confusion; 
browse mistakes were largely attribut- 
able to incorrect amounts. The most 
common herbage species confused 
were slender bluestem, panicum 
(Panicurn spp.), and “other grass.” 
Browse amounts most commonly in- 
correct were “other shrubs” and 
“other vines.” 

Conclusions 

From this test to devise a practical 
system to incorporate range methods 
into the nationwide Forest Survey 
program, we conclude that: (1) Basic 
range resources measurements can be 
made rapidly and accurately. (2) 
Range techniques can be taught to 
Forest Survey personnel within a rela- 
tively short period. Training must be 
intensive and well organized. (3) 
Species identification, cover measure- 
ments, and supplementary livestock 
information can be taken yearlong in 
the South. But, if grazing has been 
sufficient to remove recognizable vege- 
tation, a relatively short period during 
later winter and early spring may 
present insurmountable problems. 
Except for heavy grazing situations, 
however, measurements would be 
acceptable. (4) Range sampling tech- 
niques described do not disturb the 
vegetation, site, or forest ecology. (5) 
Periodic quality control checks assure 
collection of reliable inventory infor- 
mation and serve to identify additional 
training needs. (6) Range resource 
measurements can provide a sound 
addition to the Forest Survey 
program. 
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Wildflowers of the United States: 
Volumes I-VI. By H. W. Pickett. 
McGraw-Hill Book Co., New York, 
N.Y. 

Volumes I-III of this series were 
reviewed earlier in this journal 
(21:271-272; 24:79-80). H. W. Rickett 
is the author, assisted by W. C. Steere, 
the general editor now president 
emeritus of the New York Botanical 
Garden. For Volumes V and VI, 
Richard Spellenberg was listed as 
assistant. More than a half dozen 
collaborators are listed for each 
volume. In review, the series is sum- 
marized in Table 1. 

All the books are about 10 x 13 inches 
(about 25 x 33 cm), the plates are of 
extra-heavy fine vellum paper, the 
binding is linen-finished buckram, and 
each volume is in a durable case. Each 
volume has an introduction concerning 
the names and identification of 
flowers. The complete works are a 
notable scientific achievement, yet the 
text is written for the layman with 
simple and distinct descriptions. 

An index is to be prepared for all 
six volumes. 

Volumes IV-VI are of special inter- 
est to those concerned with western 
rangelands, but full coverage of range- 
land forbs requires volumes II and III. 
Thus, the full series is recommended 
for libraries of major experiment sta- 
tions and institutions of higher learn- 
ing concerned with the art and science 
of study and management of these 
important natural resources. 

Volume IV on the Southwestern 
States covers wildflowers of New Mex- 
ico, Arizona, and part of southern 
California, Volume V covers Washing- 
ton and Oregon, west of the Cascade 
Range and most of California, south to 
the edge of the Mojave Desert and 
including most of the Sierra Nevadas. 
Volume VI covers the Great Basin, 
Rocky Mountains, and Plains eastward 
through all of North Dakota south- 
ward through Oklahoma. These three 
volumes, of course, cover the dryest 
and wettest parts of the conterminous 
states of our country. 

The task of compiling these latter 
three volumes, particularly Volume 
VI, must have been particularly diffi- 
cult because there are no standard 
taxonomic references covering these 
geographic provinces, and in many 

Table 1. Summary of the Volumes of Wildflowers of the United States. 

Volume Volume Title Books Pages* Plates Price 

I The Northeastern States 2 559 180 $39.50 
II The Southeastern States 2 688 241 $44.50 

III Texas 2 553 157 $44.50 
IV The Southwestern States 3 801 248 $5 2.50 
V The Northwestern States 2 666 218 $57.50 

VI The Central Mountains and Plains 3 784 262 $72.00 

*Not including prefatory materials. 
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instances several of the states . Because 
of the diversity of precipitation and 
elevation (Colorado alone has more 
than 50 peaks exceeding 14,000 feet) 
and because there are many swarms of 
species in certain genera, detailed tech- 
nical assistance was necessary. Richard 
Spellenberg was particularly helpful 
there; he did the text on Compositae 
in Volume VI. 

The color photographs generally are 
excellent in all the volumes. They are a 
definite aid to amateurs, like myself, 
in identifying range forbs. The color 
photos are presented on the right-hand 
page, often directly across from the 
text discussion of the plant. The 
authors must be complimented on 
securing such an excellent series of 
color photographs! With some 8 to 9 
photographs per plate in Volume VI, 
and with 262 plates, a great collection 
of more than 2000 photographs has 
been assembled of mountain and 
prairie range forbs. 

In addition to those particularly 
interested in rangeland plants through 
vocation or avocation, the latter three 
volumes should be of considerable 
interest to the general tourist. Note 
that some of our major National Parks 
are covered in these regions, e.g., 
Volume VI covers the area of Yellow- 
stone, Glacier, Grand Teton, Rocky 
Mountain, and Mesa Verde parks, to 
name a few. 

The author, the contributors and 
collaborators, the New York Botanical 
Garden, and McGraw-Hill Book Co., as 
well as the sponsors, should be con- 
gratulated on a long, hard job well 
done.-George M. Van Dyne, Fort 
Collins, Colorado. 
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The task of compiling these latter 
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VI, must have been particularly diffi- 
cult because there are no standard 
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geographic provinces, and in many 
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and with 262 plates, a great collection 
of more than 2000 photographs has 
been assembled of mountain and 
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In addition to those particularly 
interested in rangeland plants through 
vocation or avocation, the latter three 
volumes should be of considerable 
interest to the general tourist. Note 
that some of our major National Parks 
are covered in these regions, e.g., 
Volume VI covers the area of Yellow- 
stone, Glacier, Grand Teton, Rocky 
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name a few. 
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Garden, and McGraw-Hill Book Co., as 
well as the sponsors, should be con- 
gratulated on a long, hard job well 
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Responses to the Dilemma: Environ- 
mental Quality vs. Economic 
Development. Ed. by William A. 
Dick-Peddie. Contribution No. 16 
of the Committee on Desert and 
Arid Zones Research, A.A.A.S., 
Texas Tech University, Lubbock, 
Texas. 70 p., 1973, paperback. 

This symposium assembles a num- 
ber of papers by people who have had 
to cope with the conflict between 
environmental quality and economic 
development. It includes representa- 
tives from pertinent cross sections of 
society, such as citizens’ groups, indus- 
try, legal and legislative interests, and 
academic research units. The objective 
of the symposium is to develop meth- 
ods of solving environmental problems 
rather than merely defining and 
enumerating them. 

In the 1960’s, scientific technology 
often was identified as the root of our 
environmental ills-both physical and 
social. Technology was no longer 
viewed as the liberating force to end 
ignorance, superstitution, and 
poverty, but rather as a power-seeking 
evil. In the past 4 years, major changes 
have occurred in the requirements for 
evaluating environmental conse- 
quences. To a great degree, it is 
business-as-usual in the U.S. again. 
Many local decision makers are con- 
vinced that we are not headed toward 
environmental disaster as a result of 
technological and economic growth, 
and some believe that anyone who 
opposes growth is some kind of nut. 
Strong proponents create strong 
opponents! 

Two conditions are suggested as 
being necessary for equitable use, pro- 
tection, and enhancement of the open- 
space resources (air, water, view, open 
space, etc.) that constitute our envi.- 
ronment: ( 1) economic growth is nec- 
essary for the commitment by society 
of the effort and funds needed to 
protect and enhance environmental 
quality, and (2) public participation in 
the decision-making process must be 
obtained by estabishing a system of 
procedural “due process” for all gov- 
ernment activities. The Sierra Club of 
New Mexico supported these two con- 
ditions by proposing that many forms 
of environmental protection and en- 
hancement actually promote economic 
growth; i.e., pollution control. They 
pointed out that the tourist industry 
thrives on environmental quality. 

A lady from Texas relates her ex- 
periences with environmental prob- 
lems from the first time she noticed a 
badly polluted stream near San Fran- 
cisco to the gradual degradation of air 
quality around Los Angeles, to the 
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piece-meal symptomatic solutions that 
have been attempted in these areas, 
and finally to the broad spectrum of 
problems and needs confronting a leg- 
islator. She emphasizes that we need 
to examine carefully not only the 
environmental problems, but also the 
economic, people, and political 
problems-that we must balance solu- 
tions against society’s needs to obtain 
more effective results. 

A member of the New Mexico 
Legislative Council describes the legisla- 
tive process as it relates to the issue of 
environmental quality and economic 
development. His proposal is a concept 
of realistic compromise vs. compromis- 
ing reality. He is followed by a lawyer 
explaining the legal avenues open to 
one who wishes to initiate legal action 
to ensure that the environment is 
maintained and improved. The most 
important statute enacted to accom- 
plish this has been the NEPA (1969). 
In “How Do We Get Research that 
Addresses the Right Questions?“, a 
researcher outlines the conditions nec- 
essary for a good research program: 
(1) research problem-oriented toward 
questions of significance; (2) research- 
able topics; and (3) the necessary 
funds, supplies, facilities, and trained 
personnel. He points out that research 
can never be an end in itself-that 
research has no meaning unless it 
relates to the community it serves. 

The head of Resources for the 
Future outlines the needs for coordi- 
nation among resource users and pro- 
poses a plan for evaluating environ- 
mental and developmental issues as a 
basis for decision. According to his 
plan, the wise use of natural resources 
must consider physical feasibility, eco- 
nomic efficiency, fair distribution of 
the economic gains, social accepta- 
bility, and operational or administra- 
tive competence. The environment 
must be protected, but not without 
regard for cost or the effect upon the 
lives of people; on the other hand, 
economic development is highly desir- 
able, but not without regard for its 
effect on the environment.-Don 
Calhoun, Denver, Colorado. 

New Publications 

Shedding of Plant Parts, edited by 
T. T. Kozlowski, provides an excellent 
review of the anatomical, physio- 
logical, and ecological aspects of the 
shedding of vegetative and reproduc- 
tive parts of woody plants with some 

references to herbaceous plants. Rapid 
accumulation of research results 
accented the need to review the state 
of knowledge and art relative to shed- 
ding phenomena, which are part of the 
greater mystery of mechanisms and 
manifestations of control in plant 
growth. The book was planned as a 
text and reference for upper level 
undergraduate students, graduate stu- 
dents, investigators, and growers of 
plants. Each chapter includes a long 
list of references, and the book con- 
cludes with author and subject 
indexes. Academic Press, III Fifth Ave- 
nue, New York, N. Y. 10003. 560 p., 
1973, $35. 

The third edition of Approved Prac- 
tices in Pasture Management, by Mal- 
colm H. McVickar, is an expanded and 
updated version of the successful first 
and second editions released in 1956 
and 1963. All chapters have been 
expanded to include the newest 
proven developments originating from 
research and experiences of successful 
farmers. A new chapter, “Productive 
Pastures and Our Environment,” has 
been added. The condensed style of 
the book makes it most valuable to 
teachers of agriculture, FFA students, 
and 4-H Club members. The Interstate 
Printers & Publishers, Inc., Danville, 
Illinois 61832. 400 p., 1974, $8.50. 

Were you surprised by the 
revelation of food-chain accumulations 
of DDT, by the hazards of methyl 
mercury and polyvinyl chloride, by 
the environmental fate of highway 
salt, by the energy crisis, by the 
approval to build the Alaskan pipeline, 
by the increasing popularity of 
environmental topics? Keep up to date 
on the problems of balancing the 
earth’s diminishing resources with its 
burgeoning population with Richard 
H. Wagner’s second edition of 
Environment and Man. The widely 
popular first edition (197 1) was one of 
the first systematic studies of 
environmental problems for students 
and general readers with no special 
scientific background. The fine 
readability, wealth of information, and 
numerous excellent illustrations 
remain as characteristics of the second 
edition, which includes three new 
chapters: “In Quest of Energy,” 
“Environmental Restoration,” and 
“Indochina: The War Against an 
Environment.” W. W. Norton & 
Company, Inc., 500 Fifth Ave., N.Y. 
10036. 528 p., 1974, $7.95. 
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