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SRM Will Miss His Leadership 

‘\ 
June 3.1923-April 11, 1974 

Francis T. Colbert, executive secretary and managing 
editor of the Journal of Range Management, died of a 
heart attack April 11, 1974, in Denver. 

A week before his death he had presented an invitational 
paper on rangeland economy at the Joint US-Australian 
Panel on Range Science in Alice Springs, Australia. This 
public achievement ended a career of dedication to ad- 
vancing the art and science of range management. His 
reception of the Frederic G. Renner Award at the SRM 
Annual Meeting in Tucson in February, 1974, was the 
Society’s recognition of his accomplishments. 

Francis was born in Gallatin, Missouri, in 1923. He re- 
ceived a BS degree (forestry) from Iowa State University 
and an MS degree (range management) from Utah State and 
held membership in Phi Kappa Phi and Gamma Sigma Delta. 
He subsequently was associated with a private agricultural 
management and consulting firm for 16 years, head- 
quartered in Phoenix, Arizona. 

He was appointed to the position of executive secretary 
of the Society for Range Management effective January 1, 
1968, and over the past six years his hard work and 
demonstrated abilities have achieved notable gains for the 
Society and the profession. During his tenure Society 
membership had increased by approximately 30 percent, 
activities and services were expanded, and a sound financial 
position was maintained. 

One of his important contributions was in the area of 
Society publications: his establishment of Rangemnn’s 
News, his contributions to the production of the Journal of 
Range Management, his work in developing other publica- 
tions,and his guidance in building better Section newsletters 
were of inestimable value in creating better communication 
among Society members and a widespread appreciation of 
the profession. 

Francis labored unceasingly in developing rapport and 

cooperative working relationships with other organizations 
and groups, such as the American Association for the 
Advancement of Science and the American Institute of 
Biological Sciences, as well as with the several related 
natural resau~ces societies. The result of his efforts in this 
direction was an increasing appreciation of the Society and 
the profession within the scientific community. Additional- 
ly, he played a major role in developing the BENCHMARKS 
statements, which promoted a better understanding of range 
statements, which has promoted a better understanding of 
rangelands and range management and has enabled the 
Society to make its voice heard in current issues affecting 
natural Ieso”rces management. 

Through extensive travel and personal contact with 
Sections and individuals throughout North America, 
Francis was significantly inspirational in bettering inter- 
national relations and communications in the range man- 
agement field. 

Besides his work for the Society for Range Management, 
he was a member in the Soil Conservation Society of 
America, the American Institute of Biological Sciences, and 
the American Association for the Advancement of Science 

Francis is survived by his wife Elizabeth; a son, Tom; 
and daughters Kathryn and Martha, all of Denver. 

Society for Range Management has established the 
Francis T. Colbert Memorial Headquarters Building Fund 
in memory of Francis T. Coibert. Contributions should be 
send to the Society for Range Management, 2120 S. Birch 
St., Denver, Colorado 80222. 



Livestock Grazing 
on Federal Lands in the I I Western States 
COUNCIL FOR AGRICULTURAL SCIENCE AND TECHNOLOGY 

Editor’s Note: This report covering the economic and 
environmental impacts of grazing on federal lands has been 
prepared by a task force of the Council for Agricultural Science 
and Technology consisting of 15 top range scientists in the 
United States. Scientific specialties of the task force members 
included were range science, economics, agronomy, animal 
science, and soil science. None of the members is employed by 
either the Bureau of Land Management or the Forest Service. 
The report, therefore, represents the work of knowledgeable 
scientists who are not involved in the administration or man- 
agement of federal lands. Task force members were: 

Harold F. Heady (chairman), professor of range manage- 
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College of Natural Resources, Utah State University, 
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University, Logan. 
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C. Wayne Cook, professor and head, Department of Range 
Science, Colorado State University, Fort Collins. 
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James R. Gray, professor of agricultural economics and 
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Washington, D.C. 

W. Gordon KearI, professor of agricultural economics, 
University of Wyoming, Laramie. 
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Department of Watershed Management, University of 
Arizona, Tucson. 

Darwin B. Nielson, associate professor of resource econom- 
ics, Department of Economics, Utah State University, 
Logan. 

Lee A. Sharp, professor and academic chairman, Range 
Management, College of Forestry, Wildlife, and Range 
Sciences, University of Idaho, Moscow. 

Gerald W. Thomas, president, New Mexico Stale University, 
Las Cruces. 

John P. Workman, assistant professor of range economics, 
Department of Range Science, Utah State University, 
Logan. 



Summary 

Almost half the land area in the 11 Western States is 
federally owned. Domestic livestock graze on 73% of 
this area. Federal land is estimated to supply 12% of all 
grazing resources in the region and to provide the equiva- 
lent of the feed required yearlong for 1.7 million head of 
cattle and 1.0 million sheep. These grazing lands provide 
energy, water, minerals, recreational opportunities, and 
wildlife in addition to forage for domestic animals. The 
forages, on federal lands represent a renewable natural 
resource and an economical source of feed for produc- 
tion of cattle and sheep. 

Loss of the products of grazing currently derived 
from federal lands would increase the scarcity of feed, 
meat, and wool. The mounting demands for both grain 
crops and meat point to an increase in importance of 
forages on both private and public lands to support the 
beef and sheep industries. 

Elimination of grazing from federal rangelands in the 
11 Western States would require a shift of animals to 
other lands or would result in loss of these animals from 
the productive pool. More animals on non-federal lands 
would require more intensive use of private rangeland; 
acreage increases in pastures, harvested forages, and feed 
grains; more acres in cultivation; and greater dependence 
on feedlo ts for feeding for meat production. Only limited 

acreage is available for development of additional inten- 
sive pastures in the United States. 

The alternatives to less grazing on federal rangelands 
appear to us to be wasteful of natural resources and un- 
economical for the producers dependent on these lands 
unless prices of meat and wool were to be increased 
considerably. 

Small communities and subsistence-type livestock 
operations within large areas of federal grazing land 
would suffer most if grazing on federal lands were 
eliminated. 

The grazing of herbage has been a natural process in 
grasslands, shrublands, and forests for as long as grazing 
animals have existed. The effect of grazing on the range 
environment depends upon the kind of vegetation, the 
intensity of grazing, the kind of animal, and the degree 
of management employed to control the animals. Experi- 
ments and widespread experiences show that moderate 
and planned grazing restores protective vegetational 
cover on deteriorated ranges, thereby reducing accelerated 
erosion and improving animal habitats. Planned grazing 
maintains good and excellent condition ranges. Most 
rangeland is better suited to all types of use today than 
it was before 1950. 

The federal lands of the United States lands of the 48 states is located (Table 1). total livestock population in the region 
constitute a resource of national impor- 
tance. Of the 1.9 billion acres in the 
conterminous 48 states, 407 million 
acres, or 2 l%, are under federal owner- 
ship. We recognize, as do most people, an 
obligation to use and care for these lands 
in a manner that assures their greatest 
contribution to the national welfare in 
perpetuity. Constantly growing demands 
for energy, food, fiber, water, minerals, 
recreational opportunities, and wildlife 
give the federal lands an ever greater 
intrinsic value. Concomitant with the 
demand for products is a growing public 
concern for the preservation of the re- 
sources just mentioned, often resulting in 
conflicts between alternative interests 
(Nielsen and Workman, 197 1; Forest- 
Range Task Force, 1972). 

In particular, our comments are appli- 
cable to the 87% of all federal lands in 
those 11 states that are administered bv 
the Forest Service or the Bureau of Land 
Management. 

As historical background ., we note that 
livestock production played an important 
role in the settlement of the I 1 Western 
states and was a significant factor in the 

included 14.6 million head of cattle and 
8.4 million head of sheep and lambs 
(Table 2). Approximately 12% of the 
necessary forage in terms of animal-unit- 
months (AUM’s) was supplied by grazing 
on 73% of the federal lands in those 
states. An AUM is the forage required to 
keep a mature cow or its equivalent for a 
month. 

One of the uses of federal land, live- 
stock grazing, has generated much histori- 
cal and current controversy. The purpose 
of this report is to present a brief analysis 
of (1) the economic effects of prohibiting 
livestock grazing on federal lands, and (2) 
the impacts of livestock grazing on envi- 
ronmental quality. In considering these 
effects, we focus attention on the federal 
lands in the contiguous 11 Western States, 
where the nation owns 48% of the total 
land area and where 88% of all federal 

economic and cultural development of 
the nation as a whole. Prior to 1900. the 
major uses of the vast expanses of unap- 
propriated lands in the West were mining, 
homesteading, and unregulated livestock 
grazing. Numbers of domestic animals 
increased markedly after the Civil War 
and reached a high point in the early part 
of the present century. The withdrawal of 
substantial portions of the public domain 
for national parks and forests before 
1920 initiated the regulation and manage- 
ment of livestock grazing on federal 
lands. For a variety of complex reasons, 
the use of these lands by livestock - 
particularly by sheep - has gradually 
declined from World War I to the present. 

Livestock numbers in the 11 Western 
States are still large. Utilization of feder- 
ally owned rangeland to produce meat 
and wool contributes a significant propor- 
tion of the area’s economy. In 1970, the 

We note also that, because of policies 
regarding disposal of public land, the 
western federal lands are extensively 
interspersed with private and state-owned 
lands. As a result, the use and manage- 
ment of land under one ownership has a 
strong influence on the use and manage- 
ment of adjacent land owned by others. 

Economic Considerations 

The subject to be considered in this 
section is the economic effect - nation- 
ally, regionally, and locally - that would 
be expected if livestock grazing were 
eliminated from federal lands. 

Production of beef and lamb in the 
United States involves rearing the young 
animals in breeding herds and flocks, 
followed by heavy feeding until the de- 
sired market weight and degree of fatten- 
ing are obtained. The breeding animals 
subsist almost wholly on forages, includ- 
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ing range and pasture vegetation, har- 
vested forages, and crop residues, whereas 
feed grains and concentrates are used in 
addition for the finishing of animals for 
the market. Forages now supply 75% of 
the feed units consumed by beef cattle 
and 90% of the feed units consumed by 
sheep in the U. S. (A feed unit is the 
nutritional equivalent of 1 pound of 
corn.) The difference in feeding practices 
between breeding herds and finishing 
operations is a consequence of a combina- 
tion of factors, including the availability 
of both forages and feed grains, the 
essentiality of grain feeding to produce 
the quality of beef demanded by the 
market, and the high cost of grain relative 
to forages (Hodgson, 1968, 1974). 

Table 1. Area and ownership of land in the United States and proportion of federal land ad- 
ministered by the United States Forest Service and the Bureau of Land Management.a 

State 
Total land area 
(1000’s acres) 

Federal 
ownership (%) 

Federal land 
administered 

by USFS and BLM (%) 

Arizona 
California 
Colorado 
Idaho 
Montana 
Nevada 
New Mexico 
Oregon 
Utah 
Washington 
Wyoming 
11 Western states 
6 Plains states 
Other states 
United States 1 

(Ex. Alaska & Hawaii) 

72,688 44.9 75.1 
100,207 44.8 79.3 

66,486 36.4 94.1 
52,933 63.9 95.7 
93,271 29.6 90.1 
70,264 86.6 80.5 
77,766 33.9 85.0 
61,599 52.2 96.7 
52,697 66.1 87.9 
42,694 29.4 79.4 
62,343 48.4 88.6 

75 2,948 47.8 87.1 
407,182 2.8 44.5 
741,626 4.8 62.0 

,901,756 21.4 83.8 

An increase in demand for U. S. grains 
has resulted recently from a complex set 
of factors including droughts, crop fail- 
ures, increased affluence in many coun- 
tries, dollar devaluation, and expanding 
populations. We believe this trend will 
continue and that grains will become 
increasingly limited and higher priced. 
The result will be an increased reliance on 
forages from range, pasture, and har- 
vested supplies for meat and wool pro- 
duction. 

aDerived from: 
U.S. Dep. of the Interior, Bureau of Land Management. Public Land Statistics, 1972. U.S. 
Government Printing Office, Washington, D.C. p. 10. 
U.S. Dep. of the Interior, Bureau of Land Management, 1967. Public Land Statistics. U.S. 
Government Printing Office, Washington, D.C., Table 9. 

Table 2. Area used for grazing by domestic livestock, proportion of land area grazed, and 
numbers of nondairy cattle and sheep plus lambs in 11 Western States. 

State 

Range and Federal land 
pasture in allocated for 

grazingb 
Proportion Nondairy Stock sheep 

farmsa of land area cattle 1 970c and lambs 
(1000’s acres) (1000’s acres) grazed (%) (1000’s) 1970c (1000’S) 

The prices of meat and wool, like 
those of other commodities, are largely 
determined by the relation of supply and 
demand. The principal determinant of 
supply is the number of breeding animals. 
The demand for wool may be expected to 
increase as shortages of fossil fuels reduce 
the availability of synthetic fibers. Manu- 
facturers of synthetic fibers are now 
reducing deliveries to customers on 
account of the shortage of petroleum. 
Based on current trends, estimated in- 
creases in U. S. consumer demand for 
beef will require an additional 13 to 14 
million beef cows by 1985 - an increase 
of about 30% over current numbers. 
These additional cows and their calves 
will need the equivalent of about 70 
million acres of forage-producing land, 
assuming the national average of 5 acres 
for a cow and calf. However, only limited 
unused acreages of forage-producing land 
are available in the U. S. In fact, forage- 
producing areas will likely diminish as the 
better lands are converted to grain and 
soybean production and as nonagri- 
cultural uses, such as houses, roads, and 
industry, encroach on productive land. In 
the 11 Western States, for example, the 
area of rangeland available for grazing is 
decreasing at the rate of 1.4 million acres 
per year. Thus, we see pressures for 

Arizona 35,398 25,441 83.7 812 424 
California 20,95 7 21,169 42.0 2,5 76 1,185 
Colorado 27,159 20,492 71.7 2,374 823 
Idaho 8,952 23,934 62.1 1,080 632 
Montana 49,057 16,546 70.3 2,474 1,051 
Nevada 6,937 48,712 79.2 512 213 
New Mexico 44,486 22,326 85.9 1,073 791 
Oregon 14,410 24,111 62.5 1,155 449 
Utah 10,865 29,600 76.8 576 939 
Washington 10,369 5,110 36.3 764 125 
Wyoming 30,814 25,011 89.5 1 ,182 1,784 
11 Western States 259,403 262,452 69.3 14,578 8,416 

aDerived from: 
U.S. Dep. Agr., Economic Research Service. 1968. Major uses of land and water in the United 
States with special reference to agriculture, summary for 1964. Economic Report No. 149. U.S. 
Government Printing Office, Washington, D.C. p. 61-62. 

bDerived from: 
Data for 1966 supplied to the University of Idaho by the Public Land Law Review Commission. 

‘Derived from: 
U.S. Dep. Agr., 197 1. Agricultural Statistics, 197 1. U.S. Government Printing Office, Washing- 
ton, D.C. p. 308. 

greater production on less land area to 
meet consumer demands for meat and 
wool. Elimination of livestock grazing 
from federal lands would intensify these 
pressures. 

Three factors limit the accuracy of 
information available on livestock pro- 
duced on federal rangelands independ- 
ently of total livestock production: (1) 
The yearly feeding cycle includes joint 
use of federal and private rangelands and 
cropland feeds. (2) Published statistics on 
meat production usually combine beef 

and dairy cattle and do not distinguish 
between grazing and feedlot operations. 
(3) Values for specific products, such as 
feeder calves and yearlings or sheep and 
lambs, are not separated. In this report 
we use statistics from Nevada, Oregon, 
Utah, and Wyoming to estimate produc- 
tion and value per AUM for range-cattle 
operations (Tables 3, 7, and 8) because 
these states have few feedlots and the 
lowest contribution to beef production 
from dairying. These four states plus 
Montana and Washington (Tables 4, 5,7, 
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and 8) provide our estimates of produc- 
tion and value of sheep, lambs, and wool. 
Most meat and wool production in the six 
states comes directly from rangelands and 
other forages (Kearl, 1964; Gray and 
Goodsell, 1961; Gray, 1968). 

Cattle produce an average of 28.6 
pounds of meat (Table 3) and sheep 
produce an average of 23.3 pounds (Table 
5) per AUM in the states mentioned in 
the preceding paragraph. Wool produc- 
tion is 4.3 pounds per AUM. The number 
of AUM’s grazed on federal land in the 11 
Western States in 1972 and the estimated 
amounts of meat and wool produced by 
the forage consumed during such grazing 
may be summarized as follows from 
Table 6: 

AUM’s Production 
(Millions) (Million lb) 

Cattle and 
calves 15.0 429.2 

Sheep and 
lambs 3.3 76.9 

Wool 14.2 

Gross receipts from the sale of live- 
stock represent new money brought into 
the local economy. This money is respent 
several times within the community, 
which expands economic values far be- 
yond the original amount. The multiplier 
effect of new money at the local level has 
been estimated conservatively at 2.25. If 
one uses a gross production value of 
$10.00 per AUM for cattle (the range is 
from $9.70 to $11.23 in the four states 
mentioned previously - Table 3) and 
$7.00 for sheep (the range is from $5.92 
to $9.26 in the six states mentioned 
previously - Table 5), the contribution 
to the local economy per AUM grazed on 
Federal rangelands would be $22.50 for 
cattle and $15.75 for sheep. The annual 
values of livestock production derived 
from grazing on federal rangelands in the 
11 Western States may thus be estimated 
as follows: 

Value Contri- 
of Pro- bution to 
duction economy 

(Millions) (Millions) 

Cattle and 
calves $150 $338 

Sheep, lambs, 
and wool 23 52 

Total 173 390 

As may be inferred from the magni- 
tude of the figures, the withdrawal of 
federal lands from livestock grazing 
would hamper state and local economies. 
The effects would vary widely among the 
11 Western States. In the mid 1960’s, the 

Table 3. Value contributions to the economy from cattle and calves on federal lands in Western 
States, 1972? 

Stateb 

Production per AUM Contribu_ Animal-unit- 
Pr oduc- Value tion to months on 
tion (lb) ($) economy ($) federal lands 

Total contri- 
Total produc- bution to 
tion values ($) economy ($) 

Nevada 27.5 9.81 22.07 1,985,146 19,474,282 43,812,172 
Oregon 29.3 9.70 21.82 1,377,400 13,360,780 30,054,868 
Utah 28.5 9.89 22.25 860,565 8,510,987 19,147,571 
Wyoming 29.3 11.23 25.27 1,792,157 20,125,923 45,287,807 
11 Western States - 1 o.ooc 22.50c 15.008.143 150.081.430 337.683.218 

aDerived from: 
W. Gordon Kearl, Economic Comparisons of the Cow-Calf and Cow-Yearling System for 
Northern Plains Cattle Ranching, Wyo. Agr. Exp. Sta., RJ 67, Dec.. 1972. 
W. Gordon Kearl, Unpublished hata for stocker-systems during 19;l and 1972. 
Wiley D. Goodsell and M. J. Belfield, Costs and Returns-Northwest Cattle Ranches, 1972, ERS- 
525, U.S. Dep. Agr., July, 1973. 
Livestock & Meat Statistics. Statistical Bull. 522, ERS/SRS and AMS, U.S. Dep. Agr. p. 9, 19, 
32. 1973. 

bStates not normally fattening large numbers of cattle in feedlots and low contributors to beef 
production from dairy animals. 

‘Values set to represent reasonable approximations for 11 Western States. 

Table 4. Production of sheep, lambs, and wool per animal-unit-month in 11 Western States, 1972.a 

State 

Stock Animal-unit- 
sheep months re- 

(1000’s) quired (100’s) 

Production (1000’s lb) 

Sheep & Shorn 
lambs wool 

Production per animal- 
unit-month (lb) 

Sheep & Shorn 
lambs wool 

Arizona 412 989 
California 1,011 2,426 
Colorado 720 1,728 
Idaho 678 
Montanab 

1,627 
900 

Nevadab 
2,160 

176 422 
New Mexico 682 
Oregonb 

1,637 
426 

Utahb 
1,022 

891 
Washingtonb 

2,138 
112 269 

Wyomingb 1,561 3,746 

1 l-state total 7,569 18,164 

19,836 3,692 20.1 3.7 
68,362 11,655 28.2 4.8 
82,959 11,473 48.0 6.6 
5 8,242 6,949 35.8 4.3 
43,023 8,501 19.9 3.9 
10,702 1,627 25.4 3.9 
25,106 6,134 15.3 3.7 
27,039 4,823 26.5 4.7 
52,916 9,218 24.8 4.3 

6,753 1,240 25.1 4.6 
67,362 16,062 18.0 4.3 

399,880 81,374 22.0 4.5 

:Derived from: Livestock and Meat Statistical Bull. 522. ERS/SRS and AMS. U.S. Dep. Agr. 
States not normally fattening large numbers of lambs in feedlots. 

Table 5. Value and contribution to the economy from sheep, lambs, and woola on federal lands in 
Western States, 1972.b 

Value of 
sheep, Production (lb/AUM) lambs c~~~~ou- 

Animal-unit Total pro- Total contri- 
Sheep & & wooi economy months on duction bution to 

State or areaC lambs Wool ($/AUM) ($/AUM) federal lands values ($) economy ($) 

Montana 19.9 3.9 6.21 13.97 174,904 1,086,153 2,443,409 
Nevada 25.4 3.9 7.93 17.84 333,424 2,644,052 5,948,284 
Oregon 26.5 4.7 8.58 19.30 62,907 539,742 1,214,105 
Utah 24.8 4.3 7.73 17.39 589,197 4,554,492 10,246,136 
Washington 25.1 4.6 9.26 20.84 5,034 46,614 104,909 
Wyoming 18.0 4.3 
6-state totald 

5.92 13.32 848,932 5,025,677 11,307,774 
23.3 4.3 7.61 17.11 2,014,398 15,329,567 34,466,350 

11 Western 
States - - 7.00e 15.75e 3,301,013 23,107,091 51,990,955 

aDoes not include values of government payments under the wool program. 
bDerived from: 

Delwin M. Stevens, An Economic Analysis of Wyoming Sheep Industry (1960, 1964, 1968). 
Wyo. Agr. Exp. Sta. Bull. 546. June, 1971. 
Livestock & Meat Statistics, Statistical Bull. 522, ERS/SRS and AMS, U.S. Dep. Agr. p. 11, 20, 
26, 42. 1973. 

‘States not normally fattening large number of sheep in feedlots. 
dSimple totals and averages. 
eValues set to represent reasonable approximations from 11 Western States. 
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proportion of the total forage supply (in 
terms of AUM’s) derived from federal 
land was only about 2% in Washington 
but was 49% in Nevada. Dependence of 
individual ranches and counties on federal 
land in western rangeland areas often 
exceeds even the high level of Nevada. If 
livestock grazing on federal lands were 
discontinued, ranches with small grazing 
permits would, of course, be relatively 
unaffected, but the large numbers that 
are highly dependent on such permits 
would be affected severely. 

The interdependency, within a given 
range livestock enterprise, of federal, pri- 
vate, and other lands must also be viewed 
from the standpoint of yearlong forage 
supplies. The private land holdings of 
many ranch units cannot supply the 
necessary forage for all seasons of the 
year. They must combine grazing on 
federal land with forage produced on 
private and other land to obtain a year- 
long supply of feed. Many such opera- 
tions would not survive a complete with- 
drawal of federal grazing privileges. On 
the 21% of all Forest Service and BLM 
grazing lands where yearlong livestock use 
is practiced, herd reduction to compen- 
sate for decreased federal grazing would 
reduce operations in about the same 

As may be inferred from the magnitude of the figures, the with- 
drawal of federal lands from livestock grazing would hamper state 
and local economies. 

proportion as the decrease in federal 
AUM’s. In other areas, the loss of forage 
for summer grazing would cause imbal- 
ances in the yearlong feed supply and 
greater ultimate reduction in over-all 
ranch grazing capacity than just the loss 
of summer feed (Univ. of Idaho, 1970). 

Adjustments ranchers could make to 
compensate for reduced grazing on fed- 
eral land include reduction of herd num. 
bets, purchase of more feed, improve- 
ment of private rangelands to increase 
forage productivity, and conversion of 
cropland to irrigated pasture or hayland 
These alternatives to grazing on federal 
lands would provide a lower economic 
return to the ranchers unless meat and 
wool prices were to increase greatly. A 
reduction in herd numbers would de- 
crease total production. Purchased feed is 
expensive. Private rangelands, like most 
rangelands, have limited physical capabil- 
ities for increased forage production. 

They can not support cultivated crops. 
Elimination of grazing from federal 

lands would have an adverse effect on 
minority groups in northern New Mexico, 
where an average of 57 of the 215 
animal-unit-months of grazing per ranch 
would be lost by 990 subsistence-type 
livestock operations. Based on 1972 live- 
stock sales of $1,565 per family, income 
would decline by at least $317’ or 20% 
(Gray, 1973). Similar situations exist in 
other portions of the Four-Corners states 
and in scattered locations throughout the 
West. 

The energy required from fossil fuels 
and electricity to produce beef cattle and 
sheep is less on the range than anywhere 
else. Cattle ranchers in the Southwest 
used approximately 4 gallons of gasoline 
and 62 kilowatt hours of electricity to 
produce 100 pounds of beef on the hoof 
in 1972. If range cattle production were 
shifted from grazing to feeding with a 



ration of 20 pounds of alfalfa hay per 
day, fossil fuel requirements would 
double, and requirements of electrical 
energy would increase about 50%. In 
1969, livestock ranches in the U. S. 
spent 2.8 cents for fossil fuels per dollar 
of product sold. If harvested feed grains 
were substituted for grazing on federal 
lands, they would cost more than twice as 
much in fossil fuels (Table 9). 

Fertilizer usage in range livestock oper- 
ations is small, but some fertilizer is 
applied to cropland for production of 
homegrown hays and grains. If additional 
harvested forages and grains were to 
replace forage grazed from federal 
lands, more fertilizer would be needed to 
increase yields per acre. As explained in 
another current report by the Council for 
Agricultural Science and Technology, 
there is a scarcity of fertilizer worldwide, 
and this is partly a consequence of the 
scarcity of energy required in its manu- 
facture. Large quantities of natural gas 
are used to supply the hydrogen that is 
reacted with nitrogen to form ammonia, 
the basic nitrogenous fertilizer material. 
A shift of livestock production from 
rangeland to cropland would aggravate 
the situation by substituting a type of 
agriculture relatively expensive in fertil- 
izers and in fossil-fuel energy for one 
relatively economical of both. 

In rangeland agriculture, animal wastes 
are widely dispersed and are readily as- 
similated by the ecosystem. Substitution 
of confined feeding for extensive grazing, 
however, would concentrate the wastes in 
small areas, where disposal without pollu- 
tion would present an economic problem. 
The wastes are of such low value for 
purposes of soil improvement that the 
expenditures necessary to spread them 
over a large area of cropland cannot be 
economically justified. 

Environmental Effects 
Grazing influences the environment on 

federal lands. The purpose of this section 
is to consider in a broad context the 
nature of the grazing influences and their 
significance. 

Eating of plant materials by animals is 
a natural process in terrestrial and aquatic 
systems. Thus, with the coming of Euro- 
pean man to the West, the introduction 
of domestic livestock did not constitute an 
entirely new component in the environ- 
ment (Larson, 1940). More realistically, 
the domestic livestock replaced, or were 
added to, the wild animals that were 
already there. Rangeland vegetation, espe- 
cially grassland and shrubland, in the 
Western states evolved to withstand graz- 

Table 6. Production of cattle, sheep plus lambs, and wool on federal grazing lands in 11 Western 
States, 1972.a 

Cattle Sheep 

Animal-unit- Total pro- Animal-unit- Total production 
months on duction at months on Sheep & lambs Wool at 

State federal lands 28.6 lb/AUM federal lands at 23.3 lb/AUM 4.3 lb/AUM 

Arizona 1,898,676 54,302,OOO 34,757 810,000 149,455 
California 601,398 17,200,OOO 122,397 2,85 2,000 
Colorado 1 ,170,474 

526,307 
33,476,OOO 359,688 8,381,OOO 1,546,658 

Idaho 1,419,611 40,601,OOO 467,220 10,886,000 2,009,046 
Montana 1,760,800 50,359,ooo 174,904 4,075,ooo 752,087 
Nevada 1,985,146 56,775,OOO 333,424 7,769,OOO 
New Mexico 2,062,235 

1,433,723 
58,980,OOO 302,562 7,050,000 

Oregon 1,377,400 
1,301,017 

39,394,ooo 62,907 1,466,OOO 270,500 
Utah 860,565 24,6 12,000 589,197 13,728,OOO 
Washington 79,681 

2,533,547 
2,279,ooo 5,034 117,000 

Wyoming 1,792,157 
21,646 

5 1,256,OOO 848,933 19,780,OOO 3,65@,412 

Total 15,008,143 429,233,ooo 3,301 ,013 76,914,OOO 14,194,356 

aDerived from: 
Livestock and Meat Statistics, Statistical Bulletin 522, ERS/SRS and AMS, U.S. Dep. Agr., 
p. 9, 32,45. 1973. 
U.S. Dep. of the Interior, Bureau of Land Management. Public Land Statistics, 1972. U.S. 
Government Printing Office, Washington, D.C. 

Table 7. Annual grazing statistics for land administered by the United States Forest Service in 11 
Western States, 1972.a 

Cattle & Sheep & Cattle & Sheep & 
horses goats Total horses goats Total 

State (number) (number) (number) (AUM) (AUM) (AUM) 

Arizona 141,307 37,011 178,318 1,226,057 143,193 1,254,695 
California 110,729 75,666 186,395 339,877 210,478 381,972 
Colorado 196,088 322,846 518,934 688,848 737,250 836,298 
Idaho 129,916 380,012 509,928 449,117 1,000,368 649,190 
Montana 136,590 70,649 207,239 474,032 140,832 502,198 
Nevada 56,508 87,060 143,568 222,002 281,566 278,314 
New Mexico 100,467 37,673 138,140 736,644 163,356 769,314 
Oregon 114,533 61,332 175,865 352,953 205,477 394,048 
Utah 110,894 322,203 433,097 340,036 883,168 5 16,669 
Washington 51,219 9,311 60,530 79,681 25,168 84,714 
Wyoming 151,798 283,734 435,532 503,103 697,349 642,572 

11 Western States 1,300,046 1,687,497 2,987,543 5,412,OOO 4,485,OOO 6,309,584 

aDerived from: 
U.S. Dep. of the Interior, Bureau of Land Management. Public Land Statistics, 1972. U.S. 
Government Printing Office, Washington, D.C. 

Table 8. Annual grazing statistics for lands (district and leased) administered by the Bureau of 
Land Management in 11 Western States, 1 972.a 

Cattle & Sheep & Cattle & Sheep & 
horses goats Total horses goat@ Total 

State (number) (number) (number) (AUM) (AUM) (AUM) 

Arizona 92,602 14,345 106,947 672,619 6,118 678,737 
California 108,716 254,859 363,575 261,521 80,301 341,822 
Colorado 335,510 692,782 1,028,292 48 1,626 212,238 693,864 
Idaho 366,746 674,278 1,04 1,024 970,494 267,146 1,237,640 
Montana 630,370 362,310 992,680 1,286,768 146,738 1,433,506 
Nevada 353,237 318,316 671,553 1,763,144 277,111 2,040,255 
New Mexico 230,737 220,200 450,937 1,325,591 269,891 1,595,482 
Oregon/Washington 272,008 61,755 333,763 1,024,447 21,812 1,046,259 
Utah 126,303 602,900 729,203 520,529 412,563 933,092 
Wyoming 776,518 1,874,593 2,651,111 1,289,054 709,463 1,998,5 17 

11 Western States 3,292,747 5,076,338 8,369,085 9,595,793 2,403,381 11,999,174 

aDerived from: 
U.S. Dep. of the Interior, Bureau of Land Management. Public Land Statistics, 1972. U.S. 
Government Printing Office. Washington, D.C. Tables 60 and 64. 

bAssumed same length of grazing season for sheep and cattle. 
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ing to a moderate degree, Without graz- 
ing, different vegetational characteristics 
develop. The range forage that livestock 
utilize is a renewable natural resource 
because the forage regrows each year and 
always has. 

Mistakes in grazing practices have oc- 
curred. The most significant of these in 
the U. S. was the exploitative grazing 
practiced between 1865 and the 1930’s. 
The effects were nearly catastrophic. Nev- 
ertheless, they were not the result of 
grazing ranges that had never been grazed 
before. Rather, they resulted from several 
decades of grazing the Western ranges 
with too many animals for too long and 
often at the wrong season each year. Most 
range livestock operators at that time 
were unaware of the limits of grazing 
pressure that the vegetation and soil 
could tolerate. 

Scientific management of rangeland 
began at the turn of the century, but the 
accumulation of knowledge and its appli- 
cation advanced slowly. The management 
aim was to adjust the number, kind, and 
location of livestock and the timing of 
the grazing in such a way as to restore 
and maintain the natural resources. Range 
managers and livestock operators found 
that controlling grazing improved both 
range condition and livestock production. 
Development of this new concept marked 
the end of the exploitative period of 
grazing and the beginning of managed 
grazing on the Western ranges. 

Following World War II, scientific 
grazing management was undertaken 
within the limits of available funding and 
manpower on much of the federal grazing 
land. The change from a laissez-faire 
rangelands attitude to one of planned 
grazing management improved vegeta- 
tional and soil conditions. Intensification 
of grazing management paralleled the 
development of increasing emphasis on 
other land uses, including the preserva- 
tion of natural systems. 

Rangeland is often incorrectly thought 
of as a homogenous kind of land. In 
actuality it consists of widely diverse soil 
and vegetational types, ranging from 
deserts to high mountain meadows. Pro- 
ductivity and vulnerability to misuse vary 
accordingly. Practical experience has 
shown that livestock grazing must be 
adjusted to meet the ecological require- 
ments for maintenance and improvement 
of each dissimilar type. When that is 
accomplished, each site supports vegeta- 
tive cover in accordance with its produc- 
tion capabilities. 

The environmental effects of grazing 
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depend upon the kind of range, the 
intensity of grazing, and the kind of 
management employed to control live- 
stock on the range. We have examined the 
results of long-term grazing studies 
throughout the Western states. They 
show that unregulated heavy grazing re- 
sults in loss of desirable forage plants, 
increased runoff and erosion, and other 
indications of range deterioration. Moder- 
ate and light grazing result in fairly stable 
or improving range conditions. Planned 
seasonal grazing and controlled animal 
distribution foster rapid vegetational 
growth. Most grazing experiments have 
shown that ranges may be improved more 
rapidly under proper grazing management 
than with no grazing at all. Knowledge of 
forage preferences by livestock and of the 

Rangeland is often incor- 
rectly thought of as a homoge- 
nous kind of land. In actuality 
it consists of widely diverse 
soil and vegetational types, 
ranging from deserts to high 
mountain meadows. Produc- 
tivity and vulnerability to mis- 
use vary accordingly. . . . 

physiology of plants is employed to plan 
grazing treatments that will selectively fa- 
vor some plants over others. The desired 
changes, however, are achieved only when 
grazing is carefully regulated to preserve 
properly functioning biological systems. 
Overuse of grazing lands without manage- 
ment tips the balance toward site deterio- 
ration, loss of valuable soil and water re- 
sources, and impairment of environmental 
quality. 

Based upon widespread experience, we 
find that livestock grazing is being 
managed and integrated with other uses 
of federal lands. The extent of enhance- 
ment of other resources with grazing or 
lack of grazing varies with the kind of 
range, the grazing objectives, and the skill 
of the manager. Desert vegetation re- 
sponds slowly, but vegetation in moist 
and humid areas changes rapidly. After 
giving due weight to these natural land- 
scape differences, we find no evidence to 
indicate that well-managed grazing of 
domestic livestock is incompatible with a 
high quality environment. There is ample 
evidence that managed grazing by live- 
stock enhances certain uses and that poor 
management detracts from them. Proper- 
ly managed grazing is a reasonable and 
beneficial use of the range. 

Big-game numbers on federal lands 
have increased during recent years, and 
wildlife production is an increasingly 
important use of rangelands (Clawson, 
1967; Trippensee, 1948). Game habitat 
can be destroyed by poor grazing manage- 
ment that permits overuse by either 
wildlife or livestock. Conversely, game 
habitat improves through management 
which maintains the type of vegetation 
preferred by wildlife (Smith and Doell, 
1968; Jensen and Smith, 1972). For 
example, cattle grazing has been used to 
reduce the amount of grass and permit 
increased production of browse species 
for big game. Moderate use of browse 
species by cattle tends to keep forage 
within reach of wildlife. In all grazing 
systems, withholding areas from grazing 
or adjusting the time of grazing provides 
vegetative cover required by game birds 
for breeding and nesting sites. 

Modification of vegetation by grazing 
management can create contrasts in land- 
scape color and pattern that convey a 
different aesthetic impression than uni- 
form vegetation. Although many specu- 
late on the impact of grazing animals on 
recreational and aesthetic values, no firm 
evidence was found for a general state- 
ment that aesthetic values gain or lose 
when grazing is removed. We believe that 
severely overgrazed ranges and areas of 
animal concentration, such as bed- 
grounds, detract from an outdoor experi- 
ence for most people (Cook et al., 1968). 
On the other hand, the livestock industry 
is central to the image and traditions of 
the American West, and a well-managed 
range with its cattle herd, roundup, or 
sheep camp presents positive recreational 
values. At least two studies have shown 
that cattle and sheep on the landscape are 
aesthetically pleasing to tourists who 
come to view the West and its present-day 
activities. In the end, the extent to which 
aesthetics would be affected by discontin- 
uation of grazing would depend on the 
value system of the individual concerned. 

Ungrazed ranges are subject to loss 
when wildfires occur. Tall stands of 
mature, ungrazed grasses create extreme 
fire hazards because fire spreads more 
rapidly in dry grass than in any other 
natural vegetation. Ungrazed areas around 
campgrounds, homesites, and timber- 
stands are especially flammable. Reduced 
grazing, especially in grasslands, often 
requires construction of additional or 
larger fire-control lines with disturbed soil 
conditions and increased investment in 
fire-fighting equipment. 

During the period from 1865 to 1930, 



Table 9. Expenditures for purchases of fossil fuels and 
sold by type of farms in the United States, 1969.a 

agricultural chemicals of product 

Gasoline and Sprays, dusts, 
other fuel and fumigants Fertilizers 

Type of farm (cents) (cents) (cents) 

All farms 3.95 1.76 4.73 
Cash grain 6.86 3.01 9.05 
Tobacco 7.20 1.78 8.38 
Cotton 8.42 9.27 8.98 
Other field crops 4.17 4.11 9.83 
Vegetable 2.89 4.87 7.55 
Fruit and nut 2.91 6.19 5.20 
Pouliry 1.52 .19 .56 
Dairy 3.38 .64 3.48 

Livestock other than dairy & poultry 3.21 .84 3.54 
Livestock ranches 2.81 .30 1.42 
General 5.90 3.24 8.22 
Miscellaneous 3.55 .88 1.76 

aDerived from : 
Social and Economic Statistics 
ture,” Type of Farm, Chapter 8, 

Administration, Bureau of Census. “1969 Census of Agricul- 
Volume 11, U.S. Dep. of Commerce, p. 36-37, 42-45, 48-49, 

June, 1973. 

overgrazing of Western ranges resulted in 
excessive overland water flow, erosion, 
nutrient loss from watersheds, flooding, 
sedimentation, and fouling of water sup- 
plies. Range watershed management has 
brought comparative stability to these 
areas, largely through restoration of vege- 
tational and litter cover. Exceptions 
occur on watersheds with unstable soils 
and steep topography. Well-planned graz- 
ing management, often in combination 
with brush control, seeding, and other 
soil-protecting practices, achieves soil- 
and water-conservation objectives (Bran- 
son et al., 1972). 

Ranges properly grazed by hoofed 
animals produce safe water. Counts of 
fecal coliform organisms, as indicators of 
water pollution by warm-blooded ani- 
mals, relate more closely to quantity of 
fecal material than to kind of animal. 
Investigations in mountainous regions of 
Colorado and Montana showed that the 
counts of harmful bacteria in the streams 
were no greater in areas grazed by live- 
stock than in areas grazed by native 
animals alone. Moreover, moderate live- 
stock grazing had little effect upon thhe 
chemical and physical quality of the 
water (Kunkle and Meiman, 1967, 1968; 
Stuart et al., 1971; Darling and Coltharp, 
1972). 

Animals compact soils by overgrazing 
and by reducing organic matter returned 
to the soil, but proper vegetational and 
litter management, activities of soil 
organisms, and climatic phenomena cor- 
rect the problem on an annual basis. The 
trampling of standing dead material by 
livestock places it in contact with the soil, 
where decomposition proceeds. Several 
studies have shown that litter accumu- 

lates without grazing, eventually smother- 
ing new plant growth. Broadleaved, 
flowering, herbaceous plants suffer more 
than others, and seedlings of browse 
plants fail to become established under 
too much standing dead material. 

Few western ranges are ever in a stable 
natural condition, whether or not they 
are grazed by domestic animals. Most are 
in a stage of vegetational and soil develop- 
ment following disturbance by such phe- 
nomena as drought, flood, avalanche, 
freezing, or fire. Cyclic phenomena such 
as large numbers of deer, rodent epi- 
demics, or insect plagues, temporarily 
change the natural ecosystems. An abso- 
lutely stable rangeland is seldom attained 
or maintained. 

Significantly, the greatest diversity of 
animal and plant species and the highest 
rates of reproduction occur when the 
landscape supports many stages of ecosys- 
tem development. Fire, grazing, and 
drought stimulate plants and animals to 
new growth. Each stage of vegetational 
development is more productive of cer- 
tain animal species than of others. Graz- 
ing on federal rangelands in the 11 
Western States helps to keep the natural 
environmental systems active and produc- 
tive. However, grazing must be scientifi- 
cally controlled and responsive to the 
needs of all users. We cannot allow 
overgrazing by livestock, by bison in their 
reserves, by deer on their winter ranges, 
or by wild horses in their preserves. We 
manage domestic animals, but rarely 
game, to maintain ecosystems compatible 
with all of man’s uses. 
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Citizen Participation in Decision Making - 

a Challenge for Public Land Managers 

LLOYD C. IRLAND AND J. ROSS VINCENT 

Highlight: Citizen participation in decision making presents a major challenge to 
public land managers. Increased participation is needed to counter an imbalance 
between commodity and noncommodity users in access to information and to 
influence on decisions. Two serious decisions in implementing participation programs 
are how much influence to allow to citizen groups, and how to assure proper represen- 
tation of diverse groups in the process. Vigorous citizen participation programs can 
benefit land managing agencies by helping reduce conflict, by improving public under- 
standing, and by helping managers assess public attitudes. 

Land managers are beset by a bewild- 
ering array of conflicts over the use of 
public lands. Decisions have to be made 
between ski areas and wildlife refuges, 
between timber production and scenic 
values, between grazing values and wilder- 
ness areas. Often in such conflicts, citizen 
conservation groups oppose the decisions 
and the decision-making processes of a 
public agency. Further, some groups are 
attacking traditional wildland uses such as 
grazing and timber harvesting (Hood and 
Morgan, 1972; Paris, 1972; Conservation 
Foundation, 1972). 

This paper introduces some of the 
issues surrounding participation in land- 
use decisions by citizen groups. We have 
used the term citizen to denote a person 
not involved in commodity-oriented pur- 
suits on public lands. We describe the 
nature of and need for citizen participa- 
tion in decision making and the groups 
that are involved in this activity, Then we 
examine the challenges managers face in 
expanding citizen participation and the 
gains that may result. Citizen groups 
often affect legislative decisions, but this 
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paper deals with administrative rather 
than legislative processes. 

Increased participation by citizen 
groups is often desirable for a public 
agency. These groups can counterbalance 
the very considerable influence some- 
times generated by commodity groups. 
But permitting citizen participation in 
decision making requires resolution of 
some critical issues. How much influence 
will be given to various groups and how 
much will be retained by the land man- 
ager? What balance will be struck be- 
tween economic and other interests? 

What Is Participation? 
Participation requires the granting of 

actual influence over the content of 
decisions to groups affected by those 
decisions. This definition implies that 
merely listening to public views at hear- 
ings is insufficient. It requires machinery 
for including the views in the decision 
itself. In practice, citizen participation 
will occur through organized groups con- 
cerned with specific interests-hiking, 
canoeing, and the like. It is impractical to 
solicit the views of individual citizens, 
many of whom are profoundly uninter- 
ested in the public lands (Altschuler, 
1970; Umpleby, 1972; Barber, 1969). 

Through the requirements of the 
National Environmental Protection Act 
(NEPA), public agencies are now obliged 
to seek out and analyze all viewpoints on 
a given proposal. An active citizen partici- 
pation program is one way to accomplish 
this goal. 

Need for Participation 

The demand for participation in gov- 
ernment decision making is rising 
throughout our society. Demands for 
decentralized schools, unions in prisons, 
and student control of universities all 
spring from common roots (Altschuler, 
1970, p. 63): 

Political participation becomes an 
issue when significant groups of 
citizens claim that they have in- 
equitable shares of power to affect 
important governmental decisions. 
Importance, of course, is in the eye 
of the observer-a product of his 
priorities and perceptions of 
causality. 

In addition, Americans inherit a long 
tradition or organizing to influence public 
policy. 

We think land managers need increased 
citizen participation to redress an imbal- 
ance between commercial users and citi- 
zens groups in their access to information 
and to decision makers. Access denotes 
resources for obtaining information as 
well as availability of the information. 
Business and government today have easi- 
est access to the information needed to 
make public policy decisions and to the 
tools which enable effective use of that 
information. Ralph Nader has called in- 
formation “the currency of democracy,” 
and obtaining that currency can be 
difficult. 

Environmentalists and others active in 
public affairs have long complained of the 
difficulty in becoming informed. A recent 
study’ concluded that: “The informa- 
tion problem reported by many environ- 
mental groups appears most acute in their 

‘National Center for Voluntary Action. Un- 
published draft of report. Washington, D.C. 
1972. 
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relations with government and industry. 
The information willingly provided by 
government and industry, and sometimes 
in great quantities, seems self-serving. On 
the other hand, the information that 
groups really need to develop responsible 
positions and to act effectively on envi- 
ronmental decisions is usually provided 
grudgingly if at all.” 

Groups interested in obtaining com- 
modities, such as minerals, timber, or 
water, maintain lobbyists to look after 
their interests and express their views to 
Congressman and officials. These lobby- 
ists can be full-time experts in their fields 
and can stay in close touch with current 
developments. 

In contrast, persons interested in wil- 
derness, wildlife, and other values are 
widely dispersed and cannot devote all 
their time to public land controversies. 
Environmental groups hire lobbyists, too, 
and keep members informed through 
newsletters and magazines. But the dis- 
parity in resources between them and the 
commodity groups is great. This disparity 
leads to tactics such as ad hoc lawsuits 
and letterwriting campaigns as substitutes 
for direct legislative lobbying. In some 
instances, these tactics have been highly 
successful. 

Unequal access to information and to 
decision makers is a major reason for 
much current discontent with public land 
management. These inequalities place 
upon public agencies an affirmative obli- 
gation to seek out and facilitate participa- 
tion in decision making by citizen groups. 

The 
largely 
recent 
teers,’ 

Organized Citizens 

environmental movement comes 
from the white middle class. In a 
survey of environmental volun- 
96% were Caucasian and 80% had , 

some college training; 23% had graduate 
degrees. The average environmental vol- 
unteer is male, Caucasian, over 30 (50% 
are over 40), married, and a white collar 
worker. The second largest occupational 
grouping is that of housewives. Environ- 
mentalists come from high-income 
groups. Twenty-seven percent of the vol- 
unteers surveyed had incomes above 
$20,00O/year. Environmentalists, then, 
come from the same groups likely to be 
active in civic affairs and traditional party 
politics. 

American political life is based on 
group action. Americans are more likely 
than citizens of other nations to believe 
in the legitimacy and effectiveness of 
forming groups to influence government 

Table 1. A continuum of citizen control. 

Nominal 

Significant 

Strong 

NEPA, Wilderness Act 

Grazing Advisory Boards 

Procedure Act and Administrative 
protections 

Listening sessions, hearings 

Advisory 
bureau 

groups selected or controlled by 

Advisory groups selected 
citizens or resource users 

or controlled by 

Soil Conservation Districts, 
ACP Committees 

Policy board with veto, controlled by users 

Neighborhood Corporation, 
Community Action 

Control of policy, conduct, hiring, and 
administration by policy board of citizens 

decisions. For public land management, 
group action is difficult because the 
decisions often affect people that live far 
away from the national forests or grazing 
districts involved. What kinds of groups 
are becoming involved in public land 
management issues? 

The President’s Council on Environ- 
mental Quality (197 1) reported: “Best 
estimates show over 3,100 environmental 
organizations in the United States. A 
survey for the 197 1 White House Confer- 
ence on Youth identified approximately 
2,500 local groups. This figure does not 
include civic, church, or school groups or 
local chapters of national organizations.” 
This number has undoubtedly grown 
since that time. The total membership of 
these organizations is certainly in the 
hundreds of thousands, perhaps in the 
millions. 

National environmental groups fall 
into five general categories. Most familiar, 
both because of their longevity and their 
effectiveness, are the wildlife and conser- 
vation groups. The Sierra Club, the 
National Audubon Society, the National 
Wildlife Federation, Izaack Walton 
League, and the Wilderness Society work 
through local affiliates, local and regional 
representatives, and well-staffed national 
offices. They reach millions of Americans 
every year and are responsible for much 
of the popularity enjoyed by the environ- 
mental movement. Some national groups 
operate direct action programs for re- 
source conservation. Both the Nature 
Conservancy and the Audubon Society 
carry out land acquisition programs, 
usually for transfer to public agencies. 
Ducks Unlimited, a hunters group, has for 
many years purchased wetlands to pre- 
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serve duck habitat. 
The present movement is not simply a 

logical extension of the old conservation 
movement. Such groups as Environmental 
Action, the Environmental Policy Center, 
Friends of the Earth, and others view 
themselves largely as environmental- 
political action groups. They engage in 
lobbying and political activity and keep 
local groups informed of developments in 
Washington. 

Another action-oriented type of 
national group is the public interest law 
firm. Most notable are the Environmental 
Defense Fund and the Natural Resources 
Defense Council. In addition, there are 
several private public-interest firms which 
engage in environmental litigation. 

Educational/ technical/professional 
groups have aided the environmental 
movement by conducting professional in- 
vestigations of environmental problems 
and disseminating information. Examples 
include the Center for Curriculum Design, 
the Scientists’ Institute for Public Infor- 
mation, the Center for Science in the 
Public Interest, and the Public Interest 
Economics Center. 

A more recent type of national organi- 
zation, probably least visible to the 
public, is exemplified by the Ecology 
Center Communications Council. This 
group exists solely to service local envi- 
ronmental education and information 
centers in nearly 50 communities in the 
United States and Canada. It was estab- 
lished by the centers themselves, operates 
on a shoestring budget, and makes a 
valuable contribution to the work of local 
groups. 

Regional and local groups assume 
many forms-the Rocky Mountain Center 
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Table 2. Groups exercising control or influence. 

Group 

Bureaucrats 
Decision-making body influenced 

Federal coordinating committees such as River Basin 
Committees 

Outside technocrats and experts 

> 

Periodic federal policy commissions-ORRRC, 
High-status citizens National Water Commission 

Target population or clienteles Grazing Advisory Committees 
Soil Conservation Districts 

Local or national politicians 
Representatives of economic interests 

> 

Soil Conservation Service, Corps of Engineers, 
Forest Service 

Citizen groups. State and federal legislative bodies, and agencies 
through legislative bodies 

on Environment for example. Most local 
groups are formed to deal with a specific 
local controversy. Frequently they go on 
to work on a broader range of issues. 
Through membership and community 
support, such groups can often rent 
offices, issue newsletters, and provide 
significant ongoing input into local envi- 
ronmental problems. The Ecology Center 
of Louisiana, of which the junior author 
of this paper is president, is one such 
group. 

Land conservation trusts are an im- 
portant form of local group. They are 
nonprofit institutions formed to hold 
interests in land for the public benefit. 
They are a prime example of local direct 
action which supplements similar activ- 
ities already carried on by state and 
municipal government. Land trusts have 
been particularly active and successful in 
New England, but are found elsewhere. 

Challenges for Management 

Given the rise of activist citizen groups 
concerned with public land mangement, 
and increased judicial willingness to grant 
them standing to sue and to review 
agency decisions, land management must 
adjust to a new environment. Creative 
answers to new problems will be needed. 
The challenges are twofold: How to 
provide for effective citizen influence on 
decisions, and how to provide appropriate 
representation of all interests affected by 
public land management. 

Land management decisions are in- 
creasingly concerned with values that 
affect citizens far beyond the immediate 
boundaries of a given management unit. 
Conflicts such as wilderness preservation, 
wildlife protection, and clearcutting all 
affect a wide range of interest groups 
beyond the commodity users directly 
concerned. At the same time, solutions to 
these conflicts are beyond the purely 
technical subject matter of forestry or 
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range science. How then can the views of 
affected citizens be included in manage- 
ment decisions? 

It is helpful to consider a continuum 
of decision-making structures based on 
the degree to which they permit citizen 
influence over the content of decisions. 
Table 1 ranks structures between strong 
and weak poles of influence. 

Weak citizen control is exerted on 
federal land-managing agencies-the For- 
est Service, the Bureau of Land Manage- 
ment, the National Park Service (Reich, 
1962; Center for Study of Responsive 
Law, 1972; Wengert, 197 1). This system 
is supported by a theory of public admin- 
istration that emphasizes citizen control 
through legislatures, with delegation of 
decisions to professionals. It is supported 
by professionalism itself, since a basic 
thesis of a profession is that its members 
know what is best for their clients. It is 
supported by a political system which 
provides the range, forest industry, and 
agribusiness interests with easy access to 
legislators and administrators. 

At the other end of the continuum are 
social programs such as community ac- 
tion, job training, and community health. 
These programs utilized neighborhood 
groups or corporations operating under a 
regime of “maximum feasible participa- 
tion.” It was felt that social rehabilitation 
of inner city neighborhoods would follow 
from the creation of effective participa- 
tion. Further, neighborhood institutions 
would increase minority group political 
power in relation to the dominant groups 
controlling city governments (Altschuler, 
1970; Mogulof, 1970; Rein, 1970; Riedel, 
1972; Stenberg, 1972). 

Table 1 should not be viewed as a 
“good-bad” continuum. Structures with 
strong citizen control-such as grazing 
advisory boards-may be extremely nar- 
row in outlook. Further, services pro- 
duced on federal lands are not suited to 

neighborhood control. 
Environmental groups clearly recognize 

the basic issue of influence. Finding 
participation strategies inadequate, citi- 
zen groups have resorted to new methods 
(Burch et al, 1972, p. 264): 

“Environmentalists are increasingly 
turning to power strategies (at- 
tempting to achieve sufficient 
group influence to coerce changes) 
and away from participation strate- 
gies (educating, and urging people 
voluntarily to make changes).” 

Given this drive for effective influence, 
the question becomes, “How much influ- 
ence should be allowed to citizen 
groups?” Table 1 shows the range of 
possibilities. The challenge is to decide 
what level of influence is appropriate, 
and who will exercise it. 

The poverty program agencies at- 
tempted to turn over significant power to 
local groups, thus reducing the control of 
bureaucrats and local politicians. On the 
federal lands, actual decisions often are 
strongly influenced by local and national 
economic clienteles-the timber buyers, 
grazing permittees, and mineral devel- 
opers. In some instances citizen cam- 
paigns have also strongly influenced deci- 
sions on federal lands (Table 2). 

The process for selecting representa- 
tive views will be difficult. Obviously, 
public land decisions affect a much wider 
range of persons and interests than do 
neighborhood social services. In addition 
to the specific land allocation problems at 
stake, local needs will have to be balanced 
against national interests. This is why the 
issue of representation will be a serious 
problem for public land policy in the 
1970’s. There are no easy answers. 

Gains from Increased Participation 

Many observers have lamented the 
alleged costs of increased citizen 
participation-lawsuits cause delays, im- 
pact statements cost money and time, the 
uninformed public simply cannot under- 
stand the technical issues at stake. But we 
believe that increased public participation 
can yield major gains to resource man- 
agers. Not only is increased participation 
inevitable, it is also desirable. Some of the 
potential gains will be: 

-More knowledgeable citizen group 
leaders. Their contributions to land- 
use controversies will become more 
sophisticated and useful. 

-Active allies for support of noncom- 
modity programs. In the past, land 
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managers had virtually no support for 
their decisions in favor of environ- 
mental values-only opposition from 
commercial interests. 

-Reduction or elimination of legal 
challenges on procedural issues. Under 
an active participation policy, conflicts 
will concentrate on substantive rather 
than procedural issues. 

-An improved means of assessing pub- 
lic attitudes. 

A better informed public will result 
from active efforts to inform and involve 
citizens in work on the federal lands. 
Additionally, an active participation pro- 
gram will facilitate agency compliance 
with NEPA requirements to seek out and 
discuss opposing points of view 
(Freeman, 1972; Institute for Water Re- 
sources, 1970a, 1970b, 1972). 

Conclusions 

values will not conform to narrow no- 

Citizen participation will not solve all 
management problems. Tough decisions 
will remain. When they are made, some 
parties at interest will be unhappy and 
may go to court anyway. Citizen partici- 
pation and high quality land management 
will prove costly. And one thing can be 
guaranteed: decisions resulting from a 
conscientious effort to balance competing 

tions of economic optimality. 
Land managers would be deeply in 

error, however, if they believed that what 
they are doing is enough. They have 
changed to meet new needs. But they will 
get no cheers for this, for the changes 
have often been slow and usually have 
been extracted under pressure. Managers 
could accept greater public influence on 
their decisions. Citizen groups concerned 
with land management are gaining the 
political power to demand such influence. 
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Management and Utilization of Pineland 

Threeawn Range in South Florida 

RALPH H. HUGHES 

Highlight: Brahman-native cattle grazed cutover forest range 
in south Florida at the rote of 15, 22, and 36 ncev per cow per 
year for 14 years. As the study progressed, the weight of cows 
increased by 10 to 45 pounds for each decrease in rare of 
stocking, but all cows tended to calve in alternate years. 
Weight, quality, and market value of calves increased with each 
decrease in stocking rate. Income per ocrc, however, was $2.50, 
$2.00, and $1.25 for high, medium, and low mfa. When 
sampled 4 months after burning, pineland three-awn, the 
principal forage species, was most productive on range stocked 
at the high rate and decreased with decreased stocking. By 19 
months after burning, its production was least on range stocked 
of the high rate and most on that stocked at the low rare. Rate 
of stocking did not have u significant effect on production of 
total kerbage during either sampling period. Utilizntion of 
pineland fkreeown at 4 months was 70, 60. and 51% on range 
stocked at the high, medium, and low rates. At 7 and I9 
months, ufilizotion estimates did not reveal n significant res- 
ponse to mte of stocking. Surveys indicated that no change 
occurred in condition of the kerbaceous vegetation on range 
stocked at the high rate but that pineland tkreeawn decreased 

Fig. 1. The Calooru Experimenml Range is choroererized by scnrrered 

and other grasses increased on range stocked at the low rate. 
South Norido sLish pine, raw-polmefm, occasional other shrubs, and 

Skrubby vegetation including saw-palmetto, the principal 
a kerbnceous cover dominated by pineland ikreeown. 

shrub, increased on range stocked at both high and low rates. was divided into twelve 90-acre range units, two extra ranges 
for additional herds of cattle, a headquarters range, and a 
hospital range. The area is characterized by South Florida slash 

The primary aim of the long-term study reported here was 
pine (Pinus elliortii var. densa Little & Dorman) and saw- 

to determine how best to utilize the heavily cutover pine- 
palmetto, occasional other shrubs, and numerous herbaceous 

wiregrass ranges which are grazed yearlong by beef cattle in 
species of which pineland threeawn is the most abundant (Fig. 

south Florida. Beef production and vegetational response to 
1). 

rates of cattle stocking were observed over a 14.year period. 
The area is typical of the cutover flatwoods of south 

The study deals mainly with Brahman cattle of the type 
Florida, with the pine-palmetto type comprising 75% of the 
area, wet prairie IO%, and fresh-water marsh, or pond, 15% 

grown in Florida and with understory vegetation dominated (Hfimon, 1964). Clearcutting in the 1940’s, foBowed by 
bv pineland threeawn (Aristida stricta Michx.) and CRW- frequent burning and close grazing, largely prevented pine 

p&&o (Serenoa repens (B&r.) Small). Palm&toes cons& regeneration. 
tute the bulk of the vegetation, and pineland threeawn, the Only 12 grasses on the area were rated as good forage: 

common “wiregrass,” is the principal species. The wiregrass 
pineland threeawn (new growth only), chalky bluestem 

type is abundant in the piney flatwoods country of Florida 
(Andropogon capillipes Nash), yellowsedge bluestem (A. 
virginicus L.), creeping bluestem (A. stolonifer (Nash) 

and south Georgia. Its total area iS approximately 20 million Hitchc.), fineleaf bluestem (A. subtenuis Nash), perennial 
acres. goobergrass (Ampkicarpum muklenbergionum (Schult.) 

Study Methods 
Hitchc.), common carpetgrass (Axonopus affinis Chase), 
Elliott loveerass (Emgrosfis eNioffii S. Wats.), coastal lovegrass 

The Study Area (E. refracta (Muhl.) Scrib.), delicate panicum (Panicurn 

The 1,600.acre Caloosa Experimental Range located on the 
ckomaelonche Trin.), maidencane (P. hemitomon Schult.), and 

Babcock Florida Company ranch in Charlotte County, Florida, 
lopside Indiangrass (Sorgknsfrum secundum (Eli.) Nash). Of 
these, pineland threeawn, yellowsedge bluestem, and perennial 
aooberarass were abundant. 

me author is range scientist, Southeastern Forest Experiment %a- The‘climate is subtropical with an annual rainfall of about 
tion, U.S. Department Of Agriculture, Forest Service, L&i h Acres 
Florida. The research reported was a cooperative study by t R e South: 

50 inches occurring largely from June through September. 

eatern Fores! Experiment Station, the Babcock Florida Company, and Soils are fine sands, imperfectly drained, with low base- 
the Florida Dwision of Forestry. 

Manuscript received August 2,19,3. 
exchange capacity and fertility (Soil Conservation Service, 
1962). 



Treatments and Experimental Design 

Three grazing intensities-high, medium, and low-were 
each replicated twice in a completely randomized design. 
Within a grazing intensity, two range units were assigned to 
each replication, with grazing periodically alternating between 
the two. 

The three desired levels of use and expected acres per cow 
per year needed to attain these levels were as follows: 

Bate 

High 
Medium 
Low 

Utilization (%) of Acres per 
pineland threeawn cow per year 

65-75 15 
45-55 22 
30-40 36 

Utilization of pineland threeawn was taken as the principal 
consideration on which to base rate of stocking because this 
species made up over 90% of the herbage and was the most 
important species during the critical period of winter grazing. 
Desired stocking levels were based on pineland threeawn 
production in the go-day grazing period after winter burning. 

During the first phase, each of six herds of cows were 
rotated between two range units after burning in alternate 
years. Six ranges were burned in November of each year, with 
cattle grazing beginning December 1 for a 2-year cycle. Cattle 
grazed burned ranges for 7 months (December-February, 
June-August, and November) and the unburned ranges for 5 
months (March-May and September-October) each year. 

During the second phase, alternate halves of each range 
were burned each year in either April or October. Cattle were 
on the fresh burn May 1 to October 31 or November 1 to 
April 30 for a 6-month grazing cycle. 

Cow-Calf Herds 

Experimental cattle were Brahman-native cows, with calves 
sired by grade Brahman bulls through 1961 and by Angus bulls 
thereafter. A go-day breeding season beginning March 1 was 
maintained throughout the study. 

Range units were stocked initially in 1956 with 4-year-old 
cows. These were replaced at age 12 in 1963 by S-year-old 
cows. Pregnant cows were chosen to be certain of having 
animals of proven fertility. Of the approximately 50 cows on 
test, the average cow in 1963 was only 17 pounds heavier than 
(and in other ways appeared similar to) her 1956 counterpart. 

At the beginning of each calibration period, sufficient cows 
were selected to provide animals for all experimental herds 
including those needed for adjustment of the stocking rate. As 
it turned out, very few animals once on grazing schedules were 
culled or replaced. 

In most instances, evaluations of cow performance are 
based on cows which remained on test the full number of 
years. Cows continuously on range during the two phases of 
the study varied from 22 to 23 in pastures stocked at the high 
rate, 14 to 15 in pastures stocked at the medium rate, and 8 to 
10 in pastures stocked at the low rate. 

Birth weight of calves was obtained during the 4-year 
period starting in January 1958. All cattle were weighed at 
monthly intervals through October 1963 and in May, August, 
and November thereafter. At monthly intervals in March, 
April, and May, bulls were rotated between herds and between 
pastures stocked at the various rates. 

Forty-one percent protein in cottonseed pellets was fed as a 
supplement during September, October, and November 
1958-63 and thereafter in February, March, and April and in 
August, September, and October. Total amounts were about 
65 lb per animal unit initially and 120 lb after November, 
1963. 

A complete salt-mineral was fed on a free-choice basis 
throughout the year, in sheltered mineral boxes. 

During the second phase of the study and apart from the 

main investigation, an informal study was undertaken on the 
effect of improved pasture supplement for beef production. 
For this test, 20 Brahman-Angus cows were split randomly 
into two herds and assigned to the two “extra” ranges. These 
cattle had access to 8 acres of study plots fertilized with rock 
phosphate for 8 months of the year and 10 acres of firebreaks 
composed of Pensacola bahiagrass (Paspalum notatum var. 
saurae Perodi.) for 4 months. 

Vegetational Surveys 

Quantitative information on the vegetation was obtained by 
modification of the weight estimate method described by 
Pechanec and Pickford (1937a, b) and the double sampling 
procedures described by Wilm et al. (1944). Studies on 
methodology conducted during the course of the study 
(Hilmon, 1959; Hilmon et al., 1963) provided adaptations and 
refinements. 

Pine-palmetto upland and wet prairie were surveyed sep- 
arately. Fresh-water marsh, or pond, was not sampled because 
of sparse vegetaton, flooding, and other inherent sampling 
difficulties. The upland type was divided into four subunits 
per range. Two random clusters of four plots, each containing 
9.6 ft2, were sampled in each subunit. Only two clusters per 
range were located in the less extensive wet prairie type. The 
double sampling method was used in obtaining herbage weight 
for six major species or groups of species on each plot. 

During the first phase, plots were established and initial 
measurements obtained before cattle entered a range and at 
intervals during a grazing period. Cages were installed to 
provide ungrazed vegetation. Nearby uncaged plots provided 
residual or grazed vegetation. Final measurements were made 
immediately after the end of the grazing period. During the 
second phase, measurements were taken only when cattle were 
rotated to different pastures. 

Forage production and utilization were sampled at the 
following times: (1) 4 months after burning over a 4-year 
period starting in 1957 and (2) 7 and 19 months after burning 
over a 5-year period starting in 1964. 

A total of 63 condition and trend transects were installed in 
the pine-palmetto type in 1956 and were remeasured in 1961 
or 1962. Installation and sampling were according to methods 
described by Parker (195 1) and Parker and Harris (1959). For 
sampling, four clusters of plots per ecological type were 
randomly located on aerial photos with a dot grid. All 
measurements were taken in late summer at least 1 year after 
range burning. 

Results and Discussion 

Forage Production and Utilization 

When sampled 4 months after burning, pineland threeawn 
was most productive in pastures stocked at the high rate and 
least productive in those stocked at the low rate. Production 
of other herbage responded in reverse order such that total 
herbage production averaged out about the same for all rates. 
Production at 4 months was less than 400 lb per acre. 

At 7 months after burning, rate of stocking did not have a 
significant effect on production. Pineland threeawn averaged 
about 500 lb per acre, other grasses 200 lb, and total 
herbaceous vegetation 1,000 lb. 

At 19 months, the production of pineland threeawn was 
least in pastures stocked at the high rate and greatest in those 
stocked at the low rate, whereas the production of other 
herbage reversed this trend. Hence, as at 4 months but in an 
opposite direction, the trend of pineland threeawn tended to 
be offset by the trend of the other herbaceous vegetation such 
that total production of herbaceous vegetation did not show a 
significant response to rate of stocking. Total production 
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Table 1. Utilization (%) of selected species and groups of forage 
species 7 and 19 months after burning in response to rate of stocking, 
1964-1968. 

Utilization’ 

7 mos. after burning 19 mos. after burning 

Species or group High Medium Low High Medium Low 

Pineland threeawn 63a 52a 46a 
Miscellaneous grasses’ 71a 59ab 49b 

15a 13a 10a 
51a 31b 7c 

Total grasses 65a 56ab 45b 3oa 
57a 25b 13c 

20ab 14b 
Grasslikes 2ga 
Forbs 61a 47ab 4ob 

13ab 8b 
25a 22ah 7b 

Total herbage 5ga 52a 41a 31a 17a 10a 

‘Within a time period for a particular species or group, means followed 
by the same letter are not significantly different at the 5% level by 
Duncan’s multiple range test. 

2 All grasses other than pineland threeawn. 

varied from 1,350 to 1,500 lb per acre. 
Some herbage is produced year-round, but season of burn- 

ing has a profound effect on herbage growth. When measured 
at 7 months, range burned in the spring contained about twice 
as much growth as range burned in the fall. These results are in 
accord with those from other studies which had shown that 
forage yield is influenced markedly by growing season and 
month in which the range is burned (Lewis, 1964). 

After a recovery period of 19 months, however, season of 
burning had little or no effect on production, with a few 
exceptions. Grasslike species were almost twice as productive 
on range burned in the spring, whereas miscellaneous grasses 
were slightly more productive on range burned in the fall. 

Total production at 7 months averaged 600 lb on range 
burned in the fall and 1,300 lb on range burned in the spring; a 
year later, it averaged 1,400 lb, regardless of season of burn. 
During both years, more than half the herbaceous vegetation 
was composed of pineland threeawn, regardless of whether the 
range was burned in the spring or in the fall. 

When measured in March, 4 months after burning, utiliza- 
tion of pineland threeawn was somewhat higher than planned 
on ranges with medium and low rates of stocking: 51% at the 
low rate, 60% at the medium rate, and 70% at the high rate. 
Utilization of total herbaceous vegetation averaged 46% at the 
low rate, 54% at the medium rate, and 66% at the high rate. 
These trends seemed to indicate that using pineland threeawn 
to adjust stocking rate probably did not reflect true grazing 
pressure. 

Comparable estimates 7 and 19 months after burning did 
not reveal a significant response to rate of stocking. Lack of 
response was attributed to declining palatability of the 
wiregrass-type vegetation was time after burning. 

For several species and groups, however, utilization at 7 and 
19 months did vary by rate of stocking (Table 1). The most 
sensitive of these appeared to be grasslike species on first-year 
rough (7 months’ growth) and miscellaneous grasses on rough 
burned the year previously (19 months’ growth). 

Because grasses comprised the bulk of the herbaceous 
vegetation, estimates of their use probably approximated 
actual range use most closely. Approximations of the use levels 
(%) necessary to achieve the three rates of stocking during the 
first and second years after burning were as follows: 

First year 
Second year 

188 

High Medium LOW 

65 55 45 
30 20 10 

Apart from the effect of rate of stocking, utilization of 
pineland threeawn 7 months after burning averaged 67% on 
halves of ranges burned in October and only 40% on halves 
burned in April. Utilization (%) of species and groups with a 
similar trend during the first year was as follows: 

Fall burn Spring burn 

Pineland threeawn 67 40 
Total grasses 62 48 
Total herbs 57 45 
Saw-palmetto 39 0 
Other shrubs 42 3 

Samples collected 19 months after burning indicated that 
use of pineland threeawn had dropped sharply on ranges 
burned in both spring and fall and averaged only 13%. All 
other sampled species and groups responded similarly. 

Composition of Vegetation 

Percentages of the total herbage provided by pineland 
threeawn 4, 7, and 19 months after burning on ranges stocked 
at the various rates were as follows: 

Stocking rates 
Months after burning Years sampled High Medium Low 

4 1957-60 46a 45a 42b 
7 1964-68 47a 55a 55a 

19 1964-68 46a 53a 62b 

(Within each time period after burning, means followed by the 
same letter are not significantly different at the 5% level by 
Duncan’s multiple range test.) The large increase between 4 
and 19 months on pastures stocked at the low rate was 
apparently due to little or no use of pineland threeawn and to 
the continuing growth habit of this species. In a 2-year burning 
cycle, grazing of pineland threeawn is limited almost entirely 
to early spring of the first year-growth becomes wiry and 
unpalatable by May or June (Leithead et al., 1971). Con- 
versely, the advantage that other species had on freshly burned 
pastures stocked at the low rate diminished rapidly with time 
from burning. 

An inspection of annual rainfall records’ during the 
period of study indicated that pineland threeawn responded 
adversely to heavy precipitation. Throughout its distribution, 
this grass is known to thrive on deep sands and yet to 
withstand considerable flooding. The highest percentage of 
pineland threeawn (60) occurred with the least rainfall (33 
inches), and the least percentage (47) occurred with the most 
rainfall (70 inches). 

The best time to assess composition was soon after burning, 
insofar as variability between samples was concerned. In 
harvests 4 months after burning, the coefficient of variation 
was much less than in subsequent harvests: 4 months, 3.2%; 7 
months, 30.8%; and 19 months, 20.4%. 

On condition and trend transects, percentage of cover 
provided by herbaceous vegetation in range stocked at the low 
rate increased from 25 to 35 over a 5-year period (Table 2). 
Pineland threeawn meanwhile decreased from 11 to 8% cover, 
and other grasses-among them bluestems and panicums- 
increased from 10 to 18%. Grasslikes also underwent a 
significant increase. 

Cover remained mostly unchanged (near 25%) on the range 
stocked at the high rate. The static (statistically unchanged) 

‘Environmental Data Service, U.S. Department of Commerce, Fort 
Myers, Florida, Weather Station. 
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Table 2. Trend in ground cover (%) an range stocked at the high and 
tow rates.’ 

GiO”“d COYer 

High rate Law rate 

hem 1956 1962 1956 1961 

Herbaceaus Yegetatio” 25 27 26 35 
Bare soil 65 53 43 30 
Litter 9 18 26 28 
Saw~pabnetto rhizomes 1 2 5 7 

Total 100 100 100 100 
1Upla”d 2.year rough Of pine-palmetto inventoried in *“gut an* 
September. *wage Of 27 franSeCtS in range unit 1 (high rate) and 
36 tra”SeCtS in range unit 8 (low rate). 

condition mnre or less characterized all herbaceous compo- 
nents. These results, together with those obtained in the 
production-utilization surveys, indicate that the range was not 
damaged by frequent burning and heavy grazing. Low palata- 
bility provides a natural rest from grazing between burns, and 
this rest obviously enables wiregrass-type range to maintain 
vigor under continuous year-round use. 

This response is contrary to the responses reported by Halls 
et al. (1956) for wiregrass ranges in south Georgia with light 
(30%), moderate (44%) and heavy (65%) utilization of 
herbage. There, pineland threeawn showed its greatest decline 
on ranges moderately to heavily grazed and a slight increase on 
lightly grazed ranges. These findings, however, were influenced 
by a tree overstory which was mostly absent in the present 
study and by major differences in site quality. 

Shrubby vegetation increased with time on range stocked at 
both the light and heavy rates: 31% at the high rate and 13% 
at the low rate. Saw-palmetto increased by 42% on range 
stocked at the high rate and by 15% on range stocked at the 
low rate. 

As a group, the shrubs, though not generally palatable to 
livestock, included several species that are important to 
wildlife, especially deer (Harlow, 1961) and quail (Laessle and 
Frye, 1956). Important species were mainly dwarf waxmyrtle 
(Myrica pusilZa Raf.), ground blueberry (Vaccinium myrsinires 
Lam.), gallberry (Ilex &bra (L.) A. Gray), and saw-palmetto. 
Fruits of saw-palmetto are relished by deer and turkey 
(Schemnitz, 1956). 

Composition of the vegetation grazed at the high rate 
(Table 3) generally reflected the static condition recorded for 
herbaceous ccwer (Table 2). This similarity was expected 
because the history of the experimental area is known to be 
one of frequent burning and heavy use by livestock. Pineland 

Table 3. Composition (%) of herbaceous vegetation in 1956 and 1962 
on range stocked at the high Iate and in 1956 and 1961 on range 
stocked at the low rate. 

Species or group 

Pineland threeawn 
Bl”eStUIIS 
Panicurns 
Other grasses 
Grasslikes 
FcubS 

Composition 
High late Low Iate 

1956 1962 1956 1961 

38 31 37 22 
3 3 3 8 

18 15 23 29 
10 9 19 14 
23 29 13 19 

8 13 5 8 

Total 100 100 100 100 

~“pland 2.year rough of pine-pahnetto inventoried in *“gust an* 
September on 27 transects in range unit I (high rate) and 36 transects 
in range unit 8 (low rate). 

threeawn and the panicums decreased insignificantly on this 
range, and the bluestems were unchanged. 

There were compositional changes, however, in the range 
grazed at the low rate. Both bluestems and panicums in- 
creased, whereas pineland threeawn decreased sharply. Com- 
mon among the bluestems were three species rated as good 
forage by Hilmon (1964): chalky bluestem, yellowsedge 
bluestem, and creeping bluestem. The panicums as a group 
produce high-quality forage, though in limited amounts; they 
also produce some green feed for cattle during the winter and 
comprise an array of species important to wildlife, especially 
quail (Laessle and Frye, 1956). 

Calf Production 

Over a 10.year period, percentage of weaned calves aver- 
aged 48 on range stocked at the high rate, 54 on range stocked 
at the medium rate, and 50 on range stocked at the low rate. 
Differences between rates were not significant. Cows tended to 
calve in alternate years, regardless of stocking. Of the 231 
instances of cows suckling calves, for example, only 14 (or 6%) 
involved calving in two successive years. Conversely, of the 
166 cows that were dry during a breeding season, 149 weaned 
a calf in the succeeding year. 

The overall diet of native forage obviously did not meet 
nutritional requirements for cows suckling calves. Cows calving 
in successive years averaged 20 lb lighter on the second 
weaning date than on the preceding one. The second calves, 
too, were smaller than those of the preceding year, by 50 lb. 

Calf losses were substantial~more than 6% of the known 
conceptions. Losses were greatest among herds in the high rate 
of stocking. Twelve of the total of 16 losses, including 9 of the 
10 calves classified as too weak to suckle, were from herds 
stocked at the high rate. 

Cows weaning calves averaged 48% during the first phase of 
the study and 55% during the second phase. The improvement, 
though meager, probably reflects interim management changes 
such as availability of fresh burns twice a year, increase in level 
of supplemental feeding from 65 to 125 lb, and the l-month- 
earlier date for calf weaning (Fig. 2). 

Throughout the study, weaning weights were significantly 
less on range stocked at the high rate (Table 4). Birth 
weights-either actual or after adjustments for sex~were 
similar and averaged 55 lb. Cows stocked at the high rate 
calved later than the others during the period 1958.1963 but 
not after the management change. Thus, lower weaning 
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Fig. 3. Average daily gain of calves at the three rates of stocking during 
the 4-year period from April, 1958, through August, 1961. 

weights at high stocking were primarily attributable to daily 
gain, which was significantly less than at low stocking. 

Growth of calves at all stocking levels was related to time 
after burning (Fig. 3). Rate of gain decreased from April to 
May as time after burning increased from 16 to 18 months, 
increased sharply in June following the shift of cattle to more 
recently burned range on June 1, and then declined in July 
and August on range grazed 7 to 9 months after burning. On 
wiregrass range burned in winter, it is usual for calves to gain 
most rapidly in the spring, continue to gain at a slightly 
reduced rate through the summer, and then gain less rapidly in 
the fall (Southwell and Hughes, 1965). 

Quality of calves, as well as their size, was undoubtedly 
influenced by the different stocking rates and management 
practices applied during the two phases of the study. Slaughter 
grades increased with each decrease in the stocking rate-from 
high utility to medium standard during the first phase and 
from low standard to high standard during the second phase 
(Table 5). In terms of dollar value per pound of beef, the 
change was not great, averaging less than $2 per 100 lb 
between high and low rates and less than $1 per 100 lb 
between phases of the study. 

The change in management practices also had an apparent 
beneficial effect on value of weaned calves as well as cash 
return per acre. Practices begun in 1964 were followed by an 
increase from $82 to $89 per calf and from $1.76 to $2.12 per 
acre. Even so, the dominant factor influencing income was the 

Sale price per calf increased conversely with rate of 
stocking (Table 6), as did size (Table 4) and slaughter grade 
(Table 5). The increases were considerable, amounting to $17 
per calf during the first phase and $25 per calf during the 
second phase. On a per-acre basis, however, the response was 
reversed; income increased with each increase in rate of 
stocking. Again, the differences between rates were 
considerable-as much as $1 (83%) per acre per year. 

Table 4. Age (days), weaned weight (lb), and daily gain (lb) of calves 
from birth to weaning on range stocked at three rates.’ 

Rate of 
stocking Age 

Study phases 

1958-1963 1965-1969 

Weight Daily gain Age Weight Daily gain 

High 228a 288a 0.96a 204a 29ga 1.21a 
Medium 239b 321b 1.05ab 200a 335ab 1.41b 
Low 231b 341C 1.1+ 207a 368b 1.53b 

Average 235 317 1.05 204 334 1.38 

‘Within a column, means followed by the same letter are not signifi- 
cantly different at the 5% level by Duncan’s multiple range test. 
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Fig. 4. Cumulative weight changes of cows suckling calves at the three 
rates of stocking during the 4-year period from March, 1958, to 
September, 1961. 

tendency of all cows to calve in alternate years. 
Substantially increased beef production was provided by 

cattle on range supplemented with improved pasture. South 
Florida is well suited to the production of improved pasture, 
and this is one of the most economical methods of furnishing 
most of the nutrients needed by beef cows (Chapman and 
Kirk, 1968). As an example, the following tabulation com- 
pares beef production on ranges grazed at the high rate of 
stocking and on comparably grazed range supplemented with 
limited pasture: 

With pasture Without pasture 

Cow crop (1965-69) (%) 71 
Weaned weight of calves (lb) 360 3;: 
Sale price per pound (cents) 27 26 
Value of beef per cow (dollars) 69 41 

Condition of COWS 

This downward trend in weight as the seasons progressed 

Weight of cows suckling calves followed a definite pattern 
with respect to rate of stocking in the 4 years, 1958-1961, 

paralleled the elapsed time after burning: from the 16th 

when weights were taken at monthly intervals (Fig. 4). 
Throughout the spring and summer, lactating cows stocked at 

through the 18th month during the spring and from the 7th 

the low rate were heavier than those stocked at the medium 
rate, and those stocked at the medium rate were heavier than 

through the 9th month during the summer. The older rough 

those stocked at the high rate. Weight differences averaged 
about 10 lb between cows stocked at the low and medium 

undoubtedly had an adverse affect on condition of cattle. 

rates and 45 lb between cows stocked at the medium and high 
rates. Although there was a downward trend in weights of all 
cows from March through August, losses were greater before 
July than afterward. 

Table 5. Slaughter grade and sale price (dollars/cwt) on weaning date 
of calves on range stocked at three rates.’ 

Study phases 

Rate of 
stocking 

1958-1963 1965-1969 

Grade Sale price’ Grade Sale price’ 

High High utilitya 25.30a Low standarda 25.7@ 
Medium Low standardab 26.00b Medium standarda 26.1 Oa 
Low Medium standardb 26.5 0’ High standardb 27.65b 

‘Within a column, means followed by the same letter are not signifi- 
cantly different at the 5% level by Duncan’s multiple range test. 

‘Based on Florida Weekly Livestock Market Summary, Wauchula 
market, July 31, 1969. 
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In contrast, cows with access to both range and pasture in 
the supplemental study were consistently heavier than cows 
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with access only to range, despite higher percentages of calving 

Fig. 5. Searonoltrend in weightsofcowswifh ealvesond those wirhour 
for the former (Fig. 6). Among cows that calved, those with 

mlves, 1938-1963 (o”erqeofsixherdsfor 5years,. 
range plus limited pasture weighed 80 lb more than their 
counterparts in May and 60 lb mope in August. 

Chemical analyses of forage samples collected during the Conclusion 

course of the study had shown a continuing decline in 
nutritive content with elapsed time after burning (Hilmon and 

Guides to better utilization of wiregrass range were ob- 
tained through observations on effect of rate of stocking. and 

Lewis, 1962). 
Weight losses during the winter averaged more than 100 lb 

for cows that calved (Fig. 5). These losses represent birth 
weight of the calf and other losses incidental to calving. By 
breeding time, cows suckling calves had regained only a small 
proportion of the loss, regardless of the assigned stocking rate. 
During the breeding period, these cows were generally losing 
ox else barely maintaining their weight. 

Dry cows-those that nursed calves the preceding ~ummer~ 
were in very poor condition at the start of the supplemental 
feeding period. They gained during this period and continued 
to gain during the breeding season. 

Almost identical seasonal trends as those noted above 
persisted after revision of the plan of cattle management in 
1964. Weights and weight changes of cows with and without 
calves followed a similar pattern. 

Death losses among cows averaged 2% per year but did not 
appear to be correlated with rate of stocking. The one loss 
from starvation, as well as the two losses of weak cows bogged 
in a pond, however, occurred in pastures stocked at the high 
rate. 

season of bu&g. The most palatable forage species, pa&u- 
larly bluestems and panicums, were favored by reduction in 
rate of stocking. Cattle continued to select these species 
throughout the growing season and leave pineland threeawn to 
mature and complete its growth requirements. Two of the 
bluestems, chalky bluestem and creeping bluestem, are among 
the most valuable native grasses in Florida. They provide 
excellent forage yearlong and are also excellent for winter 
roughage when supplemented with protein. 

Weight changes of cattle emphasize the limited quality of 
the native forage. Even with a reduced rate of stocking such 
that the amount of wiregrass forage per animal is not limiting, 
the native range appaiently needs to be supplemented with 
other forage or feed much of the year if a high level of herd 
productivity is to be obtained. 

In south Florida where vast areas are used for grazing only, 
increasing the calving percentage offers most promise for 
improving the productivity of range herds. Providing about 
half the diet through the grazing of improved pasture in 
combination with wiregrass range offers one method of 
obtaining satisfactory percentages of calving and weaned 
weights. 

Combined use of native and improved forages provides for 
greater flexibility in management of livestock and forage. For 
example, heavy use of pineland threeawn when palatable in 
the spring may be followed by a deferment of all grazing on 
native forages until seeds of the bluestems and other important 
native grasses mature; such a deferment should encourage a 
natural increase of the better grasses. The semitropical 
conditions of Florida favor use of a variety of forages to meet 
year-long herd requirements. 
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Feedlot Animal Waste 
Compared with Cottonseed Meal as a 
Supplement for Pregnant Range Cows 

J. L. HULL, C. A. RAGUSE, J. G. MORRIS, AND R. DELMAS 

Highlight: Three groups of pregnant beef cowsgrazing dry native annual range were al., 1972) could offer a means of ultimate 
either supplemented with pelleted cottonseed meal (0.90 kg/head daily), a pelleted disposal whereby the manure is returned 
mixture of 75% feedlot manure-25% barley (ad lib.), or received no supplementation to the land, and in the process provide to 
for a period of 84 days. Cows were induced to consume the manure pellet on range 
by-accustoming them to the manure-barley pellet in a preliminary period of feeding in 

the grazing animal nutrients deficient in 

a drylot. Individual cow variation in intake of manure supplement was similar to that 
dry annual range forage. The practicality 

found for the cottonseed meal supplement. A marked response occurred to both supple- 
of this approach was investigated. 

-ments *as measured by cow weights at calving and weaning weight of the calf. Cows Preliminary Investigations 
given the manure-barley pellet had a higher body weight than cows given the cotton- 
seed meal supplement, but intake of supplement was much greater for those given the Observations during a preliminary trial 

manure-barley pellet. indicated that cows could be induced to 

The dry matter digestibility of the feedlot manure was 26.1%. consume significant quantities of manure 
if barley and manure were pelleted to- 

The disposal of manure from feedlots 
is a serious problem in animal agriculture 
in the United States (Clawson, 1970). 
Bunch (1972) recently reviewed studies 
which date from 1942 on the use of 

Authors are specialist, associate professor, 
associate professor, and staff research associate, 
Departments of Animal Science and Agronomy 
adadyisRange Science, University of California, 

Manuscript received October 10, 1973. 

gether. For these pellets, the manure was 
manure in cattle rations. Most of the sundried on concrete slabs, ground in a 
work indicates that manure can be fed at hammermill with 0.79 cm screen, mixed 
30-40% of the growing ration without with ground barley, then pelleted in a 

deleterious effects. However, the feeding “California” pellet mill with a 0.95 cm 

of manure to confined cattle as part of a 
pellet die. The dried manure contained 

growing ration, even though economical, 
18.8% crude protein. These preliminary 

does not solve the problem of feedlot 
feeding trials also indicated that when 

manure disposal. The use of manure as a 
manure pellets were placed in a feed 
manger with good quality roughage cattle 

supplement to dry annual range which is refused to eat the manure pellet. How- 
low in protein and high in fiber (Hull et ever, if a poor quality roughage, such as 
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Feedlot Animal Waste 
Compared with Cottonseed Meal as a 
Supplement for Pregnant Range Cows 

J. L. HULL, C. A. RAGUSE, J. G. MORRIS, AND R. DELMAS 

Highlight: Three groups of pregnant beef cowsgrazing dry native annual range were 
either supplemented with pelleted cottonseed meal (0.90 kg/head daily), a pelleted 
mixture of 75% feedlot manure-25% barley (ad lib.), or received no supplementation 
for a period of 84 days. Cows were induced to consume the manure pellet on range 
by+accustoming them to the manure-barley pellet in a preliminary period of feeding in 
a drylot. Individual cow variation in intake of manure supplement was similar to that 
found for the cottonseed meal supplement. A marked response occurred to both supple- 
ments as measured by cow weights at calving and weaning weight of the calf. Cows 
given the manure-barley pellet had a higher body weight than cows given the cotton- 
seed meal supplement, but intake of supplement was much greater for those given the 
manure-barley pellet. 

al., 1972) could offer a means of ultimate 
disposal whereby the manure is returned 
to the land, and in the process provide to 
the grazing animal nutrients deficient in 
dry annual range forage. The practicality 
of this approach was investigated. 

Preliminary Investigations 

The dry matter digestibility of the feedlot manure was 26.1%. 

Observations during a preliminary trial 
indicated that cows could be induced to 
consume significant quantities of manure _. 

The disposal of manure from feedlots 
is a serious problem in animal agriculture 
in the United States (Clawson, 1970). 
Bunch (1972) recently reviewed studies 
which date from 1942 on the use of 
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if barley and manure were pelleted to- 
gether. For these pellets, the manure was 

manure in cattle rations. Most of the sundried on concrete slabs, ground in a 
work indicates that manure can be fed at hammermill with 0.79 cm screen, mixed 
30-40% of the growing ration without with ground barley, then pelleted in a 

deleterious effects. However, the feeding “California” pellet mill with a 0.95 cm 

of manure to confined cattle as part of a pellet die. The dried manure contained 

growing ration, even though economical, 
18.8% crude protein. These preliminary 

does not solve the problem of feedlot 
feeding trials also indicated that when 

manure disposal. The use of manure as a 
manure pellets were placed in a feed 
manger with good quality roughage cattle 

supplement to dry annual range which is refused to eat the manure pellet. How- 
low in protein and high in fiber (Hull et ever, if a poor quality roughage, such as 
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rice straw, or a limited amount of oat hay 
was fed along with a decreasing amount 
of barley in a manure pelleted feed, by 
the end of a 2-3 week period cattle would 
readily accept a mixed pellet of 75% 
manure-25% barley. They would also eat, 
to a limited extent, a 100% manure pellet 
providing some roughage was available. 
Under drylot conditions, 10 heifers which 
followed this adjustment routine had a 
mean consumption of 4.1 kg/day of a 
75% manure-25% barley pellet. The heif- 
ers were limited to 4.0 kg of ground oat 
hay/day and made an average daily body 
weight gain of 0.72 kg. 

Experimental 

A 84-day supplementary feeding trial 
under range conditions was undertaken at 
the University of California Sierra Foot- 
hill Range Field Station, Browns Valley, 
Calif. Twenty-four mature-grade Hereford 
cows, following weaning of their calves 
and pregnancy confirmation, were ran- 
domly allocated into three groups of 
eight cows each. Treatments included 
were: (1) supplementation with solvent 
extracted pelleted cottonseed meal (CSM) 
(4 1% crude protein); (2) supplementation 
with a 75% manure-25% barley pellet 
(16.1% crude protein); and (3) no supple- 
mentation. Manure-barley pellets were 
made as previously described. The ma- 
nure was from cattle given a feedlot 
ration of the following composition: al- 
falfa hay, 32.5%; oat hay, 12.5%; beet 
pulp, 7.0%, rolled barley, 39.0%; cotton- 
seed meal, 2.5%; molasses, 6%; salt, 1%; 
dicalcium phosphate, 0.25% and oyster- 
shell flour, 0.25%. Chromium sesquioxide 
(0.25% CP) was added to both the ma- 
nure and CSM pellets to obtain a measure 
of individual variation in intake of the 
supplements. The method described in 
the preliminary trial was used to accus- 

Table 1. Mean body weight changes of pregnant range cows grazing dry annual range and given 
supplements of cottonseed meal (CSM) and manure-barley pellets. 

Supplement 

Manure- 
Item None CSM barley 

Number of cows 8 8 8 
Length of supplemental period, (days) 84 84 84 
Cows’ body weight (kg) 

At weaning, 7-6-72 439.1 445.4 447.7 
At start of supplementation’ 444.ja 440.1a 440.9a 
At end of supplementation 408.7a 458.6bC 475.8’ 

Gain or loss during supplementation (kg) -36.3a +14.5bc +34.9c 
Supplement consumed (kg/head/day) 0 0.90 7.75 

‘a, b, c: treatments on the same line having the same superscript are not significantly different 
(P < 0.05). 

Table 2. Post-supplemental performance of cows and calves. 

Item None 

Number of cows calving 8 
Birth weight of calves (kg)’ 34.ja 
Cow weight at end of calving (kg) 384.2a 
Percent cows pregnant 100 
Weight of calves at weaning, 5-24-73 1 90.0a 

’ CSM = cottonseed meal. 

Supplement 

CSM’ 

8 
34.0a 

431.8b 
100 
1 97.8ab 

Manure- 
barley 

8 
33.ja 

434.1b 
100 
205.jbC 

2a, b, c: treatments on the same line having the same superscript are not significantly different 
(P < 0.05). 

tom the pregnant beef cows to their previously been cleared of trees and brush, 
respective supplements. They were con- but not reseeded. The two groups of cows 
fined to a drylot and given 3.6 kg oat hay were alternated in the fields every two 
daily and the percent of manure in the weeks after the start of the trial. Two 
pellet gradually increased over a 2-week adjacent fields of 43.7 and 30.4 hectares, 
period until it reached 75%. The cattle cleared of brush and partially cleared of 
were moved to dry range on August 3, trees, were used by the unsupplemented 
1972. The CSM supplement was given to cattle. The unsupplemented cows were 
the cattle three times per week at 0.90 rotated monthly between the two adja- 
kg/head/day while the 75% manure pellet cent fields. The vegetation in all fields 
was fed ad lib. The experimental areas for consisted of indigenous annual grasses 
the two supplemented groups consisted and forbs. 
of two fields, one of 12.1 and the other Every second week samples of forage 
of 16.2 hectares of rangeland that had were taken along a permanent transect. 

E’ 
: 2.5 

t 
New 

= forage Growth 

I-Supplementation -+--Calving-l 

DATE 

Fig. 1. Rainfall and the start of new forage growth, crude protein 
content of the sampled forage indicating National Research Council 
(NRC) recommended level of protein for pregnant beef cows, and 
mean monthly intake of the manure (7.5%)-barley (25%) pellet. 
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Fig. 2. Changes in body weight of cows prior to, during, and following 
supplementation with a manure (75%)-barley (25%) or cottonseed 
meal (CSM) pellet and no supplementation. 
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Fig. 3. The fecal chromic oxide dry matter ratios of eight cows given supplements of either 
cottonseed meal (CSMJ or manure (75%J-barley (25%) pellets at three weigh periods. For each 
period the values for individual cows are presented in the same sequence. 

Four 0.093-m’ quadrats were randomly 
thrown and clipped to a height of 1.0 cm 
above ground. The four forage samples 
were composited for analysis. Samples of 
supplements were taken as fed and com- 
posited monthly for laboratory analysis. 
The cattle were weighed every 28 days 
after an overnight shrink without feed or 
water. Samples of feces were manually 
taken from the rectum of cows at these 
weighings for laboratory analysis. 

A digestion trial using four dry beef 
cows and the chromic oxide techique 
(Lindahl, 1959) was conducted on the 
manure used as a range supplement. The 
cows would not consistently eat the 15% 
manure-25% barley pellet or the 100% 
manure pellet alone, so a limited amount 
of ground oat hay was fed twice daily 
with the manure pellets. After the cows 
became accustomed to this feeding sched- 
ule, they were maintained on a constant 
intake of chopped oat hay and either 75% 
or 100% manure pellets for 1 week prior 
to and during the 5 days of twice daily 
fecal collection. A dry matter digestibility 
of 63% and 83% for the oat hay and 
barley, respectively, was assumed (Gar- 
rett, personal communication). 

The samples of forage were analyzed 
for nitrogen by the methods of the 
A.O.A.C. (1959). Chromium was deter- 
mined by atomic absorption spectropho- 
tometry by the method of Arthur (1970). 
Analysis of variance was used for the 
statistical analysis and the method of least 
significant difference was used to deter- 
mine significance between treatments. 

Results and Discussion 

During most of the supplemental 
period, the samples of the annual range 

forage contained less than the 7.5% crude 
protein, the percentage recommended by 
the National Research Council (1970) for 
the pregnant cow (Fig. 1). This analysis 
of the forage followed very closely that 
found previously for this experimental 
area (Hull et al., 1972). A positive re- 
sponse in body weight was found to both 
supplements during this period (Table 1, 
Fig. 2). Cows in the manure supple- 
mented group had gained 34.9 kg at the 
end of supplementation, whereas the un- 
supplemented cows had lost 36.3 kg. This 
difference in body weight was reduced to 
40.5 kg at calving (Table 2), the supple- 
mented cows losing more body weight 
than the unsupplemented cows in the 
period following the fall rains. The 
manure-supplemented cows consumed 
5.4-8.2 kg/head daily of the pellets, 
which was more than had been antici- 
pated at the start of the experiment. and 
made greater gains than the CSM- 
supplemented cows. The difference in 
response to the two supplements was 
probably largely due to the contribution 
from the barley in the manure pellet, 
which was equivalent to 1.95 kg/head/ 
day. Thus, both more protein and energy 
was supplied to the manure- than the 
CSM-supplemented group. 

Birth weight of the calves was not 
affected by the supplements, but the 
weaning weight of the calves from cows 
given the manure-barley pellet was signifi- 
cantly (P<O.OS) greater than those not 
receiving a supplement. The computed 
digestibility coefficients of the dry matter 
of manure were similar whether they 
were calculated by difference (when fed 

with barley) or fed alone with the basal 
hay ration. The values were therefore 
combined, which gave a mean digestion 
coefficient of dry matter of 26.1% f 0.65 
(S.E.). 

Figure 3 gives a comparison of indi- 
vidual cow fecal chromic oxide: dry 
matter ratios during the three summer 
months they were supplemented. The 
uniformity of the ratios indicates that the 
intake of supplements in respect to range 
was similar for all animals in each group. 

Once the cows became accustomed to 
the manure-barley pellets, they readily 
consumed them; even following the onset 
of new growth when most cattle start to 
refuse supplementation, the cows ate a 
significant amount of the manure pellet 
(Fig. 2). All cows calved normally and 
rebred. There was no apparent beneficial 
or adverse effect of manure supplemen- 
tation on calf birth weight or reproduc- 
tion of the cows. Manure supplementa- 
tion significantly (P<O.O5) increased the 
weaning weight of the calves. Presumably, 
milk production of the supplemented 
cows was greater, as milk production is 
highly correlated with weaning weight of 
the calf (Warwick, 1958). 

The experiment indicates that manure 
in combination with barley may be fed as 
a supplement to pregnant range cows and 
provides an alternative to the use of high 
quality protein supplements such as CSM. 
Using manure as a range supplement 
provides a method for its disposal and the 
recycling of the nutrients contained in 
the manure. 
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Yearlong Grazing of Slash 

Pine Ranges: Effects on 

Herbage and Browse 
H. A. PEARSON AND L. B. WHITAKER 

Highlight: Total herbage yields under immature slash pine were not appreciably 
changed by yearlong cattle grazing which removed 30 to 60% of the annual growth. 
However, moderate (45%) and heavy (60%) grazing reduced pinehill bluestem frequen- 
cy and increased carpetgrass. Individual browse species were not affected by grazing 
intensity, but total cover was reduced with moderate grazing. As tree density increased, 
the total herbage yields decreased. 

In the South cattle generally graze 
in longleaf slash pine-bluestem forests 
all year. Depending upon stocking rates, 
such continual grazing may place consid- 
erable stress on the range and cause 
competition between wildlife and live- 
stock. Although the effects of seasonal 
grazing on bluestem ranges are known 
(Duvall, 1962; Duvall and Linnartz, 
1967), yearlong grazing has not been 
fully explored; and cattlemen have few 
guidelines for determining whether inter- 
mittent or continuous grazing is best for a 
particular range. This paper describes how 
yearlong grazing affects forage produc- 
tion and plant frequency in a forested 
range in central Louisiana. 

Procedures 

Three areas on the Palustris Experi- 
mental Forest in central Louisiana were 
regenerated to slash pines between 196 1 
and 1964 at a rate of 25% each year 
(Pearson et al, 197 1). The original long- 
leaf pine forest had been cut more than 
30 years before this study began, leaving 
relatively open grassland. Slender blue- 
stem (Andropogon tener (Nees) Kunth) 
and pinehill bluestem (A. divergens 
(Hack.) Anderss. ex Hitchc.) were the 
dominant grasses; panicums (Panicums 
spp.), paspalums (Paspalums spp.), and 
miscellaneous bluestems were also promi- 
nent. 

Until 1960 cattle grazed at moderate 
intensities all year long. Since 1960 year- 
long grazing on three units of the range 
has been light, moderate, or heavy with 
utilizations of approximately 30, 45, and 
60%. Supplemental feeding alleviated nu- 
tritional inadequacies of the range, and 
prescribed burning provided rotational 
grazing within each pasture (Duvall and 
Whitaker, 1963 and 1964; Pearson and 

Authors are principal range scientist and 
range technician, Southern Forest Experiment 
Station, U.S. Department of Agriculture, Forest 
Service, Alexandria, Louisiana. 
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Whitaker, 1972). Prescribed burning was 
accomplished in the winter on a 4-year 
rotation during pine regeneration and on 
a 3-year rotation after the trees were age 
5. 

Every year after pine regeneration, five 
0. l-acre permanent exclosures and five 
areas open to grazing were randomly 
located within each grazing unit. At the 
end of the 4-year regeneration period, 
there were 20 pairs of exclosed and open 
areas in each unit. For this study, meas- 
urements were made only in the oldest 
(regenerated 196 1) and youngest (regen- 
erated 1964) stands. Consequently, 10 
paired plots were measured per grazing 
intensity. At the time of measurement, 
the trees were 8 and 11 years of age. 
Cattle had not grazed on the exclosures 
since pine establishment. 

Sixteen temporary quadrats (2.4 ft2 ) 
were systematically located within each 
exclosed and each open area. Trees, herb- 
age, vines, and shrubs were measured 

during October, 197 1. Tree cover was 
computed with a spherical densiometer 
(Pearson and Jameson, 1967), which 
measures the percent crown in a 90” cone 
above the sampling point. Herbage fre- 
quency, botanical composition by weight, 
and production in pounds/acre were esti- 
mated by sight. On one randomly 
selected quadrat in four, production was 
estimated, clipped, ovendried, and 
weighed; these data were used to correct 
for error-of-estimate and green weight 
conversion to a dry weight basis. Herbage 
species included grasses, grasslike plants, 
and forbs; plants were recorded by spe- 
cies, genera, or species group. Frequency 
and percent crown cover of shrubs, vines, 
and hardwoods 5 feet high or less were 
recorded in each subplot. 

T-tests evaluated statistical significance 
of differences between grazed and pro- 
tected plots within each grazing unit. 
Covariance analysis adjusted herbage 
yields by tree canopy cover for compari- 
sons within grazing intensity groups. 

Results and Discussion 
Herbage yield 

Grazing, even at heavy intensities, did 
not affect total herbage production: 
yields averaged between 800 and 1050 
lb/acre on both grazed and ungrazed 
range (Table 1). However, herbage yield 
significantly decreased as the tree canopy 
cover increased. Production under 8-year- 
old trees averaged 1393 lb/acre; under 
1 l-year-old trees it was only 567 lb. This 
relationship can be expressed by the 
following linear equation: 

Y = 3170 - 29.8 C 

where Y is herbage yield in pounds/acre 

Table 1. Botanical composition (%) and weight (lb/acre) of herbage yields under immature slash 
pine with different grazing intensities. 

Grazing intensity 
Measurement 

and 
species 

Light Moderate Heavy 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Composition (%) 
Grasses 

Pinehill bluestem 
Other bluestems 
Switchgrass 
Other panicums 
Paspalums 
Carpetgrass 
Other grass 
Total grasses3 

Grasslike plants 

Forbs 
Legumes 
Composites 
Other forbs 
Total forbs3 

57 
19 

0 
10 

0 
1 
6 

91 

62 
13 

tZ 
11 

; 
90 

19l 
22 

31’ 

8l 

88 

3 

6 
4 

10 

40 
13 

2 
20 

t 
1 

11 
87 

2 

1 1 
5 6 
5 3 

10 10 

17l 
9 
0 

28 

26’ 
7 

88 

2 

45 
7 

1: 
6 

15 
91 

2 

2 
3 
2 

Total herbage hield (lb/acre) 1041 1016 998 998 1035 805 

’ Significantly different at 0.05 level from exclosed portion of the grazing unit. 
* Refers to botanical compositions less than 0.5 percent. 
3Discrepancies between total and individuals are due to rounding. 
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frequency slightly, moderate and heavy 
grazing significantly reduced yields. Even 
with light grazing under &year-old trees, 
pinehill bluestem yields were lower than 
without grazing. Frequency was lowest in 
the area of moderate grazing under 1 l- 
year-old trees; however, initial bluestem 
production was exceptionally low here. 

Carpetgrass (Axonopus affinis Chase) 
became more abundant as grazing in- 
creased. This species produced about 1% 
of the total herbage yield on lightly 
grazed range but over 25% on heavily 
grazed land. Frequency with heavy graz- 
ing was ten times greater than with light 
grazing. 

The effects of grazing on other grasses 
varied. Switchgrass (R virgatum L.) was 
more plentiful on ungrazed plots. Light 
grazing increased the frequency and 
yields of “other bluestems,” especially 
fineleaf (A. subtenuis Nash. and Elliott 
(A. ellio tti Chapm ,) “0 ther panicums” 
were more prevalent and had higher 
yields where grazing was moderate or 
heavy. 

Yields from grasslike plants and forbs 
were relatively constant regardless of 
grazing intensity; however, forb fre- 
quency did vary somewhat. Heavy grazing 
increased occurrence of composites and 
“other forbs” by about 20 percentage 
points. Moderate and heavy stocking re- 
duced the number of legumes slightly. 

Since these results are in general agree- 
ment with those reported by Duvall and 
Linnartz (1967), we must conclude that 
herbages on treeless or timbered range 
respond similarly to yearlong and sea- 
sonal grazing by livestock. 

Browse frequency, cover, and composi- 
tion 

On all grazing units herbaceous plants 
far outnumbered the browse species. 
Shrubs and vines were relatively infre- 
quent, especially in the lightly and 
heavily grazed pastures; those appearing 
most often were waxmyrtle (Myrica 
cerifera L.) and blackberry (Rubus spp.) 
(Table 2). 

Individual browse species were not 
significantly affected by grazing inten- 
sities (Table 3); however, prescribed burn- 
ing probably reduced browse cover to 
levels insufficient for adequate statistical 
analyses. Total browse cover was signifi- 
cantly less in areas of moderate grazing, 
but no differences were found with light 
and heavy grazing intensities. Since 
browse levels were low, these data are 
insufficient for definite recommendations 
regarding grazing effects on shrubs and 
vines. 

Table 2. Percentage frequency of herbage and browse occurrence in 2.4 ft’ grazed and ungrazed 
quadrats. 

Grazing intensity 

Species 

Light Moderate Heavy 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Grasses 
Pinehill bluestem 
Other bluestems 
Switchgrass 
0 ther panicums 
Paspalums 
Carpetgrass 
Other grass 

Grasslike plants 

Forbs 
Legumes 
Composites 
Other forbs 

Shrubs and vines 
Waxmyrtle 
American beautyberry 
Shining sumac 
Yaupon 
Blackberry 
Huckleberry 
Carolina jessamine 
Alabama supplejack 
Oaks 
Other shrubs 
0 ther vines 

93 
58 
0 

75 
0 
3 

49 

28 

86 
54 

1 
81 

1 

52 
55 

88 
6 

19 
43 

69 64 73 
38 63 41 

3 0 1 
74 90 81 

2 13 13 
4 32 3 

31 55 36 

67 56 48 42 

32 

19 

58 51 14 17 37 41 
40 44 67 59 65 46 
72 63 66 63 65 39 

3 28 
0 
0 
0 
9 
2 
3 
4 
9 
3 
0 

29 
2 
6 
3 

25 
3 

17 
4 
8 
5 

8 
0 
0 
0 
9 
0 
0 
2 
4 
0 
2 

5 
0 
3 

0 
0 
3 

0 0 1 

and C is percent tree cover. The coeffi- 
cient of determination was 63.3%. Since 
only 8- and 1 l-year old trees were 
measured in this analysis, tree values 
included from 40 to 95% canopy cover. 
To maintain productivity of herbage, 
trees should be thinned periodically to 
permit sunlight to reach the forest floor. 

pinehill bluestem occurred more fre- 
quently than any other species (Table 2). 

Herbage frequency and composition 

The amount of tree cover, on the 
other hand, slightly altered herbage com- 
position. Herbage beneath 8-year-old 
trees was 90 to 94% grass and 5 to 8% 
forbs; beneath 1 l-year-old trees it was 80 
to 88% grass and 11 to 18% forbs. 
Grasslike plants accounted for 1 to 3% in 
both stands. 

Grazing did not alter percent composi- Although overall herbage composition 
tion of the major herbage groups on the was not changed, grazing intensity did 
range. Grasses as a whole comprised 87 to affect individual species. Pinehill blue- 
91% by weight of the total herbage; 7 to stem, the principal species on the range, 
10% was forbs; and 1 to 3% was grasslike decreased as grazing increased. Although 
plants (Table 1). On all grazing units, light grazing increased pinehill bluestem 

Table 3. Crown cover (%) of shrubs and vines under immature slash pine with different cattle 
grazing intensities. 

Species 

Grazing intensity 

Light Moderate Heavy 

Grazed Ungrazed Grazed Ungrazed Grazed Ungrazed 

Waxmyrtle 0 .81 10.59 9.41 1.07 1.02 
American beautyberry 0 .56 0 .22 0 0 
Shining sumac .ll .80 0 2.16 0 0 
Yaupon 0 0 0 .88 0 0 
Blackberry .08 .15 1.23 4.97 .04 .47 
Huckleberry .15 .24 .09 .66 0 0 
Carolina jessamine 0 0 .49 3.81 0 0 
Alabama supplejack .13 0 .79 .53 .02 .05 
Oak species 1.26 1.37 1.58 2.31 .02 .50 
Other shrubs .06 .Ol .69 2.56 .Ol 0 
Other vines 0 .06 0 .Ol 0 .38 

Total 1.79 4.00 15.46’ 27.52 

1 Significantly different at 0.05 level from exclosed portion of the grazing unit. 

1.16 2.42 
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Although the longleaf slash pine-blue- 
stem ecosystem is not considered the 
best deer habitat, many of the browse 
species found on this range are good deer 
food. These include huckleberry 
(Vacciniurn arboreum Marsh.), oak 
(Quercus spp.), Carolina jessamine (GeIse- 
mium sempervirens (L.) Ait. f.), Ameri- 
can beautyberry (Callicarpa americana 
L.), yaupon (ZZex vomitoria Ait.), and 
blackberry (Halls and Ripley, 1961). 
Alabama supplejack (Berchemia scandens 
(Hill) K. Koch), shining sumac (Rhus 
copallina L.), American beautyberry, and 
waxmyrtle are generally considered good 
bird food (Grelen and Duvall, 1966). 
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Applications 
for Executive Secretary Position 

The Society for Range Management is asking for applica- 
tions for the position of Executive Secretary by June 15,1974. 
Salary and other considerations will be by negotiation. Head- 
quarters is in Denver, Colorado. Applications or inquiries 
should be sent to Peter V. Jackson, III, Box 86, Harrison, 
Montana 59735. 

The following specifies the qualifications for and duties of 
the position. 
Qualifications: 

Trained and experienced in the art and science of the man- 
agement of rangelands. Need not hold a degree in range man- 
agement but must have had training in the sciences basic to 
the field and have worked in both the scientific and manage- 
ment aspects of it sufficiently to understand writings and hold 
discourse with researchers, teachers, and land administrators. 
Must have demonstrated administrative ability through success- 
fully holding an administrative position in the management of 
rangelands for livestock and/or game animals, the direction and 
planning of range research, the management of a producing 
livestock ranch or the administration of a college department. 
Must have demonstrated capacity for dynamic leadership and 
idea generations within an organization, ability to meet and 
deal with the public, other organized scientific societies or 
groups, practicing producers of livestock, and organized wild- 
life groups. 

Must have been a member of the Society for Range Manage- 
ment over an extended period of years and have participated 
in its activities through Section or Society office or committee 
work and have demonstrated his interest in and support of 
the Society and its objectives. Must be willing and have the 
physical capability to anticipate a tenure of ten to twenty 
years in the position. 
Duties: 

Guided only by the Bylaws, policy or specific instructions 
provided by the officers and Board of Directors be responsible 
for the conduct of all activities of the Society for Range 
Management, except those specifically assigned to committees. 

By some personal direction but mostly through the services 
of an administrative assistant, who will work directly under 
his supervision, be responsible for: (1) all financial records of 
the Society, the expenditure of funds, the receipt and deposit 
of money, the management of investments, and the audit of 

records; (2) the keeping of records of membership, dues pay- 
ments, Section affiliation, mailing lists, dues, notices and 
correlation of records with those of the Sections totaling 5,000 
and upward members; (3) service to Society committees for 
instruction, supplies, postage, and other expenses, reports and 
records; (4) service to Sections for membership records, dues 
payments, mailing lists, information on Society activities; 
(5) conducting elections of officers and revision of Bylaws; 
(6) purchase, maintenance and disposal of supplies, equipment, 
and furniture; (7) maintenance of files and preservation of 
material for historical value; (8) negotiation of contracts. 

Serve as managing editor of the JournaZ of Range Manage- 
ment, and as editor of Rangeman’s News and special publica- 
tions. Work in the JournaZ of Range Management will be in co- 
operation with an editor who will be responsible for all 
technical papers and editorials printed in the Journal. 

By personal attendance and participation in meetings of 
selected scientific societies, represent the SRM; present and 
explain its policies and programs and endeavor to coordinate 
such programs with those of similar aim; direct the activities of 
other individual Society members who may be assigned to 
represent it with some outside societies. 

Directly take charge of the information program of the 
Society, and with or through committees or individuals prepare 
public relations material for use in exhibits, at public meetings, 
and for publication. Attend meetings of rancher and conserva- 
tion organizations, prepare talks or papers and present them 
upon invitation. Participation in discussion at such meetings. 
Give leadership to the Sections in their public relations work as 
approved by the Board of Directors. Direct the Society cam- 
paign on membership recruitment, and the development of a 
growing membership roster. 

Through visitation at Section meetings or with Section 
officers help Sections in their programs, stimulate new activi- 
ties, coordinate their work with that of the Society, see that 
Society policy is followed. 

Attend all meetings of the Society and its Board of Direc- 
tors, and prepare an agenda for the latter. In collaboration with 
the current President have general supervision of local arrange- 
ments for the annual convention. Record proceedings of 
Directors’ meetings and of Society business meetings and pre- 
pare minutes of same. 
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Shade-induced Grass-Tetany-Prone 
Chemical Changes in Agropyron 
desertorum and Elymus cinereus 

H. F. MAYLAND AND D. L. GRUNES 

Highlight: Grass tetany, a magnesium (Mg) deficiency in grazing ruminants, often 
occurs simultaneously with periods of reduced solar radiation levels. The objective of 
this study was to determine if reduced radiation levels produce a chemical composition 
in grass indicative of a tetany-prone forage. Two grass species were exposed to three 
radiation levels (8, 25, and 100% of actual) by shading with burlap cloth. The vegeta- 
tively growing forage was harvested at weekly intervals over a J-week period during 
early spring. 

Shaded forage had higher concentrations of Mg than did unshaded forage. However, 
shaded forage compared to forage grown in full sunlight would likely result in 1essMg 
being available to the animal. The hypothesized inverse relationship between radiation 
and the incidence of grass tetany in Idaho, Nevada, and Utah is supported by field 
observations. 

Grass tetany is a sometimes fatal nutri- 
tional disorder in cattle and sheep caused 
by a deficiency of available magnesium 
(Mg) (Grunes, 1973; Grunes et al., 1970; 
Metson et al., 1966; and Molloy, 1971). 
This Mg deficiency may be due to inade- 
quate forage intake and thus reduced Mg 
intake, or to forage factors that reduce 
the availability of dietary Mg. Physiologi- 
cal stresses caused by a change in diet, 
parturition, lactation, increased age, 
transportation, etc. increase the animal’s 
susceptibility to grass tetany. 

Tetany occurs throughout the temper- 
ate regions of the world, predominantly 
while animals are on rapidly growing, 
immature grass pastures. The higher fre- 
quency of tetany on grass pastures com- 
pared to other forage types results in part 
because of lower Mg concentrations in 
grass than in other forages. For example, 
we have found that mean Mg concentra- 
tions in a number of grasses, legumes, and 
forbs native to the big sagebrush- 
bunchgrass range were 0.14, 0.26, and 
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Kimberly, Idaho, and U.S. Plant, Soil and Nutri- 
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0.38% Mg, respectively. 
Not only do grasses normally contain 

lower Mg concentrations than do legumes 
and forbs but, also, a smaller amount of 
the Mg in the grass is available to the 
ruminant. This reduced availability is 
related to forage levels of N, K, K/(Ca +. 
Mg), organic acids, higher fatty acids 
(HFA), and the protein:energy values - 
all of which are higher for tetany-causing 
forage than for other forage (Grunes et 
al., 1970; Mayland and Grunes, 1974; and 
Mayland et al.’ Consequently, any fac- 
tor that increases the animal’s Mg require- 
ment, reduces Mg intake, or reduces 
dietary Mg availability will tend to pro- 
duce a tetany situation. 

Grass tetany occurs in southern Idaho 
and northern Nevada on monocultured 
grass rangelands during midspring. This 
occurrence coincides with the rainy sea- 
son, when incident daily radiation may be 
reduced because of the increased cloud 
cover. For example, 7-day incident radia- 
tion values at Kimberly, Ida., ranged from 
about 50 to nearly 100% of potential 
clear-day values during April and May 
from 1966 to 1972. We therefore ques- 
tioned whether the reduced radiation 
caused changes in forage chemical com- 
position that were related to the inci- 
dence of tetany. 

’ Mayland, H. F., D. L. Grunes, and D. M. 
Stuart. 1974. Chemical composition of Agro- 
pyron desertorum as related to grass tetany. 
Accepted for publication, Agron. J. 66(3). 

Previous research has shown that 
shaded grasses have lower dry matter and 
much higher crude protein (total N) than 
grasses grown in full sunlight (Burton et 
al., 1959; Deinum, 1966; Myhr and 
Saebo, 1969). The ash content of shaded 
forage is increased to levels sometimes 
twice that of unshaded plants because of 
higher concentrations of K, Mg, Ca, and 
P. Cunningham and Nielsen (1965) re- 
ported greater cation concentrations in 
plants grown during cloudy weather than 
in plants grown during sunny weather. 

Low radiation levels limit the energy 
available for synthesizing carbon com- 
pounds in the plant. Consequently, 
NO3 -N accumulates, and concentrations 
of to tal water-soluble carbohydrate 
(TWSC) or other carbohydrate fractions 
in shaded grass may be only half the 
concentration found in unshaded grass 
(Deinum, 1966; Hight et al., 1968; Myhr 
and Saebo, 1969; and Paulsen and Smith, 
1969). 

Shading (22 to 30% of full sunlight) 
significantly reduced dry matter intake as 
well as digestiblity of forage by sheep 
(Deinum et al., 1968; and Hight et al., 
1968). The reduced intake of shaded 
forage was attributed to its lower soluble 
sugar content. 

There is considerable evidence that 
reduced radiation changes the chemical 
composition of forage. Some of these 
changes may be associated with the 
tetany syndrome because of their effects 
on reducing Mg intake and availability to 
ruminants. The objective of this study 
was to determine the effects of reduced 
radiation levels upon the chemical com- 
position of two semiarid grass species, 
and to evaluate such changes in relation 
to the Mg nutrition in animals. 

Field Methods 

Established plots of ‘Nordan’ crested 
wheatgrass (Agropyron desertorum 
(Fisch.) Schult.) and basin wildrye 
(Elymus cinereus Scribn. and Merr.) near 
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Kimberly, Ida., were selected for this 
study. The soil is a course, silty, Dur- 
ixerollic calcorthid known as Portneuf silt 
loam. The soil characteristics follow: 

Organic carbon (%) 1.1 
pH saturated paste 7.7 
Saturation water content (%) 40.0 
Conductivity of saturation extract 

(mmhos) 0.5 
Cation exchange capacity 

(meq/ 100 g) 20.0 
CaC03 equivalent (%) 3.0 

NH40Ac extractable cations (meq/lOO g) 
Na 0.1 
K 1.0 
Mg 5.0 
Ca 15.0 

Water extractable cations - saturation 
extract (meq/liter) 

Na 0.5 
K 0.5 
Mg 1.8 
Ca 3.8 

The shading was imposed by a single 
thickness of burlap cloth 2.5 X 6 m 
supported at a height of 1.5 m in an 
east-to-west orrentation. The shading was 
installed April 1, 1968, and remained 
until May 10, 1968. Midday radiation 
levels measured with an Eppley 180” 
pyranometer at the 0.3-m height indi- 
cated that the shaded plots had 25% 
(R, s ) of clear-day radiation levels 
(R,,e). That is to say that the R,, plots 
had a light transmission of 25% of full 
sunlight. The average radiation values 
(unshaded) were 547 and 638 langleys 
per day for April and May 1968, respec- 
tively (Fig. 1). These values were 106 and 
100% of average values (1966-1972), and 
82 and 81% of the potential clear-day 
values, respectively. (Potential clear-day 
values are calculated radiation values 
which do not consider effects of atmos- 
pheric absorption and reflection of light.) 
The possible changes in spectral charac- 
teristics resulting from the burlap shade 
screens were not evaluated. 

A second shading level was induced by 
a double thickness of burlap cloth. The 
light intensity transmitted by this treat- 
ment, Res , was 8% of full sunlight. Data 
for the R,, treatment were similar to 
those obtained for the R2s and were 
therefore omitted to save space. Re- 
sponses of the various chemical param- 
eters to reduced radiation were generally 
greater for the Res than for the R2 5 
treatment. 

The two shading treatments were 
joined end to end on each of the two 
forage plots. Forage samples were ran- 
domly harvested from the area within the 
plot after allowing for a 2-m border on 
the east and west ends, a 0.2-m border on 
the north, and a 1.3-m border on the 
south side. Forage grown under full sun- 
light, R, e e , was harvested from the area 
adjacent to all sides of the shaded plots, 

AGROPYRON DESERTORUM ELYMUS CINEREUS 
IOOO- 
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Fig. 1. Concentration of K, Mg, and OI in two grass species as affected by shading; and the 5day 
moving means for incoming radiation, air temperature at the I .4-m height, and bare soil tempera- 
ture at the I O-cm depth. (To change meq/kg to percent, multiply K by 0.00391, Mg by 0.00122, 
and 01 by 0.00200.) 

but about 2 m away to avoid any shading 
effect. 

Forage samples were harvested at the 
3- to 5-cm height during midmorning to 
avoid diurnal changes in parameters such 
as carbohydrates. Plant samples were har- 
vested at weekly intervals from different 
areas of the same plots. Data represent 
forage harvested during the vegetative 
growth (preboot) stage. Forage samples 
were freeze-dried immediately after har- 
vest. Water content of the freeze-dried 
material was generally less than one per- 
cent as determined by weight loss over 
P,Os dessicant. Dry matter content of 
fresh samples was determined by weigh- 
ing before and after freeze-drying. Dried 
samples were ground to pass 40-mesh 
sieve and stored in glass bottles at ambi- 
ent temperatures. 

Five-day moving means were calcu- 
lated for accumulative daily radiation and 
for average daily [(min + max)/2 ] soil 
(1 O-cm depth - bare cover) and air 
temperatures obtained from the Kimberly 
Climatological Station adjacent to the 
plots. Air and soil temperatures, 
measured only at sampling time, were 
lower for the shaded than for the un- 
shaded treatments but these differences 
seldom exceeded 2°C. 
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Laboratory Methods 

Plant samples were dry-ashed over- 
night in Pyrex beakers at 500°C, and 
subsequently treated to assure the loss of 
carbonates and nitrates and to dehydrate 
the silica, which was removed by filtra- 
tion through Whatman No. 42 (T. 
Greweling, The Chemical Analysis of 
Plant Tissue, Cornell University Agron. 
Mimeo. 6622). The filtrate was analyzed 
for Na, K, Mg, and Ca by atomic absorp- 
tion. Aliquots reserved for Mg and Ca 
analysis contained 1500 ppm Sr to mini- 
mize Al and P interference with Ca. 

Total P was determined by the color- 
imetric molybdenum-blue method (Chap- 
man and Pratt, 196 I), modified by substi- 
tuting 1-amino-2-napthol-4-sulfonic acid 
for SnCl, as reducing agent. Chloride was 
determined by potentiometric titration 
with AgN03. Nitrate-N was determined 
by the phenoldisulfonic acid method. 
Sulfate-S was extracted from 0.5 g plant 
samples by shaking for 25 minutes with 
50 ml 0.35 N acetic acid plus 0.5 g 
carbon black (Elf 1, channel black), 
filtered, and then S04-S determined by 
the BaSO, turbidimetric technique 
(Stewart and Porter, 1969). 

Ash and ash alkalinity (Van Tuil et al., 



1964) values were obtained after ignition 
at 550°C for 2 hours after reaching 
temperature. Higher fatty acids (HFA) 
were determined by titration following 
saponification and separation into a petro- 
leum ether phase (lmmink et al., 1965). 
Cations minus anions (C - A) were calcu- 
lated on a millie uivalent basis as (Na+ + 
K+ + Mg++ + Ca?+) minus (Cl- t total P 
as H,PO, + NO; t SO,). The ratio 
K/(Ca + Mg) was calculated on a 
milliequivalent/kg basis. 

Total aconitic acid was determined by 
polarography (Patterson et al., 1972). 
Total water-soluble carbohydrates 
(TWSC) were determined as reducing 
sugars (Metson et al., 1966). Total N 
(including NO,) was determined by the 
Kjeldahl method. 

Forage dry matter concentration was 
calculated as dry weight divided by fresh 
weight X 100. Chemical data are given on 
a dry matter basis. The paired f-test 
(Snedecor and Cox, 1967) was used to 
test various treatments for significant 
differences. 

Results and Discussion 

Shaded grass forage contained signifi- 
cantly higher concentrations of K, Mg, 
and Ca (Table 1) than did unshaded 
forage. Relative increases in Mg and Ca on 
a meq/kg basis (Fig. 1) were greater than 
those of K, resulting in lower K/(Ca + 
Mg) values in the shaded compared to the 
unshaded forage (Table 1). The increased 
Mg concentration and the reduced K/(Ca 
+ Mg) values resulting from reduced 
radiation levels could be beneficial in 
reducing the incidence of tetany. How- 
ever, the mean K/(Ca + Mg) value of 2.4 
for basin wildrye is still greater than the 
commonly accepted threshold value of 
2.2, above which the incidence of tetany 
rapidly increases (Grunes et al., 1970). 

For the unshaded plants, concentra- 
tions of K and Ca in both plant species 
decreased with increased physiological 
age (Fig. 1). Concentrations of Mg de- 
creased only in the older crested wheat- 
grass forage. For the shaded plants, with 
the exception of Mg concentrations for 
basin wildrye, mineral concentrations in- 
creased until the third or fourth harvest, 
then declined noticeably. The decline is 
attributed to a dilution effect brought 
about by increased concentrations of 
synthesized carbon material in the forage. 

The forage Cl and SO,-S concentra- 
tions were greatly increased by shading 
(Table 1). Shading resulted in a 5-fold 
increase in NO,-N concentration com- 
pared to unshaded, but the increase was 
significant only for basin wildrye. The P 
level was reduced by the shading treat- 
ment, but this reduction was significant 
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only for basin wildrye. 
Total forage N was increased and 

TWSC decreased by shading (Table 1) so 
that the N/TWSC ratios averaged 75% 
greater in both species when shaded. This 
protein:energy imbalance in grazed forage 
might conceivably reduce the availability 
of forage Mg to the ruminant (Grunes et 
al., 1970; and Mayland et al.‘). 

Total cations (C = Na+ t K+ + Mg+’ t 
Cat+) were increased about 28% in the 
shaded forage, and anions (A = Cl- t 
total P as H,PO, t NO; + SO,) were 
increased about 45% when compared to 
unshaded forage (Table 1). However, be- 
cause of the relative magnitudes of C and 
A, the cation minus anion (C - A) values 
were increased 21% for crested wheat- 
grass and 9% for basin wildrye by the 
shading treatment. These values are com- 
pared to 29 and 13% increases in ash 
alkalinity of the two species, respectively. 
Ash alkalinity is theoretically equivalent 
to C - A, but we have generally found ash 
alkalinity values to be greater than those 
of C - A (Mayland et al.‘). The increases 
in C - A theoretically are accompanied 
by stoichiometric increases in organic 
acids so as to maintain electrical neutral- 
ity in the plant. From the changes in C - 
A and ash alkalinity, we conclude that 
total organic acid concentrations were 
increased by the reduction in radiation 
levels. The possible detrimental effect of 
high organic acid levels on reducing Mg 
availability to ruminants has been pointed 
out by Prior et al., 1973. 

Total aconitic acid was also increased 

by the shading treatment (Table 1). This 
acid accounted for one-half of the total 
organic acid concentration (as inferred 
from C - A or ash alkalinity) in crested 
wheatgrass and for three-fourths of the 
total concentration in basin wildrye. 
These proportions were similar in both 
the shaded and unshaded forage. 

Organic acids, especially aconitic acid, 
may be important in chelating Mg and 
reducing its availability to the animals, 
especially in marginal Mg situations 
(Grunes, 1973; and Grunes et al., 1970). 
Therefore an increase in organic acid 
content could be important in causing a 
Mg deficiency in ruminants and grass 
tetany, especially if available Mg is bor- 
derline. 

Higher fatty acids, e.g., palmitic and 
linolenic acids, were significantly in- 
creased by shading. The higher fatty acids 
are capable of forming water-insoluble 
soaps with Mg and Ca, thus reducing the 
availability of Mg and Ca to the animal 
(Immink et al., 1965). 

Shaded forage tended to have a lower 
dry matter content than did unshaded 
forage (Table l), and this may relate to 
Mg nutrition in two ways. First, as dry 
matter content decreases, a greater intake 
of feed is necessary to meet the dry 
matter (including Mg) requirements of 
the animal. Second, as the forage dry 
matter content decreases, the feed be- 
comes “slushy” and the consumed forage 
is retained in the digestive system for 
shorter periods. This shorter retention 
time of the ingesta results in less oppor- 

Table 1. Effects of shading on mean chemical composition of Agropyron desertorum and Elymus 
cinereus during spring growth, 1968. Data are means of 5 weekly harvests.’ 

Component 
Na (%) 
K (%) 
Mg (%) 
Ca (%) 
p (70) 
Cl (%I 
NO,-N @pm) 
SO,-S (ppm) 

K/(Ca + Mg) (meq basis) 
TWSC (%) 
Total N (%) 
N:TWSC 

Sum cations (C) (meq/kg) 
Sum anions (A) (meqlkg) 
C - A (meq/kg) 
Ash alkalinity (meq/kg) 
Aconitic acid (meq/kg) 
Higher fatty acids (meq/kg) 
Dry matter (o/o) 
Height (cm) 

Agropyron desertorum Elymus cinereus 

R 100 R 25 

0.05 0.06 
1.9 2.3* 
0.12 0.15* 
0.42 0.62* 
0.22 0.20 
0.57 0.81* 

200 630 
450 850* 

0.05 0.06 
3.0 3.5* 
0.11 0.18** 
0.29 0.46** 
0.27 0.21* 
1.06 1.40** 

370 1870* 
560 940* 

1.6 1.4** 
20.0 15.0 

4.0 5.1** 
0.21 0.36* 

3.3 2.4** 
15.0 11.0 

3.9 5.1** 
0.29 0.53* 

820 1050** 1020 
270 390* 450 
550 660* 570 
550 720** 590 
270 320 420 

96 130* 
34.5 33.1 
28 15** 

95 110* 
29.5 23.7** 
21 18* 

R 100 R 25 

1290** 
650* 
640* 
660* 
490** 

‘RIO0 and R,, are full sunlight and 25% full sunlight, respectively. Paired t-test at P 0.05 (*) and 
PO.01 (**) compares effect of shade to that of full sunlight. 
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tunity for Mg absorption (Molloy, 1971). 
Changes in the Mg and K/(Ca + Mg) 

values of forage grown under reduced 
radiation levels, compared to full sun- 
light, should favor a reduction in tetany 
cases. However, changes in other factors 
such as K, N, TWSC, organic acids, higher 
fatty acids, and dry matter content would 
likely result in reduced intake of dry 
matter and Mg or in reduced availability 
of Mg to the ruminant. 

Reduced solar radiation may be a 
factor in the etiology of grass tetany. The 
incidence of grass tetany in Idaho, Ne- 
vada, and Utah appears to be greater if 
radiation levels are low in April. For 
example, daily radiation values during 
April averaged 437,547, and 5 5 1 langleys 
per day during 1967, 1968, and 1969, 
respectively. The incidence of grass tetany 
for those respective years was severe, light, 
and near zero in the three-state area. 

The reduced radiation in the three- 
state area coincides with the spring rainy 
period. Thus, more clouds result in less 
total radiation, but also in a greater oppor- 
tunity for rain. In fact, for the 1967 to 
1971 period, the correlation of April pre- 
cipitation with average monthly radiation 
was r = -0.97. Therefore, while there is a 
good relationship between shading or re- 
duced radiation and the incidence of tet- 
any, it might also be argued that the caus- 
ative factor is improved plant growth 
resulting from improved moisture condi- 
tions and not the reduced radiation per se. 
Final proof must await carefully con- 
ducted growth chamber experiments 
where radiation levels are varied for given 
levels of soil moisture and temperature. 
For the present, it appears that reducing 
the radiation on either of the semiarid 
grass species used in this study results in a 
change in chemical composition. The net 
effect of reduced radiation levels would 
probably be a reduction in Mg availability 
to the grazing animal. 
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Viewpoint 

Zootic Climax 
A. A. Beetle has misinterpreted many 

Df our findings and our use of the term 
zootic climax in his paper, “The zootic 
disclimax concept”, (J. Range Manage. 
27:30-32). He has also quoted us out of 
context and failed to distinguish working 
hypotheses, subject to testing and rejec- 
tion, from established conclusion. This 
has occurred to such an extent that we 
can only refer interested readers of the 
Journal to the original papers, copies of 
which are available from the Biologists’ 
Office, National Park Service, Box 168, 
Yellowstone National Park, Wyoming 
82190. It is true that we, and others, have 
challenged some “traditional” interpreta- 
tions of conditions on ungulate ranges in 
northwestern Wyoming, and some of the 
supporting evidence for the recent inter- 
pretations wi.II be found in our papers 
cited by Beetle and in the following 
papers: 
Gruell, G. E. 1973. An ecological evaluation of 

Big Game Ridge. U. S. Dep. Agr., Forest 
Serv., Intermountain Region. 62 p. 

Cole, G. F. 1969. Elk of Grand Teton and 
Southern Yellowstone National Parks. Yel- 
lowstone National Park. 192 p., mimeo. 

Loope, L. L., and G. E. Gruell. 1973. The 
ecological role of fire in the Jackson Hole 
area, northwestern Wyoming. Quarternary 
Res., 3(3):425443. 

Houston, D. B. 1973. Wildfires in northern 
Y ellowstone National Park. Ecology. 
54:1111-1117. 

Meagher, Mary. 1973. Bison of Yellowstone 
National Park: Past and present. Nat. Park 
Serv., Sci. Monogr. Series, No. 1, 162 p. U. 
S. Govt. Printing Office. 

Additional reports on these subjects are 
in preparation.-Douglas B. Houston, re- 
search biologist, and Glen F. Cole, super- 
vising biologist, National Park Service, 
U.S. Dep. of the Interior, Yellowstone 
National Park, Wyoming. 
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tunity for Mg absorption (Molloy, 1971). 
Changes in the Mg and K/(Ca + Mg) 

values of forage grown under reduced 
radiation levels, compared to full sun- 
light, should favor a reduction in tetany 
cases. However, changes in other factors 
such as K, N, TWSC, organic acids, higher 
fatty acids, and dry matter content would 
likely result in reduced intake of dry 
matter and Mg or in reduced availability 
of Mg to the ruminant. 

Reduced solar radiation may be a 
factor in the etiology of grass tetany. The 
incidence of grass tetany in Idaho, Ne- 
vada, and Utah appears to be greater if 
radiation levels are low in April. For 
example, daily radiation values during 
April averaged 437,547, and 551 langleys 
per day during 1967, 1968, and 1969, 
respectively. The incidence of grass tetany 
for those respective years was severe, light, 
and near zero in the three-state area. 

The reduced radiation in the three- 
state area coincides with the spring rainy 
period. Thus, more clouds result in less 
total radiation, but also in a greater oppor- 
tunity for rain. In fact, for the 1967 to 
197 1 period, the correlation of April pre- 
cipitation with average monthly radiation 
was r = -0.97. Therefore, while there is a 
good relationship between shading or re- 
duced radiation and the incidence of tet- 
any, it might also be argued that the caus- 
ative factor is improved plant growth 
resulting from improved moisture condi- 
tions and not the reduced radiation per se. 
Final proof must await carefully con- 
ducted growth chamber experiments 
where radiation levels are varied for given 
levels of soil moisture and temperature. 
For the present, it appears that reducing 
the radiation on either of the semiarid 
grass species used in this study results in a 
change in chemical composition. The net 
effect of reduced radiation levels would 
probably be a reduction in Mg availability 
to the grazing animal. 
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A Physiological Study 

of Developing Pods and 

Leaves of Honey Mesquite 

R. T. WILSON, D. R. KRIEG, AND B. E. DAHL 

Highlight: Photosynthetic and respiratory rates of developing pods and fully 
expanded leaves of mesquite were assayed during 1972 to determine whether current 
photosynthesis was sufficient to supply the demands of the developing pods or 
whether reserve carbohydrates from the roots were required. Net photosynthetic rates 
of developing pods were very low when expressed as a function of dry weight, whereas 
the rates of CO, evolution were high, suggesting a very active metabolic rate. Leaf 
photosynthetic rates were comparable to reported rates for other tree species. From 
the data collected, it was concluded that current photosynthate could not supply the 
amount of organic matter needed for pod development on trees possessing heavy 
fruiting loads, and reserve carbohydrates would be needed during the period of 
maximum rate of dry matter accumulation by the pods. 

Mesquite trees in various phenological 
conditions respond erratically to foliar- 
applied herbicides such as the phenoxy 
acids (Tschirley and Hull, 1958; Fisher, 
Meadors and Behrens, 1956). These par- 
ticular herbicides are known to be trans- 
located in the assimilate stream of the 
phloem (Baidiei, Basler and Santelmann, 
1966; Leonard and Crafts, 1956). There- 
fore, the photosynthate must be actively 
moving downward in order for sufficient 
herbicide to reach the root meristem to 
result in total plant death (Fisher et al., 
1956; Dahl et al., 1971). 

Recent studies by Wilson (R. T. 
Wilson, unpublished MS thesis, 1972) 
suggested that mesquite trees possessing 
many elongating or maturing pods had a 
lower concentration of total available 
carbohydrates in the roots than did trees 
with relatively few or no pods. Whether 
the root carbohydrates were translocated 
upward for pod production or whether 
the decrease in concentration was due to 
some other factor, was not determined. 
Previous work, however, indicates that 
tree species depend on stored carbo- 
hydrates to varying degrees for fruit 

The authors are former research assistant, 
Range and Wildlife Management Department; 
assistant professor, Agronomy Department; and 
associate professor, Range and Wildlife Man- 
agement Department, respectively, Texas Tech 
University, Lubbock. 

College of Agricultural Sciences Publication 
Number T-9-123. Texas Tech University. 
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production. Kramer and Kowzlowski 
(1960) stated that during the production 
of a heavy fruit crop most current photo- 
synthate plus some reserve carbohydrates 
were used in fruit production. 

The primary objective of this study 
was to determine whether current photo- 
synthate was sufficient to supply the 
demands of developing pods or whether 
reserve carbohydrates were needed for 
pod development. This would allow an 
estimate of the direction of carbohydrate 
movement during certain stages of devel- 
opment and possibly offer an explanation 
for the erratic results often obtained with 
foliar-applied herbicides. 

Materials and Methods 
Developing pods and leaves were col- 

lected from four mesquite trees (Prosopis 
glandulosa var. glandulosa) between May 
22 and July 8, 1972. The first sampling, 
on May 22, was 1 week after miniature 
pods were first noticed. At the start of 
the sampling period, 20 to 25 pods were 
sampled per tree. As the pods aged, only 
10 to 15 pods were sampled per tree. Pod 
length, surface area, and fresh and dry 
weight determinations were made as a 
measure of pod growth. Detached leaf 
and pod samples were assayed for CO, 
exchange properties in a closed system 
using an infrared CO, analyzer. The 
samples were arranged in a water-jacketed 
acrylic chamber in a manner approximat- 
ing the natural position on a tree. The 
peduncles of the pods and petioles of the 
leaves were submersed in water to reduce 

the rate of dehydration during analyses. 
Light was provided by an iodine vapor 
lamp producing 0.7 cal cms2 mind1 of 
photosynthetically active light (400-700 
nm) at sample height. The temperature 
was maintained at 30+ l°C during the 
light and 25+ l°C during the dark. Net 
photosynthetic rates were calculated 
from the time required to reduce the CO2 
concentration within the system. Dark 
respiration rates were calculated from the 
time required to replenish the CO, con- 
centration within the system. 

Results and Discussion 

Miniature pods are usually first 
noticed about the time the leaves are full 
size and leaf color has changed from light 
to dark green. In the study area, the tiny 
pods were first observed on May 15, 
1972, 1 week prior to the first sampling 
date. Pod development proceeded very 
rapidly, as indicated by the length and 
weight measurements (Table 1). Within 2 
weeks of appearance, pods reached a 
maximum length of greater than 16 cm. 
The dry matter accumulation was also 
very rapid, with the greatest rate of 
accumulation occurring between the first 
and second week. Six weeks after appear- 
ance, the pods had essentially attained 
physiological maturity, as indicated by 
dry matter accumulation. Pod develop- 
ment was observed to occur in the follow- 
ing manner: 

a) at 2 weeks of age, small indenta- 
tions and small seeds were observed; 

b) at 3 weeks of age, indentations 
were more pronounced and seeds 
appeared as small bumps; 

c) at 5 weeks of age, seeds were 
clearly visible ; 

d) at 6 weeks of age, pods were 
turning a pale green and some purple 
color began to show, (probably indi- 
cative of physiological maturity); and 

e) at 7 weeks of age, pods were 
purple-colored and evidently mature. 

It was apparent that the growth of the 
pods was very rapid, and possibly current 
photosynthate was not adequate to fill 
the developing pods. This means that 
carbohydrate reserves had to be trans- 
located from stored reserves to supply the 
demand of the pods. 

Since pods are green, they may signifi- 
cantly contribute to their own develop- 
ment through photosynthesis. In order to 
test this hypothesis, net photosynthetic 
rates (mg CO,/g DW-hr) were deter- 
mined. The data are expressed as a 
function of dry weight rather than sur- 
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Table 1. Growth and CO, exchange of developing podsof honey mesquite. 

Weeks after miniature Dads were first noticed 

Growth response of pods 1 2 3 4 5 6 7 

Dry weight of pods 
(g DW/pod) 

Length of pods 
(cm) 

Surface area 
(dm’ /g DW) 

Net photosynthesis* 
(mg CO, /g DW-hr) 

Dark respiration 
(mg CO, /g DW-hr) 

0.11 0.63 0.88 - 1.16 1.18 1.38 

10.70 16.20 16.40 - - - - 

0.28 0.13 0.10 - 0.08 0.07 0.06 

0.09 0.03 0.03 - 0.06 0.04 0.02 

4.58 2.09 1.46 - 0.66 0.68 0.54 

*Number of samples/mean ranged from two for week seven to seven for week five. All other weeks 
either four or five samples were analyzed/mean. 

face area, because as seed size increased 
the surface area also increased due to 
undulation, but we could not measure 
this increase. The results obtained (Table 
1) suggest that immature, green pods had 
a very low net photosynthetic rate. The 
apparent reason for the low rate of net 
photosynthesis was the extremely high 
rate of respiration. The CO, compensa- 
tion points ranged from 245 to 440 ppm 
01 l/l) suggesting that under natural con- 
ditions (320 ppm COz) there was limited 
net photosynthesis within the pods. No 
attempt was made to determine the pres- 
ence or extent of photorespiration within 
the pod material. By chance, it was noted 
that pod samples assayed for photosyn- 
thetic activity in the afternnoon ex- 
hibited a greater net photosynthetic rate 
than those analyzed in the morning. In 
order to determine whether the time of 
day effect was real, pods from the same 
tree at approximately the same stage of 
development were analyzed over a 3-week 
period from June 8 to June 27, 1972. 
The net photosynthetic rate of the pods 
was 2 to 4 times greater in the afternoon 
than in the morning (Table 2). The 
difference can be attributed to a reduc- 
tion in the respiration rate of the pods in 
the afternoon, which increases net fixa- 
tion of CO,. Water relations evidently 
were not improved, because estimates of 
water concentration (fresh weight/dry 
weight) were lower in afternoon than in 
the morning. No reason for the reduction 
in the afternoon respiration rate is appar- 

ent at present. From the results obtained, 
it is apparent that less than 1 hour of 
respiration in the dark would deplete the 
net amount of photosynthate produced 
during the entire light period of a typical 
day. Therefore, organic material for pod 
development must be imported, either 
from the leaves or from reserve carbo- 
hydrates. 

Leaf photosynthetic rates were deter- 
mined to ascertain their potential con- 
tribution to pod development. The rates 
of photosynthesis and respiration (Table 
3) obtained for mesquite leaves in this 
study compare favorably to those re- 
ported for other tree species (Zelitch, 
1972). A quick calculation would indi- 
cate that for the 8-day period beginning 
May 22, 1972, leaf and pod photo- 
synthesis could not supply all growth 
demands of the pods. Net CO, fixed by 
leaves and pods for a 14-hour light period 
on May 23, 1972, was calculated to be 56 
mg dmm2. For a lo-hour dark period, the 
same material would have evolved 165 mg 
dmm2 of CO2 due to respiration. There- 
fore, a total leaf area three times the total 
pod area would have been required just to 
supply material for respiration, not in- 
cluding growth. However, during the 
same 8-day period, the pods increased in 
dry weight about six-fold, from 0.11 
g/pod to 0.63 g/pod. 

It is apparent that trees possessing 
heavy fruiting loads are not capable of 
manufacturing sufficient photosynthate 
during the period of rapid pod develop- 

Table 2. A comparison of the morning and afternoon photosynthetic and respiratory rates of 
honey mesquite pods.* 

Time of day and measurement June 8 June 9 June 20 June 24 June 27 Mean 

Net photosynthesis (mg CO, /g DW-hr) 
Morning rate 0.00 0.02 0.05 0.03 0.02 0.02 
Afternoon rate 0.06 0.07 0.08 0.07 0.06 0.07 

Dark respiration (mg CO, /g DW-hr) 
Morning rate 1.72 1.24 0.99 0.62 0.67 1.04 
Afternoon rate 1.49 1.38 0.62 0.60 0.5 7 0.93 

*Only dates during study when comparison of morning and afternoon rates were made. 

Table 3. Apparent photosynthetic and respira- 
tion rates of honey mesquite leaves sampled 
for 2 weeks after the appearance of miniature 
pods. 

Weeks after miniature 
pod appearance* 

4 samples 
from 4 trees 

3 samples 
from 3 trees 

Net photosynthesis 
(mg CO, /dm2 -hr) 
Respiration 
(mg CO, /dm2 -hr) 

3.7? 1.6 2.3+0.2 

1.8kO.3 2.5kO.l 

*Mean f 1 standard deviations. 

ment, thus reserve carbohydrates must be 
called upon to meet growth demands. 
These data suggest that for mesquite trees 
with relatively high reproductive poten- 
tial i.e., large numbers of developing 
pods, growth-regulating herbicides mov- 
ing in the assimilate stream probably are 
not translocated to the root system be- 
cause the direction of carbohydrate 
movement would be from the roots to 
the pods. Current photosynthate pro- 
duced by trees with few pods would 
probably exceed that needed for pod 
development, and recharge of root re- 
serves could occur simultaneously with 
pod growth. These results should help 
explain some of the erratic results ob- 
tained with foliar-applied herbicides in 
stands of mesquite containing trees at a 
given phenological stage but bearing vari- 
ous reproductive loads. 
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Effects of Temperature on Germination 

in Three Subspecies of Big Sagebrush 

W. T. McDONOUGH AND R. 0. HARNISS 

Highlight: The relationship of germination to temperature was tested in seeds 
(achenes) from 10 individual plants from each of three subspecies of big sagebrush 
(Artemisia tridentata Nutt.) collected above 5,000 ft on sagebrush-grass range in Idaho. 
No optimum temperature for germination within subspecies was found. Jubspecies 
vaseyana gave the lowest mean percent germination (10%) at temperatures in the 
range 2°-300C, compared to 28% for subspecies wyomingensis and 38% for subspecies 
tridentata. Stratification improved germination of seeds in all collections of vaseyana 
and in some collections of the other two subspecies. 

interest in conditions favoring germi- 
nation and seedling growth of big sage- 
brush (Artemisia tridentata Nutt.) arises 
from the aggressive nature of this gen- 
erally unpalatable species and its tend- 
ency to become reestablished in certain 
years following eradication treatment 
(Pechanec, 1945; Mueggler, 1956; 
Daubenmire, 1970,). Earlier work on ger- 
mination showed lack of agreement in the 
results (Shepherd, 1937; Goodwin, 1956; 
Payne, 1957; Weldon et al., 1959;Beetle, 
1960), which may be due to differences 
in seed germinability among individual 
plants or to failure to identify the subspe- 
cies (Beetle, 1960; Winward, 1970). 

The purpose of this study was to 
determine variation in seed germinability 
among individual plants and subspecies, 
and to determine whether germinability is 
affected by either constant temperatures 
or alternating temperatures within a 
broad range. Because overwintering in 
nature may affect germination, imbibed 
seeds were exposed also to various dura- 
tions of cold storage (stratification) be- 
fore being germinated at higher 
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temperatures. 

Procedures 

Inflorescences were collected from 10 
individual plants of each of three subspe- 
cies of big sagebrush in October and early 
November of 197 1. The subspecies were 
A. tridentata ssp. tridentata (Nutt.) Ward 
(basin big sagebrush), A. tridentata ssp. 
vaseyana Rydb. (mountain big sage- 
brush), and A. triden ta ta ssp . 
wyomingensis Beetle (Wyoming big sage- 
brush), as described by Winward (1970). 
All collections were made within 10 miles 
of Dubois, Idaho. Subspecies wyomingen- 
sis and tridentata were found at lower 
elevations-wyomingensis on the drier 
sites and tridentata on the more mesic 
sites. The subspecies vaseyana was found 
at a higher elevation and in a zone of 
higher precipitation. 

The inflorescences were air-dried, 
placed in screw-lid jars, and stored in a 
coldroom. In February, 1972, seeds were 
separated from the chaff and were germi- 
nated in g-cm petri dishes on double 
layers of filter paper wetted with 3 ml of 
distilled water. There were 50 seeds per 
dish and two dishes per treatment for 
each of 30 individual plant collections. 
Sets of six dishes, each with a blank dish 
(no seeds) on top, were stacked in metal 
cans covered by transparent, snap-on lids. 
The cans were placed in controlled- 
temperature cabinets having cool white 
fluorescent lamps (1100 lumens/m2 at 
bench level). The positions of the dishes 
in each can were systematically changed 

while inspecting for germinated seeds, 
which was done daily for the first 10 days 
and every third day thereafter to the 30th 
day, at which time the experiments were 
terminated. Rates of germination were 
expressed as days required to reach one- 
half of the final percentage of,seeds that 
germinated. 

Seeds were exposed to either a con- 
stant temperature or alternating temper- 
atures in the range 30’ to 2°C. The 
higher temperature of an alternation was 
applied for 8 hours daily, e.g., 20°C (8 
hours)/lO’C (16 hours), and this higher 
temperature coincided with an &hour 
photoperiod. Seeds under constant tem- 
perature were exposed to an &hour 
photoperiod. 

For the stratification treatment, dishes 
with seeds were stacked in cans equipped 
with opaque lids and held in a coldroom 
(1” to 3’C) for 10, 30, 50, and 100 days, 
when ungerminated seeds were trans- 
ferred to fresh dishes at 20°-10°C for 
germination. Seeds stratified for 50 days 
were also germinated at 30°-20°C and 
loo-2Oc. 

Visible root growth was the criterion 
for germination. Statistical significance of 
the results was evaluated by variance 
analysis and studentized range tests at the 
1% level. 

Results 

Germination at Constant and Alternating 
Temperatures 

Within . subspecies, germination was 
not significantly affected by temperature 
(Table 1). Differences in temperature 
response by individual plant seed sources 
were large, ranging from less than 10% to 
80% in tridentata and wyomingensis and 
to 40% in vaseyana. There was a signifi- 
cant difference in germination between 
subspecies, with tridentata showing the 
highest germination percentage through- 
out the range of temperatures and 
vaseyana the lowest percentage (Table 1). 
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Table 1. Germination percentages (2 + SD) in subspecies of big sagebrush at various temperatures. 

Temperature (“C) 

Subspecies 30 30-20 30-l 0 30-2 20 20-l 0 20-2 10 1 o-2 Grand mean 

tridentata 24% 15.8 35.9k17.9 41.7k21.4 32.1217.5 44.5k22.3 42.72 18.2 45.2* 17.5 38.1219.4 36.8k18.2 37.9* 
vaseyana 2.22 3.0 10.7+10.8 8.3* 7.4 4.3k 6.4 19.6* 9.5 15.7214.3 17.7k11.6 8.9+- 7.0 5.2* 7.2 10.2* 
wyom&vnsis 11.8+15.8 24.5k 19.3 28.7k25.3 22.1k23.4 33.4k22.7 34.5k24.8 35.4k22.2 32.62 14.4 24.1+ 10.8 27.5* 

*Grand mean differed significantly. 

Germination after Stratification 

A small percentage of seed germinated 
during stratification. By the 50th day, 
germination averaged 7%, l%, and 3% for 
triden tata, vaseyana, and wyorningensis, 
respectively; corresponding maxima for 
individual collections were 22%, 5%, and 
15%. 

Stratification for 30 to 50 days before 
germinating at a temperature alternating 
between 20” and 10°C had a significant 
promotive effect only in vaseyana (Table 
2). A loo-day stratification had no fur- 
ther promotive effect. All collections of 
vaseyana showed improved germination 
after stratification, as did five collections 
of tridentata and three collections of 
wyorningensis. Other collections of the 
latter two subspecies showed either no 
effect or a decline in germination because 
seeds became infected with bacteria and 
mold. 

Other sets of seeds that had been 
stratified for 50 days were transferred to 
temperature alternations of 30” and 20°C 
and 10” and 2°C; the resulting germina- 
tion was compared to that of unstratified 
seeds at the same temperatures. Again, 
results showed significantly higher germi- 
nation of stratified compared to unstrati- 
fied seeds only in subspecies vaseyana. As 
with unstratified seeds (Table l), there 
was no optimum temperature among 
those tested (30”-2O”C, 20°-10°C, 
lo”-2°C) for the germination of stratified 
seeds of the individual subspecies. 

Rate of Germination 
Rate of germination of unstratified 

seeds varied with temperature. In tri- 
dentata 2 to 3 days were required at all 
temperatures except 10°C and lo”-2°C to 
reach one-half of the final percentage; 4 
days were required at 10°C and 8 days at 

lo”-2°C. Germination in wyomingensis 
was slower and more variable, requiring 3 
to 6 days at all temperatures tested 
except 13 days at lo”-2°C. Rates in 
vaseyana were slowest and showed the 
greatest sensitivity to the temperature of 
the photoperiod, the rates varying from 6 
to 8 days at a photoperiod temperature 
of 3O”C, 8 to 15 days at 2O”C, and 15 to 
18 days at 10°C. 

Stratification markedly increased the 
rate of germination. In tridentata and 
wyomingensis, half-times declined from 1 
to 2 days after 10 days stratification and 
to less than 1 day after the 50-day 
treatment. Similarly, in vaseyana, the 
half-times declined from 3 to 5 days to 
less than 1 day. 

Discussion 
Sagebrush seeds germinate within a 

broad range of temperatures (Table 1). 
Beetle (1960) states that seeds are dis- 
persed too late in the fall to germinate 
before winter. Results of our tests indi- 
cate that some germination would occur 
at prevailing fall temperatures. Transitory 
soil water in the surface layer may be a 
limiting factor when the slow germination 
of unstratified seeds is cbnsidered, par- 
ticularly at lower temperature alterna- 
tions such as lo”-2°C. 

Results indicate that vaseyana seeds, 
and seeds from some plants of the other 
two subspecies, would benefit from the 
natural stratification of the winter season. 
A rapid and more complete germination 
occurring in late spring after snowmelt 
when soil water is optimal would insure a 
large crop of seedlings that could better 
survive the hazards of the first growing 
season. 

The nonsignificant differences in ger- 
mination percentages of stratified seeds at 

Table 2. Germination percentages (i +_ SD) in subspecies of big sagebrush at 20”-10°C after vary- 
ing stratification periods. 

Stratification (days) 

Subspecies 0 10 30 

tridentata 42.7k18.2 49.9226.2 52.2k 27.6 
vaseyana 15.7+ 14.3 38.4+ 19.5 81.2+*14.2 
wyo mingen sis 34.5k24.8 35.1k25.0 41.2+ 31.9 

*Percentages differ significantly in subspecies vaseyana. 

50 

56.3k32.4 
93.6+ *8.3 
39.4*37.2 

the higher temperature alternations indi- 
cate that year-to-year spring temperature 
fluctuations would not affect size of the 
seedling crop. Therefore, conditions that 
favor establishment of sagebrush may act 
on some stage of development other than 
germination, or may reside elsewhere, as 
in year-to-year differences in germina- 
bility of seeds from individual plants. 

Ecologically, the higher germination in 
vaseyana that occurs only after stratifica- 
tion may indicate an adaptive response to 
its habitat, where snow cover averages 3 
months, compared to the habitats of the 
other subspecies, which average 1 month 
of snow cover. The significant differences 
in the germination response of vaseyana 
at both higher temperatures (Table 1) and 
following stratification (Table 2) also 
provide a physiological basis to support 
the differentiation of this subspecies by 
Beetle (1960) and Winward (i970) on 
morphological and chemical, and Win- 
ward (1970) on morphological, chemical, 
and cytological bases. 
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Interseeding and Pitting on a 

Site in Eastern Montana 

1. ROSS WIGHT AND LARRY M. WHITE 

Highlight: A srudy of the effects of interseeding and pining on herbage yield, 
sperm composition, soil wafer confent, and nitrogen uptake was conducted on a 
sandy range site in eastern Montana from 1967 f~ 1972. Over these 6 years, inferseed- 
ing with (I lister and rorary tiller increased perennialgrass yields 30 and 24%, respective- 
fy. Pining increased the yield of sedges (Carex spp.J ow mo~f of the 6 years, but 
increased rotal grass yield only in 1969. The yield increase from inferseeding wasdue 
fo increased growth of native western wheatgrass (Agropyro” smithii) and inferseeded 
specier. An interseeded mixture of wesfern wheatgrass, bluebunch wheargras.r (A. 
spicatum), green needlegrass (Stipa viridula), and little bluestem (Andropogon 
scoparius/ produced two fo three times more than any individual species. Interseeding 
by lister and rofary filler increased perennial grass yields in the sixth year after treaf- 
menf by 58 and 41%, respectively, indicating pofential long-term benefits from infer- 
seeding. Of the treafments, only lister interseeding showed evidence of increasing soil 
wnfe~ recharge on this sandy range site. Tillage associated with the interseeding and 
pitting freatmenfs increased the uptake of nitrogen by plants for af least 2 years after 
ti-eafmenf 

Overgrazing and drought have deteri- 
orated a significant acreage of rangeland 
in the northern Great Plains. Approxi- 
mately 22 million acres in eastern Mon- 
tana need improvement (Montana State 
Soil Conservation Committee, 1970). The 
climax species on much of this range is 
now so sparse that proper livestock man- 
agement alone would take a prohibitively 
long time to restore the range to its 
potential productivity. Under these cir. 
cumstances, it is often profitable to me. 
chanically OI chemically renovate the 
range to create a favorable environment 
for the reestablishment of native grasses 
or to seed the desired species. Inter- 
seeding and pitting are two commonly 
used methods of range renovation and 
inlprovement. 

Interseeding and pitting have bee” 
used in the northern Great Plains with 
various degrees of success. Nichols (1969) 
found that interseeding yellow sweet- 
clover (Melilotus offlcinalis) increased 

production on dense clay range sites. 
Housto” and Adams (1971) reported that 
interseeding on clayey and panspot range 
sites in southeastern Montana increased 
herbage production. Vallentine (1971) 
concluded from a literature review that 
titerseeding has been more successful on 
coarse-textured than on medium- OI tine- 
textured soils. Ryerson et al. (1970) 
found that interseeding and pitting in- 
creased herbage production on range sites 
infested with clubmoss (&&gin& 
densa), and that interseeding usually was 

Sandy Range 

more effective than pitting. Rauzi (1968) 
reported that lamb gain over a 24.year 
period averaged 7.2 lb/acre more on 
pitted shortgrass rangeland than on 
moderately grazed nonpitted rangeland in 
eastern Wyoming. Houston (1971) found 
that pitting moderately increased herbage 
production on overflow and clayey range 
sites but not on a silty range site. Nichols 
(1969) concluded that furrowing and 
pitting on dense clay range sites were of 
questionable value, because the furrows 
and pits rapidly eroded or refilled with 
sediment and thus lost their ability to 
retard runoff. Taylor (1967), after re- 
viewing the literature on range pitting in 
the northern Great Plains, concluded 
that, “This practice seems most practical 
on ranges whose composition of cool- 
season mid-grasses is less than its poten- 
tial, and when moisture runoff is likely to 
occur.” He also concluded that pitting 
did not produce a suitable environment 
for artificial revegetation. 

Many problems are associated with 
renovation practices; and good answers to 
the “when, where, and how” questions 
are not available. Results from range 
renovation are varied. More information 



is needed on site-treatment interactions 
and how different range renovation treat- 
ments affect the microenvironment and 
the associated vegetational response. This 
paper reports and discusses the effect of 
interseeding and pitting on the vcgeta- 
tion, soil water, and soil nutrient availa- 
bility of a sandy range site in eastern 
Montana. 

Methods 
This study was conducted from 1967 

through 1972 near Sidney, Mont., on a 
sandy, glaciated plains range site ( 12. to 
14.inch precipitation zone) with a 3 to 
10% slope. Western wheatgrass (&ro- 
pyron smithii), blue grama (Boutelouo 
gracilis), needleandthread (Stipa comnta), 
prairie Junegrass (Koeleria crirtata), 
threadleaf sedge (Car&x filifolia), and 
fringed sagewort (Artemisia frigida) were 
the dominant species. Clubmoss consti- 
tuted a significant portion of the ground 
cover. Site vegetation and precipitation 
characteristics are shown in Table 1. Site 
condition class, according to the U.S. Soil 
Conservation Service range site classifica- 
tion system, was between fair and good. 

Interseeding was done with a lister 
(L-interseeding) and a rotary tiller (R- 
interseeding). The interseeding and pit- 
ting treatments were applied in early 
April, 1967. Lister furrows 22 inches 
wide and 3 inches deep on 60-&h 
centers were formed with a machine (Fig. 
1) similar to the one described by Ryer- 
son et al. (1970). The R-interseeding 
treatment consisted of 24-inch strips 
tilled to about a 3-inch depth alternating 
with 24.inch “ontilled strips. This spacing 
was achieved by removing the appropriate 
“umber of blades from a commercial 
rotary tiller. Pitting was done with modi- 
fied discs on a one-way plow (Fig. 2), as 

described by Ryerson et al. (1970). Pits 
averaged about 48 inches long, 6 inches 
wide, and 4 inches deep. The L-inter- 
seeding, R-interseeding, and pitting treat- 
ments removed 37, 50, and 15% of the 
vegetation cover and disturbed an addi- 
tional 37, 0, and 15% of the area, leaving 
26, 50, and 70% undisturbed, respec- 
tively. A Plant& Junior’ hand seeder 
with a double disc opener was used to 
seed a single row in the lister furrows and 
rototilled strips. The seeds were planted 
s to Y= inch deep and covered with the 
mu.11 press wheel on the seeder. Species 
seeded and seeding rates are show” in 
Table 2. Treatments were applied on the 
contour on 30. by SO-ft plots arranged in 
a randomized complete black design with 
three replications. 

Nitrogen (N) and phosphorus (P) fer- 
tilizer (40 lb N and 18 lb P/acre broadcast 
at seeding time) and herbicide (2 lb acid 
equivalent, low volatile ester of 2,4-D in 
10 gallons of water per acre applied in 
mid-June 1968) were applied in factorial 
combinations with the check, pitting, and 
the L-interseeding and R-interseeding 
treatments that were interseeded with the 
grass mixture. This segment of the experi- 
ment was analyzed as a factorial with 
four mechanical treatments (L- 
interseeding, R-interseeding, pitting, and 
check), two herbicide treatments (0 and 2 
lb 2,4-D per acre), and two fertilizer 
treatments (0 to 40 lb N plus 18 lb 
P/acre). Because the study site was in- 
herently deficient in N and P, both were 
added as a fertilizer treatment to deter- 
mine the potential benefit of fertilization 
of interseeding treatments. 

Establishment of seeded species was 

‘Trade namw and company names are in- 
cluded for the benefit of the reader and do not 
infer any endorsement or preference of the 
prOdUct by the U.S. Department of Agriculture. 

determined in July, 1967, by counting 
seedlings per 4 lineal feet of row. Stand 
establishment was rated visually in 1972. 
Comparative production of seeded species 
was determined in 1972 by harvesting a 
13.2.ft segment of seeded row. 

Total production was measured in 
1967, 1968, 1969, 1971, and 1972 by 
hand clipping herbage at ground level in a 
10.8.ft* area within each plot. The forage 
was harvested about mid-July when the 
major grass species matured. Seeded spe- 
cies were not harvested in 1967. Har- 
vested forage was separated by species, 
ovendried at 70°C, and weighed. Western 
wheatgrass and blue grama samples were 
ground to pass a 20.mesh screen and later 
analyzed for N. The study area was 
fenced, and grazing was deferred for 2 
years. Beginning in 1969, cows were 
allowed to graze the study plots during 
fall months. 

Yield data for individual species and 
species groups were analyzed by the 
appropriate analysis of variance tech- 
nique, and significant differences were 
established at the 90% probability level. 
Yields shown in Table 3 are expressed as 
percent of the check and were calculated 
from the mechanical and fertilizer treat- 
ment means of the factorial analysis. The 
mechanical treatments (L-interseeding, 
R-interseeding, pitting, and check) all 
responded similarly to the fertilizer and 
herbicide treatments, thus permitting the 
comparisons in Table 3 to be made on the 
basis of the mechanical treatment means 
from the factorial analyses. 

Soil water content was measured peri- 
odically throughout the 1967, 1968;and 
1969 growing seasons in a” L-interseeded, 
R-in&seeded, pitted, and check plot in 
each replication. These plots received 
neither fertilizer “or herbicide and in- 
cluded plots interseeded with the grass 
mixture. Soil water was measured by the 
neutron method in two access tubes in 
each plot. In the pitted and interseeded 
plots, one access tube was located in the 
tilled area and the other tube in the 
adjacent undisturbed area. Measurements 
were made at 1.ft intervals to the 4.ft 
depth. 

Results 

Adequate soil water during the spring 
of 1967, the year of seeding, resulted in 
a” excellent stand of most seeded species. 
Growing conditions were generally favor- 
able throughout the 6.year study. Herb- 
age yields were lowest in 1968 and 1971 
and generally corresponded to variations 
in precipitation (Table 1). 

Establishment and survival of seeded 
species are shown in Table 2. Seedling 
establishment of all species was success- 
ful. However, seedling establishment of 
the grass mixture was better in the lister 
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Table 1. Herbage yields (lb/acre) of the check plot and annual and seasonal precipitation (inches) for the study site, Sidney, Montana, 1967-1972. 

Yields by species 

Year 

1967 
1968 
1969 
1971 
1972 

Western Blue Prairie 
wheatgrass grama junegrass 

Needle- 
and- 

thread 

51 159 113 128 
30 106 54 173 
42 288 128 290 
73 95 116 203 

178 100 43 322 

‘April, May, June, and July precipitation. 

furrows (69%) than in rotary-tilled strips 
(36%). After 6 years, only the grass 
species survived in sufficient number to 
be considered successfully established. 
The two saltbush species and winterfat 
did not grow beyond the seedling stage. 
Stands of sainfoin, which had become 
well established, were deteriorating at the 
end of the 6 years. 

check plots. Water content was highest in 
L-interseeded plots-plots in which ap- 
proximately 74% of the vegetation had 
been removed or covered during treat- 
ment. 

Six years after seeding, the grass mix- 
ture produced significantly more herbage 
(0.24 lb per 13.2 ft of row) than any 
other seeded species. Production of blue- 
bunch wheatgrass was about double that 
of any other individually seeded species 
but was only half that of the grass 
mixture. Seeded species were still in 
well-defined rows and had not spread into 
surrounding tilled areas or adjacent native 
sod. 

The increase in western wheatgrass plus 
the 185 and 156 lb/acre contributed by 
seeded species (grass mixture) on L-inter- 
seeded and R-interseeded plots resulted in 
an increase in total perennial grass yield 
of 58 and 41%, respectively. On the 
lister- and rotary-tilled plots that were not 
seeded (tillage only), western wheatgrass 
yields were 3.2 and 1.4 times more than 
on the check plots, respectively. On these 
plots, only L-interseeding increased total 
perennial grass yield (44% more than the 
check). 

Pitting, which was not as severe a 
treatment as interseeding, had little meas- 
urable effect on the vegetation. Total 
perennial grass yield was increased only in 
1969. In 1972, 6 years after treatment, 
the only measurable effects of pitting 
were an increase in sedge and a decrease 
in forb production. However, for the 
6-year period, there was a 13% increase in 
the grass plus sedge production. 

The only other measurable differences 
in soil water content occurred in early 
spring of 1968 and 1969. During April 
and May of 1968, soil water content in 
the surface 2 ft of L-interseeded plots was 
about twice that of check plots. Again in 
early April, 1969, soil water content in 
the upper 2 feet of L-interseeded plots 
was about 25% more than in check plots. 
Soil water content was higher in tilled 
and disturbed areas than in undisturbed 
areas during most of 1967 and 1968, but 
not in 1969. 

The effects of interseeding and pitting 
on herbage yields are shown in Table 3. 
Interseeding depressed yield of most spe- 
cies in 1967, the year of treatment. In 
1968, yields of western wheatgrass, forbs, 
and shrubs increased. Western wheatgrass 
response was greater on L-interseeded 
plots than on R-interseeded plots and did 
not reach a maximum on the L-inter- 
seeded plots until 1971 as compared to 
1969 on the R-interseeded plots. The 
yield response of forbs and shrubs on 
interseeded plots reached a maximum the 
second or third year following treatment, 
then gradually decreased. 

Soil water content was higher in inter- 
seeded and pitted plots than in check 
plots during the summer of 1967. At the 
end of the growing season (mid-July), 
water content of interseeded and pitted 
plots was 75 to 100% greater than that of 

Tillage associated with interseeding 
and pitting increased the growth and N 
content of plants. In 1967, N content of 
western wheatgrass was 1.84, 1.54, 1.50, 
and 1.43% on the L-interseeded, R-inter- 
seeded, pitted, and check plots, respec- 
tively. N content of blue grama followed 
the same pattern. This same year L-inter- 
seeding (26% cover), R-interseeding (50% 
cover), and pitting (70% cover) produced 
63, 7 1, and 86% as much herbage as did 

Interseeding depressed yield of sedges 
and native grasses, other than western 
wheatgrass, throughout most of the study 
period. However, both interseeding treat- 
ments significantly increased total peren- 
nial grass yield except in 1967 on the 
L-interseeded plots and in 1967 and 1968 
on the R-interseeded plots. Yield in- 
creases on interseeded plots resulted from 
production of seeded species and in- 
creased production of native western 
wheatgrass. In 1972, for example, west- 
ern wheatgrass yielded 2.6 and 2.0 times 
more on L-interseeded and R-interseeded 
plots than on check plots, respectively. 

Table 2. Seeding treatments, seedling establishment, and stand ratings. 

Percent 
Live seeds seedling 

planted per establishment, 
Method and species lineal foot 1967 Stand rating, 1972 

Lister interseeding 
Green needlegrass (St@ viridukr) 15 53 Successful 
Western wheatgrass (Agropyron smithii) 15 50 Successful 
Little bluestem (Andropogon scoparius) 15 9 Successful 
Bluebunch wheatgrass (Agropyron spicatum) 15 53 Successful 
Thickspike wheatgrass (Agropyron dasystachyum) 15 73 Successful 
Mixture’ 20 69 Successful 
Nuttali saltbush (Atriplex nuttalli) 1 100 Unsuccessful 
Fourwing saltbush (Atriplex canescens) 26 73 Unsuccessful 
Winterfat (Eurotia Zanata) 15 7 Unsuccessful 
Sainfoin (Onobrychis viciaefolia) 20 69 Partially successful 

Rototiller interseeding 
Mixture’ 20 36 Successful 
Winterfat 15 Unsuccessful 
Sainfoin 20 650 Partially successful ~ _________- 
’ Mixture consisted of 2 parts western wheatgrass, 2 parts green needlegrass, 1 part little bluestem, 

and 1 part bluebunch wheatgrass all of which are either decreasers or increasers in the climax 
vegetation. Parts were determined on a pure live seed basis. 
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Total Thread 
perennial leaf 

grass sedge 

452 45 
364 63 
756 37 
497 43 
649 97 

Total 
sedge 

Grass 
plus 

sedge 
Fringed 

Forbs sagewort 

377 87 
90 86 

348 83 
274 53 
602 64 

Total 

130 582 
110 474 

62 817 
52 549 

127 776 

1047 
651 

1247 
876 

1442 

Precipitation 

Annual Seasonal’ 

15.1 8.4 
13.5 6.8 
15.1 12.1 
15.4 5.2 
18.0 10.3 

Total 374 747 455 1117 2719 285 480 3199 1691 374 5264 



Table 3. Herbage production, expressed as percent of the check, of a sandy range site near Sidney, Montana, after interseeding and pitting treatments. 

Species and groups 

Method’ Needle- Total Thread- Grass 
and Western Blue Prairie and- perennial leaf Total plus 
year wheatgrass grama junegrass thread grass? sedge sedge sedge Forbs Shrubs Total 

L-interseeding 
1967 
1968 
1969 
1971 
1972 
Total 

R’--interseeding 
1967 
1968 
1969 
1971 
1972 
Total 

Pitting 
1967 
1968 
1969 
1971 
1972 
Total 

75 50” 45* 57” 55* 45* 49* 53* 73” 70 63* 
384* 48* 118 108 154” 38* 57* 128” 431* 497* 168* 
470* 54* 91 79 132* 93 104 127* 206* 705* 158* 
521* 64 59 67” 166h 65 115 156* 114 495* 165* 
255* 36* 56 64 158* 61 91 146* 125* 193” 147* 
316* 51* 71 74” 130* 61” 78” 119* 129* 163” 128* 

100 75* 
184 63* 
266” 94 
246* 110 
197* 63* 
198* 82 

149 92 63* 104 97 
218 86 129 111 114 
191 116 173 119 135” 
120 101 90 80 93 
146 97 144 80 107 
158 101 115 105 111 

37* 
160* 
118* 

81 
67 
88 

88 75* 104 82 77* 55* 75 71* 
85 116 57* 65* 102 161 640” 132* 
97 141* 74 96 132* 115 390 137* 
84 156” 65 103 146” 73 346* 141” 
58* 141* 66 73* 117 119 149 148* 
83 124* 73* 83* 115 96 144 120” 

100 88 88 79 79 86 
97 113 114* 157 351 128* 

109 132” 134* 103 551 141* 
120 149 103 94 256 110 
145 141* 113 72* 167 111 
110 119” 113* 85 137 112* 

1 L-interseeding = lister interseeding and R-interseeding = rototiller 
*Significantly different from the check at the 90% probability level. 

interseeding. 

TIncludes seeded grasses. 

the check, respectively. Increased growth 
of individual species generally dilutes the 
mineral content of plant tissue. Thus, the 
small differences in N content as a result 
of treatment are more significant. Meas- 
urable fertility effects as a result of 
treatment disappeared during the second 
and third year after treatment. 

Fertilization with 40 lb N and 81 lb 
P/acre in 1967 increased perennial grass 
production 50 and 18% the first and 
second year after application. Thereafter, 
no response was measured. The seeded 
grass mixture responded to fertilization in 
1968 and 1969, producing 100 and 120% 
more than the unfertilized plots, respec- 
tively. There were no measurable fertil- 
izer effects on forbs or shrubs. 

The herbicide treatment reduced forb 
and shrub yields during most of the 
study. In 1968, the year of herbicide 
application, forb and shrub yields were 
reduced 65 and 90% respectively. Resid- 
ual effect of the herbicide treatment 
reduced forb production 25% in 1972. 
There was no measurable herbicide effect 
on shrubs in 1972. Only in 1969 was 
there a measurable increase in grass pro- 
duction on the sprayed plots. 

Lister furrows and pits showed only 
moderate weathering over the 6-year 
period and their effective life was esti- 
mated to be at least another 10 and 20 
years, respectively. Western wheatgrass, 
prairie Junegrass, and annual forbs were 

the primary reinvading species of both 
the lister furrows and pits. Lister furrows 
that had not been seeded were 50 to 80% 
revegetated, with considerable variation 
among plots. Where a good stand of 
seeded species was present, reinvasion by 
native species was slight. However, on 
L-interseeded plots, native western wheat- 
grass increased significantly between fur- 
rows. Rotary-tilled strips revegetated 
more rapidly than lister furrows or pits, 
and the main species found on these 
disturbed areas included prairie Junegrass 
and needleandthread. 

Discussion 

Wight and Siddoway (1972) suggested 
that mechanical treatments can improve 
production on semiarid rangelands in at 
least three ways: (1) improved species 
composition, (2) improved soil water 
regime, and (3) improved soil fertility. In 
this study, yield increases on treated plots 
were mainly due to change in species 
composition. Improved soil fertility and 
soil water regimes were both evident, but 
were not of major significance. 

Mechanical treatments, primarily inter- 
seeding, altered the species composition 
considerably. Western wheatgrass, seeded 
grass, forbs, and shrubs initially replaced 
clubmoss, blue grama, and sedges in tilled 
areas. At the end of 6 years, western 
wheatgrass and the seeded grass species 
were still present, but forbs and shrubs 
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were being replaced by reinvading prairie 
Junegrass-and needleandthread. This spe- 
cies composition was more productive 
than the original and should have long- 
term benefits. 

Ryerson et al. (1970) and Nichols 
(1969) indicated that seeding in conjunc- 
tion with a mechanical treatment such as 
lister furrowing may not be necessary on 
sites where an adequate amount of rhizo- 
matous species such as western wheat- 
grass is present. This native grass quickly 
reinvades disturbed areas and, in this 
study, significantly increased total grass 
yield on lister-tilled plots not seeded with 
the grass mixture. Western wheatgrass 
response on these plots in 1972 increased 
total grass yield 44% as compared to a 
58% increase where seeded species were 
present. However, if other species are 
desired to balance species composition 
and extend the grazing season, interseed- 
ing appears to be an effective way of 
obtaining a stand of the desired species. 

R-interseeding and pitting are gen- 
erally not effective water conservation 
practices on sandy range sites where 
runoff is infrequent. The higher soil-water 
content in 1967 was related to the 
decrease in vegetational cover. Lister fur- 
rowing showed some advantage over the 
check, as indicated by higher soil water 
content in the early spring. Furrows, 
applied on the contour, not only trapped 
snow but also retarded snowmelt runoff. 



However, on this sandy site, runoff is 
infrequent and the furrows would not be 
as effective as on finer textured sites. 
Houston (1965) found that pitting in- 
creased the soil water on a fine-textured 
range site but not on a coarse-textured 
range site. Ryerson et al. (1970) working 
on a medium-textured range site found 
that the effectiveness of interseeding and 
pitting as water conservation practices 
varied with the amount of annual precipi- 
tation. Interseeding (lister type) and pit- 
ting only improved the soil water regime 
during years of normal or above-normal 
precipitation. 

Mechanical disturbance of native sod 
causes the release of plant nutrients 
through soil weathering and decomposi- 
tion of organic matter. The initial re- 
sponse to interseeding and pitting in this 
study was due to nutrient enrichment of 
the soil plus reduced competition for 
available nutrients. 

Both interseeding methods were about 
equally effective in increasing grass yields. 
The firm seedbed of lister furrows was 
better suited for establishment of the 
seeded grasses than was the loose seedbed 
of rotary-tilled strips. Where a rough 
surface such as is caused by lister furrows 
is undesirable, R-interseeding would be 
preferable. However, some method of 

firming the seedbed probably would be 
needed. 

Results of this study do not provide 
adequate information to make an accu- 
rate economic evaluation of the interseed- 
ing and pitting treatments. Good esti- 
mates of the permanency of the changes 
in species composition are not available. 
However, assuming an effective life of 25 
and 15 years for L-interseeding and pit- 
ting, respectively, and based on the pro- 
duction of grass plus sedge for 
1968-1972, L-interseeding and pitting 
would increase carrying capacity of the 
study site a total of 2.7 and 0.8 animal 
unit months per acre over a 25- and 15- 
year period, respectively. With an esti- 
mated treatment cost of $8.00 and $3.50 
per acre for L-interseeding and pitting, 
respectively, (Ryerson et al., 1970) plus 
other costs such as equipment deprecia- 
tion and interest, pitting would be uneco- 
nomical. The draft requirement of the 
rotary tiller is somewhat greater than for 
the L-interseeder and pitter and no at- 
tempt has been made to estimate the cost 
of this treatment. However, we estimate 
potential benefits of R-interseeding to be 
somewhere between those of the L-inter- 
seeding and pitting. 
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Yield and Protein Content of Sandyland 
Range Forages as Affected 
by Three Nitrogen Fertilizers 

R. D. PETTIT AND DONALD W. DEERING 

Highlight: A west Texas sandyland range site was fertilized 
with twb rates, (30 and 60 kg/ha of actual N) of ammonium 
nitrate (AN), ammonium sulfate (AS) and ammonium phos- 
phate-sulfate (APS) on June 2, 1972. Yield samples taken in 
mid-August showed all fertilizer treatments to significantly 
increase total yields. The 60 kg/ha of N treatments of AS and 
APS produced more herbage than all other fertilizer treatments. 
Climax decreasers on the site, little bluestem (Schizachyrium 
scoparium) and sideoa ts grama (Bouteloua curtipendula), 
showed less yield response to fertilization than increaser and 
invader grasses. Crude protein analysis of leaf tissue showed 
the grasses of the control (ON) to contain significantly less 
and the grasses treated with 60 kg/ha of N as AN to contain 
more protein than other treatments. Sulfur appears to be more 
important than phosphorus in increasing yields on this site. 
Also, range condition should be at least high fair before 
fertilizer is applied to minimize competition between the 
desirable and invader plants. 

In the Southern High Plains of Texas, rangeland fertiliza- 
tion tests have been restricted to short and mid-grass prairie 
species. No data are available concerning the effects of 
fertilizer on sandyland range forages in this area. An increased 
demand by feedlots for locally produced stocker cattle 
warrants that higher yields and better quality forage be 
produced on native ranges. In this area unfertilized rangeland 
forages seldom contain enough crude protein to meet the 
maintenance requirements of beef cows (Rodger and Box, 
1967). 

On a sands range site in western Nebraska 15 lb/acre of N as 
NH,NOs did not increase forage production (Burzlaff et al., 
1968). When 30 and 60 lb/acre of N were applied, production 
increased over the control treatment. On a Valentine loamy 
sand, forage yields were increased 24 to 27% when low rates of 
nitrogen and phosphorus were applied (Warnes and Newell, 
1969). McIlvain (1961) agreed that herbage yields on sandy- 
land range sites could be increased by fertilization, but the 
cost of fertilizer often exceeded the value of the additional 
forage produced. 

McIlvain’s (1961) study confirmed that phosphorus only 
enhanced forage production if nitrogen was supplied with it. 
Generally, phosphorus additions alone to rangeland forages do 
not substantially increase yields (Launchbaugh, 1962; Hull, 
1963; McMurphy, 1970; and Vallentine, 1971). 

Little data in the Central Plains states are available 
concerning the effect of sulfur additions on rangeland herbage 
yields and forage quality. California annual grasslands, how- 
ever, show dramatic responses to sulfur and nitrogen additions 

Authors were assistant professor and graduate research assistant, 
Department of Range and Wildlife Management, Texas Tech University, 
Lubbock, at the time the study was made. Donald Deering is currently 
research associate, Department of Range Science, Texas A&M Univer- 
sity, College Station. 

Manuscript received July 2, 197 3. 
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(Walker and Williams, 1963; Martin et al., 1964; Kay, 1966; 
and Conrad et al., 1966). 

The response of early successional grass species to fertiliza- 
tion is often quite different from climax species response (Rice 
et al., 1960). Decreaser plant composition was increased 
because of fertilization in central Oklahoma (Graves and 
McMurphy, 1969). Compositional changes in vegetation as 
affected by fertilization have been reported by other scientists. 
Hyder and Bement (1972) postulated that low rates of 
nitrogen, when applied to early successional stages on “go- 
back” land, could “speed up” succession by causing the red 
tbreeawn (Aristida Zongiseta) stage to be bypassed. 

This study was designed to test the effects of three 
nitrogenous fertilizers upon the crude protein content and 
yield of important grass species on a sandyland range site in 
west Texas. 

Methods and Procedures 

This research was conducted on a good condition sandyland 
range site 14.5 km north of Plains, Texas. This range site, 
common throughout the Southern High Plains, has been 
classified as being a portion of the High Plains Bluestem 
community (Allred, 1956). Climax tall grasses on the site 
include sand bluestem (Andropogon hallii), little bluestem 
(Schizachyrium scoparium), and giant dropseed (Sporobolus 
giganteus), while fall witchgrass (Leptoloma cognatum), sand 
paspalum (Paspalum setaceum), purple threeawn (Aristida 
purpurea), sideoats grama (Bouteloua curtipendula), and sand 
dropseed (Sporobolus cryptandrus) are common. It is rare to 
find dense stands of tall grasses on this site as grazing has 
eliminated most of them. Forbs are common on the area as is 
sand shin oak (Quercus havardii) and sand sagebrush 
(Artemisia filifolia). 

The soil of the study area is Brownfield-Patricia fine sand 
complex. An A horizon of 92% sand (12-20 inches thick) 
overlies a sandy clay loam B horizon with up to 40% clay. 
Rates of infiltration and water percolation into these soils are 
very rapid (5 inches+/hr) until water reaches the sub-soil. 
These soils are usually slightly calcareous with a pH from 7.0 
to 7.5. Their fertility is also considered low (Dittemore and 
Hyde, 1960). Without plant cover they are highly susceptible 
to wind erosion. 

Climate of the area is warm-temperate and continental. 
Temperature extremes range from 44°C to -30°C with a 
growing season of nearly 200 days. Precipitation averages 40 
cm/year with extremes of 15 cm to 58 cm/year. From June 2 
through August 17, 1972, 17 cm of precipitation were 
received on the study area. 

On June 2, 1972, 10 m2 plots were broadcast-fertilized 
with two rates of ammonium nitrate (33.5-O-O), ammonium 
phosphate-sulfate (16-20-o with 12% S), and ammonium 
sulfate (21-O-O with 23% S). Thirty and 60 kg/ha of actual N 
were applied in a randomized complete block design. In early 
August, 1972, the vegetation of three 1 m2 plots was clipped 
by species at ground level in each treatment plot. Samples 
were transferred to a drying room and dried 48 hours at 70°C. 
Total herbage biomass was determined prior to removing leaf 
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Table 1. Herbage yield (kg/ha) of each important forage or group of forages as affected by different nitrogen fertilizers on a west Texas sandyland 
range site. 

Fertilizer treatments 

Soecies Control 30AN’ 60AN 30AS’ 60AS 30APS’ 60APS Average 

Purple threeawn 229 
Sideoats grama 123 
Little bluestem 126 
Fall witchgrass 18 
Sand paspalum 133 
Sand dropseed 532 
Other grasses 158 
Total grasses 1319a2 

Total shrubs 589 a 
Total forbs 158 de 

Total all vegetation 2066 a 

229 191 
166 152 

35 40 
76 48 

241 191 
726 766 
406 691 

1879 bc 2085 bc 

366 b 391 
552~1 94 e 

2791 b 2570 b 

268 402 
123 218 
189 24 

13 140 
211 234 
641 1309 
535 317 

2046 bc 2644 cd 

310 bc 244 c 

248 bed 299 

2604 b 3187 c 

382 347 
104 198 

54 218 
26 18 

188 281 
870 1153 
438 217 

2062 bc 2432 cd 
342 b 511 a 
320 b 189 bcde 

2724 b 3132 c 

293 
155 

98 
57 

211 
858 
395 

393 

266 

1 Designates ammonium nitrate, ammonium sulphate, and ammonium phosphate-sulfate. 
*All total yields in rows followed by the same letter are not different at the 0.05 level of significance. 

tissues from the important forages for total N analyses. Leaf 
samples were ground to pass a 40.mesh screen, then stored in 
air tight containers for subsequent N analysis. 

The micro-Kjeldahl technique was used to analyse 0.1 g 
samples for N content. Six analyses of each species per 
treatment were conducted to obtain the average crude protein 
content per treatment and species. 

All data were analyzed factorially at the .05 level of 
significance. Means were compared using Duncan’s Multiple 
Range Test (Steel and Torrie, 1960). 

Results and Discussion 

Herbage Production 

All nitrogen fertilizers significantly increased herbage pro- 
duction (Table 1). The 60 kg/ha of ammonium sulfate (AS) 
and ammonium phosphate-sulfate (APS) were most effective 
in increasing yield (Fig. 1). All other rates demonstrated 
herbage responses that were not significantly different. A 
marked increase in grass yield was found for all fertilized plots. 
The 60 kg/ha of N as ammonium nitrate (AN) did not produce 
significantly more grass than the 30 kg/ha of this fertilizer. 

Forb and shrub yield data did not show as clear and 
consistent a response to fertilization as the grasses (Table 1). 

Thirty kg/ha of N as AN promoted forb yields, whereas the 60 
kg/ha of N as AN produced least forb yield. The control (ON), 
30 kg/ha of N as AS, and 60 kg/ha of N as APS gave similar 
forb yields. Even though no dramatic shrub yield responses 
were shown, there was a trend indicating fertilization to be 
detrimental to shrub production. 

Of the species analyzed, sand dropseed yield was increased 
most by fertilization (Table 1). Yield increases varied from 22 
to 146% as a result of fertilization. The 60 kg/ha of N as AN, 
AS, and APS produced 766 kg/ha, 1309 kg/ha, and 1153 
kg/ha of sand dropseed, respectively. This demonstrated that 
nitrogen alone was not adequate to stimulate maximum 
herbage response on these soils. The other “increaser” grass 
species-purple threeawn, fall witchgrass, and sand paspalum- 
did not respond as markedly to fertilization as did the 
dropseed. Yields of other grasses which included Eragrostis 
spp., Cenchrus sp., and other “invaders” increased due to 
fertilization. 

Forb production on this sandyland site may be decreased 
by nitrogen applications in excess of 60 kg/ha of actual N. 
Mortality was observed in several perennial forbs on this site 
where over 60 kg/ha of N had been applied. With this 

Fig. 1. Typical view of an unfertilized (ON) sandyland range site (left) showing the low vigor of grasses. When 60 kg of N/ha asammonium sulfate 
(60 SJ wasadded (rightJ, a marked increase in grassgrowth, particularly sand dropseed, was noted. 
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Table 2. Average 
was analyzed. 

crude protein concentration (%) of important sandyland range forages. All grasses had seedheads exerted and only leaf tissue 

Species 

Purple threeawn 
Sideoats grama 
Little bluestem 
Fall witchgrass 
Sand paspalum 
Sand dropseed 

Control 30AN’ 60AN 30AS2 60AS 30APS’ 60APS Average 

8.23 12.05 10.78 9.13 9.91 8.94 9.35 9.77 ab3 
6.90 10.49 11.13 9.52 9.03 9.06 10.19 9.47 a 
8.61 10.73 10.92 8.98 9.41 9.59 10.00 9.75 ab 
7.87 10.28 12.71 12.36 10.00 9.86 12.15 10.75 cb 
7.39 11.82 12.85 12.42 12.59 9.21 10.89 11.02 c 
9.19 12.05 14.69 12.21 13.41 9.61 11.79 11.85 c 

’ Each value is the mean of 6 analyses/species/treatment. 
‘Designates ammonium nitrate, ammonium sulphate, and ammonium phosphate-sulfate. 
3Mean crude p r o tein percentages followed by same letter are not different at the 0.05 level of significance. 

evidence, it appears that many forbs adapted to sandy soils 
cannot tolerate a high soil nitrogen content. 

Protein Content of Forage 

At the time of harvest crude protein concentration in the 
leaf tissue of the six grasses analyzed was significantly 
increased by all fertilizer treatments (Table 2). In the control 
(ON), crude protein concentration averaged 8.03% whereas the 
30 kg/ha of N and 60 kg/ha of N grasses averaged 10.46 and 
11.21% crude protein, respectively. Per unit of forage, the 60 
kg/ha of N as AN produced significantly higher quality forage. 
All crude protein concentrations in treatments with sulfur and 
phosphorus additions were similar. 

When considering total quantity of protein produced by 
each fertilizer treatment, different results were obtained. For 
the grasses analyzed for crude protein, the control (ON), 30 
AN, 60 AN, 30 AS, 60 AS, 30 APS, and 60 APS treatments 
produced forage which contained 93, 164, 168, 162,249, 150, 
and 237 kg/ha of protein. These data confirm that sulfur and 
phosphorus with 60 kg of N/ha are essential to promote a high 
total crude protein yield on this range site. 

Although fertilization increased the crude protein content 
of the leaves of the grasses analyzed, each species responded to 
fertilization differently. All grasses, with the exception of 
purple threeawn, contained considerably more crude protein 
than did sideoats grama and little bluestem. 

Conclusions 

This research has demonstrated that fertilization of sandy- 
land range forages in west Texas can significantly increase 
yields and crude protein concentration of the herbage. The 
importance of range condition as related to fertilizer response, 
however, cannot be overemphasized. Fertilization of low or 
even fair condition sandyland ranges facilitates vigorous 
growth of undesirable plants such as sandbur (Cenchrus spp.), 
false buffalograss (Mmrua squarrosa) and several annual love- 
grasses (Eragrostis spp.). By promoting this undesirable plant 
growth, the better perennial forages are placed under addi- 
tional stress because of insufficient soil water. 

In addition, we speculate that if long dry periods follow the 
fertilizer application, nitrogen may be lost from the system 
through volatilization. Pilot fertilizer studies initiated in 197 1, 
characterized by a very dry and hot growing season, showed 
no herbage increases with late summer precipitation. No 
response was noted in 1972 on these plots. 

In summary, nitrogen applications alone on this sandyland 
range site are not adequate to produce a high total yield of 
crude protein. If the landowner was *interested in increasing 
yields yet maintaining a satisfactory quality forage, we would 
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recommended an application of 30 kg/ha of N as ammonium 
sulfate. It is questionable whether phosphorus additions are 
beneficial on this site. Further testing, specifically on the role 
of sulfur nutrition as related to plant growth in this area, needs 
to be completed before concrete fertilizer recommendations 
can be made. 
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High-rate Fertilization of Native Rangeland 
in Oregon 

DONALD M. BALDWIN, NEWTON W. HAWKINSON, AND E. WILLIAM ANDERSON 

Highlight: A single application of 27-12-O fertilizer on native rangeland in north- 
western Oregon produced a 4-year total herbage production of 15,789 lb/acre, air 
dry with 1,100 lb of fertilizer; 18,383 lb/acre with 2,200 lb of fertilizer; and 16,477 
lb/acre with 4,400 lb/acre of fertilizer. Unfertilized plots produced 5,932 lb/acre. 
Increasing the rate of fertilization improved the vigor of perennial grasses, increased 
utilization of herbage by cattle, extended the green-forage season, and temporarily 
increased nitrate nitrogen in the forage. 
Kentucky bluegrass in the composition. 

One of the last unfertilized areas in 
United States agriculture is the upland 
range. Prior to and including the early 
1960’s, fertilizer trials on native upland 
ranges had produced erratic responses 
(Hull, 1963). More recently, studies using 
very high rates of nitrogen (N) and other 
nutrients stimulated new interest in range 
fertilization. Montana range was success- 
fully fertilized with 600 lb of N/acre 
(Choriki et al., 1969). An extreme rate of 
900 pounds of nitrogen per acre was used 
in Texas (Drawe and Box, 1969). Fertili- 
zation rates of up to 240 lb of N/acre 
have been used in British Columbia, 
Canada (Mason and Miltmore, 1970). 

This study consists of a lo-year dem- 
onstration trial started in 1969 to further 
test the concept of high-rate fertilization 
on rangeland. Such fertilization, if proven 
practical, could offer the opportunity to 
increase herbage production and quality 
and to improve utilization. 

The fertilizer applied in this trial was 
27-12-0, which was selected for several 
reasons. First, its nitrogen, phosphate and 
sulfur nutrient ratio closely approximates 
the balance of nutrients contained in the 
forage of many grasses (Woodhouse, 
1962). Second, phosphate was intention- 
ally included in the fertilizer used to 
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High-rate fertilization markedly in creased 

increase herbage utilization (Drawe and 
Box, 1969) and to improve frost toler- 
ance (McVickar, 1970). Third, the sulfur 
in the mixture reduces chances of sulfur 
deficiency occurring at the high nitrogen 
rate (Steward, 1969). Finally, unreported 
fertilizer demonstrations previously con- 
ducted on both dryland and irrigated 
pastures in Wallowa County, Oregon, 
have shown that 27-12-O fertilizer is 
superior to others tested under local 
conditions. 

This paper is a progress report of the 
first 4 years of the study. A final report 
and an economic evaluation will be pre- 
pared when the study is completed. 

Procedure 

The site for the trial is in the Zumwalt 
area of Wallowa County in northeastern 
Oregon. It is located at 4,800 ft elevation 
and receives 16 to 18 inches of annual 
precipitation, about 45% of which falls 
during the growing season of April 
through July. The soil is Zumwalt silt 
loam, which consists of about 36 inches 
of loess over basalt bedrock. The plant 
association in this Palouse Prairie grass- 
land is dominated by Idaho fescue 
(Festuca idahoensis Elmer) and Sandberg 
bluegrass (Pea sandbergii Vasey). Mixed 
forbs are prominent in the stand. 

A single application of 27-12-O fertil- 
izer containing 4% sulfur was applied at 
rates of 0; 1,100; 2,200; and 4,400 
lb/acre. Fertilizer was applied on April 
13, 1969, using a small garden-type 
spinning fertilizer spreader. Plots were 10 
by 40 ft in size, and four replications 
were included in the randomized block 
design. Plots were fenced to control 
grazing. 

Herbage was harvested by hand from 
plots 3.3 ft square in June 26, 1969, July 
8, 1970, July 8, 1971, and July 25, 1972. 
Herbage was clipped to a height of 1.5 
inches which, in that locality, simulates 
safe degree of utilization on Idaho fescue 
when the range is deferred during the full 
growing season and grazed only after seed 
is formed. The herbage was air dried for 
yield determinations. 

Results 
Production 

Herbage production has shown re- 
sponse to a single application of fertilizer 
in each of the first 4 years of this trial 
(Table 1). In 1969, the year fertilizer was 
applied, herbage production was signifi- 
cantly less for the 4,400 lb/acre rate than 
for other rates of fertilization. This might 
have been due to adverse first-year effects 
of the high rate of nitrogen applied. In 
subsequent years, however, a significant 
depression of yields did not occur with 
high-rate nitrogen application. Herbage 
production obviously has been increased 
by fertilization in each of the 4 years of 
the trial. 

In spite of depressed yields at the 
highest fertilizer rate in 1969, all plots 
showed vigorous growth at harvest time. 
Idaho fescue and Sandberg bluegrass 
made up the majority of the herbage in 
the samples. Dandelion (Taraxacum 
officinale Weber) was abundant in plots 
fertilized at the higher rates. A variety of 
forbs occurred in all plots but did not 
respond noticeably to fertilizer rates. 

Herbage production in 1970 showed 
continued response to fertilizer applied 
in 1969. As explained later, the over- 
grazing in 1969 on highest-rate plots 
may have had a depressing effect on 
yields in 1970. However, this may also be 
partially attributable to high-rate nitrogen 
application. Severe overgrazing of highest- 
rate plots in 1969 resulted in some barren 
ground in 1970 and a strong encroach- 
ment of annuals including mustards 
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Table 1. Response of herbage yieM (lb/acre)’ on native rangeland to a single application of 
27-12-O fertilizer (lb/acre) containing 4% sulfur. 

Treatment Year of measurement 

Fertil- 
izer N PA s 

0 --- 

1,100 297 132 44 
2,200 594 264 88 
4,400 1,184 528 176 

1969 1970 1971 1972 Total 

1,042 c 1,615 c 1,662 b 1,613 b 5,932 b 
4,667 a 3,591 bc 4,339 a 3,192 a 15,789 a 
4,875 a 6,590 a 4,282 a 2,636 ab 18,383 a 
2,979 b 5,301 ab 5,350 a 2,847 ab 16.477 a 

1 Means within a column followed by the same letter are not significantly different at the 5% level. 

(Brassica spp.), cheatgrass (Bromus tec- 
torum L.) and fanweed (Thlaspi arvense 
L.). Kentucky bluegrass (Pea pratensis L.) 
increased markedly in the composition. 
There were fewer plants of Idaho fescue 
in 1970 than in 1969, but they were 
more vigorous. 

In 1971, the effect of fertilizer was 
still evident on all plots. Perennial grasses 
and forbs were dominant on plots fertil- 
ized at the rates of 1,100 and 2,200 
lb/acre. Annuals such as mustard and 
cheatgrass were still prominent on plots 
fertilized at the 4,400 lb/acre rate, but 
they were being crowded by Idaho fescue 
and Kentucky bluegrass. The perennial 
grasses were vigorously revegetating 
barren areas. 

Grazing 

The plots were grazed by cattle in 
August, 1969, after production was meas- 
ured, to test the effects of fertilization 
rates on palatability of mature forage. 
Inadvertently, the cattle were allowed 
access to the plots for too long a time. 
The degree of utilization by cattle was 
related to the rate of fertilization. Check 
plots were virtually untouched. Plots 
fertilized with 1,100 lb/acre were grazed 
to an average stubble height of about 2 
inches. Plots fertilized with 2,200 lb/acre 
were moderately overgrazed to a stubble 
height of about one inch. Plots fertilized 
with 4,400 lb/acre were severely over- 
grazed-grubbed to the ground line-and 
this could account for the depressed 
herbage yield on these plots in 1970. This 
pattern of utilization was consistent on 
all four replications. 

The plots were not grazed in 1970, but 
they were mowed in the fall to simulate 
grazing and the herbage was removed. 

Table 2. Nitrate nitrogen levels (%) in native 
range forage after a single high-rate applica- 
tion of 27-12-O fertilizer. 

Year 

1969 
1970 

Fertilizer rates (lb/acre) 

0 1,100 2,200 4,400 

0.028 0.072 0.24 0.22 
0.09 0.09 0.10 0.20 

Cattle were allowed to graze the plot 
area for 4 days after clippings were made 
in 197 1. In that short length of time, the 
cattle completely harvested plots fertil- 
ized with 4,400 lb/acre and had started to 
graze plots fertilized with 2,200 lb/acre. 
Plots fertilized with 1,100 lb/acre and 
control plots were virtually ungrazed. In 
both 1969 and 1971 cattle completely 
utilized all herbage on highest-rate plots 
including mustards, cheatgrass, and fan- 
weed. 

In 1972, cattle were allowed to graze 
the plots for about 1 week in the autumn 
following herbage measurements. Essen- 
tially the same pattern of utilization was 
obtained as in 1971. 

Nitrate Nitrogen 

Herbage samples from each plot were 
analyzed in 1969 for nitrate nitrogen. In 
1970, a composite sample of herbage 
from the four replications was made for 
each rate of fertilizer and analyzed for 
nitrate nitrogen (Table 2). Nitrate nitro- 
gen levels above 0.2 1% are considered 
toxic (Fanning, 1969). One plot sample 
analyzed 0.35% and another 0.4% nitrate 
nitrogen, well above toxic levels. There 
was an abundance of forbs on fertilized 
plots which may have been related to 
these high levels, since other workers have 
found that forb species are commonly 
associated with high nitrate nitrogen 
levels (Dodge, 1970). Plots were not 
analyzed for nitrate nitrogen in 1971 and 
1972 because the amount had dropped 
below toxic levels in 1970. 

Green Forage Season 

Length of green forage season was 
noticeably affected by fertilization. At all 
rates of fertilization, fertilized plots 
stayed green at least 6 weeks longer into 
the summer than did unfertilized plots. 
Each year, unfertilized plots dried up in 
early July, whereas fertilized plots were 
still green in late August. 

Five days after harvest in 1969, six 
inches of regrowth was measured on the 
Idaho fescue plants in plots fertilized 
with 2,200 and 4,400 lb/acre. Regrowth 
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on plots fertilized at the l,lOO-lb/acre 
rate was about 2 to 3 inches. Practically 
no regrowth occurred on the unfertilized 
plots. This pattern of regrowth has been 
observed each year since. 

Fertilized plots started growth earlier 
in the spring than did unfertilized plots. 
In early April, 1970, Idaho fescue had 
four inches of growth and a deep green 
color on all the fertilized plots. No new 
growth was apparent on the unfertlized 
plots. 

Summary and Conclusions 

High-rate application of 27-l 2-O fertil- 
izer increased herbage production and 
plant vigor on native rangeland in each of 
the first 4 years of the trial. Perennial 
grasses such as Idaho fescue and Sandberg 
bluegrass gave good response to high-rate 
fertilizer application. Fertilization ex- 
tended the green-forage season by 6 
weeks or more each summer and in- 
creased the utilization of mature herbage 
by livestock. There is a carryover effect 
of fertilizer that is continuing after sever- 
al years. 

On the other hand, the two highest 
rates of fertilization increased the concen- 
tration of nitrate nitrogen in herbage to 
toxic levels in 1969, the year fertilizer 
was applied. High-rate fertilization in- 
creased the degree of utilization by cattle 
so much that careful grazing management 
would have to be practiced or the range 
resource could be damaged seriously. 

Based on preliminary results, it 
appears that the concept of high-rate 
fertilization of certain kinds of rangeland 
does have promise as a tool for range 
managers in the future. Used wisely as a 
part of a good grazing management pro- 
gram, it could produce many benefits. It 
could economically increase the total 
forage produced in a pasture. It could 
improve the grazing distribution and pat- 
tern of use within a pasture. It could 
extend the green-forage season and pro- 
vide higher quality feed later into the 
summer. It could improve the vigor of 
native perennial grasses faster than graz- 
ing management alone can do. It will 
provide benefits over a period of years 
from a single application. 

High-rate fertilization also might be 
used effectively in managing rangelands 
for big game and other wildlife. It might 
have a significant place in watershed 
improvement and management. It might 
well be an answer to maintaining recrea- 
tional areas that receive concentrated use. 

Additional research is needed to fur- 
ther study high-rate fertilization of vari- 
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ous kinds of rangelands. Special attention 
should be given to undesirable changes in 

Dodge, Marvin. 1970. Nitrate poisoning, fire 
retardants, and fertilizers-any connection? 

the composition that might occur. J. Range Manage. 23:244-247. 
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Species for Seeding Arid Rangeland 

in Southern Idaho 

A. C. HULL, JR. 

Highlight: Ninety species were seeded in 2,450 range plots in 60 studies on depleted 
rangelands and on abandoned dry farmland in the sagebrush region in southern Idaho. 
Seedings range from 20 to 40 years old. Crested and fairway wheatgrasses were the 
most successful species on the drier sagebrush sites, and intermediate and pubescent 
wheatgrasses on the moister sites. Russian wildrye was good in southeastern Idaho, 
especially on saline lands. Western and Siberian wheatgrasses had some good stands 
but were not consistently successful. Good seedbed preparation and control of com- 
peting vegetation are necessary to get good stands of seeded species. Good seeded 
stands produced from 800 to 1,800 lb herbage per acre, as compared to 45 to 200 lb 
before seeding. 

The first range seedings in the sage- 
brush region in southern Idaho were 
made in 1932 (Wood, 1936; Hull and 
KIomp, 1966). These and later seedings 
opened the way for increased forage 
yields on depleted ranges and on aban- 
doned dry farm lands. To determine 
plants useful for seeding these low- 
producing lands, many species were 
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tested in several thousand experimental 
plots and also on large range areas. Based 
on early seedings, many species have been 
recommended for seeding certain range- 
lands in southern Idaho. 

This is a report of 60 seedings, some of 
which were begun in the 1930’s, to 
determine the longevity and value of 
native and exotic grasses, forbs, and 
shrubs for seeding southern Idaho ranges. 

Experimental Areas 
All 60 seedings were made on depleted 

sagebrush ranges on the Snake River 
Plains or in adjacent valleys (Fig. 1). In 
elevation, seedings range from 2,300 ft in 
southwestern Idaho up to 6,200 ft in 
eastern Idaho. Annual precipitation on 
the seeded sites ranges from below 8 
inches in the lower valleys to over 18 
inches at the higher elevations. Almost 
half of the seeding sites received 10 
inches or less annual rainfall. 

All seedings are in the sagebrush 

region. Sagebrush on sites on the upper 
Snake River Plains is mainly threetip 
sagebrush (Artemisia tripartita). Sage- 
brush on the other sites is some form of 
big sagebrush (A. tridentata), except that 
three studies south of Malta are on a 
shadscale (A triplex confertifolia) site. 

Soils on the seeding sites are good for 
range seedings. Most soils are light to dark 
brown and range in texture from silt 
loams to sandy loams. The soil on the 
shadscale site at Malta is a loam, but has 
0.08% salt and a pH of 8.5. Salt and the 
low rainfall make this site unfavorable for 
most seeded species. 

Procedures 

Ninety of the more promising species 
tested in range plant nurseries were 
seeded on 2,450 plots in 60 range seed- 
ings. There were 3 to 50 species in each 
seeding, usually with two plots of each 
species, though the number of plots 
varied from 1 to 10. On many sites there 
were additional plots of crested wheat- 
grass to determine the best seeding 
methods for this species. Seedings com- 
menced in 1933 and range from 20 to 40 
years old. 

We tried to seed experimental seedings 
similar to large range seedings, and some 
were seeded in connection with range 
seedings. Seedbeds varied with site condi- 
tions. Thirty-seven seedings were in 
plowed or burned sagebrush, 18 in 
burned or plowed cheatgrass (Bromus 
tectorum), three in plowed shadscale, and 
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ous kinds of rangelands. Special attention 
should be given to undesirable changes in 
the composition that might occur. 
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tested in several thousand experimental 
plots and also on large range areas. Based 
on early seedings, many species have been 
recommended for seeding certain range- 
lands in southern Idaho. 

This is a report of 60 seedings, some of 
which were begun in the 1930’s, to 
determine the longevity and value of 
native and exotic grasses, forbs, and 
shrubs for seeding southern Idaho ranges. 

Experimental Areas 
All 60 seedings were made on depleted 

sagebrush ranges on the Snake River 
Plains or in adjacent valleys (Fig. 1). In 
elevation, seedings range from 2,300 ft in 
southwestern Idaho up to 6,200 ft in 
eastern Idaho. Annual precipitation on 
the seeded sites ranges from below 8 
inches in the lower valleys to over 18 
inches at the higher elevations. Almost 
half of the seeding sites received 10 
inches or less annual rainfall. 

All seedings are in the sagebrush 

region. Sagebrush on sites on the upper 
Snake River Plains is mainly threetip 
sagebrush (Artemisia tripartita). Sage- 
brush on the other sites is some form of 
big sagebrush (A. tridentata), except that 
three studies south of Malta are on a 
shadscale (Atriplex confertifolia) site. 

Soils on the seeding sites are good for 
range seedings. Most soils are light to dark 
brown and range in texture from silt 
loams to sandy loams. The soil on the 
shadscale site at Malta is a loam, but has 
0.08% salt and a pH of 8.5. Salt and the 
low rainfall make this site unfavorable for 
most seeded species. 

Procedures 

Ninety of the more promising species 
tested in range plant nurseries were 
seeded on 2,450 plots in 60 range seed- 
ings. There were 3 to 50 species in each 
seeding, usually with two plots of each 
species, though the number of plots 
varied from 1 to 10. On many sites there 
were additional plots of crested wheat- 
grass to determine the best seeding 
methods for this species. Seedings com- 
menced in 1933 and range from 20 to 40 
years old. 

We tried to seed experimental seedings 
similar to large range seedings, and some 
were seeded in connection with range 
seedings. Seedbeds varied with site condi- 
tions. Thirty-seven seedings were in 
plowed or burned sagebrush, 18 in 
burned or plowed cheatgrass (Bromus 
tectorum), three in plowed shadscale, and 
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Fig. 1. Location of seedings on sagebrush range in southern Idaho. 

two in grain stubble. Seedbed preparation 
was classed as good on 44 seedings, fair 
on eight, and poor on eight. A good 
seedbed had firm soil and little competing 
vegetation. A poor seedbed had much 
competing vegetation. 

On most studies, a single-disk drill was 
used to drill seed in 12-inch rows. Seeding 
depth averaged 0.7 inch, but small seeds 
were not covered so deeply and larger 
seeds, such as bitterbrush (Purshia tri- 
den ta ta) and Indian ricegrass (Oryzopsis 
hymenoides), were seeded 1.5 inch deep. 
Where possible, we cut drill furrows from 
1.5 to 3 inches deep and covered seeds to 
the desired depth in the bottom of these 
furrows. Most seedings were made in the 
fall. 

We planted 25 viable seeds per foot of 
row, but increased the rate 50% for 
species having 500,000 seeds per pound 
and doubled the rate for species having 1 
million seeds. This was about 6 lb/acre of 
good seed for crested wheatgrass, and 
rates for other species according to their 
seed size. Legume seeds were inoculated 
with the proper nitrogen-fixing bacteria 
before seeding. 

After plants were well established, 
most seedings were grazed. Twenty were 
grazed very heavily, 24 moderately, and 
16 were not grazed. 

After seedling emergence, the seedling 
stands were rated for their success. Rat- 
ings were made once or twice a year until 
the stand was established and then at 
irregular intervals until 1972, when all 
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stands were rated. Ratings were from 0 to 
10 as follows: 0, failure; l-2, very poor; 
3-4, poor; 5-6, fair; 7-8, very good; 9-10, 
excellent. Seedling stands were rated for 
their potential to produce a full stand 
when mature (Hull, 1954). On many 
areas, the successful species were clipped 
for several years to obtain average air-dry 
yield. 

Only a few named varieties were avail- 
able when these seedings were made. 
Those showed little superiority and are 
included with the species. 

Many seeded stands contain a mixture 
of crested and fairway wheatgrasses. 
Though crested is a tetraploid and fair- 
way a diploid, they are similar, and 
because of the one basic genome pos- 
sessed by both, they are considered to be 
forms of a single polytypic species 
(Dewey, 1969). Except where noted, 
both will be called crested wheatgrass. 

Results and Discussion 

No matter how poor the seedbed 
preparation, if the seeds were adequately 
covered, there were usually good seedling 
stands of all species. However, seedling 
mortality was high during the first sum- 
mer. When annual and perennial plants on 
the site were not killed during seedbed 
preparation, they competed with the 
poorly rooted first-year seedlings for 
moisture; and seedling death and stand 
failure were inevitable. 

Mav 1974 

Successful seedings increased herbage 
production several fold. Excepting cheat- 
grass, depleted areas had from 45 to 200 
lb/acre herbage before seeding. Good 
seeded stands on these depleted areas 
have averaged from 800 to 1,800 lb/acre 
for several years. 

We observed that species might do well 
for 1 to several years and then disappear 
during dry years or when grazed. Hence, 
stands less than 20 years of age and that 
have not been grazed are not considered. 
Sites vary widely, and a species that fails 
on one site may succeeed just over the 
hill under better soil or moisture condi- 
tions. 

Seventeen species seeded on 10 or 
more plots and having average ratings of 
1 .O or above in 1972 are listed in Table 1. 
Seven species that had ratings of 1 .O to 
2.2, but were seeded on fewer than 10 
plots, follow: 

Agropyron repens 
A triplex canescens 
Bromus erectus 
Festuca ovina duriuscula 
F. rubra 
Phleum pratense 
Stipa columbiana. 
Eighteen species with average ratings 

less than 1 .O were : 

Agropyron riparium 
A. trachycaulum (inc. Primar) 
Arrhenatherum elatius 
Astragalus falcatus 
A. filipes 
Elymus cinereus 
E. glaucus 
E. salina 
Festuca idahoensis 
F. ovina 
Lupinus leucophyllus 
Medicago sa tiva 
Oryzopsis hymenoides 
Poa nevadensis 
Purshia triden ta ta 
Sitanion hystrix 
Stipa comata 
S. viridula 

Forty-eight of the 90 species failed com- 
pletely and are not listed. 

Crested wheatgrass had the highest 
success rating and the fewest failures. It 
withstood heavy grazing and was the best 
adapted species for the drier sites in the 
sagebrush region. In nearby experimental 
seeding studies, there were 555 additional 
plots of crested wheatgrass, most of 
which also had good and excellent stands. 
On the moister sites such as Spencer with 
18 inches of precipitation, crested wheat- 
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Table 1. Relative rating, number of plots seeded, and percent failures for 17 species with a rating 
at 1 or above in 1972. 

Relative No. areas No. plots Percent 
Species rating seeded seeded failuresa 

Agropyron cristatum 8.3 50 248 2 
A. cristatum (rhizomatous no. 8 116) 9.5 7 15 0 
A. desertorum 7.7 55 231 3 
A. dasystachyum 1.7 21 47 67 
A. elongatum 1.1 38 77 51 
A. inerme (inc. Whitmar) 2.1 39 74 46 
A. intermedium 5.1 44 130 19 
A. sibiricum 2.3 26 57 23 
A. smithii 2.5 25 92 42 
A. spicatum 1.0 42 134 71 
A. trichophorum 6.2 45 121 10 
Balsamorhiza sagittata 1.0 7 17 65 
Bromus inermis 2.2 21 84 70 
Elymus junceus 3.5 46 98 24 

Poa ampla ::r: 
35 77 73 

P. bulbosa 31 99 49 
P. secunda 1.6 

aThis indicates a complete failure, with no plants on a plot. 

9 14 2; 

grass was outyielded and occasionally 
replaced with native and other seeded 
species. Poor stands at Parma resulted 
from seeding in heavy cheatgrass without 
cheatgrass control. The only failures of 
crested wheatgrass were in three seedings 
in saline soil in the shadscale type south 
of Malta. 

Fairway wheatgrass dries earlier and 
yields less herbage than crested but is 
grazed more uniformly and spreads more 
rapidly by seed. Details on these two 
grasses are in a recent publication (Hull, 
1972). 

sites and where there was little grazing. 
On drier sites, stands gradually became 
poorer, especially under grazing. Rupert, 
with only 9.7 inches of precipitation, is 
an example of stand deterioration. The 
Rupert area was seeded in 1945, and 
since 1954, wire cages have been used to 
protect the plots that were clipped for 
yields. Even the protected stands have 
decreased so that 27-year-old inter- 
mediate wheatgrass is producing now less 
than 100 lb/acre and pubescent less than 
200. Under light to moderate grazing, 
both grasses have almost disappeared. 

stand of this plant. For these reasons this 
grass is not recommended where it is 
possible to seed higher-yielding species. 

Western and Siberian wheatgrasses 
(Agropyron smithii and A. sibiricum) had 
some fair to excellent stands, but results 
were not consistent, and there were many 
failures. Both species withstood heavy 
grazing. Siberian wheatgrass is part of the 
crested wheatgrass complex (Dewey, 
1969). The only area where Siberian 
wheatgrass excelled crested wheatgrass 
was in the dry, sandy loam soil at 
Wendell. The P-27 strain of Siberian was 
used on 20 of the 57 plots in this study 
and rated 2.6, compared to 2.2 for the 
regular form. Other studies show this 
strain to be useful for seeding the drier 
sites in southern Idaho (Hafenrichter et 
al., 1968; Harris et al., 1972). 

Bluebunch and beardless bluebunch 
wheatgrasses (Agropyron spicatum and A. 
inerme) are forms of a single species. 
Both had poor stands, with many failures 
on the drier sites. On the better sites, 
there were some fair to good stands, 
especially in southwestern Idaho. Heavy 
grazing killed these species on some of 
the plots. The Whitmar form of beardless 
blue-bunch wheatgrass was seeded on 49 
of the 74 plots of this species. Whitmar 
stands rated 2.3, compared to 1.8 for the 
standard. 

Intermediate and pubescent wheat- 
grasses (Agropyron intermedium and A. 
trichophorum) were the best-adapted 
grasses for the more favorable sites in the 
sagebrush region. Where these two grasses 
were adapted, the stands thickened to a 
good sod, and plants spread by rhizomes 
and seed to adjacent areas. Intermediate 
and pubescent wheatgrasses are un- 
doubtedly forms of a single species. The 
pubescent form grows on drier sites and 
withstands heavy grazing better than the 
intermediate form. The Topar strain of 
pubescent was used on 43 of the 12 1 
plots seeded to this grass. It was espe- 
cially drought-resistant and aggressive. It 
rated 6.8 as compared to 5.9 for the 
standard. The Greenar strain of inter- 
mediate was used on 14 of the 130 plots 
of this species. This strain and the stan- 
dard both rated 5.1. 

Russian wildrye (Elymus junceus) had 
many fair to excellent stands and no 
failures on dry sites in southeastern and 
south central Idaho. It sometimes pro- 
duced better stands and yielded more 
than crested wheatgrass, especially on 
saline soils. However, in southwestern 
Idaho, this species had poor stands, and 
there were many failures. Poor late-spring 
and early-summer moisture is probably a 
major reason for the poor showing of 
Russian wildrye in that area. Russian 
wildrye withstands heavy grazing and it 
maintains a good palatability and nutrient 
content when dry. 

Smooth brome (Bromus inermis) had 
some good to excellent stands on favor- 
able sagebrush lands where the annual 
precipitation was more than 18 inches. 
Though it often grew on drier sites, its 
production was low. 

Literature Cited 
Dewey, Jlouglas R. 1969. Hybrids between 

tetraploid and hexaploid crested wheatgrass. 
Crop Sci. 9: 787-79 1. 

Intermediate and pubescent wheat- 
grasses did best where the annual precipi- 
tation was more than 13 inches for 
intermediate and 11 inches for pubescent. 
Below these precipitation limits, yields 
were usually low, though there were some 
high-yielding stands on above-average 

Bulbous bluegrass (Poa bulbosa) had 
fair to excellent stands with no failures in 
southwestern Idaho, but in southeastern 
Idaho, many plots of this species failed. 
This grass is a good understory species, 
and good stands may be obtained by 
broadcasting, without other treatment. It 
produces early green feed, but dries up 
early, and production is low. Also, bul- 
bous bluegrass is highly competitive, and 
it is hard to get higher-yielding species 
established on areas that have a good 

Hafenrichter, A. L., John L. Schwendiman, 
Harold L. Harris, Robert S. MacLauchlan, 
and Harold W. Miller. 1968. Grasses and 
legumes for soil conservation in the Pacific 
Northwest and Great Basin states. U. S. 
Dep. Agr., Agr. Handbook. 399. 69 p. 

Harris, Harold L., A. E. Slinkard, and A. L. 
Hafenricther. 1972. Establishment and pro- 
duction of grasses under semiarid conditions 
in the Intermountain West. Idaho Agr. Exp. 
Sta. Bull. 532. 17 p. 

Hull, A. C., Jr. 1954. Rating seeded stands on 
experimental range plots. J. Range Manage. 
7:122-124. 

Hull, A. C., Jr. 1972. Growth characteristics of 
crested and fairway wheatgrasses in south- 
ern Idaho. J. Range Manage. 25:123-125. 

Hull, A. C., Jr., and G. J. Klomp. 1966. 
Longevity of crested wheatgrass in the 
sagebrushgrass type in southern Idaho. J. 
Range Manage. 19:5-11. 

Wood, C. M. 1936. Crested wheatgrass in Idaho. 
Idaho State Chamber of Commerce. 5 p_ 
(processed) 

218 JOURNAL OF RANGE MANAGEMENT 27(3), May 1974 



Evaluation of Some Herbicide Treatments 

for Controlling Tall Larkspur 

E. H. CRONIN 

Highlight: Esters or the amine formulation of silvex and 2,4,5-T wwe equally toxic 
to toIJ larkspur. Repeated annual fmafmenf~ with 2,4,5-T, silvex, dicamba, and pic- 
loram proved equally effective for controlling fail larkspur. Applicationsof 2,4,5-T (or 
silvex/ at 4 IbJacre for each o,f two mmmers were the most economical of the various 
effective treatments evaluated. 

Tall larkspur (Delphinium barbeyi 
Huth.) causes sevex and sometimes catas- 
trophic losses of cattle grazing the subal- 
pine ranges of Utah. The losses occur 
because tall larkspur grows on relatively 
small, localized areas in the subalpine 
zone where it receives an almost continu- 
ous water supply during the summer 
(Cronin, 1971). Tall larkspur is palatable 
to cattle (Kingsbury, 1964). Repeated or 
split applications of 2,4,5-T [(2,4,5- 
tiichlorophenoxy).acetic acid] and silvex 
[(2,4,5-trichlorophenoxy) propionic 
acid] have effectively reduced densities 
of tall larkspur for periods of 5 or more 
years (Cronin and Nielsen, 1972). 

Controlling tall larkspur with herbi- 
cides is the best established method that 
is effective and without serious adverse 
ecological effects to the plant community 
or soil (Cronin and Nielsen, 1972). There- 
fore, it is desirable to study the effective- 
ness of herbicides other than 2,4,5-T and 

silvex for controlling tall larkspur in event 
use of a particular herbicide is banned. 
This need was demonstrated by a tempo- 
rary ban on the use of 2,4,5-T during the 
summer of 1970 by the Forest Service. 
Ecological justification for alternative 
herbicide treatments also exists. Too- 
frequent application of a single herbicide 
may selectively promote increases of 
other undesirable plants resistant to the 
herbicide. 

Under scune conditions, costs of appli- 
cation may represent the major expense 
of herbicide treatment. Also, each annual 

application can multiply the cost of the 
treatment. Therefore, a comprehensive 
study of the effectiveness of various 
annual treatments was undertaken in 
1965, using the most promising herbi- 
cides evaluated to that date. 

Methods and Materials 

Study plots were located at the head 
of Manti Canyon on the Wasatch Plateau 
in central Utah. All plots were within tall- 
forb communities (Ellison, 1954) on 
snowdrift areas with high and relatively 
uniform densities of tall larkspur (Fig. 1). 

All herbicide treatments were applied 
to 8- by 33.ft plots with a compressed-air 
knapsack sprayer. Each herbicide was 
applied, in 40 gpa of aqueous solution, 
when tall larkspur was 8 to 12 inches high 
and racemes were less than % inch long. 
The dogtooth violet (Eryfhronium grandi- 



florum Pursh.) was past flowering, but 
the leaves remained green and turgid. 
Nuttall violet (Viola nuttallii Pursh.) and 
common rock-jasmine (Androsace septen- 
trionalis L.) were in full bloom. Meadow 
cinquefoil (Po ten tilla gracilis Dougl.) and 
Colorado columbine (Aquilegia caerulea 
James) were starting to bloom. 

An ocular point frame was used to 
estimate changes in vegetation as a result 
of herbicides applied (Cronin and Nielsen, 
1972). Ten samples of 10 points each 
(100 points/plot/year), spaced 3 ft apart 
along the axis of the &by 33-ft plots, 
were obtained on each plot before treat- 
ment and annually for 4 or more years 
after treatment. The first species or ob- 
ject intercepted by the line of sight was 
recorded for each point. The exception 
was in the 1965 experiment, when 200 
points (20 points for each of 10 samples) 
were obtained annually for each plot. 
Only changes in the density of tall lark- 
spur are reported here, but detrimental 
reductions of forage or potential erosion 
hazards caused by any treatment were 
also recorded. 

Data from each experiment was sub- 
jected to analysis of variance, and when 
significant differences caused by treat- 
ment were indicated, Duncan’s new 
multiple-range test was applied. 

1963 Study 

The purpose of this study was to 
determine the relative effectiveness of 
2,4,5-T and silvex, and whether the low- 
volatile esters or the oil-soluble amines of 
these herbicides were more toxic to tall 
larkspur. A randomized-block design was 
treated with the propylene glycol butyl- 
ether ester or the diethylamine salt of 
both 2,4,5-T and silvex. Each formula- 
tion of each herbicide was applied to four 
replications at rates of 4 or 8 lb/acre of 
the active ingredient. One plot in each 
block remained untreated as a check plot. 
All plots were inside an exclosure at 
9,800 ft near the head of Manti Canyon 
of the Wasatch Plateau in central Utah. 
Herbicide treatments were applied July 
11, 1963. 

1964 Study 

The objectives of this study were to 
evaluate the toxicity of dicamba (3,6- 
dichloro-o-anisic acid) and of high rates 
(16 lb/acre) of 2,4,5-T to tall larkspur 
and associated species; and to determine 
the longevity of soil sterilization resulting 
from applications of abnormally high 
rates of picloram (4-amino 3,5,6-tri- 
chloropicolinic acid). The propylene gly- 
~01 butyl ether ester of 2,4,5-T was applied 
at 4,8, and 16 lb/acre of active ingredient. 
The diethylamine salt of dicamba and the 
potassium salt of picloram were applied 
at rates of 2, 4, and 8 lb/acre of active 
ingredient. All treatments and the un- 
treated check were replicated four times 
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Table 1. Treatments applied to the 1965 study plots in 1965,1966, and 1967. 

Treatments 
Number of Total amount 

Herbicide Rate applied’ in: applications of herbicide 
applied 1965 1966 1967 made applied (lb/acre) 

Check-no treatment applied 0 0 
2,4,5-T 8 0 0 1 8 
2,4,5-T 4 4 0 2 8 
2,4,5-T 4 8 0 2 12 
2,4,5-T 8 8 0 2 16 
2,4,5-T 2 4 4 3 10 
2,4,5-T 4 4 4 3 12 
2,4,5-T 2 4 8 3 14 
Silvex 2 4 4 3 10 
2,4-D 8 8 8 3 24 
Dicamba 1 1 

: 
3 3 

Dicamba 2 2 3 6 
Picloram l/4 1% %I 3 % 
Picloram % 1% ‘% 3 1% 
2,4,5-T plus 2,4-D 2+2 2+2 2+2 3 6+6 
2,4,5-T plus 2,4-D 4+2 4+2 4+2 3 12+6 

’ Rate of herbicide application indicate amount (lb/acre) of active ingredient applied. 

in a completely randomized design. Plots 
were on a level site at 8,500 ft in 
Hougaard Fork of Manti Canyon. 

1965 Study 

This experiment was designed to evalu- 
ate various split or annualiy repeated 
applications of 2,4,5-T, silvex, dicamba, 
2,4-D [ 2,4-dichlorophenoxy) acetic acid] 
picloram, and mixtures of 2,4-D and 
2,4,5-T. Four replications of the treat- 
ments and the untreated check plots were 
in a randomized-block design. Most of the 
treatments for this experiment involved 
applications repeated annually for 2 or 3 
years. The names and total amounts of 
herbicides applied are shown in Table 1. 
Treatments were applied on July 14, 
1965, July 8, 1966, and July 20, 1967, as 
determined by the phenological develop- 
ment of tall larkspur and selected species. 
Plots were on a snowdrift area at 9,800 ft 
and were grazed by cattle. 

Results and Discussion 

Although changes in the densities of 

all plant species and the percent bare 
ground were recorded on each sampling 
date and will be reported in detail later, 
only the changes in densities of tall 
larkspur are reported here. However, it 
may be assumed that herbicide treat- 
ments increased forage production and 
did not significantly increase the percent 
bare ground unless noted in the following 
discussion. 

1963 Study 

Significant differences between herbi- 
cides and rates applied existed in 1964, 
but these differences had disappeared by 
1965 (Table 2). Densities of tall larkspur 
remained significantly lower on all 
herbicide-treated plots, except for plots 
treated with the ester of 2,4,5-T at 4 
lb/acre, than on the untreated check plots 
until 1966. Single applications of these 
herbicides seldom produce significant dif- 
ferences beyond the season after applica- 
tion. Protection afforded by the ex- 

Table 2. Percent cover of tall larkspur for each sampling year on plots treated July 11,1963.’ 

Treatment applied 

Rate Year sampled’ 

Herbicide Formulation (lb/acre) 1963 1964 1965 1966 1968 

Check 
2,4,5-T 
Silvex 
2,4,5-T 
Silvex 
2,4,5-T 
Silvex 
2,4,5-T 
Silvex 

none 
ester3 
ester3 
amine4 
amine4 
ester 3 
ester3 
amine4 
amine4 

11 a 
14a 
13a 
12a 
12a 
10a 
lla 
13a 
13a 

11 c lob 8a 9a 
1Obc 8ab 11 a 12a 

3ab 4a 5a 4a 
4ab 4a 7a 8a 
jab 4a 4a 7a 
4ab 4a 3a 3a 
la 3a 2a 3a 
4ab 4a 6a 5a 
6ab 6a 9a 8a 

’ Each value represents the average of four replications of each treatment. 
‘Means in the same column followed by the same letter are not significantly different at the 5% 

level. 
3 Propylene glycol butyl ether esters. 
4Diethylamine. 
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Table 3. Percent of tall larkspur cover for each sampling year on plots receiving herbicide treat- 
ments on July 16,1964.’ 

Herbicide 
applied 

Rate 
applied 

(lb/acre) 1964 

Year sampled’ 

1965 1966 1967 1968 

Check - 
2,4,5-T 4 
2,4,5-T 8 
2,4,5-T 16 
Dicamba 2 
Dicamba 4 
Dicamba 8 
Picloram 2 
Piclor am 4 
Picloram 8 

15 a 23 b 24c 23 c 19b 
17ab 2a 2ab 3a 2a 
16ab Oa Oa la la 
21 b Oa Oa la Oa 
12a 18b 16 bc 20 c 17b 
14a 12ab 1 abc 14 bc 8 ab 
16ab 4a 4ab 6a 3a 
13a Oa Oa Oa Oa 
14a Oa Oa Oa Oa 
21ab Oa Oa Oa Oa 

‘Each value represents the averages of four replications of each treatment. 
*Means in the same column followed by the same letter are not significantly different at the 1% 

level. 

closure contributed to the duration of 
differences measured here. 

Because applications of 2,4,5-T or 
silvex were equally effective for control- 
ling tall larkspur, either formulation of 
herbicide could be substituted freely 
without significantly changing the results. 
Applications of 4 lb/acre of either herbi- 
cide produced results equal to applica- 
tions of 8 lb/acre of active ingredient. 

1964 Study 

Typically, single applications of either 
4 or 8 lb/acre of active ingredient of 
2,4,5-T had significantly reduced the den- 
sity of tall larkspur for 1 or at most 2 
years, as recorded in the 1963 study. 
However, treatments of 2,4,5-T in 1964 
produced significant reductions that per- 
sisted through 1968, when these plots 
were last sampled (Table 3). Environ- 
mental conditions and phenological devel- 
opment of the plants were similar when 

treatments were applied throughout this 
period. No explanation for the variation 
in response of tall larkspur was evident. It 
was evident, however, that such long-term 
reductions could not be achieved consist- 
ently with one application of either 
2,4,5-T or silvex, and a single application 
of one of these herbicides should not be 
relied on for controlling tall larkspur. 

Applications of 16 lb/acre of 2,4,5-T 
did not reduce the density of tall larkspur 
significantly more than did 4 or 8 lb/acre. 
Applications of 2 and 4 lb/acre of active 
ingredient of dicamba produced results 
similar to those from treatments with 
2,4,5-T. Densities of tall larkspur re- 
mained lower on treated than on the 
untreated check plots until the third and 
fourth season after the treatments were 
applied. Even as late as 1968, the density 
of tall larkspur on plots treated with 8 
lb/acre of active ingredient of dicamba 
was not significantly different from den- 

Table 4. Percent cover of tall larkspur on plots before treatment in 1965 and for each sampling 
year following.’ 

Treatment 

Applied 
herbicide 

Rate (lb/acre) applied 

1965 1966 1967 1965 

Year sampled’ 

1966 1967 1968 1970 

Check 0 0 0 26 a 46 d 26 e 34 c 24 d 
2,4-D 8 8 8 28 a 31 bed 16d 12b 15 c 
Dicamba 2 2 2 28 a 34 cd 11 cd 12b 7b 
2,4,5-T 8 0 0 18a 11 a 7 bc 11 b 6b 
Picloram l/4 ?LI l/4 24 a 34 cd 12cd 5a 4 abc 
2,4,5-T 8 8 0 23 a 15abc lab Oa 4 abc 
Dicamba 1 1 1 20 a 24 abc 1Ocd 8 ab 3 ab 
2,4,5-T 4 8 0 20a lla 2 ab la la 
2,4,5-T 4 4 0 19a lla Oa 4ab Oa 
Picloram l/2 l/z l/z 21 a 16abc 4ab la Oa 
Silvex 2 4 4 27a lla Oa Oa Oa 
2,4,5-T 2 4 4 19a 26 abc 0 a Oa Oa 
2,4,5-T 2 4 8 29 a 23 abc 2ab Oa Oa 
2,4,5-T 4 4 4 30 a 26 abc 1 ab 0 a Oa 
2,4,5-T plus 2,4-D 2 -t 2 2+2 2+2 31 a 24abc 3 ab Oa Oa 
2,4,5-T plus 2,4-D 4 + 2 4+2 * 4+2 21 a 23 abc 2ab Oa Oa 

’ Each value represents the averages of four replications of each treatment. 
‘Means in the same column followed by the same letter are not significantly different at the 1% 

level. 
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sities on plots treated with 2,4,5-T. 
The three rates of applications of 

picloram reduced the density of tall 
larkspur to zero, but, as expected, pic- 
loram sterilized the soil. Tansymustard 
[Descurainia pinnata (Walt.) Britton] and 
letterman needlegrass (Stipa Zettermani 
Vasey) were the first plants to appear on 
these plots, but by 1968 many good 
forage species were growing on these 
plots. By 1968 b&e ground had been 
reduced to 53%, 58%, and 69% for the 2, 
4, and 8 lb/acre of active ingredient 
treatments respectively. This compared 
with 18% bare ground on the untreated 
check plots and 35% on the plots treated 
with 8 lb/acre of active ingredient of 
2,4,5-T. 

1965 Study 

Most split treatments effectively re- 
duced the density of tall larkspur. One 
lb/acre of dicamba applied each summer, 
both split treatments with picloram, and 
all split treatments with 2,4,5-T were 
equally effective as late as 1970 (Table 
4). Picloram has not yet been registered 
for use on grazing lands, and, therefore, 
cannot be recommended at this time. 
Only one split treatment was evaluated, 
but results from other experiments 
(Cronin and Nielsen, 1972) and the 1963 
study reported here indicate silvex could 
be substituted for 2,4,5-T in any of these 
split treatments without significantly 
changing the results. 

Conclusions 

The options provided by the many 
effective treatments for controlling tall 
larkspur should be considered before 
choosing a particular herbicide treatment, 
The treatment should increase the pro- 
duction of the associated forage species. 
Higher rates of chemicals such as pic- 
loram should be avoided on sloping snow- 
drift sites, because of the high erosion 
potential (Ellison, 1954). The cost of the 
various herbicide treatments should be an 
important factor in selecting a particular 
treatment. The cost of the herbicides 
applied was small compared to the antici- 
pated cost of applying them to relative 
small patches of tall larkspur scattered 
over rough terrain. Therefore, methods of 
treatment involving the smallest number 
of applications offered substantial finan- 
cial reward. 

These criteria indicated that two an- 
nual applications of 4 lb/acre of active 
ingredient of 2,4,5-T or silvex should be 
selected for controlling tall larkspur on 
subalpine grazing land (Fig. 2). The re- 
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sponse of the associated vegetation has 
been favorable, and no other treatment 
has resulted in significantly higher grass 
production. Control of tall larkspur 
should permit proper management of 
these subalpine pastures for improved 
quality and production of forage. 
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Long-term Effects of Chemical Control 

of Big Sagebrush 

JOHN F. THILENIUS AND GARY R. BROWN 

Highlight: In 1960 and 1961, big sagebrush (Artemisia tridentata] on four cattle 
ranges in the Bighorn Mountains was sprayed with 2,4-D. By 1971, the canopy cover 
of big sagebrush was 8~42% of the pretreatment levels, seedling density ranged from 
5.7-11.3 plantsfl20 ft’, herbage production was below the pretreatment levels with 
the proportion of graminoids about equal to that prior to spraying. Effects of grazing 
deferment for as long as 3 years after spraying could not be detected. 

Deferment of cattle grazing for as long 
as 3 years after herbicidal control (2,4-D) 
of big sagebrush (Artemisia triden tata) 
had no effect on subsequent herbage 
production or subsequent big sagebrush 
reinvasion in the Bighorn Mountains of 
Wyoming (Smith, 1969). Smith’s study 
was conducted between 1959 and 1966. 
We resampled the same ranges in 197 1 to 
assess the long-term effects of sagebrush 
control. 

Smith used four sites in his study. Two 
of them (Antelope Butte and Soldier 
Creek) were sprayed in 1960; the other 
two (Buck Creek and Grouse Creek) in 
1961. We were able to adequately resam- 
ple the Antelope Butte, Soldier Creek, 
and Buck Creek sites. A division fence 
and water development had been con- 
structed on the Grouse Creek site; be- 
cause of heavy forage utilization and 
trampling, we could measure only cover- 
age of big sagebrush at this location. 

The authors are, respectively, range scientist 
and range research technician, Rocky Mountain 
Forest and Range Experiment Station, Forest 
Service, U.S. Department of Agriculture. Re- 
search reported here was conducted at the 
Station’s Research Work Unit at Laramie, in 
cooperation with the University of Wyoming. 
Station’s central headquarters is maintained at 
Fort Collins, in cooperation with Colorado State 
University. 

Manuscript received September 12, 197 3. 

There are no quantitative data avail- 
able on the grazing management on any 
of the sites between 1966 and 197 1, 
During this period, new management 
systems were initiated on the cattle allot- 
ments where the study sites are located. 
The Soldier Creek and Antelope Butte 
sites are both near water and are grazed 
rather heavily throughout the growing 
season, while the Buck Creek site is 
grazed more lightly and later in the 
season. 

Data were obtained from the original 
sample locations by the same techniques. 
Canopy coverage of big sagebrush was 
sampled by the line-intercept method 
(Canfield, 1942); vegetation production 
by the weight estimate method (Pechanec 
and Pickford, 1937) adjusted by double 
sampling (Wilm et al., 1944). The density 
of big sagebrush seedlings was determined 
on the same sample plots used to estimate 
herbage production. 

Table 1. Canopy cover (%) of big sagebrush 
prior (1959-1960) to spraying with 2,4-D and 
at 3 dates of measurement after spraying. 

1959- 1960- 1965 
Site 1960 1961 1966 1971 

Antelope Butte 17.9 0.1 0.0 2.4 
Soldier Creek 24.4 0.0 0.0 1.9 
Buck Creek 14.6 0.0 0.0 1.7 
Grouse Creek 15.5 0.1 1.2 6.6 
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Results and Discussion 

Canopy Cover and Density of Big 
Sagebrush 

The data on canopy cover in 197 1 
cannot be related to length of deferment 
because the line-intercept transects were 
not located within the deferred areas. 
Therefore, they refer only to the general 
increase of big sagebrush cover. Big sage- 
brush was absent, or nearly so, at all four 
sites the year after spraying (Table 1). 
Five years later, big sagebrush reinvasion 
could be detected only at the Grouse 
Creek site, where it had increased to 
about 8% of the pretreatment level. 

By 197 1, some reinvasion was appar- 
ent at all sites. Only at Grouse Creek, 
however, was canopy cover of big sage- 
brush relatively high-about 42% of what 
it was prior to spraying in 1959. The 
reason for the greater increase at Grouse 
Creek is not known. There is no evident 
relationship between pretreatment sage- 
brush cover or the degree of control 
(which was high at all sites) and the cover 
in 1971. 

We were able to remeasure the density 
of big sagebrush seedlings only at the 

Table 2. Density (plants/l20 ft’) in 1971 of 
big sagebrush seedlings as affected by length 
of deferment after sagebrush control. 

Years deferred 

Site 0 1 2 3 A% 

Antelope Butte 17 6 3 8 11.3 
Soldier Creek 8 13 19 15 18.3 
Buck Creek 5 3 2 7 5.7 

Average 10.0 7.3 8.0 10.0 
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Antelope Butte, Soldier 
Creek sites (Table 2) 
statistically significant 
0.05) either between treatments or be- 

Creek, and Buck 
There were no 

differences (a = 

tween sites in 197 1. We also compared 
the density of big sagebrush seedlings in 
1971 with the density for the years 
1960-1965. Smith reported significant 
differences at Antelope Butte for 2 and 3 
years of deferment. Our analysis showed 
no signficant differences either between 
years or between length of deferment 
period at any of the sites. 

The yearly variation in seedling den- 
sity was highly variable within a given 
site, even though density was recorded on 
the same plots each year. Apparently, as 
Smith also found during the 1960-1966 
period, seedling mortality is high and 
there is no uniform annual increase in 
density. This is somewhat contradictory 
to the results reported by Johnson (1969) 
who found sagebrush density on grazed 
ranges had returned to the prespraying 
level 14 years after treatment. However, 
the areas studied by Johnson were 
located in the sagebrush steppe zone, 
while our areas are in the montane 
sagebrush zone. The former environment 
might be more favorable to the survival 
and growth of big sagebrush. 

Herbage Production 

Total production of herbage in 1971 

Table 3. Herbage production (lb/acre, air-dry) 
in 1971, as affected by length of deferment 
after sagebrush control. 

Site and length 
of deferment Graminoids Forbs Total 

Antelope Butte 
0 years 225 663 888 
1 year 262 758 1020 
2 years 274 737 1011 
3 years 248 751 999 
Average 253 727 980 

Soldier Creek 
0 years 359 672 1031 
1 year 317 685 1002 
2 years 312 807 1119 
3 years 291 467 758 

Average 319 658 977 
Buck Creek 

0 years 260 711 971 
1 year 174 968 1142 
2 years 226 942 1168 
3 years 249 700 949 

Average 228 830 1058 
Average: all sites 

0 years 281 682 962 
1 year 251 804 1054 
2 years 270 829 1099 
3 years 263 639 902 
Average 267 738 1005 

Table 4. Average herbage production (lb/acre, air-dry) for all deferment treatments, and contribu- 
tion of graminoids (%) to herbage. 

Year 

1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1971 

Antelope Butte Soldier Creek Buck Creek 

Herbage 

1510 
6872 
627 

1513 
1220 

428 
639 

(‘1 
980 

Graminoids 

21 
61 
57 
63 
65 
47 
36 
(‘1 
26 

Herbage 

2259 
6032 
821 

1732 
1061 

410 
1368 

(‘) 
977 

Graminoids Herbage Graminoids 

35 
69 
95 
88 
70 
57 
36 

(‘1 (‘1 
1060 25 

4662 77 
805 76 

1750 75 
442 55 

1131 51 
916 51 

1058 21 

Average 951 47 1153 60 953 54 

’ Not sampled. 
‘Year of spraying. 

(Table 3) ranged from 758 to 1168 lb/ 
acre (air-dry). The length of the deferment 
period had no statistically significant 
effect on production of graminoids, 
forbs, or total herbage. Production differ- 
ences between the three sites in 1971 
were also nonsignificant. 

Statistical comparisons between pro- 
duction data for 1971 and previous years 
(Table 4) are difficult to interpret be- 
cause of unknown variations in environ- 
ment and grazing management. However, 
total herbage production was significantly 
less in 1971 than it was prior to treat- 
ment (1959) on the Antelope Butte and 
Soldier Creek sites and almost exactly 
equal on the Buck Creek site. 

Total herbage production after sage- 
brush control on the Antelope Butte site 
exceeded the 197 1 values only in 1962 
and 1963, and was significantly higher 
only in 1962. On the Soldier Creek site, 
total production exceeded that of 1971 
in 3 years, but never significantly. At 
Buck Creek, total herbage production was 
greater than that of 197 1 only in 1963 
and 1965, and the difference was signifi- 
cant only in 1963. At all sites, postspray- 
ing production was greatest 2 years (three 
growing seasons) after herbicidal treat- 
ment, regardless of the year of control. 
Production after the year of peak growth 
was variable. It was particularly low on all 
sites in 1964, apparently a year of very 
poor growing conditions. 

The trend in the proportion of grami- 
noids in the forage varied slightly be- 
tween sites. At Antelope Butte, grami- 
noids were most abundant in 1963, four 
growing seasons after control. At Soldier 
Creek graminoid production was maxi- 
mum the second growing season after 
spraying, when 95% of the herbage was 
either grasses or sedges. At Buck Creek, 
graminoids contributed from 75 to 77% 

of the herbage for 3 years after the herb- 
icide was applied. Depending on the 
site, the proportion of graminoids in the 
herbage declined 13 to 20% from 1964 
onward. In 1971, the graminoid contribu- 
tion on all sites was close to what it was 
the year before the sagebrush was con- 
trolled, even though total herbage pro- 
duction was either less or equal to that 
prior to treatment. 

Summary 

On three summer cattle ranges in the 
Bighorn increased herbage production 
after sagebrush control with 2,4-D was a 
relatively short-lived phenomenon. De- 
clines in production and in the propor- 
tion of graminoids in the herbage did not 
appear to be related to reinvasion of 
sagebrush as this was minimal on all three 
sites even after 10 to 11 years. The 
proportion of graminoids in the herbage 
was very close to that prior to the 
herbicide treatment and total herbage 
production was below pretreatment_jevels 
on all three sites. Deferment from cattle 
grazing for as long as 3 years after 
sagebrush control had no effect on herb- 
age production as measured in 197 1. 
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Emergence and Yield of Six Range Grasses 

Planted on Four Dates Using Natural and 

Treated Seed 

ALVIN T. BLEAK AND WESLEY KELLER 

Highlight: Six range grasses were compared by sowing natural and treated seed at 
four dates. Seedlings from treated seeds emerged sooner in all species except Russian 
wildrye for the first three planting dates. The fourth planting was a failure for both 
treated and natural seeds. The advantages of faster emergence from treated seeds did 
not result in more plants at 35-46 days nor in higher yield. Intermediate wheatgrass 
emerged first, followed by Russian wildrye and Siberian, crested, beardless, and fair- 
way wheatgrasses. Intermediate wheatgrass yielded most, followed by crested, Siberian, 
and fairway wheatgrasses, Russian wildrye, and beardless wheatgrass. 

Seeding is generally regarded as the 
most effective means of improving de- 
pleted semiarid rangeland after desirable 
forage species have been lost. 

In the western United States, the area 
that can be improved by seeding has been 
variously estimated at between 16 and 40 
million ha. Tests have shown that many 
species are widely adapted for seeding 
those rangelands. 

The semiarid range is, by name, defici- 
ent in moisture and the incidence of 
seeding failure is high. A major objective 
of range research is to find methods of 
seeding that will minimize failure. 

In the intermountain region McGinnies 
(1959) found that soil moisture was 
favorable for germination longer below 
the bottoms of relatively small furrows 
than below a flat surface. Hyder et al. 
(196 1) devised a wheel-track planter that 
rolled over sprayed sagebrush (Artemisia 
tridentata Nutt.) and covered seeds on a 
firm, undisturbed seedbed. Bement et al. 
(196 1) showed that an asphalt emulsion 
mulch could improve seedling emergence. 
Hull et al. (1963) summarized all avail- 
able data and reported broadcasting pel- 
leted seed from an airplane an entirely 

The authors are range scientist and agrono- 
mist, Agricultural Research Service, U.S. De- 
partment of Agriculture, Logan, Utah. 

The work represents cooperative investiga- 
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unsatisfactory practice. Bement et al. 
(1965) obtained good stands of cool 
season grasses sown on summer-fallowed 
land. Hyder and Bement (1969) devised a 
ridge roller that, following plowing, pro- 
vided a favorable environment for seed- 
ling establishment. McGinnies (1972) ad- 
vocated a combination furrow and sur- 
face seeder to meet a wide range of field 
conditions. Herbel (1972) made success- 
ful range seedings in the hot southern 
fringe of the western range by using 
plowed creosotebush (Larrea triden tata 
(DC.) Cov.) to shade the ground, thus 
reducing soil temperature and extending 
the period of favorable soil moisture. 
Keller and Bleak (1968) undertook pre- 
planting seed treatments, based on early 
work of McKee (1935), to induce more 
rapid germination and seedling establish- 
ment. In a field test using Nordan crested 
wheatgrass’ , Bleak and Keller (1970) 
obtained a modest but significant advan- 
tage from treatment, in both rate of 
emergence and early yield. 

This study was carried out to answer 
the following questions: (1) would spe- 
cies other than crested wheatgrass re- 
spond to preplanting seed treatment, (2) 
would the initial advantage of more rapid 
seedling emergence carry over into better 
stands and greater forage yields, and (3) 
would treated seeds provide satisfactory 

’ Scientific names of all species in this study are 
presented in Table 1. 
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stands under environmental conditions 
where natural seeds fail. 

Materials and Methods 

We chose six species that are known to 
be adapted to semiarid ranges. Treatment 
of each species consisted of placing 200 
grams of seed on a screen suspended 6 or 
7 mm above the bottom of a plastic box 
and wetting the seeds with tap water. 
Treatment at 17OC was continued until 
approximately 5% of the seeds had pro- 
duced visible radicles. The seeds were 
then spread out and air dried. 

The grasses studied, percentage of ger- 
mination, and duration of the preplanting 
treatment were reported in Table 1. The 
field planting was a split-split plot within 
a 4 X 4 latin square. The large plots 
indicated dates of planting in 4 replica- 
tions; the small plots, species; and the 
smallest, treated vs untreated seeds. The 
3-m rows spaced 30.5 cm apart were 
planted at a depth of 17 mm with a cone 
seeder. Each species plot contained five 
rows of treated seed adjacent to five of 
natural (untreated) seed. The location of 
each species within a block and of the 
treated and natural rows was at random. 

Seeding dates were April 23, May 15, 
June 12, and July 3 in 1968. At six 
intervals within 35 to 46 days after 
planting, we made counts of seedling 
emergence and survival. Seedling count 
on the first planting was made as early as 
8 days after planting. A final count, 
called early survival, was taken 35 to 46 
days after planting, after which single 
plant identification was difficult. The 
entire planting was harvested in May, 
1969, and dry-weight yields were 
determined. 

The study site was at the Central 
Experimental Farm of the Utah Agricul- 
tural Experiment Station about one mile 
north of Logan. The soil is a deep, highly 
calcarious silt loam, having a water 
holding capacity of about 25%. No sup- 
plemental water was applied to the study 
area. Most precipitation comes as winter 
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Table 1. Grasses studied with year and place seed produced, percentage of germination in the 
spring of 1968, and duration (hour) of preplanting treatment at 17.2”C. 

snow or spring and fall rains. Average 
annual precipitation is 40 cm (16 inches). 
Summer nights are cool, but daytime 
temperatures frequently exceed 30°C. 

Results 

Effect of Treatment and Date of Planting 

Early emergence, early survival, and 
yield of natural and treated seeds sown 
on four successive dates are presented in 
Table 2. Treated seeds were superior to 
natural only in early emergence and only 
for the first three planting dates. By the 
fourth planting date all seedings failed. 
Early emergence, early survival, and yield 
were all greatest at the first planting date 
and decreased at each succeeding date. 
Temperatures, precipitation, and soil 
moisture in the seed zone are presented in 
Figure 1. Minimum and maximum air 
temperatures generally increased until 
about August 1. Precipitation generally 
maintained soil moisture in the seed zone 
above 9% until mid-June. Between June 
14 and August 3 soil moisture in the seed 
zone was below 9% except for a brief 
period following a 3-mm rain. This ex- 
plains the failure of the fourth planting. 

Species Differences 

Species differed significantly in early 
emergence, early survival, and yield 
(Table 3). In early emergence, treated 
seed was superior to natural except with 
Russian wildrye. In early survival, inter- 
mediate wheatgrass was highest, followed 
by Russian wildrye, crested, Siberian, 
beardless, and fairway wheatgrasses. 

Yield of intermediate wheatgrass was 
highest, followed by crested, Siberian, 
and fairway wheatgrasses. Russian wild- 
rye and beardless wheatgrass had the 
lowest yields. Seed treatment altered the 

Pre- 
planting 

treatment, 
(hour) Species Accession 

Fairway wheatgrass 
(Agropyron crisfatum (L) Gaertn.) Commercial 

Crested wheatgrass 
(A. desertorum (Fisch.) Schult.) Nordan 

Beardless wheatgrass 
(A. inerme (Scribn. and Smith) Rydb.) Whitmar 

Intermediate wheatgrass 
(A. intermedium (Host) Beauv.) Commercial 

Siberian wheatgrass 
(A. sibiricum (Willd.) Beauv.) P-27 

Russian wildrye 

Seed produced Germi- 
nation, 

Year Place (%) 

1966 N. Dakota 93 

1965 Utah 91 

1966 Washington 84 

1967 Wyoming 93 

1967 Idaho 92 

51 

52 

49 

33 

59 

(Elmus junkus Fisch.) Vinall 1967 N. Dakota 85 59 

Table 2. Early emergence, early survival, and yield (mean of 6 species) for natural and treated 
seed sown at four dates. Each value for emergence and survival is a mean of 120 rows and of 24 
3-row plots for yield. 

Planting dates 

Item 4-23 5-15 6-l 2 7-3 Mean’ 

Early emergence/l 00 seeds 

Days to count 13 
Natural seeds 22.5 
Treated seeds 30.4 

Mean’ 26.5 a 
Treatment diff. (%) 35.1 

12 8 
20.0 8.7 
25.5 10.6 

22.8 a 9.7 b 
27.5 21.8 

12 
1.4 

.8 
1.1 c 

-42.9 

13.2 a 
16.8 b 

15.0 
27.3 

29.9 a 
30.5 a 
30.2 

2.0 

Early survival/l 00 seeds 

Days to count 
Natural seeds 
Treated seeds 

Mean ’ 
Treatment diff. (%) 

44 46 
52.1 37.3 
52.6 40.3 
52.4 a 38.8 b 

1.0 8.0 

35 35 
29.1 1.2 
28.2 .8 
28.6 c 1.0 d 
-3.1 -33.3 

Yield (g dry wt) 
Natural seeds 1463 1282 
Treated seeds 1463 1265 
Mean’ 1463 a 1274 ab 
Treatment diff. (%) 0.0 -1.3 

937’ * 156 960 a 
143 958 a 
150 c 959 

-8.3 -0.2 

959 
948 b 
2.4 

‘Duncan’s test at the 1% level. The mean column compares natural with treated seeds. The mean 
rows indicate differences due to dates of planting. Values followed by the same letter do not 
differ significantly. 

Table 3. Species differences in early emergence, early survival, and yield for natural and treated seeds (mean for 3 planting dates). Each emergence 
and survival is based on 60 rows; each yield on 12 three-row plots.’ 

Item 
Intermediate 
wheatgrass 

Crested 
wheatgrass 

Siberian 
wheatgrass 

Fairway 
wheatgrass 

Russian 
wildrye 

Beardless 
wheatgrass 

Early emergence/ 100 seeds 
Natural seeds 
Treated seeds 

Treatment diff. (%) 

Early survival/100 seeds 
Natural seeds 
Treated seeds 

Treatment diff. (%) 

Yield g/3-row plot 
Natural seeds 
Treated seeds 

Treatment diff. (%) 

32.6 a 12.4 cd 16.3 c 8.4 e 22.3 b 10.4 d 
36.1 a 19.4 c 25.7 b 11.6d 21.6 bc 18.3 c 

10.7 * 56.4 ** 57.7 ** 38.1 * -3.1 76.0 ** 

65.0 a 40.5 b 37.0 b 
62.4 a 41.2 b 39.5 b 

-4.0 1.7 6.8 

24.5 c 41.6 b 28.8 c 
25.6 c 38.0 b 35.1 b 

4.5 -9.5 21.9 

1837 a 1335 b 1194 bc 1182 bc 986 cd 829 d 
1769 a 1398 b 1260 bc 1132 cd 904 d 916 d 

-3.7 4.7 5.5 -4.2 -8.3 10.5 

‘To compare differences between species within a given treatment. One or two asterisks (*) after values in the treatment difference row for early 
emergence denote significant differences between natural and treated at the 5 and 1% levels, respectively. Values followed by the same letter do not 
differ significantly at the 1% level. 
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Fig. 1. The climate of the experimental plot in 1968: maximum and minimum air temperatures (solid lines extending across the figure from left to 
right); precipitation (hollow columns); and soil moisture (solid suspended columns). Numerals I to 4 above the solid columns indicate when each 
planting was made. 

above relationships, but only in early 
seedling emergence were the effects sig- 
nificant. 

Discussion 

Previous studies have shown that pre- 
planting seed treatment will hasten germi- 
nation and emergence of Nordan crested 
wheatgrass and other range species (Bleak 
and Keller, 1972). The pretreated seed of 
Nordan can be dried and stored several 
months before planting (Keller et al., 
1970). Evidence in the present study 
indicates that accelerated emergence is 

Treated seed will have an advantage 
under conditions where a good emergence 

not necessarily accompanied by increased 

from natural seeds is not possible but 
where the added boost of pretreatment is 
adequate to improve emergence. Such 

plant establishment or higher yield. 

conditions may be impossible to predict 
in advance. 

Wilson (1972, 1973) has shown that a 
preplanting seed treatment may result in 
emergence 12 days earlier than from 
natural seeds when germinated at 5°C. 
This suggests that the principal advantage 
of preplanting seed treatment may be 
temperature related rather than drought 
related. It appears from our data that, 
regardless of the rate of emergence, pre- 
treatment must result in a better stand if 
it is to increase yield. During the 1968 

season conditions for seedling emergence 
were favorable enough for the first three 

This area received 56 cm (22.33 

planting dates that natural seeds eventu- 

inches) of precipitation during the 12- 

ally gave stands as good as those from 
pretreated seeds. 

month period between seeding and har- 
vest. This very high precipitation may 
have obscured benefits from seed treat- 
ment that might have appeared in an 
average or below average rainfall year. We 
have encountered no significant negative 
effects of preplanting seed treatment, 
with the possible exception of the be- 
havior of Russian wildrye. 
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A Case Study for Optimal Allocatio 

of Range Resources 

SANDY A. D’AQUINO 

Highlight: A linear programming model was developed to 
help in the management of range resource systems. This 
analysis simultaneously considers per acre management costs 
and resulting per animal gross revenues. The management plan 
sets out a season-by-season use of land areas and associated 
forage resources with the objective of maximizing net dollar 
returns. Procedures developed in this study may also be 
applied to public resource management problems. 

A problem of resource management is to allocate resources 
in such a manner as to either arrive at a level of product 
output that will maximize returns, or to determine the most 
efficient combination of resources that will supply a specified 
level of product output. The range resources may include land 
and associated forages, human labor, and supplemental feeds. 

The purpose of this study was to develop a methodology 
for handling allocation of resources in an economic system 
where all information associated with their productivity are 
presumed known and constant. For any given period in time, 
therefore, no variation is considered. Although this is obvi- 
ously an oversimplified assumption, it does allow the resource 
system to be presented to a framework that assists resource 
managers to develop optimal plans for their particular situa- 
tions. Procedures developed in this study may be applied to 
public resource management problems by determining the 
costs of supplying specified quantities of public goods (hunt- 
ing, fishing, camping, etc.). 

Description of Study Area 

The study area was the Eastern Colorado Range Station 
(ECRS), located midway between Akron and Sterling, Colo- 
rado. The total area was approximately 3,7 17 acres with an 
elevation averaging 4,275 ft. The study area, although a 
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Editor’s Note: This article and the one following, “A Serial Optimiza- 
tion Model for Ranch Management” by E. T. Bartlett, Gary R. Evans, 
and R. E. Bement, present recently developed analytical models that 
could facilitate study of alternatives for multiple uses in natural re- 
source management. Knowledge of linear programming would be help- 
ful to fully understand the data organization in Figure 1 as explained. 
A .go?d reference to linear programming is Wagner, Harvey, M., 1969, 
FWmples of Operations Research, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey. Computer analysis of data can be accomplished by using 
programs, of which there are many, readily available in most commuter 
program libraries. Two programs being used by land managers are 
OPTIMIZE developed by Colorado State University and RCS (Resource 
Capability System) developed by the Forest Service, U.S. Department 
of Agriculture. The reader is referred to the reference D’Aquino (1972) 
for more detail of the material presented. 

research station on the central Great 
State of Colorado, was treated as a 

Plains belonging to the 
private enterprise, and 

analysis was confined to decision making within the market 
system. 

n 

Soils are representative of sandhill range on the central 
Great Plains. Thus, a management plan specifically designed 
for the ECRS may be applicable on many other sites of the 
central Great Plains. Average annual rainfall is 15.30 inches; 
70% occurs between May 1 and October 1 (Sims and Denham, 
1969). Production rates and optimal utilization of forage are 
heavily dependent on rain during the growing season. 

Components of the Management Model 

In order to achieve optimal allocation of a resource system, 
the following model was developed that allowed for the alloca- 
tion of resources so as to maximize contribution margin;’ 

n m 
Zmax = X rj Yj - 2l Cj Xj 

j=l j=l 
where: 

n = number of final products under consideration; 
r- 
J = gross dollar value of each final product for j=1,2,...,n; 

yj = number of units of each final product for j=1,2,...,n; 
m = number of possible management alternatives in the 

problem; 
c. = 
J cost per unit of each management alternative for 

j=l,&...,m ; and 

X- J 
= number of units of each specified management alter- 

native for j=l,2 ,..., m. 

The decision-making model was set in a linear programming 
framework (Fig. 1) with the objective function: 

Zmax = qx (2) 

where q is composed of variable costs (d) and gross revenues 
(g), and x is made up of alternatives listed within t and f in 
Fig. 1. The third equation, A x < b, summarizes the remaining 
components of the linear programming model. A is comprised 
of subcomponents H, J, C, I, M, and N; x is comprised of t and 
f; and, b is made up of a, e, and v in Fig. 1. A fourth 
equation, x > 0, indicates that all variables in the model must 
be greater than or equal to zero. There may, however, be cases 
when a management alternative is designed to increase the 
utilization of resources for one product but thus cause a 
decline in the production of a second product. 

‘Contribution margin is gross dollar returns minus variable costs; 
variable costs are those which vary with changes in the use of alternative 
management schemes. In order to arrive at net dollar returns (net 
profits), contribution margin must be adjusted for fixed costs. By 
definition, fixed costs remain constant over a specified time interval 
with respect to a designated management plant for a resource system. 
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Table 1. Management alternatives for different quantities of soil types, 
croplands, and supplemental feed and products considered in the 
management plans. 

Management 
alternative 

number Classification basis Season Quantity 

l-5 
6-10 

11-15 
16-18 
19-22 

23-27 
28-32 
33-37 
38-42 
43-47 

48 
49 
50 
51 
52 

Soil type 
Deep sand 
Sandy plains 
Loamy plains 
Alfalfa cropland 
Sorghum cropland 

Supplement 
Cottonseed cake 
Mineral block 
Corn 
Wheat 
Beet pulp 

Product 
Cow-calf 
Steers 
Steers 
Steers 
Steers 

l-5 2,115 acres 
l-5 849 acres 
l-5 291 acres 
1,2,5 146 acres 
172, 395 315 acres 

l-5 
l-5 
l-5 
l-5 
l-5 

l-5 
l-5 
5 
l-4 
l-3 

40,000 lb 
40,000 lb 
40,000 lb 
40,000 lb 
40,000 lb 

Description of Management Model 
and Incorporation of Ranch Data 

Components of the management model, as shown in Figure 
1, were compiled with data from the ECRS. To determine the 
contribution margin from a specific management plan, the 
elements within d and g are multipled by elements in t and f. 
Elements within t are all the types of management alternatives 
considered in the ECRS plan. Alternatives might include 
continuous versus rotation grazing, brush control and reseed- 
ing, fertilization, supplemental feeds, crop harvesting versus 
crop grazing, and a do-nothing alternative. In our model there 
were 47 possible management alternatives (Table 1) consisting 
of five grazing seasons for each soil type, cropland acreages, 
and supplemental feeds.’ Elements within f indicate the 
various kinds of products to be considered in the management 
plan. Products that may be considered are cow/calf units, 
steers during different seasons, and the native animal popula- 
tion. If a product is to be considered in a given resource 
system, it must be entered within f. In our case, five products 
were considered (Table 1). 

Elements within a list the available fixed or nonrenewable 
resources plus the quantity of supplemental feed (Table 1). 
Included are soil series and topography and a variety of 
supplemental feeds that may be utilized for their specific 
nutrient content. A soil type with relatively high productivity 
should be considered a separate fixed resource from a soil type 
with lower productivity. 

Management alternatives utilize fixed resources, and their 
amount available cannot be exceeded. C is the linkage between 
the management alternatives and the land resources and 
supplemental feed limitations. When a management alternative 
is designed for the fixed resource being considered, a one (1) is 
placed in C and the management alternative is then included 
for analysis. 

‘Since quantity and nutrient content of available forage varied during 
the year, the grazing year was divided into five seasons: (1) Season l- 
early spring-April 1 to May 15; (2) Season 2-late spring-May 16 to 
June 30; (3) Season 3-early summer-July 1 to August 31; (4) Season 
4-late summer-September 1 to September 30; and (5) Season S-fall- 
winter-October 1 to March 31. 
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Fig. 1. Components of a linear programming resource management 
model. 

Model components H, J, and v are concerned with 
renewable resources. Elements within H give production rates 
in pounds of dry matter, protein, and phosphorus per acre of 
rangeland and cropland (Table 2) and the percentage of dry 
matter, protein and phosphorus per pound of supplemental 
feed (Table 3). Nutrient content of range forage and supple- 
mental feeds were obtained from Cook and Harris (1968), 
Sims et al. (1971), and Morrison (1959). Each of the 
management alternatives modifies the production rate of the 
renewable resources. The model allows for the use of those 
management alternatives that contribute the greatest increase 
in the production output per unit cost. 

Elements within J set out utilization rates of available dry 
matter, protein and phosphorus for the products under 
consideration. This set of cells is paired with the set of 
appropriate production rates in H. Entries in H are positive 
since they add to available dry matter, protein, and phos- 
phorus. Entries in J are all negative since dry matter, protein, 
and phosphorus are used up in production. The accepted daily 
nutrient requirements for product outputs are shown in Table 
4 (National Academy of Science, 1963). 

Elements with v designate the lower limit of use of 
renewable resources and supplemental feeds. In this study, all 

Table 2. Dry matter, protein, and phosphorus content (lb/acre) on 
the range sites and cropland by seasons. 

Season 

Site and nutrient 1 2 3 4 5 

Deep sand 
Usable dry matter 491.00 591.00 817.00 651.00 522.00 
Protein 43.01 74.47 58.82 34.46 21.40 
Phosphorus .78 1.65 1.63 1.11 0.47 

Sandy plains 
Usable dry matter 637.00 681.00 840.00 774.00 687.00 
Protein 28.03 83.08 59.69 38.70 29.48 
Phosphorus 0.38 1.63 1.85 1.32 0.55 

Loamy plains 
Usable dry matter 420.00 449.00 555.00 511.00 453.00 
Protein 43.68 63.76 42.74 30.15 17.67 
Phosphorus 0.71 1.39 1.28 0.66 0.36 

Alfalfa cropland 
Usable dry matter 3950.00 3950.00 3950.00 
Protein 1000.00 1000.00 1000.00 
Phosphorus 12.50 12.50 12.50 

Sorghum cropland 
Usable dry matter 1740.00 1740.00 1740.00 3354.00 
Protein 138.00 138.00 138.00 265.20 
Phosphorus 3.60 3.60 3.60 5.85 



Table 3. Dry matter, protein, and phosphorus content (%) of supple- 
mental feeds. 

Supplemental feeds Dry matter Protein Phosphorus 

Cottonseed cake 94.0 25.0 0.99 
Mineral block 0.0 0.0 6.00 
Corn 97.0 6.0 0.40 
Wheat 90.0 15.6 0.40 
Beet pulp 91.0 1.6 0.10 

entries in v were zero because the quantities consumed of dry 
matter, protein, and phosphorus were required to be less than 
or equal to the quantities available. 

The quantity of product output requirements to be 
considered were listed in e. In this study, all cells within e 
contained zeros. This simply states that the model allowed the 
program to select whatever quantity of the various product 
outputs that resulted in maximum contribution margin from 
the use of the resource system. The only constraint was that 
no product could have a negative output value. 

Elements within I link the product types to their quantity 
requirement (e) and to their gross revenues (g). M and N are 
groups of zeros needed to complete the total matrix of the 
management model. 

The final parts of the model make up the objective 
function. Elements within d designate the costs associated 
with each management alternative. In this study all manage- 
ment alternatives have only cost. The gross revenues were 
measured in final product output. Thus, the model is not 
concerned with maximizing dollar returns from any single 
management alternative but, instead, is concerned with man- 
agement and dollar returns from the entire resource system. 
The costs listed in d are directly associated with managing an 
acre of rangeland per year, cultivating and/or harvesting acres 
of cropland per year, and the purchasing of supplemental feeds 
(Table 5). 

The gross revenues associated with the product outputs are 
listed in g. The gross revenues are based on expected weight 
gains and expected sale prices for the various products during 
the various seasons (Table 6). 

In this study, z denotes the maximum contribution margin. 
However, if the purpose was to allocate resources at the least 
probable cost to produce a specified quantity of product(s), z 

Tables. Costs associated with management of rangeland, cultivating 
and/or harvesting cropland, and purchase of supplemental feeds. 

Land feed category cost ($)I 

Table 4. Livestock requirements for phosphorus, protein, and dry matter (lb/animal/season). 

Product 

Steer 

Requirements Sea son Cow/calf Year-round Season 5 Season 1-4 Season 1-3 

Phosphorus per season 1 2.25 1.35 1.35 1.35 
2 2.25 1.31 1.31 1.31 
3 3.00 1.74 1.74 1.74 
4 1.50 0.87 0.87 
5 5.40 3.60 3.60 

Protein season per 1 103.50 58.50 58.50 58.50 
2 103.80 67.50 67.50 67.50 
3 138.00 90.00 90.00 90.00 
4 69.00 45.00 45 .oo 
5 252.00 234.00 234.00 

Dry matter per season 1 1260.00 643.50 643.50 643.50 
2 1260.00 859.50 859.50 859.50 
3 1680.00 1146.00 1146.00 1146.00 
4 840.00 573.30 573.30 
5 3240.00 2268.00 2268.00 
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Deep sand management 
Sandy plains management 
Loamy plains management 

Alfalfa cropland-hay 
Sorghum cropland-silage 
Sorghum cropland-grazed 

0.30/acre/year 
0.30/acre/year 
0.30/acre/year 

15.00/acre/year 
12,00/acre/year 

6.00/acre/year 

Cottonseed cake 
Mineral block 
Corn 
Wheat 
Beet pulp 

‘Based on 1971 prices. 

O.O52/lb 
O.O27/lb 
O.O32/lb 
O.O25/lb 
O.O3O/lb 

would denote the least cost. No matter what the purpose is in 
utilizing the resource system, fixed costs are incurred (Table 
7). Whereas variable costs are adjusted for during the actual 
computing of the management plan, fixed costs must be 
adjusted for after the optimal management plan is selected. 
When we adjust the contribution margin for fixed costs, the 
resulting net dollar returns are, in fact, net revenues (net 
profits). 

Management Plans 

The model was used as a framework for evaluating two 
alternative management plans; (I) optimal use of available 
resources without supplemental feeds; and (II) the same as (I) 
except the constraint on supplemental feeds was arbitrarily set 
at 40,000 pounds. The results from both management plans 
are returned in terms of 82 variables and are listed in Table 8. 

The first 22 variables (X, - X2*) are management 
alternatives associated with acres of rangeland grazed in each 
season and acres of cropland allocated for use in each season. 
The next 25 variables (XZ3 - Xg7) are associated with 
controlled use of supplemental feeds for the various seasons. 
In Plan I, since no supplemental feeds were used, all entries are 
zero. The next five variables (Xa8 - X,,) designate the 
quantity of various products that are produced in order to 
have optimal use of the resource system. Finally, an additional 
30 variables (X, 3 - X,, ), known as slack variables, are listed. 
Slack variables denote unused quantities of various types of 



Table 6. Weights, prices, and gains of livestock and associated revenue from product sales. 

Weight at Price/lb at Weight’ Weight Price/lb’ Gross 
purchase purchase gain/day at sale at sale revenue 

Product (lb) (cents) (lb) (lb) (cents) ($/head) 

Calf 3 70 - 1.5 458 28.80 120.00 
Steers-year round 500 25.36 1 s-1.7 1068 24.10 120.39 
Steers-season 5 500 23.90 1.5 733 24.10 62.00 
Steers-seasons l-4 500 25.36 1.7 812 23.90 63.08 
Steers-seasons l-3 500 25.36 1.7 760 25.83 65.50 

’ Averaged weight of all purchased stock. 
2 Livestock prices are based on 1 l-year average (1959-1969). 
3Each calf unit required feed from the mother cow. 

resources and associated excess quantities of dry matter, 
protein, and phosphorus. 

Output from the computer program indicated the maxi- 
mum contribution margin under Plan I would be obtained by 
grazing 832 steers from October 1 to March 3 1 on 686 acres of 
sandy plains, 315 acres of unharvested sorghum cropland, and 
90 acres of harvested alfalfa cropland. On April 1, all the steers 
would be sold and a new herd of 694 steers would be 
purchased. Their grazing schedule would be: April 1 to May 
15, 164 acres of sandy plains, 29 1 acres of loamy plains and 
56 acres of harvested alfalfa cropland; May 16 to June 30, 
1,052 acres of deep sand; July 1 to August 3 1, 1,063 acres of 
deep sand. At the end of this period, the steers would be sold. 
The calculated contribution margin for the entire operation 
would be $92,003. When adjusted for $31,505 of fixed costs, 
the net profit would be $60,498. 

need for a protein supplement to allow livestock (products) to 
utilize the excess dry matter. Cottonseed cake and wheat 
supplements had the highest percentage of protein; neverthe- 
less the program was allowed to select from all supplemental 
feeds (Table 1). 

The slack variables for each resource constraint are helpful 
in explaining how management alternatives and product 
requirements are handled. X5 a - X, 7 are slack variables 
denoting the number of acres of rangeland and cropland left 
unused in the management plan (Table 8). In Plan I, X, a - 
X,, were all zero. This means that all available land acreage 
was used. X, s - Xb2 were slack variables that designated 
quantities of supplemental feed that were available but not 
used. In Plan I, X, a - Xb2 were all zero since no supplemental 
feeds were considered for use. 

Variables X6 a - X,, showed that there was an excess of 
phosphorus, protein and/or dry matter in at least one of the 
five seasons. There was unused phosphorus in every season 
except Season 4. Seasons 1 and 2 had unused protein; and, 
there was excess dry matter in Season 3. 

Whenever an excess of dry matter exists in a season, 
consideration should be given to use of supplemental feeds. An 
excess of dry matter denotes a shortage of nutrient in that 
particular season; i.e., a shortage of protein and/or phos- 
phorus. Examination of slack variables in Season 3 showed an 
excess of phosphorus but not of protein. This suggested the 

In Plan II constraints on supplemental feeds were arbitrarily 
set to be a maximum of 40,000 pounds. Cottonseed cake and 
wheat were the only supplemental feeds used in Season 3. 
With the use of supplemental feeds, output from the computer 
program indicated that maximum contribution margin would 
now be obtained by grazing 817 steers from October 1 to 
March 3 1 on 65 1 acres of sandy plains, 3 15 acres of 
unharvested sorghum cropland, and 89 acres of harvested 
alfalfa cropland. On April 1, all the steers would be sold and a 
new herd of 744 steers would be purchased. Their grazing 
schedule would be: April 1 to May 15, 199 acres of sandy 
plains, 291 acres of loamy plains, and 57 acres of harvested 
alfalfa cropland; May 16 to June 20, 1,128 acres of deep sand; 
July 1 to August 31,987 acres of deep sand; 10,574 pounds of 
cottonseed cake supplement, and 40,000 pounds of wheat 
supplement. For Plan II, the grazing herds would be assigned 
to pastures as shown in Figure 2. At the end of the summer 

II 
294 Acres 
Sandy Plotns 
Season 5 

I I l- 

’ IS6 Acres 
1 Sandy Plains 
, Season I 291 Acrea 

Loamy 
Plolns 
Season I 

562 Acres 
Deep Sand 
Season 2 

55 \ 315 Acres 

I66 Acres 
Deep Sand 
Season 2 

69 Acres 
Alfolfo Hoy 
Season 5 

\ 57 Acres 

J 

Table 7. List of fixed costs for management of Akron Ranch. 

Item Cost ($) 

Depreciation on equipment and buildings (1 O%/year) 2,610 
Repairs, gas, oil for vehicles 1,500 
Labor: Manager for Akron Ranch 15,000 

Hired hand (75% of $5,00) 3,750 
Water development 680 
Veterinarian expenses 2,200 
Rental on land 1,886 
Taxes 2,352 
Transportation costs for livestock 927 
Miscellaneous 600 

Total fixed costs $31,505 

---------- 

302 ! 205 q 
372 Acres 
Deep Sand 
Season 3 

Acres I Acres 
Deep 1 Sandy 

- Orglnal Fence 

Sand I Platns --- New Fence 

Season 3 1 Season 5 

320 Acres 
Deep Sand 
Season 3 

Fig. 2. Pasture plan for the Eastern Colorado Range Station, Akron, 
Cola. 

JOURNAL OF RANGE MANAGEMENT 27(3), May 1974 231 



Table 8. Results from computer program executions-list of 82 variables in two management plans for the Eastern Colorado Range Station.’ 

Alternative Solution 

code 1 2 Alternative definition 

x l= 0 
x 2 = 105; 1121 
X 3 = 1063 994 
x 4= 0 0 
x 5= 0 0 
X 6= 164 196 
x 7= 0 0 
X 8= 0 0 
x 9= 0 0 
x10 = 686 654 
x11 = 291 291 
x12 = 0 0 
x13 = 0 0 
x14 = 0 
x15 = 0 0” 
Xl6 = 56 57 
x17 = 0 0 
Xl8 = 90 89 
x19 = 0 0 
x20 = 0 0 
x21 = 0 0 
x22 = 315 315 
X23 = 0 0 

X24 = 0 0 

X25 = 0 10574 

X26 = 0 0 

X27 = 0 0 

X28 = 0 0 

x29 = 0 0 

x30 = 0 0 

x31 = 0 0 

X32 = 0 0 

x33 = 0 0 
x34 = 0 0 
x35 = 0 0 
X36 = 0 0 
x37 = 0 0 
X38 = 0 0 

Deep sand acs used Season 1 
Deep sand acs used Season 2 
Deep sand acs used Season 3 
Deep sand acs used Season 4 
Deep sand acs used Season 5 
Sandy plains acs used Season 1 
Sandy plains acs used Season 2 
Sandy plains acs used Season 3 
Sandy plains acs used Season 4 
Sandy plains acs used Season 5 
Loamy plains acs used Season 1 
Loamy plains acs used Season 2 
Loamy plains acs used Season 3 
Loamy plains acs used Season 4 
Loamy plains acs used Season 5 
Alfalfa hay acs used Season 1 
Alfalfa hay acs used Season 2 
Alfalfa hay acs used Season 5 
Sorghum silage acs used Season 1 
Sorghum silage acs used Season 2 
Sorghum silage acs used Season 3 
Sorghum grazed acs used Season 5 
Supplem’t-lb cottons’d cake used 

Season 1 
Supplem’t-lb cottons’d cake used 

Season 2 
Supplem’t-lb cottons’d cake used 

Season 3 
Supplem’t-lb cottons’d cake used 

Season 4 
Supplem’t-lb cottons’d cake used 

Season 5 
Supplem’t-lb mineral block used 

Season 1 
Supplem’t-lb mineral block used 

Season 2 
Supplem’t-lb mineral block used 

Season 3 
Supplem’t-lb mineral block used 

Season 4 
Supplem’t-lb mineral block used 

Season 5 
Supplem’t-lb corn used Season 1 
Supplem’t-lb corn used Season 2 
Supplem’t-lb corn used Season 3 
Supplem’t-lb corn used Season 4 
Supplem’t -lb corn used Season 5 
Supplem’t-lb wheat used Season 1 

Alternative Solution 

code 1 2 Alternative definition 

x39 = 0 
x40 = 0 
x41 = 0 
X42 = 0 

x43 = 0 
x44 = 0 
x45 = 0 
X46 = 0 
x47 = 0 
X48 = 0 
x49 = 0 
x50 = 832 
x51 = 0 
x52 = 694 
x53 = 0 
x54 = 0 
x55 = 0 
X56 = 0 
x57 = 0 
X58 = 0 
x59 = 0 
X60 = 0 
X61 b 0 
X62 = 0 
X63 = 29 
X64 = 827 
X65 = 524 
X66 = 0 
X67 = 361 
x 68 = 32459 
X69 = 31488 
x70 = 0 
x71 = 0 
X72 = 0 
x73 = 0 
x74 = 0 
X 75 = 72288 
X76 = 0 
x77 = 0 
X78 = 0 

x79 = 0 
X80 = 832 
X81 = 0 
X82 = 694 

0 
40000 

0 
0 

0 
0 
0 
0 
0 
0 
0 

817 
0 

744 
0 
0 
0 
0 
0 

29426 
40000 
40000 

0 
40000 

886 
580 

0 
365 

32980 
33737 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 No. steers > 0 grazed Seasons l-5 
817 No. steers > 0 grazed Season 5 

0 No. steers > 0 grazed Seasons l-4 
744 No. steers > 0 grazed Seasons l-3 

Supplem’t-lb wheat used Season 2 
Supplem’t-lb wheat used Season 3 
Supplem’t-lb wheat used Season 4 
Supplem’t-lb wheat used Season 5 
Supplem’t-lb beet pulp used Season 1 
Supplem’t-lb beet pulp used Season 2 
Supplem’t-lb beet pulp used Season 3 
Supplem’t-lb beet pulp used Season 4 
Supplem’t-lb beet pulp used Season 5 
No. cow-calf units grazed Seasons l-5 
No. steers grazed Seasons l-5 
No. steers grazed Season 5 
No. steers grazed Seasons l-4 
No. steers grazed Seasons l-3 
Unused acs deep sand 
Unused acs sandy plains 
Unused acs loamy plains 
Unused acs alfalfa 
Unused acs sorghum 
Unused lb cottons’d cake supplem’t 
Unused lb mineral block supplem’t 
Unused lb corn supplem’t 
Unused lb wheat supplem’t 
Unused lb beet pulp supplem’t 
Excess lb phosphorus Season.1 
Excess lb phosphorus Season 2 
Excess lb phosphorus Season 3 
Excess lb phosphorus Season 4 
Excess lb phosphorus Season 5 
Excess lb protein Season 1 
Excess lb protein Season 2 
Excess lb protein Season 3 
Excess lb protein Season 4 
Excess lb protein Season 5 
Excess lb dry matter Season 1 
Excess lb dry matter Season 2 
Excess lb dry matter Season 3 
Excess lb dry matter Season 4 
Excess lb dry matter Season 5 
No. cow-calf units > 0 grazed 

Seasons l-5 

‘Contribution margin (or maximum objective) = $92,003 for Solution 
1 and $92,781 for Solution 2. 

period the steers would be sold. The calculated contribution 
margin for Plan II would be $92,781. Again, adjusting for 
$31,505 of fixed costs, the net profit would be $61,276. 

Discussion 

Based on the assumption of known information, two 
possible management plans were determined for the Eastern 
Colorado Range Station (ECRS). In Plan I, when no supple- 
mental feeds were used, net revenue was $60,498. Making use 
of supplemental feeds in Plan II resulted in net revenue of 
$61,276. Based on the objective of profit maximization, Plan 
II is the optimal management plan with an additional net 
revenue of $778. 

Dollarwise the advantage of using Plan II is very slight. 
Therefore, the land manager must examine further the effect 
of using supplemental feeds with respect to re-allocation of 
land use over the various seasons. The effect of re-allocation 

should be observed over a time period greater than one 
growing season. Including the element of time into the analysis 
will require modifications of the model developed in this study. 

We have attempted to show from our analysis of the ECRS 
that the linear programming model is capable of assisting in 
the managing resource systems for market goods that include 
supply and demand components. If the management model is 
allowed to select production of those products that will 
maximize net revenues, it is unlikely that nonmarket items 
such as recreation and scenic beauty, that do not command a 
competitive market price, will be selected as part of the 
optimum product mix. The management model, however, may 
be used to determine opportunity cost of supplying a required 
quantity of nonmarket items. By using the management model 
in this manner, the resource manager would be able to 
determine the cost of supplying nonmarket items that may be 
a necessary part of the allocation of resource systems. 
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A Serial Optimization Model for Ranch 
Management 

E. T. BARTLETT, GARY R. EVANS, AND R. E. BEMENT 

Highlight: A linear program resource management model is 
described. This model is used to aid in the decision-making 
process of developing basic ranch management plans. A simple 
one-year-at-a-time ranch management plan for the Central 
Plains Experimental Range was developed. The model uses 
discrete continuity equations to facilitate the flow of resources 
and products through seasons of the year. Management strate- 
gies based on the amount of initial operating capital ($20,000 
to unlimited) are discussed. 

Managers in business and industry are continually charged 
with making decisions concerning the efficient allocation of 
scarce resources. The economic existence of ranchers is based 
on efficiency. They must allocate their resources among 
alternative range products, such as cows and calves or 
yearlings, and must determine when and how best to use the 
resources. All these decisions affect economic resource alloca- 
tion and are confounded by a myriad of alternative practices 
available to ranchers. It would be desirable to have a 
management technique that would compare alternatives and 
provide a quantitative guide for the rancher. Linear program- 
ming appears to be such a tool. 

Linear programming is a mathematical optimization tech- 
nique for allocating scarce or fixed resources to management 
alternatives. It consists of a set of linear equations which 
explicitly express, in mathematical terms, the limited re- 
sources, the management alternatives, and the decision-maker’s 
objective. Simply stated, “the objective in linear programming 
is to maximize or minimize a linear function subject to a 
number of linear constraints (Clough, 1963)“. The resulting 
optimum solution yields a set of computer decision guides for 
the resource manager to consider in relation to other nonquan- 
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tified variables before selecting his final decision. Static linear 
programming models can only consider alternatives in a single 
time period. Serial linear programming models, as used in this 
paper, can consider an alternative in one time period in 
relation to an alternative in a previous time period. This 
relationship between static and serial models will be discussed 
in later sections of the paper. 

This paper presents an example of how linear programming 
can be applied to ranching decisions and provides a guide to 
application in other resource management fields. In addition 
to static decisions in which all components are considered 
fixed, a serial linear model is presented which allows for 
seasonal growth of vegetation, the buying and selling of 
livestock, and cash flow of income and costs. 

Dantzig (195 1) developed the linear programming tech- 
nique shortly after World War II, and it was rapidly applied to 
problems in business. This method was successfully applied to 
agricultural problems before 1960 (Heady and Candler, 1958; 
Candler, 1956). Only during the past decade has linear 
programming been applied to natural resources. Nielsen and 
others (1966) used this technique in their study of federal 
range use and improvement for livestock production. Other 
workers developed models for multiple use of federal lands 
(Bell, 1970; Navon, 1967). D’Aquino (1972,1974) developed 
a general resource allocation model using linear programming 
and applied this to a hypothetical ranching operation. 
D’Aquino’s model, however, was static with respect to the 
range resources. Consequently, if an acre of resource was used 
at one time, it could not be used again. The results of 
D’Aquino’s model and a serial model will be compared. 

Study Area 

Central Plains Experimental Range (CPER), totaling 15,700 
acres, was used as an operating ranch. It is about 25 miles 
south of Cheyenne, Wyoming, and 12 miles northeast of 
Nunn, Colorado, in the central part of the Northern Great 
Plains shortgrass area. Annual precipitation ranges from 10 to 
15 inches, with a summer (April-Sept.) mean of 10.17 inches 
and a winter mean (October-March) of 2.18 inches (Bertolin, 
1970). The mean elevation of the area is 4,700 ft above sea 
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Highlight: A linear program resource management model is 
described. This model is used to aid in the decision-making 
process of developing basic ranch management plans. A simple 
one-year-at-a-time ranch management plan for the Central 
Plains Experimental Range was developed. The model uses 
discrete continuity equations to facilitate the flow of resources 
and products through seasons of the year. Management strate- 
gies based on the amount of initial operating capital ($20,000 
to unlimited) are discussed. 

Managers in business and industry are continually charged 
with making decisions concerning the efficient allocation of 
scarce resources. The economic existence of ranchers is based 
on efficiency. They must allocate their resources among 
alternative range products, such as cows and calves or 
yearlings, and must determine when and how best to use the 
resources. All these decisions affect economic resource alloca- 
tion and are confounded by a myriad of alternative practices 
available to ranchers. It would be desirable to have a 
management technique that would compare alternatives and 
provide a quantitative guide for the rancher. Linear program- 
ming appears to be such a tool. 

Linear programming is a mathematical optimization tech- 
nique for allocating scarce or fixed resources to management 
alternatives. It consists of a set of linear equations which 
explicitly express, in mathematical terms, the limited re- 
sources, the management alternatives, and the decision-maker’s 
objective. Simply stated, “the objective in linear programming 
is to maximize or minimize a linear function subject to a 
number of linear constraints (Clough, 1963)“. The resulting 
optimum solution yields a set of computer decision guides for 
the resource manager to consider in relation to other nonquan- 
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tified variables before selecting his final decision. Static linear 
programming models can only consider alternatives in a single 
time period. Serial linear programming models, as used in this 
paper, can consider an alternative in one time period in 
relation to an alternative in a previous time period. This 
relationship between static and serial models will be discussed 
in later sections of the paper. 

This paper presents an example of how linear programming 
can be applied to ranching decisions and provides a guide to 
application in other resource management fields. In addition 
to static decisions in which all components are considered 
fixed, a serial linear model is presented which allows for 
seasonal growth of vegetation, the buying and selling of 
livestock, and cash flow of income and costs. 

Dantzig (195 1) developed the linear programming tech- 
nique shortly after World War II, and it was rapidly applied to 
problems in business. This method was successfully applied to 
agricultural problems before 1960 (Heady and Candler, 1958; 
Candler, 1956). Only during the past decade has linear 
programming been applied to natural resources. Nielsen and 
others (1966) used this technique in their study of federal 
range use and improvement for livestock production. Other 
workers developed models for multiple use of federal lands 
(Bell, 1970; Navon, 1967). D’Aquino (1972, 1974) developed 
a general resource allocation model using linear programming 
and applied this to a hypothetical ranching operation. 
D’Aquino’s model, however, was static with respect to the 
range resources. Consequently, if an acre of resource was used 
at one time, it could not be used again. The results of 
D’Aquino’s model and a serial model will be compared. 

Study Area 

Central Plains Experimental Range (CPER), totaling 15,700 
acres, was used as an operating ranch. It is about 25 miles 
south of Cheyenne, Wyoming, and 12 miles northeast of 
Nunn, Colorado, in the central part of the Northern Great 
Plains shortgrass area. Annual precipitation ranges from 10 to 
15 inches, with a summer (April-Sept.) mean of 10.17 inches 
and a winter mean (October-March) of 2.18 inches (Bertolin, 
1970). The mean elevation of the area is 4,700 ft above sea 
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level. Topography varies from nearly level to gently rolling 
hills with a fairly well-defined pattern. The soil series on the 
CPER have been mapped and described by the Soil Conserva- 
tion Service. These soil series were combined into groups based 
on common characteristics. 

This grouping of soil series can be correlated with four 
distinct plant communities or range sites: Sandy Plains site, 
which includes 2,060 acres; Loamy Plains site with 11,099 
acres; Overflow site with 2,020 acres; and Salt Meadow sites, 
which include 552 acres. Abandoned cropland, commonly 
called “go-back” land, takes 837 acres from the Loamy Plains 
site. Some of this will be considered for more intensive 
cropping. 

Methodology 

The resource allocation model developed by D’Aquino 
(1974) is shown in generalized form in Fig. 1. The model 
allocates the fixed resources among management alternatives. 
Factors of production or flow resources are generated from 
these fixed resources. These factors of production are used 
(consumed) by the product(s). In a ranch example, the fixed 
resources would be acres of rangeland, and the factors of 
production could include such items as pounds of forage dry 
matter and total plant protein. The salable product would be 
pounds of meat. This product, however, can be differentiated 
as to the animal that produces it: calf, lamb, or steer. The 
linear program maximizes the net revenue from the use of the 
resources. The results of the completely static model, as well 
as the results when the product prices are allowed to vary, are 
presented by D’Aquino (1974). 

One weakness of the above model is that when an acre of a 
fixed resource is allocated in one management activity, it 
cannot be used in another. If, for example, the activities are 
forage use during different seasons, a particular acre of 
rangeland cannot be used during more than one season. This, 
at first glance, may not appear to be a major weakness; but if 
one season is a short use period during the spring the model 
cannot specify any use of regrowth in the fall if that area has 
already been allocated for spring use. A major objective of this 
study was to eliminate this weakness from the model. The 
magnitude of the problem can be demonstrated by examining 
one possible solution. 

New management activities can be specified that represent 
all combinations of use, that is, spring use, spring-summer use, 
spring-fall use, spring-winter use, spring-summer-fall use, etc. 
The possible combinations are so numerous that the linear 
program rapidly becomes unwieldy. If, for example, all 
possible combinations for four seasons are considered, there 
will be fifteen management alternatives of use on each kind of 
rangeland. If the months of the year are considered as the 

grazing seasons, the number of combinations increases to 
4,095. In general, the number of possible uses is 2” - 1, where 
n is the number of seasons. 

Thus this method of alleviating the problem merely 
demonstrates the need for another method. The serial linear 
model described below alleviates the weakness while increasing 
the number of activities only to 2n - 1 instead of 2” - 1. 

The continuity equation for a reservoir can serve as an 
example and is shown in equation (1) (Roefs, 1968). 

St + I, - R, = St+i (1) 

Where S, is reservoir storage at the start of time period t, I, is 
the inflow during period t, and R is the release during period t. 
This relationship can rapidly be adapted to forage available at 
the start of any season. The continuity equation for usable 
forage can be written as 

SC, + G, - c, = SC,,, (2) 

Where SC, is standing crop at the start of period t, G, is 
growth during period t, C, is amount of forage used during 
season t, and SC,,, is the standing crop at the start of the 
next period. 

Consider again the example of four seasons. The linear 
system of equations that results from applying equation (2) 
appears below. 

SC,+G,-C,=SC, (3) 
SC,+G,-C,=SC, 
SCa+G,-C3=SC, 
SC,+G,-C,>M 

M is a minimum amount of forage that must be left on the 
range at the end of the grazing year, regardless of what date 
the computer selects as the time to terminate grazing for the 
year. Because SC, has been defined as usable crop, M is greater 
than or equal to zero. In this linear system, the standing crop 
at the start of season 1, growth during the four seasons, and 
the amount of forage to be left must be known. The other 
variables are decision variables whose values will be specified in 
the optimal solution. Such a linear system of equations can be 
formulated for each kind of rangeland on the ranch, and, 
together with rates of use by animal classes and the objective 
function (a linear equation relating costs of using resources 
and revenues of management alternatives), makes up a linear 
program. 

The reservoir continuity equation (1) can also be applied 
to the flow of livestock during the year. The general equation 
is 

Ht + Bt - St =Ht+1 (4) 

where H, is the herd size at the start of season t, B, is the 
number of animals bought at the start of t, and St is the 
number sold at the end of period t. 

The linear system for steers in a four-season year is shown 
in (5). In this system, the initial number of steers is the only 
required data. 

Table 1. Approximate dates of grazing management periods. 

Grazing 
period 

1 

2 

3 
4 

5 

Approximate date 

May 16-June 30 

July I-Aug. 31 

Sept. I-Sept. 30 

Oct. I-Oct. 31 
Nov. l-May 15 

Remarks 

Temperature warm enough for 
growth, if moisture available 
Usual growth period, varies 
with amount of precipitation 
Forage dormant 

Traditional sale period 
Winter period 
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H, +B, - S1 =H, (5) 
H,+B,-S,=H, 
H,+B,-S,=H, 
H,+B,- S,>O 

The values of the other variables are determined when these 
equations are placed in the linear model with the other 
constraints. The number of heifers that should be run on a 
ranch is described by a similar set of linear equations. It must 
be noted that the number of steers and/or heifers at the 
beginning of the year would be zero. The system of equations 
for a cow-calf alternative is slightly different from the linear 
system for steers (5). If it is assumed that calving occurs before 
or during grazing period one (Table 1 ), the system of 
equations is 

H, - S, = H, (6) 
H, - S, = H, 
H, - S, = H, 
H, - s4 > 0 

H, specifies the initial calf-crop, and S, the number of calves 
sold at the end of season 1. Similarly, H, is the number of 
calves left at the start of season 2, S, is the number sold at the 
end of 2, and so forth. A similar linear system can be 
constructed for a ewe-lamb alternative. In the cow-calf and 
ewe-lamb alternatives, the cow and ewe must. be considered 
year-long. The development of brood stock requires a long- 
term capital investment (8-12 years) in relation to the 
short-term investment (6-8 months) for yearlings. A rancher 
usually has a minimum number of brood stock that he wants 
to run on the ranch. This minimum number may be specified 
in the initial grazing period. There are often instances, 
however, where the livestock producer is interested in finding 
out what the optimum number of livestock should be. The 
initial stocking rate then becomes a decision generated by the 
model. 

Cash flow is also an important factor in ranch decisions. It 
can also be described in the fashion of equation (1). 

-F 
P 

’ At Cit + Z rjt = At+1 (7) 
i=l j=l 

where At is the amount of cash available for investment at the 
m 

start of season t, 2 Cit is the sum of the costs of m expen- 
i=l P 

ditures during season t, and Z 
j=l 

rjt represents the revenue from 

p products sold during season t. 

The linear systems for forage from each kind of rangeland, 
animal alternative, and cash were incorporated into the linear 
model of D’Aquino (1974) to form a serial linear programming 
model. The term serial is used to distinguish the above model 
from models using dynamic programming, another technique 
of operations research. A purely competitive market (for 
noneconomists this means that no single rancher can influence 
supply or demand by himself) and perfect knowledge (the 
assumption that the rancher is absolutely sure of all his 
production and market data) were assumed in the develop- 
ment and use of D’Aquino’s model and the serial linear model. 

Application to CPER 

Grazing management dates on the experimental area are 
based on functional management periods rather than on strict 
phenologic growth stages of the key forage species (Table 1). 
The frequent and unpredictable precipitation creates such 
erratic growth rates that reasonable management periods must 

Table 2. !Seasonal forage production (lb) of kinds of rangeland. 

Growth or loss 

Season Loamy plains Sandy plains Overflow Salt meadow 

1 + 39 + 39 + 28 + 40 
2 + 304 + 542 + 380 +553 
3 + 106 + 189 + 132 + 193 
4 - 61 - 109 - 76 + 111 
5 - 95 - 170 - 119 + 100 

be based on plant growth stages combined with existing 
market conditions. Animal requirements are based on the 
average number of days in each management period. 

Production data on available forage were extrapolated from 
biweekly production studies on Loamy Plains rangeland 
(Bement et al., 1965-71). Growth is based on the change in 
total standing biomass at the end of each previously described 
season and is shown in Table 2. Three hundred pounds of blue 
grama per acre on Loamy Plains will be left ungrazed at the 
end of the grazing season (Bement, 1969). Seasonal growth, 
total forage, and forage available for animal consumption were 
computed for each kind of rangeland. No seasonal production 
data were available for Sandy Plains and Overflow rangeland. 
Soil Conservation Service Range Site and Condition Guides, 
however, provide relative production values between various 
kinds of rangeland in the same Major Land Resource Area 
(Soil Conservation Service, 1970). The percent difference 
between median values of the Sandy Plains and Overflow 
rangeland was used for predicting growth and loss of forage on 
the sites. Forage growth and losses on the Overflow rangeland 
were assumed to be 20% greater than those on the Loamy 
Plains. Salt Meadow production averaged 50% greater than 
that of the Loamy Plains site. Checks at the end of the grazing 
season on the Salt Meadow site showed an average of 475 lb of 
forage remaining. Therefore, forage to be left at the end of the 
growing season on Salt Meadow rangeland was constrained to 
475 lb/acre. 

Data on nutrient availability in the range forage and 
supplements were obtained from Cook and Harris (1968) and 
Morrison (1959). Several assumptions regarding nutrient avail- 
ability were necessary. It was assumed that species composi- 

Table 3. Annual fixed costs’ based on 770 cow unit ranch. 

Items Amounts ($) 

Annual fixed overhead 
Taxes-land and improvement (15,700 acres) 

(@ $O.lIl/acre) 
Fence maintenance (@ $O.l3/acre) 
Water development maintenance (@ $O.O8/acre) 
Range land management (@ $0.50/acre) 
Insurance (liability and workman camp.) 
Utilities (ranch share) 
Dues, papers, accounting, license fees, ranch supplies 
Building depreciation 
Equipment depreciation 

1,884.OO 
2,041 .OO 
1,400.00 
7,850.OO 
1,372.OO 
1,292.oo 
8,369.OO 
1,338.OO 
2,898.OO 

Total $28,444.00 

Annual livestock costs (per head basis) 
Taxes 
Veterinary expenses 
Transportation 
Commission and yardage 
Labor 
Truck and other equipment 

Total 

1.78 
1.44 
1.15 
0.71 
3.55 
3.50 

12.13 
’ Based on Nelson and Skald (1970). 
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tion was dominated by three to four key species on each site. 
Species composition assumption was based on Hyder et al. 
(1966). Admittedly this omits consideration of many species; 
however, management must be based on the key or dominant 
vegetation occurring on a particular site or set of sites. The 
nutrient content of the species was based on Taylor (1972) 
and Morrison (1959). 

The percent total nutrient content for the serial model was 
determined by a weighted calculation of the values of the 
percent composition of species and the nutrient content on a 
percentage basis. Nutrient values for dry matter, digestible 
protein, phosphorus, and carotene were calculated for each 
range site and each season. Digestible protein and phosphorus 
are computed on a pound-per-pound of dry matter basis, and 
carotene is calculated on a milligram per pound of dry matter 
basis. Nutrient content of the supplemental feeds considered 
were calculated from actual label tags of supplements cur- 
rently being used for cattle on the experimental area. 

It was assumed that all native range would be grazed in one 
or more of the five grazing seasons. The alternative of feeding 
alfalfa hay produced on up to 160 acres of irrigated alfalfa was 
considered. This alternative must also consider development of 
a center-pivot over-head sprinkler system, as well as produc- 
tion of the hay. 

The only costs considered by the linear program are 
variable costs. Variable costs, in this paper, are those costs that 
vary directly in proportion to changes in productive output or 
activity and include annual irrigation system and hay produc- 
tion costs, supplement costs, purchase of livestock for resale, 
and maintenance of brood stock. When the management 
strategy has been developed, variable costs of each resource 
selected have been compared against the gross returns of the 
resource users. The resulting value is the contribution margin. 
Simply defined, contribution margin is the amount remaining 
after variable costs have been subtracted from gross revenue. 
Economists often refer to contribution margin as return to 
fixed factors, Fixed costs, as shown in Table 3, are then 
subtracted from the contribution margin to arrive at net 
income before taxes. 

Table 4. Livestock nutrient requirements per head per season. 

Annual cost of keeping the breeding cow, including bull 
cost and bull pasture charge, amounts to $47.54 per year with 
a 100% calf crop. Assuming a 90% calf crop, therefore, 
increases the annual cow cost to $52.82. The annual cost of 
keeping a ewe, including ram cost and ram pasture charge, is 
$12.23. The annual yield of fleece is 8 lb, selling for 
approximately $21.00/cwt grease weight. This income can be 
deducted from the annual cost of the ewe, dropping the cost 
to $10.55. Assuming a 120-percent lamb crop at sale, the cost 
per ewe is reduced to $9.14. 

The following classes of livestock were considered as user 
alternatives of the ranch resources: 

1) Cow-calf - Cows would be bred to calve late in March, 
with weaning weight attained on October 1. However, calves 
may be sold in any season. Livestock requirements are based 
on the total nutrient requirement of both cow and calf (Table 
4). Average gain of calf was 1.5 lb per day. Annual costs of 
cow and bull, and bull forage requirement, have been adjusted 
for a 90% calf crop. 

2) Ewe-lamb - Ewes would be bred to lamb in March, with 
weaning weight attained on October 1. Average gain of the 
lamb was 0.5 lb per day. Annual costs of ewe and ram, and 
ram forage requirement, have been adjusted for a 120% lamb 
crop. 

3) Steers - Steers may be bought at the start of any season 
or sold at the end of any season of the year. Nutrient 
requirements are adjusted for an average daily gain of 1.65 lb 
during the summer and 1 .O-lb daily gain during the winter. 

4) Heifers - Heifers may be bought at the start of any 
season or sold at the end of any season of the year. Nutrient 
requirements are adjusted for 1.65 lb per day gain in the 
summer season 15 May-Ott 3 1, and 0.31 lb per day gain in the 
winter. 

Because of the rapidly fluctuating livestock prices, it was 
assumed that the 1971-72 market prices would be most 
representative of the current market situation. Prices for the 
Colorado livestock markets nearest to the study area (Greeley, 
Ft. Collins, and Sterling) were obtained from Agricultural 
Marketing Service (197 l-72) (Table 5). 

Nutrient Season’ 
Dry matter (lb) 1 

2 
3 
4 
5 

Protein (lb) 1 
2 
3 
4 
5 

Phosphorus (lb) 1 
2 
3 
4 
5 

Carotene (mg) 1 
2 
3 
4 
5 

I Seasons of the year defined in Table 1. 

cows Calves Ewes Lambs Steers Heifers 
990 315 270 90 630 675 

1,612 620 310 186 1,116 1,178 
720 390 150 90 570 570 
744 430 155 124 651 651 

4,728 2,561 985 0 5,122 4,334 
27 27 7.2 19.8 28 39 
37 43 9.9 12.4 49 52 
18 23 4.5 6.0 38 40 
19 24 4.3 6.2 39 42 

118 124 27.6 0 211 100 
0.9 1.8 0.3 0.5 1.4 1.4 
1.2 2.5 0.4 0.5 1.9 1.9 
0.6 1.2 0.2 0.2 0.9 0.9 
0.6 1.2 0.2 0.2 0.9 0.9 
3.9 7.9 1.2 0 3.9 3.9 

4,320 765 76 356 1,260 1,350 
5,952 1,054 105 490 1,736 1,860 
2,880 510 69 237 1,320 1,440 
2,976 527 87 74 1,364 1,488 

18,912 3,349 473 0 3,546 3,546 
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Table 5. Average price from northeastern Colorado livestock markets 
(1971-1972). 

Type 
Calves 

Lambs 

Heifers 

Steers 

Buying and 
Weight selling 

Date (lb) (S/cwt) 
May 15, 1971 175 44.00 
June 30, 1971 242 41.75 
Aug. 31, 1971 335 39.50 
Sept. 30, 1971 380 41.75 
Oct. 31, 1971 426 35.75 
May 15, 1971 58 10.00 
June 30, 1971 72 12.50 
Aug. 31, 1971 85 19.20 
Sept. 30, 1971 96 20.10 
Oct. 31, 1971 100 21.00 
May 15, 1971 375 35.12 
June 30, 1971 456 32.12 
Aug. 31, 1971 568 32.25 
Sept. 30, 1971 622 31.75 
Oct. 31, 1971 678 33.00 
May 15, 1972 739 31.50 
May 15, 1971 375 38.88 
June 30, 1971 456 37.12 
Aug. 31, 1971 568 33.12 
Sept. 30, 1971 622 34.38 
Oct. 31, 1971 678 32.00 
May 15, 1972 875 32.75 

as salting with crushed salt and the increased labor cost may 
also be considered. A second group of alternatives for utilizing 
available forage or forage-producing areas may have been 
antelope and mule-deer, which have resident herds in the area, 
and other types of recreation which can utilize a range area. In 
an attempt to keep this management plan simple, only the 
major management alternatives were analyzed. The concept of 
linear programming is such that all alternatives to be con- 
sidered are input at the same time and compared (mathe- 
matically) against each other to arrive at the best possible 
(optimum) mix for the particular operation being planned. 
This involves the application of simple cost and revenue 
analysis much more explicitly than has taken place in the 
ranch planning process. The cost of each unit of management 
input is identified by the decision maker during the initial 
planning phases. 

The resulting management strategy would then be used by 
the decision maker as a guide to the development of the basic 
long-term management plan for his operation. 

Discussion and Results 

A management strategy consists of the basic fixed natural 
resources and other management and conservation alternatives 
allocated for optimum use by the resource users (livestock, 
wildlife, etc.). Should alternatives be left out or certain needs 
or desires of the rancher not be articulated on the initial run 
(solution derived by the computer) these can be changed and a 
second run or additional runs may be made until a satisfactory 
strategy is achieved. 

Management alternatives other than those listed above To illustrate the above discussion, various management 
could also have been considered in this model. Alternatives strategies were derived from the simplified model of the CPER 
which contributed to additional available forage may have test ranch. The static deterministic model of D’Aquino (1974) 
been range pitting, contour furrowing, brush control, or a allocated the available grazing resources and supplemental feed 
combination of brush control and pitting. Other alternatives resources to provide a 12-month growing program for 653 
may have been the development of additional stock water steers. All available forage was allocated at this level of 
facilities or cross-fencing for better distribution. Practices such stocking. Steers were purchased at the beginning of season 1, 

Table 6. Forage used (lb) by seasons for each kinds of rangeland and acres of alfalfa used for management strategies with varying amounts of 
capital (cash constraint) on hand for investment. 

Kinds of rangelands 

Cash constraint 

Season’ $20,000 $40,000 $60,000 $80,000 $160,000 $240,000 $320,000 Unlimited- 

Sandy plains (lb used) 1 39,095 0 
2 0 0 
3 416,197 0 
4 0 0 
5 894,007 1,349,300 

Loamy plains (lb used) 1 0 
2 837,020 
3 0 
4 0 
5 2,214,115 

Overflow site (lb used) 1 450,000 
2 0 
3 0 
4 475,160 
5 0 

Salt meadow (lb used) 
: 
3 
4 
5 

0 
0 
0 
0 

257,868 

Alfalfa (acres used) 

0 
815,827 
399,234 

91,086 
1,744,989 

466,75 1 
0 
0 

375,738 
102,670 

0 
0 
0 
0 

257,868 

0 
0 
0 
0 
0 

0 0 0 0 
0 0 0 410,264 
0 0 0 0 
0 0 0 0 

1,349,300 1,349,300 1,349,300 939,036 

419,450 422,317 205,825 0 
818,925 881,589 1,393,262 1,014,588 
394,5 30 421,298 675,782 952,427 
461,652 496,362 
956,578 809,569 

0 0 
0 0 
0 0 
0 0 

025,160 925,160 

0 
0 
0 
0 

257,868 

0 
0 
0 

257,86: 

0 626,458 
1,349,300 722,842 

0 0 
0 0 
0 0 

0 0 
562,588 1,313,290 

1,218,325 1,619.352 
776,267 1,084,120 1,270;670 

0 0 0 
1181493 

0 

446,675 589,308 650,440 
0 301,176 126,752 
0 0 0 
0 0 0 

478,485 34,677 147,968 

0 63,192 2,060 
0 194,676 255,808 
0 0 0 
0 0 0 

257,868 0 0 

0 0 0 5.11 
0 0 0 0 
0 0 0 17.77 
3.75 5.24 6.14 50.66 
0 0 0 0 

0 
0 
0 

925,160 
0 

0 
257,868 

0 
0 
0 

’ Seasons of the year defined in Table 1. 
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carried through the entire year, and sold at the end of season 
5, and 366 heifers were purchased at the start of season 1 and 

istic model with the buying constraint. The parameter incre- 

sold at the end of season 3, with a resulting contribution 
mented was the operating capital available for investment at 

margin (gross income less variable costs) of $97,3 12.18. 
the start of period 1. The values of initial operating capital and 
the results are shown in Tables 6 and 7. 

Available grazing resources and supplemental feed were 
allocated to create a management strategy calling for the 
livestock to be fed 326 tons of alfalfa hay from 160 acres of 
irrigated hayland on the ranch, and 2 tons of alfalfa pellets 
during season 1. The livestock would then be turned out to 
graze the range forage, with no supplemental feed during 
seasons 2, 3, and 4. As the quality of the range forage 
decreases during season 5, cattle would be fed protein 
supplement in the form of range cubes, cottonseed meal, and 
the remaining 79 tons of ranch-raised alfalfa. 

At the initial value for operating capital ($20,000), a 
374~0~ herd was indicated. The size of the cow herd steadily 
decreased as the amount of operating capital increased to 
$80,000. At $20,000 and $40,000, the calves were sold at the 
end of period 3, and money generated by the sale of the calves 
was then used to purchase yearlings for resale. As the amount 
of initial operating capital increased above $40,000, the 
number of cows stocked on the ranch dropped rapidly, since 
initial operating capital was now sufficient to start directly 
into yearling purchases. 

The initial results from the serial model indicated a 
management strategy of grazing all the range during season 3 
with 11,234 steers, resulting in a contribution margin of 
$270,677. Available forage was the first factor to become 
limiting. An implied limiting factor, however, is the impact 
that purchasing such a large number of animals in a short 
period of time would have on the market. Additional 
constraints were therefore added to the linear program so that 
not more than 500 head of steers and 500 head of heifers 
could be bought at the start of any one season. This initial run 
also showed that an unrealistic investment of more than $2 
million would be required to carry out the mangement 
strategy. 

A similar situation regarding lower levels of operating 
capital developed with the yearlings as the management strat- 
egy switched from cows to yearlings. Steers and heifers were 
bought at the beginning of a season and sold at the end of a 
season until $80,000 was available for investment. This was 
generating more investment capital for purchases in future 
seasons. As operating capital increased incrementally to 
$320,000, the management strategy approached that of the 
unconstrained capital situation, in which 500 steers and 500 
heifers were purchased each season until season 3 and season 
4, respectively, at which time they were sold. 

The management strategy with the 500 head buying 
constraints, but with unlimited capital, was more realistic. At 
the start of season 1, 2, and 3, 500 head of steers were 
purchased; and at the start of 1, 2, 3, and 4, 500 head of 
heifers were purchased. Available forage was, again, the 
limiting factor. The steers were sold at the end of season 3, 
and the heifers at the end of season 4. A contribution margin 
of $178,534.87 resulted from this management strategy. The 
strategy indicated that the manager required an initial operat- 
ing capital of $490,605 in order to buy the animals. Allocation 
of the range and supplemental resources is shown in Table 6. 
Note that only alfalfa was used as a supplement (Table 6). 

The contribution margin (gross income less variable costs) is 
shown in Figure 2. Marginal return to capital goes to zero at 
$490,605. This is not necessarily the optimal level of 
investment, because the manager’s alternative rate of return 
has not been considered. 

Parametric runs (varying an input variable-parameter on 
each computer run) were then made, using the serial determin- 

Available forage was a limiting factor in all runs. Protein 
became limiting only after the investment level was $160,000 
or more, and as capital increased, protein became limiting in 
more seasons. Thus, the available range forage was fully 
utilized at all levels of investment and was used more 
efficiently as capital increased. Part of the reason that forage 
was used more efficiently was due to the fact that increasingly 
larger portions of the available forage were used earlier in the 
year, seasons 1, 2, 3,4, while forage quality was relatively high 
and less in season 5. 

Table 7. Animal buying and selling strategies for varying amounts of initial available capital. 

Initial operating capital limit 

Variable Season’ $20,000 $40,000 $60,000 $80,000 $160,000 $240,000 $320,000 Unlimited 

Calves sold (head) 3 374 254 61 0 
5 .O 88 80 

Steers purchased (head) 1 2 182 358 433 500 500 500 500 
2 193 500 500 500 
3 2 205 402 500 464 465 500 500 
5 312 440 500 500 407 190 29 

Steers sold (head) 1 2 182 358 433 500 334 
2 193 666 863 0 
3 2 205 402 462 464 465 637 1,500 
5 312 440 500 538 407 190 29 0 

Heifers purchased (head) 1 96 500 500 500 500 
2 2 211 413 500 500 500 500 500 
3 206 500 500 
4 303 426 485 500 500 500 500 500 

Heifers sold (head) 2 2 211 413 513 278 
4 303 426 485 583 1,222 1,706 2,000 2,000 

I Seasons of the year defined in Table 1. 
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Fig. 2. Marginal rate of return, as reflected by the 
for each increment of available operating capital. 

contribution margin 

Conclusions and Recommendations 

Ranchers and range scientists must efficiently allocate range 
resources and capital among alternative products. The serial 
model presented here provides a tool that enables managers to 
compare alternatives comprehensively. The use of the discrete 
continuity equation furnishes a valuable extension of 
D’Aquino’s allocation model, in that forage, animals, and cash 
are allowed to flow from season to season. In addition, it is 
not necessary to state explicitly all management and allocation 
alternatives; rather, a large number of alternatives are inherent 
in the flow equations. 

The results of the parametric analysis showed the signifi- 
cant impact that the amount of cash available for investment 
has on management strategy. Not only do ranchers need to 
consider the efficient use of forage, but also the efficient use 
of their money. Not many ranchers currently consider the 
alternative of selling their calf crop early and buying yearling 
stock for resale. But, for individuals with limited cash, this 
may in fact result in maximum profit. 

The model not only aids managers, it sheds important light 
on the development and application of future research needs. 
An important input into the serial model is the growth 
characteristics of range forage through the year. This type of 
information is scarce or nonexistent for most forage species. 
The management plan results, of course, depend on livestock 
prices and the relations that exist between the prices of 

possible e 
The current model is, of course, deterministic (assumed 

perfect knowledge of all variables). Future models should 
incorporate the stochastic (probabilistic) nature of rainfall and 
market prices and the dynamics of time that would enable the 
decision maker to implement a management strategy minimiz- 
ing the risk associated with predicting the future and planning 
operations for 3 to 6 years at a time. 
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Classifying Grassland Vegetation 

with a Diversity Index 

CHARLES D. BONHAM 

Highlight: An objective method of classifying grassland 
vegetation is used to evaluate similarities of species composi- 
tion between stands. The procedure used for the classification 
involved the calculation of a change in diversity that occurred 
when vegetation units, such as stands, were combined into 
larger units. Some species were noted to occur in several stands 
in such a way as to change diversity which was interpreted in 
terms of species importance. 

In order to be effective, the rangeland manager must have a 
thorough knowledge of the ecological structure of plant and 
animal communities. He should also be able to identify the 
various communities that occur within the boundaries of his 
management unit. Anderson (1965) stated that some system 
for recognizing plant communities was essential as a prelimi- 
nary step in studying vegetation. It then follows that such a 
system would also be useful in vegetation management. In 
fact, a major problem for the range resource manager is to 
identify units of vegetation which can be easily managed and 
can be interpreted ecologically. The objective of the present 
study was to use and evaluate hierarchical diversity analysis as 
a method for describing and classifying grassland vegetation. 

Several authors have discussed the use of hierarchical 
procedures for vegetation classification and a detailed account 
of these is given by Brady (1971). Some effort has been made 
to use this approach as a relative measure of the degree of 
similarity between vegetation stands (Lance and Williams, 
1967). In turn, such a measure of similarity should be useful in 
constructing a vegetation classification system. Many of these 
similarity measures are simple to interpret since no assump- 
tions are necessary concerning the analytical properties of the 
vegetation similarity index. Therefore, no confidence limits of 
a statistical nature are necessary which will place the vegeta- 
tion units into various vegetation classes. Other techniques 
using statistical criteria, such as discriminant analysis, are 
available for classifying vegetation into known groups after 
these groups have been defined (Bonham, 1972). 

Comparisons between vegetation units can be based on a 
number of available similarity indices (Lance and Williams, 
1967). The index of diversity proposed by McIntosh (1967) 
was chosen for this study. This index measures the change in 
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University, Fort Collins. 

This study was supported by the U.S. Atomic Energy Commission 
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STANDS 

Fig. 1. An example of four stands grouped by hierarchical diversity 
procedures. 

species diversity that occurs between any two vegetation 
stands. A decrease in similarity between stands in a hierarchi- 
cal structure can be reflected in graphical form by an increase 
in incremental height of the vertical lines connecting them, 
This concept is illustrated in Figure 1. That is, vegetation units 
A and B are more similar to each other than are units C and D. 
This kind of vegetation analysis for classification should enable 
a range resource manager to evaluate similarities and dissimilar- 
ities that may exist between vegetation types occurring within 
his area of management. 

Literature Review 

Pielou (1969) stated that a major problem in classification 
of vegetation is to determine whether or not classification is 
even appropriate for the problem at hand. However, Kendall 
and Stuart (1966), along with Pielou (1969), stated that 
classification may be appropriate simply as a matter of 
convenience in describing vegetation. Vegetative units can 
always be subdivided or classified according to criteria 
established by the interested individual, but this does not 
suggest that the vegetation represented by such units can be 
described as having well-defined boundaries. 

Classification alone does not indicate whether the vegeta- 
tion consists of a number of distinct communities, or whether 
it consists of overlapping communities (Pielou, 1969). Quite 
often, unnatural classifications are made which result in 
clusters or groups of stands exhibiting a high degree of 
similarity within these clusters or groups (Kendall and Stuart, 
1966). In fact, distinct boundaries seldom exist between either 
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natural or artifical groupings of vegetation (Whittaker, 1970). 
Whittaker (1970) stated that vegetation diversity is depend- 

ent on two characteristics of the vegetation. One is the number 
of species present, identified as S, which indicates species 
richness. The other characteristic describes the distribution of 
the individuals in the population among the species, symbol- 
ized by N. McIntosh (1967) also used these characteristics to 
define maximum and minimum diversity in vegetation. Diver- 
sity is at a maximum when individuals in the population are 
evenly distributed among the species in the population. That 
is, the number of individuals per species is equal to N/S. A 
concentration of jndividuais into one or a few species, with 
the remaining species having low representation, results in a 
lowering. of diversity. Diversity reaches a minimum when one 
species is represented by N-S+1 individuals and the remaining 
species are represented by only one individual (McIntosh, 
1967). For a full discussion of various types of diversity, refer 
to Whittaker (1970). 

McIntosh (1967) proposed a measure of diversity in terms 
of a geometrical distance. That is, the relative distance 
between two communities is the square root of the sum of the 
squared differences between the measures of each species. This 
index is calculated as 

d S 
Djk = C 

i=l 
(Xij - Xik)' (1) 

where X is the measure of the ifh species in stands j and k, and 
D is the diversity value. The summation extends over the 
number of species, S. McIntosh (1967) further proposed that a 
stand of vegetation be compared to a reference level of bare 
ground which has zero individuals, and gives a diversity value 
for an individual single stand as 

S 
Di = C ni2 

i= 1 
(2) 

where n represents the number of individuals in a given species 
for stand j. The index, Dj, given in equation (2) then 
represents the complement of diversity. Furthermore, this 
index is also directly related to diversity by the equation 

Table 1. An example of species cover data for two stands and two 
species used to calculate a change in diversity and the proportion of 
the cover values contributed by the species within each stand. 

Species 
1 2 Total 

Cover Cover Cover 
Stands % Proportion % Proportion % Proportion 

1 20 .33 40 .67 60 1.00 
2 35 .70 15 .30 50 1 .oo 

Total 55 1.03 55 .97 110 2.00 

approximately 60 miles south of Tucson, near Elgin, Ariz., in 
Township 21 S, Range 18E. The area has not been grazed by 
domestic livestock since late 1967. The study site contained 
1000 acres with vegetation conditions ranging from densely 
sodded to sparsely covered grassland. The general area, which 
ranges in elevation from 4800 to 5200 ft, is surrounded by the 
Huachuca Mountains on the southeast, Canelo Hills on the 
south and southwest, and the Mustang Mountains on the 
northeast. Average annual precipitation is 18 inches, 60% of 
which occurs during summer months. 

The vegetation of the site is now primarily a shortgrass type 
which Weaver and Clements (1938) recognized most nearly 
resembles the shortgrass region of the Great Plains. In fact, 
they indicated that this type cannot be distinguished from the 
latter when overgrazed. This is verified in that the dominants 
are made up almost exclusively of Bouteloua (grama grasses) 
and Aristida (three-awn grasses) species. 

Field data on each species in the area were collected during 
the summer of 1969. A 40cm X 40cm plot was placed at 
random in stands of vegetation which were 10m X 10m. Ten 
of the smaller sample plots were used within each stand to 
estimate ground cover of foliage to the nearest 5% for each 
species. Twenty-five of these stands were sampled within the 
grassland area. Data on all vascular plants occurring within the 
plots were retained in the analysis. 

Average cover values for species in each stand were 
summed, and this sum was divided into the individual cover 
value for each species. Therefore, each species value was 
proportional to the species importance in the stand. In this 
case, the sum of the relative cover values for all species equaled 
100% for each stand. These relative cover values by species 
were used to calculate a similarity index for any two stands 
based on the measure of change in diversity as expressed in 
equation (4) 

S 
Dj = N - C ni2 

i=l 
(3) 

where N is the total number of individuals in the population 
sampled. 

McIntosh (1967) further noted that equation (3) is a 
measure of diversity since its value depends upon the number 
of individuals in the sample and their distribution among the 
species. This index is similar to the information statistics 
proposed by Shannon and Weaver (1949) and Brillouin (1962) 
as diversity measures. McIntosh’s index, in contrast to other 
diversity measures, is sensitive to N, the total number of 
individuals occurring within a community. Equation (3) was 
used in this study to calculate diversity for an individual stand 
by replacing ni with the relative cover value for species i and N 
with the total relative cover for stand j. 

Methods 
The study area was located at the Research Ranch, 

AD = Dj+k - (Dj + Dk) (4) 

where AD is the change in diversity as two stands are 
combined. D.+k is the diversity calculated using equation (3) 
after the spekes cover values have been pooled from the two 
stands, 1 and k. The value obtained from equation (4) will 
equal zero when the two stands are identical. 

Intermediate steps in the calculations included computer 
storage of the change in diversity values, AD, for all possible 
combinations of vegetation stands (Brady, 197 1). The amount 
of change in diversity of a stand when compared to itself was 
equal to zero and all other values were greater than zero. 

Each change of diversity values for any two stands was used 
to start the construction of hierarchies for the vegetation 
stands. The process began with the selection of the smallest 
change in diversity value for any two stands. These two stands 
were then combined to form a vegetation group which 
expressed the average diversity characteristic for the two 
stands. Following this, the two stands represented by the next 
smallest value were combined into a group if neither of the 
stands had been previously combined. This procedure was 
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Table 2. Summary of species cover of grassland stands and groups formed from hierarchical analyses. 

Group A Group B Group C Group D Group E 

% Stands Avg % Stands % Stands % Stands % Stands 
Species 

A& Avg Avg 
occurred cover (%) occurred 

Avg 
cover (%) occurred cover (%) occurred cover (%) occurred cover (%) 

Andropogon barbinodis 43 
A rist ida barba ta 86 
Aristida ternipes 0 
Bouteloua chondrosioide S 100 
Bouteloua curtipendula 43 
Bouteloua gracilis 29 
Bouteloua hirsuta 100 
Desmanthus cooleyi 43 
Dychoriste decumbens 29 
Eragrostis intermedia 43 
Evolvulus arizonicus 0 
Hilaria belangeri 71 
Lycurus phleoides 86 
Mimosa dysocarpa 29 
Soda procumbens 29 

1 0 
2 67 
0 0 
8 100 
1 0 
* 67 
8 83 
* 0 
1 0 
* 33 
0 33 
3 100 
1 67 
1 0 
* 0 

0 
1 
0 
4 
0 
2 
4 
0 
0 
* 
* 

11 
3 
0 
0 

*Indicates a cover value of < 1.0 percent. 

repeated for all of the stands represented in the AD matrix 
until all of the stands had been assigned to a group. The 
process at this point was initiated again and new groups were 
formed from the combined stands as in the first iteration. 
Iterations were continued until all of the groups were 
combined in such a way that only one group remained which 
included all 25 vegetation stands. 

Data in Table 1 will be used here to illustrate the 
application of equations (3) and (4). The subscripts of D 
(diversity) represent stands 1 and 2, respectively. The use of 
relative cover values will always make N of equation (3) equal 
to unity for all stands which may be convenient. Therefore, 

D1= 1.00 - $zY-GX 

= 1.00 - 
F 

.5578 

= 0.253 

to form a vegetation group was arbitrary in that no criteria was 
used to determine when a significant change occurred in 
diversity. However, from a practical viewpoint, levels of AD 
may be chosen such that species composition is relatively 
uniform within the group of stands. The grassland data o.f this 
study indicated that three very distinct groups (A, B, and C) of 
vegetation stands were formed by the analysis. These groups of 
stands were the result of discontinuities which existed in the 
distribution of individual species in the study area. The two 
smaller groups, D and E, also differed from the three larger 
groups. Individual stands such as 20, 21, and 23, which were 
not linked to a larger group until the ninth or tenth iteration, 
had considerable variation in species composition and cover. 
These three stands had only small amounts of cover for the 
major species, and each stand had a different dominant species. 

Dz= 1.00 - J/m 

= 1.00 - 
r 

.5800 

= 0.238 

D1+* = 2.00 - J/m 

= 2.00 - $GG- 

= 0.585 

Interpretation of these groups can lead to an understanding 
of how species are associated with one another as measured by 
their individual contributions to ground cover. Table 2 
describes the most important species cover characteristics with 
respect to groups of stands formed by the diversity analysis. 
These species are important in that they account for the 
change in diversity necessary to separate stands which are 
more dissimilar. Only a few species are noted as common to all 

I __ I si lterat1on, 5th, 9th 

--- 2nd lteratm, 6th,lOth r----------- 
I 1 

i 
AD = 0.585 - (0.253 + 0.238) 

= 0.094 

The value of the calculated change in diversity was used to 
determine the height of vertical connecting lines between the 
corresponding groups. Thus, a hierarchical classification for 
the various groups was derived. The last step in the classifica- 
tion procedure was the actual formation of the hierarchy in 
the form of a diagram, which was constructed manually by 
using the change in diversity values. Interpretations of stand 
groupings with respect to species occurrences were then made. 

I I 

I I t 
.______I_______ 

Results and Discussion 

The hierarchical classification of the 25 stands of grassland 
vegetation is presented in Figure 2. The assignment of stands 

A 6 c- 0 - 
STAND NUMBER 

Fig. 2. Hierarchical grouping of 25 grassland stands using change in 
diversity procedures. 
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0 0 0 0 
100 5 100 I5 

40 1 0 0 
80 4 100 15 

0 0 0 0 
100 13 100 2 

40 1 50 3 
0 0 0 0 
0 0 0 0 
0 0 50 * 
0 0 0 0 

40 1 50 * 
60 1 50 * 

0 0 0 0 
0 0 0 0 

100 
100 

0 
100 
100 

0 
100 

0 
50 

100 
100 

50 
100 

0 
0 

2 
3 
0 
2 
9 
0 
4 
0 
* 
3 
h 

0 
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groups. 
The largest single factor contributing to a species impor- 

tance for a change in diversity within a group is the extent of 
its occurrence among that particular group of stands. That is, 
variation in species cover is more important in its contribution 
to change in diversity than the consistent occurrence of its 
cover values within a group of stands. Therefore, groups of 
stands are linked together as a particular species or group of 
species contributes to change in diversity. Stands become 
increasingly dissimilar with respect to each other as species 
contributions become increasingly variable within stands or 
within a group of stands. 

The influence of individual species in forming groups can be 
seen by comparing stands 5 and 9 in Group A (Fig. 2). These 
two stands have havard three-awn (Aristida barbata), spruce- 
t o p g ram a (Bou teloua chondrosioides), hairy grama 
(Bouteloua hirsuta), and curly mesquite (Hilaria belangeri) in 
common. Another pair of stands which had a similar change in 
diversity, yet was very dissimilar to stands 5 and 9, was stands 
11 and 12 in Group B. These two stands had lower cover 
values for havard three-awn than did stands 5 and 9. The other 
three species mentioned above had more variation in cover 
values within stands 11 and 12. Stand groupings A and B differ 
in several respects. Group A had 13 species occurring with 
cover values greater than zero, while in Group B only eight 
species occurred (Table 2). Therefore, the dissimilarity be- 
tween the two groups could be established on the basis of 
different species numbers, as well as cover values of common 
species. As pairs of stands are combined into larger groups, 
linkage of these stands changed with regard to species. For 
example, stands 7 and 13 along with 11 and 12 had spruce-top 
grama and curly mesquite occurring in common. In compari- 
son to this linkage, stands 3 and 15 were linked with the 
overall group by the occurrence of spruce-top grama. In the 
latter linkage, hairy grama and curly mesquite dropped out as 
common species and havard three-awn occurred as a minor 
species. 

The linkage of all 25 stands and subsequently the five 
sub-groups was due to the cover of spruce-top grama and 
havard three-awn occurring in all groups (Table 2). Other 
species which were also important in linking the overall groups 
together included hairy grama, curly mesquite, and wolftail 
(Lycurus phleoides). In contrast, blue grama (Bouteloua 
gracilis) was responsible for providing a linkage between 
Groups C and D, but did not occur widely enough to influence 
further groupings (Table 2). Many other species occurred in 
minor amounts and had an influence on the change in diversity 
of various pairs of stands as the hierarchical structure was 
built. 

The importance of individual species in linking vegetation 
groups together is obvious. That is, the individual species 
provides a method of constructing classification systems and 
influences the outcome of the classification. Usually only a 

few species are of major consequence for typing vegetation 
into units. In fact, vegetation types are usually constructed 
based on dominant species which occur within the type. 
However, vegetation typing based on this criterion is not 
always immediately&obvious in a grassland such as the study 
area. This kind of vegetation pattern often appears to have the 
same few species occurring as dominants throughout, yet the 
hierarchical diversity analysis revealed important differences in 
vegetation structure of stand groupings. 

In conclusion, the method of classifying vegetation by 
hierarchical analysis using change in diversity has provided a 
key for interpreting vegetation characteristics. Hierarchical 
analysis provided for a description of species and their 
influences in forming clusters of stands which were similar in 
species cover composition. The influence of minor species with 
small cover values occurring within stands provided for an 
increase in change in diversity in sucha way as to distinguish 
stands which were greatly dissimilar. The commonly-occurring 
species which linked various groups of stands together were 
also easily identified by analyzing the hierarchical structure 
with respect to individual species cover contributions within 
stands and within the various groups formed. Thus, it appears 
that this procedure could serve as a useful method to the 
grassland manager in determining the vegetational similarities 
and dissimilarities of various subunits occurring within his 
geographical area. Indicator species, which are necessary for 
particular management purposes, could be evaluated as to their 
importance in linking certain groups of vegetation units 
together. Furthermore, rare or endangered plant species could 
be evaluated with respect to their association in vegetation 
types or groups of stands. 
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Indicators of Soil 
Movement on 
Range Watersheds 

Abnormal soil movement on range 
watersheds is only a symptom. The real 
problem lies with the cause of the soil 
instability. Some factors influencing 
natural soil instability are (1) climate, 
including precipitation and frosts; (2) 
inherent character of the soil such as 
texture, structure, and permeability; (3) 
topography, mainly slope gradient; (4) 
retardants such as vegetation, litter and 
mulch, and stones. Disturbances by wild- 
life, livestock, machinery, and fire can 
accentuate the natural instability of soils. 
The cause of soil movement, however, 
usually is related to the quality and 
quantity of the vegetational cover on the 
watershed. 

Soil movement is defined as the dis- 
placement of part of the soil mantle 
caused by wind, running water, or hoofs 
of animals. Soil movement in action may 
be observed during winds, heavy rain- 
storms, or when animals are traversing 
slopes having loose soil. Dust clouds and 
muddy streams are examples of displace- 
ment, but much displacement occurs 
without such obvious evidence. 

The author is state range specialist, U.S. 
Department Of Agriculture, soil Conservation 
service, Portland, Oregon. 
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A certain amount of bare ground is 
natural on most rangeland (Hugie and 
Passey, 1964). Rodent and ant activity 
and frost heaving exposes soil. Therefore, 
some soil movement, usually local, may 
be considered natural. If the surface is 
disturbed so that widespread soil move- 
ment may be detected, the probability is 
great that soil loss is abnormal. If such 
loss continues year after year, the proba- 
bility becomes certainty. 

Indicators 

An indicator is a clue to events that 
have happened, are happening, or will 
happen on the range watershed (Ellison et 
al., 1951). Absence of an indicator may, 
in itself, have indicator value, but this 
usually is weak unless supported by inde- 
pendent, positive evidence. A single indi- 
cator alone seldom has absolute value; it 
must be supported by additional evi- 
dence. For example, soil movement alone 
1s a poor indicator of trend in range 
condition. By the time erosion is appar- 
ent, profound changes usually have taken 
place already in the plant cover. Evidence 
of accelerated soil movement is good 
supporting evidence that the plant cover 

1s inadequate. 
Gullied drainageways showing bank 

cutting and sediment deposits in ponds, 
lakes, and at the confluence of streams 
are among the more obvious indicators of 
unstable soils. On the other hand, mass 
movement downslope of saturated soils 
below snowdrift areas and seeps are more 
or less natural occurrences that take place 
even under good vegetational cover. They 
occur especially where clayey underlying 
material restricts water penetratian, aus- 
ing saturation to the point where the 
material flows, and the clay layer acts as a 
shear plane. 

Subtle indicators of unstable soil con- 
ditions are important because they flag an 
early warning. The ability to discern and 
interpret such subtle indicators is an asset 
to the resource manager. 

Trampling Displacement 

Trampling displacement is evidence 
that surface soil has been moved down- 
slope under the hoofs of grazing animals. 
Trampling on level terrain which results 
in churning the soil to dust or mud is not 
covered by this term, although churning 
changes the soil structure and contributes 
to subsequent displacement by wind or 
water. 

Trampling displacement usually be- 
comes more clearly marked as steepness 
increases. It occurs most readily when soil 
is very wet or very dry. Different soil 
textures respond to trampling in different 
WZIYS. 

Evidence of trampling displacement 
takes two forms. With excessive trailing, 
the surface is imprinted with nearly level 
terraces. The banks above these terraces 
are often steep, exposing soil to subse- 
quent downward movement by water and 
gravitation. The displaced soil on the 
downward side of the terrace also is 
exposed and susceptible to subsequent 
movement by water. The termce itself 
may become a watercourse during rain 
and serve to concentrate runoff into a 
flow of water with erosive force. 

Trampling displacement, not concen- 
trated in trails but more generally distrib- 
uted ova the slope, is marked by soil 
accumulations on the uphill side of peren- 



nial plants and by mounds or ridges 
downslope from each hoofprint. Such 
displacement is less easily observed than 
terrace trails but probably is more seri- 
ous. Terrace trails suggest a degree of 
stability, possibly only temporary, in 
which the surface has been reformed over 
time to accommodate a concentration of 
animals. In contrast, general trampling 
displacement over the slope suggests that 
there is no stability except where soil 
may accumulate on the uphill side of a 
fairly permanent obstruction. 

Soil Remnants 

Soil remnants are relics of surface soil, 
like miniature mesas, remaining in posi- 
tion after the soil between them has been 
eroded away. They are formed under the 
protection of stones or pebbles, residue, 
or vegetation that may consist of a single 
plant or a small island of a plant com- 
munity. The latter are more positive than 
single-plant pedestals as indicators be- 
cause, in certain soils, single plants often 
are elevated on a pedestal by frost heav- 
ing. 

This indicator has value where a form- 
er soil surface can be established by the 
uniform height of pedestals or islands. 
Likenesses between cross sections of sur- 
face soils of pedestals and islands are ex- 
cellent for establishing the reliability of 
this indicator. The reliability is good 
where the soil profile characteristics be- 
tween the pedestals and islands resemble 
the soil profile characteristics at the same 
depth within the pedestals and islands. 

Elevated islands and pedestals may be 
caused jointly by erosion and deposition, 
where a part of the eroded area in the 
locality may supply loose soil to be 
deposited by wind in clumps of vegeta- 
tion. The identification of aeolian de- 
posits is discussed later. 

Soil pedestals under stones or litter are 
formed on some kinds of soil by the 
impact of raindrops and sheet flow of 
water over adjacent barren areas. Where a 
pebble or stick protects the soil from the 
impact of raindrops, the original soil 
under the protecting object is retained, 
whereas the soil in bare areas is churned 
by raindrop impacts and easily washes 
away. Pedestals also are formed on cer- 
tain soils where the soil ped (a unit of soil 
structure) is resistant, whereas the soil 
material in the fracture between peds is 
less cohesive and susceptible to erosion as 
shown in Figure 1. Close observation 
soon after the storm usually is needed to 
denote these soil pedestals, because after 
a few hours or days of sunshine they may 
crumble. These pedestals formed during a 
known period are clues to the rate of 
sheet erosion that has occurred. This 
indicator is especially valuable as convinc- 
ing evidence of current soil movement 
during storms of moderate intensity or 

duration, which may not form gullies or 
alluvial deposits. 

Frost heaving is common in many 
range soils. Care must be exercised to 
distinguish between soil remnants that are 
solely the result of erosion from those 
that are at least partially the result of 
frost heaving. Distinguishing precisely 
how much pedestal elevation is due to 
heaving and how much to erosion is 
difficult and probably impossible. 

Frost heaving often occurs following 
decimation of the vegetational stand and 
organic ground cover between plants, 
which, in turn, bares and exposes the soil 
to the effects of periodic low air tempera- 
tures. With frost heaving, single plants 
elevated on pedestals usually characterize 
the vegetation. These plants commonly 
are tilted, the crown is not horizontal as 
it was when it grew as a part of a stable 
plant community. The probability that 
frost heaving has occurred also can be 
supported by the type of soil. For 
example, soils having clay subsoils fairly 
close to the surface commonly heave 
plants. Some pumicey soils are noted for 
their frost-heaving tendencies. 

Frost heaving results not from the 
freezing of the soil itself but from the 
formation of ice lenses and crystals in the 
soil. In turn, the formation of ice depends 
on capacity of the soil to deliver water to 
a stationary or slowly moving freezing 
front. Almost every soil with more than 
3% of material smaller than 0.02 mm has 
this capacity to some extent. Soils that 
we nearly day free but are high in silt 
(0.05-0.002 mm) and very fine sand 
(0.10-0.05 mm) have this capacity to the 
greatest degree and, hence, have the 
highest potential for frost action if a 
supply of water is within reach. Also, 
other soils that have a large capillary 
water capacity have high potential, if 
water is available, to move to the freezing 
point (U.S. Dep. Agr., 1971). 

Frost heaving usually is accompanied 
by accelerated erosion from around the 
crown and roots of the elevated plants. 
Exposed roots and raw vertical sides of 
the pedestal point this out. 

Erosion Pavement 
Erosion pavement, as used here, is an 

accumulation of gravel (2-76 mm diam- 
eter) and cobbles (7.7-25.4 cm diameter) 
at the soil surface due to blowing or wash- 
ing away of finer soil particles that for- 
merly surrounded them. An erosion pave- 
ment is underlain by a soil profile from 
which surface materialapparently has been 
removed when compared to soil profiles 
normal to the vicinity. If there is no evi- 
dence of a truncated soil profile and the 
material beneath the surface consists of 
altered parent material and fragmented 
rocks, the pavement probably is normal. 
Pavement due to erosion normally is ac- 
companied by substantiating erosional in- 

dicators nearby. It should be noted that 
some soils naturally contain much gravel 
and cobbles in the surface layers. 

Where gravel has washed downslope to 
spread over the surface of an area and 
sometimes over plants, soil loss is not a 
factor and an erosion pavement is not 
indicated. 

It is important to note that a signifi- 
cant erosion pavement adds a limitation 
to that caused by loss of topsoil in terms 
of reestablishing a suitable stand of 
plants. The pavement may physically 
restrict seedling establishment by occupy- 
ing space formerly occupied by plants. 
The summer microclimate on an exposed 
erosion pavement can be very hot, which 
also restricts seedling establishment. It is 
also important to note that an erosion 
pavement effectively protects the soil 
surface and sIows soil movement. It cur- 
tails evaporation, promotes greater mois- 
ture holding capacity, and reduces plant 
competition per unit of soil surface. Soil 
movement will continue, however, where 
frost heaving or trampling by animals 
brings soil up between the pavement 
particles. 

Lichen Lines 
Lichens grow on the above-ground 

portions of stones and rocks, usually 
more abundant on the shaded side. They 
grow slowly. If the surface soil has been 
eroded away, its former level sometimes 
is indicated on the stones and rocks by an 
abrupt, more or less horizontal, break 
between the lichens that grew above 
ground and the rock area that originally 
was below the soil surface (Fig. 2). These 
breaks are known as lichen lines. 

Growth of lichens probably keeps pace 
with normal geologic erosion and possibly 
even with slight or moderate accelerated 
erosion. Pronounced lichen lines repeated 
on a number of stones or rocks in the 
j _. .___ l_l” -_ 



area are reasonably reliable indicators of 
soil movement that has occurred or is 
progressing at a” accelerated rate on that 
area. The distance between the lichen 
Iines and the present s&I surface indicates 
the amount of soil that has been moved. 

Lichen lines are pronounced on ele- 
vated terrain such as ridges. They may 
not be pronounced on slopes where soil 
losses from alongside any particular rock 
may be replaced by soil deposits that 
were eroded from farther upslope. 

It is important to note that stones and 
rocks, like plants, commonly are heaved 
upward by frost action, which could 
create lichen lines. Previous discussion of 
frost heaving of plants applies to judging 
lichen lines on stones and rocks. 

Wind-Scoured Depressions 

These are shallow basins a few inches 
or feet across in bare soil between patches 
of vegetation from which wind has car- 
ried away the fine soil particles. The 
action of wind may be recognized by a 
residue of small pebbles or sand particles, 
too large to blow away, resting on the 
scoured surface of the depression. Evi- 
dence of fresh scouring by wind on these 
depressions appears as lines etched in the 
soil surface paralleled by tiny streamlined 
ridges of fine soil in the lee of pebbles, 
vegetation, litter, or other obstructions. 

Bare areas caused by ants, commonly 
called ant disks, on which collection of 
sand particles is common, should not be 
mistaken for wind-scoured depressions, 
although removal of fine soil material by 
wind from ant disks does occur. Ant disks 
usually can be identified by the aggrega- 
tion of coarse sand particles “ear the 
center of the ant habitation, which is 
apparently caused by ants moving the 
particles, whereas particles of coarse sand 
and pebbles occur quite uniformly over a 
wind-scoured depression. 

Aeolian Deposits 

Aeolian deposits are soil material 
transported by wind after having bee” 
eroded from some other area. They 
usually occur adjacent to the eroded areas 
and often within the eroding area. They 
also occu on distant noneroding areas, 
such as on leeward slopes. 

Aeolian deposits are usually developed 
within or to the leeward of plants or 
other obstructions. Such deposits consist 
of fine, well-sorted soil particles and 
normally contain no pebbles or cobbles. 
In some large deposits, however, coarse 
fragments sometimes are introduced from 
below by rodents. 

The amount of deposit can be deter- 
mined by cutting a vertical section 
through a mound and the obstructing 
material so as to expose the original soil 
surface. If a comparison is made between 
the mound and a” adjacent scoured area, 
the difference represents both erosion 
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and deposition. Relative age of the de- 
posit may be judged by the degree of 
decomposition of buried plant parts 
where vegetation is the obstruction creat- 
ing the mound. For example, plant parts 
are readily identifiable in recent deposits, 
whereas in older deposits buried vegeta- 
tion is unidentifiable. 

Alluvial Deposits 

Alluvial deposits are soil material that 
has been dislodged, transported, and rede- 
posited over the watershed surface by 
water. They form little fans at the end of 
small channels or behind obstructions in 
channels where the current is slack. They 
also appear as accumulations on the 
uphill side of clumps of vegetation, litter, 
logs, or other obstructions as show” in 
Figure 3. As used here, they refer to 
deposits on the range watershed and not 
to fans at the mouths of prominent 
channels. 

Fine materials in alluvial deposits sug- 

gests a gentle runoff, whereas coarse 
materials indicate a violent runoff. 

Active G&lies and Rills 
Gullies are channels cut into the soil 

mantle by running water and, as used 
here, do not pertain to main downstream 
channels but rather to channels on the 
watershed itself. Gullies are “active” if 
their sidewalls are unstable because of 
insufficient vegetation or if there is evi- 
dence of recent cutting in the bottom. 
Only when adequate vegetation covers 
the sidewalls and no cutting occurs in the 
bottom can the gully be considered as 
healed (Fig. 4). 

Rills are small channels in the soil 
mantle, some of which may be so small as 
to be obliterated easily by trampling or 
slight soil movement associated with 
weathering; yet in the process, the soil 
profile is gradually truncated. The exis- 
tence of rills usually indicates current soil 
movement. Following obliteration, a new 
set of rills is again formed by the next 
storm, and these in turn are obliterated. 
This process is unspectacular but it moves 
a lot of soil in a short time. Much of what 
is called “sheet erosion” actually is 
moved through the process of rilling. 

When certain rills cut deeply and 
entrench themselves so that their chan- 
nels are not filled or blocked by move- 
ment of soil, they become gullies. 

RiIls are particularly good indicators 
because they relate to current causes and 
results rather than to the past. Further- 
more, they can be measured to produce a 
quantitative approximation of soil loss by 
using a method which was originated by 
A. N. Alutin, Soil Conservation Service, 
Newberg, Ore. in 1937 and described by 
Hill and Kaiser (1965). 

Measuring Rill Erosion 
The Alutin method provides a means 

of securing a quantitative approximation 
of soil movement due to erosion by 
water. It is useful in helping evaluate the 
effectiveness of treatments, practices, and 
management. It provides a means of 
checking judgment estimates of soil 
movement in broad-area land damage 
surveys and for watershed purposes. 

This method is reasonably reliable as a 
field procedure. In tests at the Palouse 
Soil and Water Conservation Experiment 
Station at Pullman, Wash. in the late 
1930’s, the rill method of measuring soil 
movement on silt loam soil accounted for 
75% of the total soil movement measured 
by Iysimeters. The accuracy of this meth- 
od varies for different soils according to 
the ease with which they can be trans- 
ported. Normally, this will be somewhat 
less than 75% on sandy soils and some- 
what greater a” clayey soils. 

Judgment in selecting representative 
locations on which to measure soil move- 
ment is essential for making a reliable 



ured in a line 13.7 ft lone (Fig. 5). unit transect). divide the total rill area by 

appraisal. 

Method 
The movement of soil through erosion, 

expressed in tons/acre, equals the collec- 
tive cross sectional area of the rills, 
expressed in square inches, when meas- 

_ . 
Srep I - Choose a representative area at 2. For other ‘multiples of the unit tr&- 

right an&s to the direction of the rills sect, divide by the appropriate number. 

Step 5 - A number of transects may be 

Step 2 -Measure off a distance of 13.7 ft located randomly or selected deliberately 

(or multiples thereof) and mark this line on an area to increase sampling reliability. 

with tape OI a piece of white cord. Each transect should be computed 
seuaratelv. 

Step 3 Measure average width and _ . 
depth of each discernible rill along the 
line and tabulate as illustrated below. Literature Cited 

Size of rills (inches) Ellison, Lincoln, A. R. aoft, and Reed W. 

.4vg. width Avg. depth Area (inches’) Bailey. 19.51. Indicators of condition and 
trend on high range-watersheds of the Inter- 

3 3 9 mountain Region. “. S. Dep. Agr. Agr. 
2 4 8 Handbook 9. 66 p. 
1 1 1 Hill, William W., and Vale G. Kaiser. 1965. 
6 1 6 Method of measuring soil erosion losses;rill 
6 2 12 and sheet erosion. Soil Conserv. Serv., U. S. 

Total * 36 Dep. Agr. Soil Survey Technical Notes, p 
13-14. 

“Inches’ or tons per aae. Hueie. V. K.. and H. B. Passev. ,964. Soil 
Step 4. - Compute the area of each rill in <&face p&ems of some w&id soils in 

inches’. Add the areas of all rills on the northern Utah, southern Idaho, and 

transect to obtain the total area of all rills 
northeastern Nevada. Proc Soil Sot America 

bl the sample. The total arca represented 
28:786-792. 

by rills in a 13.7.ft transect equals tons/ 
U. S. department of Agriculture, Soit Consewa- 

acre soil movement. If the transect used 
tion Service. 1971. Guide for interpreting 
engineering uses of sails. Superintendent of 

measures 27.4 ft (twice the length of the Documents 01070332.87 p. 



Fig. 5. Measuring rills according to the Alutin 
method along a transect on severely eroded 
rangeland. 

appraisal. 

Method 
The movement of soil through erosion, 

expressed in tons/acre, equals the collec- 
tive cross sectional area of the rills, 
expressed in square inches, when meas- 

ured in a line 13.7 ft long (Fig. 5). 

Step 1 - Choose a representative area at 
right angles to the direction of the rills 
(across slope). 

Step 2 - Measure off a distance of 13.7 ft 
(or multiples thereof) and mark this line 
with tape or a piece of white cord. 

Step 3 - Measure average width and 
depth of each discernible rill along the 
line and tabulate as illustrated below. 

Size of rills (inches) 

Avg. width Avg. depth Area (inches2) 

3 3 9 
2 4 8 
1 1 1 
6 1 6 
6 2 12 

Total * 36 

*Inches’ or tons per acre. 

Step 4. - Compute the area of each rill in 
inches*. Add the areas of all rills on the 
transect to obtain the total area of all rills 
in the sample. The total area represented 
by rills in a 13.7-ft transect equals tons/ 
acre soil movement. If the transect used 
measures 27.4 ft (twice the length of the 

unit transect), divide the total rill area by 
2. For other multiples of the unit tran- 
sect, divide by the appropriate number. 

Step 5 - A number of transects may be 
located randomly or selected deliberately 
on an area to increase sampling reliability. 
Each transect should be computed 
separately. 
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Forages, 3rd Edition. Ed. by Maurice E. 
Heath, Darrel S. Metcalfe, and Robert E. 
Barnes. Iowa State University Press, 
Ames, Iowa 50010. 762 p. illus. 1973. 
$18.95. 

The format of this edition is essen- 
tially identical to that of the first two 
editions of Forages edited by the late H. 
D. Hughes, Maurice E. Heath, and Darrel 
S. Metcalfe. Approximately 100 authors, 
selected for their recognized leadership in 
the field of grassldnd agriculture, con- 
tributed to this 3rd edition. The book 
contains 65 chapters. The subject matter 
has been brought to date by the reorgan- 
izing and rewriting of most chapters and 
by the addition of eight new chapters. 
Some previous chapters were combined 
and others eliminated. As in previous 
editions, the fundamentals and basic prin- 
ciples of grassland agriculture are empha- 
sized. Several questions are listed at the 
end of each chapter to aid the student in 
assimilating the subject matter presented. 

The subject matter has been divided 

into four principal parts: I. “Forages and 
a Productive Agriculture” consists of dis- 
cussions of the value of forages to agricul- 
ture, production economics, ecosystem 
concepts, conservation, and nutritive 
value of forages; II. “Forage Grasses and 
Legumes” reviews the botanical charac- 
teristics of gramineae and leguminoseae 
and the adaptation, production, and 
breeding characteristics of individual spe- 
cies; III. “Forage Production Practices” 
discusses seedling establishment, weed 
control, soil fertility, physiological 
aspects of forage management, and man- 
agement practices on a regional basis; IV. 
“Forage Utilization” includes the mech- 
anization of forage harvesting and stor- 
age, forage utilization on rangeland and 
pasture, and the efficiency of various 
farm animals in the utilization of forages. 

One of the more important and help- 
ful features of the book is the extensive 
use of literature citations. This edition, 
like the previous ones, will serve as an 
excellent textbook for courses concerned 
with the many facets of grassland agricul- 

ture.-C. E. Townsend, Fort Collins, 
Colorado. 

Rangeland Management for Livestock 
Production. By Hershel M. Bell. Univer- 
sity of Oklahoma Press, 1005 Aspen 
Avenue, Norman, Oklahoma 76309. 303 
p. 1973. $7.95. 

The publication of this book was 
anxiously awaited in anticipation that it 
would fill the need for an up-to-date, 
comprehensive text suitable for use in 
teaching a course in the principles of 
range management. The title indicates 
that the livestock aspects of range man- 
agement would be given full considera- 
tion. 

Mr. Bell’s book in actuality is a sum- 
mation of observations made over a 
30-year career in range management with 
the Soil Conservation Service. This is 
apparent in light of the fact that a total 
of only 28 references are cited and 21 of 
these were published prior to 1950. 
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The author’s definition of range man- 
agement is narrow in its concepts and 
sure to be questioned by fellow profes- 
sionals. The introductory chapter is fol- 
lowed by a very superficial coverage of 
the rangeland resources of the western 
United States. Environmental influences 
such as moisture, temperature, humidity, 
evaporation, light, topography, and soils 
are approached as separate factors. The 
discussion contains some basic errors and 
tends more to confuse than clarify. The 
ecosystem concept is not mentioned, and 
it is difficult for the reader to grasp the 
intimate actions and reactions of varous 
factors as they affect the rangeland re- 
source. 

tion is developed. and plant morphology. In addition, it is 

citation of supporting literature is almost 
absent. -Roy 

of little use as a source book, since 

V. Miller, Jr., Vernon, 
Texas. 

covered in Chapters 7 through 12, and 
The heart of range management is 

these chapters are the high point of the 
book. The use of key range sites and key 
species and the role they play in obtain- 
ing proper utilization of ranges is dis- 
cussed in clear, understandable terms. 
Range utilization is thoroughly discussed 
though techniques of measurement are 
not covered in much detail. Separate 
chapters are devoted to proper degree of 
grazing use, proper season of use, proper 
distribution of grazing, and the kind of 
livestock best suited to the range. Thirty 
years of close observation and on-the- 
ground experience are reflected in these 

ALSOWORTHNOTING 
The Complete Horseshoeing Guide, by 

Robert F. Wiseman, may just prove to be 
a very timely book during the current 
hysteria over energy and transportation. 
It is complete, from well-illustrated basic 
rules to special shoeing for various kinds 
of animals and for ailments. This is a 
second edition from the University of 
Oklahoma Press at Norman. 1973. 286 p. 
$5.95. 

The physiology and morphology of 
chapters. 

Short but significant is The Ecology of 
grasses as they respond and relate to .Range management planning is dis- Smoke Particulates and Charcoal Residues 
grazing management is the topic of Chap- cussed from the standpoint of problem from Forest and Grassland Fires: a Pre- 
ter 3. Coverage is elementary and lacks identification and solution. All aspects of 
depth in view of the availability of management Planning Seem to be 

liminary Atlas. It has 136 beautiful illus- 
trations, mostly photomicrographs of fire 

published research in this area. covered, but in a rather haphazard man- particulates. It is Misc. Pub. No. 3, pub- 
The discussion of animal requirements 

as related to the management of range 
forages leaves much to- be desired. Pfi- 
mar-y consideration is given to forage 
consumption and growth characteristics 
of a few species common to the Southern 
Plains. Little is said about the expected 
performance of grazing animals or how 
they might be expected to react to the 
seasonal variability in both forage quality 
and quantity. Supplemental feeding on 
ranges is almost entirely overlooked. 

The history and development of range 
inventory and range condition rating pro- 
cedures are briefly reviewed and the 
attendant shortcomings noted. Range 
sites are defined and range condition 
evaluation following Soil Conservation 
Service procedures is discussed. Other 
approaches to the evaluation of range 
condition are little more than mentioned. 
According to the author, it is nearly 
impossible to separate range trend indi- 
cators from range condition indicators 
and deal with each separately. As a result, 
the discussion of range trend as a concept 
is anything but clear and concise. On the 
other hand, a rather detailed listing of 
indicators of downward trends and indi- 
cators of upward trends in range condi- 

ner. A comprehensive outline including 
step-by-step procedures used in the devel- 
opment of a meaningful range manage- 
ment plan would be most helpful espe- 
cially for those lacking formal training. 

Livestock, the tool in range manage- 
ment, is the subject of Chapter 14, which 
is for the most part a rerun of material 
presented in previous chapters. Grazing 
and behavioral patterns of livestock are 
discussed in detail. 

The chapter on grazing management 
systems seems almost to be an after- 
thought. Coverage is very limited, and the 
only systems described in detail are those 
developed and in use in the Southern 
Plains Regions. The high-intensity-low- 
frequency system is mentioned and said 
to be of great promise. The relative 
performance of livestock being grazed 
according to the various grazing manage- 
ment systems is completely avoided, 
although this is of prime importance 
when considering the use of any system. 

This reviewer did not find the book to 
be suitable for use as a basic text in 
teaching a course in principles of range 
management. It is severely limited in 
geographic coverage and weak in the 
supporting fields of ecology, physiology, 

lished by Tall Timbers Research Station, 
Tallahassee, Florida. 1973, 75 p. 

The proceedings of the first workshop 
of the U.S.-Australia Rangelands Panel 
has been published as U.S. Department of 
Agriculture Miscellaneous Publication No. 
1271, issued January 1974. The Range- 
lands Panel was organized in 1969 under 
the U.S.-Australia agreement for Scientific 
and Technical Cooperation signed at 
Canberra on October 16, 1968. Mr.R. A. 
Perry of Australia and Dr. Kermit W. 
Kreitlow of the U.S. served as cochairmen 
of the Panel. Dr. Kreitlow died September 
21, 1971, and Dr. Richard H. Hart was 
designated as coordinator and editor of 
the proceedings. The first workshop, held 
in Berkeley, California, March 29-April 5, 
197 1, provided an excellent and stimu- 
lating exchange of information on Plant 
Morphogenesis as the Basis for Scientific 
Management of Range Resources. The 20 
review papers published in the proceedings 
provide a wealth of references and fresh 
ideas about plant growth and the manage- 
ment of rangeland and pasture. Copies of 
the proceedings may be obtained from 
the Superintendent of Documents, U.S. 
Government Printing Office, Washington, 
D.C. 20402, Price $2.30. 
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