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RANGE MANAGEMENT 

What Hope for Grazing on the Public Lands 
L. A. STODDART 
Head, Department 
University, Logan. 

Highlight 
Ranchers need to modernize their 

use of public lands or face further 
restriction. Public range adminisfra- 
fors can be of real aid by cooperaf- 
ing to encourage sfockmen fo im- 
prove ranges and adjust fo changing 
times. 

The objective of range man- 
agers is to maintain or improve 
production of forage on land 
which is used to support do- 
mestic livestock and big game 
animals. Yet records show that 
as management intensity on pub- 
lic lands has increased, total ani- 
mal production has steadily de- 
creased. Reduced numbers and 
reduced grazing season for do- 
mestic livestock have brought 
about this decreased production. 

Naturally, those who are con- 
cerned in maintaining a healthy 
livestock industry in the West 
view this trend with alarm. 
Many are convinced that public 
land administrators are not in- 
terested in livestock grazing as 
a land use. Others conclude that 
range management is an ineffec- 
tive science. 

The growing feeling that live- 
stock are discriminated against 
in multiple-use land planning 
and that range management is 
anti-livestock presents serious 
problems to our science. Nothing 
could be more unfortunate in our 
relationship to livestock pro- 
ducers. 

Ranchers tend to defend their 
right to continue to graze public 
land on the basis of national 
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meat needs, priority of use, 
moral principle, and the personal 
hardship which would result 
from reduction or elimination. 
Although each of these has a 
degree of validity, a stronger 
argument, often overlooked by 
livestock growers, is that grazing 
belongs as a part of the multiple 
use of land and that it can be 
included without detriment to 
other legitimate uses. The stock- 
man’s big challenge is to demon- 
strate the latter point. 

Changes in the West 

The West is going through a 
period of rapid transition. As 
with most people, ranchers have 
difficulty in accepting new situa- 
tions. Yet it is basic to maintain- 
ing their position on the public 
land that livestock growers be- 
come aware of the inevitable and 
permanent changes that face 
them and for which they must 
prepare. 

Early in the history of the 
West, land was abundant, 
sparsely occupied by people, and 
free. The range livestock busi- 
ness was founded upon such con- 
ditions. Low costs and large 
numbers of livestock resulted in 
profitable ranching. The huge 
acreages of open, virgin range- 
lands furnished adequate feed, 
and livestock flourished. But 
land management and effective 
care of the animals were at a 
minimum. During these pioneer 
times, there was nothing wrong 
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with this. Indeed it is typical of 
wilderness land occupation. 
However, conditions of frontier 
America cannot be maintained 
forever. Inefficient and exploit- 
ive land use cannot continue and 
it is unreasonable to expect that 
it will (Table 1). 

Figure 1 explains why land 
practices must change. Since the 
start of the livestock business 
in the West, human populations 
have increased about 3,000 per- 
cent. Even more important, in 
recent years the rate of increase 
is rising faster each decade. In 
the future, even more people 
will want even more land. We 
cannot ignore these facts. 

Meanwhile more land is going 
into cities, roads, air fields, mili- 
tary installations, and other spe- 
cial uses. People are crowded 
into smaller and smaller areas 
(Fig. 2). They have completely 
occupied all land not reserved 
by the government. The open 
range is gone. Free range is 
gone. People are land-hungry. 
This demand for land has created 
an artificial value, beyond eco- 
nomic justification. Because of 

Table 1. Acreage and population 
dafa for fhe 11 conQJuous western 
siafes--fhe public range states. 

Population, Acres 
millions per person 

1860 .7 1218 
1870 1.0 754 
1880 1.7 443 
1890 3.1 243 
1900 4.1 184 
1910 6.8 111 
1920 8.9 85 
1930 11.9 63 
1940 13.8 55 
1950 19.6 38 
1960 28.1 27 
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FIGURE 1. Human populations in the 11 
contiguous western states of the United 
States. Not only is the curve rising each 
decade, but the rise is at a constantly 
increasing rate. 

wild desire to own land, people 
are increasingly more aware of 
the value of public land and of 
their rights to use these lands. 

But this is not all. The desire 
and need to use land is rising 
more rapidly than population 
data suggest because today’s peo- 
ple work fewer hours per day 
and fewer days. They have many 
more retirement years. They 
have fast highways and fast cars 
unknown a few decades ago. 
They are within a few hours of 
all but the most remote lands. 

Today most of our population 
lives in large, crowded cities. 
Just as the formerly rural popu- 
lation went to the city for an 
exciting vacation change, mod- 
ern city people yearn for a vaca- 
tion in the quiet and peace of 
wildlands. There is great and 
increasing demand for parks, 
wilderness areas, camp grounds, 
and summer home areas. More 
people require more water, more 
game animals, and more areas to 
fish. 

The desire to protect and con- 
serve land has become the inter- 
est of people in all walks of life, 
whereas, but a few years ago, 
only a handful of conservation- 
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FIGURE 2. The space per person in the 
range states is decreasing rapidly. Peo- 
ple are becoming acutely aware of the 
shrinking natural resources available to 
them. 

ists were concerned. This re- 
alignment of land values is fast 
changing people’s attitudes 
toward privileged use of public 
land by stockmen. 

Stockmen seem to feel that 
government land administrators 
are somehow to blame for these 
new demands for land and land 
products. Actually administra- 
tors do not create demand. De- 
mand originates with the public. 
Changing federal land policy is 
a product of public demand-not 
a cause. Most administrators, and 
especially those born and trained 
in the West, make an honest 
effort to keep livestock grazing 
on the land despite the forces 
of millions of people demanding 
other land uses. 

Fufure of Livesfock 
on Public Land 

There is no need for calami- 
tous talk that changing federal 
land policy will wipe out the 
livestock business. True, a 
change is inevitable, but this 
need not mean elimination of the 
industry. But modernization is 
necessary. What happens in the 
future is largely up to the 
rancher. 

Adapting to modern conditions 
will require hard work and re- 
organization of the thinking of 
many stockmen. More than any- 
thing else, stockmen must change 
their public image. Too often, 
ranchers seem to deliberately ag- 
gravate public opinion. Many 
oppose the game hunter, insist 
on grazing fees below market 
value, and demand monopolistic 
rights on the public land. They 
are inviting deadly opposition. 

Stockmen can ill-afford public 
opposition. They are a minority 
group. They cannot hope to out- 
vote, outwit, or outpressure peo- 
ple who contest their place on 
public land. Any continued de- 
mand for exclusive rights or any 
abuse of the grazing privilege 
will surely increase the area of 
federal land that is legally re- 
served for exclusive use for rec- 
reation. The only apparent solu- 
tion to this problem involves an 
aggressive program of coopera- 
tion by stockmen whereby they 
work with other interests to 
solve mutual problems on the 
land. 

Of real significance to ranchers 
is the growing trend toward 
large wilderness areas, recrea- 
tion reserves, and national parks 
which by law may specifically 
exclude livestock. This appears 
to be the alternative facing 
stockmen if they don’t learn to 
live with multiple use. The 
multiple-use concept is the live- 
stockman’s best friend and he 
should support legislation de- 
signed to encourage full and 
diverse use of public lands. 
Further, those public agencies 
whose objectives include multi- 
ple use deserve the stockman’s 
support. 

Fortunately, cattle and sheep 
are a part of the public image of 
the West. Cowboys and livestock 
are glamorously fabled in novels, 
movies, television, and ballads. 
This picture should be preserved 
by good publicity and cultivation 
of public interest. Stockmen 
must show that livestock can be 



an asset to recreation and need 
not interfere with other land 
uses. They must show that stock 
can safely graze watersheds, can 
live with deer, and be attractive 
to tourists. They must show that 
erosion, muddy s t r e am s , dirty 
camp grounds, and bare dusty 
ground are not necessarily ad- 
juncts to livestock grazing. Too 
many animals or too much con- 
centration of animals result in 
disturbance that fires the tourist 
to anti-livestock activities. Ad- 
mittedly some concentration is 
necessary around waterholes, 
corrals, driveways, and salt 
grounds, but these concentration 
areas must be kept away from 
public roads, fishing streams, 
lakes, and camp grounds. If the 
public see livestock damage on 
the land and develop this image 
of the livestock industry, the 
livestock grazing will cease on 
public lands. Stockmen must 
realize this. It will not be the 
public land agencies who will 
put an end to the grazing-it 
will be public opinion. Stockmen 
must accept this need to culti- 
vate public opinion as an emer- 
gency matter, because livestock 
already have been given a bad 
reputation as a result of careless 
management. 

The rancher cannot stand by 
and hope someone else will pro- 
tect his place on the land. He, 
himself, must immediately and 
aggressively solve these prob- 
lems. Ranchers are not the land 
administrator’s only “clients,” 
and decisions cannot always 
favor the rancher. But surely 
they will favor him more often 
if he comes in a spirit of under- 
standing and a willingness to co- 
operate in putting together a 
workable multiple-use program 
on the land. This requires that 
the stockman have a positive 
plan of action to improve the 
range and to take his place, 
within reasonable bounds, 
among other land users. Stock- 
men must develop leadership 
in land management. There is no 

GRAZING PUBLIC LANDS 

reason to wait for others to de- 
velop the plans. Good range 
management is the price ranch- 
ers must pay for a place on the 
public lands. 

BeHer Range Adminisfrafion 

The great tragedy of the con- 
flict that seems to have devel- 
oped between technical land 
managers and stockmen is that 
the ranchers are creating in their 
minds an image of the range 
manager as an enemy to their 
cause. Actually, modern range 
management offers a tremendous 
wealth of new knowledge that 
will greatly aid the rancher in 
his business. The rancher loses 
if he does not take every oppor- 
tunity to get help from technical 
range managers. 

But technical people, also, are 
partly to blame for this impasse. 
Too many land managers solve 
range problems by reducing or 
eliminating livestock. Too many 
are officious and rely on dicta- 
torial decisions based on bureau 
policy rather than on-the-ground 
facts. Unfortunately, many fed- 
eral land managers who are 
making important range deci- 
sions are trained in other phases 
of land management and really 
do not have the technical knowl- 
edge to manage ranges in a posi- 
tive way. The old idea of pre- 
serving resources by non-use is 
no longer acceptable to modern 
schools of range land manage- 
ment. Anyone who manages land 
in a negative way by preventing 
its use is living in the past. 

The agency administrator 
plays a key role in adjusting 
land uses. It is his obligation to 
help ranchers make necessary 
progress. The manager should be 
proud of his role in increasing 
productivity of the land and in 
proving that multiple use is a 
real and functioning thing rather 
than a mere slogan. Too often, 
the impression is given that re- 
ducing grazing is an objective in 
land management. 
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Improving Range Lands 

Ranchers should be able to 
look forward to increasing rather 
than decreasing their grazing 
permits. This can be done on a 
large majority of our public 
range if stockmen and adminis- 
trators really want it done. In 
60 years of management on 
America’s public ranges we have 
not begun to exhaust the possi- 
bilities of increasing forage pro- 
duction. We have talked for 
years about getting this job 
done. It is time for action. Both 
stockmen and federal adminis- 
trators have been slow in putting 
to use known information about 
improving ranges. 

Fortunately, ranchers have 
every reason to expect range im- 
provement and better manage- 
ment to benefit them economi- 
cally. Improvement of ranges, 
correct grazing intensity, and 
more careful husbandry of both 
stock and range can be made to 
pay. In the face of what we know 
today about good range manage- 
ment, there can be no excuse for 
the persistence of some stock- 
men in overgrazing and abusing 
land. Modern research shows 
conclusively that grazing capac- 
ity can be increased through 
range improvement and that 
with this increased capacity 
comes more calves and lambs 
and heavier animals. Ranchers 
must face the fact that improv- 
ing ranges requires money and 
that the stockman must pay his 
own way. The taxpayer should 
not be expected to improve 
ranges for private gain. But, in 
return, the administrator must 
meet the stockman half-way by 
guaranteeing either a reasonable 
permanency on the land or a re- 
imbursement for lost investment. 
Otherwise no prudent man can 
be expected to risk his capital on 
a venture as unstable as public 
land permits have been in the 
past. 

Administrators need to realize 
that, at the present time, many 



112 STODDART 

ranchers do not have access to 
technical range management 
knowledge. They need to take 
time to work with the rancher, 
explain the problems, and co- 
operate in working out solutions. 
A real aid to the stockman would 
be the encouragement of range 

improvement as an alternate to 
reducing numbers. A rancher 
given sufficient warning about 
impending cuts and shown how 
he can avoid the reduction, will 
then be able to weigh costs and 
benefits of the proposed action 
program. He should be entitled 

to know ahead of time what is 
required of him and to have full 
knowledge of alternate oppor- 
tunities. Sincere help more than 
any other thing will serve to 
break down this alarming atti- 
tude of distrust between rancher 
and range technician. 

Field Observations On 
Fallout Accumulation By Plants 

In Natural Habitatsl. 

W. H. RICKARD 
Senior Research Scientist, 

Biology Department, 
Battelle-Northwest, 

Richland, Washington. 

Highlight 
Fallout accumulation by above- 

ground plant paris was related fo 
differences in leaf and twig structure 
and time organs were exposed to af- 
mosphere. Trees appeared fo lessen 
i;lz; accumulation by understory 

. 

The accumulation of worldwide 
fallout by plants in natural habitats 
has been infrequently investigated. 
Mosses and lichens accumulated 
more fallout than vascular plants 
(Gorham, 1959; Davis et al., 1963). 
The spring melt of snow increased 
the accumulation of fallout by alpine 
tundra plants (Osburn, 1963). Pu- 
bescent-leaved plants accumulated 
more fallout than glabrous leaved 
plants (Romney et al., 1963). Grasses 
growing on a flooded lowland habi- 
tat accumulated more fallout than 
grasses from a well drained upland 
habitat (Davis et al., 1963). Stron- 
tium-90 has been reported to ac- 
cumulate in the basal portions of 
perennial pasture grasses (Russell, 
1958). 

This paper reports the levels of 
gamma radioactivity of some com- 

1 Work performed under Contract 
No. AT(45-1) -1350 between the 
Atomic Energy Commission and 
General Electric Company. The co- 
operation of the Washington State 
Game Department in allowing the 
collection of samples for this study 
is gratefully acknowledged. This 
study is a part of a study designed 
to evaluate the effect of climate on 
the uptake of fallout by browsing 
animals. 

mon plants collected in 1963 with 
reference to phenology, leaf mor- 
phology and community structure, 
from the natural vegetation mosaic 
of the lower Cummings Creek Val- 
ley, Wooten Game Range, Columbia 
County, Washington. The Cummings 
Creek Valley is one of many deep, 
steep-walled valleys of the Blue 
Mountain region of southeastern 
Washington (Figure 1). Soils of the 
slopes consist of fine-textured loess 
intermingled with large quantities 
of basaltic stones. Surface soils in 
the valley tend to be less stony. The 
vegetation mosaic is composed of 
grassland and forest associations. 
Streamside vegetation consists of a 
narrow band of deciduous trees, 
mostly alder (A Znus tenuifolia), 
birch (Betula spp.), and occasional 
tall cottonwoods (Populus tricho- 
carpa). Grassland stands are repre- 
sentative of the Agropyron/Poa as- 
sociation, while most forest stands 
are representative of the Pinus/Phy- 
socarpus or Pseudotsuga/Physocar- 
pus associations (Daubenmire, 1942, 

1952). Grassland stands occupy the 
south-facing slopes and the exposed 
spur ridges on the north-facing 
slopes. Forest stands occupy por- 
tions of the valley floor, ravines and 
depressions on the north-facing 
slopes. Logging and forest fires have 
removed trees from some sites. The 
grassland vegetation is in good con- 
dition (Buechner, 1952) . Dominant 
grasses and forbs, bluebunch wheat- 
grass (Agropyron spicatum), lupine 
(Lupinus serecius), and balsamroot 
(Balsamorhiza sagittata) were har- 
vested by clipping near the ground 
from a stand representative of the 
Agropyron/Poa association. The 
leafy twigs of ninebark, Physocarpus 
malvaceus were clipped more or less 
at random from stands with and 
without an overstory or trees. 

All harvested material was sealed 
in plastic bags for delivery to the 
laboratory, dried, and milled to pass 
a 1 mm screen. A 100 to 200 gram 
portion of milled sample was placed 
in a 500 ml capacity plastic bottle 
and counted in a well-type, 9 x 11 

FIGURE 1. View of lower Cummings Creek Valley in winter, 
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inch sodium-iodide (Tl) crystal 
connected to a 256 channel analyzer. 
Gamma-emitting fallout radio- 
nuclides measured were cesium-137, 
half-life 27 years; ruthenium, rho- 
dium-106, half-life one year; man- 
ganese-54, half-life 300 days, ce- 
rium-praseodymium-144, half -1if e 
285 days; zinc-65, half-life 245 days; 
and zirconium-niobium-95, half-life 
65 days. Cerium-praseodymium-144 
was always the most abundant 
radionuclide measured. Zirconium- 
niobium-95 and ruthenium-rho- 
dium-106 were also abundantly rep- 
resented. Only small amounts of 
manganese-54 and cesium-137 were 
measured. Zinc-65 was infrequently 
detected. 

Bluebunch wheatgrass contained 
more radioactivity than either bal- 
samroot or lupine (Table 1). The 
leaves of forbs had been aerially ex- 
posed for only about 60 days but 
some of green winter growth of 
grass had been exposed about 200 
days. Some of the dead grass in- 
cluded in the harvest was a year or 
more old and also raised the average 
exposure time of the grass and in- 
dicates that persistence of above- 
ground organs is an important fea- 
ture in regard to the accumulation 
of fallout. 

To further establish the role of 
persistence of aboveground organs 
and fallout accumulation, leaves and 
twigs of different ages, i.e., approxi- 
mately 4-month, 16-month, and 28- 
month-old age classes, were har- 
vested from the branches of a pon- 
derosa pine tree (Pinus ponderosa). 
The new growth of pine contained 
less fallout than did the more aged 
tissues (Figure 2). This was espe- 
cially evident in regard to the long- 
lived radiocesium. 

To compare the influence of leaf 
and twig morphologies on the ac- 
cumulation of fallout, shrubs with 
aboveground parts of similar age 
but different leaf morphology were 
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FIGURE 2. Accumulation of gamma emitting radionuclides by ponderosa pine leaves and 
twigs of different age classes. 

fallout than mountain maple (Table 
l), suggesting an effect of pubescent 
leaves and rugose stem morphology 
on increasing fallout accumulation. 
Two large perennial forbs of differ- 
ent leaf morphology were compared 
for radioactivity. Balsamroot has 
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to the thin, compound leaves (leaf- 
lets) of lupine. The surface area per 
gram of leaf was probably greater 
in lupine than in balsamroot, and 
correspondingly, the amount of total 
fallout accumulated by lupine was 
greater (Table 1). 

The accumulation of fallout by 
leaves and twigs of understory nine- 
bark was evaluated by comparing 
shrubs growing on two closely simi- 
lar habitats with and without trees. 

One site had an open tree canopy of 
Douglas fir (Pseudotsuga menzi- 
esii); the other was treeless because 
of a fire during the summer of 1961. 
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above sea level. The forested site 
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facing. The ninebark growing in as- 
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trees (Table 1). When the fallout 
content of ninebark twigs and 
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bunch wheatgrass collected on the 
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Table 1. Gamma emitting radionuclides in plants collecfed from the lower 
Cummings Creek Valley, Washington, 1963. Results are expressed as 
picocuries (micromicrocuries) per gram dry weight. 

Zr-Nb-95 
Number of - 

Zn-65 Ce-Pr-144 Mn-54 Ru-Rh-106 cs-137 Total -___---w 

Grassland Association Date Samples -p Picocuries per Gram Dry Weight 

Lupinus serecius 5115163 3 119 +, 4.4 0.77 ? 0.77 216 +- 29 15 t3.9 44+3.9 6.0+0& 400 

Balsamorhiza sagittata 5115163 3 88: 7.5 0.47 +, 0.47 16D +. 2.2 9.6+_0.20 22t1.4 6.7 ? 0.21 2% 

Agropyron spicatum 5/15/63 3 2% ?31 3.7 +, 1.6 471 +, 33 19 : 1.2 7at5.4 18 to.aa a5o 

Agropyron spicatum 7/25/63 3 167: 3.8 ND 465 +, 6.4 la + 0 109+.3.2 16 *,I.0 780 _- 

Coniferous Forest Association 

TPhysocarpus malvaceus 7125163 3 138: 2.2 ND 375 t 9.9 28 : 0.41 96t1.4 13 to.11 650 -- 

Physocarpus malvaceus 7/25/63 3 123: 4.4 ND 288 +-ii 18 to.91 ti+.L9 12 to.34 530 ~- 

1Acer glabrum 7/25/63 2 58 ND 127 6.4 37 5.1 290 -- 

INo Tree Canopy 

@ = Nof Detected 
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fallout than did the grass (Table 1). 
Although some of the twig material 
harvested was at least one year old, 
the leaves of ninebark had been ex- 
posed for much less time than were 
grass leaves. 

Long-lived radionuclides such as 
cesium-137 and strontium-90 have 
the potential of cycling with other 
minerals in ecological systems. Only 
a small amount of radiocesium may 
be expected to enter plants from soil 
(Frere et al., 1963). Other modes of 
entry may be through foliar sur- 
faces with subsequent translocation 
and storage in persistent tissues. Re- 
gardless of the mode of fallout ac- 
cumulation, knowledge of plant fea- 
tures in conjunction with radio- 
chemical analyses can provide a 
means of comparing fallout accumu- 
lation in different plant communi- 
ties. 

Summary 
Fallout accumulation by above- 

ground plant parts was related to 
differences in leaf and twig mor- 

RICKARD 

phology and the amount of time 
plant organs were exposed to the 
atmosphere. The presence of trees 
appeared to lessen fallout accumu- 
lation by understory shrubs. 
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Highlight 
In a former sagebrush-bluebunch 

wheafglrass siie at Ephraia, Washing- 
ton, neither application of herbicides 
nor burning for control of downy 
brome and Sandberg’s bluegrass be- 
fore planting wheatgrasses were 
effective in increasing stands of 
wheafgrass seedlings. In this area 
of dry summers and approximately 
8 inches annual precipitation, severe 
climatic stresses were primarily re- 
sponsible in determining the esfab- 
lishment or failure of seedlings. 

Over seven million acres of 
eastern Washington are grazing 
lands. Vegetative cover on two 

million acres or more of this 
land is in poor condition. Im- 
proper grazing and uncontrolled 
burning have nearly eliminated 
bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh) Scribn. 
and Smith) from much of the 
depleted range. Such ranges are 
now occupied by downy brome 
(also called “cheatgrass” and 
“downy chess”) (Bromus tector- 
urn L.) with an understory of 
Sandberg’s bluegrass (Poa se- 
cunda Presl). On many ranges, 
downy brome is rapidly being 

replaced by medusahead (Ely- 
mus caput-medusae L., or as pre- 
ferred by some researchers, 
Taeniatherum asperum (Simk.) 
Nevski) . Grazing management 
alone would improve these de- 
teriorated ranges slowly if at all. 
Much of this land is not suitable 
for reseeding by conventional 
methods. Some areas are too 
steep, some have shallow soil, 
others are too rocky, and some 
have combinations of these un- 
desirable characteristics. 

Environmental conditions in 
the range area east of the Cas- 
cade Mountains often restrict the 
establishment of desirable for- 
age grass seedlings. Precipitation 
is low, especially during the hot 
summer months. Air tempera- 

1Cooperative investigations of the 
Crops Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture, and the 
Washington AgricuZturaZ Experi- 
ment Stations, Pullman, Washing- 
ton. Washington Agricultural Ex- 
periment Stations Scientific Paper 
No. 2479. 



114 

fallout than did the grass (Table 1). 
Although some of the twig material 
harvested was at least one year old, 
the leaves of ninebark had been ex- 
posed for much less time than were 
grass leaves. 

Long-lived radionuclides such as 
cesium-137 and strontium-90 have 
the potential of cycling with other 
minerals in ecological systems. Only 
a small amount of radiocesium may 
be expected to enter plants from soil 
(Frere et al., 1963). Other modes of 
entry may be through foliar sur- 
faces with subsequent translocation 
and storage in persistent tissues. Re- 
gardless of the mode of fallout ac- 
cumulation, knowledge of plant fea- 
tures in conjunction with radio- 
chemical analyses can provide a 
means of comparing fallout accumu- 
lation in different plant communi- 
ties. 

Summary 
Fallout accumulation by above- 

ground plant parts was related to 
differences in leaf and twig mor- 

RICKARD 

phology and the amount of time 
plant organs were exposed to the 
atmosphere. The presence of trees 
appeared to lessen fallout accumu- 
lation by understory shrubs. 

LITERATURE CITED 
BUECHNER, H. K. 1952. Winter-range 

utilization by elk and mule deer 
in southeastern Washington. J. 
Range Manage. 5: 76-80. 

DAUBENMIRE, R. F. 1942. An ecologi- 
cal study of the vegetation of 
southeastern Washington and ad- 
j acent Idaho. Ecol. Monogr. 12: 
53-79. 

DAUBENMIRE, R. 1952. Forest vegeta- 
tion of northern Idaho and adja- 
cent Washington, and its bearings 
on concepts of vegetation classifi- 
cation. Ecol. Monogr. 22: 301-330. 

DAVIS, J. J., D. G. WATSON AND W. C. 
HANSON. 1963. Some effects of en- 
vironmental factors upon accumu- 
lation of worldwide fallout in 
natural populations. In Radio- 
ecology. V. Schultz and A. W. 
Klement, Jr. (eds.), Reinhold 
Publ. Corp., N. Y., and A. I. B. S., 
Washington, D. C., p. 35-38. 

FRERE, M. H., R. G. MENZEL, K. H. 
LARSON, R. OVERSTREET AND R. F. 
REITEMEIER. 1963. The behavior of 
radioactive fallout in soils and 
plants. Nat. Acad. Sci.-Nat. Res. 
Council, Publication 1092. Wash- 
ington, D. C. 32 p. 

GORHAM, E. 1959. A comparison of 
lower and higher plants as ac- 
cumulators of radioactive fallout. 
Can. J. Botany 37:327-329. 

OSBURN, W. S. 1963. The dynamics of 
fallout distribution in a Colorado 
alpine tundra snow accumulation 
ecosystem. In Radioecology, V. 
Schultz and A. W. Klement, Jr. 
(eds.) , Reinhold Publ. Corp., N. Y. 
and A. I. B. S., Washington, D. C., 
p. 51-71. 

ROMNEY, E. M., R. A. LINDBERG, H. A. 
HAWTHORNE, B. A. BYSTROM AND 
K. H. LARSON. 1963. Contamination 
of plant foliage with radioactive 
fallout. Ecology 44: 343-349. 

RUSSELL, R. S. 1958. Deposition of 
strontium-90 and its content in 
vegetation and in human diet in 
the United Kingdom. Nature 182: 
834-839. 

Effects of Herbicides, Burning, ‘and 
Seeding Date in Reseeding an Arid Range’ 

W. C. ROBOCKER, DILLARD II. GATES, AND 
HAROLD D. KERR 
Research Agronomist, Crops Research Division, Agri- 
cultural Research Service, U.S.D.A., Pullman, Washing- 
ton; Range Management Specialist, Oregon State 
University, Corvallis, Oregon (formerly Crops Research 
Division, Agricultural Research Service, U.S.D.A., PuZZ- 
man, Washington) and Research Agronomist, Crops 
Research Division, Agricultural Research Service, 
U.S.D.A., Beltsville, Maryland (formerly of Pullman, 
Washington). 

Highlight 
In a former sagebrush-bluebunch 

wheafglrass siie at Ephraia, Washing- 
ton, neither application of herbicides 
nor burning for control of downy 
brome and Sandberg’s bluegrass be- 
fore planting wheatgrasses were 
effective in increasing stands of 
wheafgrass seedlings. In this area 
of dry summers and approximately 
8 inches annual precipitation, severe 
climatic stresses were primarily re- 
sponsible in determining the esfab- 
lishment or failure of seedlings. 

Over seven million acres of 
eastern Washington are grazing 
lands. Vegetative cover on two 

million acres or more of this 
land is in poor condition. Im- 
proper grazing and uncontrolled 
burning have nearly eliminated 
bluebunch wheatgrass (Agro- 
pyron spicatum (Pursh) Scribn. 
and Smith) from much of the 
depleted range. Such ranges are 
now occupied by downy brome 
(also called “cheatgrass” and 
“downy chess”) (Bromus tector- 
urn L.) with an understory of 
Sandberg’s bluegrass (Poa se- 
cunda Presl). On many ranges, 
downy brome is rapidly being 

replaced by medusahead (Ely- 
mus caput-medusae L., or as pre- 
ferred by some researchers, 
Taeniatherum asperum (Simk.) 
Nevski) . Grazing management 
alone would improve these de- 
teriorated ranges slowly if at all. 
Much of this land is not suitable 
for reseeding by conventional 
methods. Some areas are too 
steep, some have shallow soil, 
others are too rocky, and some 
have combinations of these un- 
desirable characteristics. 

Environmental conditions in 
the range area east of the Cas- 
cade Mountains often restrict the 
establishment of desirable for- 
age grass seedlings. Precipitation 
is low, especially during the hot 
summer months. Air tempera- 

1Cooperative investigations of the 
Crops Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture, and the 
Washington AgricuZturaZ Experi- 
ment Stations, Pullman, Washing- 
ton. Washington Agricultural Ex- 
periment Stations Scientific Paper 
No. 2479. 



tures reach extremes of 112” F. 
in the summer and -23” F. in 
the winter (U. S. Department of 
Agriculture, 1941.) Bare soil 
temperature at the l-inch depth 
often exceeds 130” F. during the 
summer. The adverse climatic 
conditions plus the competition 
from downy brome and Sand- 
berg’s bluegrass make establish- 
ment of perennial grass seed- 
lings difficult. 

The study reported herein was 
undertaken to further develop 
methods and procedures that 
would contribute to the success- 
ful revegetation of deteriorated 
rangelands. 

Review of Literature 
Downy brome is a winter 

annual under normal conditions, 
but it may also act as a summer 
annual if a cold period occurs 
after germination and stimulates 
flowering (Hulbert, 1955; Stein- 
bauer and Grigsby, 1957; Fin- 
nerty and Klingman, 1962). It 
produces seed even in dry years. 
Hulbert (1955) and Steinbauer 
and Grigsby (1957) found that 
almost all of the downy brome 
seed produced in the spring ger- 
minated in the following fall if 
moisture was adequate. These 
workers noted also that seed not 
germinating in the fall may ger- 
minate the following spring. 
Under favorable field conditions, 
germination of nearly all viable 
seed is likely to occur within a 
year after maturation, although 
enough usually remains unger- 
minated to produce a stand 
(Chepil, 1946). Some ungermi-. 
nated seeds may remain viable 
for 10 years or more (Hulbert, 
1955). 

Downy brome generally ma- 
tures in early June, and dried 
plants constitute a potential fire 
hazard during the entire sum- 
mer. The seeds drop to the 
ground soon after maturity, and 
most escape lethal injury from 
fast-moving grass fires. An ex- 
tremely “hot” fire is necessary 
to impair the viability of seed on 
the ground. Dense stands of 

HERBICIDES AND BURNING 

downy brome are maintained 
year after year on Washington 
rangelands that are frequently 
burned during the summer 
months. Pickford (1946) ob- 
served that the density of annual 
grasses such as downy brome in- 
creased on burned ranges. He 
noted also that most big sage- 
brush (Artemisia tridentata 
Nutt.) was destroyed by burn- 
ing. Furthermore, burning and 
heavy grazing reduced the stand 
of perennial grasses nearly 85 
per cent and the grazing capacity 
over 50 per cent. 

Hull and Stewart (1948) found 
in Idaho that burying downy 
brome seed by deep plowing and 
then drilling perennial grasses 
when moisture was adequate re- 
sulted in best grass stands. How- 
ever, the deep plowing was ex- 
pensive. Burning of the downy 
brome in June, soon after ma- 
turity, and drilling crested 
wheatgrass in the fall was an 
economical method of establish- 
ing the wheatgrass. Drilling 
crested wheatgrass directly into 
downy brome-infested range met 
with little success. 

Rummel (1946) found in a 
greenhouse study that downy 
brome seedlings competed criti- 
cally with wheatgrass seedlings, 
although downy brome was less 
competitive under conditions of 
moisture stress. 

Downy brome may be con- 
trolled with herbicides (Canode, 
et al., 1962; Klingman and Kerr, 
1956; and Finnerty and Kling- 
man, 1962)) but little is known 
about the effects of such her- 
bicides on establishment of pe- 
rennial grasses planted after 
herbicide treatments. 

Experimental Procedures 
The study was conducted in a 

sagebrush-bluebunch wheatgrass 
site approximately 9 miles south- 
east of Ephrata, Washington, in 
cooperation with Mr. Tom Drum- 
heller, Ephrata, who provided 
land, fence, machinery, and la- 
bor. The soil was a stony phase 
of Ephrata sandy loam. Long- 

115 

time average annual precipita- 
tion is approximately 8 inches 
at the nearby Ephrata Airport. 

An uncontrolled fire passed 
through the area during the 
summer of 1958. The fire line 
bisected the experimental area 
and provided an opportunity to 
compare the seeding and herbi- 
cide treatments on contiguous 
burned and unburned plots. No 
burning occurred after plots 
were established. 

Applications of the sodium 
salt of 2,2-dichloropropionic acid 
(dalapon) at 3 lb/A, an ester of 
dalapon at 3 lb/A, the sodium 
salt of 2,3,6-trichlorobenzoic acid 
(2,3,6-TBA) at 4 lb/A, and iso- 
propyl N- (3-chlorophenyl) car- 
bamate (CIPC) at 8 lb/A were 
compared with an untreated 
check. Three rows each of Nor- 
dan crested wheatgrass (Agro- 
pyron desertorum (Fisch. ex 
Link) Schult.) , Whitmar beard- 
less wheatgrass (A. inerme 
(Scribn. and Smith) Rydb.) , and 
Siberian wheatgrass (A. sibiri- 
cum (Willd.) Beauv.) were 
planted 18 inches apart and 
across each treatment. A Planet 
Jr. seeder with double-coulter 
openers, modified to function in 
the stony soil, was calibrated to 
plant approximately 25 live 
seeds per foot of row. 

In 1958-59, the herbicides were 
applied and the grasses were 
seeded as follows: 

Time of Time of 
herbicide grass 
treatment seeding 
Fall 1958 Fall 1958 
Fall 1958 Spring 1959 
Spring 1959 Spring 1959 
Spring 1959 Fall 1959 _ 

Herbicides were applied in the 
fall after sufficient precipitation 
had fallen to germinate some of 
the downy brome seed. When 
herbicide treatments and seed- 
ings were made the same season, 
the grasses were seeded 2 weeks 
after the herbicide applications. 

The experiment was repeated 
with slight modification in an 
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adjacent area in 1959-60. The 
season of herbicide application 
and grass seedings were identical 
to those in 1958-59. The herbi- 
cide treatments also were the 
same except that CIPC at 4 lb/A 
was substituted for the ester of 
dalapon, and CIPC at 6 lb/A 
was substituted for CIPC at 8 
lb/A. The burned area was that 
which was burned in 1958. All 
treatments were replicated three 
times on burned and unburned 
areas in both experiments. Plots 
were 10 by 20 feet. 

The effects of the herbicide 
treatments on vegetation were 
evaluated in 1959 and 1960 after 
spring growth had started but 
before heading of downy brome. 
A lo-foot steel tape was stretched 
diagonally across each plot and 
readings within a %-inch loop 
were made at 2-inch intervals 
with 60 readings (samples) thus 
obtained per plot. Presence of 
any part of a species within the 
loop was counted as a “hit.” 
Stands of planted grasses were 
evaluated by counting the seed- 
lings in the center 6 feet of the 
middle row of each plot in the 
spring prior to summer dor- 
mancy. The percentage of ground 
covered by broadleaf species was 
measured each spring by means 
of 10 samples per plot with a 
20- by 50-cm sampling frame. 

Results and Discussion 
Precipitation during the sum- 

mer months of the study was 
characteristically low for this 
area (Table 1). The fluctuation 
which occurred in stands .was 
associated with low soil moisture 
during periods of seedling estab- 
lishment . 

The responses of downy brome 
and Sandberg’s bluegrass to 

Table 1. Precipifafion in inches af 
Ephrafai Airporf, 1959-1961. 

Period 1958 1959 1960 1961 

Jan.-March 4.59 4.18 2.57 3.75 
April- June 1.84 0.68 2.58 1.86 
July-Sept. 0.44 1.46 0.86 0.33 
Oct.-Dec. 2.65 1.34 2.16 1.94 

Total 9.52 7.66 8.17 7.88 

ROBOCKER ET AL. 

herbicides showed seasonal as 
well as species variations (Table 
2). The sodium salt of dalapon 
caused little decrease in stand of 
downy brome when applied in 
the fall of 1958 or spring of 1959, 
but was effective in the fall of 
1959 and spring of 1960. Both 
formulations of dalapon gen- 
erally reduced Sandberg’s blue- 
grass. No consistent difference 
between time of application was 
evident, and no difference be- 
tween effects of formulations 
was noted. The following aver- 
ages show little if any interac- 
tion between season of treatment 
and effect of the sodium salt of 
dalapon: 

Hits per 
60 points, 
treated 

Treatment Fall Spring 
Check, 

downy brome 33 38 
Treated, 

downy brome 20 26 
Check, Sandberg’s 

bluegrass 21 22 
Treated, Sandberg’s 

bluegrass 18 20 

CIPC was not sufficiently ef- 
fective on downy brome at low 
rates to be considered for use 
on rangelands at present. The 

2,3,6-TBA at 4 lb/A was ineffec- 
tive. 

Inspection of the seasonal data 
(Table 3) shows little advantage 
from any of the herbicides used, 
either spring or fall, as an aid 
to increasing stands of planted 
grasses. If the possibility of de- 
stroying late germinating as well 
as fall germinating downy brome 
seeds is considered in addition 
to destruction of Sandberg’s 
bluegrass (Table 2)) it appears 
that an early spring application 
of dalapon would be the most 
promising herbicidal treatment. 

The data on stands of wheat- 
grasses as affected by interaction 
of season of herbicide application 
and season of planting are in 
Table 4, and that on effects of 
burning in Table 5. Because of 
variations encountered within 
treatments, differences were not 
evaluated on a basis of proba- 
bility. However, the individual 
species averages indicate a supe- 
riority of Nordan crested wheat- 
grass over the other two species. 
Burning was the most beneficial 
treatment in obtaining better 
stands of wheatgrasses. No indi- 
cation of differences in response 
among species of wheatgrasses 
to the herbicides was noted. 

In general, burning markedly 
reduced stands of downy brome, 

Table 2. Effecfs of herbicides and fime of applicafion on sfands of downy 
brome (DB) and Sandherg’s bluegrass (SB).r 

Herbicides applied in 

Fall 19582 Spring 19592 Fall 19593 Spring 1960s Avg. 

Herbicide DB SB DB SB DB SB DB SB DB SB 

Check 24 20 35 22 42 22 40 23 35 22 
Dalapon salt, 

3 lb/A 24 14 36 2 18 1 7 22 21 10 
Dalapon ester, 

3 lb/A 14 14 41 4 - - - - 28 9 
2,3,6-TBA, 

4 lb/A 21 20 26 26 26 33 40 26 28 26 
CIPC, 4 lb/A - - - - 30 28 26 26 28 27 
CIPC, 6 lb/A - - - - 22 26 22 26 22 26 
CIPC, 8 lb/A 1 12 10 30 - - - - 6 21 

Average, 
treated 15 15 28 16 24 22 24 25 22 20 

1 Average number of hits in 60 points per plot. 
2 Readings in spring 1959. 
s Readings in spring 1960. 
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but increased stands of Sand- 
berg’s bluegrass (Table 5). The 
effectiveness of the herbicides 
on Sandberg’s bluegrass or 
downy brome apparently was 
not greatly influenced by burn- 
ing. Removal of litter and de- 
struction of some seed probably 
reduced the downy brome on 
burned areas. In the Ephrata 
area, Sandberg’s bluegrass forms 
a sufficient cover to protect the 
soil surface after burning, and 
burning as a part of seedbed 
preparation would be feasible. 

Herbicide residues are un- 
predictable because the low 
amount of precipitation in the 
area is not conducive to rapid 
leaching or quick microbial 
breakdown. The minimal yearly 
precipitation, summer droughts, 
and grasshoppers adversely af- 
fect or further complicate estab- 
lishment of wheatgrass seed- 
lings. 

The changes in coverage of 

Table 5. Effect of burning on stands of downy brome, Sandberg’s blue- 
grass, and three species of wheafgrass.le 2 

Species 

Burned 1958, seeded Unburned, seeded 

1958-59 1959-60 Avg. 1958-59 1959-60 Avg. 

Downy brome 11 15 13 35 39 37 
Sandberg’s bluegrass 18 33 25 15 13 14 
-----_-------------- ----- 
Wheatgrasses: 

Beardless (Whitmar) 5 1 3 2 1 2 
Siberian 8 3 6 2 3 2 
Crested (Nordan) 8 8 8 2 7 4 

1 Average number of hits in 60 points per plot for downy brome and Sand- 
berg’s bluegrass; seedlings per 6 ft. of row for wheatgrasses. 

2Stand counts of downy brome and Sandberg’s bluegrass were for respective 
year of seeding (1959 and 1960); counts of wheatgrasses were 1 year after 
seeding (1960 and 1961). 

broadleaf species caused by 
herbicides and burning 2 years 
after treatment were generally 
negligible, possibly because the 
initial coverage of most species 
was only a trace, a large supply 
of seed remained in the soil, and 
the time of burning and applica- 
tion of herbicides were not opti- 
mum for killing susceptible 

Table 3. Effect of herbicides and time of application on average stand of 
three wheafgrasses per 6 ft. of row, 12 to 16 months after seeding. 

Herbicides applied in 

Herbicide and rate 
Fall Spring 
19581 19591 

Fall 
19592 

Spring 
19602 Average 

Check 2 7 6 5 5 
Dalapon salt, 3 lb/A 2 11 7 4 6 
Dalapon ester, 3 lb/A 3 9 - - 6 
2,3,6-TBA, 4 lb/A T 5 6 3 4 
CIPC, 4 lb/A - - 4 2 3 
CIPC, 6 lb/A - - 2 2 2 
CIPC, 8 lb/A 1 7 - - 4 

Average, treated 2 8 5 3 4 

1 Stand counts in spring 1960. 
2 Stand bcounts in spring 1961. 

Table 4. Effects of season of herbicide application and season of planting 
wheafgrasses 12 fo 18 months after seeding.1 

species. Burning appeared to 
have reduced the stands of tum- 
ble mustard (Sisymbrium altis- 
simum L.) , tansy-mustard (Des- 
curainia pinnata (Walt.) Britt.) , 
and whitlowwort (Draba verna 
L.). The herbicides without 
burning caused some reduction 
of whitlowwort, but the greatest 
reduction occurred as a result 
of both burning and herbicides. 
CIPC and 2,3,6-TBA accounted 
for practically all of the effects 
of herbicides on the broadleaf 
species. 

Summary 
A study was initiated in 

1958 in the sagebrush-bluebunch 
wheatgrass association near 
Ephrata, Washington, to deter- 
mine effectiveness both of burn- 
ing and of several herbicides for 
seedbed preparation when seed- 
ing perennial grasses. Dalapon, 
2,3,6-TBA, and CIPC were ap- 
plied in spring and fall. Whitmar 

on plank per 6 ft. of row of three 

Herbicide applied: Fall 1958 Spring 1959 Fall 1959 Spring 1960 

Seeded2 Seeded2 Seeded3 Seeded3 Avg. Avg. 

Species of Fall Spring Spring Fall Fall Spring Spring Fall fall spring Genl. 
wheatgrass 1958 1959 1959 1959 1959 1960 1960 1960 seed seed Av. 

Beardless (Whitmar) 2 1 7 4 T 1 T 3 2 2 2 
Siberian 2 1 15 4 9 3 T 3 4 5 5 
Crested (Nordan) 2 1 12 5 12 5 2 10 7 5 6 

Average 2 1 11 4 7 3 1 5 5 4 4 

1 Herbicide application preceded seeding the same season by 2 to 3 weeks. 
2 Readings in spring 1960. 
s Readings in spring 1961. 
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beardless, Siberian, and Nor- 
dan crested wheatgrasses were 
seeded in spring and fall over 
all other treatments. 

Responses of downy brome and 
Sandberg’s bluegrass to herbi- 
cides varied. Burning substan- 
tially reduced the amount of 
downy brome present on the 
plots the next year. However, 
neither herbicidal treatment nor 
burning were effective in in- 
creasing the stands of planted 
wheatgrasses. Nordan crested 
wheatgrass appeared to provide 
somewhat better stands than 
either Whitmar beardless or Si- 
berian wheatgrass. 

Climatic factors exerted a pro- 
found effect in determining suc- 
cess of the reseeding, regardless 
of other treatments imposed. 
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Highlight 
Sfockwaier development offers a 

good possibility for favorable re- 
turns on investment. By analyzing 
proposed development projects as 
described here, a rancher can make 
sounder economic decisions concern- 
ing range improvement practices. 

Ranchers and government land 
agencies have long recognized 
that good range management re- 
quires proper location of live- 
stock watering facilities. Many 
wells and springs have been de- 
veloped to improve range utili- 
zation. Ranchers contemplating 
such investments, however, must 
be able to determine whether the 
returns resulting from a water- 
development practice will exceed 
the costs of initiating and main- 

1 Utah Agricultural Experiment Sta- 
tion Journal Paper No. 426. Special 
thanks is given to Robert Max 
Nielson who contributed much to 
this project as a graduate student. 

taining the practice. This paper 
is concerned primarily with the 
economic decision a rancher has 
to make before he commits his 
own resources to a water project. 
It does not consider the many 
issues a public land administra- 
tor may have to face before he 
invests public funds. 

An economic study of spring 
and well development practices 
used by ranchers was conducted 
in Utah during 1962 and 1963. 
Physical data were obtained 
from ranchers and government 
agencies involved in water de- 
velopment. Prices for materials, 
labor, and other factors as well 
as for the marketable products 
were obtained from firms and 
agencies servicing ranchers. 
Physical requirements and costs 
of commonly observed spring 
and well-development practices 
were synthesized from all avail- 
able information for two types of 

spring and four types of stock- 
well developments. 

The physical features and costs 
of each practice are described, 
and the actual and probable ben- 
efits and returns resulting from 
each project are considered. Fi- 
nally, a method is suggested for 
deciding whether a proposed 
project is economically feasible. 

Spring Developmenf 
Small Springs-The potentials 

of small springs should not be 
underestimated. A trickle of 
water that amounts to no more 
than two quarts per minute can 
be harnessed and stored so it will 
supply enough water for 35 head 
of cattle (Waller, 1958). 

Developing a small spring 
commonly involves digging it 
back to a central source where 
a concrete collection box is con- 
structed. The water is usually di- 
rected to the collection box 
through pipe. Another carries 
the water from the box directly 
to a watering trough. Ranchers 
seem to prefer long, shallow 
troughs and special precautions 
are taken to locate the watering 
trough away from flood danger. 
Also, the spring area is generally 
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water that amounts to no more 
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troughs and special precautions 
are taken to locate the watering 
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Also, the spring area is generally 
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fenced to keep stock out. The 
materials and costs involved in 
developing a typical small spring 
in Utah in 1962 are listed in table 
1. 

Large Springs - Water from 
large springs is generally de- 
veloped at the spring site and 
conveyed some distance to where 
it is used. A project usually in- 
cludes the initial development 
work, construction of a large- 
capacity storage facility, and a 
pipe laid from the source to the 
point of use. The storage tank, 
placed near the spring site, is 
often used as a watering facility 
as well as to feed the pipeline 
which may have several float- 
controlled watering troughs. 
After the desired route is deter- 
mined, the area is surveyed, and 
the necessary slope is achieved. 
The pipeline is installed under- 
ground to prevent freezing. Soil 
Conservation Service personnel 
sometimes aid in obtaining the 
right slope and laying the pipe 
correctly. A tractor and a heavy 
ditcher are often used to make 
and cover the pipeline trench. 
Materials and costs required for 
a typical large spring develop- 
ment in Utah are shown in table 
2. 

Stockwell Development 

The physical characteristics of 
stockwells vary markedly among 
wells and among ranges. How- 
ever, costs of construction and 
operation are related closely to 
the size of the casing, the depth 
of the well, the height of lift, and 

Table 1. Small spring development cosis in dollars, Utah, 1962. 

cost Total 
Item Type Size Amount unit cost 

Machinery 
Truck pickup 7 hrs 3.00 21.00 

Labor 
Man 48 hrs 1.50 72.00 
Horses 6 hrs .75 4.50 

Materials 
Pipe galv. 1.5 in 20 ft .52 10.40 

tile 4 in 9 ft .35 3.15 
Cement 1 bag 1.50 1.50 
Sand & gravel 1.00 
Lumber No. 2 2 in x 12 in loft (2) .13/bd ft 5.20 
Poles 12 1.00 ea 12.00 
posts 8 1.00 ea 8.00 
Trough 2 ft x 18 ft 42.00 
Misc. supplies 1.00 

Total Cost 181.75 

Table 2. Large spring development costs in dollars, Utah, 1962. 
_ 

cost Total 
unit cost Item Type Size Amount 

Machinery 
Tractor 
Truck 

Labor 
Man hours 

Materials 
Pipe 

Cement 
Sand & gravel 
Poles 
Posts 
Trough 
Float valve 

assembly 
Fittings 
Misc. supplies 

Storage facility 
Concrete 
Rod 

Labor 

D-2 
pickup 

plastic 
tile 
galv. 

steel 

concrete 

reinforc- 
ing 

the source of power. 
A large storage capacity is de- 

sirable at wells to reduce the 

Misc. 

Total Cost 

1 in 
4 in 

1.5 in 

395 gal 

7000 gal 

.5 in 

55 hr 3.00/hr 
15hr 3.00/hr 

150 hr 1.50/hr 

5280 ft .09/ft 
12 ft .35/ft 
40 ft .52/ft 

2 bags 1.50 ea 

12 1.00 ea 
4 1.00 ea 

165.00 
45.00 

225.00 

475.20 
4.20 

20.80 
3.00 
2.00 

12.00 
4.00 

52.00 

5.00 
10.00 
10.00 

llyd 15.00/yd 165.00 

450 lb 
50 hr 

13.30/cwt 
1.50/hr 

60.00 
75.00 
20.00 

1,353.20 

number of pumpings and make 
the project more dependable. 
Any of various types of storage 
facilities can be used so long 
as water evaporation and leak- 
age are minimized. Four ex- 
amples of common well con- 
struction in Utah are detailed 
here. An individual rancher 
should generally be able to adapt 
one of the plans to his special 
situation. 

Example 1-A 6-inch casing is Example 2-A 6-inch casing is 
drilled to a lOO-foot depth and drilled to a 250-foot depth and 
water is lifted 50 feet to the water is lifted 150 feet to a 7,000- 
storage facility by a power pump gallon concrete storage facility. 
jack. The pump jack is driven by Electricity is available within 
a 2-hp gasoline engine which l/4 mile of the well and provides 
gives dependable, shallow-well, the power source, so the well is 
pumping service. A 7,000-gallon equipped with a 1-hp submersi- 
concrete tank provides adequate ble type pump. The initial cost 
storage. The project costs about for this well is about $3,000 
$1,500 (table 3). (table 4). 
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Table 3. Example 1. sfockwell development costs in dollars, Utah, 1962. 

Item Type Size Amount Cost/unit Total cost 
Drilling well1 6 in 100 ft 6.00 600.00 
Equipping well 

Power pump jack 219.00 
Cylinder 3.5 in 40.00 
Engine 2lV? 45.00 
Drop pipe galv. 2 in 50 ft .71/ft 35.50 
Pump rod steel .5 in 50 ft .25/ft 12.50 

Installations 
Storage f acilitys concrete 7000 gal 320.00 

Total Cost 1,492.oo 

1 Includes cost of pipe and drilling. 
2Contract installation cost 50 miles from installer’s place of business. 
sIncludes labor, materials, and transportation for constructing facility 

(table 2). 

Table 4. Example 2, sfockwell developmenf cosfs in dollars, Utah, 1962. 

Item Type Size Amount Cost/unit Total Cost 

Drilling well1 6 in 250 ft 6.00/ft 1,500.00 
Equipping well 

Pumping unit sub- 
mersible 1 hp 310.00 

Electric wire 150 ft .24/ft 36.00 
Well seal 1 in 9.35 
Pipe galv. 1 in 150 ft .35/ft 52.50 
Pump 200.00 

installation2 
Electricity 595.00 

installation .25 mil. 
Storage facility3 concrete 7006 gal 320.00 

Total Cost 3,022.85 

1 Includes cost of pipe and drilling. 
2Contract installation cost 50 miles from installer’s place of business. 
sIncludes labor, materials, and transportation for constructing facility 

(table 2). 

Table 5. Example 3. stockwell development costs in dollars, Utah, 1962. 

Item Type Size Amount Cost/unit Total Cost 
Drilling well1 6 in 250 ft 6.OO/ft 1,506.oo 
Equipping well 

Pumping unit recipro- 186.00 
eating 

Engine 4 cycle 3 hp 57.00 
Pump rod wood/ 1 l/s in 150 ft .40/ft 60.00 

galv. 
Cylinder 2 % in 44.00 
Pipe galv. 2 in 150 ft .71/ft 106.50 
Installation2 200.00 

Storage facility3 concrete 7000 gal 320.00 
Total Cost 2,474.10 

IIncludes cost of pipe and drilling. 
2Contract installation cost 50 miles from installer’s place of business. 
aIncludes labor, materials, and transportation for constructing facility 

(table 2). 

Example S-Again a 6-inch 
casing is drilled to a 250-foot 
depth, and the water is lifted 150 
feet to a 7,000-gallon concrete 
storage tank. However, a 3-hp 
gasoline engine with a recipro- 
cating type pump is the power 
source. This combination has 
proven its reliability as a deep- 
well unit and can deliver over 
400 gallons of water per hour. 
The total cost is about $2,500 
(table 5) . 

Example 4-A 6-inch casing is 
drilled to a 300-foot depth and 
the water is lifted 200 feet. Wind 
is the source of power. The 
pumping unit includes a la-foot 
diameter windmill on a 27-foot 
tower. A wooden pump-rod is 
run to the working barrel 
through a 2%-inch galvanized 
drop-pipe. This type of unit can 
provide economical and durable 
service for a long time. The 
water storage facility is a gal- 
vanized steel tank with a con- 
crete bottom. The capacity is 
over 14,000 gallons. Total costs 
are about $3,700 (table 6). 

Benefits From Stockwafer 
Develqmenf 

Benefits to a rancher from in- 
vesting in stockwater projects 
can take several forms. First, a 
project may result in increased 
carrying capacity for a range by 
lengthening the season of use, 
spreading usage more evenly 
over the range, or opening up 
new range to grazing. The added 
use will be in terms of animal 
unit months (AUM’s) of graz- 
ing. AUM’s can be priced at 
whatever a rancher feels a new 
AUM is worth to him. The AUM 
price for privately owned range 
similar to his in the area is a 
good indication of a market 
price. 

Second, a water project may 
result in increased marketable 
livestock products such as great- 
er calf- or cow-weights and re- 
duced death loss. These added 
products can be converted to 
value by using applicable live- 
stock market prices. 
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Table 6. Example 4, sfockwell development costs in dollars, Ufah, 1962. 

Item Type Size Amount Cost/unit Total cost 
Drilling well1 6 in 300 ft 6.00/ft 1,800.OO 
Equipping well 

Windmill 12 ft 476.00 
Tower 27 ft 254.00 
Working barrel 2Y4” x 25” 40.80 
Drop pipe galv. 2.5 in 200 ft l.oo/ft 200.00 
Pump rod wood 1% in 230 ft .42/ft 96.60 
Misc. 
equipment2 50.00 

Installations 300.00 
Storage facility galv. 

steel 
concrete 14,000 gal 

Tank 31’ x 3’ 223.00 
Freight 40.00 
Concrete 10 yd 15.00/yd 150.00 
Labor 40 hr 1.50/hr 60.00 

Total Cost 3,690.40 
1 Includes cost of pipe and drilling. 
2Additional materials for equipping well: stuffing box, pump standard, etc. 
scontract installation cost 50 miles from installer’s place of business. 

Third, a project may result in 
a labor- and machine-use sav- 
ings, especially if water had to 
be hauled to the animals before 
the project was completed. The 
wages and machine costs saved 
should be considered benefits de- 
rived from the project. 

Fourth, a water project may 
reduce the non-range feed needed 
by a rancher. This would release 
capital for other uses. The sav- 
ings made should thus be con- 
sidered a benefit resulting from 
the project. 

Ranchers need to determine 
the economic benefits that they 
can expect as a result of invest- 
ing in a stockwater project; then 
with cost information available 
as well as reasonable benefit ex- 
pectations, they can make eco- 
nomically rational decisions con- 
cerning the initiation of water 
development projects. 

Return on the Investment-In 
deciding whether to invest in a 
water development practice, a 
rancher needs to determine what 
economic yield he is likely to 
realize on his investment (Gard- 
ner, 1962). This yield or rate of 
return on the investment can be 
used as a guide in decision mak- 
ing. If the rate of return on the 

investment is expected to be 
greater than would result from 
any other use for the money and 
also greater than the rate of 
interest paid for money he might 
have to borrow, then the rational 
decision is to invest in the proj- 
ect. If, on the other hand, the 
money is expected to return 
more if invested in some other 
use or if the expected rate of 
return is below the interest rate 
on money he may have to bor- 
row, then the rational decision is 
not to invest in the project. 

The rate of return on the 
project investment can be calcu- 
lated if the initial project cost, 
the expected life time of the 
project, and the increase in 
the annual flow of net ranch 
returns over the life of the 
project can be estimated. Some- 
times the increase in the annual 
flow of net ranch returns can- 
not be estimated adequately. In 
that case the rate of interest as- 
sociated with credit sources in 
the area can be used as a cri- 
terion and the increased annual 
net ranch returns required to 
yield that rate are calculated. If 
the expected increase in annual 
net ranch returns exceed those 
calculated, then the project is at 

least economically feasible. If 
the expected increase in annual 
net ranch returns is less than 
those calculated, then the project 
is not economically feasible since 
the money invested costs more to 
borrow than it returns in the 
project. 

To illustrate the usefulness of 
the rate of return concept as a 
decision making guide, some 
sample calculations are given 
using data from typical stock- 
water development practices in 
Utah. 

Required Returns - Suppose 
that it costs $182 to develop a 
small spring for a 48-tow ranch, 
and that these costs are all in- 
curred the first year of the 
project which is expected to last 
20 years. Also, suppose that 
annual ranch operating costs in- 
crease $19.00 over the life of the 
project, and that money could be 
borrowed at an interest rate of 
7 percent. The annual increase 
in net ranch returns necessary 
to yield a 7 percent rate of re- 
turn on the investment can be 
closely approximated by using 
the following formula and a 
table showing the present value 
of an annuity of one dollar over 
the life of the project (Buring- 
ton, 1947). 
(1) AX=Y 
Where: 

A = the present value of a 
dollar received annually 
for 20 years at 7 percent 
(to be read from a pres- 
ent value of an annuity 
table). 

X = the increase in net ranch 
returns received annually 
as a result of the project. 

Y = the initial investment in 
the project. 

From the information above, 
A = 10.594 
Y = $182 

Therefore. 
X = $182 = $17.18 

10.594 
and $17.18 + $19 = $36.18 which 
is the increase in gross returns 
necessary each year for 20 years 
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Table 7. Costs and annual increased returns in dollars, necessary fo make sfockwafer developments feasible for 
20-year projects and a 7 percent interest rate,, selected Utah Caffle ranches, 1962. 

Ranch size1 

Project 
Initial 

investment 

Annual 
net returns 

required 
to repay 

initial 
investment2 

48 cows 150 cows 

Total returns Total return 
Expected required to Expected required 

change cover change in to cover 
in annual investment annual investment 
operating and increased operating and increased 

costs operating costs costs operating cost 

Small 
spring 182 17.18 19 36.18 19 36.18 

Large 
spring 1,353 127.71 89 216.71 89 216.71 

Wells 
Example 1 1,492 140.83 243 383.83 295 523.83 
Example 2 3,023 285.35 291 576.35 300 585.35 
Example 3 2,474 233.53 309 542.53 382 615.53 
Example 4 3,690 348.31 195 543.31 195 543.31 

iThe ranches used here are representative of ranches using Forest Service ranges in the summer and privately 
owned feed sources for the balance of the year. 

2Calculated by using formula 1. Net returns might be increased by reducing ranch operating costs rather than 
by increasing total returns. In either case the analysis is valid. 

to cover the initial investment 
plus the annual increase in ranch 
operating costs because of the 
project. 

Over the life of the project, the 
increase in annual returns must 
not only pay back the initial in- 
vestment but must also cover 
any increase in annual ranch op- 
erating costs. The 48- and 150- 
cow ranches studied in Utah 
typically had annual operating 
costs of $6,483 and $12,149 per 
year (Nielson, 1964) .2 Using 
these ranches as examples, their 
expected changes in operating 
costs, the net returns required 
to cover the initial investments 
and increased annual operating 
costs over 20 years at 7 percent 
are given relative to the six 
model projects discussed earlier 
(table 7). The two ranches have 
different return requirements 
because some costs are neces- 
sarily related to the number of 
animals served by the project. 
The increase in pounds of live- 

2 Nielson, Robert Max. 1964. Eco- 
nomic evaluation of stockwater de- 
velopment practices on mountain 
cattle ranges in Utah. Utah State 
University. M. S. Thesis (unpub- 
lished), pp. 56-78. 

stock products that would be re- 
quired to provide the indicated 
needed returns can be estimated. 
Simply divide the total return 
requirements by the price re- 
ceived per pound of products 
produced. 

The above analysis applies re- 
gardless of the source of in- 
creased net ranch income. The 
project may result in reduced 
labor costs but also increased 
maintenance, power, and depre- 
ciation costs. The expected an- 
nual net savings will also be the 
increase in annual net return 
available to pay off the initial 
investment at the specified in- 
terest rate. 

Rate of Return for Selected 
Cases.-Present value of annuity 
tables may also be used to cal- 
culate the rates of return from 
actual stockwater developments, 
provided an estimate of the in- 
crease in annual returns is avail- 
able. In this case formula 1 still 
applies except (A) is unknown 
and (X) is known. 

As an example, consider one 
rancher who invested in two 
large springs. His initial invest- 
ment for developing the springs 
was $2,210. The physical features 

of the springs were similar to 
those in table 2, although their 
average development costs were 
about $250 less per spring be- 
cause of the difference in length 
of pipeline and size of storage 
facilities. It cost $160 annually 
to maintain the springs over the 
20-year life of the project. The 
rancher estimated that the carry- 
ing capacity of his range in- 
creased by 147 AUM’s as a result 
of the project. If an AUM can 
be leased for $3.50, the total an- 
nual increased returns equaled 
about $515. Subtracting the an- 
nual operating costs of $160 from 
the increased returns left a net 
cash flow of $355 per year. The 
determination of the rate of re- 
turn is as follows: 
From formula 1 

A is unknown for 20-year proj- 
ect life 

x = $355 
Y = $2,210 

Therefore, 
$2,210 

A= - = 6.225 
$355 

and, 6.225 is the 20-year discount 
factor found in the present value 
of an annuity table that will 
equate the net annual flow and 
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$2,210 at about 15 percent. This 
return can now be compared to 
the rate of interest on borrowed 
money to determine if the proj- 
ect is feasible. 

Three ranchers interviewed 
had reliable estimates of in- 
creased AUM’s of grazing result- 
ing from water development 
projects. One rancher realized a 
gain of 147 AUM’s of grazing and 
was described in detail in the 
previous example. The second 
developed five small springs at 
a cost per spring equivalent to 
that in table 1. He estimated an 
annual increase of 270 AUM’s. 
The third developed an ex- 
ample-2 stockwell at about the 
cost indicated in table 4. His 
gain was 225 AUM’s of grazing. 
Rates of return for these cases 
were calculated for 20 and 15- 
year project lifes and grazing 
values of $5, $3.50, and $2 per 
AUM (table 8). 

The returns listed in table 8 
are generally high. All projects 
of these types could not be ex- 
pected to be equally productive. 
Much depends upon the relative 
efficiency of range use at the 
time projects are initiated. If 
lack of stockwater has been 
limiting the use of the range, 
extremely high rates of return 
are possible. The cases of stock- 
water development used in the 
rate of return analyses presented 
here, are examples in which de- 
velopment has been vital to 
gaining use of the range. 

The analyses above have as- 
sumed that all development costs 
are paid by the rancher. In 
reality, however, these practices 
are eligible for federal (ACP) 
cost-sharing payments. Rancher 
utilization of these federal pro- 

Table 8. Rates of return for three actual wafer development projects 
applied fo a 150 cow ranch, Utah, 1962. 

Project life 

15 years 20 years 

Price $ per AUM Price $ per AUM 
2.00 3.50 5.00 2.00 3.50 5.00 

-------- (Percent) - - - - - - - - 
Large spring, 

(2 springs) * 14 24.5 2 15 25 
Small spring, 

(5 springs) 48.5 ** ** 49 ** ** 
Example 2 well, 

(1 well) * 14 26.5 * 15 27 
* Less than y4 percent. 

** Over 50 percent. 

grams greatly reduces the in- 
vestment cost to him thus in- 
creasing the rate of return on 
his investment. 

Conclusions 

Stockwater development is a 
range improvement practice that 
offers a good possibility for 
favorable returns on investment. 
Sample rate of return calcula- 
tions have been limited to actual 
cases because generalized state- 
ments as to expected rates of re- 
turn must be based on reliable 
benefit data. Such data are virtu- 
ally unavailable in the literature 
or from ranchers. The rates of 
return calculated from our 
severely limited observations 
were favorable; however, this 
does not indicate that such re- 
turns are inevitable from water 
development projects. Results 
obviously depend upon the in- 
dividual situation. When lack of 
stockwater seriously limits the 
usefulness of a range, high rates 
of return are reasonable expec- 
tations. 

By analyzing proposed de- 
velopment projects in the man- 

ner described herein, a rancher 
can make more rational eco- 
nomic decisions concerning range 
improvement practices. More re- 
search on the impact of range 
improvement practices on the 
physical and economic organiza- 
tion of ranches would provide 
more reliable estimates of 
changes in costs and returns re- 
sulting from the introduction of 
these practices. 
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Highlight 

Feeding beef cows 1.5 pounds of 
cottonseed cake on alternate days 
during winter on shorfgrass range 
caused no apparent increase in feed- 
ing time over cattle receiving no 
supplement. However, cattle fed 
supplemental feed were easier to 
handle, ruminated more, and walked 
less time than cattle with no supple- 
ment. 

Some ranchers claim that 
small amounts of cottonseed 
cake fed during the winter 
months will cause range cattle to 
spend more time grazing, thus 
increasing the utilization of dry 
forage. Others maintain that 
supplementation will actually 
reduce the amount of time cattle 
spend feeding. There is little evi- 
dence to support either theory. 

Many workers have observed 
grazing habits of cattle on range- 
lands. Cory (1927) compared the 
grazing habits of cattle with be- 
havior of sheep and goats on the 
same ranges. Bonsma (1953) 
studied the effect of climatic 
conditions on the habits of Afri- 
can cattle. Peterson and Wool- 
folk (1955) reported on activities 
of beef cattle in the northern 
Great Plains. Grazing studies 
have been conducted on such 
other portions of the Great 
Plains as Nebraska (Brinegar 
and Keim, 1942)) Kansas (Moor- 
field and Hopkins, 1951)) and 
Oklahoma (Dwyer, 1961). The 
influence of supplemental feed- 
ing on activities has been a ma- 
jor part of only one study, made 
in California (Wagnon, 1963). 

IResearch area (located southeast of 
Tahoka in Lynn County), livestock, 
and funds for this study were fur- 
nished by the Post-Montgomery 
Ranch, Levelland, Texas. 

He found that cattle fed no sup- 
plemental ration spent 5% more 
of their time grazing than did 
cattle receiving supplemental 
feed. 

Methods 

During the winter and spring 
of 1962, grazing habits of beef 
cattle were observed on a mixed 
prairie range in Texas. Two 80- 
cow herds of S-year old Hereford 
cows with their first calves were 
grazed in adjoining 1700 acre 
pastures. Both pastures were in 
the same range condition and 
contained similar forage species 
(Table 1). Pastures were lightly 
stocked, and there was no ap- 
parent competition for forage 
(Figure 1). 

Cows in one pasture were win- 
tered on the native grass only. 
In the other pasture, cows were 
fed 1.5 pounds of 41% cotton- 
seed cake on alternate days from 
January 1 through March 31. 
Cattle were called to the feed 
truck and fed pelleted feed on 
the ground. 

The grazing behavior of the 

Table 1. Percentage composition of 
forage plants on pastures where 
grazing behavior study was con- 
ducted. 

Composition 
SPECIES NSP’ SP1 

Aristida sp. 1.11 0.58 
Bouteloua curtipendula 4.61 13.18 
Bouteloua gracilis 15.45 21.25 
Buchloe dactyloides 41.78 30.75 
Hilaria mutica 3.33 1.42 
Muhlenbergia arenicola 1.61 3.92 
Panicum obtusum 4.39 8.84 
Tridens pilosa 0.46 0.67 
Other species 0.73 3.42 _ 
1 NSP=Non-supplement pasture; 

SPzSupplement pasture. 

124 

FIGURE 1. Hereford cows and calves used 
in grazing behavior study on a Texas 
mixed prairie. 

cattle was observed from Febru- 
ary 1 to the end of the feeding 
period. In each pasture, a cow 
was selected by an observer and 
followed throughout the cow- 
day using procedures established 
by Dwyer (1961). The amount 
of time devoted to each activity 
was recorded in field notes. A 
total of 20 observations were 
made by two observers. A cow 
from each feeding treatment was 
studied on each observation day. 
Investigators rotated between 
the supplemented and non-sup- 
plemented herds at each obser- 
vation day to remove bias due to 
investigator. In addition to the 
cow-day records, four 24-hour 
observations were made. Differ- 
ences between activities of cattle 
in the two pastures were tested 
by Chi-square analysis. 

Resulfs 

Real differences existed be- 
tween the behavior of cattle in 
the two pastures only in the ac- 
tivities of walking, ruminating, 
and in total distance walked 
(Table 2). Cattle receiving no 
supplement spent significantly 
more time walking, walked over 
twice as far, and ruminated less 
than supplemented cattle. Wag- 
non (1963) reported that cows 
receiving supplemental feed dur- 
ing winter months rested almost 
twice the amount of cattle re- 
ceiving no supplement. In his 
study, supplemented cows fed 
44% of their time compared to 
56% of the time for nonsupple- 
mented animals. 
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Table 2. Activities of Hereford 
heifers receiving cottonseed cake 
supplemenf as compared fo those 
receiving no supplement. 

Non- 
Supple- Supple- 

Activity _____ mented mented 

Grazing (hr. & min.) 13.13 12.59 
Walking (hr. & min.) 0.41 1.18a 
Resting (hr. 8z min.) 10.06 9.43 
Ruminating 

(Times/cow day) 5.11 2.7 
Walking (mi./day) 1.9 4.11 
Nursing (Times/day) 2.9 2.4 
Drinking (Times/day) 2.0 1.7 
Urinated (Times/day) 2.5 2.0 
Deficated (Times/day) 2.4 2.5 
Salted (Times/day) 0.5 0.5 

1 Values significantly (P>. 05) higher 
than corresponding value for other 
treatment. 

Although no real differences 
existed between the grazing and 
resting time periods for supple- 
mented and unsupplemented 
cows in the present study, there 
were observable differences. In 
general, the cattle in the non- 
supplemented herd were more 
restless, spent less time grazing 
at one location, and were easier 
to become disturbed than were 
animals receiving supplemental 
feed. Animals receiving no feed 
began earlier in the morning, 
and grazed more times during 
the day than did animals receiv- 
ing feed. 

Cows in the herd with no sup- 
plemental feed walked 4.1 miles 
per day, over twice the distance 
of supplemented animals. They 
fed throughout the pasture most 
every day while animals on sup- 
plemental feed tended to spend 
their time in a more restricted 
area. 

Animals receiving feed were 
considerably gentler than those 
receiving no supplement. Al- 
though there was no apparent 
benefit in increased feeding time 
due to supplementation, there 
may well be an advantage to 
feeding animals sufficient feed 
to gentle them and make han- 
dling easier. 

The cows in the supplemented 

herd weighed an average of 15 
pounds per head more than the 
unsupplemented cows at the end 
of the feeding period. However, 
there was no real difference be- 
tween the weights of the cows 
in the two herds the fall follow- 
ing the study. Neither were 
there any differences in the 
weaning weight of the calves 
from the two herds. 

Cows in both pastures spent 
more time grazing than did ani- 
mals from previously reported 
summer studies. Both Dwyer 
(1961) and Wagnon (1963) sug- 
gested that grazing time is re- 
lated to quantity of forage pres- 
ent. Adequate amounts of pre- 
ferred species were present in 
both pastures to provide suffi- 
cient feed for animals to eat in 
a short period of time. Evidently, 
forage quality, palatability, mor- 
phology of forage plants, or some 
other factor caused cattle to 
spend longer times gathering 
their feed during winter periods 
since forage availability was not 
a limiting factor. 

Supplemented cattle ruminated 
almost twice as many times as 
did animals receiving no supple- 
mental feed, but the amount of 
time they spent resting was not 
significantly greater. They ap- 
peared to be more at ease and 
began ruminating as soon as they 
bedded down, while cows re- 
ceiving no supplement were rest- 
less and more alert while bedded 
down. 

Environmental conditions did 
not influence grazing habits to 
the extent reported in summer 
studies. Morning temperatures 
of freezing or below and mid- 
afternoon temperatures as high 
as 70” F did not materially influ- 
ence livestock activities. Moder- 
ate to strong winds prevailed 
during most of the study. Cattle 
continued to graze normally in 
wind up to 25 to 30 miles per 
hour, but stopped grazing and 
took shelter in brush areas when 
wind reached strong gusts and 
high velocities. 

Calves generally nursed 3 
times a day; morning, afternoon, 
and near bedding time. Several 
times the calves would miss an 
afternoon feeding when the cow 
was some distance from the calf. 
This occurred more often in the 
herd receiving no supplement 
because the cattle tended to 
cover greater distances during 
the day. Calves in this study 
nursed fewer times than the four 
times reported for calves from 
summer study of Dwyer (1961). 
Wagnon (1963) reported that 
calves nursed from 3 to 11 times 
per day depending upon the age 
of the calf and the time of the 
year. 

Animals in the present study 
watered about half as often as 
animals in Dwyer’s study (1961). 
However, the number of times 
animals took salt did not appear 
greatly different. 

Numbers of defications per 
day were much lower for ani- 
mals in this study than from 
other studies reported in the lit- 
erature. Dwyer (1961) reported 
cows averaged 12.2 defications 
per day on prairie pastures. 
Wagnon (1963) reported that 
defication rates varied according 
to intensity of grazing, condition 
of the forage, and time of year. 
He reported defication rates of 
from 3 to 13 per day per cow. 
He found no difference between 
rates for supplemented and non- 
supplemented animals. Numbers 
of urinations per day were also 
lower in this study than in pre- 
viously reported papers. 

There was no apparent benefit 
in increased grazing time due to 
supplemental feeding. However, 
cattle fed supplemental feed 
were easier to handle, and ap- 
peared more contented. On the 
other hand, animals receiving no 
feed covered a greater portion of 
the pasture each day. Although 
no apparent differences in utili- 
zation patterns existed in the ex- 
perimental pastures, animals 
covering a greater portion of the 
pasture in any one day might 
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utilize poorly watered 
more uniformly. 

Summary 

pastures 

Activities of cows receiving 
cottonseed cake during the win- 
ter months were compared to 
those receiving no supplement. 
Animals receiving no supple- 
ment walked over twice as far 
as those receiving supplemental 
protein. The time devoted to 
walking was about 50% greater 
for the non-supplemented group. 
Supplemented cattle ruminated 
more than those receiving no 
supplement. 

BOX, ET AL. 

When compared with activities 
of cattle reported from summer 
studies, the cattle during winter 
spent more time grazing, less 
time resting, and deficated and 
urinated less. 
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Highlight 
Cattle browsed winged elm twigs 

most intensively during May 1 fo 
late July, when fhe browse was suc- 
culent and higher in crude protein 
conienf. As the growing season prog- 
ressed, upward trends were observed 
in percent dry matter, ether extract 
and crude fiber, while downward 
trends were observed in percent 
moisture, protein and nitrogen-free 
extra& 

Winged elm (Ulmus alata) oc- 
curs throughout southeastern 
United States from eastern ,Kan- 
sas, Oklahoma and Texas to the 
coast of North and South Caro- 
lina and parts of Florida (Brush 
1918; Shipman, 1959). In the cen- 
tral states, including Oklahoma, 
it occurs as a sub-dominant spe- 
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ties in the post oak-blackjack 
oak (Quercus stellata - Q mari- 
Zandica) forest type’ described by 
Duck and Fletcher (1943). The 
major cattle forage in Oklahoma 
is grass, however, cattle and deer 
utilize winged elm and other 
browse species. 

Kingery (1963) listed elm as 
one of the principle browse 
plants of the Wichita Mountains 
Wildlife Refuge and Dwyer 
(1961) stated that cattle in 
northern Oklahoma oft en 
browsed American elm (Ulmus 
americana) intensely, keeping 
some plants in a shrubby form. 
According to Halls et al. (1957) 
browse constituted up to 16 per- 
cent of the cattle diet in the 
Georgia Coastal Plain. This in- 
dicates that browse can be an 
important forage in the diet of 
cattle. 

There are varying opinions as 
to the importance of winged elm 
as a browse plant. Whitetail 
deer (Odocoileus virginianus) 

browse winged elm heavily, ac- 
cording to Van Dersal (1938). 
Carlile (1963)2 stated that 
winged elm was in the top three 
browse species preferred by 
whitetail deer in Oklahoma. 
Halls (1963) 3 listed the elm low 
to medium as a deer browse in 
t h e Texas -Louisiana -Tennessee 
area. The difference in the rat- 
ings or degree of utilization may 
have been due to variation in 
locale, other available forage and 
other factors. 

While some very general infor- 
mation is available on winged 
elm browse, there are no specific 
data on degree of utilization by 
cattle, chemical composition or 
seasonal variations of either. 
The purpose of this study was to 
obtain more specific information 
on the degree to which winged 
elm was utilized by cattle in 
southeastern Oklahoma and the 
chemical composition of the 
young winged elm twigs sampled 
periodically during the growing 
season. 

Methods and Materials 

An area in the blackjack-post 
oak forest type was selected for 

2 Personal communication from F. 
CarZiZe, deer range specialist, War- 
ner, Oklahoma. 1963. 

3PersonaZ communication from L. K. 
Halls, Range Conservationist, South- 
ern Forest Experiment Station, 
Nacogdoches, Texas. 1963. 
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utilize poorly watered 
more uniformly. 

Summary 

pastures 

Activities of cows receiving 
cottonseed cake during the win- 
ter months were compared to 
those receiving no supplement. 
Animals receiving no supple- 
ment walked over twice as far 
as those receiving supplemental 
protein. The time devoted to 
walking was about 50% greater 
for the non-supplemented group. 
Supplemented cattle ruminated 
more than those receiving no 
supplement. 

BOX, ET AL. 

When compared with activities 
of cattle reported from summer 
studies, the cattle during winter 
spent more time grazing, less 
time resting, and deficated and 
urinated less. 
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ties in the post oak-blackjack 
oak (Quercus stellata - Q mari- 
Zandica) forest type’ described by 
Duck and Fletcher (1943). The 
major cattle forage in Oklahoma 
is grass, however, cattle and deer 
utilize winged elm and other 
browse species. 

Kingery (1963) listed elm as 
one of the principle browse 
plants of the Wichita Mountains 
Wildlife Refuge and Dwyer 
(1961) stated that cattle in 
northern Oklahoma oft en 
browsed American elm (Ulmus 
americana) intensely, keeping 
some plants in a shrubby form. 
According to Halls et al. (1957) 
browse constituted up to 16 per- 
cent of the cattle diet in the 
Georgia Coastal Plain. This in- 
dicates that browse can be an 
important forage in the diet of 
cattle. 

There are varying opinions as 
to the importance of winged elm 
as a browse plant. Whitetail 
deer (Odocoileus virginianus) 

browse winged elm heavily, ac- 
cording to Van Dersal (1938). 
Carlile (1963)2 stated that 
winged elm was in the top three 
browse species preferred by 
whitetail deer in Oklahoma. 
Halls (1963) 3 listed the elm low 
to medium as a deer browse in 
t h e Texas -Louisiana -Tennessee 
area. The difference in the rat- 
ings or degree of utilization may 
have been due to variation in 
locale, other available forage and 
other factors. 

While some very general infor- 
mation is available on winged 
elm browse, there are no specific 
data on degree of utilization by 
cattle, chemical composition or 
seasonal variations of either. 
The purpose of this study was to 
obtain more specific information 
on the degree to which winged 
elm was utilized by cattle in 
southeastern Oklahoma and the 
chemical composition of the 
young winged elm twigs sampled 
periodically during the growing 
season. 

Methods and Materials 

An area in the blackjack-post 
oak forest type was selected for 

2 Personal communication from F. 
CarZiZe, deer range specialist, War- 
ner, Oklahoma. 1963. 

3PersonaZ communication from L. K. 
Halls, Range Conservationist, South- 
ern Forest Experiment Station, 
Nacogdoches, Texas. 1963. 
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the study. The area, in south- 
eastern Oklahoma, had been aer- 
ially sprayed with 2,4,5-T to 
control oak species. Winged elm 
remained abundant on the area 
due to its resistance to the her- 
bicide. Most of the elms were 
very shrubby because of previ- 
ous heavy browsing (Figure 1). 
Plants less than 36 inches tall 
often had trunks as much as 1.5 
inches in diameter due to the 
heavy browsing. 

Twig Utilization.-Winged elm 
plants ranging from 18 to 48 
inches in height were randomly 
selected throughout the grazing 
area. The following two treat- 
ments were applied to the se- 
lected plants in a randomized 
complete-block design replicated 
20 times. Each elm represented 
one replication. 

1. Twenty winged elm plants 
were protected from cattle 
browsing by cylindrical woven 
wire cages placed around the 
plants and attached to reinforc- 
ing rods which were driven into 
the soil. The current season’s 
twig length was determined pe- 
riodically from three randomly 
tagged branches on each elm. 
Metal tags were used to identify 
the branches and were placed 
so a minimum of 10 growing 
twigs occurred between the tag 
and branch tip. Periodic mea- 
surements were made of all 
growing twigs occurring between 
the tag and the branch tip. In- 
dividual twigs were measured 
from the point of the current 
season’s growth to the twig tip. 

2. Twenty winged elm plants 
were left unprotected from cattle 
browsing and were tagged for 
identification. Twig measure- 
ments were made as in treatment 
1. The percentage twig utiliza- 
tion was calculated as follows: 

TC -TU X 100 
TC 

Where TC = twig length from 
caged elms and TU= twig 
length from uncaged elms. Be- 
cause the apical meristem was 
destroyed by terminal browsing, 

FIGURE 1. Suckling calves browsing on shrubby winged elm. 

the assumption was made that 
the difference in twig length of 
caged and uncaged elms was due 
only to browsing and not to a 
difference in twig growth. 

Chemical Analyses. - Twenty 
winged-elm plants protected 
from browsing by cylindrical 
woven wire cages were used for 
chemical analyses. Hand-col- 
lected samples were taken from 
each elm and a composite sample 
prepared. The twigs were 
clipped to include only the cur- 
rent season’s twig and leaf 
growth. An attempt was made 
to simulate cattle browsing. At 
least 50 grams, oven-dry weight, 
were collected at each sampling 
date. Each sample was chemi- 
cally analyzed in duplicate and 
an average value obtained. An- 
alytical procedures were the 
same as those listed and dis- 
cussed by Webster, et al. (1963). 

Resulfs and Discussion 
Twig Utilization. - The cattle 

stocking rate was two animal 
units per acre during grazing. 
However, grazing was deferred 
for short periods in late May and 
July. Numerous grass species 
produced most of the forage on 
the area. 

Whitetail deer were present 
in the general study area, but 
their presence was not evident 
at the study plots. 

Periodic differences were 
noted in the amount of twig 

growth utilized. Percent twig 
utilization increased from 6.5 
percent on May 3 to 33 percent 
on July 23 (Table 1). No change 
in utilization was noted from 
July 23 to September 23. The 
September 23 value may have 
been affected by a fire which 
destroyed some of the elms in 
the study. 

The degree of twig utilization 
by cattle appeared to be related 
to crude protein and moisture 
content (Table 1). Crude pro- 
tein and moisture percentage de- 
clined from 13.6 to 7.4 and 65.6 
to 39.0, respectively, from May 
3 to September 23. When crude 
protein and moisture content 
reached their lowest levels, utili- 
zation of winged elm was cur- 
tailed. Lignin content varied 
only slightly and did not appear 
to be an important factor affect- 
ing browse utilization (Table 2). 

Results of the study show that 
winged elm is browsed relatively 
heavy by cattle and if small 
winged elm plants are present, 
they may be heavily utilized 
under intense grazing practices. 
Cattle make the most use of 
small elm plants within easy 
grazing reach. Heavy browsing 
would aid in control of small 
winged elm by limiting plant 
growth and reproduction. Con- 
trol of small winged elm by 
browsing would be desirable in 
areas where the elm limits more 
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Table 1. Percent twig utilization by cattle and proximate analyses of 
winged elm twigs (percent dry weight), 1963. 

Date of Sampling 

Component May 3 May 30 July 23 Sept. 231 Avg. 

Twig Utilization 6.5 20.0 33.0 33.0 - 
Proximate Analyses 
Moisture 65.6 60.0 45.8 39.0 52.6 
Dry Matter 34.4 40.0 54.2 61.0 47.4 

Ash 5.2 7.0 6.6 6.8 6.4 
Ether extract 1.3 1.6 6.1 7.4 4.1 
Crude fiber 16.6 20.7 22.3 22.9 20.6 
Crude protein 13.6 10.6 8.8 7.4 10.1 
Nitrogen-free extract 63.3 60.1 56.2 55.5 58.8 

icomposite of 8 field samples, remaining 12 were destroyed by fire. 

Table 2. Other chemical analyses of winged elm twigs (Dry welight per- 
centages), 1963. -- 

Date of Sampling 

Component May 3 May 30 July 23 Sept. 231 Avg. 

Lignin - 15.0 17.6 15.6 13.3 15.4 
Sugars 

Reducing 1.2 0.7 0.9 0.8 0.9 
Sucrose 2.6 1.8 2.6 2.4 2.3 
Total 3.8 2.5 3.5 3.2 3.2 

Acid Hydrolysis 
Strong 21.2 22.2 18.6 19.4 20.4 
Mild 4.1 4.3 4.3 4.3 4.3 

Alcohol soluble solids 26.5 23.1 26.3 29.0 26.2 
Alcohol soluble nitrogen 2.3 1.5 1.7 2.0 1.9 
Alcohol soluble ash 1.7 1.3 1.1 0.7 1.2 

icomposite of 8 field samples, remaining 12 were destroyed by fire. 

desirable forage production. 
The degree of winged elm 

utilization may be affected by 
grazing intensity, deferment 
grazing schedule and the de- 
struction of the twig apical meri- 
stem. Due to this, the utilization 
values were not as exact as 
might be desired. However, an 
indication of the degree of utili- 
zation by cattle was obtained. 

Chemical Analyses. -Varia- 
tions in chemical content were 
observed at different sampling 
dates (Tables 1 and 2). Down- 
ward trends were observed in 
percent moisture, protein and 
nitrogen-free extract as the sea- 
son progressed from May 3 to 
September 23. Average seasonal 
composition of these components 
was 52.6, 10.1 and 58.8 percent, 
respectively. Upward trends 
were observed in dry matter, 
ether extract and crude fiber 
during the same period. Average 
seasonal composition of these 

components was 47.4, 4.1 and 
20.6, respectively. Little to no 
change was observed in ash con- 
tent reported in Table 1 or any 
component reported in Table 2. 

Crude fiber was lower and 
crude protein, nitrogen-free ex- 
tract and ether extract were 
higher in the winged elm sam- 
ples than would be expected for 
actively growing bluestem grass 
when compared on a dry matter 
basis (Morrison, 1959). 

Summary and Conclusions 
This study was conducted to 

determine the degree to which 
cattle browse winged elm twigs 
and to determine the chemical 
content of the browse forage. 
Seasonal differences were noted 
in the determinations. 

Seasonal differences were 
found in the degree to which cat- 
tle browsed winged elm. The 
more intense browsing was done 
between the first of May and 
the last of July, when the browse 

was more succulent and had 
higher protein content. 

Downward trends were ob- 
served in percent moisture, pro- 
tein and nitrogen-free extract as 
the growing season progressed; 
seasonal averages were 52.6, 10.1 
and 58.8 percent, respectively. 
Upward trends were observed in 
dry matter, ether extract and 
crude fiber as the growing sea- 
son progressed; seasonal aver- 
ages were 47.4, 4.1 and 20.6 per- 
cent, respectively. Little or no 
change was noted in any other 
chemical component. 

The degree of twig utilization 
by cattle appeared to be posi- 
tively related to protein and 
moisture content. 

By comparing winged elm 
browse and actively growing 
bluestem grass, it was noted that 
the crude protein, nitrogen-free 
extract and ether extract were 
higher in the elm samples. 
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typed by the U.S. Soil Conservation 
Service as predominately Katar 
stony, sandy loams, 0- to 25-percent 
slopes. Katar soils are tentatively 
described as deep, somewhat ex- 
cessively drained, moderately 
coarse-textured Western Brown for- 
est soils, intergrading to regosols, 
developed from granitic ablation 
till. The series model has charac- 
teristic stony surface layers and is 
common on many of the surround- 
ing gentle-to-steep sloping glacial 
plains. On the study site itself, how- 
ever, the soils have stone-free sur- 
face layers and are a phase of the 
model recognized as Katar sandy 
loams, 3- to 15-percent slopes. 

Understory Response Three Years 
After Thinning Pine1 

BURT R. MCCONNELL AND JUSTIN G. SMITH 
Range Conservationists, Pacific Northwest Forest and 
Range Experiment Station, Forest Service, USDA, Port- 
land, Oregon. 

Highlight 
Undersfory yield was greater on 

thinned than on unfhinned plots. 
When pine canopy exceeded 45 per- 
cent, forbs produced more than 
grasses: below 45 perceni, grasses 
were superior producers. 

Overstocked stands of regen- 
erating ponderosa pine (Pinus 
ponderosa)2 are common 
throughout eastern Washington. 
These areas contribute little tim- 
ber or forage, but with improved 
management their productive ca- 
pacity can be greatly increased 
for both. Thinning such stands 
just to increase forage is imprac- 
tical. When considered as an ad- 
junct to timber improvement, 
however, increased forage yields 
could become an important part 
of local farm forestry programs. 
Thinning pines to increase for- 
age may also be justified on 
selected key range areas; e.g., 
big-game winter ranges where 
there are acute shortages of for- 
age. 

In view of these considera- 
tions, a joint pine spacing-growth 
increment and forage production 

1 In cooperation with the Washington 
State Department of Game and Soil 
Conservation Service and Okanogan 
National Forest, U.S. Department of 
Agriculture. The authors are in- 
debted to the Washington State De- 
partment of Game for furnishing a 
portion of its Methow Game Range 
for the study and contributing all 
of the labor for thinning the study 
plots. 

2Scientijic names for grasses and 
sedges according to Hitchcock 
(1950); for jorbs and shrubs, Hitch- 
cock et al. (1955, 1959, 1961); for 
trees, Little (1953). Taxonomic 
assistance was provided by the De- 
partment of Forestry and Range 
Management, Washington State 
University. 

study was initiated in 1959 by 
the Washington Department of 
Game, U.S. Soil Conservation 
Service, Okanogan National For- 
est, and Pacific Northwest Forest 
and Range Experiment Station. 
This report is concerned only 
with the latter aspect of the 
study. It covers changes in yield 
of understory vegetation during 
the first three growing seasons 
after tree thinning. Information 
on the magnitude and character 
of initial responses is an im- 
portant consideration in assess- 
ing benefits and planning pro- 
grams utilizing this type of range 
improvement. 

An inverse relationship be- 
tween overstory canopy cover or 
basal area of a tree stand and the 
density or production of herbace- 
ous and shrubby understory has 
been noted under a wide variety 
of conditions by Pase (1958)) 
Pase and Hurd (1958)) Arnold 
(1950)) Adams and Dunaway 
(1960)) Cooper (1960)) and many 
others. The strength of this rela- 
tionship has been variable. 

Study Area and Methods 

The investigation was made in the 
upper Methow River valley near 
Winthrop in north-central Washing- 
ton. The actual study site was located 
on the Methow Game Range which 
is owned and managed by the Wash- 
ington State Department of Game. 

Elevation of the study area was 
2,350 feet. Temperature extremes 
range from 110°F. to -30°F. with 
average July temperatures of about 
70°F. The frost-free growing period 
extends from mid-May until late 
September. Approximately 60 per- 
cent of the average annual precipita- 
tion of 14.5 inches falls during the 
period October-February and in- 
cludes about 73 inches of snow. 

Soils in this locality have been 
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Pre-thinning vegetation consisted 
of thick pine regeneration with a 
sparse understory of poorly growing 
shrubs and scattered forbs and 
grasses. Changes in timber stand 
structure resulting from thinning 
are presented in Table 1. 

Treatments consisted of thinning 
pine trees to the following spacings, 
each replicated three times in a ran- 
domized block design: 13.2 by 13.2 
feet (48 trees per plot), 18.7 by 18.7 
feet (24 trees per plot), 26.4 by 26.4 
feet ( 12 trees per plot), and un- 
thinned. It was not possible to find 
good trees growing at precisely the 
desired points for even spacing, but 
in most cases the actual distance 
between trees did not vary by more 
than one-third of the spacing inter- 
val. Each treatment plot was 1.2 by 
1.6 chains (approximately 0.2 acre) 
and was completely surrounded by 
a buffer strip one-half chain wide 
which received the same treatment 
as the plot. Additional thinning was 
done beyond the buffer strips but 
not necessarily to the same spacing 
as the treatments. 

Although reasonable care was ex- 
ercised in the thinning operation, 
some ground disturbance was un- 
avoidable. The most troublesome, as- 
pect of the disturbance was small 
patches of litter burned by fires that 
escaped from the slash burning near 
the plot perimeters. These burned 
areas were avoided in locating the 
circular plots used for production 
estimates. 

Basal area was derived from the 
d.b.h. measurement of all trees on 
treatment plots. Pine canopy was 
estimated with a spherical densi- 
ometer (Lemmon, 1956) using the 
modification suggested by Strickler 
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Table 1. Timber stand conditions on ihe treatment plots af start ob study 
after thinning. 

_ 
Tree spacing treatments 

Stand data Unthinned 13.2x13.2 18.7x18.7 26.4x26.4 
feet feet feet ~___ 

Trees No. per acre, 2,828 253 134 67 
Basal ftgacre area, 93 27 19 13 
Avg. d.b.h., inches 3 4 5 6 
Avg. canopy cover, % 90 35 18 13 

(1959). Six readings were taken on 
each treatment plot. 

Production of understory vegeta- 
tion by species was obtained using 
the weight-estimate method (Pecha- 
net and Pickford, 1937). Weight of 
herbaceous perennials was estimated 
on 30 circular, 48-square-foot plots 
randomly located within each treat- 
ment plot. Annuals were counted in 
a square-foot frame superimposed 
upon the center of each circular 
plot. Shrub weights were estimated 
for the entire population of shrubs 
rooted within the large treatment 
plots. 

The response of under-story vege- 
tation to thinning was analyzed in 
terms of the following changes in 
timber stand structure: (1) grow- 
ing area per tree (spacing squared), 
(2) percent pine canopy, and (3) 
pine basal area in square feet per 
acre. 

Use of pretreatment understory 
yield as a covariate indicated no 
gain in precision over the unad- 
justed analysis of variance, so the 
following discussion is based on 
mean unadjusted yield increments. 
Orthogonal comparisons in regres- 
sion were used to test the signifi- 
cance between increased yield and 
level of change in the various stand 
structure conditions associated with 
the thinning treatments. 

Resulfs and Discussion 
Analysis of the relationship be- 

tween understory yield and grow- 
ing area per tree showed a signifi- 
cant difference between thinned and 
unthinned plots but no difference 
(P = 0.09) between levels of thin- 
ning. When pine canopy and pine 
basal area were each considered, 
however, s i g n if i c ant increases in 
yield occurred at all thinning levels. 
The above relationships are shown 
in Figure 1. Portions of the total 
variance attributable to these re- 
gressions were 63 percent for grow- 
ing area per tree, 95 percent for 

canopy, and 89 percent for basal 
area. 

Since canopies were obviously in- 
fluenced by the thinned tree spac- 
ings, total understory yields were 
adjusted by using canopy percent 
as a covariate. The original unad- 
justed yields were significantly dif- 
ferent, but they did not differ sig- 
nificantly after being adjusted to a 
common canopy percent. This indi- 
cates that most of the effects of 
thinning can be attributed to 
changes in canopy. The adjustment 
was not made with basal area as 
the covariate, but the same general 
result would be expected. Basal area 
and canopy were both influenced by 
the thinning treatment and testing 
for linearity gave approximately 
the same result in each case. The 
methodology of this different use of 
covariance is discussed by Cochran 
and Cox (1962, p. 90). 

Despite generally significant 
responses, initial rates of in- 
crease in understory yield were 
relatively minor. There was an 
increase of 0.14 pound of air-dry 
yield per acre for each addi- 
tional square foot of tree grow- 
ing area, or an increase of only 

2 pounds for each l-percent de- 
crease in canopy cover or square 
foot of pine basal area. In con- 
trast, Cooper (1960) reported a 
longtime increment rate of 21 
pounds per acre for each l-per- 
cent reduction in ponderson pine 
overstory on a natural area in 
Arizona. Apparently, several 
more growing seasons will be 
needed for the sites treated in 
our study to respond fully. 

Understory responses have 
also been considered in terms of 
the three vegetal classes: grasses 
and sedges, forbs (these two 
classes contributed about 97 per- 
cent of the total understory pro- 
duction), and shrubs. Except for 
shrubs, which showed a general 
nonsignificant initial response, 
results were essentially the same 
as reported for total yields. 

Figure 2 shows that the over- 
all rate of increase in grasses 
was higher than for forbs. For 
each l-percent decrease in can- 
opy cover, there was an average 
grass yield increment of about 
1.3 air-dry pounds per acre. The 
corresponding increase in forb 
yield was 0.86 pound per acre. 
Figure 2 also shows that al- 
though grasses had a higher rate 
of increase than forbs, forb 
yields exceeded grass yields at 
the more dense levels of pine 
canopy. For example, under an 
80-percent canopy, forbs in- 
creased about 43 pounds per acre 
compared to 28 pounds for 
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FIGURE 1. Relationship between total yield of understory vegetation and A, growing 
area per pine tree ; B , pine canopy percent; and C, pine basal area three growing 
seasons after pine thinning. 
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FIGURE 2. Comparison of average yield 
increments of grasses and forbs in rela- 
tion to pine canopy percent. 

grasses. Forb production superi- 
ority diminished as canopy di- 
minished, and at 40- to 45-per- 
cent canopy, forb and grass in- 
creases were approximately 
equal. As the canopy continued 
to open up, the situation was re- 
versed with grasses showing 
progressively larger increases 
than forbs. Donald and Black 
(1958) point out that forbs may 
be more efficient users of low 
light because their more hori- 
zontally disposed leaf habit en- 
ables them to achieve a fuller 
canopy of foliage. In contrast, 
because the leaves of grasses are 
disposed at various levels and 
angles, they do not form such a 
continuous cover of foliage. 

Behavior of some of the indi- 
vidual species is also of interest. 
For example, the average in- 
crease of pinegrass (Calamagros- 
tis rubescens) on the thinned 
plots was 47 percent greater 
than on the unthinned plots, 
with the big percentage gains 
recorded on the heavier thin- 
nings. Since pinegrass comprised 
78 percent of all increases in 
grass yield and 42 percent of the 
total increase in yield, its re- 
sponse contributed greatly to the 
significance of overall treatment 
effects. Quite possibly the rhizo- 
matous root habit of pinegrass 
provided a competitive advan- 
tage which facilitated more pro- 
nounced initial yield increments 

UNDERSTORY RESPONSE 

than was possible for many of 
the other grasses that reproduce 
only from seed. Species com- 
prising approximately equal 
amounts of the remaining in- 
crease in grass yield were nee- 
dlegrass (Stipa spp.) , beardless 
bluebunch wheatgrass (Agropy- 
ron inerme), Idaho fescue (Fes- 
tuca idahoensis), June grass 
(Koeleria cristata), and sedges 
(Carex spp.) . 

Arrowleaf balsamroot (Bal- 
samorhiza sagittata), the princi- 
pal forb, also showed good initial 
response to pine thinning. Its 
average increase on the thinned 
plots was 59 percent greater than 
on the unthinned, and again the 
larger percentage gains were as- 
sociated with the heavier thin- 
nings. Of the total forb response, 
balsamroot made up 14 percent 
and was surpassed by silky lu- 
pine (Lupinus sericeus) and 
western yarrow (Achilles Zanu- 
Zosa), which comprised 27 per- 
cent and 19 percent, respectively. 
Most of the rest of the total in- 
crease in forb yield consisted of 
pussytoes (Antennaria sp.), 
wayside gromwell (Lithosper- 
mum ruderale), purple daisy 
fleabane (Erigeron corymbosus), 
woollyweed (Hieracium scou- 
Zeri), and gland cinquefoil (Po- 
tentilla glandulosa). Milkvetch 
(Astragalus miser var. se r o t i - 
nus), which occurred on only 1 
of the 12 treatment plots, was 
the only forb showing a substan- 
tial decrease. The reason for this 
decrease was not apparent. As a 
group, forbs accounted for about 
52 percent of the increase in all 
species. 

The shrub and tree species en- 
countered included willow (Sa- 
Zix sp.), snowbrush ceanothus 
(Ceanothus velutinus), quaking 
aspen (Populus tremuloides), 
currant (R&es sp.), and bitter- 
brush (Purshia tridentata), but 
only the latter occurred in suffi- 
cient volume to record, and it 
made up only about 6 percent of 
the total increase in understory 
yield. 
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There were also increases in 
the density of several annual 
forbs such as bigflower ground- 
smoke (Gayophytum diffusum), 
cryptantha (Cryptantha torrey- 
ana), Douglas knotweed (Poly- 
gonum douglasi), and pink mi- 
crosteris (Microsteris gracilis) 
on the thinned plots but essen- 
tially no change on the control 
plots. 

It is evident that tree spacing, 
tree canopy, and tree basal area 
are closely interrelated in their 
effects on understory vegetation. 
It is also apparent that the bulk 
of these effects operate as cli- 
matic influences. Consequently, 
since temperature, light, and 
water are probably the most 
critical climatic factors as far as 
plants are concerned (Bonner 
and Galston, 1952)) studies of 
these factors have been initiated 
as part of the present investiga- 
tion. 

The importance of pine litter 
accumulations on the germina- 
tion and survival of grasses is 
being considered in a separate 
investigation. All of these aspects 
will be combined in a future re- 
port. 

Summary 
Responses of understory vege- 

tation to thinning of dense pine 
stands were analyzed in terms 
of the following changes in tim- 
ber stand structure: (1) grow- 
ing area per tree, (2) pine can- 
opy, and (3) pine basal area. 
When growing area per tree was 
considered, increases in average 
total understory yield were sig- 
nificantly greater on thinned 
plots than on unthinned, but dif- 
ferences between thinned plot 
averages were not significant. 
When canopy and basal area 
were tested, however, there were 
negative linear relationships 
with total understory yield. 

Responses of understory yield 
were also analyzed in terms of 
the three vegetal classes: grasses, 
forbs, and shrubs. Except for 
shrubs, which showed a non- 
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significant response at the 5-per- 
cent level, results were essen- 
tially the same as for total yields. 

When pine canopy exceeded 
45 percent, forbs showed a great- 
er capacity to produce dry matter 
than grasses; below 45 percent, 
grasses were the superior pro- 
ducers. 
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Highlight 
In recent decades, research has 

brought substantial improvement in 
cafile and forage management on 
cuiover forest ranges in the South. 
Today, massive reforestation is com- 
plicating the problems of Megrating 
grazing with timber growing, and 
research aims are shifting accord- 
ingly. This paper reviews the current 
southern grazing situ&ion and de- 
scribes ihe range research program 
of the U. S. Forest Service. 

Because of a unique combina- 
tion of climatological, economic, 
and sociological conditions, man- 
agement problems on southern 
ranges differ vastly from those 
in the West. Mild winters, hot 
summers, and rainfall averaging 
45 to 65 inches combine to pro- 

duce a dense, fast-growing vege- 
tation that is generally domi- 
nated by trees. More than 90 per- 
cent of the 197 million-acre 
southern range area is classed as 
forest land. While timber pro- 
duction is the primary land use, 
native forage often grows abun- 
dantly beneath timber stands, in 
natural openings, and on cutover 
lands, providing forage for sub- 
stantial numbers of range live- 
stock. 

Major range types of the 
South are mapped in Figure 1. 
Longleaf pine-bluestem and 
longleaf-slash pine-wiregrass 
types comprise the principal 
range area. Though not the most 

extensive, they produce far more 
herbage per acre than other 
types, largely because overstory 
density is relatively low. Also, 
cutover areas have remained 
open for long periods, while those 
in other types have reverted 
more readily to woody vegetation. 
Shortleaf-loblolly pine-bluestem 
ranges rank second in impor- 
tance, because of their tremen- 
dous acreage. Forage production 
in this type is low to moderate. 

Combined, the longleaf pine- 
bluestem and longleaf-slash 
pine-wiregrass types occupy 
about 26.5 million acres along the 
lower Coastal Plain, from east 
Texas to South Carolina (Fig. 1). 
Upward of 3 million cattle now 
graze this zone. Forage plants 
are mainly coarse grasses, inter- 
mediate to tall. Range hogs and 
sheep are numerous in some sec- 
tions, but both are declining as 
popularity of cattle increases. 

Longleaf pine-bluestem ranges 
extend from southeast Texas to 
southwest Alabama. The pre- 
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dominant forage grasses, pinehill 
bluestem (Andropogon divergens 
(Hack.) Anderss. ex Hitchc.) 
and slender bluestem (A. tener 
(Nees) Kunth), grow in associa- 
tion with panicums (Punicum 
spp.), paspalums (Paspalum 
spp.), minor bluestems, and a 
few important forbs. Herbage 
yields vary from about 300 
pounds per acre annually under 
fully stocked pulpwood stands 
to over 3,000 pounds on cutover 
land and among newly estab- 
lished pines. Forage values are 
highest from about April 15 to 
early July, when all classes of 
cattle make fair gains. During 
the remainder of the year, for- 
age is seriously deficient in one 
or more essential nutrients. 

Longleaf-slash pine-wiregrass 
vegetation occurs mainly in 
south Georgia, Florida, and south 
Alabama (Fig. 1). Pineland 
threeawn (Aristida stricta 
Michx.) , the primary wiregrass, 
is the main forage plant. Curtiss 
dropseed (Sporobolus curtissii 
(Vasey) Small ex Scribn.), car- 
petgrass (Axonopus affinis 

Chase), and several bluestems, 
panicums, and paspalums are 
common associates. Herbage pro- 
duction on the best open sites 
reaches about 2,000 pounds per 
acre annually. Under well- 
stocked timber stands grass 
yields are similar to those on 
comparable sites in the longleaf 
pine-bluestem type. Nutritive 
value of wiregrass herbage is 
moderately high during 2 or 3 
months after burning, but qual- 
ity of mature wiregrass is even 
lower than that of mature blue- 
stem forage. 

Over 95 percent of the south- 
ern range area is privately 
owned. Prior to 1930 most owners 
clearcut their timber, leaving ex- 
pansive prairie-like areas. These 
lands were generally open to 
grazing free of charge. Moreover, 
cattlemen could burn ranges at 
will to remove accumulated litter 
and improve forage quality. 

As in early days of the West, 
unregulated use of the range 
fostered many problems. Over- 
grazing, uncontrolled breeding, 
severe seasonal malnutrition, 
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little or no control of diseases 
and parasites, and general ne- 
glect of animals resulted in low 
beef production. Calf crops aver- 
aged 50 percent, calf weights 
were less than 300 pounds at 7 
months, and mortality was high. 

These difficulties generated 
still others. Because minimal 
management yielded low re- 
turns, cattlemen were willing to 
invest little in breeding stock. 
Commonly, herds were started 
by mating family milk cows to 
beef bulls, thereby populating 
the range with scrub cattle. Peo- 
ple owning little or no arable 
land turned to cattle raising, 
creating a wide disparity be- 
tween range forage supplies and 
badly needed home-grown sup- 
plements. After years of free 
grazing, opposition to fencing 
was intense, and efforts to close 
the range were often met with 
wire-cutting and incendiary for- 
est fires. 

Especially since World War II, 
the situation has improved. 
Through insistence of landown- 
ers and highway users, fence 
laws have been enacted and en- 
forced. Fencing has become wide- 
spread, but by no means univer- 
sal. In some regions free range 
still predominates and arson and 
fence-cutting help maintain the 
status quo. Scrub or “native” 
cows remain common, but qual- 
ity is improving through in- 
creased use of good beef bulls. 
Largely as a result of research, 
the practice of adequately sup- 
plementing range forage during 
winter is gaining, and many 
stockmen now recognize the need 
to regulate grazing intensity. 

These advances, though grati- 
fying, have done little to ease 
the overall situation. New prob- 
lems have appeared as fast as 
old ones have been resolved, 
mostly because of renewed inter- 
est in timber growing. Regenera- 
tion of cutover lands and under- 
stocked timber stands is moving 
ahead rapidly. The South already 
has almost 15 million acres of 
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man-made forests-largely pine 
plantations less than 10 years old 
- and the area promises to 
double in a few years. 

New forests are rapidly re- 
occupying much of the best 
rangeland. As pine canopies 
close, herbage yields decline 
drastically, species composition 
changes, and both nutritive con- 
tent and palatability may be al- 
tered. Burning, which stockmen 
have relied on to improve forage 
quality, must frequently be 
halted until trees reach 8 feet or 
more. 

Damage by cattle to young 
pines is of major concern to for- 
est owners. Where grazing is not 
carefully controlled, browsing 
and trampling frequently destroy 
planted and seeded stands during 
the first year. 

Problems of land management 
are further complicated because 
many forest landowners are feel- 
ing pressures to improve wildlife 
habitat management. On some 
industrial holdings foresters are 
now de-emphasizing hardwood 
control and prescribed burning 
to enhance relations with wild- 
life interests. In keeping with 
the multiple-use policy of the 
U. S. Forest Service, habitat im- 
provement is becoming increas- 
ingly important in administering 
national forests. These develop- 
ments will usually mean less 
grass, of lower value, for cattle. 

Although timber growing is 
generally the main goal of man- 
agement, landowners are show- 
ing increasing interest in non- 
timber revenue to pay mounting 
taxes and operating costs. Some 
now arrange cash grazing leases 
with cattlemen; others graze 
their own cattle, trying for 
greater return than leases pro- 
vide. A small, but growing, num- 
ber are considering hunting fees 
as a source of income. In south 
Florida, where large tracts are 
rancher-owned, grazing is the 
primary land use. Here, land- 
owners are interested in timber 
and wildlife revenues to aug- 
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ment range income. The prevail- 
ing problem, then, is one of effec- 
tively integrating timber and 
cattle management. For some 
landowners, coordinated produc- 
tion of timber, beef, and wildlife 
looms as a new and complex 
objective. 

Foresf Range Research 
In 1940, the U. S. Forest Service 

initiated range management research 
in the South on experimental areas 
in North Carolina and Georgia. The 
beginning of study in Louisiana fol- 
lowed in 1943. Since then range ex- 
perimentation has gradually ex- 
panded. At present, the Southeastern 
Forest Experiment Station, with 
principal field units at Fort Myers, 
Florida, and Tifton, Georgia, in- 
vestigates problems of the longleaf- 
slash pine-wiregrass type. The 
Southern Forest Experiment Station 
works primarily on longleaf pine- 
bluestem ranges, mainly at Alex- 
andria, Louisiana. Much of the study 
by both stations is in cooperation 
with other Federal agencies, State 
experiment stations, forest industry, 
and ranchers. To date, experimenta- 
tion has been mainly along seven 
lines. 

1. Evaluating forage resources.- 
Major range species and plant asso- 
ciations have been classified. Her- 
bage production capacities of prin- 
cipal sites and seasonal forage values 
of important plants have been deter- 
mined. The most significant finding 
was that the main species produce 
reasonably good forage for brief 
periods after growth begins, but 
virtually all herbage in the full leaf 
or mature stages is seriously de- 
ficient in protein and phosphorus. 
Deficiencies of calcium, cobalt, cop- 
per, and iron are locally severe. 

2. Testing grazing systems.- De- 
ferred grazing and deferred-rotation 
grazing, which work well on western 
ranges, are unsuccessful in the 
South. With these systems, cattle de- 
pend heavily on mature herbage, 
which is too low in quality on south- 
ern ranges. Grazing programs in- 
volving rotational burning have pro- 
ven best. Prescribed fire raises for- 
age values and improves distribution 
of grazing. 

3. Formulating range supplemen- 
tation programs .-Highly successful 
supplemental feeding programs have 
been devised for the longleaf pine- 

bluestem type. Cows grazing native 
range yearlong and receiving 375 
pounds of cottonseed cake per head 
during winter produced 83-percent 
calf crops, and 6Y2-month weaning 
weights averaged 433 pounds. Simi- 
lar results have been achieved on 
wiregrass range by combining con- 
centrate feeds with improved pas- 
ture to supplement native forage. 

4. Analyzing cattle-timber con- 
fZicts.-Study has shown that, on 
free range, cattle can be a serious 
hazard to forest regeneration. Both 
longleaf and slash pine seedlings 
are often browsed heavily during 
winter, and mortality among browsed 
seedlings is substantially higher than 
among unbrowsed seedlings. Brows- 
ing also reduces height growth and 
sometimes deforms surviving seed- 
lings. 

5. Assessing effects of grazing and 
burning on forage.-In the bluestem 
type, herbage yields were greater on 
grazed range than on the ungrazed, 
and range utilized heavily (65 to 70 
percent) was as productive as that 
used moderately (45 to 50 percent). 
Intense grazing increased carpet- 
grass at the expense of pinehill blue- 
stem, while relative proportions of 
the main grasses were altered little 
by moderate grazing. Botanical com- 
position and average yield were un- 
affected by burning at 4-year inter- 
vals. On wiregrass ranges, ground 
coverage of pineland threeawn and 
Curtiss dropseed decreased slightly 
when ranges were burned annually 
and grazed heavily. Less frequent 
burning allowed these plants to 
maintain or increase vigor. In both 
areas, burning appreciably improved 
forage values for 2 or 3 months. 

6. Controlling range weeds.- 
Effects of burning on saw-palmetto 
(Serenoa repens (Bartr.) Small) and 
gallberry (IZeJ: glabra (L.) Gray)- 
common weedy pests on Coastal 
Plain ranges-were short-lived, as 
plants sprouted vigorously following 
fire. However, heavy grazing for 2 
months after burning virtually elim- 
inated saw-palmetto (Fig. 2). Chem- 
ical treatment reduced infestations 
of gallberry and saw-palmetto, but 
cost was high. 

7. Evaluating range revegetation 
and fertilization.-Good results were 
obtained in Florida by seeding car- 
petgrass and common lespedeza 
(Lespedeza striata (Thunb.) H. & 
A.) on both undisturbed and 



FIGURE 2. Fire, followed by regulated 
heavy grazing, controlled sawpalmetto 
(left), producing quality grass range 
(right). 

chopped, disked range. Phosphorus 
and potassium were applied to all 
plots. Land preparation hastened 
establishment of seeded plants, but 
cost was prohibitive. 

Applying a ton of rock phosphate 
per acre to south Florida wiregrass 
range doubled herbage yield and 
substantially improved forage qual- 
ity. Moreover, heavy grazing induced 
by fertilization retarded recovery of 
saw-palmetto on chopped sites. In 
north Florida, 50 pounds of nitrogen 
per acre increased production of 
bluestem herbage tenfold under 25- 
year-old pines. 

Much of the information derived 
from these studies applies mainly 
to understocked forest stands. Ahead 
lies the more formidable task of 
solving problems associated with the 
harvesting of forage by cattle 
throughout complete timber rota- 
tions, with due consideration for 
wood yield, watershed protection, 
and wildlife habitat improvement.. 
To meet this challenge, research em- 
phasis has been shifting toward tim- 
bered ranges. 

Among problems receiving highest 
priority in current research plans 
are those relating to timber-forage 
relations. The objective is to provide 
landowners and cattlemen with reli- 
able bases for predicting grazing 
capacities as new forests develop and 
silvicultural treatments are applied. 
Such information will be of vital im- 
portance in executing long-term 
grazing leases, which are sorely 
needed to stabilize the range cattle 
industry. Although longleaf pine- 
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bluestem and longleaf-slash pine- 
wiregrass ranges will receive pri- 
mary attention, experimentation will 
extend to the extensive shortleaf- 
loblolly pine-bluestem type. Work 
presently beginning in Texas will 
evaluate forage resources on tim- 
bered sites. 

In Louisiana, experimentation is 
already y i e 1 d in g data regarding 
effects of overstory advancement 
and thinning regimes in planted 
pines on quantity, chemical content, 
and botanical composition of blue- 
stem herbage. Early results show 
that herbage yields are unaffected 
by pines up to 8 years. Under older 
pines, slender bluestem, which yields 
more herbage of higher protein con- 
tent during summer than other 
major species, is declining sharply. 

Similar experiments are under 
way in Florida and Georgia-one to 
chart trends in wiregrass production 
under planted pines, another to 
assess effects of varying stand den- 
sities in pine and eucalyptus on cat- 
tle forage and game habitat. Surveys 
of tree-forage relations under vary- 
ing stand and site conditions are be- 
ing conducted to facilitate planning 
of additional research in this area 
(Fig. 3). Georgia researchers also 
are relating yield of improved for- 
age species to fertility levels in pine 
plantations and studying integrated 
production of cattle and timber on 
intensively managed pastures. Infor- 
mation from these studies should 
prove invaluable in formulating 
better pasture-range combinations. 

Prescribed burning-an important 
technique in managing southern 

FIGURE 3. Surveys of tree-forage relations 
show good yields of quality forage under 
managed pine stands. 
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pines-is receiving increased atten- 
tion as a way to improve forage and 
manipulate grazing. Thus far, results 
show that range burned in a S-year 
rotation produces substantially more 
usable nutrients than unburned 
range, and that time of burning ap- 
preciably affects yield and forage 
values. South Florida studies will 
appraise interacting effects of graz- 
ing intensity and burning season on 
range plants. 

Problems of grazing influences 
share importance with those of tim- 
ber-forage relations in the revised 
programs. Included are responses of 
forest regeneration, tree growth, soil 
conditions, and forage vegetation to 
grazing. Interrelated effects of re- 
forestation and cattle production are 
currently under investigation on a 
1,600-acre range in Louisiana. Im- 
pact of grazing intensity on survival 
and growth of pine seedlings is de- 
termined, and grazing effects on for- 
age are assessed in terms of calf 
production. Initial results show that, 
with managed grazing, damage to 
pine seedlings is usually light even 
though forage utilization is relative- 
ly intense (Fig. 4). They also show, 
however, that poor distribution of 
grazing may pose a serious threat 
to pine regeneration, even on lightly 
grazed ranges. 

Kind and severity of damage by 
cattle to young pines and effects of 
injury on survival and growth are 
subjects of intensive study in Geor- 
gia and Florida. As degree and na- 
ture of damage can be correlated 
with specific grazing pressures and 
distribution patterns, attention will 
focus on designing grazing systems 
to minimize injury. Investigations of 
grazing effects on specific soil prop- 
erties and composition of herbaceous 
vegetation will continue, and addi- 
tional information will be sought 
concerning responses of pine estab- 
lishment and growth to soil changes 
induced by grazing. 

Ecological problems earmarked for 
study relate chiefly to brush control 
and overstory-understory relations. 
Work is continuing on the autecology 
and life histories of gallberry and 
saw-palmetto in an effort to improve 
control of these persistent weedy 
shrubs. Moisture, fertility, and light 
requirements of important forage 
grasses, especially pineland three- 
awn, slender bluestem, and pinehill 
bluestem, will be determined to pro- 
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FIGURE 4. Browsing damage to these pines was light under managed, yearlong grazing 
despite utilization averaging more than 60 percent. 

vide better understanding of their are being compared in an attempt to 
responses to overstory influences. improve feeding efficiency and re- 

Aspects of cattle management that duce labor requirements. 
relate closely to range improvement Land preparation and fertilization 
and effective forage utilization have to aid pine establishment and growth 
been studied for several years. This may drastically modify range re- 
line of investigation will continue, sources. Part of the research pro- 
but on a reduced scale, as many of gram in the pine-wiregrass type, 
the major problems have been large- where dependence on fire for forage 
ly resolved. In a Louisiana test renovation has been strong, will be 
started in November 1963, refine- aimed at finding how these forestry 
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ment of measurement techniques. 
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grazing make reliable assessment of 
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particularly difficult. Two experi- 
ments aimed at devising better mea- 
surements of these attributes are in 
progress. Improved criteria for de- 
termining condition and trend on 
bluestem and wiregrass ranges and 
establishment of height-weight-den- 
sity indices for wiregrass herbage 
are other goals of methodological 
studies. 

The Outlook 
Problems associated with for- 

est grazing in the South are 
numerous and complex. Certain- 
ly, not all of them can be in- 
vestigated simultaneously, and 
solutions to many may prove 
elusive. However, current re- 
search, plus studies that will 
start soon, should help answer 
some of the most pressing ques- 
tions. Results obtained so far are 
generally encouraging. Prospects 
appear good for raising beef out- 
put of forest ranges and success- 
fully coordinating cattle grazing 
with other land uses. Now, for 
the first time, ranching in the 
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In some native range areas, large 
uniform sites suitable for conven- 
tional soil fertility experiments are 
not available. Because of the vari- 
ability in soils and in plant associa- 
tions, a new method for conducting 
soil fertility studies on native range- 
lands is being investigated. Basical- 
ly, curves showing plant responses to 
fertilizer are determined directly 
from plots to which fertilizer had 
been applied at continuously in- 
creasing rates. 

Smith and Lutwick (1961) de- 
veloped a spreader that applies fer- 
tilizer at rates continuously increas- 
ing from 0 to about 3,000 pounds per 
acre. The spreader thus provides a 
large number of rates, dependent 
upon the intensity of sampling along 

the strips, on a relatively small area. 
This may be of particular advantage 
on native range sites where large 
uniform areas are not available. 

This is an initial report of the use 
of the machine in studies of the re- 
sponse of native range vegetation to 
fertilizer. Response patterns deter- 
mined on small areas of a simple 
sward and of a more complex sward 
to increasing rates of nitrogen fer- 
tilizer and the possible conclusions 
from them are presented as the basis 
of discussion concerning the use of 
the machine in soil fertility studies. 

Mtierials and Methods 

Within areas of two representative 
plant covers, one on the Milk River 
Ridge and one in the Porcupine Hills 
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FIGURE 4. Browsing damage to these pines was light under managed, yearlong grazing 
despite utilization averaging more than 60 percent. 
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of southwest Alberta, two adjacent 
experimental sites were chosen on 
uniform topography. The percent 
basal area and botanical composition 
of each sward were determined by 
the vertical point and point-yield 
methods (Campbell, 1958). 

For each sward ammonium nitrate 
(33.5-O-O) was applied with the in- 
creasing-rate fertilizer spreader to 
one site in the fall of 1961 and to 
the other site in the fall of 1962. The 
fertilizer was applied in strips over 
the distance required for the spread- 
er to change from completely closed 
to full opened. The strips, 4 feet 
wide, were laid out on g-foot centers 
and were 150 feet long. To account 
for possible fertility gradients in the 
field, the strips were laid in opposite 
directions; in two replications the 
fertilizer rates increased in one di- 
rection, and in the other two they 
increased in the opposite direction. 
The fertilizer was applied once to 
each site. 

The first-year sites were har- 
vested in 1962 and 1963. The yields 
in 1963 represented the residual 
effect of the fertilizer. The second- 
year site was harvested in 1963. 
Square-yard samples were taken 
every 10 feet beginning 5 feet from 
the end of the strip. The yields for 
each rate of fertilizer were averaged 
across the four replications within 
each test. Square-yard samples were 
also harvested along untreated strips 
adjacent to the fertilized strips. 

FkUlfS 

Simple sward .-The botanical com- 
position of the sward on the Milk 
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River Ridge site was relatively sim- 
ple. The dominant grass was rough 
fescue (Festuca scabrella Torr.) 
(Table 1). Other grass species, Carex 
SPP., and forbs were of minor im- 
portance at this site. 

for the two years combined, the 
optimum rate appeared to be 180 
pounds of N per acre. 

The composition of the sward was 
affected by high rates of nitrogen 
fertilizer. At about 350 pounds of N 
per acre Carex spp. were killed out 
and at about 540 pounds of N per 
acre Idaho fescue (Festuca idaho- 
ensis Elmer) was killed out, leaving 
rough fescue and a few forbs as the 
only components of the sward. 

The optimum rate of fertilizer 
determined in one year may not be 
applicable as an optimum rate next 
year. Also, the response function 
obtained in one year may not be 
applicable next year. The residual 
effects of nitrogen on yield of herb- 
age in the second year are as great 
or nearly as great as the effects ob- 
tained in the first year. 

The yields across the field where 
no fertilizer had been applied (Fig- 
ure 1) were relatively constant, in- 
dicating a fairly uniform stand of 
herbage. Where nitrogen had been 
applied, the first-year yield patterns 
depended upon season. Thus, in 1963 
the curve up to 180 pounds of N per 
acre was convex; beyond that point 
the curve was depressed. In 1962 
the curve up to 123 pounds of N per 
acre was concave and beyond that 
point was essentially linear. The 
optimum rates appeared to be 180 
pounds of N per acre in 1963 and 123 
pounds of N per acre in 1962. 

Mixed sward.-The botanical com- 
position of the sward on the Porcu- 
pine Hills sites was more complex 
than that on the Milk River Ridge 
sites. Parry oatgrass (Danthonia 
purryi Scribn.) and rough fescue 
occurred as co-dominants with other 
grasses, carices, and forbs (Table 1). 
The forb component of the sward 
contained more species than occurred 
in the simple sward. 

The second-year yield pattern, 
showing the effect of residual nitro- 
gen, was similar to that of the first 
year, although maximum yield 
occurred at a higher rate of fertil- 
izer. Also, the effect of residual 
nitrogen was nearly as great as the 
initial effect found in the preceding 
year. However, this effect of residual 
nitrogen was greater than the initial 
effect found in the same year on the 
plots fertilized in 1962. With yields 

Carex spp. and Idaho fescue were 
killed out at high rates of nitrogen 
fertilizer as they were in the simple 
sward (Figure 2). Oatgrass, a co- 
dominant, was killed out at about 
580 pounds of N per acre. Other 
grass species such as northern 
wheatgrass (Agropyron dasystach- 
yum (Hook.) Scribn.), western 
wheatgrass (A. smithii Rydb.), and 
northern awnless brome (Bromus 
pumpellianus Scribn.) , which had 
occurred in trace amounts, increased 
in growth and assumed greater im- 
portance in the sward as the rates 
of nitrogen fertilizer increased. None 
of the forbs were killed out at high 
rates of nitrogen fertilizer. Some 
species, such as scarlet globe mallow 
(Sphaeralcea coccinea (Pursh.) 
Rydb.) and narrow-leaved goosefoot 
(Chenopodium leptophyllum Nutt.) , 
which tolerate relatively high salin- 
ity, appeared at the high rate of 
nitrogen end of the strips. They may 
be considered invaders when other 
species are killed out. 

Table 1.. Percent basal area and composifion of vegefaficm 
sites and response of species fo high rates of nitrogen. 

af fwo sfudy 

Species 

Reaction Milk River Ridge Porcupine Hills to high 

basal compo- basal compo- rates 
area sition area sition of Nl 

Festuca scabrella 
Danthonia parryi 
Festuca idahoensis 
Stipa spartea 
Agropyron smithii 
Agropyron dasystachyum 
Calamagrostis montanensis 
Bromus pumpellianus 
Other grasses 
Carex spp. 
Forbs and shrubs 
Total 

14.80 
- 

1.40 
0.95 
0.40 

- 
- 

1.33 
2.52 
3.56 

24.96 
- 

80 3.12 31 
- 7.25 37 
4 1.35 5 
3 0.72 4 
2 0.42 3 

- 0.32 2 
- 0.28 2 
- 0.70 4 

4 0.73 4 
5 1.48 5 
2 3.41 3 

100 20.78 100 

R 
K 
K 
K 
R 
R 
K 
R 
- 
K 
- 

1K -killed out at high rates of N; R -responded to high rates of N. 

Where no fertilizer had been ap- 
plied (Figure 3), the yield of total 
herbage across the field was vari- 
able, indicating that the stand of 
native grasses and forbs was not 
uniform. The one exception was the 
second-year harvest. These plots 
were clipped twice, once before fer- 
tilizer was applied and once for 
yield in 1962. Clipping and removing 
the herbage may tend to even out 
the yield of native herbage in suc- 
ceeding years. 
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Where nitrogen fertilizer had been 
applied, the first-year response pat- 
terns depended upon season. Thus, 
in 1963 maximum response occurred 
at about 80 pounds of N per acre; 
in 1962 yields increased only slight- 
ly from nitrogen fertilizer. In both 
years as noted above some com- 
ponents of the sward were killed 
out. Thus, at rates higher than 440 
pounds of N per acre yields of herb- 
age were equal to or less than the 
yields of the check plots. 

In the second year after fertiliza- 
tion, yields increased with the rate 
of nitrogen up to about 540 pounds 
of N per acre and thereafter were 
relatively constant. The increase 
over the check was not large until 
rates higher than about 350 pounds 
of N per acre had been applied. 
Thus, the residual effect of nitrogen 
was most marked where some spe- 
cies had been killed out the previous 
year. 

With the two years combined, the 
differences between check and ni- 
trogen plots were similar at all rates 
above 260 pounds of N per acre, The 

most apparent effects of nitrogen 
fertilizer on the complex sward 
were: (a) a season-dependent in- 
crease in yield in the first year; (b) 
a change in botanical composition of 
the sward at high rates of nitrogen 
in the first year; and (c) a marked 
increase in yield over the check in 
the second year by those species not 
killed out in the first year. 

The full effect of nitrogen on na- 
tive herbage cannot be assessed in 
one year. Also, the residual effect of 
nitrogen, especially at high rates, 
may not have dissipated after two 
years of growth. 

Discussion 

It is often stated that three rates 
of a given plant nutrient are suffi- 
cient for calculating a plant-nutrient 
yield-response function. However, 
some previously obtained informa- 
tion is required when selecting the 
three rates. In this study of the 
effect of nitrogen on native grass- 
land swards, the response patterns 
appear much more complex than 
can be described by three rates of 



nitrogen fertilizer. Also, even with 
more than three rates, relatively 
simple regression equations, such as 
quadratic and logarithmic functions, 
would not reflect the complexity of 
the response patterns shown in some 
of the curves in Figures 1 and 3. 

Some of the complexity of the re- 
sponse patterns may be attributed 
to the native grasslands themselves. 
They are mostly mixtures of species 
and do not grow in orderly patterns 
as do cultivated crops. Also, cattle 
do not graze in geometrical patterns. 
The irregular grazing would con- 
tribute to the complexity of the 
sward or unevenness of stand. It 
would therefore be impractical to 
establish completely randomized, 
replicated, and orthogonal factorial 
experiments on such complex 
swards. With several rates of fer- 
tilizer in the study, the complexity 
of the sward would force a large 
experiment, thus posing a consider- 
able labor problem, in order to have 
adequate control of error. 

Many of the questions concerning 
the response of native grasslands to 
nitrogen fertilizer can be answered 
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from studies of the type reported 
here. Small areas of relatively uni- 
form stand can be obtained. The 
problem of establishing experiments 
involving several rates of fertilizer 
on such sites, especially where basic 
information is lacking, becomes one 
of selecting the rates and fitting 
them into the area. The increasing- 
rate spreader used in this study ap- 
plies fertilizer from 0 to about 3,000 
pounds per acre in a non-random 
manner. Each strip, 150 feet long 
and 4 feet wide, comprises 600 
square feet of area, and as many 
replications as will fit the area could 
be used. In this study, four replica- 
tions were used. From the strips a 
large number of rates can be se- 
lected after the crop has grown in 
response to the fertilizer. In this 
study, sampling along the strips was 
done at regular intervals. This need 
not be so and sampling may be done 
at any intensity according to the 
desires of the person conducting the 
study. 

The mathematical treatment of 
the data to show significance of re- 
sponses and magnitude of errors has 
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not been worked out. Statisticians 
are presently engaged with the 
problem and will be reporting sep- 
arately. 

Summary 

Nitrogen fertilizer was applied at 
increasing rates from 0 to over 800 
pour& of N per acre to strips of na- 
tive rangeland vegetation. Sub-plots 
for yield measurement were chosen 
at intervals along the strips. Because 
of variability of stand of herbage 
on native rangelands and the con- 
sequent difficulty of finding rela- 
tively large uniform areas, the in- 
creasing-rate fertilizer spreader of- 
fers a method of overcoming these 
difficulties in fertilizer rate studies 
on these rangelands. 
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Highlight 
In digestion trials with deer, the 

cellulose conienf of forages was in- 
versely related to digestible energy 
of the ration. In range pen trials, 
fecal cellulose seemed fo have pre- 
dictive value in estimating range 
forage consumed. 

Forage utilization on wild 
range has been estimated by at 
least 2 general techniques: (1) 
pre- and post-grazing estimates 
of standing forage crops and the 
determination of difference ex- 
pressed as utilization; and (2) 
use of naturally occurring plant 
pigments or plant cell-wall com- 
ponents, such as lignin, that are 
determined to be digestively re- 
fractive by the animals under 

study. This second technique 
measures the pigment or plant 
cell-wall component in the stand- 

.ing forage and the recovered 
fecal material. Either utilization 
or digestibility of forage rations 
can be estimated by equating 
lignin or plant pigment content 
in the total dry fecal material 
with that in the dry feed. The 
expression of forage digestibility 
assumes the complete indigesti- 
bility of the marker-a situation 
that is sometimes approached 
but not frequently realized. The 
expression of utilization, espe- 
cially where food habits are 
homogeneous (simplifying plant 
sampling problems), seems prac- 
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tical since accumulated dry fecal 
material can be estimated with 
precision and the relative di- 
gestibility of the selected marker 
substances can be determined 
for the particular range animals 
under study. 

In many western states deer 
and cattle graze on the same 
ranges and are in competition 
with one another. Food habit 
studies e.g., Davis (1952)) show 
this competition to vary through- 
out the year. The present study 
with mule deer (Odocoileus 
hemionus) suggests that fecal 
material collected from range 
can be used with some degree of 
assurance to predict total forage 
consumed from range by deer 
throughout a given period. It 
seems possible that with an 
understanding of deer food hab- 
its upon a given area certain 
range problems, such as the per- 
centage utilization attributable 
to deer, may be answerable. 

The present paper presents 
data from a series of 9 feeding 
trials with browse diets and 
yearling mule deer. Relation- 
ships between the digestible 
energy and the dry matter, cellu- 
lose, lignin and hemi-cellulose 
content of the test feed are dis- 
cussed and prediction equations 
relating feed intake and fecal 
excretion are developed. TWO 
range pen studies measured deer 
fecal production from the con- 
sumption of a known quantity 
of range forage plants. The com- 
parison of measured and pre- 
dicted forage consumption hug- 
gests the utility of fecal cellulose 
to predict forage consumption 
by mule deer. 

Maierials and Methods 
Browse Digestibility Study.-_Cur- 

rent annual growth of mountain 
mahogany (Cercocarpus mon- 
tanus), bitterbrush (Purshia triden- 
tutu), and big sagebrush (Artemisiu 
tridentata) was gathered during the 
autumn of 1961, air dried for about 
two months, and then milled. The 
ground material was then formu- 
lated into the seven possible browse 
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combinations (A, B, C, AB, etc.). 
Each ration weighed about 45 lbs., 
after it was pelleted with molasses 
and a trace mineral additive. 

Wild mule deer fawns were cap- 
tured by Colorado Game, Fish and 
Parks Department personnel at the 
Little Hills Range Experiment Sta- 
tion, Rio Blanc0 County, and trans- 
ported to Colorado State University. 
From November until February the 
deer were conditioned to captivity. 

Digestion trials were conducted 
from late February until late May, 
1962. The trials were conducted 
within two 12 x 14 foot covered 
enclosures. The “floor” of each en- 
closure consisted of a canvas tar- 
paulin laid on a straw or paper mat. 
Two entrances into the feeding pens 
allowed the test deer to “escape”, 
into portable carrying crates, when 
the investigator moved into the area 
for inspection or making fecal 
collections. Feed and water were 
offered ad lib. in all trials from a 
covered feed box adjacent to the test 
pen, and feed consumption was 
measured to the nearest 4 g. Water 
consumption and urine production 
were not measured. Deer weights 
(inside the carrying crates) were 
obtained every other day, using a 
Fairbanks platform scale. Deer 
weights were used to indicate any 
sudden change in the condition of a 
test animal. Total fecal collections 
were made by daily vacuuming the 
pen floor. An estimated 10% of the 
fecal pellets came into contact with 
urine held in folds of the tarpaulin 
flooring. Wetted deer pellets were 
used to obtain total dry weight of a 
day’s fecal production but were not 
utilized in the chemical assay of deer 
fecal material. The pen floor was 
cleaned daily, following pellet collec- 
tion. 

A deer was conditioned to a par- 
ticular test diet and the experi- 
mental conditions for a 5-day period, 
followed by a lo-day total fecal 
collection period. A l-day lag period 
equating feed ingestion and fecal 
excretion was determined by the use 
of chromium oxide. The collected 
fecal material was oven dried and 
cleaned of debris and samples of 
fecal material and the experimental 
feeds were analyzed for lignin by 
recommended AOAC procedures and 
caloric content by oxygen bomb 
calorimetry. Lignin, hemi-cellulose 
and cellulose determinations were 

made using the chlorite delignifica- 
tion technique of Wise and Jahn 
(1952: 1145). The cellulose compo- 
nent was further checked using the 
procedures of Salsbury et al. (1956). 

Range Pen Study.-Three range 
pens were constructed in the Hew- 
lett Gulch area of the Roosevelt 
National Forest to test, under field 
conditions, the prediction equations 
developed from the 1962 feeding 
trials. These pens, located about 25 
miles west of Fort Collins in the 
Front Range of the Rocky Moun- 
tains, were deer-proof enclosures 
each about l/15 acre in area. In the 
center conditioning pen all vegeta- 
tion was removed and in the two 
end pens vegetation was differential- 
ly removed so that one end pen con- 
tained only bitterbrush and the 
other only mountain mahogany. All 
deer pellets were cleaned from the 
two end pens prior to a range 
trial. 

An experimental deer was placed 
in the conditioning pen and fed 
either freshly cut bitterbrush or 
mountain mahogany for a 4- or 
5-day period. At the end of the con- 
ditioning period, the deer was trans- 
ferred to the appropriate experi- 
mental pen. Water was provided 
throughout each experimental 
period. At the completion of a range 
feeding trial all fecal pellets were 
collected. Each of the 30 to 40 plants 
within a test pen was then thorough- 
ly examined for chewed twigs. Since 
there is a demonstrable relationship 
between twig diameter and twig 
weight, the diameter of each chewed 
twig, proximal to the bite bruise, 
was recorded in mm and the chewed 
twig diameter data was arranged 
according to a frequency distribu- 
tion. A clipping study was under- 
taken within each enclosure accord- 
ing to the observed frequency dis- 
tribution of chewed twigs, and a 
10% sample of the total chewed 
twigs was clipped on each of 2 
occasions. The estimate of plant ma- 
terial removed by a deer during a 
feeding trial was determined from 
the fresh and oven-dry weight of the 
total 20% plant clip. Feed and fecal 
material from the 1963 range trials 
was also oven dried for 24 hours at 
110 C, milled, and analyzed for 
lignin (AOAC) and cellulose com- 
position (Salsbury et al., 1956)) using 
the techniques employed in the 1962 
feeding trials. 
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Table 1. Energy and percenj composifion of cellulose, hemi-cellulose, lignin and dry matter in 7 browse diets and 
percent ufilizafion by 6 deer in 9 feeding trials. 

Diet and Trial 

Hemi- 
Kcal/g Cellulose1 Cellulose* cellulose* Lignin* Lignins Dry matter ~__- 

Content Used Content Used Content Used Content Used Content Used Content Used Content Used 

Mountain A 4759 44.8 22.9 28.0 20.0 27.7 27.3 36.2 22.8 38.2 17.6 12.1 95.8 45.9 
mahogany B 49.4 31.1 32.5 41.2 45.3 31.4 51.6 

Bitterbrush 4822 40.8 24.2 23.6 18.8 22.4 20.2 23.6 26.5 37.3 18.8 4.5 92.6 43.7 

Sagebrush 4817 46.3 19.6 33.9 18.1 36.3 16.7 20.1 30.7 45.3 19.2 10.3 95.6 48.3 ~___ ~__ 
Mahogany & 

Sagebrush 4800 42.2 20.6 24.0 21.7 34.1 21.0 22.8 22.1 28.5 19.1 11.6 94.6 44.7 ~___~____ 
Bitterbrush & 

Sagebrush 4836 48.7 19.1 25.5 18.1 33.5 17.8 29.8 24.3 37.9 18.4 11.7 94.2 50.7 

Mahogany & 
Bitterbrush 4772 53.4 21.3 36.8 19.0 29.8 19.2 44.5 24.5 44.5 17.5 16.0 95.4 55.5 _________~_ 

Mahogany, 
Bitterbrush A 4519 63.2 15.2 40.4 13.4 33.6 21.8 50.6 29.6 65.5 20.4 48.7 95.0 64.0 
& Sagebrush B 60.4 38.6 36.0 45.2 59.2 46.2 61.8 

1 Procedure of Salsbury et al. (1956). 
2 Procedures of Wise and Jahn (1952). 
s Procedure from AOAC (1960). 

Results 
Browse Digesfibilify Sfudy 

The browse in the 7 experimental 
feeds was processed (dried, milled, 
pelleted) . Therefore we believe these 
data better describe the relationships 
between the dry matter, cellulose, 
hemi-cellulose and lignin composi- 
tion of the rations and energy utili- 
zation, than how mule deer digest a 
particular forage species, e.g., moun- 
tain mahogany. During the ensuing 
analysis the feeding trial data are 
treated as 9 feeding trials with year- 
ling mule deer on feeds derived 
from browse diets. We did not have 
sufficient feed, deer, or experimental 
facilities to describe variations in 
the (1) utilization of a test feed be- 
tween deer, (2) digestion of several 
feeds by a single test deer, or (3) 
utilization of a single feed by a par- 
ticular test deer on different occa- 
sions . In spite of these admitted 
shortcomings certain relationships 
seem to be sufficiently strong be- 
tween forage plant components and 
energy utilization to allow predic- 
tion equations to be developed. 

The energy, cellulose, hemi-cellu- 
lose, lignin and dry matter composi- 
tion of the 7 diets and the percent 
utilization of the dietary constitu- 
ents in the 9 feeding trials are listed 
in Table 1. The cellulose assay tech- 
niques of Salsbury et al. (1956) and 
Wise and Jahn (1952) gave similar 

estimates of the forage composition. 
Cellulose digestion in these 9 feeding 
trials was very consistent between 
diets-averaging 31.9% with a SE 
of 2.14% and 31.8% with a SE of 
1.48% according to the 2 assay tech- 
niques. There was a limited but a 
very consistent digestion of cellulose 
in these 9 feeding trials. The results 
of the AOAC procedure for the 
analysis of lignin in the test feeds 
were consistently lower than values 
determined by the procedure of Wise 
and Jahn (1952). We believe our 
lignin values determined from the 
procedure of Wise and Jahn (1952) 
are not reliable because of encoun- 
tered procedural difficulties. Lignin 
digestion as measured by the AOAC 
procedure averaged 21.4% with a 
large SE of 5.49%. Hemi-cellulose 
digestion was rather variable be- 
tween feeding trials-mean of 34.9% 
with a SE of 3.74%. The related 
digestible dry matter and digestible 
energy values are also listed in 
Table 1. 

Prediction equations relating the 
dry matter, lignin, hemi-cellulose 
and cellulose content to the digesti- 
ble energy of the test feeds are 
listed in Table 2. According to these 
data dry matter, hemi-cellulose or 
lignin (either of 2 determinations) 
content did not restrict the digesti- 
ble energy of the test feeds for mule 
deer. However, the prediction equa- 
tions indicate definite relationships 

between cellulose level and the di- 
gestible energy of the test feed. As 
the cellulose content of a feed in- 
creases, the digestible energy de- 
creases. Although these cellulose- 
digestible energy relationships are 
different from results obtained with 
sheep (Barnett and Reid, 1961: 139)) 
they were duplicated in a second 
series of feeding trials with mule 
deer (Short, 1964)4. Short (1963) 
argued that a high turnover rate of 
easily digested foodstuffs must occur 
for deer to obtain maintenance 
energy. Extensive cellulose digestion 
is a time consuming process and 
possibly the high rate of passage 
precludes extensive cellulose diges- 
tion from occurring. 

It is clear from data in Table 1 
that all the forage constituents mea- 
sured in the present study are some- 
what digestible for mule deer and 
therefore are not suitable for es- 
timating range forage digestibility. 
Dry matter, hemi-cellulose, and 
lignin do not seem to be suitable as 
a marker for estimating forage utili- 
zation. Although lignin digestion in 
cows and sheep is subject to some 
variation this component has been 

4 Short, H. L. 1964. Effects of cel- 
lulose levels on the apparent di- 
gestibility of feeds eaten by mule 
deer. 11 pp. Unpublished manu- 
script. 
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Table 2. Effecf of cellulose, hemi-cellulose, lignin and dry matter levels 
upon feed energy ufilizafion, by yearling mule deer. 

t Value Correl. 
Percent energy and coef. 

utilized (P) Regression Equation Sb signif. (r) 
1. vs. cellulose PF92.11 - 2.11x 0.51 4.14 0.84 

content1 P<O.Ol _~ 
2. vs. cellulose Pr92.25 - 2.34X 0.52 4.51 0.86 

contents P<O.Ol ___- 
3. vs. lignin *=3.66X - 18.91 2.21 1.66 0.53 

contents P<O.20 
4. vs. lignin *=1.22X+ 18.21 0.75 1.63 0.53 

content2 P<O.26 

5. vs. hemi-cellulose P=O.O36X+49.14 0.79 0.005 0.02 
content2 P>O.50 

6. vs. dry matter 2=2.50X - 187.32 2.73 0.92 0.33 
content P<O.40 

1 Procedure of Salsbury et al. (1956). 
2 Procedures of Wise and Jahn (1952). 
3 Procedure from AOAC (1960). 

successfully used as a marker (Bar- 
nett and Reid, 1961: 140). The pres- 
ent data suggest lignin to be rela- 
tively refractive but rather too vari- 
ably digested to be useful as a 
marker for deer. Perhaps the lignin 
content of woody browses differs 
structurally from that found in do- 
mestic forages or perhaps deer do 
differ from domestic animals in their 
limited abilities to utilize lignin. It 
is interesting to note that Smith 
et al. (1956), working with mule 
deer in Utah, determined that the 
digestibility of lignin in 9 forage 
species varied between 5.8 and 32%. 
However, these authors believed that 
the lignin digestion data might be 
attributed to inconsistencies in the 
lignin analysis procedure. It does 
seem that dietary cellulose has qual- 
ities that favor its use as a marker 
for estimating plant tissue eaten by 
deer. Cellulose is not extensively 
digested by deer, and its presence in 
a feed seems to limit the energy 
available to deer from that feed. 
Furthermore the apparently high 
turnover rate of contents within the 
rumen seems to be a physiological 
basis limiting extensive cellulose 
digestion from occurring. 

The relationships between g dry 
matter, cellulose (procedure of Sals- 
bury et al. 1956) and lignin (AOAC) 
eaten in the 1962 pen feeding trials 
and the g fecal dry matter, cellulose 
and lignin recovered is described in 
Table 3. In this Table, e.g., the 

estimate of g dry matter eaten (P) = 
X (g dry matter fecal pellets) 
2.00 + 478.3 g. The feed eaten, fecal 
material excreted relationships are 
linear and strong but the standard 
deviation of the regression coeffi- 
cient (S,) is least for the cellulose 
data indicating the smaller vari- 
ability of the cellulose digestion 
data. 

Range Pen Study 

The range feeding trial 
bitterbrush was accomplished 
a g-month old female deer 

with 
using 
This . 

animal was maintained in the range 
pen for 91 hours and chewed 5,754 
twigs of 7 to 34 mm diameter (Table 
4). The mountain mahogany trial 
used a 22-month old buck which, 
in 72 hours, chewed 4,903 twigs 
ranging in diameter from 10 to 39 
mm. The wet weight of the chewed 
bitterbrush plant material was esti- 
mated at 1,750.5 g with an oven dry 
weight of 1,020.O g. The fresh weight 
of the consumed mahogany tissue 
was estimated at 2,012.5 g with a dry 
weight of 1,032.5 g. Oven dry weight 
of fecal pellets recovered immedi- 
ately upon the cessation of the range 
feeding trials were 755.7 and 810.6 g, 
respectively, for the bitterbrush and 
mountain mahogany range feeding 
trials. The trial deer lost an unde- 
termined percentage of their body 
weight on both experiments. 

The results of the range feeding 
trials, g dry matter, lignin and cellu- 
lose in both the clipped bitterbrush 
and mahogany plant samples and 
the collected fecal pellets, are con- 
tained in Table 5. The estimates 
of dry matter, lignin and cellulose 
made by applying the 1963 range 

Table 3. Relationship of g dry maifer, lignin, and cellulose eaten in nine 
feeding trials conducted during 1962, and the recovexed g fecal dry 
matter, lignin and cellulose. 

Standard 
deviation 

of 
regression t Value Correl. 

Regression coefficient and coef. 
Constituent equation (Sb) significance (r) 

Dry matter P=478.3+2.OO(X) 0.31 6.54 P<.Ol 0.93 
Ligninl P=107.2+1.26(X) 0.28 4.47 P<.Ol 0.86 
Cellulose2 P=117.8+1.33(X) 0.10 13.18 P<.Ol 0.98 
_____ _~ 
1 Procedure from AOAC(1960). 
2 Procedure of Salsbury et al. (1956). 

Table 4. Results of fwo feeding frials conducted in Hewleti Gulch range 
pens, spring, 1963. ____- 

Range 
of di- Estimate plant 

ameter tissue eaten (g) Oven 
Browse Hours Total of dry 

plant in number chewed fecal 
trial chewed stems Wet Wt. Dry Wt. pellets 
pen stems (mm) (g) 

Bitterbrush 91 5754 7-34 1,750.5 1,020.o 755.7 
Mountain Mahogany 72 4903 10-39 2,012.5 1,032.5 810.6 
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Table 5. Use of fecal constituents, from Hewlett Gulch range pens, to 
estimate plani tissue eaten from within fhe range pens. 

Browse 
Plant 

Source of 
Estimate 

. Matter 
Dried Plant Material as of Clipped 

Fecal _ Estimated (g) Plant 
Pellets Lower Equa- Upper Material 

(g) Limit tion Limit (g) 
Bitterbrush Dry weight 755.7 -376 1987 4350 1020.0 

Lignin 248.6 -216 421 1058 325.4 
Cellulose 252.4 235 452 670 358.0 

Mountain Mahogany Dry weight 810.6 -236 2096 4428 1032.5 
Lignin 269.9 -182 447 1076 289.1 
Cellulose 259.4 245 462 680 343.8 

pen fecal data (Table 5) to the feed 
eaten, fecal material excreted rela- 
tionships derived from the 1962 nu- 
trition trials (Table 3) are also listed 
in Table 5. The calculated 95% con- 
fidence limits for the predicted 
values of dry matter, lignin and 
cellulose eaten are also listed. In 
all instances the values obtained 
from the clipped plant material at 
the Hewlett Gulch range pens are 
fractions of the values predicted 
from the fecal pellets collected dur- 
ing the 1963 range trials: dry matter 
is about 50%) lignin is 63 to 77% 
and cellulose is 74 to 79% of the 
predicted values. 

Discussion 
Data from the 9 feeding trials 

with mule deer and browse ma- 
terial indicate that there is a 
relationship between cellulose 
content and the digestible energy 
of a feed and that cellulose is 
relatively refractive to deer. 
Many more digestion trials with 
deer and various feeds will be 
required to accurately depict the 
relationship between g cellulose 
eaten and g cellulose excreted 
by deer. The comparison of 
clipped plant material from the 
range pen trials with the pre- 
dicted plant material values de- 
termined from the feeding trial 
data suggest that our relation- 
ships listed in Table 3 are only 
approximate. It is clear that 9 
feeding trials do not adequately 
express the feed-feces relation- 
ship and that 2 range trials do 
not completely indicate the use- 
fulness of the technique. 

A second factor influences the 

precision of using range fecal 
material to predict the amount 
of forage removed from within 
the range pens. The prediction 
equations developed from the 
feeding trial data do not quite 
fit the range-pen data. The pre- 
diction equations were calculated 
from consumed dry matter, 
lignin, and cellulose that varied 
between 1,133 to 12,126 g, 218 to 
2,335 g, and 223 to 2,502 g, re- 
spectively. The dry matter, lignin 
and cellulose consumption esti- 
mated from the clipped plant 
material in the range-pen study 
varied only between 1020 to 1033 
g, 289 to 325 g, and 344 to 358 g, 
respectively. Therefore we were 
applying data obtained from the 
range-pen experiments that were 
at the lower limits described by 
the prediction equations. This 
fact explains somewhat the wide 
confidence intervals around the 
predicted values of Table 5- 
confidence belts calculated for 
points along a regression line are 
narrowest near the mean and 
widest at the extremes. 

We feel that the measurement 
of fecal cellulose in deer pellets 
to estimate plant tissue eaten by 
deer can become a useful range 
technique. In many western 
areas where the effects of deer 
must be considered, the most 
obvious signs of deer presence 
are fecal pellets. Fecal-pellet 
groups are commonly used to 
estimate the number of deer ex- 
tant on a range. The collection 
of pellet groups for chemical 
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assay to estimate plant tissue 
eaten from range could use the 
same pellet groups counted in 
the pellet-group survey and 
therefore the same statistical 
programing and the same field 
work force. 

Vegetational surveys to deter- 
mine the vegetational cellulose, 
and vegetational dry matter in 
the deer’s diet must consider: 
(1) the relative abundance of 
individual plant species in the 
deer’s diet, and (2) the portion 
of the plant devoured by deer. 
This implies a knowledge of deer 
food habits within a particular 
study area. Frequently the plant 
dormancy period is when en- 
vironmental stress to deer as 
well as interest in quantity of 
forage eaten is greatest. For 
many woody species, at this 
time, growth, photosynthetic ac- 
tivity, and metabolism is slowed. 
Measurements of plant cellulose 
content during this period would 
seem to favor precision of the 
cellulose estimate. 

. 

Summary 

This paper investigates the use 
of deer fecal material to estimate 
plant tissue eaten from range. A 
series of 9 feeding trials with 
yearling mule deer and rations 
formulated from common browse 
species was completed. Limited 
cellulose and lignin digestion 
was noted and cellulose (but not 
lignin, dry matter or hemi-cellu- 
lose) content of the forage was 
inversely related to the digesti- 
ble energy of the forage ration. 
The relationship between cellu- 
lose eaten and cellulose excreted 
was less variable than were simi- 
lar relationships with lignin and 
dry matter content. 

Two range pen trials were 
undertaken to test the ability of 
fecal cellulose, lignin and dry 
matter to estimate forage con- 
sumed from within the range 
pens. Fecal cellulose appeared 
to be the most reliable marker 
by which to estimate range for- 
age consumed by deer. It seems 
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possible to design range surveys 
to estimate pellet group numbers 
and to collect pellet group sam- 
ples. Cellulose assay of pellet 
groups combined with a knowl- 
edge of deer food habits upon a 
particular range would seem to 
offer a potentially useful tech- 
nique to estimate forage utiliza- 
tion by deer. 
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Highlight 
Percentage botanical composition 

by weight can be estimated from 
composition determined with the, 
laboratory point method, if differ- 
ences among species, seasons of 
growth, and botanical composition 
are taken info account. 

Weight of herbage is an attri- 
bute of individual plants and 
plant communities that has been 
measured since the beginning of 
intensive pasture and range 
studies. Many procedural varia- 
tions in weight sampling have 
been suggested (Brown, 1954; 
U.S. Forest Service, 1958). While 
total herbage weight is fre- 
quently reported, percentage 
species composition on a weight 
basis is seldom given because 
hand separation is time consum- 
ing and, therefore, expensive. 
Pechanec and Pickford (1937) 
suggested weighing the whole 
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sample and estimating the parts. 
Although estimates can be cor- 
rected and the estimators trained 
by double sampling techniques 
(Wilm et al., 1944), ocular esti- 
mates have personal bias. 

Field point sampling of foliage 
and basal cover is frequently 
used to determine percentage 
species composition. Recently, 
laboratory point sampling has 
been employed to determine 
composition of forage samples 
taken from f istulated animals 
(Van Dyne and Torell, 1964). Re- 
ports are scarce of attempts to 
estimate percentage weight com- 
position with point sampling. 
Heady and Tore11 (1959) pre- 
sented graphs which suggested 
that field points, laboratory 
points, and weights by hand sep- 
aration gave similar species com- 
positions. Harker, et al. (1964) 
found that percentage species 
composition by the microscopic 
point method gave a satisfactory 
estimate of composition on a dry 
weight basis in controlled mix- 
tures of a coarse grass and sweet 
potato vines. 

Field time is more limited 
than laboratory time in many 

range investigations. Propor- 
tional species weights in the 
field and in animal diets have 
more meaning in certain studies 
than proportions based on cover. 
Therefore, techniques for rapid 
and accurate estimating of 
weight composition are needed. 

The purpose of this study was 
to develop and test equations 
which predict percent weight 
composition (Y) from percent 
point composition (X) . Several 
questions were examined in ana- 
lyzing point-weight relation- 
ships: (1) Is transformation of 
the variates necessary? (2) Are 
prediction equations adjusted 
through the origin superior to 
those not through the origin? 
(3) Are separate prediction 
equations needed for individual 
species or can they be grouped 
conveniently without losing pre- 
cision? (4) Can prediction equa- 
tions developed for immature 
plants be used for mature 
plants? (5) Does variation in 
vegetational composition affect 
the usefulness of prediction 
equations? 

Materials and Methods 

Vegetation. - The plant ma- 
terial analyzed came from four 
adjacent enclosures on the Hop- 
land Field Station in Mendocino 
County, California. Various de- 
grees of mulch removal and 
seeding in the enclosures re- 
sulted in vegetation with dif- 
ferent species composition 
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possible to design range surveys 
to estimate pellet group numbers 
and to collect pellet group sam- 
ples. Cellulose assay of pellet 
groups combined with a knowl- 
edge of deer food habits upon a 
particular range would seem to 
offer a potentially useful tech- 
nique to estimate forage utiliza- 
tion by deer. 
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Prediction of Weight Composition from 
Point Samples on Clipped Herbage’ 

HAROLD F. HEADY AND GEORGE M. VAN DYNE2 

Professor of Forestry (Range Management) and Re- 
search Nutritionist, University of California, Berkeley 
and Davis. 

Highlight 
Percentage botanical composition 

by weight can be estimated from 
composition determined with the, 
laboratory point method, if differ- 
ences among species, seasons of 
growth, and botanical composition 
are taken info account. 

Weight of herbage is an attri- 
bute of individual plants and 
plant communities that has been 
measured since the beginning of 
intensive pasture and range 
studies. Many procedural varia- 
tions in weight sampling have 
been suggested (Brown, 1954; 
U.S. Forest Service, 1958). While 
total herbage weight is fre- 
quently reported, percentage 
species composition on a weight 
basis is seldom given because 
hand separation is time consum- 
ing and, therefore, expensive. 
Pechanec and Pickford (1937) 
suggested weighing the whole 

1 Partial support from USDA West- 
ern Regional Research Project 
W-34 and NIH Grant FR-00009 is 
gratefully acknowledged. 

2 Present address: Radiation Ecology 
Section, Health Physics Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 

sample and estimating the parts. 
Although estimates can be cor- 
rected and the estimators trained 
by double sampling techniques 
(Wilm et al., 1944), ocular esti- 
mates have personal bias. 

Field point sampling of foliage 
and basal cover is frequently 
used to determine percentage 
species composition. Recently, 
laboratory point sampling has 
been employed to determine 
composition of forage samples 
taken from f istulated animals 
(Van Dyne and Torell, 1964). Re- 
ports are scarce of attempts to 
estimate percentage weight com- 
position with point sampling. 
Heady and Tore11 (1959) pre- 
sented graphs which suggested 
that field points, laboratory 
points, and weights by hand sep- 
aration gave similar species com- 
positions. Harker, et al. (1964) 
found that percentage species 
composition by the microscopic 
point method gave a satisfactory 
estimate of composition on a dry 
weight basis in controlled mix- 
tures of a coarse grass and sweet 
potato vines. 

Field time is more limited 
than laboratory time in many 

range investigations. Propor- 
tional species weights in the 
field and in animal diets have 
more meaning in certain studies 
than proportions based on cover. 
Therefore, techniques for rapid 
and accurate estimating of 
weight composition are needed. 

The purpose of this study was 
to develop and test equations 
which predict percent weight 
composition (Y) from percent 
point composition (X) . Several 
questions were examined in ana- 
lyzing point-weight relation- 
ships: (1) Is transformation of 
the variates necessary? (2) Are 
prediction equations adjusted 
through the origin superior to 
those not through the origin? 
(3) Are separate prediction 
equations needed for individual 
species or can they be grouped 
conveniently without losing pre- 
cision? (4) Can prediction equa- 
tions developed for immature 
plants be used for mature 
plants? (5) Does variation in 
vegetational composition affect 
the usefulness of prediction 
equations? 

Materials and Methods 

Vegetation. - The plant ma- 
terial analyzed came from four 
adjacent enclosures on the Hop- 
land Field Station in Mendocino 
County, California. Various de- 
grees of mulch removal and 
seeding in the enclosures re- 
sulted in vegetation with dif- 
ferent species composition 
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(Table 1). Full description of 
the treatments and results were 
discussed by Heady and Tore11 
(1959). The resident annual and 
soft chess enclosures were high- 
est in grass because mulch was 
left in place in the former and 
only partially removed in the 
latter. Soft chess (Bromus mollis 
L.) was seeded in the soft chess 
enclosure. Where all mulch was 
removed, broadleaf filaree 
(Erodium botrys Bertol.) was of 
greatest percent weight. Seeding 
bur clover (Medicago hispida 
Gaertn.) and removing part of 
the mulch resulted in vegetation 
with a large clover portion and 
the least filaree. Thus, the point- 
weight relationships in this 
paper were developed for mixed 
annual vegetation in which soft 
chess, filaree, and bur clover 
contributed 91 to 96 percent of 
the total weight. Wider varia- 
tions among these species than is 
shown in Table 1 occur in the 
California annual type between 
locations and between years 
(Heady, 1961). 

Sampling. -Ten plots each one 
ft3 were clipped in each enclosure 
on five dates in 1958: February 1, 
March 6, April 2, May 2, and July 8. 
These dates covered essentially the 
whole growing season in the annual 
grass type. The ten clipped samples 
for each date were composited and 
thoroughly mixed. From each com- 
posite sample, ten sub-samples were 
analyzed with 50 points that were 
taken with a binocular microscope 
technique described by Heady and 
Tore11 (1959) and illustrated by 

Table 1. Percentage botanical com- 
position by weight in four en- 
closures averaged for five sam- 
pling dates between February and 
July, 1959. 

All1 B. E. M. 
Enclosure gr. mol. bot. his. 

Resident 
annual 42 34 57 <l 

Soft chess 35 31 54 10 
Filaree 22 20 68 7 
Bur clover 29 26 34 37 

1 All gr. = all grasses; B. mol. = 
Bromus mollis; E. bot.=Erodium 
botrys; M. his.=Medicago hispida. 

The hypothesis that Y, = 0 when 
X1 = 0, i.e., that zero points equal 
zero weight, was accepted because 
~2 values were somewhat higher 
when the regression lines were ad- 
justed to pass through the origin 
(Table 3). In testing this hypothe- 
sis, the sample size was 538 for all 
grasses, 422 for all forbs, 136 for 
grasses in July, and 113 for forbs 
in July. The data contained 149 
items of Y, = >0 but X1 = 0 and 
18 items of Y, = 0 but X1 = >O. 
Over 70 percent of these values 
greater than zero were less than 2 
percent. They are small errors in 
double sampling that bias the results 
positively because neither percent 
points nor weights of less than zero 

Individual species varied widely 
in the ratio of weight to points and 
in the predictive equations (Figure 
1). The dotted lines, Y = X, repre- 
sents weight composition estimated 
by point composition on a 1: 1 ratio. 
Generally, all the forbs were above 
this ratio and all grasses below it. 
Full regression equations are shown 
in Figure 1, including the standard 
error of regression coefficient, stan- 
dard error of estimate, sample size 
(N) , and ~2 values. The heavy part 
of each regression line shows the 
mean percent points f three stan- 
dard deviations. 

. Soft chess composed 48 percent of 
the point composition in July over 
all plots and filaree 36 percent. The 
predictive equations for these two 
species on each of the five dates was 
approximately equal to the equa- 
tions for all grasses and for all forbs 
on the corresponding dates. For ex- 
ample, the average slope of the re- 
gression line for all grasses in July 
was 0.46 and all forbs 1.50. This 
suggests that forbs and grasses can 
be grouped separately if objectives 
permit. 

Table 2. Relafionship of percent weight (Y) fo percent points (X) with 
four types of transformations. 

Standard error 
Transformation Equation of estimate r2 .lOO 

qx+1, b3oy Y= 0.32+ 0.17X 0.16 83 
Arcsin (X+1), LogroY = 0.67+ 1.67X 0.18 77 -~ 
vx+1, Y =-9.96+ 5.91X 6.82 76 
Arcsin (X-l-l), Y = 1.25+60.8X 6.35 79 
X, Y = 1.21+ 0.66X 6.19 81 

Harker et al. (1964). Point analyses 
were made on fresh herbage as it 
came from the field in order to 
minimize shattering. Each subsample 
was hand separated into species, 
dried, and weighed. 

Resulis 
Equation Selection 

Several types of transformations 
were made to determine whether 
the regression lines were linear, 
curved, or unduly influenced by per- 
centages. Typical results are shown 
for grasses clipped in February with 
a sample size of 81 (Table 2). 

Arcsin transformations to correct 
for percentage distributions gave 
lesser ~2 values than those calculated 
from percentages. Square root and 
logarithmic transformations indicate 
that linear relationships exist be- 
tween percentage points and per- 
centage weight because the r2 values 
were only slightly larger or smaller 
than the coefficient when both X 
and Y were on a linear scale. On 
the other hand, the standard error 
of estimate of the linear regression 
line is somewhat larger than the 
others. Little is gained by these 
transformations so percentages as 
computed from original data were 
used. 

Table 3. The relationship (r2.100) 
between perceti points (X) and 
percent weight (Y) for equations 
through or noi through the origin. 

Not 
Through Through 

Data Group Origin Origin 

All grasses 85 92 
All forbs 88 95 
Grasses in July 89 93 
Forbs in July 86 92 

could occur. Adjusting the regres- 
sion lines to pass through the origin 
corrects for this bias. Between 92 
and 95 percent of the variation in 
percentage weight is accounted for 
in the variation of percentage points 
for equations through the origin 
(Table 3). 

Grasses and Forbs 
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FIGURE 1. Regression of percent weight on percent points 
for five species over all plots in July. Mean per- 
centage point composition is shown on each regression 
line. 

The equations for all grasses and 
forbs were developed from indi- 
vidual species data in each sample 
rather than on the sums of grasses 
and forbs in the samples. N would 
have been 200 in the latter calcula- 
tions. If equations were developed 
with sums, false confidence is ob- 
tained because sampling errors tend 
to be canceling and variance reduced 
in summation of percentages. 

Sets of 50 points were considered 
a sample in contrast to the usually 
reported 100 to 400 points. Relatively 
small standard errors indicate that 
cornpositing of material and sub- 
sampling can be used to reduce 
sample size if knowledge of field 
variation is not essential. 

The range in slope from 0.17. for 
little quaking grass (Briza minor L.) 
to 1.99 for bur clover is caused by 
difference in plant structure. Little 
quaking grass has a large open in- 
florescence with fine branches that 
weigh less per point than the other 
species. Ripgut (Bromus rigidus 
Roth.) is a coarser plant than soft 
chess. In July, after many forb 
leaves had shattered, the stems of 
bur clover weighed more per point 
than those of filaree. Examples of 
slopes or weight:point ratios for 
other species are 0.32 for nitgrass 
(Gastridium ventricosum (Govan) 
Schinz and Thell.), 0.48 for galium 
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FIGURE 2. Regression of percent weight on percent points 
for grasses and forbs at five periods during the grow- 
ing season. 

(Galium parisiense L.), and 1.00 for 
turkey mullein (Eremocarpus seti- 
gerus Benth.) . 

Stage of Mafurify 

Until approximately the first of 
April, plants in the California an- 
nual type are short with little stem 
material. Stem elongation occurs 
and flower parts emerge as soon as 
temperatures rise. In the year the 
samples were taken, plants were 
short during the first three sampling 
periods, approaching maturity at the 
May sampling, and over a month 
past maturity in July. Within grasses 
and forbs, slopes of the prediction 
equations for February, March, and 
April were essentially the same 
(Figure 2). In May, forbs weighed 
more per point and grasses less 
than earlier in the season. The trend 
continued in July. 

High predictive value of these 
equations is indicated by narrow 
confidence limits on the predicted 
percentage weights at the mean of 
percentage points (Table 4). At the 
extremes of low and high percent- 
age points the predictive values are 
less. The confidence limits for the 
different lines overlap at point per- 
centages below 6 to 13, indicating a 
minimum level where difference be- 

Data in Table 4 apply to the regres- 
sion lines in Figure 2. 

Predicted percentage weights were 
less for grasses than the percentage 
points and the reverse was true for 
forbs (Table 4). That is, grasses 
weigh less per point than do forbs, 
or assuming constant density of 
plant material, there is greater 
cross-sectional area per point for 

Table 4. Predicfed percent weighf 
(q), wifh confidence limifs (C.L.) 
af ihe 95% level, for all grasses 
and forbs af five dates, (a) c&u- 
la&l af fhe mean percentage point 
composifion (X5 Standard error) 
and (b) confidence limits af fhe 
mean point composifion + three 
standard deviations. 

(a) (b) 
P+_C.L. -I-C.L. %S.E. 

GRASSES 
Feb. 18kO.25 4.31 26k2.1 
March 1520.14 3.78 22k2.3 
April llkO.16 2.91 17-1-1.8 
May lleO.12 2.48 20+2.2 
July 8+0.08 1.88 17+1.9 

FORBS 
Feb. 33kO.31 5.63 26k2.3 
March 36kO.29 5.27 28+2.3 
April 3220.08 2.30 25k2.0 
May 3020.30 5.28 21k1.9 
July 23kO.32 6.15 15k1.7 tween months could be detected. 
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forbs than for grasses. These differ- 
ences were maintained through the 
growing season and became accen- 
tuated because more forb leaves 
shattered than grass leaves. 

The comparisons thus far made 
were on a basis of point sampling 
of clipped material with the binocu- 
lar microscope. Percentage foliage 
cover of grasses, on a basis of field 
point sampling, was lowest in March 
and highest in July (Table 5). 
Heights of the field hits were mea- 
sured with the apparatus described 
by Heady and Rader (1958). Aver- 
age height and average weight per 
square foot gradually increased until 
April, reached a peak in May after 
a short rapid growth period, and de- 
clined as the dry season progressed, 
agreeing with earlier findings (Rat- 
liff and Heady, 1962). 

Ratios of percentage weights to 
percentage points decreased more 
for grasses in the field than was 
shown in the laboratory sampling, 
although the two trends are similar. 
Percentage cover of grasses in- 
creased but percentage weight de- 
creased, thus accounting for the 
lower ratios. Forbs showed an in- 
crease in weight per point in the 
field over results in the laboratory. 
As relative forb cover decreased 
relative weight increased. 

As all plants grew taller, the 
weight per hit increased but at a 
lesser rate than the height, so the 
ratio of weight to height decreased. 

Grasses showed this relationship 
more than forbs. Even though 
grasses were always taller than the 
forbs, the latter were always heavier 
per point and became increasingly 
heavier with growth. Observations 
agree with the data in suggesting 
that stems and fruiting parts of the 
forbs increased in coarseness more 
than the same parts of grasses. Evi- 
dently the effect of shading on the 
forbs by grasses did not cause the 
forbs to lengthen and develop thin 
stems. 

Decrease in weight and height 
from May to July was due to normal 
shattering of leaves and inflores- 
cences and to the actions of small 
animals. The enclosures were un- 
grazed by livestock. Decrease in the 
ratio of weight to height in grasses 
and an increase in forbs from May 
to July is because of more weight 
loss in shattering of grasses than of 
forbs. This is probably because of 
the more complete shattering of in- 
florescences in the grasses. 

These data suggest that each hit 
has a certain weight value that is 
different for grasses and forbs. The 
values change through the growing 
season, especially during the periods 
of rapid growth and shattering after 
plant maturity. For equations to be 
most useful in predicting percent 
weight from percent points they 
should be developed from data on 
plants at the same stage of maturity 
to which they are to be applied. 

Table 5. Relative changes in mean cover, height, and weight of grasses and 
forbs through a growing season. 

- 
Weight Field” Lab 

Weight: 
Field Weight: Height Weight: 
hits Height Points (g/ft? Points 

Date (%)” (ft) (g/ft? (%I (%:%) f t) (%:%) 
GRASSES 
Feb. 35 .080 3.62 39 1.00 1.00 1.00 
March 32 .lOl 4.29 36 1.01 0.94 0.99 
April 34 .136 4.53 33 0.87 0.74 0.99 
May 35 .415 11.75 32 0.82 0.63 0.80 
July 42 .292 6.10 27 0.58 0.46 0.66 
FORBS 
Feb. 65 .050 5.55 61 1.00 1.00 1.00 
March 68 .076 7.74 64 1.00 0.92 1.00 
April 66 .108 9.17 67 1.08 0.76 1.01 
May 65 .310 25.22 68 1.12 0.73 1.12 
July 58 .188 16.61 73 1.34 0.80 1.18 

* All ratios are adjusted to those of February equalling 1.00. 
b Percentage field hits are based on 1600 points at each date. 

Species Composition 

As indicated earlier, the four en- 
closures had different species com- 
position at the time of sampling 
(Table 1). Averaged over all dates, 
ratios of percentage weight to per- 
centage points increase for both 
forbs and grasses as the proportion 
of grass in the stand increased (Fig- 
ure 3). The lowest weight per point 
occurred on the filaree plot and the 
highest on the resident annual plot. 
Forbs on the forb plots had thinner 
plant parts and less weight per point 
on the average than forbs on the 
grass plots. Conversely, grasses on 
the grass plots had more weight per 
point than grasses on the forb plots. 
These differences were not consis- 
tently significant above approxi- 
mately 20 percent composition, be- 
low which no significant differences 
were found. 

Change in plant form may be the 
result of more lower leaves dying in 
relatively pure grass stands. There- 
fore, the proportion of stems in the 
total herbage and the average 
weight per point would be greater 
than in mixed stands. Such an ex- 
planation fits the relationships of 
grasses in the plots but not the forbs. 
Forbs may react differently by 
prrowing taller with thinner stems. 
Whatever the cause, weight to point 
ratios change with differences in 
composition, but these changes are 
of less magnitude than those asso- 
ciated with stage of maturity and 
species. 

Summary 

Regression analyses show that 
nercentage botanical composition 
by weight can be estimated from 
composition determined with the 
laboratory point method. This 
conclusion is based on point 
sampling with a binocular micro- 
scope of clipped herbage and 
hand separation of the same ma- 
terial. 

Satisfactory results were ob- 
tained by analysis of the per- 
centage data, on a linear basis 
through the origin, without 
transformation of the variates. 

Individual grass species ex- 
hibited percentage weight to per- 
centage point ratios at maturity 
from 0.17 to 0.79 and forbs from 
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FIGURE 3. Change in ratio of percent weight to percent points for forbs and grasses 
from plots of different species composition. 

1.00 to 1.99. Prediction equations 
for all grasses combined and all 
forbs combined were similar to 
the equations for the dominant 
species of each group at each 
sampling period. 

Ratios of weight to points 
changed during the growing sea- 
son because of changing thick- 
ness of plant parts, shattering, 
and varying proportions of plant 
parts. With maturity, forbs be- 
came heavier and grasses lighter 
per point, whether measured in 

the field or laboratory. In the 
field grasses increased while 
forbs decreased in herbage cover 
and grasses increased in height 
more than forbs. Weight to 
height ratios decreased in both 
forbs and grasses but more so 
in the grasses. 

Regression of percent weight 
on percent points varied with 
species composition, although 
not as much as among species 
and through the growing season. 
Percentage weight composition 

can be estimated satisfactorily 
from laboratory point analysis, 
if differences among species, sea- 
sons of growth, and botanical 
composition are taken into ac- 
count. 
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TECHNICAL NOTES 

Low-Cost Constant-Temperature 
Water Bath 

HENRY A. PEARSON 
Range Scientist, Rocky Mountain 
Forest and Range Experiment Sta- 
tion,l Flagstaff, Arizona. 

Artificial rumen (in vitro) diges- 
tion techniques are becoming im- 
portant for determining the nutri- 
tive value of range forage. These 
techniques are used to evaluate di- 
gestibility of feeds for livestock. 
Although in vitro techniques are 
relatively new in range research, 
several recent articles have described 
their usefulness. For example, 
Wallace, Hubbert, and Raleigh 
(1963) reported in vitro cellulose 
digestibility values of crested wheat- 
grass. Van Dyne (1962) reviewed 
methods and presented results on 
variables that affect estimates of 
cellulose and dry-matter digest- 
ibility by artificial rumen systems. 
He found two requirements (Van 
Dyne 1963) of an artificial rumen 
system for range studies to be: (1) 
large capacity (many samples) and 
(2) simplicity and portability. 

In setting up facilities for in vitro 
digestibility determinations, a system 
for incubating microorganisms is 
essential. This paper describes a 
low-cost constant-temperature water 
bath used as an incubating system 
for determining in vitro digestibility 
of range forage. The materials used 
for construction of this system cost 
less than $65. 

Equipment necessary for the water 
bath includes a watertight container, 
a water heating element, a tempera- 
ture control unit, a water stirring 
device, and a digestion tube rack 
(Figure 1). The watertight container 
must be large and deep enough to 
contain many digestion tubes. The 
water bath described in this paper 

ICentral headquarters of the Rocky 
Mountain Forest and Range Experi- 
ment Station are maintained at Fort 
Collins in cooperation with Colo- 
rado State University. 

FIGURE 1. Equipment used in the water bath include $L to R) : a styrofoam and 
masonite digestion tube rack, a water circulating pump, a J-shaped thermostat 
tube, a U-shaped heating element, and a thermo-regulator relay box. 

was constructed from a soft-drink 
cooler box (Figure 2). The insula- 
tion of the box helped stabilize the 
temperature of the bath. The stain- 
less steel interior makes the bath 
durable. This system will accom- 
modate over 250 digestion tubes of 
lOO-ml capacity. 

The heating element was a l,OOO- 
watt, U-shaped, immersion-type 
water heater. A precision tempera- 
ture regulator was used to control 
the heating element. This unit con- 
sisted of a J-shaped Pyrex glass 
thermostat tube filled with mercury 
and a sensitive liquid, and a relay 
box. Although less precision is ac- 
ceptable for maintenance of the de- 
sired 38.5” C temperature, the unit 
used provides sensitivity of +0.02” C. 
To obtain temperature uniformity, 
the water was circulated with a 
small immersion-type water pump. 
An electric motor equipped with 
stirring paddles would serve the 
purpose equally as well. 
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The water bath was fitted with a 
floating digestion-tube rack made of 
l-inch-thick Styrofoam. Masonite 
was placed on the upper side of the 
Styrofoam to prevent damage when 

FIGURE 2. Constant-temperature water bath 
for artificial rumen (in vitro) digest- 
ibility studies of range forage. Inside 
dimensions of the water bath are 
37.5~21~10 inches. 
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inserting and removing the diges- 
tion tubes. Holes were cut through 
the masonite and Styrofoam for the 
digestion tubes. Flanges at the tops 
of the digestion tubes prevented 
their dropping completely through 
the digestion-tube rack. The desired 
water level around the digestion 
tubes was maintained with the float- 
ing rack, even when the water level 
in the bath was lowered because of 
evaporation. 
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A Further Note on Random 
Locations for Sample Units 

in Circular Plots1 

GEORGE M. VAN DYNE 
Radiation Ecology Section, Health 
Physics Division, Oak Ridge Na- 
tional Laboratory, Oak Ridge, Ten- 
nessee. 

Highlight 
This note presents radii for sample 

locations for eight different circular 
sampling areas with or without cen- 
fer areas restricted from sampling and 
briefly discusses fhe use of the sys- 
tem for locating plots, franseck, or 
plants in range and pasture studies. 

Random location of samples ,in 
field investigations is a costly effort, 
especially when sampling points 
need to be relocated repeatedly. 
Gaiser (1951) proposed a scheme 
using circular plots and polar co- 
ordinates for locating sample posi- 
tions. He presented a graph for use 
on .2 acre plots to correct for the 
fact that polar coordinates converge 
toward their origin. An equation for 
calculating radii for a circular sam- 

1 Research sponsored by the U.S. 
Atomic Energy Commission under 
contract with Union Carbide Cor- 
poration. 
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pling system requiring only one 
marker post for random location of 
study units was derived in an earlier 
note (Van Dyne, 1960). This note 
presents radii for sample locations 
for eight different circular sampling 
areas with or without center areas 
restricted from sampling. 

One hundred sampling points each 
representing an equal area are 
delineated by an annulus of ten 
rings of appropriate radii intersected 
by five diameters at 36” intervals 
(Figure 1). In investigations not in- 
volving grazing animals or in studies 
where the permanent center marker 
post or stake will not attract and 
cause concentration of animals, a 
center area restricted from sampling 
is wasteful of space, and the entire 
sampling area can be utilized (Fig- 
ure 1A). Contrastingly, in other 
situations the center of the study 
area should be restricted from 
sampling (Figure 1B). 

Sampling areas with maximum 
radii varying from 25 to 200 ft. are 
described in Table 1. For each sam- 
pling area a restricted center is 
calculated at 0, 10, and 20 percent 
of the maximum radius. Additional- 
ly, the square feet and acres of us- 
able area are given for each annulus 
of rings. The distances to sampling 
points representing circular seg- 
ments of equal area are given to the 
nearest 0.01 ft., but most linear and 
area measurements would apply 
equally well to metric units. 

Numbers 0, 1, 2, . . . 9 are used to 
designate the directions of 0, 36, 72, 
. . . 324”. Paired numbers are taken 

from a random numbers table to 
designate the direction (by the 
above scheme) and the distance (see 
Table 1) to a sampling point. 

The smaller sampling areas have 
been especially useful in dense vege- 
tation in pasture and ecological 
studies in the Southeast. The medi- 
um sampling areas were appropriate 
for investigations on annual and 
perennial foothill grasslands. The 
larger sampling areas are useful in 
studies on salt desert shrubs or other 
low-growing shrub types wherein 
distances from the center marker 
posts may be readily taped. 

Relocation of sampling points lo- 
cated by these techniques, and 
marked by iron pins driven to with- 
in less than one inch of the soil sur- 
face, has been surprisingly easy even 
though several years elapsed since 
original installation and different 
workers were involved. By fastening 
the end of his tape to a swivel 
attached to the center marker post 
and using a hand compass, one man 
can easily locate sample points with 
this method. 

Locating sampling points which 
will not be relocated does not re- 
quire a compass and tape. By taking 
an approximate bearing on the de- 
sired direction and by pacing in that 
direction for the desired distance, 
personal bias in the choice of loca- 
tion of sampling points is eliminated. 

This procedure is easier to use 
than that of Gaiser (1951). His pro- 
cedure requires: 1) drawing a 
3-digit random number in the range 
of 000 to 359 to give the direction, 

FIGURE 1. Sampling areas of equal maximum radius and each providing 100 points 
representing equal areas. The shaded area in B is restricted from sampling and 
has a radius 20 percent that of the maximum radius. 
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inserting and removing the diges- 
tion tubes. Holes were cut through 
the masonite and Styrofoam for the 
digestion tubes. Flanges at the tops 
of the digestion tubes prevented 
their dropping completely through 
the digestion-tube rack. The desired 
water level around the digestion 
tubes was maintained with the float- 
ing rack, even when the water level 
in the bath was lowered because of 
evaporation. 
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Table 1. Positions for 100 sampling points representing equal areas with maximum radii varying from 25 fo 200 ft. 
and restricted centers of 0, 10, and 20% of the maximum radii. 

Radius of 
Sampling Restricted Distances from center for random numbers Total Sampling 
Area Center 0 1 2 3 4 5 6 7 a 9 

Area 

ft %ofradius ---_______________ --ft--- -------___________ fF acres 
0 7.91 ll.la 13.69 15.81 17.68 19.36 20.92 22.36 23.72 25.00 1963 .0451 

25 10 a.25 11.48 13.85 15.93 17.77 19.43 20.96 22.39 23.73 25.00 1944 .0446 
20 9.22 12.04 14.32 16.28 la.03 19.62 21.10 22.47 23.77 25.00 la85 .0433 
0 15.81 22.36 27.39 31.62 35.36 41.83 

50 10 16.51 
44.72 47.43 50.00 

22.80 27.70 31.86 gii 
7854 .I803 

41.92 44.78 47.46 50.00 .1785 
20 la.44 24.08 28.64 32.56 

g;i 
. 39:24 42.19 44.94 47.54 50.00 ;;:z .1731 

0 23.72 33.54 41.08 47.43 53.03 58.09 67.08 71.15 75.00 17671 
75 10 24.76 34.21 41.56 Ez 53.30 58.29 z;z 

63:29 
67.17 

27.66 36.12 
71.19 75.00 17495 :kZ 

20 42.95 . 54.08 58.86 67.42 71.31 75.00 16965 .3895 
0 31.62 44.72 54.77 63.25 70.71 77.46 83.67 89.44 94.87 100.00 31416 .72u 

100 10 33.02 45.61 55.41 63.72 71.06 
36.88 

77.72 83.85 :;*g 94.92 100.00 
20 48.17 57-27 65.12 

31102 .7140 
72.11 78.49 84.38 . 95.08 100.00 30159 .6924 

0 39.53 55.90 
125 10 41.27 57.01 g;z 

60.21 71:59 
;;-z; ::*i; 

96.82 104.58 111.80 118.59 125.00 49087 1.1269 
104.81 

46.10 al:39 go:14 
97.15 111.94 118.65 125.00 48596 1.1156 

20 98.11 105.48 112.36 118.85 125.00 47124 1.0818 

0 47.43 67.08 82.16 
68.41 ;;*;8' s% 

116.19 125.50 134.16 142.30 150.00 
150 10 49.52 83.11 

70686 1.6227 
116.58 l-25.77 134.33 142.38 150.00 

20 55.32 72.25 85.91 97:67 10ab.7 117.73 126.57 134.83 142.62 150.00 
g:: 1.6065 

1.5578 
0 

;;.;; 
78.26 95.85 110.68 123.74 135.55 146.42 166.02 

175 10 
64:54 

79.81 96.96 
156.52 175.00 96211 

111.51 124.36 136.01 146.73 156.72 166.11 175.00 95249 z% . 
20 84.29 100.22 113.95 126.19 137.35 147.67 157.31 166.39 175.00 92363 2.1204 

0 
Z::; 

89.44 
200 10 91.21 %Z," 

126.49 141.42 154.92 167.33 178.89 189.74 200.00 IL25664 2.8848 

114:54 
127.44 142.13 155.43 167.69 179.11 189.84 200.00 

20 73.76 96.33 
124407 2.8560 

130.23 144.22 156.97 168.76 179.78 190.16 200.00 120637 2.7694 

2) drawing a 2-digit random num- 
ber (or larger) to give the uncor- 
rected distance, and 3) adjusting the 
distance by use of the graph correct- 
ing for convergence of polar co- 
ordinates. Separate graphs are re- 
quired for each plot size and the 
procedure does not easily allow for 

restriction from sampling of plot 
centers. Conversely, my procedure 
provides for only 100 sample loca- 
tions as compared to a much larger 
number provided for by Gaiser’s 
method. For practical field and sta- 
tistical purposes, however, 100 pos- 
sible locations are sufficient. 
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AIBS STYLE MANUAL FOR BIOLOGICAL JOURNALS 

Just one year ago the Journal of Range Manage- 
ment announced publication of the new Style Manual 
for Biological Journals, 2nd edition, 1964; 117 p., see J. 
Range Manage. 17:162, 1964. The book may be pur- 
chased for $3.00 from the American Institute of Bio- 
logical Sciences, at its new address: 3900 Wisconsin Ave., 
NW., Washington, D. C. 20016 

Every contributor and editor preparing material for 
the Journal should have a copy of this excellent writ- 
ing aid. More and more, it will be used as authority for 
form and style in the Journal, as indicated in the re- 
vised Information for Authors, page 108 of the March, 
1965 issue of the Journal. Here are a few quotes from 
the introductory pages of the Style Manual: 

“Learn to write effectively. . . . especially to readers, 
you owe accurate, clear, concise writing. You also owe 
brevity to the publishing journal, since costs are high 

and competition for space is keen. . . . 
“Lead the reader from a clear statement of your sub- 

ject and purpose, through the procedures and data, on 
to conclusions. . . . 

“The introduction should open with a succinct state- 
ment of the subject, should orient the report in its field, 
and should explain the purpose. . . . 

“Use words with precision, clarity and economy. 
Every sentence should be exact and as simple as pos- 
sible. Economy and accuracy require using the straight- 
forward English sentence with all parts showing: sub- 
ject, verb, and object. . . . 

“When you finish your first draft, study each sen- 
tence to see whether you can shorten or even omit it.” 

More tips on writing and rules for form and style 
from the Manual will be printed in future issues of the 
Journal. 
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Juniper (Juniperus spp.) and pin- 
yon (Pinus edulis Engelm.) have in- 
vaded former grasslands and thick- 
ened established stands on much of 
Arizona’s 14 million acres of pinyon- 
juniper type. These invasions and 
the growth of trees and unpalatable 
shrubs have reduced the quantity 
and quality of forage available for 
livestock, and increased the dif- 
ficulty and cost of handling animals. 
Also, suppression of palatable under- 
story browse species by overstory 
evergreens has reduced the forage 
supply for both game and livestock. 

Pinyon-juniper invasions of pro- 
tected grassland communities and 
the growth of established trees in- 
dicate their ability to dominate 
understory plants. Such invasions 
of grasslands, therefore, seem a 
natural process of plant succession. 
A series of studies by the Rocky 
Mountain Forest and Range Experi- 
ment Station on the pinyon-juniper 
type has shown how the ecology of 
trees and forage plants are related, 
and some of the steps that can be 
taken to reduce the tree stands.. 

Successional changes in vegetation 
between 1940 and 1953 were com- 
pared on protected and grazed plots. 
Trees and shrubs increased on both 
kinds of plots. Mid-grasses increased 
under protection and decreased 
under grazing. Forbs generally in- 
creased slightly under both protec- 

1 Forest Service, U.S. Department of 
Agriculture, with headquarters at 
Fort Collins, Colorado, in coopera- 
tion with Colorado State Univer- 
sity. 

tion and grazing, although some 
species showed minor losses on both 
types of plots. Blue grama (Bou- 
teloua gracilis (H.B.K.) Lag.), red 
three-awn (Aristida Zongiseta 
Steud.), and other short-grasses as 
well as ring muhly (Muhlenbergia 
torreyi (Kunth) Hitchc.) decreased 
more under protection than under 
grazing. Half-shrubs decreased 
under both grazing and protection. 
Broom snakeweed (Gutierrezia 
sarothrae (Pursh) Britt. & Rusby) 
was the predominant half-shrub 
species. 

The effect of pinyon and juniper 
trees on understory perennials was 
determined by a sequence of mea- 
surements taken on areas where 
tree cover ranged from scattered 
trees to almost complete cover. In 
general, understory plants decreased 
with increasing amounts of over- 
story trees. 

Pinyon and juniper reduce the 
production of understory grasses 
and forbs by suppressing their 
growth. Air-dry herbage yields 
ranged from about 600 pounds per 
acre on transects with no tree over- 
story to less than 100 pounds per 
acre on transects with 60 percent 
canopy intercept. Transects with 80 
percent or more canopy intercept 
produced less than 50 pounds per 
acre. 

Several methods of reducing pin- 

yon-juniper stands are widely used 
as range improvement practices. In- 
creases in forage production follow- 
ing juniper control often allow in- 
creases in livestock numbers, or 
prevent reductions in livestock num- 
bers which would result from de- 
creasing forage supplies. The herb- 
age increased from 200 to nearly 700 
pounds per acre on the sites studied. 
Several years are required to attain 
this increase. 

Cabling or chaining is an inexpen- 
sive means of uprooting dense stands 
of old pinyon and juniper trees, but 
followup treatments usually are 
needed. Bulldozing has been used 
extensively to uproot individual 
trees in stands unsuited to cabling 
and chaining. 

No chemical has yet been rec- 
ommended for general use in juniper 
control, although several can be 
used in particular situations. 

Although small-scale b r o ad c as t 
burning of live stands of pinyon- 
juniper under controlled conditions 
has been tried, more knowledge is 
needed before it can be recom- 
mended as a general practice. The 
largest part of the pinyon-juniper 
type is usually too open for fire to 
carry from one tree to another. In 
open stands, oil and propane burners 
can be used to kill individual trees. 

The burning of grassland com- 
munities to kill small, invading trees 
has been tried on a small scale. 
This method may be justified where 
there are many invading trees, but 
in scattered stands it is probably 
less costly to treat invading trees 
individually. 

Removal of large overstory trees 
results in an immediate release of 
the small pinyon and juniper if they 
are missed in the control operation. 
Shrubs and half-shrubs in the 
understory may also increase greatly. 
Short-grasses and most mid-grasses 
increase in response to juniper con- 
trol. Annuals increase the first year 
and reach a peak during the second 
growing season after the clearing. 
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After the second year, they decrease 
as they are displaced by perennials. 

A light layer of slash left by the 
clearing of open stands favors the 
reestablishment of grasses and forbs. 
In one study, light slash increased 
production by almost 100 pounds per 
acre in 1 year. 

Excessive slash combined with the 
release of small trees that were 
missed poses a serious problem on 
cabled areas. In slash-burning ex- 
periments conducted in three sea- 
sons, a burn in December removed 
the least slash and killed the fewest 
trees missed by cabling. An August 
burn removed the most slash and 
killed the most trees, while an April 
burn gave intermediate results. 
There was a 38-percent increase in 
grass production on the burned plots 
after 3 years. 

Cost comparisons for cabling, doz- 
ing, and clearing with hand axes 
show that cabling or chaining has 
been the least expensive control 
method. To obtain optimum benefits 
from cabling or chaining, followup 
treatments usually are necessary. 
This method is best for removing 
stands of large trees. Small trees 
can often be controlled more cheaply 
and efficiently by individual tree 
treatments. 

For details of the results see 
“The pinyon-juniper type of Ari- 
zona: Effects of grazing, fire, and 
tree control,” U. S. Dept. Agr. 
Prod. Res. Report No. 84, by 
Joseph F. Arnold, Donald A. 
Jameson, and Elbert H. Reid, 
September 1964. Copies can be 
obtained upon request from the 
Director, Rocky Mountain Forest 
and Range Experiment Station, 
221 Forestry Building, Colorado 
State Univ., Fort Collins, Colo- 
rado 80521. 
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MANAGEMENT NOTES 

A barbwire fence is a costly ne- 
cessity for the livestock producer. 
Knowledge of the factors that wear 
it out or destroy it would help to 
increase ranch profits. Among these 
are lightning and perhaps elec- 
trolysis. 

Over 60 miles of new 4-wire fence 
were built on the Southern Plains 
Experimental Range in 1941. Three 
“experimental treatments” for a 
study of the effects of electricity on 
barbwire were inadvertently created. 

The control “treatment” was made 
up of about 50 miles of standard 
4-wire fence with wooden posts 
spaced 20 ft. apart. No special pro- 
visions had been made to ground 
these interior, pasture-dividing 
fences. They were grounded to some 
extent by brace wires at the corners; 
and by brace posts and wires at in- 
tervals of one quarter mile. They 
were also grounded at irregular in- 
tervals in low spots by means of a 
galvanized wire fastened from a 
buried rock to each successive strand 
of barbwire (a “hold-down”). 

The second “treatment” had been 
created on about 10 miles of outside 
boundary fence by building fences 
similar to the interior ones except 
for installation of two twisted-wire 
stays on the barbwire between the 
posts. The stays, 40 inches long, usu- 
ally penetrated the ground a few 
inches. 
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The third “treatment” began in 
1948 when an electrical transmission 
line was built directly over one of 
two parallel fences of a mile-long 
lane. These fences, built in 1941, 
were 32 ft. apart. The transmission 
line that sheltered the fence below 
it from lightning may have affected 
the electrolysis phenomena. 

Resulfs 

By 1955, the galvanized coating 
was gone from the top strand of 
barbwire on most of the standard 
fences. The wire had rusted badly, 
had slackened in many places, and 
had lost much of its temper. The 
second wire from the top had partly 
rusted, and the third usually had a 
dull galvanized finish, but the bot- 
tom wire showed little sign of de- 
terioration. By contrast, all four 
wires on the boundary fence with 
stays, and on the lane fence under 
the transmission line, retained a 
solid galvanized coating and showed 
but little variability in deterioration. 

By 1963, the top wire on the stan- 
dard fence was severely rusted and 
pitted; and the lower wires showed 
much more deterioration than in 
1955 (Figure 1). All four wires on 
the boundary fence with stays still 
had their protective galvanized coat- 
ing (Figure 2). Although the same 
was true of all four wires of the lane 
fence protected from lightning by 

FIGURE 1. By 1963, the top wire on standard fences was rusted, 
temper. The second wire from the top was badly rusted but 
other two wires still retained some of their galvanized coating. 

pitted, and without 
not yet pitted. The 
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had slackened in many places, and 
had lost much of its temper. The 
second wire from the top had partly 
rusted, and the third usually had a 
dull galvanized finish, but the bot- 
tom wire showed little sign of de- 
terioration. By contrast, all four 
wires on the boundary fence with 
stays, and on the lane fence under 
the transmission line, retained a 
solid galvanized coating and showed 
but little variability in deterioration. 

By 1963, the top wire on the stan- 
dard fence was severely rusted and 
pitted; and the lower wires showed 
much more deterioration than in 
1955 (Figure 1). All four wires on 
the boundary fence with stays still 
had their protective galvanized coat- 
ing (Figure 2). Although the same 
was true of all four wires of the lane 
fence protected from lightning by 

FIGURE 1. By 1963, the top wire on standard fences was rusted, 
temper. The second wire from the top was badly rusted but 
other two wires still retained some of their galvanized coating. 

pitted, and without 
not yet pitted. The 
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FIGURE 2. By 1963, all wires on the fences grounded by twisted wire stays still retained 
their galvanized coating, and they showed but little deterioration. 

the transmission line, the unpro- able to substantiate our theory that 
tected parallel fence had deteriorated lightning caused much of the dam- 
badly. age. Galvanizing remained much 

This short note does not permit longer on all four wires of the stan- 
elaboration of all the evidence avail- dard fences for about 12 inches on 

either side of those wires used as 
hold-downs in the draws. Ap- 
parently, the wooden posts also acted 
as grounds to dissipate some elec- 
trical energy, since the galvanizing 
remained longer on all four wires 
for about 3 inches on either side of 
many posts. Sagebrush, forbs, and 
tall grass growing in the fence line 
apparently grounded the bottom 
wire effectively, but grounded each 
higher wire less effectively. This 
grounding effect was confirmed on 
numerous occasions by the presence 
of dead sage foliage along the fences. 

We conclude from these observa- 
tions that thorough grounding of 
barbwire fences is essential. We do 
not know the optimum spacing for 
the grounds, but believe it should 
be frequent. Hold-downs 100 yards 
apart did not prevent electrical de- 
terioration of the top wires on stan- 
dard fences. Until more is known, 
we suggest that twisted-wire stays 
be installed every 16 to 20 ft, or be- 
tween each two posts, in most fences 
in the West. These stays should 
make firm contact with the soil. 

Wire stays not only protect the 
fence wire and posts from electrical 
deterioration, but reduce livestock 
losses from lightning along the fence 
lines. They also make a sturdier 
fence that requires less maintenance. 

The Woodward Gate Latch 

C. G. ARMSTRONG AND 
E. H. MCILVAIN 

Agricultural research technician and 
research agronomist, Crops Research 
Division, Agricultural Research Ser- 
vice, U.S.D.A., U.S.’ Southern Great 
Plains Field Station, Woodward, Ok- 
lahoma. 

Stockmen have been seeking a 
sturdy, dependable, semi-automatic, 
low-cost gate latch for years. Aided 
by suggestions from fellow em- 
ployees and others, we developed 
the Woodward Gate Latch to meet 
this need. Modification and testing 
during the past 12 years resulted 
in the present simple, reliable latch, 
an improvement over the earlier, 
bulky, complicated models. 

FIGURE 1. The Woodward Gate Latch, left, assembled, and right, unassembled, to show 
the simple parts and construction details. (Photo by L. F. Locke) 

Construction is both rapid and hour of shop labor. Materials cost 
simple, requiring less than one man about eighty-five cents per latch. 
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The body of the latch is an 8-inch 
piece of 3- by 3- by G-inch angle 
iron (item No. 1 in Figure 1). Four 
holes, 9/16 inch in diameter, are 
drilled in the upright side of the 
angle iron. The middle holes are 
used to bolt the latch to a post. The 
outside holes are for 3-inch hinge 
rods made from 9/16-inch cold- 
rolled steel. The hinge rods are 
placed through the holes and welded 
on the back. For the hinged levers, 
two rectangular holes are then cut 
in the base of the angle iron; and the 
ends of the base are curved down- 
ward. 

Each hinged lever (items No. 2 
and 3, Figure 1) is made from a 
3% -inch piece of l- by Y’S -inch strap 
iron welded to the outside and near 
the end of a 2%-inch piece of G-inch 
pipe (o.d. 7/s inch). The curved 
handles on the hinged levers are 
made from G-inch mild rod, so that 
the lower part of the lever will be 
much heavier than the handle. The 
gate is released by pressing down 
on the handle. 

The keeper bar (item No. 4 in 
Figure 1) is made from an 8-inch 
piece of l- by %-inch strap iron. A 
2-inch piece of %- by %- by S-inch 

angle iron is welded to the inside, 
and even with the top edge of the 
keeper bar, to serve as a striker 
plate for the hinged levers. 

A “half latch” for gates that open 
in only one direction can be made 
in a similar manner. 

A short piece of %-inch pipe, 
fastened to a gate, makes a very 
good latch bar. When the latch bar 
is properly adjusted, the gate can- 
not be rubbed open by cattle or 
blown open by wind. The latch bar 
can also be adjusted to rest on the 
base of the latch to help support the 
weight of a heavy gate. 

BOOK REVIEWS 

Public Relations In Natural 
Resources Management. 

By Douglas L. Gilbert. Burgess 
Publishing Co., Minneapolis, 
Minnesota. 227 pages. 1964. $4.50. 

Everyone involved in manage- 
ment of natural resources, whether 
an individual or agency, portrays an 
image to those with whom they 
come in contact. This image re- 
flected to the various audiences be- 
comes the public relations of that 
individual or agency. As stated by 
the author, “We have public rela- 
tions going all the time; the question 
is whether these public relations are 
good or bad?” 

The author has pulled together a 
considerable amount of information 
on various phases of public rela- 
tions. He covers such topics as 
(1) history of public relations, 
(2) principles of public relations 
(3) principles of communications, 
(4) publics in natural resource man- 
agement, and (5) suggestions and 
techniques for improving public re- 
lations in natural resource manage- 
ment. In covering these topics, the 
author has attempted to show the 
relationship of these various facets 
of public relations to the manage- 
ment of natural resources. 

Most of the material appears 
sound from the public relations 

standpoint. Certainly nearly every- 
one involved in the management of 
our natural resources could benefit 
by a higher degree of training and 
competency in this area. A study 
of this text could well furnish the 
basis for some thinking on the part 
of agencies and individuals alike. 

It would appear from the text 
that a prime lesson of public rela- 
tions would be to not offend or 
alienate those with whom we are 
attempting to communicate. I won- 
der if the author has committed 
that very “sin” when on page 68 
in referring to the idea of remunera- 
tion to the land owner for produc- 
ing wildlife he states, “The farmer 
or rancher should view the game as 
ano,ther crop, and in many instances 
the game is there in spite of the land 
owner not because of him”. I am 
unsure as to the author’s precise in- 
tentions in making this statement, 
however, it would seem to me that 
many land owners may interpret 
this as further evidence that sports- 
men and game managers assume 
that it is a land owner responsibility 
to furnish food and habitat for wild- 
life so they may be available for 
public consumption. 

In another section on page 55, the 
author may have unintentionally 
alienated another group upon which 
much depends if management of our 
natural resources is to advance. 

When speaking of the researcher he 
states, “The researcher in a natural 
resource agency seems to present a 
common headache to the agency. 
He is a specialist and is trained to do 
a certain job. He often seems to 
lack conception of the importance 
of other happenings and positions. 
Many lack patience when their find- 
ings aren’t immediately used (nor 
should they be completely ignored) “. 
This seems to me to be another in- 
stance where the non-researcher has 
fallen into the common trap of plac- 
ing all the research people into a 
common mold. In so doing, he has 
attempted to portray the researcher 
as the long-haired, queer acting, 
scientist who goes about his busi- 
ness with little concern or regard 
for things or persons about him. 
This may be so in some individual 
instances, however, scientists with 
whom I’ve been associated in my 
work as a researcher and Extension 
specialist as a group have been 
observed to be extremely aware and 
concerned about what was going on 
about them, and especially interested 
in how their research fit into the 
overall picture of the subject matter 
area in which they were working. 
Many scientists and researchers are 
completely capable of doing as good 
or better job of presenting their 
work in a palatable form, to those 
who must use it, as others who play 
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their role in Extension or public re- 
lations. 

The author quotes from another 
publication, Pengelly (1959)) and 
asks why we intrust the selling of 
new information to “disinterested 
amateurs”, meaning researchers. If 
this is the author’s appraisal of re- 
searchers, I would suggest that his 
association and understanding of re- 
searchers in the field of natural 
resource management is somewhat 
limited. 

Another area where it appears the 
author may have committed a car- 
dinal sin is where he expresses his 
attitude toward an audience to 
which he may be speaking. He makes 
reference to the necessity for 
casualness and calmness in the 
speaker and then goes on to say, “A 
helpful method I have used to re- 
tain confidence is to remind myself 
that I must know more than the 
audience or I would be listening 
rather than talking.” While this may 
be so in some instances, I think it 
would be well for the author to re- 
member the old adage, “You can 
fool some of the people all of the 
time, and all of the people some of 
the time, but you can’t fool all of 
the people all of the time”. It might 
also be well for him to realize that 
none of us are so well versed even 
in our own field that we cannot 
learn something from almost any- 
body else. 

It would seem that while the 
author has developed many of the 
basic factors involved in public re- 
lations, he has committed a serious 
offense in attempting to make his 
points. 

It is difficult to see how the book 
could have been entitled Public Re- 
lations in Natural Resources Man- 
agement as the author draws his ex- 
amples and experiences from only a 
very narrow facet of resource man- 
agement, wildlife. His portrayed 
knowledge and understanding of the 
other facets of natural resource ap- 
pears limited. 

Despite these obvious shortcom- 
ings, there is much in the text in 
the way of practices and principles 
of public relations that would be 
of real value to all of us working 
in any phase of natural resource 
management.-DiZZard H. Gates, 
Range Management Specialist, Ore- 
gon State University, Corvallis. 

BOOK REVIEWS 

A SECOND REVIEW-This book 
calls for thoughtful reading and 
critical interpretation. Several major 
conclusions could involve very 
serious questions as to the future 
of our political and social institu- 
tions. 

There is a question to what extent 
books of this kind should be pub- 
lished for a limited field. In general, 
the principles of public relations, 
like communication or administra- 
tion, are the same, although applica- 
tion may vary, whether for public 
or private, civilian or military or- 
ganization. However, there is def- 
inite advantage in bringing out their 
application to a relatively specialized 
field and using examples and illus- 
trations from that field. If for no 
other reason, it probably makes a 
discussion of principles more 
palatable to students and trainees. 
In this particular case, virtually all 
of the text and illustrations relate 
to wildlife, so that “Wildlife” might 
well be subsituted for “Natural Re- 
sources” in the title. 

The longest chapter, “Suggestions 
and Techniques for Improving Pub- 
lic Relations in Natural Resource 
Management” covers 77 out of the 
total 180 pages of text. The discus- 
sion of various communication media 
is generally good and should be very 
helpful to anybody with public re- 
lations responsibilities, which after 
all includes almost all of us. The 
only question that might be raised 
is whether it is so oriented toward 
the “how-to” approach as to be 
more appropriate to a training 
manual than to a college text. 

The final chapter, headed “Sum- 
mary”, is so largely repetitive as to 
suggest a question whether it is 
necessary to devote 13 pages to it 
or whether it is to some extent 
“filler”. 

The statement that there are nu- 
merous publics, not any single public, 
certainly has validity as far as edu- 
cational or publicity approaches are 
concerned. It is gratifying that the 
author included the general public, 
even though it receives much less 
attention than harvesters. And the 
implication that others than hunters 
and fishermen “harvest”, that is, 
enjoy or are concerned with wild- 
life, is so faint as to be almost in- 
discernible to the average reader. 
The great body of citizens in general 
deserves the most consideration. Ad- 

mittedly, it is less articulate, and 
possibly less time need be devoted 
to it for this reason. 

The inclusion of administrators 
and employees as internal publics 
raises questions as to who is con- 
vincing whom. Communication is 
essential in any human organization, 
but a smattering of personnel ad- 
ministration is not public relations. 
It is difficult to see how an organiza- 
tion can begin to sell a policy or 
project until it has been approved 
specifically or in general by the 
administrators. 

The most serious questions center 
about use of the terms “human man- 
agement” and “propaganda”. These 
terms are not objectionable in them- 
selves and may have different mean- 
ings to different people. But propa- 
ganda has come to have an un- 
pleasant meaning from its use in 
two World Wars and the cold war, 
also the techniques used by the 
author to illustrate this term are 
patently dishonest. To state, as the 
author does, that propaganda is 
justified if the proposal is biologi- 
cally sound and because opponents 
will use it is of course the same as 
saying that the end justifies the 
means and that two wrongs make a 
right. If this standard is to be 
adopted by federal and state agen- 
cies in the expenditure of public 
funds, every citizen has a right to 
feel apprehensive over the future 
of our democratic way of life. 

Closely related to propaganda is 
human management. While skilled 
business management calls for some 
of man’s best qualities, people cer- 
tainly cannot be managed as re- 
sources are. Education is fine and 
very necessary. But the resource 
manager holds his job basically to 
give the people what they want, not 
to tell them what they should have. 
As this was being written, Federal 
Housing Administrator Weaver 
made the same statement in a radio 
interview, using planners in place 
of resource managers. Of course, 
this does not mean giving every de- 
manding, destructive or dirty visitor 
what he wants, but, without support 
even a mandate, from the majority 
of people, the manager, if he can 
function at all, can only be imposing 
what he feels to be desirable. 

The conclusions presented here 
were not intended by the author. 
In the chapter “Principles of Public 



Relations”, he states, “Honesty and 
truth in deed and statement are 
necessary for good public relations.” 
For this and for calling attention to 
the importance of public relations 
to a resource management agency, 
he is certainly to be commended.- 
A. G. Randall, University of Maine, 
Orono. 

NEW PUBLICATIONS 
WORLD PROSPECTS FOR NAT- 
URAL RESOURCES - The subtitle 
is “Some projections of demand and 
indications of supply to the year 
2000”. Authors Joseph L. Fisher and 
Neal Potter conclude that the pic- 
ture is mixed for world trends in 
resources-very favorable for energy 
commodities, much less so for food. 
“ . . . much will depend on the rate 
at which technological advances al- 
ready proven can be broadly ap- 

BOOK REVIEWS 

plied, and on keeping open channels 
of world trade.” This is a paperback 
in the series by Resources for the 
Future, Inc., distributed by the 
Johns Hopkins Press, Baltimore, Md. 
It has 75 pages and sells for $1.50. 
1964. 

ECONOMIC DEMAND FOR IRRI- 
GATED ACREAGE -New Metho- 
dology and Some Preliminary Pro- 
jections, 1954-1980. Another book 
from Resources for the Future, Inc. 
By Vernon W. Ruttan, agricultural 
economist at Purdue. The book has 
144 pages, is published by Johns 
Hopkins Press at Baltimore, to be re- 
leased in May, 1965, and sells for 
$4.00. 

AGRICULTURAL RESOURCES 
FOR TOMORROW - Published in 
1963, so it is not new, except to the 
Journal editor. This is 43 pages of 
explanation about ARDA or activi- 
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ties and plans under the Agricultural 
Rehabilitation and Development Act, 
a cooperative venture between the 
federal government and the prov- 
inces of Canada. Written by Fraser 
Symington, published by the Cana- 
dian Federation of Agriculture, 
available from the Canada Depart- 
ment of Agriculture in Ottawa. 

AUXILIARY PUBLICATIONS 
PROGRAM - Provides a public de- 
pository in Library of Congress for 
data, photographs, charts, maps, 
mathematical derivations, experi- 
mental details, appendices, bibliog- 
raphies and translations, usually 
too long or too complicated for pub- 
lication in a scientific journal with 
an article. Material may be sub- 
mitted only by a scientific editor 
with forms and $2.00 fee. Available 
later on microfilm. Any takers? R. 
S. Campbell, Editor. 
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(4):258-262. Dec., 1964. (Inst. of 
Agr., Univ. of Western Australia, 
Nedlands) 

Hall, E. A. A., R. L. Spechf and C. M. 
Eardley. Regeneration of the vege- 
tation on Koonamore Vegetation 
Reserve, 1926-1962. Austral. Jour. 
Bot. 12(2):187-198. Dec., 1964. 
(Dept. of Botany, Univ. of Ade- 
laide, Adelaide, Australia) 

Klages, M. G. and D. E. Ryerson. 
Effect of nitrogen and irrigation 
on yield and botanical composition 
of western Montana range. Agron. 

Jour. 57(1):78-81. Jan.-Feb., 1965. 
(Agr. Expt. Sta., Montana State 
Univ., Bozeman) 

Lamberf, D. A. The effect of level of 
nitrogen and cutting treatment on 
leaf area in swards of S48 timothy 
(Phleum pratense L.) and S215 
meadow fescue (Festuca pratensis 
L.). Jour. Brit. Grassland Sot. 19- 
(4) :396-402. Dec., 1964. (Grassland 
Research Inst., Hurley, Berkshire) 

Lewis, Clifford E. Forage response to 
month of burning. U. S. Forest 
Serv. Res. No,te SE-35, 4 pp. Oct., 
1964. (Southeastern Forest Expt. 
Sta., USDA, Asheville, N. C.) 

McCracken, W. and R. Tegner. Water 
management for more beef. West. 
Livestock Jour. 43 (15) :l O-l 2, 16. 
Feb., 1965. (SCS, USDA, Portland, 
Oreg.) 

Penfound, William T. Effects of 
denudations on the productivity of 
grassland. Ecology 45 (4) 1838-845. 
Autumn, 1964. (Dept. of Botany 
and Microbiology, Univ. of Okla- 
homa, Norman) 

Ruane, J. B. and T. F. Raffery. An 
investigation into the merits of 
intensive rotational grazing. Jour. 
Brit. Grassland Sot. 19 (4) :376-380. 
Dec., 1964. (Faculty of Agr., Uni- 
versity College, Dublin) 



Relations”, he states, “Honesty and 
truth in deed and statement are 
necessary for good public relations.” 
For this and for calling attention to 
the importance of public relations 
to a resource management agency, 
he is certainly to be commended.- 
A. G. Randall, University of Maine, 
Orono. 

NEW PUBLICATIONS 
WORLD PROSPECTS FOR NAT- 
URAL RESOURCES - The subtitle 
is “Some projections of demand and 
indications of supply to the year 
2000”. Authors Joseph L. Fisher and 
Neal Potter conclude that the pic- 
ture is mixed for world trends in 
resources-very favorable for energy 
commodities, much less so for food. 
“ . . . much will depend on the rate 
at which technological advances al- 
ready proven can be broadly ap- 

BOOK REVIEWS 

plied, and on keeping open channels 
of world trade.” This is a paperback 
in the series by Resources for the 
Future, Inc., distributed by the 
Johns Hopkins Press, Baltimore, Md. 
It has 75 pages and sells for $1.50. 
1964. 

ECONOMIC DEMAND FOR IRRI- 
GATED ACREAGE -New Metho- 
dology and Some Preliminary Pro- 
jections, 1954-1980. Another book 
from Resources for the Future, Inc. 
By Vernon W. Ruttan, agricultural 
economist at Purdue. The book has 
144 pages, is published by Johns 
Hopkins Press at Baltimore, to be re- 
leased in May, 1965, and sells for 
$4.00. 

AGRICULTURAL RESOURCES 
FOR TOMORROW - Published in 
1963, so it is not new, except to the 
Journal editor. This is 43 pages of 
explanation about ARDA or activi- 

157 

ties and plans under the Agricultural 
Rehabilitation and Development Act, 
a cooperative venture between the 
federal government and the prov- 
inces of Canada. Written by Fraser 
Symington, published by the Cana- 
dian Federation of Agriculture, 
available from the Canada Depart- 
ment of Agriculture in Ottawa. 

AUXILIARY PUBLICATIONS 
PROGRAM - Provides a public de- 
pository in Library of Congress for 
data, photographs, charts, maps, 
mathematical derivations, experi- 
mental details, appendices, bibliog- 
raphies and translations, usually 
too long or too complicated for pub- 
lication in a scientific journal with 
an article. Material may be sub- 
mitted only by a scientific editor 
with forms and $2.00 fee. Available 
later on microfilm. Any takers? R. 
S. Campbell, Editor. 

CURRENT LITERATURE 
Edited by’ Meredith Morris, Charles Terwilliger, Jr., and Graduate Student-Faculty Seminar mem- 
bers, Range Management Department, Colorado State University, Fort Collins, Colorado. 

RANGE AND PASTURE 
MANAGEMENT 

Bailey, D. R. Effect of 2,4-D on some 
tropical pasture legumes. Queens- 
land Jour. Agr. Sci. 21(1):125-128. 
Mar., 1964. (Queensland Dept. of 
Primary Industries, Brisbane, Aus- 
tralia) 

Banfield, G. L. Insecticides which 
may be used on pasture and crop 
pests. New Zeal. Jour. Agr. 109- 
(6):495-499. Dec., 1964. (Dept. of 
Agr., Hamilton, New Zealand) 

Behrens, R. W. The physical and 
chemical properties of surfactants 
and their effects on formulated 
herbicides. Weeds 12 (4) ~255-258. 
Oct., 1964. (Atlas Chemical Indus- 
tries, Inc., Wilmington, Delaware) 

Bishop, A. H. Wool production in the 
high rainfall zone-A review of 
the industry’s response to the pas- 
ture revolution. Austral. Inst. Agr. 
Sci. 30(4):219-231. Dec., 1964. 
(Pastoral Research Sta., Dept. of 
Agr., Hamilton, Victoria, Australia) 

Cable, Dwight R. and S. Clark Mar- 
iin. Forage production and stock- 
ing rates on southern Arizona 
ranges can be improved. U. S. 
Forest Serv. Res. Note RM-30, 
11 pp. Oct., 1964. (Rocky Mountain 
Forest & Range Expt. Sta., Colo. 

State Univ., Ft. Collins) 
Carlson, Irving T. Effects of row 

spacing and fertilizer treatment on 
seed yield and related traits of 
Sterling orchardgrass. Agron. Jour. 
56(6) :565-569. Nov. Dec., 1964. 
(Dept. of Agron. Iowa State Univ., 
Ames) 

Cummins D. G., J. P. Newton, and 
J. P. Craigmile. Effects of seeding 
date on seasonal production and 
quality of temporary winter graz- 
ing crops. Crop Sci. 4(6) 1571-573. 
Nov.-Dec., 1964. (Georgia Expt. 
Sta., Experiment) 

Gladsfones, J. S. and R. A. Barrebf- 
Lennard. Serradella-A promising 
pasture legume in western Aus- 
tralia. Austral. Inst. Agr. Sci. 30- 
(4):258-262. Dec., 1964. (Inst. of 
Agr., Univ. of Western Australia, 
Nedlands) 

Hall, E. A. A., R. L. Spechf and C. M. 
Eardley. Regeneration of the vege- 
tation on Koonamore Vegetation 
Reserve, 1926-1962. Austral. Jour. 
Bot. 12(2):187-198. Dec., 1964. 
(Dept. of Botany, Univ. of Ade- 
laide, Adelaide, Australia) 

Klages, M. G. and D. E. Ryerson. 
Effect of nitrogen and irrigation 
on yield and botanical composition 
of western Montana range. Agron. 

Jour. 57(1):78-81. Jan.-Feb., 1965. 
(Agr. Expt. Sta., Montana State 
Univ., Bozeman) 

Lamberf, D. A. The effect of level of 
nitrogen and cutting treatment on 
leaf area in swards of S48 timothy 
(Phleum pratense L.) and S215 
meadow fescue (Festuca pratensis 
L.). Jour. Brit. Grassland Sot. 19- 
(4) :396-402. Dec., 1964. (Grassland 
Research Inst., Hurley, Berkshire) 

Lewis, Clifford E. Forage response to 
month of burning. U. S. Forest 
Serv. Res. No,te SE-35, 4 pp. Oct., 
1964. (Southeastern Forest Expt. 
Sta., USDA, Asheville, N. C.) 

McCracken, W. and R. Tegner. Water 
management for more beef. West. 
Livestock Jour. 43 (15) :l O-l 2, 16. 
Feb., 1965. (SCS, USDA, Portland, 
Oreg.) 

Penfound, William T. Effects of 
denudations on the productivity of 
grassland. Ecology 45 (4) 1838-845. 
Autumn, 1964. (Dept. of Botany 
and Microbiology, Univ. of Okla- 
homa, Norman) 

Ruane, J. B. and T. F. Raffery. An 
investigation into the merits of 
intensive rotational grazing. Jour. 
Brit. Grassland Sot. 19 (4) :376-380. 
Dec., 1964. (Faculty of Agr., Uni- 
versity College, Dublin) 
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Schroeder, Harley. He’s building 
drought-resistance into his land. 
West. Livestock Jour. 43 (4) :41-42. 
Dec., 1964. (SCS, USDA, Burling- 
ton, Colo. 

Smith. A. J. Potash + high stocking 
pays. New Zeal. Jour. Agr. 109- 
(5):378-384. Nov., 1964. (Dept. of 
Agr., Hawera, New Zealand) 

Sfoddarf, J. L. An assessment of (Z- 
chloroethyl) trimethyl-ammonium 
chloride as a potential aid to grass- 
seed production. Jour. Brit. Grass- 
land Sot. 19 (4):373-375. Dec., 1964. 
(Welsh Plant Breeding Sta., 
Aberystwyth) 

Vengris. Jonas. Use of grass killing 
herbicides in establishing grass- 
legume mixtures. Agron. Jour. 57- 
(1) :59-61. Jun.-Feb., 1965. (Dept. 
of Plant & Soil Sciences, Univ. of 
Massachusetts, Amherst) 

Watson, K. A. and P. R. Goldsworfhy. 
Soil-fertility investigations in the 
middle belt of Nigeria. Empire 
Jour. Expt. Agr. 32 (128) :290-302. 
Oct., 1964. (Inst. for Agr. Research, 
Samaru, Northern Nigeria) 

Wilkinson, Bruce. Colorado cowman 
“turns the tables” on adversity. 
West. Livestock Jour. 42 (63) :31-33. 
Nov., 1964. 

Wilkinson, Bruce M. Hothouse pas- 
tures. West. Livestock Jour. 42- 
(63) :24, 26, 28. Nov., 1964. 

Wilkinson, P. R. Pasture spelling as 
a control measure for cattle ticks 
in southern Queensland. Austral. 
Jour. Agr. Res. 15 (5) :822-840. Sept. 
1964. (Div. of Entomology, CSIRO, 
Yeerongpilly, Brisbane, Australia) 

RANGE AND LIVESTOCK 
ECONOMICS 

Carlsberg, A. W. Is your land too 
valuable? West. Livestock Jour. 
43(10):135-136, 139. Jan., 1965. 
(Rammco Investment Corp., Studio 
City, Calif.) 

Carlsberg. A. W. Is your land too 
valuable? West. Livestock Jour. 
43(15) :24, 26-29. Feb., 1965. (Ram- 
mco Investment Corp., Studio City, 
Calif .) 

Ibach. D. B. and W. E. Adams. An 
economic analysis of fertility ex- 
periments with coastal and com- 
mon bermudagrass. (Cynodon 
dactylon (L.) Pers.). Agron. Jour. 
57(l) :15-20. Jan.-Feb., 1965. (Farm 
Prod. Economics Div., Economics 
Research Serv., USDA, Washing- 
ton, D. C. 

Lesperance. A. L., V. R. Bohman and 
C. R. Torell. Which route to the 
feedlot? West. Livestock Jour. 42- 
(63) :29-30. Nov., 1964. (Dept. of 
Animal Sci., Univ. of Nevada, 
Reno) 

RANGE ECOLOGY AND PLANT 
CLASSIFICATION 

Ayyad, M. A. G. and R. L. Dix. An 
analysis of vegetation-microenvi- 
ronmental complex on prairie 
slopes in Saskatchewan. Ecol. 
Monog. 34(4):421-442. Autumn, 
1964. (Dept. of Plant Ecology, Univ. 
of Saskatchewan, Saskatoon) 

Cruise, James E. Biosystematic 
studies of three species in the 
genus Liatris. Canad. Jour. Bot. 
42 (10) 11445-l 455. Oct., 1964. (Dept. 
of Botany, Univ. of Toronto, To- 
ronto, Ontario) 

Hall, E. A., R. L. Spechf and C. M. 
Eardley. Regeneration of the vege- 
tation on Koonamore Vegetation 
Reserve. Austral. Jour. Bot. 12- 
(2) :205-264. 1964. 

Lewis, Robert F. and Norman V. 
Rofhwell. Implications of nucleolar 
differences in the root epidermis 
among several grass species. Amer. 
Jour. Bot. 51(10) :1107-l 113. Nov.- 
Dec., 1964. (Biology Dept., Long 
Island Univ. Brooklyn, N.Y.) 

McMillan, Calvin. Ecotypic differen- 
tiation within four North Ameri- 
can prairie grasses. 1. Morphologi- 
cal variation within transplanted 
community fractions. Amer. Jour. 
Bot. 51(10):1119-1128. Nov.-Dec., 
1964. (Dept. of Botany, Univ. of 
Texas, Austin) 

Sauer, Jonathan and Gwendolyn 
Sfruik. A Ipossible ecological rela- 
tionship between disturbance, 
light-flash, and seed germination. 
Ecology 45(4) :884-886. Autumn, 
1964. (Dept. of Botany, Univ. of 
Wisconsin, Madison) 

PLANT PHYSIOLOGY AND 
GENETICS 

Anonymous. Development of new 
pasture species and varieties. New 
Zeal. Jour. Agr. 109 (6) :517-519, 
Dec., 1964. (Grasslands Div., Dept. 
of Sci. and Indust. Research, Pal- 
merston North, New Zealand) 

Beard, James B. Effects of ice, snow 
and water covers on Kentucky 
bluegrass, annual bluegrass and 
creeping bentgrass. Crop Sci. 4- 
(6):638-640. Nov.-Dec.,1964. (Dept. 
of Crop Sci., Michigan State Univ., 
East Lansing) 

Begg. John E. and Madison J. Wright. 
Relative effectiveness of top and 
basal leaves for the growth of 
vegetative shoots of reed canary- 
grass (Phalaris arundinarea L.). 
Crop Sci. 4(6):607-609. Nov.-Dec., 
1964. (Div. of Land Research & 
Regional Survey, CSIRO, Conber- 
ra, Australia) 

Clary, Warren P. Temperature ef- 
fects on reproductive processes of 
Russian wild-rye. Agron. Jour. 

57(1):4-6. Jan.-Feb., 1965. (Rocky 
Mountain Forest & Range Expt. 
Sta., Arizona State College, Flag- 
staff) 

Dahlman, Roger C. and Clair L. 
Kucera. Root productivity and 
turnover in native prairie. Ecology 
46(1&Z) :84-89. Winter, 1965. 
(Dept. of Botany, Univ. of Mis- 
souri, Columbia) 

DeLisle. D o na 1 d G. Chromosome 
numbers in Cenchrus (Grami- 
neae). Amer. Jour. Bot. 51 (lO):- 
1133-l 134. Nov.-Dec., 1964. (Dept. 
of Biology, Simpson College, In- 
dianola, Iowa) 

Dewey, Douglas R. Genome analysis 
of Agropyron repens and Agro- 
pyron cristatum synthetic hybrids. 
Amer. Jour. Bot. 51(10) :1062-l 068. 
Nov.-Dec., 1964. Crops Research 
Div., ARS, USDA, Utah State 
Univ., Logan) 

Easfin, Jerry D., M. R. Tee1 and 
Ruble Langsfon. Growth and de- 
velopment of six varieties of 
smooth bromegrass (Bromis iner- 
mis Leyss.) with observations on 
seasonal variation of fructosan 
and growth regulators. Crop Sci. 
4(6):555-559. Nov.-Dec., 1964. 
(Univ. of Nebraska, Lincoln) 

Moore, R. J. and J. A. Calder. Some 
chromosome numbers of Carex 
species of Canada and Alaska. 
Canad. Jour. Bot. 42(10):1387-1391. 
Oct., 1964. (Plant Research Inst., 
Canada Dept. of Agr., Ottawa) 

Peacock, J. Talmer and Calvin Mc- 
Millan. Ecotypic differentiation in 
Prosopis (mesquite). Ecology 46- 
(l&Z) :35-51. Winter, 1965. (Dept. 
of Botany, Univ. of Texas, Austin) 

Roberts, E. C. and D. P. Lage. Ef- 
fects of an evaporation retardant, 
a surfacant, and an osmotic agent 
on foliar and root development of 
Kentucky bluegrass. Agron. Jour. 
57(1):71-74. Jun.-Feb., 1965. (Dept. 
of Horticulture, Iowa State Univ., 
Ames) 

Tweari, G. P. and A. R. Schmid. 
Production and composition of 
legume-grass pasture mixtures in 
Minnesota. Empire Jour. Expt. 
Agr. 32(128) :335-339. Oct., 1964. 
(Dept. of Agron. and Plant Genet- 
ics, Univ. of Minnesota) 

CHEMICAL COMPOSITION OF 
PLANTS AND ANIMAL 

NUTRITION 
Allison, C. L. and W. D. Kiffs. 

Further studies in the anti-es- 
trogenic activity of yellow pine 
needles. Jour. Anim. Sci. 23(4) :- 
1155-l 158. Nov., 1965. (Div. of 
Animal Science, Univ. of British 
Columbia) 



Biely, Jennia and W. D. Kit& The 
anti-estrogenic activity of certain 
legumes and grasses. Canad. Jour. 
Anim. Sci. 44(3) :297-302. Dec., 
1964. (Div. of Animal Sci., Univ. 
of British Columbia, Vancouver) 

Craigmiles, J. P., L. V. Crowder and 
J. P. Newton. Palatability differ- 
ences in tall fescue using leaf and 
plant type. Crop Sci. 4(6) :658-660. 
Nov.-Dec., 1964. (Rice-Pasture 
Research & Extension Center, 
Texas A&M Univ., Beaumont) 

Graham, N. McC. Energy costs of 
feeding activities and energy ex- 
penditure of grazing sheep. Aus- 
tral. Jour. Agr. Res. 15(6) :969-973. 
Nov., 1964. (Div. of Animal Phys- 
iology, CSIRO, Ian Clunies Ross 
Animal Research Lab., Prospect, 
N.S.W., Australia) 

Henzell, E. F., A. E. Marfin, P. J. 
Ross and K. P. Haydock. Isotopic 
studies on the uptake of nitrogen 
by pasture grasses. Austral. Jour. 
Agr. Res. 15(6):876-884. Nov., 1964. 
(Div. of Tropical Pastures, CSIRO, 
Cunningham Lab., Brisbane, Aus- 
tralia) 

Lazembly, A. and H. H. Rogers. Selec- 
tion criteria in grass breeding. III. 
Chemical composition. Jour. Agr. 
Sci. 63(3) :323-333. Dec., 1964. 
(School of Agr., Univ. of Cam- 
bridge, Cambridge, England) 

Van Dyne, G. M. and J. H. Meyer. 
Forage intake by cattle and sheep 
on dry annual range. Jour. Anim. 
Sci. 23(4):1108-1115. Nov., 1964. 
(Radiation Ecology Sect., Oak 
Ridge Natl. Lab., Oak Ridge, 
Tenn. > 

Van Dyne, G. A. and W. C. Weir. 
Variations among cattle and sheep 
in digestive power measured by 
micro-digestion techniques. Jour. 
Anim. Sci. 23(4):1116-1123. Nov., 
1964. (Radiation Ecology Sect., 
Oak Ridge Natl. Lab., Oak Ridge, 
Tenn.) 

White, H. A. and Mary Spencer. The 
sites of alkaloid concentration in 
Lupinus Zuteus tissues. Canad., 
Jour. Bot. 42(11) :1481-l 484. Nov., 
1964. (Dept. of Plant Sci. and 
Biochemistry, Univ. of Alberta, 
Edmonton) 

LIVESTOCK MANAGEMENT 
Barton, R. A. Proper selection of 

stock is way of making beef cattle 
production more profitable. New 
Zeal. Jour. Agr. 109 (6) :525-529. 
Dec., 1964. (Massey Univ., Mana- 
watu, New Zealand) 

Calder, F. W., J. W. G. Nicholson and 
H. M. Cunningham. Water restric- 
tion for sheep on pasture and rate 
of consumption with other feeds. 
Canad. Jour. Anim. Sci. 44(3) :266- 
271. Dec., 1964. (Expt. Farm, Can- 
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ada Dept. of Agr., Nappan, Nova 
Scotia) 

Donaldson, L. E., J. M. Harvey, A. 
W. Beaffie, G. I. Alexander and 
M. A. Burns. Effects of copper and 
cobalt supplementation on the 
growth rate and fertility of Short- 
horn heifers in northern coastal 
Queensland. Queensland Jour. 
Agr. Sci. 21(2):1-16. 1964. 
(Queensland Dept. of Primary In- 
dustries, Brisbane, Australia) 

Harley, K. L. S. and P. R. Wilkinson. 
A comparison of cattle tick control 
by “conventional” acaricidal treat- 
ment, planned dipping, and pas- 
ture spelling. Austral. Jour. Agr. 
Res. 15 (5) :841-857. Sept., 1964. 
(Cattle Tick Research Sta., Ing- 
ham, Queensland, Australia) 

Haufe, W. 0. and C. 0. M. Thompson. 
Weight changes in cattle on dry 
range in relation to chemical treat- 
ments for fly control. Canad. Jour. 
Anim. Sci. 44(3):272-280. Dec., 
1964. (Research Sta., Canada Dept. 
of Agr., Lethbridge, Alberta) 

Hidiroglou, M., L. A. Chareffe and 
J. S. Patterson. A comparison of 
growth and carcass characteristics 
of purebred Shorthorn and cross- 
bred beef steers. Canad. Jour. 
Anim. Sci. 44(3) :249-256. Dec., 
1964. (Expt. Farm, Canada Dept. 
of Agr., Kapuskasing, Ontario) 

Milfimore, J. E., J. L. Mason and 
J. M. McArfhur. Bloat investiga- 
tions. Relationship between daily 
bloat incidence and grass mini- 
mum temperatures, dry matter, 
and certain plant nutrient contents 
of forage. Canad. Jour. Anim. Sci. 
44(3) :309-314. Dec., 1964. (Re- 
search Sta., Canada Dept. of Agr., 
Summerland, B.C.) 

Rice, Sally H. and John Chohlis. The 
new look in Hawaii’s beef industry. 
West. Livestock Jour. 42 (63) :53-54, 
56-57. Nov., 1964. 

Waldren, D. E. and W. T. Burns. The 
influence of stage of maturity of 
an ensiled legume-grass mixture 
on growth and performance of 
wintered Hereford steer calves. 
Canad. Jour. Anim. Sci. 44(3) :257- 
265. Dec., 1964. (Expt. Farm, Can- 
ada Dept. of Agr., Prince George, 
B.C.) 

METHODS AND TECHNIQUES 
Marten, G. C. Visual estimation of 

botanical composition in simple 
legume-grass mixtures. Agron. 
Jour. 56(6) :549-552. Nov.-Dec., 
1964. (Crops Research Div., ARS, 
USDA, Univ. of Minnesota, St. 
Paul) 

Pefiersen, R. G., H. L. Lucas and G. 
0. Moff. Relationship between rate 
of stocking and per animal and 
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per acre performance on pasture. 
Agron. Jour. 57(1):27-30. Jan.- 
Feb., 1965. (North Carolina State 
Univ., Raleigh) 

Tallis, G. M. A note on the estima- 
tion of larval concentrations on 
pastures. Austral. Jour. BioZ. Sci. 
17(4):1016-1019. Nov., 1964. (Div. 
of Mathematical Statistics, CSIRO, 
McMaster Lab., Glebe, N.S.W., 
Australia) 

Yarns, D. A., G. E. Whifmore, M. A. 
Norcross and M. A. Crandall. A 
technique for esophageal fistula- 
tion and maintenance in cattle. 
Jour. Anim. Sci. 23(4) :1046-l 049. 
Nov., 1964. (The Animal Medical 
Center, 62nd St. and East River 
Dr., New York, N. Y.) 

PLANT INFLUENCES AND 
WATERSHED MANAGEMENT 

Berndf. W. H. Inducing snow ac- 
cumulation on mountain grassland 
watersheds. Jour. Soil and Water 
Conserv. 19 (5) :196-l 98. Sept.-Oct., 
1964. (Rocky Mountain Forest & 
Range Expt. Sta., Colo. State 
Univ., Ft. Collins) 

Skau, C. M. Interception, through- 
fall, and stemflow in Utah and al- 
ligator juniper cover types of 
northern Arizona. Forest Sci. lo- 
(3) :283-287. Sept., 1964. (Rocky 
Mountain Forest & Range Expt. 
Sta., Colo. State Univ., Ft. Collins) 

RANGE-WILDLIFE 
RELATIONSHIPS 

Klebinow. D. A. A montane forest 
winter deer habitat in western 
Montana. Jour. Wildlife Mangt. 
29 (1) :27-33. Jan., 1965. (Idaho 
Coop. Wildlife Research Unit, 
Moscow) 

McKeever, Slurgis. The biology of 
the golden-mantled ground squir- 
rel, CiteZZus lateralis. EcoZ. Monog. 
34 (4) :383-401. Autumn, 1964. 
(Dept. of Zoology, Univ. of Cali- 
fornia, Davis) 

Warren, R. G. and E. N. Honore. 
Pasture insects in Waitemata 
County, recent experiments to 
control. New Zeal. Agr. 109(3) :- 
203-205. Sept., 1964. (Dept. of Agr., 
Auckland, New Zealand) 

RANGE SOILS 
Butler, B. E. Assessing the soil fac- 

tor in agricultural production. 
Austral. Inst. Agr. Sci. 30(4) :232- 
240. Dec., 1964. (Div. of Soils’ 
Labs. CSIRO, Canberra, Aus- 
tralia) 

Miller, D. E. Estimating moisture 
retained by layered soils. Jour. 
Soil and Water Conserv. 19(6) :235- 
237. Nov.-Dec., 1964. (ARS, USDA, 
Irrigation Expt. Sta., Prosser, 
Wash.) 
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Norfhcote, K. H. Some thoughts 
concerning agronomy and soil 
classification. Austral. Inst. Agr. 
Sci. 30 (4) :241-246. Dec., 1964. 
(Pedology and Soil Survey Sect., 
Div. of Soils, CSIRO, Adelaide, 
Australia) 

Power, J. F., D. L. Grunes, G. A. 
Reichman and W. 0. Walk. Soil 
temperature effects on phosphorus 
availability. Agron. Jour. 56 (6) :- 
545-548. Now.-Dec., 1964. (North- 
ern Great Plains Field Sta., Man- 
dan, N. D.) 

Williamson, R. E. and C. R. Willey. 
Effect of depth of water table on 
yield of tall fescue. Agron. Jour. 

56(6):585-588. Nov.-Dec., 1964. 
(North Carolina Agr. Expt. Sta., 
Raleigh) 

RANGE AND RELATED USES 
Fanning, J. W. The team approach 

in resource development. Jour. 
Farm Econ. 46(5) :1133-l 138. Dec., 
1964. (Inst. of Community and 
Area Development, Univ. of Geor- 
gia, Athens) 

Schroeder, W. F. Renewing the com- 
mon ground. West. Livestock Jour. 
43(10):130-132, 134. Jan., 1965. 
(Schroeder and Denning Law 
Firm, Vale, Oreg.) 

GENERAL 
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NEWS AND NOTES 
Material from many sources: not necessarily the opinion 

or position of the EDITOR or OFFICERS of 
THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

Bioielemefry.-February, 1965 
issue of Bioscience features a series 
of articles on biotelemetry-the in- 
strumental technique for gaining and 
transmitting information from a liv- 
ing organism and its environment to 
a remote observer. As one scientist 
recently stated, this is the “new 
status symbol of the biologist”. As 
of January, 1964, some 18 ecological 
projects were listed in which unre- 
strained or captive wildlife were 
instrumented to transmit such infor- 
mation as location, temperature, res- 
piration, electrocardiogram etc. Only 
one project, in England, mentioned 
cattle and sheep. As the introductory 
article states: “biotelemetry is not a 
science but remains a helpful tech- 
nique for gaining information on 
remote or inaccessible living organ- 
isms. 

BLM Natural Areas.-Five grass- 
and-shrub areas on the public do- 
main are among 16 sites recently set 
aside as natural areas for research 
purposes in six Western states, re- 
ports Charles H. Stoddurd, Director 
of the Department of the Interior’s 
Bureau of Land Management. The 
proteotive order was signed by In- 
terior Secretary Stewart L. UdaZZ 
as part of the Department’s program 
of preserving land with research 
value. 

One site of 160 acres in Idaho, en- 

circled by broken lava for centuries, 
offers exceptional research possi- 
bilities. Subjected to very little graz- 
ing by domestic livestock, it has re- 
tained a rich, natural growth of na- 
tive wheatgrass and many other 
grasses and forbs. 

Other range areas include: 640 
acres of bitterbrush in California, 
ideal as a potential bitterbrush seed 
farm; a 20-acre pygmy sage tract in 
Nevada; 500 acres on a Colorado 
mesa which features 17 species of 
grasses; and a 22-acre mountain 
meadow in Nevada. 

More natural area withdrawals 
can be expected in the future, ac- 
cording to Stoddard. BLM made a 
search of the public domain for 
tracts worthy of scientific study and 
came up with more than 100, more 
than 30 of them grass and shrub 
types. Varying in size from 20 to 
10,000 acres, the areas represent al- 
most the entire gamut of native grass 
and shrub vegetation. 

The 26 tracts included in the re- 
cent order cover some 10,000 acres 
in Arizona, California, Colorado, 
Idaho, Nevada and Oregon. All have 
remained relatively undisturbed by 
man. Some, as the high desert grass- 
land areas in Idaho, are mainly valu- 
able in showing what the landscape 
of a region once was-or might have 
become-had man not changed the 

environment. Others are natural 
phenomena, like a Colorado tract 
containing “active” s’and dunes. One 
site was selected for its population 
of rare snakes and lizards. Ten Cali- 
fornia redwood tracts, totalling 2,000 
acres, have been set aside. 

The withdrawals were made under 
the authority of a 1952 Executive 
Order empowering the Secretary of 
the Interior to reserve public lands 
in the public interest. BLM will 
maintain these tracts in their present 
undeveloped state, exempt from both 
the public land disposition and the 
mining laws. 

Easiern Colorado Field Day.-The 
Colorado Agricultural Experiment 
Station has scheduled a field day at 
its Eastern Colorado Range Station 
for August 4. This immediately pre- 
cedes the ASRM summer meeting 
in Laramie, Wyoming on August 5, 6 
and 7. Members are invited to visit 
the Colorado Station enroute to 
Laramie. Results of research on 
range management and beef cattle 
nutrition and production will be pre- 
sented. Range management work in- 
cludes grazing intensity studies to 
determine efficient range use, com- 
parison of production on grass and 
grass-alfalfa pastures, stabilizing and 
seeding sandy rangeland and testing 
grasses and legumes for forage pro- 
duction. Cattle studies deal with the 
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effect of seasonal feed levels on cow- 
calf production, effects of hormones 
on gain an,d reproduction in heifers, 
feeding methods and feed prepara- 
tion for stocker calves. 

A brochure describing the station 
and its program is available on re- 
quest from the Range Management 
Department, Colorado State Univer- 
sity, Fort Collins, Colorado or East- 
ern Colorado Range St,ation, Akron, 
Colorado. The station is located mid- 
way between Akron and Sterling 
east of State highway 63 and is 180 
miles from Laramie. Make your 
plans early to include this Field Day 
in your summer program. 

Ivan Sack, Supervisor of the 
Toiyabe National Forest with head- 
quarters at Reno, Nevada, retired 
on March 1. He had occupied the 
post since 1951 and completed a 30- 
year career with the Forest Service 
including a numlber of assignments 
in California, Ut,ah, and Nevada. 
“Supervisor Sack, through his 
leadership in the multiple use man- 
agement of Toiyabe National Forest 
resources, has made an outstanding 
contribution to conservation prog- 
ress in Nevada and eastern Cali- 
fornia,” stated Regional Forester 
Floyd Iverson. 

Edward C. Maw, presently Super- 
visor of the Caribou National Forest 
in soutlheastern Idaho replaces Suck. 
Maw has had broad experience in 
National Forest administration in 
the Intermountain Region, including 
previous service on the Toiyabe as 
Assistant Supervisor from 1955 to 
1960. 

Craig W. Rupp. currently branch 
chief in charge of multiple use co- 
ordination in the Ogden Regional 
Office, will be the new Supervisor 
of the Caribou National Forest. 

D. F. “Dave” Costello, at the Pa- 
cific Northwest Forest and Range 
Experiment Station in Portland, 
Oregon, has finally decided that it’s 
time to catch up on his freelance 
writing. After more than 30 con- 
tinuous and very active years of 
range conservation research with the 

NEWS AND NOTES 

U.S. Forest Service in the West, 
Dave officially retired on April 30, 
according to Station Director P. A. 
Briegleb. His friends planned a “re- 
borning” for him on April 24 at 
Portland’s Cosmopolitan Hotel. 

Dr. Costello, as Chief of the Divi- 
sion of Range Management Research, 
has been responsible for formulating 
and directing a comprehensive re- 
search program for the Pacific 
Northwest aimed at (1) maintaining 
and improving livestock and big 
game resources, (2) fully and ef- 
fectively grazing forest and relxated 
grasslands, and (3) integrating graz- 
ing into effective management of 
forests and watersheds. He has also 
had charge of the recently organized 
recreation research project in the 
Station. 

Dave has had a varied and enrich- 
ing background. He was reared on 
a Nebraska farm and earned an A.B. 
in education at Nebraska State 
Teachers’ College. He received his 
M.S. in plant ecology in 1926 and 
,his Ph.D. in 1934, both at the Uni- 
versity of Chicago. 

His Forest Service career started 
in 1934 at Ogden, Utah, with the In- 
termountain Forest and Range Ex- 
periment Station. From 1936 to 
1939, Costello directed the Western 
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Range Survey with the Rocky 
Mountain Station at Fort Collins, 
Colorado. He was responsible for 
the inventory of more than 18 mil- 
lion acres of rangeland. From 1940 
to 1953 he was chief of the Division 
of Range Management Research at 
the Rocky Mountain Station. 

An acknowledged authority on 
range conservation, in 1962 Dr. Cos- 
tello was invited to present a paper 
before the British Ecological Society 
in Wales and to participate in a 
meeting of the International Associ- 
ation of Plant Geographers and 
Ecologists at Stolzenau, West Ger- 
many. He is a Fellow of the Ameri- 
can Association for the Advance- 
ment of Science, a member of the 
Ecological Society of America and 
helped organize the American So- 
ciety of Range Management. He was 
program chairman for the first an- 
nual meeting of the Range Society 
and has served on its board of di- 
rectors and on the editorial board 
of the Journal. Dave has authored 
more than 150 scientific publications 
as well as being a prolific freelance 
writer of popular articles in na- 
tional magazines interpreting scien- 
tific observations for the laymen. 

J. Byron Wilson, after a lifetime 
of service to the sheep industry, died 
on February 24 at the age of 81. 
He was president of the National 
Woolgrowers Association Company, 
publishers of the National Wool- 
grower. He was recognized spokes- 
man for the wool industry in Wash- 
ington, D. C. for 35 years-was sec- 
retary of the Wyoming Wool 
Growers Association from 1917 to 
1961. 

Copy deadlines. - Copy for 
News and Notes, With the Sec- 
tions, and Society Business is due 
in Editor’s hands before first day 
of month preceding month of is- 
sue. Sounds complex, but it’s 
really simple. When you receive 
this May issue, your copy for 
July issue is already due. 



INTERNATIONAL NEWS 

IX International Grassland Congress 

The IX International Grassland 
Congress was held in Sao Paulo, 
Brasil December 30, 1964 to January 
27, 1965. This was the first meeting 
of the group in the tropics and only 
the second meeting in the western 
hemisphere. The program was di- 
vided into three phases: a pre-Con- 
gress tour through the State of Sao 
Paulo December 30, 1964 to January 
6, 1965; the plenary and ordinary ses- 
sions in the city of Sao Paulo from 
January 7 through 20; and post-Con- 
gress tours, one south to the state 
of Rio Grande do Sul, the other 
northeast to the states of Pernam- 
buco and Alagoas. 

Some 900 delegates registered from 
49 countries. More than 300 papers 
were presented at the sessions. The 
papers were delivered on schedule, 
with excellent facilities for slide 
projection and simultanous transla- 
tion into English, Portuguese, and 
Spanish, the official languages of 
the Congress. The program for the 
plenary sessions included papers on 
Brasil: geography, soils, climate, 
vegetation, grasslands, beef produc- 
tion, and milk production, and 
animal health, each presented by 
a Brasilian authority. The invited 
and volunteer papers were given 
in split sessions, covering some 
20 topics dealing with improvement 
and management of grassland and 
forage plants and animal nutrition. 
Papers of especial interest to range 
men were delivered under the gen- 
eral topics of genetics and breeding, 
pasture establishment, nutritional 

deficiencies, ecology and physiology 
of grasslands, seed, poisonous plants, 
climatic factors, management of nat- 
ural vegetation, nitrogen cycles, 
cactaceous plants, and experimental 
techniques. Full papers and discus- 
sion will appear in the Proceedings, 
now in preparation. 

Some 80 delegates were registered 
from USA, 9 from Canada, and one 
from Mexico. American Society of 
Range Management was represented 
officially by W. R. Chapline, Chair- 
man International Relations Com- 
mittee, and R. S. Campbell, Editor. 
A meeting of members and others 
interested in ASRM was attended by 
35 delegates; objectives and interna- 
tional activities of the Society were 
discussed. Some 75 delegates re- 
quested the free sample copy of the 
November, 1964 International Grass- 
land issue of the Journal, and many 
requested the Spanish Summaries. 

Delegates who attended the tours 
were well-impressed with the 
amount and quality of pasture and 
animal research in Brasil. At the 
same time, it was evident to range 
men that there is tremendous op- 
portunity for development of man- 
agement of the extensive natural 
grassland resources. 

This brief account would not be 
complete without acknowledging the 
generosity and hospitality of the 
host country and committees, both 
on the tours and during the sessions. 
Especial mention is due Dr. Manoel 
X. de Camargo, First Acting Vice- 
President and Dr. Gerald0 Leme da 
Rocha, First Secretary, and all their 

supporting staffs. A fine program 
was arranged for the ladies. 
X International Grassland Congress 

The next Congress will be held 
in Helsinki, Finland in July, 1966. 
It will last for 9 days and will be 
divided into three set t ions run 
simultaneously: Grass Production, 
Grass Utilization, and Plant Breed- 
ing and Seed Production. English 
will be the official language. Three 
pre-Congress tours are being ar- 
ranged, of five or six days each; one 
will take in the Arctic Circle in 
north Finland. 

Prof. Jouko Vuorinen is Chairman 
of the Organizing Committee, Prof. 
Valto Jarvi is Secretary. Further 
details may be obtained from: The 
X International Grassland Congress, 
Salomonkatu 17 B 47, Helsinki, Fin- 
land. 
XI Infernaiional Grassland Congress 

The delegates to the IX Congress 
in Brasil voted to hold the XI Con- 
gress in Australia in 1970. Details 
will be announced later. 
Australian Arid Zone Confeaence 

The second Australian Arid Zone 
Conference will be held at Alice 
Springs September 12 to 17, 1965. 
Subjects will include native animals, 
introduced animals, water resources, 
range management, animal produc- 
tion, and economic aspects. There 
is also a four-day pre-conference 
tour. Further information may be 
obtained from A. C. Doery, Secre- 
tary, Australian Arid Zone Confer- 
ence, Agricultural Liaison Unit, 
CSIRO, 372 Albert St., East Mel- 
bourne, C.2. Vie., Australia. 
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WITH THE. SECTIONS 

ARIZONA 

Summer meeting is scheduled for 
August 4 and 5, to be held jointly 
with the Arizona Cattle Growers 
Association. Location to be an- 
nounced. 

The Section will help select four 
boys from applicants who will be 
awarded a $25 scholarship each to 
the 1965 Arizona Youth Conservation 
Camp to be held at Point of Pines, 
San Carlos Indian Reservation. 
Funds will be made available from 
the Darwin Anderson Memorial 
Fund, and each scholarship will pro- 
vide expenses for one boy for a 5- 
day camp period. 

COLORADO 

The Section met during Colorado 
State University’s annual Foresters’ 
Days in Fort Collins on February 20. 
A. C. Everson’s program committee 
arranged with the NE Colo. Chapter, 
Soil Conservation Society of Ameri- 
ca to meet together following their 
separate business meetings. Talks on 
the program were by CSU President 
W. E. Morgan on “The Water Re- 
sources Act”, by Cyrl L. Jensen, 
Assistant State Director, Bureau of 
Land Management, Salt Lake City 
on Frail Watersheds of the Western 
U. S., and Colorado Agriculture Ex- 
periment Station’s Assoc. Director 
D. F. Hervey on “Range Manage- 
ment and Research as Seen Through 
a Crystal Ball”. 

C. H. (Clint) Wasser, Dean of the 
College of Forestry and Range Man- 
agement and President of the Amer- 
ican Society of Range Management, 
reported on Society affairs and an- 
nounced the summer meeting 
planned for Laramie, Wyoming, Au- 
gust 5-6-7. 

Ralph Kotich, Section Councilman 
and Youth Committee chairman told 
of how the winner of the 13 junior 
grass boards exhibited at Denver’s 
National Western Stock show and 
Rodeo in January had been dis- 
played at the National meeting in 
Las Vegas. Kotich, in display chair- 
man Joe Alessi’s absence showed the 
blue ribbon awarded to the Colorado 
Section for first place in section dis- 
plays at Las Vegas. 

Section members heard the For- 
esters’ Days Keynote address “Peo- 
ple, Progress and Projections in 
Natural Resource Management” by 
Dr. C. H. Stoddard, National Director 
BLM. Stoddard praised CSU and the 
several resource societies repre- 
sented for arranging the meeting and 
showing the mutual interest and 
spirit of cooperation in America’s 
problems dealing with conservation 
of natural resources. 

NEBRASKA 

Plans are well under way for the 
1965 Annual Meeting September 16- 
17 at O’Neill. The State Range Judg- 
ing Contest will also be at O’Neill on 
September 18. 

NEW MEXICO 

The Section reports that their 
Range Management Bulletin has 
been completed and should be ready 
in June or July. Sum Lamb is Bul- 
letin Committee Chairman. The Sec- 
tion plans range field tours on June 
17-18 and October 14-15. 

SOUTHERN 

The Section, with fewer than 100 
members scattered in 13 states, is 
beginning to feel the shock from its 
successful bid for the 1966 Annual 
Meeting of ASRM to be held in New 

Orleans February 1 to 4, 1966. But 
they will pull it off, with help from 
other sections on program, exhibits, 
contests, etc. By the way-if you are 
considering attending the meeting in 
New Orleans and want to do a little 
homework on what the city is like, 
we recommend an article “New 
Orleans and All That Jazz”, in the 
April 3, 1965 issue of Saturday Re- 
view, page 38. Horace Sutton, the 
author, really got the atmosphere of 
this “different” city, even though he 
describes only a small sample of its 
wonders. 

The Section plans its Annual 
Meeting at Kissimmee, Florida, prob- 
ably in mid-October. 

TEXAS 

The Section Newsletter calls at- 
tention to the Range Camp, Texas 
A&M University Annex, Junction, 
August 2 to 7. Annual Meeting of 
section is scheduled December 3 to 4 
at Del Rio. 

UTAH 

The Section planned a joint meet- 
ing on April 16 with the Inter- 
mountain Section, Society of Ameri- 
can Foresters; Utah Chapter, Soil 
Conservation Society of America; 
and Utah Forestry Alumni Assocn. 
The meeting was a part of Conserva- 
tion Week activities. The Section 
next plans a tour on June 25 of 
private operations in the Morgan 
Area of range improvements with 
SCS technical assistance; Frank 
Bohman, leader. Next will come the 
tour in Cedar City area, probably 
with Utah Cattlemen’s Assocn.; Jim 
Bowns, leader; date, August 16. The 
fall meeting is scheduled for Decem- 
ber 9, at the Hotel Newhouse in Salt 
Lake City. 

INTERNATIONAL MOUNTAIN - SPECIAL! 

The Section’s summer field trip will be held July 15 to 17 in the Judith Basin area of central Montana. Leave 
Fort Benton 8 A.M. Thursday, July 15, south through Stanford, Hobson, Utica, Judith River, Little Belt Mountains, 
and back to Great Falls on Saturday afternoon. Trip features ranches, game refuges, experiment stations, summer 
sheep range - we’ll camp out for two nights. This is Charlie Russell’s home range; we will visit sites of many of 
his famous paintings. Visitors from other Sections welcome. For details write George F. Roskie, U. S. Forest Ser- 
vice, Great Falls, Montana 59401. 
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M. W. Talbot, 2590 Cedar, Berke- 
ley, California 

Cooperation with Scientific Organi- 
zations 

James P. Blaisdell, General Chuir- 
man, U.S. Forest Service, USDA, 
Wash., D.C. 20250 
Society Representatives: 

National Academy of Sciences- 
National R e s e a r c h Council 
Division of Biology and Agri- 
culture 

National Academy of Sciences, 
Agricultural Research Institute- 
Agricultural Board 

K. W. Parker, C. E. Terrill, 
Alternate. 
Policy Committee for Scientific 
Agricultural Societies, Scientific 
Manpower Commission 

B. W. Allred, T. S. Ronningen, 
alternate. 

Society of American Foresters 
Floyd Iverson. 

American Society of Agronomy, 
Crop Science Society of America 

G. A. Rogler. 
Soil Conservation Society of 
America 

Ben 0. &born. 
Soil Science Society of America 

Don F. Burzlaff. 
American Grassland Council 

Robert E. Williams. 
National Watershed Congress 

Horace P. Morgan. 
Ecological Society of America 

John H. Ehrenreich. 
American Society of Animal 
Science 

C. W. Cook. 
American Institute of Biological 
Sciences 

R. S. Campbell. 
National Wildlife Federation, 
Annual Conference on Conser- 
vation 

W. R. Chapline. 

American Association for the 
Advancement of Science 

R. A. Darrow. 

Elections 
Howard DeLano, Chairman, 710 

N. E. Holladay, Portland, Oregon 
Graham Rice 
Frank Stanton 
John Clouston 

History 
Custodian of the Archives 

A. A. Beetle, Agronomy Dept., 
Univ. of Wyoming, Laramie 

Historian 
F. P. Cronemiller, 782 University 
Avenue, Los Altos, California 

International Relations 
W. R. Chapline, General Chair- 
man, 4225 43rd St., N.W., Wash- 
ington 16, D.C. 
Cooperation with Organizations in other 
countries: 
R. D. Anderson 
Thomas L. Ayres 
George E. Bradley 
Marion Clawson 
Roy C. Dawson 
Myrvin E. Noble 
Harold F. Heady 
0. L. Mimms 
Milton Norland 
L. L. Roux 
Thadis W. Box 
Richard Driscoll 
Peace Corps Representative : 
Robert E. Williams 
X International Grassland Congress 
Donald R. Cornelius 

Inventory Of Range Research 
K. W. Parker, Chairman, Forest 

Service, USDA, Washington, D.C. 
20250. 

George E. Bradley 
Evan L. Flory 
Wesley Keller 
Henry Boice 
Dayton L. Kilingman 
B. W. Allred 
Donald F. Hervey 
Martin H. Gonzalez 
T. G. Willis 
T. S. Ronningen 

Meetings 
Summer (August 5-7), 1965, Laramie, 
Wyoming 
Herb Fisser, Chairman, Univ. of 
Wyoming, Laramie. 
Annual (Feb. l-4, 1966), New Orleans, 
La. 
Local Arrangements: George K. 
Stephenson, Southern Forest Ex- 
per. Sta., 701 Loyola Av., New 
Orleans; Lowell K. Halls, S.F.A. 
Station, P. 0. Box 4658, Nacog- 
doches, Texas. (Co-chairmen) 

Wayne J. Cloward 
C. W. Comfort 
V. L. Duvall 
E. J. Dyksterhuis 
F. J. Ezernack 
Wayne Fallin 
Garlyn Hoffman 
Ralph H. Hughes 
Alfred W. Johnson 
Norwin Linnartz 
H. L. Leithead 
Howard C. Miller 
Ivan R. Porter 
Thomas N. Shiflet 

Proeram, New Orleans. 1966 
R. S. Rummell, Chairman, For- 
est Service, USDA, Washington, 
D.C. 20250 
H. L. Leithead 
A. D. Heerwagen 
James P. Blaisdell 
W. R. Chapline 
Wayne Cloward 
A. C. Hull, Jr. 
W. G. Kearl 
James Klemmedson 
R. D. Lloyd 
Gene Payne 
Thomas N. Shiflet 
Gerald W. Thomas 
R. E. Williams 

Photo Contests and Displays 
Joe J. Alessi, Box 931, Walsen- 

burg, Colorado, Gerald W. To- 
manek, Ft. Hays Kansas State 
College, Hays, Kansas (Co- 
chairmen) 

Joe Chiarella 
Don Huss 
John Gibson 
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Carlton Herbel 
Ralph Kotich 
Robert C. Krumm 
Harry F. Swank 
Dick Whetsell 

Range Plant Contest 
A. C. Ever-son, Chairman, Range 

Management Dept., Colo. State 
Univ., Ft. Collins 

A. M. Davis 
Don Dwyer 
Pete Jensen 
John Launchbaugh 
Jess Lowe 
Jack Reppert 
Forrest Sneva 
Ewrin Schmutz 

Student Employment Service 
John Ehrenreich, Chairman, 

Watershed Mgmt. Dept., Univ. 
of Arizona, Tucson 

Martin Buzan 
Jim D. Dodd 
Thomas K. Eaman 
George Rogler 

Preliminary Arrangements, Seattle, 1961 
Wallace R. Hoffman, Chairman, 

State Dept. of Natural Re- 
sources, P. 0. Box 168, Olympia, 
Washington 

E. Reade Brown 
Avon Denham 
Claude Dillon 
Norman Knott 
Ray Knudson 

Membership 
E. Wm. Anderson, Chairman, 1509 

Hemlock, Lake Oswego, Oregon 
National Range Resource Review 

R. M. DeNio, Chairman, 4228 
Columbia Pike, Arlington 4, Vir- 
ginia 

B. W. Allred 
Glen Fulcher 
Paul L. Howard 
R. S. Rummell 

Nominations 
Frank J. Smith, Chairman, U.S.- 

F.S., 517 Gold Avenue, S.W., Al- 
buquerque, N.M. 

Robert E. Bement 
Grant Harris 
Royal Ho11 
Paul Howard 
Alex Johnston 
Wayne Kessler 
Leandro Luj an 
R. A. Long 
Bob Ragsdale 

Publications 
Robert S. Campbell, General 

Chairman, R. R. 7, Quincy, Il- 
linois 

Editorial Board 
A. A. Beetle 
Ode11 Julander 

Howard B. Passey 
Martin H. Gonzalez 
Russell D. Lloyd 
William J. McGinnies 
Evan Flory 
Robert W. Harris 
Horton Laude 

Current Literature 
Meredith J. Morris 
Charles Terwilliger, Jr. 

National and International News 
Lynn Rader 

Publication of Journal Material in Spanish 
Gerald W. Thomas, Chairman, 
Texas Tech. College, Lubbock 

Thadis W. Box 
Gene F. Payne 
Martin Gonzalez 
Robert S. Campbell 
Morton May 

Review of Current Literature & Range 
Bibliography 

Robert W. Harris, Chairman, Pa- 
cific Northwest Forest & Range 
Exper. Station, P. 0. Box 3141, 
Portland 

Howard Passey 
Meredith Morris 
Charles Terwilliger 
Bert Reid 

Public Relations 
Donald L. HUSS, General Chair- 
man, Dept. of Range & Forestry, 
Texas A & M Uni., College Sta- 
tion 

Donald C. Clanton 
Wm. J. Hofmann 
Jim Yoakum 
Willard H. Garman 
Jack F. Hooper 
L. T. Burcham 
Curtis Fawcett 
Dale Jones 
James Brunner 

Range Education 
Don W. Hedrick, General Chair- 

man, Range Management, Oregon 
State Univ., Corvallis. 

Boy Scout Merit Badge 
Grant A. Harris. 

Depository Library 
Arthur D. Smith. 

Elementary and High School 
Range Management Material 

Morton May 
Range Camps 

Dillard Gates. 
4-H and FFA Projects 

Karl Parker. 
Youth Range Facts Forum 

John Vallentine. 
Youth Awards 

Garlyn Hoffman. 
Scholarships 

Donald F. Hervey. 
Range Management Bibliography 

E. H. Reid, Chairman, 624 S. 

Shields St., Ft. Collins, Colorado. 
M. S. Morris 
L. K. Halls 
J. F. Vallentine 
T. S. Ronningen 
J. P. Blaisdell 

Special Awards And Citations 
Myrvin Noble, Chairman, BLM, 

U.S. Dept. of the Interior, Wash- 
ington, D.C. 

Warren C. Whitman 
E. G. Dunford 
D. H. McIlvain 
John Schwendiman 
George Weaver 
Wilson Gutzman 

Planning 
Wm. D. Hurst, Chairman, U.S.F.S., 

Forest Service Bldg., Ogden, 
Utah. 

Professional Standards 
Robt. W. Harris, Chairman, Pacific 

NW Forest Expt. Sta., P. 0. Box 
3141, Portland. 

1965 Annual Meeting 
The Annual Meeting in Las Vegas, 

February 9 to 12, was the biggest 
ever-some 1040 were reported as 
registered. The technical and ap- 
plied sessions were well attended. 
Most evenings were left free so 
members could enjoy the local at- 
tractions; there were plenty! The 
banquet-luncheon on Friday was a 
daytime affair, featuring reindeer 
meat from Alaskan Indian ranches. 
The contests in plant judging, photo- 
graphs, and displays were great. The 
full program was printed in the Jan- 
uary, 1965 issue of the Journal, pages 
47 to 48. One very interesting un- 
scheduled event was Paul Howard’s 
slide talk on Brasil, on Tuesday eve- 
ning; this was a report on the Pre- 
Congress tour and Paul’s own travels 
to the interior in connection with the 
IX International Grassland Congress. 

The Board of Directors worked 
long hours; for many of the subjects 
covered and present aims of the So- 
ciety, see President Clint Wasser’s 
report in the March, 1965 issue of 
the Journal, pages 104 to 106. The 
Board approved publication of 
the proposed ASRM Creed, see p. 169 
in this issue of the Journal. 

The Council of Section Presidents 
suggested the following items to the 
Board: (1) A portion of the increase 
in membership dues be rebated to 
the Sections; (2) The Board give 
consideration in future Annual 
Meetings to the possibility of more 
split sessions and scheduling tours; 



(3) That technical articles in the 
Journal be summarized. The Coun- 
cil realizes that there is a start in 
this direction, but they would like 
to see it expanded; (4) An investi- 
gation into the cost of covers for 
Journal reprints which would ad- 
vertise the Society; (5) That there 
be a carry-over member on the 
Council and that the structure of 
the Council be revised. 

Schedule of Annual Meetings 

As a matter of general interest to 
the membership, here is the schedule 
of zones and dates for the ASRM 
Annual Meetings, as adopted Feb- 
ruary, 1963. 

Zone, Sections, Year, and City 
A-Colorado, Kansas-Oklahoma, 

Wyoming; 1964, Wichita, Kansas 
B-California, Nevada, Utah; 1965, 

Las Vegas, Nevada 
C-Southern, Nat. Capital, Texas, 

Mexico; 1966, New Orleans, La. 
D-Pacific Northwest, Idaho; 1967, 

Seattle, Wash. 
E-Arizona, New Mexico; 1968 
F-Nebr., No. Great Plains, Int. Mtn, 

So. Dakota, 1969 

The 1967 Annual Meeting will be 
held at the Olympic Hotel in Seattle, 
Washington, February 14 to 17. Lo- 
cations for 1968 and 1969 are still to 
be chosen. After 1969, the rotation 
will start over again, beginning with 
Zone A. 
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Balance Sheet 
American Society Of 
Range Management 
December 31, 1964 

ASSETS 
Cash 

Cash $ 7,652.38 
Petty Cash 3.17 
Life Membership Trust 4,014.oo 
Savings, Life Trust 1,247.54 
U. S. Bonds & Securities 16,266.30 
Savings Acct. No. 43 7,574.86 
Savings Acct. No. 9546 9,971.05 

Furniture, Fixtures & 
Equipment (less 
depreciation) 3,122.70 
Accounts Receivable 844.33 

Total Assets $50,736.33 
LIABILITIES 

Accounts Payable: 
Federal Withholding 102.60 
State Withhollding 66.00 
F.I.C.A. 59.82 

Total Liabilities 228.42 
CAPITAL 

Operating Reserve $45,246.37 
Life Membership Trust 5,261.54 

Total Capital $50,507.97 

Total Liabilities and 
Capital $50,736.33 

1965 Range Plant Contest 
The Intercollegiate Range Plant 

Identification Contest held at Las 
Vegas was considered to be one of 
the high points of the convention. 
Seventeen colleges and universities 
were represented with sixteen teams 

Discussion group following general session on “Grazing 
Land Problems and Practices”, left to right: Chuck Saulis- 
berry, SCS, Cedarville, Calif. ; Wayne Kessler, President 
ASRM, Phoenix, Ariz. ; John Robison, Farm Advisor, 
Alturas, Calif. ; Bill Cooperrider, Supervisor, Modoc Na- 
tional Forest, Alturas; and Don Coops, rancher, Cedarville. 
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From the Mexico Section, ASRM, left 
to right: Gilbert0 Valdez, Dr. Martin Gon- 
zalez, Dr. Leandro Lujan, and Leandro 
Lujan Jr. 

and 65 individuals taking part in 
the competition. 

The three winning teams received 
plaques and winning team members 
received engraved certificates. Ad- 
ditionally, the top team took home 
the revolving trophy, which last 
year was won by Utah State Uni- 
versity. 

The three high individuals also 
received plaques. 

Team standings, showing teams 
and coaches, were as follows: 

1. 
2. 

3. 

4. 
5. 
6. 

Texas T&h, J. L. Schuster 
Utah State Univ., 
Jim B. Grumbles 
Colorado State Univ., 
A. C. Everson 
Univ. of Wyoming, Herb Fisser 
Texas A 8~ M, Don Huss 
Univ. of Nevada, Paul Tueller 

Texas Tech’s winning team in the Range Plant Contest, 
left to right: Jimmy Brown, Gerald Horn, Tommy Welch, 
and Darrell Ueckert; J. L. Schuster, coach. 
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7. I 

8. 

9. 

10. 

11. 

12. 
13. 

14. 

15. 

16. 

Oklahoma State Univ. 
Wilford E. McMurphy 
Brigham Young Univ. 
B. F. Harrison 
New Mexico State Univ. 
Don Dwyer 
Univ. of Calif .-Davis, 
Beecher Crampton 
Washington State Univ. 
Wm. Herrenberg 
Univ. of Arizona, Phil Ogden 
South Dakota State Univ. 
James K. Lewis 
Ft. Hays Kansas State, 
Harold Nagel 
Montana State College, 
John E. Taylor 
Calif. Poly at Pomona, 
G. W. Schmitz 

High individual honors were won 
by: 
1. Nathan K. Forrest, Texas A. & M. 
2. Jimmy Brown, Texas Tech 
3. Hugh Thompson, Colorado State 

SOCIETY BUSINESS 

1965 Photo and Displays Contests 
Section Displays 

2nd-Nebraska 
lst-Colorado 

3rd-New Mexico 
Picture Story (New this year) 

lst-Robert Ross, Whitehall, Mont. 
and-Louis L. Yarlett, Sebring, 

Fla. 
3rd-Robert Ross 
First place winner received $50.00 
donated by Arizona Section. 

Photos 
Grand Prize $25.00-Grant Rogers, 

Bountiful, Utah. 
All first place winners of the vari- 

ous categories received $5.00. 
Black 8~ White Division 
Range Plants 

lst, George Wolstad, Missoula, 
Mont. 

2nd, John E. Taylor, Missoula, 
Mont. 

3rd, Robert Koener, Onida, S. Dak. 
Range Animals 

lst, George Wolstad 

Officers and Directors at the Las Vegas Annual Meeting, ASRM, February 8, 1965. 
Left to right, top raw: Don Cornelius, Alex Johnston, Myrvin Noble, Don Cox, William 
Hofmann, Wm. D. Hurst, Morton May; bottom row: John Clouston, Executive Sec- 
retary; Melvin S. Morris, President Elect, 1965; Wayne Kessler, President, 1964; 
C. H. Wasser, President, 1965; M. W. Talbot, Past President, 1964; Robert S. 
Campbell, Editor. Missing: Donald W. Hedrick. 

2nd, R. L. Hodder, Bozeman, Mont. 

Range Condition 

3rd, Richard Rogers, Kensal, N. 

lst, L. F. Bredmeier, Madison, Wis. 
2nd, Richard Rogers 

Dak. 

3rd, L. K. Sandoval, Santa Fe, 
N. Mex. 

Range Improvement 
lst, John E. Taylor 
2nd, George Wolstad 
3rd, Lenurd Smith, Las Vegas, 

Nevada 
Range-Ranch Scene 

lst, George Wolstad 
2nd, John E. Taylor 
3rd, Lenard Smith 

Color Division 
Range Plants 

lst, B. J. Ragsdale, Texas A & M 
2nd, Robert Koener, Onida, S. 

Dak. 
3rd, R. A. Perry, Canberra, Aus- 

tralia 
Range Animals 

lst, Ralph Cole, Rapid City, S. 
Dak. 

2nd, Jim Bell, Worland, Wyo. 
3rd, Grant Rogers, Bountiful, Utah 

Range Condition 
lst, W. A. Laycock, Logan, Utah 
2nd, Malcolm Strom, Durham, 

N. H. 
3rd, A. A. Beetle, Laramie, Wyo. 

Range Improvement 
lst, Webster Jones, Laramie, Wyo. 
2nd, A. A. Beetle 
3rd, Jim Bell 

Range-Ranch Scene 
lst, Monte Montague, Nevada 

City, Cal. 
2nd, Grant Rogers 
3rd, Joe Zacek, Great Falls, Mont. 

Range Vegetation Trend 
lst, Hugh Co&y, Minot, N. Dak. 
2nd, Lynn Grace, Las Cruces, N. 

Mex. 
3rd, D. C. Smith, Laramie, Wyo. 

Longmont Seed Co. 
Field Seedr and Complete Seed Service 

Buy--Clean-Treat--Sell 
Legum&rarr&rain 
LONGMONT, COLORADO 

Specialists in Quality N AT I V E G R A S S E S 
Wheat&asses l Bluestems l Gramas l Switchgrasses l Lovegrasses l Buffalo l and Many Others 

We grow, harvest, process these seeds Native Grasses Harvested in ten States 
Your In dies 

% Anrec ted SHARP BROS. SEED CO. ~i%!!F,~i!tii& 
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1. 

2. 

3. 

Proposed Creed For Members Of The American Society of Range Management 

Send your comments to Pres. C. H. Wasser, Colorado State Univ., Fort Collins, Colo. 

The member will discharge 
his duties with fidelity to 
clients, employers, and the 
public. 
He will utilize every oppor- 
tunity to extend the in- 
fluence and effectiveness of 
the range management pro- 
fession, not only to those 
with a direct interest in 
range management but to 
the general public as well. 
He will avoid practices 
which will discredit or do 
injury to the dignity and 
honor of his profession or 
vocation. 

4. 

5. 

6. 

7. 

He will refrain from pub- 8. 
licly expressing an opinion 
on a range management sub- 
ject unless he is informed of 
the facts relating thereto. 
He will act with fairness and 
justice with his client or em- 9. 
ployer, adhering to the high- 
est profession standard. 
He will protect the range 
management profession, col- 
lectively and individually, 10. 

from misrepresentation and 
misunderstanding. 
He will give credit for range 
conservation achievements 
where credit is properly due. 

He will recognize the Ameri- 
can Society of Range Man- 
agement, its meetings and 
Journal, as the proper forum 
for technical discussion and 
criticism. 
He will not use the advan- 
tage of a lucrative business 
or a salaried position to com- 
pete unfairly with another 
member. 
He will interest himself in 
the public welfare, and rec- 
ognize in all actions that 
the land upon which he de- 
pends for a livelihood must 
support future generations 
yet unborn. 

19TH ANNUAL MEETING 

American Society of Range Management 
February l-4, 1966 

Jung Hotel, New Orleans, Louisiana 

Theme: Expanding Horizons in Range 
Management. 

Second Call for Papers 

Selecfion Procedure: Papers will be 
chosen by the Program Committee, based on 
review of (1) title, (2) 200 to 300 word pre- 
liminary abstract, and (3) a separate sup- 
porting statement. 

The supporting statement should tell what 
is “new” or significant in the paper, and 
whether it reports original research, prac- 
tical experience, literature review or other. 
State method for delivery (reading, slides, 
charts, other visual techniques). Indicate 
category in which your paper best fits. 

Deadline for filing titles, preliminary ab- 
stracts and supporting statements with the 
Program Chairman is June 1, 1965. For de- 
tails, see page 107, March, 1965 issue of the 
Journal. 

File four copies of requested material by 
June 1, 1965 with: 

Robert S. Rummell, Program Chairman, 
1966 Annual Meeting, ASRM, 
c/o Division of Range Management, 
Forest Service, U.S.D.A., 
Washington, D. C. 20250. 

For The Wild, The Tame, The Exotic 
-we’ ve got it - 

Alkali Sacaton 
Blue Bunch Wheat Grass 
Blue Grama 
Black Grama 
Buffalo Grass 
Big Blue Stem Native 
Big Blue Stem Kaw 
Little Blue Stem Native 
Bluestem Mixtures 
Sand Bluestem 
King Ranch Bluestem 
Indian Grass 
Green Needle Grass 
Canada Wild Rye Grass 
Russian Wild Rye 
Sand Drop Seed 
Sand Love Grass 
Sand Reed Grass 
Indian Rice Grass 

Green Sprangle Top 
Plains Bristle Grass 
Switchgrass 
Sideoats Grama 
Bromegrass 
Intermediate Wheatgrass 
Ky 31 Tall Fescue 
Orchard Grass 
Red Top 
Reed Canary Grass 
Tall Wheatirass 
.SySl.. Wheatgrass 

Peren xl? al Ryegrass 
Annual Ryegrass 
Ky. Bluegrass 
Needle And Thread 
Bermuda Grass 
Blue Panic 

Crested Wheatgrass Rescue Grass 
Fairway Crested Wheatgrass Weeping Lovegrass 
Western Wheatgrass Creeping Red Fescue 

CAT-TAIL SEED 
Alfalfa Sweet Clover 
Red Clover Alsike Clover 
Lespedeza Ladino Clover 
Birdsfoot Trefoil White Dutch Clover 
Vetch Dwarf Essex Rape 
l$;F; Sorghum Grain Hybrid Sorghum Forage 

Hybrid Sudan 
Millets Sorgos 

AGRICULTURAL CHEMICALS 

ONE CALL DOES IT ACL 

AT 

MILLER SEED CO. 
Phone 432-l 232 Phone 364-l 615 
Lincoln, Nebr. Hereford, Texas 
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