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Reclaiming Texas Brushland Range 

MERIL G. CARTER 

Area Conservationist, Soil Conservation Service, U. S. 
Department of Agriculture, Uvalde, Texas 

Within the Rio Grande Plains 
of Texas, 15,000,OOO acres of for- 
mer grasslands are now occupied 
by a maximum invasion of sub- 
tropical thorny trees and shrubs. 
This radical change in vegetation 
has had a profound adverse ef- 
fect on the ranching economy, 
ranching operations and produc- 
tive capacity of an area formerly 
covered with rich grasslands. 
Ranchers have been forced to at- 
tempt restoration of their ranges. 
With the aid of soil conservation 
districts, the Soil Conservation 
Service, the Extension Service, 
and experiment stations numer- 
ous methods have been tried. Out 
of the many methods tried, root- 
plowing seems to be the most 
successful for the type of brush 
found in this area. Ranchers are 
carrying out rootplowing f ol- 
lowed by reseeding on a rapidly 
expanding scale. 

The Rio Grande Plains of 
Texas, locally known as the 
“Brush Country”, comprises the 
southernmost part of Texas be- 
tween the Rio Grande River on 
the west and the Gulf of Mexico 
on the east, and bounded on the 
north by the Edwards Plateau. 
It is an area of low relief with 
elevations ranging from near sea 
level to 1,000 feet on the north- 
west. Rainfall decreases from 
near 30 inches on the east to 18 
inches on the west. Drouths of 
one or more years duration occur 
frequently. Evaporation ranges 

from 55 inches per year on the 
coast to 113 inches along the Rio 
Grande River (Bloodgood, Pat- 
terson, Smith, 1956). Tempera- 
tures are generally high with 
frost free periods extending from 
270 to 320 days. Soils are deep 
except for a few thin gravelly 
ridges. Soil textures range from 
coarse sands to heavy tight clays. 
The geological formations are re- 
cent and have tilted to the south- 
east, resulting in bands of differ- 
ent types of soils, each several 
miles in width as one crosses the 
area from northwest to south- 
east. Vast extensions of the Rio 

Grande Plains also occur south 
of the Rio Grande River in 
Mexico. 

Brush Country Vegetation 

The original vegetation con- 
sisted primarily of mid and tall 
grasses such as two and four- 
flower trichloris (Trichloris 
spp.) , tanglehead (Heteropogon 
contortus), Arizona cottontop 
(Trichachne californica), sea- 
coast bluestem (Andropogon Zit- 
toralis), plains bristlegrass (Se- 
taria macrostachys) and pappus- 
grasses (Pappaphorum spp.). 
Grasses of an increasing or in- 
vading nature were present in 
minor amounts and are presently 
the most abundant. Among these 
are three-awns (Aristida spp.) , 
red grama (Bouteloua trifida), 
whorled dropseed (Sporobolus 
p yramidatus) , curlymesquite 
(Hilaria belangeri), sandburs 
(Cenchrus spp.) , hooded wind- 

FIGURE 1. A gravelly ridge range site on the Dolph Briscoe, Jr., ranch, Catarina, Texas, 
showing brush control by rootplowing and seeding on the left and untreated range on the 
right. Work done in the spring of 1955; photo taken in December of the same year. 
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2 MERIL G. CARTER 

millgrass (ChEoris cucullata), 
lovegrasses (Eragrostis spp.), 
Hall’s and filly panicums (Pani- 
cum spp.) and fringed signal- 
grass (Brachiaria ciliatissima). 
The limited rainfall, high tem- 
peratures and evaporation, lack 
of severe cold, and generally 
high humidity of the Rio Grande 
Plains provide conditions favor- 
able to the encroachment of sub- 
tropical thorny brush and trees. 
The most prevalent species are 
mesquite (Prosopis juliflora), 
Acacia spp., spiny hackberry 
(Celtis pallida), cacti, white- 
brush (Aloysia Zigustrina), Con- 
dalia spp., guayacan (Porlieria 
angustifolia), cenizo (Leucophyl- 
Zum frutescens), and paloverdes 
(Cercidium spp.) . 

Perhaps nowhere has such a 
profound change in vegetation 
on rangelands been so well docu- 
mented and authenticated as in 
the Rio Grande Plains of Texas. 
Shipwrecked, Cabeza de Vaca, 
the first white man in what is 
now the United States, in 1530 
mentions the vast grasslands in 
the account of his wanderings. 
He also relates feeding on prick- 
lypear tunas (fruits) in the area 
around the springs near pres- 
ent day San Antonio. The early 
Spanish padres in their travels, 
while establishing the mission 
now known as the “Alamo”, de- 
scribed the area as a grassy plain 
where forage and water for live- 
stock were abundant, but wood 
was scarce (Rechenthin, 1956). 
Men living today in south Texas, 
like J. Frank Dobie, are positive 
in their recollections of the ex- 
tensive grasslands with trees 
only to be found along the 
stream courses. 

John Russell Bartlett, U. S. 
Boundary Commission, wrote in 
1854 about the area roughly 
along a line east and west 
through San Antonio as “a table 
land descending to a vast prairie 
from 150 to 200 miles in width. 
The eastern portion of this plain 
is watered by numerous streams 
and in fertility is unsurpassed by 
any portion of the globe. The 
whole of the district consists of 

gently undulating plains cov- 
ered with the most luxuriant 
grass and without timber except 
along the margins of the streams. 
The indigenous prairiegrass is 
tall, coarse, full of seed at the 
top, and when young resembles 
wheat in the spring” (Renner, 
1948). 

The contrast today is so star- 
tling that most visitors express 
amazement at the thorny wilder- 
ness of brush and cacti. The 
causes of the brush invasion have 
been debated. In New Mexico 
and Arizona some authors are 
convinced that mere grazing 
management and maintaining 
grassland in good condition are 
not sufficient to prevent invasion 
of mesquite in the desert plains 
grassland (Humphrey, 1952)) 
and that fire undoubtedly has 
some influence in keeping ranges 
free of brush. Texas workers, 
Young, Anderwald and McCully 
(1948)) conclude that since re- 
peated burnings do not seem to 
kill all the underground basal 
buds on mesquite, it seems 
doubtful that the prairie fires of 
the old days were actually agents 
in preventing the spread of 
the mesquite. 

Allred (1948) also felt that 
fires had been of little or no im- 
portance in maintaining the ex- 
tensive Texas grasslands on 
areas now largely occupied by 
mesquite and other shrubs. Indi- 
cations in the Rio Grande Plains 
point to a direct relationship be- 
tween overgrazing, reduced cov- 
er, development of crusted soil 
surfaces or hoofpans, and the in- 
vasion and establishment of 
brush. Overgrazing has been 
common and prolonged, begin- 
ning with the Spanish cattle and 
mustangs in the period 1750 to 
1830 and continuing through the 
Civil War up to the present. 

Recent observations by the 
author of near total kill of mes- 
quite occurring in good grass 
stands in the Crystal City, Texas, 
area during the current drouth, 
tend to point out the effect of 
grass competition in eliminating 
mesquite, All authors are in 

agreement that invasion of brush 
reduces grazing capacity, pre- 
vents recovery of grasslands 
after drouth, contributes to ac- 
celerated erosion through de- 
teriorating soil conditions, in- 
creases the difficulty and cost of 
handling and moving livestock, 
and consequently has severely 
affected the economy of the live- 
stock industry. 

Early Brush Control Methods 

The seriousness of the brush 
problem is evident by the effort 
and money with which ranchers 
are attempting to halt and beat 
back the invasion that is crip- 
pling their industry. Many meth- 
ods have been devised and tried 
to control brush. Rechenthin 
(1956) estimates that some form 
of brush control work has been 
carried out by ranchers on three 
million acres in south Texas in 
the past ten years. The most 
common methods used were 
chaining, chopping, treating with 
kerosene or herbicidal sprays, 
and dozing. Most woody brush 
species in the Rio Grande Plains 
have the ability to resprout from 
underground basal buds after top 
growth has been removed by any 
of the above methods. Conse- 
quently, such control methods 
have not ordinarily resulted in 
effective kills. The necessity of 
re-doing control work on most 
of the acreages now faces the 
ranchers. 

Occasionally, brushwork of 
some kind was effective in kill- 
ing mesquite, only to release 
more obnoxious, shallow-rooted 
species such as whitebrush, 
twisted acacia (Acacia tortuosa), 
catclaw acacia (Acacia greggii), 
Condalia spp., tasajillo (Opuntia 
Zeptocaulis), guayacan, creosote- 
bush (Larrea tridenteta), and 
spiny hackberry. Significant re- 
search in the use of herbicides is 
being carried out with indica- 
tions that effective controls for 
mesquite and whitebrush may be 
successful in years of normal 
rainfall. 

The popular control methods 
were rarely followed by reseed- 
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ing of either native or adapted 
introduced grasses and only oc- 
casionally by desirable manage- 
ment methods, such as defer- 
ments from grazing and proper 
stocking. Range conservationists 
of the Soil Conservation Service 
in observing field trials noted 
that the lack of desirable follow- 
up range management favored 
the regrowth or re-establishment 
of undesirable brush species fol- 
lowing control work. 

Development of Roofplowing 

Evolution in brush control 
methods has resulted in the de- 
velopment of a process known 
as rootplowing. Within the past 
four years 250,000 acres of brush- 
land range have been treated 
with the rootplow at a cost of 
over $2,000,000. The method is 
now a widely used and econom- 
ically feasible means of control- 
ling brush. Rootplowing is essen- 
tially the pulling of a horizontal 
V-type blade 10 to 20 inches 
below the surface. The blade is 
mounted on or pulled by a large 
crawler type tractor. The blade 
severs the roots of the brush and 
trees from the root crown and 
top growth. Deprived of a root 
system, many brush species die, 
especially if soil conditions re- 
main dry. 

Rootplowing appears to have 
had its origin as a means of clear- 
ing land to be put into cultiva- 
tion. The management of the 
King Ranch of Texas adapted the 
method for use in controlling 
brush on rangeland, where many 
thousands of acres have been 
cleared with varying results. In 
recent years, technicians of the 
Soil Conservation Service, con- 
servation contractors, machinery 
companies, soil conservation dis- 
tricts and their rancher cooper- 
ators have been successful in 
modifying and supplementing 
the technique of rootplowing, re- 
sulting in more effective brush 
control work. 

Rootplowing in the past has 
often resulted in failure either 
by lack of brush kill, especially 
the understory species, or failure 

FIGURE 2. Effective control obtained on sandy loam range site on the J. E. Maltsberger 
ranch, Cotulla, Texas. Range land on the left rootplowed and seeded to blue panic grass 
in the spring of 1955; untreated on the right. Photo taken six months after rootplowing. 

to secure a stand of grass after 
the operation. Technicians, 
ranchers, and brush contractors 
studying the problem concluded 
that the plow should be modified 
with several fins mounted at a 
25 degree angle on the blade, 
with a length sufficient to reach 
the surface of the soil with the 
rootplow in operation. This mod- 
ification resulted in severing or 
heaving roots and root crowns to 
the surface, thereby vastly aug- 
menting the kill of the shallow 
rooted brush species. Brush 
kills of 75 to 95 percent are now 
common with this new tech- 
nique, whereas jobs done with- 
out fins frequently resulted in 
failure due to re-establishment 
or resprouting of brush, espe- 
cially the understory types like 
whitebrush. Crusted, rain-shed- 
ding, compacted surfaces are 
common on all soils except 
coarse sands on brushy, poor 
condition pastures in the Rio 
Grande Plains, and, therefore, a 
second welcome effect of the 
fins was the shattering of soil 
crusts. Thus, a favorable condi- 
tion was set up for intake of rain- 
fall and germination and estab- 
lishment of residual or seeded 
grass. 

Reseeding and Management 
Needed 

Rechenthin and Allison (1956) 
relate how brush kills by root- 
plowing in the neighborhood of 
100 percent were achieved on 
the Duval ranch, but shortly 
thereafter new brush seedlings 
appeared, thereby reducing net 
brush kill to 62 percent. This ef- 
fect was of considerable concern 
to range conservationists. In an 
effort to offset this detrimental 
effect, SCS range technicians 
turned to range seeding in an 
effort to establish a quick, com- 
petitive cover to eliminate or re- 
duce brush seedling germination. 
Native grasses ordinarily return 
unaided to rootplowed rangeland 
over a period of two to four years 
but are too slow to provide the 
early competition necessary to 
eliminate new brush seedlings. 

Grasses such as blue panicum 
(Pa&urn antidotale) and buffel- 
grass (Pennisetum ciliare), se- 
lected and given trials by the 
Soil Conservation Service, were 
then used in an effort to estab- 
lish quick cover and provide 
competition. Failures or spotty 
stands occurred when seeding 
was done by hand from the trac- 
tor or from horseback or air- 
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just left of center. 

plane. A study of the problem 
and further trials resulted in the 
development of seeder boxes 
mounted on the rootplow tractor 
and connected with the exhaust 
system in order to blow the seed 
in an even pattern far enough 
back of the rootplow to prevent 
the seed from falling into the 
deep cracks opened by the blade 
as it moves through the soil. The 
new seeding techniques were an 
immediate success. 

Ranchers, with encouragement 
and technical assistance from 
soil conservation districts, soon 
learned to carry out a coordi- 
nated job of brush control and 
reseeding. The ability to bring 
back raw brushland to highly 
productive grasslands in one 
growing season, even during a 
drouth, has been of great encour- 
agement to ranchers and an im- 
portant source of income to 
them. The Agricultural Conserv- 
ation Program has assisted finan- 
cially in the work on many 
ranches. 

The importance of sound range 
management in supplementing 
the brush control and reseeding 
techniques cannot be overlooked. 

Dolph Briscoe, Jr., ranching in 
the Dimmit Soil Conservation 
District has controlled the brush 
on thousands of acres. He states 
that the conversion of raw brush- 
land to grassland is a means of 
drouth-proofing his ranch, and 
that management consisting of 
proper stocking, deferments, and 
water developments will be used 
to maintain the grass cover once 
established. Failures in estab- 
lishing a grass stand and control- 
ling brush have occurred at Co- 
tulla, Crystal City, Eagle Pass 
and elsewhere in the Rio Grande 
Plains where control work was 
not followed by seeding, defer- 
ment, or proper stocking. 

Co&s and Benefits 

Costs of rootplowing and seed- 
ing vary from $8 to $12 per acre, 
depending on the size of the op- 
eration, type and size of brush 
and the amount of seed used. 
With seeder boxes mounted on 
the tractor and operating auto- 
matically, conservation contrac- 
tors have found it possible to do 
the seeding without cost to the 
rancher, except for the seed used. 
Ranchers like Briscoe expect the 

returns from increased beef pro- 
duction to pay the costs of root- 
plowing and seeding in two years 
with adequate rainfall. 

On a 6,000 acre pasture, stock- 
ing rates were 60 acres per cow, 
with supplemental feeding re- 
quired. After brush control and 
deferment, Mr. Briscoe stocked 
the pasture on October 11, 1955, 
with 512 steers weighing an aver- 
age of 625 pounds. On April 10, 
1956, with no supplemental feed- 
ing and no rain during the peri- 
od, the steers weighed off at 897 
pounds. Total gain was 126,464 
pounds of beef. Immediately fol- 
lowing removal of the steers, the 
pasture was stocked with 300 
cows with calves weighing 325 
pounds. The calves were sold in 
September, 1956, averaging 522 
pounds and graded good to 
choice. The beef production dur- 
ing the twelve month period was 
185,564 pounds, or 30.1 pounds 
per acre. An additional 250 cows 
were moved into the pasture im- 
mediately after removal of the 
calves. Mr. Briscoe states that 
the pasture is now in better con- 
dition than in the drouth year of 
1956. 

Herbage production increases 
of several hundred percent are 
common. Brush infested, poor 
condition rangelands rarely pro- 
duce more than 500 pounds of 
total herbage per acre per year. 
Reclaimed pastures normally 
produce 4,000 to as high as 10,000 
pounds, based on air-dry weight 
clipping at ground level. Pas- 
tures with stocking rates former- 
ly as low as 60 acres to the ani- 
mal unit yearlong are now able 
to carry an animal unit to 6 
acres. However, ranchers are 
acutely aware of the needs for 
preventing re-establishment of 
brush and maintenance of an 
adequate grass cover to insure 
maximum intake of rainfall and, 
therefore, are cautious in plan- 
ning on stocking rates exceeding 
10 - 20 acres per cow over the 
long stretch. Violent fluctua- 
tions in annual rainfall are com- 
mon, and stocking rates aimed at 
retaining grass cover over long 
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periods is sensible. Ranchers in- 
terested in cover for deer and 
other wildlife are leaving strips 
and blocks of brush in otherwise 
cleared pastures for their protec- 
tion. 

C. S. Alexander of Carrizo 
Springs, Texas, prior to brush 
control work, was limited to one 
cow to 33 acres during favorable 
rainfall years, and was required 
to burn pricklypear for feed. He 
is now carrying a cow to five 
acres without any supplemental 
feed. Vernor Williams of Carrizo 
Springs, had the same problem of 
low stocking rates and feeding. 
On a brush controlled pasture, he 
stocked a steer to 8.8 acres, and 
in seven months they gained 270 
pounds per head. Production was 
30 pounds of beef per acre. Dur- 
ing this period, only 10 inches of 
rain were received. 

Roy Jones and son Leroy of 
Dentonio, Texas, related the dif- 
ficulty of producing a 400 pound 
calf in 10 months on his brushy 
pastures. They now produce 
calves averaging 565 pounds in 
8 months. 

The process of rootplowing and 
reseeding has been so successful 
in restoring pastures over a wide 
area of south Texas that it has 
displaced most other types of 
brush control work. Trials are 
being set up by soil conservation 
districts having different types 
of brush problems-in the Trans- 
Pecos, Edwards Plateau, Rolling 
Red Plains, and Blackland Prai- 
ries of Texas. Rootplows are be- 
ing purchased by Mexican ranch- 
ers for work in Mexico. The re- 
sults of their work has not yet 
been ascertained. The ultimate 
spread of the technique of root- 
plowing and seeding may extend 
far beyond the brushlands of 
Texas. No doubt modifications 
to meet local conditions will be 
necessary, just as they were 
crucial to successful use in south 
Texas. The success of the range 
improvement work in south 
Texas has enabled range con- 
servationists to achieve their ob- 
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Management as Related to Range Site in the 
Central Plains of Eastern Colorado 

ARNOLD HEERWAGEN 

guide and evaluate management 
of a range resource. An examina- 
tion of several kinds of rangeland 
found in a portion of the Central 
Great Plains illustrates some of 
the diverse plant cover and man- 
agerial problems entailed. 

Range Conservationist, Soil Conservation Service, U. S. Rangelands in the Plains of 
Department of Agriculture, 321 New Custom House, Easfern Colorado 
Denver, Colorado 

Many of the major problems of 
the Great Plains can be traced to 
a misinterpretation of their nat- 
ural potential. First identified by 
early explorers as the Great 
American Desert, the Great 
Plains were subsequently ex- 
tolled as a modern-day Garden 
of Eden by some land promoters 
and speculators. Regardless of 
their classification, there still 
persists an optimistic tendency 
to expect production levels from 

farm and ranch lands character- 
istic of more humid and less er- 
ratic climates. Today, for ex- 
ample, we are faced with diverse 
opinions and expectations of 
what should grow on Great 
Plains rangelands and what they 
can be expected to produce. 

A knowledge of the potential 
and manageable plant cover in- 
herent to the various kinds of 
rangeland found in the Great 
Plains is essential to properly 

The specific area considered is 
restricted to the rolling plains of 
eastern Colorado, excluding foot- 
hills, mesas, and recent mountain 
outwash fringing the eastern 
front of the Rocky Mountains. 
This natural grassland, located in 
the highest and driest portion of 
the Central Plains, has an annual 
average precipitation varying 
from 12 to 16 inches. Approxi- 
mately 70 to 75 percent of the 
total precipitation falls in the pe- 
riod extending from April 1 to 
September 30. The area acts as 
a melting pot for plant cover in- 
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periods is sensible. Ranchers in- 
terested in cover for deer and 
other wildlife are leaving strips 
and blocks of brush in otherwise 
cleared pastures for their protec- 
tion. 

C. S. Alexander of Carrizo 
Springs, Texas, prior to brush 
control work, was limited to one 
cow to 33 acres during favorable 
rainfall years, and was required 
to burn pricklypear for feed. He 
is now carrying a cow to five 
acres without any supplemental 
feed. Vernor Williams of Carrizo 
Springs, had the same problem of 
low stocking rates and feeding. 
On a brush controlled pasture, he 
stocked a steer to 8.8 acres, and 
in seven months they gained 270 
pounds per head. Production was 
30 pounds of beef per acre. Dur- 
ing this period, only 10 inches of 
rain were received. 

Roy Jones and son Leroy of 
Dentonio, Texas, related the dif- 
ficulty of producing a 400 pound 
calf in 10 months on his brushy 
pastures. They now produce 
calves averaging 565 pounds in 
8 months. 

The process of rootplowing and 
reseeding has been so successful 
in restoring pastures over a wide 
area of south Texas that it has 
displaced most other types of 
brush control work. Trials are 
being set up by soil conservation 
districts having different types 
of brush problems-in the Trans- 
Pecos, Edwards Plateau, Rolling 
Red Plains, and Blackland Prai- 
ries of Texas. Rootplows are be- 
ing purchased by Mexican ranch- 
ers for work in Mexico. The re- 
sults of their work has not yet 
been ascertained. The ultimate 
spread of the technique of root- 
plowing and seeding may extend 
far beyond the brushlands of 
Texas. No doubt modifications 
to meet local conditions will be 
necessary, just as they were 
crucial to successful use in south 
Texas. The success of the range 
improvement work in south 
Texas has enabled range con- 
servationists to achieve their ob- 
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Management as Related to Range Site in the 
Central Plains of Eastern Colorado 

ARNOLD HEERWAGEN 

guide and evaluate management 
of a range resource. An examina- 
tion of several kinds of rangeland 
found in a portion of the Central 
Great Plains illustrates some of 
the diverse plant cover and man- 
agerial problems entailed. 

Range Conservationist, Soil Conservation Service, U. S. Rangelands in the Plains of 
Department of Agriculture, 321 New Custom House, Easfern Colorado 
Denver, Colorado 

Many of the major problems of 
the Great Plains can be traced to 
a misinterpretation of their nat- 
ural potential. First identified by 
early explorers as the Great 
American Desert, the Great 
Plains were subsequently ex- 
tolled as a modern-day Garden 
of Eden by some land promoters 
and speculators. Regardless of 
their classification, there still 
persists an optimistic tendency 
to expect production levels from 

farm and ranch lands character- 
istic of more humid and less er- 
ratic climates. Today, for ex- 
ample, we are faced with diverse 
opinions and expectations of 
what should grow on Great 
Plains rangelands and what they 
can be expected to produce. 

A knowledge of the potential 
and manageable plant cover in- 
herent to the various kinds of 
rangeland found in the Great 
Plains is essential to properly 

The specific area considered is 
restricted to the rolling plains of 
eastern Colorado, excluding foot- 
hills, mesas, and recent mountain 
outwash fringing the eastern 
front of the Rocky Mountains. 
This natural grassland, located in 
the highest and driest portion of 
the Central Plains, has an annual 
average precipitation varying 
from 12 to 16 inches. Approxi- 
mately 70 to 75 percent of the 
total precipitation falls in the pe- 
riod extending from April 1 to 
September 30. The area acts as 
a melting pot for plant cover in- 
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FIGURE 1. Lejc: Sandhill site in excellent range condition. The dominant tall grasses include sand bluestem, little bluestem, and prairie 
sandreed. Right: Sandhall site in poor range condition. The tall grasses have disappeared. Principal species include sand dropseed, 
hairy grama, and sand sagebrush. 

fluences migrating from colder 
northern climates and those 
originating in warmer climates 
southward. It further acts as a 
buffer against the westward ex- 
pansion of the classical kind of 
mixed prairie found in areas of 
higher precipitation to the east, 
northeast, and southeast. This 
buffer, however, has its weak 
points, and is frequently infil- 
trated by grasslands character- 
istic of more humid climates on 
certain favorable sites. 

This portion of the Central 
Great Plains serves as a focal 
point for the long-standing con- 
troversy concerning the relative 
place of shortgrasses and mid- 
grasses. A comparison with other 
Great Plains rangelands reveals 
many points of similarity but 
also some distinct differences. 
The abundance of cool-season 
midgrasses and sedges character- 
istic of certain range sites in lati- 
tudes further north is not to be 
expected in the Central Great 
Plains. The kind of mixed prairie 
vegetation found on medium- 
textured upland soils in the high- 
er precipitation zones to the 
eastward, in which little blue- 
stem (Andropogon scoparius) is 
an important midgrass constitu- 
ent, occurs only on a few favor- 
able sites. There is no direct con- 
tact with the desert plains grass- 
land located far to the south. 

Rangelands here described close- 
ly resemble those found in 
extreme western Kansas and 
portions of northeastern New 
Mexico. 

Currently the Soil Conserva- 
tion Service recognizes approxi- 
mately 12 different range sites in 
this segment of the Great Plains. 
A range site is a physiographic 
land unit having sufficient homo- 
geneity of climate, soil, and to- 
pography to produce essentially 
the same kind or amount of plant 
cover when in climax condition. 
All of the range sites in eastern 
Colorado contain some mid- 
grasses and seven of them con- 
tain some tallgrasses when in 
climax condition. However, the 
relative proportion of short- 
grasses, midgrasses, and tall- 
grasses varies materially be- 
tween sites. Grassland authors, 
ranchers, and range technicians 
working in the area, have long 
recognized at least some of these 
distinctions in kinds of potential 
plant cover. Practically all of 
them, for example, distinguished 
plant communities found on 
sandy soils, hardlands, and flood- 
plains. Weaver and Albertson, in 
addition to their own studies and 
conclusions, have recently sum- 
marized the findings of other 
workers in this locality (6). 
However, the generalized and all 
too common opinion still persists 

that this portion of the Central 
Plains is simply one kind of 
rangeland and the basic question 
is whether manageable plant 
cover should consist of short- 
grasses or mixtures of short- 
grasses and appreciable amounts 
of midgrasses. 

No intelligent answer to this 
question is possible without a 
critical evaluation of the poten- 
tial plant cover in relation to the 
widely divergent environments 
resulting from soil, topographic, 
and climatic variants within the 
area. Considerable progress in 
such evaluations, first high- 
lighted by the early work of 
Shantz (3)) has been and is being 
made. As a result, comprehensive 
answers concerning the nature of 
the potential plant cover are be- 
coming more apparent. Further, 
the problem of evaluating range 
improvement or decline is given 
specific guidance and direction. 

A comparison of climax plant 
communities on deep sand, sandy 
loam, and silt loam uplands in 
the 12 to 16-inch precipitation 
zone of eastern Colorado illus- 
trates the inherent differences in 
potential plant cover, and indi- 
cates specific variations in key 
management species that must 
be recognized if reasonable for- 
age and livestock production 
levels, consistent with the po- 
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tential of the land, are to be 
attained. 

Sandhill Rangelands 
Deep sands of the Tivoli and 

Valentine soil series characterize 
the sandhill range site in eastern 
Colorado. Favorable soil mois- 
ture relationships resulting from 
high water intake rates and low 
wilting coefficients, as compared 
to finer textured soils, largely 
offset the disadvantages of rela- 
tively low water-holding capaci- 
ties of these soils in a semi-arid 
climate. This site, when in excel- 
lent range condition, supports a 
tallgrass and midgrass plant com- 
munity in which any appreciable 
amounts of shortgrasses are defi- 
nitely out of place. Even with a 
decline in range condition, short- 
grasses rarely assume dominance. 
Deep-rooted, rhizomatous grasses 
that are capable of withstanding 
soil deposition or removal, are 
native to the site. Chief among 
these are sand bluestem (Andro- 
pogon haZZii) and prairie sand- 
reed (CaZamoviZfa Zongifoliu). 
Associated midgrasses of major 
importance are little bluestem 
(Andropogon scopurius) and 
needle-and-thread (Slipu coma- 
tu). These species, together with 
other tallgrasses and midgrasses 
of secondary importance, make 
up over 50 percent of the plant 
composition in excellent range 
condition. Shortgrasses, princi- 
pally hairy grama (Boutelouu 
hirsutu) and blue grama (Boute- 
Zouu grucilis) comprise 15 per- 
cent or less of the composition, 
not only in relict areas but also 
in pastures having a history of 
proper grazing use. 

Medium-Textured Upland 
Rangelands 

Moderately deep to deep silt 
loam soils of the Weld, Baca, and 
similar soil series characterize 
the loamy upland range site in 
eastern Colorado. These are the 
hardlands and wheatlands of 
cropland agriculturists. The mer- 
its of relatively high water-hold- 
ing capacities are, in large meas- 
ure, offset by insufficient pre- 
cipitation to capitalize on this ad- 
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vantage. As compared to deep 
sands, water intake rates are 
lower, wilting coefficients high- 
er, and susceptibility to drought 
greater in a semi-arid climate. 
Moisture relationships are not 
favorable to deep rooted tall- 
grasses. This site is a natural 
home for shortgrasses. Blue 
grama is the overwhelming cli- 
max dominant. Buff alo grass 
(Buchloe dactyloides) is a signi- 
ficant secondary species in ex- 
treme eastern Colorado but is of 
minor importance or lacking en- 
tirely at higher and drier eleva- 
tions westward. Midgrasses are 
definitely secondary components 
of the climax, generally compris- 
ing less than 15 percent of the 
composition on this site. Recent 
studies by Albertson and Toma- 
nek (6) on similar rangeland in 
northeastern Colorado support 
this contention. The principal 
midgrass species include western 
wheatgrass (Agropyron smithii), 
side-oats grama (Boutelouu cur- 
tipendulu), and needle - and - 
thread. Perennial three awn 
(Aristidu spp.) and sand drop- 
seed (Sporobolus cryptundrus), 
while assuming midgrass stature, 
are minor components of the 
climax. On this site and in this 
area they increase with grazing 
use. They are relatively abun- 
dant on disturbed areas and on 
abandoned cropland. They are 
not valid indicators of the rela- 
tive place of midgrasses as com- 
pared to shortgrasses under cli- 
max conditions. 

Sandy Plains Rangelands 
Sandy loam soils typified by 

the Ascalon and Dalhart series 
are included in the sandy plains 
range site in eastern Colorado. 
These soils are characteristically 
underlain by somewhat finer tex- 
tured subsoils. These are the row 
crop lands of agriculturalists. In 
a semi-arid climate their mois- 
ture relationship for native 
plants is more favorable than 
that of silt loam uplands and 
somewhat less favorable than 
deep sands. The plant cover con- 
sists of an intimate mixture of 
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midgrasses, shortgrasses, and 
some tallgrasses. Major species 
include little bluestem, side-oats 
grama, blue grama, prairie sand- 
reed, needle-and-thread, hairy 
grama, and sand bluestem. Mid- 
grasses and tallgrasses combined 
comprise from 25 to 40 percent of 
the climax composition. Sand 
dropseed is of secondary impor- 
tance, but, together with peren- 
nial three awns, may dominate as 
a result of declining range con- 
dition. Plant cover on this site 
can and frequently does assume 
a dominance by shortgrasses as 
a result of a decline in range con- 
dition. 

Herbage yield studies made in 
connection with field observa- 
tions of the Soil Conservation 
Service (5) indicate significant 
variations in forage production 
between these kinds of range- 
land. Using the yield of the 
loamy upland range site as an 
index of 1.0, the approximate 
index of the sandy plains site is 
1.3, and of the sandhills site, 1.6. 
The herbage yield of the sand- 
hills and sandy plains sites are 
drastically reduced by the de- 
crease or disappearance of tall- 
grasses and midgrasses. 

An evaluation of additional 
range sites in eastern Colorado 
indicates considerable variation 
in potential plant covers, in the 
relative proportion of mid- 
grasses, shortgrasses, and tall- 
grasses, and in herbage yield. 
Thus, an evaluation of range sites 
aids materially in clarifying the 
shortgrass versus midgrass con- 
troversy, and in giving guidance 
and direction to management. 
Generalized assertions as to the 
kind of potential plant cover that 
do not recognize significant 
variations in environment are of 
necessity ambiguous. The same 
degree of ambiguity would apply 
to an evaluation of the effects of 
management if variations in po- 
tential plant cover were ignored. 

Relation fo Management 
Research studies made in this 

portion of the Central Great 
Plains include an evaluation of 
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FIGURE 2. Left: Loamy upland site in excellent range condition. Blue grama is the don&ant species, with a scattered overstory of 
western w’heatgrass. Right: Sandy plains site in poor range condition. The midgrasses and tall grasses have largely disappeared. The 
principal remaining species are blue grama, three awn, and yucca. 

grazing intensity on shortgrass 
ranges near Nunn, Colorado. A 
ten-year summary of this study 
by the Rocky Mountain Forest 
and Range Experiment Station 
(4) concluded that shortgrass 
vegetation can be expected to 
maintain itself and may improve 
in condition under continuous 
moderate grazing use. When con- 
dition is below maximum for the 
site, improvement in condition 
can be expected under continu- 
ous light grazing use. Net in- 
come was shown to be highest 
from moderate use as compared 
to heavy and light use. 

Recently the Colorado Agri- 
cultural Experiment Station has 
initiated range improvement and 
management studies on sandy 
lands in east-central Colorado 
and on hardlands in southeastern 
Colorado. Results of these 
studies, and the continuation of 
pasture studies by the Agricul- 
tural Research Service near 
Nunn, Colorado, will provide 
further information on the use 
and management of these kinds 
of rangeland. 

A recent field evaluation made 
by the Soil Conservation Service 
in the plains of eastern Colorado 
and New Mexico illustrates the 
benefits of good range condition 
in terms of beef production (1, 
2). The evaluation, based upon 
yearlong commercial breeding 
herd operations, included a de- 

termination of range site, range 
condition, and beef production in 
terms of pounds per acre and 
pounds per cow unit grazed. Beef 
production was 14.8 pounds per 
acre and 374 pounds per cow unit 
on ranches averaging good range 
condition, 10.9 pounds per acre 
and 348 pounds per cow unit on 
fair, and 8.0 pounds per acre and 
277 pounds per cow unit on 
ranches averaging poor range 
condition. 

Trained observers, combining 
the experience and opinions of 
ranchers and co-workers with re- 
peated observations of the same 
area of rangeland over a period 
of years, reach some conclusions 
as to the nature and behavior of 
plant cover under different kinds 
of use and management. The ob- 
servations which follow are in 
this category. 

Management of- medium-tex- 
tured loamy upland rangelands 
in the 12 to 16-inch precipitation 
zone of the Central Great Plains 
should be based on the establish- 
ment or maintenance of a vigor- 
ous plant cover dominated by 
blue grama. Buffalo grass is, or 
should be, a secondary species. 
A comparatively small but sig- 
nificant amount of midgrasses, 
principally western wheatgrass, 
side-oats grama, and needle-and- 
thread is to be expected on this 
kind of rangeland. These species 
contribute significantly to yield, 

and in the case of western wheat- 
grass and needle-and-thread, pro- 
vide early-season green forage at 
a critical period. Their mainte- 
nance in a plant cover dominated 
by shortgrasses is difficult under 
continuous grazing use. Periodic 
rest, geared specifically to the 
growth habits of these mid- 
grasses, aids materially in assur- 
ing their continued production. 
Dense sodlike stands of blue 
grama and buffalo grass are not 
the most productive cover on this 
kind of rangeland. Under these 
conditions the individual plants 
are generally low in vigor and 
shallowly rooted. 

Sandhill rangelands in eastern 
Colorado can be profitably used 
and managed in a manner that 
will maintain productive stands 
of tallgrasses and midgrasses. 
Key management species include 
sand bluestem, prairie sandreed, 
and little bluestem. Management 
based on such species as blue or 
hairy grama and sand dropseed 
soon leads to a marked decline in 
productivity. This kind of range- 
land rarely is dominated by 
shortgrasses following a decline 
in range condition. It is subject 
to severe wind erosion damage 
following deterioration. There- 
fore prudent use and manage- 
ment is essential, not only to as- 
sure high production levels, but 
also to maintain a reasonable 
degree of soil stability. 
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Management of sandy plains 
rangeland should be based on 
key midgrasses and tallgrasses if 
the potential productivity of the 
site is to be realized. This kind of 
rangeland frequently is domi- 
nated by shortgrasses following 
a decline in range condition. 
When dominated by shortgrasses, 
such rangeland can be used and 
managed in a manner that will 
provide adequate protection 
against wind erosion, but fails to 
provide either the amount or 
variety of forage produced by the 
potential plant cover. 

Primary consideration has 
been given to the nature and 
management of plant cover in 
the Central Plains of eastern 
Colorado. A knowledge of po- 
tential plant cover and the inter- 
pretation of changes in terms of 
range improvement or decline 
are deemed essential to the 
establishment and attainment of 
management objectives. Certain- 
ly all of the basic principles of 
sound range and livestock man- 
agement common to all range- 
lands are equally applicable to 
the Central Plains. Inasmuch as 
this area is historically and dra- 
matically subject to periodic 
drought, the problem of adjust- 
ing the degree of grazing use to 
available forage supplies is espe- 
cially significant. Measures com- 
monly advocated for the solution 
of this problem include mainte- 
nance of adequate forage re- 
serves and flexibility in herd 
composition and management. 
Unfortunately the advocacy of 
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these measures is substantially 
easier than their continued time- 
ly application. However, the 
adoption of these practices by an 
increasing number of ranchers 
testifies to a progressive realiza- 
tion of their need and feasibility. 
Despite the severity and impact 
of the current drought on plant 
cover and ranch income, there 
still are ranches on which the 
present condition of the range 
would hearten range operators 
and technicians. Such profitable 
and long-term use of native 
rangelands is one of the basic 
elements in the stable and pro- 
ductive use of land in the Great 
Plains. 

Summary 

1. A knowledge of potential 
plant cover for each kind of 
rangeland is essential to properly 
guide and evaluate grazing use 
and management. 

2. An examination of several 
range sites in the Central Plains 
of eastern Colorado reveals sig- 
nificant variations in the kind 
and amount of plant cover char- 
acteristic of the climax. These 
variations are due to divergent 
environments resulting from dif- 
ferent combinations of soil, to- 
pography, and climate. 

3. Range site evaluations aid 
materially in determining the 
relative place of shortgrasses, 
midgrasses, and tallgrasses for 
the various kinds of rangeland in 
this area. 

4. Deep sands support a plant 
cover dominated by tallgrasses 
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and midgrasses. A plant cover 
dominated by shortgrasses in 
which midgrasses are definitely 
secondary species, characterizes 
medium textured upland soils. 
Sandy loam soils support an inti- 
mate mixture of midgrasses, 
shortgrasses, and tallgrasses. 

5. To realize optimum forage 
and livestock production levels, 
management of native range- 
lands in this area should be based 
upon the re-establishment or 
maintenance of the kind of plant 
cover characteristic of the po- 
tential for the various range sites 
involved. 

1. 

2. 

3. 

4. 

5. 

6. 

LITERATURE CITED 
HEERWAGEN, ARNOLD. 1953 The 
proof is in the pounds. Western 
Livestock Jour. April 1953. 

MCCORRLE, J. S. AND ARNOLD 
HEERWAGEN. 1951. Effects or range 
conditon on livestock production. 
Jour. Range Mangt. 4: 242-248. 

SHANTZ, H. L. 1911. Natural veg- 
etation as an indicator of the 
capabilities of land for crop pro- 
duction in the Great Plains area. 
U. S. Dept. Agr. Bureau of Plant 
Industry. Bull. 201. 100 pp. 

U. S. FORREST SERVICE. 1952. An- 
nual Report. Rocky Mountain 
Forest and Range Experiment 
Station. U. S. Dept. of Agr., For- 
est Service, Fort Collins, Colo- 
rado. pp. 17-18. 

U. S. SOIL CONSERVATION SERVICE. 
1956. Plant Technology Unit files, 
U. S. Dept. of Agr., Soil Conser- 
vaton Service, Denver, Colorado. 

WEAVER, J. E. AND F. W. ALBERT- 
SON. 1956. Grasslands of the Great 
Plan-is. Johnsen Publishing Co., 
Lincoln, Nebr. 395 pp. 

NEWLY ELECTED SOCIETY OFFICERS FOR 1958 

Officers of the American Society of Range Management elected for the year 1958 are: 

President: ROBERT S. CAMPBELL, U. S. Forest Service, New Orleans, Louisiana. 

Vice President: DONALD F. HERVEY, Colorado State University, Fort Collins, Colorado. 

Board of Directors: 1958-60: 

JAMES L. FINLEY, Rancher, Gilbert, Arizona. 

MELVIN S. MORRIS, University of Montana, Missoula, Montana, 



Criteria and Conditions for Public and Private 
Ownership of Range Resources’ 

S. V. CIRIACY-WANTRUP 

Professor of Agricultural Economics, University of CaZi- 
jornia, Berkeley, California 

When does the Issue of Public 
Ownership Arise? 

By way of introducing a com- 
plex and controversial subject, 
one may raise the question why 
it is that in range resources- 
and also in forest resources- 
public ownership is a live and 
hotly debated issue in a country 
which, in its basic ideology and 
institutions, relies on private 
ownership. Public ownership of 
agricultural or m i n e r a 1 re- 
sources, on the other hand, is 
not a controversial issue in this 
country. 

In range and forest resources, 
public ownership is not only an 
issue, but most people would 
concede that public ownership 
should play at least some role. 
Is this attitude determined only 
by the momentum of historical 
experience, by the fact that, in 
the relatively short history of 
this country, public ownership 
has played such an important 
role in range and forest re- 
sources? Without denying this 
influence, there are more impor- 
tant reasons for the attitude to- 
ward public ownership of range 
and forest resources. 

In order to get at these rea- 
sons, one has to clarify certain 
basic assumptions with respect 

. to the over-all role of ownership 
in natural resources. For the 
purposes of this paper, a particu- 
lar form of ownership-public 
or private-will be regarded not 
as an “end” of community wel- 
fare nor as a necessary condi- 

IGiannini Foundation Paper No. 164. 
Presented at the 11 th Annual Meet- 
ing of the American Society of Range 
Ma.nagement, Great Falls, Montana, 
January 29 to February 1, 1957. 

tion for the development of that 
society one usually calls “Mod- 
ern Western,” but as a “means” 
for public policy to increase wel- 
fare or as a variable in economic 
development (Ciriacy-Wantrup, 
1956). 

Our first question, then, may 
be answered by saying that pub- 
lic ownership of natural re- 
sources becomes an issue under 
conditions which create doubt 
as to the superiority of private 
ownership as a means to increase 
community welfare. For range 
resources these conditions pre- 
vail more frequently than for 
agricultural resources. But there 
are cases when they prevail for 
agricultural resources also. In 
California, for example, consid- 
erable areas of agricultural land 
of high per-acre value have been 
transferred from private to pub- 
lic ownership; they are inten- 
sively cultivated to sustain the 
waterfowl of the Pacific Fly- 
way. Such transfer is an impor- 
tant policy tool for decreasing 
crop damage on surrounding 
private agricultural lands and 
for perpetuating and distribut- 
ing benefits from waterfowl. 

Let us inquire what are the 
criteria for identifying such con- 
ditions in range resources. Two 
interrelated criteria will be dis- 
cussed. For short, one will be 
called the “social-benefit” and 
the other the “conservation” cri- 
terion. Only a short sketch of 
these two criteria can be given 
here. A more detailed treatment 
is found elswhere (Ciriacy- 
Wantrup, 1952). 

Social Benefits from Range 
Resources 

Range resources yield several 
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products jointly. Besides live- 
stock, the most important are 
water, protection of the soil 
against erosion by water and 
wind, and outdoor recreational 
opportunities, especially those 
provided by fish and game. Ex- 
cept the first, these products are 
generally not sold in the market 
and are difficult to evaluate in 
monetary t e r m s . Potentially 
they are of benefit to others be- 
sides the private owner of range 
resources, but both their produc- 
tion and their distribution are 
affected by private range man- 
agement decisions. Largely for 
economic reasons, these effects 
are not and cannot be taken into 
account by the private owner 
to the same extent as they would 
be from the standpoint of wel- 
fare economics. 

Such “extra-market” products 
by themselves do not distinguish 
range resources from agricul- 
tural resources. Wildlife and 
other recreational opportunities 
are also produced on corn belt 
farms. There, however, the so- 
cial benefits derived from them 
-this means benefits received 
not only by the owner but also 
by other members of society- 
are generally small relative to 
the social benefits derived from 
crops and livestock. Social ben- 
efits from the latter products are 
evaluated through the market 
and taken into account in pri- 
vate management decisions. 

The concept “welfare” in eco- 
nomics has reference to both the 
aggregate volume and the distri- 
bution of social benefits. Hence, 
both the production and the dis- 
tribution of social benefits from 
range resources must be con- 
sidered here. In the future, the 
problem of distribution may be- 
come even more important than 
the problem of production. 
There are three major reasons 
for this expectation. 

First, there is a trend for wild- 
life and other recreational op- 

. 
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portunities yielded by range re- 
sources to become marketable 
products. This is exemplified by 
leasing h u n t i n g and fishing 
rights to individuals and groups, 
by fees charged for trespass per- 
mits, by taking in “paying 
guests” and by outright “dude” 
ranching. In view of such 
trends, production per acre of 
opportunities for outdoor recre- 
ation may not be smaller under 
private than under public own- 
ership of range resources. But 
the distribution of these bene- 
fits is quite different under the 
two forms of ownership. Under 
private ownership these benefits 
are distributed to those who are 
able to pay for them; they are 
distributed on the basis of 
money incomes, as are most 
other products in our society. 
Under public ownership these 
benefits are distributed free. 
Where rationing becomes neces- 
sary, this is generally accom- 
plished on a “first come, first 
served” basis. (The relatively 
small fees for hunting and fish- 
ing licenses are paid also by 
those who use private lands.) 

Second, through education, 
through public assistance in hab- 
itat improvement, stocking and 
patrolling, and through taxation, 
zoning, and land-use regulations, 
public policy can exercise con- 
siderable influence upon the pro- 
duction of wildlife and other rec- 
reational opportunities on pri- 
vate land. Such policy tools can 
also be used to influence distri- 
bution. This latter influence, 
however, is likely to remain 
minor. Let me illustrate the ba- 
sis for this conclusion by an ex- 
ample. Public assistance to pri- 
vate landowners can be given 
under the condition that at least 
a portion of the land is open to 
public hunting and fishing. This 
approach is taken in the coop- 
erative hunting areas in Cali- 
fornia. In these, the major ad- 
vantage to the private land- 
owner is that a portion of the 
land (not more than 20 percent) 
is reserved for him, his family 

and guests, and that the posting 
and patrolling is done by the 
state (Harper, Metcalf, and Da- 
vis, 1950). 

This interesting and worth- 
while attempt to influence dis- 
tribution of benefits from wild- 
life is endangered by the trend, 
just noted, for wildlife to be- 
come a paying crop. If a private 
landowner knows that his hunt- 
ing rights have a market value, 
when sold by him directly or 
through some community organ- 
ization, he will be reluctant to 
join a cooperative hunting area. 
As a consequence, the state may 
have to acquire hunting rights 
through payments to private 
landowners or through other 
ways if free public hunting is to 
be provided. 

Third, it would not be realistic 
to expect that in this country 
distribution of social benefits 
from range resources will be ex- 
ercised entirely through the mar- 
ket mechanism on the basis of 
money incomes. Here, in con- 
trast to some European coun- 
tries, the tradition of free hunt- 
ing and fishing is strong. Fur- 
thermore, the provision of some 
forms of outdoor recreation, for 
example, in parks and play- 
grounds, is generally regarded 
as a public responsibility. 

This is not to imply that the 
provision of free hunting and 
fishing for everyone to his 
heart’s content should be made 
a public responsibility. The trend 
toward sale of recreational op- 
portunities has just been men- 
tioned. This trend favors a 
greater-aggregate volume of such 
opportunities available for use. 
In this sense, one may regard 
the trend toward marketability 
as being in the interest of wel- 
fare. The point is that, in view 
of and in addition to an increas- 
ing sale of outdoor recreational 
opportunities, there is an in- 
creasing demand for a public 
program in order to distribute 
these opportunities in the inter- 
est of community welfare. Effi- 
cient administration of such a 

program may require public 
ownership of the land and not 
merely acquisition of certain use 
rights. 

If these three points are ac- 
cepted, it follows that, in apply- 
ing the social-benefit criterion 
for public and private ownership 
of range resources, one must 
consider recreational opportuni- 
ties provided in relation to the 
production of livestock. Compu- 
tation of a precise numerical ra- 
tio between the net value of 
these two types of products on 
a given acre of range land pre- 
sents difficulties, but is not al- 
ways necessary. Such a ratio 
would be relevant only under 
constraints: minimum require- 
ments of wildlife management, 
such as balance of summer and 
winter range and suitable ad- 
ministrative units, must be met. 
More importantly, public policy 
must look toward the future. On 
the basis of fairly clear trends 
in total United States popula- 
tion, age distribution, occupa- 
tional patterns, per-capita in- 
come, and residence, one can pre- 
dict that the demand for outdoor 
recreational opportunities will 
increase much faster than the 
demand for livestock. At pres- 
ent, the criterion under discus- 
sion may seem more important 
for range resources in a fast- 
growing state like California 
with a large urban population. 
But in the future it may become 
important also for range re- 
sources in areas like the North- 
ern Great Plains which, at pres- 
ent, are less urbanized. ’ 

Although no attempt is made 
here to define the social-benefit 
criterion numerically, it can be 
applied on a considerable acre- 
age without difficulty and cer- 
tain consequences that would 
follow from its application can 
be spelled out. It would seem 
sound public policy to deal with 
those areas first where the ratio 
which is being considered here 
as a criterion clearly is either 
very large or very small. In 
some parts of this country, such 
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as the Northern Great Plains, 
there are range resources pres- 
ently in public ownership which 
now and in the future have little 
significance for outdoor recre- 
ation. In terms of the social-ben- 
efit criterion, therefore, there 
would be no objection against 
a transfer to private ownership. 
On the other hand, there are 
range resources presently in pri- 
vate ownership that have great 
significance for outdoor recre- 
ation. This is especially true for 
some critical winter ranges of 
deer and elk. In terms of the 
social-benefit criterion, such 
range resources should be in 
public ownership. The State of 
California, for example, has re- 
cently bought from private own- 
ers a large acreage of this type 
of range in the foothills of the 
Sierra Nevada. 

Conservation of 
Resources 

Range 

Let us turn now to the second 
criterion. The classical argu- 
ment in favor of public owner- 
ship of range resources is based 
on the criterion of conservation. 
The argument in favor of this 
criterion points out that under 
some conditions private owners 
do not practice conservation and 
that such conservation is in the 
public interest. Before one can 
apply this criterion, the meaning 
of conservation must be clear. 
Then one needs to ascertain 
whether the conditions that pre- 
vent conservation under private 
ownership can be changed with- 
out changing the form of owner- 
ship. Let us look somewhat more 
closely at these requirements. 

Range conservation by itself 
has no clear meaning in terms 
of a certain level of range pro- 
ductivity that should be pre- 
served indefinitely. Range pro- 
ductivity is increasingly man- 
made. This raises the question 
what productivity level should 
be aimed at and to what extent 
productivity variations o v e r 
time should be tolerated- for 
example, in periods of drought 

or economic depression. Fur- 
thermore, in an attempt to con- 
nect range conservation with the 
public interest, the question 
arises which level of productiv- 
ity is regarded as the social “op- 
timum.” 

A detailed discussion of the 
meaning of conservation in the 
light of these questions cannot 
be undertaken here. It is suffi- 
cient to say that a minimum 
standard of conservation defined 
in terms of range management 
practices, or physical results of 
such practices, appears more rel- 
evant and useful for public pol- 
icy than defining as the objec- 
tive of range conservation a 
status quo of productivity or a 
social optimum of productivity 
(Ciriacy-Wantrup, 1952, chap- 
ters 4, 17, 18; Ciriacy-Wantrup 
and Schultz, 1957). 

If this point regarding the 
meaning and objective of range 
conservation is accepted, the re- 
quirements for advocating pub- 
lic ownership on the basis of the 
conservation criterion are, first, 
that a minimum standard of 
r a nge conservation is not 
adopted under private owner- 
ship because range operators are 
not sufficiently informed about 
appropriate practices or are not 
able for economic reasons to 
adopt them; and second, that 
these factors cannot be changed 
more effectively through educa- 
tion, land-use regulations, zon- 
ing, subsidies, and other policy 
tools than through public owner- 
ship. 

Conditions under which these 
requirements are fulfilled still 
exist. But insufficient informa- 
tion and economic inability are 
much less important now than 
during the history of the range 
industry even as late as in the 
1930’s. Today, and probably also 
in the future, another economic 
factor is more importarit. This 
is the short-run private profit 
that can be made in regions with 
high climatic hazards but fairly 
level topography by plowing up 
range lands, which in the public 

interest should remain perma- 
nently in grass. This factor oper- 
ated especially d u r in g and 
shortly after the two world wars 
and the Korean War. 

Zoning and land-use regula- 
tions by grazing districts or 
other units of government are 
tools of public policy to prevent 
such privately profitable but so- 
cially costly plowing up of range 
lands. Experience shows, how- 
ever, that these tools are not al- 
ways acceptable to the owners 
of range resources and to the 
people as a whole. To the ex- 
tent, then, that such tools are 
politically not acceptable or ad- 
ministratively t 0 0 expensive, 
public ownership may be the 
safest and most economical way 
to guarantee a minimum stand- 
ard of range conservation. 

It is possible to outline certain 
consequences if the conserva- 
tion criterion is applied in a de- 
cision on whether in particular 
areas private or public owner- 
ship is superior. In the more 
mountainous areas of the West, 
where topography precludes 
plowing up of range lands, con- 
siderable areas could be safely 
transferred from public to pri- 
vate ownership. Most range 
managers know of areas where 
range conservation is practiced 
on private lands to the same or 
even to a higher degree than on 
similar public lands. On the 
other hand, in the arid or semi- 
arid plains, expansion of public 
ownership may become neces- 
sary if other tools of public pol- 
icy remain insufficient. 

After saying this, a word of 
caution would seem appropriate 
with respect to the relation be- 
tween the two criteria. The ar- 
gument in favor of public owner- 
ship may be strong according to 
the social-benefit criterion and 
weak according to the conserva- 
tion criterion, or vice versa. As 
a matter of geographical fact, 
there is a tendency for the two 
criteria to operate in opposite di- 
rections when applied jointly. 
This is explained by the habitat 
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requirements of the presently 
important wildlife species and 
the characteristics of the demand 
for outdoor recreation. This com- 
plexity brings us to the last ma- 
jor point of the. paper. 

Need of More Research in the 
Economics of Range Policy 

In discussing the form of own- 
ership and related problems of 
range policy, one is handicapped 
by lack of scientific facts. Some 
of this lack is in the field of 
natural sciences. For example, 
more information is needed on 
how far and under what condi- 
tions livestock and game com- 
pete for feed; far too little is 
known about the deferred ef- 
fects-as distinguished from the 
more immediate effects-of man- 
agement practices on range pro- 
ductivity. But much of the lack 
of scientific facts is in the field 
of the social sciences, especially 
economics. There is a great need 
for more research in economics 
of range policy. 

The social-benefit criterion 
points to the need for more re- 
search in the economic evalu- 
ation of extra-market products, 
especially of recreational oppor- 
tunities. Whether one likes it 
or not, their evaluation and also 
the dismissal of such evaluation 
are already a part of the politi- 
cal process. Reports of fish and 
game departments and other 
public agencies illustrate many 
attempts to evaluate these prod- 
ucts. One may have professional 
doubts about some of the pro- 
cedures used. Still these at- 
tempts should be encouraged. 

Otherwise, social benefits from 
these products may fail to re- 
ceive due attention in policy de- 
cisions. 

Not all social benefits from 
these products can be evaluated. 
Partial measurement, however, 
is possible by using market 
values indirectly-for example, 
through analyzing data on leases, 
fees, and real estate transactions. 
Values of additional physical 
units of use can be approached 
through questionnaires and sim- 
ilar procedures. These and re- 
lated problems of benefit-cost 
analysis have been more thor- 
oughly explored for water re- 
sources than for range resources 
(Ciriacy-Wantrup, 1955). 

The conservation criterion 
points to the need for more re- 
search in the response by private 
range operators to economic 
forces and government policies. 
In studying the response to vari- 
ations in prices and price sup- 
ports of products and cost fac- 
tors, special attention should be 
given to shifts from grass to cul- 
tivated crops. In studying the 
response to economic uncer- 
tainty and the reaction to the 
actual incidence of drought and 
other extreme variations in the 
physical and economic environ- 
ment, one should focus on fluc- 
tuations of livestock numbers. 
The type and the degree of re- 
sponse in terms of livestock num- 
bers frequently gives rise to so- 
cial costs. From the standpoint 
of conservation, responses to 
variations in institutional ar- 
rangements such as tenancy, 

taxation, credit, and subsidies 
are no less important than re- 
sponses to price variations and 
weather fluctuations. Knowl- 
edge about these responses is 
needed in order to decide 
whether or not range policies 
other than transfer to public 
ownership guarantee a minimum 
standard of conservation. 

But the usefulness of such 
studies is not confined to this de- 
cision. The response of private 
operators using public range re- 
sources to various forms of ten- 
ure and to other economic forces 
is of great interest for the ad- 
ministration of the public range. 
More research in the economics 
of range policy is needed, not 
only to identify in terms of cri- 
teria and conditions where the 
margin between public and pri- 
vate ownership should lie, but 
also to improve the use of pub- 
lic range resources by private 
enterprise. 
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Digger pine (Pinus sabiniana) 
occurs in abundance on many 
woodland-grass ranges in Cali- 
forma (Fig. 1). These ranges, de- 
scribed by Talbot and Biswell 
(1942) and Biswell (1956)) are 
managed primarily for livestock 
but they support large numbers 
of deer, quail, and dove. 

Digger pine has little commer- 
cial value as timber. It is ob- 
noxious on ranges in that shad- 
ing and needle fall reduce the 
amount of forage under the can- 
opy. Also, resin drip in summer 
reduces the palatability of the 
forage. The tree has increased in 
many of the woodland-grass 
areas in recent years (Fig. 2) . 
New seedlings become estab- 
lished every year and the young 
trees grow very rapidly. For 
these reasons many landowners 
have wished to reduce the num- 
of trees on their land. 

Studies were made from 1950 
to 1954 on rangelands in Madera 
County to determine the effects 
of various chemical herbicides on 
digger pines when applied to cuts 
in the basal part of the trunk. 
Broadcast aerial spraying was 
ruled out because of the scat- 
tered distribution of the pine 
trees, the presence of some de- 

‘Contribution from cooperative in- 
vestigation between the University 
of California and the California De- 
partment of Fish and Game. Re- 
search was done under Federal Aid 
in Wildlife Restoration Act, Pittman- 
Robertson Research Project W-31-R. 

2Formerly Assistant Specialist, 
School of Forestry, University of 
California, Berkeley. 

sired oaks, and the many pala- 
table shrubs and broad-leaved 
herbs in the forage. Foliar spray- 
ing from the ground was thought 
not feasible because of the great 
size of many of the trees. Thus 
the study was limited to basal 
treatments. 

Methods 

The method of treatment con- 
sisted of chopping several 
notched cups evenly around the 
basal part of the tree and apply- 
ing various chemical formula- 
tions in the cups. The growth 
form of digger pine seemed ideal 
for basal application rather than 
foliar spray. Notching the base 
of the trunk and applying small 

amounts of herbicides in the cups 
appeared to be the most conserv- 
ative way to administer the ma- 
terial, especially since digger 
pine has thick bark which may 
inhibit penetration of the chemi- 
cals. The equipment for the 
treatments included an axe, a 
pump-type oil can, and a supply 
of herbicide. Chemicals in crystal 
or powder form were applied to 
the cups with a spoon. Emrick 
(1953) describes the method. 

In all treatments the cups were 
made by cutting through the 
bark and cambium layer and into 
the wood, approximately one 
foot above ground level. The 
width of each cup was approxi- 
mately 5 inches-as wide as the 
axe blade. Various spacings were 
used since spacing between cups 
was one of the factors to be 
studied. The dosage of material 
applied to each cut was deter- 
mined by finding how much 
liquid chemical could be added 
to the cup without running it 
over. The average cup made with 
a 5-inch axe blade will hold ap- 
proximately 2.5 cc. 

The chemical treatments were 
evaluated on the basis of per- 
centage of crown and complete 
kill observed at various inter- 
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FIGURE 2. Dense stand of young digger pine surrounding parent tree on moderately grazed 
range. 

vals following treatment. Crown 
or top kill percentage is meas- 
ured by the proportion of the 
needles dead on all trees taken 
collectively; complete kill per- 
centage is the ratio of dead trees 
to trees treated. 

Treatments and Resulfs 
Preliminary Treatments 

Treatments were made from 
1950 through 1952 for the pur- 
pose of screening a number of 
herbicides to narrow the choice 
for further studies. 

The various treatments applied 
to a large number of trees in the 
spring months are listed in Table 
1. 

With the exception of some of 
the 2,4-D amine treatments, no 
application gave complete kill. 
The 2,4,5-T treatments were the 
least effective. Dilution of 2,4-D 
amine to 5 percent with water 
and dry ammonium sulfamate 
produced less than 40 percent top 
kills. The 50 and 100 percent ap- 
plications of 2,4-D amine were 
the most promising. Intensified 
experimentation was confined to 
these concentrations. 

Treatments of 1952 
Using full concentrations and 

50 percent dilutions, 170 digger 
pines ranging from 2 to 35 inches 

dbh were treated in April 1952. 
The object was to narrow down 
the treatments to the one which 
most closely and consistently 
gave complete kill. Undiluted 
amine of 2,4-D, with 5.5 pounds 
of acid equivalent per gallon pro- 
duced the most effective kill. 
The effectiveness of amine 2,4-D 
in these tests was directly pro- 
portional to amount of acid 
equivalent present in each for- 

mulation. The trees reacted 
gradually to the herbicides and 
most of the killing action oc- 
curred prior to the first winter 
period following treatment. All 
of the trees were at least partial- 
ly dead one year following ap- 
plication of the herbicide. 

Trees containing less than 15 
percent green foliage after the 
first winter did not survive be- 
yond the second year following 
treatment, while those with over 
15 percent green foliage were 
still alive 3 years after the ap- 
plications were made. The trees 
ranging from 2 to 15 inches dbh 
were most easily killed in all 
treatments. These were the first 
to show signs of reaction to the 
herbicides late in the spring of 
1952. The upper branches of the 
smaller trees bent over in a char- 
acteristic “gooseneck” and the 
upper leaves turned brown on 
the larger trees. The trees died 
from the top downward in most 
instances throughout the sum- 
mer and early fall periods. 

Treatments of 1953 

After determining what for- 
mulation was best and what con- 
centration was optimum, the 
next emphasis was placed on 

Table 1. Herbicide screening treatments made in 1950-1952. 
Salt Acid equivalent Diluting Percent 

or acid per gallon agent concentration 

Amine 2,4-D 4, 5.5 Water 5, 50 
Diesel oil 5, 50 
None 100 

Ammonium sulfamate Dry 100 
2,4-D acid Dry 100 
Sodium salt of MCPA Dry 100 

Water 5 
Diesel oil 5 

Amine salt of MCPA-- Water 5 
Diesel oil 5 

Ester 2,4-D 3.3 Water 5 
Diesel oil 5 

Ester 2,4,5-T 294 Water 5, 50 
Diesel oil 5,50 ~- 
None 100 
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Table 2. Chemical applications in 
March, 1953, 10 19 frees per freaf- 
menf. In each freafmenf 5 trees were 
less than 15 inches dbh and 5 were 
larger fhan 15 inches dbh. 

Spacing 
between Concentration 

CUPS of herbicide* 
Treatment in inches in percent 

1 4 100 
2 4 50 
3 4 10 
4 7 100 
5 7 50 
6 7 10 
7 10 100 
8 10 50 
9 10 10 

* Concentration of 100% is pure form 
of amine of 2,4-D containing 5.5 lbs. 
acid equivalent per gallon, other 
treatments diluted with water to 
stated percentages. Each cup re- 
ceived 2.5 cc. of material. 

economizing cup spacing and 
concentration while attempting 
to retain satisfactory kill per- 
centages. 

In March, 1953, the treatments 
shown in Table 2 were applied to 
10 trees per treatment. 

Figure 3 shows the relation- 
ship of cup spacing and herbicide 
concentration to kill two years 
following treatment. Apparently 
complete kills are possible only 
with high concentrations of 
amine 2,4-D and close cup spac- 
ings. Except for very low con- 
centrations of 2,4-D, close spac- 
ing compensated for dilution of 
the herbicide with water in 
terms of percentage crown kill. 

Treatments of 1953- 1954 

Additional studies were started 
in November, 1953 to determine 
the relationship between per- 
centage kill and time of year 
when the herbicide is applied. 
Only trees larger than 12 inches 
dbh were used in this test since 
the smaller diameter classes 
were known to be easier to kill. 
During November, 120 trees 
were selected at random from a 
uniform stand of digger pines 
and divided into 12 lots of 10 
trees each. A different lot of 

trees was treated with 100 per- 
cent amine 2,4-D containing 5.5 
lbs. acid equivalent per gallon 
on the 15th of each month during 
the next 12 months. The cups 
were spaced at 4-inch intervals 
around each tree and approxi- 
mately 2.5 cc. of material added 
to each cup. The results of this 
experiment are given in Table 3 
and the reaction pattern shown 
in Figure 4. 

In the above study, responses 
were evident within 2 months in 
all trees treated from February 
through June, while those treat- 
ed in the summer, fall and early 
winter showed considerable lag. 
Complete kills were obtained 
from each monthly treatment 
except September and October. 
With these, 90 and 70 percent, 
respectively, of the trees were 
killed. The November through 
April applications produced the 
most rapid complete kills, all 
trees dying within a period of 
from 6 to 9 months. Trees treated 
each month from May through 
October required from 1% to 
over 2 years to die. Trees which 
were still alive 2 years following 
the October treatments had lost 
from 30 to 70 percent of their 
needles; however, they appeared 
to be in various stages of recov- 
ery. New growth had been pro- 
duced and eventually the trees 
may recover completely. 

The rapidity of kill in digger 

A- COMPLETE KILL 

pines treated with amine 2,4-D 
was closely associated with the 
growth activity of the trees. Ob- 
servations of the development of 
terminal growth of branches and 
needles during each month of 
treatment indicated that the pe- 
riod of active growth is from late 
November to June (Fig. 5). The 
most satisfactory kills were ob- 
tained during this time. The pe- 
riod of active growth no doubt is 
associated with the period of 
available soil moisture. This may 
account for the failure to obtain 
complete kills among trees treat- 
ed during September and Octo- 
ber. The November to July treat- 
ments were applied after the 
first seasonal precipitation had 
fallen and during a time when 
soil moisture conditions were 
favorable. The July through Oc- 
tober treatments were applied 
after the end of the spring rainy 
period. Only 1% inches of mois- 
ture fell in the treated area be- 
tween April and November of 
1954. The soil moisture content 
was consequently low during the 
September and October herbi- 
cide applications, so the trees re- 
mained dormant and there was 
very little translocation of the 
active ingredients until growing 
conditions improved. 

Discussion and Conclusions 

Amine 2,4-D containing 5.5 lbs. 
acid equivalent per gallon seems 

B- CROWN KILL 

FIGURE 3. Effects of concentration of amine 2,4-D and distance between cups on per- 
centage of complete kill (A) ; and percentage of crown kill (B) in digger pine. Dlistance 
between cups increases from left to right horizonttilly. Concentration Jncreases toward 
the rear. Percentage kill increases vertically. 
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to be the most effective herbicide 
tested on digger pines in these 
experiments. Lower concentra- 
tions of acid per gallon produced 
correspondingly lower kills when 
applied to basal cuts in the 
trunks. The most practical meth- 
od of application is to chop the 
cups with a hand axe and add 
the chemical with a pump-type 
oil can. 

Undiluted amine 2,4-D is supe- 
rior to diluted mixtures in killing 
digger pines. Leonard (1952, 
1956) reported similar findings 
with the same method in the 
treatment of interior live oak 
and blue oak and Leonard and 
Harvey (1956) with digger pine. 
Other experimental work has 
shown dilute mixtures of 2,4-D 
and 2,4,5-T in the form of esters 
to be effective in killing a num- 
ber of different species of trees 
(Goddard, 1954; Peevy, 1954; 
Arend and Coulter, 1953; and 
McCully and Darrow, 1952). 

Close cup spacing along with 
high concentrations of amine 
2,4-D is important in obtaining 
effective kills. Spacings greater 
than 4 inches between the edges 
of cups reduced the number of 
trees completely killed. It ap- 
pears that spacing cups closer 
than 4 inches apart is not neces- 
sary under conditions which pre- 
vailed in the experimental areas. 

The height of cuts above 
ground was not studied in this 

Table 3. Time required in months for various degrees of kill in digger pine 
treated each month of the year with amine 2,4-D in basal cuts in trunk. 

First Visible All Trees Show 
Month of Evidence Effects of All Trees 
Treatment of Kill Treatment Dead 

Months Following Treatment 

November 4 5 9 
December 3 4 8 
January 2 3 7 
February 1 2 8 
March 1 2 a 
April 1 2 6 
May 1 1 17 
June 1 2 16 
July 2 3 26” 
August 3 10 25* 
September 5 9 --t 
October 4 8 --It 

* All trees may have been dead 1 to 11 months earlier. These trees were 
not observed from November 1955 until October 1956. 

t Nine trees dead, one partially killed but showing some recovery, two years 
following treatment. 

$+ Seven trees dead, three partially killed but showing fair to good recovery, 
two years following treatment. 

experiment. Leonard (1956) 
found that heights of cuts on 
blue oaks was a factor in the con- 
trol of sprouting but did not ap- 
pear to influence the percentage 
of top kill. Digger pines do not 
sprout, thus height of cuts prob- 
ably is not important in the 
treatment of digger pines with 
amine 2,4-D. 

The time of application appar- 
ently is not critical except during 
the late summer-early fall period 
when the trees may be dormant. 
The dormant period may be 

FIGURE 4. Monthly increment of top kill of 10 digger pine trees treated on the 15tlh of 
every month of the year. Month of treatment, left to right; month in which percent kill 
was read, front to back. Sum of blocks in a tier equals 100 percent kill. Incomplete kill 
with September and ‘October treatments and apparent recovery of some trees for October 
treatment; with dhese exceptions, last block falls in month when complete kill is attained. 
June, as indicated, shows the greatest activity. 

longer some years than others 
depending upon the available 
soil moisture during the early 
fall. The season of year trials 
indicate that good kills may be 
obtained after fall rains have 
stimulated new growth and may 
be continued until growth ceases 
in the late spring or early sum- 
mer. Visible responses to the 
herbicides were not pronounced 
until the trees were growing 
rapidly. 

In the practical sense, the best 
period to treat trees coincides 
with the most desirable seasons 
for this type of work in the Cali- 
f ornia foothills region-late fall, 
winter, and spring months. 

This method of treatment of- 
fers not only a rapid, but a rela- 
tively inexpensive means of kill- 
ing digger pines. In a typical 
stand one man can treat from 35 
to 50 trees per hour and cut down 
an additional 30 saplings with 
dbh less than 2 inches. One gal- 
lon of concentrated amine 2,4-D 
is sufficient to treat from 300 to 
350 digger pines. 

Summary 

1. The effects of various chem- 
ical herbicides were tested on 
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Techniques in Studying Competition Between 

Big Game and Livestock 

ODELL JULANDER 

Intermountain 
Forest Service, 
Utah 

Most of the big game grazing 
lands in the West are grazed in 
common with livestock. Much of 
this range is heavily stocked 
with game, livestock, or both, re- 
sulting in overuse of the impor- 
tant forage plants on the more 
intensively used areas. On such 
areas conflict exists between 
game and livestock for the lim- 
ited supply of forage. This we 
refer to as forage competition, 
and this paper is concerned with 

Forest and Range Experiment Station, 
U. S. Department of Agriculture, Ogden, 

methods of determining this type 
of competition between big game 
and livestock. 

The degree of competition be- 
tween big game and livestock on 
a range is determined by two 
factors: (1) the extent to which 
game and livestock graze the 
same areas, and (2) the extent 
to which they prefer the same 
species. Thus two phases of 
study are necessary in determin- 
ing competition, 

Areas Grazed 

Several methods may be used 
to delimit areas of intensive use 
by game and livestock. In our 
game-livestock studies in Utah, 
surveys were made of two areas: 
one a natural deer herd unit and 
sheep allotment, and the other a 
deer herd unit and cattle allot- 
ment. Parallel line-plot transects 
were run covering the entire 
width or depth of the unit, which 
included both summer and win- 
ter range for deer and spring-fall 
and summer range for livestock. 
Transects were located by divid- 
ing the area into 1/2- or %-mile 
strips and selecting a random 
line in each. Circular 96-sq. ft. 
plots were located mechanically 
every 4 chains along the transect. 
In later work, for statistical rea- 
sons, two plots were located at 
random in every 8-chain seg- 
ment. Aerial photos were used 
to locate transects and to aid in 
interpreting the data collected. 
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On the plots, weight and utili- 
zation of forage were estimated 
by species. Using the same hub 
as center, plots of l/100-acre 
were used to determine number 
of deer pellet groups and cow or 
sheep droppings per acre. Other 
indications of use, such as high- 
lining and hedging of shrubs, and 
animal tracks, were recorded. 
Vegetal type, steepness of slope, 
exposure, and accessibility were 
also recorded for each plot. Ani- 
mal signs were noted between 
plots to aid in delimiting areas. 
Observations were made over 
the entire study units at differ- 
ent seasons of the year to supple- 
ment the survey data. 

From this information the 
areas grazed intensively by deer 
and by livestock were mapped 
out on aerial photos or mosaics. 
Areas were classed as intensively 
used by deer if they had 200 or 
more deer pellet groups per acre, 
or if they showed conspicuous 
deer signs such as highlining, 
hedging, or 50 percent or greater 
use of current growth of shrubs 
palatable only to deer [e.g., curl- 
leaf mountain-mahogany (Cerco- 
ca~us ZedifoZ&s), cliffrose (Co- 
wania stunsburiunu), or Utah ju- 
niper (Juniperus osteospermu)]. 
Areas of intensive use by cattle 
were delimited chiefly on the 
basis of heavy utilization-arbi- 
trarily set up at 50 percent or 
more-of grasses, supplemented 
by cow-chip counts and cattle 
tracks. Areas used intensively 
by sheep were determined by 
heavy use of plants palatable to 
sheep but little used by deer, 
such as grasses and certain forbs. 
This was supplemented by other 
sheep signs. 

Deer defecate chiefly where 
they feed and seldom where they 
bed. Cattle and sheep droppings, 
however, are found concentrated 
at bed grounds and shading 
places. Hence the pellet-group 
count is a reliable index to the 
intensity of deer use, but is much 
less reliable for sheep or cattle 
with present practical intensities 
of sampling. 

Where deer alone, or livestock 
alone, graze an area, utilization 
of the more palatable species is a 
reliable indicator of intensity of 
stocking. However, where game 
and livestock graze in common, a 
combination of methods, as de- 
scribed above, is necessary. 

Sight records of deer, includ- 
ing tracks, may have value, par- 
ticularly in locating winter con- 
centration areas of big game, but 
they may be very deceptive at 
other seasons. Useful inf orma- 
tion on livestock distribution and 
use can, of course, be obtained 
from stockmen and range man- 
agers. 

A survey, such as described 
above, yields much information 
in addition to intensity of use. 
Factors such as forage prefer- 
ences and vegetal types pre- 
ferred by game and livestock, 
and the effects of exposure, 
steepness of slope, and distance 
from water, on distribution of 
animals can be ascertained. If 
the survey data are coded for 
IBM machines, they may be sum- 
marized very readily in any way 
desired. 

Forage-Preference Studies 

The chief method we have 
used of determining forage use 
is by estimation of herbage pro- 
duction and percent utilization 
by species on each plot as de- 
scribed by Pechanec and Pick- 
ford (1937 and 1937a). From 
these data can be computed the 
amount in pounds per acre of 
each species eaten and the pro- 
portion which each species 
makes of the animals’ diet. 

On summer range where deer 
and sheep grazed the same area, 
forage used by deer was deter- 
mined by estimating weight 
present and percentage utilized 
by deer just before sheep grazed 
the area. Sheep were then per- 
mitted to graze the area once 
over, as commonly practiced 
on this allotment, and utiliza- 
tion estimates were again made 
on the same plots. The differ- 
ence between first and second 
readings equalled sheep use. On 
range used by sheep in fall and 
deer in winter, estimates were 
made immediately after sheep 
use to obtain weight present and 
amount used by sheep. In spring, 

FISHLAKE NATIONAL FOREST _ 

FIGURE 1 . Distribution of 
Fishlake National Forest, 

deer and sheep 

central Utah, 
grazing on Monroe Mountain sheep allotment, 
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after deer moved to higher coun- 
try and before new growth of 
shrubs started, estimates were 
repeated to get total sheep plus 
deer use. The difference in the 
two estimates equalled deer use. 

The same procedure was used 
in determining deer and cattle 
use on foothill range used by 
deer in winter and cattle in 
spring and fall. It was possible 
to estimate cattle use, both 
spring and fall, before deer came 
on the area, and to estimate deer 
winter use in the spring before 
cattle were permitted to graze. 

A modification of this ap- 
proach is being used to study ef- 
fect of early spring deer use of 
seeded grasses on subsequent 
production of forage for cattle. 
Replicates of three matched plots 
are used: one of the three is 
totally protected to measure total 
production, one is left open to 
permit deer use and then closed, 
and the third is grazed by both 
deer and cattle. At the close of 
the grazing season, at which time 
grass has completed growth, 
grass on all plots is clipped and 
weighed. Portable wire cages en- 
closing 9.6-sq. ft. plots are used. 

Determining deer and cattle 
use on summer range where the 
two graze in common during the 
same period is difficult. Several 
approaches have been used. 

On open range, forage utiliza- 
tion on areas inaccessible or 
closed to livestock and grazed by 
deer only were compared to 
similar areas grazed by both deer 
and cattle. Where seeded areas 
were fenced to exclude livestock, 
forage use was estimated on 
either side of the fence to get 
deer use compared to common 
use. Temporary barbed-wire cat- 
tle exclosures, roughly 100 x 100 
feet square, were used in the 
same way. Advantage was taken 
of 3-way exclosures constructed 
by the Forest Service and State 
Fish and Game Department with 
one plot totally protected, one 
excluding cattle but allowing 
deer to enter, and the third an 
open plot. 

ODELL JULANDER 

WINTCN DAYS,? , SUYYCN NANQt 
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LEGEND 
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SCALE O& ?:MILES. ,NO WINTEA DEER RANCE. 

FIGURE 2. Distribution of deer and cattle on Oak Creek Range, west-central Utah. 

On all of these study areas 
deer pellet-group counts were 
made on the area grazed by deer 
only and the paired area grazed 
by both deer and cattle. If there 
was no significant difference in 
pellet groups on the paired areas, 
the difference in utilization be- 
tween the two was credited to 
livestock use. Occasionally cattle 
exclosures were found where 
deer made heavier use inside 
than out, and with some there 
was materially less use inside. 
In such cases the above inference 
could not be drawn. Observa- 
tions indicate that a log fence, or 
one with a solid bar or pole along 
the top and one or two strands of 
No. 9 wire beneath, are the most 
desirable fences for allowing 
deer to enter and to exclude cat- 
tle. This type of fence permits 
deer to either crawl through or 
jump over. Net wire with no rail 
on top appears to be the least 
desirable. 

Wherever possible 8 x 8 ft. 
portable temporary exclosures, 
made of poultry netting with 
angle aluminum posts, were used 
to exclude grazing animals and 
provide a sample of ungrazed 
forage plants. These samples 

were very valuable in training 
for both weight and utilization 
estimates in the various range 
types. The exclosures were light 
enough to be carried by hand or 
on horseback and could be readi- 
ly moved. 

Deer stomach-content analyses 
were made to supplement utili- 
zation studies. While not reliable 
quantitatively, they supplied 
useful qualitative information. 
This was especially true during 
periods when utilization esti- 
mates were difficult and with 
certain species which were diffi- 
cult to estimate. For example, in 
the autumn, stomach contents re- 
vealed heavy use of fallen aspen 
leaves, Oregon grape, and new 
regrowth of grass. In early 
spring, when observations indi- 
cated that deer had discontinued 
use of browse in favor of new 
herbaceous growth, stomach con- 
tents showed that considerable 
juniper had been eaten by deer. 

Results with Methods 
The following examples show 

the results obtained on two study 
areas using the methods de- 
scribed above: 

Figure 1 shows the overlap in 
deer and sheep use on Monroe 
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Mountain, Fishlake National 
Forest (Smith and Julander 
1953). With few exceptions the 
areas used most intensively by 
sheep showed the greatest deer 
concentration. The exceptions 
include: (1) a few areas having 
palatable forage and well utilized 
by deer but inaccessible to sheep, 
and (2) small areas of the more 
open, dry, grassy slopes and flats 
which sheep used but which 
were only lightly used by deer. 
About 20 percent of the unit was 
not used by sheep because of in- 
accessibility or lack of forage, 
and most of this was used very 
little by deer. About 55 percent 
of the unit was used relatively 
heavily by both sheep and deer, 
and it is on this area that deer 
and sheep compete for forage. 

Diets of deer and sheep were 
very similar. On summer range 
the chief difference in diets was 
the greater use of grass by sheep. 
An average for the various range 
types showed the following per- 
centage of diets: 

Deer Sheep 
Forbs 71 37 
Browse 22 28 
Grasses and sedges 7 35 

Nearly all preferred deer forage 
species were also preferred sheep 
forage. Spring diets of deer and 
sheep were even closer, since at 
that time grass was important to 
deer as well as sheep. On range 
grazed in fall by sheep, and in 
winter by deer, both showed 

preference for the same browse 
species. 

Figure 2 illustrates the over- 
lap in areas used on the Oak 
Creek deer-cattle unit of the 
Fishlake National Forest (Jul- 
ander 1955). Deer grazed over 
large areas that were inaccessi- 
ble to cattle or were too far from 
water. About a fifth of the sum- 
mer range and a third of the 
winter range were used heavily 
by both deer and cattle, and it is 
on these areas that competition 
between deer and cattle is most 
severe. 

Deer on this unit fed chiefly 
on forbs and browse. Cattle fed 
chiefly on grass where, or as long 
as, it was available. However, 
much of the grass had been de- 
pleted on the areas of intensive 
use, and cattle fed heavily on 
browse and forbs-the same ones 
preferred by deer. 

On deer winter range grazed 
by cattle in spring and fall, cat- 
tle preferred grass but utilized 
bitterbrush considerably, and 
bitterbrush was the most highly 
preferred winter deer forage. 
Deer fed chiefly on browse, but 
ate considerable grass in early 
spring. 

On this unit, as on several 
other areas studied, maximum 
sustained grazing use is limited 
by (1) proper use of perennial 
grasses for exclusive cattle graz- 
ing, (2) proper use of palatable 
shrubs and forbs for exclusive 
deer grazing, and (3) proper use 

of shrubs and forbs palatable to 
both kinds of animals for maxi- 
mum combined deer-cattle graz- 
ing. 

Most of our ranges are grazed 
in common by game and live- 
stock, and any overuse of plants 
palatable to both results in for- 
age competition. Management of 
these ranges calls for balancing 
the total number of grazing ani- 
mals with the usable forage sup- 
ply on the areas of dual inten- 
sive use. 

Competition varies with each 
unit, and it is difficult to deter- 
mine competition accurately in 
terms of the exchange ratio of 
game to livestock on the open 
range. However, such studies as 
presented provide information 
on key areas, important forage 
species, and other range rela- 
tions which may be used as a 
basis for management of game- 
livestock ranges. 
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New Phillips Booklet Issued 

Phillips Petroleum Company has issued Section 4 of a series on pasture 
and range plants. The new booklet is entitled “Poisonous Grassland Plants.” 
Thirty-one poisonous range plants are illustrated in full color in the booklet. 
The symptoms of poisoning are given for each species, and the most important 
methods of control are outlined briefly. Section 3, “Undesirable Grasses and 
Forbs”, was distributed at the 10th Annual Meeting of the Society at Great 
Falls, Montana, last January. 



Effects of Certain Fungicides on Seed 

Germination and Seedling Establishment 

of Range Forage Plants’ 

JOHN H. EHRENREICH 

Range Conservationist, 
Center, Forest Service, U 
Columbia, Missouri 

Grasses and forage legumes, 
like most plants of economic im- 
portance, are subject to many 
diseases. Forage species may be 
attacked and destroyed by cer- 
tain fungi which are commonly 
found in the soils of the West or 
carried on the seed. Thin or un- 
even stands of reseeded grasses 
or forage legumes frequently 
may be the result of seed rot, 
seedling blight, damping-off, 
and root rot diseases. Many 
ranchers often attribute this poor 
stand establishment to poor soil, 
to seed that has a low germina- 
tion percentage, or to unusually 
adverse weather conditions, 
when actually these losses may 
be the result of disease-produc- 
ing organisms. 

Previous studies suggest the 
seriousness of soil and seed-borne 
diseases of range forage plants. 
It was estimated that one disease 
of grasses, seed rot, seldom de- 
stroyed less than 25 percent of 
reseeded stands in North Dakota 
(Henderson and Gerhold, 1953). 
Seedling blight of grasses vir- 
tually stopped the reseeding pro- 
gram in some areas of the North- 

‘Excerpt from a thesis presented to 
the Department of Grazing and 
Range Management, Colorado Agri- 
cultural and Mechanical Arts Col- 
lege, Fort Collins, Colorado, in par- 
tial fulfillment of the requirements 
for the Degree of Master of Science, 
1954. Sincere gratitude is expressed 
to the writer’s major professor, Clin- 
ton H. Wasser, Dean of the School of 
Forestry and Range Management 
and Head of the Department of 
Grazing and Range Management. 

Columbia Forest Research 
S. Department of Agriculture, 

ern Great Plains, while in some 
of the mid-western states damp- 
ing-off diseases have destroyed 
as much as 25 to 75 percent of 
the grass seedlings (Sprague, 
1950; Kadow and Anderson, 
1937). Several investigators have 
reported a high degree of cor- 
relation between the percentage 
of seed infested with pathogens, 
and the germination percentage, 
stand, root rot, seedling blight 
and the number of stunted and 
deformed plants (Crosier, 1935; 
Jones, 1937). 

Any condition, climatic or 
otherwise, which causes the 
seed to remain in the ground 
for an unusually long period of 

time, or hinders the rapid de- 
velopment of the seedling, in- 
creases the probability of the de- 
struction by pathogens (Porter, 
1946; Anon., 1950). The purpose 
of chemically treating the seed 
with fungicides is to prevent the 
destruction of the germinating 
seed and young seedling by path- 
ogens during this period of high 
susceptibility. A good seed fungi- 
cide serves as both a disinfectant 
and a protectant, according to 
Haskell, (1949). The disinfect- 
ing ability destroys the seed- 
borne organisms and the protec- 
tive ability more or less estab- 
lishes a barrier immediately sur- 
rounding the seed which protects 
it from attack by soil-borne path- 
ogens (Jones, 1939). 

Fulkerson (1953) found that 
Arasan seed treatment signif i- 
cantly increased the establish- 
ment of timothy, meadow fescue 
and reed canary grass over the 
checks, but failed to have an ef- 
fect on some other species. He 
also observed that legume seed- 
lings were more severely at- 
tacked by certain fungi than the 
grass seedlings. Brentzel (1951) 

FIGURE 1. Relative vigor and number of established intermediate wheatgrass seedlings 
from one replication in soil inoculated wish Pythium debarycmum. Reading from left to 
right, from seed treated with Dithane Z-27, control, Orthocide 75, Arasan. 
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found that warm-season grasses 
benefited more from the fungi- 
tidal seed treatment than did the 
cool-season grasses. He pointed 
out that the non-mercuric fungi- 
cides are not as apt to cause in- 
jury to the seed with an over- 
dose as are the mercuric fungi- 
cides. He also found no differ- 
ence between nodulation on the 
legumes that received Arasan 
and Spergon seed treatment 
prior to inoculation with a bac- 
terial inoculum and those that 
received no fungicidal seed treat- 
ment. 

The purpose of this study, con- 
ducted at Colorado A. & M. Col- 
lege, Fort Collins, was to investi- 
gate the possibility of improving 
germination and stand establish- 
ment of range forage plants in 
reseeding trials by treating the 
seed with certain fungicides. 

Methods and Materials 

The seeds used in this experi- 
ment were improved strains of 
grasses and legumes commonly 
used for range reseeding in the 
Great Plains region. They were 
chosen to represent three classes 
of forage plants. Intermediate 
wheatgrass (Agropyron inter- 
medium) and Russian wildrye 
(Elymus junceus) represent the 
cool-season grasses; switchgrass 
(Panicum virgatum) and sand 
lovegrass (Eragrostis trichoides) 
represent the warm-season 
grasses; and alfalfa (Medicago 
sativa) and yellow sweetclover 
(Melilotus officinalis) were 
chosen to represent the forage 
legumes. 

The commercial fungicides em- 
ployed were Arasan, a standard, 
and Dithane Z-78 and Orthocide 
75, relatively new products on 
the market. 

This study was conducted in 
three phases: 1. Pasteurized 
soils in the greenhouse inocu- 
lated with either Fusarium sp., 
Rhizoctonia solani Kuehn or Py- 
thium debaryanum Hesse; 2. 
Field soils in the greenhouse; 3. 
Field trials seeded in the spring 
and fall. A randomized block de- 
sign was used throughout the ex- 

FIGURE 2. Relative vigor and number of established alfalfa seedlings from one replication 
in soil inoculated with Pythium debaryanum. Reading from left to right, from seed 
treated with Dithane Z-78, control, Orthocide 75, Arasan. 

periment. Data were analyzed 
by a simple analysis of variance 
with single degrees of freedom 
for individual comparisons. 

The fungicides were applied as 
a surface dust at the rate of 8 
ounces per 100 pounds of seed. At 
the start of every phase of the 
experiment, a germination test 
was run according to the rules of 
the Association of Official Seed 
Analysts of America. This per- 
mitted a comparison of the 
emergence in soil with the po- 
tential for each lot of seed. 
Treated seed was stored in en- 
velopes at room temperature in 
a room of low humidity for pe- 
riods of 2 weeks, 1 month, 3 
months, 6 months, and 10 months. 
At the end of each period germi- 
nation tests were made to de- 
termine if the fungicide had ad- 
versely affected germination 
after storage. 

Prepared greenhouse soils were 
inoculated with pure cultures of 
pathogens known to cause dis- 
ease of grasses and forage le- 
gumes and to occur either on the 
seed of the species used or in the 
soils of the Great Plains region. 

After the soils were inoculated, 
from 7 to 10 days were allowed 
for the fungi to become well 
established before the seed was 
planted. Emerging seedlings were 
counted daily. Seedlings were 
counted as established when le- 
gumes had more than one tri- 
foliate leaf, and when grasses 
had four leaves. All plants were 
checked daily for disease symp- 
toms. When the plants grown in 
soil inoculated with Fusarium 
sp. and Rhixoctonia solani had 
reached establishment, they were 
carefully removed, and their 
roots examined for signs of in- 
fection. Since Pythium debary- 
unum usually infects a plant, 
before it becomes established 
(the plant thereafter being im- 
mune) , root examinations were 
not made of plants grown in 
these soils. Seedlings infected 
with the latter pathogen usually 
rot at the soil line and fall over 
soon after emergence. 

Plantings were also made in 
field soils in the greenhouse. The 
soils were taken from the top 
four inches from the area where 
the field trials were made. Counts 
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Table 1. Seedling establishment from seed treated with various fungicides and planfed in infested soil in greenhouse1 

Treatments 

Check 

Arasan 

Dithane Z-78 

Orthocide 75 

Pathogen Alfalfa 

Fusarium 298 
Rhizoctonia 292 
Pythium 101 
Fusarium 328** 
Rhizoctonia 313** 
Pythium 198* * 
Fusarium 324** 
Rhizoctonia 320** 
Pythium 198** 
Fusarium 328** 
Rhizoctonia 335**+ 
Pythium 288**jj- 

Yellow Intermediate 
Sweetclover Wheatgrass 

261 214 
291 202 

44 48 
318** 241** 
328** 223”* 
155** 196** 
324** 234” * 
325* * 223** 
156** 164** 
324** 238** 
344” *t 256**tt 
205**tt 208* *‘ft 

Russian 
Wildrye 

356 
345 
190 
366* 
365** 
330** 
376* 
378** 
309** 
384* 
379** 
356**tt 

Sand 
Switchgrass Lovegrass 

250 134 
234 154 
118 98 
327** 160** 
302** 180** 
190** 128** 
327** 158** 
300* * 179** 
187** 167** 
342** 202**tj- 
322**Jf 198**t 
262**j-t 200**t_t 

l The figures represent the total number of established seedlings from four replications of 100 seeds each. 
* Significantly different from the check of the same pathogen at the five percent level. 

** Significantly different from the check of the same pathogen at the one percent level. 
t Significantly different from the other two treatments in soils infested with the same pathogen at the five percent 

level, 
t_F Significantly different from the other two treatments in soils infested with the same pathogen at the one percent 

level. 

and root examinations were the 
same as with the prepared green- 
house soils. The field experi- 
ments were conducted in the col- 
lege grass nursery, west of Fort 
Collins, Colorado, under non- 
irrigated conditions. Plantings 
were made both in the spring 
(April) and fall (November) to 
compare the effectiveness of 
treatment at different dates. The 
seeds were planted at recom- 
mended uniform spacing and 
depth according to the size of the 
seed. The same counts and ex- 
aminations were made as in the 
greenhouse. The roots of the le- 
gumes were checked to deter- 
mine if the fungicide had any 
adverse effect on nodulation. 

Results and Discussion 
Soils Infested with Certain 

Pathogens 

In greenhouse soils inoculated 
with certain pathogens, all three 
fungicides protected the seed 
during germination. The protec- 
tion was not complete, however, 
since some loss occurred with 
the treated as well as the non- 
treated seed. Possibly this loss 
was due to the large amount of 
inoculum present. 

Since all three pathogens used 
in these trials were capable of 

causing seed rot, the difference 
between the potential germina- 
tion percentage and seedling 
emergence could probably be at- 
tributed to this disease (Hender- 
son and Gerhold, 1953). The loss 
was greater with the checks than 
with the treated lots of seed for 
all species planted in soil inocu- 
lated with any one of the path- 
ogens (Table 1). 

Pythium debaryanum caused 
a greater pre-emergence loss 
than either Fusarium sp. or Rhi- 
xoctonia solani, (Figures 1, 2, 3). 

Orthocide ‘75 appeared to be 
the most effective fungicide for 
reducing pre-emergence losses, 
and was particularly effective 
against Pythium debaryanum. 

The loss incurred from time 
of emergence to seedling estab- 
lishment was greater for plants 
in soils infested with Pythium 
debaryanum, the two legumes 
being most severely affected. 
This post-emergence loss was 
rather small on both treated and 
non-treated lots for all species 
in soil infested with either Fusar- 
ium sp. or Rhizoctonia solani. 

The seedling establishment 
counts followed the same pattern 
as seedling emergence, in that all 
treated lots of seed produced sig- 

nificantly more established seed- 
lings than the non-treated lots. 

Pythium debaryanum was 
more pathogenic to the range 
forage species in these trials than 
the other two fungi. This may 
be attributed to the fact that the 
moist soil and high humidity in 
the greenhouse favored the 
growth of Pythium debaryanum. 

The benefits from seed treat- 
ment were significantly greater 
for switchgrass than for the 
other species tested in soil in- 
fested with either Fusarium sp. 
or Rhizoctonia solani. The two 
warm-season grasses benefited 
significantly more from fungi- 
tidal seed treatment than either 
the two cool-season grasses or 
the two legumes. Brentzel (1951) 
obtained similar results in his ex- 
periments. This might be at- 
tributed to the slower germina- 
tion and longer time required for 
the warm-season grasses to be- 
come established, which would 
make them more susceptible to 
pathogenic attack. 

Throughout the trials with cer- 
tain pathogens in the greenhouse, 
Orthocide 75 seed treatment gave 
better results in most instances, 
than either Arasan or Dithane 
Z-78 in controlling Fusarium sp. 
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Table 2. Seedling emergence and establishment’ from seed treated with 
various fungicides and planted in field soil in the greenhouse* 

Yellow 
Sweet- Intermediate Russian Switch- Sand 

Treatments Alfalfa clover Wheatgrass Wildrye grass Lovegrass 
Check 300 238 247 389 326 109 - 

(290) (236) (242) (382) (321) (103) 
Arasan 331* 274** 266* 446** 372”* 209** 

(324)* (268)” * (260)* (440)“* (366)” * (202)** 
Dithane Z-78 320* 270** 266* 440” * 368** 213** 

(316)* (264)** (261)* (435)** (362)** (205)** 
Orthocide 75 351** 298** 300**t 455** 420* *tt 261**tt 

(348)** (290)** (296)**+ (449)** (415>**tt (255)**$? 
l The seedling establishment figure is in parenthesis below the emergence 

figure. 
2 The figures represent the total number of seedlings that emerged from five 

replications of 100 seeds each. 
* Significantly different from the check at the five percent level. 

** Significantly different from the check at the one percent level. 
t Significantly different from the other two treatments at the five percent 

level. 
j-t Significantly different from the other two treatments at the one percent 

level. 

and Rhixoctonia solani, and con- 
sistently better results in con- 
trolling Pythium debaryanum. 

Since both Fusarium sp. and 
Rhixoctonia solani are capable of 
causing root rot of range plants, 
the roots of all plants in soils 
inoculated with these pathogens 
were examined to determine the 
number of established seedlings 
that were infected. Little differ- 
ence was found between the 
actual number of seedlings in- 
fected in the check and treated 

lots. Intermediate wheatgrass 
seemed to be more susceptible 
to root rot than the other species 
studied. 

The fact that often 25 to 50 
percent of the established seed- 
lings of all species on treated lots 
were infected would indicate 
that little protection is afforded 
the young seedlings as they 
reach the stage of establishment. 
This may be due to the fact that 
the roots of the plants have 
grown beyond the zone of pro- 

Table 3. Seedling emergence and esfablishmenP in the field from seed 
planted in spring and fall* 
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tection offered by the fungicide, 
and can thus be readily infected. 
This explanation would coincide 
with results obtained by others 
who have conducted similar 
studies on related species of 
plants (Allison and Torrie, 1944; 
Chilton and Garber, 1941). 

Field Soils in the Greenhouse 

All fungicidal seed treatments 
were effective on seed planted in 
field soils in the greenhouse. 
Treated lots of seed produced 
significantly greater seedling 
emergence and establishment 
than the checks (Table 2). 

The loss incurred between 
seedling emergence and seedling 
establishment as well as the 
number of established seedlings 
showing signs of root infection 
was very small for both the 
treated and non-treated lots of 
all species. This may have been 
due, at least in part, to the rapid 
growing conditions in the green- 
house and the amount and nature 
of the inoculum present. 

In the flats of field soils, fungi- 
tidal seed treatment was more 
effective with the warm-season 
grasses than with the cool-season 
grasses or the legumes. These re- 
sults are the same as those ob- 
tained in soils infested with 
Fusarium sp. and Rhizoctonia 
solani. 

treated with various fungicides and 

Season Number of seedlings emerging 

of Yellow Intermediate Russian Switch- Sand 
Planting Treatments Alfalfa Sweetclover Wheatgrass Wildrye grass Lovegrass 

Check 378 (75) 294 (96) 233 (16) 345 (29) 32 (21) 7 (0) 
Arasan 447* (120) 445** (164) 285 (23) 416* (34) 55 (50) I1 (2) 

Spring Dithane Z-78 478* (146) 406** (163) 269 (27) 416* (48) 57 (53) 12 (4) 
Orthocide 75 428* (120) 385** (121) 309 (25) 442* (51) 44 (21) 12 (2) 

------------------------------------------------------- 
Check 125 (78) 114 (64) 131 (13) 195 (43) 4 (4) 0 (0) 
Arasan 102 (65) 120 (91) 154 (35) 218 (41) 8 (6) 0 (0) 

Fall Dithane Z-78 114 (72) 141 (82) 174 (35) 210 (43) 7 (6) 0 (0) 
Orthocide 75 127 (95) 146 (88) 188 (40) 229 (46) 7 (4) 0 (0) 

’ The seedling establishment figure is in parenthesis to the right of the emergence figure. 
2 The figures represent the total number of seedlings that emerged from five replications of 200 seeds each. 
* Significantly different from the check at the five percent level. 

** Significantly different from the check at the one percent level. 
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Figure. 3. Normal (left) and diseased 
switchgrass and alfalfa seedlings from soil 
inoculated widh Pythium debaryanum. 

In field soils in the greenhouse, 
seed treated with Orthocide 75 
gave considerably better results 
than the other seed treatments 
for the warm-season grasses and 
slightly better results for the 
other grasses. 

Field Trials 

In the field, seedling emer- 
gence from treated and non- 
treated seed planted in both 
spring and fall was very small 
when compared to the potential 
germination percentage of the 
seed. This was due, at least in 
part, to the drought condition 
which prevailed during the field 
trials. 

Although there was no sta- 
tistical difference in seedling 
emergence or seedling establish- 
ment between the treated and 
non-treated lots from fall plant- 
ings, the spring plantings showed 
significant increases of treated 
over non-treated lots of seed 
(Table 3) . 

The loss incurred between 
seedling emergence and seedling 
establishment was very great for 
all species in both spring and 
fall plantings, due to the adverse 
growing conditions. The losses 
were far greater for the grasses 
than for the legumes. 

The roots of the established 
seedlings in the field were ex- 
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amined for signs of infection. 
There were considerably fewer 
infected seedlings from the le- 
gumes than from the grasses. Of 
the grasses, intermediate wheat- 
grass was found to have the 
greatest amount of infection 
(Table 4). Isolation showed that 

Fusarium sp. was the organism 
causing the infection in practi- 
cally all cases. This seems rather 
reasonable since the pathogen is 
very tolerant to dry conditions 
which prevailed in the field. It 
might also be noted that on pas- 
tures adjacent to the grass nurs- 
ery, mortality studies indicated 
that losses of established inter- 
mediate wheatgrass were as high 
as 95 percent of the stands dur- 
ing the drought of 1952 to 1954, 
and fungal isolations from the 
stands showed high incidence of 
Fusarium sp. which suggests that 
disease probably contributed to 
stand losses. 

A bacterial inoculum was 
added to both treated and non- 
treated legume seed to determine 
if the fungicides would affect 
nodulation. The plants examined 
from both treated and non- 
treated lots showed no difference 
in the amount of nodulation. 

Laboratory Germination Tests 

Treated seed was stored in 
open containers to determine if 
the fungicide had any adverse ef- 
fects on the seed in storage. As 
a whole, Arasan injured the seed 

of all species after six months 
of storage, and most species after 
two months of storage. The other 
fungicides were less injurious to 
stored seed up to ten months. 

Conclusions 

The results of this study indi- 
cate that fungicidal treatment is 
beneficial in a range reseeding 
program. This benefit would of 
course depend to a large extent 
on existing environmental con- 
ditions. Results indicated that 
Orthocide 75 is the superior 
fungicide of those tested, for 
treating seed of range forage 
species for reseeding purposes. 

Although cool-season grasses 
and forage legumes show some 
superiority in growth character- 
istics, it would not seem eco- 
nomical to omit fungicidal seed 
treatment in a range reseeding 
program. 

Summary 

A study was conducted using 
grasses and legumes commonly 
employed for reseeding in the 
Great Plains region, to determine 
the effectiveness of certain fun- 
gicides in reducing losses due to 
disease during germination and 
seedling establishment. 

Tests were run in the green- 
house using soils inoculated with 
certain pathogens; field soils in 
greenhouse without inoculation; 
and field trials using spring and 
fall seeding dates. 

Table 4. Percentage infection of the established seedlings from seed treated 
with various fungicides and planied in fhe field both spring and fall’ __~__ 

Percent of infected seedlings 

Yellow Intermediate Russian Switch- 
Treatments Alfalfa Sweetclover Wheatgrass Wildrye grass 
Check 4.3 5.0 59.1 20.7 33.3 
Arasan 2.4 2.0 40.2*t_ 7.7* 11.7** 
Dithane Z-78 2.2 2.5 11.1** 5.0* 20.0* 
Orthocide 75 3.0 2.6 12.5** 9.6” 20.0” 

l The percent infection is based on the percent of established plants in each 
treatment from both spring and fall plantings in the field that were found 
to be infected. 

* Significantly different from the check at the five percent level. 
** Significantly different from the check at the one percent level. 
+ Significantly different from the other two treatments at the five percent 

level. 
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All treated lots of seed pro- 
duced more established seedlings 
than the checks. In all green- 
house trials Pythium debary- 
unum seemed to be the most 
pathogenic of the fungi used. 
Orthocide 75 gave better con- 
trol of all pathogens than either 
Arasan or Dithane Z-78 fungi- 
cides. The warm-season grasses 
benefited more from fungicidal 
seed treatment than the cool- 
season grasses or the legumes. 

age plants employed in range re- 
seeding programs. 
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MORPHOLOGIC-CYTOLOGIC CHARACTERISTICS AND DROUGHT RESISTANCE OF SELECTED STRAINS OF 

HAIRY GRAMA (Bouteloua hirsuta Lag.) 

Abstract of thesis submitted in partial juljill- 
ment of the requirements for the degree of Master 
of Science, Department o j Range and Forestry, 
Agricultural and Mechanical College of Texas, 1955. 

Plants of different strains of hairy grama 
(Bouteloua hirsuta Lag.) were collected in Texas 
and Mexico and grown under uniform nursery 
conditions during the summer of 1954 through the 
summer of 1955. Morphological and cytological 
studies were made to determine characteristics for 
the delineation of strains. Three-week and six- 
week drought treatments were used to observe 
possible differences in drought resistance between 
strains. 

Strains observed could be classified according 
to morphological and cytological characteristics 
into two distinct groups. Group one, consisting of 
four of the five strains observed (A, B, E and F) 
was typified by plants with many spreading and 
decumbent seed culms, fine roots and cauline 
leaves. Chromosome numbers in this group were 
n = 12, 14, and cu. 28. Group two, consisting of 
one strain (C-D), was typified by plants with 
strictly erect seed culms, rachis terminated by a 
reduced spikelet, coarse roots, and basal leaves. 
The chromosome number of plants in this group 
was n = 10. 

Ten plants of each strain were transplanted 
into three-gallon pots in the spring of 1955 for 
the purpose of testing drought resistance. Four 
plants of each strain were subjected to a six-week 
period without additional watering, four were sub- 

jetted to a three-week drought period and two 
were treated as controls. Differences in responses 
of plants during drought treatments were recorded 
by observations of temporary and permanent wilt- 
ing. Readings were made periodically with a 
Colman soil moisture meter to determine percent 
soil moisture. Visible characterstics of temporary 
and permanent wilting were considered more de- 
pendable than the soil moisture readings in esti- 
mating moisture content of soil. After four weeks 
of adequate watering, the percent of basal area 
recovering was recorded for all plants. 

The method for testing drought resistance used 
in this study was effective in showing differences 
between strains of hairy grama. Although plants 
of strain A were collected in Menard and Kimble 
Counties, critical drought areas, they appeared 
less drought resistant than plants in any other 
strain. Plants in strain B were collected in Brazos 
and Burleson Counties, the highest rainfall areas 
in which collections were made. This strain was 
considered low in drought resistance. Plants in 
strain C-D were collected in Hayes, Travis and 
Bexar Counties. This strain exhibited the highest 
drought resistance of those tested. Plants of strain 
E, collected in the states of Durango and Chi- 
huahua, Mexico, were variable in their response 
to the drought treatments. Individual plants proved 
to be highly drought resistant while others proved 
to be highly susceptible. Plants in strain F, col- 
lected in the Cross Timbers Region of Texas during 
critical drought conditions exhibited intermediate 
drought resistance.-Roger Q. Landers Jr., Menard, 
Texas. 
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There has been a constant 
search for improved methods for 
revegetating depleted range 
lands. Attempts have been made 
to find methods which are 
adapted to a wide variety of con- 
ditions, easy to apply and rela- 
tively inexpensive. One of the 
more recent methods was seed- 
ing “compressed” pellets. These 
pellets consist of a mixture of 
soil, seed of adapted species, ro- 
dent and insect repellent, and 
fertilizer, compressed into small 
hard spheres. 

The first large-scale seedings 
by this process were in 1946 
when 10,000 acres were seeded on 
the Papago Indian Reservation in 
Arizona. Subsequently, an addi- 
tional 80,000 acres were seeded 
on southwestern Indian reserva- 
tions during 1946-48. Reports by 
Wagner (1949) and Wagner and 
Kinkor (1950) showed that the 
90,000 acres seeded on Indian 
reservations were failures. 

During 1948 and 1949, approxi- 
mately 73,500 acres were broad- 
cast with compressed pellets on 
Bureau of Land Management 
lands in the West. There was no 
over-all report for these areas, 

l This work was initiated by the 
Forest Service. Responsibility for 
range reseeding research has now 
been transferred to the Agricultural 
Research Servcie. 

a The authors thank Forest Service 
personnet who initiated and helped 
carry out the study and who re- 
viewed the manuscript before pub- 
Eication. Special thanks are due 
A. Perry Plummer, T. A. Phillips, 
and Julian Thomas. The authors also 
thank the Bureau of Indian Affairs 
and the Bureau of Land Manage- 
ment for supplying information on 
early peZ2et seeding studies. 

but a detailed report on 21,000 
acres seeded in Idaho in 1947-48 
records the poor results on this 
area which were typical of all 
areas (Tisdale and Platt, 1951). 
This and a later report (Moomaw 
et al., 1954) indicated that lack of 
seed covering, competition from 
native vegetation and a marked 
reduction in seed viability as a 
result of pelleting were some of 
the major causes of failure. 

In 1948 an experimental aerial 
broadcasting of pelleted and un- 
pelleted seed was made on 7,510 
acres on four range types on na- 
tional forest land in southeastern 
Utah. These plantings were made 
to compare stand establishment 
from pelleted and unpelleted 
seed, as well as to measure the 
effect of several ground prepara- 
tions and seed covering methods. 
Bleak and Phillips (1950) re- 
ported unpelleted seed was supe- 
rior to pelleted seed in producing 

seedlings under all comparable 
conditions included in this study. 
Two major reasons were: (1) 
Seed was broadcast at 1.2 and 2.4 
pounds per acre on pellet treat- 
ments as compared to 10 pounds 
per acre of unpelleted seed. Be- 
cause of processing and aerial 
broadcasting costs it was consid- 
ered too expensive to use rates 
of more than two pellets per 
square foot on range lands. (2) 
Laboratory tests and field trials 
showed that compression of seed 
during pelletizing resulted in 
mechanical seed injury and other 
damage. Reduced germination 
and seedling emergence from 
seed of crested wheatgrass or 
other species after compression 
pelletizing has also been reported 
by Allen (1948), Stevenson 
(1949)) Tisdale and Platt (1951)) 
and Moomaw, et al. (1954). 

The 1950 report by Bleak and 
Phillips was for seedling stands 
only. Because later results 
showed no change in the value 
of pellets for range seeding and 
because of waning interest in 
pellet seeding, mature stand es- 
tablishment and herbage produc- 
tion were not reported. With the 
recent renewed interest in pellet 
seeding, it was decided to re- 
evaluate these ‘I-year-old stands 
and present additional data. 

FIGURE 1. This dense two-year-old grass stand, obtained by plowing and drilling in 1953 
after the 1!%8 aerial broadcasting of one-pellet-per-square-foot failed to produce a stand, 
is yielding 1,2N pounds of air-dry forage per acre, 

28 
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They provide information from 
mature stands on the relative 
merits of broadcasting pelleted 
and unpelleted seed and show 
how certain tillage methods af- 
fected establishment of mature 
stands. 

Location and Meihods 

Aerial broadcastings were 
made in four vegetation types on 
the Monticello district of the 
Manti-LaSal National Forest in 
southeastern Utah. These types 
ascend in elevation from the 
lower limits of the juniper-pin- 
yon type at about 6,500 feet, 
through the mountain brush and 
ponderosa pine types, to the up- 
per limits of aspen type at about 
8,400 feet. Estimated annual pre- 
cipitation varies from about 15 
inches in the juniper-pinyon to 
28 inches in the aspen. Precipi- 
tation is predominately of the 
winter pattern although thun- 
derstorms characteristically OC- 
cur in July and August. A light, 
sandy loam soil is general 
throughout the area. 

The juniper-pinyon type 
(mainly Juniperus osteosperrna 
and Pinus edulis) has a sparse 
mountain brush and herbaceous 
understory. Openings in the 
stand usually have a well-devel- 
oped erosion pavement. The 
mountain brush type consists of 
dense stands of big sagebrush 
(Artemisia tridentata) with fre- 
quently interspersed clumps of 
serviceberry (Amelanchier alni- 
folia) and gambel oak (Quercus 
gambeli). The ponderosa pine 
type consists of an open stand of 
ponderosa pine (Pinus ponder- 
osa) with a sparse mountain 
brush understory. Trailing flea- 
bane (Erigeron flagellaris) and 
hairy goldaster (Chrysopsis vil- 
Zosa) occur in the openings. The 
aspen type consists of alternate 
stands of aspen trees (Populus 
tremuloides) and openings which 
are usually covered with moder- 
ate to heavy stands of trailing 
fleabane and hairy goldaster. 

Pelleted and unpelleted seed 
was broadcast by airplane on 

large seedings where there was 
no seedbed preparation. Experi- 
mental areas, with different 
methods of seedbed preparation, 
were broadcast to pelleted and 
unpelleted seed by airplane and 
by hand. 

Seeding rates for pellets were 
one and two pellets per square 
foot or 1.2 and 2.4 pounds of seed 
per acre. Unpelleted seed was 
broadcast at 10 pounds per acre. 
One pellet per square foot was 
recommended by the pellet man- 
ufacturer as a proper seeding 
rate. The two-pellets-per-square- 
foot treatment was included to 
see what pellets would do at 
double the recommended rate. 
Ten pounds per acre was the 
established rate for broadcasting 
normal seed without covering. 
In processing pellets, an attempt 
was made to process different 
kinds of seed separately and the 
size of the pellets was adjusted 
for size of seed. Seed mixtures 
of pelleted and unpelleted seed 
broadcast on the various types 
are as follows: 

Juniper - pinyon - four parts 
smooth brome (Bromus iner- 
mis); four parts crested wheat- 
grass (Agropyron desertorum); 
two parts bulbous bluegrass 
(Poa bulbosa); and one part 
yellow sweetclover (MeZiZotus 
officinalis) . 
Mountain brush - five parts 
smoath brome; two parts 
crested wheatgrass; one part 
slender wheatgrass (Agropyron 
trachycaulum); two parts or- 
chardgrass (Dactylis glomer- 
ata); and one part yellow 
sweetclover. 
Aspen and ponderosa pine - 
four parts smooth brome; two 
parts orchardgrass; and one 
part timothy (Phleum pra- 
tense). 

when the air was calm. Satis- 

Large-Scale Seedings 

Pelleted and unpelleted seed 
was aerial broadcast in Septem- 
ber, 1948. Good distribution of 
unpelleted seed was obtained by 
broadcasting during the early 
morning and in the evening 

factory distribution of pellets 
was obtained with moderate 
winds and they were broadcast 
whenever the pilot considered it 
safe to fly. Unpelleted seed and 
both rates of pellet broadcasting 
were applied in the juniper-pin- 
yon, mountain brush, and pon- 
derosa pine. In the aspen, the 
two-pellets-per-square-foot in- 
tensity was omitted. A total of 
7,510 acres were seeded within 
the four vegetative types. 

Seedling counts were made in 
all treatment areas during June- 
July of 1949 and plant counts 
plus herbage production esti- 
mates were made on seeded spe- 
cies in July of 1955. Herbage 
production estimates were con- 
verted to oven-dry weights from 
samples taken in each area. Plant 
counts were determined on lo- 
square-foot samples located on 
random transects. Herbage pro- 
duction was obtained by the 
weight - estimate technique of 
Frischknecht and Plummer 
(1949). For sampling purposes, 
major treatment areas were sub- 
divided into openings, drainages 
and canopy. Thirty-five plots 
were sampled in each of these 
subdivisions but only the aver- 
age for the treatment area has 
been presented here. Sample 
counts on the one-pellet moun- 
tain brush area in 1955 were re- 
stricted to the east portion of the 
original treatment area. This 
was necessary because the west 
2,000 acres was rated a failure 
and was plowed and drilled to 
grass in 1953 and 1954. 

Intensive Studies 

Intensive studies were estab- 
lished in representative areas in 
the juniper-pinyon, mountain 
brush, and ponderosa pine types 
in September and October of 
1948. Treatments were applied 
in randomized block design, each 
with two replications. 

into three 8-acre strips to which 

Each block in the mountain 
brush study contained 24 acres, 
with twelve separate treatments. 
Each 24 acres was first divided 
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the following treatments were 
applied : 

1. Wheatland plowing 
2. Pipe harrowing 
3. No cultural treatment 

The four following seeding 
treatments were applied at right 
angles across the three treat- 
ments shown above: 

1. Unpelleted seed hand 
broadcast at 10 pounds per 
acre-harrowed 
2. Unpelleted seed aerial 
broadcast at 10 pounds per 
acre 
3. Aerial broadcast of one 
pellet per square foot 
4. Aerial broadcast of two 
pellets per square foot 

Each 4?&acre burned sage- 
brush area within the mountain 
brush type was divided into four 
I%-acre plots to which the treat- 
ments listed below were assigned 
at random. All seeding treat- 
ments were hand broadcast. 

1. Unpelleted seed at 10 
pounds per acre-harrowed 
2. Unpelleted seed at 10 
pounds per acre 
3. One pellet per square foot 
4. Two pellets per square 
foot 

Each 4-acre area in the ponder- 
osa pine and in the juniper-pin- 
yon types was divided into four 
one-acre plots which received 
the treatments listed below. All 
seeding treatments were hand 
broadcast. 

1. Unpelleted seed at 10 
pounds per acre-dragged 
2. One pellet per square foot 
-dragged 
3. One pellet per square foot 
4. Two pellets per square 
foot 

Livestock exclosures were con- 
structed around one replication 
of the small plots in the juniper- 
pinyon, ponderosa pine, and the 
burned sagebrush in the moun- 
tain brush. Both replications 
were fenced on the larger moun- 
tain brush study area. All plots 
were sampled in 1949. Only the 
plots within livestock exclosures 
were sampled in 1955. Thirty 
IO-square-foot random samples 
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Table 1. Average number of plants per square foot in 1949 and 1955 and 
estimated dry herbage per acre on four range types. 

_-- 
Dry herbage 

Location and Acres Plants per sq. ft. (lbs. per A.) 
Treatment Seeded 1949 1955 1955 
Juniper-Pinyon type: 

1 pellet ft. per sq. 450 0.08 Trace 1.5 
2 pellets per ft. sq. 300 0.11 0.01 3.4 
Unpelleted seed 

(10 lbs./A.) 160 2.57 0.02 9.2 
Mountain Brush type: 

1 pellet ft. per sq. 3000 0.01 Trace 0.1 
2 pellets ft. per sq. 1560 0.01 Trace 0.4 
Unpelleted seed 

(10 lbs./A.) 640 1.18 0.07 61.5 
Ponderosa Pine type: 

1 pellet ft. per sq. 588 0.20 Trace 0.3 
2 pellets per ft. sq. 458 0.29 Trace 1.3 
Unpelleted seed 

(10 lbs./A.) 164 8.91 0.18 12.5 
Aspen type: 

1 pellet per sq. ft. 30 0.38 0.23 134.2 
Unpelleted seed 

(10 lbs./A) 160 9.46 0.68 251.0 - 

were taken in each separate 
treatment sampled. 

Resulfs and Discussion 

Bleak and Phillips (1950) re- 
ported that favorable tempera- 
tures and moisture following 
seed broadcasting resulted in 
numerous seedlings in the fall of 
1948 in the unpelleted seed treat- 
ments and a few seedlings in the 
pellet seeded areas. Although 
the 1949 growing season began 
late, climatic conditions were 
favorable for sprouting and for 
seedling establishment on all pel- 
leted and unpelleted areas. 

Large-Scale Seedings 

There was a marked decline in 
plant numbers from 1949 to 1955 
on all areas which had been 
aerial broadcast with pelleted or 
unpelleted seed (Table 1). The 
counts made in 1955 confirmed 
the 1950 report that in all four 
vegetation types the areas broad- 
cast to unpelleted seed at 10 
pounds per acre contained more 
plants per square foot than com- 
parable areas broadcast to pel- 
lets at rates of one or two pellets 
per square foot. Doubling the 
pellet seeding rate to two pellets 
per square foot in the ponderosa 
pine, mountain brush or juniper- 

pinyon did not result in a mate- 
rial increase of plants either in 
1949 or 1955. Doubling the pellet 
seeding rate on these types re- 
sulted in an herbage increase but 
this increase was less than 2.0 
pounds per acre in 1955. 

In considering costs, the prin- 
cipal expense for the unpelleted 
seed treatment was cost of seed, 
while processing pellets was the 
principal cost incurred in pellet 
plantings. Unpelleted seed at 10 
pounds per acre cost $3.47 as 
compared to $2.40 per acre for 
one pellet per square foot and 
$4.80 per acre for two pellets per 
square foot. 

In the aspen type where suc- 
cessful stands from broadcasting 
unpelleted seed have been re- 
ported (Stewart and Plummer, 
1947)) pelleted seed made its best 
showing. Also, the decrease in 
plant numbers from 1949 to 1955 
was less pronounced than in 
other types, especially on the pel- 
let seeded area. The numbers 
and distribution of seeded plants 
under the aspen canopy were 
adequate for fair stands on both 
treatment areas. 

In the openings between the 
aspen stands, the trailing flea- 
bane, hairy goldaster and other 
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native species provided severe 
competition for the seeded grass 
plants. Seeded species were gen- 
erally found in the openings only 
where native species were sparse 
or absent, but established plants 
of smooth brome were spreading 
vegetatively into stands of native 
grasses and forbs. The high mor- 
tality of seeded plants in these 
openings accounted for a large 
portion of the decrease in plant 
numbers shown for this vegeta- 
tion type. 

In the other vegetation types, 
most of the seedling plants pres- 
ent in 1949 had disappeared by 
1955. Number of plants and 
herbage production on the areas 
seeded with unpelleted seed was 
greater than on the comparable 
areas seeded to pellets at one or 
two pellets per square foot, but 
the sparse stands on these unpel- 
leted areas must also be consid- 
ered failures. In the ponderosa 
pine most of the existing plants 
were in the openings between 
the trees; in the mountain brush, 
under gambel oak and service- 
berry canopy; and in the juniper- 
pinyon, about equally divided 
between canopy and openings. 
Generally speaking, size and ap- 
parent vigor of seeded plants 
were closely but inversely corre- 
lated to relative abundance of 
native grasses, forbs, and big 
sagebrush in the immediate vi- 
cinity. 

Herbage production per acre 
on a dry weight basis on these 
large seedings in 1955 ranged 
from 134 pounds to 251 pounds 
per acre in the aspen; from only 
0.3 to 12.5 pounds per acre in the 
ponderosa pine; from a trace to 
61.5 pounds per acre in the 
mountain brush and from 1.5 to 
9.2 pounds per acre in the juni- 
per-pinyon. 

The species seeded in each 
type were used because they had 
shown adaptability to the respec- 
tive type in previous seedings on 
similar areas. In the aspen type, 
smooth brome appeared to be the 
best adapted species under the 
canopy and also in the openings. 
Orchardgrass and timothy plants 

were usually vigorous under the 
aspen canopy but were usually 
small and spindly in the open- 
ings. Smooth brome also ap- 
peared to be the best suited spe- 
cies in the ponderosa pine on this 
site. Timothy and orchardgrass 
plants were usually small and 
spindly. In the mountain brush 
type smooth brome and crested 
wheatgrass appeared about 
equally well adapted to the type 
with the smooth brome superior 
under the canopy and crested 
wheatgrass superior in the open- 
ings. Very few plants of yellow 
sweetclover, the relatively short- 
lived slender wheatgrass, or or- 
chardgrass could be found. In 
the juniper-pinyon, crested 
wheatgrass and bulbous blue- 
grass were the most numerous. 
The bulbous bluegrass plants 
dried early and produced very 
little forage. Very few plants of 
yellow sweetclover, of smooth 
brome could be found in this 
type. 

The west portion of the 1948 
one-pellet treatment in the 
mountain brush type provided 
additional information on how 
tillage methods affected estab- 
lishment of planted grasses. This 

area of approximately 2,000 
acres, which failed to produce a 
satisfactory stand following 
aerial broadcasting of pellets in 
1948, was plowed to remove the 
native vegetation and drilled to 
provide seed covering in 1953 or 
1954. In 1955, a high yielding 
grass stand was growing on the 
portion of the area plowed and 
drilled in 1953 (Fig. 1) and a 
good seedling stand was growing 
on the area treated in 1954. The 
stands produced on this area by 
plowing and drilling in 1953 or 
1954 were similar to the stands 
produced on plowed plots broad- 
cast with unpelleted seed in 1948 
on the adjoining experimental 
study area in this type. 

Intensive Studies 

The average number of seed- 
lings in 1949, the number of es- 
tablished plants, and the esti- 
mated herbage production in 
1955 for plot studies in the moun- 
tain brush, ponderosa pine, and 
juniper-pinyon is shown in Table 
2. All plots sown to unpelleted 
seed at 10 pounds per acre had a 
greater number of established 
plants in 1949 and 1955 and pro- 
duced more herbage per acre in 

FIGURE 2. Aerial broadcasting of one-pellet-per-square-foot was made on plowed land 

(left) and harrowed land fright) in September, 1948. Large plants of smooth bromegrass 

and 
and 

crested wheatgrass 
native grasses and 

can be seen in the foreground, 
forbs dominate both plots. 

but vigorous sagebrush plants 
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1955 than did the plots seeded at 
a rate of one pellet or two pellets 
per square foot. These results 
agree with those on the large- 
scale seedings. 

Herbage yields per acre on the 
mountain brush plots increased 
in proportion to the amount that 
tillage reduced competition from 
native plants and provided seed 
coverage. For example, yields 
were higher when unpelleted or 
pelleted seed was broadcast on a 
plowed or harrowed seedbed 
than when the respective seed- 
ing treatments were applied 
without prior tillage treatments. 
Where pipe harrowing followed 
broadcasting, this further re- 
duced plant competition and re- 
sulted in even greater forage 
yields. 

Broadcasting of unpelleted 

Table 2 Average number of seediing plants in 1949, established plants in 

seed on the plowed and har- 
rowed plots with no later cul- 
tural treatment produced more 
seedlings in 1949 than broadcast- 
ing followed by harrowing. It ap- 
peared that the loose soil covered 
the broadcast seed by sloughing 
but that harrowing the loose soil 
covered some of the seed too 
deep. By 1955 this difference in 
plant numbers on comparable 
plots had largely disappeared. 

On these mountain brush plots, 
herbage production on plots 
broadcast with unpelleted seed 
at 10 pounds per acre was mark- 
edly greater than on plots broad- 
cast with pelleted seed at rates 
of one or two pellets per square 
foot. Where tillage treatments 
had been applied, the invasion of 
big sagebrush, native grasses, 
and native weeds was more pro- 

1955 and esfimaied dry herbage production in 1955 on experimenfal plofs. ..- 

Location and 
Treatment * 

Plants per sq. ft. 
1949 1955 

Weight 
(lbs./A.) 

1955 

Mountain Brush 
Plowed-l pellet 0.15 
Plowed-2 pellets 0.22 
Plowed-Unpelleted 6.16 
Plowed-Unpelleted (harrowed) 2.88 
Harrowed-l pellet 0.08 
Harrowed-2 pellets 0.10 
Harrowed-Unpelleted 4.40 
Harrowed-Unpelleted (harrowed) 3.36 
No tillage-l pellet 0.05 
No tillage- pellets 0.06 
No tillage-Unpelleted 2.26 
No tillage--Unpelleted (harrowed) 3.32 

Burned Sagebrush 
1 pellet 0.06 
2 pellets 0.25 
Unpelleted 1.58 
Unpelleted (harrowed) 2.01 

Ponderosa pine 
1 pellet 0.20 
1 pellet (harrowed) 0.29 
2 pellets 0.36 
Unpelleted (harrowed) 19.99 

Juniper-pinyon Y 
1 pellet 0.12 
1 pellet (dragged) 0.18 
2 pellets 0.30 
Unpelleted (dragged) 2.80 

0.06 116.3 
0.11 136.2 
1.06 652.1 
1.00 812.6 
0.05 76.7 
0.09 77.0 
0.69 578.6 
0.79 648.0 
0.01 5.7 
0.01 1.4 
0.08 77.3 
0.46 373.8 

0.57 
0.15 
1.01 
0.94 

0.01 
0.07 
0.03 
1.07 

0.00 0.0 
0.02 1.2 
0.01 0.7 
0.08 8.4 

183.1 
181.9 
710.3 
551.9 

5.4 
29.2 
10.8 

141.1 

* Treatments were one pellet per square foot, 
and unpelleted seed at 10 pounds per acre. 

two pellets per square foot, 

nounced on pellet-seeded areas 
(Fig. 2) than on areas seeded 
with unpelleted seed because of 
a sparser stand of seeded grass. 
Good grass stands allowed but 
few sagebrush or other plants to 
invade the area. 

On the burned sagebrush plots 
in the mountain brush type, re- 
moval of competition by burning 
followed by broadcasting unpel- 
leted seed produced good grass 
stands and herbage yields. These 
results were similar to the suc- 
cess reported by Christ (1934)) 
Friedrich (1947), Pickford and 
Jackman (1944) , and Hull and 
Stewart (1948) from broadcast- 
ing unpelleted seed where ash 
from burns provided seed cover- 
ing. These good grass stands pre- 
vented reinvasion of big sage- 
brush (Fig. 3). The increase in 
plant numbers from 1949 to 1955 
in the one-pellet area is largely 
attributed to reseeding and fill- 
ing in from established crested 
wheatgrass plants. Eighty-five 
percent of the crested wheat- 
grass plants on this area were 
less than two inches in diameter 
and were generally scattered 
around the larger plants. 

In the ponderosa pine, number 
of plants present on all treat- 
ments in 1955 was much lower 
than in 1949. Unpelleted seed 
produced significantly more 
plants and higher yields than 
pelleted seed. The higher yields 
on the one-pellet-harrowed, and 
the unpelleted-harrowed plots 
are considered to be due to re- 
duction in competition from na- 
tive herbaceous plants by har- 
rowing. Ponderosa pine and the 
understory plants afford severe 
competition for the planted 
grasses as evidenced by relative- 
ly low yields of planted grasses; 
141.1 pounds per acre was the 
highest yield even with an aver- 
age of slightly more than one 
plant per square foot. 

In the juniper-pinyon plots the 
unpelletd seed treatment was su- 
perior to the pelleted seed treat- 
ment in both number of plants 
and herbage production. Com- 
petition from juniper-pinyon and 
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FIGURE 3. Unpelleted seed of crested wheatgrass and smooth brome broadcast and har- 

rowed on a sagebrush burn produced a good stand which kept out most of the sagebrush 

(tight). Plot on the {left was broadcast to pelIeted seed with no seed covering. A thick 
stand of sagebrush soon invaded the area. 

native herbaceous species was 
severe in this type. Crested 
wheatgrass plants were normally 
small with few or no seedheads, 
but where trees, brush and herbs 
had been removed from fence 
lines in the fall of 1948, plants 
were large and vigorous. 

The results from both the 
large-scale planting and the in- 
tensive plot studies are in agree- 
ment with Robertson and Pearse 
(1945)) Moomaw et al. (1954)) 
and Plummer et al. (1955) that 
full stands of competing vegeta- 
tion must be reduced for success- 
ful establishment of planted 
species. 

Summary and Conclusions 

1. Seeds in compressed pellets 
did not have any advantage over 
unpelleted seeds in producing 
stands of planted species under 
all comparable conditions in the 
four range types. 

2. In the aspen type where suc- 
cessful stands from broadcasting 
unpelleted seed have been pre- 
viously reported, pelleted seed 
made its best showing, but even 
here the number of plants per 

square foot resulting from broad- 
casting one pellet per square foot 
was less than from broadcasting 
unpelleted seed at 10 pounds per 
acre. 

3. Broadcasting pellets at twice 
the recommended rate did not 
materially improve established 
grass stands or increase herbage 
production in the ponderosa 
pine, mountain brush or juniper- 
pinyon types. 

4. Grass stands and herbage pro- 
duction from broadcasting un- 
pelleted seed were considered 
successful in the ponderosa pine, 
mountain brush, or juniper-pin- 
yon types only where competing 
vegetation was reduced and some 
seed covering provided. Herbage 
yields were increased in propor- 
tion to reduction of competition 
from native plants. 

5. The major factors which lim- 
ited plant numbers and forage 
yields from planted species in 
this study were reduced seed 
germination from pelleting, un- 
favorable conditions for seed 
germination or plant establish- 
ment and competition by native 
vegetation. 
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Sampson (1952) in his discus- 
sion of range utilization poses 
two important questions: “How 
closely may a range area be 
grazed without damage to forage 
stand and soil?” and “How may 
one determine how closely a 
range unit has been grazed?” 
Obviously, standards of use 
which are implied in the first 
question cannot be answered un- 
less reliable methods for measur- 
ing various degrees of use are de- 
veloped. 

Several reviews and compari- 
sons of methods for measuring 
range use have been published 
(Pechanec and Pickford, 1937; 
Clark, 1945; Heady, 1949; Brown, 
1954; Ragsdale, 1956). However, 
Heady stated that the real prob- 
lem is not the measurements of 
use but the interpretation of 
those measurements. This con- 
clusion is supported by Harris 
(1954) who reported that for a 
ten-year period on the Starkey 
Range in northeastern Oregon 
yearly utilization of bluebunch 
wheatgrass (Agropyron s-pi- 
caturn) varied from 38 to 69 per- 
cent, yet the average for the pe- 
riod was close to 50 percent. He 
concluded that any adjustments 
in stocking rate on a basis of year 
to year use would not be justi- 
f ied. 

Since methodology used in ap- 
praising range utilization has 
been the subject of most earlier 
papers, this article will be pri- 
marily concerned with interpre- 
tations of these measurements in 
terms of plant and animal re- 
sponses. Specifically, the pur- 
pose of this paper is twofold: (1) 

1 Oregon Agricultural Experiment 
Station Miscellaneous Paper No. 46. 

to point out the basis for develop- 
ing proper use standards applic- 
able on both native and improved 
forage plant:;, and (2) to con- 
sider some of the important fac- 
tors influencing forage use. 

Historical Development 

Early graziers did not consider 
their range or pasture to be fully 
utilized until all the growth had 
been consumed. However, when 
public administrators were 
charged with the problem of 
regulating grazing, they soon 
realized that some growth had 
to be left each season to main- 
tain forage vigor and range pro- 
ductivity (Jardine and Ander- 
son, 1919). These workers 
pointed out that ranges used 
after seed maturity could be 
grazed more heavily than those 
used during the growing season. 

A number of methods for de- 
ciding upon the approximate 
amount of forage removed have 
been developed. These determi- 
nations of range use generally 
fall into two categories-estima- 
tion and measurement. Methods 
using estimate techniques ‘in- 
clude : general reconnaissance; 
ocular estimates, both by average 
of plots and average of plants 
within plots; primary forage 
plant method, and photographic. 
Those involving measurements 
are: Weight by clipping grazed 
and ungrazed plots, height meas- 
urements, growth form or height- 
weight relationships, stem count, 
and per cent of plants grazed. 
Good descriptions of the forego- 
ing methods together with ex- 
amples of their use are found in 
Sampson (1952) and Stoddart 
and Smith (1955). 

The Joint Committee of the 
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American Society of Agronomy, 
American Dairy Science Asso- 
ciation, American Society of Ani- 
mal Production, and American 
Society of Range Management 
(1952) states that measurements 
of the percentage of herbage that 
has been consumed are parti- 
cularly useful in the rangelands 
of the dry west where overstock- 
ing is to be avoided. They point 
out that before and after grazing 
weight estimates and stubble- 
height methods are both used for 
the purpose of measuring utiliza- 
tion on rangelands. They further 
add that in trying to judge util- 
ization on the range the best we 
can hope for is to estimate the 
amount of herbage that is left 
after grazing. Using this residue 
figure an attempt is made to cal- 
culate how much has been re- 
moved. 

Hyder (1953, 1954)) recogniz- 
ing the futility of reconstructing 
the amount of herbage consumed 
when forage production varies 
widely among years, has sug- 
gested the establishment of resi- 
due standards for evaluating 
range use on sagebrush-bunch- 
grass ranges in central Oregon. 
In his opinion, approximately 50 
percent of the production on good 
condition ranges or 160 pounds 
of air-dry forage should be left 
on the ground at the end of the 
grazing season. 

A similar approach has been 
used successfully on annual 
ranges in California for a num- 
ber of years (Hormay and Fau- 
sett, 1942; Grover, not dated; 
Bentley and Talbot, 1951). Hor- 
may and Fausett, as did Bentley 
and Talbott, recommended graz- 
ing moderately or until the range 
residue takes on a patchy appear- 
ance. According to Grover about 
600 pounds of herbage should be 
left at the end of the grazing 
season on moderately grazed 
annual ranges. 

Cook and Stoddart (1953a) 
have indicated the difficulty of 
expressing forage removal in 
percent. Their work with crested 
wheatgrass indicated that per- 
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centage utilization could vary 
from 50 to 80 percent, depend- 
ing upon whether percent re- 
moved is based on production 
from clipped or unclipped plants. 
They concluded that utilization 
measurements in plant response 
studies should consider (a) the 
portions of the plant being uti- 
lized, and (b) whether or not the 
plants were grazed during the 
growing season, after maturity, 
or both. 
Physiological Response of Plants 

fo Grazing 

Grazed plants must serve a 
dual role. Not only do they have 
to supply their own needs, but 
they also have to provide food 
for livestock. It is important that 
livestock men know the needs of 
plants in addition to the nutri- 
tive requirements of their ani- 
mals. The physiological reaction 
of plants to grazing should form 
the basis for development of 
sound grazing management prac- 
tices. More than forty years ago 
Sampson (1914) pointed out the 
importance of managing range- 
lands based on the growth re- 
quirements and life histories of 
the principal forage plants. Stod- 
dart and Smith (1955) state that 
man knows little of how much 
grazing use a plant can with- 
stand without undue injury. Yet, 
according to them this knowl- 
edge is basic to proper range 
management. 

Influence of grazing, or top re- 
moval, on the plant is dependent 
upon several important variables. 
These include the intensity or 
amount, frequency, and season of 
removal. All of these factors are 
important in determining stand- 
ards of use for pasture and range 
plants. Many investigators have 
studied the influence of clipping 
at different intensities, frequen- 
cies, and seasons (Parker and 
Sampson, 1931; Lang and Barnes, 
1942; Stoddart, 1946; Blaisdell 
and Pechanec, 1949, Cook and 
Stoddart, 1953b). A number of 
workers have followed carbohy- 
drate reserves in relation to clip- 
ping and grazing (Graber, 1931; 

McCarty and Price, 1942; Wein- 
man, 1948; Sprague, et al., 1952). 

In general too heavy, too early, 
and too frequent removal has re- 
sulted in a marked decline of for- 
age vigor. In addition, the great- 
est damage to valuable pasture 
and range plants occurs during 
periods of minimum food storage. 
The influence of clipping or graz- 
ing practices on root growth pre- 
cedes the visible effect on the top 
and may be immediate and long 
lasting (Parker and Sampson, 
1931; Biswell and Weaver, 1933). 

Crider (1955) has accumulated 
a wealth of material from green- 
house and nursery studies on the 
effects of clipping on root- 
growth. His data were obtained 
by clipping pasture and range 
grass species to different vol- 
umes of top removal. Results 
from clipping many species over 
a period of years conclusively 
demonstrated the harmful influ- 
ence of removing too much of 
the top. Single clippings that re- 
moved more than 50 percent of 
the top by volume stopped root 
growth over a period of several 
days to several weeks depending 
on the percentage taken. When 
40 percent or less was removed, 
even clipping three times weekly 
did not markedly influence root 
elongation or proliferation. 
Crider also found by clipping 
portions of the top of a grass 
plant that root growth below the 
undisturbed part was not af- 
fected. In his opinion, this dis- 
covery indicates the desirability 
of animals grazing only part of 
the plant crown. This discovery 
may help to explain why grazing 
is generally not as damaging to 
the physiology of plants as clip- 
ping, especially on dryland 
ranges where regrowth is limited 
by inadequate soil moisture. 

Proper-Use Standards of Some 
Important Native Forage Plants 

A common way of evaluating 
the effect of grazing on range 
plants is to first divide them into 
three major groups: grasses, 
forbs, and browse. Arnold (1955) 
suggested eight life-form group- 

ings for vegetation in the pon- 
derosa pine zone in northern Ari- 
zona. These are: (1) long-lived 
trees and shrubs, (2) perennial 
tall grasses, (3) perennial mid- 
grasses, (4) perennial short 
grasses, (5) perennial tall, mid- 
and short forbs, (6) perennial 
prostrate forbs, (7) short-lived 
half shrubs, and (8) annuals. 
This classification is a further re- 
finement of the one based solely 
on growth form or stature and 
includes consideration of life 
span. He suggests that other im- 
portant life-form characteristics 
which should be considered are 
propagation, seasonal growth 
habits, and protective devices. 

Grasses are generally regarded 
as being the most resistant to the 
influence of livestock use (Samp- 
son and Chase, 1927). Various 
reasons have been advanced to 
explain the persistence of grasses 
under heavy grazing. Basal meri- 
stem, tufted bunch or rhizomatic 
growth habit, development of 
basal buds, and reproductive to 
vegetative stem ratio are several 
characteristics advanced to ac- 
count for resistance of a grass 
plant to grazing pressure. 

Cook and Stoddart (1935b) be- 
lieve that a grass leaf behaves 
very much like a leaf of a forb 
or shrub following grazing. Bran- 
son (1953) pointed out that the 
height of the growing point 
above ground may determine the 
susceptibility of grasses to graz- 
ing injury. However, if the 
grasses most resistant to grazing 
are used to guide standards on 
grass ranges, tall heavy yielding 
plants may be largely eliminated. 
Therefore, proper use of grass 
ranges will depend upon the 
growth habits including morpho- 
logical characteristics, and life 
histories of the principal forage 
plants as pointed out 40 years 
ago (Sampson, 1914). 

Proper Use Guides for Mid 
and Tall Grass Ranges 

Most investigators have used 
leaf length or stubble height as 
measures of proper use. Crafts 
(1937) proposed a range from 3 
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to 5 inches in stubble heights of 
bunchgrasses in the Southwest to 
obtain proper grazing use. These 
general guides are substantiated 
by Pickford and Reid (1942) on 
green fescue (Festuca viridula) 
range in northeastern Oregon. 
These investigators found that 50 
percent removal of green fescue 
herbage should leave a stubble 
averaging 3 inches high after 
grazing. 

inches at the end of the grazing 
season; and, in addition, 25 or 30 
percent of the flower stalks 
should be left ungrazed. This in- 
tensity of use seems to occur 
when between 40 and 50 percent 
of the forag.e volume has been 
cropped. 

On mountain meadows in east- 
ern Washington and Oregon, 
Reid and Pickford (1946) found 
that approximately 55 percent 
removal of tufted hairgrass (Des- 
champsia caespitosa) by weight 
constituted proper use and left 
an average leaf stubble of 3 
inches. These same workers 
(Pickford and Reid, 1948) found 
that the proper use of bluebunch 
wheatgrass (Agropyron spi- 
caturn) should not exceed 55 to 
60 percent removal of herbage 
during the grazing season. Other 
less palatable plants were used 
more lightly and total herbage 
removal amounted to only 23 
percent, since the range was in 
fair to poor condition. 

In the central Great Plains, 
blue grama and buffalograss 
(Buchloe dactyloides) are the 
dominant species. Costello and 
Turner (1944) recommend that 
the minimum final stubble 
height for blue grama in years 
of high forage production should 
be 1% inches. According to these 
workers this means utilizing ap- 
proximately 50 percent of the 
total volume of herbage pro- 
duced and leaving untouched the 
coarse and fibrous bases result- 
ing from the rank growth. For 
years of low forage production 
their recommended minimum is 
1% inches which ordinarily 
means 40 percent or less use of 
the seasonal herbage production. 

McIlvain, et al. (1955) suggest 
a guide for determining when 
tall grass range in the southern 
Great Plains is properly grazed. 
They state that a stubble height 
of at least 1 inch should be left 
on short grasses; midgrasses 
should have a minimum stubble 
height of at least 2 inches at the 
close of the grazing season; tall 
grasses, 3 to 5 inches. These 
workers further add that animals 
should not be forced to eat large 
quantities of coarse or unpalat- 
able forage, and brush should 
not be badly broken apart by 
grazing animals searching for 
forage. 

Holscher and Woolfolk (1953) 
prepared guides for proper use of 
important forage plants on 
northern Great Plains ranges. 
Figures prepared by these 
workers, based on percent of 
plants to be grazed, are summar- 
ized in the accompanying table 
reproduced from their publica- 
tion. According to their figures, 

Species 
Summer range Winter range 

Upland Hills Bottom Upland Hills ’ Bottom 
subtype subtype subtype subtype subtype subtype 
Percent Percent Percent Percent Percent Percent 

Bluestem wheatgrass 
Blue grama 
Needle-and-thread 
Buffalograss 
Threadleaf sedge 

4”; 
55 75 65 

55 :x 
65 :8 40 5755 

50 75 
55 

55 55 :: 75 
50 50 ___- 50 50 _..I 

Use Guides for Shorfgrass Ranges 

In the Southwest, Crafts and 
Glendening (1942) state that 
where it is dominant, blue grama 
(Bouteloua gracilis) is a key in- 
dicator of range utilization. In 
their opinion, the stubble height 
of blue grama after grazing ordi- 
narily should not be less than 2 

with the exception of the bot- spring. These workers further 
tomland, there is little difference added that during the years of 
among sites or between seasons deferment the weeds or forbs re- 
of use except for bluestem ceive almost complete rest from 
wheatgrass, which is obviously grazing. If early grazing is prac- 
more valuable in the winter than ticed, 40 to 60 percent of the more 
low growing species. Holscher desirable grasses and weeds 
and Woolfolk recognize the vari- should remain ungrazed at the 
ation in use to be expected from end of the spring season. 
year to year and point out that Talbot and Biswell (1942) re- 
one out of every five is a drought ported that light, moderate, and 

year. This means that if use 
standards are to be followed in 
dry years, the grazing season 
must be shortened and large 
amounts of supplements fed, or 
livestock numbers drastically re- 
duced. 

Campbell and Crafts (1939)) 
.working on the Jornada range in 
New Mexico and the Santa Rita 
experimental range in Arizona, 
found that proper grazing util- 
izes about 50 percent of the total 
growth of black grama (Boute- 
low eriopoda). This means that 
the grazed stubble should not be 
cropped closer than 2 or 3 inches 
above ground. They further qual- 
ify this standard of use by stat- 
ing that l/5 of the flower stalks 
and most of the stolons should be 
ungrazed. 

Proper Use Guides on F’orb 
and Browse Ranges 

Only where forbs or browse 
make up a relatively low but im- 
portant percentage of the com- 
position, such as on sheep and 
big game ranges, would these 
plants be used for determining 
proper range use. On spring-fall 
sheep ranges in southern Idaho, 
Pechanec and Stewart (1949) 
found that deferred grazing espe- 
cially favors perennial weeds 
(forbs) , since these species are 
not taken readily except in the 
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heavy grazing intensities had no 
great influence on composition of 
California annual ranges. How- 
ever, they did find that grazed 
and protected areas differed 
greatly in the percentage of forbs 
-principally the f ilarees (Erod- 
ium spp.), bur clover (Medicago 
hispida) - and grasses. The 
grasses increased at the expense 
of the forbs on protected areas. 
From these results they con- 
cluded that not only can annual 
type ranges be grazed too closely, 
but some areas can be grazed too 
lightly-at least from the stand- 
point of maintaining a high per- 
centage of forbs. 

Several workers have studied 
the response of range shrubs or 
browse to clipping. Julander 
(1937) developed standards of 
use for two browse plants on the 
Kaibab National Forest in Utah. 
Aspen was considered as the key 
species on summer range. He 
concluded that aspen browse de- 
teriorated if used 75 percent or 
more, was maintained with 70 to 
75 percent use, and improved 
when used only 65 to 70 percent. 
Cliff rose, the key species on 
winter range in his study, if 
grazed more than 80 percent 
would deteriorate, would barely 
be maintained at 75 to 80 percent, 
would be adequately maintained 
at 70 to 75 percent, but for maxi- 
mum recovery should not be 
grazed heavier than 45 to 65 per- 
cent. Although Julander did not 
state clearly his basis for per- 
centage utilization, he did imply 
that it was based on current 
shoot production. 

Young and Payne (1948) rec- 
ommended that cropping up to 
60 percent of the current twig 
growth of redstem ceanothus 
(Ceanothus sanguineus) was sat- 
isfactory for this species and 
other highly palatable browse 
plants in northern Idaho. Hor- 
may (1943) concluded that about 
40 percent of the season’s twig 
growth should be left on bitter- 
brush (Purshia trident&a) to 
maintain satisfactory vigor and 
seed production. Garrison (1953)) 
after clipping a number of im- 

portant big game browse plants 
in the Northwest, stated that this 
treatment generally stimulated 
twig production to the detriment 
of flower and fruit production. 
As a result of his study, Garrison 
suggested some levels of use for 
sustained shrub production on 
winter ranges in Oregon and 
Washington. These standards 
varied from 50 to 60 percent re- 
moval on the more valuable 
browse and from 35 to 50 percent 
for the less preferred species. 

Cronemiller (1953) reported 
on the value and management of 
deerbrush or sweet birch (Ceano- 
thus integerrimus) in California. 
His report was based on a num- 
ber of observations made on 
deerbrush plants browsed heav- 
ily for periods up to 35 years. 
According to him heavily grazed 
plants in open areas on the 
Plumas Forest appeared thrifty 
at the age of thirty years, but 
five years later were mostly 
dead. Biswell, et al. (1952) found 
that heavy browsing by deer 
kept mixed chaparral sprouts 
and seedlings in a low and pro- 
ductive condition. Under these 
conditions heavy browsing after 
the first couple of years is not 
particularily damaging, since 
new growth is protected by the 
old woody stems. 

Use Standards for Improved 
Forage Species 

Grasses 
Standards of use on improved 

pasture plants will depend both 
upon the growth habit and the 
season of growth as in native 
plants, except that more flexi- 
bility exists depending upon cul- 
tural treatments used. For ex- 
ample, fertilization and irriga- 
tion practices can both be used 
to greatly enhance productivity 
of improved forage grasses dur- 
ing periods of normally slow 
growth. 

Orchardgrass (Dactylis glom- 
erata) is a good example of an 
improved pasture grass whose 
productivity can be greatly en- 
hanced by cultural practices. 

Robinson and Sprague (1952) re- 
ported that dry matter produc- 
tion in July and August in Penn- 
sylvania could be trebled by 
nitrogen alone, quadrupled. by 
irrigation alone, and increased 
from 490 pounds under no treat- 
ment to 2830 pounds per acre, or 
nearly six times as much, when 
both nitrogen and irrigation 
were added. 

Ahlgren (1956) groups the 
principal improved grass species 
into several categories depending 
on their adaptation and perform- 
ance. He states that bluegrass 
(Poa pratensis), unlike taller 
grasses and legumes, may be 
closely and continuously grazed 
without serious injury to the 
sod, if it is limed and fertilized 
according to its needs. In con- 
trast to this reaction of blue- 
grass, Ahlgren points out that 
bromegrass (Bromus inermis) 
under frequent clipping or heavy 
grazing thins out and disappears. 
For example, in New Jersey tests 
cutting bromegrass every time it 
reached a 5-inch height quickly 
reduced the stand and lowered 
the yield. Under this manage- 
ment bluegrass and weeds re- 
placed the bromegrass. 

Orchardgrass is commonly 
grown in combination with le- 
gumes, particularly Ladino clo- 
ver (TrifoZium repens). Under 
these conditions, rotation grazing 
is usually practiced and the grass 
is rarely damaged. In fact, the 
usual dificulty experienced is in 
maintaining the legume, espe- 
cially when nitrogen fertilizer is 
used. Workers generally recog- 
nize that the stand of orchard- 
grass may be reduced by contin- 
uous close grazing, but not as 
readily as with bromegrass or 
timothy (Phleum pratense). 

Few studies have been con- 
ducted on the proper use stand- 
ards for improved or introduced 
species on range land. Frisch- 
knecht, et al. (1953) reported re- 
sults of a grazing trial on crested 
wheatgrass (Agropyrom desertor- 
urn) in Utah. This study was set 
up to measure cattle gains under 
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three intensities of grazing and 
four systems of grazing. Their 
planned intensities of use were: 
light, 50 percent; moderate, 65 
percent; and heavy, 80 percent of 
the current year’s growth. Their 
calculations were based on plants 
protected from grazing beneath 
cages. According to Cook and 
Stoddart’s work (1953a) this 
means that percent removal 
would be lower on grazed plants 
than on the ungrazed used as a 
basis for comparison in this ex- 
periment. Frischknecht, et al. re- 
ported light and moderate in- 
tensities of use more satisfactory 
than heavy, and, if their figures 
are corrected to a grazed plant 
basis, moderate use would prob- 
ably imply no heavier than 50 
percent removal of the current 
season’s growth. 

Legumes and Crass-legume Mixtures 

Although legumes are seldom 
grown in pure stands for graz- 
ing, it is important to consider 
their growth requirements in 
order to maintain them in a 
grass-legume mixture. Sprague 
(1952) found legumes to differ 
from grasses in that more of the 
carbohydrate reserves are stored 
in the roots and stolons of le- 
gumes rather than in the lower 
leaf sheaths or stubble, as in 
grasses. This means that the 
height of clippings is not as criti- 
cal in legumes as is the frequen- 
cy and season of defoliation. This 
is especially true for alfalfa 
(Medicago sativa) which re- 
quires a practice of intermittent 
grazing followed by an adequate 
time for recovery. 

Dotzenko and Ahlgren (1951) 
studying an alfalfa-bromegrass 
mixture in New Jersey stated 
that frequent and early cutting 
reduced the yields as did delay- 
ing harvest beyond the one-half 
bloom stage for alfalfa. They 
concluded that cutting at the 
one-half bloom stage gave the 
maximum return in yield and 
quality without reducing or in- 
juring the alfalfa-bromegrass 
stand. 

Many workers have studied 

the influence of time and height 
of cutting and fertilization on 
Ladino clover and various 
grasses. Sprague and Garber 
(1950)) reporting on work with 
Ladino clover in mixtures with 
orchardgrass and bromegrass, 
state that the time of removal of 
the first crop in the spring was 
an important factor in determin- 
ing the persistence of Ladino 
clover. This first crop, according 
to them, should be removed 
when it reaches a height of 8 to 
10 inches. They further added 
that higher yields and more 
clover were obtained when cut- 
tings were made closer to ground 
level. In their studies a 2-inch 
stubble height was more satis- 
factory than a 3-inch one. 

Robinson, et al. (1952) studied 
the influence of irrigation, fertil- 
izer, and clipping treatments on 
the persistence of Ladino clover 
in a Kentucky bluegrass sod. 
These workers used three clip- 
ping heights: l/2, 1, and 2 inches. 
Although highest average yields 
for a 4-year period were obtained 
by clipping to l/2 inch, they noted 
that this clipping treatment was 
too severe for maintenance of a 
good sod of Kentucky bluegrass. 
They concluded that clipping to 
1 inch gave high average yields 
and at the same time resulted 
in the maintenance of a good sod. 
An illustration used . in their 
paper showed that Ladino clover 
persisted even under high nitro- 
gen fertilization, where the herb- 
age was clipped to 1 inch when 
4 to 5 inches high. 

From the limited examples 
cited here it is evident that the 
growth requirements of legumes 
and grasses are not fully com- 
patible and that mixtures con- 
taining both must be grazed 
carefully to maintain a proper 
balance of the two. If it were not 
for bloat problems on high yield- 
ing legume pastures and nitro- 
gen fixation to aid grass produc- 
tion, it is doubtful that graziers 
would be justified in trying to 
maintain fairly well balanced 
mixtures of grasses and legumes. 

Indeed, it might be easier to 
maintain high producing grass 
swards apart from good legume 
stands. This practice may be fol- 
lowed eventually in our drier 
non-irrigated sections of the 
West. Under present manage- 
ment crested wheatgrass is rec- 
ommended for good early forage, 
native bunchgrasses for the high- 
est quality mid-season forage, 
and alfalfa for the muost nutri- 
tious grazing in late summer and 
fall, when the grasses have dried 
and lost most of their protein 
content. 

Sprague (1952) points out that 
in the humid and irrigated pas- 
ture areas maintenance of the le- 
gume is a primary objective in 
pasture management. According 
to him, in grass-legume associa- 
tions grown for use as hay or 
silage, for use as pasture, or for 
dual use, the date of the first 
cutting in the spring, the height 
at which herbage is removed, 
and the length of recovery period 
should be such as to favor the 
legume. Use standards for these 
mixtures will depend upon the 
species used and the interactions 
of the management practices 
mentioned with fertility, irriga- 
tion, and weather factors. Re- 
gardless of the intensity of man- 
agement and production in- 
volved on pastures containing 
improved forage species, grazing 
use must permit the forage 
plants to maintain enough photo- 
synthetic leaf surface for ade- 
quate root growth and food stor- 
age in the stem bases and roots. 

Important Factors Influencing 
Forage Use 

Some of the important factors 
and their relationship to use 
standards have already been 
pointed out. Among these are: 
associated forage species, site, 
season of use, and kind and dis- 
tribution of livestock which are 
most important on range lands, 
and compensating factors, such 
as fertilization, irrigation, and 
mechanical harvesting which are 
common to pastures. 
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On Ranges 
The relationship of use stand- 

ards to life forms of the forage 
plants was discussed under con- 
sideration of native forage 
plants. The same problem is im- 
portant in improved pastures 
where legumes and grasses are 
grown in mixtures. An addition- 
al problem is presented by dif- 
ferences in palatability of plants 
belonging to the same life form. 
For example, Campbell and 
Crafts (1939) state that where 
black and blue grama occur in 
mixture, utilization is satisfac- 
tory as soon as either one is 
properly grazed; usually the first 
to be so utilized is the blue 
grama. These same workers re- 
port that on run-down black 
grama ranges use will have to be 
considerably less if black grama 
is to be restored to dominance. 
They indicate that under these 
conditions only 30 percent of the 
grass by weight should be taken 
by the end of the season com- 
pared with 50 percent on good 
condition ranges. 

Site may have important influ- 
ences on use standards for range 
forages. Cook and Harris (1950)) 
as a result of their studies in 
Utah, conclude that site condi- 
tions and stage of growth were 
important factors affecting the 
nutritive value of range forage. 
According to them, sites indi- 
rectly affected the chemical con- 
tent of plants and plant parts 
through soil and plant develop- 
ment, water runoff, intensity of 
shade, and other environmental 
factors. In this writer’s opinion, 
this supports the contention that 
a thorough knowledge of both 
soils and vegetation is necessary 
to provide the ecological back- 
ground necessary for evaluating 
the influence of site on standards 
of use. 

Regional ecological studies 
furnish suitable bases for devel- 
opment of range condition and 
trend studies if the reaction of 
plants to grazing is understood. 
The decreaser, increaser, and in- 
vader categories based on re- 
sponse to grazing pressure en- 

able range operators and ad- 
ministrators to select the plants 
most useful in determining use 
standards. Generally speaking, 
range use as a whole will be de- 
termined by the impact of graz- 
ing on the decreaser and in- 
creaser species. If the ecology of 
the area is reasonably under- 
stood, this approach may be 
further simplified by selecting a 
key species upon which to base 
proper use. Decreaser species, 
such as bluebunch wheatgrass in 
the Agropyron zones of the 
Pacific Northwest or little blue- 
stem (Andropogon scoparius) in 
the midgrass ranges of the Great 
Plains, are examples of typical 
key species used in determina- 
tion of range utilization. 

Nearly all of the investigators 
concerned with use standards of 
forage plants emphasize the im- 
portance of seasonal use in ar- 
riving at appropriate levels of 
grazing. For example, Craddock 
and Forsling (1938) state that 
serious range depletion occurred 
on four 80-acre range areas 
where for nine years from 19 to 
68 percent of the available forage 
was utilized in the spring fol- 
lowed by the removal of 25 to 66 
percent in the fall, or a total for 
the year of 82 to 93 percent. The 
degree of depletion on the four 
ranges was approximately di- 
rectly proportional to the inten- 
sity of spring use. These same 
workers found that on another 
80-acre range area on which 83 
percent of all available forage 
was utilized in the fall and none 
in the spring the range definitely 
improved. 

Pechanec and Stewart (1949) 
conclude that it is not necessary 
to have as much of the current 
herbage production of perennials 
left ungrazed at the end of the 
fall grazing season as at the end 
of the spring. They emphasize 
that, even though plants can 
stand heavier use in the fall than 
in the spring, fall grazing must 
be conservative. Similar results 
were obtained by Hedrick (1956) 
who reported on grazing use of 
tall fescue (Festuca arundinaceu) 

in August on nonirrigated pas- 
ture in western Oregon. Where 
this use varied between 25 and 
50 percent, production the fol- 
lowing April was reduced by 
one-half as compared with areas 
unused or very lightly grazed. 

Currier (1956) studied range 
readiness of two grasses-crested 
wheatgrass (Agropyron desertor- 
um) and Whitmar beardless 
wheatgrass (Agropyron inerme) 
-in central Oregon. He con- 
cluded that both grasses were 
ready to graze when about 35 
percent of their total weight had 
developed. For crested wheat- 
grass this occurred when it had 
developed 5 inches of new height 
growth. Whitmar beardless 
wheatgrass did not reach this 
same stage until new growth was 
10 inches high. The range readi- 
ness stage for crested wheatgrass 
was reached three weeks earlier 
than for Whitmar beardless 
wheatgrass. These data help ex- 
plain the value of crested wheat- 
grass for early spring grazing. 
Perhaps crested wheatgrass is no 
more resistant to grazing, pro- 
vided the native bunchgrass is 
allowed to reach range readiness 
before cropping is begun. 

Range and pasture investigat- 
ors have long recognized the dif- 
ference in use standards applica- 
ble to important forage plants 
when grazed by different kinds 
of livestock. In general, horses 
have been recognized to be grass 
eaters; cattle choose grass, forb, 
and browse in that order; sheep 
prefer forbs and browse but also 
eat young and low growing 
grasses; and goats eat browse 
more effectively than other live- 
stock. Most livestock producers 
on improved pastures adjust 
their seedings to fit the animals 
used. Range livestock graziers 
are not as fortunate in that they 
must adjust livestock to fit the 
native vegetation for most effi- 
cient use. 

Cook (1954) found that on a 
summer range in Utah common 
use resulted in more uniform 
utilization than is obtained by 
single use. In order to prevent 
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overuse or double use he stated 
that the combined numbers of 
each kind of animal must be 
commensurate with forage pro- 
duction. Hopkin (1954) applied 
an economic analysis to Cook’s 
data and found that the optimum 
combination of sheep and cattle 
on a given range is obtained by 
equating both physical and price 
relationships. This approach 
should be useful in making de- 
cisions about the proportions of 
kinds of livestock to use on a 
given range unit. 

Davies (1952) concludes that 
mixed grazing has certain ad- 
vantages over grazing with only 
one class of stock from the view- 
point of maximum production of 
livestock products. His conclu- 
sion is substantiated by graziers 
in New Zealand and Australia 
who use beef animals to consume 
coarse grass and other roughage 
unsuitable for sheep. 

Humphrey (1949) points out 
that a range long overgrazed by 
sheep gradually changes in com- 
position. He cites as an example 
heavy use of Sandberg’s blue- 
grass (Pea secunda) and Idaho 
fescue (Festuca idahoensis) on a 
Palouse bunchgrass range grazed 
by sheep in the Northwest. Ma- 
ture plants of bluebunch wheat- 
grass were lightly grazed but 
seedlings failed to develop since 
they were palatable to sheep. 
Also noticeably absent on these 
ranges heavily used by sheep are 
Sandberg’s bluegrass and arrow- 
leaf balsamroot, a valuable forb. 
Under these conditions, consid- 
erable sheet erosion may occur 
even though old, coarse bunch- 
grasses remain ungrazed. In con- 
trast, on similar ranges heavily 
grazed only by cattle, balsamroot 
may be abundant as would Sand- 
berg’s bluegrass and Idaho fes- 
cue but bluebunch wheatgrass 
would be markedly reduced. On 
ranges like these, mixed grazing 
at a lighter intensity should un- 
doubtedly provide a greater total 
amount of livestock products and 
still keep the soil surface well 
protected from excessive runoff 
and erosion. 

The importance of livestock 
distribution in application of use 
standards on ranges has been 
recognized by a number of work- 
ers. Campbell (1943) reported 
utilization of black grama on 
southwestern ranges to vary di- 
rectly with distance from stock 
water. Holscher and Woolfolk 
(1953) present data that illus- 
trate how utilization of Northern 
Great Plains ranges varies in re- 
lation to the location of stock 
water. They noted heavy utiliza- 
tion with 200 yards of water on 
both winter and summer range 
and recommended more and 
smaller watering facilities placed 
closer together to reduce this 
concentration at any one place. 

Harris (1954)) reporting on 
fluctuations in forage utilization 
over a ten-year period on the 
Starkey Range in northeastern 
Oregon stated that use of elk 
sedge was increased from 20 to 
38 percent by better distribution 
of cattle, by improved salting 
and riding practices. This range 
was made up of a mixture of 
grassland and timbered types. 
When not fenced separately, 
Harris considered the grassland 
to be the key area, since cattle 
graze the grasslands more closely 
than the timbered range. Accord- 
ing to him unused forage in tim- 
bered areas may indicate the 
need for additional or different 
salt ground locations; the need 
for distributing a group of cattle 
in the area at the beginning of 
the grazing season; additional 
range riding throughout the sea- 
son; or the need for additional 
water developments. 

Although irrigation is general- 
ly considered a suitable treat- 
ment for high value cropland 
only, ranch operators are mak- 
ing remarkable range improve- 
ments through water spreading. 
Gift (1956) has increased pro- 
duction of dry rangeland covered 
principally with western juniper 
(Juniperus occidentalis), big 
sagebrush (Artemisia tridentata), 
and cheatgrass (Bromus tector- 
urn) from 10 pounds to 250 
pounds of beef per acre. He has 

accomplished this change after 
irrigation and aerial seeding with 
improved grasses and legumes. 
This tremendous improvement 
enabled Mr. Gift to use a 7-day 
grazing rotation which is much 
more intensive use than can be 
practiced on comparable sites 
supporting only native range. 

On Pastures 
In pasture areas cultural treat- 

ments may be used advanta- 
geously to overcome problems of 
under and overgrazing by live- 
stock. It has been recognized in 
the management of irrigated pas- 
tures that applications of nitro- 
gen may serve as an effective 
means of increasing the grass 
component at the expense of the 
legume. This response may be a 
valuable aid in controlling bloat 
but generally will be less eco- 
nomical than depending on good 
grazing management to keep the 
proper balance between grasses 
and legumes. 

Removal of heavy stands of 
forage by mechanical harvesters 
is another way of modifying pas- 
ture utilization. This method has 
two distinct advantages over the 
grazing animal as the only way 
to remove pasture herbage. In 
the first place it is not practical 
for most livestock producers to 
make significant seasonal 
changes in their stocking rate. 
Yet most forages produce a large 
bulk of their total production in 
a relatively short period. By tak- 
ing off silage or hay crops sur- 
plus forage can be stored for pe- 
riods of slack growth. Semple 
(1951) illustrates how New Zea- 
landers fit their livestock pro- 
duction to the growth curve of 
the grass. Silage and hay which 
is cut from pastures during the 
flush growth is fed during peri- 
ods of poor pasture growth in 
mid-winter and mid-summer. 

Another advantage is the op- 
portunity that mechanical har- 
vesting offers in the control of 
undesirable plants. Animals 
graze selectively and grazing 
pressure must be carefully regu- 
lated in order to keep the less 
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preferred species from gaining 
dominance. Occasionally even 
good forage species form “wolf” 
plants that are lightly grazed. 
Under these conditions clipping 
may be helpful in obtaining 
more uniform utilization. 

Proper Use and Special Grazing 
Systems 

Much controversy has devel- 
oped over the merits of certain 
grazing systems, particularly ro- 
tation grazing where applied to 
range grasses (Sampson, 1951). 
There are two general conclu- 
sions regarding the merit of de- 
ferred-rotation grazing systems. 
Most of the favorable reports 
have been from bunchgrass 
ranges in the Northwest charac- 
terized by winter precipitation. 
Results from experiments in the 
Great Plains and Southeast 
where rainfall occurs during the 
growing season have generally 
shown continuous or season-long 
grazing to be more satisfactory. 

Exceptions have been noted in 
both areas. Hyder and Sawyer 
(1951) reported season-long 
grazing to be more satisfactory 
for sagebrush-bunchgrass ranges 
in central Oregon than rotation 
grazing. Hyder (1952) recognized 
that too early grazing put de- 
ferred-rotation at a disadvantage 
in terms of seasonal balance of 
cropping. Hence, the failure of 
deferred-rotation grazing under 
these conditions might have been 
caused by too early grazing. 
Puckett (1956)) reporting on his 
ranch operations in western 
Texas during seven years of 
drought, states that no tool avail- 
able to the ranch manager gets 
the same results as deferred and 
rotation grazing in pastures. The 
success of his management is 
probably accounted for by his 
use of flexible periods depending 
on weather and amount of use. 
He pointed out a dual advantage 
of stocking fewer pastures-it 
keeps a maximum area vacated 
and cuts operational costs. Simi- 
lar advantages to a flexible two- 
pasture system of rotation in the 
brush country of south Texas 

have been noted by the writer. 
On improved pastures inten- 

sive systems of grazing have 
been commonly used. Recently 
considerable attention has been 
directed toward the use of daily 
ration or strip grazing. McMeek- 
an (1956) reported on the results 
of three experiments conducted 
in New Zealand to evaluate strip 
versus paddock grazing. Al- 
though he pointed out that strip 
or “break-feeding” may be ad- 
vantageous during periods of 
limited forage, there was no 
marked superiority of the break 
(strip) over the paddock (rota- 
tional) grazing system during 
the main period of pasture 
growth. 

In conclusion, it seems to the 
writer that most controversies 
have developed over the value of 
special systems per se rather 
than the opportunities which 
they offer to effectively reconcile 
requirements of plant growth 
with livestock needs. The real 
value of any grazing system 
should be the degree of flexibil- 
ity that it affords the livestock 
producer and grazing adminis- 
trator in securing proper forage 
use. 

Summary 

A review of literature on the 
physiological aspects of range 
and pasture use was made with 
two purposes in mind: (1) to 
point out the basis for developing 
proper use standards applicable 
on both native and improved 
forage species, and (2) to con- 
sider some of the important fac- 
tors influencing forage use. 

Tracing the historical develop- 
ment of philosophies toward 
range use a change from accent 
on forage removal to forage re- 
maining was noted. This latter 
approach recognizes the futility 
of reconstructing herbage re- 
moval when production varies 
widely among years, sites, and 
condition classes. 

Although the importance of 
managing rangelands based on 
the growth requirements and life 

histories of the principal forage 
plants was emphasized by Samp- 
son in 1914, lack of knowledge 
on the response of individual 
plants to grazing is still hamper- 
ing the application of proper 
range and pasture management. 

How grazing or top removal 
influences the plant is dependent 
primarily on the intensity, fre- 
quency, and season of use. In 
general too heavy, too early, and 
too frequent removal has re- 
sulted in declining forage vigor. 
The greatest damage occurs dur- 
ing periods of minimum food 
storage and markedly influences 
root growth prior to any visible 
effect on the top. Crider’s work 
(1955) supports the viewpoint 
that standards of use are similar 
for both native and improved 
forage species. 

Use standards for native 
ranges supporting grass, forb, and 
browse forage were reviewed. 
Influences of growth form, site, 
season of use, range condition, 
and climatic variations on these 
guides were pointed out. In dis- 
cussing standards for improved 
forage species it was found that 
these differed from native spe- 
cies only in the degree of flexi- 
bility afforded by interaction of 
cultural treatments and the spe- 
cific problems involved in the 
maintenance of legume - grass 
mixtures. 

Important factors influencing 
forage use could be broken into 
two groups-those most impor- 
tant on rangelands and those 
common to pastures. The fact 
that these groups are not exclu- 
sively limited to ranges and pas- 
tures was emphasized. The suc- 
cessful use of irrigation and seed- 
ing on otherwise undisturbed 
native range was cited as an ex- 
ample of using cultural practices 
on rangeland. On the other hand, 
failure of irrigation and fertilizer 
practices as a substitute for 
proper grazing management on 
improved species was pointed 
out. 

Examples were given to illus- 
trate that special grazing systems 
provide no panacea in grazing 
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management but, if used intelli- 
gently, do offer opportunities for 
better reconciling plant and live- 
stock needs. 
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By the time this 
appears in print, 
the eleventh an- 
nual meeting of 
the Society will be 
close at hand. In 
fact, it may even 
be in session, for a 
change of publish- 
ers may delay the 
appearance of the 
January issue. 
This change is 

well warranted on a cost basis, and 
it is expected that quality will be 
well maintained. Publishing the 
Journal is an expensive matter, and 
it is important that we get the best 
possible rates. 

The program and arrangements for 
the Phoenix meeting are about com- 
plete, and everything points to a 
first-class affair, with good prospects 
for a new record in attendance. In 
addition to an excellent program of 
addresses, an opportunity to see 
some of the Arizona range country 
will be provided in a series of field 

Message from the President 
trips. It was felt that the outdoor 
part of the program should be 
stressed this year, since we do not 
always meet in regions where winter 
field trips are feasible. 

Recent action by the United States 
Civil Service Commission has raised 
the entrance salaries for GS-5 and 
GS-7 Range Conservationist and 
Range Manager positions to about 
the middle of each grade. This some- 
what belated action brings the Range 
positions into line with those in For- 
estry, for which the higher entrance 
rates were begun about a year ago. 
Your Society has strongly supported 
this starting increase for range posi- 
tions. Actually the shortage of prop- 
erly qualified men for technical 
range positions has been even more 
acute than that of Foresters. The 
shortage continues, and brings with 
it continuing pressure for lowering 
of the technical qualifications for 
federal range positions. Your Society 
has gone on record as strongIy op- 
posed to any lowering of standards, 
feeling that any slackening of re- 

quirements will only hurt the cause 
of Range Management. 

I hope that every member has 
given serious thought to the financial 
situation of the Society, as presented 
by Secretary Clouston’s article in 
the November issue of the Journal. 
We are not bankrupt, but it is evi- 
dent that revenue must be increased 
if the Society is to carry the com- 
mitments that are the lot of an in- 
fluential and growing organization. 
Those of you who attend the annual 
meeting at Phoenix will have a 
chance to express your opinions at 
the annual business meeting. But 
every member has the opportunity 
and obligation to express his views 
through his Section representative or 
through any member of the Board. 

It appears that we will soon have 
a new Section, our nineteenth. An 
active group at Chihuahua, Mexico, 
is applying and shows every sign of 
being able to meet the requirements. 
This is a welcome sign on growth, 
and another evidence of the inter- 
national nature of the Society. 
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BOOK REVIEWS 
Edited by Donald W. Hedrick, Dept. of Animal Husbandry, Oregon State College, Corvallis, Oregon 

Flat Top Ranch, The Story of a 
Grassland Venture. By Louis 
Bromfield, C. C. Booth, B. W. 
Allred, Martine Emert, F. C. 
Dykes, G. 0. Hedrick, W. B. 
Roberts, Charles Pettit, W. R. 
Van Dersal, and Frank Reeves. 
University of Oklahoma Press, 
Norman. 232 pages. 1957. $4.00. 

This is a book on grassland im- 
provement that you will want to 
read from cover to cover. One 
shouldn’t overlook the preface writ- 
ten by the ranch owner, Mr. Charles 
Pettit. In these few pages he pre- 
sents a philosophy of management 
and stewardship of the land that is 
worth everyone’s time to read. Those 
expecting the spectacular will be dis- 
appointed, but conscientious land 
managers - owners, tenants, and 
technicians alike-will be heartened 
to know that their efforts are not al- 
ways in vain. 

Chapter headings entitled “To- 
wards a permanent agriculture” and 
“Charles Pettit, conservation ranch- 
er,” were written by Louis Brom- 
field, who originated the idea for 
the book but died before it was com- 
pleted. Allred and Dykes, who each 
contributed a chapter on their tech- 
nical specialties, served as editors. 
Other chapters covering the complete 
story of improvement on Flat Top 
Ranch were contributed by ranch 
employees, a professor of history and 
geography at Texas Christian Uni- 
versity, a biologist and administrator 
of the Soil Conservation Service, and 
a livestock news reporter from the 
Fort Worth Star Telegram. 

The essence of the Flat Top story 
is that range and livestock improve- 
ment are profitable. The fact that 
conservation ranching is good busi- 
ness drives home the point that good 
land management and the profit mo- 
tive of a democratic society are com- 
patible. The writers properly bring 
out the idea that business men who 
invest in agriculture can contribute 
to good land management. However, 
there are many examples where they 
have failed. Perhaps Mr. Pettit’s 

realization of the importance of a 
broad ecological base underlying his 
improvement program is, as Mr. 
Bromfield suggests, the reason for 
his success. Appreciation of ecology 
and how this knowledge can best 
serve the rancher is a lesson for all 
interested in range improvement. 

Mr. Roberts, the ranch manager, 
who wrote two chapters on livestock 
improvement and management, 
points out the value of developing 
a purebred herd based on the ability 
of animals to perform their function 
under the conditions existing in the 
area. In his experience the larger 
kind of Herefords seem desirable be- 
cause of their greater productivity 
and appeal to commercial producers. 
It is significant that the Flat Top 
Ranch has given consideration to the 
needs of commercial producers and 
has also bred cattle for the general 
overall improvement of the breed. 
Mr. Roberts points out the impor- 
tance of selecting for cow produc- 
tivity, growth rate, efficiency, good 
meat type, and freedom from ab- 
normalities. He also stresses the 
need for integrating good pasture 
management with good breeding for 
the most effective improvement. 

The book properly brings out the 
inadequacy of small homestead acre- 
ages to support a profitable agricul- 
tural enterprise in this ranching 
area, but there is a wide gap between 
160 and 17,000 acres! It seems that 
it would have been advisable to point 
out some alternatives for more typi- 
cal ranch holdings of three to five 
thousand acres in size. There are 
numerous examples where smaller 
landowners by cooperating on a 
watershed basis can make substan- 
tial progress in range improvement. 

It is interesting to note that not 
all of the income from Flat Top 
comes from the cows. Secondary 
enterprises such as selling orna- 
mental shrubs, wildlife leases, and 
hogs all contribute an important 
share. This appreciation of using the 
land to its fullest within limitations 
of the environment-that broad eco- 
logical base referred to earlier- 
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gives added stimulus for ranch im- 
provement. 

Although a number of contributors 
generally breaks the continuity of a 
story like this, the editors have been 
successful in maintaining a central 
theme that is made more appealing 
by excellent illustrations throughout 
the book. The Flat Top story is one 
that can be enjoyed by layman, 
rancher, and technician alike and 
will do wonders to revive the spirit 
of those who may be wondering if 
good ranch management is worth- 
while. - Ralph Bogart and D. W. 
Nedrick, Oregon State College, Cor- 
vallis, Oregon. 

The Handbook of Feeds,fuffs. By 
Rudolph Seiden with W. H. 
Pfander. Springer Publishing 
Co., New York. 591 pages. 1957. 
$8.00. 

As the title indicates, this publica- 
tion is a handbook-a compendium 
of useful information arranged alpha- 
betically from “A” (an outstanding 
inbred of corn hybrids) to ‘Zygad- 
enus” (Death Camases) . As such, it 
presents in easily readable form the 
commonly used and scientific names 
for plants, their identifying botanical 
characteristics, recommended cultur- 
al practices and values and limita- 
tions as feedstuffs. Feed materials of 
animal or synthetic origin are also 
covered, as regards their nutrient 
content, manufacturers’ specifica- 
tions and appropriate feed control 
regulations. Preparation measures, 
including grain grinding, hay mak- 
ing and silage making are described 
in some detail. Topics of incidental 
interest to those mainly concerned 
with livestock feeding, such as con- 
trol measures for weeds, insect pests 
and both plant and animal diseases 
come in for brief mention. Finally, a 
list of reference material is included 
and indexed, allowing the reader 
ready access to further information 
on many of the subjects covered. 

Those engaged in range manage- 
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ment will be interested in the cover- 
age given range plants, which is 
broader than that in many texts 
dealing with feedstuffs. A classifica- 
tion of certain range plant associa- 
tions is given (p, 380) and a listing 
of per cent utilization by sheep of 
winter range plants grouped as 
“good”, “fair” or “poor” forage spe- 
cies is provided. Useful practices for 
the improvement of range through 
proper management are listed brief- 
ly, including control of livestock 
numbers, land use practices to avoid 
loss of topsoil, building up of hay 
and other feed reserves, salting and 
watering of livestock and fencing and 
regulation of grazing. However the 
arrangement of material under these 
various subheadings is somewhat 
haphazard. It is regrettable that the 
bibliography does not make refer- 
ence to the two basic works on range 
management by Sampson and Stod- 
dart. There are few errors-two 
noticed by this reviewer being the 
reference to Astragalus spelled on p. 
34 as “Astralgus” and Zygadenus on 
p. 571 as “Zygademus.” In a book 
having as wide a scope as this one 
it is obviously impossible to go into 
great detail on any specific points. 
The authors’ task has been to attain 
brevity without sacrifice of accuracy. 
In the main, this objective has been 
reached. 

There is a tendency toward over- 
simplification of some of the termi- 
nology concerning nutrient materi- 
als, probably in an effort to improve 
readability. In some cases this may 
be unwise, as for example on p. 539, 
where niacin, choline and biotin are 
referred to as vitamins “Ni”, “Ch” 
and “Bi” respectively. Such designa- 
tion is not usual and could result in 
confusion (“Ni” for example being 
the accepted symbol for nickel). One 
might question, also, the designation 
“Additional vitamins . . . .” applied 
on p. 538 to such crude materials as 
herring oil, menhaden oil, and stear- 
in. Perhaps mention of some rather 
theoretical data, such as the type of 
crystal formation by various amino 
acids might better have been elimi- 
nated in favor of information having 
more direct practical application. 

In general the book will be found 
to serve well as a handy source of 
practical information that may be 
readily applied by the livestock 
feeder, feed manufacturer and 
rancher.-J. E. Oldfield, Oregon State 
College, Corvallis, Oregon. 

John and William Bartram’s 
America. Edited by Helen 
Gere Cruickshank. D evin - 
Adair Company, New York. 
448 pages. 1957. $5.00. 
Fourth in the American naturalist 

series being published by Devin- 
Adair, this book vividly brings back 
the frontier days of the 18th Century. 

John Bartram, born in 1699, and 
his son William, both friends of Ben- 
jamin Franklin, established on their 
Philadelphia estate the first botani- 
cal garden in the Western Hemi- 
sphere. But more important, they 
explored the wilderness of a new 
world to study its flora and fauna, 
collect specimens, gather seeds, and 
to make notes and sketches. 

John and William Bartram’s 
America is a collection of the best 
writing of both authors. It is made up 
of journal entries, letters to friends 
and scientists in Europe, numerous 
descriptions of plants and animals, 
an occasional narrative about the 
Indians, 12 of William’s original 
sketches, and the record of explora- 
tions through New York, the Caro- 
linas, Florida, Georgia, and Alabama. 

Typical of the Colonial period, 
much of their writing is quaint and 
poetic-at times, teleological. For ex- 
ample, William’s finding a little 
waterfall is related in this way: “As 
I advanced through the animating 
shades, I observed on the farther 
grassy verge a shady grove; thither 
I directed my steps, On approaching 
these shades, between stately col- 
umns of superb forest trees, there 
was presented to view, rushing from 
the rocky precipices under the shade 
of the pensive hills, the unparalleled 
cascade of Falling Creek, rolling and 
leaping off the rocks. . . .” 

William’s description of the natives 
reveals his high regard for most of 
the early American Indians. Once 
when lost, he asked directions from 
an Indian. These are his comments 
on their friendly meeting: “. . . I 
was cheerfully welcomed at the door 
and led in by the chief, giving the 
care of my horse to two handsome 
youths, his sons. During my con- 
tinuance here, about half an hour, I 
experienced the most perfect and 
agreeable hospitality conferred on 
me by these happy people; I mean 
happy in their disposition, in their 
apprehension of rectitude with re- 
gard to our social or moral conduct. 
0 divine simplicity and truth, friend- 

ship without fallacy or guile, hospi- 
tality disinterested, native, undefiled, 
unmodified by artificial refinement ! ” 

The introduction and careful edit- 
ing by Helen Cruickshank and the 
18 black-and-white illustrations by 
Francis Lee Jaques add distinction to 
the volume. 

American naturalists featured pre- 
viously in the Devin-Adair series 
include John Burroughs, Ernest 
Thompson Seton, and Theodore 
Roosevelt. Among those to be pre- 
sented later are Alexander Wilson 
and Washington Irving.-Elmer W. 
Shuw. Rocky Mountain Forest and 
Range Experiment Station, Fort Col- 
lins, Colorado. 

Elementary Soil and Wafer Engi- 
neering. By Glenn 0. Schwab, 
Richard K. Frevert, Kenneth 
K. Barnes, and Talcott W. Ed- 
minster. John Wiley and Sons, 
Inc., New York. 296 pages. 
1957. $6.25. 
Progress in the science of soil and 

water conservation has continually 
moved forward. To keep pace the 
individual phases of this science 
have made many improvements. One 
that has kept the pace is engineer- 
ing. With basic engineering princi- 
ples remaining unchanged many 
new techniques and improved appli- 
cation procedures have been de- 
veloped. These changes and im- 
provements are important to all who 
are engaged in applyng soil and 
water conservation on the land. 

This book is an up-to-date con- 
tribution to the engineering phase in 
the field of soil and water conserva- 
tion. The authors wrote primarily 
for students in agriculture and re- 
lated fields. It is a concise treat- 
ment of surveying, hydrology and 
the applied phases of soil and water 
conservation engineering written for 
the general agriculturist. No previ- 
ous training in engineering is needed 
to grasp the subject offered. 

The authors have presented the 
basic fundamentals in a way that 
will have many uses for many peo- 
ple. The book itself is a fine produc- 
tion with its clear charts, excellent 
tables and illustrations. It is easy to 
read. 

Eighteen chapters are used. After 
the introduction comes four chapters 
dealing with field notes, measure- 
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ments of distances and areas, levels 
and mapping. Two chapters discuss 
rainfall, runoff and soil erosion. Ten 
chapters are devoted entirely to con- 
servation practices in which engi- 
neering is a component part: con- 
touring, strip cropping, terracing, 
vegetative outlets, waterways, gully 
control, wind erosion control, drain- 
age, land clearing, farm ponds and 
irrigation. The last chapter deals 
with the conservation farm plan. 

Numerous problems, to be worked 
by the student, are given throughout 
the book. These provide for doing 
the things discussed in the text. It 
will be found that these will be a 
valuable aid in giving the student 
needed on-the-ground training. 

For the student desiring a more 
intensive study of the subject an 
extensive list of references is given. 
These represent the up-to-date au- 
thorities in their fields. 
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In addition seventeen laboratory 
problems are given in Appendix “A.” 
These problems will requre the stu- 
dent to devote time to actual field 
scale application of engineering 
measures. They will give experience 
in pertinent details of surveying, 
plotting, design and layout of vari- 
ous phases of engineering. 

Appendix “B” contains a handy 
list of definitions which will be 
found useful by the student. 

Of especial interest to workers of 
the Soil Conservation Service of the 
U. S. Department of Agriculture is 
the use of current charts, diagrams, 
tables and drawings found in famil- 
iar Soil Conservation Service tech- 
nical manuals, handbooks and other 
material in every day use. 

Much interesting and useful infor- 
mation is included on newly de- 
veloped conservation practices. An 
example is the brief account given 

of the “hooded inlet” type of drop 
inlet for gully control. Realizing that 
much of the subject matter is dis- 
cussed in a brief and elementary 
manner the authors suggest that de- 
sign details should be based on rec- 
ommendations of a qualified engi- 
neer. 

Almost omitted is watershed pro- 
tection and flood prevention. With 
increased importance of this activity 
and the place that engineering has 
in this work it is felt that it is too 
lightly handled. 

The book has a definite place in 
the training of technical students in 
other fields outside of engineering. 
It clearly emphasizes the engineering 
place in soil and water conservation. 
As such it is a worthwhile contribu- 
tion to the field of agriculture.- 
George A. Wood and Henry J. Caul- 
field, Soil Conservation Service, 
Denton, Texas. 

The Federal Lands: Their Use 
and Management, by Marion 
Clawson and Burnell Held, will 
be reviewed in the May 1958 
issue of the Journal. 

The Federal 
Their Use und 

hds: Management 

By Marion Clawson and Burnell Held 

Approximately one-fifth of the total land area 
of the United States is federally owned. Within 
the past decade the use of federal lands has 
become big business ; the shift was so great and 
so sudden that many of the methods of manag- 
ing the lands are now seriously out of date. In 
this book Marion Clawson and Burnell Held 
examine the most important of these changes, 
tell how they come about and what they may 
mean for the future, and discuss some of the 
alternatives for dealing with them. They con- 
clude that if the full potential of the federal 
lands is to be achieved, it is time for a major 
and critical re-examination of federal land 
management. 

539 pages $8.50 
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SOCIETY BUSINESS 

SUMMER FIELD MEETING 
Jackson, Wyoming 

July 25, 26, 27, 1957 
The Wyoming Section issued an 

invitation to the Society to meet 
with them at Jackson, Wyoming, 
July 25-27, 1957. Over 100 Society 
members and guests participated in 
this first summer meeting of the 
Society. The officers and directors 
of the Society met at Jackson im- 
mediately preceding the field meet- 
ing. The following account of the 
summer meeting was supplied by 
the Department of Agricultural In- 
formation, University of Wyoming, 
Laramie. 

Shortly after 7:30 a.m., July 26, a 
caravan of 35 cars pulled away-from 
the base of Snow King mountain, 
Jackson, Wyo., on the first leg of a 
two-day field tour of the summer 
meeting of the American Society of 
Range Management. 

Carrying detailed mileage charts 
with point-by-point agronomic and 
geologic descriptions of the area, 
more than 100 people interested in 
various aspects of range manage- 
ment traveled the IlO-mile round 
trip Friday and the 75-mile route 
Saturday. At points of special in- 
terest, frequent stops were made for 
short talks given by members of the 

Thirty-five cars formed the caravan on the first day of the two-day range tour of 
Teton County. At frequent stops more than 100 people assembled to hear explanations 
of range management, agronomic, and geologic features of the area. Here the crowd 
gathers to hear Forest Rangers Wogensen and Long comment on Forest Service exclosures. 

Society and specialists in the field. 
Participating in the program were 

representatives from the University 
of Wyoming, National Park Service, 
U. S. Forest Service, Wyoming State 
Game and Fish Commission, U. S. 
Geologic Survey, the Wyoming Ex- 
tension Service and Experiment Sta- 

Gathered around the microphone used during stops for explanations on the range 
tour are, left to right, Ernest J. Greenwalt, National Elk Refuge manager; Nels Dahlquist, 
Teton #County Agent; Alan A. Beetle, program chairman for the tour, University of 
Wyoming; Clifford SHansen, Teton County rancher and tour master of ceremonies; and 
Dixie Sr&h, Department of Agronomy, University of Wyoming. 

tion, and ranchers and members of 
the Society. 

Thursday evening, preceding the 
two-day tours, members and friends 
of the Society heard a technical 
panel discussion on the effects on 
ranges of wildlife and livestock 
grazing and the problems which 
have or could occur in this field. 

Friday’s trip was designed to show 
the areas in Teton County receiving 
heaviest use by and showing strong- 
est conflicts between wildlife and 
livestock. Along the way, A. K. 
WOGENSEN and MEL LONG, district 
rangers of the Teton National Forest, 
discussed experimental elk ex- 
closures. 

DONALD WILBERT and CHESTER 
ANDERSON, Wyomng State Game and 
Fish Commission technicians, re- 
viewed problems of winter feeding 
and elk distribution. LEE PAINTER, 
soils specialist, and ROBERT LANG, 
range manager, both of the Univer- 
sity of Wyoming, spoke of the diffi- 
culties and limitations of the area for 
improvement and showed pilot test 
areas where mechanical treatments 
and seedings have been tried. 

The half-day trip south of Jackson 
Saturday included the Hoback Can- 
yon and Granite Creek Hot Springs 
region. The group left for this trip 
following explanations of the ge- 
ology of Jackson Hole by J. DAVID 
LOVE, U.S.G.S. DR. LOVE spoke at 
the top of the Snow King mountain 
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ski tow overlooking Jackson, the which was presented by NELS DAHL- Thursday’s program, as well as 
Tetons, and surrounding country. QUIST, Teton County agent. They the tours, was sponsored by the 

Saturday’s trip featured private also visited the U. S. National Forest Wyoming Section of the American 

lands in Teton County. The group to study grazing allotments and Society of Range Management. 

visited improved meadow lands, 
game ranges and to hear explana- CLIFFORD HANSEN, well-known Teton 

winter pastures, and the Snake 
tions by DIXIE SMITH, University of County stockman, was an able and 
Wyoming, and Forest Supervisor humorous master of ceremonies for 

River bottom country, the history of “BUCK” BUCKINGHAM. the two field days. 

VEGETATION-SOIL RELATIONSHIPS IN SOME ARTEMISIA TYPES IN NORTHERN HARNEY AND 
LAKE COUNTIES, OREGON 

Abstract of thesis presented in partial fulfill- 
ment of the requirements for the degree of Doctor 
of Philosophy, Range Management, Departments o j 
Farm Crops and Animal Husbandry, Oregon State 
College, 1957. 

A study was initiated in 1954 to develop an im- 
proved understanding of the vegetation-soil rela- 
tionships in northern Harney and Lake Counties, 
Oregon. This investigation represents a contribu- 
tion of the Oregon Agricultural Experiment Station 
to the Research and Marketing Act, Regional Proj- 
ect W-25. 

Vegetation and soils were studied together on 
thirty-one stands. Species constancy, frequency, 
basal area, density, and line intercept methods were 
used to analyze the vegetation. A complete mor- 
phological description of the soil was made from a 
representative pit at each study site. These soil 
profile descriptions were interpreted into nine un- 
correlated soil series. A soil sample was taken from 
each horizon of the profile and the following phy- 
sical and chemical characteristics determined: pH, 
resistance of a saturated paste, electrical conduc- 
tivity of a saturation extract, mechanical analysis, 
moisture equivalent, 15 atmospheres moisture per- 
centage, and organic matter. Bulk density was de- 
termined on some representative profiles. Total 
exchange capacity and the exchangeable cations, 
calcium, sodium, potassium, and magnesium, were 
determined for horizon composites of selected pro- 
files. 

A combined interpretation of vegetation and 
soil, following the poly-climax philosophy, has led 
to the recognition and characterization of the ,fol- 
lowng four associations and an important phase of 
one of these associations: 

Artemisia tridentata/Agropyron spicatum 
Artemisia tridentata/Agropyron spicatum, 

Stipa thurberiana phase 
Artemisia tridentata/Festuca idahoensis 
Artemisia arbuscula/Festuca idahoensis 
Artemisia arbuscula/Agropyron spicatum 

These vegetation types were found both with 
and without a Juniperus occidentalis overstory. 
When the former situation was encountered, it was 
interpreted as a Juniperus occidentalis climax to 
indicate an arborescent ecosystem usually asso- 
ciated with stony ridges and escarpments. 

The vegetation mosaic of the study area belongs 
to the Artemisia tridentata/Agropyron spicatum 
zone, The climatic climax vegetation is repre- 
sented by the Artemisia tridentata/Agropyron spi- 

catum association and is the most extensive vege- 
tation type in the study area. The soils of this 
association belong to the Brown great soil group 
and represent four soil. series. These soils have 
developed from alluvial fan and from residual 
basaltic or rhyolitic parent material. 

Artemisia tridentata/Festuca idahoensis and 
Juniperus occidentalis/Artemisia tridentata/Fes- 
tuca idahoensis associations represent topo-edaphic 
climaxes. They are encountered only on northerly 
exposures. One species of perennial forb, Anten- 
naria corymbosa, is diagnostic of these associations. 
The Brown and Chestnut great soil groups are 
found associated with these ecosystems. 

Artemisia arbuscula/Festuca idahoensis and 
Juniperus occidentalis/Artemisia arbuscula/Fes- 
tuca idahoensis associations comprise the second 
largest vegetation type in the study area. These 
associations represent topo-edaphic climaxes in 
which the soils are shallow, stony and have a mod- 
erate to strongly developed B horizon high in clay. 
The soils of this association belong to the Brown 
great soil group and have developed primarily 
from rhyoltic parent material. 

The Artemisia arbuscula/Agropyron spicatum 
association also represents a topo-edaphic climax 
in which the soils are shallow, stony and also have 
a moderate to strongly developed B horizon high 
in clay. The soils studied belong to the Brown 
great soil group and have developed only from 
basaltic parent material. 

A key to the important ecosystems of the study 
area was developed. Soils information was omitted 
from this key since, when dealing with near climax 
vegetation, the plant communities themselves are 
adequate indicators of the ecosystem. Soils infor- 
mation can aid the researcher in developing such 
guides and in the study of deteriorated vegetation. 

Several different ecosystems were found to 
occur on the same soil series, as presently inter- 
preted. Differences in the percent of available soil 
moisture holding capacity appears to be an effec- 
tive way of clarifying these vegetation-soil rela- 
tionships. This also indicates that it may be possi- 
ble to improve our soils interpretation at series 
level by supplementing morphological descriptions 
with physical and chemical characteristics of the 
soils. This also suggests that the major limitation 
to progress in the study of vegetation-soils rela- 
tionships is the accuracy of soil series and vegeta- 
tion interpretation.-R. E. Eckert, Agricultural Re- 
search Service, U. S. Dept. of Agriculture, Univer- 
sity of Nevada, Reno, Nevada. 
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WITH THE SECTIONS 

NEBRASKA 
Recently elected Nebraska Section 

officers for 1958 are: Cmhairman, DON 
BURZLAFF, Lincoln; Vice Chairman, 
DON Cox, Mullen; Councilman, W. J. 
STUART, Rushville. BOB KOCH, Fort 
Robinson is serving the second year 
of his two-year term as Councilman. 

The annual meeting of the Ne- 
braska Section was held at North 
Platte, September 13-14, 1957. High- 
lights of the program for the first 
afternoon were talks by ranchers 
DALE STUDLEY and VIRGE STEBBINS 
and discussion of pasture manage- 
ment by workers from the North 
Platte Experiment Station. Follow- 
ing the evening banquet, at which 
CHARLEY CRAIG, Secretary to Con- 
gressman A. L. MILLER, spoke, the 
Section business meeting was held. 

Featured on the Saturday morning 
program were DR. G. W. TOMANEK, 
Fort Hays Kansas State College; 
BILL DAHL, Akron, Colorado Range 
Experiment Station; DON BURZLAFF, 
Nebraska Agricultural Extension 
Service; and GEORGE WISEMAN, Val- 
entine Wildlife Refuge, Nebraska. 

LORENZ BREDEM~R was in charge 
of arrangements for the meeting, 
and DON SYLVESTER, 1957 Chairman, 
presided at the business meeting and 
the Saturday morning session. - 
George Wiseman. 

SOUTHERN 
Officers of the Southern Section 

for 1958 who were recently elected 
include: Chairman, FRED A. PEEVY; 
Vice Chairman, D. M. BAIRD; and Sec- 
retary-Treasurer, HAROLD GRELEN. 

A total of 76 persons from 14 states 
and the District of Columbia regis- 
tered for the annual meeting of the 
Section at Winrock Farm, Morrilton, 

Arkansas, October 8-9, 1957. The 
Georgia Coastal Plains Experiment 
Station at Tifton, Georgia, was se- 
lected as the place for the next an- 
nual meeting of the Section. 

with the Directors of the Society in 
Phoenix in January 1958 to present 
this invitation.-D. M. Baird. 

TEXAS 
The Section has appointed a com- Three meetings were held by the 

mittee to extend an official invita- Texas Section this fall. Over 300 
tion to the national Society to hold persons attended the October 4 meet- 
the 1961 National Meeting in New ing whbh was held in conjunction 
Orleans. The committee will meet with the Field Day at the Texas 

A Land Bank loan 

FOR 

Range Improvements 
More than 40 years ago this farmer-owned cooper- 
ative pioneered low-cost, long term agricultural 
credit. It still leads the field in providing safe, de- 
pendable farm and ranch financing for improve- 
ment or expansion. 

DIRECTORS 
Orval A. Knox, President 
E. Ray Cowden, Vice-President 
1. 5. Francls 
Cecil H. Miller 

PHOENIX ’ 
NATIONAL FARM LOAN 

ASSOCIATION 
Dwight W. Patterson 
Virgil Katterhenry, 

Secretary-Manager 
334 North Second Ave. 

Phoenix, Arizona 

RANCH * Management Service & Consulting and Appraisals 
* Reseeding Contractors * Ranch Loans 

Throughout the Western States and Canada, Call or Write: 

R. B. (Dick) Peck, WESTERN RANCHING SERVICES 
Home Office: 313 Denrock Ave. Dalhart, Texas, Ph. 65 
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Agricultural Experiment Station at 
Spur. The program was conducted 
by personnel at the Spur Station and 
included interesting demonstrations 
and discussions of grassland man- 
agement, brush and weed control, 
grass seed production, and soil and 
water conservation. 

At the Madisonville meeting 150 
persons were in attendance. Brush 
control with goats, chemicals, and 
fire; reseeding; tame pastures; and 
grazing management practices were 
featured at this meeting. D. B. POLK, 
assisted by LAMAR PIBOIN, TOM 
BAUER, and R. A. DARROW conducted 
the Section members on the tour of 
the Post Oak Belt of East Texas. 

Many Section members attended 
the Range Field Day at the Texas 
Agricultural Experiment Station, 
Sonora, on November 1. Section 
members participating in the pro- 
gram included FRED CAMPBELL, LEO 
MERRILL, GERALD THOMAS, and VER- 
NON A. YOUNG. 

WITH THE SECTIONS 

The annual meeting of the Section 
was held at Fort Worth, December 
6-7, 1957. Reviews of current range 
research_* legal and wnnmqi~ 9cnm+2 -~.#-*v.. Ati uuy~““” 
of ranch management, and a panel 
on Ranch Women, conducted by 
ranch women, were features of the 
program.-W. J. Waldrip. 

WYOMING 
Recently elected officers of the 

WJ~Ozr,il?g Sectim fm !958 EGX?: 

Chairman, HARLAN TULLEY; Vice 
Chairman, W. M. JOHNSON; Secre- 
tary-Treasurer, A. A. BEETLE; Coun- 
cil, FRANK RAUZI, HAROLD JOSENDAL, 
BEN RICE, and DIXIE R. SMITH. JACK 
F. WILSON automatically becomes a 
member of the 1958 Council. 

Contributions to the Wyoming 
Section Range Management Scholar- 
ship Fund have raised the total to 
$644.26. It seems probable that the 
fund will reach a total of $700 by 
Christmas. 

Wyoming Range Management, Is- 
sue No. 111, is a check-list of the 
grasses of Sublette County, Wyo- 
ming, by PAUL N. SCHERBEL of Big 
Piney. The list contains 116 species, 
with two first records for Wyoming. 
-A. A. Beetle. 

I January 28-31, 19581 

These are 
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NEWS AND NOTES 
____-___ 

Les Albee Promoted 

LESLIE R. ALBEE has been ap- 
pointed Assistant State Conserva- 
tionist in South Dakota, with head- 
quarters at Huron. His appointment 
was effective November 4, 1957. He 
will have primary responsibility in 
the Great Plains Conservation Pro- 
gram in the state and will have ad- 
ditional Soil Conservation Service 
responsibilities in the ASC, Soil 
Bank and AC Programs. 

LES is a native of Idaho and a 1935 
graduate of the University of Idaho. 
He has served in various capacities 
in the Soil Conservation Service in 
South Dakota since 1937. Since 1950 
LES has served as SCS Range Con- 
servationist for the State of South 
Dakota, with headquarters at Rapid 
City. In 1956 he was on detail as 
Range Management Training Course 
Leader in Iran. 

LES ALBEE is a charter member of 
the Society and is currently serving 
on the Society’s Board of Directors. 
LEs was instrumental in organizing 
the South Dakota Section of the 
Society, and has served this Section 
in many different capacities. 

Pasture Weed Losses 

0. HALE FLETCHALL in a summary 
of informal remarks presented at the 
1957 meeting of the NC-10 Technical 
Weed Control Committee at Ames, 
Iowa, September 1957, estimates that 
weed losses in pastures of the humid 
regions total $720,000,000 annually. 
Losses due to brush in the same area 
are estimated at another $225,000,000, 
bringing the total annual loss from 
pasture weeds and brush in the 
humid area to $945,000,000. 

This new estimate of loss is about 
twice the estimated loss from weeds 
in all pastures and ranges in the 
U. S., as published by the Agricul- 
tural Research Service, USDA, in 
1954. The FLETCHALL estimate is 
based on the number of acres of pas- 
ture in the humid area; an estimated 
average annual yield of 750 lbs. per 
acre, dry-weight, from the pastures, 
of which 40 percent is weeds; the as- 
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sumption that weeds replace desir- Pavlychenko Honored American Chemical Paint Company, 
able species pound for pound; that Ambler, Pa., and formerly Professor 
pasture herbage of desirable species THOMAS K. PAVLYCHENKO, director of Plant Ecology at the University of 
is worth $20 per ton; and that the of agricultural research for the Saskatchewan, Saskatoon, was hon- 
dry matter of weeds is worth 20 per- 
cent as much as the forage of de- 
sirable species. 

New Hormone Isolated 

Coumestrol, a new estrogen, has 
been isolated from Ladino clover. 
The hormone is also present in al- 
falfa and strawberry clover. A well- 
known compound of this type com- 
monly used in agriculture is stilbes- 
trol, which is used to promote faster 
gains in cattle on feed. Coumestrol 
is less powerful in its effects on ani- 
mals than is stilbestrol. 

Although estrogenic compounds 
are known to be active in about 40 
plants, only a handful of these plant 
hormones have so far been isolated. 
If animals feed or graze on a forage 
that contains excess estrogens, de- 
creased fertility may result-even 
stillbirths or early death of the 
young. Serious declines in fertility 
of sheep in Australia have been 
traced to excess intake of clover 
estrogens. 

A Farmer 4 
HIS HIRED-HAND! 

Estrogen behavior in plants is just 
beginning to come under systematic 
scientific study. Recent work has 
shown that estrogen concentrations 
vary widely in alfalfa during the 
growing season and between differ- 
ent parts of the alfalfa plant. 

Real workers! But this fellow produces more, 
a lot easier and faster than his dad ever could, 
thanks to Reddy Kilowatt, agriculture’s top 
hired, wired hand. 
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Producers Cotton Oil Co. of Arizona 
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ored for his research achievements 
on his 65th birthday. The celebra- 
tion took place at Saskatoon on Oc- 
tober 20, 1957. PAVLYCIIENKO will be 
remembered by rangemen for his 
quantitative study of the root system 
of crested wheatgrass grown under 
natural conditions with and without 
competition. 

IN THE FIELD 

Oklahoma A & M College, Still- 
water, officially changed its name to 
Oklahoma State University, accord- 
ing to an announcement by the 
Board of Regents. Another recent 
change of the same nature is that of 
Colorado A & M College, which is 
now Colorado State University. 

E. J. FORTENBERRY, Medicine Bow 
National Forest supervisor at Lara- 
mie, Wyoming, has been made head 
of the Branch of Watershed Manage- 
ment in the U. S. Forest Service, 
Denver Regional Office. 

GEORGE WISEMAN, Refuge Manag- 
er, Valentine National Wildlife Ref- 
uge, Valentine, Nebraska, is being 
transferred to the Stillwater Na- 
tional Wildlife Refuge, Stillwater, 
Nevada. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy--Clean-Treat-Sell 

Legnmes-Grasses-Crain 

LONGMONT, COLORADO 

* POSITION WANTED * 
Range Specialist, B. S. Forestry, 
Montana State University, 1952. 
Canadian citizen, 27 years of age, 
married with 2 children. Experi- 
ence in grazing surveys in Moun- 
tain and Great Plains Regions. 
Presently employed by wood 
preserving firm in promotional 
and sales capacity. Desire posi- 
tion in Canada or United States. 
Please contact Executive Secre- 
tary of the American Society of 
Range Management, P. 0. Box 
5041, Portland 13, Oregon. 
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