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RANGE MANAGEMENT 

Appraisal of a Moose Range in 
Southwestern Montana1 

JAMES M. PEEK 
Management Biologist, Montana Fish and Game Depart- 
ment, Ennis, Montana 

The Gravelly-Snowcrest 
Mountains complex in south- 
western Montana has provided 
approximately 18 percent of the 
annual moose harvest in the 
State since 1957. Management 
of moose in this area involves 
evaluation of range condition as 
well as harvest and population 
data. This paper reports studies 
of four browse species important 
to moose, as observed from 1959 
to 1962, and discusses factors in- 
fluencing utilization of these 
species on the summer and win- 
ter ranges. These studies were 
conducted in conjunction with 
studies of reproduction and dis- 
tribution of moose, reported by 
Peek (1962). 

Unpublished Montana Fish 
and Game Department reports’ ’ 
indicated increases in moose 
populations in this area during 
the 1940’s and early 1950’s. 
Heavy utilization of willow 
(Salti spp.) by moose was noted 
in 1952. Knowlton (1960) count- 
ed 53 moose from the ground 

1A contribution of Federal Aid Proj- 
ect W-73-R, Montana Fish and 
Game Department. Assistance giv- 
en by members of the Montana Fish 
and Game Department and the U.S. 
Forest Service was of great help 
during the study. Dr. Don C. Quim- 
by, Montana State College, and Le- 
Roy EZZig, Montana Fish and Game 
Department, kindly reviewed this 
manuscript. 

along 13 miles of the Ruby River 
in March 1959. 

Food habits and distribution 
of moose (Knowlton, 1960) pro- 
vided data necessary to initiate 
browse surveys. Willow, silver- 
berry (Eleagnus commutata) , 
and aspen (Populus tremu- 
Zoides) were found to be impor- 
tant species used by moose in 
this area. Use of bog birch 
(Betula glandulosa) was not 
noted, but Cowan, et al (1950) 
and Harry (1957) indicated that 
this species was highly palatable 
to moose. 

Moose apparently drift off the 
winter concentration area at 
about 6,500 feet elevation along 
the Ruby River in early spring 
and spend the summer between 
7,500 and 8,500 feet. Few remain 
at the lower elevations. Move- 
ment to elevations at or above 
the upper limits of the summer 
range occurs usually in October. 
Moose remain at these high ele- 
vations through early winter, 
but start to appear again on the 
winter concentration area as the 
winter progresses. 

ZHodder, R. L. 1948 1947-1948 Big 
Game Winter Survey. (Madison- 
Ruby Unit) Unpub. Job Compl. 
Rep’t. Montana Fish & Game. 7 pp. 

sSouth, P. 1953. Aerial moose census 
and trends in the Red Rock Lakes 
Area. Unpub. Job Compl. Rep’t. 
Montana Fish & Game. 2 pp. 
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Study Area 

The study area was located at 
the headwaters of the Ruby 
River, which separates the ‘Grav- 
elly Mountains from the Snow- 
crest Range in Beaverhead and 
Madison Counties. The area, 
typical of southwestern Montana 
mountain ranges, was essentially 
a combination of coniferous for- 
est, aspen timber, sagebrush and 
grassland types. No attempt 
was made to analyze the vege- 
tation quantitatively, but eight 
vegetative types were tenta- 
tively recognized. Scientific and 
common plant names followed 
Booth (1950) and Booth and 
Wright (1959). 

Areas over approximately 8800 
feet elevation were primarily al- 
pine grassland with bluebunch 
fescue (Festuca idahoensis) and 
stonecrops (Se&m spp.) being 
common species. This type was 
rarely used by moose. 

Below 8800 feet, a sagebrush- 
grassland community was pres- 
ent which could be separated 
into three vegetative types. 
First, a sagebrush type occupied 
most of the area. Big sagebrush 
(Artemesia tridentata) and 
three-tip sagebrush (Artemesia 
tripartita) characterized the gen- 
eral appearance, with bluebunch 
fescue, mountain brome (Bromus 
marginatus), wheatgrasses (Ag- 
ropyron spicatum, A. smithii, A. 
subsecundum) and numerous 
forbs being abundant understory 
species. Snowberry (Symphori- 
carpos albus) was abundant in 
limited localities. The second 
type, a fescue-wheatgrass com- 
munity, had similar characteris- 
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tics, except sagebrush was scat- 
tered or absent. Wright and 
Wright (1948) and Evanko and 
Peterson (1955) present evidence 
that this type represents the 
grassland climax in this area and 
that areas heavily populated 
with sagebrush represent a graz- 
ing disclimax. The third, a forb 
type, was present between 7500 
and 8800 feet in limited localities, 
with sticky geranium (Geranium 
viscossimum) being the most 
conspicuous plant. Lupine (Lu- 
pinus spp.) , cinquef oils (Poten- 
tilla spp.) and various compos- 
ites were also common. Grasses 
and sagebrush were minor asso- 
ciates in this type. 

Two conifer types were recog- 
nized, Timber above 8000 feet 
was mostly dominated by Engel- 
mann spruce (Picea engelmanni) 
and subalpine fir (Abies Zasio- 
carpa), with varying amounts of 
whitebark pine (Pinus albicau- 
Zis) and limber pine (P&us flex- 
ilis) on drier slopes. A douglas 
fir (Pseudotsuga menxiessi) and 
lodgepole pine (Pinus contorta) 
type was prevalent below 8000 
feet. Understories commonly 
contained pinegrass (Calamu- 
grostis rubescens), low red huck- 
leberry (Vaccinnium scopur- 
ium), gooseberry (Ribes spp.) 
sticky geranium, bluebunch 
fescue, wheatgrasses and elk 
sedge (Curex geyeti). 

Aspen stands, below 8800 feet, 
contain meadow rue (Thalict- 
rum occidentale), sticky geran- 
ium, mountain brome, pinegrass, 
and cow parsnip (Herucleum Za- 
natum) in the understory. 

Willow stands above 7500 feet 
were limited to stream borders 
and occasional swampy areas. 
Sedges and shrubby cinquef oil 
(Potentillu fructicosu) were 
common understory plants. Bog 
birch occasionally occurred with 
willow on the Snowcrest Moun- 
tains. 

Below 6500 feet, a willow- 
water birch (Betula occidentale) 
type was found. It was more ex- 
tensive than the willow type. Sil- 

verberry, Rocky Mountain juni- 
per (Juniperus scopuZorum), 
dogwood (Cornus st’olonifera) 
and various sedges and rushes 
(Juncus spp.) were present. This 
type contained the moose winter 
concentration area. 

Methods 

The Key Browse Survey 
Method (Cole, 1959) was used to 
study condition and utilization 
of willow, silverberry and bog 
birch. Twenty-five plants of one 
species were considered a sample 
unit. Metal fence posts were 
used to mark the beginning of 
each unit. Aluminum tags were 
used to identify individual 
plants, except those in willow 
units above 7500 feet, which 
were left unmarked. The meth- 
od used a closest plant sampling 
technique, with a zone for select- 
ing the next plant being a 180 
degree arc ahead of the last plant 
sampled. Plants were judged to 
be either lightly, moderately, or 
severely hedged on a basis of ap- 
pearance of the second past 
year’s growth, or the growth im- 
mediately below that of the cur- 
rent year. Utilization of current 
year’s growth was judged to be 
either 0, 5, 25, 50, 70, 90, or 100 
percent of all leaders used on 
each plant. If a portion of a 
leader was taken, the whole 
leader was classed as having 
been used. Average utilization 
was then obtained for each sam- 
ple unit. Plants were classed as 
decadent if more than 25 percent 
of the crown area was dead. 

Densities of aspen stands were 
determined by the point-cen- 
tered-quarter method described 
by Cottam and Curtis (1956). A 
250-foot line was stretched 
through an aspen grove, and 
sampling points were established 
every ten feet along the line. The 
distance to the closest tree under 
eight feet tall and to the closest 
tree over eight feet tall in each 
quarter from the sampling point 
was measured, and the data con- 

verted to number of trees per 
acre following Phillips (1959). 
Trees under eight feet tall, the 
maximum height generally 
browsed by moose were desig- 
nated resprouts. Condition of the 
preceding year’s growth of re- 
sprouts was judged in the same 
manner as other species. Re- 
sprouts under three feet tall, 
generally three years old or less, 
were tallied apart from those 
over three feet tall, to give an 
indication of the age of resprouts 
within each stand. Mature trees 
were examined for evidence of 
utilization of bark. One hundred 
mature trees were examined for 
evidence of utilization of bark. 
One hundred mature trees and 
one hundred resprouts were con- 
sidered a sample unit for aspen. 

Since the study area was also 
used by elk, deer, cattle and 
sheep, sample units were estab- 
lished in stands observed to be 
used commonly by moose and in- 
frequently by other species, to 
eliminate as much as possible the 
influence of other than moose 
browsing. Except for the aspen 
data, all information was ob- 
tained when moose were using 
the complementary range, i.e., 
data for the lower range were 
obtained when moose were us- 
ing the higher range. 

Condifion of Browse Species 

Table 1 presents average con- 
dition and utilization from nine 
willow and three bog birch sam- 
ple units located above 7500 feet. 
Condition and decadence inf or- 
mation was obtained for bog 
birch in 1960, but utilization was 
omitted. Current year’s growth 
for 1960 and 1961 was limited to 
a few short leaders on most 
plants. Catkins were found on 
only a few plants. The apparent 
reduced vigor, poor form, and 
high percentage of decadent 
plants indicated severe browsing 
pressure. Utilization for 1961 av- 
eraged 49 percent for the three 
sample units. Bog birch ap- 
peared to have received more se- 
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Table 1. Condition and utilization of willow and bog birch above 7500 feet. growth had been removed from 
plants observed each of the four 
years. Knowlton (1960) reported 
this species to be highly pala- 
table to moose. 

Species 
Form Class’ Leader 

Year 1 2 3 4 5 6 Decadence2 Uses 

----_---- (Percent) -------- 
Willow 1959 1 72 14 - 10 3 51 44 
Willow 1960 - 26 62 - 4 8 51 51 
Willow 1961 - 39 46 - 7 8 92 39 
Bog birch 1960 - - 100 - - - 65 - 
Bog birch 1961 - 1 99 - - - 97 49 
1 l-all available, little or no hedging. 2-all available, moderately hedged. 

3-all available, severely hedged. 4-partly available, little or no hedging. 
5-partly available, moderately hedged. g-partly available, severely 
hedged. 

225 percent or more of crown dead. 
R Current year’s growth. 

vere browsing pressure than wil- 
low. 

willow condition and number 
of decadent plants suggested that 
sample units above 7500 feet 
were also subject to heavy utili- 
zation. Utilization of current 
year’s growth was 44 percent in 
1959, 51 percent in 1960, and 39 
percent in 1961. The sampling 
in 1960 was done in two feet of 
snow, which obscured many 
smaller plants observed in 1959 
and 1961. A minor preference 
for two taller willow species 
over a shorter one has been re- 
ported for western Montana.4 
Plants appeared to be in prbgres- 
sively poorer condition as eleva- 
tions increased on the higher 
range, and the extent of willow 
areas decreased. Deterioration of 
sample units was indicated by 
the increasing decadence and 
trend towards severely hedged 
form. 

Table 2 presents data from 
eight aspen stands. Density of 
mature trees was considerably 
greater than that recorded for 
resprouts. Competition for light 
and moisture with mature trees 
probably accounts more for the 
lesser density of resprouts than 
browsing. Thirty-nine percent 

4Smith, IV. S. 1962. The fall and 
winter ecology of the shiras moose 
(Alces alces shirasi) ,in the Rock 
Creek Drainage, Granite County, 
Montana. Unpubl. M. S. Thesis. 
Montana State University, Missoula, 
Montana. 52 pp. 

of all mature trees examined 
showed evidence of “barking.” 
Moose were seen eating aspen 
bark during the summer months. 
Form data for resprouts and high 
percentage of resprouts under 
three feet tall (92 percent) indi- 
cated suppression of aspen re- 
production by browsing. 

Table 3 presents data from 
three willow and two silverberry 
sample units located along the 
Ruby River at about 6500 feet. 
Utilization for the four years 
ranged between 56 and 79 per- 
cent for willow and between 66 
and 71 percent for silverberry. 
Utilization was highest for both 
species in 1962. Form data 
showed a predominance of se- 
verely hedged plants. The poor 
form, high percentage of deca- 
dence and high leader use sug- 
gested that browsing was con- 
tributing to the deterioration of 
this range. Spencer and Chate- 
lain (1953) and Harry (1957) 
considered 50 percent of current 
year’s growth of willow to be 
maximum allowable utilization. 
Utilization for all four years was 
considerably above this figure. 
Average utilization of silver- 
berry (68 percent) for the four 
years was only slightly higher 
than the average (65 percent) for 
willow. One silverberry plant, 
tagged in 1959 and classed as se- 
verely hedged, was dead in 1962. 

Dogwood occurred in limited 
amounts on this concentration 
area. Virtually all current year’s 

Factors Influencing Utilization 

The period of use of areas 
above 7500 feet by moose became 
important in considering rela- 
tionships between the higher 
and lower ranges. Knowlton 
(1960) and the writer observed 
that most moose spent ten 
months of 1959 and 1960 and 
eight months of 1961 above 7500 
feet. This long period of use of 
the higher ranges, plus the scar- 
city of willow and bog birch 
above 7500 feet probably con- 
tributed much to the critical con- 
dition of those species on the 
higher range. 

Snow depths appeared to in- 
fluence migration between the 
two ranges, which in turn influ- 
enced length of time spent on 
each range. Moose appeared to 
remain on the higher range until 
snow depths became such that 
availability of deciduous browse 
was severely limited. A cold 
wave with temperatures drop- 
ping to -30” F., which occurred 
in November, 1959, when snow 
depths did not exceed two feet, 
did not appear to initiate a down- 
ward movement. However, in 
late December, 1960, very little 
moose sign was observed above 
7500 feet when snow depths, es- 
pecially in willow bottoms, were 
three feet or more. Edwards and 
Ritcey (1956) state that snow ap- 
pears to be a major controlling 
factor in moose migration in 
British Columbia. 

Knowlton (1960) observed 
that moose used forbs more than 
browse during the summer of 
1958. Feeding site examinations 
made during the drier summers 
of 1959 and 1960 indicated 
greatly increased use of browse, 
mainly willow. It seems possible 
that both winter snow conditions 
and amount of summer precipi- 
tation have an effect on length 
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Table 2. Condiiion of eighf quaking aspen stands above 7500 feef, in August, 
1960. 

Mature trees Sprouts 
Barked1 Density2 Density Form Class Under 3 feet 

1 2 3 
(Percentj (Percent) 

39 611 470 19 14 67 92 
IEvidence of bark use. 
2Number of individuals per acre. 

and degree of utilization of 
browse by moose on both the 
higher and lower ranges. 

Summer utilization of browse 
by moose consisted mainly of 
stripping leaves from leaders 
(McMillan, 1953). This type of 
use was not considered with the 
method used. Instances of dead 
leaders, probably resulting from 
leaf stripping, were seen. This 
type of use, if measured, would 
probably raise utilization on the 
high ranges. At present the utili- 
zation data probably represent 
use which occurs mostly after 
leaf-fall, generally in late Sep- 
tember. The trend towards more 
decadent and severely hedged 
plants suggests that leaf strip- 
ping may increase utilization 
above that indicated. 

Checks of stands in areas used 
frequently by cattle and only 
rarely by moose revealed less 
than ten percent utilization, ex- 
cept on one unit checked in De- 
cember 1961, where use was 33 
percent. Periodic checks through 
the summer and fall of 1962 sug- 
gested most use of willow by cat- 
tle occurred in late September 
and October. 

Two willow sample units were 
located in areas known to be fre- 
quented by elk as well as by 
moose. Their average utilization, 
53 percent for the three years, 
was slightly above the average 
of 46 percent for all sample units 
above 7500 feet. Browse, includ- 
ing willow, was found to make 
up a small part of the summer 
diet of elk in this area.5 

Utilization by Other Animals 

Although aspen stands sam- 
pled were used most frequently 
by moose, some use by other ani- 
mals did occur. One aspen stand 
used frequently by cattle as well 
as moose contained no aspen 
plants under eight feet tall. This 
stand was not included in the 
summaries used here. Sheep 
were observed to feed heavily on 
aspen resprouts in some stands. 
The data presented indicate that 
mature aspen stands produced 
considerable amounts of forage, 
both in the form of resprouts and 
of bark. The value of aspen 
stands as cover for big game and 
livestock has been noted by 
many writers. 

Moose share the winter con- 
centration area with mule deer. 
Cattle use it in June each year. 
Some use of willow and silver- 
berry by mule deer may occur 
although Lovaas (1958)) and 
Wilkins (1958) did not record 
either species in the winter diet 
of mule deer in other areas of 
Montana. Checks of willow after 
cattle left the area and before 

Table 3. Condition and ufilizafion of willow and silverberry on fhe moose 
winier concenfrafion area. Leader 

Species Year Form Class Decadence Use 
1 2 3 4 5 6 

__----__- (Percent) -_------- 
Willow 1959 - 86 14 - - - 73 56 
Willow 1960 - 28 70 - - 2 - 66 
Willow 1961 - - 98 - 2 - 84 59 
Willow 1962 - 3 97 - - - 100 79 
Silverberry 1959 - 80 20 - - - - 70 
Silverberry 1960 - 28 72 - - - - 66 
Silverberry 1961 - - 100 - - - 28 67 
Silverberry 1962 - 26 74 - - - 961 71 

1 One dead slant in samole units. 

Willow sampled above 7500 
feet appeared to receive negli- 
gible utilization by cattle, even 
when the understory grasses and 
sedges were extensively taken. 

moose arrived revealed less than 
five percent utilization each 
year. 

Discussion 

The data, taken in their en- 
tirety, suggest that the four ma- 
jor browse species used by 
moose, on both the high and low 
ranges, were over-browsed, and 
in poor condition. Peek (1962) 
found an extremely low twin- 
ning rate in this moose popula- 
tion, which could very well be 
the result of a lowered nutri- 
tional plane. Pimlott (1961) sug- 
gested that factors of the en- 
vironment as well as of popula- 
tion density may influence the 
reproductive status of moose. 

Although other browsing ani- 
mals occurred within the study 
area, moose apparently were the 
major species influencing the 
units which were sampled. 

Summary 
Studies of willow, silverberry, 

bog birch and aspen located on a 
moose range in southwestern 
Montana were reported. Willow 
and silverberry located on a 
moose winter concentration area 
were more heavily utilized than 
were willow and bog birch lo- 
cated at higher elevations; how- 
ever, all appeared to have re- 
ceived heavy utilization. Al- 

s&use, R. A. 1957. Elk food habits, 
range use, and movements, Gravel- 
ly Mountains, Montana. Unpubl. 
MS. Thesis, Montana State College, 
Bozeman. 29 pp. 



though the area was also used by 
elk, mule deer, cattle and sheep, 
moose apparently were the ma- 
jor influence upon the browse 
species examined. 
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Approximately four and one- 
half million acres of marshlands 
are located in the southern part 
of Louisiana adjacent to the Gulf 
of Mexico. Almost two million 
acres of this area are suitable for 
use by range cattle. Although 
soil type influences range vege- 
tation to a degree, water level 
and salinity of the free soil 
water are the key factors that 
determine plant communities in 
these marshlands (Penf ound and 
Hathaway, 1938; Penfound, 
1952). Where the quantity and 
quality of water can be manipu- 
lated important changes in vege- 
tation may result in a relatively 
short time (Miller, 1956). 

Marsh Plant Communities 

The impact of water level and 
salinity on vegetation composi- 
tion can be readily seen by ex- 
amining the major plant com- 
munities and their optimum 

ranges in water level and sa- 
linity. 

Starting at the Gulf’s edge and 
moving inland across the marsh 
complex, several distinct plant 
communities occur (Penfound 
and Hathaway, 1938; Penfound, 
1952; Soil Conservation Service, 
1957). These communities are 
usually characterized by one 
dominant species which makes 
up 50 percent or more of the 
plant composition by weight 
(Figure 1). These include: 

1. Smooth cordgrass (Spartina 
alterniflora) grows at the 
edge of seawater or in saline 
water trapped from high 
tides in depressions inland 
from the coast. It prefers a 
water level that fluctuates 
from 0 to 12 inches above 
ground level. Salinity re- 
quirements are from 1.2 to 
5.0 percent in the free soil 
water. Smooth cordgrass 

normally grows in almost 
pure stands. 

2. Seashore saltgrass (Distich- 
Zis spicata) occupies flats a 
few inches higher in eleva- 
tion and inland from areas 
occupied by smooth cord- 
grass. Water level averages 
from six inches below 
ground level to two inches 
above. Salinity of soil water 
is between 0.5 and 5.0 per- 
cent. Associated sub-domin- 
ants are marshhay cordgrass 
(Spartina patens) and salt- 
marsh bulrush (Scripus ro- 
bustus). 

3. Marshhay cordgrass occu- 
pies the greatest area of the 
salt marsh community (Fig- 
ure 2). Its optimum fluctu- 
ating water level is -4 to 
+2 inches. Water salinity 
ranges from 0 to 2.5 percent. 
Associated species are sea- 
shore saltgrass, seashore 
paspalum (Paspalum vagin- 
atum) and Olney bulrush 
(Scripus olneyi). 

4. Big cordgrass (Spartinu cy- 
nosuroides) often occurs in 
nearly pure stands or in a 
co-dominant role with com- 
mon reed (Pharagmites 



though the area was also used by 
elk, mule deer, cattle and sheep, 
moose apparently were the ma- 
jor influence upon the browse 
species examined. 
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half million acres of marshlands 
are located in the southern part 
of Louisiana adjacent to the Gulf 
of Mexico. Almost two million 
acres of this area are suitable for 
use by range cattle. Although 
soil type influences range vege- 
tation to a degree, water level 
and salinity of the free soil 
water are the key factors that 
determine plant communities in 
these marshlands (Penf ound and 
Hathaway, 1938; Penfound, 
1952). Where the quantity and 
quality of water can be manipu- 
lated important changes in vege- 
tation may result in a relatively 
short time (Miller, 1956). 
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The impact of water level and 
salinity on vegetation composi- 
tion can be readily seen by ex- 
amining the major plant com- 
munities and their optimum 

ranges in water level and sa- 
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Starting at the Gulf’s edge and 
moving inland across the marsh 
complex, several distinct plant 
communities occur (Penfound 
and Hathaway, 1938; Penfound, 
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1957). These communities are 
usually characterized by one 
dominant species which makes 
up 50 percent or more of the 
plant composition by weight 
(Figure 1). These include: 

1. Smooth cordgrass (Spartina 
alterniflora) grows at the 
edge of seawater or in saline 
water trapped from high 
tides in depressions inland 
from the coast. It prefers a 
water level that fluctuates 
from 0 to 12 inches above 
ground level. Salinity re- 
quirements are from 1.2 to 
5.0 percent in the free soil 
water. Smooth cordgrass 

normally grows in almost 
pure stands. 

2. Seashore saltgrass (Distich- 
Zis spicata) occupies flats a 
few inches higher in eleva- 
tion and inland from areas 
occupied by smooth cord- 
grass. Water level averages 
from six inches below 
ground level to two inches 
above. Salinity of soil water 
is between 0.5 and 5.0 per- 
cent. Associated sub-domin- 
ants are marshhay cordgrass 
(Spartina patens) and salt- 
marsh bulrush (Scripus ro- 
bustus). 

3. Marshhay cordgrass occu- 
pies the greatest area of the 
salt marsh community (Fig- 
ure 2). Its optimum fluctu- 
ating water level is -4 to 
+2 inches. Water salinity 
ranges from 0 to 2.5 percent. 
Associated species are sea- 
shore saltgrass, seashore 
paspalum (Paspalum vagin- 
atum) and Olney bulrush 
(Scripus olneyi). 

4. Big cordgrass (Spartinu cy- 
nosuroides) often occurs in 
nearly pure stands or in a 
co-dominant role with com- 
mon reed (Pharagmites 
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FIGURE 1. Plant communities of Louisiana marshes as influenced by water depth and 
salinity of the free soil water. 

communis) on ground of 
slightly higher elevation 
within the other plant com- 
munities (Figure 2). The 
water level preferred is be- 
tween -4 and +2 inches. 
Salinity requirements vary 
from 0.5 to 2.0 percent. The 
principal associated species 
is marshhay cordgrass. 
Gulf cordgrass (Spartina 
spartinae) grows at inter- 
mediate elevations between 
the true marsh and the high- 
land or ridges (Figure 2). 
Water levels range between 
-12 inches and ground level. 
Salinity range is normally 
from 1.0 to 3.5 percent. When 
salinity of this area falls be- 
low one percent the com- 
munity is usually dominated 
by common reed. 
Giant-cutgrass (Zixuniopsis 
miliuceu) is the first domi- 
nant species encountered on 
fresh water marshes. It may. 
occur in almost pure stands 
or in codominance with 
paille fine (Punicum hem- 
itomon). Giant-cutgrass pre- 
fers water levels of 0 to + 12 
inches and will not grow 
where salinity exceeds 0.43 
percent. It normally occurs 
on firm mineral soils. As- 
sociated species are Cali- 
f ornia bulrush (Scripus culi- 
fornicus) and cattail (Typhu 
spp.) . Longtom (Puspulum 
Zividum) may occur in small 
amount on higher areas. 

7. Paille fine occurs in pure 
stands or with giant-cut- 
grass as a co-dominant. 
Water levels preferred are 
from -4 to +2 inches. It 
will tolerate practically no 
salt and grows on soil con- 
ditions that vary from min- 
eral clay to “floating” peat. 

8. Other fresh water communi- 
ties in the slightly brackish 
and fresh marsh areas in- 
clude cattail-bulrush (Typhu 
spp.-Scripus spp.) and Ja- 
macia sawgrass (Cludium 
jumuicense). These normal- 
ly require higher water lev- 
els and grow on soft marsh 
that has practically no value 
for range forage production. 

All the plant communities dis- 
cussed except the last are suit- 
able for use as rangeland if the 
soil is firm enough to support 
cattle. Salt marshes are best 
grazed during the winter months. 
Insects especially mosquitoes 
and flies, limit their use during 
the rest of the year. Fresh water 
marshes normally provide the 
best grazing during early spring 
and summer. One exception to 
this is pure stands of giant-cut- 
grass which provides good 
winter grazing and can be used 
year-long better than any other 
community discussed. 

Change in Plant Communities 
How water level and salinity 

can be manipulated to influence 
plant composition is illustrated 
in an actual example on the Sev- 
erin Miller Ranch at Grand 
Chenier, Louisiana. Miller was 
able to improve a 200-acre marsh 
to better suit his ranching enter- 
prise despite a catastrophic 
storm which interrupted his 
plans and resulted in changes he 
did not expect. 

The area affected was origin- 
ally a fresh water marsh dom- 
inated by giant-cutgrass, Cali- 
fornia bulrush and rattlebox 
(Duubentoniu drummondi). 
Some longtom was present along 

FIGURE 2. Three marsh plant communities; gulf cordgrass is in the light colored fore- 
ground, marshhay cordgrass in the background and big cordgrass in the upper right. 
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FIGURE 3. Miller’s pasture five months after Hurricane Audrey. The vegetation is 
practically all seashore paspalum. 

the edge of the marsh (Miller, 
1956). Water levels were quite 
high and as Miller describes it 
“It would bog a horse most of 
the time”. Livestock production 
was very low on the marsh since 
it could be safely used only dur- 
ing dry spells. The dense,’ heavy 
soil was identified as Harris clay. 
The vegetation indicated that the 
salinity was 0.40 percent or less. 

In 1951 the area was leveed 
and a pump was installed to con- 
trol water level and prevent in- 
trusion of salt water. Miller’s ob- 
jective was to convert to a more 
productive and reliable perma- 
nent summer pasture and hay 
meadow. More summer grazing 
was needed to balance his cattle 
operation. 

Weeds became a problem ini- 
tially. These were controlled by 
mowing and aerial spraying. 
Close mowing also helped in 
eliminating the giant-cutgrass. 
By 1954, the area had become 
practically a pure stand of long- 
tom which is an excellent sum- 
mer grazing and hay plant. 
Longtom, a subdominant species 
on both fresh and slightly salty 
marshes, increased when compe- 
tition from giant-cutgrass was 
removed (Soil Conservation 
Service, 1959; Williams, 1952). 

Williams (1952) describes long- 
tom as growing on ridge flanks 
in fresh and slightly salty areas 
and growing in association with 
marshhay cordgrass on brackish 
marsh. 

The area was used for grazing 
and hay production after the 
longtom became well estab- 
lished. The pasture was never 
dried completely by pumping 
except just prior to haying (Mil- 
ler, 1956). 

On June 27, 1957 a saline tidal 
wave from Hurricane Audrey 
struck Miller’s ranch. Levees 
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and pumps were destroyed and 
the entire area inundated with 
water containing an estimated 
3.5 percent salt. Water stayed on 
the land for almost six months 
and practically all vegetation 
was killed. 

The Soil Conservation Service 
initiated a study following Hur- 
ricane Audrey to determine the 
reaction of vegetation to the 
storm (Soil Conservation Serv- 
ice, 1960). Soil and water were 
analyzed periodically and vege- 
tation observed each time sam- 
ples were taken. 

First samples were taken in 
November, 1957 five months 
after the hurricane. At this time 
water was an inch deep, salinity 
of the surface water was 0.11 
percent and that of the upper 
four inches of soil 0.15 percent 
(Table 1). About 50 percent of 
the ground was covered with 
seashore paspalum (Figure 3). 

By January 1958, salinity had 
increased to 0.36 percent, and 
seashore paspalum comprised 95 
percent of the ground cover. This 
preponderance of seashore pas- 
palum was unexpected. Little is 
known about the role of this 
grass in secondary succession on 
fresh water marshes. Penf ound 
and Hathaway (1938) recorded 
its presence where salinity of 
free soil water was 1.1 percent, 

Table 1. Soil and wafer salinity and vegetative composifion of SeVerin 

Miller pasture1 --.- 
Ground Cover 

Salinity of Salinity of Soil Long- Seashore 
Date Soil Water O-4” 4-10” tom Paspalum Others 

_. __ 
Prior to September _---- --- (Percent) -------- 

27, 1957 (Estimated) 0.40 0.30 0.15 95 0 5 
November, 1957 0.11 0.15 0.14 0 50 0 
January, 1958 0.36 0.15 0.15 0 95 5 
June, 1958 0.40 0.22 0.12 0 90 10 
February, 1959 0.40 0.10 0.12 0 90 10 
July, 1959 0.43 0.30 0.15 5 90 5 
June, 1960 2 30 65 5 
September, 1960 50 45 5 
September, 1961 85 5 10 

ISoil and water samples analyzed as to the electrical conductivity of the 
soil saturation extract mmhos/cm, converted here to approximate per- 
centage by weight. 

2Water and soil analysis were discontinued after July, 1959. 
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but Miller’s pasture was far be- 
low that level. Seashore pas- 
palum is recognized as a sub- 
dominant species in the marsh- 
hay cordgrass community (Soil 
Conservation Service, 1959). 
Since none was present in the 
pasture before the storm, it is 
assumed that seashore paspalum 
seeds from the marshhay cord- 
grass community were in the 
mud deposited by the tidal wave. 

By June 1958, the ground cov- 
er was 90 percent seashore pas- 
palum and ten percent miscel- 
laneous species. No longtom was 
present. By this time the levees 
had been restored and a new 
pump installed. The free soil 
water contained 0.40 percent salt 
and the soil 0.20 percent. By 
October, soil salinity was down 
to 0.10 percent in the top four 
inches. Plant composition was 
the same and water management 
was similar to that prior to the 
storm. 

In July 1959, the first longtom 
was observed. It comprised five 
percent of he ground cover. Sea- 
shore paspalum still occupied 90 
percent of the total area. Miscel- 
laneous species made up the re- 
maining five percent. Salinity 
of the free soil water had in- 
creased little from the February 
1959 level, but that of the top 
four inches of soil had risen 
sharply to 0.30 percent due ap- 
parently to capillary action. In 
the four to ten inch soil depth 
salinity was 0.15 percent. These 
salinity conditions were esti: 
mated to be very close to those 
which existed before the storm. 

Soil and water analyses were 
discontinued after July 1959, but 
vegetational observations were 
continued through 1961. By June 
1960, longtom covered an esti- 
mated 30 percent of the area, 
seashore paspalum 65 percent 
and miscellaneous species the re- 
maining five percent. Three 
months later longtom occupied 
some 50 percent. Hay was cut 
from selected areas for the first 
time since the hurricane in 1957. 
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paspalum is practically gone. 

In September 1961, longtom 
again fully dominated this area 
(Figure 4) covering 85 percent of 
the ground. Seashore paspalum 
covering only five percent, was 
confined to the wettest areas. 
Its vigor was generally low. Ber- 
muda grass (Cynodon dactylon) 
made up the bulk of the remain- 
ing ten percent. This intrusion 
apparently resulted from keep- 
ing the water level low. Ber- 
muda grass is as salt tolerant as 
longtom but not as water toler- 
ant. 

In just over four years Miller’s 
pasture had returned to near the 
pre-storm vegetational composi- 
tion. According to Miller, pro- 
ductivity has not reached the 
level experienced before the 
storm. 

In mid-September, 1961 nature 
took another swing at Miller’s 
ranch. Hurricane Carla missed 
the area but created storm tides 
which inundated the pasture 
with salt water and did some 
damage to the levee system. The 
standing hay crop was damaged 
by the deep saline water. Appar- 
ently residual salt from the 
storm stunted the 1962 growth 
but had not material effect on 
plant composition. 

Conclusion 
Water depth and salinity exert 

major influences on plant com- 

position of marshland ranges. 
Manipulation of these factors by 
use of pumps and levees can be 
used to change the plant compo- 
sition to better fit the livestock 
enterprise. The giant-cutgrass 
community can be converted to 
longtom by lowering water lev- 
el, preventing salt water intru- 
sion, and mowing. 

Seashore paspalum may be- 
come dominant when the long- 
tom is killed by deep saline 
water such as that received from 
storm tides. Rapid removal of 
storm tide water is necessary if 
longtom stands are to be main- 
tained. Seashore paspalum with- 
stands more salt than longtom, 
tolerating up to 1.1 percent in 
the free soil water. The upper 
limit for longtom is 0.5 percent. 
Longtom requires a wet soil but 
will not tolerate more than four 
inches of water above the soil 
surface for extended periods of 
time. Seashore paspalum appar- 
ently requires some water above 
the surface to compete with 
other species and will stand a 
higher level of flooding than 
longtom. 
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The spruce-alpine fir zone is 
an important summer grazing re- 
gion in the interior of British 
Columbia (Spilsbury and Tis- 
dale, 1944; Tisdale, 1950) i Graz- 
ing is, however, confined largely 
to the numerous wet meadows 
and park-like openings in the 
forest. The meadows are often 
extensive and furnish large 
amounts of moderately palatable 
forage. On the Tranquille range 
near Kamloops meadows occupy 
about six percent of the spruce- 
fir zone; the Cariboo is ten to 70 
percent meadow. In the Cariboo 
district most of the winter feed 
for livestock is produced on these 
meadows. They are cut for hay 
in mid summer and then grazed 
until late fall. Farther south 
meadows are used largely for. 
summer grazing. 

The meadows are situated in 
drainage basins and, therefore, 
flood in spring and early-sum- 
mer. Many have been made 
larger by the impounding of 
water by beavers. They vary 
greatly in both vegetation and 
soils. The soils vary from gleyso- 
lit mineral to muck and peat 

1Formerly at Research Station, 
Kamloops, now Assistant Pro jessor, 
Animal Science, University of Sas- 
katchewan, Saskatoon, Sask. 

types; some meadows occur as 
floating peat bogs. Few refer- 
ences are available on these 
meadows, their types, charac- 
teristics, composition and re- 
sponse to grazing. They were 
briefly referred to by McLean 
and Tisdale (1960), who re- 
ported some chemical analyses 
of the forage. 

This paper reports on the char- 
acteristics of a typical sedge 
meadow; its growth pattern, 
chemical composition, forage 
yields both natural and with fer- 
tilization and effect of periodical 
clipping during the grazing sea- 
son from 1956 to 1959. It also re- 
ports animal weight gains and 

beef production from 1956 to 
1962. 

The Study Area 

An 18-acre meadow on the 
Tranquille Forest Reserve near 
Kamloops (Figure 1) was se- 
lected for study. For many years, 
before being fenced in 1956 for 
grazing trials with beef cattle, 
the meadow had been heavily 
grazed. It lies at approximately 
4800 feet elevation within the 
Englemann spruce (Picea engel- 
manni)-alpine fir (Abies lasio- 
carpa) zone and was selected as 
typical of a number in the area. 

The soil of the meadow is 
mucky sedge peat, pH 5.5, 
slightly more humified at a 
depth of three feet than at the 
surface. In places near the centre 
of the area the depth exceeded 
20 feet as indicated by pressing a 
pole of this length into the bog. 
The topography is slightly con- 
cave with the centre being 12 to 
18 inches lower than the edges. 

The meadow was dominated 
by a uniform, dense stand of 
sedges (Carex), along with lesser 

FIGURE 1. Sedge meadow under study in the spruce-alpine fir zone 
_____~ 

near Kamloops, B. C. 
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The spruce-alpine fir zone is 
an important summer grazing re- 
gion in the interior of British 
Columbia (Spilsbury and Tis- 
dale, 1944; Tisdale, 1950) i Graz- 
ing is, however, confined largely 
to the numerous wet meadows 
and park-like openings in the 
forest. The meadows are often 
extensive and furnish large 
amounts of moderately palatable 
forage. On the Tranquille range 
near Kamloops meadows occupy 
about six percent of the spruce- 
fir zone; the Cariboo is ten to 70 
percent meadow. In the Cariboo 
district most of the winter feed 
for livestock is produced on these 
meadows. They are cut for hay 
in mid summer and then grazed 
until late fall. Farther south 
meadows are used largely for. 
summer grazing. 

The meadows are situated in 
drainage basins and, therefore, 
flood in spring and early-sum- 
mer. Many have been made 
larger by the impounding of 
water by beavers. They vary 
greatly in both vegetation and 
soils. The soils vary from gleyso- 
lit mineral to muck and peat 

1Formerly at Research Station, 
Kamloops, now Assistant Pro jessor, 
Animal Science, University of Sas- 
katchewan, Saskatoon, Sask. 

types; some meadows occur as 
floating peat bogs. Few refer- 
ences are available on these 
meadows, their types, charac- 
teristics, composition and re- 
sponse to grazing. They were 
briefly referred to by McLean 
and Tisdale (1960), who re- 
ported some chemical analyses 
of the forage. 

This paper reports on the char- 
acteristics of a typical sedge 
meadow; its growth pattern, 
chemical composition, forage 
yields both natural and with fer- 
tilization and effect of periodical 
clipping during the grazing sea- 
son from 1956 to 1959. It also re- 
ports animal weight gains and 

beef production from 1956 to 
1962. 

The Study Area 

An 18-acre meadow on the 
Tranquille Forest Reserve near 
Kamloops (Figure 1) was se- 
lected for study. For many years, 
before being fenced in 1956 for 
grazing trials with beef cattle, 
the meadow had been heavily 
grazed. It lies at approximately 
4800 feet elevation within the 
Englemann spruce (Picea engel- 
manni)-alpine fir (Abies lasio- 
carpa) zone and was selected as 
typical of a number in the area. 

The soil of the meadow is 
mucky sedge peat, pH 5.5, 
slightly more humified at a 
depth of three feet than at the 
surface. In places near the centre 
of the area the depth exceeded 
20 feet as indicated by pressing a 
pole of this length into the bog. 
The topography is slightly con- 
cave with the centre being 12 to 
18 inches lower than the edges. 

The meadow was dominated 
by a uniform, dense stand of 
sedges (Carex), along with lesser 

FIGURE 1. Sedge meadow under study in the spruce-alpine fir zone 
_____~ 

near Kamloops, B. C. 
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amounts of rushes (Juncus) and 
spike rushes (Eleocharis). The 
principal tall sedges were beaked 
sedge (Carex rostrata Stokes), 
water sedge (C. aquatilis Wahl.) , 
Sitka sedge (C. sitchensis Pres.), 
C. exisiccata L. Bailey, C. arch 
Boot., and the small ones C. gy- 
nocrates Wormskj., mud sedge 
(C. limosa L.), and C. disperma 
Dewey. Grasses, mostly blue- 
joint (Calamagrostis canadensis 
(Michx.) Beauv.) and red top 
(Agrostis alba L.) , provided only 
a small part of the plant cover. 
Small patches of American man- 
nagrass (Glyceria grandis 
S. Wats.) and occasional plants 
of marsh cinquefoil (Potentilk 
palustris (L.) Stop.) , buttercup 
(Ranunculus spp.) , dwarfed bog 
birch (Beth glandulosa Michx.) 
and willow (Salix spp.) oc- 
curred. No attempts were made 
to estimate the proportions of 
the species as the plants seldom 
headed out and were difficult to 
identify. Most of the species 
grew 12 to 18 inches high. 

The meadow was fed by two 
small streams that ran most of 
the summer. It was covered with 
a few inches of water from 
spring breakup until between 
late June and mid July. The 
water table remained within a 
few inches of the surface for the 
rest of the season. 

Mean monthly air tempera- 
tures, measured in a Stevenson 
screen, over the three-year pe- 
riod 1960 to 1962, for June, July, 
August and September, averaged 
48, 54, 52 and 45”F, respectively; 
at the meadow. Soil tempera- 
tures in the bog remained rather 
low throughout the summer. The 
mean monthly temperatures at 
4.5 inches below the surface dur- 
ing 1960 from June to September 
were 53,55,53,42”F respectively. 
The mean weekly soil tempera- 
ture dropped 10” between the 
first week of August and the 
first week of September in 1960, 
1961 and 1962 to 43”F, 48°F and 
47 “F, respectively. 

Frosts may occur in any month 

at the altitude of the meadow 
and regularly stop growth in the 
first half of September. The 
frost-free period (minimum 
above 32°F) averaged 35 days 
for the three years 1960 to 1962. 

Heavy June and July rains 
during 1956 and 1957 maintained 
high water levels. Grazing was 
not possible until late July. In 
1958, because of extremely dry 
weather in early summer the 
water level dropped early. In 
1959, although May was wetter 
than average, both June and 
July were considerably drier 
than usual. 

Some effective rainfall can 
usually be expected during the 
summer months. The recorded 
summer rainfall (July to Sep- 
tember inclusive) at the study 
site in 1960, 1961 and 1962 was 
4.9, 4.1 and 4.1 inches respec- 
tively. 

The winter snowpack on a 
snow course about two miles 
from the meadow from 1956 to 
1959 was higher than the lo-year 
average as indicated in the fol- 
lowing summary4: 1953- 

1956 1957 1958 1959 62 av. 
.___________________ (Inches) .._.._.._....__..... 

Snow depth 41 36 45 37 34 
Water content 13.9 9.7 12.1 10.1 9.6 

Methods 
The meadow was fenced into 

two 8.5-acre fields. Continuous- 
grazing trials involving different 
numbers of yearling beef cattle 
were conducted on the fields. 
The degree of utilization aimed 
at full season of use and in most 
years had about 30 percent 
carryover. Animal weights were 
taken bi-weekly and the total 
number of animal days on pas- 
ture recorded. In 1956 and 1957 
the test period used for the cal- 
culation of gains was 14 days less 
than the total because of the 
shrunken condition of the ani- 
mals when weighed at turnout 
time. It is recognized that the 
estimated production of the 
meadow was, therefore, less than 
its potential for those two years. 
In the other years the starting 

weights were taken three or four 
days after turnout. Grazing was 
started when the fields were 
judged ready as determined by 
the height of the forage and the 
lack of surface water and con- 
tinued until severe frosts forced 
removal of the animals. Digesti- 
bility trials were conducted 
twice in 1959 with six animals 
over seven-day periods. The 
penned animals were fitted with 
bags for the total collection of 
feces and the forage was cut and 
hauled to them. Forage and feces 
samples were collected and ana- 
lyzed by standard methods (As- 
sociation of Official Agricultural 
Chemists, 1955). 

A one-acre exclosure was 
fenced to provide an area for 
study which was free from graz- 
ing. Plots of one square meter 
were staked out for clipping at 
different times. Each time of 
clipping was replicated four 
times. Clipping was done with 
sheep shears to a height of two 
inches. The forage from each 
harvest was oven-dried and 
weighed. The material from each 
plot was analyzed for crude pro- 
tein, crude fibre, total ash, cal- 
cium and phosphorus5 The dates 
of first clipping varied from year 
to year, depending on develop- 
ment of the species; they were 
July 30, July 30, June 28, and 
July 15 from 1956 to 1959, re- 
spectively. 

The plots were clipped as fol- 
lows: Treatments A to C, every 
two, four and eight weeks re- 
spectively throughout the graz- 
ing period; D, every six weeks 
starting two weeks after grazing 
started; E, every four weeks 
starting four weeks after grazing 
started; and F, at the end of the 
grazing period only. In 1958 be- 
cause of the cutting schedule, 
treatments C and D were not 
clipped after August 20 although 
some regrowth did take place. 

In the fall of 1958 a four-repli- 
cate, randomized-block fertilizer 
experiment was laid out adja- 
cent to the clipping trial using 
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Table 1. Hay yields (oven-dry) from plofs clipped every fwo weeks (freaf- 
menf A) for four seasons in a sub-alpine meadow near Kamloops, B. C. 

Year 
Date of 

first clip 1 2 

Clipping period 
(bi-weekly intervals) 
3 4 5 6 7 Total 

1956 
1957 
1958 
1959 

------ (Pounds per acre) - - - - - - 
July 30 527 61 NRr 23 612 
July 30 648 42 12 0 702 
June 28 483 49 0 70 0 51 139 792 
July 15 540 20 22 14 9 0 605 

1No record taken as poor flying conditions prevented access to the meadow. 

lime, gypsum, and six commer- 
cial fertilizers. Yields were ob- 
tained by harvesting the cured 
forage in the fall with a sickle- 
bar plot mower. The material 
was weighed and a 250 gm. sam- 
ple oven-dried to obtain mois- 
ture content. 

Results 
Paffern of Growfh 

Eighty-six to 92 percent of the 
season’s growth based on yields 
took place before the end of July 
in three of the four years in 
Treatment A (Table 1). In 1958, 
21 percent of the total growth 
took place in the first half of 
September, probably as a result 
of the relatively warm weather. 
In 1959 the fall growth was less 
on the plots clipped every two 
weeks than on those clipped less 
frequently. 

Visual observations indicated 
that no significant change had 
yet taken place in the botanical 
composition of the plots despite 
the intensive clipping on some 
treatments. 

Only on a few plots in the ex- 
closure did the plants head, so 
that it was difficult to determine 
the pattern of physiological de- 
velopment from the flowering 
characteristics. Flowering was 
greater in 1958 than in the other 
years, perhaps as a result of the 
warmer summer. 

Forage Yields 
Frequent clipping retarded 

growth and lowered forage 
yields as compared with un- 
clipped plots or those not clipped 
late in the season (Table 2) in 
all years except 1956. 

In 1958 treatments C and D 
had the lowest yields. These 
treatments were not clipped at 
the end of the season and there 
was considerable fall regrowth 
that year. In 1959, however, 
these treatments had the highest 
yields of all. It is presumed that 
the 1959 yields benefited from 
the lack of clipping the previous 
fall. 

In a number of cases plots 
were not clipped in the latter 
part of the season because of in- 
sufficient regrowth. A check of 
the data revealed that in all 
cases these plots were the highest 
yielding of the clipped plots in 
the following year. 

Chemical Analyses 

Crude protein-The protein 
content of the forage declined 
slowly throughout the season un- 
til the fall frosts occurred (Fig- 
ure 2). 

Protein levels were not high 
at any time and fell below ten 
percent, the level required for 
rapid growth of yearling cattle 
(National Research Council, 
1958)) by mid August; however, 
the forage met maintenance re- 
quirements (six percent) until 
the animals left the area in the 
fall. The levels compared closely 
with those reported by McLean 
and Tisdale (1960) for the prin- 
cipal forest forbs from the same 
region but were considerably 
above that of pinegrass (Calama- 
grostis rubescens Buckl.) . 

Crude fibre - The average 
crude-fibre content changed little 
during the grazing period (Fig- 
ure 2). Throughout the grazing 
period it was similar to that for 
the principal forest forbs and 
considerably lower than that of 
pinegrass (McLean and Tisdale, 
1960). 

Table 2. Yields of hay, pounds per acre (oven-dry) for four years on a sub- 
alpine meadow near Kamloops, B. C., subjecfed fo six clipping freaf- 
menis. 

Year Treatment’ Standard error of mean 

1956 D 
789 
a 

1957 F 
921 
a 

1958 F 
1226 

1959 D 
885 
a 

Av. F 
897 

F 
664 

a 
b 

D 
906 

a 
b 

E 
978 

a 

C 
865 

a 

E 
867 

A 
612 

b 
E 
850 

a 
b 

B 
879 

a 
b 

F 
776 

a 

D 
820 

B 
575 

b 
C 
815 

a 
b 
C 

A 
792 

b 
E 
774 

a 

C 
736 

C2 
570 

B A 
722 702 

b 

Dsc 
701 

B A 
629 605 

b b 
B A 
701 678 

39.5 (15 d.f.) 

44.2 (23 d.f.) 

6 
695 44.3 (15 d.f.) 

41.5 (23 d.f.) 

Significance at five percent level expressed by Duncan’s Multiple Range 
Test. 

1See text for schedules of clipping. 
2Yields not included in analysis since plots were not clipped at the end of 

the season. 
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FIGURE 2. Chemical composition of forage from a sedge meadow in the spruce-alpine fir 
zone near Kamloops, B. C., during the grazing season. 

Calcium - The calcium con- 
tent of the forage (Figure 2) was 
above the minimum (0.25 per- 
cent) required for animal main- 
tenance (National Research 
Council, 1958) even at the be-. 
ginning of July. It increased 
through the grazing period, as 
in forest forbs but to a lesser 
extent than in pinegrass (Mc- 
Lean and Tisdale, 1960). The 

2 Annual Reports 1953 to 1962, Can- 
ada Dept. Agric., Research Sta., 
Kamloops, B.C. 

3Analyses were done by the Ana- 
lytical Chemistry Research Ser- 
vice, Research Br., Canada Dept. 
Agric., Ottawa. 

4Annual Reports 1960 to 1962, Can- 
ada Dept. Agric., Research Sta., 
Kamloops, B.C. 

total amounts were lower at all 
growth stages than for both for- 
est forbs and shrubs. 

Phosphorus - The phosphorus 
content of the forage decreased 
as the season advanced (Figure 
2). The phosphorus level was be- 
low that required (0.20 percent) 
for rapid growth of yearling 
cattle (National Research Coun- 
cil, 1958) at all times during the 
grazing period but was adequate 
for maintenance until about mid 
August. The total-phosphorus 
levels were considerably lower 
than those for forest forbs, 
shrubs and pinegrass at all 
growth stages sampled (McLean 
and Tisdale, 1960). 

The Ca/P ratios were greater 
than 2: 1 even at the start of the 
grazing period and rose to un- 
desirable levels in the fall- 
clipped forage, especially con- 
sidering the low phosphorus 
levels at this time. 

Effects of Fertilizer Applications 

Response to certain fertilizers 
applied in the fall of 1958 was 
not evident until 1960 and was 
followed by a two-year carry- 
over response. Treatment yields 
in each of the three years gen- 
erally showed similar relation- 
ships to each other so that they 
are closely represented by three- 

Table 3. Yields of native forage (three-year average, 1960 fo 1962). from 
plots in a sub-alpine meadow near Kamloops, B. C., having received 
commercial fertilizer applications. 

Fertilizer applications in Average yields 
fall of 1958 (Oven-dry) 

Formulation (Pounds per acre) (Tons per acre) 
10-20-10 400 0.89 a2 
10-20-10 plus 400 

hydrated lime1 1000 0.81 a 
16-20-o 400 0.81 a 
Hydrated lime1 1000 0.75 a 
O-19-0 600 0.75 a 
11-48-O 200 0.67 ab 
33-o-o 200 0.66 ab 
Gypsum 300 0.50 bc 
21-o-o 300 0.50 bc 
No treatment 0 0.43 C 

1A re-application of 2000 pounds of lime per acre was made in the fall of 
1959. 

asignificance at five percent level expressed by Duncan’s Multiple Range 
Test. 
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Table 4. Cattle gains and weights and carrying capacity of sub-alpine sedge meadow near Kamloops, B. C. over a 
seven-year period (1956 fo 1962). 

1956 1957 1958 1959 1960 1961 1962 Average 
No. of head/field 6 6 9 6 6 6 6 
No. of days on pasture 57 71 82 71 83 84 70 74 
No. animal days/acre 40 50 87 50 59 59 49 56 
Av. starting wt. (lb) 849* 709* 599 693 656 595 552 665 
Av. daily 

gain/animal (lb) 1.59* 1.17* 1.02 1.69 1.68 1.41 1.26 1.40 
Total gain/acre (lb) 64 58 89 85 99 83 62 77 
Total TDN 

yield/acre (lb)1 331* 348* 654 542 615 495 381 481 
Av. TDN/lb of gain 7.43 7.01 7.13 6.39 6.44 7.11 6.07 6.80 
Percent TDN 

used for gain 46.3 39.6 33.3 45.7 48.6 36.4 36.8 40.9 -~- 
*Test period started 14 days after turnout because of shrunken condition of the animals. Heifers used in 1956, 
steers in all other years. 

1TDN calculated by the reverse use of feeding standards and estimated TDN requirements for maintenance and 
gain as listed in Sylvester, P. E., and S. B. Williams. 1952. Method of measuring the relative productivity of pas- 
ture experiments with livestock. Proc. publ., Animal Husbandry Div., Exptl. Farms Service, Can. Dept. Agr. 

year averages (Table 3). All 
treatments receiving phosphate 
and/or lime gave significant in- 
creases of up to two times the 
yield of the untreated plots. 
Yields from ammonium nitrate 
(33-O-O) applications were sig- 
nificantly higher than those of 
the check only in 1960 and 1961. 
This was the only treatment 
from which initial responses did 
not carry over into 1962. 

Animal Performance 
On the basis of animal gains 

and utilization the two fields ap- 
peared reasonably comparable. 
Consequently the results from 
the two fields have been aver- 
aged. The average daily gain over 
the seven years was 1.40 pounds 
(Table 4). This compares some- 
what unfavorably with that ob- 
tained on Douglas fir forest 
range in the same district (1.79 
pounds per day three-year aver- 
age) for the same class of stock.4 

The total gain per acre was 77 
pounds for an average 74-day 
period. One acre would, there- 
fore, have supported an animal 
for 56 days. The Douglas fir for- 
est range mentioned above car- 
ried one animal per acre for nine 
days. 

The total digestible nutrients 
(TDN) of the meadow forage 
dropped 13.5 percentage units 
from August 5 to September 15 

(Table 5) . Comparable trials on 
irrigated pastures at the Kam- 
loops Research Station revealed 
TDN percentages of 69.8 and 67.2 
for mid August and mid Septem- 
ber respectively.4 The digestible 
protein dropped 5.5 percentage 
units to 3.1 percent. This is be- 
low recommended levels for 
yearling cattle if they are to gain 
at normal levels (National Re- 
search Council, 1958) and indi- 
cates that the animals’diets were 
deficient in protein at this time. 

The average TDN required per 
pound of gain (6.8 pounds) com- 
pared unfavorably with 5.5 
pounds required on Douglas fir 
forest range. 

There was a downward trend 
in TDN produced per acre over 

the last three years (Table 4). 
The meadow forage was, in gen- 
eral, not efficient for putting 
gains on yearling steers. 

Discussion 

The grazing season on the 
meadow varied considerably de- 
pending on the weather. When 
the weather was wet and cool 
during the spring and early sum- 
mer the meadow remained 
flooded and growth was re- 
tarded. When the summer was 
warm and the fall mild, regrowth 
added to the yield and nutritive 
value of the meadow. In most 
years, however, early-fall frosts 
prevented further growth. 

Frequent clipping throughout 
the season (treatments A and B) 

Table 5. Results of two digestibility trials conducted for seven days on six 
animals on a sub-alpine sedge meadow near Kamloops, B. C. 

Total Digestible 
nutrients/ Digestion nutrients/ 
100 pounds coefficient 100 pounds 

July 30 -Aug. 5 (Percent) 

Crude protein 13.5 63.7 8.6 
Crude fibre 22.5 63.5 14.3 
N. F. E. 55.2 71.9 39.7 
Ether extract 2.0 9.4 (x 2.25) > .4 
T. D. N. 63.1 
Sept. 9 - 15 
Crude protein 7.2 42.8 3.1 
Crude fibre 28.1 61.9 17.4 
N. F. E. 54.7 52.9 28.9 
Ether extract 2.2 4.3 (x 2.25) > .2 
T. D. N. 49.6 
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depressed forage yields. Rest 
near the end of the grazing sea- 
son (treatments C and D 1958 
and C in 1956) appeared to im- 
prove yields the following year. 
It is possible that the meadow 
would benefit from having the 
cattle removed by the third week 
in August so that the sedges 
could build up root reserves be- 
fore frost. 

Chemical analyses suggest that 
if growing animals were grazed 
only on this meadow their diets 
would be inadequate after about 
mid August. In addition, the low 
phosphorus content may slow up 
animal growth as early as the 
end of July in some years. Nor- 
mally, live stock grazing in this 
zone have access to both meadow 
and spruce-fir forest types. Al- 
though the carrying capacity of 
the adjacent forest range is gen- 
erally low, the nutrient levels 
of forest forbs and shrubs are 
considerably higher than those 
indicated for the meadow. It 
would, therefore, be important to 
arrange that the animals have 
access to sufficient forest forage 
to adequately supplement their 
diets. 

The yield response to phos- 

phate fertilizer is substantiated 
by the low phosphorus values of 
the forage. The good response to 
lime on this slightly acid peat 
soil is probably due to its neu- 
tralizing effect resulting in ac- 
celerated decomposition and sub- 
sequent release of nutrients. Cal- 
cium and sulfur do not appear 
to be deficient as no response 
was obtained from gypsum or 
ammonium sulfate. 

Application of lime, phosphate 
or complete fertilizers would im- 
prove yields of the meadow. 
Trials on other types of mead- 
ows, however, are necessary be- 
fore generalizations can be made. 

The animals lost weight dur- 
ing September 1958 but gained 
weight in September 1959. 
Chemical analysis of the forage 
indicated that the crude protein 
content was higher and crude 
fibre content was lower in Sep- 
tember 1959 than in 1958. 

The downward trend in aver- 
age daily gain, total gain per 
acre, and TDN produced per acre 
over the last three years suggests 
that the pastures were either 
overstocked or that season-long 
grazing was reducing forage pro- 
duction. 
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Complementary Grazing Systems for Sandhills 
of the Northern Great Plains 

ROBERT W. LODGE 

Agricultural Research Officer, Experimental Farm, Re- 
search Branch, Canada Department of AgricuZture, Swift 
Current, Saskatchewan. 

The Northern Great Plains re- 
gion extends into the prairie 
provinces of Canada where it is 
subdivided into two associations, 
short grass prairie and mixed 
prairie (Clarke et al. 1942) ; 
mixed prairie is further divided 
into six communities on the basis 
of different soil types (Campbell 
et al. 1962). One of these six 
communities, Sandhill prairie, 
describes the vegetation of the 
sand and dune sand soils of the 
Great and Lesser Sandhills. The 

Sandhills which occupy over 
1,300,OOO acres in southwestern 
Saskatchewan are grazed by an 
estimated 90,000 cattle. April to 
mid-November is the usual graz- 
ing season, with a few cattle 
grazed year-long. The better 
Sandhill soils (fine sandy loams 
and sandy loams) have been 
used for cereal production but 
the acreage in grains is becom- 
ing smaller. Since 1937 private 
operators and government agen- 
cies have seeded much of the 

former cropland to crested 
wheatgrass (Agropyron crista- 
turn). Often only a portion of the 
farm units was under cultivation 
and when they were returned to 
grazing the crested wheatgrass 
acreage was seldom separated 
from adjacent Sandhill prairie. 

Crested wheatgrass is a cool- 
season grass, whereas the impor- 
tant native species of Sandhill 
prairie, needle and thread (Stipa 
coma&z) western wheatgrass 
(Agropyron smithii), blue grama 
(Boutelouu grucilis), prairie 
sandreed grass (CuZumoviZfu 
Zongifolti), northern wheatgrass 
(Agropyron dusystuchyum), and 
Indian ricegrass (Oryxopsis 
hymenoides) are warm-season 
grasses. Under the grazing sys- 
tem commonly used in the Sand- 
hills the warm-season grasses are 
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depressed forage yields. Rest 
near the end of the grazing sea- 
son (treatments C and D 1958 
and C in 1956) appeared to im- 
prove yields the following year. 
It is possible that the meadow 
would benefit from having the 
cattle removed by the third week 
in August so that the sedges 
could build up root reserves be- 
fore frost. 

Chemical analyses suggest that 
if growing animals were grazed 
only on this meadow their diets 
would be inadequate after about 
mid August. In addition, the low 
phosphorus content may slow up 
animal growth as early as the 
end of July in some years. Nor- 
mally, live stock grazing in this 
zone have access to both meadow 
and spruce-fir forest types. Al- 
though the carrying capacity of 
the adjacent forest range is gen- 
erally low, the nutrient levels 
of forest forbs and shrubs are 
considerably higher than those 
indicated for the meadow. It 
would, therefore, be important to 
arrange that the animals have 
access to sufficient forest forage 
to adequately supplement their 
diets. 

The yield response to phos- 

phate fertilizer is substantiated 
by the low phosphorus values of 
the forage. The good response to 
lime on this slightly acid peat 
soil is probably due to its neu- 
tralizing effect resulting in ac- 
celerated decomposition and sub- 
sequent release of nutrients. Cal- 
cium and sulfur do not appear 
to be deficient as no response 
was obtained from gypsum or 
ammonium sulfate. 

Application of lime, phosphate 
or complete fertilizers would im- 
prove yields of the meadow. 
Trials on other types of mead- 
ows, however, are necessary be- 
fore generalizations can be made. 

The animals lost weight dur- 
ing September 1958 but gained 
weight in September 1959. 
Chemical analysis of the forage 
indicated that the crude protein 
content was higher and crude 
fibre content was lower in Sep- 
tember 1959 than in 1958. 

The downward trend in aver- 
age daily gain, total gain per 
acre, and TDN produced per acre 
over the last three years suggests 
that the pastures were either 
overstocked or that season-long 
grazing was reducing forage pro- 
duction. 
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Complementary Grazing Systems for Sandhills 
of the Northern Great Plains 

ROBERT W. LODGE 

Agricultural Research Officer, Experimental Farm, Re- 
search Branch, Canada Department of AgricuZture, Swift 
Current, Saskatchewan. 

The Northern Great Plains re- 
gion extends into the prairie 
provinces of Canada where it is 
subdivided into two associations, 
short grass prairie and mixed 
prairie (Clarke et al. 1942) ; 
mixed prairie is further divided 
into six communities on the basis 
of different soil types (Campbell 
et al. 1962). One of these six 
communities, Sandhill prairie, 
describes the vegetation of the 
sand and dune sand soils of the 
Great and Lesser Sandhills. The 

Sandhills which occupy over 
1,300,OOO acres in southwestern 
Saskatchewan are grazed by an 
estimated 90,000 cattle. April to 
mid-November is the usual graz- 
ing season, with a few cattle 
grazed year-long. The better 
Sandhill soils (fine sandy loams 
and sandy loams) have been 
used for cereal production but 
the acreage in grains is becom- 
ing smaller. Since 1937 private 
operators and government agen- 
cies have seeded much of the 

former cropland to crested 
wheatgrass (Agropyron crista- 
turn). Often only a portion of the 
farm units was under cultivation 
and when they were returned to 
grazing the crested wheatgrass 
acreage was seldom separated 
from adjacent Sandhill prairie. 

Crested wheatgrass is a cool- 
season grass, whereas the impor- 
tant native species of Sandhill 
prairie, needle and thread (Stipa 
coma&z) western wheatgrass 
(Agropyron smithii), blue grama 
(Boutelouu grucilis), prairie 
sandreed grass (CuZumoviZfu 
Zongifolti), northern wheatgrass 
(Agropyron dusystuchyum), and 
Indian ricegrass (Oryxopsis 
hymenoides) are warm-season 
grasses. Under the grazing sys- 
tem commonly used in the Sand- 
hills the warm-season grasses are 
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FIGURE 1. Pasture layout, Beverley project, Complementary grazing systems trial, Sand- 
hill prairie. 19541961. 

abused. Clipping studies and ob- 
servations indicate that this 
abuse of the warm-season grasses 
is reduced when the ratio of 
crested wheatgrass to Sandhill 
prairie is between 1 : 4 and 1 : 5. 
This paper reports on a large 
scale grazing trial which ex- 
amined different grazing sys- 
tems in which crested wheat- 
grass was grazed in conjunction, 
with Sandhill prairie, and com- 
pared these systems with season- 
long use of Sandhill prairie. 

Siudy Area and Methods 

In 1954, a 455acre area in the 
Beverley Grazing Project1 was 
selected. It contained adjacent 
stands of crested wheatgrass 
(72.4 acres) and Sandhill prairie 
(382.6 acres). The crested wheat- 
grass acreage was part of a 182- 
acre field seeded in 1947 on land 
abandoned in 1945. From 1947 to 
1954 the area was lightly grazed. 

Fences and watering facilities 
were installed in 1954. The area 
was divided into four pastures, 
three of which were subdivided 
into two fields, one crested 
wheatgrass, one Sandhill prairie. 
In each of these three pastures 
the crested wheatgrass field was 
21 percent of the total area (Fig- 
ure 1). 

Grazing began in 1955. Four 
grazing systems were studied: 

System 1: Crested wheat- 
grass (field la) grazed alone 
May to mid-June, Sandhill 
prairie (field 1) grazed alone 
mid-June through Septem- 
ber. 
System 2: Both crested 
wheatgrass (field 2a) and 
Sandhill prairie (field 2) 
grazed free choice season 
long, May through Septem- 
ber. 
System 3: Crested wheat- 
grass (field 3a) grazed alone 

May to mid-June; both 
crested wheatgrass and 
Sandhill prairie (field 3) 
grazed free choice mid-June 
through September. 
System 4: Sandhill prairie 
grazed from May through 
September (field 4). 

All cattle used were yearling 
or long-yearling steers. They 
were provided by several district 
livestock raisers, and lacked uni- 
formity so the stock allocations 
were on a gross liveweight per 
acre rather than an animal num- 
bers basis. Cattle were weighed: 
in and out of all pastures, when 
moved from field to field, and at 
regular intervals. Weighings 
were made after the cattle had 
been held off feed and water 
overnight. 

Animal weights, pounds gain, 
and stocking data were used to 
compute the stocking rates in 
animal unit months (A.U.M.; one 
animal unit month-l,000 pounds 
of beef animal for 30 days) and 
the gain in pounds of beef, per 
animal and per acre for all sys- 
tems. The stocking rates are 
given in Table 1. The total di- 
gestible nutrients (T.D.N.) per 
acre produced by each system 
was computed from cattle 
weight and gain data using 
tables prepared by Sylvestre and 
Williams (1952). Computed 
T.D.N. is a useful measure of 
production because it includes an 
estimate for maintenance re- 
quirements and allows an inter- 
pretation of the pasture potential 
for different classes of livestock. 
The floristic composition and 
basal area of the vegetation of all 
crested wheatgrass and Sandhill 
prairie fields were measured at 
yearly intervals using the point 
method of Clarke et al. (1942). 

Results 
Stocking Rate 

Grazing began about mid-May 
each year (earliest date May 6, 
1959; latest May 16, 1955, 1956). 
The cattle in pastures 1 and 3 
had access to the Sandhill prairie 
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Table 1. Stocking rates in acres per animal unif monfhl. 

Projected 
stocking 

Rate 1955 1956 1957 1958 1959 1960 1961 Av. Av.2 
System 1 2.0 2.6 1.7 1.9 2.1 2.0 2.3 9.7 3.2 2.1 
System 2 2.0 2.3 1.5 1.9 1.8 2.0 2.1 3.5 2.2 1.9 
System 3 2.0 2.7 1.6 2.0 2.8 1.9 2.3 3.4 2.4 2.2 
System 4 3.0 2.5 2.3 3.0 3.1 3.4 10.9 4.7 4.3 2.9 
1 Animal Unit Month-1000 lb. of beef animals for 30 days. 
2 1955 to 1959, incl. 

fields after mid-June (earliest 
date June 8, 1957; latest June 22, 
1960). The average stocking rate 
for fields la and 3a was 1.6 acres 
per A.U.M., and the average 
grazing season 37 days (longest, 
51; shortest, 25 days). The cattle 
were usually removed in late 
September or early October 
(earliest Sept. 7, 1960; latest 
October 12, 1959). The average 

June 22 after 43 days of grazing. 
Cattle were not grazed in the 
Sandhill prairie field of pasture 
1 in 1961. In the other three 
pastures grazing ended on Au- 
gust 3. 

Beef Producfion 

The gains per animal from the 
three grazing systems, 1, 2, and 
3, which included crested wheat- 

Table 2. The average producfion of beef and T.D.N. of four pasture systems. 

Pasture productivity 

Computed average 
Average annual Average annual annual T.D.N. 
gain per animal gain per acre consumption per acre 

---- (Pounds) - - - - 
System 1 211 34.7 187 
System 2 233 38.7 181 
System 3 243 34.9 193 
System 4 185 20.1 118 

Sig. Diff. at 1% level N.S. 7.2 60 

grazing season was 137 days. 
This trial was conducted over 

a period which included one of 
the most severe and long lasting 
sequences of below average pre- 
cipitation on record (Table 3). 
Despite the prolonged drought 
the individual pastures main- 
tained their allocation of cattle 
until 1960. In 1960 the cattle 
were removed from pasture 4 on 

1The Beverley Grazing project, a 
1200-acre portion of the Webb- 
Swift Current P.F.R.A. Community 
Pasture, is a joint undertaking of 
district livestock raisers; the Re- 
search Branch, Canada Department 
of Agriculture; and the Prairie 
Farm Rehabilitation Administra- 
tion, Canada Department of Agri- 
culture. It is located in the Lesser 
Sandhills 14 miles west of Swift 
Current, Saskatchewan. 

grass fields were similar and 
somewhat higher than those of 
system 4 which utilized only 
Sandhill prairie. The combina- 
tion of higher individual animal 
gains and higher stocking rates 
in these systems resulted in very 
significantly greater total beef 
production. This is best seen by 
comparing the annual gains per 
acre which are given in Table 2. 
Computed T.D.N. per acre allows 
an estimate of the amount of nu- 
trients removed by the cattle 
grazing each system. More 
T.D.N. was consumed in pastures 
1, 2, and 3 than in pasture 4. 

Pasture productivity varied 
from year to year (Table 3). Sim- 
ple correlations between produc- 
tivity measurements and annual 
and May-June precipitation 
were computed. The best cor- 
relations were: 

Portion of 
Correlation variation 

Correlation coefficient accounted 
R for R2 

Annual (percent) 

precipitation: 
T.D.N. 
Consumed 0.82 67.2 

May- June 
precipitation: 
T.D.N. 
Consumed 0.79 62.4 

Table 3. Variation in fhree measures of pasture productivity of Sandhill 
prairie as influenced by precipitation. 

Precipitation1 Pasture productivity 

Average 
Average Average annual T.D.N. 

Growing2 annual gain annual gain consumption 
Annual season per animal per acre per acre 

1955 17.31 
1956 13.15 
1957 11.80 
1958 11.50 
1959 13.99 
1960 12.43 
1961 8.89 

- - (Pounds) - - 
5.25 216 38.4 225 
4.89 231 42.6 226 
1.97 275 33.1 170 
1.56 221 28.1 133 
5.44 254 32.4 182 
3.26 184 29.9 148 
2.25 148 20.4 103 

76 year average 14.70 
Sig. Diff. 

at five percent level 
Sig. Diff. 

at one percent level 
1 At Swift Current. 
2 May- June rainfall. 

4.68 

59 7.0 58 

88 9.6 80 
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Table 4. Basal area of crested wheaigrass fields. 

1955 1959 1961 
Species Field Field 

Area la 2a 3a Reserve la 2a 3a Reserve 

------- (Percent) - - - - - - - 
Crested wheatgrass 3.7 8.0 5.0 5.4 3.6 6.7 4.8 4.7 3.2 
Other grasses 1.2 1.0 1.0 0.1 0.7 0.6 0.1 0.7 
Forbs T 0.1 0.3 0.1 T 0.1 0.1 0.2 
Annual weeds 0.2 T 0.4 0.2 0.6 T 0.5 0.3 
Total 3.7 9.4 6.1 7.1 4.0 8.0 6.5 5.4 4.4 

The years of below average 
precipitation years had a pro- 
gressive effect on production. 
This effect was very significant 
in terms of gain per animal and 
gain per acre after four years of 
low rainfall. On the other hand, 
the effect of drought on T.D.N. 
consumption (computed) became 
significant after one dry year. 

Vegekafion Studies 

Crested wheatgrass basal area 
was low in 1955 prior to the 
trial but increased in all fields 
by 1959 (Table 4). In 1961 it was 
down from 1959 but greater than 
in 1955. The basal area in the 
reserve field (Figure 1) did not 
change appreciably from 1955 to 
1961. Visual observations were 
that the system fields were more 
productive than the less heavily 
used, reserve field. The reasons 
for this and the increased basal 

area are not readily apparent. 
Somewhat similar increases in 
production were observed (Lodge 
1960) on spring grazed crested 
wheatgrass which received addi- 
tional inputs of dung and urine 
as a result of sheep congregating 
on burned plots. The differences 
in basal area between fields la, 
2a and 3a in 1959 and in 1961 
may be related to the grazing 
patterns of the animals. In field 
la the cattle had access to crested 
wheatgrass only in the May-June 
period. They could graze fields 
2a and 3a from May to Septem- 
ber. Utilization of the crested 
wheatgrass field 2a in the May- 
June period was less than that of 
fields 3a and la. However, in 
pasture 3 the cattle seemingly 
became conditioned to using 
crested wheatgrass and were ob- 
served to return to field 3a 
throughout July, August, Sep- 

tember and October. This use of 
field 3a was associated with 
weather conditions. When cool, 
moist weather prevailed the cat- 
tle habitually returned to the 
crested wheatgrass. This tend- 
ency to use crested wheatgrass 
in inclement weather increased 
as the grazing season progressed. 
Additional use of crested wheat- 
grass also occurred in pasture 2 
but was less marked. These dif- 
ferent degrees of summer use 
may have influenced the basal 
area. The decrease in basal area 
of crested wheatgrass in all 
fields la, 2a, and 3a from 1959 to 
1961 is probably an effect of the 
progression of drought years. 
Basal area data for species other 
than crested wheatgrass show 
that there was little invasion of 
the stands, and that the inci- 
dence of other species had no 
particular relation to the differ- 
ent grazing treatments. 

The basal area of Sandhill 
prairie and the principal species 
indices of the various fields in 
certain years were compared 
using the basal area of the prin- 
cipal species (needle-and-thread, 
blue grama and wheatgrasses) of 
field 1 in 1955 as the base index 
(basal area principal species 
field 1, 1955 = 8.0 = 100). It 

Table 5. Change in basal area of Sandhill grassland fields under four grazing systems. 

1951 1955 1959 1962 

Species Field Field Field 
Area 1 2 3 4 1 2 3 4 1 2 3 4 

Needle and thread 
Blue grama 
Wheatgrassesl 

-----------_ (percent) - - - - _ - - - - - - - 

2.9 4.2 4.3 3.2 3.0 3.4 3.6 2.9 3.4 1.6 0.7 1.7 1.4 
1.6 1.3 1.2 2.0 1.3 0.6 1.6 1.4 0.4 0.4 0.5 0.5 0.2 
1.1 2.5 2.5 2.7 3.0 1.5 1.1 2.2 2.9 0.6 1.2 1.6 2.0 

Principal species indices 70 100 100 99 91 69 79 81 84 33 30 48 45 

Principal species 5.6 8.0 8.0 7.9 7.3 5.5 6.3 6.5 6.7 2.6 2.4 3.8 3.6 
Percent of total 54 55 56 62 66 62 59 53 66 48 51 51 65 

Other & grasses sedges2 3.1 3.8 3.1 2.9 1.7 2.3 3.6 4.2 1.8 0.6 0.9 0.7 1.0 
Pasture sage 1.7 1.6 2.1 1.7 2.0 0.8 0.3 0.8 1.1 0.6 0.6 0.6 0.6 
Other forbs T 1.0 0.8 0.2 0.1 0.2 0.4 0.7 0.5 1.5 0.5 0.4 0.3 
Annual weeds - - - - - - - - - 0.1 0.3 T T 

Total 10.4 14.4 14.0 12.7 11.1 8.8 10.6 12.2 10.1 5.4 4.7 5.5 5.5 

1 Principally Northern wheatgrass, also Western wheat grass. 
2 Principally Plains reedgrass, Sandberg’s bluegrass, Sand reed grass, Junegrass, Thread-leaved sedge, Sun-loving 

sedge. 
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should be remembered that the 
annual precipitation for this area 
was below average from 1945 to 
1949, above average from 1950 to 
1955 and that this area was 
under-utilized from 1947 to 1955. 

Comparison of the principal 
species indices shows that the 
principal species increased be- 
tween 1951 and 1955, and that all 
grazing treatments reduced the 
principal species basal area in 
the first five years of this trial. 
The 1959 indices for field 2, 3, 
and 4 were greater than the 
index for 1951. Indices for 1962 
show dramatic basal area reduc- 
tions after two more years of 
grazing and two additional years 
of drought. In general this re- 
duction can be attributed to 
drought. However, the several 
grazing treatments also had 
their effect. Field 3 was stocked 
at an average rate of 2.2 acres 
per A.U.M., comparable to the 
average rates for fields 1 and 2 
of 2.1 and 1.9 acres per A.U.M., 
respectively. Despite this, the 
principal species index for field 
3 stood at 48 in 1962, comparing 
favorably with the index of 45 
for field 4 which was stocked at 
the considerably lighter average 
rate of 2.9 acres per A.U.M. 

Table 5 shows that needle and 
thread, blue grama, and wheat- 
grasses together had a basal 
area of 5.6 percent of a total 
basal area of 10.4 in 1951; that is, 
they comprised 54 percent of the 
total basal area. Despite drought 
or different grazing treatments, 
it is significant that the valuable 
forage species did not markedly 
decline in relative abundance 
during this trial. 

There are very considerable 
advantages in the use of grazing 
systems which utilize crested 
wheatgrass. Gain per animal is 
increased, and because these sys- 
tems allow heavier stocking the 
gain per acre is increased. These 
system then are not supplemen- 
tary but complementary in that 
they allow a twofold production 
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increase. The rapidly increasing 
cattle population of the area is 
increasing the demand for range 
pasture. The adoption of these 
systems will help satisfy this de- 
mand. 

The question of which system 
is the better cannot be answered 
from the evidence but there are 
certain inferences that can be 
made. The crested wheatgrass 
fields, despite the continuing 
drought, always produced suffi- 
cient forage for animal mainte- 
nance and gain. The story of the 
Sandhill prairie fields is not as 
satisfactory as it was found nec- 
essary to shorten the grazing 
season in 1960 and 1961. How- 
ever, it should be pointed out 
that substantial reductions in 
use were necessary only in sys- 
tems 1 and 4. Of the three sys- 
tems with crested wheatgrass, 
system 1 was the least satisfac- 
tory. The animal production fig- 
ures show no significant differ- 
ences between system 2, use of 
both crested wheatgrass and 
Sandhill prairie from May to 
October, and system 3, use of 
crested wheatgrass only in May 
and June, and use of both Sand- 
hill prairie and crested wheat- 
grass from June on. However, 
the reaction of the Sandhill 
prairie to these two systems 
should be considered. In 1955 at 
the start of the grazing trial the 
vegetation of these fields was 
comparable. At the end of seven 
years the Sandhill prairie of 
field 3 had a higher basal area 
of the valuable forage grasses 
and a higher total basal area. In 
1962 it was the only field which 
still had more than trace 
amounts of high yielding west- 
ern porcupine grass (Stipa spar- 
tea var. curtiseta). The comple- 
mentary grazing system with the 
most merit was that in which 
one acre of crested wheatgrass 
and four acres of Sandhill prairie 
were used, and the crested 
wheatgrass was grazed in the 
spring and both the Sandhill 

prairie and crested wheatgrass 
were grazed in summer and fall. 

Summary 

Three grazing systems which 
utilized crested wheatgrass and 
Sandhill prairie were compared 
with each other and with Sand- 
hill prairie used alone. All three 
of these grazing systems had 
equal ratios of crested wheat- 
grass and Sandhill prairie but 
the length of season of use or 
accessibility of the crested 
wheatgrass was different. The 
three complementary grazing 
systems studied had advantages 
compared to Sandhill prairie 
alone. They gave increased live- 
weight gain on yearling steers, 
and as a result of increased 
carrying capacity, increased beef 
production per acre. 

The system, spring use of 
crested wheatgrass, summer-fall 
use of both crested wheatgrass 
and Sandhill prairie, appeared to 
have merit over the other two 
systems. At the end of seven 
years of grazing the vegetation 
of the Sandhill prairie had a 
greater basal area of the valu- 
able forage grasses. 
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On foothill rangelands of the 
Intermountain area it is a com- 
mon practice to remove big sage- 
brush (Artemisia tridentata) 
prior to seeding grasses. This 
practice has proved to be suc- 
cessful in many respects, but 
sagebrush frequently reinvades 
and reduces the production po- 
tential of the seeded grass. Re- 
invasion occurs even in areas 
where good stands of grass have 
been obtained and grazing by 
livestock has been light. 

Competition between big sage- 
brush and grass may be con- 
siderable since the growth of 
both is determined by the avail- 
ability of soil moisture during 
late spring and summer. 

The investigation reported 
herein was initiated in the 
spring of 1957 on seeded foothill 
range in central Utah where 
sagebrush had reinvaded follow- 
ing plowing and seeding opera- 
tions. The extent of competition 
between sagebrush and grass 
was determined by studying dif- 
ferences in soil moisture, grass 
production, and grass vigor be- 
tween areas treated with herbi- 
cide to control sagebrush and 
those left untreated. The extent 
of root development by sage- 
brush and grass on untreated 
areas was also studied. 

Review of Literature 
Reinvasion of sagebrush fol- 

lowing its control is to be ex- 
pected according to Hyder 
(1954). The period of most ac- 
tive reestablishment of sage- 
brush subsequent to its control 

1A cooperative study between the 
Utah Agr. Exp. Sta. and the Bu- 
reau of Land Management. 

has been reported to occur im- 
mediately after brush removal 
(Frischknecht and Bleak, 1957). 
Their study showed that approx- 
imately three-fifths of the sage- 
brush plants counted at the end 
of ten years following seeding 
had become established within 
two years after removal. Blais- 
dell (1949) found that as young 
sagebrush plants became larger 
they caused a reduction in grass 
density and yield, and eventu- 
ally gained a prominent position 
in the stand. 

Robertson (1947) noted that 
brush eradication increased for- 
age production through in- 
creased vigor of the native 
grasses. Numerous studies have 
shown that eradication of sage- 
brush increased ground cover 
and production of native grasses 
(Alley and Bohmont, 1958; Alley, 
1956; Hyder, 1954; Hull et al., 
1952; and Cornelius and Graham, 
1951). 

It was observed by Weaver 
and Clements (1938) that the 
taproot system of big sagebrush 
branched widely and penetrated 
to a depth of five to 11 feet. In 
addition, a highly developed sys- 
tem of laterals allowed absorp- 
tion in the shallower soil depth. 
A tendency of sagebrush roots to 
concentrate above a depth of 15 
inches was noted by Robertson 
(1943). 

Experimental Area 
The area studied is typical 

foothill range in central Utah. 
It is located on gentle, rolling 
ground adjacent to the steeper 
foothill slopes. The soil is a light 
brown silt loam, weakly calcar- 
eous, and somewhat structure- 
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less, breaking into single grains. 
A clay hard pan exists at 

depths ranging from 14 to 22 
inches. Coarse gravel imbedded 
in clay occurs from 14 to 30 
inches below the soil surface. 

The mean annual precipitation 
at Eureka, Utah, near the study 
area for the period of 1931-1955 
was 14.5 inches, eight inches of 
which fell between December 
and May. Precipitation during 
the years 1957 to 1961, while the 
study was in progress, amounted 
to 13.7, 10.6, 12.6, 11.2, and 12.9 
inches, respectively. The precipi- 
tation during 1962 prior to ter- 
mination of the study was about 
average. 

The experimental pastures 
were plowed in the summer of 
1951 to eradicate big sagebrush, 
and various pastures were 
seeded the following fall to mix- 
tures or pure stands of crested 
wheatgrass (Agropyron crista- 
tum)2, intermediate wheatgrass 
(Agropyron intermedium), or 
tall wheatgrass (Agropyron 
elongatum). A reasonably good 
stand of grass was established, 
yet sagebrush reinvasion was 
rapid and extensive. By 1957, the 
sagebrush had gained a uniform 
and dense distribution over the 
entire seeded areas. A good 
stand of seeded grass remained, 
but the competition with sage- 
brush had greatly reduced its 
productiveness. 

Methods and Procedures 
The pastures were about 70 

acres in area and were grazed 
lightly by sheep during the 
spring of each year, starting in 
1954, until the areas were 
treated with herbicide. 

In 1957 and 1958 areas of 
seeded crested and intermediate 
wheatgrass were treated, in 1959 
areas of crested and tall wheat- 
grass were treated, and in 1960 
areas seeded to tall wheatgrass 
and mixtures of the three spe- 

2The crested wheatgrass seeded was 
a commercial purchase and con- 
tained both Standard and Fairway 
varieties of crested wheatgrass. 
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ties were treated. Herbicide 
(2,4-D, 50 percent isopropyl ‘and 
50 percent butyl ester) was ap- 
plied in all instances at the rate 
of three pounds of active acid 
per acre during the last week in 
May to control sagebrush on the 
experimental plots. All treat- 
ments were applied in two repli- 
cations in each pasture for each 
species in plots 80 feet wide and 
1000 feet long. All treated areas 
were protected from grazing for 
three growing seasons following 
the application of herbicide. 

A jeep-mounted power sprayer 
that had a 20-foot boom fitted 
with No. 1 nozzles under a pres- 
sure of about 70 pounds per 
square inch was used to apply 
the herbicide. 

Data on the effectiveness of 
herbicide application in killing 
the sagebrush were collected the 
year following treatment by 
using a lOO-foot belt transect 
one-foot wide. Seven of these 
transects were randomly located 
in each treated area. An esti- 
mate of foliage reduction as a 
result of the herbicide was re- 
corded for each sagebrush plant 
encountered in the transects. 

Soil moisture samples were 
collected during three successive 
summers following each spray 
treatment. Paired soil samples 
in sprayed and unsprayed areas 
were taken at three depths (one, 
two, and three feet). Twelve 
sample locations, equal distances 
apart, were established in both 
the treated and untreated areas. 

Grass production was deter- 
mined each fall for three years 
following treatment. Herbage 
production was measured by 
clipping circular plots 9.6 square 
feet in area. Grass plants in the 
paired plots of sprayed and un- 
sprayed areas were clipped at 
one inch above the ground. For 
each treatment comparison, 25 
paired plots were clipped. In 
each plot a random plant in the 
northwest quarter was measured 
for height and leaf length. 

Root studies were made on un- 
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treated areas during the fall of 
1959 by digging a trench five 
feet deep and five to 30 feet long 
with a back hoe digger mounted 
on a tractor. With the aid of an 
ice pick, the soil was removed 
from around the roots. Measure- 
ments were made of the distri- 
bution of roots of both grass and 
sagebrush plants growing adja- 
cent to one another in a four- 
inch wide bisect dissecting the 
center of the individual plants. 

The number of sagebrush 
plants for age groups was deter- 
mined in each untreated area by 
counting the number of plants 
intercepted by a line transect 
100 feet long. Ten transects were 

c %-1 

recorded in each replication. The 
age of sagebrush present in the 
control areas was determined by 
counting growth rings on a ran- 
dom sample consisting of 420 
plants. 

Resulfs and Discussion 

In the fall of 1959 most sage- 
brush plants in the study area 
were seven to eight years of age. 
Slightly more than 71 percent of 
the sagebrush plants had become 
established within two years 
after brush removal. This was 
concurrent with the establish- 
ment of the seeded grasses. 

The degree of brush invasion 
was somewhat different on the 

FIGURE 1. A soil-root profile of three sagebrush plants and two grass plants drawn to 
scale as they were actually found in the field. Scaled in six-inch intervals to a 
maximum depth of 72 inches. 
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Table 1. Average measuremenis of wheafgrass and big sagebrush plants on untreated areas. 

Average Number Number Number 
Maximum Concentration zone lateral root Crown Plant roots roots at plants 

depth depth width spread1 diameter height from crown max. depth studied 
-__-----__---- (Inches) _ _ _ _ - - - - - - 

Sagebrush 7-8 years old 
60.02 10.7 12.4 34.4 .84 13.0 1.0 2.9 43 

Sagebrush 2-3 years old 
21.7 6.5 4.7 11.9 .20 4.2 1.0 2.0 19 

Intermediate wheatgrass 8 years old 
54.9 11.2 13.1 22.3 - 16.8 68.4 6.4 15 

Crested wheatgrass 8 years old 
58.1 10.2 12.6 23.9 3.0 14.3 59.9 3.5 18 

Tall wheatgrass 8 years old 
50.8 10.5 14.4 24.2 4.1 19.5 66.9 3.5 13 

1 Represents diameter of lateral root spread beneath the plant. 
2 A few sagebrush roots penetrated beyond this depth, but no grass roots were observed to go deeper. 

areas treated during the various 
years. The area treated in 1957 
had an average of 32.1 plants per 
100 square feet and a canopy 
cover of 12.6 percent; the area 
sprayed in 1959 had only 14.9 
plants per 100 square feet and a 
7.3 percent canopy cover. Areas 
sprayed in 1958 and 1960 had 
less sagebrush invasion than the 
areas sprayed in 1957 but more 
than the areas sprayed in 1959. 

Kill of Sagebrush 
The control of sagebrush var- 

ied with year of treatment. Dur- 
ing 1960 the herbicide killed 96.8 
percent of the plants and 99.5 
percent of the foliage; in 1959 
only 58.9 percent of the sage- 
brush plants were killed and 
only 76.3 percent of the foliage. 
The control of sagebrush in the 
other two years of the study 
were intermediate between 1960 
and 1959. 

root spread was 34.4 inches, 22.3 
inches, 23.9 inches, and 24.2 
inches for sagebrush, intermedi- 
ate, crested, and tall wheatgrass, 
respectively. The longer lateral 
roots of sagebrush frequently 
would extend completely 
through and beyond the zone of 
root concentration of adjacent 
grass plants. A few of the older 
sagebrush plants had maximum 
lateral diameters of more than 
50 inches. The spread of roots 
for all three species of grass was 
somewhat less than the spread 
of roots of the older sagebrush 
plants (Table 1). 

The average maximum depths 
of the roots were 21.7, 54.9, 58.1, 
and 50.8 inches for younger sage- 
brush, intermediate, crested and 
tall wheatgrass plants, respec- 
tively. Approximately three 
branches of the main taproot of 
the older sagebrush plants pene- 
trated beyond the bottoms of the 
trenches which were dug to a 
depth of 60 inches. The grass 
roots at maximum depth were 
small and not widely branched. 

This study verified that sage- 
brush has a branching taproot 
with a highly developed system 
of lateral roots that tend to con- 

Root Distribution of Sagebrush 
and Grass 

The roots of big sagebrush and 
grass were found to be in the 
same general zones (Figure 1). 

The zone of root concentration 
for the older sagebrush plants 
and the three species of grass 
was approximately 11 inches 
deep and 12 to 14 inches in diam- 
eter (Table 1). The area of root 
concentration of young sage- 
brush plants was approximately 
one-fifth that of the older sage- 

FIGURE 2. Experimental area on seeded foothill range showing response of intermediate 
wheatgrass (at left) to control of sagebrush with herbicides. Picture was taken 3 
vears after smavine: and 9 vears after seeding. brush plants. Average lateral . _ _ _ , 



248 

centrate in the zone above 15 
inches as reported by Robertson 
(1943) and Weaver and Clements 
(1938). All three species of 
wheatgrass appear to have a 
zone of root concentration al- 
most identical with that of sage- 
brush. In addition, sagebrush 
roots were found at maximum 
depths of all grass roots. Thus, 
direct competition for available 
soil moisture exists between 
sagebrush and grass because 
they have similar root distribu- 
tions and the plants are actively 
growing during the same sea- 
son. During extreme drought 
older sagebrush plants would 
have the advantage over grasses 
because of deeper root penetra- 
tion. 

Soil Moisture 

Differences in soil moisture 
among the areas occupied by the 
various grass species cannot be 
compared because years were 
confounded with species treated. 
Differences b et w e en sprayed 
and unsprayed areas, however, 
can be compared statistically. 
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In most cases the percent soil 
moisture was significantly 
greater on sprayed plots at the 
two- and three-foot depths dur- 
ing the first two growing seasons, 
but in only one case was the dif- 
ference significantly greater in 
the surface foot (Table 2). No 
significant differences in soil 
moisture were found between 
sprayed and unsprayed area dur- 
ing the third year following 
treatment. Differences in soil 
moisture on sprayed plots com- 
pared to unsprayed plots in- 
creased soil depth (Table 2). 

Grass Response 

Production: Three years after 
the original seedings were made, 
production averaged 699 pounds 
per acre for crested, 719 for in- 
termediate, and 783 for tall 
wheatgrass (Table 3). After four 
to seven years of light use and 
reinvasion by sagebrush, these 
same pastures were producing 
from 30 to 70 percent less forage. 
This reduction was believed to 
be primarily a result of sage- 
brush invasion since ungrazed 

exclosures in each of the experi- 
mental pastures showed compar- 
able reductions in forage yield 
over the same period. 

Comparisons of production 
among the seeded species fol- 
lowing the application of herbi- 
cide are not possible since the 
species were not all treated or 
harvested the same years. Pro- 
duction differences between 
sprayed and unsprayed areas 
can be compared. Grass produc- 
tion was significantly increased 
in all cases by spraying (Figure 
2). The average increase was 688 
pounds per acre for crested 
wheatgrass, 322 pounds for in- 
termediate wheatgrass, and 855 
pounds for tall wheatgrass 
(Table 3). 

Production on sprayed areas 
was greatest after the second or 
third growing season following 
treatment. Differences in pro- 
duction between the sprayed 
and unsprayed areas also were 
greatest after the second or third 
year except for intermediate 
wheatgrass. The difference in 
yield of intermediate wheatgrass 

Table 2. Average soil moisture on sprayed and unsprayed areas for three seeded wheafgrass species during July 
and August for three years following the application of herbicides.1 

Year 
following Crested Wheatgrass Intermediate Wheatgrass Tall Wheatgrass 
treatment2 Depth Sprayed Unsprayed Diff. Sprayed Unsprayed Diff. Sprayed Unsprayed Diff. 

Feet _ _ _ - - _ - - - - _ _ _ - (Percent) _ _ _ - _ _ - - - - _ _ _ _ 

1 1 8.9 8.2 0.7 9.1 6.9 2.2” 10.1 9.2 0.9 
2 10.6 9.6 1.0” 9.8 8.2 1.6* 10.7 9.6 1.1” 
3 11.8 9.7 2.1” 10.7 8.2 2.5” 10.8 9.7 1.1* 

avg. 10.4 9.2 1.2** 9.9 7.8 2.1”” 10.5 9.5 1.0” 

2 1 8.8 ‘8.0 0.8 6.4 5.9 0.5 8.7 8.1 0.6 
2 9.1 8.4 0.7 7.4 6.3 1.1’ 10.1 9.4 0.7 
3 10.2 8.5 1.7” 8.1 6.7 1.4* 10.7 9.2 1.5”’ 

avg. 9.4 8.3 1.1** 7.3 6.3 1.0”” 9.8 8.9 0.9” 

3 1 8.2 8.1 0.1 8.0 7.9 0.1 6.6 7.2 -0.6 
2 9.3 9.0 0.3 8.7 8.7 0.0 9.8 10.0 -0.2 
3 9.5 9.4 0.1 9.0 8.9 0.1 10.1 10.1 0.0 

avg. 9.0 8.8 0.2 8.6 8.5 0.1 8.8 9.1 -0.3 
1 Average percent moisture at wilting point (wilting coefficient at 15 atmospheres pressure) is 10.0, 8.9, and 9.0 at 

the one-, two- and three-foot levels, respectively. 
sAverages for crested wheatgrass include three separate sprayings during three separate years, 1957-58-59. Inter- 

mediate wheatgrass and tall wheatgrass include two separate sprayings during two separate years, 1957-58 and 
1959-60, respectively. 
*Statistically significant at the .05 probability. 

**Statistically significant at the .Ol probability. 
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Table 3. Average air dry production, plant height, and leaf length for the wheaigrasses where sagebrush com- 
pefiiion was controlled by fhe application of herbicide compared fo untreated areas. 

Species1 

Crested 
wheatgrass 

Production following Plant Leaf 
1954 spraying height length 

Produc- 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 
Treatment tions year year year year year year year year year 

--._(lbs/acre)---_ ---_--_--(cm) -__--___ 
Sprayed 974 869 1012 63 40 41 10.9 9.4 10.4 
Unsprayed 699 360 273 314 59 42 40 10.2 9.3 10.3 
Difference 614** 596”” 688** 4” -2 1 0.7 0.1 0.1 

Intermediate Sprayed 882 782 934 78 65 60 24.0 19.0 18.2 
wheatgrass Unsprayed 719 560 630 624 57 53 54 19.5 17.3 17.0 

Difference 322” 152” 310** 21”” 12* 6 4.5** 1.7 1.2 

Tall 
wheatgrass 

Sprayed 505 1188 1065 53 93 82 23.6 29.6 27.7 
Unsprayed 783 260 333 325 45 83 78 20.2 25.5 26.2 
Difference 245* 855”” 740”” 8* lO* 4 3.4” 4.1* 1.5 

1 Averages for crested wheatgrass include three separate sprayings during three separate years, 1957-58-59. Inter- 
mediate wheatgrass and tall wheatgrass include two separate sprayings during two separate years, 1957-58 and 
1959-60, respectively. 

2Areas seeded in 1951. Production taken at end of third growing season. 
*Statistically significant at the .05 probability. 

**Statistically significant at the .Ol probability. 

on sprayed and unsprayed areas 
was slightly higher the first year 
following treatment compared 
to the second or third year. 

Vigor: Plant vigor was evalu- 
ated on the basis of plant height 
and leaf length. Height of 
grasses was always greatest on 
sprayed areas (Table 3). Differ- 
ences were more pronounced 
during the first and second year 
following treatment. Three 
years after treatment differences 
were only slight. 

Leaves of all three species of 
grasses were somewhat longer in 
the sprayed areas. Such differ- 
ences were generally greater 
during the first and second year 
following treatment compared to 
the third year (Table 3). These 
differences were statistically sig- 
nif icant only for intermediate 
wheatgrass during the first year 
following treatment, and for tall 
wheatgrass during the first and 
second year following treatment. 

Summary 
From 1957 to 1962 a study was 

conducted on foothill range in 
central Utah to determine the 
competitive effect of sagebrush 
on seeded grasses. 

About 71 percent of the rein- 
vading sagebrush present in the 
seeded areas was established two 
years after brush removal. The 
intensity of brush invasion 
ranged from 32.1 to 14.9 plants 
per 100 square-foot plot. 

Death of brush from 2,4-D 
esters varied from 96.8 to 58.9 
percent. 

The zones of root concentra- 
tion for sagebrush and the three 
seeded wheatgrasses were ap- 
proximately the same. The av- 
erage maximum depth of roots 
for the wheatgrasses was 51 to 
58 inches while roots of the older 
sagebrush plants penetrated be- 
yond 60 inches. Thus, direct 
competition for soil moisture is 
indicated between sagebrush 
and grass. 

Soil moisture was significantly 
higher in sprayed than in un- 
sprayed areas during the mid- 
summer for two years following 
treatment. This difference in- 
creased with increased soil 
depth. No significant differences 
in soil moisture between sprayed 
and unsprayed plots were found 
during the third summer follow- 
ing treatment. 

Yields increased after spray- 
ing by as much as 688 pounds 
per acre for crested wheatgrass, 
322 pounds for intermediate 
wheatgrass, and 855 pounds for 
tall wheatgrass. 

Grass plants on sprayed areas 
were taller and had longer 
leaves than plants on unsprayed 
areas during the first two years 
following treatment. Differ- 
ences were only slight during 
the third year. 
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Management by definition is 
the act or art of conducting for 
a purpose. In pasture or range 
management, one of the major 
objectives is the harvesting of 
an optimum of marketable prod- 
uct, usually either meat or milk, 
from an area of forage managed 
to provide a sustained or increas- 
ing level of production. 

Traditionally, pasture or range 
management involves both live- 
stock and forages each of which 
must be treated individually. 
Yet the utilization of forage pro- 
duced is totally dependent on 
livestock and vice versa. 

The purpose of this paper is to 
summarize and present seven 
years of data concerning the 
relative efficiency with which 
forage is harvested by cattle in 
a cow-calf operation. 

Literature Review 

Until relatively recent years, 
cattle production in the south- 
east consisted of grazing native 
species on open ranges. Williams, 
et al., (1955) reported the nutri- 
tive value of such forages gen- 
erally was highest between 
March 1 and July 1. During that 
time, most livestock gained 
weight. Between July 1 and 

1Journal Paper No. 1 of the Branch 
Experiment Stations of the Univer- 
sity of Georgia, College of Agri. 
Expt. Stations. 

September 15, most mature cat- 
tle maintained their weight. 
After September 15, all cattle 
lost weight until new grass 
growth started the next spring. 
They further reported that herds 
grazing ranges most of the year 
usually weaned 50 percent calf 
crops that weighed 250-300 
pounds. Such poor performance 
was due to both inadequate 
quantity and low quality forage. 
By fertilizing Coastal Bermuda- 
grass (Cynodon dactylon) or 
Pensacola bahiagrass (Papalum 
notatum) sufficient quantities of 
forage with quality adequate to 
meet cow needs can be produced 
(Beaty et al 1961; Burton 1954). 
Williams et al (1955) suggested 
feeding protein concentrates to 
increase the nutrition of cows on 
ranges. 

An additional reason for poor 
calf weights was that calves on 
range were dropped year long 
and were often sired by scrub 
bulls. Marlow and Gaines (1959) 
have shown that lack of calf 
growth is usually due to poor 
nutrition and can be partially 
offset by creep feeding. The use 
of superior bulls needs no justi- 
fication. 

Procedure 
In 1955, 100 acres of Red Bay 

Loamy sand at the Americus 
Plant Materials Center were al- 
lotted to a forage-beef manage- 

ment enterprise. The area was 
stocked initially on March 10, 
1955, with 30 pregnant mature 
grade Hereford beef cows with 
known fairly good production 
records. The cows were grazed 
on the area year long with sup- 
plemental hay that was grown 
on the area fed to them during 
times when grass was not avail- 
able for grazing. Such periods 
were usually from November 15 
to April 1 when Coastal Ber- 
mudagrass and Pensacola bahia- 
grass were not growing. Cotton 
seed meal was fed one pound per 
cow per day between November 
20 and January 15, and two 
pounds per day from that time 
until April 15. The cows were 
bred to performance tested bulls 
from the Coastal Plain Experi- 
ment Station from about April 1 
to July 1. 

About January 15, after cows 
started calving, two pounds of 
ground-snapped corn were also 
fed daily to each cow for approx- 
imately 90 days. The cows and 
calves were grazed together 
until calves were weaned and 
weighed, usually in September 
or October. 

Sixty acres of Pensacola ba- 
hiagrass and 40 acres of Coastal 
Bermuda were split into four 
pastures, any of which was fer- 
tilized when additional forage 
was needed. Stocking rates av- 
eraged approximately one cow 
and calf per three acres and fer- 
tilizer applications averaged 25 
pounds of nitrogen, 12 pounds of 
P and 24 pounds of K per acre 
annually. Pastures were kept 
clean by harvesting hay for win- 
ter use or by burning in March. 

Resulfs and Discussion 
A forage-beef operation as a 

general rule is considered to be 
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tle maintained their weight. 
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They further reported that herds 
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pounds. Such poor performance 
was due to both inadequate 
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were usually from November 15 
to April 1 when Coastal Ber- 
mudagrass and Pensacola bahia- 
grass were not growing. Cotton 
seed meal was fed one pound per 
cow per day between November 
20 and January 15, and two 
pounds per day from that time 
until April 15. The cows were 
bred to performance tested bulls 
from the Coastal Plain Experi- 
ment Station from about April 1 
to July 1. 

About January 15, after cows 
started calving, two pounds of 
ground-snapped corn were also 
fed daily to each cow for approx- 
imately 90 days. The cows and 
calves were grazed together 
until calves were weaned and 
weighed, usually in September 
or October. 

Sixty acres of Pensacola ba- 
hiagrass and 40 acres of Coastal 
Bermuda were split into four 
pastures, any of which was fer- 
tilized when additional forage 
was needed. Stocking rates av- 
eraged approximately one cow 
and calf per three acres and fer- 
tilizer applications averaged 25 
pounds of nitrogen, 12 pounds of 
P and 24 pounds of K per acre 
annually. Pastures were kept 
clean by harvesting hay for win- 
ter use or by burning in March. 

Resulfs and Discussion 
A forage-beef operation as a 

general rule is considered to be 
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Table 1. Average adjusfed weighf of calves as influenced by years 1956-1962 

Year Average weaning weight Percent of average Observations 

1956 
1957 
1958 
1959 
1960 
1961 
1962 

(Pounds) 
439.17 
455.75 
446.07 
431.23 
474.41 
462.25 
485.71 

96.22 
99.85 
97.73 
94.48 

103.94 
101.36 
106.42 

(Number) 
26 
29 
28 
29 
27 
27 
25 

a high investment-low return 
business. Success of ten depends 
upon efficient management. In 
such an operation where animals 
are handled in groups, cash cost 
per cow per year is rather uni- 
form. In this case, average cost 
was calculated at $58.85 per cow 
per year. These cash expenses 
per cow and calf per year con- 
sisted of the following: Veteri- 
nary and spray materials, $4.85; 
salt and minerals, $1.00; cotton- 
seed meal and corn, $4.10; mar- 
keting, $0.80; pasture costs, 
$36.10. Fixed costs were depreci- 
ation, $13.17; taxes, $1.56; and in- 
surance, $0.29; total $15.02. 

Total costs were $73.87 per cow 
per year. Certain potential ad- 
ditional expenses such as in- 
terest on investment, hired labor 
and pasture renovation were not 
included since interest on invest- 
ment may be considered income 
and net returns may be consid- 
ered as returns to lands, labor, 
and management. Costs will 
vary some with size of operation. 
This particular unit was based 
on a 30 cow herd. It would re- 
quire no more land, fences, 
scales, corrals, or pens to in- 
crease the herd to 60 cows. Some 
additional hay storage and rack 
space would be needed. Fixed 
cost per cow should be lowered 
with the larger numbers of ani- 
mals. However, additional ferti- 
lizer, primarily 100 pounds of 
nitrogen per acre would need to 
be applied. Present phosphorus 
and potash applications are ade- 
quate for the higher nitrogen 
rate. An extra bull would be 
required and most other cash ex- 
penses would tend to remain 

about the same per cow. 
Calf weaning weights were ad- 

justed for age and sex of calf, 
age of dam and year of produc- 
tion using least squares co-vari- 
ate analysis. 

the 216 cows two years old or 
older in the herd. A total of 193 
calves were weaned for an aver- 
age of 88.8 percent calf crop. Of 
the 193 calves weaned two were 
twins and were eliminated from 
the statistical calculations to 
prevent possible bias of the data. 
Average age of the 191 calved 
at weaning was 233 days and av- 
erage weight was 461.3 pounds. 
However, when the arithmetic 
mean was adjusted for year ef- 
fect, age of dam, sex and age of 
calf, the calf weaning weight 
based on factors developed for 
this herd was 456.5 pounds. 

Considering the average ad- 
justed calf weight of 456 pounds 
and an average price of $0.22 per 
pound, gross returns per calf of 
$100.32 were obtained. Returns 
to investment, land, labor and 
management were $26.25 per 
cow. 

Returns were influenced by 
calving percentage, death losses, 
weaning weight, which was in- 
fluenced by sex, age at weaning, 
age of dam, and by selling price. 

Over the seven year period, 
the number of calves born to 
cows two years old or older av- 
eraged 94 percent of those bred 
and shows that a satisfactory 
calf crop can be produced on a 
predominantly grass ration 
where adequate quantities of 
reasonably good quality forage 
are provided. During the seven 
year period ten calves were 
either born dead or died at birth. 
This amounts to 5.2 percent of 

Year to year variation in calf 
weaned weights is shown in 
Table 1. The total variation 
amounted to 11.3 percent and 
ranged from 5.52 percent below 
average in 1959 to 6.42 percent 
above average in 1962. Part of 
the year to year variation may 
be attributed to seasonal varia- 
tion in grass quality, and for the 
last four years a rigid culling 
program removed the less pro- 
ductive cows from the herd. The 
increase in calf weaning weight 
indicates the value of perform- 
ance records. Difference in calf 
weaning weights due to year ef- 
fect was significant at the .05 
level. 

Age of dam had a consider- 
able effect on calf weaning 
weight and data are included in 
Table 2. Calves from two-year- 
old cows were 16.1 percent be- 
low average in weight and an 
average of 95 pounds lighter 

Table 2. Effecf of age of cow on adjusted weaning weighf of calves. 

Age of cow 
(Years) 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1956-1962 
Average weaning weight Percent of average Observation 

(Pounds) (Number) 
328.95 83.90 17 
395.40 86.63 17 
420.02 92.02 10 
481.85 105.57 19 
479.82 105.51 29 
483.86 106.01 25 
478.25 104.78 23 
470.83 103.15 20 
484.93 106.24 16 
484.19 106.08 11 
458.60 100.48 4 
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than the calves from cows five 
years and older. The calves of 
three-year-old cows grew very 
little faster than did the calves 
from two-year-old cows, and 
were 13.3 percent below average 
and approximately 85 pounds 
lighter than calves of the older 
cows. Four-year-old cows pro- 
duced calves weighing up to 92 
percent of the average but still 
55 pounds lighter than calves of 
older cows. The small size of 
calves produced from two to 
four-year-old cows was due to 
light birth weights and reduced 
milk supply. Getting a heifer 
into full production requires 
four years by which time she 
should have produced three 
calves totaling 1,188 pounds in 
weight. During the next four 
years she could be expected to 
produce four calves totaling 
1,924 pounds. Therefore, when 
a heifer replaces a cow in the 
herd, a reduction in calf produc- 
tion of 736 pounds should be ex- 
pected. It is probable that maxi- 
mum efficiency of forage utili- 
zation can be had where cows 
that are five to 12 years of age 
predominate in the herd. 

and has a good production his- 
tory, it may be desirable to keep 
her until she either fails to calve 
or shows decline in health. 

Heifer calves averaged 434.6 
pounds and steer calves, 478.3 
pounds at weaning. The steers 
were 5.05 percent heavier than 
average and the heifers 5.05 per- 
cent lighter than average. Such 
data may have real value when 
one is estimating the productive 
potential of first or second calf 
heifers. A cow that drops a 
heifer calf her first and second 
years may have a poor lifetime 
production record. Calf wean- 
ing weights will be 134 pounds 
lower due to age and a further 
reduction of 46 pounds will trace 
to sex of the calves. 

ords were kept on a bermuda- 
grass/bahia grass-beef cow man- 
agement unit at the Americus 
Plant Material Center. During 
that time costs of keeping a 
brood cow for a year and her 
calf until weaned were esti- 
mated to be $73.87. Gross returns 
per calf were estimated to be 
$100.32. Returns for investment, 
land, labor and management 
were $26.25 per cow per year. 

During the seven years biolog- 
ical data were obtained on 191 
calves which showed that: 

1. 

Calf weaning age had a highly 
signif icant effect on weaning 
weight. The adjusted weight for 
age showed that for each addi- 
tional day of age calf weight in- 
creased 1.61 pounds. Therefore, 
on the average, the older a calf 
is at weaning the greater the 
efficiency of forage recovery is 
likely to be. 

Better than a 90 percent 
calf crop can be weaned 
(94 percent dropped) from 
a herd on a predominately 
grass ration that is ade- 
quate in quantity and sup- 
plemented with additional 
feed in the winter and 
minerals year long. 
Year to year fluctuations in 
calf weaning weights were 
relatively small, the largest 
deviation being 6.42 per- 
cent. 

Biology vs. Economics 

In this study, calf size reached 
a peak with five year-old cows. 
They maintained this level of 
production through the eleventh 
year. Had all original cows been 
kept the record would have been 
somewhat different. However, 
it does show that up to age 11 

j beef cows are capable of produc- 
ing excellent calves provided 
they are adequately fed and kept 
in good health. The oldest cows 
in this group were 12 years old 
in 1962 and were still productive. 
Their calves weighed 460, 510, 
520, and 550 pounds (unadjusted) 
when weaned. These cows were 
part of the original herd and 
were selected on the basis of 
high production. They probably 
were exceptions to the average 
(Henderson 1949). It should be 
recognized that at 12 years of 
age a cow is decreasing in value. 
However, if she is in good health 

From the data presented, it 
can be determined that a five- 
year-old cow that weaned a steer 
calf weighing 580 pounds born 
January 1 and weaned on Oc- 
tober 5 and a two-year-old cow 
that weaned a heifer calf weigh- 
ing 288 pounds on the same date 
but born March 31 are both pro- 
ducing at comparable levels of 
biological expectation. However, 
in economic terms the first ex- 
ample would require a selling 
price of 12.7 cents per pound to 
cover costs of production while 
the second example would re- 
quire a selling price of 25.6 cents 
per pound to cover production 
costs. The advantage of produc- 
ing large calves at weaning is 
evident where increasing the ef- 
ficiency of forage harvest is a 
major objective. 

4. 

5. 

Calves from two-, three- 
and four-year-old cows 
were well below herd aver- 
age in size. However, calves 
from cows five through 11 
years of age were stable 
at approximately 5 percent 
above average herd weight. 
At weaning heifer calves 
averaged 10.03 percent 
smaller than steer calves. 
The average age at wean- 
ing for calves was 233 days 
and the adjusted weaning 
weight was 456 pounds. For 
each day over 233 days of 
age at weaning calves av- 
eraged 1.61 pounds heavier 
and for each day under 233 
days they averaged 1.61 
pounds less. 
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Summary 
Over a seven year period rec- 
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Seeding Salt-Desert Shrub Ranges in 
Western Wyoming’ 

A. C. HULL, JR. 
Range Conservationist, Crops Research Division, Agri- 
cultural Research Service, U.S. Department of Agricul- 
ture, Logan, Utah. 

The demands for increased for- 
age, reduced erosion, and control 
of undesirable plants indicate 
the need for improvement of 
salt-desert shrub ranges below 
their potential production. Most 
depleted areas can best be im- 
proved by better management. 
Where desirable plants are ab- 
sent and favorable soil and mois- 
ture permit, seeding may speed 
up revegetation. 

To determine the possibilities 
for revegetation, the Rocky 
Mountain Forest and Range Ex- 
periment Station, U.S. Forest 
Service, the Bureau of Land 
Management, and the University 
of Wyoming initiated 25 studies 
during 1948 to 1951 to evaluate 
species and methods of seeding 
Wyoming rangelands. With the 
departmental reorganization in 
1954, this work was transferred 
to Agricultural Research Service. 

Procedures 

Each study area received one 
to three methods of seedbe.d 
preparation which included 
moldboard plowing, disking, 
dragging, and grading. The 
grader blade cut the shrub roots 
just below the soil surface with 

1Cooperative investigations of Crops 
Research Division, Agricultural 
Research Service, U.S. Department 
of Agriculture and the Utah Agri- 
cultural Experiment Station, 
Logan, Utah. Thanks are expressed 
to the cooperating agencies and to 
persons who helped with the ex- 
perimental work and who reviewed 
this manuscript. 

as little soil disturbance as pos- 
sible. Type of seedbed and some 
characteristics of the study areas 
are shown in Table 1. On all 
areas the native plants were 
sparse and small, typical of de- 
teriorated range. Areas were 
grouped into vegetation types as 
follows: 

1. Saltbush-almost pure Nut- 
tall saltbush (Atriplex nuttallii 
S. Wats.) 

2. Mixed saltbush-Nuttall 
saltbush with some or all of the 
following: Schadscale (A. con- 
fertifolia (Torr. & Frem.) 
Wats.) ; winterfat (Eurotia Zan- 
ata (Pursh) Moq.); budsage 
(Artemisia spinescens D. C. 
Eat.) ; and birdfoot (A. pedati- 
fida Nutt.), low (A. arbuscula 
Nutt.), and big sagebrush (A. 
tridentata Nutt.) . 

3. Big sagebrush-big sage- 
brush dominant. 

Long-time average precipita- 
tion was estimated from the 
nearest weather stations. Spring 
has the most rain with 45 to 50 
percent of the yearly total fall- 
ing during April, May, and June. 
The winter is dry with 10 per- 
cent or less of the total falling 
during December, January, and 
February. During the years of 
stand establishment, precipita- 
tion was nearly normal. 

Species were drilled at right 
angles to seedbed preparation 
strips with two replicates per 
study. Crested wheatgrass (Ag- 
ropyron destertorum (Fisch.) 
Schult.) was seeded 3/4 inch deep 

at six pounds of seed per acre. 
Smaller seeded species were 
seeded 1% inch deep at four to 
six pounds per acre. Larger 
seeded species were seeded % to 
one inch deep at eight pounds 
per acre. Exceptions were west- 
ern wheatgrass (A. smithii Rydb. 
and Indian ricegrass (Oryxopsis 
hymenoides (Roem. & Schult.) 
Ricker) , which were seeded at 15 
to 18 pounds per acre. 

Seedings were rated yearly to 
1952 or 1953 and again in 1960 
and 1962. Numerical ratings of 
seeded stands are as follows: 
zero complete failure, one-two 
very poor, three-four poor, five- 
six fair, seven-eight good, and 
nine-ten excellent. Ratings in 
Table 2 are from prepared seed- 
beds. 

Eighteen studies were on salt- 
desert shrub lands. By 1960, two 
areas, Monument and Dad, had 
been destroyed. The remaining 
16 were rated for success of 
seeded stands. Two big sage- 
brush areas with low precipita- 
tion were included for compari- 
son. 

Results and Discussion 

Seedling stands varied from 
poor to excellent. By 1962 most 
stands were poor or failures. 
Poor stands were attributed 
mainly to reinvasion by native 
vegetation and to seeded species 
not being adapted to dry, saline 
areas. Slow deterioration of 1948 
seeded stands of eight species is 
shown at Kane, one of the older 
seedings and the one which has 
been rated most often. From 1949 
to 1952 five species had good or 
excellent stands, one a fair stand, 
one a very poor stand, and one 
was a failure (Figure 1). In 
1953 native plants commenced to 
invade the seeded strip. In 1953 
and 1954 Russian wildrye (Ely- 
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ture permit, seeding may speed 
up revegetation. 

To determine the possibilities 
for revegetation, the Rocky 
Mountain Forest and Range Ex- 
periment Station, U.S. Forest 
Service, the Bureau of Land 
Management, and the University 
of Wyoming initiated 25 studies 
during 1948 to 1951 to evaluate 
species and methods of seeding 
Wyoming rangelands. With the 
departmental reorganization in 
1954, this work was transferred 
to Agricultural Research Service. 

Procedures 
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as little soil disturbance as pos- 
sible. Type of seedbed and some 
characteristics of the study areas 
are shown in Table 1. On all 
areas the native plants were 
sparse and small, typical of de- 
teriorated range. Areas were 
grouped into vegetation types as 
follows: 

1. Saltbush-almost pure Nut- 
tall saltbush (Atriplex nuttallii 
S. Wats.) 

2. Mixed saltbush-Nuttall 
saltbush with some or all of the 
following: Schadscale (A. con- 
fertifolia (Torr. & Frem.) 
Wats.) ; winterfat (Eurotia Zan- 
ata (Pursh) Moq.); budsage 
(Artemisia spinescens D. C. 
Eat.) ; and birdfoot (A. pedati- 
fida Nutt.), low (A. arbuscula 
Nutt.), and big sagebrush (A. 
tridentata Nutt.) . 

3. Big sagebrush-big sage- 
brush dominant. 

Long-time average precipita- 
tion was estimated from the 
nearest weather stations. Spring 
has the most rain with 45 to 50 
percent of the yearly total fall- 
ing during April, May, and June. 
The winter is dry with 10 per- 
cent or less of the total falling 
during December, January, and 
February. During the years of 
stand establishment, precipita- 
tion was nearly normal. 

Species were drilled at right 
angles to seedbed preparation 
strips with two replicates per 
study. Crested wheatgrass (Ag- 
ropyron destertorum (Fisch.) 
Schult.) was seeded 3/4 inch deep 

at six pounds of seed per acre. 
Smaller seeded species were 
seeded 1% inch deep at four to 
six pounds per acre. Larger 
seeded species were seeded % to 
one inch deep at eight pounds 
per acre. Exceptions were west- 
ern wheatgrass (A. smithii Rydb. 
and Indian ricegrass (Oryxopsis 
hymenoides (Roem. & Schult.) 
Ricker) , which were seeded at 15 
to 18 pounds per acre. 

Seedings were rated yearly to 
1952 or 1953 and again in 1960 
and 1962. Numerical ratings of 
seeded stands are as follows: 
zero complete failure, one-two 
very poor, three-four poor, five- 
six fair, seven-eight good, and 
nine-ten excellent. Ratings in 
Table 2 are from prepared seed- 
beds. 

Eighteen studies were on salt- 
desert shrub lands. By 1960, two 
areas, Monument and Dad, had 
been destroyed. The remaining 
16 were rated for success of 
seeded stands. Two big sage- 
brush areas with low precipita- 
tion were included for compari- 
son. 

Results and Discussion 

Seedling stands varied from 
poor to excellent. By 1962 most 
stands were poor or failures. 
Poor stands were attributed 
mainly to reinvasion by native 
vegetation and to seeded species 
not being adapted to dry, saline 
areas. Slow deterioration of 1948 
seeded stands of eight species is 
shown at Kane, one of the older 
seedings and the one which has 
been rated most often. From 1949 
to 1952 five species had good or 
excellent stands, one a fair stand, 
one a very poor stand, and one 
was a failure (Figure 1). In 
1953 native plants commenced to 
invade the seeded strip. In 1953 
and 1954 Russian wildrye (Ely- 
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Table 1. ]tocafioli, seedbed preparation, and solrie site characterisfics of 18 seedings areas in Wyoming. 

Area, number of species 
seeded, and location ______ 

Bolton Creek - 10 
(22 mi. SW Casper) 

Fifteen-mile Creek - 7 
(14 mi. W. Worland) 

Greybull - 3 
(8 mi. SE Greybull) 

Manderson 1” - 10 
(10 mi. NE Manderson) 

Manderson 2 - 12 
( 5 mi. N Manderson) 

Manderson 3 - 12 
(4 mi. NNE Manderson) 

Manderson 4A - 7 
(2 mi. NE Manderson) 

Manderson 4B - 7 
(2 mi. NE Manderson) 

Manderson 4C - 7 
(2 mi. NE Manderson) 

Arminto - 7 
(1 mi. NE Arminto) 

Kane - 8 
(5 mi. SE Kane) 

Carter Draw - 7 
(20 mi. SE Riverton) 

Bates Hole 1 - 7 
(22 mi. SW Casper) 

Bates Hole 2 - 7 
(22 mi. SW Casper) 

Muskrat Creek - 7 
(20 mi. S. Moneta) 

Fraser Drawh - 9 
(21 mi. S Moneta) 

Worland Airport - 12 

Fuller Draw - 1 
(20 mi. NE Riverton) 

Eleva- 
tion 

(Feet) 

5,200 

4,500 

4,200 

4,000 

4,000 

4,000 

3,800 

3,800 

3,800 

6,000 

4,000 

5,600 

5,200 

5,200 

5,400 

5,400 

4,100 

5,500 

Precip- Type of 
itation seedbed 

Salfbush 
(Inches) 

9 

8 

6 

6 

6 

6 

6 

Mixed Salfbush 
6 

6 

7 

7 

8 

9 

9 

8 

8 

Big sagebrush 
8 

8 Plowed 

Grubbed 

No 
treatment 
Graded 

% graded 

Yz disked 
and graded 
% graded 

graded 

Atnu 

Atnu 

Atnu 

Atnu 

Atnu 

Atnu 

Atnu 

graded 

graded 

No 
treatment 
1/2 graded 

l/2 graded 

r 

% graded 

%plowed 
% dragged 

Atnu, Arsp 

Atco, Arsp, Atnu 

Arpe, Atnu 

Atnu, Arsp, Atco 

Arpe, Atnu, Artrd 

Arpe, Atnu, Arsp, Artr” 

Atco, Eula, Arsp 

Arpe, Atnu 

Arpe, Atnu 

Plowed Artr 

Artr, Arpe, Atnu 

Dominant shrubs 
in order 

of abundancea ___~ 

a Atnu - Atriplex nuttallii, Atco - A.. confertifolia, Arsp Artemisia spikzscens, Arpe - A. pedatifida, Artr - A. tri- 
dentata, Eula - Eurotia Zanata 

h Sometimes flooded during heavy run off 
’ % plowed, f/3 graded, straw and manure mulches 
d Swales only 

mus junceus Fisch.) still had a poor stands, and two were fail- son 3 were similar to Kane. On 
good stand; intermediate (Agro- ures. In 1960 and 1962 Russian most areas, however, stands de- 
pyron intermedium (Host) wildrye and crested wheatgrass teriorated more rapidly than at 
Beauv.) and crested wheat- had poor stands, western and Kane. For example, seedings on 
grasses had poor stands, four pubescent (Agropyron tricho- prepared seedbeds at Bolton 
species had very poor stands, phorum (Link) Richt.) wheat- Creek and Carter Draw produced 
and one was a failure. By 1956 grasses and Indian ricegrass had good seedling stands which were 
Russian wildrye had only a very poor stands and three poor to failure by 1951. Factors 
fair stand, crested wheatgrass species were failures. which affected stands are dis- 
a poor stand, four species very Other areas such as Mander- cussed below. 



SEEDING SHRUB RANGES 

FIGURE 1. Intermediate wheatgrass was drilled in 1948 on the unprepared foreground 
and on the graded background at Kane. Seedlings emerged equally well with good 
stands on both areas in 1949. By 1950 all plants had died on the unprepared area 
while the graded area still had a good stand. Plants commenced to die in 1953 
and all were dead by 1960. U. S. Forest Service photograph taken June 29, 1950. 

Species 
Of 14 species, none was uni- 

formly successful on saltbush or 
mixed saltbush areas. Russian 
wildrye was best adapted with 
stands rating from failure to 
good. Crested wheatgrass was 
next with stands varying from 
failure to fair. Other species 
ranged from poor to failure. The 
four most widely used or suc- 
cessful species are shown in 
Table 2. The other 10 species 
follow: 

Some of these species were 
seeded on similar areas in Wyo- 
ming. At Fuller Draw a large 
area was plowed and drilled to 
crested wheatgrass in 1948. The 
grass was grazed for 11 years. 
In 1962 a good stand produced 
1,277 pounds of air-dry grass per 
acre. The University of Wyo- 
ming seeded several species on 
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an almost pure saltbush area 
with eight inches of precipitation 
at Church Butte. Russian wild- 
rye showed best with scattered 
plants. Even fewer plants of 
crested wheatgrass and Indian 
ricegrass were present. The 
Intermountain Forest and Range 
Experiment Station seeded 13 
species each year, 1936 to 1946, 
on a sagebrush and saltbush area 
east of Kemmerer, where rain- 
fall was approximately nine 
inches annually. Only crested 
wheatgrass survived. It pro- 
duced fair to good stands and is 
now spreading. Russian wildrye 
was not available when these 
seedings were made. 

Manderson 3 seemed to be near 
the lower limit of adaptability 
for Russian wildrye and crested 
wheatgrass. Seeded in 1948, 
stands of these species started 
out good to excellent and then 
deteriorated. Russian wildrye 
reached a low about 1960, when 
there were only 98 plants on two 
plots. Since then it has com- 
menced to spread from seed. In 
1962 crested wheatgrass plants 
were still dying. On two plots of 
each species only two plants of 

Species seeded No. of areas Results* 
where seeded 

Tall wheatgrass (Agropyron 13 Failure 
elongatum (Host) Beauv.) 

Pubescent wheatgrass 11 Five plants at Kane. 
Poor stands at Bates 
Hole 1 & 2 and Fraser. 

Western wheatgrass 7 Ten plants at Kane, 
1 at Arminto 

Intermediate wheatgrass 7 Few plants at Fraser 
(Amur strain) 

Stiffleaf wheatgrass (A. pungens 6 Failure 
(Pers.) Roem. & Schult.) 

Siberian wheatgrass (A. sibiri- 3 Two plants at Carter 
cum (Willd.) Beauv.) Draw 

Beardless wheatgrass (A. inerme 3 Failure 
(Scribn. & Smith) Rydb.) 

Indian ricegrass 10 Very poor standsb 
Sand dropseed (Sporobolus 4 Failure 

cryptandrus (Torr.) A. Gray) 
Yellow sweetclover (Melilotus 5 Failure 

officinalis (L.) Lam.) 
“In 1962 seeded plants were at only locations noted. 
“Hard to distinguish from native plants. 
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the standard and 25 plants of the 
rhizomatous form remained 
(Figure 2) . 

Dewey (1960 and 1962) showed 
that wheatgrass species and 
strains varied considerably in 
their tolerance to salt. Future 
seeding might evaluate salt-tol- 
erant forms of Russian wildrye, 
crested wheatgrass, and other 
introduced and native grasses, 
forbs, and shrubs. 

Seedbed preparation 

Unprepared seedbeds did not 
produce satisfactory stands. 
Seedlings emerged equally well 
on both prepared and unpre- 
pared seedbeds (Figure 1). 
Death was mainly from competi- 
tion with native plants. Straw 
and manure mulches at Bates 
Hole made no difference in seed- 
ling numbers but increased seed- 
ling vigor. By 1962 straw and 
manure mulches had no effect 
upon plant vigor but they sup- 
ported slightly more plants than 
the unmulched strip. 

Soils 

Soil samples were taken at 
depths of O-12 and 12-24 inches 
on all areas in 1960 or 1962. Ex- 
cept for a shallow soil at Bolton 
Creek, soils were deeper than 
rainfall normally penetrates. Ex- 
cept at Kane, Fuller Draw, Wor- 
land, and Manderson 4C, soils 
were of fine texture. Observa- 
tion indicated that the fine-tex- 
tured soils had low infiltration 
rates. The percent moisture- 
holding capacity at saturation 
ranged from 23 at Worland and 
Manderson 4C through 27 at 
Fuller Draw and 33 at Kane to 
60 at Bates Hole and 63 at Bolton 
Creek. Organic matter was be- 
low one percent. The pH ranged 
from 8.0 to 9.7. Soluble salts and 
exchangeable sodium varied 
widely. Except for low salt (.07 
percent) and low sodium (5 per- 
cent), at Manderson 2, sodium 
and salt were generally high with 
saltbush vegetation and de- . 1 

plants came from seed. Non-graded on left. B. Crested wheatgrass plants still dying. creased with the mixed saltbush 
These dead clumps were alive in 1960. Photographed July 1962. and sagebrush. Seeding success 
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Table 2. Success rating of four species af 18 areas, the first year following seeding (l), mosfly 1952 (2), and 1962 (3). 

Crested 
Area Year Russian Crested wheatgrass Intermediate 

seeded wildrye wheatgrass (rhizomatous) wheatgrass 
(1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3) 

Saltbush 
Bolton Creek 
Fifteen-mile 
Greybull 
Manderson 1” 
Manderson 2 
Manderson 3 
Manderson 4A 

1948 9. .5 0 6 .l 0 9 0 0 4 .l 0 
1948 10 3 .5 9 1 0 - - - 8 0 0 
1950 9 6 .l 6 1 0 - _ - 4 0 0 
1949 8 4 .5 1 1 0 1 0 0 5 0 0 
1949 2 1 0 2 0 0 2 1 0 2 0 0 
1948 8 8 2 7 5 .l 8 7 1 4 0 0 
1950 2 1 0 1 1 0 1 0 0 1 0 0 

Mixed salfbush 
Manderson 4B 
Manderson 4C 
Arminto 
Kane 
Carter Draw 
Bates Hole 1 
Bates Hole 2 
Muskrat Creek 
Fraser Drawa 

1950 2 1 2 1 1 .5 1 0 0 1 0 0 
1950 1 2 3 2 1 1 1 0 0 1 0 0 
1948 6 1 2 922 --- 7 .5 0 
1948 9 9 4 773 --- 8 7 0 
1948 4 2 3 734 --- 8 2 .l 
1949 7 6 6 1 2 2 1 2 3 9 5 0 
1949 5 2 5 2 2 2 1 2 3 8 2 0 
1948 10 5 7 9 4 6 10 5 5 7 1 0 
1949 5 6 6 1 1 5 2 1 3 6 2 1 

Big sagebrush 

Worland Airport 1948 10 9 lJ 9 9 9 10 9 b 8 2 b 
Fuller Draw 1948 _ - _ 999 --- ___ 

* Flooded during heavy run-off. 
b Most stands destroyed in 1954 by the airport enlargement. 

usually decreased as salt and 
sodium in the soil increased. 

Soluble salts, 1.72 percent at 
Bolton Creek and exchangeable 
sodium percentages, 24 at Grey- 
bull, 28 at Bolton Creek, 29 at 
Manderson 1, 35 at Kane, and 40 
at Fifteen-Mile, were sufficient 
to prevent growth of the seeded 
grasses. 

It is difficult to correlate spe- 
cific soil characteristics with 
seeding success on these areas. 
Undoubtedly soil is one of many 
factors which limit growth of 
seeded species on salt-desert 
shrub areas. Plummer et al. 
(1955) stated that seeding fail- 
ures were common on salt-desert 
shrub lands. Hull (1962) found 
that grasses and shrubs did not 
grow in the greenhouse in shad- 
scale subsoil which had 1.4 to 
2.2 percent soluble salts and 38 
to 72 percent exchangeable so- 
dium. For the present, areas 
with high salt or sodium should 
be avoided in seeding. 

Season of seeding 

Most of the seedings were 
made in September with good 
seedling emergence but poor sur- 
vival. Two studies to determine 
the best season of seeding gave 
inconclusive results. Because fall 
has a longer and more favorable 
working season, it would appear 
to be the best time for large-scale 
seedings. 

Precipifafion 

A small difference in annual 
or seasonal precipitation often 
makes for success or failure of 
seeded stands. The high spring 
precipitation on the seeded areas 
was favorable for grass growth, 
even though annual rainfall was 
low. Factors other than annual 
precipitation are important in 
this area. For example, Fuller 
Draw is between Muskrat Creek 
and Carter Draw with similar 
elevation, precipitation, and 
seedbed preparation. Crested 
wheatgrass in 1962 yielded 1,277 

pounds of herbage at Fuller 
Draw, 511 pounds at Muskrat 
Creek and 355 pounds at Carter 
Draw, from good initial stands 
on all areas. 

Summary 
Experimental seedings with 14 

species were made on 18 salt- 
desert shrub areas in Wyoming 
during 1948-50. Seeded stands 
were poor; but considering the 
aridity, salinity, and alkalinity 
of the soils, even a few surviving 
plants gave encouragement. 

Russian wildrye was the best 
species with some stands ranging 
to good. Crested wheatgrass was 
slightly inferior to Russian wild- 
rye. Other species either failed 
or were reduced to very poor 
stands. Seedling emergence was 
poor to excellent on all seedbeds 
but all plants died on unprepared 
seedbeds. 
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Bitterbrush Seed Harvesting: When, Where, 
and How 

EAMOR C. NORD 
Range Conservationist, Pacific Southwest Forest and 
Range Experiment Station, U. S. Department of Agri- 
culture, Forest Service, Berkeley 1, California 

Bitterbrush is widely recog- 
nized as one of the better browse 
plants for stock and wildlife 
range seeding programs. Either 
species, antelope bitterbrush 
(Purshia tridentata (Purshj DC) 
or desert bitterbrush (P. glandu- 
Zosa Curran), can be established 
by direct seeding (Brown and 
Martinsen, 1959; Holmgren and 
Basile, 1959; Hubbard, Nord, and 
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Brown 1959; Plummer Stapley, 
and Christensen, 1959). But the 
supply of seed is often a bottle- 
neck to large-scale seedings; 
more efficient methods of seed 
collection are needed. Evalua- 
tion and analysis of data from 
ecological studies of bitterbrush 
have provided some new clues to 
seed production characteristics.1 
Knowledge of these character- 

istics is one key to more efficient 
seed harvesting. The following 
suggestions may help range 
managers in determinging when, 
where, and how to harvest seeds. 

The only source of bitterbrush 
seed is the native stands. Pro- 
duction varies according to the 
species, site, season, and diver- 
sity of soil and climate. Seed 
production in antelope bitter- 
brush is more consistent, year to 
year, than in desert bitterbrush. 
Antelope bitterbrush may pro- 
duce fair to excellent seed every 
second to third year in most 

lNord, Eamor C. Autecology of bit- 
terbush in California. U.S. Forest 
Serv. Pacific Southwest Forest and 
Range Expt. Sta. 1963. (Manuscript 
in preparation.) 

Elevation ( 1,000 ft.) 
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Ripening Dates 

FIGURE 1. Predicted bitterbrush seed ripening dates by latitude and elevation in California. Seasonal variation is about six to ten 
days before or after the predicted dates. Expected dates for seed to ripen at (1) Lava Beds at 5,000 feet elevation is July 22 and 
at (2) Cactus Flat at 6,000 feet elevation is July 2. 
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Table 1. Bifierbrush seed collecting sites in California. 

Site and County Location of Stand Elevation Soil characteristics 
(feet) Parent materials Reaction (pH) 

ANTELOPE BITTERBRUSH 
Bolam, Siskiyou 15 miles NE Weed; along Hwy. 97 
Tionesta, Modoc 25 miles SE Tule Lake; near Hwy. 139 
Janesville, Lassen 15-25 miles SE Susanville; along 

Hwy. 395 
Truckee-Verdi,Nevada & 15-35 miles W Reno; along Hwy. 40 

Sierra 
Mono-Crowley Lakes, Mono Between Leevining & Bishop; along 

Hwy. 395 
Buttermilkl, Inyo lo-15 miles W Bishop; off Hwy. 395 

5,000 
5-6,000 

Volcanic ash 
Pumice and basalt 

6.5-7.0 
6.0-6.5 

McMurray Meadowl, Inyo 
DESERT BITTERBRUSH 

20 miles S Bishop; near Hwy. 395 

George’s Creek, Inyo 15 miles NW Lone Pine; near Hwy. 395 
Valyermo, Los Angeles 20 miles SE Palmdale; near Ranger 

Station 
Cactus Flat, San Bernardino 10 miles NE Big Bear; along Hwy. 18 

5,000 
5-6,000 

7-9,000 
5-9,000 

5-6,000 

6,000 
3,700 

5,800 

Granite-Lake Terrace 6.0-7.0 
Granite-mixed 

alluvium 6.0-6.5 

Granite-basalt-pumice 6.0-6.5 
Granodiorite, some 

metamorphic 6.0-7.0 

Granodiorite, some 
metamorphic 

Granite 
Granite, some 

sandstone 
Granite, basalt 

6.5-7.0 
7.0-7.5 

7.5-8.0 

& sandstone 7.5-8.0 

1 Sites contain both bitterbrush species and intergrades. 

stands, whereas a good crop in 
desert bitterbrush develops with 
less regularity. This disparity in 
seed production is attributed to 
differences in climate and site 
conditions. More frequent and 
generally higher production is 
found where annual rainfall 
averages ten inches or where 
plant roots reach underground 
watertables. The climatic influ- 
ence, however, is not manifested 
in the year of occurrence; it gen- 
erally lags by a year. 

2The prediction chart was the out- 
come of analyses which tested the 
application of Hopkin’s Bioclimatic 
Law (1918) to actual and predicted 
bitterbrush seed-ripening dates. A 
S-variable multiple regression anal- 
ysis of seed ripening dates at a base 
date established at Doyle, Lassen 
County, adding or subtracting one 
day for each 100 feet of elevation, 
15 minutes of latitude, and 1% de- 
grees of longitude, led to a highly 
significant relationship between the 
actual and theoretical seed ripening 
dates for both bitterbrush species 
throughout California. Longitude 
was not significant-at least within 
the range tested. This variable was 
dropped from the analysis, and the 
ripening date was fitted as a linear 
junction of elevation and latitude. 
These two factors accounted for 74 
percent of the variation, 

When to Collect 
A bitterbrush seed crop may be 

forecast a year before the fruit 
develops. Good crops generally 
follow average or better mois- 
ture and stem-leader growth av- 
eraging three inches or longer. 
In any year following good plant 
growth, seed production is gen- 
erally high even though current 
precipitation may be scant. 

Ripe seed of either species 
ready for harvest may be ex- 
pected on different dates at dif- 
ferent locations as shown in the 
prediction chart2 or nomogram 
(Figure 1). The intersections of 
a horizontal line projected from 
the latitude in which the stand 
occurs and the diagonal eleva- 
tion line of the site gives the 
predicted seed ripening date 
shown on the base of the vertical 
scale. For example, the predicted 
seed ripening date for antelope 
bitterbrush at 5,000 feet elevation 
located near the Lava Beds Na- 
tional Monument in Modoc 
County (41”40’N) would be about 
July 22. For desert bitterbrush 
growing at 6,000 feet elevation a 
few miles north of Big Bear in 
San Bernardino County (34”20’N), 
it would occur about July 2. 

Some departures from the pre- 
dicted seed ripening dates may 
be expected, because conditions 
vary through time and from 
place to place. About a six- to 
ten-day spread, one way or the 
other, from the predicted date 
was indicated by the analysis 
and observations made in other 
areas (Blaisdell, 1958). 

Practically all bitterbrush fruit 
in an area usually ripens within 
a period of a week, sometimes 
less. Soon thereafter, the ma- 
ture fruit shatters and falls to 
the ground where it is eaten by 
rodents or removed by other 
agents. Therefore, the harvest- 
ing season is short; delays in har- 
vesting may reduce both the 
quality and the quantity of seed 
obtained. 

Where to Collect 

Bitterbrush occurs over a vast 
range, and experience during the 
last several years has indicated 
that in some areas production is 
usually more certain and consist- 
ent. A few stands in California 
that are readily accessible and 
possess good potential for pro- 
ducing seed are listed in Table 1. 
During favorable years, all these 
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FIGURE 2. Native stands provide the principal source of bitterbrush seed. An energetic 
worker using a “window-screen” tray and paddle can collect up to 50 pounds per 
day ; the average rate is about one pound per man hour. 

sites have yielded good quality 
seed and most of them have pro- 
duced rather large amounts. 
These sites typify conditions 
where the two species generally 
occur; antelope bitterbrush on 
slightly acid to neutral soils (pH 
6.0 to 7.0) and desert bitterbrush 
on neutral to basic soils (pH 7.0 
to 8.0). The bitterbrush stands in 
these areas generally run 200 or 
more plants per acre and range 
from a few acres of the desert 
form to several thousand acres 
of antelope bitterbrush. 

Seed is generally of a better 
quality and more abundant 
along or near drainage channels 
or other catchment basins, espe- 
cially where the underground 
watertable is within reach of the 
plants. Even where the water- 
table lies 15 to 25 feet below the 
surface, the plants generally are 

3For more complete information on 
browse seed harvesters, contact the 
the Chairman, Range Seeding 
Equipment Committee, Division of 
Range Management, U. S. Forest 
Service, Washington 25, D. C. 

thrifty and vigorous, an .d they 
form dense, massive stands. 

Under such conditions, less time 
is consumed in collecting seeds 
than from the drier sites where 
the plants are somewhat smaller 
and more widely dispersed. 

How fo Harvest: Hand or 
Machine 

To date practically all har- 
vested bitterbrush seed has been 
collected by hand. Equipment 
has generally consisted of a tarp 
laid on the ground or a tray held 
beneath the plant to catch the 
seed loosened by beating the 
branches with a stick or paddle. 
Using a “window screen” tray 
and paddle (Figure 2), an ener- 
getic worker can collect up to 50 
pounds of fruit or about 30 to 35 
pounds clean seed per day if 
seed production is high and the 
plants lay close together. But 
the average rate is only about 
one pound of seed per man hour. 
Seed harvesting costs exclusive 
of processing and grading have 
run from $1.00 to $1.50 per 
pound. Costs of marketing and 
distributing the seed are addi- 
tional. 

FIGURE 3. Pilot model of a “vacuum” (or suction) browse seed harvester shows the 
position of flexible tubes, settling tank, and blower (top rear). (Photo courtesy 
Arcadia Equipment Development Center, U. S. Forest Service.) 



BITTERBRUSH SEED HARVESTING 261 

The recent development of 
mechanical browse-seed harvest- 
ers should make collecting bit- 
terbrush seed easier. The first 
harvester3 was built and tested 
in 1961. The harvester consists 
of a motor and “vacuum” plant 
which sucks the seed from the 
shrubs into a hopper through 
large flexible tubes (Figure 3). 
It can be mounted on a pickup 
truck or trailer. A 3-man crew 
operating two suction hoses can 
collect about 160 pounds of bit- 
terbrush fruit per day. This rate 
may be stepped-up and costs 
somewhat reduced by operating 
the harvester under more favor- 
able conditions than experienced 
during the tests. 

The method to use in collect- 
ing bitterbrush seed will depend 
upon labor conditions, the 
amount of seed that is to be 
gathered, and the efficiency of 
browse seed harvesting equip- 

ment. Even though seed crops 
may be forecast almost a year 
ahead of the crop by knowing 
weather and plant growth condi- 
tions, some scouting is necessary 
to locate bitterbrush stands of a 
character that can produce seed, 
unless the particular area is well 
known. To prevent any possible 
conflicts, collectors must obtain 
permission of the land operator 
before harvesting the seed and 
find out if other collectors use 
the proposed collecting grounds. 
New and improved mechanical 
harvesters which are ready for 
field tests probably will replace 
hand collecting methods to take 
care of anticipated needs for bit- 
terbrush seed wherever this 
shrub may be used in planting 
programs. 
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Uptake of Available Selenium by 
Certain Range Plants1 

JOHN W. HAMILTON AND 0. A. BEATH 

Associate Professor and Professor Emeritus, Division of 
Agricultural Biochemistry, Agricultural Experiment 
Station, University of Wyoming, Laramie, Wyoming. 

Plants are variable in their re- 
sponse to the presence of sele- 
nium in the soil. A group of 
plants termed “indicator plants” 
has never been observed, under 
natural conditions, growing on 
soil free of selenium. Their 
growth in a certain area has been 
accepted as unmistakable evi- 
dence of the presence of seleni- 
um. In contrast to other plants, 
these “indicator plants” possess 
the ability to leach or solubilize, 
for their own use, normally in- 
soluble selenium occurring in 

1 Published with the approval of the 
Director, W y o m in g Agricultural 
Experiment Station, as Journal 
Paper No, 205, 

numerous geological formations. 
When these plants decay the 
selenium is returned to the soil 
in a soluble or available form. 

There are only a limited num- 
ber of locations where naturally 
occurring soil selenium exists in 
an available form. In most in- 
stances, where available soil se- 
lenium occurs, it has been sup- 
plied by the leaching effect of 
soil water or by decay of sele- 
nium-containing vegetation. 
Many workers have observed 
that nearly all plants, growing 
upon soils containing selenium 
in a water-soluble or available 
form, will absorb, metabolize, 
and store in their tissues var- 

iable quantities of selenium. This 
study was carried out to deter- 
mine the amount and chemical 
nature of the selenium in cer- 
tain range plants that were 
grown in the greenhouse on soils 
containing different amounts 
and forms of available selenium. 
All of these greenhouse plants 
grew at a satisfactory or near 
normal rate. 

Review of Previous Work 

The presence of different 
chemical forms of selenium in 
plants was recognized by early 
investigators as variable toxic 
effects were exerted upon ani- 
mals by ingestion of different 
selenium-containing plants. 
Chronic selenium poisoning of 
animals is of two types com- 
monly termed “blind staggers” 
and “alkali disease” and is dis- 
cussed in detail by Trelease and 
Beath (1949). The toxicants, 
symptoms, and pathology of the 
two diseases are different. The 
blind-staggers type is produced 
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tions, some scouting is necessary 
to locate bitterbrush stands of a 
character that can produce seed, 
unless the particular area is well 
known. To prevent any possible 
conflicts, collectors must obtain 
permission of the land operator 
before harvesting the seed and 
find out if other collectors use 
the proposed collecting grounds. 
New and improved mechanical 
harvesters which are ready for 
field tests probably will replace 
hand collecting methods to take 
care of anticipated needs for bit- 
terbrush seed wherever this 
shrub may be used in planting 
programs. 
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Uptake of Available Selenium by 
Certain Range Plants1 

JOHN W. HAMILTON AND 0. A. BEATH 

Associate Professor and Professor Emeritus, Division of 
Agricultural Biochemistry, Agricultural Experiment 
Station, University of Wyoming, Laramie, Wyoming. 

Plants are variable in their re- 
sponse to the presence of sele- 
nium in the soil. A group of 
plants termed “indicator plants” 
has never been observed, under 
natural conditions, growing on 
soil free of selenium. Their 
growth in a certain area has been 
accepted as unmistakable evi- 
dence of the presence of seleni- 
um. In contrast to other plants, 
these “indicator plants” possess 
the ability to leach or solubilize, 
for their own use, normally in- 
soluble selenium occurring in 

1 Published with the approval of the 
Director, W y o m in g Agricultural 
Experiment Station, as Journal 
Paper No, 205, 

numerous geological formations. 
When these plants decay the 
selenium is returned to the soil 
in a soluble or available form. 

There are only a limited num- 
ber of locations where naturally 
occurring soil selenium exists in 
an available form. In most in- 
stances, where available soil se- 
lenium occurs, it has been sup- 
plied by the leaching effect of 
soil water or by decay of sele- 
nium-containing vegetation. 
Many workers have observed 
that nearly all plants, growing 
upon soils containing selenium 
in a water-soluble or available 
form, will absorb, metabolize, 
and store in their tissues var- 

iable quantities of selenium. This 
study was carried out to deter- 
mine the amount and chemical 
nature of the selenium in cer- 
tain range plants that were 
grown in the greenhouse on soils 
containing different amounts 
and forms of available selenium. 
All of these greenhouse plants 
grew at a satisfactory or near 
normal rate. 

Review of Previous Work 

The presence of different 
chemical forms of selenium in 
plants was recognized by early 
investigators as variable toxic 
effects were exerted upon ani- 
mals by ingestion of different 
selenium-containing plants. 
Chronic selenium poisoning of 
animals is of two types com- 
monly termed “blind staggers” 
and “alkali disease” and is dis- 
cussed in detail by Trelease and 
Beath (1949). The toxicants, 
symptoms, and pathology of the 
two diseases are different. The 
blind-staggers type is produced 
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in cattle and sheep by ingestion, variable amounts of soluble se- (Phleum pratense L.) , rabbitfoot 
over a considerable period of lenium in the organic and se- grass (Polypogon monspeliensis 
time, of seleniferous weeds con- lenate forms. Small amounts of (L.) Desf.) , alkali prince’s plume 
taining appreciable quantities of selenite selenium were detected (Stanleya bipinnata (Pursh) 
selenium. Alkali disease is ob- in some plant extracts. Bnitton) , needle-and-thread 
served in cattle, hogs, and horses It appears that a number of (Stipa comata Trin. and Rupr.), 
that have consumed cereal factors affect the selenium ab- common dandelion (Taraxacum 
grains, forage grasses, and per- 
haps certain other plants con- 
taining appreciable quantities of 
selenium. The selenium contents 
of wheat grain, wheat products, 
barley, corn, oats, and several 
other crops were extensively 
studied by Williams et al. 
(1941). 

Range grasses growing in var- 
ious seleniferous areas, princi- 
pally in South Dakota, were 
studied by Moxon (1937) and by 
Olson et al. (1942). They found 
western wheatgrass, (Agropy- 
ron smithii Ryd.), to be the most 
efficient absorber of selenium 
among the grasses studied. Other 
grasses were reported to contain 
small amounts of’ selenium. 
Jones et al. (1937)) Horn and 
Jones (1941)) and Trelease et al. 
(1960) reported that selenium 
partially replaced sulfur in plant 
metabolism and occurred along 
with sulphur in the amino acid 
and protein components of wheat, 
narrow leaf milkvetch (As- 
tragalus pectinatus Dougl.) , and 
two-grooved milkvetch (Astra- 
galus bisulcatus (Hook) Gray). 

Plants vary widely in their 
ability to accumulate selenium 
from soils containing available 
selenium. The solubility and 
chemical nature of the accumu- 
lated selenium is quite variable 
according to Beath and Epp- 
son (1947). These workers re- 
ported that plants comprising 
several species of Astragalus, 
and several species of Stanleya, 
alfalfa (Medicago sativa L.) , 
barley, (Hordeum vulgare L.) , 
corn, (Zea mays L.), oats, 
(Avena sativa L.), and sweet- 
clover (MeZZiZotus alba Desr.) , 
contained organic selenium com- 
pounds and no inorganic sele- 
nium. Most of the seleniferous 
plants they studied contained 

sorption of plants since Hurd- 
Karrer (1935) reported that al- 
falfa contained 560 ppm and 
sweetclover 645 ppm when 
grown in the greenhouse on soil 
containing five ppm selenate se- 
lenium. In our study, alfalfa 
grown on soil containing five 
ppm selenate selenium con- 
tained 41 ppm selenium and 
white blossom sweetclover 
grown on soil containing 20 ppm 
of selenate selenium contained 
226 ppm selenium. Beath and 
Eppson (1947) reported values 
of 202, 98 and 41 ppm selenium 
in range grown western wheat- 
grass in contrast to values of 298, 
154, and 71 ppm selenium in our 
greenhouse grown western 
wheatgrass. 

Methods and Procedures 

In nearly all instances the 
plants used in this study were 
started from seed and were 
grown in the greenhouse. Plants 
grown and analyzed were: west- 
ern wheatgrass, slender wheat- 
grass (Agropyron trachycaulum 
Link), western aster (Aster oc- 
cidentalis (Nutt.) T. and G.), 
common winter fat (Eurotia 
Zanata (Pursh) Moq.) broom 
snakeweed (Gutierrexia saroth- 
rue Pursh) , Fremont golden- 
weed (Haplopappus fremontii A. 
Gray) , summer cypress (Kochia 
scoparia (L.) Schrad) , prickly 
lettuce (Lactuca serriola L.) , 
Nuttall goldenweed (Machaer- 
anthera grindelioides (Nutt.) 
Shinners) tansy aster (Mach- 
aeranthera ramosa A. Nels.), al- 
falfa (Medicago sativa L. var. 
Grimm), white blossom sweet- 
clover, Indian ricegrass (Oryzop- 
sis hymenoides Roem. and 
Schult.) , common yellow oxalis 
(Oxalis stricta L.1, timothy 

officinale Weber) , and yellow 
goatsbeard (Tragopogon praten- 
sis L.). The plants were grown 
on the same soil mixture con- 
taining known levels of added 
selenium supplied as powdered 
two-grooved milkvetch and 
Preuss milkvetch (Astragalus 
preussii Gray) plants, potassium 
selenate, or sodium selenite. 
Amounts of selenium varying 
from two to 30 ppm were added 
to the essentially selenium-free 
soil mixture. The soil was a mix- 
ture of one part black loam from 
a forest area and two parts of red 
soil derived from the Chugwater 
formation. Supplemental light- 
ing was used as needed to in- 
crease the light period to a mini- 
mum of 14 hours daily. Insecti- 
cides, water, and fertilizer were 
applied when needed. The en- 
tire above-ground portions of 
the plants were harvested at 
definite stages of growth and 
definite amounts of the whole 
plant were used for analytical 
work. The plants reached what 
appeared to be normal maturity 
in a shorter time than would 
similar plants growing on the 
range. Moisture contents of the 
freshly harvested plants were 
determined by drying in a vacu- 
um oven and expressed as a per- 
centage of fresh weight. The 
air-dry plant material was re- 
duced to a uniform powder. 
Methods of water extraction and 
selenium analytical methods 
were essentially those used by 
Beath and Eppson (1947). The 
total amounts of selenium pres- 
ent in the dry plant and water- 
soluble fraction, along with the 
amount of inorganic selenium 
found in the water extract, were 
determined. Amounts of water- 
insoluble selenium and of water- 
soluble organic selenium were 
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Table 1. Common name, sfage of growth, amount and form of added soil selenium, moisture content of plant, 
amounts of total, water-soluble, soluble inorganic, soluble organic, and insoluble selenium in various range 
plants. 

Soil selenium 
Plant 

moisture Selenium (Oven-dry plant weight basis) ppm 

Common name Stage of Amount percent 
growth ppm Form (Fresh-basis) Total 

Soluble Soluble Insol- 
Soluble inorganic organic uble 

Western wheatgrass Pre-bloom 

Slender wheatgrass Pre-bloom 

Western aster Bloom 

Common winter fat Bloom 

Broom snakeweed Bloom 

Fremont goldenweed Bloom 

Kochia, burning-bush, Pre-bloom 
summer cypress 

Prickly lettuce Pre-bloom 

Nuttall goldenweed Bloom 

Tansy aster Bloom 

Alfalfa 

White blossom 
sweetclover 

Bloom 

Bloom 

Indian ricegrass Bloom 

Common yellow oxalis Bloom 

Timothy Bloom 

Rabbitfoot grass Bloom 

Alkali prince’s plume Pre-bloom 

Needle-and-thread Pre-bloom 

Common dandelion Bloom 

Yellow goatsbeard Bloom 

5 
10 
20 

20 
20 

20 
10 
20 

20 

10 
20 
20 

5 

20 
10 
20 

5 
10 
20 

20 
20 
20 
10 
20 
10 
20 
20 

5 
10 
20 
20 
20 
10 
20 
20 
30 
10 
3 

20 
10 
20 
10 
30 
20 

5 
10 
2 

20 
20 

Selenate 
Selenate 
Organic 

Selenate 
Organic 

Selenate 
Selenite 
Organic 

Organic 

Selenate 
Selenate 
Organic 

Selenate 

Selenate 
Selenite 
Organic 

Selenate 
Selenite 
Organic 

Selenate 
Selenite 
Organic 
Selenate 
Selenate 
Selenite 
Selenite 
Organic 
Selenate 
Organic 
Selenate 
Selenite 
Organic 
Selenate 
Selenite 
Organic 
Selenite 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Selenite 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Organic 

62.3 154 87 
64.8 298 214 
62.7 71 45 

84.6 56 49 
82.9 53 44 

73.4 1,413 1,287 
73.6 557 495 
73.4 304 270 

70.2 114 84 

70.1 101 84 
69.4 112 80 
69.0 104 69 

76.8 657 597 

84.0 191 130 
82.5 136 102 
84.5 137 110 

88.4 25 21 
89.0 59 48 
87.6 94 87 

68.4 
68.2 
67.4 
78.4 
74.6 
79.2 
70.8 
77.6 
72.0 
72.0 
75.8 
79.0 
75.7 
77.6 
79.0 
78.4 
76.2 
77.3 
79.0 
78.4 
78.4 
80.3 
84.4 
83.2 
83.6 
71.4 
72.3 
79.3 
81.7 
84.7 

182 
116 
199 

3,900 
8,078 
1,478 
2,352 

720 
41 
40 

226 
200 
182 
546 
526 

58 
36 
23 
33 
39 

158 
90 

152 
2,915 
6,877 
1,152 
2,195 

604 
29 
29 

201 
163 
150 
451 
435 

38 
32 
19 

149 
80 

915 
540 
724 

37 
30 
67 
89 

26 
33 

107 
56 

877 
474 
681 

27 
22 

84 

55 
69 
65 

75 
146 
20 

26 
20 

1,077 
402 
215 

41 

55 
52 
32 

324 

82 
55 
68 

16 
37 
31 

133 
53 
87 

2,083 
5,722 
1,043 
2,090 

458 
21 
15 

122 
129 
86 

413 
323 

17 
21 

9 
18 
21 
88 
36 

0 
0 
0 

13 
10 
38 
41 
40 

12 67 
68 84 
25 26 

23 
24 

210 
93 
55 

43 

29 
28 
37 

273 

48 
47 
42 

5 
11 
56 

25 
37 
65 

832 
1,155 

109 
105 
146 

8 
14 
79 
34 
64 
38 

112 
21 
11 
10 

8 
12 
19 
20 

877 
474 
681 

14 
12 
17 
28 
25 

7 
9 

126 
62 
34 

30 

17 
32 
35 

60 

61 
34 
27 

4 
11 

7 

24 
26 
47 

985 
1,201 

326 
157 
116 

12 
11 
25 
37 
32 
95 
91 
20 

4 
4 
7 
6 

42 
24 
38 
66 
43 
10 
8 

12 
20 
19 
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obtained by difference. Amounts 
of selenium present are ex- 
pressed as ppm based on oven- 
dry sample weights. Consider- 
ing the minimum sample weights 
used in some instances selenium 
analyses cannot be considered 
accurate to less than 0.5 ppm and 
fractional ppm selenium con- 
tents are therefore expressed 
only to the nearest whole num- 
ber. The water-insoluble frac- 
tion is assumed to be organic 
selenium, Beath and Eppson 
(1947). No attempts were made 
to determine whether elemental 
selenium was present in the 
plant dregs, as has been sug- 
gested by Peterson and Butler 
(1962). All inorganic selenium 
compounds present are consid- 
ered water-soluble under the 
extraction conditions. 

Discussion of Resulfs 

The common name of the plant 
and the amount and’ form of 
selenium added to the soil along 
with the results of selenium 
analyses of the entire plant and 
certain plant fractions are given 
in Table 1. Most of the plants 
were collected at the bloom 
stage of growth. However, a few 
species were collected at the pre- 
bloom stage. The moisture con- 
tents of the freshly harvested 
plants varied from 62.3 to 89.0 
percent. 

The grasses tested varied 
widely in their ability to absorb, 
metabolize, and store selenium. 
Indian ricegrass accumulated by 
far the highest amount of se- 
lenium with values of 526 and 
546 ppm when grown on soil 
containing inorganic selenium. 
Western wheatgrass and rabbit- 
foot grass samples also contained 
large amounts. Nearly all grasses 
grown on soils containing seleni- 
um, supplied by powdered indi- 
cator plants, contained a much 
lower level than similar plants 
grown on soils containing inor- 
ganic selenium. The grasses con- 
tained from 12.5 to 36.6 percent 
of the total selenium in an in- 

soluble or organic form. The 
major portion of the water- 
soluble selenium present in the 
grasses was inorganic in nature 
and this amount was not mark- 
edly influenced by the form of 
selenium added to the soil. 

White blossom sweetclover 
was an efficient absorber and 
stored a relatively large amount 
of selenium whether it was sup- 
plied as selenate, selenite, or or- 
ganic selenium. Alfalfa con- 
tained relatively low levels of 
40 and 41 ppm selenium. The 
second cutting contained nearly 
the same level of selenium as did 
the first cutting. Under these ex- 
perimental conditions both al- 
falfa and white blossom sweet- 
clover plants collected at bloom 
stage, contained from 37.5 to 64.5 
percent of the total selenium in 
the inorganic form. Plants of 
both species, when grown on soil 
containing organic selenium, 
contained 37.5 and 47.2 percent 
of the total as inorganic sele- 
nium. These results are not in 
agreement with those reported 
by Beath and Eppson (1947) 
since, they reported that both al- 
falfa and yellow sweetclover 
contained only organic selenium. 
Possible explanations could be 
variety differences in the alfalfa, 
variations in selenium metabo- 
lism between white and yellow 
species of sweetclover, or differ- 
ences in selenium metabolism 
and accumulation by plants 
grown under natural and those 
grown under greenhouse condi- 
tions. 

Fremont goldenweed is an ef- 
ficient selenium absorber since 
plants grown on soil containing 
five ppm of selenate selenium 
contained 657 ppm selenium of 
which more than 40 percent was 
in the organic form. Tansy aster 
is the most efficient absorber of 
selenium studied and its tissues 
contained 8,078 ppm selenium 
when grown on soil containing 
20 ppm of selenate. This plant 
contained 2,352 ppm selenium 
when grown on selenite contain- 

ing soil and 720 ppm when or- 
ganic selenium was added to the 
soil. The major portion of the 
selenium was water soluble and 
inorganic. Western aster plants 
contained 1,413 ppm selenium 
when grown on soil containing 
20 ppm selenate as compared 
with 304 ppm selenium when 
grown on soil containing a simi- 
lar level of organic selenium. 

Alkali prince’s plume, a seleni- 
um-indicator plant, accumulated 
a comparatively high level and 
absorbed organic selenium more 
efficiently than selenite but less 
efficiently than selenate. This 
plant contains only organic com- 
pounds of selenium irrespective 
of the form contained in the soil. 

All the plants studied ab- 
sorbed, metabolized, and stored 
selenium. It appears that the 
plants vary widely in their abil- 
ity to accumulate selenium in 
their tissues. All species studied 
are able to absorb inorganic se- 
lenium and convert some or all 
of it into organic compounds. 
The majority of the plants are 
able to convert organic selenium 
into inorganic compounds. The 
ability of plants to absorb, me- 
tabolize, and store selenium in 
their tissues is important, poten- 
tially dangerous, and emphasizes 
the need to avoid growing food 
plants on soils containing seleni- 
um in an available form, since 
consumption of plants produced 
on these soils can be directly 
harmful to humans and live- 
stock. Livestock consuming se- 
lenium-containing plants metab- 
olize the selenium and some of 
the selenium is incorporated into 
milk, eggs, and meat products 
which are consumed by humans 
and other animals. Precautions 
should be exercised to limit, in- 
sofar as possible, the intake of 
selenium by humans and live- 
stock. 

Summary 

All plants studied, when grown 
on soils containing available se- 
lenium in the selenate, selenite, 



and organic form accumulated 
selenium in varying amounts in 
their tissues. Grasses varied 
widely in selenium-absorption 
efficiency. Indian ricegrass was 
the most efficient selenium-ab- 
sorbing grass, western wheat- 
grass was somewhat less effi- 
cient. Common winter fat, 
broom snakeweed, kochia or 
burning bush, rabbitfoot grass, 
common dandelion, and yellow 
goatsbeard exhibited a some- 
what lower selenium absorption 
efficiency. Alkali prince’s plume 
contained a relatively high level 
of selenium which was present 
only in organic compounds. 
Tansy aster plants grown on soil 
containing inorganic selenium 
contained high levels of seleni- 
um. In general, increasing the 
level of soil selenium resulted in 
increased selenium absorption 
by the plant. Selenate selenium 
was in most instances, absorbed 
most efficiently, selenite some- 
what less efficiently, and organic 
selenium absorbed to a lesser ex- 
tent. However, some plants 
readily absorbed comparatively 
large amounts of organic seleni- 
um from the soil. All plants 
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changed inorganic selenium into 
the organic form and in most 
plants the reverse process oper- 
ated with varying degrees of 
efficiency. Plants grown on 
soils containing selenium in an 
available form should not be 
used for human consumption. 
Livestock consuming plants con- 
taining appreciable quantities of 
selenium are capable of metabo- 
lizing the selenium, which is 
harmful to them. Milk, eggs, and 
meat obtained from selenium-fed 
animals will contain selenium. 
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for Washington Department of 
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State Land management. Now the lands are 
Agencies Reorganized administered impartially, follow- 

A new concept in the pricing ing principles of sound manage- 
of range grazing fees has been ment. 
put into use on the state lands This was all made possible as 
of Washington whereby a public the result of an extensive reor- 
agency is directly sharing in the ganization of land managing 
income of the livestock industry. agencies by the Washington 
This “new look” in grazing fees State Legislature. In 1957, six 
reflects a profound change in the different departments and 
entire philosophy of state land twelve commissions responsible 

for state land management were 
combined into the Department 
of Natural Resources. Under the 
new law, the policies of the de- 
partment are established by a 
five-man board, consisting of 
two political members (The 
Governor of Washington and the 
Commissioner of Public Lands) 
and three nonpolitical members 
(the Superintendent of Public 
Instruction, the Dean of the Col- 
lege of Forestry, University of 
Washington and the Director of 
the Institute of Agricultural Sci- 
ences, Washington State Univer- 
sity) (Anonymous, 1957). The 
Commissioner of Public Lands 
is the designated administrator 
of the department. All em- 
ployees, including the super- 
visor, are career people, insu- 
lated, more or less, from political 
pressures on the board, whose 



and organic form accumulated 
selenium in varying amounts in 
their tissues. Grasses varied 
widely in selenium-absorption 
efficiency. Indian ricegrass was 
the most efficient selenium-ab- 
sorbing grass, western wheat- 
grass was somewhat less effi- 
cient. Common winter fat, 
broom snakeweed, kochia or 
burning bush, rabbitfoot grass, 
common dandelion, and yellow 
goatsbeard exhibited a some- 
what lower selenium absorption 
efficiency. Alkali prince’s plume 
contained a relatively high level 
of selenium which was present 
only in organic compounds. 
Tansy aster plants grown on soil 
containing inorganic selenium 
contained high levels of seleni- 
um. In general, increasing the 
level of soil selenium resulted in 
increased selenium absorption 
by the plant. Selenate selenium 
was in most instances, absorbed 
most efficiently, selenite some- 
what less efficiently, and organic 
selenium absorbed to a lesser ex- 
tent. However, some plants 
readily absorbed comparatively 
large amounts of organic seleni- 
um from the soil. All plants 
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changed inorganic selenium into 
the organic form and in most 
plants the reverse process oper- 
ated with varying degrees of 
efficiency. Plants grown on 
soils containing selenium in an 
available form should not be 
used for human consumption. 
Livestock consuming plants con- 
taining appreciable quantities of 
selenium are capable of metabo- 
lizing the selenium, which is 
harmful to them. Milk, eggs, and 
meat obtained from selenium-fed 
animals will contain selenium. 
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State Land management. Now the lands are 
Agencies Reorganized administered impartially, follow- 

A new concept in the pricing ing principles of sound manage- 
of range grazing fees has been ment. 
put into use on the state lands This was all made possible as 
of Washington whereby a public the result of an extensive reor- 
agency is directly sharing in the ganization of land managing 
income of the livestock industry. agencies by the Washington 
This “new look” in grazing fees State Legislature. In 1957, six 
reflects a profound change in the different departments and 
entire philosophy of state land twelve commissions responsible 

for state land management were 
combined into the Department 
of Natural Resources. Under the 
new law, the policies of the de- 
partment are established by a 
five-man board, consisting of 
two political members (The 
Governor of Washington and the 
Commissioner of Public Lands) 
and three nonpolitical members 
(the Superintendent of Public 
Instruction, the Dean of the Col- 
lege of Forestry, University of 
Washington and the Director of 
the Institute of Agricultural Sci- 
ences, Washington State Univer- 
sity) (Anonymous, 1957). The 
Commissioner of Public Lands 
is the designated administrator 
of the department. All em- 
ployees, including the super- 
visor, are career people, insu- 
lated, more or less, from political 
pressures on the board, whose 
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policies they enforce. With the 
reorganization has come a 
healthy decentralization of au- 
thority, allowing the considera- 
tion of local problems on the 
ground where they have arisen. 

The Problem 
Washington is a land grant 

state. Upon obtaining statehood, 
she received federal grants for 
the support of schools and other 
governmental activities. Much 
of this land is in scattered owner- 
ship because Sections 16 and 36 
in each township were reserved 
as school lands. However, it has 
been possible to block together 
some lands, making practical 
their operation as sustained yield 
units and permit ranges. At the 
present time, the Department 
manages approximately three 
million acres. Since all these 
lands were granted specifically 
for the support of certain institu- 
tions, the Department has a dual 
responsibility as manager: 

1. Protecting and maintaining 
their value and productivity in 
the long term. 

2. Obtaining the maximum 
cash income. 
Therefore, these lands cannot be 
treated as public lands in the 
same sense that federal lands 
are public lands. By law, uses 
which provide immediate income 
take precedence over uses which 
may be important to the public 
but do not yield cash returns. 

The state land ownership pat- 
tern has developed two distinct 
land management procedures,’ 
(a) where ownership is suffi- 
ciently “blocked-up,” a grazing 
permit system patterned after 
that currently followed by the 
U. S. Forest Service has been im- 
plemented, and (b) the scattered 
parcels of land mentioned above 
are leased individually through 
auction bids by state adminis- 
trators with somewhat less direct 
control of grazing management 
than on permit ranges. This 
paper describes the way the de- 
partment establishes grazing fees 
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on the permit ranges described 
under (a) above. 

Today, there are approxi- 
mately 10,000 permitted cattle on 
the state permit ranges. Approxi- 
mately 90 percent of these are 
cows and calves; the remainder 
yearling steers. In addition, the 
grazing of several bands of sheep 
is also permitted. 

The lands under discussion are 
located on the east slope of the 
Cascade Mountains (Figure 1.) 
and support varying amounts of 
commercial timber - primarily 
ponderosa pine (Pinus ponder- 
osa) Laws, Douglas fir (Pseu- 
dotsuga menzesii) (Mirb.) 
France, and lodgepole pine 
(Pinus contorta) Dougl. (Figure 
2.) Consequently, logging also 
is an important supplementary 
use of these lands. Their grazing 
capacity averages about 15 acres 
per animal unit month. 

The majority of the present 
permit ranges were National 
Forest lands prior to 1923. At 
that time they were transferred 
to the State of Washington in 
lieu of occupied state grants oc- 
curring within the National For- 
est boundaries. The state as- 
sumed the management of the 
transferred acreage and recog- 
nized the preferences held by the 
former forest service permittees. 

Grazing fees were arbitrarily set 
at a flat rate of 50 cents per 
AUM (animal unit month). 
However, no written under- 
standing, in the form of grazing 
regulations, existed between the 
state and the permittees until 
1959, when the presently de- 
scribed regulations were formu- 
lated. The need for stabilizing 
regulations was recognized by 
both state administrators and 
permittees. 

New Approach Tried 
Examination of grazing regu- 

lations, including grazing fees, 
currently held in effect by the 
U. S. Forest Service, Bureau of 
Land Management, and other 
land managing agencies revealed 
that none was adaptable to the 
unique situation found on these 
permit ranges. Steps were taken, 
therefore, to establish a new 
body of regulations, including 
grazing fees, to define in writing 
the relationship between land- 
lord and tenant. 

The department decided to 
take the problem to the users of 
the land and ask their coopera- 
tion in writing the new regula- 
tions. With this objective in 
mind, it was proposed to the 
Washington Cattlemen’s Associ- 
ation and the Washington Wool- 

FIGURE 1. 
ranges. 

Location of Washington State Department of Natural Resources permit 
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FIGURE 2. The Department’s ranges are comprised mostly of open timber types, where 
bluebunch wheatgrass (Agropyron spicatum) and Idaho fescue (Festuca idahoensis) 
provide the bulk of forage. 

growers’ Association that they 
work with the department to- 
ward this end. 

Two committees were consti- 
tuted early in the fall of 1958. 
The first of these was an “Ad- 
visory Committee,” given the re- 
sponsibility of advising the 
Board of Natural Resources di- 
rectly on all matters concerning 
grazing regulations. Member- 
ship was by invitation of the 
Commissioner of Public Lands 
to key organizations having an 
interest in the management of 
these lands. Representation on 
the 11-man committee included 
five members from the Washing- 
ton Cattlemen’s Association, and 

one member each from the 
Washington Woolgrowers’ Asso- 
ciation, Washington State Sport- 
man’s Council, Allied School 
Council, Forest Industry, Wash- 
ington State University, and the 
Department of Natural Re- 
sources. While the stockmen 
were given a controlling major- 
ity of one vote, representatives 
of groups interested in the mul- 
tiple-use aspects of the lands 
were also given a voice. This 
committee was composed of 
practical men, and it was ex- 
pected that they would test the 
practical features of proposed 
regulations. 

The second committee, titled 
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the “Technical Range Policy 
Committee,” was given the re- 
sponsibility of reviewing the 
technical features of the pro- 
posed regulations and providing 
technical guidance to both the 
Department and the Advisory 
Committee. Membership, again, 
was by invitation of the Com- 
missioner. Each of the following 
agencies provided one member: 
U. S. Forest Service, Soil Con- 
servation Service, State Depart- 
ment of Game, State Association 
of Soil Conservation Districts, 
Washington State University, 
and the Department of Natural 
Resources. The chairman of this 
group (the Washington State 
University representative) was 
also a member of the Advisory 
Committee, providing liaison be- 
tween the two committees. 

The Advisory Committee ap- 
proach is given major credit for 
the success of the program. It 
provided an opportunity for free 
exchange of ideas between the 
administrators and the users. It 
was so successful in bringing ad- 
ministration and users’ views to- 
gether that it produced a situa- 
tion wherein the users suggested 
to the administration a means of 
increasing grazing fees. In the 
history of range management, 
many technically sound grazing 
regulations have had to be aban- 
doned or diluted because users 
have refused to accept them. 

In action, the committees con- 
sidered proposed regulations 
originating in the Department. 
The Technical Range Policy 
Committee screened these for 
technical soundness, and in some 
cases, completely revised por- 
tions of them. The Advisory 
Committee then considered the 
regulations both from the point 
of view of applicability on the 
range, and for the protection of 
the rights of sportsmen, timber 
producers, water users, etc. Sev- 
eral meetings of both commit- 
tees, continuing through the win- 
ter of 1958-59, were required to 
complete the assignment. In the 



268 

meantime, the stockmen mem- 
bers had taken the proposed reg- 
ulations home to their local live- 
stock associations for debate and 
final approval. The completed 
regulations were transmitted to 
the State Board of Natural Re- 
sources from the Advisory Com- 
mittee in the spring of 1959, with 
recommendations for adoption. 
They were adopted by unani- 
mous vote of the board and 
placed in effect for the 1959 and 
subsequent grazing seasons. 

Except for the grazing fee cal- 
culation procedures, these regu- 
lations resemble those of the 
U. S. Forest Service in general 
outline. The regulations: 
1. Provide for long-term (ten- 

year) preference permits, 
2. Protect the rights of prior 

users through the establish- 
ment of preferences, 

3. Set upper limits on livestock 
numbers permitted for any one 
individual or organization, 

4. Require commensurability, 
5. Outline conditions for transfer 

of preferences, and 
6. Provide for cancellation of 

preferences in the best inter- 
ests of the state or for failure 
to comply with grazing regu- 
lations. 

Managemenf Ob jecfives 
Range management objectives 

of the department are defined in 
the beginning paragraphs of the 
regulations; because they pre- 
scribe the spirit of the entire doc- 
ument, they are reproduced 
here: 

The general objective of the 
Department of Natural Re- 
sources in its management of 
state-owned range lands is to 
provide for the maximum uti- 
lization of the range resource 
consistent with the principles 
of multiple use and proper 
land conservation measures. 
Coincident with this general 
objective, the Department will 
seek to: 

1. Secure the highest possible re- 
turn to the state under good 
management practices. 
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Perpetuate the organic re- 
sources on both the state lands 
and related lands through wise 
use, protection, and develop- 
ment. 
Provide the best practical, so- 
cial, and economic correlation 
in the use of state lands with 
adjacent lands. 
Stabilize that part of the live- 
stock industry which makes 
use of state land through ad- 
ministrative policies and man- 
agement practices which con- 
form to the requirements of 
practical operation. 
Cooperate with range and 
other users through a decen- 
tralized administration on a 
district level, organized and 
authorized to settle local prob- 
lems in accordance with local 
conditions. 

grazing fees provided the most 

First Proposals 

The problem of establishing 

lively discussion of all the topics. 
A rather thorough study was 
made of the various possibilities 
before the matter was finally re- 
solved. The U. S. Forest Service 
(Sampson, 1952) and the Prov- 

ince of Alberta, Canada (Camp- 
bell and Wood, 1951) use fees 
having some features thought 
desirable by the committee, but 
not entirely adaptable. 

A flat fee, unchanging with 
varying economic conditions, did 
not appeal to either the Advisory 
Committee or departmental rep- 
resentatives. Both groups 
wanted to include a flexibility in 
pricing which would reflect 
ability to pay. 

stability of the established live- 
stock operators and, in the long 
run, would likely be contrary to 
the interests of the Department 
of Natural Resources as well as 
to the local communities and the 
state as a whole. 

Everyone agreed that perhaps 
an open auction bid system 
would most nearly arrive at the 
true market value of the permits. 
However, the stockmen feared 
this method of price-setting and 
opposed it. They felt that, in in- 
dividual situations, at least, the 
bid price might be completely 
out of line and result in serious 
hardship. It was recognized also 
that the uncertainty inherent in 
auction bidding would affect the 



A More Equitable Fee 

A common means of establish- 
ing land rental prices is the cap- 
italization of land values. A graz- 
ing fee could be established by 
calculating the income expected 
on the capital value of the 
amount of land required to fur- 
nish feed for an animal unit 
month. On farm lands or other 
single-use lands, this leads to a 
fairly straightforward conclu- 
sion. But where many other 
values are derived from the 
same acres as the range forage, 
it is unrealistic to expect the 
grazing fees to pay the entire 
capitalization value. For ex- 
ample, the lands in question pro- 
duce timber of greater monetary 
value than the forage. How 
much of the capitalization value 
should be charged to timber, and 
how much to forage? Informa- 
tion which would allow such an 
apportionment was not . avail- 
able. Furthermore, land capitali- 
zation values are often seriously 
distorted upward in periods of 
economic prosperity by factors 
not directly attributable to the 
productive capacity of the land. 
Grazing fees based upon capitali- 
zation of inflated land prices 
would usually result in fees 
higher than the productivity of 
the land could justify. 

Most products of the land are 
sold on the basis of the quantity 
actually harvested, as measured 
by units of weight or volume. 
Forage could thus be sold di- 
rectly to the rancher by the 
pound. He could be charged for 
what was used, rather than for 
the number of acres where the 
stock spend the grazing season. 
This approach has some com- 
mendable features but fails for 
the lack of accurate and econom- 
ical methods of evaluating the 
production and use of native for- 
age plants. Also, there is no es- 
tablished price for native forage 
by the pound, nor standards for 
“grading” different kinds of for- 
age according to their true or ap- 
parent value. On a theoretical 
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basis, it would be necessary, 
when using this method, to pro- 
vide penalties for poor manage- 
ment, such as removing too much 
forage from “key” or “primary” 
areas within the range, or even 
for leaving useable forage on re- 
mote or secondary areas. Both 
would represent economic loss 
to the landlord. 

The Formula For Cattle 

In the ranching business, the 
one product which is carefully 
weighed and sold at an estab- 
lished price is the beef animal. 
If the landlord could receive a 
fair share of the beef or mutton 
produced on his range, he would 
be participating directly in the 
productivity of his land. This 
approach appealed to those 
working on the problem. But 
what could be considered a 
“fair share” of the product? The 
answer to this question com- 
prised the work of the commit- 
tees through several meetings. 
This is the formula which 
evolved. 

A.U.M. Fee= LxGxSxP 
M 

Where: 
L=Proportion of the average 

stockman’s investment as- 
signed to land. 

gross income from the ranch. 

G=Average pounds of gain in 
livestock weight for per- 
mitted grazing season. 

S =Landlord’s fair share of 
gross land income. 

P = Average selling price of 
cattle over the past year. 

M=Number of months in per- 
mitted grazing season. 

Consider factor “L” first. It 
was reasoned that the annual 
production of the total ranch 
unit, including private and state- 
owned lands involved, could be 
divided among the investment 
factors (cattle, improvements 
and land) on the basis of percent 
investment provided by each. In 
other words, if 50 percent of a 
rancher’s capital is invested in 
land, then the land should be 
credited with 50 percent of the 
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While this approach may be de- 
batable on the basis of strict pro- 
duction management economics 
principles, in the opinion of those 
working with the problem it is 
sound; and it does provide a use- 
ful solution. The proportion of 
total ranch investment assigned 
to land varies greatly from re- 
gion to region and to a lesser ex- 
tent between ranches within re- 
gions. Stoddart and Smith (1943) 
compiled data which showed 
that the investment in land 
varied from about 30 to 60 per- 
cent between regions of the 
western United States. Based on 
this information and some local 
investigations, it was arbitrarily 
agreed that factor “L” would be 
set as a constant at 40 percent. 
This is somewhat below the esti- 
mated actual proportion and was 
purposely reduced for two rea- 
sons. First, state grazing lands 
lacked improvements and were 
less valuable, in general, than 
lands owned by the ranchers. 
Second, an effort was made to 
keep the estimate on the con- 
servative side. (After five years 
of investment by the state in 
range improvements, it now ap- 
pears that this percentage could 
justifiably be increased). 

Calf gains over a four-month 
summer range season (Factor 
“G”) were estimated at 200 
pounds. Sample weighings dur- 
ing 1959 and 1960 seasons con- 
firmed the estimate (Table 1). 
This is also considered as a con- 
stant in the formula. 

signed to land (40 percent of 200 

Table 1. Cattle gains on Department 
of Natural Resources’ mountain 
summer ranges, 1959 and 1960. 

AVERAGE GAINS 
cows/ 
4 mo. Calves/ 

Range Unit Season Month 

- - (Pounds) - - 
Cecil Creek 75 52 

Salmon Meadows 37 49 
Funk Mountain 67 50 
Aneas 25 60 

Next, consider factor “S”. Not 
all of the 80 pounds of gain as- 
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Table 2. Average annual price per cwt. of beef cattle in Washington (1951. 
61) and calculaied and actual grazing fees (1952-63), Washington De- 
partment of Natural Resources. 

Year Beef Prices/cwt. 
Calculated 

Grazing Fee/AUM 
Actual-Fees 

Charged 

19.51 $29.30 
1952 24.20 
1953 15.90 
1954 15.60 
1955 15.60 
1956 14.10 
1957 16.80 
1958 20.90 
1959 21.90 
1960 19.30 
1961 19.00 
1962 20.00 
1963 (Not available until February 1964) 

$1.75 
1.45 
0.95 
0.94 
0.91 
0.85 
1.01 
1.25 
1.31 
1.16 
1.14 
1.20 

$0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.75 
0.88 
0.98 
1.06 
1.20 

pounds) can reasonably be 
claimed by the landlord. Ex- 
penses must be deducted from 
the gross gain or income. The 
ranch operator must maintain 
the brood cow through the un- 
productive part of the year; 
stand the risk of loss from poi- 
sonous plants, predators, disease, 
etc.; provide labor and manage- 
ment skill; handle the cattle on 
the range, provide bulls, pay vet- 
erinary fees; and meet other mis- 
cellaneous expenses. On the 
basis of other agricultural share- 
crop agreements in which the de- 
partment participates, the land- 
lord’s share in this case was set 
at 30 percent by agreement with- 
in the Advisory Committee. 

The price (Factor “P”) used to 
calculate the value of the land- 
lord’s share is the average price 
of all beef cattle sold in Wash- 
ington, as calculated and pub: 
lished annually by the U.S.D.A. 
(serial). It was recognized that 
the average price of all beef cat- 
tle would usually be slightly 
lower than that of feeder or 
stocker calves, the usual product 
of the summer ranges, but again 
it seemed desirable to be on the 
conservative side. 

If the foregoing factors of the 
numerator are multiplied, L x G 
x S x P as indicated by the for- 
mula, the grazing fee for the per- 
mitted period will be the result. 
The monthly fee can be had by 

dividing this product by the 
number of months (Factor “M”) 
in the permitted season. 

The foregoing discussion has 
emphasized the point that all 
factors, except livestock prices 
and length of grazing season, are 
arbitrarily defined as constants. 
This has been done with a defi- 
nite purpose in mind. Calculation 
of individual factors for each 
ranch operation might at first 
consideration appear to be the 
best approach, but such a pro- 
cedure would be a tedious and 
expensive job. On the other 
hand, the use of averages as con- 
stant factors has the advantage 
of stimulating good management 
by giving the efficient operator 
a bonus for any production above 

average. Further, the state’s in- 
come is insured against losses 
resulting from poor management 
by careless operators. 

The previously described for- 
mula applies to an animal unit 
composed of a mature cow and 
her calf. Other age classes are 
charged on the basis of the 
equivalents agreed upon by the 
committee. 

Animal Equivalents 

Cow and Calf=1 A.U.M. 
Bull=1 A.U.M. 
Dry two-year old and older= 

___.____________-------------------------- 1 A.U.M. 
Yearling steer or heifer = 

________----____--__________________ 0.66 A.U.M. 
Sheep__....._......___~__Not convertible. 
Again, it was recognized that 
animals in the first three age 
classes listed above do not con- 
sume equal amounts of forage. 
However, the differences are 
small, the total numbers of bulls 
and dry cows are small, and it is 
not considered worth the trouble 
administratively to keep separate 
accounts. 

Sheep Fees 
Early in the discussion of the 

problem, it was thought that 
sheep fees could be derived sim- 
ply by dividing the cattle animal 
unit month fee by a factor of 
five, using the common conver- 
sion of one cow to five sheep. 
This procedure was reasonable 
on the basis of forage consumed, 
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FIGURE 4. Installation of fences and trails since 1958 has led to improved management. 
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but did not meet the objectives 
of giving the landlord a fair 
share of the income, nor did it 
adjust the sheep grazing fee ac- 
cording to the operator’s income 
from the sheep. This was borne 
out in the first year of operation 
when it was noted that, (1) lamb 
prices are almost never the same 
as beef prices, (2) lamb prices 
have their own cyclic variations 
somewhat independent of cattle 
prices, and (3) lamb gains on 
summer range per month per 
five ewes is usually somewhat 
greater than calf gains per 
month per cow. This last point is 
brought out by the Utah Agricul- 
tural Experiment Station Annual 
Report (1959) which presents 
data to indicate that with the 
usual 60 percent of twins, five 
ewes would produce eight lambs. 
These gained an average of 50 
pounds each over a four-month 
summer grazing season. Thus, on 
the average, five ewes produced 
four hundred pounds of lamb in 
the same four months’ grazing 
period that one cow produced a 
200-pound calf gain, However, 
Washington sheep operators felt 
that eighty pounds of gain per 
ewe per four-month grazing sea- 
son was too high, and would re- 
sult in a grazing fee coming from 
the formula which would be out 
of line with established public 
and private land grazing fees. 
Through arbitration a compro- 
mise rate-of-gain of forty-eight 
pounds per four sheep months 
was agreed upon, this being 
slightly higher than calf gains 
in the equivalent cattle fee for- 
mula. 

A formula specific to sheep 
was therefore developed by 
modifying factors “G” and “P” 
of the cattle formula, substitut- 
ing sheep gains and prices. A 
sheep month fee is now calcu- 
lated using average lamb gains 
of forty-eight pounds per ewe 
per four-month season, and em- 
ploying the average annual sheep 
price published by the U.S.D.A. 
Agricultural Marketing Service, 
(serial) as for cattle. 

Prior to use of the formula an 
unvariable fee of ten cents per 
sheep month was charged. In 
1963, the first year of full fee 
under the new formula, twenty- 
five cents per sheep month will 
be charged. This is just one cent 
more than one-fifth of the 1963 
cow month fee, but may vary 
greatly from this ratio. No dif- 
ferential is recognized for year- 
ling wethers or ewes as for year- 
ling steers and heifers, because 
there is so little demand for for- 
age by these classes. 

Transition Fees 

By state law, grazing fees are 
payable in advance. Since there 
is no way of predicting what the 
average annual price of livestock 
will be before a given year has 
ended, a further adjustment be- 
came necessary. It was agreed 
that the previous year’s average 
beef (or sheep) price would be 
used in determining the current 
year’s grazing fees. This pro- 
cedure had an additional advan- 
tage in that following a year of 
favorable prices, stockmen would 
be in a reasonably good economic 
position to pay higher grazing 
fees in advance, and vice versa. 

We can test the new cattle 
grazing fee by applying the for- 
mula to average beef cattle 
prices of past years and inspect- 
ing the resulting grazing fees to 
see if they are reasonable. Table 
2 shows that the calculated graz- 
ing fees for cattle would have 
varied from a high of $1.75 in 
1952 (following the peak 1951 
cattle prices) to a low of 85 cents 
in 1957. During this same period, 
it is estimated that irrigated 
summer pasture in the valleys 
of central Washington was priced 
at $2.50 to $3.50 per AUM, and 
auction bids on range land were 
averaging between $1.50 and 
$2.00 per AUM on ranges with 
somewhat better improvements 
for handling livestock than found 
on state lands. It appears then 
that the formula provides an 
equitable grazing fee, with pro- 
vision for adjustment to changes 

in the livestock operator’s in- 
come. 

The adjustment from 50 cents 
per AUM under the old grazing 
fee schedule in 1958 to $1.25 per 
AUM under the new formula 
(1959, the year of adjustment) 
would have placed a hardship on 
many operators if it had been 
made in a single year. It was 
agreed to make the adjustment 
over a five-year period in the 
following manner. The first year, 
one-fifth of the difference be- 
tween the 50-cent fee and the 
calculated fee would be added 
to the 50-cent fee. The second, 
third, and fourth years, one- 
fourth, one-third, and one-half, 
respectively, of the difference 
between the adjusted fee and the 
calculated fee would be added. 
In the fifth year, the full calcu- 
lated fee would be in force. Fees 
for the years prior to and during 
the new program are shown in 
Column 4 of Table 2. 

These fee formulas are not 
static, but rather may be revised 
on future recommendation of the 
Advisory Committee to the 
Board of Natural Resources, or 
by action initiated in the Depart- 
ment or in the Board itself. Such 
revisions might reasonably result 
from such things as the reporting 
of new economic studies of fac- 
tors in the formulas, or from 
changes in the relative values of 
state permit grazing lands due 
to the construction of improve- 
ments on these lands. 

The department has recognized 
the need for range improvements 
and has been contributing to 
their construction since the new 
grazing fee formula was adopted. 
Before 1959, no state contribu- 
tions had been made for im- 
provements. Since this date, the 
department has diverted from 
35 to 50 percent of the total graz- 
ing fees into improvements in an 
attempt to bring the range im- 
provement program up-to-date 
(Figure 4). The department has 
initiated a policy of sharing costs 
of improvements with permittees 
on a 50-50 basis. Usually the de- 
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partment furnishes materials and 
the operator furnishes the labor. 

Results Of New Regulations 

Following four grazing seasons 
of experience with the new regu- 
lations and grazing fees, it is 
possible to make a preliminary 
evaluation of the success of the 
program. Both the department 
and the stockmen have expressed 
satisfaction. Some of the by- 
products of the program are: 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

Cooperation between depart- 
ment representatives and 
stockmen has improved. This 
has been reflected in the at- 
titudes of individuals and in 
livestock association meet- 
ings. Existing complaints 
have been fully aired and 
most of them amicably settled 
by discussion. 
The income to the dependent 
trusts has increased by 112 
percent and may go higher, 
depending on future livestock 
prices. 
The capital value of the range 
lands has increased by an es- 
timated 150 percent. 
Stockmen report better gains 
on livestock, presumably as a 
result of improved distribu- 
tion, reduced competition 
from trespass stock, etc. 
All cattle are marked for easy 
identification upon entering 
their specified allotments. 
This has resulted in better 
control of numbers entering 
and control of trespass stock. 
Time of the stockmen has 
been saved in livestock han- 
dling. 
No reduction in permitted 
stock numbers has been nec- 
essary in spite of the general- 
ly poor condition of the key 
range areas when the depart- 

8. 

9. 
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ment assumed administration 
in 1957. Surveys show that 
most of these key areas are 
now improving. 
Several long-standing feuds 
between neighboring associa- 
tions and permittees have 
been settled. 
Respect of cooperating state 
and federal agencies, as well 
as stockmen, for departmen- 
tal grazing programs has in- 
creased tremendously as a di- 
rect result of the successful 
implementation of these new 
policies. 

Summary 

In 1957, the Washington State 
Legislature reorganized the land 
management functions of the 
state government by adopting 
legislation which combined the 
activities of numerous boards 
and departments into a Depart- 
ment of Natural Resources. Per- 
sonnel of this department have 
successfully established, through 
cooperation with livestock and 
agency groups, a workable set of 
grazing regulations and grazing 
fees. 

The grazing regulations are 
patterned in large measure after 
those presently followed by the 
U.S. Forest Service. 

The grazing fees follow a new 
concept: the state shares directly 
in the stockman’s income from 
his operation. The monetary 
value of a constant percentage 
of the livestock gains made while 
grazing on state lands is reserved 
as a grazing fee. This method has 
changed grazing fees from a flat 
rate of fifty cents per AUM and 
five cents per sheep month to a 
variable fee which follows the 
price of the livestock. Grazing 
fees for 1963, the first year of full 

fees following the five-year tran- 
sitional period, will be $1.20 per 
AUM for cattle, and twenty-five 
cents per sheep month. It is es- 
timated that the cattle fee will 
likely fall between seventy-five 
cents and $2.00 within the fore- 
seeable future. 

The newly adopted regulations 
and grazing fees have provided 
a satisfactory basis for stockman- 
department relationships through 
the first four years of their use. 
Fruits of the program include 
improved cooperation between 
department and stockmen, in- 
creased income to dependent 
trusts, increased capital value of 
state permit range lands, in- 
creased livestock gains, reduced 
trespass grazing, time saved in 
handling stock, improved ranges 
without reduction in numbers of 
permitted stock , promotion of 
improved relations between 
neighboring permittees, and in- 
creased prestige of the depart- 
mental program. 
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PLANTING DEPTH AND SEED 
SIZE INFLUENCE EMERG- 

ENCE OF BEARDLESS 
WHEATGRASS SEEDLINGS 

WILLIS G. VOGEL 
Range Conservationist, U. S. Depart- 
ment of Agriculture, Forest Service, 
Central States Forest Experiment 
Station, Columbia, Missouri. 

Planting depth is known to in- 
fluence emergence of many 
grasses used in range seeding. 
Recent work has shown that 
seed size may also influence 
emergence (Kittock and Patter- 
son, 1962; Rogler, 1954). Influ- 
ence of both planting depth and 
seed size was evaluated in a 
greenhouse study of beardless 
wheatgrass (Agropyron inerme 
[Scribn. and Smith] Rydb.). 
This is a species commonly used 
for range seeding in the Pacific 
Northwest and northern Inter- 
mountain Regions. 

Seed was planted in January 
1958 at three different depths 
and included straight-run seed 
and two sizes. Planting depths 
in a sandy-loam potting soil high 
in organic material were Y2, 1, 
and 1% inches. Seed was small 
(6-8 mm. long), large (lo-12 mm. 
long), and straight run (as it 
came from the bag, 6-12 mm. 
long). Germinative capacity of 
straight-run seed was the same 
as that of either size class, 76 t 
five percent. 

During the three weeks fol- 
lowing planting, emerged seed- 
lings were counted periodically. 
Planting depth influenced both 
the rate of emergence and the 
total amount of emergence. At 
the end of one week, more than 
30 percent of the seeds planted 
% inch deep had emerged, 
whereas none planted 1% inches 
deep had emerged (Figure 1). At 

Table 1. Beardless wheafgrass seedling emergence af 21 days 

Seed size 
Planting depth 

l/z inch 
1 inch 
1% inch 
Average 

Large Small Straight-run Average 
--__-- (Percent) - - - - - - 

78 54 74 69 
56 40 60 52 
40 20 36 32 
58 38 57 

the end of three weeks when the 
final count was made, nearly 70 
percent of the seed planted 1/2 
inch deep had emerged as seed- 
lings. This was more than twice 
as many seedlings as had 
emerged from seed planted 1% 
inches deep. The number of 
seedlings emerging from seed 
planted one inch deep was inter- 
mediate (Table 1). 

At each depth, nearly as many 
seedlings emerged from large 
seed as from straight-run seed. 

But significantly fewer seedlings 
emerged from small seed (Table 
1). Similarity in emergence from 
large and straight-run seed is 
probably due to the large per- 
cent of the seeds in the straight- 
run samples that are medium to 
large in size (over eight mm. 
long). Thus, the influence of 
small seed in a straight-run sam- 
ple is minor and would not justi- 
fy separation. 

This trial indicates that there 
would be no advantage in sepa- 

80 -I 
l/2 inch 

7 14 
Days after planting 

FIGURE 1. Influence of plantin g depth on emergence of beardless wheatgrass (straight- 
run and two different sizes of seed averaged). 
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rating beardless wheatgrass seed 
by size. But planting depth 
definitely influences emergence 
of any size of seed. 
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AN INEXPENSIVE DRYING 
OVEN FOR RANGE FORAGE 

SAMPLES 

DON J. NEFF 
Research Biologist, Arizona Game 
and Fish Department, Prescott, 
Arizona. 

Range and game managers and 
researchers located at small out- 
lying stations may periodically 
be required to collect and process 
samples of forage-a job which 
is greatly facilitated by the use 
of a drying oven. Such a situa- 
tion at Prescott led to the devel- 
opment of an inexpensive but 
dependable homemade drying 
oven. 

In 1958 the writer embarked 
upon a long-term proper-use ex- 
periment involving the clipping 
of a large number of chaparral 
shrubs (Arizona Federal Aid 
Pro j ec t W-78-R;WP5,J4). The 
clipping was carried out in Octo- 
ber each year and involved the 
processing of over two hundred 
samples. Neither storage space 
for air-drying nor a regular 
laboratory drying oven was 
available. After some investiga- 
tion and experimenting an oven 
was built (Figure 1). 

The case for the oven was a 
7.5 cubic-foot refrigerator box 
bought at a junkyard with 
motor, condenser, and coils re- 
moved. The heat source was a 
lOOO-watt ten-amp. coil of the 
type designed for house-trailer 
hot-water heaters. Heat regula- 
tion was provided by a Fenwal 
differential expansion thermo- 
switch. The coil was placed on 

FIGURE 1. The drying oven interior showing coil, steel plate, thermoswitch and racks. 

the floor of the box and wired in was fitted into the bottom of the 
series to the thermoswitch, box about four inches above the 
which was inserted through the coil to promote even heat distri- 
wall of the box about half-way bution. The only ventilation was 
up one side. A 3/s-inCh steel plate provided by the cracks around 

Table 1. Drying oven efficiency fesf of 72 hours duration on current annual 
growth twigs of shrubs. 

Total 
Green Weight 

Weight Lost 
- - (Grams) - - 

First 24 Hours Second 24 Hours Third 24 Hours 

Weight Percent Weight Percent Weight Percent 
Lost of Total Lost of Total Lost of Total 

(Grams) Loss (Grams) Loss (Grams) Loss 

Desert Ceanothus (Ceanothus greggii) 
335.8 147.6 145.3 98.44 
Cliff-rose (Cowania stansburiana) 
170.0 89.4 88.0 98.43 

82.4 45.7 45.1 98.69 
107.5 57.5 56.9 98.96 
127.8 70.3 69.5 98.86 

1.7 1.15 0.6 0.41 

1.0 1.12 0.4 0.45 
0.3 0.66 0.3 0.66 
0.4 0.70 0.2 0.35 
0.6 0.85 0.2 0.28 



the door and a small hole at the 
top rear where the coolant tubes 
entered the box. Entire cost of 
the completed oven was about 
$40. 

The oven has been in opera- 
tion for about five weeks each 
year for the past five years with- 
out serious maintenance prob- 
lems. Placed outside in a carport 
in October with daily minimum 
temperatures as low as 26” F. the 
oven required about six kilo- 
watts of electricity per day. 

Results of the first small-scale 
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efficiency test were so complete- 
ly satisfactory that no further 
tests were conducted. As shown 
in Table 1, a 24-hour period of 
drying at 105” C. was sufficient 
to extract over 98 percent of the 
moisture content of the twigs. 
As a result of this test, plans to 
provide forced-draft ventilation 
were dropped and the oven was 
left in its simplest form. 
Throughout the browse clipping 
experiments a 48-hour drying pe- 
riod has been employed, insur- 
ing removal of over 99 percent 

of the moisture content of the 
twig samples. 

Many old refrigerator boxes, 
including the one shown here, 
are insulated with corrugated 
cardboard. The normal operat- 
ing temperature of the oven is 
well below the charring temper- 
ature of cardboard, but a ther- 
moswitch malfunction or wiring 
short possibly could cause a fire. 
A box with fiberglas insulation 
would be safer, but cardboard is 
acceptable if suitable precau- 
tions are taken against fire. 
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News. Spr., 1963:4-5, 7. (Ext. Serv., 
New Mex. State Univ., University 
Park) 

Lewis, Joseph. Fertile tiller produc- 
tion and seed yield in meadow 
fescue (Festuca pratensis L.). I. 
Time of sowing. Brit. Grassland 
Sot. Jour. 18 (2) :168-l 74. June, 
1963. (Welsh Plant Breeding Sta., 
Aberystwyth) 

McGinnies, W. J., D. F. Hervey, J. A. 
Downs, and A. C. Everson. A sum- 
mary of range grass seeding trials 
in Colorado. CoZo. Agr. Expt. Sta. 
Tech. BuZ. 73, 81 p. June, 1963. 
(Forage & Range Branch, Crops 
Res. Div., ARS, USDA, Colo. State 
Univ., Ft. Collins) 

Millikan. C. R. Effects of different 
levels of zinc and phosphorus on 
the growth of subterranean clover 
(Trifolium subterranium L.) . Aus- 
tral Jour. Agr. Res. 14(2):180-205. 
Mar., 1963. (Biol. Branch, Victori- 
an Dept. of Agr., Buinley) 

Pafel, B. M., B. G. Shah and P. S. 
Palel. Effect of cutting treatments 
on the yield and composition of 
forage and grasslands of Saurash- 
tra. Indian Jour. Agr. Sci. 32(l): 
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lization on the health of livestock. 
Brit. Grassland Sot. Jour. 18(2): 
112-l 18. (Agr. Bur., Dutch Nitro- 
gen Fertilizer Industry) 

Duvall, V. L. and L. B. Whifaker. 
Supplemental feeding increases 
beef production on bluestem-long- 
leaf pine ranges. La. Agr. Expt. 
Sta. BuZ. 564, 18 p. Apr., 1963. 
(Univ. Station, Baton Rouge) 

Mawson, W. F., A. W. Beaffie and 
D. N. Sutherland. Effect of syn- 
thetic hormone implants on grazing 
steers in Queensland. Queensland 
Jour. Agr. Sci. 19(4):467-484. Dec., 
1962. (Queensland Dept. of Agr. 
and Stock) 

McCormick, W. C., R. L. Givens and 

14-21. Mar., 1962. (Inst. of Agr., 
Anand) 

Rauzi, Frank. Water intake and 
plant composition as affected by 
differential grazing on rangelands. 
Jour. Soil and Water Conserv. 
18(3):114-116. May-June, 1963. 
(Soil and Water Conserv. Res. 
Div., ARS, USDA, Laramie, Wyo) 

Robinson, E. D. Chemical brush 
control in West Texas. Texas Agr. 
Prog. 9(3):3-5. May-June, 1963. 
(Texas A & M Univ. Substation 
No. 7, Spur) 

Sneva, F. A. A summary of range 
fertilization studies 1953-1963. Ore. 
Expt. Sta. Spec. Rpt. 155, 6 p. 
June, 1963. (Crops Res. Div., ARS, 
USDA, Squaw Butte Expt. Sta., 
Burns, Ore.) 

U. S. Agr. Res. Serv. Agr. Egineering 
Res. Div. Equipment for clearing 
brush from land. USDA Farmers’ 
BuZ. 2180, slightly rev., 12 p. Jan., 
1963. 

Whitman, Warren C., Larkin Lang- 
ford, R. J. Douglas, and T. J. 
Conlon. Crested wheatgrass and 
crested wheatgrass-alfalfa pastures 
for early-season grazing. N. Dak. 
Agr. Expt. Sta. BuZ. 442,24 p. Apr. 
1963. (Botany Dept., N. Dak. State 
Univ., Fargo) 

Willhiie, Forrest M., Rulon D. Lewis, 
and Hayden K. Rouse. Improving 
mountain meadow production in 
the West. U. S. Dept. Agr. Info. 
BuZ. 268, 22 p. Dec., 1962. (Soil 
and Water Conserv. Res. Div., 
ARS, USDA, Grand Junction, 
Cola.) 

B. L. Soufhwell. Effects of shade 
on rate of growth and fattening of 
beef steers. Ga. Agr. Expt. Sta. 
Tech. BuZ. (m.s.) 27, 13 p. Feb., 
1963. 

Springfield, H. W. Size of grazing 
area affects sheep behavior. West. 
Livestock Jour. 41(36):46-47. June, 
1963. (Rocky Mt. Forest & Range 
Expt. Sta., Univ. of New Mexico, 
Albuquerque) 

Wheeler, J. L., T. F. Reardon and 
L. J. Lambourne. The effect of 
pasture availability and shearing 
stress on herbage intake of grazing 
sheep. Austral. Jour. Agr. Res. 
14(3):364-372. May, 1963. (Div. of 
Animal Physiol., CSIRO, Pastoral 
Res. Lab., Armidale, N. S. W.) 
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Christensen, Earl M. The foothill 
bunchgrass vegetation of central 
Utah. Ecology 44(1):156-158. Wi., 
1963. 

Ehrenreich. John H. and John M. 
Aikman. An ecological study of 
the effect of certain management 
practices on native prairie in Iowa. 
Ecol. Monog. 33(2):113-130. Spr., 
1963. (U. S. Forest Serv., Central 
States Forest Expt. Sta., Columbia, 
Missouri) 

Hanson, A. A. Summer annual for- 
age grasses in the United States. 
USDA Agr. Handb. 238, 16 p. Feb., 

1963. 
Looman, Jan. Preliminary classifi- 

cation of grasslands in Saskatche- 
wan. Ecology 44(1):15-29. Wi., 
1963. (Dept. of Botany, Univ. of 
Wisconsin, Madison) 

Passey, H. B. and V. K. Hugie. 
Variation in bluebunch wheatgrass 
in relation to environment and 
geographic location. Ecology 44 
(1):158-161. Wi., 1963. (Soil Sur- 
vey Investigations, Soil Conserv. 
Serv., Salt Lake City, Utah) 

Renner. F. G. and B. W. Allred. 
Classifying rangeland for conser- 

vation planning. USDA Agr. 
Handb. 235, 48 p. Oct., 1962. 

Sanderson, H. Reed. Survival of 
rodent cached bitterbrush seed. 
U. S. Forest Serv. Pacific SW For- 
est & Range Expt. Sta. Res. Note 
211, 3 p. 1962. (Berkeley, Calif.) 

Wright, C. E. and A. H. L. Robinson. 
Spaced plant data collected (1957- 
1960) during a preliminary ex- 
amination of 100 cultivars and eco- 
types of Lolium perenne. North 
Ireland Min. Agr. Res. and Expt. 
Rec. 11(1):9-36. 1961. (Min. of 
Agr. for North Ireland) 

RANGE-WILDLIFE RELATIONSHIPS 

Allred, Donald M. and D. Elden 
Beck. Ecological distribution of 
some rodents at the Nevada atomic 
test site. Ecology 44(1):21 l-21 4. 
Wi., 1963. (Dept. of Zool. and 
Ento., Brigham Young Univ., Pro- 
vo, Utah) 

Jorgensen, Clive D. Spatial and 
time distribution of Dipodomys 
microps occidentalis within dis- 
tinct plant communities. Ecology 
44(1):183-187. Wi., 1963. (Radia- 
tion Ecology Proj., Brigham Young 
Univ., Provo, Utah) 

NEWS AND NOTES 

Material from many sources; noi necessarily the opinion 
or position of the EDITOR or OFFICERS of 

THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

Grumbles Gets Award 

The society of the Sigma Xi and 
its associated organization, the 
Scientific Research Society of Amer- 
ica (RESA) , announced through the 
chairman of their grants-in-aid of 
research committee, Dr. Harlow 
Shapley, an award to Mr. Jim B. 
Grumbles of Utah State University, 
son of Charles T. Grumbles of San 
Saba, Texas. 

This award is to assist in his 
study of the analysis of data partially 
completed on field work. 

Dr. Shapley, in making this an- 
nouncement, stated “Sigma Xi and 
RESA each year make a number of 
grants to the most promising scien- 
tists at critical points in their re- 
search careers. We recognize that 
many needs are relatively too small 
for the large foundations to consider 
and it is to meet these needs that 
our research funds are maintained.” 

Founded in 1886, the society of 
the Sigma Xi now has 144 chap- 
ters and more than 125 clubs in the 
major colleges and universities in 
the United States and Canada. Its 
industrial counterpart, RESA, estab- 
lished in 1947, has 78 branches in 
major governmental and industrial 
laboratories. These two organiza- 
tions with a combined active mem- 
bership of 90,000 scientists jointly 
sponsor eight national lectureships, 
publish the American Scientist, and 
are currently making annual awards 
in support of research totaling 
$75,000. 

Conservation Awards 
Announced 

American Motors Corporation has 
announced that nominations are now 
being accepted for its 1963 series 
of Conservation Awards. 

The Awards program annually 

honors the work of 20 professional 
and non-professional conservation- 
ists and selects for special recogni- 
tion the conservation activities of 
two non-profit organizations. 

Ten awards, each consisting of 
$500 and an engraved bronze plaque, 
are made to professional conserva- 
tionists employed by non-profit or- 
ganizations. Bronze plaques and ci- 
tations are awarded to ten non-pro- 
f essionals whose conservation ef - 
forts are a voluntary expression of 
good citizenship. Awards of $500 
each go to two non-profit organiza- 
tions in recognition of outstanding 
achievements in special conserva- 
tion projects. 

In announcing the ‘63 Awards pro- 
gram, American Motors’ president 
Roy Abernethy said that participa- 
tion of concerned individuals and 
organizations is essential to the con- 
servation of America’s natural re- 
sources. 
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“The total conservation need is too 
large and two diverse for federal 
and state supervision alone and there 
is a great opportunity for individ- 
ual accomplishment in the husban- 
dry of our resources,” he said. “It 
is our hope that the American Motors 
Corporation Awards will stimulate 
increased public interest in good 
conservation practices by recogniz- 
ing and honoring those who have 
made outstanding contributions.” 

Award winners are selected by a 
committee of prominent conserva- 
tionists. They are: G. R. Gutermuth, 
vice president of the Wildlife Man- 
agement Institute; Carl W. Buch- 
heister, president of the National 
Audubon Society; Arthur W. Car- 
hurt, authority on national parks and 
forests and consultant for the Con- 
servation Library Center, Denver; 
Richard H. Pough, of Pelham, N. Y., 
director of Natural Area Council, 
Inc., and Harold Titus, conservation 
editor of Field and Stream Magazine. 

Ed Zern, writer on outdoors sports 
and conservation, directs the awards 
program. 

Objective of the Awards commit- 
tee is to select winners whose con- 
servation efforts have not received 
public recognition. Thus, nominees 
for awards should be conservation- 
ists whose work is less known rather 
than those who have previously re- 
ceived national recognition or have 
achieved prominence in their fields. 

Nominations for awards should be 
submitted before November 15 by 
letter to: American Motors Conser- 
vation Awards Committee, Room 
700, 555 Madison Avenue, New York 
22, New York. Nominations may be 
supplemented by endorsements or 
other supporting evidence of 
achievement. 

Inter-mountain Editor 

Peter D. Triem of Washington, 
D. C. has been appointed assistant 
editor at Intermountain Forest and 
Range Experiment Station accord- 
ing to announcement by director 
Joseph F. Pechunic. Mr. Triem was 
technical writer and editor for eight 
years with the Department of De- 
fense before his transfer to the 
Forest Service. 

A native of San Francisco, Mr. 
Triem is a graduate of the Univer- 
sity of California and has done addi- 
tional graduate study in modern 
languages. He formerly worked for 

the Forest Service in Montana and 
California on blister rust and insect 
control projects. 

Mr. Triem served with the U. S. 
Army in the European theatre in 
World War II. 

Hervey Named To Top Post 

Dr. Donald F. Hervey, veteran sci- 
entist-administrator at Colorado 
State University, became associate 
director of CSU’s agricultural ex- 
periment station on July 1. He suc- 
ceeds Dr. Dale Bohmont, who re- 
signed to accept a top agricultural 
administrative position at the Uni- 
versity of Nevada. 

Dr. Hervey’s appointment was an- 
nounced by CEurence Wuneku, presi- 
dent of the State Board of Agricul- 
ture, governing body of CSU. In his 
new position, Dr. Hervey will be re- 
sponsible for directing and co- 
ordinating research at branch ex- 
periment stations and experimental 
areas throughout the state. 

A native of Longmont, Colorado, 
Dr. Hervey has since 1952 been chief 
of the CSU experiment station’s 
range management section. Since 
1957 he has also been head of the 
CSU department of range manage- 
ment. 

He is a graduate of Colorado State 
University, where he received a B.S. 
degree in forestry in 1939. He was 
awarded an M. S. degree in range 
management from the University of 
California in 1948 and the Ph.D. de- 

gree, also in range management, 
from Texas A and M University in 
1955. 

Dr. Hervey began work at Colo- 
rado State University in 1946 as an 
instructor in forestry and range 
management. He subsequently was 
promoted to assistant professor in 
1948, to associate professor in 1952, 
and to professor and head of his de- 
partment in 1957. 

In 1961, Dr. Hervey received the 
Harris T. Guard award, one of two 
$1,000 grants made annually through 
the CSU Development Fund for ex- 
cellence in teaching. In addition to 
teaching, he has conducted research 
dealing with range management and 
reseeding, control of sagebrush on 
rangelands, intensity of grazing, and 
grass variety trials. He has published 
widely in scientific journals and has 
written numerous popular articles 
for farm and ranch publications. 

Dr. Hervey was named to Phi 
Kappa Phi, national scholastic hon- 
orary, in 1946. He is a member of 
the American Society of Range 
Management and served as chairman 
of the Colorado section in 1949-50. 
He was also a Society director in 
1951, 1954 and 1955, was Society 
vice president in 1958 and president 
of the Society in 1959. 

Rasmussen Heads Forest 
Service Division of 

Wildlife Management 

D. Irvin Rasmussen, head of wild- 
life management in the Forest Ser- 
vice Regional Office in Ogden, Utah, 
has been named Director of the For- 
est Service Division of Wildlife Man- 
agement in Washington, D.C. He suc- 
ceeds Lloyd W. Swift, who retired to 
accept a position as director of the 
United States Office of the World 
Wildlife Fund. 

Dr. Rasmussen is a nationally rec- 
ognized authority on wildlife man- 
agement, especially of game manage- 
ment. He organized the Department 
of Wildlife Management at Utah 
State University, headed up the Co- 
operative Research Unit at the Uni- 
versity, and authored or co-authored 
more than 25 articles for scientific 
and technical publications. In 1954 
he received the USDA Superior 
Service Award for his valuable con- 
tributions in the practical manage- 
ment of wildlife resources. 

Dr. Rasmussen’s association with 
the Forest Service extends over a 
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long period of time. He worked sum- 
mers on National Forests of Arizona 
and Utah while studying for his M.S. 
and Ph.D. degrees. Early in his 
career he served in the range re- 
search division of the Forest Service 
Intermountain Forest and Range Ex- 
periment Station in Ogden, Utah. 
Between 1934 and 1945, he was em- 
ployed by Utah State and the Fish 
and Wildlife Service. On his return 
to the Forest Service, Dr. Rasmussen 
headed up wildlife on the 18 Nation- 
al Forests in the Intermountain Re- 
gion of the Forest Service. During 
this period he was assigned to under- 
take many special projects through- 
out the West and to make game 
studies and surveys. 

Native of Mt. Pleasant, Utah, Dr. 
Rasmussen attended Brigham Young 
University to attain his B.S. in Zo- 
ology in 1928, and his M.S. in Ecol- 
ogy in 1930. He received his Ph.D. 
from the University of Illinois in 
1932. Dr. Rasmussen is a member of 
the Wildlife Society (of which he 
was national vice president from 
1950 to 1955) ; The Wilderness So- 
ciety, the American Society of Mam- 
mologists; and the honorary societies 
Sigma Xi, Phi Kappa Phi and Xi 
Sigma Pi. 

SCS Personnel News 

Donald A. Williams, Administra- 
tor of the Soil Conservation Service 
and member of the National Capital 

Section of the Society, has just re- 
turned from a three weeks trip to 
Turkey as a consultant on that na- 
tion’s conservation programs and 
organization. 

He spent two weeks of field travel 
observing and discussing conserva- 
tion problems with village and 
province people and officials of Tro- 
paksu, or the Directorate of Soil 
Conservation and Farm Irrigation. 
He reports that Tropaksu, in its 
three years of existence as an agency 
of the Ministry of Agriculture, has 
adopted many of the principles and 
technical approaches of the soil con- 
servation program in the United 
States. Interest and enthusiasm of 
the personnel are high. 

“When one sees the accumulated 
debris - the products of erosion - 
from the centuries in older parts of 
the world, he feels sad at man’s ne- 
glect but thankful that we in Ameri- 
ca have recognized the problems and 
need for action,” Williams says. “In 
many nations that recognition and 
action have yet to evolve on an ade- 
quate basis. The main hope for a 
better living in so many countries 
lies in the conservation and develop- 
ment of soil and water resources.” 

Two members of the National 
Capital Section, Washington, D. C., 
got new duty assignments in the 
Soil Conservation Service as a re- 
sult of the authorization of Conser- 
vation Resource and Development 

VaZ Silkett has been named As- 
sistant to the SCS Deputy Adminis- 
trator to give leadership to the new 
program. For the past six years, 
Silkett has been the Administrator’s 
Field Representative in the Corn 
Belt States. 

Harold Tower, who has been Ad- 
ministrator’s Field Representative in 
the Western States, will take on the 
Corn Belt assignment. Steve Kortan, 
formerly State Conservationist for 
South Dakota, will succeed Tower in 
the far west. 

Lorenz F. Bredemeier, until re- 
cently state range conservationist for 
the U. S. Soil Conservation Service 
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in Nebraska, has been named Wash- 
ington-field range conservationist 
for SCS’s nine-state Corn Belt area. 
His new responsibilities include fos- 
tering range management concepts 
among private land owners whose 
units include nonarable thicket lands 
once occupied by oak Savannah and 
those owners who have uncultivated 
remnants of the famed Prairie Pe- 
ninsula. Bredemeier will serve in 
Minnesota, Wisconsin, Michigan, Illi- 
nois, Iowa, Indiana, Ohio, Missouri 
and Kentucky. His new headquar- 
ters: 4041 North 35th St., Milwaukee 
15, Wis. 

E. W. Williams, a native of New 
Mexico and Soil Conservation Ser- 
vice employee since 1939, is the new 
range conservationist member of the 
Soil-Range Project team at Salt 
Lake City. 

He assumes the position left vacant 
by transfer of Howard B. Passey to 
Denver, Colo., in April, 1962, as 
Washington field range conserva- 
tionist. 

V. K. Hugie, soil scientist, is the 
other half of the two-man team or- 
ganized in 1958 to study range of 
northern Utah, northeastern Nevada, 
southern Idaho and southwestern 
Wyoming under natural conditions. 
Object is to determine soil and cli- 
matic factors important to farm and 
ranch management and provide pre- 
cise interpretations of soil surveys. 

Peter N. Jensen has been pro- 
moted by the U. S. Soil Conserva- 
tion Service to the position of state 
range conservationist for Nebraska. 

He replaces Lorenz F. Bredemeier 
who recently was named Washing- 
ton-field range conservationist for 
SCS in the nine-state Corn Belt 
area. Jensen, a Kansas native, has 
been serving as an SCS range con- 
servationist in southwestern and, 
more recently, in eastern Kansas. He 
is a 1950 graduate in range manage- 
ment of Colorado State University. 
He has moved from Emporia, Kan- 
sas, to SCS state headquarters in 
Lincoln, Nebraska. 

Williams joined the research team 
last April transferring from Tucum- 
cari, N. M., where he was range con- 
servationist for eastern New Mexico. 
Born and reared on a Chaves, N. M., 
cattle ranch, Williams was gradu- 
ated from New Mexico Military In- 
stitute at Roswell, N. M. and New 
Mexico State University at Las Cru- 
ces, N. M., majoring in biology. He 
has seen service in Lincoln County, 
Magdeline, Farmington, Wagon 
Mound and Santa Rosa, N. M., and 
Durango, Cola. 

Dresskell Transfers to Interior 
Wilfred W. (WaZZy) DresskeZZ, ARF 

and Chief of the Division of Range 
& Wildlife since 1955, has accepted 
the position of Field Director in 
charge of the Bureau of Outdoor 
Recreation’s Mid-Continent Office in 
Denver. He reported to his new job 
in mid-August. 

The transfer terminates 34 years 
of service with the Forest Service, 
one year of which he was Acting 
Regional Forester in this Region and 
one year as assistant director of 
Range Management in Washington, 
D. C. He has been on the Bridger, 
Boise, Minidoka, Deerlodge National 
Forests and the staffs of Regions 4 
and 1. 

Editorial Board 
Member Resigns 

Dr. R. W. Lodge, Range Ecologist, 
Canada Department of Agriculture, 
Research Branch, Experimental 
Farm, Swift Current, Saskatchewan, 
has resigned from the editorial board 
of The Journal of Range Manage- 
ment. Dr. Lodge has accepted an 
intermediate term assignment with 
U.N., F.A.O., in Pakistan and will be 
out of the country until December 
1964. Bob has served faithfully and 
well on the board and will be missed. 
We wish him well on the foreign 
assignment. 

Joe Wagner On Sick List 
A light coronary thrombosis some- 

time before June took Charter mem- 
ber Joe A. Wagner out of the run- 
ning for the summer. Joe’s many 
friends will be glad to know that 
he was doing well at last report and 
was hopeful of complete recovery in 
a few weeks. About the most im- 
portant thing Joe missed was his 
daughter’s graduation in Missoula, 
Montana on June 10. Get well be- 
fore Wichita, Joe! 

Burcham to Asia 
Dr. L. T. Burcham, Assistant Dep- 

uty State Forester and member of 
the California Section, started a 
four-month leave of absence on Au- 
gust 20. He spent a short period in 
Washington, D. C. and then pro- 
ceeded to Southeast Asia for a three- 
month assignment with the Office of 
the Secretary of Defense. His spe- 
cific work will be assisting in co- 
ordination and evaluation of re- 
search on vegetation and environ- 
ment being conducted in Southeast 



Asia. The assignment will termi- 
nate with a short detail in Washing- 
ton upon his return to the United 
States. 

Montana Anniversary 

The 59th anniversary of the Mon- 
tana State University School of For- 
estry, one of the oldest such schools 
in the nation, will be observed on 
October 10 and 11, according to Dr. 
Arnold Belle, Dean of Forestry. 
The anniversary will coincide with 
MSU’s Homecoming celebration and 
is expected to produce the greatest 
reunion of forestry alumni in the 
history of the school. 

Authorization for establishment of 
the School of Forestry was given by 
the Montana legislature in 1913. 
Forestry subjects had been taught 
on the campus prior to that time but 
largely on a technical course basis. 
With the establishment of the school, 
forestry was taught for the first time 
on a full professional basis. 

Advance plans for the 50th anni- 
versary celebration call for presen- 
tation of several discussion panels 
with nationally known forestry ex- 
perts, a reunion banquet with Sena- 
tor Lee Metcalf as principal speaker, 
a social gathering at the 22,000-acre 
Lubrecht Experimental Forest, initi- 
ation of a special class by the Druids, 
forestry secret society, and profes- 
sional meetings. The school plans to 
make this the first in an annual 
series of professional gatherings for 
alumni. 

According to Dean BoZZe, within 
the time that the school has been in 
existence, forestry has gained its full 
stature, and today occupies a posi- 
tion of great importance to Montana 
and the nation. “The school has 
taken on a specially important role 
in educating students for service in 
Montana and the surrounding re- 
gion, although it is also true that 
graduates of our school today are 
scattered throughout the world on 
forestry assignments,” he said. 

NEWS AND NOTES 

Reasons For Alaska Transfer 
For reasons of economy and effi- 

ciency, phasing out of Juneau, Alas- 
ka as a regional office of the Bureau 
of Sport Fisheries and Wildlife of 
the Fish and Wildlife Service, De- 
partment of the Interior, and trans- 
fer of its administration function 
and related activities to Oregon 
headquarters, has been announced 
by Paul T. Quick, Regional Director, 
Portland. 

“Many of the functions which 
were formerly the responsibility of 
the Bureau have been assumed by 
the State of Alaska. The transfer to 
Region I will result in economy, 
make it possible for closer coopera- 
tion, and generally a more efficient 
operation all around,” he said. 

Ray Woolford, who has been Act- 
ing Regional Director at Juneau, 
will remain at Alaska headquarters 
as Bureau representative. 

“Phasing out started July 1 and is 
progressing smoothly. We feel it 
will also place us in a better posi- 
tion to meet all program require- 
ments for Alaska and enable us to 
better plan for the future,” Quick 
stated. 

Wildlife Personnel Transfers 

Department of the Interior per- 
sonnel transfers involving refuge 
managers for Turnbull and McNary 
Wildlife Refuges in the State of 
Washington have been announced by 
Paul T. Quick, Regional Director, 
Bureau of Sport Fisheries and Wild- 
life, Fish and Wildlife Service, Port- 
land, Ore. 

Earl M. Brooks will take over ref- 
uge manager duties at Turnbull Ref- 
uge, Cheney, Wash., succeeding W. A. 
Rodgers, retired. Brooks transferred 
from McNary National Wildlife Ref- 
uge at Burbank, Calif., as refuge 
manager. 

CZuir M. Aldous, assistant manager 
at the Sacramento Refuge, Willows, 
Calif., takes charge of the McNary 
Refuge. 
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Brooks, a wildlife management 
graduate, University of Nevada, has 
served with the Branch of Wildlife 
Refuges since 1940 at Ruby Lake 
Refuge and Desert Game Range, Ne- 
vada; Willapa Refuge, Washington; 
Colusa Refuge, California, and since 
January 1958 was at McNary Refuge. 

A Zdous, a wildlife management 
graduate of Utah State College, has 
been with the Branch of Wildlife 
Refuges since 1950 with assignments 
at Sheldon National Antelope Range, 
Nevada, Fort Peck Game Range, 
Montana, Stillwater Refuge, Desert 
Game Range, Ruby Lake Refuge, 
Nevada, and since 1962 was at Sac- 
ramento National Wildlife Refuge. 

In Memoriam 
Edwin H. Steffen, long-time Wash- 

ington State University faculty 
member, Head of the Department of 
Forestry and Range Management 
from 1919-1954, died Monday, June 
lOth, after a lengthy illness. 

Professor Steffen was born at 
Storm Lake, Iowa, December 18, 
1889. He attended Buena Vista Col- 
lege and Iowa State College, receiv- 
ing the B.S. in Forestry in 1913 and 
the M.F. in 1922. 

Professor Steffen worked for the 
U.S. Forest Service in California and 
Oregon from 1913-1919 when he 
joined the faculty at Washington 
State University. He pioneered in 
the development of a professional 
curriculum for training range man- 
agement specialists and is credited 
with organizing the first four-year 
program in this field. 

Upon his retirement in 1955, 
alumni of the Department estab- 
lished a permanent scholarship fund 
in his name. 

He was a member of Gamma Sig- 
ma Delta and Phi Kappa Phi honor- 
ary societies, the Society of Ameri- 
can Foresters, the American Society 
of Range Management and was for 
many years a trustee of the North- 
west Scientific Association and of 
the Washington Forestry Conference. 

INFORMATION FOR AUTHORS AND PREPARATION OF MANUSCRIPTS IS CON- 
TAINED IN THE MARCH 1963 ISSUE OF THE JOURNAL. 
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CALIFORNIA 
The California Wool Grower’s 

103rd convention was held August 
8 and 9 in San Francisco. Registra- 
tion of 460-odd members and at- 
tendance by the many friends and 
interested parties speaks for its suc- 
cess. Dr. R. M. Love moderated a 
panel on “Outdoor Recreation and 
Wildland Improvement.” Panel 
speakers included Section members 
John Baumgartner and Jim Street. 

The California Section extends an 
invitation to other Section members 
and friends to attend its November 
21 and 22 meeting. This promises to 
be an interesting session with a 
somewhat different approach. The 
anticipated bumper crowd will con- 
vene at Riverside, November 21, 
where the day will be devoted to a 
tour of the University of ,California 
campus and Forest Service Fire Re- 
search Laboratory and a session of 
technical presentations. We hope to 
have Nelson R. Crow, WLJ pub- 
lisher, as our banquet speaker that 
evening. 

The unusual “approach” aspect is 
the launching of the group by boat 
on the second day from Wilmington 
to Catalina Island. Doug Probst, Sec- 
tion member and manager of the 
Santa Catalina Co. (Wrigley Es- 
tate), will be our host. Company ef- 
forts in range and wildlife manage- 
ment, improvement and rehabilita- 
tion fields will be discussed and ex- 
amined. Doug has been doing a real 
job on the island and he hopes to 
see some of you there. 

California has a bumper seed crop 
of most browse species this year. 
Section members Ed Schneegas and 
Hutch Graham, Inyo National For- 
est, report a harvest of some two 
tons of antelope and desert bitter- 
brush seed to date. Seed was col- 
lected by hand and also with a 
vacuum-type collector designed by 
the Forest Service Equipment De- 
velopment and Testing Center, Ar- 
cadia, for the Range Seeding Equip- 
ment Committee. A comparison of 
costs by the two methods will be 

made when harvesting is complete. 
Seed is to be used primarily for im- 
provement of deer ranges. Bitter- 
brush is also well adapted to road 
cut and fill situations and some seed 
will be used here for cover and 
stabilization purposes. - Tony 
Evunko, Section President 

KANSAS-OKLAHOMA 
The membership is developing in- 

terest and enthusiasm as a result of 
preliminary planning for the 1964 
Annual Society Convention at Wich- 
ita, Kansas. Dee Abbott, Society 
Arrangements Committee Chairman 
gave a good progress report at the 
spring Section meeting at Grove, 
Oklahoma. 

Members of the Arrangements 
Committee are particularly pleased 
with convention facilities at Wich- 
ita’s Broadview Hotel. They report 
the best meeting space provisions 
they have experienced in past So- 
ciety conventions. 

The fall Section meeting is sched- 
uled for October 4-5 at Guyman, 
Oklahoma. The group will tour the 
ranch of A. P. “Red” Atkins, past 
Society president. A meeting of the 
convention Arrangements Commit- 
tee is scheduled, and convention 
plans will be “first” for the business 
meeting. 

SOUTHERN 
Thursday, October 31 and Friday, 

November 1, 1963 tentatively have 
been set for the Section meeting at 
Lake Charles, Louisiana. Tom 
Shiflet has agreed to serve as Pro- 
gram Chairman and Eloi Primeuu 
as Local Arrangements Chairman. 
Start now making your plans to 
attend. The program promises to be 
a good one. 

The chances of getting the 1966 
meeting of ASRM in New Orleans 
might be improving. A court re- 
cently held that the Louisiana law 
requiring segregation of hotel fa- 
cilities is unconstitutional. There is 
no assurance that the hotels will in- 
tegrate, but it is a possibility. As 
this appears to be the only objec- 

tion to holding the Annual Meeting 
in the south, Southern Section might 
get favorable action by the Board if 
the hotels change their policy soon. 

Plans by Dr. KZing Anderson’s 
program committee call for a spe- 
cial session at the 1964 Annual Meet- 
ing in Wichita on “Range in the 
Southeast”! More on this later. 

Welcome to new member 
Thomas E. Forister, Wiggins, Mis- 
sissippi and to transferee (from 
Texas, bless him) F. H. Tschivley, 
Federal Experiment Station, Ma- 
yaguez, Puerto Rico. Southern Sec- 
tion member Charles C. Avery 
moved from Durham, North Caro- 
lina to Ellensburg, Washington and 
Wayne West transferred from At- 
lanta to San Francisco. Wayne’s new 
a d dr e s s : U.S.F.S., San Francisco, 
California. 

To Section Historian Ralph 
Hughes for the fine job in updating 
the Section History. And to John 
McCuZeb and F. M. Peacock at the 
Ona Range Station for recent pro- 
motions. 
Recent Publications by Section Members 

April, 1963-V. L. DuvuZZ and L. B. 
Whituker - Supplemental feeding 
increases beef production on blue- 
stem-longleaf pine ranges, La. 
State Bull. No. 564. 

May, 1963-R. H. Hughes and B. L. 
Southwell - Mineral consumption 
related to improved cattle man- 
agement systems in Georgia. Jour. 
Range Mgmt. 16: 109-112. 

May-June, 1963-W. J. Miller, 0. L. 
Brooks, E. R. Beuty and C. M. 
Clifton -Effect of frequency of 
harvesting c o as t a 1 bermudagrass 
for pellets when fed with high 
and low concentrates to dairy 
cows. Jour. Agron. 55: 278-280. 

June, 1963-C. E. Lewis-Rock phos- 
phate boosts native forage. Flor- 
ida Cattleman and Livestock Jour. 
Vol. 27, No. 9:p. 24. 

July, 1963 - J. E. McCuZeb - Smut 
grass injurious to pastures. Flor- 
ida Cattleman and Livestock Jour. 
Vol. 27, No. 10:~. 52. 

J. B. HILMON 
Secretary-Treasurer 
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TEXAS 
The first half of 1963 has been 

one of the most successful in the 
history of the Texas Section. Over 
100 new members have joined in 
the first six months and attendance 
records have been set at each sec- 
tion meeting. 

Two student chapters were formed 
during the spring. Texas Tech- 
nological College formed the first 
chapter with more than 50 mem- 
bers. John Hunter, Thad BOX, and 
Gerald Thomas were active in aid- 
ing the students. LeRoy Young and 
20 students from San Marcos formed 
the Southwest Texas Student Chap- 
ter. Activity at Abilene Christian 

College, Texas A. and M., and Sul 
Ross indicate that more chapters 
may be on the way. 

The annual Ranch Management 
Conference was held in Abilene in 
May. Over 150 ranchers, techni- 
cians, and educators attended. 
Francis Churchill and his com- 
mittee did an excellent job in 
setting up the program and directing 
it. Most of the papers were given 
by rancher members. Those that at- 
tended left with a feeling of pride in 
the enthusiasm and dedication of 
our members. 

The first Texas Section field day 
of 1963 was held at Sonora. Over 
122 people attended. Leo Merrill 

and E. B. Keng did a bang-up job 
in ramrodding the day. 

All Texas Section Committees are 
actively at work. The annual meet- 
ing will be held in Lubbock, De- 
cember 13 and 14. Chester Jaynes 
is in charge of local arrangements. 
Joe Norris is chairman of the an- 
nual meeting program committee. 
A field day is planned at Laredo for 
October 4 with Dean Isaacs at the 
helm. 

President Tom Copeland has en- 
couraged, pushed, and threatened 
the Section membership into re- 
sponding to some of the needs in 
Texas. With a little more effort, the 
Texas Section will be setting a pat- 
tern for other Sections to follow. 

SOCIETY BUSINESS 

_~ .- 

MIDSUMM& CHAti ‘iiY 
THE PRESIDENT 

On my way back to Berkeley, 
from the summer tour of the Ne- 
braska Section, and the correlated 
semi-annual meeting of our Board 
of Directors, I sat in the Denver air- 
port wondering whether any of the 
happenings of the preceding three 
days at North Platte might be of 
passing interest to the membership, 
not as a formal or complete report 
but rather as a sketchy review and 
quick appraisal of a few things 
which struck me as especially sig- 
nificant at mid-year. I decided they 
might be. This informal message is 
the result. 

The Nebraska Section staged a 
well-conducted and informative tour 
traversing a variety of grazing land 
types from the wet sites bordering 
the North Fork of the Platte River 
to the higher and drier sites in the 
hills. Numerous bus stops afforded 
opportunity to hear the story of dif- 
ferent ranch setups and to swap 
experiences and new information 
concerning specific points. These 
famous Nebraska Sandhills and their 
problems now hold a deeper mean- 
ing for all who attended. Following 
a leisurely and bountiful picnic bar- 
becue in the North Platte city park, 
our hosts could relax and take a 

well-deserved bow for another suc- 
cessful ASRM summer meeting. 

Are you curious about what goes 
on in a meeting of the Board of 
Directors? Well, if you happened to 
be one of the “stockholders” in this 
scientific organization who enjoyed 
a “gallery” seat during their recent 
semi-annual session, you would have 

heard discussed: everything from 
estimates to ethics, budgets to bro- 
chures, gadgets to glossaries - and, 
particularly, fervent argument and 
serious search for ways and means 
by which to finance such activities 
as High School scholarships and a 
high-class movie to publicize and 
interpret range management. Such 
are the things with which the Board 
struggles twice a year as a body, and 
throughout the year by correspon- 
dence. For your Board is the So- 
ciety’s business balance wheel for 
policy and fiscal control. It rates 
your full confidence and a good sa- 
lute. 

Every member will be pleased to 
know that the financial condition of 
your Society is still sound, and pros- 
pects are bright for living within 
our income for the full year. How- 
ever, no Board of Directors as ca- 
pable as ours would be entirely 
happy until the Society’s modest re- 
serve can be built up sufficiently to 
take care of various worthy activities 
which appear too costly to handle 
immediately. 

One of your “investment stocks” 
has paid off handsomely. From the 
very moderate allotment of $300, last 
year, plus valiant committee effort, 
plus generous local cooperation, the 
first issue of summaries in Spanish, 
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from the Journal of Range Manage- 
ment, Volume 15 for 1962, came off 
the press some weeks ago. This pio- 
neering venture is a beautiful job. 
The Board enthusiastically approved 
a further allotment to apply on a 
second ( 1963) issue. 

My foregoing reference to the ad- 
jective “scientific” was deliberate to 
inform all members of Executive 
Secretary Clouston’s report to the 
Board that our tax case has been 
won. The American Society of Range 
Management is now officially class- 
ified as a “scientific society.” This, 
you will agree, is good news on two 
counts: (1) it saves the Society 

money, and (2) even more impor- 
tant it enhances our prestige at home 
and abroad. 

The foregoing highlights are time- 
ly samples of the real progress and 
many-sided contributions to the 
welfare and growth of the ASRM on 
the part of the membership at large 
and more particularly by all com- 
mittees. The zeal of all active mem- 
bers-the holders of 230 committee 
and Board positions, along with the 
hundreds more who are not at the 
moment serving on committees - 
continues to amaze me. The enthus- 
iasm and dedication of this outfit of 
ours-reflected in meetings, tours, 

conversations, and letters from 
everywhere-add up to a heart- 
warming thrill. This effect on your 
current President is, however, of 
little consequence; presidents come 
and go. What is significant is this 
evidence of the mounting drive of a 
united “outfit” of many and varied 
“owners” toward just one goal: ever 
better management of grazing lands 
-regardless of ownership. That is 
something no other society has. With 
such a sound and worthy goal the 
expanding field of usefulness of the 
American Society of Range Manage- 
ment is virtually unlimited. 

M. W. Talbot 

SECTION OFFICERS AMERICAN SOCIETY OF RANGE MANAGEMENT1 

SECTION 
Arizona 

California 

eblorado 

Idaho 

Kansas-Oklahoma 

Nebraska 

Nevada 

New Mexico 

Northern Great Plains 

International Mountain 

Pacific-Northwest 

PRESIDENT 
J. T. Rigden 
Kirkland, Arizona 

A. B. Evanko 
U. S. Forest Service 
630 Sansome Street 
San Francisco 11, California 

Lyman Linger 
P. 0. Box 125 
Loveland, Colorado 

Wesley D. Fields 
Corral, Idaho 

H. Ray Brown 
408 West 20th 
Hays, Kansas 

Donald Clanton 
Dept. Animal Husbandry 
University of Nebraska 
Lincoln 3, Nebraska 

Fred B. Harris 
Box 1010 
Elko, Nevada 

Dr. Carlton Herbel 
P. 0. Box 698 
Las Cruces, New Mexico 

Hugh Cosby 
Rm. 316 Federal Bldg., 
Minot, North Dakota 

Eion Chisholm 
212 Alberta Stock Yard Bldg., 
Calgary, Alberta 

Grant A. Harris 
Dept. Forestry & Range 
Washington State University 
Pullman, Washington 

SECRETARY 
Truman C. Anderson, Jr. 
P. 0. Box 188 
Prescott, Arizona 

C. W. Zumwalt 
Rm. 533 U.S.F.S. 
630 Sansome Street 
San Francisco 11, California 

Edwin L. Smith, Jr. 
Dept. Range Management 
Colorado State University 
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J. Boyd Price 
1037 Blue Lakes Road 
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Hays, Kansas 

C. M. Schumacher 
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Lincoln 2, Nebraska 
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Extension Service 
University of Nevada 
Reno, Nevada 
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Animal Husbandry Dept. 
S. D. State College 
Brookings, South Dakota 

Vinson L. DuvaZZ 
4908 Canal Drive 
Alexandria, Louisiana 

Thon%as V. Copeland 
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Levelland, Texas 
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Box 211 
Mobridge, South Dakota 

Utah Daniel G. Freed 
Box 2009 
Salt Lake City 10, Utah 

Wyoming Keith R. Miller 
3334 Alexander Street 
Cheyenne, Wyoming 

National Capital Reginald De Nio 
4228 Columbia Pike 
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Arlington 4, Virginia 

J. B. Hilmon 
P. 0. Box 1551 
Ft. Myers, Florida 

Thud Box 
Dept. Range Management 
Texas Tech College 
Lubbock, Texas 

Robert E. Anderson 
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Salt Lake City 17, Utah 
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Plant Sci. Div., U. of W. 
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Laramie, Wyoming 
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‘This list should have appeared in the May Journal but was not available until late July.-Editor 

ELECTRONIC DATA PROC- 
ESSING CODES FOR CALI- 
FORNIA WILDLAND PLANTS, 
this attractive, pocket-sized 
booklet lists systematized codes 
for recording the identity of 
what the authors hope are nearly 
all of the vascular plants grow- 
ing on California wildlands. 
Published by the Pacific South- 
west Forest and Range Experi- 
ment Station, Forest Service; 
Department of Agronomy, Uni- 
versity of California; and Cali- 
fornia Division of Forestry, De- 
partment of Conservation, and 
developed by Merton J. Reed, 
W. Robert Powell and Bur S. 
Bal, this booklet provides a new, 
integrated system of plant codes 
adapted to modern data process- 
ing machines that can be ex- 
panded or refined to take care 
of new plants and name changes. 

NEW PUBLICATIONS 
Derivation of codes from scien- 
tific plant names is retained for 
biological meaningfulness and 
first priority convenience for 
the range or forest scientist. Also 
coded for the user’s convenience 
is supplemental information for 
each plant on its usual longevity 
class and grouping to which it 
belongs. With the current ac- 
celerating shift to electronic 
processing of data, the wildland 
scientist working in California 
should find this booklet a valu- 
able tool. Ecologists in other 
states also will find it valuable 
as an example for developing 
codes for their own floras. 

WILDLIFE INVESTIGA- 
TIONAL TECHNIQUES, a pub- 
lication for practicing field bi- 
ologists, wildlife administrators, 
and college instructors now is 

available for distribution in a re- 
vised edition. Edited for The 
Wildlife Society by Dr. Henry S. 
Mosby, professor of wildlife 
management at Virginia Poly- 
technic Institute, the 419-page 
manual is a broad summary and 
explanation of the best-known 
practices currently applied in 
the game management field. 

The new edition contains an 
additional chapter on instru- 
mentation in wildlife investiga- 
tions and a glossary. Several 
chapters of the earlier version 
also have been combined. Copies 
may be ordered from The Wild- 
life Society, in care of the Vir- 
ginia Cooperative Wildlife Re- 
search Unit, VPI, Blacksburg, 
Virginia, at $4.50 postpaid, the 
Wildlife Management Institute 
reports. 



RANGE STUDENT ROUNDUP 

Texas Tech 
Students and staff at Texas 

Technological College formed 
the first Student Chapter, 
ASRM, in Texas in April of this 
year. The organization has 54 
charter members. It is dedicated 
to the advancement. of range 
management, the professional 
development of its members, 
and to supporting the activities 
of the Texas Section and the 
American Society of Range Man- 
agement. 

The first officers of the chap- 
ter included Gary Stone, Presi- 
dent; Bob Whitson, Vice-presi- 
dent; John Ballard, Secretary- 
Treasurer; Dan Rodgers and 
Charles Jones, Councilmen. 
Thad Box, John Hunter, and 
Gerald Thomas will serve as ad- 
visors. 

The chapter held two meet- 
ings before school was out. Sam 
Allen showed a film and dis- 
cussed the possibilities of em- 
ployment with government 
agencies at the first meeting. 
Tom Copeland, president of 
the Texas Section, made the ma- 
jor address at the second meet- 
ing. 

No meetings of the chapter 
were held during the summer. 
Chapter members were scattered 
from Idaho to South Texas work- 
ing on range projects. The range 
program at Texas Tech requires 
its students to have practical 
field experience and chapter 
members were busy earning and 
learning. 

In addition to the Student 
Chapter at Tech, the graduate 
program boasted several new 
research fellows and assistants. 
Dan Rodgers, an honor grad- 

uate of East Texas College, was 
awarded the first Post-Mont- 
gomery research fellowship in 
range management. He has been 
busy with his research commit- 
ments at the Post Ranch. 

Dean Chamrad, a native South 
Texan and Magna Cum Laude 
graduate of Texas A and I, was 
awarded a Welder Wildlife 
Foundation research fellowship. 
He is working on deer relation- 
ships on rangelands near Sinton. 

Ed Robertson and Richard Dee 
are on Texas Technological 
College Research Assistantships 
and working at the Tech Re- 
search Farm near Amarillo. Ed 
is an animal husbandry graduate 
from Texas Tech. He is working 
on techniques of reseeding aban- 
doned farm land. Dick is a grad- 
uate of Utah State University. 
While at Utah State he held 
several offices in the Utah State 
Student Chapter and distin- 
guished himself as a student. 
He is working on techniques of 
altering secondary succession. 

Russell Pettit is a June gradu- 
ate of Ft. Hays State College. 
He will work with Chester 
Jaynes on the use of radioactive 
materials in studying grass 
yields. 

Thud Box’s Ecology class and 
John Hunter’s range class took 
several extended field trips dur- 
ing the year. One trip took Tech 
students into every vegetational 
area in Texas. Another was 
made to Dub Waldrip’s experi- 
mental range and another saw 
Leo Merrill’s work at Sonora. 

June saw Tech graduates take 
jobs in ranching, land develop- 
ment, and with the government 
agencies. Undergraduates scat- 
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tered for the summer. This fall 
promises to be a record year at 
Tech. 

Utah State University 
Many worthwhile activities 

were undertaken during winter 
and spring quarters at Utah 
State University. The first of 
these activities was the plant 
judging contest at Rapid City, 
South Dakota. This year the 
Student Chapter paid the ex- 
penses of one extra member of 
the Society. It is hoped that this 
will continue and grow into an 
annual event. The lucky man 
this year was D.on Dittmer, sen- 
ior in Range Management. Other 
members of the team were: VaZ 
Gibbs, Dun Morgan, Marvin Jen- 
sen, and Dan Bromley, with Doc- 
tor J. B. Grumbles going along 
as coach. 

Dun Freed, Chairman of the 
Utah Section, talked about op- 
portunities and problems of 
ranching at the February meet- 
ing. HaZZie Cox, range staff of- 
ficer on the Cache National For- 
est, explained grazing problems 
and multiple use concepts at the 
March meeting. 

The Wildlife Society, Forestry 
Club, and the Range Society 
joined together in an all-out ef- 
fort to make Conservation Week 
a success this year. Able repre- 
sentation from all three organi- 
zations contributed to the suc- 
cessful week, with many fine 
speakers of national repute. The 
Range Society was represented 
by Dan Morgan. Dave Hesse did 
an outstanding job on the Utah 
Juniper which was also pub- 
lished as a joint effort of the 
three clubs. The Society is espe- 
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cially proud of Dan Bromley, our 
chairman for 1962-63, for walk- 
ing away with the coveted Son 
of Paul Award. Congratulations, 
Dan. 

The spring picnic was held at 
Tony Grove summer school, 
under the able joint chairman- 

ship of Mel Bramley and Lew 
Campbell, also as a joint func- 
tion with the other clubs. One 
hundred and seventy steaks and 
many pounds of hamburger were 
consumed in a very successful 
day. 

Election of officers for 1963- 

64 was held in May with the fol- 
lowing men being elected: 
Chairman, Don Schmidtlein; 
Vice-Chairman, Craig Whitte- 
kiend; Secretary-Treasurer, Lew 
Campbell; Council members, 
Fred Gifford and Jim Peterson; 
and Advisor, Dr. Jim Grumbles. 

LETTERS.TO THE EDITOR 

A Critique of a Philosophy on Range Land Use 

In 1961 the Journal of British 
Grassland Society published an 
article by R. Merton Love1 ti- 
tled: The Range-Natural Plant 
Communities or Modified Eco- 
systems? (Love, 1961). Although 
this paper was reviewed by 
Dyksterhuis (1962) in The Jour- 
nal of Range Management, sev- 
eral misconceptions were not 
clarified. 

The first part of the paper is 
essentially devoted to a consider- 
ation of the origin of domestic 
livestock and the development of 
agriculture. Unfortunately the 
author selected essentially only 
those sources which support a 
one-sided view, or those whom 
he wishes to criticize. His aim 
seems to be to discredit all those 
who do not agree with his views 
of philosophies. Since a consid- 
erable portion of Love’s article 
treats of ecological principles his 
ideas are badly distorted and 
biased. This is largely accounted 
for by the fact that he has had 
essentially no formal training on 
plant ecology, yet he poses as an 

1 Department of Agronomy, Univer- 
sity of California at Davis. 

authority in this field. True, 
some scientific discoveries have 
been made by a few outstand- 
ing men such, for example, as 
Pasteur and Mendel, who had 
enjoyed but little experience in 
the field which they so effec- 
tively advanced. Love could 
hardly be included in such elite 
company. 

A few random examples of 
error in interpretation by Love 
are first presented on the primi- 
tive agri c u 1 t u r a 1 development. 
This is followed by comments on 
his ecological and rangeland 
management discourse. 

Early History of Peoples and 
Agriculture 

“Conclusions drawn from the 
experiences of some early ex- 
plorers, Columbus and his men, 
for example, were based on too 
little, or false, interpretation” (p. 
89). This criticism seems to be 
brought out because of Love’s 
desire to be different rather than 
to inquire into the subject. Evi- 
dence which does not support 
him is ignored. 

Primitive man, according to 
the author, obtained his food in 

three ways: by hunting, fishing, 
and gathering fruits and the like; 
by cultivating certain plants and 
domesticating certain animals - 
pheasant culture; and by per- 
forming some useful work in re- 
turn for which other people gave 
food, with or without money ex- 
change-urban culture (p. 90). 
However, several cases are on 
record to show that primitive so- 
cieties reversed themselves from 
an agriculture and animal-rais- 
ing economy to a hunting, fish- 
ing and gathering stage. Some of 
these were among the American 
Indians (Deuel, 1952 and Mor- 
gan, 1952). 

“Man owes his development to 
the fact that he could and did 
influence his environment” (p. 
90). Man’s ability to influence 
his environment significantly is 
of comparatively recent develop- 
ment. The basis of man’s devel- 
opment is much more firmly 
rooted in the fact that he could 
adapt to the environment. The 
story of man’s march toward 
civilization is replete with ex- 
amples of his adaptations to en- 
vironment: housing, crops, foods, 
ad infinitum. The influence of 



RANGE STUDENT ROUNDUP 287 

cially proud of Dan Bromley, our 
chairman for 1962-63, for walk- 
ing away with the coveted Son 
of Paul Award. Congratulations, 
Dan. 

The spring picnic was held at 
Tony Grove summer school, 
under the able joint chairman- 

ship of Mel Bramley and Lew 
Campbell, also as a joint func- 
tion with the other clubs. One 
hundred and seventy steaks and 
many pounds of hamburger were 
consumed in a very successful 
day. 

Election of officers for 1963- 

64 was held in May with the fol- 
lowing men being elected: 
Chairman, Don Schmidtlein; 
Vice-Chairman, Craig Whitte- 
kiend; Secretary-Treasurer, Lew 
Campbell; Council members, 
Fred Gifford and Jim Peterson; 
and Advisor, Dr. Jim Grumbles. 

LETTERS.TO THE EDITOR 

A Critique of a Philosophy on Range Land Use 

In 1961 the Journal of British 
Grassland Society published an 
article by R. Merton Love1 ti- 
tled: The Range-Natural Plant 
Communities or Modified Eco- 
systems? (Love, 1961). Although 
this paper was reviewed by 
Dyksterhuis (1962) in The Jour- 
nal of Range Management, sev- 
eral misconceptions were not 
clarified. 

The first part of the paper is 
essentially devoted to a consider- 
ation of the origin of domestic 
livestock and the development of 
agriculture. Unfortunately the 
author selected essentially only 
those sources which support a 
one-sided view, or those whom 
he wishes to criticize. His aim 
seems to be to discredit all those 
who do not agree with his views 
of philosophies. Since a consid- 
erable portion of Love’s article 
treats of ecological principles his 
ideas are badly distorted and 
biased. This is largely accounted 
for by the fact that he has had 
essentially no formal training on 
plant ecology, yet he poses as an 

1 Department of Agronomy, Univer- 
sity of California at Davis. 

authority in this field. True, 
some scientific discoveries have 
been made by a few outstand- 
ing men such, for example, as 
Pasteur and Mendel, who had 
enjoyed but little experience in 
the field which they so effec- 
tively advanced. Love could 
hardly be included in such elite 
company. 

A few random examples of 
error in interpretation by Love 
are first presented on the primi- 
tive agri c u 1 t u r a 1 development. 
This is followed by comments on 
his ecological and rangeland 
management discourse. 

Early History of Peoples and 
Agriculture 

“Conclusions drawn from the 
experiences of some early ex- 
plorers, Columbus and his men, 
for example, were based on too 
little, or false, interpretation” (p. 
89). This criticism seems to be 
brought out because of Love’s 
desire to be different rather than 
to inquire into the subject. Evi- 
dence which does not support 
him is ignored. 

Primitive man, according to 
the author, obtained his food in 

three ways: by hunting, fishing, 
and gathering fruits and the like; 
by cultivating certain plants and 
domesticating certain animals - 
pheasant culture; and by per- 
forming some useful work in re- 
turn for which other people gave 
food, with or without money ex- 
change-urban culture (p. 90). 
However, several cases are on 
record to show that primitive so- 
cieties reversed themselves from 
an agriculture and animal-rais- 
ing economy to a hunting, fish- 
ing and gathering stage. Some of 
these were among the American 
Indians (Deuel, 1952 and Mor- 
gan, 1952). 

“Man owes his development to 
the fact that he could and did 
influence his environment” (p. 
90). Man’s ability to influence 
his environment significantly is 
of comparatively recent develop- 
ment. The basis of man’s devel- 
opment is much more firmly 
rooted in the fact that he could 
adapt to the environment. The 
story of man’s march toward 
civilization is replete with ex- 
amples of his adaptations to en- 
vironment: housing, crops, foods, 
ad infinitum. The influence of 
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environment on man and his de- 
velopment constituted the center 
theme for one of the strongest 
schools of geographic thought 
from about 1870 until well into 
the 1900’s. 

Man’s ability to change his 
environment appreciably dates 
from comparatively recent times, 
and was predicated on develop- 
ment of an effective technology. 
For example, Love repeats his 
off-cited example of growing 
date palms in the southern Cali- 
fornia desert as proof of man’s 
ability to change his environ- 
ment. This is true only of mod- 
ern man-and that should not be 
confused with or overshadowed 
by the fact that for many thou- 
sands of years man was content 
to enjoy the dates that grew only 
in their natural environment - 
the desert oasis. 

“The first animals domesti- 
cated for their food value were 
those we still use for the same 
purpose: cattle, sheep, goats, and 
pigs. It is striking that the earli- 
est domestication of animals as 
a means of controlling food sup- 
ply seems to have taken place 
about the same time as the earli- 
est cultivation of cereals” (p.92). 
There is an imposing amount of 
documentation supporting the 
fact that several kinds of animals 
- especially cattle -were first 
domesticated for religious mo- 
tives, not as a source of food,.by 
people who were quite advanced 
in the agricultural arts (Isaac, 
1962). The time of discovery of 
cattle is uncertain but appears to 
have been in West Asia around 
3,000 B. C. Sketches of Urus 
showing a group of heads ap- 
peared as early as 3,300 B.C. The 
motive for capturing and main- 
taining the Urus in the native 
state was to have available a 
supply for sacrificial purposes of 
the animals sacred to the lunar 

mother goddess, worshiped over 
an immense area of the ancient 
world. It seems probable also 
that some of our important cere- 
al plants were first domesticated 
and cultivated for religious mo- 
tives. 

“Millions of acres of dryland 
pastures now exist on what was 
once relatively, if not absolutely, 
unproductive range and wild 
land. For example, there are 
more than 11 million acres of 
highly productive subterranean 
clover pasture in . . . southern 
Australia alone” (pp. 92-93). Not 
all of Australia is a lush pasture 
of subterranean clover, in fact, 
not even all of the “well wa- 
tered” region is seeded down. 
Extensive areas of Victoria sup- 
port introduced Mediterranean 
annuals much like in California. 
Here, too, ranchers have found 
that the mere introduction of 
fertilizer is not the most efficient 
kind of management, and the 
sheer physical job of intensive 
agriculture is impractical even 
for many of those areas which 
are susceptible to improvement. 
While outstanding accomplish- 
ments have been achieved in 
many areas it is not yet possible 
to transform this whole area into 
farmed pasture; also the factor 
of cost and return must be con- 
sidered. Likewise, contrary to 
Love’s implication, far from all 
of New Zealand’s grazing lands 
have been brought into their 
highest state of development. 

“There seems to be wide agree- 
ment that primitive man do- 
mesticated animals in or near 
forested or wooded areas” (p. 
93). This seems to be a mere ac- 
cident. Primitive man developed 
his early civilization in those 
parts because he happened to 
originate there, not because he 
deliberately chose them for cul- 
ture building. Furthermore, the 

“agreement” is less wide and 
unanimous than Love’s state- 
ment implies. Certainly there 
are better and more recent au- 
thorities on this subject than the 
3.908 edition of Bailey that is 
cited. 

“But was it a new experience 
when men from western Europe 
found themselves in the treeless 
area in the middle of this con- 
tinent?” (p. 94). The answer is 
a resounding “yes”; it was a thor- 
oughly new experience to settle 
in what the map labeled “The 
Great American Desert.” It was 
a frightening region to these pio- 
neers who were woefully lacking 
in technological methods to meet 
the environmental conditions 
found there. The agricultural 
potentialities of these lands were 
not appreciated until many years 
later. It is for this same reason 
-lack of suitable implements 
and knowledge of how to employ 
them-that many primitive peo- 
ple do not now cultivate grass- 
lands. In Guadalcanal during 
World War II natives told Amer- 
ican soldiers the grassland areas 
would not produce cultivated 
crops. But once the sod was bro- 
ken with modern plows and 
proper tillage, these lands pro- 
duced far more than the adjoin- 
ing forested areas. 

“When primitive man appeared 
on the scene he modified such a 
state (of nature) because he pos- 
sessed the unique capacity to act 
with a primitive purpose” (p. 
96). The effectiveness of primi- 
tive man in altering natural veg- 
etation and modifying the land- 
scape seems to have been greatly 
exaggerated and largely pro- 
posed by certain geographers. 
The effects of primitive man 
were probably appreciable only 
where his numbers were concen- 
trated. Populations of primitive 
man were not large enough and 
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they simply did not have the im- 
plements and the technological 
knowledge to produce major al- 
terations in natural conditions- 
until the last two or three hun- 
dred years when the “machine 
age” came into being. What ef- 
fect, for example, did the abo- 
riginal population of California, 
estimated at 110,000 to 150,000 
Indians, have on the total nat- 
ural vegetation of the 100 million 
acres of our state, with their 
stone axes, digging sticks, and 
limited ability to use the torch? 

Some Ecological Misconceptions 

Love has never assimilated the 
simple fact that in the absence of 
detailed knowledge of soil char- 
acteristics and productivity, the 
climax vegetation, or in some in- 
stances the naturalized vegeta- 
tion, as on our California annual 
ranges, is the most reliable guide 
to the productive potential of the 
site, to the kinds of vegetation 
best adapted to the locality, and 
to the degree of intensity of man- 
agement that will yield the most 
economic returns. 

Love has not recognized a 
point of paramount significance 
concerning climax vegetation- 
which, in fact, is nothing more 
than a guide for organizing 
man’s mind concerning ecologi- 
cal processes that occur in natur- 
al plant communities (Weaver 
and Clements). One should 
never expect to find such a con- 
cept as a definite entity that can 
be precisely delimited on the 
ground or be neatly drawn on a 
map. What is recognizable are 
the elements or factors that con- 
stitute climax vegetation and 
govern its development, but the 
decided variability from point to 
point in an ecosystem must be 
understood and appreciated. 
Love’s argument implies that he 
is saying: “I don’t believe in cli- 
max because I can’t pick it up 
and hold it in my hand.” 

No field ecologist, to our 
knowledge, maintains that cli- 
max vegetation is the primary 
aim of range management. On 
the contrary, departures from 
the climax on natural grazing 
lands afford a reliable way of 
measuring range condition, com- 
monly designated as excellent, 
good, fair, or poor (Pickford and 
Reed, 1948). It also indicates 
something of what the grazing 
capacity is and of the quality of 

While it is realized that much 
can and has been done to im- 
prove the productivity of natural 
range lands, Love is in error 
when he implies that tremen- 
dous increases can be produced 
on every acre of range merely 
through the use of fertilizers, in- 
tensive cultivation, and the 
planting of domesticated species. 
Many large tracts of range land 
do not have the inherent produc- 
tivity that will at the present 
time justify intensive practices 
from the viewpoint of either eco- 
nomics or pure resource conser- 
vation. At the same time the fact 
must not be overlooked that a 
vast amount of improvement can 
be achieved on many ranges sim- 
ply by adopting relatively minor 
changes in management prac- 
tices. Trials, for example, on so- 
called “fertility plots” estab- 
lished in connection with soil- 
vegetation survey work in Hum- 
boldt County, California, con- 
founded the experimenters when 
increases in forage production 
after a single year of protection 
from grazing equalled or ex- 
ceeded those on heavily ferti- 
lized plots on the same soil types. 
Such a simple change in live- 
stock operation can go a long 
way towards improving yields 
and increasing soil fertility. The 
agriculturist decries them be- 
cause “they are slow”; certainly 
they are usually less dramatic 
than the results of heavy ferti- 
lization or other intensive prac- 
tices, when such practices are 
successful, but they are also less 
costly. 

On the foothill ranges in Cali- 
fornia alien annual species and 
excessive grazing have acted to- 
gether to replace the original 
bunchgrass prairie. Wildoats 
(Avena spp.), annual bromes 
(Bromus spp.) , fescues (Festuca 
spp.), and filarees (Erodium 
spp.) have almost completely re- 
placed such endemic climax spe- 
cies as the needlegrasses (Stipa 
spp.) , melicgrasses (Melica spp.) , 
and bluegrasses (Poa spp.). The 
paper-“Moderate Grazing Pays 
on Annual Type Ranges” by 
Hormay (1944)) with the hope of 
maintaining an abundant cover 
of alien annual forage species 
has no reference whatsoever to 
the former climax perennial 
bunchgrasses. These two propos- 
als, briefly, are the chief aims of 

the forage. Most rangeland com- 
munities are composed of a cover 
of some foreign vegetation. 
Range so remote from the climax 
as to be rated “fair” or “poor” 
may have a sparse cover or a fair 
stand of largely unpalatable 
plants. 

In this connection it should be 
mentioned that Parker’s (1950) 
three step method for recording 
range condition and trend has 
been adopted with much success 
on national forest ranges. Re- 
visitation of the transects from 
time to time reveals what the 
vegetal response has been to the 
particular management method 
employed. Although there is no 
miraculous short-cut way of 
bringing back a range unit from 
poor to satisfactory condition, 
the best procedure is properly to 
coordinate utilization with the 
actual forage production. 
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the U.S. Forest Service in man- 
aging their grassland associa- 
tions. 

The responses of native or nat- 
uralized vegetation are the best 
indicators of the particular man- 
agement procedure to adopt- 
short, perhaps, of plowing, seed- 
ing to domesticated pasture 
plants, irrigation, and similar in- 
tensive farm practices. Where 
such intensive operations are 
undertaken detailed attention to 
indicators of site potential, such 
as climax vegetation, is less man- 
datory; but a great many failures 
of intensive agricultural prac- 
tices on both range and other 
lands has been accounted for to 
neglecting some of the obvious 
ecological principles. Properly 
applied, the concept of climax 
vegetation will show where the 
rancher should direct his efforts 
and the degree of intensity that 
will be the most effective on 
each site. Most conspicuously, 
perhaps, the natural vegetation 
will point dramatically to the 
shortcomings of certain sites. It 
is significant that the experi- 
mental range plots established 
by the author and his associate 
(Love and Williams, 1956) was 
done on an area where the cli- 
max vegetation originally was 
perennial bunchgrass rather than 
on land formerly dominated by 
chaparral. 

Excessive Aggressiveness a Handicap 

Love’s lack of ecological back- 
ground has cost California land 
owners considerable sums of 
money. For example, being un- 
informed that certain coniferous 
forest lands are not suitable for 
growing grass crops because of 
their low pH, the author must 
have been chagrined to observe 
the complete failure of grass and 
legume reseedings on a superior 
tract of redwood forest in north- 
ern California where he induced 

the owner to fell, burn, fertilize, 
and reseed a superior redwood 
stand (Mailliard, 1959). More 
current advice by the author was 
that of informing the public, 
through a glaringly headed 
newspaper article, on how de- 
struction by fire of many homes 
in southern California could 
have been avoided. This “expert 
opinion” was given with no ex- 
perience in forest fire control or 
how to prevent or suppress a fire 
which he had never seen. 
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A. W. Sampson, Professor 
of Forestry Emeritus, 
University of California, 
Berkeley, California. 

L. T. Burcham, Assistant 
Deputy State Forester, 
Sacramento, California. 

Dear Joe: 
I have just read your editorial 

in the May issue of the JOUR- 
NAL and want you to know that 
I heartily applaud it. One of my 
most distinct memories of the 
Salt Lake meeting has to do with 
the dozens of substandard slides 
that were used in presentation of 
papers. I hope the right persons 
heed your suggestions. 

I hope others have expressed 
appreciation to you for your con- 
tinuing improvement of the 
JOURNAL. It is a highly credit- 
able achievement. 

Sincerely yours, 
Wendell M. Keck, Editor, 
Intermountain F&R Expt. 
Sta., USFS, Ogden Utah. 

Dear Joe: 
My hat is off to you and I 

think a vote of thanks is due you 
from every member of the so- 
ciety for your “gloves off” treat- 
ment of the behavior of figures 
at ASRM meetings. It needed to 
be said and I am glad you said it. 

Sincerely, 
Johrz Chohlis, Editor, 
Western Livestock 
Journal 

Dear Joe: 
In the May, 1963 issue of the 

ASRM Journal you rendered an 
outstanding service to the mem- 
bers in pointing out shortcom- 
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ings of speakers on the program 
of the current annual meeting. 

The points which you raised- 
exceeding allotted time, lack of 
clarity of slides showing tabular 
data, poor color slides, etc., are 
all vital to a successful meeting. 

Every adverse point brought 
out by you was abused time and 
again last week at the Stanford 
AAAS meetings. Probably the 
worst offenders were the many 
speakers who took far more time 
than was allotted to them. That, 
as you know, is the sort of thing 
that gives the chairman ulcers. 

You might be interested to 
know that at the Science Confer- 
ence held at Lake Success a few 
years ago, the chairman flashed 
a red light two minutes before 
the allotted time was up. Any 
speaker who exceeded his time 
had a strong red light playing 
uninterruptedly on his face. This 
seemed to work well. 

Sincerely, 
Arthur W. Sampson 
Professor of Forestry 
Emeritus 

Dear Joe: 
I recently became a member 

of the California Section, the 
American Society of Range Man- 
agement, and have just received 
the January, March, and May, 
1963, issues of “Journal of Range 
Management”. I particularly 
want to compliment you on the 
May issue. The editorial corn-, 
ment on proper planning and 
execution of big meetings con- 
tains a good deal of good nour- 
ishing meat, and I am reproduc- 
ing it so that I can keep it in my 
folder for future meetings. 

There were a number of arti- 
cles in this issue, too, which were 
of extreme interest to me. 

With every good wish, 
Sidney H. Bierly 
General Manager 
California Fertilizer 
Association 

Gentlemen: (1965 Las Vegas 
Convention Committee) 

For your convention file and 
future reference, I am enclosing 
a copy of Woolfolk’s editorial in 
the May, 1963 issue of the Jour- 
nal. You undoubtedly have al- 
ready read Joe’s fine convention 
appraisal, but I thought you 
might want a separate copy to 
keep in your file on the 1965 con- 
vention. Joe has some ideas that 
need to be preserved for use in 
up-coming conventions of the 
Society. 

Most sincerely, 
Wayne Kessler 
President-elect 

Dear Joe: 
Please find enclosed an ab- 

stract of my recent Journal note. 
I enjoyed your editorial and 

think we can all profit (as speak- 
ers and listeners) from some of 
the suggestions put forth. 

Sincerely yours, 
George M. Van Dyne 
Research Nutritionist 
Univ. of California 

Gentlemen: 
This letter is written as an ac- 

tive member and not necessarily 
as from the entire Utah Section. 

My complaint is in regard to 
the last Journal and the report- 
ing on page 155 of “News and 
Notes”, and in regard to “Inte- 
rior Increases Grazing Fee”. 

The information in this article 
was highly conjectural, to say 
the least, and in the worst pos- 
sible taste to those of us who are 
ranchers 
ciety. 

and members of the So- 

Most of us who were raised in 
the West and whose fathers and 
grandfathers settled this part of 
the country feel that a great deal 
of the information mentioned 
was incorrect and as a stockman 
I feel that this is exactly the sort 
of article that does more to drive 

other stockmen away from the 
Society than anything I have en- 
countered to date. 

It is my greatest hope that we 
will see no more such reporting 
and if there is something that is 
conjectural and which engenders 
a great deal of opinion and con- 
troversy, let these items be left 
outside of the Society and the 
Journal. 

Very truly yours, 
D. G. Freed 
President, Utah Section 

Muy estimado amigo: 
Nuevamente tenemos el gusto 

de invitarlo muy cordialmente 
para el DIA DEL GANADERO, 
que se celebrara el 10 de Agosto. 
a partir de las 9 a.m., en 10s ter- 
renos de1 Ranch0 Experimental 
“La Campana” situado a 80 Kms. 
al Norte de la Ciudad de Chihua- 
hua sobre la Carretera a Ciudad 
Juarez. 

Durante este dia, tendremos la 
oportunidad de informarle acer- 
ca de 10s recientes adelantos en 
Manejo de Pastizales y Ganado. 
Estos trabajos incluyen: - 

* Insemination Artificial en 
ganado de came. 

* Coeficientes de Agostadero. 
* Nutrition Animal. 
* Colecciones de especies for- 

rajeras nativas e introduci- 
das y lotes de production de 
semilla. 

* Resiembra de potreros. 
* Platicas sobre tecnicas en 

Manejo de Pastizales y Gan- 
aderia. 

Como ya es traditional, se 
efectuara el concurso sobre con- 
dicion de potreros entre todos 10s 
asistentes y, por primera vez se, 
llevara a cabo un concurso sobre 
calif icacion de ganado. 

Esperamos que usted contri- 
buir5 con sus valiosos comen- 
tarios y que haga el aporte de sus 
problemas en relation con la In- 
dustria Pecuaria. Estos puntos 
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de vista seran de mucho valor 
para nosotros. Sirvase hater ex- 
tensiva esta invitation a sus 
amigos ganaderos; todos 10s asis- 
tentes seran bien recibidos. 

La salida sera a las 8 a. m., 
frente al Edificio de la Union 
Ganadera de esta Ciudad. 

Al agradecerle de antemano su 
presencia a este event0 apro- 
vechamos la oportunidad para 
suscribirnos nuevamente, coma 
sus seguros servidores y amigos. 
Dr. Martin H. Gonzalez, Director 
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MY RANCH 
My ranch, to me is not just land 
Where bare, overgrazed grass stand; 

To me, my ranch is nothing less 
Than all created loveliness. 

My ranch is not where I must soil 
My hands with endless dreary toil; 

But where amid tall grass and teem- 
ing sod 

I’ve learned to walk and talk with 
God. 

My ranch to me is not a place 
Outmoded by a modern race; 

I like to think I just see less 
Of evil, greed and selfishness. 

My ranch’s not lonely, for all day, 
I hear my children shout and play. 

And, here when age comes-free 
from cares 

I’ll live again, long joyous years, 

My ranch is Heaven-here dwells 
rest, 

Security and Happiness. 

What ere befalls the world outside 
Here faith and hope and love abide. 

And so, my ranch is not just land 
Where bare overgrazed grass stand, 

To me, my ranch is nothing less 
Than all God’s hoarded loveliness. 

Leo Brown 

Arizona Watershed Program in Review 
Proceedings for the Sixth Annual Symposium held September 18, 1962, again adds important knowledge 

towards achieving intelligent management of water and associated natural resources. Including participants in the 
original watershed study of 1956 and the six annual symposia that have followed, almost 100 authors have made 
important contributions to the growing knowledge of water management. These proceedings call attention to the 
mutual relationship between watershed management and Arizona’s new pulp and paper industry. Discussion of 
hydrologic models of ground water movements provides an important link between watershed yields and possi- 
bilities of recharging ground water aquifiers. Controlled burning is gradually proving to be another valuable 
method of manipulating watershed vegetation along with mechanical and chemical methods. 

Besides the proceedings, according to Joseph F. Arnold, Director, Watershed Management Division, State Land 
Department, a new movie, “The Cibecue Watershed” is now available for distribution. This film produced by the 
Arizona Water Resources Committee and the Land Department’s Watershed Management Division with the help 
of contributions received from 25 industries, shows how the Fort Apache Indians are improving their timber and 
range lands. Director Arnold will be glad to provide further information concerning this new picture. 

ON TO WICHITA! 
IT’S NONE TOO SOON TO BE THINKING ABOUT HOW TO GET TO THE NEXT AN- 
NUAL CONVENTION AT THE BROADVIEW HOTEL, WICHITA, KANSAS, FEBRU- 
ARY 10 fo 14, 1964. OUR ANNUAL WINTER CONVENTIONS HAVE BEEN GET- 
TING BETTER AND BETTER BUT THIS ONE BIDS FAIR TO TOP THEM ALL. 
WITH ARRANGEMENTS AHEAD OF SCHEDULE, SUPERIOR FACILITIES, AND A 
TOP-FLIGHT PROGRAM OF NEW INFORMATION AND FREE DISCUSSION, BUILT 
AROUND THE CHANGING RANGE MANAGEMENT SCENE, THIS MEETING PROM- 
ISES - AND MERITS - A RECORD ATTENDANCE. BETTER START PLANNING 
NOW. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 
Legumes-Grasses-Grain 
LONGMONT, COLORADO 
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How to. kill mesquite when chemicals don’t work 
A few years back the land shown was mesquite- 
infested. Chaining and chemicals weren’t effec- 
tive, since sprout-back soon occurred and the 
situation was little improved. 

That’s when Land Contractor Marshall 
Nixon of Vernon, Texas, was called to root plow 
this 100 acres. His Caterpillar D~H Tractor 
pulled a Fleco Root Plow set 12 to 16 inches 
deep to slice the mesquite roots at bud-ring 
depth. Traveling in 3rd gear, he covered about 
25 acres per lo-hour day. While root plowing, 
he reseeded the land with four to five pounds of 
sorghum almum per acre. 

One year later, the mesquite kill is virtually 
100% effective; the fine stand of pasture you see 
above is the result. 

About the D~H that earns him his livelihood, 
Nixon says this: “Ever since I have started using 
Caterpillar-built equipment, I have been able to 
keep my costs low. This is because of Caterpillar 
track-type Tractors’ long life and low repair and 
fuel costs. The high resale value of-this equip- 
ment is an important factor in my cost situa- 
tion, too.” 

If mesquite, retema, cedar or other non- 
productive growths that sap the land are your 
problem, your Caterpillar Dealer has the solu- 
tion. Ask him to show you equipment that will 
bring land back to a profit or to recommend a 

* . . 
1 

. 

. ‘. 

contractor with Caterpillar-built equipment to 
do the work for you efficiently and economically. 

CATERPILLAR TRACTOR Co. 
GENERAL OFFICES, PEORIA, ILLINOIS, U.S.A. 

Caterpillar 
Caterpillar and Cot ore Registered Trademarks of Cotrrpillor Trodor Co. 
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