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RANGE MANAGEMENT 

Response of Deer and Livestock to Controlled 
Grazing in Central Texas 

CRAIG A. McMAHAN AND CHARLES W. RAMSEY1 

Wildlife biologists, Texas Parks and Wildlife Depart- 
ment, Kerr Wildlife Management Area, Hunt, Texas. 

Highlight 

White-failed deer welfare and pro- 
duction under various intensifies of 
continuous-use grazing by combined 
cattle, sheep, and angora goafs was 
studied in fhe Edwards Plateau 
region of Texas. Under poor range 
conditions continuous grazing by 
combined classes of livestock ad- 
versely effected deer production 
through competition for food. Live- 
stock were more efficient compefi- 
iors for native forage than deer. 

The effect of livestock grazing 
on deer production is a question 
that has gained increasing im- 
portance in the Edwards Plateau 
Region of west-central Texas. 
This ecologic region of some 26,- 
000 square miles supports high 
densities of white-tailed deer 
(Odocoileus virginianus) along 
with combined classes of cattle, 
sheep, and goats. 

Since the introduction of live- 
stock in the 1800’s range vegeta- 
tion has changed. Under heavy 
domestic stocking rates, ranges 
have deteriorated until “the 
number of livestock which can 
be grazed on most Texas range- 
lands today is less than half the 
number carried in 1900” (Merrill, 
1959). The change in vegetation 
from grassland to woodland has 
favored deer. As late as 1875 
deer were still regarded as scarce 
in the northern sector of the 

Plateau, and their increase was 
slow until the 1940’s (Hahn, 
1945). Today a deer to 3 acres 
(or 213 per section) is not un- 
common. 

Competition between deer and 
livestock in the Edwards Plateau 
is critical, brought about by the 
remarkably similar diets of 
sheep, goats, and deer in combi- 
nation with a relatively gentle 
topography that allows deer and 
livestock to occupy the same 
range (McMahan, 1961) .2 

The influence of livestock 
grazing practices on deer was 
formerly based mainly on gener- 
al observations. Low fawn crops, 

1 The authors wish to recognize those 
most responsible for the planning 
of the experimental grazing pro- 
gram: E. A. Walker, T. A. Booker, 
and Leslie R. Hereford, Jr. Statis- 
tical analysis of data was per- 
formed by Dr. R. B. Davis, Texas 
A. and M. University. This paper 
is a contribution of the Pittman- 
Robertson Federal Aid in Wildlife 
Restoration program, the United 
States Bureau of Sports Fisheries 
and Wildlife, and the Texas Parks 
and Wildlife Department cooperat- 
ing. 

2 McMahan, C. A. 1961. A food habit 
study of three classes of livestock 
and deer. Texas Game and Fish 
Commission, Austin. Project W-76- 
R, Job 8 Completion Report (mul- 
tilithed), 156 pp. 
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poor quality carcasses and heavy 
death losses have been noted 
where deer occupy heavily 
grazed or poor ranges in the 
western and northeastern states 
(Julander, et al. 1961; French, et 
al. 1955) but objective informa- 
tion on deer welfare and produc- 
tion as influenced by combined 
classes of livestock was lacking 
in this region. To begin research 
on these relationships, the Texas 
Parks and Wildlife Department 
in 1955 constructed a series of 
experimental pastures for the 
purpose of studying deer re- 
sponse to different intensities of 
grazing by livestock. 

Study Area and Methods 

The Kerr Wildlife Management 
Area is located at Hunt, Kerr Coun- 
ty and is basically ‘representative of 
the surrounding region of the Ed- 
wards Plateau. Mean annuai_precipi- 
tation on the study area is 29 inches, 
mostly rainfall in the late spring and 
summer months. Rainfall fluctuates 
greatly between years and droughts 
are common. Experimental pastures 
are on stony soils of limestone origin. 
Typically, the woody overstory is 
composed of a liveoak (Quercus vir- 
giniana) - shinoak (Quercus brevi- 
Zoba) Savannah aspect in which re- 
growth ashe juniper (Juniperus 
ashei) shrubs are conspicious. Texas 
wintergrass (Stipa Zeucotricha), cur- 
ly mesquite (Hilaria belangeri) and 
various three-awn species (Aristida 
spp.) comprise the more common 
grasses with numerous other species 
present in considerably lesser quan- 
tity. Most forbs are annuals; their 
availability being much influenced 
by the time and amount of rainfall. 

Ten 96-acre pastures were in- 
stalled, each with an 8-foot net-wire 
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FIGURE 1. Schematic diagram of experi- 
mental pastures on the Kerr Wildlife 
Management Area. 

fence to confine ten deer (Fig. 1). 
Each pasture was rectangular; pas- 
tures 1 through 3 were 3,880 feet 
long and 1,077 feet wide, and the re- 
maining pastures were 5,280 feet 
long and 792 feet wide. 

The objective of pastures 1 through 
6 was to determine the influence 
of various domestic stocking rates 
on deer production. Pastures 7, 8, 
and 10 served as a comparison of 
deer productivity between two vege- 
tative types and between two inten- 
sities of harvest. Pasture 9 was a 
control with no livestock or deer. 

Since continuous yearlong grazing 
was the common management prac- 
tice in the Edwards Plateau at the 
time the experiment was initiated, 
a yearlong grazing system was used 
in all livestock pastures, but stock- 
ing rates were varied. Heavy, mod- 
erate, and light stocking rates were 
begun in paired pastures. Rambouil- 
let sheep, Angora goats, and Hereford 
cows were grazed in combination, in 
as nearly the same proportions be- 
tween different stocking rates as 
possible. Heavily stocked pastures, 
each contained 23 sheep, 22 goats, 
and 3 cows; moderately stocked pas- 
tures, 10 sheep, 10 goats, and 2 cows; 
and lightly stocked pastures 8 sheep, 
7 goats, and 1 cow. Heavy stocking 
was defined as an animal unit 3 to 
8 acres; moderate as an animal unit 
to 16 acres; and light as an animal 
unit to 24 acres. The beginning num- 
ber of ten deer per livestock-stocked 

3 One animal unit was considered 
equivalent to 1 cow, 5 sheep, or 5 
goats, deer not considered. Female 
brood stock was used in all pas- 
tures. 
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pasture was to have been constant, 
but it varied some from the start of 
the study due to unexpected death 
losses. In 1961, the program was 
modified. Pastures 4, 5, and 6 were 
discontinued as replicates of the con- 
tinuous grazing system and com- 
bined as a three-pasture deferred- 
rotation unit. 

The pastures stocked with deer 
only have furnished information for 
two comparisons. Pasture number 7 
was stocked with 10 deer and the 
population increase was removed 
annually during an either sex hunt. 
In pasture number 8 the herd was 
allowed to increase “unmanaged” 
with only occasional buck deer being 
harvested. Pasture 10 was designed 
to operate identically to pasture 8 
but under different vegetative con- 
ditions. Pasture 10 was typified by 
an ashe juniper aspect and pasture 
8 was an open oak woodland. 

Herbaceous vegetation response to 
treatment in all pastures was meas- 
ured by the line intercept method 
(Canfield 1941). Ten 50-foot line 
transects per pasture were read an- 
nually during the summer. 

Browse composition was obtained 
by two lo-foot-wide belts running 
the length of each pasture. Woody 
species were recorded by the square 
feet of canopy. Condition and trend 
of woody species was a descriptive 
measure of available browse (that 
below 5 feet). Since the size and 
growth form of individual browse 
plants within a species group was 
the same, an inference can be made 
about comparative volumes between 
treatments within a species group. 

To determine the monetary values 
associated with different stocking 
rates, detailed records were main- 
tained on all expenditures and sales 
of livestock products. Individual 
weights of lambs, goat kids, wool 

and mohair were obtained in a man- 
ner to facilitate a statistical analysis 
of the data. 

Findings 

Influence of Grazing on Deer 
Production-A summary of deer 
production in the experimental 
pastures (Table 1) indicate a 
low carrying capacity for deer 
in all the livestock-stocked, con- 
tinuously grazed pastures. Even 
in the lightly grazed pasture the 
average number of deer surviv- 
ing was only one to 24 acres. 
Deer production - defined as 
fawns surviving to yearling age 
-decreased with an increase in 
the domestic stocking rate. This 
is especially evident in the heavi- 
ly grazed pastures where no 
fawns have ever survived to 
yearling age. The difference in 
the average number of deer sur- 
viving (about 4 adult deer) be- 
tween moderate and light graz- 
ing is small; but the heavily 
grazed pasture supported only 
about half as many adult deer 
as the moderate or light. 

In contrast to poor deer pro- 
duction in the livestock-stocked 
pastures, the deer-only, managed 
population showed a good meas- 
ure of success. No fawn produc- 
tion data in terms of a doe to 
fawn ratio are available because 
of the difficulty in differentiat- 
ing between sexes, but pasture 
7 averaged an annual 37 percent 
herd increment. Production in 
the stocked pastures on the other 
hand was well below this. No 
production was obtained under 

Table 1. Deer performance in experimental grazing pastures, averages 
for 8 years, 1956 fo 1963. 

Pasture Starting Adult Fawn 
Treatments Population Death Loss Survival 

_--- Number - - - - 
Heavily Stocked 4.5 2.5 0.0 
Moderately Stocked 5.7 1.5 1.1 
Lightly Stocked 5.6 1.8 1.1 
Deer Only, Managed 

Oak Type 11.3 0.6 4.9 
Deer Only, Unmanaged 

Oak Type 13.9 0.9 4.3 
Deer Only, Unmanaged 

Juniper Type 7.3 2.0 1.7 
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heavy grazing, and under moder- 
ate and light grazing an average 
of only 38 percent of the fawns 
survived. The study did not re- 
veal differences in breeding per- 
formance of individuals between 
grazing intensities because deer 
had to be trapped and introduced 
into the pastures from the out- 
side to replace death losses each 
year. These introductions nor- 
mally came after the rut, when 
most does were already bred. 

Deer production in pasture 10, 
with dense ashe-juniper and no 
livestock, was almost nil. By 
March, 1964, this pasture sup- 
ported a total of only 3 deer, as 
compared with a total of 24 deer 
in pasture 8, containing oak 
woodland. The juniper type in- 
directly deters deer production 
by suppressing the growth of 
staple and preferred deer foods 
(Ramsey, 1963) .4 Also, ashe-ju- 
niper itself is a low-value emer- 
gency deer food. (McMahan, 
1961, op. cit.) 

Differences in the performance 
of deer between managed and 
unmanaged pastures became ap- 
parent in 1962 and 1963 when the 
unmanaged herd showed 19 and 
4 percent increment. The man- 
aged herd had 31 and 38 percent 
increments respectively. During 
this two-year interval a total of 
7 deer were found dead in the 
unmanaged pasture while only 
2 deer died in the managed pas- 
ture. Before the last two years 
of study little difference was 
noted in deer mortality and pro- 
duction between the two pas- 
tures. Since the degree of forage 
availability became more acute 
during this period in the unman- 
aged pasture, food was consid- 
ered to be the probable limiting 
factor. 

Deer mortality in the live- 

4 Ramsey, C. W. 1963. The value of 
cedar in deer and livestock produc- 
tion on the Kerr Wildlife Manage- 
ment Area. Texas Parks and Wild- 
life Dept. Austin. Project W-76-R, 
Job 4 Special Report (25 pp. mul- 
tilithed). 

stocked pastures was most pro- 
nounced in the fawns. Within a 
given year, they were the first 
to die. Among adults, however, 
there was no discernible pattern 
of death losses between age 
classes or length of time individ- 
uals were in the enclosure. 
Adult bucks did better than does 
in the enclosures, as indicated by 
their lower death losses. Over 
the 9 year period in the heavy 
grazed pasture bucks showed a 
50 percent death loss as com- 
pared to 58 percent for adult 
does. In the moderately and 
lightly stocked pastures the 
death losses in adults of both 
sexes decreased. Bucks showed a 
death loss of 9 and 11 percent 
respectively and does a loss of 
37 percent under both treat- 
ments. 

Vegetative Response to Treat- 
ment. - Range conditions were 
poor at the beginning of the ex- 
periment due to long heavy use. 
After the experiment started, 
conditions improved in the deer- 
only and control pastures; re- 
mained static to slightly im- 
proved in the moderate and light 
continuous-use pastures and de- 

teriorated under heavy continu- 
ous-use. Range deterioration as 
evidenced by erosion was curbed 
under all treatments except 
heavy use where there are active 
gullies and pediceled plants 
everywhere. 

The total amount of grass as 
measured by basal intercept 
fluctuated greatly with years. 
The fluctuations generally fol- 
lowed the trends in available 
moisture as measured by annual 
rainfall (Fig. 2). The moderately 
grazed pasture is representative 
of the combined effect of live- 
stock and rainfall, while the con- 
trol pasture is representative of 
the effect of rainfall in the ab- 
sence of livestock use. 

The reserve of grass remaining 
on the ground and the resulting 
litter varied with intensity of 
livestock grazing. As an exam- 
ple, average grass height meas- 
urements during 1963 were: 
Heavy, 0.9 inch; Moderate, 2.3 
inch; Light, 3.2 inch. 

There was little change in 
composition between years and 
between pastures under continu- 
ous livestock use (Table 2). Any 
changes in proportions apparent- 
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Table 2. Basal intercept percentage of selected grass and weed species 
on line transects. 

Species 

Pasture Treatments 
Deer 

Deer unman- 
Deer unman- aged Con- 

Heavy Moderate Light managed aged juniper trol 

Grasses 
Total 1.7021 1.359 ___ ~ 

.8502 .814 
Curly .756 .360 

mesquite .292 .176 
Texas .420 .470 -- 

wintergrass .484 .426 
Three-awn .466 .414 - ~.. 

species To50 .162 
Tall dropseed 

Fall 
witchgrass 

Little 
bluestem 
Weeds2 
Fleabane 
(Erigeron canadensis) 
Leafflower 
(Phyllanthus polygonoides) 
Velvet bundleflower 
(Desmanthus velutinus) 
Woollywhite 
(Hymenopappus tenuifolius) 

1.346 
1.284 

.240 __- 

.094 

.298 ___- 

.532 

.686 

.456 

.006 

1.168 
.588 
.360 -- 
.048 
.124 
.144 
.524 ~__ 
.222 

.036 

.004 

.012 

1.708 
.352 
.294 
.026 
.250 
.122 
.676 
.052 

.016 __.. 

.008 

.040 

.698 

.224 

.158 

.024 

.060 

.032 

.112 

.044 

.116 

.030 

1.094 
.310 
.290 -- 
.020 
.206 

-.066 
.392 
.082 
.019 
.034 
.006 
.086 

.OlO .060 

.034 

.088 

.020 

.092 

1 1954 readings 
2 1963 readings 

ly are more related to distribu- 
tion and amount of rainfall than 
to animal treatment. An excep- 
tion is Texas wintergrass which 
increased in all pastures. Peren- 
nial bunch grasses increased in 
the deer-only and control pas- 
tures. After an initial increase, 
species such as little bluestem 
(Andropogon scoparius), tall 
dropseed (Sporobolus aspek), 
and fall witchgrass (Leptoloma 
cognatum) had either remained 
static or decreased in the deer- 
only and control pastures, pre- 
sumably from lack of use. 

Forb composition in the 
stocked pastures was much the 
same, with only a few additional 
species showing in the deer-only 
pastures. Only in the control 
pasture was the weed composi- 
tion greatly different from those 
pastures containing animals 
(Table 2). 

Woody plant composition as 
measured by square feet of cano- 
py remained the same through- 
out the pastures containing live- 
stock (Table 3) . A few additional 
palatable species occur in the 
deer-only, oak woodland type. 
The only large increase in avail- 
able preferred browse occurred 
in the control pasture. Species 
such as woolybucket bumelia 
(Bumelia Zanuginosa), and hack- 
berry (Celtis spp.), which are 
highly palatable to both goats 
and deer were unable to repro- 
duce or to furnish more than a 
token amount of forage in the 
livestock pastures. Staple browse 
species such as liveoak and shin- 
oak remained about the same 
within a pasture between years, 
and between pastures containing 
livestock. Although browse com- 
position as measured by canopy 
was very similar between all 

treatments there was a wide dif- 
ference in available forage. Table 
3 gives a descriptive measure of 
the relative availability to 
browsing animals of leafage be- 
low five feet. An additional 
measure, the presence and height 
of a “browse line,” is indicative 
of the relative availability of 
browse. Table 4 illustrates the 
increase in browse in the absence 
of livestock as measured by 
browse line height. 

These vegetative measure- 
ments indicate that continuous 
grazing provides little or no dif- 
ferences in plant composition re- 
gardless of the stocking rate in 
effect. Differences in stocking 
rates as reflected in range vege- 
tation are seen mainly as quanti- 
tative ones, with few decreaser 
grass species, preferred forbs, or 
browse plants becoming estab- 
lished. In effect this system may 
be described as a vegetal com- 
plex composed of plant species 
that are adapted to the limiting 
factors of the area-the grazing 
animals. The main difference be- 
tween this complex and the 
deer-only pastures is the greater 
abundance of staple browse in 
pastures 7 and 8. Apparently 
continuous use by deer alone 
may restrict forage composition 
to species tolerant of continuous 
use by those animals. 

Livestock Production - Live- 
stock production and average re- 
turns are shown in Table 5. 
Lamb and goat kid weights per 
head increased significantly with 
a decrease in the stocking rate. 

Although wool and mohair 
production data indicated an in- 
crease in per head production 
with decrease in stocking rates, 
statistical values show some re- 
lationship in need of further ex- 
planation. For example signifi- 
cant differences are noted in 
wool production per head be- 
tween heavy and moderate, and 
between heavy and light grazing, 
but no significant difference is 
evident between production in 
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Table 3. Composition and percentage of selected browse plants per condi- 
tion and utilization class, 1963.1 

Species 

Liveoak Juniper Shinoak Hackberry Bumelia 

Pasture 
Heavy 

Moderate 

Light 

Deer, managed 

Deer, unmanaged 

Deer, unmanaged 
Juniper type 

No livestock or 
deer 

8.472 
24-7 
76-8 

8.16 
6-3 

69-7 
25-8 

6.62 
30-3 
63-7 

7-8 

9.11 
5-l 

70-2 
2-3 

10-5 
10-7 
3-8 

10.00 
67-2 
25-3 

6-7 
2-8 

5.48 -- 
40-3 
12-5 
8-7 

40-8 

100-3 

2.44 
33-2 
58-3 

9-5 

.94 
28-l 
43-2 
29-3 

5.49 
45-l 

5-2 
40-4 
10-5 

6.73 
9-l 

24-2 
10-3 
30-4 

9-5 
18-7 

27.00 
34-l 

5-2 
3-4 

45-7 
13-8 

6.34 

1.85 
100-3 

2.39 
22-l 
78-2 

2.68 
100-3 

.42 
100-3 

.22 

100-3 

53 __- 
100-3 

.13 
100-3 

.18 
17-1 
44-2 
39-3 

.14 
33-l 
19-2 
48-3 

.Ol 
100-3 

.64 

Trace 

100-3 

.03 
100-3 

Trace _- 
100-3 

.12 
100-3 

.03 ____ 
100-3 

.Ol 
100-3 

.26 
1 Legend to condition and utilization classes: 1, all available light use; 

2, all available, moderate use; 3, all available, heavy use; 4, mostly avail- 
able, light use; 5, mostly available, moderate use; 6, mostly available, 
heavy use; 7, mostly unavailable; 8, unavailable. 

2 Percent composition. 

the moderate and light pastures. 
Mohair production on the other 
hand showed the opposite effect. 
Significant differences are seen 
in production per head between 
the moderate and light, and be- 
tween the heavy and light pas- 
tures, but not between the heavy 
and moderate pastures. We can- 
not explain this occurrence. 

The moderately grazed pasture 
averaged the most dollars per 
acre, while the lightly stocked 

pasture returned the most money 
per animal unit. The large ex- 
pense of supplemental feeding 
in the heavy-use pasture during 
dry years was the main reason 
it produced less per acre than 
the moderately grazed pasture 
over the ten-year period. Net re- 
turn per animal unit increased 
as the stocking rate decreased. 

Discussion 

Continuous grazing by com- 

5 

Table 4. Average browse line height 
in inches on oaks in the experi- 
mental pastures. 

Pasture 
treatment Liveoak Shinoak 

Heavy 
Moderate 
Light 
Deer, managed 
Deer, unmanaged 
Deer, unmanaged 

Juniper type 

60 64 
58 62 
58 60 

None None 
None 58 

57 62 

bined classes of livestock ad- 
versely effects deer production 
through competition for food. 
Yearlong use by animals tends to 
remove the most palatable and 
some of the staple forage species, 
and concentrates competition be- 
tween domestic animals and deer 
on fewer, less palatable species. 
This phenomenon becomes more 
apparent as the domestic stock- 
ing rate increases, as evidenced 
by a decrease in deer production 
from light to heavy livestock 
grazing. 

Deer are clearly the losers in 
this type of direct competition 
for food. Even under starvation 
conditions they cannot be forced 
to utilize dry grass which will 
maintain domestic stock. A re- 
view of other research indicates 
that food supply, as influenced 
by grazing system, intensity of 
grazing, and by classes of ani- 
mals grazed, governs positive or 
negative effects on deer. Most 
range food plants in our region 
grow and reproduce better when 
afforded some rest from grazing. 
Merrill et. al. (1957) in studies 
at the Agricultural Experiment 
Station, Sonora, Texas, found 
higher densities of deer on pas- 
tures grazed on a deferred rota- 
tion system with combined cat- 
tle, sheep, and goats, than on 
combined class continuous-use 
pastures. 

In addition to the deleterious 
effects on deer, it is clear that 
heavy continuous grazing has 
profound bad effects on livestock 
production as well. All livestock 
products per animal decreased 
with an increase in the stocking 
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Table 5. Average livestock production in the experimental grazing pasfures, 
1955 through 1963.1 

Item Heavy Moderate Light 
Sheep 

Wool 
Wool per head 

Per cent lamb crop sold 
Total weight lambs 
Average lamb weight 

Goats 
Mohair 
Mohair per head 

Kid goat hair 
Kid goat hair per head 
Per cent kid crop sold 
Total weight, kids 
Average kid weight 

Catt Ze 
Per cent calf crop sold 
Total weight, calves 
Average calf weight 

Monetary returns 
Total net average 
Average net return per 

animal unit 

174.24 78.13 62.74 
7.57 * 7.81 7.84 

** 

85.98 96.66 94.37 
1,327 670.35 531.22 
67.12 ** 69.33 70.30 

*** 
** 

173.70 81.80 63.22 
7.89 8.18 ** 9.03 

** 
- 

28.96 16.23 11.19 
1.98 2.03 1.90 

66.13 80.00 58.88 
524.94 320.84 254.00 

36.06 ** 40.10 43.15 
** 

** 

85.00 83.00 88.88 
1,051.11 747.77 485.55 

411.30 449.00 546.25 

$154.64 $175.21 $143.46 

$ 12.89 $ 29.20 $ 35.87 
1 Except where noted, all production is in pounds. 

* Indicates significance at 80-90 per cent confidence interval. 
** Indicates significance at the .05 level. 

*** Indicates significance at 60-80 per cent confidence interval. 

rate. The economic implications 
in this finding are exemplified 
in the heavy-grazed treatment 
where the least net dollar return 
per domestic animal unit was ob- 
tained. 

The combined bad effects of 
heavy continuous grazing ‘by 
livestock in the Edwards Plateau 
region are cumulative and do not 
become readily apparent until 
the organic litter cover has been 
materially reduced and food 
plant reproduction has been cur- 
tailed. 

Summary 
Continuous grazing by live- 

stock adversely effects deer pro- 
duction through competition for 
food. Yearlong use by animals 
tends to remove the most palat- 
able forage species and concen- 

trates competition between do- 
mestic animals and deer on few- 
er, less palatable species. This 
competition becomes more ap- 
parent as the domestic stocking 
rate increases. Under these cir- 
cumstances livestock are ob- 
served to be more efficient com- 
petitors for food than deer. Deer 
may also be adversely affected 
in the absence of livestock, again 
through decreased food supply 
by (1 building to populations 
above the range carrying capaci- 
ty, with no harvest controls, and 
(2 being restricted to a home 
range exclusively within an 
ashe-juniper vegetative type, 
where other browse and ground 
cover is scarce. 

Under the continuous use sys- 
tem in our region, deer mortality 

is most pronounced in fawns. 
Among adult deer, does exhibit a 
higher mortality rate than do 
bucks, with most death losses 
coming during the critical sum- 
mer season. 

Vegetative measurements 
show that more efficient use of 
the range may be obtained by 
running one or several clasess of 
livestock with deer in order to 
harvest the forage that deer do 
not utilize. Deer alone made in- 
efficient use of the grass cover in 
their pastures. 

No major difference was found 
in vegetative composition in the 
3 continuous use pastures. The 
key grass plants in this system 
are Texas wintergrass, three- 
awn species, and curly mesquite. 
In the heavy-grazed pasture the 
volume of forage was less than in 
the other two lighter-stocked 
pastures, and the composition 
showed a procumbent growth 
form. Because of the lack of veg- 
etative cover and protective lit- 
ter, severe erosion was every- 
where apparent on the heavy 
treatment, but was largely 
curbed in the two other stocked 
pastures. Only a few of the more 
desirable livestock and deer food 
plants were able to grow and re- 
produce under the continuous- 
use system. These findings reit- 
erate the importance of giving 
plants periodic rest periods so 
that they may reproduce. 

Livestock production per ani- 
mal, and the net return per ani- 
mal unit, increased as the stock- 
ing rate decreased. The moder- 
ately-grazed pasture averaged 
the most returns per acre, fol- 
lowed in sequence by the heavy 
and lightly grazed pastures. 
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Highlight 
Applied nifrogen increased calm- 

petition between cheafgrass and 
intermediate wheaigrass for soil 
moisture and resulfed in death of 
wheaigrass. Grazing further in- 
creased this effect. Forage increases 
occurred in iwo of four years but did 
nof justify cost. 

Fertilization of seeded peren- 
nial grasses in sagebrush areas 
of the West is mostly experi- 
mental. Previous studies by Eck- 
ert et al. (1961)) Kilcher (1958)) 
and Sneva et al. (1958) indicate 
fertilizers will increase yield and 
quality of forage in areas having 
an average precipitation of 10 
inches or more. Kay et al. (1957, 
1958) reported yield increases of 
annuals, particularly cheatgrass 
(Bromus tectorum L.), in re- 
sponse to nitrogen application. 
Such increased growth of annual 
species would offer greater com- 
petition to seeded perennial 
grasses. 

The study presented here was 
established: (1) to determine 
the responses of a mixed stand 
of intermediate wheatgrass (Ag- 
ropyron intermedium (Host) 
Beauv.) and cheatgrass to vari- 
ous rates and combinations of 
fertilizers; (2) to ascertain the 
competitive effects of each 
species under various fertility 
regimes; (3) to determine the 

effects of environmental factors, 
especially precipitation, on re- 
sponses of both species to fer- 
tilizer, and (4) to determine the 
practicability of fertilizing es- 
tablished stands of intermediate 
wheatgrass and cheatgrass under 
semi-arid conditions. 

Methods 

The study was conducted on 
the University of California 
Demonstration Range, 2 miles 
northeast of the town of Likely 
in the extreme northeast corner 
of the state? The area is com- 
monly referred to as tableland, 
and usually grows big sagebrush 
(Artemisia tridentata Nutt.), 
cheatgrass, squirrel tail (Sitanion 
hystrix (Nutt.) J. G. Smith), 
Sandberg bluegrass (Poa se- 
cunda Presl), and red-stem fila- 
ree (Erodium cicutarium (L.) 
L’Her.). Annual precipitation 
averages 10 inches, with seasonal 
totals varying widely. The ele- 
vation is 4,500 feet, and the 
growing season is short and vari- 
able. Cheatgrass may germinate 
as early as October or as late as 
March, but seldom is tall enough 
to graze before May. In a warm 
wet season, growth may start as 

- 
1 The cooperation of rancher Warren 

Fluornoy on whose land this study 
was conducted is gratefully ac- 
knowledged. 

early as February. The annual 
grass matures about the first 
week of June and is dry by the 
end of June. Winter tempera- 
tures commonly fall below zero; 
summer temperatures may ex- 
ceed 100” F. The soil is gravelly 
loam over clay superimposed 
over a cemented layer on basal- 
tic bedrock (Yancy series). To- 
tal soil depth averages 10 to 20 
inches. Livestock use generally 
is from April 15 to June 15. 

Two adjacent fertilizer trials 
were established in the fall of 
1958 on a l-year-old seeding of 
Greenar intermediate wheat - 
grass. One trial was fenced to 
exclude cattle, deer, antelope, 
and rabbits; and the small ro- 
dents were poisoned as recom- 
mended by Howard et al. (1957). 
The second trial was identical in 
design, but left open to grazing 
by all animals. Nine fertilizer 
treatments were replicated four 
times in each trial in a random- 
ized block design. Nitrogen was 
applied as ammonium nitrate at 
rates of 30, 60, or 120 lb actual 
nitrogen per acre. Each of these 
nitrogen rates also was applied 
in combination with 40 lb/A sul- 
fur applied as gypsum. The re- 
maining treatments were 40 lb/A 
sulfur alone, 60 lb/A nitrogen as 
ammonium sulphate, and an un- 
fertilized check plot. Each treat- 
ment plot was 15 x 15 ft. All ni- 
trogen (N) and nitrogen plus sul- 
fur (NS) treatments in the 
fenced trial were split in half at 
the end of the first growing sea- 
son (1959) and the nitrogen ap- 
plication repeated on one-half 
(R) . This same half of the plot re- 
ceived a third application of ni- 
trogen at the end of the second 
growing season (1960). The re- 
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Such increased growth of annual 
species would offer greater com- 
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grasses. 
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of intermediate wheatgrass (Ag- 
ropyron intermedium (Host) 
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ous rates and combinations of 
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competitive effects of each 
species under various fertility 
regimes; (3) to determine the 

effects of environmental factors, 
especially precipitation, on re- 
sponses of both species to fer- 
tilizer, and (4) to determine the 
practicability of fertilizing es- 
tablished stands of intermediate 
wheatgrass and cheatgrass under 
semi-arid conditions. 

Methods 

The study was conducted on 
the University of California 
Demonstration Range, 2 miles 
northeast of the town of Likely 
in the extreme northeast corner 
of the state? The area is com- 
monly referred to as tableland, 
and usually grows big sagebrush 
(Artemisia tridentata Nutt.), 
cheatgrass, squirrel tail (Sitanion 
hystrix (Nutt.) J. G. Smith), 
Sandberg bluegrass (Poa se- 
cunda Presl), and red-stem fila- 
ree (Erodium cicutarium (L.) 
L’Her.). Annual precipitation 
averages 10 inches, with seasonal 
totals varying widely. The ele- 
vation is 4,500 feet, and the 
growing season is short and vari- 
able. Cheatgrass may germinate 
as early as October or as late as 
March, but seldom is tall enough 
to graze before May. In a warm 
wet season, growth may start as 
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early as February. The annual 
grass matures about the first 
week of June and is dry by the 
end of June. Winter tempera- 
tures commonly fall below zero; 
summer temperatures may ex- 
ceed 100” F. The soil is gravelly 
loam over clay superimposed 
over a cemented layer on basal- 
tic bedrock (Yancy series). To- 
tal soil depth averages 10 to 20 
inches. Livestock use generally 
is from April 15 to June 15. 

Two adjacent fertilizer trials 
were established in the fall of 
1958 on a l-year-old seeding of 
Greenar intermediate wheat - 
grass. One trial was fenced to 
exclude cattle, deer, antelope, 
and rabbits; and the small ro- 
dents were poisoned as recom- 
mended by Howard et al. (1957). 
The second trial was identical in 
design, but left open to grazing 
by all animals. Nine fertilizer 
treatments were replicated four 
times in each trial in a random- 
ized block design. Nitrogen was 
applied as ammonium nitrate at 
rates of 30, 60, or 120 lb actual 
nitrogen per acre. Each of these 
nitrogen rates also was applied 
in combination with 40 lb/A sul- 
fur applied as gypsum. The re- 
maining treatments were 40 lb/A 
sulfur alone, 60 lb/A nitrogen as 
ammonium sulphate, and an un- 
fertilized check plot. Each treat- 
ment plot was 15 x 15 ft. All ni- 
trogen (N) and nitrogen plus sul- 
fur (NS) treatments in the 
fenced trial were split in half at 
the end of the first growing sea- 
son (1959) and the nitrogen ap- 
plication repeated on one-half 
(R) . This same half of the plot re- 
ceived a third application of ni- 
trogen at the end of the second 
growing season (1960). The re- 
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maining half received only the 
initial application of nitrogen. 
Sulfur application was not re- 
peated. 

Yield data were taken on 
fenced plots only. The entire plot 
area was harvested to a 2-inch 
stubble height, using a rotary 
lawn mower with bag attach- 
ment. Original plans included 
harvesting periodically during 
the growing season to simulate 
grazing, with the number of clip- 
ping depending on the amount of 
growth produced and length of 
growing season. Because of the 
low-rainfall years encountered, 
the actual numbers of clippings 
were none in 1959, two in 1960, 
and one each in 1961 and 1962. 

Botanical composition in terms 
of percent ground cover was de- 
termined by the step-point meth- 
od described by Evans and Love 
(1957) in both the fenced and 
unfenced plots. Thirty points and 
five squarefoot cover estimates 
were taken per plot (a total of 
120 points and 20 cover estimates 
per treatment) each year. 

Results and Discussion 

Precipitation during the 4 years 
of this study was considerably 
below normal - 4.92 inches in 
1958-59; 7.28 inches in 1959-60; 
5.37 inches in 1960-61, and 9.75 
inches in 1961-62. In addition to 
the extremely low total rainfall 
in 1958-59 and 1960-61 there was 
an almost complete lack of rain 
during the spring months in 
those same years - the period 
when nearly all plant growth 
normally occurs. The drought 
was reflected in the differential 
responses of the species as well 
as in total herbage yield. 

Effects cm Ground Cover 
Fenced plot. -The first year 

after treatment (1959)) ground 
cover of cheatgrass was increased 
over four times by the high nu- 
trient treatment (from 5% to 
21%). Ground cover of wheat- 
grass was doubled by the same 
treatment (from 6% to 12%), 
while total ground cover tripled 
(from 13% to 38%). Earlier 
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Table 1. Effects of fertilizer on percent ground cover-fenced plots. 

Cheat- Wheat- 

1960 

Treatment1 grass grass Total 

None (check) 

P-P 

10.0 3.0 13.0 
N30 15.5 4.8 22.8 
NaoR 17.8 7.3 25.3 
Neo 23.8 4.0 28.0 
N6oR 27.8 5.0 33.3 
N120 27.8 4.5 33.8 
m12oR 29.0 3.5 34.0 
s40 10.0 6.0 16.0 
AS-300 25.8 5.0 31.3 
AS-300R 31.3 5.0 36.5 
N30S40 16.5 4.0 20.8 
N3oS4oR 20.5 4.8 25.5 
NSOS40 23.8 3.5 28.3 
NBoS~OR 23.5 4.8 39.8 
N120S40 32.5 3.8 37.0 
N12oS4oR 34.3 4.5 41.5 
LSD .05 8.2 NS 8.3 

.Ol 11.0 - 11.0 

Cheat- Wheat- 
grass grass Total 

1961 

- 
2.0 3.8 6.0 
6.3 3.7 10.0 
4.5 4.8 9.8 
9.0 4.0 13.0 
6.3 3.0 10.0 
9.0 1.8 11.0 
5.0 1.8 7.0 
3.0 5.3 8.3 

11.5 4.3 15.8 
6.5 4.5 11.0 
5.5 4.0 9.8 
7.3 5.3 12.8 

12.5 3.3 16.0 
8.3 1.8 10.5 
7.0 1.5 8.8 
4.3 1.7 6.0 
4.8 2.0 4.6 
6.5 2.7 6.1 

Cheat- Wheat- 
grass grass Total 

5.3 

1962 

22.8 30.0 
24.5 16.3 42.5 
32.5 15.8 52.5 
30.5 13.8 47.5 
54.0 13.0 67.5 
49.0 14.0 70.0 
54.3 6.0 67.5 

7.0 22.0 30.0 
40.5 15.8 57.5 
65.3 7.3 77.5 
16.3 17.5 35.0 
27.8 13.5 42.5 
30.3 16.8 52.5 
52.8 5.3 65.0 
54.8 6.0 65.0 
71.8 6.5 85.0 
16.3 8.6 13.4 
21.7 11.5 17.9 

IRates of nitrogen (N) and sulfur (S) are given in lb/A, R refers to annual 
reapplication of nitrogen. AS refers to ammonium sulfate and lb/A of 
this material. 

growth of cheatgrass was noted 
on the N plots than on the check 
plots. 

The ground cover of wheat- 
grass was reduced considerably 
in all plots the second year, 1960 
(Table 1). This probably was the 
result of the extremely low rain- 
fall the previous year. Cheat- 
grass increased proportionately, 
and total ground cover remained 
unchanged even though total 
precipitation was increased con- 
siderably over the preceding 
year. 

Total ground cover on all plots 
was considerably lower the third 
year (1961) than the second as 
the result of another dry year. 
Wheatgrass showed a slight in- 
crease on the check, probably the 
result of the improved rainfall 
the previous year. However, fer- 
tilized wheatgrass continued to 
decline in ground cover, ap- 
parently because of the mortality 
suffered in this series of dry sea- 
sons, combined with the com- 
petitive effects of an increased 
amount of cheatgrass resulting 
from fertilizer treatments. Cheat- 
grass was much less on all plots 
in the third year than the second. 

The fourth year (1962) had 
about average rainfall, but was 
unusually productive because 
much of the rain fell during the 
spring growing period. Ground 
cover was increased considerably 
for both species over the third 
year on both the checks and on 
the fertilized plots. However, the 
fertilized plots again produced 
an excessive amount of cheat- 
grass; and, although wheatgrass 
was able to recover somewhat 
from the previous year, the 
amount of recovery was con- 
siderably less than that on the 
unfertilized checks. 

Grazed plot.-The plots were 
not grazed except by wildlife in 
1959 because of an almost com- 
plete lack of forage production. 
Grazing in 1960 did not affect 
total ground cover or ground 
cover of cheatgrass of either the 
check or the N120S40 plot, but 
wheatgrass on the check was de- 
creased to 1.3% by grazing com- 
pared with 3.0% on the fenced 
check. The grazed-fertilized 
wheatgrass also was reduced 
more than the fenced and fer- 
tilized wheatgrass (reduced to 
0.5% compared to 3.8%). 
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FIGURE 1. Grazed study-N12&o in foreground and check in rear. Photographed in 
third year of study, May 16, 1961. 

Table 2. Effects of fertilizer on percent ground cover-grazed plots. 

1961 
~___ 

1962 

Treatment1 
Cheat- Wheat- 
grass grass Total 

None (check) 
N30 
N60 
N120 
s40 
N30S40 
N60S40 
N120S40 
AS-300 
LSD .05 

.Ol 

1.9 
2.4 
1.2 
1.0 
1.4 
2.0 
1.7 
0.7 
2.4 
0.7 
1.0 

3.3 
1.3 
0.6 
0.3 
4.1 
2.2 
0.9 
0.1 
1.9 
1.6 
2.2 

5.2 
3.8 
1.9 
1.3 
5.6 
4.2 
2.6 
0.9 
4.7 
2.2 
3.0 

Cheat- Wheat- 
grass grass Total 

17.3 18.3 36.3 
39.5 7.5 47.5 
53.5 1.0 55.0 
45.2 2.3 47.5 

9.3 26.8 36.3 
38.3 10.0 50.0 
51.0 2.5 55.0 
40.0 2.5 46.0 
49.0 4.0 55.0 
14.3 5.7 11.5 
19.4 7.7 15.6 

IRates of nitrogen (N) and sulfur (S) are given in lb/A. AS refers to 
ammonium sulfate and lb/A of this material. 

Wheatgrass recovered some in 
check plots in 1961 as the result 
of the better growing year of’ 
1960, but recovery was not as 
much as in the fenced plots 
(Table 2). Total ground cover of 
check plots was reduced sharply 
over the previous year, with 
cheatgrass reduction accounting 
for the decreases. Wheatgrass 
was almost completely killed out 
in the high-nutrient plots, the 
mortality being much higher 
than in the fenced plots (0.1% 
ground cover on grazed plots 
compared to 1.5% on fenced 
plots, Figure 1). 

Excellent growing conditions 
in the fourth year (1962) were 
reflected in an increase in both 
species and in total ground 
cover. Increase of wheatgrass 
was greatest on the check and 
least on the highest nutrient 
rates, but always less than in 
plots of the same treatment 
under fence. 

Grazing was both early and 
heavy in all years. Deer, ante- 
lope, and rabbits grazed continu- 
ously from the time the first 
growth started at the end of 
winter; and in addition, livestock 
grazed from April 15 to June 20. 

Grazing by all classes of animals 
(wild and domestic) was heaviest 
where nitrogen fertilizers had 
been applied. The checks were 
also grazed harder than the gen- 
eral pasture because of their 
close proximity to the fertilized 
treatments. These factors may 
explain the differences in re- 
sponse between the fenced 
(mowed) experiment and the 
grazed experiment. 

Effects on Forage Producfion 

Forage yields varied more from 
year to year than they did be- 
tween fertilizer applications 
(Table 3). The check varied from 
an estimated 25 lb/A in 1959 to 
920 lb/A in 1962, a 36-fold differ- 
ence which compares with only 
doubled yields by fertilizing even 
in the best year (920 lb/A on 
check compared to 2290 lb/A on 
the NuoS~OR) . 

There was no increase in for- 
age resulting from fertilization 

Table 3. Effects of fertilizer on 
oven-dry forage yield&. 

Yields - lb/A 
Treatment2 19603 1962 ~- 
None (check) 350 920 
N30 360 1150 
NsoR 410 1450 
N60 430 1400 
NsoR 400 1770 
N120 390 1600 
NmoR 420 1770 
s40 290 1040 
N30S40 260 980 
N3oSoR 440 1800 
N60S40 360 1280 
N6o%oR 450 1820 
N120S40 410 1670 
N12oS4oR 520 2290 
AS-300 - 1200 
AS-300R - 2060 
LSD .05 30 280 

.Ol 40 390 -___ __ 
1 Yields for 1959 were not taken, 

yield on check plots was estimated 
at 25 lb/A; yields for 1961 averaged 
35 lb/A, no significant differences 
occurred among treatments. 

2 Rates of nitrogen (N) and sulfur 
(S) are given in lb/A. R refers to 
annual reapplication of nitrogen. 
AS refers to ammonium sulfate and 
lb/A of this material. 

3 Total of two clippings. 
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in either of the two drier years, 
1959 and 1961. Yields were in- 
creased significantly by many of 
the treatments in 1960, but not 
enough to justify the expense of 
the fertilizer. Growth responses 
were much better in 1962, a year 
when the extra feed produced by 
fertilization was not needed. 

The single application of 60 
lb/A nitrogen at the beginning 
of the experiment continued to 
produce forage increases in the 
fourth growing season. The 30 
lb/A treatment failed to pro- 
duce a yield response in any 
year unless repeated. 

Table 4. Effecfs of fertilizer on pro- 
fein contents (percent) of wheaf- 
grass and cheafgrass: 1960 growing 
season. 

April 27, June 2, 
1960 1960 

Cheat- Wheat- Both 
Treatment1 grass grass species ___ 
None (check) 11.9 
N30 - 

N3oR - 

Nso - 

NsoR - 

N120 - 

Nl2oR - 

s40 - 

N30S40 14.0 
&O&OR 17.4 
N60S40 17.6 
N6oS4oR 20.5 
N120S40 17.9 
NlsoS4oR 23.3 
AS-300 - 
AS-300R - 
LSD among 
means of fer- 
tilizer treat- 
ments .05 3.9 
for the same 
species. .Ol 5.8 
LSD between 
means for 
species for the 
same or differ- 
ent fertilizer 
treatments. .05 4.8 

13.3 11.4 
- 13.2 
- 14.8 
- 14.1 
- 19.1 
- 19.4 
- 21.1 
- 12.1 

18.0 11.9 
19.6 14.8 
20.8 15.2 
26.7 19.4 
26.5 18.1 
29.7 23.4 

- 14.6 
- 16.5 

2.2 

2.9 

1 Rates of nitrogen (N) and sulfur 
(S) are given in lb/A. R refers to 
annual reapplication of nitrogen. 
AS refers to ammonium sulfate 
and lb/A of this material. 

Supplementary Studies 

Forage quality. - The protein 
content of cheatgrass and wheat- 
grass were determined separate- 
ly in the first clipping of 1960 
and together in the second. The 
protein contents of both species 
generally were increased by ni- 
trogen fertilization (Table 4). 
Wheatgrass was significantly 
higher in protein than was cheat- 
grass when both were heavily 
fertilized. 

An analysis also was made for 
sulfate-sulfur. Again there was 
a significant difference between 
the species when heavily fer- 
tilized, wheatgrass being higher 
in sulfur (0.464%) than was 
cheatgrass (0.176%). Sulfur was 
also higher in the wheatgrass in 
the NCJO&O plot (0.464%) than in 
the N120S40 R plot (0.350%)) in- 
dicating that the increased 
growth from repeated nitrogen 
applications had depleted the 
sulfur. This analysis also shows 
that sulfur carries over well in 
this soil and is not readily 
leached. 

Soil moisture. - Soil moisture 
was measured gravimetrically at 
two depths-6-10 inches and 12- 
16 inches-on May 17 and again 
on June 2, 1960. There were no 
differences in moisture attribut- 
able to fertilizer treatment on 
the first sampling date, but dif- 
ferences were apparent on the 
second date. Differences in use 
of moisture by cheatgrass and by 
wheatgrass were negligible. 
However, both species removed 
more moisture when fertilized 
than when not fertilized. Soil 
moisture on June 2, 1960 at 6-10 
inches was 12.1% on the check 
and 9.4% on the N120S40 R plot. 
At the 12-16-inch depth moisture 
was 21.4% and 15.6%, respective- 
lY* 

Soil nitrogen.-Total soil nitro- 
gen was measured at two depths 
(O-3 in. and 3-6 in.) at the end 
of the growing season in 1961 in 
the check, N120, and N120 R plots 
to determine if nitrogen had ac- 

cumulated from the repeated ap- 
plications. Total nitrogen in the 
soil samples averaged 0.085%. No 
statistically signif icant differ- 
ences were found. However the 
increases in yield the following 
year indicate that probably con- 
siderable nitrogen remained in 
the nitrogen plots. 

Soil @.-Soil pH was mea- 
sured at two depths in the check 
and N120S4oR plots at the end of 
the third growing season to 
check on the possible effects of 
a lowered pH on the mortality 
of the wheatgrass. The pH in the 
treated plots was significantly 
reduced at both depths, but not 
sufficiently to contribute to the 
mortality. At the O-3 inch depth, 
pH was 7.2 on the checks and 6.9 
on the N120S40 R plots; at the 3-6 
inch depth it was 7.4 and 7.0 re- 
spectively. 

Conclusion 

Results of the 4-year fertiliza- 
tion study on cheatgrass and in- 
termediate wheatgrass indicate 
that applied nitrogen, especially 
at the higher rates, favored 
cheatgrass at the expense of 
wheatgrass. Grazing increased 
the detrimental effects of high 
nitrogen fertilization on inter- 
mediate wheatgrass. 

Increased growth of cheatgrass 
with high nitrogen, coupled with 
extremely dry years, is con- 
cluded to be the principal cause 
of the marked reduction of in- 
termediate wheatgrass. 

Under the soil and moisture 
conditions of this experiment, 
fertilization of intermediate 
wheatgrass and cheatgrass is not 
economical, and also may cause 
serious damage to the wheat- 
grass. 

Summary 

A 4-year fertilizer study was 
established on a l-year old stand 
of intermediate wheatgrass in- 
fested with cheatgrass. Two field 
trials were included, one open to 
grazing and the other protected. 
Nitrogen was applied at three 
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rates, with and without sulfur. Increases in forage yield oc- research. Jour. Range Mangt. 10: 
Initial application of nitrogen curred only in the better forage 208-212. 

was compared with annual re- years. In the poorer years no for- HOWARD, W. E., AND B. L. KAY. 1957. 

application. Plots were sampled age increase resulted from fer- 
Protecting range forage plots from 

for yield and botanical composi- tilization. In no instance did the 
rodents. Jour. Range Mangt. 10: 
178-180. 

tion by ground cover. forage response justify the cost 
Results indicated that applied of the fertilizer. 

KAY, BURGESS L., C. F. WALKER, J. E. 
STREET AND J. L. MYLER. 1958. 

nitrogen, especially at the higher 
rates, favored cheatgrass at the 
expense of the wheatgrass under 
the dry conditions of this study. 
Grazing increased the detrimen- 
tal effects of high nitrogen fer- 
tilization on intermediate wheat- 
grass. Rapid depletion of soil- 
moisture, the result of increased 
growth of cheatgrass under high 
nitrogen in a period of below- 
normal precipitation, was postu- 
lated to be the principal cause of 
reduction of intermediate wheat- 
grass. 
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Highlight 
One applicafion of manure, straw 

and straw - plus- fertilizer increased 
forage producfion significantly up fo 
eight years after freafmenf. Forage 
on these plots generally contained 
greater amounts of nutrients fhan on 
control plots and fhe species compo- 
sition was changed. Ferfilizafion is a 
valuable range management fech- 
nique for increasing livestock pro- 
duction. 

One method of increasing 
range forage production is by the 
use of barnyard manure and in- 
organic fertilizers. Substantial 
forage yield increases from ap- 
plications of barnyard manure 
and inorganic fertilizers on 
Northern Great Plains have been 
shown in recent literature. The 

1 Formerly at Canada Experimental 
Farm, Manyberries, Alberta. 

benefits derived from applica- 
tions of barnyard manure have 
not been separated to indicate 
whether the nutrients within the 
manure, the mulch effect result- 
ing from the scattered manure, 
or a combination of the two fac- 
tors brought about the increases 
in production. 

Clarke, Tisdale and Skoglund 
(1943) reported that one appli- 
cation of 12 tons manure per acre 
more than doubled the forage 
yield of Bouteloua-Stipa vegeta- 
tion over a six-year period. Later 
work at the same location, by 
Peters et al. (1953)) showed that 
when manure was applied at the 
rate of 30 tons per acre the for- 
age yield increase was greater 
than when rates of 15 or 7.5 tons 
were used. Studies conducted by 
Lodge (1959) on Stipa-Bouteloua 
range showed that manure ap- 
plied at rates of 10 and 20 tons 

per acre increased crude protein 
content the first year and in- 
creased forage yield the second 
year. 

In tests with inorganic fertil- 
izers, Clarke and Tisdale (1945), 
Westin, Buntley and Brage 
(1955)) Rogler and Lorenz 
(1957), Lodge (1959)) and Cos- 
per and Thomas (1961) have 
shown that nitrogen fertilizers 
increased forage yields and that 
the fertilized forage contained 
more protein. Phosphorus fer- 
tilizers, in some instances, in- 
creased the phosphorus contents 
of the fertilized forage. 

Changes in botanical composi- 
tion of the sward after nitrogen 
fertilization were shown by Rog- 
ler and Lorenz (1957). Western 
wheatgrass (Agropyron smithii) 
benefited most from the fertil- 
izer, while blue grama (Boute- 
Zoua gracilis) decreased in den- 
sity because of the shading ef- 
fect and competition of western 
wheatgrass. Applications of ma- 
nure at 10 tons per acre, to Stipa- 
Bouteloua vegetation, were 
shown by Heady (1952) to be 
effective in improving the grass 
stand and in decreasing the 
amounts of little clubmoss (Se- 
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lated to be the principal cause of 
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grass. 
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valuable range management fech- 
nique for increasing livestock pro- 
duction. 

One method of increasing 
range forage production is by the 
use of barnyard manure and in- 
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forage yield increases from ap- 
plications of barnyard manure 
and inorganic fertilizers on 
Northern Great Plains have been 
shown in recent literature. The 
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benefits derived from applica- 
tions of barnyard manure have 
not been separated to indicate 
whether the nutrients within the 
manure, the mulch effect result- 
ing from the scattered manure, 
or a combination of the two fac- 
tors brought about the increases 
in production. 

Clarke, Tisdale and Skoglund 
(1943) reported that one appli- 
cation of 12 tons manure per acre 
more than doubled the forage 
yield of Bouteloua-Stipa vegeta- 
tion over a six-year period. Later 
work at the same location, by 
Peters et al. (1953)) showed that 
when manure was applied at the 
rate of 30 tons per acre the for- 
age yield increase was greater 
than when rates of 15 or 7.5 tons 
were used. Studies conducted by 
Lodge (1959) on Stipa-Bouteloua 
range showed that manure ap- 
plied at rates of 10 and 20 tons 

per acre increased crude protein 
content the first year and in- 
creased forage yield the second 
year. 

In tests with inorganic fertil- 
izers, Clarke and Tisdale (1945), 
Westin, Buntley and Brage 
(1955)) Rogler and Lorenz 
(1957), Lodge (1959)) and Cos- 
per and Thomas (1961) have 
shown that nitrogen fertilizers 
increased forage yields and that 
the fertilized forage contained 
more protein. Phosphorus fer- 
tilizers, in some instances, in- 
creased the phosphorus contents 
of the fertilized forage. 

Changes in botanical composi- 
tion of the sward after nitrogen 
fertilization were shown by Rog- 
ler and Lorenz (1957). Western 
wheatgrass (Agropyron smithii) 
benefited most from the fertil- 
izer, while blue grama (Boute- 
Zoua gracilis) decreased in den- 
sity because of the shading ef- 
fect and competition of western 
wheatgrass. Applications of ma- 
nure at 10 tons per acre, to Stipa- 
Bouteloua vegetation, were 
shown by Heady (1952) to be 
effective in improving the grass 
stand and in decreasing the 
amounts of little clubmoss (Se- 
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Zaginella densa). Studies in areas 
other than the Northern Great 
Plains show that changes in 
botanical composition were in- 
duced by fertilization. Klipple 
and Retzer (1959)) working on 
blue grama range in northwest- 
ern Colorado, found that density 
and growth of palatable grasses 
and annual forbs varied with the 
fertilizer treatment. Patterson 
and Youngman (1960) found 
that increased rates of nitrogen 
aided cheatgrass (Bro7nus tec- 
torum), at the expense of native 
species, on central Washington 
ranges. Rumberg and Cooper 
(1961) showed that the botanical 
composition of a native meadow 
in Oregon was radically changed 
by the application of nitrogen 
and phosphorus fertilizers. 

Heady (1956) found that the 
amount and position of mulch 
influenced the botanical compo- 
sition of a California annual- 
type grassland. Some species 
were favored by complete re- 
moval of mulch, others with non- 
removal and still others re- 
sponded with intermediate 
mulch treatments. The position 
and height of mulch had a direct 
influence on the growth, yield 
and density of plants. 

The study reported herein was 
conducted at the Experimental 
Farm, Manyberries, Alberta. The 
objective was to determine the 
effects of single applications of 
manure, straw and inorganic fer- 
tilizers on the yield and chemical 
and botanical composition of 
Bouteboua-Stipa range, 

Procedure 
The test was laid out in 1950 

on a relic area protected from 
grazing for 20 years. The vegeta- 
tion included the dominants, 
blue grama and needle-and- 
thread (Stipa coma&z), along 
with western wheatgrass, June- 
grass (Koe’leria mist&a), Sand- 
berg bluegrass (Poa secunda) , 
Plains reedgrass (Calamagrostis 
montanensis) and some sedges 
(Carex spp.) . Little clubmoss, 
fringed sage (Artemisia frigida) 
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and winterfat (Eurotia Zunata) 
were present. The soil is a light 
loam, with a solonized profile, 
within the chestnut or brown 
soil zone. The climate is charac- 
teristic of the semi-arid Northern 
Great Plains region, with great 
extremes in temperatures, low 
amounts of precipitation, high 
winds and high rates of evapora- 
tion. The long term annual and 
seasonal (May-June, inclusive) 
precipitation totals are 12.08 and 
3.82 inches. During the study 
(1951-58) the annual and sea- 
sonal precipitation totals were 
14.42 and 4.42 inches. 

Five treatments were ran- 
domized in four replicates, with 
plots 10 by 50 feet in each treat- 
ment. The treatments were: con- 
trol; 30 tons barnyard manure 
per acre; 30 tons wheat straw 
per acre; 30 tons straw per acre 
plus 300 pounds N, 150 pounds 
P205 and 300 pounds K20 per 
acre; and inorganic fertilizer 
alone. The inorganic fertilizer 
approximated the contents in 30 
tons well-rotted barnyard ma- 
nure, averaging 0.5 percent N, 
0.25 percent P205 and 0.5 per- 
cent K20. The inorganic fertil- 
izers were sulfate of ammonia 
(21-O-O), ammonium phosphate 
(11-48-o) and potassium sulfate 
(O-O-48). The barnyard manure, 
straw and fertilizer were hand 
broadcast in September to a new 
series of plots each year, for four 
years, beginning in 1950. Three 
9.6 square-foot areas were har- 

Table 1. Yield of forage (oven-dry) 
1951 fo 1958. 

vested in July each year from 
1951 until 1958 within each plot 
for dry matter yield determina- 
tions. Chemical analyses were 
made on the mature forage sam- 
ples obtained during the years 
1951 to 1956, inclusive. The bo- 
tanical composition of the vege- 
tation on each plot was deter- 
mined by the point quadrat 
method during August, 1958. 

Results 

The application of manure, 
fertilizer and straw-plus-fertil- 
izer significantly increased for- 
age yields each year for eight 
successive years after treatment 
(Table 1). The straw treatment 
reduced yields slightly the first 
year after application but sig- 
nificantly increased yields from 
the fourth to the eighth year. 
The greatest first-year response 
to treatment was obtained from 
applications of inorganic fertil- 
izer. The benefits from applica- 
tions of organic constituents 
were not immediate but were 
extended over a long period. 

Chemical analyses showed that 
the forage on the control plots 
generally contained lower per- 
centages of crude protein, crude 
fibre, and phosphorus and higher 
percentages of nitrogen-free ex- 
tract, ether extract and calcium 
than forage on the treated plots 
(Figure 1) , excepting those treat- 
ed with straw alone. Crude pro- 
tein and phosphorus contents 
were significantly higher on the 

in pounds per acre by ireafmenfs, 

Yrs.after No. of Fer- StrawI- 
treat- years til- plus- 
ment ave. Control Manure1 Straw1 izer2 ferh2 

L.S.D. 

PZO.05 PZO.01 

1 4 742 986 576 1606 1236 
2 4 850 1476 934 1714 1877 
3 4 912 1797 1138 1868 2031 
4 4 972 1974 1370 1940 2021 
5 4 978 1912 1499 1648 1978 
6 3 974 1732 1342 1456 1670 
7 2 750 1373 1283 1244 1608 
8 1 660 1283 1234 1068 1271 

130 tons per acre. 
2300 lbs. N; 150 lbs. P2O5; 300 lbs. K20 per acre. 

106 142 
202 269 
220 294 
171 228 
214 286 
207 278 
221 301 
376 529 ~_______ 
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significantly lower on the ma- 
nure, straw-plus-fertilizer and 
fertilizer plots than on the con- 
trol plots. The percentages of the 
various constituents, with the 
exception of nitrogen-free ex- 
tract, in the forage on plots 
treated with straw alone did not 
differ significantly from those on 
the control plots. 

Differences in the vegetative 
cover were found on the various 
plots five to eight years after 
being treated (Table 2). Per- 
centage basal area of western 
wheatgrass was greater on the 
manure, straw, fertilizer and 
straw-plus-fertilizer treatments 
than on the control plots. Plains 
reedgrass increased in basal area 
on the straw-plus-fertilizer plots 
but decreased on the manure 
plots. Blue grama decreased in 
basal area on the manure and 
straw-plus-fertilizer plots while 
Junegrass and Sandberg blue- 
grass decreased on all treated 
plots. Total basal area of the 
grasses and sedges was lower on 
the manure and straw-plus-fer- 
tilizer plots than on the control 
plots. Fringed sage decreased on 
the manure, straw and straw- 
plus-fertilizer plots. Moss phlox 
increased on all treated plots. 
The total basal area of the forbs 
and shrubs was lower on the ma- 
nure, straw and straw-plus-fer- 
tilizer plots than on the control 
plots. Little clubmoss decreased 
on the manure, straw, fertilizer 
and straw-plus-fertilizer plots. 

Discussion 

Range fertilization trials, gen- 
erally, have been concerned with 
relatively low rates of applica- 
tion. Within the Northern Great 
Plains region rates of fertiliza- 
tion ranged from 0 to 90 pounds 
of elemental fertilizer per acre. 
In this study inorganic fertilizer 
and manure were applied at 
higher rates: 300 pounds of ni- 
trogen, 150 pounds of phosphate 
and 300 pounds of potash per 
acre. The immediate response 
from applications of inorganic 

YEARS AFTER TREATMENT 

FIGURE 1. Percentage of some chemical constituents in mature forage under various 
treatments 1 to 6 years after application. 

manure, fertilizer and straw- control plots. Ether extract con- 
plus-fertilizer plots than on the tent was significantly lower on 
control plots throughout the six- the straw-plus-fertilizer and fer- 
year period. The percentage of tilizer plots than on the control 
crude fibre was significantly plots. All treated plots were sig- 
higher on the manure and straw- nificantly lower in nitrogen-free 
plus-fertilizer plots than on the extract. Calcium content was 
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Table 2. Basal area of the vegetation on plots receiving different freaimenfs, 
August, 1958. 

Species 

Straw1 
plus- 

Control Manure1 Straw1 Fertilizers fertilizer2 
__--___ (Percent) - - - - - - - 

Blue grama grass 
Needle-and-thread grass 
Junegrass 
Western wheatgrass 
Plains reed grass 
Sandberg bluegrass 
Sedges 
Total grasses and sedges 
Fringed sage 
Winterfat 
Moss phlox 
Other forbs and shrubs 

2.33 
2.36 
1.85 
0.96 
0.14 
0.12 
1.23 
8.99 
1.21 
0.23 
0.17 
0.08 

1.42** 
2.40 
1.23”” 
1.83”* 
0.02* 
0.02”” 
0.94* 

7.86* 

0.65** 
0.17 
0.06** 
0.14 

1.02** 

0.83”” 

2.23 
2.46 
1.54” 
1.19* 
0.25 
0.04”” 
1.61* 

2.23 
2.56 
1.54” 
1.35** 
0.23 
0.06” 
1.21 

9.18 

1.21 
0.02 
0.08* * 
0.18 

Total forbs and shrubs 
Little clubmoss 

1.69 

8.04 

0.63** 
2.42 
1.12”” 
1.77”” 
0.42** 
0.02** 
0.97 
7.35”” 
0.27** 
0.21 
0.08** 
0.10 
0.66*” 
0.00”” 

130 tons per acre. 
2300 lbs. N; 150 lbs. PsOs; 300 lbs. KsO per acre. 
*, ** Significantly different from control, P<O.O5 and 0.01, respectively. 

fertilizer was demonstrated by 
increases in forage yield and in 
percent crude protein. Response 
from applications of barnyard 
manure was evident in the im- 
mediate increase in percent 
crude protein. The higher rates 
of fertilization had no deleteri- 
ous effects upon the vegetative 
growth; therefore, it is conceiv- 
able that even higher rates may 
be applied in future trials. 

The use of a mulch was an 
effective means of increasing 
forage production. The artificial 
mulch, contributed by the straw, 
suppressed forage growth the 
first year after application, but 
with subsequent decay and dis- 
integration its effectiveness was 
pronounced. This humic mulch 
formed a layer 1 to 1.5 inches in 
depth. In studies on mixed grass 
prairie in South Dakota, Larson 
and Whitman (1942) showed 
that forage yields varied directly 
with the depth of a natural 
mulch. The importance of nat- 
ural mulches in promoting in- 
filtration of rainfall, in preven- 
tion of erosion and in general 
maintenance of normal plant- 
soil-water relations has been 
shown in the literature. 

The benefits derived from ap- 

plications of manure are due to 
the nutrients and to the mulch 
contributed by this form of fer- 
tilizer. The slow release of nu- 
trients from within the manure 
influences forage production 
during the first few years, while 
the mulch influence is of greater 
significance in later years. 

Changes in the botanical com- 
position of the vegetation were 
induced by the organic and in- 
organic treatments. Blue grama, 
a dominant species, was re- 
placed by western wheatgrass 
when additional nutrients and 
mulch were added. The decrease 
in basal area of blue grama was 
due to a better plant-soil-water 
relation; it also may have been 
affected by the shade of the 
taller, more vigorous species 
(Weaver, 1954; Rogler and Lor- 
enz, 1957). Weaver (1954) found 
that blue grama succumbed after 
two or three years of dense 
shading. The reduction in basal 
area of fringed sage on the plots 
with organic treatments indi- 
cates that a mulch is detrimental 
to the development of this forb. 
The artificial mulch, also, was 
detrimental to the growth of lit- 
tle clubmoss which was almost 
eliminated on plots receiving the 

organic treatments. 
The beneficial effects resulting 

from fertilization indicate that it 
can be utilized as a range man- 
agement technique in increasing 
production of livestock. Higher 
yields of a more nutritious for- 
age were obtained up to eight 
years after fertilization. The dif- 
ferential response of some spe- 
cies to fertilization and mulching 
makes possible the improvement 
in rangelands. However, it is 
possible that changes in botani- 
cal composition would have been 
different in a grazed sward. 

Summary 
Manure, straw and straw-plus- 

fertilizer treatments increased 
forage production significantly 
up to eight years after fertiliza- 
tion. Forage on plots treated 
with manure, fertilizer and 
straw-plus-fertilizer generally 
contained higher amounts of 
crude protein, crude fibre and 
phosphorus and lower amounts 
of nitrogen-free extract, ether 
extract and calcium than forage 
on control plots. There was a 
differential species response to 
the additional nutrients and 
mulch supplied by the organic 
and inorganic treatments. Blue 
grama decreased while western 
wheatgrass increased in basal 
area on plots treated with ma- 
nure and straw-plus-fertilizer. 
Basal area of little clubmoss was 
reduced substantially on the ma- 
nure, straw and straw-plus-fer- 
tilizer treatments. 

Response from applications of 
straw was attributed to the 
mulch effect provided by this 
treatment. Response from appli- 
cations of barnyard manure was 
due to the nutrients and to the 
mulch supplied by the manure. 

Fertilization can be employed 
as a range management tech- 
nique to increase livestock pro- 
duction through increased for- 
age yields, through the increased 
nutritional qualities of the for- 
age, and through the induced 
changes in the botanical compo- 
sition of the sward. 
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Silverberry, or wolf willow, is 
a shrub from about 2 to 12 feet 
tall which occurs from Quebec 
to Yukon, south to Minnesota, 
Nebraska and Utah (Gleason 
1952). It is common in the aspen 
parkland of western Canada, 
particularly on lighter soils if 
moisture is adequate. In over- 
grazed pastures it can multiply 
rapidly from its vigorous root 
system (Budd 1957)) and is also 
increased from seeds borne in 
mealy drupes (U.S.D.A. 1948). 
Wind may be their main dispers- 
ing agency by detaching them 
and rolling them over the sur- 
face of crusted snow. Dormancy 
and germination behaviour of 
the seeds has been studied by 
Corns and Schraa (1962) and the 
role of the species in hastening 
succession from prairie to aspen 
forest has been noted by Bird 
(1961). 

In the apparent absence of 
scientific literature dealing with 
methods of control of silver- 
berry, the relevant research re- 
ported here was undertaken in 
1960 and continued for three 
years. 

Materials and Methods 
At the University Ranch near 

Kinsella, Alberta, about 100 miles 
east of Edmonton, plot areas were 
chosen in a field from which live- 
stock were excluded throughout the 
experiments. The sites were uni- 
formly infested with silverberry 
averaging about 3 feet in height in 
a population of approximately 25 of 
these shrubs per 100 square feet 
(Figures 1 and 2). The dominant 
grass was rough fescue (Festuca 
scabrella Torr.) , associated with 
small and unevenly distributed 
amounts of Hooker’s oat grass 
(Helictotrichon hookeri (Scribn.) > 
Henr., June grass, (Koeleria cristata 
(L.) ) Pers., spear grass (Stipa 
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comata, (Trin. and Rupr.) > , blue 
grama grass (BouteZoua gracilis 
(HBK.) Lag.), bearded wheat grass 
(Agropyron subsecundum ( Link ) 
Hitchc.) , bluegrasses (Poa interior 
Rydb., P. secunda Presl.), and cer- 
tain other species. The sedge (Carex 
heliophila) was a common but in- 
conspicuous component of the vege- 
tation, Snowberry (Symphoricarpos 
occidentalis Hook.) was also present 
in part of the experimental area to- 
gether with herbaceous broad-leaved 
plant species characteristic of aspen 
parkland. Poplar bluffs were not in- 
cluded in the plot sites. Sod of 
shallow black, light loam soil about 
6 to 12 inches in depth, overlay 
gravelly subsoil. Average annual 
precipitation at Kinsella is about 15 
inches, three-fourths of which occurs 
during the growing season and the 
fall. 

Year 1960.-( 1) During the third 
week of August, amitrol T, dalapon, 
dicamba, silvex, 2,4-D, and 2,4,5-T 
were each applied at 3 lb/A active 
ingredient in 25 gal/A of water from 
a portable-tank compressed-air 
sprayer, to duplicate 200 sq. ft. plots 
for each of the herbicides. Some de- 
tails concerning names and formu- 
lations of products used in various 
tests are summarized below.1 

Periodic evaluation of results was 
visual, including records of numbers 
of incompletely killed and of new 
silverberry stems. 

(2) In another experiment a truck- 
mounted sprayer was used with 2,4- 
D at 1.5 and 3 lb/A and 2,4,5-T at 
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occidentalis Hook.) was also present 
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gether with herbaceous broad-leaved 
plant species characteristic of aspen 
parkland. Poplar bluffs were not in- 
cluded in the plot sites. Sod of 
shallow black, light loam soil about 
6 to 12 inches in depth, overlay 
gravelly subsoil. Average annual 
precipitation at Kinsella is about 15 
inches, three-fourths of which occurs 
during the growing season and the 
fall. 

Year 1960.-( 1) During the third 
week of August, amitrol T, dalapon, 
dicamba, silvex, 2,4-D, and 2,4,5-T 
were each applied at 3 lb/A active 
ingredient in 25 gal/A of water from 
a portable-tank compressed-air 
sprayer, to duplicate 200 sq. ft. plots 
for each of the herbicides. Some de- 
tails concerning names and formu- 
lations of products used in various 
tests are summarized below.1 

Periodic evaluation of results was 
visual, including records of numbers 
of incompletely killed and of new 
silverberry stems. 

(2) In another experiment a truck- 
mounted sprayer was used with 2,4- 
D at 1.5 and 3 lb/A and 2,4,5-T at 
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FIGURE 1. Flowering silverberry plant (Ca x 35) in native rangeland at Kinsella, Al- 
berta. Fruit (Ca x 34 1 in inset. 

FIGURE 2. Representa’tive silverberry and grass vegetation in the experimental area. 

2 and 4 lb/A applied to three one- 
tenth-acre strips for each treatment. 
The inequality of the lower and of 
the higher rates of the two chemicals 
was due to failure to maintain ex- 
actly the same speed of travel over 
the respective areas. Comparable 
strips (16’ x 272’) were left un- 
treated or cleared by means of a 
heavy-duty rotary-cutter operated 
by tractor power take-off. 

Year 1961 .-A supplementary com- 
parison of a number of chemicals 
was made in addition to commence- 
ment of more intensive experiments 
with 2,4-D and rotary mowing 
separately or in combination with 
2,4-D. This herbicide was empha- 
sized in the later work because of its 
unsurpassed performance in the ex- 
ploratory trials and its relatively 
low cost. 

( 1) On June 15, when the silver- 
berry was in early full-leaf stage, 
dicamba, silvex, 2,4-D, 2,4,5-T, MC- 
PA, barban, and DATC, were 
sprayed using plots and procedures 
comparable to those noted under 
1960 (1). The rates of application 
of the chemicals, however, were 
1.5 and 3 lb/A for all except barban 
and DATC, each of which was ap- 
plied at 3 and 10 lb/A. 

1 Technical data concerning herbi- 
cides used: Amitrol T (3-amino- 
1,2,4-triazole plus ammonium thio- 
cyanate-Amchem Products Inc.); 

Dalapon (sodium salt of 2,2,di- 
chloropropionic acid-Dow Chemi- 
cal Co.); 

Dicamba (dimethylamine salt of 
2-methoxy-3,6-dichlorobenzoic acid 
-VeZsicoZ Chemical Corp.); 

Silvex (propylene glycol butyl 
ether ester of 2,(2,4,5-trichloro- 
phenoxy) propionic acid-Dow); 

2,4-D (low volatile isooctyl ester 
o j 2,4-dichlorophenoxyacetic acid- 
Chipman Chemical Co.); 

2,4,5-T (low volatile isooctyl ester 
of 2,4,5-trichlorophenoxyacetic acid 
-Chipman) ; 

MCPA (butyl ester of 2-methyl- 
4-chlorophenoxyacetic acid-Green 
Cross Products); 

Barban (4-chloro-2-butynyl N- 
(3-chlorophenyl) carbamate-“Car- 
b yne”, Spencer Chemical Co.); 

DATC (emulsifiable 2,3-dichloro- 
aZZyZ diisopropylthiolcarbamate - 
“Avadex”, Monsanto Chemical Co.); 

Ammate (ammonium suljamate- 
Du Pont Chemical Co.); 

MH (maleic hydra&de amine - 
Naugatuck Chemical Co.); 

CCC (2-chloroethyl-trimethylam- 
monium chloride--American Cyan- 
amid Co.). 



(2) The large strips of vegetation 
involved in the 1960 experiments 
with 2,4-D were, in mid-June 1961, 
subdivided into square rod plots for 
further treatments each in quadru- 
plicate. They included 2,4-D at 0, 
1, 1.5, 2, 3, and 4 lb/A in 25 gal/A 
water applied from a portable-tank 
sprayer. Thus each rate was repli- 
cated on silverberry which in 1960: 
(a) had no treatment or (b) had 
been mowed or (c) had been treated 
with 1.5 or 3 lb. 2,4-D/A. In this way 
there was provision for some com- 
parisons of results of previous late 
August treatments with those of 
subsequent early summer treatments 
and with combinations of these sea- 
sonal treatments. 

(3) A separate triplicate random- 
ized block experiment with 20 x 20 
ft. plots enabled evaluation of treat- 
ments repeated during the same 
growing season in comparison with 
results after a longer interval be- 
tween the treatments. It included 
assessment of effects of control of 
silverberry upon forage yield of 
various plots. 

The schedule was: 
(a> 

(b) 

(cl 

Cd) 

k> 
(0 

(g) 

(h) 

Spray in June (June 15, 1961). 
Spray treatments were 1, 2, 3, 
4 lb. 2,4-D/A, throughout. 
Spray in June and respray re- 
growth in August (August 10, 
1961). 
Spray in June and respray in 
August of the following year 
(August 8, 1962). 
Spray in June, mow in August 
of same year and August of the 
following year. A 7 h.p. garden 
tractor with front mounted 26” 
rotating brush cutter blade was 
used for mowing. 
Mow in June. 
Mow in June, August, and in 
August of the following year. 
Mow in June and spray in. 
August. 
Mow in June and spray one 
year later (June 13, 1962). 

Records concerning the initial con- 
trol and the amount of regrowth of 
silverberry were kept during 1961, 
1962 and 1963. Final data were re- 
corded on July 3, 1963. Grass yields 
were determined on selected sets of 
plots as noted in Table 4, later. Five 
individual square yard samples were 
clipped closely fro‘m each plot for 
determination of oven-dry weights 
on the pooled samples for each plot 
prior to analysis of variance. 

Year 1962.-An additional experi- 
ment was designed to investigate the 
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possibility that certain additives 
with 2,4-D might improve the ability 
of a single spray application to cur- 
tail subsequent “suckering” of the 
silverberry plants. Triplicate square 
rod plots for each treatment were 
sprayed on June 14. The silverberry 
was in full leaf and flowering. 
Weather and growth conditions were 
considered to be ideal. 

Treatments included: 
(1) 2,4-D at 2 and 3 lb/A alone in 

25 gal. water/A. 
(2) 2,4-D at 2 lb/A in a separate 

mixture with each of the following 
chemicals and amounts of chemical: 

- sodium chlorate, 2, 5 lb/A. 
- ammate, 2, 5 lb/A. 
- MH, 0.5, 2 lb/A. 
- ccc, 0.5, 2 lb/A. 
(3) each of the above additives 

alone at its respective two rates; and 
untreated controls. 

It was considered appropriate to 
mention the trial with the mixtures 
without giving detailed results since 
they were essentially the same as 
those presented later for 2,4-D by 
itself. 

In the ensuing discussion the 
treatments will be referred to by 
year and number, e.g. Experiment 
1960 (l), etc. 

Results and Discussion 
Initial evaluation of herbicides, 

Experiments 1960 (1) and 1961 
(l).-In the fall of 1960 during 
the month after the August 
treatments, only 2,4-D, 2,4,5-T 
and silvex caused visible and vir- 
tually complete “top-kill” of the 
silverberry plants. Amitrol and 
dalapon were ineffective. 

In the summer of 1961 during 
the month after commencement 
of the new experiment comparing 
2,4-D, 2,4,5-T and silvex as well 
as MCPA, dicamba, barban and 
DATC, the apparent superiority 
of the “phenoxy-acid” com- 
pounds was again evident:- 2,4-D 
was at least equal in toxicity to 
2,4,5-T, silvex and MCPA. Di- 
camba was slower in expression 
of injury through top-killing but 
as indicated by later results it 
joined the category of superior 
herbicides (Table 1) . 

Efficiency of 2,4-D and me- 
chanical treatments, Experi- 
ments 1960 (2); 1961 (2); 1961 
(3).-In the fall of 1960 and in 
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the spring of 1961 comparisons of 
the sprayed one-tenth acre strips 
of silverberry showed that the 
2,4-D treatments were as effec- 
tive as the somewhat higher 
rates of 2,4,5-T. As noted above, 
part of this experimental area 
was sub-divided for more inten- 
sive experiments 1961 (2). Rep- 
resentative results are summa- 
rized in Table 2. These results 

Table 1. Mean numbers on June 20, 
1962, of living branch parfs and of 
new sfems from roofs of silver- 
berry per duplicafe 400 sq. ff. plof 
freafed June 15, 1961. 

-___ 
Rate 
lb/A Brl St1 Br St Br St Br St 

2,4, 
Dicamba Silvex 2,4-D 5-T 

1.5 8 0 6 0 1 1 1 2 
3.0 0 0 2 0 0 3 1 7 _____ 

MCPA Barban DATC Check 

1.5 4 0 58 11 52 6 0 rate 
3.0 3 1 52 14 75 6 103 9 
1 Br=“Branches”; St=“Stems.” 

Table 2. Effects of mowing and/or 
2,4-D freafmenfs in Augusf, and 
in June of fhe following year on 
survival of silverberry. 

Mean no. of live 
shoots per 1 sq. 

Treatments rod plot 

8-9-60 6-15-61 8-10-61 8-9-62 
Br +Stl Br St 

Control D, 02 22 14 34 
D, I 1 2 8 
D, 2 1 0 6 
D, 4 1 1 10 
Mowed - - 48 

Mowed D, 0 60 68 
D, 1 9 19 
D, 2 15 16 
D, 4 14 20 
Mowed - 140 

2,4-D, D, 0 24 7 32 
1.5 lb/A D, 1 4 1 7 

D, 2 2 1 4 
D, 4 5 1 9 
Mowed - - 57 

2,4-D, D, 0 20 3 23 
3.0 lb/A D, 1 3 1 5 

D, 2 6 0 7 
D, 4 2 0 3 
hirowed - - 83 . .I 

1Old branches with new twigs (Br), 
and new stems or “suckers” (St). 

2D, 0 etc.=2,4-D, lb/A. 
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indicate that late summer treat- 
ment by mowing in 1960 led to a 
marked increase in new growth 
from the root system during the 
following years. 

Late summer treatments with 
either 1.5 or 3 lb. 2,4-D/A in 1960 
were superior to mowing and 
were essentially equal to one an- 
other with regard to top-killing 
and extent of inhibition of re- 
growth during the following two 
years. Single early-summer 
treatments in 1961 with rates of 
2,4,-D of l-4 lb/A were more ef- 
fective than late summer treat- 
ments with 2,4-D in 1960 and 
were just about as effective 
alone as when preceded by mow- 
ing or 2,4-D treatment the pre- 
vious August. The lowest rate 
of 2,4-D used in early summer 
was as effective as the highest. 
All were remarkably good but 
none completely prevented new 
growth from roots within the 
ensuing year. 

Proceeding now to the results 
of experiment 1961 (3)) relative 
to repeated summer treatments, 
some of the data are presented 
in Table 3. The data for 2 and 3 
lb/A, 2,4-D treatments and for 
an entire additional set of obser- 
vations recorded on June 15, 
1962, are omitted because they 
were virtually the same as those 
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given here. It seems clear from 
these results that repeated treat- 
ments with rates of 2,4-D from 
1 to 4 lb/A applied to intact 
plants in June and to the limited 
re-growth in August were no 
more effective than single early 
summer treatments. 

Mowing either before or after 
applications of 2,4-D brought 
about no detectable improvement 
over results from 2,4-D alone. 
Mowing as many as three times 
was less effective than a single 1 
lb/A application of 2,4-D in early 
summer. The most successful 
treatments were 2,4-D applica- 
tions of 1 to 4 lb/A on June 15, 
1961, followed by comparable re- 
peated applications to re-growth 
present in August of the next 
year. Two treatments of 1 lb/A 
were as effective as two 4 lb/A 
applications. 

Grass yields 

Table 4 summarizes some data 
for grass yields in 1962 and 1963 
from selected plots in experi- 
ment 1961 (3). Despite the con- 
fusing variability among yields 
from different replicates there 
appears to have been a tendency 
for yields in 1962 to be higher 
for the treated plots than for the 
controls while the reverse is sug- 
gested by the 1963 data. It may 

Table 3. Effecfs of mowing and/or 2,4-D wifhin iwo successive summers 
on survival of silverberry in fhe following years. 

Number of live stems 
per 400 sq. ft. 

6-15-61 8-10-61 6-13-62 8-8-62 8-9-62 7-3-63 

Control D, 01 - - - 100 118 
D, 1 - - - 5 10 
D, 4 - - - 4 6 
D, 1 D-l - - 6 9 1 
D, 4 D-4 - - 4 5 
D, 1 . . - - D-l 7 1 
D, 4 - - D-4 7 0 
D, 1 Mowed - Mowed - 4 
D, 4 Mowed - Mowed - 4 
Mowed 0 - - - 95 120 
Mowed Mowed - - Mowed 29 
Mowed D-l - - 8 11 
Mowed D-4 - - 12 13 
Mowed - D-l - 9 10 
Mowed - D-4 - 6 10 

ID, 0 etc.=2,4-D, lb./A. 

be that in some years at least, 
silverberry populations of this 
density offer no significant com- 
petition in the grass sod, the bulk 
of whose roots are above many 
of those of the shrub. 

Moreover, as another potential 
part of the interaction there 
might be an interesting possibil- 
ity of some beneficial effect of 
silverberry roots on grass 
through fixation of nitrogen. 
Elaeagnus is known to have such 
capability (Gardner 1958). Shep- 
her&a, another member of the 
Elaeagnaceae and certain other 
non-leguminous species in e.g. 
the Alnus genus, may, in associa- 
tion with mycorrhiza, accumu- 
late an appreciable quantity of 
nitrogen under field conditions 
(Cracker and Major 1955). If this 
is of significance with Elaeagnus 
commutata the maintenance of 
an appropriate balance in the 
population of silverberry rather 
than its complete eradication 
would be important. A further 
avenue of research is therefore 
suggested. 

Despite the inconclusive re- 
sults regarding effects on grass 
yields of treatments outlined 
above, there nevertheless ap- 
pears to be justification for re- 
moval of stands of silverberry 
which have replaced desirable 
forage or which interfere me- 
chanically with proper utiliza- 
tion of the grass crop. The data 
in Table 4 for hand-clipped plots ’ 
do not, of course, show the rela- 
tive increase in grazing capacity 
resulting from removal of most 
of the interference with grazing 
on the chemically treated plots. 
While we have no precise infor- 
mation relative to this point and 
to maximum tolerable density 
of silverberry plants, it was evi- 
dent that the silverberry areas 
had previously been grazed less 
than half as much as were adja- 
cent grassed areas having no 
silverberry population. The 
shrub therefore may exert a dual 
natural influence involving in- 
teraction of various factors. It 



may gradually lead to replace- 
ment of grass in the plant suc- 
cession, yet if land is overstocked 
the silverberry can meanwhile 
reduce by interference with ani- 
mal grazing, the rate of loss of 
desirable forage species. This, of 
course, is merely a limited tem- 
porary benefit. Balanced con- 
trol measures for the silverberry 
must obviosuly include proper 
grazing management. It seems 
clear that chemical control with 
2,4-D can be a feasible part of 
such an overall program. 

Table 4. Grass yields in pounds of 
dry maffer per acre affer indi- 
cafed treatments of rangeland in- 
fesied with siIverberry. 

Replication 
Treatment 1 2 3 Mean 

Yields (Aug. 8, 1962) 

Q 2 
6-15-61 2222 2085 2797 2368 
Control 2083 1455 2418 1985 

L.S.D. (5%): 610 lb/A 

Yields (July 24, 1963) 
D, 21 
6-15-61 
8-8-62 2168 2253 2305 2242 
Mowed 
6-15-61 2277 2141 2483 2300 
Mowed 
6-15-61 
D, 2 
6-13-62 2104 2748 2087 2313 

Control 2285 2741 2660 2562 
L.S.D. (5%) : 467 lb/A 

ID, 2 etc.=2,4-D, lb/A. 

SILVERBERRY CONTROL 

Summary 
A number of chemicals includ- 

ing amitrol T, dalapon, dicamba, 
silvex, 2,4-D 2,4,5-T, MCPA, bar- 
ban, and DATC (“Avadex”), 
were used in exploratory trials 
to compare their effectiveness 
against silverberry vegetation on 
rangeland. Of these, 2,4-D, 2,4,5-T, 
MCPA, silvex and dicamba 
seemed to be equally and highly 
effective but dicamba was some- 
what slower in producing visible 
effects. Because of its efficiency 
and relatively low cost 2,4-D 
ester was emphasized in a vari- 
ety of subsequent experiments. 
These involved single and re- 
peated applications of the chemi- 
cal in different seasons and years 
and in combination with mowing 
of the silverberry at different 
times before or after herbicidal 
application. 

The most successful treat- 
ments, which brought about near 
eradication of the silverberry 
were 2,4-D ester applied at 1 to 4 
lb/A in early summer, followed 
by a second application to new 
growth during the summer of 
the following year. The rela- 
tively inexpensive treatments at 
the lower rates were as effective 
as those at higher rates. 

Mowing as many as three 
times was much less effective 
than a single 1 lb/A application 
of 2,4-D in early summer. Mow- 
ing either some time before or 
after the 2,4-D treatments did 
not improve their results apart 
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from some possible improvement 
in availability of the forage for 
grazing. 

Addition of small amounts of 
certain chemicals in mixture 
with 2,4-D did not increase the 
degree of suppression of new 
growth from roots of treated 
plants. 

There was no definite im- 
provement in forage yield asso- 
ciated with control of the silver- 
berry in the open stands. There 
is little doubt, however, that im- 
proved availability of the grass 
to livestock together with pre- 
vention of multiplication of sil- 
verberry population would with 
proper grazing management be 
beneficial in the long run. 
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Highlight 

The pattern of reirogression due 
fo grazing for native vegetation was 
established for ihe imporianf plants 
of the loamy prairie range site. Total 
forb numbers increased as range 
condition declined but there were 
usually as many perenntal forbs in 
high condition pastures as in low 
condition ones. To’fal available wa- 
fer was significantly greater in ex- 
cellent condition fhan poor condition 
range. 

Disturbance of plant cover by 
overuse, such as grazing and 
mowing, upsets orderly succes- 
sion and causes retrogression 
(Sampson 1919). Ellison (1960) 
states that overgrazing initiates 
a destructive type of secondary 
succession resulting in a change 
in the vegetative composition 
and establishment of plant com- 
munities that are usually less 
palatable to the grazing animal 
and ordinarily are less produc- 
tive. Range condition needs to be 
studied in order to relate range 
condition to productivity which 
may be related to animal output 
and rancher income. 

Range condition is a practical 
representation of the major suc- 
cessional stages of plant commu- 
nities as influenced by grazing 
use. The sustained trend associ- 
ated with retrogression is the 
primary factor causing a decline 
in range condition. Major factors 
considered in trend are density 
and composition of the vegeta- 
tion and litter and stability of 
the soil. Composition of the vege- 
tation denotes the quality of the 

1 Dwyer presently Associate Projes- 
sor, Range Management, New 
Mexico State University, Universi- 
ty Park. 

range and is the best indicator 
of long time trends (Parker 
1954). 

Basal cover increases as over- 
grazing occurs, when the in- 
creasing species are sod-formers, 
and is accompanied by a de- 
crease in plant vigor and forage 
production (Tomanek and Al- 
bertson 1953). 

Several workers (Launchbaugh 
1955, Weaver and Tomanek 1951, 
Voight and Weaver 1951, and 
Smith 1940) have studied vegeta- 
tive changes due to grazing and 
found that certain groups of 
species decrease in abundance 
while other species increase or 
invade. Dyksterhuis (1946), chart- 
ing the change in vegetation due 
to overgrazing in the Fort Worth 
Prairie, found that decreasers de- 
clined from 67 percent on excel- 
lent condition range to less than 
two percent on poor condition 
pastures. Increasers rose from 
three percent on excellent condi- 
tion range to 88 percent on fair 
condition sites, then decreased 
as overuse continued. Invader 
plants increased from two per- 
cent on excellent condition range 
to 47 percent on poor condition 
range. 

A decline in range condition is 
usually accompanied by a de- 
crease in the amount of mulch 
which also indicates that recent 
use has been abnormally heavy 
(Humphrey 1949). Much empha- 
sis has been placed on the effect 
of soil surface condition on plant- 
water relationship. Duley and 
Kelly (1941) and Duley and Do- 
mingo (1949) state that surface 
condition of the soil is more im- 
portant than soil type or previ- 
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ous soil moisture on rate of in- 
take of rainfall. Mulch conserves 
moisture primarily in the upper 
two feet of the soil according to 
Stephenson and Schuster (1945). 

The primary purpose of this 
study was to determine the pat- 
tern of retrogression that occurs 
on the loamy prairie range site 
in north central Oklahoma. Also 
an attempt was made to deter- 
mine the relationship between 
condition of the range and 
amount of soil moisture. 

Methods and Procedures 

Investigation of the retrogression 
pattern of native vegetation was 
conducted on the loamy prairie 
range site, the dominant grassland 
site in north central Oklahoma. Stu- 
dy areas were selected to represent 
various stages of vegetative depar- 
ture from the potential of the site. 
Care was taken to avoid sites that 
had ever been cultivated. Yearlong 
grazing was practiced on all areas. 

The loamy prairie range sites are 
gently to steeply rolling, deep, loamy 
upland soils. The soils are neutral 
to slightly acid with slow to medium 
permeability (U.S.D.A. Soil Conserv. 
Serv. 1961). 

The climate of the study region 
includes hot, often dry summers; 
mild autumns; mild to cold winters 
and cool springs. Average annual 
precipitation for the study region is 
32.2 inches (U.S. Dept. of Com- 
merce). Approximately 70 percent of 
the total precipitation occurs from 
April to October. 

The point intercept method of 
vegetation analysis (Levy and Mad- 
den 1933) was used to determine the 
percent basal cover and percent spe- 
cies composition of the grasses of 
each study area. Two hundred sam- 
ples, 2,000 points, were taken in each 
study area. 

The square foot method was used 
to determine the abundance and 
species of forbs present on each 
study area. Fifty square foot samples 
were taken in each study area at 
regular intervals along predeter- 
mined transects. The square foot 
sampling tool was placed at the toe 
on the final pace and the number of 
plants of each species occurring in 
the sample was recorded. 

The quantity of mulch was deter- 
mined by collecting all mulch from 
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Table 1. Relative percent of decreaser, increaser, and invader grasses and percent basal cover of grasses in the 
study areas. 

Item STUDY AREAS 

1* II III Iv* v VI VII VIII IX X XI XII XIII XIV 

Decreasers 93 88 86 82 81 75 57 27 26 12 6 3 1 - 
Increasers 7 8 12 15 16 21 35 29 39 30 43 5 11 40 

Invaders - 4 2 3 4 4 8 44 34 57 51 92 88 60 

TOTAL 100 100 100 100 101 100 100 100 99 99 100 100 100 100 

Basal Cover 13 12 8 14 16 10 15 16 13 23 16 23 20 19 

Range Condition EXCELLENT GOOD FAIR POOR 

*Native Hay Meadows 

twenty 11.5 by 24 inch quadrats. 
Each sample was oven-dried and the 
weight recorded in grams. Pounds 
of mulch per acre were calculated 
by multiplying the average weights 
in grams by the factor 50. Frequency 
of mulch occurrrence was deter- 
mined in conjunction with species 
composition determination by the 
point intercept method. A hit was 
recorded when a pin came in con- 
tact with mulch, but had not touched 
a plant. 

Soil moisture measurements on 
two pastures that differed widely in 
vegetative composition were taken 
with a Nuclear Chicago probe (P-19) 
and scaler (No. 2,800). Percent soil 
moisture by volume was determined 
at six inch intervals to a depth of 
four feet. These determinations were 
made twice monthly from April 1 to 
October 1 and monthly during the 
remaining six months of the study. 

Results and Discussion 

Range Condition and Grass 
Composition 

A definite trend can be seen in 
the change in composition of de- 
creaser, increaser and invader 
grasses on the various study 
areas as vegetation retrogression 
occurs (Table 1). 

The decreasers, little bluestem 
(Andropogon scoparius)2, big 
bluestem (A. gerardi), indian- 
grass (Sorghastrum nutans) and 
switchgrass (Panicum virgatum) 
comprised 93 percent of the 
grasses in study area I and de- 
creased to zero in area XIV. 

2 Scientific names follow Waterfall, 
U. T. 1960. Keys to the Flora of 
Oklahoma. OkZa. State Univ. Bot. 
Dept. and Res. Foundation. 

Of the seven species of increas- 
er grasses only blue grama (Bou- 
teloua gracilis), sideoats grama 
(B. curtipendula) and hairy 
grama (B. hirsuta) were impor- 
tant. These along with tall drop- 
seed (Sporobolus asper), Scrib- 
ners panicum (Panicurn oligo- 
santhes), purple lovegrass (Era- 
grostis spectabilis), fall witch- 
grass (Leptoloma cognatum) and 
Carex spp. increased from seven 
percent in study area I to an av- 
erage of 33 percent in study 
areas VI through XI. 

Invader grasses increased from 
a trace of buffalograss (Buchloe 
dactyloides) in area I to aproxi- 
mately 90 percent in pastures XII 
and XIII. A decrease of invaders 
in pasture XIV is a result of an 
unexplainable increase of blue 
grama. 

As range condition declined 
basal area of grasses increased 
(Table 1) . This was a result of 
the increase in buffalograss and 
blue grama. The average basal 
cover of the five excellent condi- 
tion pastures was 12 percent as 
opposed to an average of 20 per- 
cent basal cover for grasses in 
the five poor condition pastures. 

Table 2 illustrates the changes 
that occurred between study 
area I, a lightly used meadow, 
and study area XIV, a severely 
overgrazed pasture. The study 
areas are arranged in order of 
successively poorer range condi- 
tion from I to XIV. 

Little bluestem was the most 
abundant decreaser species, big 
bluestem the second most abund- 

ant. Sites I and IV (meadows) 
had less big bluestem than sites 
II, III, VI, and VII (grazed pas- 
tures) , indicating that mowing 
a native meadow may be detri- 
mental to big bluestem. The na- 
tive hay meadows were the only 
excellent condition areas having 
any buffalograss. Big bluestem 
declined from approximately 18 
percent of the composition in 
areas II and III to 0.3 percent in 
the poor condition range, area 
XIV. Big bluestem was present 
in the two poorest pastures but 
little bluestem was not. This 
suggests that big bluestem may 
resist continuous severe over- 
grazing better than little blue- 
stem. The large percentage of big 
bluestem in areas VI and VII, 
34.2 and 15.2 percent, respective- 
ly, is difficult to explain except 
both areas had a past history of 
over-utilization; however, for 
the last few years prior to the 
study they had been lightly 
grazed. It is possible that big 
bluestem recovers more quickly 
than some other species . after 
overutilization and that the pres- 
ent cover reflects recent light 
use rather than past heavy use. 

Indiangrass was relatively un- 
important except in the mead- 
ows. Annual mowing seemed to 
cause an increase in the abun- 
dance of this grass. Indiangrass 
and switchgrass disappeared in 
the poor condition pastures. 

Sideoats grama was a relative- 
ly common species in many of 
the pastures, especially the good 
and fair condition pastures as 
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Table 2. Changes in grass composition due fo grazing and mowing. Percent species composition. 

p II III Iv* v 

DECREASER SPECIES 
Andropogon scoparius 72.9 70.1 62.9 58.7 69.6 
Andropogon gerardi 10.6 17.3 18.8 7.6 7.4 
Sorghastrum nutans 8.4 0.4 3.5 15.1 3.3 
Panicum virgatum 0.7 0.4 0.6 0.6 0.3 

TOTAL DECREASERS 92.6 88.2 85.8 82.0 80.6 

INCREASER SPECIES 
Bouteloua curtipendula 
Bouteloua gracilis 
Bouteloua hirsuta 
Sporobolus asper 
Carex spp. 
Panicurn-oligosanthes 
Eragrostis spectabilis 
Leptoloma cognatum 

4.5 4.4 0.6 2.8 7.4 
0.1 0.4 - 1.3 0.3 
0.3 - - 7.2 3.0 
1.0 1.2 5.9 0.6 0.3 
0.3 - 2.9 0.9 0.7 
0.2 - - 0.6 1.6 
0.4 2.0 2.9 0.6 0.7 
- 0.4 - 0.9 1.5 

TOTAL INCREASERS 7.3 8.4 12.3 14.9 15.5 

INVADER SPECIES -- 
Buchloe dac tyloides 0.1 - 
Setaria geniculata 
Andropogon saccharoides 
Andropogon virginicus 
Eragrostis curtipedicellata 
Chloris verticillata 
Agrostis hiemalis 
Aristida oligantha 
Aristida purpurescens 
Bromus japonicus 
Paspalum spp. 
Poa arachnifera 
Hordeum pusillum 
Distichlis stricta 
Eragrostis intermedia 

- 2.0 

- 0.8 

- 0.4 

- 0.9 - 

- 0.6 - 

1.2 0.3 - 
0.6 - - 
- 0.3 1.1 

- 0.7 
- 0.7 
- 0.3 

- 0.6 0.7 

TOTAL INVADERS 0.1 3.2 1.8 2.7 3.5 4.2 8.4 
RANGE CONDITION EXCELLENT GOOD 

* Native Hay Meadows 

well as areas X and XI of the 
poor condition pastures. This 
species was quite variable, but 
averaged about 14 percent in the 
intermediate condition pastures 
(areas VI through XI). Blue 
grama became a prominent in- 
creaser in the fair condition pas- 
ture IX and in the poor condi- 
tion pastures, XI and XIV. The 
reaction of this plant to the 
severest grazing pressure stud- 
ied was not clear. 

Invader grasses of importance, 
other than buffalograss, were 
annual threeawn (Aristida oli- 
gantha), silver bluestem (Andro- 
pogon saccharoides) and wind- 
mill grass (Chloris verticillata). 
Many of the invader grasses, 
as well as some increaser grasses, 
showed no apparent pattern or 
trend due to grazing pressure 
and resulted in fluctuations in 
species composition. 

Effects of Grazing on Forbs 
Forbs were important in many 

of the study areas while in 
others they were relatively in- 
significant (Table 3). Western 
ragweed (Ambrosia psilostach- 
ya) tended to increase with a de- 
cline in range condition. An ex- 
ception to this was pasture II, 
which even though lightly 
grazed, had an abundance of 
western ragweed in areas of 
“spot” overgrazing. Other peren- 
nial species that tended to in- 
crease were western yarrow 
(AchiZZea Zunulosa), blackeyed- 
Susan (Rudbeckia hirta), wavy- 
leaf thistle (Cirsium undulatum) 
and Baldwin ironweed (Verno- 
nia baldwinii). Perennial species 
that showed a decrease as graz- 
ing pressures increased were 
blue salvia (Salvia axurea) and 
prairie scurfpea (Psoralea tenui- 
flora). 

Annual forb species increased 
in most cases under progressive- 
ly heavier grazing. Such species 
as spurge (Euphorbia supina), 
marestail (Conyxa canadensis), 
and Plantago spp. did not be 
come important until pastures 
retrogressed to fair or poor con- 
dition. Annual broomweed (Gu- 
tierrexia dracunculoides) be- 
came more abundant in pastures 
VII through XI, but when range 
utilization was severest in pas- 
tures XIII and XIV, this species 
diminished. 

Total forb numbers increased 
as range condition declined. How- 
ever, Table 3 indicates there may 
be as many total perennial forbs 
in the very best pastures as in 
the very poorest. Forbs, especial- 
ly the annuals, appear to react 
to seasonal weather changes and 
grazing practices more quickly 
than the grasses, 

VI VII 

35.3 39.7 
34.2 15.2 
5.8 1.3 
- 0.3 

75.3 56.5 

13.7 20.9 
1.0 0.7 
1.6 5.3 
1.6 2.6 
1.6 1.3 
- 1.7 
1.0 0.7 
- 1.7 

20.5 34.9 

2.6 4.6 
- 0.3 
1.6 0.3 
- 0.3 

- 0.3 

- 0.3 

- 2.3 

STUDYAREAS 

VIII IX 

20.8 17.2 
5.0 8.0 
0.3 1.1 
0.9 - 

27.0 26.3 

10.5 10.6 
1.2 10.6 
4.0 11.0 
0.9 1.9 
2.2 1.0 
1.2 - 
2.8 - 
5.8 4.2 

28.6 39.3 

13.0 13.7 
0.5 2.3 
3.0 2.7 
3.3 1.5 

6.4 2.7 

14.5 9.9 

2.4 1.5 
0.6 - 

0.5 - 

44.2 34.3 
FAIR 

X XI XII XIII XIV 

5.8 1.6 0.8 - - 
5.8 4.2 2.1 0.5 0.3 
0.2 - - - - 
0.4 - - - - 

12.2 5.8 2.9 0.5 0.3 

11.2 21.2 3.0 1.3 - 
9.9 12.7 0.2 3.0 33.0 
6.7 5.3 - 5.3 6.2 
0.2 0.6 0.2 - - 
0.4 2.2 1.3 1.5 0.6 
- 0.6 - - - 

0.2 - 0.2 0.2 - 
1.3 0.6 - - - 

29.9 43.2 4.9 11.3 39.8 

37.7 15.2 70.5 69.3 48.4 
- 0.5 - 

13.4 - 2.1 0.2 - 

- 0.2 - - 
5.2 18.0 12.4 4.3 1.0 

- 1.0 - 
0.4 8.7 0.6 5.3 7.3 

c 0.3 
0.6 7.4 6.2 7.1 2.9 
- 0.9 - - - 

- 0.3 
- 0.2 - 

- 0.3 - - - 

57.3 50.5 92.0 87.9 60.2 
P 0 0 R 
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Table 3. Numbers of perennial and annual forbs per square foot in the various study areas. 
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1;‘; II III iv* v 

PERENNIAL SPECIES 
Aster ericoides 
Ambrosia psilostachya 
Achilles lanulosa 
Psoralea tenuiflora 
Artemisia ludoviciana 
Salvia azurea 
Rudbeckia hirta 
Cirsium undulatum 
Vernonia Baldwinii 
Other Perennial Species 

5.60 

.30 

.30 
004 
.50 
.06 

.04 
098 

0.72 .26 
2.72 .26 
.20 .04 
.44 .44 
.88 - 
.24 002 
.32 - 
.08 - 

.24 .30 

.08 

.04 

.04 

.02 

.lO 

.02 

.16 

.54 
1.38 
.14 
.12 
.18 
-20 

.02 

.06 

TOTAL PERENNIAL SPECIES 7.82 5.84 1.32 .46 2.64 

ANNUAL SPECIES -- 
Gutierrezia dracunculoides - .72 ’ .02 - .lO 
Oxalis stricta 
Erigeron strigosus 
Conyza canadensis 
Euphorbia supina 
Plantago spp. 
Other Annual Species 

.06 .16 .20 .04 - 
3.50 912 .32 .48 .08 

- .04 - - - 
- .02 - - 

- .12 - .20 .08 

TOTAL ANNUAL SPECIES 3.56 1.16 .56 .72 .26 

Total Forbs Per Square Foot 11.38 7.00 1.88 1.18 2.90 

Range Condition EXCELLENT 

II VII 

,16 .82 
119 1.28 
,09 .80 
,19 .76 
,16 .12 
103 .16 
- .14 
- .08 
,Ol .04 
- .54 

,83 4.74 

,09 .20 
,06 - 
- .24 
- .02 

- .24 
- .06 

,15 076 

,98 5.50 

GOOD 

STUDY AREAS 

III IX 

.56 .20 
1.98 3.82 
.70 .52 
.22 .lO 
.02 1.30 

- .12 
.04 - 
.04 .06 
.06 .18 

3.62 6.30 

.46 .28 

.14 .02 
034 .02 
.02 .06 
.04 .02 

.18 - 

1.18 .40 

4.80 6.70 

FAIR 

X XI XII XIII XIV 

.06 .06 .90 .86 .46 
2.30 3.76 2.80 4.12 2.38 
016 .52 4.10 086 .36 
.08 .04 .14 - - 

.02 020 .24 - 

.32 - - - 
.04 .14 .44 .18 .18 
.04 .04 .06 - - 

.04 .36 .06 - 
.lO .14 .04 .16 004 

2.78 5.08 9.04 6.48 3.42 

1.22 1.52 002 .18 .lO 
004 .74 .90 .06 1.12 
.04 .56 .lO .08 - 

012 .02 .02 - 
.38 1.00 1.26 .22 

012 1.62 - - 6.40 
.02 .20 .04 .06 1.50 

1.44 5.14 2.08 1.66 9.34 

4.22 10.22 11.12 8.14 12.76 

P 0 0 R 

;k Native Hay Meadows 

Table 4. Quantify of mulch on fhe sfudy areas in pounds per acre and percent basal cover of mulch. 

Item STUDY AREAS 

I* II III Iv* v VI VII VIII IX X XI XII XIII XIV 

Mulch Quantity 1890 2430 5860 1485 2480 5145 1920 835 1430 263 240 800 261 81 
Mulch Cover ** ** 82 5’7 56 86 15 24 52 3 10 37 7 4 

Range Condition EXCELLENT GOOD FAIR POOR 

*Native Hay Meadows 
**NO data 

Mulch as Related fo Range 
Condition I 

There was considerably less 
mulch present in volume and 
ground cover in poor as com- 
pared to excellent condition pas- 
tures (Table 4). The data indi- 
cate that the average mulch is 
over one ton per acre in the 
excellent condition pastures and 
about 1,000 pounds per acre in 
the fair condition pastures. In 
severely overgrazed pastures 
mulch was very limited. Percent 

of ground covered by mulch was 
related to pounds of mulch per 
acre. 

The amount of mulch on a 
range site appeared subject to 
rapid change; for example, in 
area III, which was overutilized 
after the sampling, mulch was 
reduced to less than one ton per 
acre in one year. 

Effect of Range Condition 

Study 
used to 

on Soil Moisture 

areas III and XIII were 
determine the effect of 

range condition on soil moisture. 
Pasture III was in excellent 
range condition and pasture XIII 
in poor. A detailed examination 
of each soil profile immediately 
adjacent to the source of the 
soil moisture data indicated that 
the only difference in the pro- 
files occurred at depths greater 
than 30 inches where the soil 
texture in pasture III contained 
more of the sand fraction than in 
pasture XIII. 

Figure 1 shows the inches of 
available water in excellent and 
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d 7 

5 6 

b 5 

FIGURE 1. Available soil moisture in 48 inch profile of excellent and poor range condi- 
tion sites and rainfall data. 

poor condition pastures through- 
out the year, and the precipita- 
tion for the interval between 
sampling. Overall, soil moisture 
in the excellent condition pas- 
ture exceeded the moisture in 
the poor condition by an average 
1.8 inches of water available to 
plants in the 48 inch profile (dif- 
ference significant at the .05 
level). However, no moisture 
stress was observed in either 
pasture during a near average 
rainfall year of 29.4 inches. 

Throughout the dormant peri- 
od, November, 1962, to April, 
1963, the poor condition pasture 
contained fewer inches of avail- 
able water in the profile than 
the excellent condition pasture. 
Once plants began to make their 
spring growth, water in both 
profiles declined even though 
substantial rainfall occurred. in 
April and May. The soil in the 
excellent condition pasture had 
more inches of available water 
than the poor condition pasture 
and probably more water used 
due to more vegetation being 
present. As range condition de- 
clined from excellent to poor, 
pounds of mulch and percent of 
ground covered by mulch de- 
creased from 5,860 pounds and 
82 percent to 261 pounds and 
seven percent, respectively. Ac- 
cording to Duley and Kelly 

(1941) and Duley and Domingo 
(1949)) this decrease in mulch 
covering could influence the 
amount of rainfall absorbed into 
the soil profile. 

Summary 

The pattern of retrogression 
due to grazing for native vegeta- 
tion was determined for the 
loamy prairie range site in north 
central Oklahoma. An attempt 
was made to determine the re- 
lationship of range condition to 
amount of mulch on the soil sur- 
face and to soil moisture. The 
loamy prairie range sites are 
gently rolling, deep, loamy up- 
land soils. The soils are neutral 
to slightly acid with slow to me- 
dium permeability. 

The important findings were: 
(1) Decreasers, primarily little 

and big bluestem, declined from 
93 percent in excellent condition 
pastures to zero in extremely 
poor condition pastures. 

(2) Sideoats grama, blue grama, 
and other increaser plants in- 
creased in intermediate condi- 
tion pastures and usually de- 
creased in poor condition pas- 
tures. 

(3) Invader plants, primarily 
buffalograss, increased from zero 
on excellent condition pastures 
to 92 percent on a poor condition 
pasture. 

(4) Basal cover of grasses in- 
creased from 12.5 percent in ex- 
cellent and good condition pas- 
tures to 14.5 percent in fair con- 
dition pastures and to 20 percent 
in poor condition pastures. 

(5) Forbs were important in 
many study areas and in others 
they were insignificant. Western 
ragweed, western yarrow, black- 
eyed Susan, and wavyleaf thistle 
are perennial species that in- 
creased with overgrazing. Blue 
salvia and prairie scurfpea de- 
creased when overgrazed. Gen- 
erally, perennial forbs decreased 
under light grazing but increased 
as grazing became heavier while 
annual forbs increased under 
overgrazing. 

(6) Considerably less mulch oc- 
curred on poor condition pas- 
tures as compared to excellent 
and good condition sites. Aver- 
age mulch per acre was 3,000 
pounds for excellent and good, 
1,130 for fair and 330 pounds for 
poor range condition study areas. 
Percent of ground covered by 
mulch decreased with lowering 
range condition and reduction in 
mulch quantity. 

(7) Throughout a season of 
near average rainfall, 29.4 inches, 
available water averaged 9.3 and 
7.5 inches per 48 inch profile for 
excellent and poor range condi- 
tion pastures, respectively. 
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Soil Moisture Response To 
Range Improvement In The 

Northern Great Plains 

WALTER R. HOUSTON 

Research Range Conservationist, 
Crops Research Division, Agricul- 
tural Research Service, USDA, Miles 
City, Montana.1 

An understanding of soil moisture 
regimes and the factors which influ- 
ence them is basic to improving 
range productivity in the West. 
Moisture is no doubt the most im- 
portant single influence affecting 
range forage production in the large- 
ly semi-arid climate. Soil types, 
grazing systems, and range improve- 
ment practices are important influ- 
ences on range forage production, 
composition, and quality. Other fac- 
tors such as soil aeration, toxic soil 
materials, and topography are oc- 
casionally important, but usually 
locally. Many of these factors are 
interrelated in their effects, but com- 
monly moisture is limiting. 

1 Cooperating with Montana Agri- 
cultural Experiment Station and 
Animal Husbandry Research Divi- 
sion. 

The results of an investigation 
into the influences of range pitting, 
fertilization, and protectiom from 
grazing on soil moisture (as mois- 
ture potential or soil moisture 
stress) in a low rainfall area of the 
Northern Great Plains, are reported 
here. Also studied were the effects 
and interactions of precipitation, 
soils, and livestock grazing rates. 
Relationships between soil moisture 
potential and various components of 
herbage production, and the influ- 
ences and interactions of the main 
factors on these relationships were 
included. 

Range pitting has been shown 
generally to improve forage produc- 
tion. It is believed this influence is 
manifested through reduction of sur- 
face run-off and moisture accumula- 
tion in the basins formed (Barnes, 
1952; Rauzi and Lang, 1956; Thomas 
and Young, 1956)) and by increased 
infiltration into the soil (Barnes, 
1952; Lang, 1958). The possible effect 
on soil moisture from the reduction 
of plant cover accompanying pitting 
is little known. 

Nitrogen fertilization of rangeland 
has been found by several investiga- 
tors to increase forage production 
and protein content of herbage 
(Rogler and Lorenz, 1957; Smika 
et al. 1960)) but the increase was not 

always profitable. Nitrogen also has 
caused earlier maturity of vegeta- 
tion and earlier and greater deple- 
tion of soil moisture (M&e11 et al., 
1959; Sneva et al., 1958). 

The effects of heavy livestock 
grazing (a combination of excessive 
forage utilization and livestock 
trampling) in reducing forage pro- 
duction have been shown by many 
investigators (Johnson, 1953; Klipple 
and Costello, 1960; Reed and Peter- 
son, 1961). Some have indicated that 
heavy grazing reduced soil moisture 
infiltration rates and accumulation 
(Klipple and Costello, 1960; Rauzi 
and Kuhlman, 1961; Reed and Peter- 
son, 1961). 

Clipping vegetation at various in- 
tervals and heights to simulate dif- 
ferent stocking levels has influenced 
production, forage quality, and soil 
moisture regimes and depletion 
curves (Baker and Hunt, 1961; Blais- 
dell and Pechanec, 1949; McKell 
et al., 1960). 

The influence of soil types on soil 
moisture is well known. Fine tex- 
tured soils usually accumulate a 
greater quantity of moisture than 
coarse textured ones, and they also 
retain a greater amount at plant 
wilting (Thorne and Raney, 1956). 
However, precipitation generally 
wets sandy soils to greater depths 
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An understanding of soil moisture 
regimes and the factors which influ- 
ence them is basic to improving 
range productivity in the West. 
Moisture is no doubt the most im- 
portant single influence affecting 
range forage production in the large- 
ly semi-arid climate. Soil types, 
grazing systems, and range improve- 
ment practices are important influ- 
ences on range forage production, 
composition, and quality. Other fac- 
tors such as soil aeration, toxic soil 
materials, and topography are oc- 
casionally important, but usually 
locally. Many of these factors are 
interrelated in their effects, but com- 
monly moisture is limiting. 

1 Cooperating with Montana Agri- 
cultural Experiment Station and 
Animal Husbandry Research Divi- 
sion. 

The results of an investigation 
into the influences of range pitting, 
fertilization, and protectiom from 
grazing on soil moisture (as mois- 
ture potential or soil moisture 
stress) in a low rainfall area of the 
Northern Great Plains, are reported 
here. Also studied were the effects 
and interactions of precipitation, 
soils, and livestock grazing rates. 
Relationships between soil moisture 
potential and various components of 
herbage production, and the influ- 
ences and interactions of the main 
factors on these relationships were 
included. 

Range pitting has been shown 
generally to improve forage produc- 
tion. It is believed this influence is 
manifested through reduction of sur- 
face run-off and moisture accumula- 
tion in the basins formed (Barnes, 
1952; Rauzi and Lang, 1956; Thomas 
and Young, 1956)) and by increased 
infiltration into the soil (Barnes, 
1952; Lang, 1958). The possible effect 
on soil moisture from the reduction 
of plant cover accompanying pitting 
is little known. 

Nitrogen fertilization of rangeland 
has been found by several investiga- 
tors to increase forage production 
and protein content of herbage 
(Rogler and Lorenz, 1957; Smika 
et al. 1960)) but the increase was not 

always profitable. Nitrogen also has 
caused earlier maturity of vegeta- 
tion and earlier and greater deple- 
tion of soil moisture (M&e11 et al., 
1959; Sneva et al., 1958). 

The effects of heavy livestock 
grazing (a combination of excessive 
forage utilization and livestock 
trampling) in reducing forage pro- 
duction have been shown by many 
investigators (Johnson, 1953; Klipple 
and Costello, 1960; Reed and Peter- 
son, 1961). Some have indicated that 
heavy grazing reduced soil moisture 
infiltration rates and accumulation 
(Klipple and Costello, 1960; Rauzi 
and Kuhlman, 1961; Reed and Peter- 
son, 1961). 

Clipping vegetation at various in- 
tervals and heights to simulate dif- 
ferent stocking levels has influenced 
production, forage quality, and soil 
moisture regimes and depletion 
curves (Baker and Hunt, 1961; Blais- 
dell and Pechanec, 1949; McKell 
et al., 1960). 

The influence of soil types on soil 
moisture is well known. Fine tex- 
tured soils usually accumulate a 
greater quantity of moisture than 
coarse textured ones, and they also 
retain a greater amount at plant 
wilting (Thorne and Raney, 1956). 
However, precipitation generally 
wets sandy soils to greater depths 
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than clayey soils. Richards and 
Marsh (1961) point out that soil 
suction (soil moisture stress or po- 
tential) is a property of the film of 
water around soil particles, and that 
for this property stress readings 
have the same meaning independent 
of soil type. 

Method of Study 

The study was established on na- 
tive range near Miles City, Montana 
in October 1958. Gypsum soil mois- 
ture blocks were placed in duplicate 
on 4 rangeland treatments at each 
of 12 locations (6 soils x 2 stocking 
rates). The blocks were rectangular 
with parallel screen electrodes. They 
were constructed of plaster-of-paris 
by the Utah Agriculture Experiment 
Station as suggested by Taylor et al., 
(1961) and selected for uniformity. 
Blocks were placed at 4 depths (6, 
18, 30, and 42 inches). Range im- 
provement treatments were: 1) , 
normal grazing (control) ; 2)) pro- 
tection or rest from grazing; 3)) 
range pitting with offset disc; and 
4), 30 pounds of nitrogen as am- 
monium nitrate applied in 1958 only. 
The control treatment remained 
open to grazing while the remaining 
ones were fenced after establish- 
ment. 

Stocking levels were maintained 
since 1932 except in 1936-7 and 1946 
when no grazing was permitted. 
Average stocking rate for the heav- 
ily grazed pastures was about 1.9 
acres per animal-unit-month and the 
lightly grazed pastures 3.3 acres. 
Actual stocking levels on the small 
study areas were unknown. 

The soils were identified by 
Gieseker ( 1948) as follows: Soil 1; 
level, heavy stream wash, overflow 
range site. Soil 2; Fort Collins fine 
sandy loam, 3-4 percent slope to 
north and northwest, silty range site. 
Soil 3; Grail silty clay loam, 6 per- 
cent slope to northwest, clayey 
range site. Soil 4; Beckton silty clay 
loam, l-2 percent slope to east and 
southeast, (slick spots) dense clay 
range site. Soil 5; Moline clay loam, 
8-10 percent slope to south, pan 
spots range site. Soil 6; unnamed 
clay loam, 2 percent slope to north- 
east, pan spots range site. 

Beginning in early April 1959 
periodic determinations of soil water 
potential or total soil moisture stress 
were made in terms of block elec- 
trical resistance. The determinations 
were repeated at approximately 

TECHNICAL REPORTS 

Table 1. Monthly and total annual precipifafion ii inches, 1958-61 and 84- 
year average, U. S. Range Livestock Expcsimenf Sfafion near Miles 
Cify, Montana. 

An- 
Jan. Feb. Mar, Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. nual -- 

1958 .31 .58 .60 1.21 .16 2.27 3.17 .49 .18 1.58 1.31 .73 12.59 
1959 .84 .77 .ll .97 1.76 1.78 .39 .89 1.51 .64 .61 .07 10.34 
1960 .43 .43 .83 .79 1.29 1.75 .53 1.01 .oo .27 .22 .53 8.08 
1961 .07 .63 .32 1.17 2.41 .80 .68 .94 2.53 .14 .77 .23 10.69 
84-year average, 1877-1961 

.55 .45 .76 1.04 1.97 2.65 1.47 1.11 .99 .85 .51 .47 12.82 

three week intervals through Octo- 
ber. Observations were also made in 
1961 for the same period and at 
about the same intervals. 

Herbage production was deter- 
mined from ten 1x2-feet clipped 
plots at each site in mid-summer 
each year. 

The electrical resistance measure- 
ments are directly related to water 
potential (see figure 1, M&e11 et al., 
1959) and inversely related to mois- 
ture availability for plant growth. A 
high resistance value denotes high 
soil moisture stress and low mois- 
ture availability. The resistance mea- 
surements are on a logrithmic scale. 
The logarithms of the resistance 
values (base 10) were used in all 
data analyses. All tabular means of 
resistances are conversions from 
logarithmic means. 

Precipitation, as recorded about 4 
miles northwest of the study area, 
was below average during 1959, 
1960, and 1961 (table 1). Severe 
drought effects on vegetation were 
experienced in 1961; an apparent 
cumulative effect of the series of dry 
years. Total annual precipitation 
during 1958 was about normal except 
that a large portion of the moisture 
occurred during July and the fall- 
winter months of October-Decem- 
ber. Because of the above-average 
precipitation during these months 
it is believed that soil moisture at 
the beginning of plant growth in 
1959 was near average. 

Soil Moisture 
Treatment Effects.-The influence 

of range improvement treatments on 
soil water potential or moisture 
stress was significant in both years 
(table 2) 2. The highest average 

- 
2 Several investigators have indi- 

cated block resistance of ZOO-800 
ohms as field capacity and 60,000- 
75,000 ohms as the lower limit of 
an average plant wilting range 
(Chamblee, 1958). 

stress (or lowest moisture availa- 
bility) was on the control treatment 
and the lowest on the pitted treat- 
ment. The rest from grazing and the 
fertilizer treatments were at inter- 
mediate levels in both years. Aver- 
age moisture stress on each treat- 
ment in 1961 was about double that 
of 1959. The yearly differences re- 
flect a direct response of soil mois- 
ture to the amount of rainfall dur- 
ing the current spring-early summer 
and the previous late summer and 
fall. 

The treatment differences indicate 
that range pitting effectively re- 
duces soil moisture stress in the soil 
profile even during drought. This is 
probably due to reduction of run-off 
and accumulation of moisture and 
increased infiltration in the pits. 
Protection from grazing reduced 
average soil moisture stress in 1961, 
in the third year of study. No signifi- 
cant reduction was evident the first 
year on this treatment. 

Soil Effects and Interaction.-The 
effects of treatments on soil moisture 
were different between soils (table 
3). Pitting greatly reduced average 
soil moisture stress on both soils 5 

Table 2. Comparison of freafmenf 
effecfs on average soil moisfule 
stress as electrical resistance in 
1959 and 1961.1 

Treat 
ment 1959 1961 Average 

Ohms (xl 00) 
Control 41.4a 83.2a 58.7 
Rest 31.2a 58.5b 42.8 
Pitted 22.8b 40.3c 30.3 
30#N 32.2a 68.6ab 47.0 
Average 31.4 60.5 

IEach mean is a conversion from the 
logarithmic mean resistance over 
six soils, two stocking rates, and 
four soil depths. Means in the same 
column followed by the same letter 
are not significantly different at the 
5 percent level (Duncan, 1955). 



Table 3. Comparison of freafmenf 
effects on soil moisture stress by 
soils and years.1 

1959 
1 10U 
2 llb 
3 180a 
4 47a 
5 115a 
6 47a 
1961 
1 52a 
2 133a 
3 171a 
4 58a 
5 108a 
6 45~ 

Ohms (xl 000) 

7a 14a 8a 
38~ 17ab 33a 

115ab 137ab 71b 
22a 53a 36a 
76ab 31b 69ab 
18b 3c 24ab 

25b 34ab 50a 
99a 106a 113a 

243a 181~ 251a 
39a 38a 42a 
81a 33b 73a 
21b 5c 24b 

9e 
22d 

119a 
38~ 
66b 
15d 

38d 
112b 
208a 

44d 
68c 
19e 

iEach mean is a conversion from the 
logarithmic mean resistance over 
two stocking rates and four soil 
depths. Means in the same row 
across treatments or the same col- 
umn of averages within years fol- 
lowed by the same letter are not 
significantly different at the 5 per- 
cent level (Duncan, 1955). 

(Moline clay loam) and 6 (un- 
named clay loam) in both years, 
but had no influence on the remain- 
ing soils in either year. The rest 
treatment reduced moisture stress 
below the level of the grazed con- 
trol on soil 6 in 1959, and on soil 1 
(overflow-stream wash) and 6 in 
1961. This treatment resulted in in- 
creased average moisture stress on 
soil 2 (Fort Collins fine sandy loam) 
in 1959. Soil moisture infiltration 
may have been increased by the rest 
treatment on soil 6. 

The application of 30 pounds per 
acre of nitrogen fertilizer in the fall 
of 1958 also resulted in reduced soil 
moisture stress on certain soils. 
Average moisture stress was reduced 
by the fertilizer treatment on soil 3 
(Grail silty clay loam) in 1959 and 
on soil 6 in 1961. Moisture stress was 
increased on soil 2 in 1959 by this 
treatment. Apparently the nitrogen 
fertilizer treatment increased evapo- 
transpiration loss of soil moisture on 
the fine sandy loam soil 2 in 1959, 
but resulted in decreased moisture 
loss or increased moisture infiltra- 
tion on several of the more clayey 
soils. The high level of moisture 
stress in 1961 may have covered up 
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Table 4. Effects of heavy and light stocking rates on average soil moisture 
stress by treatments, soils, and years.1 

Control Rest Pitted 30#N Average 
Year 

SC 
Soil Hy Lt Hy Lt Hy Lt Hy Lt Hy Lt 

0 hms (xl 000) 
1959 
1 23a 5b 9a 5a 14a 14a 16a 4b 15a 6b 
2 2b 64a 58a 25a 3b 115a 27a 40a 9b 52a 
3 169a 191a 64~ 208a 177a 106~ 116a 44a 122a 117a 
4 34a 66a 39a 12a 48a 58a 89a 15b 49a 29a 
5 63a 211a 21b 270a 23~ 43a 27b 179a 30b 145a 
6 49a 45a 9b 36a 3a 2a 33a 18a 15a 15a 
Av. 30b 57a 25a 39a 17b 34a 40a 26a 27b 37a 
1961 
1 93a 29b 51a 12b 45a 26a 60a 41a 60a 25b 
2 105a 167a 124a 79a 70a 161~ 102a 126a 98a 128~ 
3 220a 133a 262a 225a 221a 148a 238a 265a 235~ 185a 
4 68a 50a 99a 16b 39a 37a 112a 16b 74a 26b 
5 49b 234a 17b 388a 13b 86a 29b 186a 24b 195a 
6 56a 36a 15a 30a 6a 4a 25a 24a 19a 18a 
Av. 86a 80a 59a 58a 36~ 45a 70a 67a 60~ 61a 

1 Each mean is a conversion from the logarithmic mean over four soil 
depths. Means in the same treatment-soil combination within years fol- 
lowed by the same letter are not significantly different at the 5 percent 
level (Duncan, 1955). 

any fertilizer influence on average 
moisture stress on the remaining 
soils, or the fertilizer may have been 
used up by 1961. It is very doubtful 
that any of the fertilizer was leached 
through the soil profile. 

Stocking Rate Effects and Inter- 
actions .-Heavy and light stocking 
levels since 1932 significantly in- 
fluenced overall, average soil mois- 
ture stress in the near normal rain- 
fall year of 1959, but had no effect 
in the drought year of 1961 (table 
4). In 1959 average moisture stress 
was lower under heavy stocking, 
probably due, at least in part, to 
some combination of lower transpi- 
ration loss from reduced root growth, 
plant growth, and plant vigor, and 
more shallow-rooted species caused 
by repeated close grazing of the veg- 
etation. 

Lower average moisture stress was 
found under heavy grazing than 
under light on the control and 
pitted treatments in 1959. On the 
rest and fertilizer treatments stress 
was similar under both stocking 
rates in 1959. No significant differ- 
ences in stress were present between 
stocking levels in 1961 on any treat- 
ment. 

The overall effects of past stock- 
ing levels on average soil moisture 
stress differed considerably between 

soils. On fine sandy loam soil 2 in 
1959 and on clay loam soil 5 in both 
?-ears, stress was much lower on the 
heavily grazed areas. In contrast, on 
clayey overflow soil 1 in both years 
and on dense clay soil 4 (Beckton 
silty clay loam) in 1961 stress was 
significantly higher under heavy 
grazing. No differences between 
stocking levels were found on silty 
clay loam soil 3 and clay loam soil 
6 in either year. 

These differences between soils in 
the responses of soil moisture po- 
tential to stocking rates seem related 
to a combination of variations in 
texture, slope, and exposure. Soils 
1 and 4 probably have higher pro- 
portions of clay than the other soils, 
and are essentially level. Soil 2 has 
a higher composition of sand than 
the other soils, and the experimental 
sites on soil 5 are on a steep southern 
exposure. Blue grama (Bouteloua 
gracilis (H.B.K.) Lag.) is a dominant 
species on both soils 2 and 5. The 
experimental areas on soils 3 and 6 
are on 2-6 percent northerly slopes. 
Thus, it appears that heavy grazing 
caused reduced soil moisture stress 
on a fine sandy loam soil dominated 
by blue grama or on a clayey soil 
with a southern exposure. Heavy 
grazing caused increased soil mois- 
ture stress on level soils with high 
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clay content. Stocking levels ap- 
parently had no effect on moisture 
stress on clay loam or on silty clay 
loam soil with a northerly exposure. 

ments in 1961. On clay loam soil 6 
stress was lower in 1959 under heavy 
stocking on the rest treatment. 

The effects of heavy stocking on 
increasing soil moisture stress of 
the clayey soils 1 and 4 may be due 
in large part to a compacting and 
sealing of the soil surface from live- 
stock trampling, thus reducing mois- 
ture infiltration and resulting in 
drier sub-soil. On sandy loam soil 
2 and on a southern exposure of clay 
loam soil 5, the effects of heavy 
grazing may be due largely to re- 
peated close grazing of vegetation 
with consequent reduced plant vigor 
and growth and lower transpiration 
use of soil moisture. 

Moisture Stress - Herbage 
Producfion Relationships 

Shrubs and pricklypear (Opuntia 
polyacantha Haw.) were not in- 
cluded in herbage production mea- 
surements. Their abundance was 
usually low. It is believed that their 
effect on both herbage production 
and moisture stress was minor on 
the sampled areas except possibly 
under light grazing on soil 1. 

Considerable interaction effects 
on soil moisture stress were also 
present between stocking rates, soils, 
and treatments. On overflow soil 1, 
average moisture stress was sig- 
nificantly lower under light stock- 
ing on the control and fertilized 
treatments in 1959 and on the con- 
trol and rest treatments in 1961. For 
soil 1 in 1959, a normal moisture 
year, previous stocking rates re- 
sulted in a significant difference in 
stress on the fertilized treatment in 
contrast to no difference in 1961, a 
drought year. The opposite relation- 
ship between past stocking rates and 
years was observed on the rest treat- 
ment on this soil. 

Total Herbage Production.-Aver- 
age soil moisture stress was not sig- 
nificantly c o r r e 1 a t e d with total 
herbage production over all stocking 
rateXtreatmentXsoilXyear combina- 
tions (r = -.020, correlation df 94). 
However, it was significantly corre- 
lated under light stocking in 1959 
(r = -.530**, df 22). 

The relationship was close under 
heavy stocking on soil 2 over both 
years (r = -.799*, df 6). The corre- 
lation was only slightly lower under 
light stocking on soil 1 (r = -.608, 
df 6). 

On fine sandy loam soil 2, average 
moisture stress was lower in 1959 
under heavy stocking than under 
light stocking on the control and 
pitted treatments. No differences 
between stocking levels were pres- 
ent in 1961 on any treatment on this 
soil. 

On soil 3 (Grail silty clay loam- 
the driest soil examined) the in- 
fluences of stocking rates on average 
soil moisture stress were not sig- 
nificant on any treatment in either 
year. 

When stocking rates w3re aver- 
aged for each treatmentxsoilxyear 
combination, the overall correlation 
of total herbage production and 
moisture stress was higher than be- 
fore (r = -.265, df 46). Consider- 
able variation in the relationship 
was apparent between soils. On 
overflow soil 1, fine sandy loam soil 
2, and silty clay loam soil 3, the cor- 
relation was negative in both years, 
and on soil 6 positive in both years. 
On silty clay loam soil 4 the corre- 
lation was high in both years, but 
negative in 1959 and positive in 1961. 
A direct or positive relationship in- 
dicates high moisture stress and 
high production on the same sample 
or low stress and low production. 

On dense clay soil 4 moisture 
stress was lower under light stock- 
ing on the fertilizer treatment in 
both years and on the rest treatment 
in 1961. In the third year after pro- 
tection from grazing, soil moisture 
infiltration appeared improved on 
sites previously lightly grazed. 

Correlations of total production 
and moisture stress over all treat- 
mentxstocking rateXsoi1 combina- 
tions were similar for 1959 and 1961. 

On clay loam soil 5 average mois- 
ture stress was lower under heavy 
stocking than under light stocking 
on the rest and fertilized treatments 
in 1959, but was uniformly lower 
under heavy stocking on all treat- 

When only the influences of range 
improvement treatments and years 
(stocking rates and soils combined) 
on the total herbage production-soil 
moisture stress relationship were 
considered, the correlation was very 
low (r = .013, df 6). There was little 
difference between years, but some 
between treatments. The relation- 
ship of the two variables was positive 
on the pitted treatment and negative 
on the control treatment. 

Production of Annual Species. - 
Average soil moisture stress was not 
significantly correlated with produc- 
tion of annual species over all stock- 
ing rateXtreatmentXyearXsoi1 com- 
binations (r = +.200, df 94). No 
strong interactions of stocking rate 
with other factors were evident. A 
low negative correlation of average 
moisture stress and production of 
annuals under light stocking on the 
pitted treatment was observed. 

Averaging the stocking level re- 
sponses within each treatmentxsoil- 
Xyear combination did not greatly 
affect the overall correlation be- 
tween moisture stress and produc- 
tion of annuals (r = .157, df 46). The 
relation was higher on Beckton silty 
clay soil 4 (r = -.291, df 6) than on 
the other soils. The correlation was 
negative in both years only on this 
soil. In 1959 the correlation on 
soil 6 was positive, and negative 
in 1961. When only the influences 
of treatments and years on the aver- 
age soil moisture stress-production 
of annual species relationships were 
considered (stocking rates and soils 
averaged) the overall correlation 
was high (r = .739*, df 6). 

Production of Perennial Species.- 
Average soil moisture stress and 
production of perennials were sig- 
nificantly correlated whether the in- 
fluences of stocking levels were in- 
cluded (r = -.308**, df 94)) or 
omitted (r z -.299**, df 46). How- 
ever, the relationship was higher 
under light stocking (r = -.360* *, 
df 46). In contrast to those signifi- 
cant negative relationships the two 
variables were positively related 
under heavy stocking on soil 5 and 
on the pitted treatment under light 
stocking. The relationship between 
the two variables was significant 
over all treatments and soils in 1959 
(stocking rates a v e r a g e d > (r = 
-.436*, df 22). However, in contrast 
to this negative correlation the rela- 
tionship was positive in 1961 on both 
soils 4 and 6, and on soil 5 the rela- 
tionships were positive on the pitting 
treatment and negative on the rest 
and 30 pounds of nitrogen treat- 
ments. 

. 

Over years and soils (treatments 
and stocking rates combined) the 
relationship of soil moisture tension 
and production of perennials was 
high (r = -.556, df lo), but not sig- 
nificant. The relationship was posi- 
tive on the pitted treatment in both 
1959 and 1961. 



Discussion 
Range improvement is shown to 

influence soil moisture availability. 
However, this effect was strongly 
influenced by both soils and past 
stocking levels. The range pitting 
treatment effectively increased aver- 
age soil moisture availability (lower 
moisture stress) on two clay loam 
soils, but had no effect on two silty 
clay loam soils, a clayey soil period- 
ically overflowed, or a fine sandy 
loam. This influence is apparently 
related to soil texture and probably 
inherent soil moisture infiltration 
rates. 

Protection from grazing improved 
average soil moisture availability on 
clayey soils and reduced availability 
on a fine sandy loam. On the clayey 
soils this reaction may be due to 
improved infiltration rates from re- 
duced current soil compaction, prob- 
ably increased root growth, and pos- 
sible recovery from past soil com- 
paction through the soil fluffing ac- 
tion of freezing and thawing. On the 
fine sandy loam the cessation of 
grazing pressure may have allowed 
greater plant growth which increased 
the use of soil moisture through 
transpiration and possibly also evap- 
oration. 

The 30 pounds of nitrogen fertil- 
izer was apparently effective over 
three years. This treatment increased 
moisture availability on a clay loam 
and a silty clay loam soil and re- 
duce it on fine sandy loam. Appar- 
ently some combination of protec- 
tion from grazing and increased 
plant root and top growth from the 
nitrogen stimulation on the clay 
loams caused greater soil moisture 
infiltration than evapotranspiration 
use. On the fine sandy loam soil the 
reverse was observed. 

The influence of past stocking 
levels on soil moisture was apparent 
in the near-normal rainfall year of 
1959. In the drought year of 1961, 
no overall stocking rate effects were 
evident. Also, by 1961 three of the 
four treatments at each site had not 
been grazed for three years. Suffi- 
cient recovery from past stocking 
may have occurred to remove the 
earlier difference. The overall re- 
duced moisture stress under heavy 
grazing in 1959 was probably due to 
reduced transpiration from a re- 
duced quantity of plant growth, 
lower vigor plants, and a higher 
composition of shallow rooted 
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species than under light grazing, de- 
spite probably decreased infiltration 
from soil compaction. 

The stocking level-soil interaction 
effects on soil moisture were pri- 
marily influenced by soil texture 
and slope. Soil moisture availability 
was lower under heavy grazing on 
some clayey soils. This seems due 
largely to reduced infiltration from 
compaction and sealing of the soil 
surface. On a sandy loam soil and on 
a southern exposure of a clay loam 
soil apparently little or no reduction 
in infiltration occurred. Here, plant 
use of soil moisture may have been 
reduced through the effects of heavy 
grazing on reducing plant growth 
and vigor and changing the composi- 
tion toward more shallow-rooted 
and annual species. 

A complex interaction of stock- 
ing rateXsoilXtreatmentXprecipita- 
tion effects on average soil moisture 
stress were observed. Each of these 
factors had a greater or lesser in- 
fluence according to the combina- 
tion of the others. The effects on soil 
moisture are no doubt basically re- 
lated to the overall influence of the 
combination of either soil moisture 
infiltration, or evapotranspiration 
use of soil moisture, or some combi- 
nation of these. 

The relationships between average 
moisture stress and herbage produc- 
tion (total herbage, annuals only, or 
perennials only) were strongly af- 
fected by the various treatments and 
combinations. Considering all influ- 
ences the best correlation was that 
for the perennial species and the 
poorest was that for total herbage 
production. The correlations between 
production of annuals and moisture 
stress were usually intermediate. 
The correlations of moisture stress 
with production of perennials were 
mostly negative indicating high pro- 
duction with low stress or high 
moisture availability. The correla- 
tions with production of annuals 
were usually positive indicating high 
production with high moisture stress. 

Often sharp differences were ob- 
served in both the value and the 
sign of the correlation of herbage 
production with moisture tension 
between treatments, soils, stocking 
rates, years, and the interactions. 
Many of these can be traced to the 
influences and interactions between 
soil moisture infiltration properties, 
soil compaction from grazing, dif- 
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ferential evapotranspiration losses, 
different composition of plants, and 
drought effects. Soil temperatures 
also may have influenced these rela- 
tionships. 

Summary 
A study was established in 1957 to 

investigate the influence of several 
range improvement practices on soil 
moisture regimes and soil moisture- 
herbage production relationships on 
native rangeland in eastern Montana. 
The improvement practices of rest 
from grazing, range pitting, and one 
application of nitrogen fertilizer 
were studied on six soils under both 
heavy and light stocking rates. 
Measurements were made during the 
approximately average precipitation 
year 1959 and the drought year 1961. 

Range pitting reduced average 
moisture stress (or improved mois- 
ture availability) in both years. Pit- 
ting was effective only on two clay 
loam soils. Rest from grazing re- 
duced moisture stress on most clayey 
soils in both years, but increased it 
on fine sandy loam soil in 1959. The 
fertilizer treatment reduced mois- 
ture stress on a clay loam and a 
silty clay loam soil and increased it 
on a fine sandy loam. There was a 
strong interaction of the fertilizer 
treatment with soils and years. 

Moisture stress was lower under 
heavy stocking on two treatments in 
1959, but no difference was observed 
between stocking levels in 1961 on 
any t r e at m e n t . Heavy stocking 
caused high moisture stress on most 
clayey soils and low stress on a 
sandy loam soil or on a southerly 
exposed clay loam. 

Average soil moisture stress was 
significantly correlated with several 
components of herbage production. 
The best correlations were probably 
with production of perennial species 
and the poorest with total herbage 
production. 

Many significant interaction ef- 
fects were evident between the dif- 
ferent combinations of treatments, 
years, soils, and stocking rates. In- 
teraction effects were observed on 
both total soil moisture stress and 
the soil moisture stress-herbage pro- 
duction relationships. 
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Plains bristlegrass (Setaria Zeu- 
copila) is a common perennial plant 
on Southwestern ranges (Hitchcock, 
1950). Its importance as a forage 
plant, and its potential value for 
reseeding purposes have caused 
plains bristlegrass to be included in 

1 This research is a part of the co- 
operative program between Texas 
Technological College and the 
Texas Agricultural Experiment 
Station. 

2 Portions of this paper were pre- 
sented to the graduate school of 
Texas Technological College in 
partial fulfillment of the M.S. de- 
gree of the senior author. 

range grass improvement programs. 
It has been evaluated at several lo- 
cations in Texas. 

This experiment was designed to 
study the extent of root develop- 
ment of plains bristlegrass, and to 
determine the degree of root reduc- 
tion when top growth was removed 
by clipping. Previous investigations 
at the Big Spring Field Station in 
Texas indicated that the root system 
was not as extensive nor as competi- 
tive as those of other important 
range grasses with which it is often 
associated. The present study was 
undertaken at Texas Technological 
College at Lubbock. 

Radioisotopes of essential elements 
are ideally suited for root studies 
(National Research Council, 1962). 
Once introduced into the soil, they 
are rapidly taken up by the plant 
and incorporated into its aerial tis- 
sues where detection is possible 
without injuring the plant (Bid- 
dulph, 1940). 

Radiophosphorus (Pas) is a tracer 
isotope often used in plant investi- 
gation. It has a half-life of 14.3 days 
and emits beta rays which are easily 
measured and detected (Burton, 
1954). This longevity allows for ex- 

perimentation for several months 
and does not require the special 
quarantine or disposal facilities re- 
quired when longer-lived isotopes 
are used (Aebersold, 1953). Since 
the radiophosphorus atom is utilized 
in the plant in a manner similar to 
that of the stable isotope of phos- 
phorus (PSI), it functions as a nor- 
mal plant nutrient (Hall et al. 
1953a). 

The technique of using radio- 
phosphorus to investigate the root 
systems of various plants has been 
used by several workers. Boggie et 
al. (1958) used radioactive phos- 
phorus to study the extent of root 
distribution of plants in established 
communities, and Boggie and Knight 
(1960) used the tracer to study the 
root system of grass swards grow- 
ing in peat soils. Various soil depths 
and radius placements of Pa2 were 
used by Hall et al. (1953a) to study 
the root development of cotton, pea- 
nuts, tobacco, and corn. 

Burton et al. (1954) studied root 
penetration, distribution, and adiv- 
ity of several pasture grasses. Place- 
ments of radiophosphorus were 
similar to those of Hall et al. (1953a) 
except that perpendicular holes were 
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range grass improvement programs. 
It has been evaluated at several lo- 
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determine the degree of root reduc- 
tion when top growth was removed 
by clipping. Previous investigations 
at the Big Spring Field Station in 
Texas indicated that the root system 
was not as extensive nor as competi- 
tive as those of other important 
range grasses with which it is often 
associated. The present study was 
undertaken at Texas Technological 
College at Lubbock. 

Radioisotopes of essential elements 
are ideally suited for root studies 
(National Research Council, 1962). 
Once introduced into the soil, they 
are rapidly taken up by the plant 
and incorporated into its aerial tis- 
sues where detection is possible 
without injuring the plant (Bid- 
dulph, 1940). 

Radiophosphorus (Pas) is a tracer 
isotope often used in plant investi- 
gation. It has a half-life of 14.3 days 
and emits beta rays which are easily 
measured and detected (Burton, 
1954). This longevity allows for ex- 

perimentation for several months 
and does not require the special 
quarantine or disposal facilities re- 
quired when longer-lived isotopes 
are used (Aebersold, 1953). Since 
the radiophosphorus atom is utilized 
in the plant in a manner similar to 
that of the stable isotope of phos- 
phorus (PSI), it functions as a nor- 
mal plant nutrient (Hall et al. 
1953a). 

The technique of using radio- 
phosphorus to investigate the root 
systems of various plants has been 
used by several workers. Boggie et 
al. (1958) used radioactive phos- 
phorus to study the extent of root 
distribution of plants in established 
communities, and Boggie and Knight 
(1960) used the tracer to study the 
root system of grass swards grow- 
ing in peat soils. Various soil depths 
and radius placements of Pa2 were 
used by Hall et al. (1953a) to study 
the root development of cotton, pea- 
nuts, tobacco, and corn. 

Burton et al. (1954) studied root 
penetration, distribution, and adiv- 
ity of several pasture grasses. Place- 
ments of radiophosphorus were 
similar to those of Hall et al. (1953a) 
except that perpendicular holes were 



formed in the soil instead of making 
the holes at an angle. 

Modifications of the techniques of 
Hall et al. (1953b) and Burton et al. 
(1954) have recently been used by 
McClure and Harvey (1962) to 
measure the rate of growth of four 
different sorghums. In their investi- 
gations, radiophosphorus was placed 
at predetermined lateral and verti- 
cal locations in the soil using a grid 
pattern of lo-inch lateral and verti- 
cal intervals. 

Materials and Methods 
This study was conducted on 

Amarillo Fine Sandy Loam on the 
Agronomy Farm at Texas Tech. This 
soil occurs extensively on the South- 
ern High Plains of Texas, and in- 
cludes a caliche layer varying at 
depths of 30 to 60 inches. When dry, 
this layer offers some restriction to 
deep root penetration. 

An established stand of plains 
bristlegrass in 40-inch rows was 
used for the experiment. The field 
design was a randomized complete 
block, replicated three times. Plots, 
each 33.3 feet long and four feet 
wide, were located in the experi- 
mental area with the length at right 
angles to the established rows of 
grass. Each plot contained 10 rows 
of grass on 40-inch centers. The 
length of each row was four feet. 
Seven rows were removed to form a 
fallow area for placement of the 
radiophosphorus. Three rows of 
bristlegrass were thus left at one 
end of each plot. The row of grass 
adjacent to the fallow area con- 
stituted the study row, and all mea- 
surements were made from the 
center of this row. Plots were 
separated by 10 feet to avoid over- 
lapping of grass roots. All plots were 
irrigated throughout the growing 
season. 

Lateral placement intervals for 
unclipped plots ranged from 10 to 
100 inches from the study row, and 
vertical placements ranged from 10 
to 60 inches. Lateral and vertical 
placements in clipped plots ranged 
from 10 to 40 inches. All possible 
combinations of the selected lateral 
and vertical distances were used. 

In each plot, the P32 was intro- 
duced into each of four vertical 
channels, 12 inches apart, at the de- 
sired depth (Figure 1). Four chan- 
nels were used to increase the prob- 
ability that grass roots reaching the 
placement zones would come into 
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FIGURE 1. Application of radiophosphorus 
solution. 

contact with the radioactive phos- 
phorus. Channels were made with a 
tractor-mounted power core sampler. 
Radioactive phosphorus with a spe- 
cific activity of 0.003 millicuries 
(mc) per ml. was placed immediate- 
ly in each channel. A polyethyline 
plastic tube was inserted into the 
channel, lowered until it reached 
the bottom, then withdrawn approx- 
imately one inch. Twenty milliliters 
of the Pa2 solution were then in- 
jected into the tube with a hypoder- 
mic syringe. In order to prevent coil- 
ing and brushing against the side 
of the channel, the tube was taped 
to a quarter-inch metal rod. Thirty 
minutes after application of the 
solution, channels were filled with 
soil and tamped lightly to prevent 
the possibility of root channeling. 

Upfake and Translocafion of 
Radiophosphorus 

Results of this study were de- 
pendent upon the absorption of 
radiophosphorus by the roots of the 
grass plant and its translocation to 
the aerial parts where detection 
could be made with a Geiger-Muller 
counter. Previous investigations have 
shown that uptake and translocation 
of Ps2 took place in a relatively 
short period of time. In this study, 
detection of radiophosphorus in 
plains bristlegrass occurred approx- 
imately two weeks following appli- 
cation to the soil. As expected, the 
first plots to show a positive reading 
were those where radioactive phos- 
phorus was placed a lateral distance 
of 10 inches from the row of grass 
and at depths of 10 inches. 

After the initial detection of the 
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tracer material in the grass plants, 
each plot was checked at regular 
time intervals to determine move- 
ment of the radiophosphorus. When 
the tracer material was first detected 
within the stem or stems, it was 
highly concentrated at the second 
node, but as time progressed the P32 
became uniformly distributed 
throughout the stem and seed head, 
and critical movement of the ma- 
terial could not be detected with the 
Geiger-Muller counter. 

Individual culms in each clone 
were shielded from the others and 
traced with the Geiger counter at 
successive intervals to determine the 
translocation of material across the 
crown of the plant. In several in- 
stances, P32 was detected in only 
3 or 4 stems of an individual clone, 
and even after considerable time 
elapsed, no additional stems reg- 
istered a response on the Geiger 
counter. 

These results indicated that one 
grass clone of plains bristlegrass 
might consist of several independent 
segments in which a certain root or 
a group of roots supplies a particu- 
lar stem or group of stems. Using 
the Geiger counter technique, it ap- 
peared that very little, if any, radio- 
active material was translocated 
across the crown of the plant. This 
lack of translocation may account 
in part for the dead growth in the 
center of plains bristlegrass clones 
that is normally associated with age 
and heavy grazing use. Also, clipping 
studies indicate that part of a grass 
clump can be killed by continued 
removal of top growth. 

Exfenf of Roof Developmeti 
The maximum extent of root de- 

velopment of plains bristlegrass is 
shown in Figure 2. Roots extended 
from the crowns of the plants a 
maximum distance of 40 inches, 
where maximum depth of root pene- 
tration was also 40 inches. Roots 
penetrated to a depth of 60 inches 
at lateral distances of 10 and 20 
inches from the center of the plant 
crowns and to a depth of 50 inches 
at the 30-inch lateral distance. Roots 
of plains bristlegrass did not extend 
beyond a lateral distance of 40 
inches from the plant at any time 
during 1961 or 1962, even though 
plots were checked as late as the 
first killing frost. 

It was interesting to note that 
other plant species, growing as 
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FIGURE 2. Root development of plains bristlegrass on clipped and unclipped plots. 

weeds in the grass row (particularly 
sand dropseed, Sporobolus cryptan- 
drus), picked up the Ps2 faster and 
at shallower depths than plains 
bristlegrass. The amount of roots 
extending to the maximum distances 
from shoots or clones could not be 
determined with the tracer tech- 
nique used in this study. It is possi- 
ble that only a few roots reached 
the maximum distances. Plains 
bristlegrass apparently has a root 
system that is rather confined to the 
vertical, and thus lends itself well 
to interplanting with alternate rows 
of cultivated crops. 

Effect of Clipping on fhe Roof 
System 

As a part of this study, a clipping 
treatment was designed as a tech- 
nique for reducing the root system 
rather than mechanical root pruning. 
The purpose of this treatment was 
to reduce competition in soil mois- 
ture with adjacent row crops. Repli- 
cated plots were mowed to a height 
of one inch at approximately la-day 
intervals by a power-driven, sickle- 
type mower mounted on a farm 
tractor. The first mowing was made 
on the day the tracer material was 
applied to the soil. Clipped forage 
was not removed from the plots in 
order to prevent possible contamina- 
tion of other plots with tracer ma- 
terial and to aid in estimating the 
erosion control value of the grass 
rows. 

As shown in Figure 2, clipping the 
above-ground parts of the plant 
effectively reduced the root system. 
Many investigations have shown 
similar results (Weaver and Zink, 
1946; Crider, 1955; Cook et al., 1958; 
and others). The extent of lateral 
growth from the clipped rows was 30 
inches. This was a lateral reduction 
of 10 inches when compared to non- 
clipped plants. Depth of root pene- 
tration at 30 inches laterally was 
also reduced to 30 inches. Thus, the 
maximum vertical penetration of 
roots under clipping was approxi- 
mately 20 inches less than under the 
nonclipped treatment. 

Summary 
Radiophosphorus was used in 

studies at Lubbock, Texas to deter- 
mine the extent of the root system 
of established rows of plains bristle- 
grass and to evaluate the degree of 
root reduction by clipping. Results 
showed that the root system was 
effectively reduced, by mowing, from 
40 inches to 30 inches laterally and 
by approximately 20 inches vertical- 
ly. This grass appears to be well 
adapted for erosion control by alter- 
nate row plantings with cultivated 
crops allowing for a minimum of 
competition for soil moisture. 

Studies of translocation of radio- 
active phosphorus within the plant 
indicated that very little, if any, of 
the material moved across the crown 
of the plant. These results strengthen 

the theory that one grass clone con- 
sists of several independent seg- 
ments in which a certain root or 
group of roots supplies a particular 
stem or group of stems. 
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Several types of cages for protect- 
ing small areas from grazing have 
been described. A limitation of most 
cages is that they are bulky and 
cumbersome. Some range managers 
have solved the transportation prob- 
lem by constructing cages on the 
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sites where they are to be used. This 
paper describes a cage designed to 
fold flat for ease in transporting; 
one that is sturdy, moderate in cost, 
and adaptable to plots of different 
sizes. Cages can be constructed dur- 
ing slack work periods and later 
transported to field location by pick- 
up or packhorse in much larger 
numbers than nonfolding designs. 

The basic construction employs 
panels of welded wire, hinged to- 
gether by No. 9 wire threaded 
through a series of wire loops at the 
edges of each panel. Cages shown in 
Figure 1 will accommodate a 9.6- 
square-foot plot, a convenient size 
for determining herbage yields 
(Frischknecht and Plummer, 1949). 
The four-sided cage constitutes the 
basic design, but when sampling 
needs require larger plots, the num- 
ber of panels can be increased to 
enclose larger areas. A cage 5 feet 
square accommodates a 9.6-square- 
foot plot, five panels will accommo- 
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date a plot twice that size, and two 
cages (eight panels) joined together 
will easily enclose a 96- or lOO- 
square-foot plot (Figure 2). The 
larger cages are advantageous for 
protecting large shrubs, patches of 
vegetation, and areas of sparse vege- 
tation on desert ranges. 

In addition to reducing damage 
from rubbing by cattle, a pyramidal 
design increases cage stability and 
reduces the cost per panel. The 
amount of cost reduction depends 
upon the angle of cut. Cages should 
be large enough so that plot vegeta- 
tion will not protrude through the 
sloping sides. 

When eight 5-foot-long panels 
(two cages) are to be joined, the 
panels should be cut at an angle of 
about 76” from the horizontal. Pro- 
cedures for cutting panels from dif- 
ferent types of welded wire are 
shown in Figure 3. Cages having an 
even number of panels will fold flat 
if the panels are of equal size. When 

FIGURE 1. Upper left-vertical-panel, open-top cages of welded wire (2- by 4-inch mesh) proved satisfactory on sheep and deer 
range. Lower left-When folded flat, relatively large numbers of these 4- by 4-foot cages can be transported by pickup or pack- 
horse. Upper right-Pyramidal cage of No. 10 welded wire (6- by 6-inch mesh) was not molested by cattle during 30 days of 
early spring grazing. A ah-inch iron stake in the center of each panel holds cage rigid. Lower ri&t-Cages fold flat for ease 
in transporting. 
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FIGURE 2. Diagrams of four cage structures produced by varying the number of panels. 
For these cages the basic panel would be of welded 4- by 4-inch wire mesh, cut on 
the following dimensions : base, 5 feet; height, 5 feet; top, 32 inches. Areas enclosed 
by circles within each diagram (left to right) correspond to plots of 4.8, 9.6, 19.2, 
and 96 square feet respectively. 

76” cut 

B C 
2” x 4” mesh, ,” i ,” melh 

II/II gage, 101lOgage. 
gdwmlzed golr before weld,ng 
45 ponslr/200 49 pon*ls/2OQ 
Sl 42/fmel SO 82/panel 

1” I.” meh, 
IO/IO gage, 
galv before reldmg 
54 pmelr1200 
5 0 74 lponel 

6" x 6” merh 

P/9 gage, 
golv before xeld,ng 
56 ponelr/200 
SO 681panel 

FIGURE 3. Diagrams for cutting panels and information on approximate cost of 5- by 
5-foot panels for three types of welded wire. Loops are formed from horizontal 
wires as shown-other wires between panels are cut off. Diagrams A and E were 
used for cages in FIGURE 1, left and right, respectively. 

an odd number of panels is joined, 
one wire stay must be removed to 
permit cages to fold flat. 

The size and number of panels 
needed to protect an area of a given 
size can easily be determined. The 
following formulae give the radius 
of the circular area that would be 
inscribed by joining various num- 
bers of panels of equal size (where 
“L”=length of one side): 

No. of Cage 
panels shape Radius 

3 triangular 0.2887L 
4 square 0.5OOOL 
5 pentagonal 0.6882L 
6 hexagonal 0.866OL 
7 heptagonal 1.03832, 
8 octagonal 1.2071L 

Cages of the type shown in Figure 
1 proved satisfactory on sheep and 
deer range in 1963. In an attempt to 
reduce rubbing by animals, only 
pyramidal cages were used on cattle 
range. The 50 cages tested were not 
molested during 30 days of early 
spring grazing on crested wheatgrass 
range pastures, but some cages were 
damaged later in the season after 
bulls were added to herds. Cages 
were also damaged on another tree- 
less seeded range where cattle con- 
gregated in a swale. Horned ani- 
mals were believed to be responsible 
for major rubbing damage. Tram- 
pling of the bottom wire was the 
most prevalent abuse, but did not 
cause as much serious damage as 
did rubbing. The authors are study- 
ing whether using certain types of 
welded wire and changing the angle 
of cage slope would further reduce 
molestation by cattle. 

Aspen Snag Yields Record 
Bitterbrush Seed Cache 

EDWARD R. SCHNEEGAS 
Wildlife Management Biologist Inyo 
National Forest, Bishop, California 

Robbing rodent caches for seed is 
an age-old custom that works fine, 
but first one must find a cache. Pete 
Mills, Southern California Edison 
emloyee, ran into such a cache-and 
a big one-when he noticed bitter- 
b r u s h (Purshia tridentata) seed 
trickling through a saw-cut in an 

old hollow aspen (Populus tremu- 
Zoides) he was felling near Bishop, 
California. As a result, Mills un- 
covered the largest known rodent 
cache of this seed which has been 
observed or reported. Approximate- 
ly ten pounds of cleaned (dehulled) 
large seed was collected from this 
single tree. 

The aspen stand where this cache 
was found is along McGee Creek on 
the Buttermilk deer winter range in 
Inyo County at 8,600 feet elevation. 
Most of the trees in this stand are 

decadent. The tree containing the 
cache was about 30 feet high and 
two feet in diameter, and about 
three-fourths of the center had rot- 
ted out where the cut was made. 
The most likely rodents responsible 
for this cache are the golden man- 
tled ground squirrel (Citellus Zatera- 
Zis) or c h i p m u n k s (Tam& spp.), 
both species are common to the area 
and are known to gather and store 
seeds for winter food. The closest 
bitterbrush plant to this tree was 
about 100 yards away. Although 
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both species are common to the area 
and are known to gather and store 
seeds for winter food. The closest 
bitterbrush plant to this tree was 
about 100 yards away. Although 



there was abundant evidence of ro- 
dent habitation in the area and nest- 
ing litter mixed with the cached 
seed, none were observed actually 
entering the tree stand. It appeared 
the rodents had been very discrimi- 
nate. The stored seed was large and 
good quality. Bitterbrush seed pro- 
duction in 1963 was so much heavier 
than in previous years the Inyo Na- 
tional Forest felt it warranted an 
intensive effort at seed collection. 

This observation certainly points 
out the importance of rodents in bit- 
terbrush ecology. Research by Hor- 
may1 has pointed out the importance 
of rodents in caching bitterbrush 
seeds in the ground. Widespread ob- 
servations and measurements indi- 
cate that most of the plants in bitter- 
brush stands in California become 
established from seeds cached by 
rodents. He found the seeds cached 
0.25 to 1.5 inches below the soil sur- 
face and the seedlings from these 
varied in number from 2 to 100, al- 
though in one case 139 were found. 
Hormay did not actually observe 
caching by rodents, but he suspected 
that chipmunks and golden mantled 
ground squirrels did most of it, the 
same rodents that we believe cached 
the seeds in the hollow aspen tree. 

1 Hormay, August L. 1943. Bitter- 
brush of California. Pacific South- 
west Forest and Range Experiment 
Station Research Note No. 34. 13 pp. 

Chromatographic Technique in 
the Differentiation of 

Sagebrush Taxa 

ALVIN L. YOUNG 
Graduate Student, Plant S c i en c e 
Division, University of Wyoming, 
Laramie. 

A classification of the sage- 
brushes (genus Artemisia sec- 
tion Tridentatae) , which will 
represent naturally occurring 

TECHNICAL REPORTS 

biological units, has been ad- 
vanced by the use of thin-layer 
chromatography. Systems based 
solely on morphological char- 
acteristics allow considerable 
taxonomic latitude. However, 
when they are used in conjunc- 
tion with a study of the fluores- 
cent lactones found occurring in 
leaf extracts, clarification may 
be forthcoming. 

Preparation of Extract: Etha- 
nol extracts are prepared from 
fresh, vegetative leaves of ma- 
ture or seedling plants. Leaves 
of flowering shoots are less reli- 
able. The leaves should not be 
gathered from the plant during 
winter dormancy. Material is 
soaked in 95 percent ethanol, the 
recommended proportion being 
two grams of material to ten 
milliliters of ethanol (1 gm: 5 
ml). They are allowed to soak 
for 24 hours before undergoing 
chromatographic analysis. Good 
results may be obtained from 
extracts that are six months old, 
and those refrigerated may be 
good for over one year. 

Application of Extract: The 
medium is a silica gel applied on 
glass plates (OPERATING 
MANUAL - CHROMATOFILM 
ASSEMBLY FOR THIN-LAYER 
CHROMATOGRAPHY. P-118-C, 
Research Specialties, 200 South 
Garrard Blvd., Richmond, Cali- 
fornia) to allow for a separation 
range of at least ten centimeters. 
Samples are spotted two centi- 
meters from the bottom of the 
plate. Five drops should be suf- 
ficient for samples that are 24 
hours or older. Care should be 
taken to keep the spots small. 

Solvent System: The solvent 
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system consists of water satu- 
rated normal butanol, acetone 
and ammonium hydroxide (80: - 
15: 5). These proportions must be 
carefully followed since slight 
quantitative changes will blur 
the chromatographic patterns. 

Developing and Analyzing 
Chromatograms: Prepared 
plates are allowed to run in the 
chromatographic chamber for 
approximately 80 minutes or 
over a distance of ten centi- 
meters. Care must be taken to 
insure that the chromatographic 
chamber is level in order to ob- 
tain an even solvent head. The 
developed plates are then re- 
moved from the chamber and 
placed wet under a long wave 
ultra-violet lamp. The color, 
brightness and Rf values of all 
fluorescent spots are recorded. 
The brightness or magnitude of 
the spots is based on the com- 
parison to the Sl spot (Rf = .30) 
of Artemisia tridentata subspe- 
cies vaseyana, which has a mag- 
nitude of 4+. Artemisia triden- 
tata subspecies tridentata has the 
same characteristic Sl spot but 
with a magnitude of 1. 

The major advantages of this 
chromatographic technique are 
as follows: 

(1) it offers a practical meth- 
od for field identification; 

(2) it may be used in finding 
variations in a population; 

(3) there is no apparent chro- 
matographic variation due 
to environmental condi- 
tions. 

This project has been sup- 
ported by Cooperative Regional 
Project W-25, Ecology and Im- 
provement of Brush Infested 
Range. 
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The Resource Conservation 
Area Concept 

RICHARD E. ECRERT, JR. 

Crops Research Division, Agricul- 
tural Research Service, U. S. D. A., 

Reno, Nevada 

The Resource Conservation Areas 
administered by the Bureau of Land 
Management are part of an effort to 
show what can be done with millions 
of acres of public domain in the 
West. The program will demonstrate 
how wise management practices on 
public lands can result in benefits in 
soil and water conservation, better 
forage for domestic livestock and 
wildlife, higher sustained yields of 
forest products, and protection of the 
Nation’s capital investments in these 
lands. In this program BLM is ac- 
tively seeking cooperation at the 
local level-from civic and agricul- 
tural organizations, conservation 
groups, private ranches, local schools 
and students and other State and 
Federal Agencies. 

Resource Conservation Areas are 
located in nearly all of the Bureau 
of Land Management’s Administra- 
tive districts. Eighty-five of these 
areas have been chosen to demon- 
strate a wide variety of land con- 
servation practices, many of which 
are applicable to private lands as 
well as to the public lands managed 
by the BLM. 

The Horse and Cattle Camp re- 
source conservation area (Cover 
photo) is located in White Pine 
County, Nevada, about 15 miles 
southeast of Ely on U. S. 93. It in- 
cludes 94,000 acres of public land 
and 1,600 acres of private land. The 
work at Horse and Cattle Camp rep- 
resents a community effort in con- 
servation and multiple use manage- 
ment. Eleven private ranches, the 

White Pine Soil Conservation Dis- 
trict, the Nevada Fish and Game 
Commission, the U. S. Fish and Wild- 
life Service, the White Pine Cham- 
ber of Commerce, the Nevada State 
Department of Highways, and White 
Pine County are co-operating with 
BLM to demonstrate the potential 
of eastern Nevada’s public and pri- 
vate range lands. 

The Horse and Cattle Camp area 
consists of rolling hills descending 
to a valley floor that is similar to 
any number of valleys in Nevada. 
Elevation within the area ranges 
from 6,800 to 9,100 feet. The climate 
is semi-arid, with hot, dry summers 
and cold winters. Average annual 
precipitation is 10 inches. Many of 
the lower elevation sites are domi- 
nated by shrubs of the Artemisia 
and Atriplex genera. Pinon-juniper 
woodlands comprise about 30 per- 
cent of the total Horse and Cattle 
Camp area and furnish Christmas 
trees, fence posts, wood for charcoal 
production and pinon pine nuts. An 
ecological resource inventory of the 
area is now being made in a coopera- 
tive study with the University of 
Nevada. The area is host to a large 

migratory deer herd, is popular for 
dove hunting, and contains a small 
sage grouse population. At present 
there are three groups of livestock 
operators using the Horse and Cattle 
Camp allotment. The area produces 
5,928 animal unit months of grazing 
with 1,184 cattle and 2,000 sheep 
using the area from 5 to 6 months 
each year. 

The present range improvements 
include 100 miles of fence, 11,000 
acres of crested wheatgrass seed- 
ings, 5 wells, 10,000 feet of pipeline 
for livestock watering, 500 acres of 
contour terracing and 5 check dams. 
Generally, range improvements are 
on a cooperative basis with the live- 
stock operator and the BLM each 
paying half the cost. Some projects 
are conducted solely by the resource 
conservation area cooperators, and 
others by BLM. All work is carried 
out under a unified resource man- 
agement plan. 

Future work will include: seeding, 
5,000 acres; chaining, 4,000 acres; 
contour furrowing, 1,000 acres; 
spraying, 2,000 acres; water spread- 
ing, 1,000 acres; 60 gully plugs, 10 
detention dams, 3 springs, 6 reser- 
voirs, and 50 miles of access road 
improvement. The s e improvement 
practices will provide more feed and 
improved habitat for wildlife. Seed- 
ing lower ranges to perennial grasses 
will defer grazing of native range 
and will benefit deer herds at higher 
elevations by reducing livestock 
pressure. Revegetating higher ranges 
with browse species and providing 
openings in the pinon-juniper stands 
will aid both big game and livestock. 

The Resource Conservation Area 
concept is an excellent example of 
the challenge to conserve, manage, 
and develop the natural resources 
of the West. 
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Coastal Bermuda-Grass Pellets, 
Supplemented and Unsupple- 

mented, and Whole-Grain 
Pellets for Growing 

Beef Heif ersl 

E. R. BEATY, 
EDWARD E. WORLEY AND 

D. D. HAYES 
Associate Agronomist, Branch Ex- 
periment Stations, Athens, Asst. Su- 
perintendent a n d Superintendent 
Northwest Georgia Branch Experi- 
ment Station, Calhoun, respectively. 

One of the major objectives of 
forage researchers has been to find 
forage species that combined high 
yielding ability with desirable qual- 
ity. Success thus far appears to be 
related more closely with yield and 
dependability than with quality. It 
now appears that young forages that 
are leafy are often high in quality 
and that more mature forages, 
whether grass or legume, are con- 
siderably lower in digestibility 
(Lowe and Reed 1963, Miller et al. 
1963). 

It appears unlikely that a forage 
which is both high yielding and of 
good quality, especially as it ap- 
proaches maturity, will be developed 
soon. Many forages are of excellent 
quality when young and tender but 
most of them cannot be maintained 
in such a state for an entire grazing 
season. Rather than rely on develop- 
ing the perfect forage plant it is 
probable that a more practical ap- 
proach would be to establish the nu- 
tritive value of adapted forages and 
supplement them as necessary to 
obtain the animal performance de- 
sired. 

Coastal bermudagrass (Cynodon 
dactylon L.) is widely recognized 
for its excellent agronomic features 
but isn’t as highly regarded for its 
nutritive quality. 

The purpose of this investigation 
was to compare pelleted Coastal 
bermudagrass, pelleted coastal ber- 
mudagrass supplemented with cot- 
ton seed, and pelleted drouth-dam- 
aged whole-stalk corn with a con- 
ventional mixture of ground snapped 
corn and cotton-seed meal as feed 
for growing beef heifers. 

1 Journal Paper No. 6 of the Branch 
Experiment Stations of the Univer- 
sity of Georgia, College of Agr. 
Expt. Stations. 
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The advantages of coastal ber- 
mudagrass as a forage plant over 
much of the southeastern United 
States were reported by Burton 
(1954). As with other forages, its 
digestibility has been shown to drop 
as age increases (Miller et al. 1963). 
Hogan et al. (1962) and Cullison 
(1961) have shown that pelleting 
coastal bermudagrass increased in- 
take and animal gains. Other re- 
search (Beaty et al. 1962, Brooks et 
al. 1962, Hogan et al. 1962) showed 
that pelleted coastal bermudagrass, 
fescue, alfalfa and whole stalk corn 
produced remarkably similar daily 
gains when fed to growing beef ani- 
mals. Brooks et al. (1962) and 
Beardsley et al. (1959) have shown 
that pelleted coastal bermudagrass 
supplemented with 25 to 50 percent 
grain produced gains equal to or 
greater than that of high concentrate 
rations. 

Pelleted whole stalk corn supple- 
mented with protein has been shown 
by Beaty et al. (1963) to be a nu- 
tritious feed. Excellent silage has 
been made from similar material 
(Morrison 1956) but he indicates 
that drouth damaged corn produced 
a silage containing less TDN than 
silage made from well-earned corn. 

Experimental Procedure 

The experiment reported in this 
paper was conducted at the North- 
west Georgia Branch Experiment 
Station, Calhoun. Treatments in- 
cluded were: (a) pelleted coastal 
bermudagrass, (b) pelleted coastal 
bermudagrass containing 13% raw 
cotton seed (c) pelleted whole stalk 
corn and (d) ground snapped corn 
and cottonseed meal. 

The coastal bermudagrass was 
grown and pelleted under contract 
by Mossy Creek Farms, Perry, Geor- 
gia. The area had been mowed on 
September 5, 1962, and fertilized 
with 50 pounds of N per acre as 
solution on September 8. On Oc- 
tober 17 the grass was mowed and 
windrowed. Partial drying was com- 
pleted in the windrow. On October 
18 the partially dried grass was 
picked up and stored in wagons until 
dried, ground, and pelleted on Oc- 
tober 19 and 20. A 13-ton lot was 
pelleted without cottonseed. A sec- 
ond lot received similar treatment 
except that just before the bermuda- 
grass was fed into the hammer mill 
approximately 260 pounds of gin 
run cotton seed were hand fed onto 
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the grass each 25 minutes. The ber- 
mudagrass and cotton seed were 
hammered through a 5/16 in. screen 
and blown into a mixing bin from 
which it was pelleted through a y4 
in. die. 

The whole stalk corn was cut 
from a standing field on October 22. 
A separation of the corn showed 26 
percent grain and 74 percent stover. 
The ground snapped corn was pur- 
chased on bid. Protein of the two 
pelleted bermudagrass rations at 
13.1 and 14.5 percent was considered 
adequate for the animals being fed 
and none was added. The two corn 
rations were supplemented with one 
pound of 41 percent cotton seed meal 
to 7 pounds of corn. 

Test animals were high grade 
Angus heifers that ranged from 300 
to 550 pounds in initial weight with 
an average of 440 pounds. They were 
removed from the herd and full fed 
a high energy ration until allotted 
at restricted randomization to treat- 
ments some four weeks after wean- 
ing. Preliminary feeding was started 
on November 14 and experimental 
feeding was started November 29. 
Starting and ending weights were 
averages of 3 consecutive day 
weights taken between 1: 30 and 3: 30 
p.m. 

Treatment rations were fed to 
duplicate lots of 5 heifers each. The 
rations were hand fed twice daily 
and amounts per feeding were ad- 
justed so that troughs were usually 
empty at the afternoon feeding. Ten 
pounds of cottonseed hulls were fed 
each lot daily. Water, salt and trace 
minerals were available at all times. 
Paddocks were 30 by 100 feet and 
430 sq. ft. of shed space bedded with 
pine shavings were available in each 
lot. 

Results and Discussion 

Chemical analyses of the various 
experimental feeds without cotton 
seed meal are shown in Table 1. 
Adding cotton seed to the bermuda- 
grass increased the protein 1.4 per- 
cent, had very little effect on fiber, 
but added 2.4 percent fat. Some 
pellet mill operators feel that adding 
cotton seed increases mill capacity 
and die life. Protein of the pelleted 
bermudagrass is adequate for most 
growing cattle. Fiber at 25.5 and 
25.8 percent would indicate that a 
very satisfactory feed can be pro- 
duced when well fertilized bermuda- 
grass is field dried, ground and pel- 
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Table 1. 
fions. 

Chemical analysis of ra- 

Mois- Pro- 
ture tein Fiber Fat 

- _ - 
Snapped corn 10.6 
Coastal pellets 7.8 
Coastal pellets 

+ cotton seed 8.1 
Pelleted whole 

stalk corn 7.8 

(Percent) - - - 
6.9 12.3 3.5 

13.1 25.5 1.9 

14.5 25.8 4.3 

9.1 28.0 2.2 

leted. Unpublished data show that 
grinding and pelleting coastal ber- 
mudagrass will reduce crude fiber 
by about 3 percent. 

The pelleted whole stalk corn with 
9.1% protein and 28.0% fiber was 
0.8% lower in protein and 3.8% 
higher in fiber than was similarly 
treated corn that was well eared 
(Beaty et al. 1963). The prolonged 
drouth reduced the corn cover and 
at harvest considerable coffee weed 
(Cassia tora L.) had matured. Due 
to lack of uniformity of weed dis- 
tribution no reliable estimate of 
weed contamination could be ob- 
tained. Protein and fiber of ground 
snapped corn were 6.9 and 12.3 per- 
cent respectively. 

These data suggest that the 
drouthy whole-stalk corn was con- 
siderably poorer in quality than 
well-eared corn (Beaty et al. 1963). 
The pelleted bermudagrass would be 
higher in protein and lower in fiber 
than the average found on farms 
and would be considered excellent. 

Animal performance data are 
shown in Table 2. The average daily 
gain of 1.5 pounds is lower than that 

Table 2. Feed infake and gains of heifers on 
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usually experienced with steers 
(Beardsley et al. 1959, Brooks et al. 
1962) but is in line with Brown’s 
(1958) finding that after 240 days 
of age heifers grow considerably 
slower than do bulls. 

No differences in rate of gain were 
obtained that could be attributed to 
ration. The C.V. of 15.8 percent is 
relatively low for livestock per- 
formance and suggests that all ani- 
mals gained at a rather uniform 
rate. As in previous experiments, 
(Brooks et al. 1962) animals con- 
suming ground snapped corn gained 
slightly fastest but the difference in 
rate of gain was not significant. 

Adding cottonseed to the ber- 
mudagrass increased rate of gains 
some .03 pounds per day and sug- 
gests that adding cottonseed to good 
quality coastal bermuda pellets will 
not influence animal performance. 
Should production of pellets be in- 
creased or die abrasion reduced 
enough to justify the addition of cot- 
tonseed, no feeding problems would 
be incountered when forage with 
such additives is fed. 

Performance of heifers on a low- 
quality whole-stalk pellet was a re- 
versal of that previously reported 
when cattle were fed well-eared 
corn (Beaty et al. 1963). Animal 
gains on pelleted drouth-damaged 
whole-stalk corn were still well 
above gains of such animals on hays 
(Baird et al. 1958)) and is in agree- 
ment with Morrison (1956) that 
drouth reduces the value of corn for 
silage but when pelleted it still made 
a good feed for growing heifers. 

Pounds of feed per pound of gain 
ranged from 9.91 to 10.83, which is 

iesf for 147 days. -~ 
Ration1 

-___~- ~____~- 
Whole 
Stalk 

Bermuda- Bermuda- corn 
Concentrates grass grass pellets / 

/ CSM pellets pellets / CS CSM 

Lots 
Heifers per lot 
Initial weight lbs. 
Final weight lbs. 
Gain per heifer lbs. 
Av. daily gains lbs. 
Feed per lb. gain1 
Daily feed intake/100 

lbs. body wt. 1bs.l 
Gains-NS 

2 2 2 2 
5 5 5 5 

431.0 447.5 443.0 439.5 
665.5 667.2 668.1 644.4 
234.5 219.7 225.1 204.9 

1.60 1.50 1.53 1.39 
9.91 9.96 10.30 10.83 

2.88 2.76 2.75 2.78 

1 Each ration included two pounds cottonseed hulls per head daily. 

higher than that associated with 
steers of equal age and reflects the 
slowing down of rate of heifer 
growth. 

Feed consumption per day per 100 
pounds of animal weight ranged 
from 2.75 to 2.88 pounds and is in 
accord with previous reports that 
when pelleted, about as many 
pounds of roughages as concentrates 
are consumed by the animals. These 
data suggest that low animal per- 
formances on forages is related more 
to intake than to digestibility since 
when intake is equalized with that of 
concentrates, rates of gain are com- 
parable. 

Summary 

In an experiment 40 Angus heifers 
in duplicate lots of 5 animals each 
were fed one of 4 rations. Three 
experimental rations were composed 
primarily of forages. The check ra- 
tion was ground snapped corn and 
cottonseed meal. 

No significant differences in daily 
gains were obtained between treat- 
ments. Heifers fed pelleted ber- 
mudagrass produced weight gains 
94 percent of those on ground 
snapped corn and adding 260 pounds 
of cotton seed per ton increased 
animal gains to 97 percent of those 
on the control ration. Pelleted 
drouth-damaged whole-stalk c or n 
produced animal gains equal to 87 
percent of the control group. All 
rations were consumed similarly. 
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Aridity and Man. Edited by 
Carle Hodge. Publication No. 
74 of the American Association 
for the Advancement of Sci- 
ence, Washington, D. C. 584 
pages. 1963. $12.00 

This treatment of the arid lands of 
the United States was fostered by 
activities of the Southwestern and 
Rocky Mountain Division of AAAS. 
A Committee on Desert and Arid 
Zones Research was formed in the 
early 1950’s and after several re- 
gional and national symposiums, the 
decision was made to summarize the 
United States experience in the arid 
land. The compilation was accom- 
plished by the Editor and 72 con- 
tributors. 

Chapter 1 is an interpretive sum- 
mary prepared by the Editor. The 
remaining 15 chapters deal with the 
following topics: Regional Setting; 
Indian Adaptations to Arid En- 
vironments; Historical Framework; 
Weather, Complex Causes of Aridi- 
ty; Water and Its Use; Minerals and 
Energy Sources; Soils; Aridity and 
Agriculture; Role of Watersheds and 
Forests; Native Animals and Plants 
as Resources; Human Factors; Eco- 
nomic Development; Political and 
Social Institutions; Critical Review 
of Man’s History in Arid Regions; 
and Challenge of the Future. 

The majority of these chapters 
present factual information on the 
appropriate topic but in certain cases 
the coverage is very sketchy and 
sometimes conflicting. The chapter 
on Water and Its Uses may be 

singled out as one containing many 
contradictory statements. In one 
paragraph it is reported that “live- 
stock tanks have been constructed 
on nearly every tributary to the 
major streams”, and the resulting 
large evaporation losses preclude the 
use of the water in the lower water- 
shed. A few pages later: “the fact 
that runoff is produced by only a 
very few of the many small thunder- 
storms and light rains that occur in 
arid regions”. It would appear that 
the writers of this particular chap- 
ter are concerned only with off-site 
use of water and discredit its value 
on the upper watershed for livestock 
and wildlife. 

The chapter on Native Animals 
and Plants as Resources is extremely 
narrow and is limited almost exclu- 
sively to the creosote-bush zone. The 
fate of the Saguaro cactus is over- 
presented and the potential value of 
some of the chemical constituents of 
desert plants is discussed. Several 
species such as canaigre and guayule 
have been subject of intensive study. 

Eight case histories of specific 
problem areas are presented in 
chapter form. These range from 
major problem areas such as the 
municipal water supply to the Los 
Angeles metropolis and the social 
ramifications on the Embudo in New 
Mexico. I believe that a greater con- 
tribution could have been made by 
elaborating on these problem areas 
rather than restatement of generally 
accepted information contained in 
the individual chapters.-David G. 
Wilson, Arizona Feed Consulting 
Service, Tucson, Arizona. 

The Principles and Practice of 
Agricultural Research. By S. 
C. Salmon and A. A. Hanson. 
Leonard Hill, London, En- 
gland. 384 pages. 1964. 75/-. 
The first sentence of the preface 

purports that the book was written 
“to please the authors”. The result 
is an informal and philosophical 
treatment of a complex and highly 
technical subject. And it is also 
much more suited to “arm-chair 
reading” than the average text or 
reference book. The authors also 
confessed “a degree of hesitation in 
so broad a coverage.” A glance at 
the four parts (1) Historical, (2) 
The Philosophy of Research, (3) 
Statistical Methods, and (4) Tech- 
niques of Agricultural Research, 
might leave the prospective reader 
concerned about the breadth of cov- 
erage. However, closer persual of 
the content soon convinced me that 
the authors achieved, through their 
wide knowledge and experience, a 
rather complete review of the prin- 
ciples of agricultural research re- 
lated to animal and crop production. 

In some instances the coverage 
seems too limited. Although there is 
coverage of pasture and range re- 
search techniques, no reference is 
made to the two most recent and 
comprehensive books on the subject. 
And purposefully the authors did 
not attempt to cover research in the 
basic sciences closely related to agri- 
culture. Consequently, the interest- 
ing but diverse research efforts in 
the fields of entomology, plant pa- 
thology, plant physiology, etc. are not 
covered per se. They are referred to 
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Aridity and Man. Edited by 
Carle Hodge. Publication No. 
74 of the American Association 
for the Advancement of Sci- 
ence, Washington, D. C. 584 
pages. 1963. $12.00 

This treatment of the arid lands of 
the United States was fostered by 
activities of the Southwestern and 
Rocky Mountain Division of AAAS. 
A Committee on Desert and Arid 
Zones Research was formed in the 
early 1950’s and after several re- 
gional and national symposiums, the 
decision was made to summarize the 
United States experience in the arid 
land. The compilation was accom- 
plished by the Editor and 72 con- 
tributors. 

Chapter 1 is an interpretive sum- 
mary prepared by the Editor. The 
remaining 15 chapters deal with the 
following topics: Regional Setting; 
Indian Adaptations to Arid En- 
vironments; Historical Framework; 
Weather, Complex Causes of Aridi- 
ty; Water and Its Use; Minerals and 
Energy Sources; Soils; Aridity and 
Agriculture; Role of Watersheds and 
Forests; Native Animals and Plants 
as Resources; Human Factors; Eco- 
nomic Development; Political and 
Social Institutions; Critical Review 
of Man’s History in Arid Regions; 
and Challenge of the Future. 

The majority of these chapters 
present factual information on the 
appropriate topic but in certain cases 
the coverage is very sketchy and 
sometimes conflicting. The chapter 
on Water and Its Uses may be 

singled out as one containing many 
contradictory statements. In one 
paragraph it is reported that “live- 
stock tanks have been constructed 
on nearly every tributary to the 
major streams”, and the resulting 
large evaporation losses preclude the 
use of the water in the lower water- 
shed. A few pages later: “the fact 
that runoff is produced by only a 
very few of the many small thunder- 
storms and light rains that occur in 
arid regions”. It would appear that 
the writers of this particular chap- 
ter are concerned only with off-site 
use of water and discredit its value 
on the upper watershed for livestock 
and wildlife. 

The chapter on Native Animals 
and Plants as Resources is extremely 
narrow and is limited almost exclu- 
sively to the creosote-bush zone. The 
fate of the Saguaro cactus is over- 
presented and the potential value of 
some of the chemical constituents of 
desert plants is discussed. Several 
species such as canaigre and guayule 
have been subject of intensive study. 

Eight case histories of specific 
problem areas are presented in 
chapter form. These range from 
major problem areas such as the 
municipal water supply to the Los 
Angeles metropolis and the social 
ramifications on the Embudo in New 
Mexico. I believe that a greater con- 
tribution could have been made by 
elaborating on these problem areas 
rather than restatement of generally 
accepted information contained in 
the individual chapters.-David G. 
Wilson, Arizona Feed Consulting 
Service, Tucson, Arizona. 

The Principles and Practice of 
Agricultural Research. By S. 
C. Salmon and A. A. Hanson. 
Leonard Hill, London, En- 
gland. 384 pages. 1964. 75/-. 
The first sentence of the preface 

purports that the book was written 
“to please the authors”. The result 
is an informal and philosophical 
treatment of a complex and highly 
technical subject. And it is also 
much more suited to “arm-chair 
reading” than the average text or 
reference book. The authors also 
confessed “a degree of hesitation in 
so broad a coverage.” A glance at 
the four parts (1) Historical, (2) 
The Philosophy of Research, (3) 
Statistical Methods, and (4) Tech- 
niques of Agricultural Research, 
might leave the prospective reader 
concerned about the breadth of cov- 
erage. However, closer persual of 
the content soon convinced me that 
the authors achieved, through their 
wide knowledge and experience, a 
rather complete review of the prin- 
ciples of agricultural research re- 
lated to animal and crop production. 

In some instances the coverage 
seems too limited. Although there is 
coverage of pasture and range re- 
search techniques, no reference is 
made to the two most recent and 
comprehensive books on the subject. 
And purposefully the authors did 
not attempt to cover research in the 
basic sciences closely related to agri- 
culture. Consequently, the interest- 
ing but diverse research efforts in 
the fields of entomology, plant pa- 
thology, plant physiology, etc. are not 
covered per se. They are referred to 
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in examples of agronomic research 
and in the general coverage Wis- 
torical and The Philosophy of Re- 
search). By far the best coverage 
is made of crops field research. Lab- 
oratory and basic research are ade- 
quately covered in the first two 
parts of the book on historical re- 
view and the philosophy of research, 
but very little coverage is allotted to 
them in the part on techniques. In 
view of the present emphasis on 
basic research, it could well have 
been given greater coverage. 

The book would be of interest to 
anyone involved in or training for 
agricultural research. It has a par- 
ticular value because it places in 
proper perspective the many facets 
of research. We so often “piecemeal” 
our subject matter; here in one vol- 
ume is a complete treatise on agri- 
cultural research. For this reason 
the book seems particularly valuable 
for a graduate course that would in- 
tegrate research principles and 
methods, or for research workers in 
nations where agricultural programs 
are being expanded rapidly. And 
then those who have been in re- 
search work for some time will find 
reading this book an enjoyable way 
to review and to broaden their 
knowledge. 

The first part of the book on his- 
torical developments of agriculture 
and agricultural research provides 
an interesting synthesis of contribu- 
tions to agriculture made by scien- 
tists since the Middle Ages. The 
reader is treated to a word-picture 
of the evolution of scientific agricul- 
ture resulting from “break-throughs” 
provided by Liebig, Winogradsky, 
Darwin, Mendel, devries, Pasteur, 
Smith and Kilbourne, Muller, Shull, 
Jones, William and Charles Saun- 
ders, Savitsky, and many others. 

The second part of the book on the 
philosophy of research is an infor- 
mal, almost rambling presentation of 
such subjects as: What is Science?; 
Methods of Research; How Discov- 
eries are Made; Why Errors Occur; 
and What is Proof?. This section of 
the book covers material essential in 
the training of any would-be scien- 
tist. Unfortunately the organization 
and style are not as suited to the 
student’s need as they are to those 
of the reader who already has suffi- 
cient background to just “sit back” 
and enjoy the presentation. 

Part III, Statistical Methods, is an 
excellent and simplified presentation 
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of applied statistics. Although many 
good texts on statistics are available, 
this presentation is particularly val- 
uable because it was written by 
plant breeders rather than by math- 
ematicians ,and for agricultural work- 
ers rather than for students of math- 
ematics. Examples from actual agri- 
cultural experiments are used 
throughout; consequently, the appli- 
cation and value of each statistical 
procedure is made evident. The 
ecologist or range-and-pasture 
scientist will find the chapter on 
sampling a little inadequate, but 
quite useful. In contrast, the agron- 
omists should find the entire pres- 
entation well suited to his needs. 

In presenting Part IV, Techniques 
of Agricultural Research, in six 
chapters and 86 pages, the authors 
have accomplished the nearly impos- 
sible. In this brief presentation they 
managed to cover many of the key 
points in planning research ap- 
proaches, choosing areas, and select- 
ing the right experimental design for 
studies in crop production, animal 
production, grazing management, 
and even agricultural economics. 
The specialist may find it necessary 
to consult other texts on research 
techniques in his particular field; 
however, for a general understand- 
ing of problems facing agricultural 
researchers the presentation is ade- 
quate. 

Hats off to the two scholarly gen- 
tlemen who wrote such a compre- 
hensive and useful book “just for the 
fun of it”!--Donald F. Hervey, Colo- 
rado State University, Fort Collins. 

Committee on Science and Pub- 
lic Policy, National Academy 
of Sciences. 1964. Federal sup- 
port of basic research in insti- 
tutions of higher learning. 
National Academy of Sciences 
-National Research Council, 
Washington, D. C. Publication 
1185. 98 pp. 1964. $2.00. 
With the increasing entry of the 

federal government into the field 
of science and the development of 
new knowledge, many members of 
the American Society of Range Man- 
agement should be interested in this 
concise report. Federal agency per- 
sonnel responsible for research 
grants and contracts and the scien- 
tist recipients of such support should 
be aware of the recommendations by 

this committee as they develop their 
contractual agreements. 

The Committee on Science and 
Public Policy was chaired by George 
B. Kistiakowsky of Harvard Univer- 
sity. The Committee members rep- 
resented six universities and six 
other research and/or scientific in- 
stitutions. Their report represents 
an excellent and objective appraisal 
of the programs by which the fed- 
eral government supports basic re- 
search in institutions of higher 
learning. The Committee has con- 
cerned itself with principles, phi- 
losophy, policy, conduct and adminis- 
tration of such programs. The im- 
portance of the committee assign- 
ment is evident in the 1.5 billion 
dollars allotted to federally sup- 
ported basic research in 196”al- 
most half of which went into institu- 
tions of higher learning. 

This report concurs in the major 
recommendations of the President’s 
Science Advisory Committee pub- 
lished under the title, “Scientific 
Progress, the Universities and the 
Federal Government,” in November, 
1960. The NAS Committee addressed 
itself to the problem of “reconciling 
scientific freedom with fiscal re- 
sponsibility” in a way which would 
prevent the stifling of fruitful re- 
search. Their report is organized 
into two major sections. First, the 
“Background of the Alliance Be- 
tween the Federal Government and 
Institutions of Higher Learning.” 
This section paints the picture in 
reasonable detail from the pre-1939 
period to immediately post-Sputnik. 
The second section treats in detail 
the “Contemporary Problems in the 
System of Government Support.” 

In seventeen specific recommen- 
dations, the committee fixes respon- 
sibilities of the federal agencies, the 
universities, and the scientific com- 
munity. Their interest is in bringing 
about a more effective “partnership 
whose common purpose is the ad- 
vancement of scientific knowledge 
and the upbringing of younger 
cadres to continue this task,” thus 
advancing “the welfare of our nation 
and of all mankind.” 

The remainder of the report 
should be read by a broad spectrum 
of our citizenry because of the im- 
portance and possible impacts of the 
involvement of the federal govern- 
ment in university research pro- 
grams. Since it is very difficult to 
separate university research and in- 



structional programs, this involve- 
ment can and does have a direct 
impact on university instruction at 
graduate level and indirect impacts 
on undergraduate instruction. Nei- 
ther can the financial supporters of 
our universities (both state and pri- 
vate) avoid the fact that federal 
government support will tend 
strongly to increase rather than to 
decrease financial demands from 
their own university. 

The last 89 pages will provide the 
thoughtful reader with a perspective 
of research in our life and world 
today which he could not as easily 
or quickly obtain from any other 
source. The importance of and need 
for government support of scientific 
achievement is explained. Devel- 
opments in this direction have taken 
place as a result of widespread rec- 
ognition of a need and under close, 
cooperative surveillance and plan- 
ning by both the Congress and 
spokesman for the scientific com- 
munity. 

Funds for this partnership of the 
federal government, the universities 
and their scientists are made avail- 
able primarily under a project sys- 
tem. Under this arrangement, grants 
or contracts are for specific lines of 
investigation. The plans originate 
with an individual and capable 
scientist whose work and ability 
alone determine the outcome. In 
this system, the independence of the 
university and of the research scien- 
tist is preserved. 

Tied to the project system has 
been the concept of institutional and 
general research grants. These are 
grants made on the basis of demon- 
strated scientific quality of the uni- 
versity and its participating staff. 
The project system provides the re- 
quired evidence of excellence. The 
forthcoming institutional or general 
research grant enables the univer- 
sity “to build up a capability for the 
future” by increasing its capactiy for 
research. 

Recognizing that institutional 
grants may tend to make “the rich 
richer and the poor poorer,” the 
concept of development grants is 
followed to enable institutions “with 
potentiality to become strong in the 
future” to improve their research 
and graduate education. This pro- 
gram to build and strengthen our 
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university system is predicated on 
the philosophy, “If there were no 
place in the country from which an 
institution of higher learning of 
great distinction was inaccessible, 
the general welfare of every citizen 
would be vastly increased.” “When 
development grants have done their 
work and increased the number of 
strong universities in every region 
of the nation, these kinds of grants 
should be phased out to let the proj- 
ect system, modified by supplemen- 
tary institutional grants, take over.” 

Your firsthand reading of the story 
of this partnership will be a most 
enjoyable and profitable experience. 
It will improve your perspective of 
the role of basic research in prepar- 
ing our Nation and the world for to- 
morrow.-Charles E. Poultom, Range 
Management, Oregon State Univer- 
sity, Corvallis, Oregon. 

NEW PUBLICATIONS 
A GUIDE TO TECHNICAL WRIT- 
ING-Most writers would profit by 
study of this third edition of a help- 
ful book by W. George Crouch and 
Robert L. Zetler; published by The 
Ronald Press Co., New York; 458 
pages, 1964, $6.00. 
FARMER’S WORLD-The Yearbook 
of Agriculture 1964. Secretary Free- 
man states: “Most Americans have 
learned that we cannot separate our 
agriculture from the rest of our na- 
tional economy, but many have still 
to recognize that we cannot discon- 
nect American agriculture from 
world agriculture and world busi- 
ness.” This book explains these re- 
lationships under the headings “Per- 
spective, Production, Marketing, 
World Trade, Our Trade, Agree- 
ments, Assistance, and Needs.” Ask 
your Congressman for a free copy. 
Otherwise it is $3.00 from the Super- 
intendent of Documents, Washington, 
D. C. 20402. 
THE STORY OF BIOCHEMISTRY- 
This book of 232 pages without illus- 
trations except for four plates, seems 
overpriced at $10.00. The title is 
somewhat misleading because the 
book stresses b i o c h em i c therapy 
throughout. It summarizes the de- 
velopment of the science, and has 
many ideas of interest to range men 
for general reading. It touches on 
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major and trace mineral elements, 
vitamins, minerals and soil, role of 
plant life, etc. The book would per- 
haps be more authoritative without 
its brief glossary in which Agronomy 
is defined “Study of soil and rural 
conditions.” Published in Great Brit- 
ain for Philosophical Library of New 
York. Author is Justine Glass. 
WILDLIFE ON PUBLIC LANDS- 
This is a beautifully illustrated (in 
color) booklet of 32 pages and 
covers, prepared by Bureau of Land 
Management of USDI. Obtainable 
from Superintendent of Documents, 
Washington, D. C. for 35 cents per 
COPY. 
NATURAL RESOURCES FOR U.S. 
GROWTH-Range men should have 
this 260-page paperback just to see 
where their work fits into the ideas 
of a group of economists who have 
made a study of America’s needs 
up to the year of 2000 and of sup- 
plies available to meet the demand. 
This version was written by Hans 
H. Landsberg and is based on a 
much more detailed study-Re- 
sources in America’s Future: Pat- 
terns of Requirements and Avail- 
abilities. 1960-2000. One can note 
with some satisfaction that: “Prin- 
cipal trends assumed here include a 
a continuing moderate rise in per 
capita beef consumption . . . a slight 
improvement in the efficiency with 
which feed is converted into live- 
stock products; and a small rela- 
tive shift in the feed mix from 
roughage to concentrates, p r i n c i - 
pally for cattle and calves and milk 
cows.” Forest grazing is written off 
as providing insignificant amounts of 
nutrients. “We have put increases in 
yield of open permanent farm pas- 
ture at less than 50 percent and of 
nonfarm rangeland at less than 30 
percent between 1960 at the end of 
the century . . .” Fair enough. The 
concluding chapter on issues of pol- 
icy includes such topics as: research, 
development and investment; free 
world trading system; multiple use 
of the nation’s land resources, de- 
velopment of water resources etc. 
The only listings for “ranges” in the 
index lead to discussions of stoves! 
The book was published for Re- 
sources for the Future, Inc., by the 
Johns Hopkins Press, Baltimore, Md. 
and sells for $1.95. 
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THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

Outlook 1965 
USDA Outlook reports for 1965 in- 

dicate that red meaf consumption is 
expected to reach 174 lbs. per person 
this year, 4 lbs. above year earlier. 
Gain is coming almost entirely from 
beef-expected to set record high of 
100 lbs., up from 95 last year. Pork 
consumption is down about 2 lbs. 
from 66 in 1963, while consumption 
of lamb and mutton is down more 
than half pound. Higher level of 
beef consumption reflects large rise 
in domestic production, which much 
more than offsets sharp drop in im- 
ports. 

Prospects are good that U.S. beef 
& cafile exports, particularly of 
feeder cattle and veal calves, will 
continue at high level in 1965. Favor- 
able outlook is result of continued 
heavy demand for meat in Western 
Europe, coupled with short supplies 
in most producing countries other 
than U.S. 

Shorn wool production in U.S. is 
expected to continue to drop in 1965 
because of continued decline in 
sheep inventory. Wool prices likely 
will be moderately less than those 
received in early 1964. Mill consump- 
tion of apparel & carpet wool prob- 
ably will increase in 1965 from 1964. 
Imports of raw wool and wool pro- 
ducts also are expected to rise in 
1965. 

Beef Cattle Studies 

September 1964 issue of California 
Agriculture reports that progeny 
fesfs with five popular Hereford 
lines, using commercial cow herds, 
indicate that significant increases in 
size, cuttability, and yield of bone- 
less, closely trimmed retail cuts from 
round, loin, rib, and chuck can be 
obtained through breeding selection 
-without impairing carcass quality 
grade. Work was done in coopera- 
tion with California Cattleman’s As- 
sociation. 

Other California experiments 
show that sloping feed lot floors as 
little as 4.75 degrees allowed manure 
to accumulate by gravity without 

adversely affecting weight gains, and 
with beef cattle spending less time 
lying on sloppy floors. 

American National 
The credit needs of modern beef 

cattle ranching and feeding will be 
the subject of a special panel dis- 
cussion during the 68th Annual con- 
vention of the American National 
Cattlemen’s Association in Portland, 
Ore., Jan. 25-28, 1965. C. W. McMil- 
Zan, the organization’s executive vice 
president, announced that the panel 
was developed in recognition of the 
fact that “adequate credit and money 
availability may become the indus- 
try’s biggest barrier to logical ex- 
pansion.” 

Appearing on the panel Jan. 27 
will be R. B. Tootell, Washington, 
D.C., Governor of the Farm Credit 
Administration; L. J. Stenehjem of 
Watford City, N. Dak., president of 
the Independent Bankers Associa- 
tion; and Dr. John. A. Hopkin, agri- 
cultural representative and econo- 
mist, Bank of America, San Fran- 
cisco, Calif. Moderator will be Ken 
Sexton, Willows, Calif., chairman of 
the association’s marketing commit- 
tee. 

McMiZZan said several other 
speakers on topics of keen interest 
to beefmakers have yet to be an- 
nounced. More than 2,000 cattlemen 
from 40 states are expected for the 
meeting. 

Conservation Legislation 

On September 3, 1964 President 
Johnson signed into Public Law two 
historic conservation measures: S. 4, 
the “Wilderness Act” and H.R. 3848, 
the “Land and Wafer Conservafion 
Fund Act.” The President in signing 
the bills said, “The Wilderness Bill 
preserves for our posterity, for all 
time to come, 9 million acres of this 
vast continent in their original and 
unchanging beauty and wonder. The 
Land and Water Conservation Bill 
assures our growing population that 
we will begin, as of this day, to 
acquire, on a pay-as-you-go basis, 
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the outdoor recreation lands that 
tomorrow’s Americans will require.” 

DARwzN ANDERSON 
MEMORIAL 

Society members everywhere were 
shocked and grieved to learn of the 
untimely death of charter member 
Darwin Anderson, of Tucson, Ari- 
zona, killed on November 15 in a 
commercial airline accident near Las 
Vegas, Nevada. 

Darwin was nationally known for 
advancements to the management 
and use of range and pasture lands. 
As a result of requests from a host 
of friends and associates, and in ac- 
cordance with the wishes of the 
family, cash donations are welcome 
to establish a Darwin Anderson 
Memorial to provide scholarships to 
the annual Arizona Youth Conserva- 
tion Camp. Contributions will be 
welcome in any amount. You may 
make checks payable to the Ari- 
zona Section, ASRM, and indicate on 
face of check that contribution is 
intended for the Memorial. Please 
send contributions to: Wayne Kess- 
ler, President, ASRM, 6710 North 
Tenth Avenue, Phoenix, Arizona, 
85013. 



Bob Humphrey in Brazil 

Dr. R. R. Humphrey reported to 
the Arizona Section Newsletter from 
his new station at Fortaleza, Ceara, 
Brazil. 

“This is the ‘dry northeast’ but it 
seems to be too wet for grass and, 
for the most part, too dry for trees. 
I haven’t yet seen any grass as we 
know grass in Arizona. The only 
fairly extensive stand I have seen 
was the same annual six-weeks 
three-awn that we have and rate as 
low-grade forage in Arizona. The 
average annual rainfall ranges from 
about 12-20 in., and perennial grasses 

NEWS AND NOTES 45 

are rarely seen except in swampy 
areas. 

Most of what we would call range- 
lands are here covered by a dense 
stand of brush most of which ap- 
parently has little value of forage. 
When cleared for any reason, it 
comes up at once to a dense stand of 
annuals that would appear to make 
establishment of more desirable an- 
nuals or perennials impossible. In 
addition to the annuals, the brush 
starts right back. One of the most 
obnoxious, marmeleiro, has to be 
completely rooted out or new shoots 
come up from the root fragments. 

Even my old friend, fire, has no per- 
manent effect on it because of this 
tendency to sprout. 

“Native cattle, goats and more 
goats, pigs, sheep and burros graze 
most of this brushland. The cattle 
and goats come in a wide variety of 
colors, shapes, and sizes; the sheep 
are largely a dirty gray white. The 
sheep at this time of year (winter) 
carry about a half coat of ragged 
wool.” 

Bob’s long experience in the Ari- 
zona and other range country should 
be of real value in helping solve 
range grazing problems in the Bra- 
zilian desert. 

WITH THE SECTIONS 

ARIZONA 

Winter meeting was scheduled for 
January 20-21, 1965, at Nogales, 
under leadership of S. Clark Martin. 

Rancher M. Carl Webb of the Ari- 
zona Section reports that after three 
years of using rotational deferred 
grazing on a very rough, rocky 
range, he is convinced that it is the 
best system for the J. I. Ranch on 
Devils Canyon between Miami and 
Superior. He observed that both 
palatable browse plants and good 
grasses grew better under the sys- 
tem, in spite of two dry years out of 
three. 

CALIFORNIA 

The Section lined up a fine pro- 
gram for the fall meeting at Ukiah 
on November 12-13, 1964. The first 
morning was a series of discussions 
by ranchers on management of 
range lands for sheep production 
and for cattle production as well as 
coordination with game, timber, rec- 
reation, and watershed uses. Harold 
BisweZZ was Program Chairman, and 
speakers were Ken Sexton, Carl 
Twisselman, Tom Richards, Tobe 
Arvola, EZwin Roney, Paul Aurignac, 
Glen Keithley, and Bill Harvey. 
First afternoon session was to be de- 
voted to range ecosystems, with dis- 
cussions by experts Arnold Schultz, 
Hans Jenny, Bill Williams, Ray Das- 
mann, and Mike Brewer. Second day 

was to be a field tour to Hopland 
Field Station, AZ Murphy, Superin- 
tendent. 

COLORADO 
Annual Meeting of the Section 

was scheduled for Saturday, Decem- 
ber 12, 1964, at Lakewood, west of 
Denver. Tom Eaman, Dale Jones, 
Willard Graves, and Ken Green 
were in charge of arrangements. 

KANSAS-OKLAHOMA 
R. A. Clymer, “Sage of the Hills”, 

editorialized in the October 23, 1964 
edition of the El Dorado, Kansas 
Times as follows, under the heading 
“Cowmen Study Bluestem Ranges.” 

“The American Society of Range 
Management, Kansas-Oklahoma 
Chapter, held a fruitful meeting in 
El Dorado last Friday evening. On 
Saturday morning, more than eighty 
of the keen cowmen who attended 
this assembly toured the vast ex- 
panses of the famous Ferrell Ranch 
southeast of Beaumont. 

“This meeting was more than a 
social gathering. It embodied an 
earnest effort on the part of ranch 
managers to discover more about the 
type of responsible management that 
goes into the operation of bluestem 
ranches in the Flint Hills. The repu- 
tation of these ranches for efficiency 
in their handling has spread to far 
distances. At their Friday night din- 
ner session in El Dorado, the visitors 

heard first-hand testimony from two 
of the best of the Hills Ranchers- 
Jack FerreZZ, of Beaumont, and Arch 
Gothard, of Cedarvale. 

“The Ferrell ranch is a magnifi- 
cent spread embracing over 7,000 
acres. It is now under the manage- 
ment of Jack FerreZZ-third in the 
family line to hold that post and 
widely recognized as one of the best 
of the grazing land managers. 

“The American Society of Range 
Management is a serious-minded 
group, which constantly seeks to 
learn more about the care and feed- 
ing of beef cattle and the care of the 
land which is all-important. El 
Dorado and Beaumont are proud to 
have been the meeting place of these 
Society members in their latest pur- 
poseful quest.” 

NEBRASKA 
The 1964 annual meeting of the 

Section was held at Alliance, Sept. 
17-19. This meeting, the first for 
some time in western Nebraska, was 
well attended by members from all 
parts of the state. 

Thursday afternoon, Sept. 17, a 
group of 125 persons went on a tour 
of the Scotts Bluff Experimental 
Pastures, conducted by Dr. Don 
Burzluff, University of Nebraska. 
Friday morning 60 persons attended 
the annual business meeting, con- 
ducted by President John Sautter, 
Soil Conservation Service, Halsey. 



Bob Humphrey in Brazil 

Dr. R. R. Humphrey reported to 
the Arizona Section Newsletter from 
his new station at Fortaleza, Ceara, 
Brazil. 

“This is the ‘dry northeast’ but it 
seems to be too wet for grass and, 
for the most part, too dry for trees. 
I haven’t yet seen any grass as we 
know grass in Arizona. The only 
fairly extensive stand I have seen 
was the same annual six-weeks 
three-awn that we have and rate as 
low-grade forage in Arizona. The 
average annual rainfall ranges from 
about 12-20 in., and perennial grasses 
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are rarely seen except in swampy 
areas. 

Most of what we would call range- 
lands are here covered by a dense 
stand of brush most of which ap- 
parently has little value of forage. 
When cleared for any reason, it 
comes up at once to a dense stand of 
annuals that would appear to make 
establishment of more desirable an- 
nuals or perennials impossible. In 
addition to the annuals, the brush 
starts right back. One of the most 
obnoxious, marmeleiro, has to be 
completely rooted out or new shoots 
come up from the root fragments. 

Even my old friend, fire, has no per- 
manent effect on it because of this 
tendency to sprout. 

“Native cattle, goats and more 
goats, pigs, sheep and burros graze 
most of this brushland. The cattle 
and goats come in a wide variety of 
colors, shapes, and sizes; the sheep 
are largely a dirty gray white. The 
sheep at this time of year (winter) 
carry about a half coat of ragged 
wool.” 

Bob’s long experience in the Ari- 
zona and other range country should 
be of real value in helping solve 
range grazing problems in the Bra- 
zilian desert. 

WITH THE SECTIONS 

ARIZONA 

Winter meeting was scheduled for 
January 20-21, 1965, at Nogales, 
under leadership of S. Clark Martin. 

Rancher M. Carl Webb of the Ari- 
zona Section reports that after three 
years of using rotational deferred 
grazing on a very rough, rocky 
range, he is convinced that it is the 
best system for the J. I. Ranch on 
Devils Canyon between Miami and 
Superior. He observed that both 
palatable browse plants and good 
grasses grew better under the sys- 
tem, in spite of two dry years out of 
three. 

CALIFORNIA 

The Section lined up a fine pro- 
gram for the fall meeting at Ukiah 
on November 12-13, 1964. The first 
morning was a series of discussions 
by ranchers on management of 
range lands for sheep production 
and for cattle production as well as 
coordination with game, timber, rec- 
reation, and watershed uses. Harold 
BisweZZ was Program Chairman, and 
speakers were Ken Sexton, Carl 
Twisselman, Tom Richards, Tobe 
Arvola, EZwin Roney, Paul Aurignac, 
Glen Keithley, and Bill Harvey. 
First afternoon session was to be de- 
voted to range ecosystems, with dis- 
cussions by experts Arnold Schultz, 
Hans Jenny, Bill Williams, Ray Das- 
mann, and Mike Brewer. Second day 

was to be a field tour to Hopland 
Field Station, AZ Murphy, Superin- 
tendent. 

COLORADO 
Annual Meeting of the Section 

was scheduled for Saturday, Decem- 
ber 12, 1964, at Lakewood, west of 
Denver. Tom Eaman, Dale Jones, 
Willard Graves, and Ken Green 
were in charge of arrangements. 

KANSAS-OKLAHOMA 
R. A. Clymer, “Sage of the Hills”, 

editorialized in the October 23, 1964 
edition of the El Dorado, Kansas 
Times as follows, under the heading 
“Cowmen Study Bluestem Ranges.” 

“The American Society of Range 
Management, Kansas-Oklahoma 
Chapter, held a fruitful meeting in 
El Dorado last Friday evening. On 
Saturday morning, more than eighty 
of the keen cowmen who attended 
this assembly toured the vast ex- 
panses of the famous Ferrell Ranch 
southeast of Beaumont. 

“This meeting was more than a 
social gathering. It embodied an 
earnest effort on the part of ranch 
managers to discover more about the 
type of responsible management that 
goes into the operation of bluestem 
ranches in the Flint Hills. The repu- 
tation of these ranches for efficiency 
in their handling has spread to far 
distances. At their Friday night din- 
ner session in El Dorado, the visitors 

heard first-hand testimony from two 
of the best of the Hills Ranchers- 
Jack FerreZZ, of Beaumont, and Arch 
Gothard, of Cedarvale. 

“The Ferrell ranch is a magnifi- 
cent spread embracing over 7,000 
acres. It is now under the manage- 
ment of Jack FerreZZ-third in the 
family line to hold that post and 
widely recognized as one of the best 
of the grazing land managers. 

“The American Society of Range 
Management is a serious-minded 
group, which constantly seeks to 
learn more about the care and feed- 
ing of beef cattle and the care of the 
land which is all-important. El 
Dorado and Beaumont are proud to 
have been the meeting place of these 
Society members in their latest pur- 
poseful quest.” 

NEBRASKA 
The 1964 annual meeting of the 

Section was held at Alliance, Sept. 
17-19. This meeting, the first for 
some time in western Nebraska, was 
well attended by members from all 
parts of the state. 

Thursday afternoon, Sept. 17, a 
group of 125 persons went on a tour 
of the Scotts Bluff Experimental 
Pastures, conducted by Dr. Don 
Burzluff, University of Nebraska. 
Friday morning 60 persons attended 
the annual business meeting, con- 
ducted by President John Sautter, 
Soil Conservation Service, Halsey. 
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The formal program held Friday 
afternoon was attended by 115 per- 
sons and 130 attended the evening 
banquet and program. 

President John Sautter expressed 
thanks to all those attending the 
tour and meeting, and a special word 
of appreciation to those who assisted 
by their help, arrangements, and as- 
sistance in making the entire pro- 
gram a success. 

The 1964 Nebraska Range Man- 
agement Award was presented to Dr. 
Marvel L. Baker, Prof. Emeritus, 
Animal Science Department, Uni- 
versity of Nebraska, at the Annual 
Meeting of the Nebraska Section of 
the American Society of Range 
Management. This award is pre- 
sented annually to an individual in 
recognition for outstanding work in 
the development and use of Nebras- 
ka range resources. 

The award was presented during 
the banquet by Dr. Donald C. Clan- 
ton of the Animal Science Depart- 
ment at the University who is im- 
mediate past president of the Ne- 
braska Section. He discussed Dr. 
Baker’s achievements and activities 
which have so influenced the live- 
stock industry. Mr. Sid Salzman, a 
rancher near Ainsworth, spoke in 
Dr. Baker’s behalf as a teacher and 
counselor. 

Forty-three young men aged 14 to 
18 attended the second Nebraska 
Range Camp held at the State 4-H 
Club at Halsey, August 9 to 15, 1964. 
The camp emphasized a practical 
program for ranch youth. “Crew 
foremen” were Don Harford, Sid 
Salzman, Ray SaZZ, and Glenn Nick- 
Zas. Trail boss award went to Ernest 
Kuenning; Range judging champ 
was Tommy Messersmith; and Note- 
book contest was won by Ernest 
Kuenning. 

TEXAS 
The Section Field Tour at Barn- 

hart came off in good style on Octo- 
ber 16, 1964. Program included wel- 
come by W. T. Hardy, Superinten- 
dent of Sonora station; Billy Carr 
talking on Texas University lands; 
Jim Menzies on animal husbandry 
research results; Bobby Ragsdale on 
perennial broomweed ecology; and 
Don HUSS, Bobby Ragsdale, and Dyk 
Dyksterhuis supervising the tour of 
the pastures. P. R. Kramer gave re- 
sults of fence post study. 

Annual Meeting of the Section 
was scheduled for Abilene December 
4 and 5, 1964. 

WITH THE SECTIONS 

Bob Gartner of South Dakota State University discussing range improvement during 
South Dakota Section tour July 24, 1964. Enclosure is in heavily grazed pasture (note 
background) at Cottonwood Experiment Station in Haakon County. 

LETTERS TO 

Dear Dr. Campbell: 

We have been advised of an error 
in our article entitled “Drylot All- 
Concentrate Feeding-An Approach 
to Flexible Ranching”, in the July, 
1964 issue of the Journal of Range 
Management. On pages 179 and 182 
we refer to a report (Staff, 1964) in 
which a ration was recommended 
from another source. 

Mr. Horace McQueen, who wrote 
the article cited, advises us of a 
printing mistake by Texas Farm and 
Ranch in which the ration was 
shown to contain 14 pounds of grain. 
This should have been 1.4 pounds 
instead of 14. This change would re- 
duce the cost to 23.05 cents com- 
pared to the Tech ration cost of 18 
cents for our area. 

This correction would not alter 
the concepts or recommendations as 
presented in the article. 

Sincerely Yours, 

Gerald W. Thomas 
Ralph M. Durham 
Lubbock, Texas 

Dear Dr. Campbell: 

The article on page 179 of the 
July, 1964, Journal on “Drylot All- 
Concentrate Feeding” was with a 
few exceptions very well done. 

THE EDITOR 

However, several important studies 
were not reported-notably those at 
Oklahoma State University and 
South Dakota State College. Re- 
search at both these institutions 
showed cattle fed grain and concen- 
trate with limited amounts of alfalfa 
hay or alfalfa meal brought more 
return in nearly all tests than did 
cattle fed an all-concentrate ration. 
Also Kansas Agricultural Experi- 
ment Station has recently shown an 
advantage for alfalfa hay in fatten- 
ing rations compared with all-con- 
centrate rations. 

We would like to clarify the refer- 
ence to an article in Texas Farm and 
Ranch, January, 1964, from which 
the Thomas-Durham article inti- 
mates that recommendations for 
wintering a 1,000 pound cow would 
be “10 lbs. grass hay, 14 lbs. grain, 
and 1.5 lbs. high protein daily.” This 
article was written using the figure 
1.4 lbs. grain daily. Apparently in 
setting type it came out 14 lbs. 

We certainly enjoy reading the 
Journal each issue. 

Sincerely 
Horace F. McQueen 
Area Information Specialist 
Dixon Hubbard 
Area Livestock Specialist 
Lubbock, Texas 
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The formal program held Friday 
afternoon was attended by 115 per- 
sons and 130 attended the evening 
banquet and program. 

President John Sautter expressed 
thanks to all those attending the 
tour and meeting, and a special word 
of appreciation to those who assisted 
by their help, arrangements, and as- 
sistance in making the entire pro- 
gram a success. 

The 1964 Nebraska Range Man- 
agement Award was presented to Dr. 
Marvel L. Baker, Prof. Emeritus, 
Animal Science Department, Uni- 
versity of Nebraska, at the Annual 
Meeting of the Nebraska Section of 
the American Society of Range 
Management. This award is pre- 
sented annually to an individual in 
recognition for outstanding work in 
the development and use of Nebras- 
ka range resources. 

The award was presented during 
the banquet by Dr. Donald C. Clan- 
ton of the Animal Science Depart- 
ment at the University who is im- 
mediate past president of the Ne- 
braska Section. He discussed Dr. 
Baker’s achievements and activities 
which have so influenced the live- 
stock industry. Mr. Sid Salzman, a 
rancher near Ainsworth, spoke in 
Dr. Baker’s behalf as a teacher and 
counselor. 

Forty-three young men aged 14 to 
18 attended the second Nebraska 
Range Camp held at the State 4-H 
Club at Halsey, August 9 to 15, 1964. 
The camp emphasized a practical 
program for ranch youth. “Crew 
foremen” were Don Harford, Sid 
Salzman, Ray SaZZ, and Glenn Nick- 
Zas. Trail boss award went to Ernest 
Kuenning; Range judging champ 
was Tommy Messersmith; and Note- 
book contest was won by Ernest 
Kuenning. 

TEXAS 
The Section Field Tour at Barn- 

hart came off in good style on Octo- 
ber 16, 1964. Program included wel- 
come by W. T. Hardy, Superinten- 
dent of Sonora station; Billy Carr 
talking on Texas University lands; 
Jim Menzies on animal husbandry 
research results; Bobby Ragsdale on 
perennial broomweed ecology; and 
Don HUSS, Bobby Ragsdale, and Dyk 
Dyksterhuis supervising the tour of 
the pastures. P. R. Kramer gave re- 
sults of fence post study. 

Annual Meeting of the Section 
was scheduled for Abilene December 
4 and 5, 1964. 

WITH THE SECTIONS 

Bob Gartner of South Dakota State University discussing range improvement during 
South Dakota Section tour July 24, 1964. Enclosure is in heavily grazed pasture (note 
background) at Cottonwood Experiment Station in Haakon County. 

LETTERS TO 

Dear Dr. Campbell: 

We have been advised of an error 
in our article entitled “Drylot All- 
Concentrate Feeding-An Approach 
to Flexible Ranching”, in the July, 
1964 issue of the Journal of Range 
Management. On pages 179 and 182 
we refer to a report (Staff, 1964) in 
which a ration was recommended 
from another source. 

Mr. Horace McQueen, who wrote 
the article cited, advises us of a 
printing mistake by Texas Farm and 
Ranch in which the ration was 
shown to contain 14 pounds of grain. 
This should have been 1.4 pounds 
instead of 14. This change would re- 
duce the cost to 23.05 cents com- 
pared to the Tech ration cost of 18 
cents for our area. 

This correction would not alter 
the concepts or recommendations as 
presented in the article. 

Sincerely Yours, 

Gerald W. Thomas 
Ralph M. Durham 
Lubbock, Texas 

Dear Dr. Campbell: 

The article on page 179 of the 
July, 1964, Journal on “Drylot All- 
Concentrate Feeding” was with a 
few exceptions very well done. 

THE EDITOR 

However, several important studies 
were not reported-notably those at 
Oklahoma State University and 
South Dakota State College. Re- 
search at both these institutions 
showed cattle fed grain and concen- 
trate with limited amounts of alfalfa 
hay or alfalfa meal brought more 
return in nearly all tests than did 
cattle fed an all-concentrate ration. 
Also Kansas Agricultural Experi- 
ment Station has recently shown an 
advantage for alfalfa hay in fatten- 
ing rations compared with all-con- 
centrate rations. 

We would like to clarify the refer- 
ence to an article in Texas Farm and 
Ranch, January, 1964, from which 
the Thomas-Durham article inti- 
mates that recommendations for 
wintering a 1,000 pound cow would 
be “10 lbs. grass hay, 14 lbs. grain, 
and 1.5 lbs. high protein daily.” This 
article was written using the figure 
1.4 lbs. grain daily. Apparently in 
setting type it came out 14 lbs. 

We certainly enjoy reading the 
Journal each issue. 

Sincerely 
Horace F. McQueen 
Area Information Specialist 
Dixon Hubbard 
Area Livestock Specialist 
Lubbock, Texas 



SOCIETY BUSINESS 

AMERICAN 

Program 

Eighteenth Annual Convention 

SOCIETY OF RANGE MANAGEMENT 

Dunes Hotel, Las Vegas, Nevada 

February 9 to 12, 1965 

Theme: Th.e Rancher-The Key to Range Management 

ARRANGEMENTS COMMITTEE MEETING 
FOR 1966 CONVENTION 

AMERICAN SOCIETY OF RANGE MANAGEMENT 
Tuesday, February 9, 1965, 9:00 a.m. 

Dunes Hotel, Las Vegas, Nevada 

Registration: 
Thursday. 

Host Section, 

8: 00 AM Monday to 12 Noon 

Nevada Section, ASRM, Royal 
G. Ho& President 

SPECZAL MEETlNGS 

Board of Directors, 8 AM Monday and Thurs- 
day 

Council of Section Officers, 9: 30 AM to 4: 00 
PM Monday 

Interagency Range Equipment Committee 
Meeting, 8: 00 AM Sunday and Monday 

Photos and Displays Committee, 10: 00 AM to 
12 Noon Monday 

Editorial Board and Publications Committee, 
2: 00 to 5: 00 PM Monday 

Range Plant Contest Committee, 2: 00 to 5: 00 
PM Monday, and 4: 30 PM Thursday 

Range Management Education Council, 1: 00 
to 5: 00 PM and 7: 30 to 10: 30 PM Monday, 
and 9: 00 AM to 12 Noon Tuesday 

Extension Range Specialists, 2: 00 to 5: 00 PM 

Monday 
Range Plant Judging Contest, 8: 00 AM Tues- 

day 
Luncheon for Directors, Foreign Students 

and Plant Judging Teams, 12 Noon Thurs- 
day (No Host) 
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NOTABLE ITEMS 
Interview Service: 8: 00 AM Tuesday to 4: 00 

PM Thursday 
Installation of New Officers and Directors: 

5: 30 PM Wednesday, followed by Social 
Hour to 6: 30 PM 

Dinner Show: Casino de Paris, Dunes Hotel, 
6: 30 PM Thursday. Tickets at Registration 
Desk (Deadline Noon Thursday) 

Banquet Luncheon: 12: 30 PM Friday 
Announcements: Bulletin Board near Regis- 

tration Desk 
Coffee Bars: Daily 

LADlES PROGRAM 

Ladies Headquarters: Continuous through 
the Convention, starting at 1: 00 PM Mon- 
day 

Get-Acquainted Tea: 2: 00 to 4: 00 PM Tuesday 
Luncheon and Fashion Show: 12 Noon to 

2: 00 PM Wednesday 
Tour: The Mint in Downtown Las Vegas, 

2: 30 to 4: 30 PM Wednesday 
Tour: Hoover Dam and Lake Mead, by Spe- 

cial Arrangement, 11: 00 AM to 3: 30 PM 

Thursday 
Ladies of course are welcome to attend all 

program sessions. 
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Tuesday Afternoon February 9 

OPENING SESSION 
1: 00 PM Call to Order, President Wayne 

Kessler 
The Invocation, Myrvin E. Noble, Nat’l. 

Director 
The Arrangements, H. M. Kilpatrick, 
Chairman, Convention Arrangements 

Committee 
The Program, John D. Freeman, Chair- 
man, Convention Program Committee 

SETTING THE STAGE 
RANGE TYPES AND GRAZING HISTORY 
OF NEVADA, Joseph H. Robertson, Chair- 
man, Division of Plant Science, Max C. 
Fleischman College of Agriculture, Univer- 
sity of Nevada, Reno. 
VEGETATION TYPES AND GRAZING 
HISTORY OF UTAH, Selar S. Hutchings, 
Intermountain Forest and Range Experiment 
Station, F. S., Ogden Utah. 
HISTORY, GEOLOGY AND RANCHING 
ON THE ARIZONA STRIP NORTH OF THE 
GRAND CANYON, Phillip Foremaster, 
Rancher, St. George, Utah. 
THE PRESIDENTIAL ADDRESS, Wayne 
Kessler, Phoenix, Arizona. 
REPORT OF THE EXECUTIVE SECRE- 
TARY, John G. Clouston, Portland, Ore. 
REPORT OF THE EDITOR, Robert S. Camp- 
bell, Quincy, Illinois. 

Tuesday Evening, February 9 
NO FORMAL SESSIONS 

Wednesday Morning, February 10 
General Session 

8:30 AM 

RANCHER’S ROLE IN RANGE 
MANAGEMENT 

Session Chairman-Royal G. HoZZ, BLM, 
President, Nevada Section, ASRM. 

Co-Chairman-George L. Wiseman, U.S. Fish 
and Wildlife Service, Portland, Oregon. 

FLEXIBLE RANCH MANAGEMENT IS 
IMPORTANT TO GRASS MANAGE- 
MENT, George Turcott, BLM, Billings, 
Montana. 

A RANCHER’S ROLE IN RESOURCE CON- 
SERVATION LEGISLATION, KeZ Fox, 
Rancher, former Representative and Sen- 
ator, Arizona State Legislature; Arizona’s 
1961 ASRM Range Management Man of 
the Year, Camp Verde, Arizona. 

THE KEY TO RANGE MANAGEMENT, 
Keynote talk by Brooks Keogh, Presi- 
dent, American National Cattleman’s As- 
sociation, Keene, North Dakota. 

RANCH AND RANGE MANAGEMENT 
ECONOMICS, Fred Harris, Ranch Con- 
sultant, Elko, Nevada. 

INTEGRATION OF PUBLIC AND PRI- 
VATE LAND: RANCHER-AGENCY 
RESPONSIBILITIES, DiZZard H. Gates, 
Range Management Specialist, Oregon 
State University, Corvallis, Oregon. 

SOLVING PROBLEMS IN RANGE MAN- 
AGEMENT ON RANCHES WITH IN- 
TERMINGLED FEDERAL, STATE 
AND PRIVATELY-OWNED LAND, 
Leonard Horn, Rancher, Wolcott, Colo- 
rado 

Wednesday Afternoon, February 10 
Split Sessions 

I:15 PM 

Session A 

PANEL ON MULTZPLE USE 
Session Chairman-Eugene Barrett, BIA, 

Washington, D.C. 
Co-Chairman- Donald CorneZius, ARS, 

Berkeley, California. 
Moderator-Floyd Iuerson, Regional Fores- 

ter, USFS, Ogden, Utah. 
Ten-minute introduction by moderator. Six 

speakers-20 minutes each-followed by 
discussion. 

TIMBER, H. R. Glascock, Jr., Western Fores- 
try and Conservation, Portland, Oregon. 

IMPORTANCE OF WATER, Hugh A. Sham- 
berger, Director, Department of Conser- 
vation and Natural Resources, State of 
Nevada, Carson City. 

GRASS, Bill K. Cooperrider, Forest Service 
Supervisor, Alturas, California. 

RANGE MANAGEMENT AND RECREA- 
TION, W. W. DresskeZZ, Regional Direc- 
tor, Bureau of Outdoor Recreation, Den- 
ver, Colorado. 

WILDLIFE, C. R. Gutermuth, Vice-President, 
Wildlife Management Institute, Washing- 
ton, D.C. 

RANCHING-A PART OF THE MULTIPLE 
USE PICTURE, Bill Davis, Executive 
Secretary, Arizona Cattle Growers Asso- 
ciation, Pheonix. 
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Session B 

SYMPOSZUM WITH AMERZCAN SOCIETY 
OF ANZMAL SCZENCE 

Session Chairman-Leo 1MerriZZ, Range Scien- 
tist, Texas Agric. Experiment Station, 
Sonora. 

Co-Chairman-Henry E. Wall, Jr., Range 
Conservationist, SCS, Prescott, Arizona. 

Introduction-Paul 0. Stratton, Past Presi- 
dent, Western Section, American Society 
of Animal Science, University of Wyo- 
ming, Laramie. 

RANGE LIVESTOCK NUTRITION IN THE 
GREAT BASIN AREA, C. Wayne Cook, 
Utah State University, Logan, Utah. 

VALUE OF NATIVE AND SEEDED RANGE 
GRASSES AND SUPPLEMENTS RE- 
QUIRED IN BEEF COW NUTRITION, 
F. C. Daugherty, Colorado State Univer- 
sity, Fort Collins. 

DEVELOPING AND USING A HIGH PRO- 
DUCING RANGE THROUGH HERD 
MANAGEMENT IN THE SOUTHEAST, 
L. L. Yarlett, Range Conservationist, SCS, 
Sebring, Florida. 

IMPROVEMENT OF OREGON RANGES 
THROUGH NUTRITION AND MAN- 
AGEMENT RESEARCH, Robert Raleigh, 
ARS, Squaw Butte Experiment Station, 
Burns, Oregon.. 

EFFECT OF WINTER FEED AND GRAZ- 
ING SYSTEMS ON COW PERFORM- 
ANCE, Wm. J. Waldrip, Texas Agric. Ex- 
periment Station, Spur. 

BLOOD CONSTITUENTS AS INDEXES TO 
RANGE FORAGE NUTRITION, W. H. 
Hale, University of Arizona, Tucson. 

Wednesday Evening, February IO 
5:30 PM 

Installation of Officers and Directors, and 
Social Hour (No Host). 

Thursday Morning, February 11 
General Session 

8:30 AM 

GRAZZNG LAND PROBLEMS 
AND PRACTICES 

Session Chairman-Avon Denham, Forest 
Service, Portland, Oregon. 

Co-Chairman-Jim Anderson, BLM, Santa 
Fe, New Mexico. 

MANAGING GRAZING RESOURCES FOR 
PROFIT ON COMMERCIAL TIMBER 
LANDS, H. B. Smith, Georgia-Pacific 
Company, Pilot Rock, Ore. 

NEW RANGE RENEWAL PATTERNS IN 
HANDLING LAND AND WATER RE- 
SOURCE PROBLEMS ON PUBLIC 
AND PRIVATELY-OWNED INTER- 
MINGLED LANDS, Don Coops, Rancher, 
and Chairman of Surprise Valley Soil 
Conservation District, Cedarville, Cali- 
f ornia. 

INTERNATIONAL ASPECTS OF THE 
LIVESTOCK INDUSTRY OF NORTH- 
ERN MEXICO, Leandro E. Lujan, 
Rancher and General Manager Empaca- 
dora de Chihuahua, S. A., Mexico, and 
Gilbert0 Valdez, Rancher, Union Cana- 
dera Regional de Chihuahua. 

MANAGEMENT OF A YEAR-ROUND 
RANGE OPERATION, Ira Kent, Ranch- 
er, and Member of State ASCS Com- 
mittee, Fallon, Nevada. 

BIG GAME-DOMESTIC LIVESTOCK RE- 
LATIONSHIPS, Charles H. Rouse, U.S. 
Fish and Wildlife Service, Lakeview, 
Oregon. 

THE ROLE OF LOCAL USERS IN THE 
ADMINISTRATION AND MANAGE- 
MENT OF THE PUBLIC DOMAIN, 
Charles H. Stoddard, Director, BLM, 
Washington, D.C. 

TRIALS AND TRIBULATIONS OF AN 
ARIZONA RANCHER, Barry Freeman, 
Extension Specialist, University of Ari- 
zona, Tucson. 

Thursday Afternoon, February 11 
Split Sessions 

1: 15 PM 

Session A 

SOIL-VEGETATZON RELATIONSHIPS 

Session Chairman - Blaine HaZZiday, SCS 
State Office, Boise, Idaho, and former 
President, Nevada Section, ASRM. 

Co-Chairman-R. G. (Pat) Gray, Immediate 
Past-President, Arizona Section, ASRM, 
and County Agent, Globe. 

REINDEER RANCHING IN ALASKA,, Ed 
Nygard, BIA, Juneau, Alaska. 

CLOSE-UP STUDY OF THE SQUARE 
BUTTE RELICT AREA IN CASCADE 
COUNTY, MONTANA, Joseph C. Zacek, 
Range Conservationist, SCS, Great Falls, 
Montana. 

LOCATING COMPARABLE STUDY AREAS 
USING A POINT RATING SYSTEM, 
Raymond D. Ratliff, Pacific Southwest 
Forest and Range Expt. Sta., Susanville, 
Calif. 
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APPLICATION OF SOIL-VEGETATION 
SURVEYS TO RANGELAND MAN- 
AGEMENT, Melvin Morris, Montana 
State University, Missoula, and others. 

SOIL MOISTURE DETERMINES SUCCESS 
IN SAGE CONTROL, B. B. Heywood, 
Range Conservationist, SCS, Logan, Utah. 

RANGE FORAGE, BEEF CATTLE, AND 
SOIL RESPONSES TO STOCKING 
RATES AND GRAZING SYSTEMS ON 
SANDY RANGELAND IN THE SOUTH- 
ERN PLAINS, E. H. M&vain, ARS, 
Woodward, Oklahoma. 

POSSIBILITIES OF REHABILITATING 
FOREST LANDS WITHOUT DRASTIC 
CUTS IN RANGE PERMITS, Douglas 2’. 
Simpson, Rancher, and President, Utah 
Farmers Union, Salt Lake City. 

Session B 

PANEL ON PESTICIDES 
Session Chairman--John R. Killough, BLM, 

Cheyenne, Wyoming. 
Co-Chairman-Tohn (Stan) Tixier, Forest 

Service, Carlsbad, N. M. 
Moderator--Dick Whetsell, Rancher, Foraker, 

Oklahoma. 
Introduction by Moderator. Six speakers, 20 

minutes each, 20-minute break, followed 
by discussion. 

WHAT THE UNIVERSITY OF CALIFOR- 
NIA IS DOING IN THE FIELD OF 
PEST CONTROL, Lester J. Berry, Ex- 
tension Range Specialist, University of 
California, Davis. 

THE FEDERAL COMMITTEE ON PEST 
CONTROL, R. J. Anderson, Department 
of Health, Education and Welfare, Wash- 
ington, D.C. 

RESEARCH ACROSS THE NATION NOW 
UNDERWAY TO DETERMINE THE 
EFFECTS OF PESTICIDES ON MAN- 
KIND, WILDLIFE, AND DOMESTIC 
LIVESTOCK, W. B. ‘Ennis, ARS, Belts- 
ville, Maryland. 

HISTORY OF CHEMICAL CONTROL OF 
BRUSH, THE SUCCESSES, FAILURES, 
AND NATIONAL NEEDS, Hurlon Ray, 
SCS, Albuquerque, New Mexico. 

PERILS AND/OR BENEFITS TO WILD- 
LIFE, William H. Lawrence, Forest Wild- 
life Biologist, Weyerhaeuser Co., Cen- 
tralia, Wash. 

COSTS, RESULTS, AND BENEFITS AC- 
CRUED TO THE RANCHER, Wesley 
Hyatt, Rancher, Hyattville, Wyoming. 

6: 30 PM Dinner Show, Casino de Paris, 
Dunes Hotel (by reservation). 

Friday Morning, February 12 
General Session 

8:30 AM 

A LOOK TOWARDS THE FUTURE 
Session Chairman-Ernest Chilson, Rancher, 

and Arizona’s 1963 ASRM Range Man- 
agement Man of the Year, Flagstaff. 

Co-Chairman-John Forsman, Forest Service, 
Washington, D. C. 

GRASS UNLIMITED ON PUBLIC DOMAIN 
IN IDAHO, Bill McIZvain, BLM, Burley, 
Idaho. 

WHAT IS NEEDED IN THE REVISION OF 
PUBLIC LAND LAWS, The Honorable 
Wayne Asp&all, Congressman, of Colo- 
rado. 

IMPORTANCE OF RANGE AND RANGE 
MANAGEMENT TO THE SHEEP IN- 
DUSTRY, Joe Donlin, Vice-President, 
National Wool Growers Association, 
Casper, Wyoming. 

HOW THE LIVESTOCK INDUSTRY IS 
SERVED BY LIVESTOCK MAGA- 
ZINES, John Chohlis, Editor, Western 
Livestock Journal, Los Angeles, Calif. 

POSSIBILITIES OF INCOME PRODUCING 
RECREATIONAL FACILITIES ON PRI- 
VATELY-OWNED LANDS AND SOME 
OF THE PROBLEMS INVOLVED, 
Edward L. Koxicky, Director of Con- 
servation, Olin Matheson Chemical Cor- 
poration, East Alton, Illinois. 

Friday Afternoon, February 12 
12:30 PM 

Banquet Luncheon, featuring reindeer meat 
from Indian ranches in Alaska. 

Toastmaster, Dale W. Bohmont, Dean and 
Director, Max C. Fleischmann College of 
Agriculture, University of Nevada. 

Luncheon Address - “RANGE MANAGE- 
MENT-An Obituary?“, W. F. Schroeder, 
Attorney, Vale, Oregon. 

Music, presentation of awards, introduction 
of new officers and directors. 

Response by 1965 President Clinton H. Wasser 
ADJOURNMENT OF CONVENTION 

SEE YOU NEXT YEAR IN NEW ORLEANS, 
FEBRUARY l-4, 1966! 
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Annual Report of Retiring President for 1964 
WAYNE KESSLER 

One year ago at Wichita, Kansas, 
you conferred upon me one of the 
highest honors in the field of graz- 
ing land management. You installed 
me as the President of our interna- 
tional Society. It has been a privi- 
lege and a pleasure to serve you. I 
look forward with real zest and 
anticipation to the progress which 
I know the Society will make in the 
years ahead. 

May I take this opportunity to 
thank the membership and friends 
for the many letters of congratula- 
tions and offers of assistance. Your 
cooperation in the furtherance of 
the Society’s programs is most ap- 
preciated. I have, as your President, 
called upon a great many of you to 
do things; not one of you has de- 
clined. All of you have delivered 
with real ability. 

I am particularly indebted to your 
Society Executive Secretary John 
Clouston, Journal Editor Bob Camp- 
bell, I m m e d i a t e Past-President 
“Tally” Talbot, President-elect 
Clint Wasser, Directors Don Hed- 
rick, Myrvin Noble, Don Cox, Bill 
Hurst, Morton May and Bill Hof- 
mann. Their generous and friendly 
counsel and guidance have been in- 
valuable. It has been indeed most 
reassuring to have had the continu- 
ing w o n d e r f u 1 cooperation from 
these men and the many effective 
and productive committee chairmen 
and hundreds of committee mem- 
bers. You have elected a highly- 
competent Board of Directors. Serv- 
ing in partnership with this fine 
group has been a rewarding experi- 
ence. I view the coming year as 
your Immediate Past President with 
anticipation and optimism. 

My optimism stems largely from 
observations of the eighteen Sec- 
tions of our Society, which have 
been critically evaluating their local 
programs and activities in light of 
rapidly changing influences affect- 
ing grazing land management. The 
state or regional Section will remain 
as the nucleus about which our So- 
ciety centers and upon which our 
Society builds for the productive 
years ahead. Productive Sections re- 
sult in a strong, effective national 
organization. Your national officers 

Phoenix, Arizona 

and directors much appreciate the 
partnership and counsel of the na- 
tional Council of Section Officers. 
The Council plays a vital role in the 
Society’s growing business and pro- 
grams. 

I congratulate you, all of you, not 
just on your progress in advance- 
ment of the science and art of graz- 
ing land management during 1964, 
but on your role in history. You 
have chartered a course of action for 
the future which will further the 
conservation and greater sustained 
use of forage and soil and water re- 
sources. This broadened outlook can 
only bring renown and progress to 
our Society. 

There are 5,000 of you throughout 
the world who give of your time, 
your ability, and your leadership, 
freely, gladly and willingly, to pro- 
vide for the effective operation of 
the many-sided programs of the 
ASRM. 

You and I are privileged to serve 
our Society in this age in a manner 
which does not make headlines, nor 
will there be monetary rewards. 
Our role of leadership in grazing 
land resource conservation and de- 
velopment will bring personal sat- 
isfaction-the satisfaction of know- 
ing that what we are doing needs to 
be done. We know our job is neces- 
sary. We know that future genera- 
tions will be able to look back and 
give thanks to a generation that had 
the will, the desire to look ahead. 
You are the grazing land manage- 
ment leaders and on you rests much 
of the responsibility for the ad- 
vancements ahead. The choice you 
make in the immediate years ahead 
may well shape the economic future 
of the livestock and allied industries 
for generations yet to come. 

To all of you, let me extend a 
hearty invitation to the 18th annual 
meeting at Las Vegas and a wish for 
an interesting and profitable week 
in the great State of Nevada. To 
those of you who will attend your 
national convention for the first time 
-let me extend to you an especially 
warm invitation. Let me urge you 
to participate in the sessions to the 
fullest extent. We fully expect this 
to be the best attended ASRM con- 
vention to date. 

Wayne Kessler, ASRM President for 
1968, will preside at the Annual 
Meeting in Las Vegas. 

In behalf of the ASRM, as a 
whole, and the Society’s officers and 
Board of Directors, I wish to express 
sincere appreciation and extend very 
best wishes to the host Nevada Sec- 
tion for a bright future. None of us 
will forget the courteous and gra- 
cious reception, excellent facilities, 
and fine entertainment to be pro- 
vided by the members of the Nevada 
Section and many associates. Head- 
ing the Nevada Section sponsorship 
of this great convention is, of course, 
Nevada Section President Royal 
Ho11 and long-time Section Member, 
Mike Kilpatrick, the Convention 
Arrangements Committee General 
Chairman. 

The Nevada Section has the po- 
tential for very substantially serving 
the needs in range resources conser- 
vation and development of the peo- 
ple of the state. Just as in the case 
of any of our eighteen ASRM Sec- 
tions, the only limitation to progress 
and achievement for the Nevada 
Section is the sum total of each 
member’s imagination, ingenuity 
and willingness to work. The Ne- 
vada Section membership demon- 
strates it has these ingredients. 

I believe 1964 has been an out- 
standing year, notable for consolida- 
tion of gains and development of 
long-range programs. We have be- 
come a mature Society. We have 
achieved status in the scientific and 
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