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Water Control by Rangeland 
Management’ 

HAROLD H. BISWELL 

Professor of Forestry, School of Forestry and Conseruation, 
University of California, Berkeley. 

Highlight 

In rangeland management, water quantity and quality 
are related to range condition. The better the range condi- 
tion, the better the water relationships. Range condition 
can be improved by regulating grazing, reseeding, fertiliz- 
ing, type conversions, and contour furrowing and pitting. 
Rangelands are highly variable in nearly every respect. The 
range manager must understand the climatic/topographic/ 
soil/plant/animal/water relationships for the areas under 
his control; he must have sound management objectives; 
and he must be willing to work toward those objectives in 
so far as is economically feasible. 

From ancient times to the present, many of the 
problems of excessive runoff, floods, erosion, and 
sedimentation of streams and reservoirs have been 
associated with rangelands and grazing. Further- 
more, much research and demonstration in the past 
30 or 35 years by the universities, ranchers, and 
government agencies such as the U.S. Forest Service, 
Soil Conservation Service, and Bureau of Land 
Management, have shown that good range manage- 
ment promotes favorable plant-water relationships 
on watersheds. What, then, are the good range man- 
agement practices that will help solve the water 
problems? 

The overall objective in management should be 
to insure superior range conditions. Ranges in good 
condition have highly satisfactory plant/water rela- 
tionships. Range condition is, in effect, range health. 
It can be defined as the relative position of a range 
with regard to an attainable standard set up by 
management on the basis of site potentialities. A 
range in good condition is well covered with a large 
proportion of desirable, vigorous forage plants. The 
amount of bare soil is no higher than normal for 
such sites, and there is no accelerated erosion. The 
infiltration capacity is high for the site, and any 
runoff water is as free of silt as can be expected. The 
high infiltration capacity permits rainwater to soak 
into the soil, where it becomes available to plants. 
In some cases water yield can be increased, and 
range conditions improved, by converting the veg- 
etative cover from shrubs and trees to grasses and 
forbs (broad-leaved herbs). Ranges in good condi- 

1 Prepared for International Conference on Water for Peace, 
Washington, D. C., May, 1967; at the request of Prof. 
Melvin Morris, then President, American Society of Range 
Management. Conference chairman requested that paper 
be non-technical. Submitted September 25, 1967; accepted 
for publication December 23, 1968. 

tion will graze approximately twice as many live- 
stock as those in poor condition. On the other ex- 
treme, ranges in poor condition are characterized 
by large numbers of undesirable plants; their infil- 
tration capacity is usually abnormally low; and ac- 
celerated erosion is currently taking place. 

Controlled Grazing 

The range operator has great control over graz- 
ing. He can determine the best kind of livestock 
to graze on a particular range, he can control the in- 
tensity of grazing by adjusting the number of ani- 
mals, and he can decide when to graze. The main 
objectives in regulating grazing are to favor the 
desirable forage plants and to maintain high infil- 
tration capacity so that water will be absorbed by 
the soil. The water can then be used by the plants, 
resulting in high forage production and profitable 
livestock gains, or it can go into slow-moving sub- 
surface and base flows. Thus, the combination of a 
good ground-cover of desirable plants and a high 
infiltration capacity help regulate streamflow and 
reduce flood potential. 

Desirable forage plants include grasses, forbs, or 
shrubs, all three of which grow in combination on 
many ranges. The range manager must know the 
ecology of these species, where and when they grow, 
their nutritional requirements, tolerance to graz- 
ing, and competitive relationships so that he can 
regulate grazing to favor those particular plants. 

Proper selection of livestock.-Because livestock 
vary in their grazing habits and forage preferences, 
the operator can select the kinds best suited to the 
different kinds of forage, and use them to manipu- 
late the plant cover. On steep slopes, sheep and 
o-oats graze better than do cattle, and with less soil 
zistur’bance. Cattle prefer grasses, sheep prefer fine 
grasses and forbs, and goats like to browse on 
shrubs. Usually a particular range is better suited 
to one kind of livestock than another, but in some 
cases, where there is a wide variety of forage and 
browse plants, two kinds can be grazed together ad- 
vantageously, both from the standpoint of desirable 
plants and livestock gains. 

With a knowledge of the ecology of the various 
range plants and the grazing habits of the different 
kinds of livestock, the range manager is then in a 
position to plan a grazing system to favor the desira- 
ble species-those he wishes to perpetuate or in- 
crease. Several satisfactory grazing systems have been 
developed for different kinds of ranges-for ex- 
ample, season-long, moderate grazing for annual 
plant ranges, and rest-rotation grazing for some per- 
ennial plant ranges. In some cases the best system 
is to withhold grazing for only a short time, to per- 
mit the desirable species to set seed, after which the 
range can be grazed again. 

Profwr intensity of grazing.-The rangeland op- 
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erator must make sure that desirable forage plants 
are not continuously grazed too closely or they will 
be weakened and perhaps killed. Reduction of the 
leaf area past a certain point, by grazing, reduces 
the capacity of the plant to manufacture food for its 
growth activities and for storage in the roots and 
stems. Surplus, stored food is essential to peren- 
nials for life during cold or dry periods, and for in- 
itiating regrowth after winter and summer dor- 
mancy. Without sufficient stored food, the peren- 
nials may die. 

Continued close grazing lowers production of 
total forage for livestock and retards volume of root 
growth and root penetration into the soil. This is 
not to say that all close grazing is bad. Sometimes 
it can be practiced for a short period to even up 
competition between desirable and undesirable 
plants. If this is done, however, a period of rest 
must follow, to give the desirable species a chance 
to regain vigor and produce seed. Practical exper- 
ience and research have indicated that the rule-of- 
thumb, “take half and leave half,” is a reasonably 
good practice for most ranges. It is sometimes dif- 
ficult for an operator to follow this practice because 
he hates to see forage left on the ground. For the 
annual vegetation type range in California it was 
found that 500 to 860 lb/acre of current growth of 
forage must be left on the ground at the end of the 
grazing season to assure good range conditions. 

Continued close grazing may also result in un- 
favorable changes in the plant cover, leading to- 
ward a reduction in the desirable species and an in- 
crease in the undesirables. When this happens the 
vegetation usually thins and the amount of bare 
sol1 increases. Futhermore, the undesirable species 
are often “weedy” plants with taproots, which are 
not so effective in protecting and binding the soil 
as are the fibrous roots of grasses. 

A primary ill effect of continued close grazing, 
in so far as soil-water relations are concerned, is 
that the plant cover is reduced to the point at which 
it is no longer effective in protecting the soil against 
compaction. Compaction results when soil particles 
are packed together by force exerted on the soil. On 
rangelands the two principal compacting forces are 
livestock and beating rain on bare soil. Cows stand- 
ing at rest exert a pressure of about 24 psi under 
each hoof, and sheep 9 lb. This force is greater 
when the animals are walking. Raindrops can also 
produce forces of considerable magnitude. For ex- 
ample, a Z-inch rain falling at a velocity of 20 mph 
on bare soil exerts 138 foot-lb/ft2 of kinetic energy. 
The principal effect of compaction is that the pore 
spaces in the surface one-half inch or so of soil are 
reduced, thereby causing the soil to lose its infiltra- 
tion capacity, so that water can no longer penetrate 
as it should. If precipitation cannot infiltrate the 
soil, it runs off the surface. On overgrazed land, 

which is not well protected by plant materials, ac- 
celerated erosion is almost inevitable. Furthermore 
water that never enters the soil does not become 
available for normal plant growth. Thus, a vicious 
cycle is established: Insufficient plant cover-soil 
compaction-poor infiltration capacity-less soil 
moisture-surface runoff-accelerated erosion-still 
less plant cover, etc. The best way either to break 
this cycle or prevent its development is to graze 
moderately so that the soil is well covered as on 
ranges in good condition. The amount of forage 
produced on rangelands normally fluctuates from 
year to year, sometimes greatly. To prevent too 
close grazing, particular care should be taken to 
adjust the stocking rate in accordance with the cur- 
rent growth of forage. 

When grazing is not strictly controlled, those 
ranges grazed by sheep and goats are usually more 
closely utilized than those stocked with cattle. The 
amount of forage required by the smaller animals 
is less than that for cattle. Smaller animals can 
move about and graze rapidly, thus getting a fill 
even when the forage is quite scarce. The final re- 
sult may be very close grazing. Since goats can be 
forced, by sparse forage, into taking the greatest 
variety of plants, it is sometimes wise to change 
from goats to sheep or from sheep to cattle to pre- 
vent too close grazing. Changing to cattle almost 
always results in lighter grazing and more favorable 
plant-soil relationships. However, when a range is 
covered with plants palatable to goats but not to 
sheep or cattle, it would be more profitable to stay 
with goats, but regulate grazing carefully to the 
carrying capacity. 

When two kinds of animals graze on the same 
range, some plants will be grazed by both. In this 
case, to prevent overgrazing, allowable utilization 
of the range must be based on the supply of those 
species subjected to overlap. 

Profw grazing season.-Some ranges can be grazed 
yearlong but others are seasonal. Animals are some- 
times placed on seasonal ranges too early, when the 
forage is short and the soil is wet and most subject 
to compaction. This is often done because supple- 
mental feeds are in short supply and are expensive. 
Therefore, it is wise to store a supply of hay to feed 
the animals until the range is far enough along so 
that the animals can get a fill in the normal grazing 
period. 

Not all soils are equally subject to compaction, 
however. For example, a sandy loam soil is not so 
easily compacted as a clay loam. If the operator has 
a choice, he would be wise to place animals on the 
sandy loam during periods when the soil is wet. 
Later, when the soil is drier and not so subject to 
compaction, the animals could be moved to the 
areas of clay loam. 
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Reducing Shrubs and Trees 
Millions of acres of rangelands in the western 

United States are in poor condition because of an 
increase in undesirable shrubs and trees. These 
plants have increased because grazing has reduced 
the competitive effects of the more desirable grasses 
and forbs, and because of fire prevention. Several 
species of sagebrush throughout the West, mesquite 
and juniper in the Southwest, numerous woodland- 
grass and chaparral shrubs in California, and many 
others now infest perhaps one-fourth of all the 
rangelands in the United States. 

Most of the shrubs and trees are low in palatabil- 
ity, and crowd out more desirable grasses and forbs. 
Some species, such as juniper, produce inhibitors 
that prevent growth of much herbaceous vegetation 
in the understory. The juniper itself does not pro- 
duce enough needle fall to cover and protect the 
soil against raindrop impact. As a result, acceler- 
ated surface runoff and erosion in dense stands of 
juniper can be very severe. 

Perhaps the greatest opportunity for increasing 
water yield from rangelands lies in reducing the 
number of shrubs and trees and substituting grasses 
and forbs. Achieving this goal, however, will de- 
pend on the amount of rainfall and other factors. 
Generally, shrubs and trees are deep-rooted while 
the grasses and forbs are relatively shallow-rooted. 
The amount of water transpired by plants depends 
in part upon the amount available and upon the 
depth of soil occupied by the roots. Shallow-rooted 
species obviously use less water than do deep-rooted 
species that can tap a greater supply of water. Thus, 
on deep soils, substitution of shallow-rooted grasses 
and forbs for deep-rooted shrubs and trees offers a 
definite possibility for increasing water yield. Since 
less water is transpired by the shallow-rooted spe- 
cies, less precipitation is needed to fill the soil to 
storage capacity, thus the water yield from the 
watershed may be increased. The increase to be ex- 
pected from converting a shrub or tree cover to 
grasses and forbs is the difference in water consump- 
tion capacity of the two types of cover. A recent 
study in California, where the mean annual rainfall 
is 25 inches (with none in July through September) 
showed that an oak woodland used 20 inches/year 
while annual grasses and forbs used only 15 inches. 
After conversion from oak woodland to grasses on 
an experimental watershed, the measured increase 
in water yield was 4.5 inches/year. Total herbace- 
ous production was increased two or three times 
over the original amount. Other studies have shown 
an increase of 2 inches in water yield after chamise 
brush was converted to annual grasses in an area 
where average annual rainfall was about 18 inches. 

The amount of increase in water yield achieved 
by converting from deep-rooted to shallow-rooted 
species depends, of course, upon the amount of pre- 

cipitation and available moisture, soil depth, and 
rooting depth. Conversion in arid areas where the 
rainfall is less than 15 inches or so may not produce 
any increase in water yield. In fact, water yield 
may drop if the infiltration capacity is increased so 
that more rainwater soaks into the soil and is used 
by herbaceous plants. However, where satisfactory 
conversion can be made, and the range is properly 
used, water yield and quality will be higher than 
before. 

Several methods of conversion have been worked 
out for different types of brush, and no one method 
can be prescribed for all types. In some cases the 
brush can be smashed or chained over, then burned, 
reseeded, and sprayed with herbicides. Once a 
satisfactory conversion has been made, it is impor- 
tant to graze judiciously in order to maintain the 
new forage crop in good condition, in a favorable 
plant-water relationship. 

Reseeding and Fertilizing 
Many poor ranges can be improved by reseeding 

and fertilizing, either singly or in combination. 
Usually the main objective of reseeding is to in- 
crease forage by introducing more palatable and 
nutritious species of grasses and forbs. The effect 
on water yield will depend in part on the type of 
cover being replaced, soil depth, and the root habits 
of the plants. If reseeding increases forage produc- 
tion, it can also increase the infiltration capacity so 
that surface runoff is decreased, and streamflow 
made more stable. The yield will be lower, but 
the water will be of higher quality. 

Reseeding should be attempted only where re- 
search or experience in the community has shown 
that it can be done successfully. It is not a simple 
operation, and it costs several dollars per acre. Re- 
seeding requires careful seedbed preparation and 
planting, and proper grazing management after a 
stand is established. 

Fertilization is also complicated. First, the need 
for fertilizers and the results to be expected must 
be determined. In some cases the increase in forage 
production would not be sufficient to pay for the 
cost of fertilizers. In other cases, such as many of 
the annual plant ranges, the increases in forage 
yield and soil coverage can be very great indeed. 
Since plants vary in their nutritional requirements, 
it is sometimes possible to fertilize so that certain 
species are favored over others; for example, a ferti- 
lizer high in phosphorus might markedly increase 
legumes, while one high in nitrogen might favor 
grasses. However, if fertilization brings about heav- 
ier utilization of the forage, and the soil is not bet- 
ter protected against compaction, the fertilization 
may not be worthwhile in so far as quantity and 
quality of water are concerned. 
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Mechanical Means of Water Control 

The surface runoff on some ranges is so rapid 
that little rainwater enters the soil, to become availa- 
ble for plant growth. Contour furrowing and pit- 
ting are two means of holding water and giving it 
time to soak in where it can be used to increase 
total plant growth. If controlled grazing can serve 
the same purpose, however, it is more practical. 

Small contour furrows, from 4 to 6 inches in 
cross-section, and spaced not more than 5 ft apart, 
are usually more effective than larger or more widely 
spaced furrows. The small furrows regrass quickly 
and hold the water where it is of most benefit. The 
amount of range improvement from furrowing will 
vary with soil condition, amount and frequency of 
the rainfall, and the kind and condition of the veg- 
etation. If the contours are carefully installed in 
selected places, they can reduce runoff very markedly 
This, in turn, increases forage which, if grazed prop- 
erly, can further reduce surface runoff and ero- 
sion. Contour furrows should be constructed with 
the advice of an agricultural engineer. 

Range pitting is also an effective water conserva- 
tion practice in arid regions of sporadic rainfall, 
where most of it may be lost from surface runoff. 
This technique has worked particularly well on 
some of the short-grass ranges in Wyoming. The 

equipment commonly used for pitting is a heavy, 
lSinch, oneway disk plow, with the alternate disks 
20 inches in diameter and mounted 2 inches off 
center. The equipment scoops out shallow, dis- 
continuous pits about 16 inches apart. The water- 
holding capacity of the pits on an acre is about 0.3 
inch of rainfall. In arid areas this is sufficient to 
have a measurable effect on forage growth or the 
establishment of new seedlings after reseeding. 
Range pitting has a number of advantages over con- 
tour furrowing. Pitting does not need to be exactly 
on the contour, and since the depressions are small, 
there is little danger of accelerating erosion. 

The principal value of both contour furrowing 
and pitting is that they make possible the maximum 
infiltration of intermittent rains during the dry 
season when the forage cover may be sparse and full 
utilization of moisture is vital. 

Roads and Trails 

Roads and trails cause a great deal of surface run- 
off and erosion in many places. Roads, particularly, 
are bad since they are compacted, and allow practi- 
cally no infiltration of water. The water must there- 
fore go into surface runoff, possibly resulting in 
severe erosion. For this reason, roads and trails 
should be carefully placed and constructed, and 
should be held to a minimum number. 

Quantitative Assessment of 
Grazing Behaviour of Sheep 

in Arid Areas’ 
M. L. DUDZINSKI, P. J. PAHL2 AND 

G. W. ARNOLD 

Principal Research Scientist and Experimental Officer, 
Division of Mathematical Statistics, C.S.I.R.O., Canberra, 
A.C.T. and Research Leader, Division of Plant Industry, 

C.S.I.R.O., Perth, W.A. 

Highlight 
Five indices are suggested to quantify components of 

spatial distribution of grazing sheep which were observed 
by aerial photography. Indices based on sheep numbers 
were more sensitive to environmental changes than those 
based on distances between sheep. It is suggested that the 
adjustment takes place by a change in the numbers within 
independently grazing flocks, while social contact between 
sheep, as reflected by various nearest-neighbour distances, 
remains unaltered. . 

1 Thanks are due to Dr. W. T. Williams and his staff for 
advising on the use of, and executing the programs CLASS 
and RANF. Miss K. Short is thanked for technical assis- 
tance. Received August 26, 1968; accepted for publication 
December 9, 1968. 

2 Present address: C.S.I.K.O., Division of Mathematical Statis- 
tics, Parkville, Victoria. 

There is little knowledge of social organisation 
in husbanded sheep, except that when a number of 
sheep of the same age, breed, and sex are introduced 
to a paddock, they may split up into a number of 
groups. The members of groups are constantly 
changing (Arnold and Pahl, 1967). Reasons for the 
split up are varied: age, sex, and breed on the one 
hand, topography and feed supply on the other, 
together with the interactions of animal, environ- 
mental, and management factors. It is apparent that 
there is contact between individuals within the 
groups and between groups, the latter being dis- 
tance-dependent. What is not known is how contact 
is maintained and over what distance, (a) between 
individuals, (b) between groups. There is no ex- 
perimental evidence to define the distances over 
which the senses can be used for discrimination. 
However, from observation, smell is used at close 
hand for recognition, and hearing over quite long 
distances ( < 800 yards) (Arnold, unpublished). 
The distance over which sheep can see and dis- 
criminate appears to be fairly short, but from ‘sight 
height’ i.e. 1 to 2 ft above ground distance will be 
limited by topography. 

This paper attempts to relate the spatial distri- 
bution of sheep within paddocks in arid areas to 
the general condition of the range in north-west 
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GRAZING BEHAVIOUR OF SHEEP 

Table 1. Kayrunnera, May 1967 survey. 
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Weather condition and mean time of sampling 

May 9 May 10 

AM PM AM PM 

Paddock 
Size 

(acres) 
Type of 

sheep 
Number of 

sheep 
Time Temp Time Temp Time Temp Time Temp 

(“F) (“F) (“F) (“P) 

Hilton 10,000 Ewes and Lambs 350 9:25 3:40 9:20 3135 
Ocean Dam 10,000 Ewes and Lambs 350 9:15 3135 9:15 3:35 

60 751 60 SO1 
Woolshed 12,000 Weaner Ewes 600 9:15 3:25 9:15 3:35 
Gilbys 10,000 Ewes and Lambs 420 8:45 3:30 8:45 3:35 

l Sunny, slight wind. 

New South Wales. Due to the large size of paddocks 
(about 10,000 acres) and low stocking rates (be- 

tween 30 and 40 sheep/mile”), the most suitable 
method of sampling the experimental areas was 
considered to be aerial photography. It was estab- 
lished by means of pre-survey flights that from the 
altitude of 700 ft: sheep were not disturbed by the 
aircraft noise; all members of the aggregates de- 
fined as flocks were covered by a single photograph; 
on most occasions when one flock was sighted no 
other flocks were seen; on rare occasions, when more 
than one flock could be sighted simultaneously, 
they were separated by a considerable distance. 
Therefore individual photographic records were 
regarded as independent sampling units for the 
purpose of statistical analysis. For each photograph, 
indices, based on the number of sheep and the 
distances between sheep on the photograph, were 
computed, which quantified components of the 
spatial distribution of sheep. 

Methods and Materials 

A review of Dudziliski and Arnold (1967) is necessary to 
achieve a full understanding of this paper, thus some parts 
of the 1967 paper are summarised in sufficient detail to 
render the present paper self-contained. 

The main aims of the 1967 paper were to establish the 
advantages of studying behaviour patterns of grazing animals 
by aerial photography, and to detail the methods of sam- 
pling and the subsequent processing of the data. The method 
of photographic sampling of a paddock consisted of (1) 
searching a quarter of the paddock for a flock of sheep, (2) 
on spotting a flock, taking a vertical photograph at 700 ft 
altitude, (3) then proceeding to another quarter of the pad- 
dock before searching for another flock, thus further ensur- 
ing that individual photographs could be regarded as in- 
dependent units. The method of processing the photo- 
graphic information was to enlarge photographs to 10 x 10 
inches, superimpose a grid with 0.25-inch spacings (i.e. 40 x 
40 grid), and record, on Hollerith punch cards, the co- 
ordinates of the positions of each sheep. Values of the fol- 
lowing indices were then obtained for each photograph: (1) 
the number of sheep per photograph = flock, (2) the mean 
number of sheep per occupied cell of the grid (theoretically 
12.1 .y 12.1 ft), and (3) the index of ‘spread’ (SD of the 

inter-sheep distances divided by the square root of flock). 
For details of the effects of (a) type of sheep (sex), (b) time 
of day (am vs pm), (c) time of survey (August vs November), 
and (d) different paddocks (within each of three localities, 
Kayrunnera, Mt. Murchison, and Mulberrygong, all in New 
South Wales) on the indices and further details concerning 
the data, see Dudziriski and Arnold (1967). 

Experimental Data.-The data used in this paper is the 
Kayrunnera data of Dudzir’rski and Arnold (1967) together 
with data from further survey conducted at Kayrunnera in 
May 1967. Reference will be made to the data cited in 
Dudziliski and Arnold (1967) without further explanation 
or comment. The details of the May 1967 survey are listed 
in Table 1. Whilst the same four paddocks were used as in 
previous surveys, some of the sheep previously at Gilby’s 
were now at Hilton. It is of considerable importance to 
later discussion that the last survey was conducted after ap- 
preciable rains, whereas the previous surveys were conducted 
under extreme drought conditions (Fig. 1) 
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FIG. 2. Frequency distributions of nearest-neighbour 
1,222 sheep with basic parameters. 

distances of 

Spatial Distribution of Sheep.-The aim of this paper is to 
investigate changes in the spatial distribution of sheep in 
relation to changes in the general condition of the range. 
It is therefore necessary to quantify spatial distribution of 
sheep. Attention was concentrated in the previous paper on 
the development of the aerial photography technique. In 
this paper a set of indices, based on the number of sheep 
and the distances between sheep on each photograph, are de- 
fined, which quantify components of spatial distribution in 
a much more comprehensive and complete manner than the 
set described in the previous paper. 

The ‘Group’ Concept.-Some of the indices to be defined 
involve the concept of a group of sheep in association with 
each other. Before proceeding to a definition of a group, 
it was necessary to verify whether sheep could be regarded 
as locating themselves independently and at random within 
the area photographed-if so, there would be little purpose 
in carrying the study any further. The contrary was, in fact, 
established as follows: 

(1) 

(2) 

The entire 1,222 nearest-neighbour distances for all 
sheep (over all surveys, and paddocks), were as- 
sembled in a frequency distribution. 
Corresponding to each photographic record, a simul- 
ated record was derived by using a Monte Carlo 
technique to assign random positions, one for each 
sheep. The simulation was obtained by the RANF 
subroutine (Webb et al., 1967). Both frequency dis- 
tributions are given in Fig. 2. 

If sheep were locating themselves at random within the 
areas photographed, it could be expected that the frequency 
distributions of Fig. 2 would closely conform. However, it 
is apparent that the shapes of the two distrubutions are 
widely discrepant, especially in the class (045 ft), where 
86.5% of distances actually lie, as compared with only 
22.2% for the simulated distribution. The difference in 
shape can be assessed by examining coefficients of skewness 
which are 12.6 and 1.6 respectively. 

Due to the large preponderence of nearest-neighbour dis- 
tances in the class (O-45 ft), it seemed reasonable to define 
a group as a collection of sheep, in which each sheep in the 
collection is at most 45 ft from at least one other sheep of the 

Table 2. Percentage of 1,222 
in ?increasing class intervals. 

nearest-neighbour distances 

Class in- 
terval (f t) O-25 O-30 O-35 040 O-45 O-50 O-55 O-60 
“/o of 1,222 63.8 77.3 79.2 84.2 86.5 87.3 89.8 89.8 

collection. In order to examine it in more detail the cumula- 
tive frequencies of the distribution in Fig. 2, expressed as 
percentages, of distances less than particular value are given 
in Table 2. While the increase in cumulative percentage is 
quite substantial for values less than 45, the increase in 
cumulative percentage is rather less for values greater than 
45. Thus it is considered that 45 ft represents a reasonable 
estimate of the distance between nearest neighbours grazing 
in a cluster defined here as group. 

Indices of Spatial Distribution.-By comparing (a) pad- 
docks (representing different habitats or contain different 
types of sheep), (b) three surveys (representing changes in 
range condition), (c) interactions of paddocks with surveys 
(representing interaction of habitats with range condition) 

the effect of weather and habitat is assessed. In order to 
study the effect of these environmental changes on spatial 
distribution, five indices are introduced, for each of which 
a value could be obtained from a single photographic record. 
Because of the assumed independence of photographic re- 
cords it is contended that sheep of a particular photograph 
have no obvious contact with other sheep in the paddock, 
but are in association with themselves. 

The actual indices fall into two categories: 

(I) Three indices which are related to the number of 
sheep on the photograph, viz. 
(1) the total number of sheep on a photograph, de- 

noted FLOCK ( as in the 1967 paper) 
(2) the number of groups of sheep on the photo- 

graph, denoted NGROUPS 
(3) the average number of sheep per group on the 

photograph, denoted AVGROUP 
(clearly these three indices are functionally related 

by AVGROUP = FLOCK/NGROUPS) 
(II) Two indices, which are related to distances between 

sheep on a photograph, viz. 
(4) 

(5) 

the average nearest-neighbour distance of sheep, 
over all sheep which are contained in groups of 
size two or more within the flock, is denoted by 
ANNDW = Xd/ (FLOCK-S), where d is a 
sheep nearest-neighbour distance, and S is the 
number of groups with single sheep 

the average nearest-neighbour distance of 
groups within a flock, over all groups, is de- 
noted by ANNDB = 8 DINGROUPS, where D 
is a group nearest-neighbour distance. 

The applications of these indices are illustrated in Fig. 
3a and 3b. Clearly, ANNDW is not relevant when there are 
no groups of size 2 or more (i.e. when no sheep on the 
photograph have a nearest-neighbour distance of less than 
45 ft), and ANNDB is not relevant when all sheep are 
within one group (i.e. no sheep have a nearest-neighbour 
distance greater than 45 ft). This accounts for the lower 
number of observations for ANNDW and ANNDB in 
Table 3. Both ANNDW and ANNDB were computed from 
the hierarchical system computer program CLASS of Lance 
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Table 3. Actual and transform means of five indices of grazing behaviour with numbers of observations in brackets 
with significance levels and error variance (Kayrunnera, all surveys). 

Paddock FLOCK NGROUPS AVGROUP ANNDW ANNDB 

An8 Nov May Nov Nov 65 An8 65 67 May 
67 

An8 Nov 65 65 
May 
67 

An8 May AU8 Nov May 
65 65 65 65 67 65 65 67 

Hilton 
(Z) ;;) ($ (Z) (:G) ii) (“1:) ;;) (%, ;:i; ;k; I:; 

84.7 108.2 98.2 
(8) (10) (12) 

Ocean Dam (I;:) (Z) ($) ;:) 
(Z) $) & (?i) (“;i) (15) 17.2 19.8 (9) 17.8 (19) 83.4 106.9 96.9 

(9) (6) (12) 

Woolshed /I:) & $) ;:) ;:) ;:) $) ,:;“, ;:) (15) 17.6 20.0 (10) 18.2 (16) 92.3 (13) 115.7 (10) 105.8 (12) 
Gilbys 88.4 111.8 101.9 

6; :lb’, ‘(;;) (:; (:b: ;;) ;5l) (?:) ;;) ;:4; ;& i:; (12) (8) (10) 

Grand Mean 5.7 2.4 3.5 17.9 99.5 

Transform Mean .756 .321 .443 1.241 1.957 
Error Variance .049 (160 df) .059 (165 df) .057 (160 df) .028 (146 df) .033 (117 df) 
Significant Survey x Paddock Survey x Paddock 

Source Interaction XXX - Interaction #XX - - 

*:** P < .OOl. 

and Williams (1967). Given co-ordinates of individual 
sheep on a photograph, program CLASS prints out nearest- 
neighbour distances of pairs of sheep, then distances be- 
tween pairs, groups of pairs, etc. Hence nearest-neighbour 
distances between individuals and any arbitarily defined 
groups can be easily read from the computer printout. The 
program prints out the squares of the distances. 

It was found that the values of the indices defined above 
required logarithmic transformation inorder to remove hetero- 
geneity in the error variance, and to provide normal ap- 
proximation to the underlying distributions of the indices. 
In case of ANNDW and ANNDB the transformation was 
Log + 1. A bias occurred due to the method of measuring 
distances between sheep, see Dudziliski and Arnold (1967). 
Distances were computed by superimposing a rectangular 
grid on the photographs, with each unit of the grid repre- 
senting an area 12.1 x 12.1 ft. If two or more sheep were 
present in the same cell of the grid, they were given the 
same co-ordinates, and hence these sheep would have been 
considered to be zero distance apart from each other. In 
fact, due to the size of each unit of the grid, sheep within 
the same cell, may be from 0 to 17 ft apart-thus to regard 
these sheep as being zero distance apart biases the distances. 
As an approximate correction for this bias, 0.5-grid units 
were added to the zero distances before using the program 
of Lance and Williams (1967). (0.5-grid units = approxi- 
mately 8 ft.) 

Results 

The analyses of variance on the five indices, and 
a tabulation of the means of the indices tabulated 
by paddock and survey are given in Table 3. Mean 
squares in the analyses of variance are in trans- 
formed units, whilst the figures in the tables of 
means have been back-transformed to the original 
units. Since the second-order interaction (survey x 
paddock x time of day) was not significant, it has 
been pooled with the residual variation after re- 
moving all treatment effects. 

There was a highly significant interaction (P< 
O.OOl), between paddocks and surveys, for FLOCK 
and AVGROUP. There were no significant mean 
squares for NGROUPS, ANNDW and ANNDB. 

Discussion: 

The only available information on the condition 
of the range at the site under study was: 

(a) the opinion of management of the station, 
and 

(b) rainfall records. 

As rainfall records are of a quantitative nature, 
it would seem reasonable to attempt an explana- 
tion of the results in the light of the information 
in them. The rainfall records for the period of 
study are given in Fig. 1, together with the percent- 
age deficit of rain for the year at the time the sur- 
veys were conducted. The August 1965 and No- 
vember 1965 surveys were conducted in a period of 
severe drought. The May 1967 survey at Kayrun- 
nera was conducted after a reasonable recovery 
from the drought. As stocking rates in these areas 
are rarely changed, rainfall is the most important 
factor in determining the condition of the range. 

The high survey by paddock interaction for 
FLOCK and AVGROUP could be attributed to 
the following: 

(1) Hilton, the paddock usually in poorest 
condition, failed to recover from the severe 
drought occurring at the time of the first 
two surveys, and hence there was no signifi- 
cant change in the values of FLOCK and 
AVGROUP between November ‘65 and 
May ‘67. 
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FIG. 3. Aerial view of the grazing patterns with five indices in- 
dicated . (a) Drought pattern, (b) Partial recovery from drought. 

(2) Gilbys, the paddock usually in best con- 
dition, had sufficient reserve of feed avail- 
able to leave sheep dispersion relatively 
unaffected during the drought period. 
Hence, Gilbys was the only paddock for 
which no drop occurred in FLOCK and 
AVGROUP between August ‘65 and No- 
vember ‘65. In addition, the relieving rains 
before the third survey brought about a 
substantial increase in FLOCK and AV- 
GROUP by May ‘67. 

A general point of interest is which of the five 
indices vary between environments as reflected by 
different paddocks and successive surveys. It is as- 
sumed that where changes occur, the parameter is 
one that reflects adjustment to changes in the en- 
vironment. A parameter that does not, probably 
reflects basic componet of social behaviour. The 
indices FLOCK and AVGROUP varied in differ- 
ent environments, whilst NGROUPS, ANNDW 
and ANNDB did not change. The fact that 
FLOCK and AVGROUP change whilst NGROUPS 
does not, indicates that as environmental stresses 
are relieved, the flock sizes (i.e. FLOCK) increases, 
accompanied by an increase in group sizes (AV- 
GROIJP) within flocks, but with the number of 
group (NGROIJPS) within flocks remaining un- 
changed. This latter point is somewhat surprising 
since a negative relation would logically be ex- 
pected. The maintenance of constant ,4NNDW 
and ANNDB would indicate (a) deliberate contact 
between groups (ANNDB), and (b) a basic dis- 
tance is preserved between individuals within 
groups (ANNDW). These changes are illustrated 
in Fig. 3a and 3b. However, the reasons given for 
the changes must be regarded as speculative, until 
more detailed knowledge of the system is available 
and experimental controls are imposed. Our field 
observations indicate that FLOCK is a basic social 
unit. Transac photography is required to justify 
this assumption and to check for biases due to fail- 
ure to observe animals, or failure for FLOCK ag- 
gregates to account for the majority of the animals 
in the paddock. Work is currently underway to 
improve the validity of the suggested conclusions. 

Conclusions 

Because Kayrunnera is a marginal habitat for 
Merino sheep (8 in. rainfall), it was expected that 
sheep would be sensitive to changes in range con- 
dition (Watt, 1968). The techniques introduced 
in this paper and in Dudzinski and Arnold (1967) 
are thus probably best applicable to a change in 
range conditions in marginal areas. 

This paper is an attempt to introduce some quan- 
titative indices of grazing behaviour. The previous 
paper (Dudziriski and Arnold, 1967) aimed at 
establishing the technique of aerial photography. 
The index of ‘spread’ of that paper was introduced 
mainly as an illustration of the statistical and com- 
putational potential of the technique. The five in- 
dices discussed in this paper, as a set give a more 
complete picture of the dynamics of sheep move- 
ments as influenced by enviromental factors. Thus, 

the set of indices of this paper replace the set in- 
troduced in Dudzinski and Arnold (1967), with 
the exception of the index, FLOCK, which is re- 
tained. 
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Highlight 

Effects of nitrogen and phosphorus fertilization on stand 
establishment and yield of 5 warm-season prairie grasses 
were observed on 12 problem sites in Nebraska. Annual 
nitrogen fertilization after the establishment year main- 
tained superior stands and increased forage yields of the 
experimental varieties. Proper timing and rate of nitrogen 
fertilization produced vigorous growth of the planted 
grasses which in turn controlled soil erosion and reduced 
weed invasion; whereas untimely mowing and fertilization 
increased cool-season weeds. Late-maturing strains of the 
warm-season grasses produced better stands than early- 
maturing strains. Where not limited by soil moisture or 
shortness of season, the late-maturing strains of switchgrass, 
indiangrass, and big bluestem produced larger yields than 
early-maturing strains of these grasses. 

The objectives of this study were to determine 
the effects of nitrogen and phosphorus fertilization 
on stand establishment and yields of certain warm- 
season prairie grasses and to evaluate and character- 
ize selected experimental strains of these grasses for 
possible use in variety improvement for their re- 
spective areas of adaptation. 

Harlan (1962) and Keim and Newell (1962) 
have described the historical uses of the native 
grasses in the Great Plains. Perennial warm-season 

1 Contribution of the Nebraska Agricultural Experiment 
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lished with the approval of the Director as Paper No. 
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prairie grasses are an important part of the total 
forage resources which provide grazing in summer 
in the Plains states. The need is best met by the 
use of adapted varieties of these grasses developed 
from prairie sources. Objectives of variety devel- 
opment include superiority of seed quality and pro- 
duction, stand establishment, and range of adap- 
tation to diverse environments. 

In regions of low rainfall the success of establish- 
ment and subsequent yields of new grass plantings 
are frequently limited by inadequate soil moisture. 
However, many controllable factors are involved in 
the establishment of stands, such as proper time for 
planting, use of adapted superior varieties, and 
suitable practices for seedbed preparation. Such 
practices as weed control, time and frequency of 
mowing or grazing, and adequate added fertility are 
critical for the establishment and maintenance of 
stands and for profitable yields. Failure to consider 
any one factor may offset any or all attention given 
to other factors in the success of grass plantings. 

Management practices for forage yield and seed 
yield have been reported for side-oats <grama by 
Newell et al. (1962) and Smika and Newell (1965). 
Effects of nitrogen fertilization and clipping man- 
agement regimes were studied for two tall prairie 
grasses (Newell, 1968). Big bluestem and switch- 
grass strains collected from diverse origins in the 
Great Plains and adjacent prairies were compared 
at three locations in Nebraska in a four-year period. 
Although the response of these grasses to nitrogen 
fertilization was not apparent early in the experi- 
ment, there were marked and significant yield ef- 
fects, cumulative over years for both grasses. Unless 
curtailed by shortness of season or limited soil mois- 
ture, southern strains usually gave larger yields than 
strains of local or northern origin. 

Conflicting interpretations have been given to the 
effects of fertilizing rangeland. Responses on some 
subirrigated meadows or in a year of high precipita- 
tion are often contrasted with upland fertilization 
in dry years. Russell et al. (1965) found that com- 
binations of nitrogen and phosphorus fertilizers on 
Nebraska subirrigated meadows gave greater yield 
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tion are often contrasted with upland fertilization 
in dry years. Russell et al. (1965) found that com- 
binations of nitrogen and phosphorus fertilizers on 
Nebraska subirrigated meadows gave greater yield 
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FIG. 1. Location of 12 Nebraska tests of warm-season prairie 
grasses: Planted in 1961-1, Platte. 2, Gosper. 3, Dundy. 4, 
Antelope. Planted in 1962-5, Valley. 6, Thayer 1. 7, Holt. 8, 
Howard. Planted in 1963-9, Dixon. 10, Pierce. 11, Thayer 2. 
12, Frontier. 

increases, increased forage utilization, and altered 
botanical composition more than either fertilizer 
applied alone. The application of fertilizer changed 
the chemical composition of the forage by affect- 
ing the botanical composition of the meadow. 
Conard and Youngman (1965) and Klingman and 
McCarty (1958) noted changes in botanical com- 
position from warm-season to cool-season grasses or 
the reverse depending upon which were favored 
during critical plant stages by soil moisture condi- 
tions, nitrogen fertilization, intensity of grazing or 
mowing, and application of 2,4-D. 

Methods and Materials 
Experimental strains of warm-season grasses planted for 

this study were developed in the grass improvement pro- 
gram of the Nebraska Agricultural Experiment Station. In- 
cluded were selected strains and synthetic varieties of switch- 
grass (Panicurn virgatum L.), indiangrass (Sorghastrum 
nutans (L.) Nash), side-oats grama (Bouteloua curtipen- 
dulu (Michx.) Torr.), big bluestem (Andropogon gerurdi 
Vitman), and little bluestem (Andropogon scoparius 
Michx.), as well as certain released varieties as checks. In 
1961 and 1962 the number of grass strains planted was 20 
while in 1963 the number planted was 25. 

Test plots were established at 12 locations by Outstate 
Testing personnel of the Nebraska Experiment Station. 
Four test locations were established in each of the years 
1961, 1962, and 1963 (Fig. 1). These tests were located from 
southwest and south-central to northeast in Nebraska on 
typical problem sites where grass plantings are a part of rec- 
ommended conservation programs. 

Seeding rates for all grass strains were calculated for 
planting 30 viable seeds/ftz. Planting was in April each 
year with a belt seeder designed for uniform seed distribu- 
tion. In 1961 and 1962 the plot was 5 x 25 ft (6 rows, 10 
inches apart) while in 1963 the plot size was 5 x 50 ft. All 
strains were planted in each of four blocks at each location. 

At planting time two blocks of entries were fertilized with 
ammonium phosphate ( 8 + 24 + 0 lb/acre) applied with the 
seed. After a stand of grass had been established at a loca- 
tion, ammonium nitrate fertilizer was applied in May to the 
same blocks of plots previously fertilized at planting. In 
Gosper and Dundy the follow-up applications of nitrogen 
were applied at the rate of 30 lb N/acre, whereas 40 lb N/ 

Table 1. Location, soil type, and year of planting of 
Nebraska Outstate Grass Test plots. 

County Year 
location” planted Soil type 

1. Platte 1961 Moody silty clay loam 
2. Gosper 1961 Colby silt loam 
3. Dundy 1961 Colby silt loam 
4. Antelope 1961 Thurman fine sand 
5. Valley 1962 Holdrege silt loam 
6. Thayer 1 1962 Hastings silty clay loam 
7. Holt 1962 Elsmere loamy fine sand 
8. Howard 1962 Thurman fine sand 
9. Dixon 1963 Crofton silt loam 

10. Pierce 1963 Valentine loamy sand 
11. Thayer 2 1963 Hastings silty clay loam 
12. Frontier 1963 Holdrege silt loam 

* Number refers to order of planting and location in Fig. 1. 

acre was applied each year at the other locations. Two 
blocks of entries at each location received no fertilizer at 
planting or in succeeding years. 

Stands were evaluated by visual observation with a rating 
of 1 to 9 given to each plot and averaged from each of 12 
locations. The rating indices were: 1 = excellent, 3 = good, 
5 = average, 7 = fair, and 9 = poor; thus, the lower num- 
bers indicate the better stands produced. 

Forage yields were obtained by mowing 16 ft2 from two 
selected rows of each plot at each location. The harvested 
forage was ovendried and yields determined. Forage yields 
in 1964 were obtained from Dixon, Pierce, Valley, and 
Platte counties. In 1965 the forage yields were taken at 
Gosper, Dundy, Dixon, Pierce, and two Thayer county lo- 
cations. Stand differences among varieties precluded forage 
harvest from the Holt, Howard, Antelope, and Frontier lo- 
cations. 

Results and Discussion 

Differences in local precipitation and soil fertil- 
ity provided a broad range of environmental con- 
ditions for evaluation of the grasses. Soil types 
varied from fine sands to silty clay loams (Table 1). 
Soil tests taken prior to planting showed pH read- 
ings which ranged from 5.4 to 7.8. Available ni- 
trogen in topsoil ranged from 4 ppm (very low) to 
7 ppm (medium). Available phosphorus ranged 
from 8 ppm (low) to 30 ppm (very high) and 
available potassium ranged from 60 ppm (low) to 
465 ppm (very high). 

Establishment of these warm-season grasses was 
dependent upon the distribution of precipitation 
during the establishment season. Good stands at 
the Dixon and Pierce locations resulted from timely, 
adequate precipitation during the establishment 
season (Table 2). Nitrogen fertilizer was applied 
the year following seeding. Poor stands resulted 
where untimely precipitation occured the first year 
on sandy soils as in Antelope and Howard counties, 
and fertilization was not warranted even 4 years fol- 
lowing seeding. On the heavier silty clay loams of 
the Platte and Thayer sites the weed competition 
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Table 2. Precipitation during establishment season and 
resulting grass stands at each of the 12 locations of tests. 

County 
Precipitation (in) 

Weed Over-all 
location April Apr-Aug competition stand 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

Platte 
Gosper 
Dundy 
Antelope 
Valley 
Thayer 1 
Holt 
Howard 
Dixon 
Pierce 
Thayer 2 
Frontier 

1.45 14.05 
1.56 15.10 
1.38 15.78 
1.24 13.28 

.89 24.01 

.62 14.35 
1.35 20.21 

.68 19.66 
1.65 20.10 
1.66 15.27 
3.23 15.67 

.80 14.81 

Severe 
Little 
Little 
Moderate 
Moderate 
Severe 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 

Good 
Excellent 
Excellent 
Poor 
Excellent 
Fair 
Fair 
Poor 
Good 
Excellent 
Excellent 
Fair 

was critical even though initial grass stands were 
good. Accordingly, nitrogen fertilization was with- 
held until the planted grass dominated the stand 
(Table 3). 

There was no significant benefit from planting- 
time fertilization (8 + 24 + 0) on grass establishment 
as shown by averages of the stand ratings. At some 
locations nitrogen fertilization was detrimental by 
favoring the growth of weeds which competed with 
the warm-season grass seedlings. 

Certain grasses produced superior stands at all 12 
locations. Among the tall prairie grasses, switch- 
grass and indiangrass had better initial stands than 
big bluestem (Fig. 2). Of the shorter growing 
grasses, side-oats grama produced better stands than 
little bluestem. 

Early- and late-maturing strains of the same grass 
produced constrasting stands (Fig. 2). Superior 
seedling vigor of these late-maturing grass strains 
was important in their competition with weeds and 

Table 3. Rates and dates of nitrogen and phosphorus 
fertilization on problem sites in 12 Nebraska tests. 

County 
location 

Planting-time Follow-up N 
fertilization fertilization 

Year Fertilization Years Rate per 
planted rate, lb/acre applied year, lb/A 

1. Platte 1961 8+24+0 1963-64 40 
2. Gosper 1961 8+24+0 1963-64-65 30 
3. Dundy 1961 8+24+0 1963-64-65 30 
4. Antelope 1961 8+24+0 Poor stands None 
5. Valley 1962 8+24+0 1964 40 
6. Thayer 1 1962 8+24+0 1965 40 
7. Holt 1962 8+24+0 1964 40 
8. Howard 1962 8+24+0 Poor stands None 
9. Dixon 1963 8+24+0 1964-65 40 

10. Pierce 1963 8+24+0 1964-65 40 
11. Thayer 2 1963 8+24+0 1965 40 
12. Frontier 1963 8+24+0 Poor stands None 
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FIG. 2. Stand comparisons of selected check varieties and experi- 
mental strains of warm-season grasses planted on problem sites 
in 12 Nebraska tests. Ratings: 1 = excellent, 3 = good, 5 = aver- 
age, 7 = fair, 9 = poor. 

thus they produced better stands than the early- 
maturing strains. 

Average forage yields for each location showed 
the response of these warm-season grass strains to 
the applied fertilizer (Table 4). The amount of 
response was related to soil fertility, number of 
years after establishment of grass, and moisture con- 
ditions during the year of forage harvest. 

Table 4. Effect of fertilizer on the average forage yield 
of 20 grass strains from 8 Nebraska locations in 1964 
and 1965. 

Location 
and year 

Ave. forage yield (tons/acre) IyrFzse 

planted Not fert. Fertilized fert. (%) 

1964 Harvests 
1. Platte 1961 .87 2.68 208 
5. Valley 1962 1.02 1.48 45 
9. Dixon 1963 .49 .86 76 

10. Pierce 1963 .49 .62 27 

1965 Harvests 
2. Gosper 1961 .51 1.75 243 
3. Dundy 1961 .44 1.22 177 
6. Thayer 1 1962 1.73 2.63 52 
9. Dixon 1963 .64 1.00 56 

10. Pierce 1963 1.05 1.30 24 
11. Thayer 2 1963 2.25 2.47 10 
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FIG. 4. Average forage yields of check varieties and selected ex- 
perimental strains of warm-season grasses from 8 Nebraska lo- 
cations. 

cash crops because of the erosion hazard. Thus pre- 
vention of erosion by keeping the grass growing 
vigorously would be a very important benefit from 
fertilization. Savings in the cost of weed control 
also could be considered a profitable result of fertil- 
ization. 

Test plots in Holt County were also fertilized in 
1965 but were not harvested because of cool-season 
weeds. This test area was subirrigated and re- 
sponded similarly to the observations of wet mead- 
ows reported by Russell et al. (1965). Late June 
of 1963 was a critical period to mow warm-season 
grasses for hay since it encouraged cool-season weeds 
and grasses. Additional mowing in early August of 
1964 and 1965 continued to encourage cool-season 
weeds and grasses. 

Individual grass strains gave different relative 
yield responses at the 1965 harvested locations and 
also between different fertility levels at the same lo- 
cation. Variety x location and variety x fertility in- 
teractions were highly significant from the 1965 
harvests, except for the similar variety response in 
the comparisons from the two Thayer County lo- 
cations which differed chiefly in age of planting. 
These two locations were about 0.5 mile apart and 
the soil and moisture conditions were similar. The 
interaction of individual strains with location 
and/or fertility showed that some strain responses 
were superior at one or two locations but not at 
other locations. Other strains appeared to be su- 
perior at most all of the locations. 

Experimental varieties of switchgrass and indian- 

grass developed for late maturity were compared 
with early-maturing check varieties in their re- 
sponses to fertilization (Fig. 4). The three late- 
maturing switchgrasses were superior in yield to 
early-maturing Nebraska 28 even without added 
fertility. The increase due to fertilization from the 
three experimentals were 1.04 T/acre although 
Nebraska 28 increased only 0.5 T/acre. The two 
late-maturing indiangrasses without fertilization 
produced yields similar to Holt, an early-maturing 
variety. With fertilization the two late-maturing 
indiangrass varieties were much superior in yield 
to the early-maturing variety. 

Conclusions 

Experimental warm-season grass strains were 
tested at all locations with presently available varie- 
ties of each grass as checks. Some strains produced 
superior stands and yields at all locations, while 
other strains were superior at one or two locations 
but not at other locations. Such knowledge of spe- 
cific or broad adaptation is valuable to the plant 
breeder in developing new varieties. Superior seed- 
ling vigor of late-maturing strains produced stands 
superior to earlier maturing strains. The late-matur- 
ing strains also produced larger yields than the 
early-maturing strains. 

In these studies there was no significant benefit 
from planting-time fertilization (8 + 24+ 0) on es- 
tablishment of warm-season grasses. Nitrogen fer- 
tilization at planting of warm-season grasses for 
spring and summer establishment is usually not de- 
sired as it may deter stand development by increasing 
weed competition. Indiscriminate use of follow-up 
nitrogen fertilizer also can be serious by increasing 
the competition from cool-season grasses while 
warm-season grasses are dormant. 

Proper fertilization is necessary for full success 
on problem soil sites with low organic matter, 
eroded slopes, or nutrient deficiencies. Nitrogen 
fertilizer may be applied after the desired grass is 
established as dominant in the stand. Timely ap- 
plications of fertilizer at proper rates will not only 
improve forage yields of the planted grass but also 
thereby reduce erosion and improve weed control. 
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Highlight 

Different aged seeds of six grass varieties were tested for 
percentage laboratory germination and percentage field 
emergence. Best age of seed for planting differed greatly 
among the varieties and the results from laboratory and 
field tests were not always consistent. One-year-old seeds of 
sand bluestem, blue grama and A-6606 switchgrass; two-year- 
old side-oats grama and yellow indiangrass; and seven-year- 
old Grenville switchgrass seeds had emerged best at the end 
of the field test. Except for sandhill bluestem, seeds two 
years and older emerged faster, a factor that may be impor- 
tant in successful field establishment of seeded grasses. 

The germination of seeds does not begin until 
special conditions (moisture, time, temperature, 
etc.) have been provided. Freshly harvested seeds 
of many plants have a dormant period during which 
germination is greatly retarded or completely in- 
hibited, although moisture and temperature con- 
ditions may be optimal. 

Coukos (1944) showed conclusively that seeds of 
big bluestem (Andropogon furcatus Muhl.), little 
bluestem (Andropogon sco@zrius Michx.), and yel- 
low indiangrass (Sorghastrum nutans (L.) Nash) 
possessed prolonged dormancy and some collections 
of side-oats grama and a Kansas selection of little 
bluestem possessed brief dormancy. Seeds of these 
grasses stored in either a barn loft or at room tem- 
perature in bags or jars did not begin normal germi- 
nation until from 14 to 18 months after harvesting. 
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After dormancy broke, germination remained high 
for several months. 

Laude (1956) studied germination of some west- 
ern range species and found some degree of dor- 
mancy in freshly harvested seed of smilograss (Ory- 
zopsis miliuceu (L.) Benth. and Hook.), broadleaf 
filaree (Erodium botrys), and 12 annual grasses. 
The duration of delayed germination varied by spe- 
cies. For a given species, germination rate varied 
from year to year and among seed production loca- 
tions. In the annual grasses studied, dormancy per- 
sisted from one to five months, decreasing with 
time after seed maturity. Certain lots of smilo seed 
possessed dormancy for six months. 

Thornton and Thornton (1962) concluded that 
firm seed dormancy in freshly harvested blue grama 
(Boutelouu gruciZis (H.B.K.) Lag.) seed is of com- 

paratively short duration, disappearing by the 
spring following harvest. They stated that blue 
grama seed retained its original viability for at least 
seven years under usual storage conditions at the 
Colorado Seed Laboratory. On the other hand, 
Sautter (1962) obtained 84% germination of switch- 
grass seed (Punicum virgutum L.) when it was 
scarified but germination was low for untreated 
seeds. 

Sprague (1940) found that the best treatment 
for germinating freshly harvested seed of Kentucky 
bluegrass (Pou prutensis L.) and orchardgrass 
(Dactylis glomeruta L.) was to alternate daily tem- 

perature from 15 to 30 C with the lower tempera- 
ture effective for 16 to 18 hr and the higher tem- 
perature for 6 to 8 hr. In addition, he subjected 
moistened seed of these species to temperatures be- 
tween 5 and 15 C for a period of 10 to 14 days and 
obtained over 90% germination. 

Because the right combination of environmental 
conditions for field germination may occur only 
fleetingly, rapid germination of planted seeds is 
desired. We believe that many seeding failures re- 
sult because the seeds planted are of improper 
age for rapid emergence when optimum field con- 
ditions for germination occur. For example, ability 
of planted seeds to emerge in the field within four 
days vs. eight days may spell the difference between 
success or failure. Therefore, the present research 



240 SHAIDAEE ET AL. 

ment at Lincoln, Nebraska, 1949-55. USDA Tech. Bull. 
1180. 49p. 

NEWELL, L. C., R. D. STATEN, E. B. JACKSON, AND E. C. CON- 
ARD. 1962. Side-oats grama in the Central Great Plains. 
Nebr. Exp. Sta. Res. Bull. 207. 38~. 

NEWELL, L. C. 1968. Effects of strain source and management 
practice on forage yields of two warm-season prairie grasses. 
Crop Sci. 8: 205-2 10. 

RUSSELL, J. J., E. M. BROUSE, H. F. RHOADES, AND D. F. 
BURZLAFF. 1965. Response of subirrigated meadow veg- 
etation to application of nitrogen and phosphorus fertil- 
izer. J. Range Manage. 18: 242-247. 

SMIKA, D. E., AND L. C. NEWELL. 1965. Irrigation and fertil- 
ization practices for seed production from established 
stands of side-oats grama. Nebr. Exp. Sta. Res. Bull. 218. 
13p. 

Germination and Emergence of 
Different Age Seeds of 

Six Grasses1 
GOODARZ SHAIDAEE, BILLIE E. DAHL,2 AND 

RICHARD M. HANSEN 

Graduate student, Associate Professor, and Associate 
Biologist, Range Science Department, Colorado 

State University, Fort Collins. 

Highlight 

Different aged seeds of six grass varieties were tested for 
percentage laboratory germination and percentage field 
emergence. Best age of seed for planting differed greatly 
among the varieties and the results from laboratory and 
field tests were not always consistent. One-year-old seeds of 
sand bluestem, blue grama and A-6606 switchgrass; two-year- 
old side-oats grama and yellow indiangrass; and seven-year- 
old Grenville switchgrass seeds had emerged best at the end 
of the field test. Except for sandhill bluestem, seeds two 
years and older emerged faster, a factor that may be impor- 
tant in successful field establishment of seeded grasses. 

The germination of seeds does not begin until 
special conditions (moisture, time, temperature, 
etc.) have been provided. Freshly harvested seeds 
of many plants have a dormant period during which 
germination is greatly retarded or completely in- 
hibited, although moisture and temperature con- 
ditions may be optimal. 

Coukos (1944) showed conclusively that seeds of 
big bluestem (Andropogon furcatus Muhl.), little 
bluestem (Andropogon sco@zrius Michx.), and yel- 
low indiangrass (Sorghastrum nutans (L.) Nash) 
possessed prolonged dormancy and some collections 
of side-oats grama and a Kansas selection of little 
bluestem possessed brief dormancy. Seeds of these 
grasses stored in either a barn loft or at room tem- 
perature in bags or jars did not begin normal germi- 
nation until from 14 to 18 months after harvesting. 

l Received 
9, 1969. 

May 31, 1 968; accepted for publication January 

2 Present address: Goodarz Shaidaee, No. 214, Sabbaye- 
Shomali Ave., Teheran, Iran. Billie E. Dahl, Texas Tech- 
nological College, Lubbock, Texas. 

After dormancy broke, germination remained high 
for several months. 

Laude (1956) studied germination of some west- 
ern range species and found some degree of dor- 
mancy in freshly harvested seed of smilograss (Ory- 
zopsis miliuceu (L.) Benth. and Hook.), broadleaf 
filaree (Erodium botrys), and 12 annual grasses. 
The duration of delayed germination varied by spe- 
cies. For a given species, germination rate varied 
from year to year and among seed production loca- 
tions. In the annual grasses studied, dormancy per- 
sisted from one to five months, decreasing with 
time after seed maturity. Certain lots of smilo seed 
possessed dormancy for six months. 

Thornton and Thornton (1962) concluded that 
firm seed dormancy in freshly harvested blue grama 
(Boutelouu gruciZis (H.B.K.) Lag.) seed is of com- 

paratively short duration, disappearing by the 
spring following harvest. They stated that blue 
grama seed retained its original viability for at least 
seven years under usual storage conditions at the 
Colorado Seed Laboratory. On the other hand, 
Sautter (1962) obtained 84% germination of switch- 
grass seed (Punicum virgutum L.) when it was 
scarified but germination was low for untreated 
seeds. 

Sprague (1940) found that the best treatment 
for germinating freshly harvested seed of Kentucky 
bluegrass (Pou prutensis L.) and orchardgrass 
(Dactylis glomeruta L.) was to alternate daily tem- 

perature from 15 to 30 C with the lower tempera- 
ture effective for 16 to 18 hr and the higher tem- 
perature for 6 to 8 hr. In addition, he subjected 
moistened seed of these species to temperatures be- 
tween 5 and 15 C for a period of 10 to 14 days and 
obtained over 90% germination. 

Because the right combination of environmental 
conditions for field germination may occur only 
fleetingly, rapid germination of planted seeds is 
desired. We believe that many seeding failures re- 
sult because the seeds planted are of improper 
age for rapid emergence when optimum field con- 
ditions for germination occur. For example, ability 
of planted seeds to emerge in the field within four 
days vs. eight days may spell the difference between 
success or failure. Therefore, the present research 
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Table 1. Accession and age of seed for grasses tested, Fort. 
Collins, Colorado, 1967. All seeds provided by Plant 
Materials Center, SCS, Los Lunas, New Mexico. 

Specie+ 

Sand bluestem 
(Elida) 

Side-oats 
grama 

(Vaughn) 

Blue gl’ama 
(Lovington) 

Switchgrass 
(A-6606) 

Switchgrass 
(Grenville) 

Yellow 
indiangrass 

(Llano) 

Origin of Seeds Year of Harvest 

Collected in 1956 from 1966 
native stand near 1965 
Elida, New Mexico 1960 
Collected in 1935 1966 
froti native stand 1965 
at Vaughn, New 1964 
Mexico 1962 
Field harvested 1966 
in 1944 near 1965 
Lovington, New 1962 
Mexico 1960 
Collected near Colo- 1966 
rado springs, Colorado, 1965 
about 1937 1960 
Collected near 1966 
Grenville, New 1965 
Mexico 1960 
Collected in 1957 1966 
from sandy plains 1965 
sites in eastern 1962 
New Mexico 

1 All varieties are available commercially except A-6606 switch- 
grass. 

measured the aging characteristics for seeds of: sand 
bluestem (Andropogon h&ii Hack. var. Elida), 
side-oats grama (Bouteloua curtipendula (Michx.) 
Torr. var. Vaughn), blue grama (var. Lovington), 
switchgrass (varieties A-6606 and Grenville), and 
yellow indiangrass (var. Llano). 

Methods and Materials 
We tested all varieties studied in the laboratory and in 

the field to determine the influence of seed age on germina- 
tion and emergence. The ages of seeds tested varied from one 
to seven years (Table 1). 

The seeds were separated according to the provisions and 
regulations of pure seed sampling. For each variety, 200 
seeds were selected as a sample and of these, 100 were used 
to test germination in the laboratory and the other 100 to 
evaluate seedling emergence in the field. 

Laboratory Experiment.-The 100 seeds of each variety 
wers divided into five replicates of 20 seeds each and placed 
on blotters according to standard procedure for “covered 
petri-dish tests” (Agricultural Handbook No. 30, 1952). The 
20 seed lots were placed on wet blotter paper in five differ- 
ent petri dishes and placed in the germinator. Water was 
carefully applied each time under the edges of the blotter 
paper. To maintain constant humidity, distilled water was 
pumped to the top of the germinator and constantly dripped 
back into the storage area to be recycled. Temperatures 
were set for 30 C for 16 hr and 20 C for 8 hr to simulate 
natural conditions. Fluorescent lights were used for 16 hr 
daily to simulate daylight. 

Fluctuations in precipitation can cause differences among 
seed lots that would otherwise be attributed to age of seed 

or duration of storage. However, the U.S. Soil Conservation 
Service Plant Materials Center at Los Lunas, New Mexico, 
produced the seeds for this study in an area that has an arid 
climate. All plants grown there for seed production are reg- 
ularly irrigated. Therefore, it was assumed that normal 
climatic differences were not sufficient to confound the dif- 
ferences among seed lots attributed to duration of storage. 

Field Experiment.-Seedling emergence trials were made at 
the Fort Collins Experimental Range Station, 11 miles north 
of Fort Collins, Colorado. 

Soil in the study area is classified as a larimer gravelly 
loam. The land was moldboard plowed to a depth of 15 
cm; then immediately harrowed and disked. On 1 June, 
five plots 150 x 50 cm were prepared. 

A board with 20 markers set 2.5 cm apart and extending 
6 mm downward was used for making depressions to assure 
a uniform depth in hand-planting the seeds. Following 
planting, the seeds were hand covered. Rows were 7.5 cm 
apart. The 100 seeds of each variety tested were divided 
into five replicates of 20 seeds each. Each of the six varie- 
ties had either three or four harvest years involved, so the 
combined total of varieties and years provided 20 test items 
that were planted in five blocks, or a total of 100 rows. The 
plots were sprinkler-irrigated daily, enough to keep a surface 
crust from forming and to keep the soil moist for a depth 
of at least three inches. 

The seeds of the different varieties and harvest years were 
randomly located within the blocks. They were not pre- 
treated in any way. The seeds tested differed only in length 
of time in storage. Observation began the day after planting 
and continued for a period of 30 days. Emerged seedlings 
were removed after each daily count. 

Results 

Age of seed affected laboratory germination and 
field emergence percentages of all varieties tested. 
Because rapid germination when favorable cli- 
matic conditions occur could be more important in 
stand establishment than total germinability, the 
initial percentages are compared to final results for 
both the laboratory and field study. 

For sand bluestem, the youngest seeds germinated 
first and gave highest total percentages for both the 
laboratory and field studies. Viability appeared to 
decline proportionally with age. On the other hand, 
the two-year-old side-oats grama seeds gave highest 
values for both studies. This age seed also emerged 
fastest and after the first day, laboratory germina- 
tion also was more rapid for this age of seed. Viabil- 
ity of seeds from this species declined after two 
years of age. (Figures 1 and 2). 

Two-year-old blue <grama seeds germinated and 
emerged first, but final field emergence values 
favored the youngest seeds by 8%. 

Although the youngest A-6606 switchgrass seeds 
had highest total field-emergence values, they were 
three days slower in emerging and they required 
19 days to overtake the seven-year-old seeds. For 
Grenville switchgrass, the seven-year-old seeds 
germinated first, emerged first and gave highest 
final percentages. This data suggests that rapid 
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FIG. 1. Daily accumulated germination from laboratory tests con- FIG. 2. Daily accumulated emergence from the field experiment 
ducted at alternating temperatures of 20 and 30 C for six for six warm-season grasses at Fort Collins Range Station, Col- 
warm-season grasses. orado. 

early germination of young switchgrass seeds may 
depend on scarification as indicated by Sautter’s 
1962 work. 

Year-old yellow indiangrass seed had highest 
laboratory germination percentages, but the lowest 
field emergence percentages. This may be due to 
dormancy having been overcome in storage, but 
unfavorable climatic conditions in the field, e.g., 
low temperature, may have re-established the dor- 
mant conditions in the younger seeds. Dormancy 
was completely broken in the two-year-old seeds, 
which emerged 5O7o better than seeds from 1962, 
the next best year. 

Discussion and Conclusions 

Taylor and Hudspeth (196 1) reported that under 
field conditions on the southern Great Plains, suf- 
ficient moisture for seedling emergence of grasses 
planted at the customary shallow depths cannot be 
maintained with practical moisture-conserving treat- 
ments except under extremely favorable weather 
conditions. Therefore, rapid germination would be 
an important factor influencing stand establish- 
ment. 

Because the field experiment was carried out un- Commonly, seedling vigor, percent of a full stand 
der natural conditions, its results should be the established, and yield are compared to evaluate 
most valuable for use in range management. Rapid grass species and varieties in a nursery. At planting, 
germination and early establishment of seedlings is uniformity among varieties is usually based on per- 
very important because it contributes to the success cent of pure live seeds but age of the seed is ignored. 
of field plantings when other conditions such as Variation among varieties is then attributed to 
moisture and temperature are optimum. From the adaptability to the local conditions. From this 
standpoint of range revegetation, those species study, we conclude that germinability as determined 

Sand bluestem Side-oats grama 

01966 
Al965 
Ml960 , * - 

/ *A 
_* 

ml964 
01962 

8’ 10 12 14 16 18 20 

Observotion period (days) 

Blue grama 

a1966 
Al965 

501 Ml962 

Observation period (days) Observation 

Swi t chgrass 

70 
.‘- 

60 

50 

40 

30 

20 

10 

6 8 10 12 14 16 18 

Observotion period (days) 

SWI tchgra ss (A-6606) 

351 01966 
30~ Al965 /' 

ml960 
25 , -,7- 

16 18 20 

period [days) 

Yel low indiangrass 

.I966 
30, Al965 / 

8 10 12 14 16 18 20 

Observation period (days) 

which have the fastest germination should be most 
useful for seeding. If soil moisture were adequate 
for germination at the time of seeding, those varie- 
ties having no delayed dormancy would be able to 
emerge while the conditions were favorable and the 
young root could possibly reach deeper moisture. 
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in a laboratory is not the only factor that should be variety. This would seem to be an important 
considered before species can most effectively be enough item economically that all recommended 
compared in a common planting. For example, 97% varieties be researched for best age of seed to plant. 
of our side-oats grama seeds germinated within 8 
days from both one- and two-year-old seeds, but only LITERATURE CITED 

33% of the year-old seeds emerged in the field corn- ANoNYMoUS* 1952. Testing Agricultural and Vegetable 

pared to 597& for the two-year-old seeds. Similarly, Seeds. Agricultural Handbook No. 30.440 p. 

one- and two-yeat-old yellow indiangrass seeds ger- 
COUKOS, C. J. 1944. Seed dormancy and germination in some 

minated 82 and 61%, respectively, but almost twice 
native grasses. J. Amer. Sot. Agron. 36: 337-345. 

as many two-year-old seeds emerged in the field. 
LAUDE, H. M. 1956. Germination of freshly harvested seed 

Apparently, dormancy in some seeds is over- 
of some western range species. J. Range Manage. 9: 126- 
129. 

come in storage, but certain environmental condi- SAUTTER, E. H. 1962. Germination of switchgrass. J. Range 
tions cause a recurrence of dormancy under field Manage. 15: 108-109. 

conditions in young seeds that does not occur in SPRAGUE, V. G. 1940. Germination of freshly harvested seeds 

older seeds of the same variety. (See the yellow of several poa species and of Dactylis ~Zomerata. J. Amer. 

indiangrass results in Figs. 1 and 2). However, this Sot. Agron. 3.2: 715-721. 

seems to vary by specie and variety. The point is 
TAYLOR, H. M., AND E. B. HUDSPETH. 1961. Factors affecting 

that for a given locale relatively few species and 
seedling emergence of Blackwell switchgrass. Agron. J. 

varieties are recommended for planting. Field es- 
53: 33 l-335. 

T 
tablishment is usually erratic and undoubtedly 
there is one “best” age of seed for planting for each 

HORNTON, J. L., AND B. J. THORNTON. 1962. Firm seed and 
longevity of blue grama (Bouteloua gracilis). Pro. Assoc. 
Off. Seed Anal. 52: 112-I 15. 
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Sideoats grama was interseeded in g-rass stands represent- 
ing intermediate stages of succession near Amarillo, Texas. 
Seedings at 0.5~inch depth were more successful than at 
one-inch. Addition of 30 lb/acre nitrogen fertilizer or leg- 
ume (alfalfa) to the seeding did not increase the seedling 
establishment. Better grass stands with less competition 
from non-seeded species was obtained from seeding in late 
May than in March, April, or June. Highest total survival 
of grass seedlings was also from the May seedings. 

Thousands of acres in the American Great Plains 
were put into cultivation during the last 50 years. 

lFunds and facilities were furnished by Texas Techno- 
logical College Research Farm, Pantex, Texas. The paper 
is contribution number 58 International Center for Arid 
and Semi-Arid Land Studies. Mr. Richard Dudley and 
Mr. Charles Gantt, Research Agricultural Engineers, 
IJSDA, ARS, Bushland, Texas, designed and furnished 
the equipment for the study. Mr. Douglas Sellars and 
Mr. Joe Trlica, Research Assistants, Texas Tech, collected 
field data in 1964 and 1965. Received July 29, 1968; ac- 
cepted for publication November 12, 1968. 

z Present address: Lincoln County Livestock Company, P.O. 
Box 1000, Roswell, New Mexico. 

Many of these were abandoned when farming proved 
uneconomical, resulting in large areas returning to 
grassland through secondary succession. Almost all 
stages of secondary succession are evident in the 
Texas High Plains. 

Under normal successional processes it may take 
from 15 to 50 years for an abandoned field to reach 
the climax condition (Shantz, 1917). Reseeding 
is usually necessary if abandoned cropland is to 
reach a high level of productivity in a shorter length 
of time. The usual technique for reseeding on the 
Texas High Plains includes complete destruction 
of established low-value grasses followed by plant- 
ing a cover crop, cutting the cover crop, and dril- 
ling grass seed the following spring. Interseeding 
desirable grasses in the established grass cover has 
proved successful in some areas of the plains (Becker, 
Lang, and Rauzi 1957; Rauzi, Lang, and Becker 
1962; Schumacher 1964). 

This study was designed to test interseeding as a 
method for reclaiming abandoned croplands on 
the Texas High Plains. Specifically the study was 
designed 1) to evaluate interseeding sideoats grama 
(Ro?l teloua curtifxndula Michx.) into successional 

stages of High Plains rangelands, 2) to study dates 
and depths of planting and 3) to test the effects of 
a commercial fertilizer and a dryland legume on 
seedling emergence and survival. 

Procedure 
The experimental area was located on the Texas Techno- 

logical College Research Farm at Pantex, Texas about 15 
miles northeast of Amarillo. The interseeded area was a 
deep hardland site in an old cultivated field abandoned for 
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FIG. 1. The Bushland Range Interseeder showing (1) packer 
wheel, (2) seed placements, (3) fertilizer placements, (4) sweep, 
(5) coulter. 

over 20 years. The area was covered with a sparse stand of 
sand dropseed (Sporobolus cryptandrus (Torr.) Gray), silver 
bluestem (Andropogon saccharoides Swartz), western wheat- 
grass (Agropyron smithii Rydb.), and annual plants. The 
perennial grasses grew in isolated colonies typical of early 
stages of succession. 

The soil is uniform and consists of a single soil type and 
series, Pullman silty clay loam. Relief is slight, slopes range 
from 1 to 3y0. 

Annual rainfall for the area averages 20.76 inches. Over 
55% of this comes during the summer months of May, 
June, July, August. The other 45y0 is scattered over the re- 
mainder of the year. Rainfall the first year was distributed 
normally and was approximately average for the area. Rain- 
fall the second year was slightly below average but with 
normal distribution. The third year of the study was an ex- 
tremely dry year with little summer precipitation. 

Premier sideoats grama was seeded: 1) alone, 2) in com- 
bination with Nomad alfalfa (Medicago sativa), and 3) with 
the addition of ammonium nitrate. Dates of planting were 
the last week in March, April, and May of 1963, and March, 
April, May, and June of 1964 and 1965. Seeding rates per 
acre, on a pls basis, were 3 lb sideoats g-rama, 3 lb sideoats 
grama plus 30 lb nitrogen, 3 lb of sideoats plus 1 lb alfalfa 
seed. 

All seeding was replicated two times with the Bushland 
Range Seeder (Fig. 1) described by Dudley, Hudspeth and 
Gantt (1965). Planting depths were 0.5 inch and 1 inch. 
Fertilizer placement was 1.5 inch to the right and 1 inch 
below the seed. 

Seedling emergence and survival data were taken from 
randomly located 2-ft linear samples placed at 60-ft inter- 
vals along 4 rows in each replication. Seedling emergence 
data were taken approximately two weeks following plant- 
ing. The seedling survival counts were made near the end 
of the first growing season. 

Results and Discussion 

De;bths of seeding.-The number of sideoats seed- 
lings that emerged and survived in all plots seeded 
at the 0.5-inch depth was approximately twice those 
seeded at the l-inch depth. Seedlings were slower 

Table 1. Three year (1963, 1964, 1965) average of number 
of grass seedlings emerging per foot of row. 

Grass Grass and Grass and 
Date Only Alfalfa Nitrogen Average* 

March 5.7 5.9 4.4 5.3 
April 7.0 6.8 6.5 6.8 

May 11.7 7.3 7.2 8.7 
June1 4.2 3.5 2.8 3.5 

7.5a2 5.9b 5.2b 

1 Only two years’ data: no grass was planted in June in 1963. 
June was the most favorable month in 1964; no seedlings 
emerged from the 1965 June planting. 

2 Numbers followed by the same letter are not significantly 
different from each other. 

* Average number of seedlings emerging per month significantly 
different at .05 level. 

to appear from the deeper seed beds and significantly 
fewer emerged (P < .05). Seedlings from the l-inch 
planting emerged in an uneven stand. Differences 
between seeding depths was so obvious that the l- 
inch depth was not used after the second year of the 
study. Results discussed in this paper are based on 
only the 0.5-inch depth of planting. 

Seedling emergence and survival.-A significantly 
(.05 level) greater number of sideoats grama seed- 

lings emerged when planted alone than when 
planted with either alfalfa or nitrogen fertilizer 
(Table 1). This was probably due to the disturb- 

ance of the seedbed with the nitrogen and alfalfa 
attachment to the seeder because attachments were 
not used when planting grass alone. 

The most successful stands were obtained in May 
plantings. In May 8.7 seedlings/ft of row emerged. 
Significantly fewer (.05 level) seedlings emerged 
in the April planting and significantly less in March 
than in either April or May seedings. 

The June date was not used the first year but was 
added the second year of the study. It was the most 
successful seeding date in 1964. However, in 1965 
the June seeding was conducted in a completely dry 
seedbed, and not enough rains were received the re- 
mainder of the summer to germinate the seeds. 

Seedling survival at the end of the first growing 
season followed the same pattern as seedling emer- 
gence. Plots planted in May had 7.5 seedlings/ft of 
row at the end of the first growing season for 86% 
survival. Those planted in April had 2.8 seedlings, or 
41% survival; those planted in March had 2.8 seed- 
lings, or 53% survival; those planted in June had 
1.7 seedlings/ft of row or 50% survival. 

There was no difference in seedling survival be- 
tween grass planted alone or grass planted with 
alfalfa. However, significantly (.05 level) fewer 
grass seedlings survived when planted with fertil- 
izer than when planted with alfalfa or planted alone. 
Annual grasses and annual forbs grew much more 
luxuriantly under fertilized conditions and pro- 
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concepts are also illustrated with photographs 
taken at sites included in the present investigation. 

Range floodwater spreaders are systems of dikes con- 
structed to automatically divert flood flows from gullies 
and spread them over adjacent range land. The primary 
purpose of the investigation was to determine what factors 
influence vegetal response to this supplemental moisture. 
Forage was established and produced only on sites that 
received at least one flooding per year. Forage production 
per unit of water was less when water was ponded and 
could not drain completely from the soil surface. The total 
moisture retention capacity of the A and B horizons had 
more influence than soil texture on the amount of forage 
produced. 

Range floodwater spreaders are systems of dikes 
that are designed to divert floodwater from a gully 
onto adjacent range land. Many range lands were 
naturally flooded meadows prior to the capture of 
floodwaters by gullies (Fig. 1, left), but after flood- 
water is captured by a gully, previously verdant 
meadows become barren waste land (Fig. 1, right). 

A manual on spreaders prepared jointly by U.S. 
Soil Conservation Service (SCS), Bureau of Land 
Management (BLM), and Forest Service (FS) per- 
sonnel (Stokes, Larson, and Pearse, 1954) states 
that the purpose of the spreaders is “to obtain the 
maximum vegetal response to supplemental mois- 
ture.” The SCS, BLM, and FS have designed and 
constructed most of the spreaders in the Western 
United States. The SCS is responsible for applica- 
tion of the practice on private lands; while BLM 
and the FS are responsible for the spreaders on pub- 
lic lands. 

The primary purpose of this investigation was to 
determine the factors that influence maximum 
vegetal response to supplemental moisture. 

This investigation was initiated in 1961. It was 
extended and intensified in 1964 at the request of, 
and with financing from, the Bureau of Land Man- 
agement. Most of the spreaders they had constructed 
were included in this study. Field personnel of the 
BLM provided invaluable information regarding 
the location and history of spreaders. The construc- 
tive review given to initial drafts of this report by 

Annual Precipitation 

Bennett (1939) reported that: “Areas having an 
annual rainfall of less than 8 inches, or a growing 
season rainfall less than 4 to 5 inches, may not pro- 
duce sufficient runoff to justify the installation of 
a water spreading system.” Data assimilated from 
previous investigations is summarized in Table 1. 
Yield data indicate that in areas with less than 9 
inches of mean annual precipitation the increase in 
grass yields from water spreading was generally 
small while in areas receiving 11 inches or more the 
increase was large. 

Floodwater Supply 

Factors that influence water supply could not be 
given adequate consideration in the limited time 
available for this study; so criteria based on the 
experience of the U.S. Soil Conservation Service, 
Bureau of Land Management and Forest Service is 
presented instead. Miles (1944) of the U.S. Soil 
Conservation Service indicated that: “The relation- 
ship between acreage in a spreader system to acre- 
age in a drainage system is of prime importance.” 
He further stated that: “Care is needed to avoid 
over-developing a large spreader area which does 
not have sufficient drainage above to provide ade- 
quate flows for spreading; or, on the other extreme, 
has too small a spreading area compared with the 
drainage, with the result that too much water run- 
ning back into the drainage below the spreader 
causes erosion. Stokes et al. (1954) support Miles 
(1944) and suggest that the planner needs informa- 

tion on two points to decide on the sufficiency of 
the water supply: (1) The rate of peak flow per 
second; (2) the total volume available in a flow 
event which will occur often enough to justify 
building the system. They list topography, rain- 
fall, soils, vegetation, and available runoff records 
as factors to consider when potential water supply 
is estimated. Excerpts from their discussion of each 
subiect follow. 

1 Publication authorized by Director, U. S. Geological Sur- 
dn the subject of topography they state: “If the 

vey. Received July 13, 1968; accepted for publication drainage area consists of many small, narrow val- 
January 16, 1969. leys with steep slopes at right angles to the streams, 
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FIG. 1. Capture of floodwaters by a gully migrating up through a valley turned a meadow of western wheatgrass (Agropyron smithii) 
(left) into a weed covered waste land (right). 

the runoff will probably be rapid and total time of 
runoff short. With broad, flat valleys the period of 
runoff will be much longer. The stream grades 
themselves will also affect period of runoff and 
peak flows. A long narrow drainage will have a 
larger runoff period and a lower peak than one 
which is wide and relatively short.” 

On the subject of soils they state: “The soils of 
the runoff area should be carefully examined. Most 
clay soils absorb water slowly. Deep sandy soils and 
soils with good structure will absorb water rapidly 
. . . . ” These statements can be interpreted to mean 
that higher runoff can be expected from fine-tex- 
tured soil; and that the potential for runoff de- 
creases as soil becomes coarser. 

On the subject of vegetation they state that: 
“Watersheds with a heavy cover of grass, shrubs or 
trees seldom produce sudden heavy runoff.” Gen- 
eral observations made during the present investi- 
gation support this statement. 

Stokes et al. (1954) further concluded: “Runoff 
records when available are the best source of infor- 

mation on water supply, particularly records which 
are continuous over a ZO-year period or longer.” 
Very few spreaders have been built, however, in 
areas where such records are available. When reli- 
ablerecordsare not available they suggest the alterna- 
tive of estimating peak runoff by the “slope area 
method.” This computation is based on water 
marks and drift lines left by high flows observed at 
several points along a reasonably straight, smooth 
portion of stream channel. The method is described 
in detail by Stokes et al. (1954). They recommend 
that the spreader not be built if one good flood 
cannot be expected at least once a year on the aver- 
age. 

Sedimentation 

Stokes et al. (1954) state that: “Frequent and 
heavy deposits of sediment may interfere with the 
effective operation of the spreader system. Such 
deposits will retard plant <growth and may kill 
younger plants.” This is confirmed by the research 
results of Hubbell and Gardner (1950). They 

Table 1. Data from previous waterspreader investigations. 

Mean annual 
precipitation 

Investigators Date (inches) Soil Grasses Yield of grass 

Valentine 1947 8.68 

Hubbell and Gardner 1950 11.26 

Coarse 
Fine 
Fine 

Hubbard and Smoliak 1953 11.18 
Branson 1956 8.92 

Houston 1960 12.90 

Hadley and McQueen 1961 13.74 

Medium 
Fine 

Fine 

Medium 
Fine 

Black grama Slight increase 
Tobosa Large increase 

Alkali sacaton 1.2 1 T/acre 
Western wheatgrass Large increase 
Galleta Large increase 
Vine mesquite Large increase 
Western wheatgrass 1.89 T/acre 

Western wheatgrass 0.62 T/acre 
Western wheatgrass 1.69 T/acre 

Western wheatgrass 3.84 T/acre 

Western wheatgrass Large increase 
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SATURATION MOISTURE CAPACITY 

(Wt. of Water / Wt. of Dry Soil) 

FIG. 7. Relationship between the saturation moisture capacity 
and moisture retention capacity of 450 soil samples at moisture 
equilibrium in a cooled humidified centrifuge at 1,000 times 
the force of gravity. 

with time, but after equilibration has been attained, it re- 
tains the same moisture content for periods as long as 24 
hr. Coarse-textured soils attain equilibrium quickly, while 
up to 6 hr are required to attain equilibrium in fine-tex- 
tured soils. Details of the method and equipment used are 
described in a patent obtained by McQueen (1963). 

Modification of the standard centrifuge method (ASTM, 
1958) as recommended by McQueen and Miller (1963) pro- 
vides results that can be used as an index of the relative 
amounts of moisture that soil materials can retain after 
drainage. Moisture equilibrium is probably achieved when 
the only moisture retained in the soil is the moisture ad- 
sorbed as films on soil surfaces. Clay and humus, for all 
practical purposes, provide most of the surface available in 
soils for adsorption of moisture. 

The moisture content of soil at saturation, according to 
Richards et al. (1954) “. . . is directly related to the field 
moisture range.” Stiven and Khan (1966) presented results 
indicating that the moisture content of soil at saturation is 
quantitatively related to the clay content of the soil. They 
concluded that the moisture content of saturated soil sam- 
ples “could be used as a means for classifying a soil quantita- 
tively.” They also report that this type of data “can be 
measured easily both in the field and in the laboratory.” 

Shown et al. (1964) reported that “For rangeland soils, a 
nearly straight-line relationship was found between the 
saturation percentages and the centrifuge moisture equiva- 
lents determined in a cooled, humidified centrifuge. The 
above-mentioned relationship permits the use of the satura- 
tion percentage instead of the centrifuge moisture equivalent 
in evaluating soil moisture-holding capacities. The standard 
centrifuge moisture equivalent test does not evaluate the 
effect of coarse material on moisture retention. The satura- 
tion percentage test indirectly provides a measure of the in- 
fluence of coarse material on soil moisture retention.” 

Since the moisture content of soil at saturation is related 
to the moisture content of soil after drainage, and can be mea- 
sured easily both in the field or laboratory, it was selected as 
the means to characterize the soils on range floodwater 
spreaders. Soils were classified either on the basis of their 
moisture content at saturation or their probable moisture 
content after drainage as determined from the relationship 

presented in Fig. 7. This relationship is based on analyses 
from 450 soil samples of various textures and geological 
origins. The coefficient of correlation for the relation be- 
tween saturation moisture capacity (moisture content of 
saturated soil) and the moisture retention capacity (moisture 
content after drainage to moisture equilibrium in an evap- 
oration-cooled centrifuge at 1,000 times gravity) is 0.88, 
significant at the .Ol level (Snedecor, 1953). An even better 
correlation was obtained when only 96 samples, but all of 
similar geologic origin were used to determine the relation- 
ship. The r value was 0.95. This indicates that, in an area 
where soils are derived from materials of similar geologic 
origin, moisture retention capacity can be determined from 
saturation moisture capacity with relatively little error. 

For the present investigation, the depth of moisture re- 
tained per unit depth of soil was computed, using approxi- 
mations of the relative bulk density determined from the 
saturation moisture capacity data. 

It can be shown that in a unit volume of saturated soil the 
moisture content (M,) expressed as a decimal fraction of the 
dry weight is equal to the ratio of the density of water (d,) 
to the bulk density (db) minus the ratio of the density of 
water (d,) to the density of the soil particles (d,). 

The equation is as follows: 

MS+‘-> 
b s 

If the density of the water is assumed to be 1 gm/cc, and an 
average of 2.65 gm/cc (Richards, et al., 1954) is assumed for 
the density of the soil particles2, then a relative bulk density 
can be computed for each soil sample from the saturation 
percentage by the following equation: 

MS=!- = -!- d b 1 
or = 

d 
b 2.65 M, + 0.37735 

The depth of moisture that a soil will retain per unit of 
depth can be estimated by multiplying values of moisture- 
retention capacity from Fig. 7 by relative bulk density ob- 
tained using the above formula. A single curve, Fig. 8, was 
drawn using the latter products to show the relation be- 
tween saturation moisture capacity and the depth of mois- 
ture per unit depth that each soil will retain. 

Sampling and Analyses 

Saturation moisture capacity was determined for soil sam- 
ples obtained from the A, B,, and B, horizons of the profile 
at each sampling site. Horizon boundaries were determined 
as designated in the supplement to the soil survey manual 
(USDA, 1951, p. 212). 

Textural class of the soil samples from each horizon was 
determined in the field by feeling the soil with the fingers, 
as defined in U.S. Department of Agriculture Handbook 18 
(USDA, 1961, p. 212). 

The saturation moisture capacity was determined by add- 
ing distilled water to samples that had been previously dried 
for 24 hr at 110 C. The amount of water required to satu- 
rate each soil sample was determined by reading the number 
of milliliters used from a self-zeroing burette. Saturation 
was defined as the moisture content at which the addition of 

2The assumption of an average specific gravity of 2.65 would 
be valid for all soils encountered in this study. Peat soils 
and pumice soils may have lower specific gravities but 
their occurrence in water spreaders would be unusual. 
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- SATURATION MOISTURE CAPACITY 

(Wt. of Water / Wt. of Dry Soil) 
FIG. 8. Relationship between saturation moisture capacity, a 

fraction of dry weight, and moisture-retention capacity of soil 
profiles expressed as a fraction of depth. 

more water would result in moisture standing on the surface 
of the sample. The amount of moisture added to the dry 
soil was then determined and is reported as saturation mois- 
ture capacity (weight of water/weight of dry soil). 

The pH and electrical resistivity of each saturated sample of 
soil was also determined. This was done to determine if levelsof 
alkalinity or salinity existed that might deter plant growth 
or establishment. The pH of saturated soil samples was 
determined using a Beckman Model HZ glass-electrode pH 
meter. The electrical resistivity of the saturated soil samples 
was determined using cigar-shaped metal electrodes having 
a cell constant equivalent to that of the standard Bureau of 
Soils electrode cup (Richards et al., 1954, method 5). The 
resistance in ohms between the electrodes, when in full con- 
tact with the saturated soil, was determined with a 1,000 
cycle alternating current Wheatstone bridge. 

Visible differences in plant response to flooding were used 
to determine the number and location of sample sites at 
each range floodwater spreader or naturally flooded area 
visited during the investigation. Forage yields were mea- 
sured by clipping grass from two rectangular plots having 
areas of 9.6 fta. The average of the yields measured at two 
plots was converted to lb/acre and reported for each sam- 
pling site. 

Results and Discussion 

The approximate locations of the range flood- 
water spreaders and naturally flooded areas inves- 
tigated during 1961, 1962, and 1964 are shown in 
Fig. 9. 

Climate 

Range floodwater spreaders have not been con- 
structed in areas mapped by the U.S. Weather Bu- 
reau as having less than eight inches of normal an- 
nual precipitation (Fig. 9). Some productive 
spreaders are, however, located very near the bound- 
aries of such areas. 

The vegetation in naturally flooded areas pro- 

1 

FIG. 9. Approximate locations of the range floodwater spreaders 
and naturally flooded areas investigated during 1961, 1962, and 
1964 are indicated by black dots. Approximate locations of 
areas with less than eight inches average annual precipitation 
are indicated by dashed lines. 

vides evidence of the possible influence of climate 
on the kind and quantity of vegetation that could 
possibly be grown on artificially flooded areas. 

Plant growth in extremely dry areas like Death 
Valley occurs primarily in areas where runoff has 
been concentrated. The plants present in such 
areas are shrubs (Fig. 10, top). Shrubs occur both 
in flooded areas and on uplands in areas slightly 
wetter than Death Valley, but having less than 
eight inches of normal annual precipitation. Such 
areas usually drain to a flat-floored bottom of an 
undrained desert basin, that on occasion becomes a 
shallow lake. Shrubs like desert molly (Kochia 
americana) occur at the fringes of these occasionally 
flooded areas (Fig. 10, middle). 

Grasses usually occur in naturally flooded areas 
at sites normally receiving more than eight inches 
of precipitation per year. Different grasses predom- 
inate in swales in different regions of the Western 
United States (Fig. 10, bottom). Western wheat- 
grass predominates in the portions of the Missouri, 
Colorado, and Rio Grande drainages that occur in 
Montana, Wyoming, and Colorado. Alkali sacaton 
predominates in swales in portions of the Colorado, 





254 MILLER ET AL. 

RELATIVE SOIL TEXTURE CLASSIFICATION 

Very 
Coarse 
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FIG. 11. Forage yields are plotted against the average saturation 
moisture capacity of the A and B2 horizons of the soil at each 
sampling site. The range of saturation moisture capacities de- 
termined for each relative soil texture class is also defined. The 
average forage yield for each texture class is indicated by a +. 

the A and B2 horizons. The data obtained from the 
B3 horizon was not included because the few roots 
present there are assumed to use moisture that was 
initially stored in the Bz horizon but subsequently 
migrated into the B3 horizon. 

Comparison of forage yields with saturation 
moisture capacity, obtained from all the flooded 
sites (Fig. 1 l), indicates that the amount of water 
retained in the soil may have more influence on 
forage production than the moisture retention 
characteristics. High yields of forage were mea- 
sured over most of the range of saturation moisture 
capacities encountered. The tendency for mini- 
mum yields to increase with saturation moisture 
capacity could result from progressive increases in 
runoff into flooded sites as the saturation moisture 
capacity of the soil increases. This further indicates 
that the quantity of water rather than the moisture 
retention characteristics of the soil at the flooded 
site determine forage yields. 

Since forage yields in excess of 1 ton/acre were ob- 
tained from soils having saturation moisture capac- 
ities ranging from 0.25 to 0.52 it should be produc- 
tive to construct other range floodwater spreaders 
on soils having similar moisture retention charac- 
teristics, but only if an adequate supply of flood 
water is assured. 

The texture of soil profiles, on which flooding 
resulted in forage production, varied from sandy 
loam to clay. Soil classified as sand is too coarse for 
grass seedling establishment. The SCS criteria 
(USDA, 195 1, p. 2 12) for determination of soil tex- 

tural class in the field by feeling of the soil with the 

fingers proved to be adequate for distinguishing 
the difference between sand and sandy loam soils. 

Sand, according to SCS criteria: “Is loose and 
single grained. Squeezed in the hand when dry it 
will fall apart when the pressure is released. Squeezed 
when moist, it will form a cast, but will crumble 
when touched.” Soilswith thesecharacteristicsshould 
not be included in a range floodwater spreader. 

Sandy loam according to SCS criteria: “. . . is a 
soil containing much sand, but which has enough 
silt and clay to make it somewhat coherent. The in- 
dividual sand grains can readily be seen and felt. 
Squeezed when dry it will form a cast which will 
readily fall apart, but if squeezed when moist, a 
cast can be formed that will bear careful handling 
without breaking.” Soils having the textural charac- 
teristics of a sandy loam, or a finer texture, should 
be suitable for forage production if sufficient flood- 
water is applied to a site and it is managed prop- 
erly. 

These considerations of texture have been intro- 
duced, because adequate estimates of texture can 
be made in the field. This permits the elimination 
of sites too coarse for grass establishment from the 
area to be flooded on the basis of field evidence 
alone. 

A classification system relating textural differ- 
ences, as they might be determined by feeling with 
the fingers to saturation capacity as measured in 
the laboratory was used to evaluate the influence of 
textural differences on forage production. 

No forage production was measured on soils 
having saturation moisture capacities less 
than 0.25. By feeling with the fingers these soils were 
classified as being either gravelly fine sand, sand, or 
fine sand. In Fig. 11 they were classified as very 
coarse. 

Forage production occurred and was measured 
on sites having saturation moisture capacities rang- 
ing from 0.25 to 0.52. This is a range of 0.27, which 
was divided into three equal parts. 

Soils having saturation moisture capacities be- 
tween 0.25 and 0.34 were classified as being coarse 
(Fig. 11). In the field, by feeling with the fingers, 

these soils were classified as being either sandy 
loam, fine sandy loam, or silty loam. 

Soils having saturation moisture capacities be- 
tween 0.34 and 0.43 were classified as being me- 
dium-textured (Fig. 11). In the field, by feeling with 
the fingers, these soils were classified as being 
either silty loam, clay loam, or silty clay loam. 

Soils having saturation moisture capacities from 
0.43 to 0.52 were classified as being fine-textured 
(Fig. 11). In the field, by feeling with the fingers, 

they were classified as being either fine sandy clay 
loam, silty clay loam, clay loam, or silty clay. 

Soils having saturation moisture capacities greater 
than 0.52 are not reported in Fig. 11, but have 
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been analysed in other investigations. When classi- 
fied by finger feel in the field they were defined as 
either silty clay or clay. 

Forage yields were observed only from soils that 
under field conditions would be classed as coarse, 
medium, or fine (Fig. 11). The highest average 
yield was computed for the 11 sites classified as hav- 
ing fine-textured soil. The next lowest average yield 
was computed for the 28 sites having medium-tex- 
tured soils, while the lowest average yield was ob- 
tained for the 20 sites having coarse-textured soils. 
It, therefore, seems that, on the average, most for- 
age can be produced on fine-textured soils, but 
yields as high as many of those obtained from fine- 
textured soil were obtained from medium- and 
coarse-textured soil. The higher average yields 
could well result from the fine-textured soils receiv- 
ing more runoff than coarse-textured soils. 

The structures required to control and divert 
flood flows from channels reduce the stream veloc- 
ity, and the coarse fraction of the sediment load is 
deposited in the channel. Therefore, only the finer 
fraction of the original sediment load is deposited 
in range floodwater spreaders. Where fine-textured 
sediment is deposited, the ability of the soil to re- 
tain moisture is increased. 

The texture of the A horizon was compared with 
the texture of the B2 horizon. The comparison was 
made on the basis of saturation moisture capacities. 
Surface soils having saturation moisture capacities 
higher than the value for the subsoils were classi- 
fied as having the surface finer; while those with 
saturation moisture capacities lower than the value 
obtained for the subsoil were classed as having the 
surface coarser. The moisture retention capacities 
of the surface soil proved to be higher than the 
moisture retention capacities of the subsoil at all 
the sites classed as having coarse soil. Finer soil was 
observed at the surface on 830; of the sites classed 
as having medium-textured soil, and at only 50% of 
the sites classed as having fine-textured soil. 

These results indicate that a coarse-textured site 
might well benefit from the finer-textured sedi- 
ment that is likely to be deposited on its surface. 
The higher moisture retention capacity of the sedi- 
ment might facilitate seedling establishment on a 
marginal site. Shallow soils may also be benefited 
by an increase in the depth of soil capable of retain- 
ing moisture for plant growth. It is doubtful that 
fresh sediment benefits finer-textured sites unless 
the sediment is low in salt content. 

None of the sites in the coarse, medium, or fine- 
textured categories had soil in the A horizon that 
could be classified saline. This means that the elec- 
trical conductivity of the saturated soil was less than 
4 millimhos/cm at 25 C. Richards et al. (1954) in- 
dicated that yields of very sensitive crops may be 
restricted at this level of salinity, but the grasses 

that occurred on the sites investigated are not 
among the plants listed as sensitive. 

Salinity levels that might restrict the yields of 
grasses were encountered in the Bz horizon of some 
of the sampling sites. None of the B2 horizons clas- 
sified as being coarse, on the basis of saturation 
moisture capacity, were saline, but 12.5% of the BZ 
horizons of soils classified as having medium tex- 
ture, and 43% of the B2 horizons classified as hav- 
ing fine texture were saline. 

Some of the B3 horizons in each texture category 
were classified as saline enough to restrict forage 
production. Twelve y0 of the B3 horizons having 
coarse soil were saline, while 25% of the medium- 
textured sites, and 53% of the fine-textured sites 
were saline. 

None of the B2 or B3 horizons had levels of salin- 
ity much higher than an electrical conductivity of 
4 millimhos/cm. Thus, yields might be restricted 
somewhat by salinity, but it does not appear that 
salinity tests are essential for classifying the suitabil- 
ity of an area for a range flood waterspreader. Salin- 
ity tests are not considered useful if the area had 
been naturally flooded and produced forage prior 
to erosion. 

Flooding 

Forage production on range floodwater spreaders 
is influenced by the degree of flooding and the 
amount of moisture retained and available from 
the soil after flooding. From field observations, it 
appeared that certain sites in range floodwater 
spreaders consistently received either inadequate, 
optimum, or excessive amounts of floodwater. The 
degree of flooding that each site normally received 
was determined when the site was visited. Sites 
where forage production was limited to small areas 
that received runoff only from areas within the 
spreader or received no runoff were classified as 
inadequately flooded (Fig. 12, top). Where forage 
production was stimulated across all the area de- 
signed to be flooded, the site was classified as hav- 
ing received optimum flooding (Fig. 12, middle). 
Where either foxtail barley, water plants, weeds, or 
bare ground occurred over parts of the area that 
had obviously been flooded (Fig. 12, bottom), the 
site was classified as having received excessive flood- 
ing. 

After defining the degree to which each site had 
been flooded, the relative texture class of the soil 
was determined. The relative texture class was de- 
termined from the saturation moisture capacities of 
the A and B2 horizons of the soil profile at each site, 
as previously described (Fig. 11). 

Inadequate flooding occurred on 33’7, of the 5 I 
sites having coarse soils, and on 11 7. of the 31 sites 
having medium-textured soils, but it was not evi- 
dent on any of the 22 sites classed as having fine-tex- 
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TOTAL MOISTURE RETENTION CAPACITY- A + B, HORIZONS 

(Centimeters) 

FIG. 14. Yields of forage obtained as compared to the centimeters 
of water that are retainable by the A and B, horizons of the 
soil profile at each sampling site. 

For example, if the average saturation capacity of 
the A and Bz horizons is 0.35, the moisture reten- 
tion capacity is 0.30. For a depth to the base of the 
B2 horizon of 100 cm, the total moisture retention 
capacity is 0.30 times 100 cm, or 30 cm. 

Moisture retention ranges are defined by vertical 
lines in Fig. 14. The average yield of forage for the 
average of the total moisture retention capacity 
within each range is designated by a cross. Each of 
these crosses was connected with a dashed line to 
illustrate the approximate shape of the curve rep- 
resenting the relation between forage yield and 
the total moisture retention capacity of the A and 
B2 horizons. 

At the time each site was sampled there was no 
way of determining if its moisture retention capac- 
ity had been underfilled, filled once, overfilled, 
or refilled more than once. The scatter of the data 
about the lines drawn between the averages may re- 
sult from variability in filling the available mois- 
ture retention capacity. 

Low yields were consistently obtained from 
flooded sites that had a total moisture retention 
capacity of 12 cm or less. Yields increased sharply 
as the total moisture retention capacity approached 
14 cm. This indicates that at least 12 cm or ap- 
proximately 4 inches of total moisture retention 
capacity is required to produce 1,000 lb/acre of 
forage. Yields greater than 1,000 lb were obtained 
from all soil profiles capable of retaining between 
14 and 40 cm of water. Thus, construction of range 
floodwater spreaders should be restricted to sites 
that have soils deep enough to store at least 12 cm 
or approximately 4 inches of water. 
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Plant Response and Cattle Gains 
on Sherman Big Bluegrass1 
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Range Scientist, Rocky Mountain Forest and Range 
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Fort Collins, Colorado. 

Highlight 

Under season-long grazing of Sherman big bluegrass, 
utilization to a 4-inch stubble height was better than lighter 
or heavier grazing for sustained forage production and 
ground cover. Heavy grazing associated with drought re- 
sulted in severe deterioration of the grass stands. Beef 
gains from the recommended rate of grazing averaged 78 
lb/acre. This beef gain was higher than for any other seeded 
or native species tested at the Manitou Experimental Forest, 
Colorado. 

Although Sherman big bluegrass (Hanson, 1965), 
a selection of Poa ampla Merr. has not been used 
widely in range seedings in Colorado, it has several 
characteristics that make it desirable for range im- 
provement programs. In Oregon, Hyder and Sneva 
(1963) found that big bluegrass was highly pala- 

table for grazing during July and August, and that 
it also grew some in the winter, began growth very 
early in the spring, and was ready for spring grazing 
about a month earlier than crested wheatgrass 
(Agropyron cristatum Schult.). Lavin and Spring- 

field (1955) reported an average yield of 2,010 
lb/acre for big bluegrass in the southwestern pine 
zone of Arizona and New Mexico. They rated this 
species as good for early spring grazing, fair for late 
spring and summer use, but poor for fall grazing. 
Big bluegrass was one of the more successful species 
tested in Colorado adaptability trials (Hull and 
Johnson, 1955; McGinnies et al., 1963), and showed 
promise for range seedings in the ponderosa pine 
zone. Therefore, it was selected for grazing experi- 
ments to determine how well it withstood livestock 
use at three different levels of herbage removal. 
Evaluation was based upon both vegetation and 
livestock responses from the three intensities of use. 

Study Area and Methods 

The study was conducted at the Manitou Experimental 
Forest, 28 miles northwest of Colorado Springs, Colorado. The 
Forest is situated in the pine zone at an elevation of 7,800 
ft. Precipitation during the past 25 years has averaged 15.73 
inches, with 11.25 inches from April through August. Tem- 
peratures are cool, and the growing season is short. Over- 
night temperatures are often below freezing early or late in 

lReceived ,4ugust 10, 1968; accepted for publication Octo- 
ber 28, 1968. 

“Forest Service, U. S. Department of Agriculture, with 
headquarters at Fort Collins, Colorado, in cooperation 
with Colorado State University. 

the growing season, and daytime temperatures seldom exceed 
90 F in midsummer. Winters are open but cold, with tem- 
peratures as low as -40 F. 

Soils of the area are alluvial. They are derived from Pikes 
Peak granite, and are classified as sandy loams or sandy clay 
loams. They have a granular structure, and are porous when 
wet but firm when dry. Surface soils range from 8 to 10 
inches thick, and either lack a subsoil or have a coarse, 
gravelly loam subsoil that grades into unconsolidated parent 
material at a depth of 3 to 4 ft. These surface soils are 
slightly acid, low in fertility, and contain only moderate 
amounts of organic material. 

The study was located in two natural openings of the pine 
zone that had been farmed and later abandoned. One area, 
designated Nursery, was last farmed in 1934; the other, de- 
signated the Sinclair, was last farmed in 1936. Prior to the 
study, these abandoned fields were in the process of reveg- 
etating. Species of low forage value such as fringed sage- 
brush (Artemisia frigida Willd.), trailing fleabane (Erigeron 
flagellaris A. Gray), and hairy goldaster (Chrysopsis villosa 
(Pursh) Nutt.) were common. 

Stand establishment and treatments.-The two study areas 
were plowed, cultipacked, and seeded to Sherman big blue- 
grass in 1957. A single-disc grain drill with a 7-inch row 
spacing was used to plant the seed at 8 lb/acre. Plants in the 
new seedings were then allowed two growing seasons to de- 
velop before grazing began in the spring of 1959. 

A IO-acre block was established at each of the two loca- 
tions. These blocks were subdivided into three experimental 
pastures, which were given different grazing treatments 
based upon stubble-height objectives: 

6 inches 3 acres 
4 inches 5 acres 
2 inches 2 acres 

Stocking system and livestock measurements.-Yearling 
Hereford heifers, furnished by local livestock operators, were 
used to graze the pastures. Four animals were used at each 
location. When grazing began in the spring, two heifers were 
put in the 4-inch stubble-height treatment, which was stocked 
season-long with the same animals. The other two heifers 
were put in the 6-inch stubble treatments, but were moved 
back and forth between it and the 2-inch stubble treatments 
at weekly intervals throughout the season. Since pasture 
size, stocking rate, and stubble height were constant but 
forage production fluctuated each year, it was necessary to 
divide the grazing season into two periods during most 
years. In those years with split seasons, the same heifers were 
returned to their respective treatments in the second half of 
the season. 

Grazing was scheduled to begin when maximum leaf 
lengths on the bluegrass plants averaged 4 inches in the most 
lightly used units. The heifers were removed from the pas- 
tures when the respective stubble-height objectives were 
reached. The heifers were weighed “on” and “off” follow- 
ing an overnight shrink. Daily gains and gain per acre from 
the 4-inch stubble treatment were compared with gains from 
other seeded ranges previously tested at Manitou. 

Vegetation measuremen ts.-Forage production was mea- 
sured each year by clipping the grass within six 9.6 ft2 plots 
in each treatment which were caged to prevent grazing. 
Cages were not moved within the season, so regrowth was 
not accurately measured. When it was necessary to divide 
the grazing season into two periods, however, production 
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Table 2. Density changes (plant/fta) with grazing in- 
tensity for Sherman big bluegrass and invading species, 
1963, 1965. 

Big bluegrass Invading species 

Grazing 
intensity 

Average Average 
1963 1965 decrease 1963 1965 increase 

Z-inch stubble 2.12 1.47 0.65 1.01 4.39 3.38 
4-inch stubble 3.28 2.26 1.02 .30 1.90 1.60 
6-inch stubble 2.47 2.04 .43 .74 2.72 1.98 

inch treatment. Under the Z-inch level, leaf length 
averaged 3.64 inches. 

Density of Sherman big bluegrass and other spe- 
cies established within or invading the stands was 
not measured when the study was started. Early 
in the drought in 1963, permanent 1 x IO-ft tran- 
sects were placed in each of the pastures and plant 
densities recorded. At that time, density of big 
bluegrass was greatest on the pastures grazed to a 4- 
inch stubble height and least on those grazed to a Z- 
inch level (Table 2). Conversely, the most heavily 
grazed pastures had almost four times as many in- 
vading species as the medium grazing treatment. By 
1965, invading species, primarily fringed sagebrush 
with a smaller number of trailing fleabane and 
hairy goldaster plants, had increased considerably. 
The pastures grazed to a 2-inch stubble had nearly 
4.5 invading plants/ft2 compared with about 2 
plants in the 4-inch treatment and 3 plants in the 6- 
inch treatment. Although the number of big blue- 
grass plants decreased most in the 4-inch treatment, 
those pastures retained the most bluegrass plants 
and had the smallest increase in invaders. 

Comparisons with Other Species 

The performance of Sherman big bluegrass may 
be compared with other seeded species that have 
been grazed experimentally at the Manitou Experi- 
mental Forest .3 Since these other species were 
tested in an earlier series of years with different an- 
nual weather conditions, a year-to-year comparison 
would not be valid. It does appear reasonable, 
though, to compare means and relative perform- 
ance of big bluegrass and the several species tested 
previously, because long-term climatic averages, in- 
cluding droughty years, were comparable for the 
two series of years in which the studies were made. 
Growing-season precipitation, for instance,whichwas 
important in growth and yield for all seeded spe- 
cies, averaged 10.52 inches with a low of 5.71 inches 
in the 12-year period of the early study, com- 

3 Currie, Pat O., and Dwight R. Smith. Response of seeded 
ranges to different grazing intensities in the ponderosa 
pine zone of Colorado. (In preparation for publication, 
Rocky Mountain Forest and Range Exp. Sta., U. S. Forest 
Serv., Fort Collins, Colo.) 

Table 3. Average forage production of seeded ranges 
(lb/acre) in relation to grazing intensity.1 

Stubble heights (inches) 

Species 2 4 6 

Crested wheatgrass 1196 1270 1264 
Smooth brome 674 755 787 
Mixture 1335 1578 1479 
Intermediate wheatgrass 557 894 907 
Russian wildrye 638 894 875 
Big bluegrass 1136 1394 1362 

1 Averages for bluegrass are for years 1959-65. Other species are 
9- to 12-year averages from 1949-60. 

pared to 10.42 inches and a low of 6.36 inches dur- 
ing the 7-year period in which big bluegrass was 
grazed. 

The noticeable feature of big bluegrass was its 
early grazing readiness. It was usually 4 inches tall 
between April 20 and 27, the same readiness date 
as that of Russian wildrye (EZymus junceus Fisch.), 
a notably early growing species, and 15 to 20 days 
earlier than for crested wheatgrass (Agsofiyron cris- 
tatum (L.) Gaertn.), intermediate wheatgrass (A. 
intermedium (Host) Beauv.), or smooth brome 
(Bromus inermis Leyss.). In addition, bluegrass 

pastures provided late fall grazing and often grew 
some in the winter, as reported by Hyder and Sneva 
(1963). In 1961, for example, grazing began on 

April 20, and the pastures were grazed continuously 
until October 31, when utilization objectives were 
reached and cattle were removed. By mid-Novem- 
ber, plants on the production plots which were 
clipped to the ground level at the time grazing ter- 
minated had regrown and attained a height of be- 
tween 3 and 4 inches. 

A mixture of crested wheatgrass and smooth 
brome produced from 100 to 200 lb/acre more for- 
age than big bluegrass at the different grazing in- 
tensities (Table 3). Crested wheatgrass grazed to 2- 
inch stubble produced an average of 60 lb,/acre 
more forage than big bluegrass grazed comparably. 
In these earlier tests, grazing to a 2-inch stubble 
height was concluded to be optimum or proper use. 
With big bluegrass, grazing to a 4-inch stubble 
height was best and this treatment produced an 
average of 59 lb more forage than the 2-inch treat- 
ment on the mixture and almost 200 lb/acre more 
forage than crested wheatgrass. 

For other species or treatments, big bluegrass 
pastures produced from as little as 92 lb/acre more 
forage than the crested wheatgrass grazed to a 6- 
inch level, to as much as 639 lb more than smooth 
brome pastures grazed to a 4-inch level. Presum- 
ably, the consistently higher production of the mix- 
ture pastures resulted from their higher fertility, 
which was brought about by planting yellow blos- 
som sweetclover (MeZiZotus officinalis (L.) Lam.) 
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Table 4. Average daily gain and gain per acre (pounds) from 6.7 lb more than from the mixture to 38.1 lb 
of yearling heifers on seeded ranges. more than from smooth brome (Table 4). Thus, in 

Species Daily gain Gain per acre 
terms of total beef production, Sherman big blue- 
grass rated well with the mixture and was superior 

Crested Wheatgrass 1.67 59.2 to the other species tested. 
Smooth Brome 1.52 40.2 
Mixture 1.81 71.6 LITERATURE CITED 
Intermediate Wheatgrass 
Russian Wildrye 
Sherman Big Bluegrass 

1.92 52.3 
1.53 48.8 
1.71 78.3 

in the mixture when the stands were initially estab- 
lished. This effect of improved fertility was observed 
for both herbage production and animal gains 
throughout the earlier study. 

Daily gains of yearling heifers from big bluegrass 
grazed to the 4-inch level, averaged 0.10 lb/day less 
than those from the mixture and approximately 
0.20 lb less than from intermediate wheatgrass. 
Gain per acre from big bluegrass, however, averaged 
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Is Deferment Always Needed After 
Chemical Control of Sagebrush?’ 

DIXIE R. SMITH 

Principal Plant Ecologist, Rocky Mountain Forest and 
Range Experiment Station, Laramie, Wyoming.2 

Highlight 

The effects of 0, 1, 2, and 3 years of grazing deferment 
after sagebrush control were compared on subalpine ranges 
of the Big Horn Mountains in Wyoming. 

On units open to grazing, utilization of Idaho fescue was 
generally below the level which sustains yield under season- 
long grazing. Under such conditions, the desirable forage 
grasses quickly increased in vigor and revegetated the area 
after sagebrush was killed. Continued moderate utilization 
did not retard the revegetation process or influence the sub- 
sequent reinvasion of sagebrush. 

Chemical control of sagebrush (Artem.isia spp.) 
is probably the most popular range improvement 
practice in Wyoming. Wyoming ranchers began 
spraying sagebrush as early as 1950. The practice 
became quite popular and 106,000 acres were 
sprayed in 1964 alone. The total acreage now ex- 
ceeds l/2 million (Kearl, 1965). 

lBased on a paper presented at the Twentieth Annual 
Meeting, American Society of Range Management, Seat- 
tle, Washington. February 16, 1967. Received August 10, 
1968; accepted for publication November 21, 1968. 

2Forest Service, U. S. Department of Agriculture, with 
headquarters at Fort Collins, in cooperation with Col- 
orado State University. Research reported here was con- 
ducted at Laramie, in cooperation with University of 
Wyoming. 

Many land management agencies encourage or 
require one or more years of grazing deferment-the 
objective being to perpetuate maximum forage 
production (Pechanec et al., 1965). Deferment, how- 
ever, may place a temporary hardship on the ranch- 
ing operation. Herds must be reduced or addi- 
tional range must be acquired to replace the 
temporary loss of available forage. 

This paper compares the effects of 0, 1, 2, and 3 
years of deferment on forage production and rein- 
vasion of sagebrush. 

Study Areas and Procedures 

To replicate the treatments in time and space, four experi- 
ments were set up in cattle allotments of the Bighorn Na- 
tional Forest. The Soldier Creek and Antelope Butte areas 
were sprayed in 1960. The remaining areas, Buck Creek and 
Grouse Creek, were sprayed in 1961. 

Each experiment consisted of two randomized complete 
blocks, with subsampling of the experimental units for utili- 
zation, production, and sagebrush density. The no-defer- 
ment units were never fenced. Deferments of 1, 2, and 3 
years were obtained through fencing and removal of fences 
at appropriate times. 

Production of major vegetational components was mea- 
sured on each of the 15 subsample units (1 x 4 ft) by the 
weight-estimate method (Pechanec and Pickford, 1937a). 
The sample mean was adjusted by double sampling tech- 
niques (Wilm, Costello, and Klipple, 1944). These measure- 
ments were made the year before spraying and annually for 
six years after control. 

Utilization was determined by the ocular estimate by plot 
method (Pechanec and Pickford, 1937b). Estimates were 
made the year of spraying and annually thereafter. 

To assess the reinvasion of sagebrush, seedlings and older 
sagebrush plants were counted on each subsample unit the 
year after spraying and annually thereafter. 
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FIG. 1. Production of herbage in the year before sagebrush con- 

trol. Sagebrush was sprayed in 1960 at Antelope Butte and 
Soldier Creek, and in 1961 at Buck Creek and Grouse Creek. 

Effectiveness of the control program was determined from 
pre- and post-treatment measurements of sagebrush density 
and crown cover. Cover was determined from ten IOO-ft 
line intercepts (Canfield, 1942) at each of the four experi- 
mental areas. These intercepts were not located within the 
experimental units, but were scattered throughout the im- 
mediate area. Density was determined by superimposing 
over each line intercept a 10 x 100 ft belt transect and 
counting the number of plants. 

Data were subjected to analysis of variance and conclu- 
sions were based upon significance at the 0.05 level of prob- 
ability. 

The herb flora at Antelope Butte, Soldier Creek, and 
Buck Creek was typical of the Idaho fescue (Festuca idahoen- 
six Elmer) community (Hurd, 1961; Beetle, 1956) which oc- 
curs in subalpine parks throughout the Big Horn Moun- 
tains. The Grouse Creek experiment, elevation about 6,500 
ft, was at the lower limits of the zone, and such species as 
bluebunch wheatgrass (Agrofy-on spicatum (Pursh) Scribn. 
and Smith) were common. 

The sagebrush community, prior to spraying, supported 
a relatively dense understory of perennial grasses and forbs. 
Total herb production ranged from about 800 lb/acre at 
Grouse Creek to 2,500 lb/acre at Soldier Creek (Fig. 1). 
Forbs dominated the herbaceous vegetation at each location. 
Production of perennial grasses ranged from about 250 
lb/acre at Buck Creek to nearly 800 lb/acre at Soldier Creek. 

Crown cover of big sagebrush (Artemisia trident&z Nutt.) 
ranged from 14% at Buck Creek to 24% at Soldier Creek 
(Fig. 2). Stem density ranged from 14 per 100 fta at Buck 

Creek to 18 per 100 fta at Grouse Creek. 
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FIG. 2. Crown cover and stem density of big sagebrush in the 
year before sagebrush control. Sagebrush was sprayed in 1960 
at Antelope Butte and Soldier Creek, and in 1961 at Buck 
Creek and Grouse Creek. 

Results 
Excellent control of big sagebrush was obtained 

with the aerial applications of 2,4-D. Crown cover 
and density were reduced by about 98oj’, on each of 
the four experimental areas. 

Utilization of Idaho fescue, the key management 
species, was higher in the pretreatment year than in 
the years following sagebrush control (Fig. 3). The 
decrease in utilization was probably a result of an 
increase in grass production without a commen- 
surate increase in stocking rate. In the post-treat- 
ment years, utilization was generally less than 437, 
-the level which sustains yield under season-long 
use (Beetle et al., 1961). 
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FIG. 3. Utilization of Idaho fescue on areas open to grazing at 

each of the four experimental areas. Sagebrush was sprayed in 
1960 at Antelope Butte and Soldier Creek, and in 1961 at Buck 
and Grouse Creek. 
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Table 1. Average (1959-1965) herbage production (lb/ acre) 
in the Antelope Butte Experiment as affectd by length of 
deferment. 

Years of Deferment 

Species 0 1 2 3 LSD1 

Total grasses 583 460 458 376 NS 

Idaho fescue 331 237 165 163 31 

Columbia needlegrass 57 37 79 50 NS 

Raynold’s sedge 82 141 198 132 NS 

Total forbs 451 437 505 513 NS 

Lupine 119 107 123 89 NS 

1 Least significant difference among treatment means at the 0.05 
level of probability. 

Herbage production-At Buck Creek and Grouse 
Creek, length of deferment had no effect upon pro- 
duction of all grasses, Idaho fescue, Columbia 
needlegrass (Stipa colum biana Macoun.) Raynold’s 
sedge (Carex raynozdsii Dewey), all forbs, and lu- 
pine (Lupinus sericeus Pursh). 

In the Antelope Butte experiment, production of 
all grasses, Columbia needlegrass, Raynold’s sedge, 
all forbs, and lupine was not affected by length of de- 
ferment (Table 1). Yield of Idaho fescue, averaged 
over all years, was greatest under no deferment and 
least under two and three years of deferment. These 
differences among treatments, however, were as 
large in 1959, the year before spraying, as in the 
post-treatment years. Therefore, they probably re- 
flect only chance variation among experimental 
units and not treatment effects. 

At Soldier Creek, total production of grasses was 
not increased by deferment for one or two years 
(Table 2). Three years of deferment generally had 

the same effect as no deferment, but in 1963 the 
yield was 547 lb/acre more in non-deferred areas. 

Average annual yield of Columbia needlegrass at 
Soldier Creek was not affected by length of defer- 
ment. But in 1962, production under no deferment 

Table 2. Average (1959-1965) herbage production (lb/acre) 
in the Soldier Creek Experiment as affected by length of 
deferment. 

Years of Deferment 

Species 0 1 2 3 LSD1 

Total grasses 793 653 836 558 223 

Idaho fescue 319 273 346 196 NS 

Columbia needlegrass 130 64 69 46 NS 

Raynold’s sedge 60 8 25 44 NS 

Total forbs 474 543 429 430 NS 

Lupine 85 146 137 120 NS 

1 Least significant difference among treatment means at the 0.05 
level of probability. 

Table 3. Density (per 100 ft.2) of big sagebrush seedlings and 
older plants as affected by length of deferment after 
sagebrush control. Data averaged over five years. 

Years of Deferment 

Experiment 0 1 2 3 LSD1 

Antelope Butte 7.0 5.4 0.7 2.1 2.0 

Soldier Creek 4.0 13.4 8.0 9.8 NS 

Buck Creek 3.4 31.3 2.1 2.4 NS 

Grouse Creek 35.5 10.2 6.7 19.8 NS 

l Least significant difference among treatment means at the 0.05 
level of probability. 

was about 193 lb/ acre more than under the other 
three treatments. 

Production of Idaho fescue, Raynold’s sedge, all 
forbs, and lupine was not affected by length of de- 
ferment. 

Sagebrush reinvasion-In the post-treatment 
years, density of sagebrush varied greatly in all ex- 
periments, but the high mortality rate of seedlings 
consistently reduced the density to a low level. 

In the Buck Creek, Grouse Creek, and Soldier 
Creek experiments, length of deferment had no 
effect upon the density of sagebrush (Table 3). At 
Antelope Butte, density was reduced by deferment 
of two or three years. High mortality rates reduced 
the number of seedlings to a uniformly low level, 
however, and there was no year-to-year increase in 
sagebrush density regardless of the length of defer- 
ment. 
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Highlight 

Western juniper invasion of sagebrush-bunchgrass vegeta- 
tion in southwestern Idaho was verified. The invasion started 
about 1860 and is continuing at present. Juniper was found 
to be climax on rocky ridges and rimrocks where soil devel- 
opment is limited. Seral juniper stands were found on the 
deeper soils of valley slopes and bottoms. These sites were 
previously occupied by productive sagebrush-grass stands. It 
appears that juniper control would be more beneficial on 
invaded sites than on climax juniper sites. 

The distribution of western juniper (Juniper-us 
occidentalis subsp. occidentalis) in Idaho is con- 
fined to the soithwestern portion of the state, 
mainly in Owyhee County (Vasek, 1966). The stands 
in Idaho constitute the eastern extremity of the 
range of this species, which extends from the south- 
ern Sierra 6 evada Mountains north through 
Oregon and into southern Washington (Fig. 1). 
Utah juniper (J. osteosperma), the other species 
which occupies sizeable areas in the state is con- 
fined to the eastern portion, and is clearly separated 
geographically from western juniper. 

In Idaho, western juniper currently occupies 
some 400,000 acres. Land managers, stockmen, and 
others have become concerned in recent years by 
the apparent increase in the area occupied by this 
species and by the effects of this increase on forage 
supplies for livestock and big game. It was evident, 
however, that knowledge of the nature of western 
iuniner and its behavioi in Idaho was not sufficient 

.J 

to $ovide either a valid assessment of the problem 
or L rational basis for management. An &estiga- 
tion aimed at providing this information was begun 
by the authors in 1964. The present paper reports 
the results of the first stage of this research. 

Successional changes in the pinyon-juniper zone 
of the Southwest and Intermo&t&n Regions have 
been documented by numerous individuals (Mil- 
ler, 192 1; Cottam and Stewart, 1940; Johnsen, 1962; 
and Christensen and Tohnson, 1964). Generally 
overgrazing, lack of recurring fires, greater seed 
dispersal or an overall climatic shift have been con- 

IThis study was financed in part under the McIntire- 
Stennis Cooperative Research Program, specifically Idaho 
Project M. S. -1 “Site Relationships and Productivity of 
Foothill Grazing Lands.” Received August 15, 1968; ac- 
cepted for publication March 3, 1969. 

sidered the causes of these changes (Phillips, 1910; 
Leopold, 1924; Cottam and Stewart, 1940; and 
Parker, 1945). 

The effects of these changes have also been re- 
ported. Usually they include reduced grazing capac- 
ity, increased difficulty of handling livestock, de- 
creased water yields, greater scenic attraction and 
greater cover but less forage for wildlife (Hull and 
Doran, 1950; Arnold and Schroeder, 1955; Arnold 
et al., 1964; and Skau, 1964). 

A vigorous program of juniper control and im- 
provement of ranges dominated by various species 
of juniper has been carried on in the southwest 
during the past few years. Chaining, bulldozing 
and burning of individual trees appear to be the 
most satisfactory methods developed to date (Cot- 
ner and Jameson, 1959; Arnold et al., 1964). It is 
evident from the literature, however, that more re- 
search is needed to understand the ecology of juni- 
per and solve the management problems of juniper 
rangelands in the Southwest. 

Few studies have been made of juniper in the 
Pacific Northwest. The principal studies reported 
to date are those of Driscoll (1964, 1964a), who 
classified western juniper vegetation into nine as- 
sociations and related these to soil units. These as- 
sociations apparently occupy distinct habitat-types 
which possess distinctive understories and have dif- 
ferent potentials for response to management. 
Driscoll described no communities as recently in- 
vaded by juniper, but mentioned patchinets of 
juniper in two associations, and attributed this to 
the effects of fire. Illustrations of several of the as- 
sociations (Driscoll, 1964a, Figs. 22, 24) indicate a 
preponderance of young juniper but no age class 
data are provided. 

Study Area and Methods 

The study area is located on the Owyhee Plateau and ad- 
jacent mountains in the west central portion of Owyhee 
County, Idaho (Fig. 1). The elevation of the area ranges 
from 4,500 ft on the plateau to 7,000 in the mountains near- 
by. Annual precipitation ranges from approximately 14 to 20 
inches. The soils belong mainly to the Chestnut Great Soil 
Group or associated lithosols and most are derived from 
rhyolitic parent materials. 

The vegetation consists of two major types, namely sage- 
brush-grass and juniper dominated communities. The dom- 
inant species involved in addition to western juniper are 
mountain big sagebrush (Artemisia tridentata subsp. vase- 
yana), low sagebrush (A. arbuscula), Idaho fescue (Festuca 
idahoensis) and bluebunch wheatgrass (Agropyron spi- 
catum). The two principal communities of the sagebrush- 
grass vegetation are mountain big sagebrush-Idaho fescue- 
bluebunch wheatgrass on relatively deep, well drained 
soils and low sagebrush-Idaho fescue on soils that are shal- 
low above a restrictive layer of clay pan or bedrock (Fosberg 
and Hironaka, 1964). 

The area was first settled by white men in the 1860’s 
when gold and silver were discovered. Ranching began in 
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FIG. 1. Distribution of the two subspecies of western juniper. 

1869, and the area was heavily stocked within 20 years. Cat- 
tle were the principal livestock until the 1890’s when they 
were largely replaced by sheep. Sheep numbers declined 
greatly around 1920 and since that time cattle have again 
been the principal grazing animal. The area is also well 
stocked with mule deer. 

A general reconnaisance of vegetation and soils was fol- 
lowed by detailed sampling of 18 selected areas. Since re- 
connaisance indicated the occurrence of two major juniper 
communities, one dominated by mature juniper and the 
other by younger stands, both types were sampled. Uniform- 
ity of vegetation, soils, and topography, and relative free- 
dom from disturbance were the criteria of selection for the 
sampling sites. 

At each site measurements of vegetation, soils and topo- 
graphic factors were made. All juniper trees within five plots 
of 20-ft radius each were counted and measured for stem 
diameter at one foot above the ground, height, crown diam- 
eter, and age. Ages were determined from increment cores 
obtained at one foot above ground. 

Shrubs were sampled by counting individuals within four, 
4 x lOO-ft belt transects and measuring crown intercept 
along one side of each transect. Shrubs were counted and 
tallied according to three classes: seedling, mature, and 
dead. 

Herbaceous vegetation was sampled by use of 1 x 2-ft 
frequency plots. Ten frequency plots were placed along one 
side of each transect. Only plants rooted within a plot were 
tallied. 

Soil samples were taken from two pits on each site. One 
pit was placed in an opening between juniper trees, and 
the second beneath a juniper. Each soil pit was dug either 
into the C horizon or to bedrock and detailed descriptions 
by genetic horizons were made. The analyses performed on 
bulk samples taken from each horizon included texture, bulk 
density, pH, exchangeable ions, and exchange capacity. 

Elevation, slope, and aspect as well as general land form 
were recorded for each site. 

Classification and Description of Communities 

Tree age was used as the basis for separating in- 
vading stands from parental juniper stands. The 
age of the oldest tree in each stand was considered 
as a minimum estimate of the length of time juni- 
per had been present on a particular site. 

On this basis the eighteen stands sampled were 
classif ied in to two groups. The younger group con- 
tained eleven stands with maximum tree age rang- 
ing from 33 to 88 years. These stands contatned no 
large dead trees or stumps and no juniper charcoal 
was found in the soil. Apparently juniper has ex- 
isted on these sites for less than 100 years. 

The second group of seven sites contained much 
older trees (185 to 365 years) as well as numerous 
large dead junipers and- rotted stumps. Evidently 
these stands have been dominated by juniper for at 
least several hundred years and they are considered 
to represent climax vegetation. O’verstory charac- 
teristics most distinctive of the two communities 
are those features resulting from differences in 
stand ages. Age class distributions (Fig. 2) show 
that climax stands contained junipers ranging in 
age from seedling to several hundred years, with 
most individuals falling into the intermediate age 
classes. The curve for seral juniper stands is quite 
different, and indicates a many aged population 
with a maximum age of nearly 100 years. 

The aspect of these two communities differs pri- 
marily in the growth forms of young and old trees. 
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FIG. 3. Growth form of juniper in (top) climax and (bottom) 
seral stands. 

The most conspicuous trees on climax sites were 
those over 150 years old. These trees were usually 
large, heavily limbed from near the base and pos- 
sessed round-topped crowns lacking strong terminal 
leaders (Fig. 3 top). Associated with the old trees 

was a fruticose lichen, Letharia uulpina. This li- 
chen is conspicuous due to its bright yellow color, 
erect multibranched form and the large colonies 
which it forms. The lichen colonies become at- 
tached to the bare wood of dead or dying branches. 
No lichen colonies were found in invading juniper 
stands, due apparently to the lack of old trees. The 
invading stands were composed of younger trees 
with conical shaped crowns and prominant ter- 
minal leaders (Fig. 3 bottom). 

Juniper canopy cover and density (Table 1) were 
variable on both climax and invaded sites, but for 
different reasons. The numbers of trees and 
amounts of canopy cover on climax sites appeared 
to depend considerably on the amount of fractur- 
ing of bedrock, i.e. the number of locations where 
junipers could grow. The number of trees on in- 
vaded sites was largely a matter of how far invasion 
had progressed and of stand age. It was possible to 
find invaded sites with only a few trees per acre and 
others with a closed juniper canopy. The data in 
Table 1 do not represent the maximum density or 
cover of juniper to be found in invading stands. 
Seral stands sampled more recently have contained 
up to 420 adult juniper/half acre. No climax stands 
have been found with anything near this density of 
trees. 

The understory vegetation differed markedly be- 
tween the two juniper communities. Only two 
shrubs, big sagebrush and bitterbrush (Purshia tri- 
dentata) occurred on climax sites and then usually 
with less than 1 percent crown cover (Table 1). 
These two shrub species were much more impor- 
tant on invaded sites. Depending on the degree of 
juniper invasion, these species plus lesser amounts 
of snowberry (Symphoricarpos vaccinioides) and 
green rabbitbrush (Chrysothamnus uiscidiflorus) 
provided up to 20yo crown cover on invaded sites. 

The constancy and frequency of herbaceous spe- 
cies on all sites are shown in Table 2. The principal 
species in both communities were perennial bunch- 
grasses. Bluebunch wheatgrass, Idaho fescue and 
Sandberg bluegrass (Poa secunda) occurred with 
high constancy and substantial frequency in both 
climax and invading juniper stands. Thurber nee- 

Table 1. Foliage cover and density of woody species in climax and seral stands of juniper vegetation. 

Species 

Juniperus occidentalis 
Cercocarpus ledifolius 
Artemisia tridentata subsp. vaseyana 
Purshia tridentata 
Symphoricarpos vaccinioides 
Chrysothamnus viscidiflorus 

Climax stands 

% Crown cover Density/‘/ A. 

Avg Range Avg Range 

47 16-86 24 14-43 
1 o-5 3 O-10 
1 0 43 14-108 
1 o-3 43 o-95 

Seral stands 

% Crown cover Density/‘/ A. 

Avg Range Avg Range 

22 5-46 43 IO-51 

9 3-16 287 20-3 13 
3 O-8 51 O-68 
1 O-6 62 O-170 
1 o-3 47 O-156 
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Table 2. Association table for principal species of climax and seral juniper stands. 

PERCENT FREQUENCY 

Species 
Climax Stands Seral Stands 
1 2 3 4 51319 6 7 11 12 14 15 16 17 18 20 21 

Artemisia tridentata 
subsp. vaseyana 7 3 5 3 5 45 13 40 38 31 35 43 8 36 

Purshia tridentata 3 3 3 8 533358 10 
Symphoricarpos vaccinioides 8 8 3 20 25 
Chrysothamnus viscidiflorus 318 5 8 823 

Agropyron spicatum 
Festuca idahoensis 
Poa secunda -- 
Sitanion hystrix 

thurberiana Stipa 
Koeleria cristata 

columbiana Stipa 
Bromus tectorum 

Collinsia parviflora 
Gayophytum humile 
Cryptantha affinis 
Microsteris gracilis 

Phlox longifolia 
Lupinus caudatus 
Microseris nutans 
Arabis holboellii 
Antennaria dimorpha 
Astragalus purshii 

acuminata Crepis 
Sisyrinchium inflatum 
Erigero'n pumilus 
Balsamorhiza sagitatta 
Eriogonum heracleoides 
Mertensia longiflora 
Eriogonum umbellatum 
Phacelia leucophylla 
Astragalus beckwithii 
Lupinus laxiflorus 
Allium acuminatum 
Penstemon speciosus 
Senecio integerrimus 
Erigeron bloomeri 

Tortula ruralis -- 

5 10 45 58 33 48 3 

3 23 10 10 
3 8 5 
23 23 5 15 60100 10 80 15 

78 68 54 75 63 23 45 
63 15 30 13 13 3 5 
50 50 45 43 60 13 28 
8 20 5 10 10 45 

8 13 3 15 5 
8 8 8 
28 15 3 3 8 5 

3 313 
5 3 5 3 3 

5 3 3 
13 

83 90 93 75 90 55 73 55 78 73 75 
38 28 35 10 3 48 65 18 30 5 38 
30 28 13 18 60 8 5 15 20 3 15 
58 38 73 30 10 28 75 63 30 40 

10 5 58 25 40 63 48 18 40 38 
8 13 28 43 65 3 30 48 33 18 

5 25 35 18 38 23 8 15 53 
13 18 3 8 8 68 8 13 3 
3 3 3 3 3 
13 25 15 

&& 10 5 3 15 5 
5 18 3 10 13 3 3 3 63 

28 8 13 10 
5 13 13 8 

18 18 18 3 18 20 15 18 23 48 45 25 58 38 30 53 68 
20 43 38 13 5 30 32 40 15 40 75 78 58 10 13 45 60 73 
43 60 33 40 38 52 70 65 35100 83 43 65 65 53 83 43 38 
15 30 13 23 18 3 5 3 8 5 8 3 830 
30 8 20 15 18 20 5 33 3 5 

5 8 3 5 
5 8 20 20 15 58 

.3 3 3 3 
60 3 10 

8 3 5 3 3 
25 5 18 

18 3 8 
3 5 3 

3 3 10 
10 3 3 

45 48 28 20 13 10 13 8 5 5 5 10 5 20 

dlegrass (Stipa thurberiana) was most characteristic 
of climax sites. Four annual forbs, collinsia (Col- 
linsia parviflora), cryptantha (Cryptantha affinis), 
groundsmoke (Gayophy turn humile) and micros- 
teris (Microsteris gradis), all native, were the most 
constant and frequent forbs in both communities. 
A group of 13 perennial forbs, notable because of 
their absence from climax juniper vegetation oc- 
curred in seral stands with approximately 50 per- 
cent constancy. These forbs are common associates 
of sagebrush-bunchgrass communities of the study 
area. 

A moss, Tort&a ruralis, was a charcteristic plant 
of climax juniper sites. It grew for the most part in 
duff beneath old trees, and was much less abundant 
in seral stands. 

Differences in understory vegetation between the 
two communities can be summarized as follows. On 
climax juniper sites the vegetation was sparse, and 
occurred in patches. Shrubs and herbaceous plants 
formed a mosaic of small units alternating with 
patches of rock outcrop, juniper trees and gravel 
pavement (Fig. 4 top). Seral stands contained a 
greater amount and variety of vegetation. The un- 
derstory was basically sagebrush-bunchgrass vegeta- 
tion with young juniper superimposed upon this 
community (Fig. 4 bottom). 

In the case of the invaded sites, present vegeta- 
tional characteristics can be expected to change in 
the near future, as the juniper stands develop. 

Topo-edaphic characteristics of the climax and 
seral sites are strikingly different. The topography 





WESTERN JUNIPER 269 

Table 3. 
stands. 

Soil characteristics of climax and seral juniper 

Cation 
Bulk 

Horizons density 
exchange cap. % Base 

Exchange. 
calcium PH 

meq/lOOg sat. meq/lOOg paste 

Climax Juniper Soils (Average for 5 sites) 
All 1.50 14 82.8 
A12 1.43 14 81.4 
Bl 1.44 12 75.8 
B2 1.60 11 76.5 
C 1.69 - 

Seral Juniper Soils (Average for 5 sites) 
All 1.23 19 70.7 
A12 1.23 14 76.9 
Bl 1.53 15 78.0 
B2 1.56 14 79.5 
B3 1.68 12 80.5 
C 1.54 - 81.3 

8.8 7.0 
8.5 6.8 
6.5 6.5 
5.5 6.4 
- - 

9.0 
9.1 
7.2 
7.0 
5.1 
- 

6.4 
6.6 
6.6 
6.5 
6.6 
6.5 

densities and higher exchange capacities. Basic ions 
occupied about-75% of the toLa1 exchange spots. 
Exchangeable calcium was comparable with* the 
values for the other soil group. The pH was slightly 
acid. 

Nature of Juniper Invasion 
Juniper invasion is wide spread throughout west- 

central Owyhee County and from the age class dis- 
tribution it is apparent that this process began in 
the 1860’s. The rate of invasion was slow until 
about 1900, then increased to a maximum between 
1930 and 1940. Since 1940 invasion has showed, 
but is still ocurring. At present juniper has more 
than doubled the area occupied in 1860. 

This invasion is largely a down-slope spread from 
old juniper stands on ridges or rimrocks (Fig. 6). 
Occasionally young junipers were found growing 

FIG. 6. Down-slope invasion of young juniper. The large old 
junipers on the rimrock are the apparent 
juniper invasion on the lower slope. 

seed source of the 

at considerable distances from the nearest stand, 
but most invading stands are continuous with cli- 
max stands. 

Sites with deep permeable soils were most sub- 
ject to juniper invasion. These sites were occupied 
previously by big sagebrush-bluebunch wheatgrass 
vegetation on southerly aspects and big sagebrush- 
Idaho fescue-bluebunch wheatgrass on northerly 
exposures. Limited invasion of low sagebrush-Idaho 
fescue stands was found but the trees were usually 
dwarfed and few juniper seedlings occurred. 

As juniper invades a big sagebrush-bunchgrass 
stand, it changes certain characteristics of the site. 
Comparison of soil pits dug immediately under juni- 
pers and those in adjacent open areas between trees 
suggests some of the soil changes resulting from juni- 
per invasion. The most obvious soil change was the 
accumulation of an organic horizon on the mineral 
soil. This organic horizon was largely composed of 
juniper liter in varying degrees of decomposition 
and as much as six inches thick. It caused a small 
increase in percent organic matter of the A horizon. 
Also the cation exchange capacity, percent base sat- 
uration, especially exchangeable calcium, and pH 
were increased under junipers. These changes were 
particularly true of the upper soil horizons. In 
general it appears that juniper related soil changes 
are not particularly detrimental and may in fact 
increase soil fertility. 

Management Implications 

At this stage of the investigation it is premature 
to make specific management recommendations re- 
garding areas in Idaho now occupied by western 
juniper. The study has advanced far enough, how- 
ever, to demonstrate important differences in plant 
cover, soils, and topographic situation between 
climax and seral stands. The climax stands 
of juniper, confined almost entirely to rocky ridges 
and rimrocks, have a relatively sparse understory, 
and appear best suited to support their present vege- 
tation. Development of the shrub and herbaceous 
understory appears to be limited primarily by the 
nature of the soil and substratum, and could not be 
expected to respond in any great degree to thinning 
or removal of juniper. Increased erosion could also 
be a result of such action. The combined land use 
values of grazing, wildlife cover, recreation, and 
watershed protection are probably best served by 
the present cover, as maintained by conservative 
grazing and with limited harvest of juniper for 
fence posts, etc. 

The seral stands present a different management 
situation. On these deeper soils there is a serious 
loss of forage as the invading juniper stands de- 
velop. It appears that these sites are likely to be oc- 
cupied in time by dense stands of juniper with vir- 
tual elimination of desirable understory vegetation. 
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Furthermore, there is nothing to indicate that the 
invasion of these sagebrush-grass ranges has reached 
its limit. Ecologically it appears quite possible that 
the potential limit of western juniper in the study 
area may be the full extent of the mountain big 
sagebrush-Idaho fescue community or even of drier 
sagebrush communities. In this case, the area pres- 
ently invaded could increase by many times. 

It appears likely that some artificial control of 
juniper will be warranted on these invaded sage- 
brush-grass ranges. Based upon results from the 
southwestern states, these measures could range 
from chaining or bulldozing to methods involving 
less expense and soil disturbance such as burning 
or herbicidal killing of individual trees, combined 
with harvest of selected trees for use as fence posts 
and poles. The optimum situation on these lands 
may prove to be a controlled stand of juniper, 
sparse enough to have little effect on the composi- 
tion and forage production of the rangelands con- 
cerned. 
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Forage production on clay upland range sites is related 
to seasonal precipitation, with May + June precipitation 
the most reliable predictor of total forage production. 
annual carrying capacities, based on May + June precipi- 
tation, for a clay upland site range from 2 acres/AUM in 
wet years through 3 acres/AUM in average years to 4 acres/ 
AUM in dry years. 

Effects of climatic factors on plant growth have 
been intensively studied and general influences of 
such factors on anatomical, morphological, and 
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physiological development of plants are well 
known. Plant and moisture relationships have been 
particularly emphasized because of the influence of 
precipitation and soil moisture on forage produc- 
tion, vigor of growth, seed production, chemical 
composition, vegetative composition, and ecolog- 
ical succession. 

Professional range and livestock managers, con- 
servationists, and ranchers are interested in forage 
production since grazing capacity of a range and 
livestock production are intimately related to the 
quantity of usable forage produced. Since the 
grasslands of western Kansas are generally deficient 
in precipitation, production is closely related to the 
effective moisture that penetrates the soil. 

Tomanek and Albertson (1957) studied produc- 
tion of native prairies during 1952 and 1953, dur- 
ing which precipitation was below normal. Pro- 
duction declined with increased grazing intensity 
and with prolonged abnormal climatic conditions. 
Tomanek (1948) reported that yields on moder- 
ately grazed ranges were markedly greater than on 
ungrazed or heavily grazed ranges. Albertson et al. 
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Furthermore, there is nothing to indicate that the 
invasion of these sagebrush-grass ranges has reached 
its limit. Ecologically it appears quite possible that 
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area may be the full extent of the mountain big 
sagebrush-Idaho fescue community or even of drier 
sagebrush communities. In this case, the area pres- 
ently invaded could increase by many times. 

It appears likely that some artificial control of 
juniper will be warranted on these invaded sage- 
brush-grass ranges. Based upon results from the 
southwestern states, these measures could range 
from chaining or bulldozing to methods involving 
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known. Plant and moisture relationships have been 
particularly emphasized because of the influence of 
precipitation and soil moisture on forage produc- 
tion, vigor of growth, seed production, chemical 
composition, vegetative composition, and ecolog- 
ical succession. 

Professional range and livestock managers, con- 
servationists, and ranchers are interested in forage 
production since grazing capacity of a range and 
livestock production are intimately related to the 
quantity of usable forage produced. Since the 
grasslands of western Kansas are generally deficient 
in precipitation, production is closely related to the 
effective moisture that penetrates the soil. 

Tomanek and Albertson (1957) studied produc- 
tion of native prairies during 1952 and 1953, dur- 
ing which precipitation was below normal. Pro- 
duction declined with increased grazing intensity 
and with prolonged abnormal climatic conditions. 
Tomanek (1948) reported that yields on moder- 
ately grazed ranges were markedly greater than on 
ungrazed or heavily grazed ranges. Albertson et al. 
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(1953) reported results of a six-year study of the 
effects of different intensities of clipping on pro- 
dution. A close relationship was noted between 
amount and time of growth and precipitation. 
Yield, where not influenced by clipping, was ap- 
proximately 100 lb/acre for each inch of summer 
rainfall. 

Such production records become more important 
when related to some easily discernible natural en- 
vironmental factor and when used to predict future 
range conditions and stocking capacities. If range 
condition and production can be predicted with 
confidence, ranchers can adjust herd size early in 
the season and thus much damage to forage and soil 
from overgrazing may be avoided. 

The Great Plains is a risky production area for 
agriculture partially because of variable forage sup- 
ply. As long-time production records have accu- 
mulated and because ranching operations and man- 
agement decisions are dependent on forage produc- 
tion, many investigators have attempted to cor- 
relate climatic factors with production. 

Smoliak (1956) investigated the influence of six 
meteorological factors on forage produced in 1953 
on shortgrass rangeland and found that May + 
June precipitation was significantly correlated with 
yield. By using a regression equation, forage pro- 
duction and grazing capacity was estimated as early 
as July 1. 

Reinert (1962) studied the influence of tempera- 
ture, precipitation, and soil moisture on wheat 
yields and shortgrass production in Ellis County, 
Kansas and found early season precipitation impor- 
tant in influencing shortgrass yields but not as im- 
portant in influencing wheat yields. 

Currie and Peterson (1966) used regression anal- 
yses to determine the influence of monthly precipi- 
tation on forage yields of crested wheatgrass grazed 
at different seasons of the year. Precipitation ac- 
counted for 88 to 97% of the differences in yields. 
When ranges were grazed in both spring and fall, 
April and May precipitation governed spring yields 
while June and July precipitation influenced fall 
yields. 

The present study was conducted in the Mixed 
Prairie near Hays, Kansas. Production has been 
recorded on three range sites since 1940, but only 
the clay upland site is reported upon in this paper. 
The data have been analyzed with the following ob- 
jectives in mind: (1) prediction of forage yield 
from a known climatic factor, (2) description of 
vegetational responses to climatic conditions on a 
long-term basis and (3) interrelations between 
climatic conditions. 

Methods and Procedures 

At least five 9.6-ft2 plots on the clay upland sites, 
and in many years 10 to 12, were clipped monthly 

from May 1 to September 1. Vegetation was clipped 
with hand shears, leaving a stubble of approxi- 
mately one inch, and separated into mid-grass, 
shortgrass, forbs, and weeds. Each year different 
plots were clipped on the site. All plots were pro- 
tected from grazing livestock by portable exclo- 
sures. Herbage was air-dried, weighed, and con- 
verted to pounds per acre. 

Precipitation data are taken from the monthly 
and annual summaries of reports issued by the U.S. 
Department of Commerce.2 The official weather 
station from which the precipitation data were 
compiled is maintained at the Fort Hays Experi- 
ment Station, slightly over two miles from the study 
location. 

All statistical procedures followed generally ac- 
cepted methods as presented in introductory texts 
on the subject. 

Detailed description of habitat and vegetation 
may be found in Albertson (1937). In general, the 
clay upland range site supports primarily blue 
grama (Bouteloua gracilis)3 and buffalo grass 
(Buchloe dactyloides). Other species contributing 
to total vegetative cover are western ragweed (Am- 
brosia psilostachya), slimflower scurfpea (Psoralea 
tenuiflora), sideoats grama (Bouteloua curtipen- 
d&a), sand dropseed (Sporobolus crytandrus), west- 
ern wheatgrass (Agropyron smithii), and, in years 
of ample moisture, Japanese brome (Bromus ja- 
ponicus). Soils of the upland are deep and heavy tex- 
tured. Forbs and weeds characteristic of the site 
are : salmon-colored mallow (Malvastrum cocci- 
nium), prairie coneflower (Ratibida columnifera), 
western ragweed, few-flowered scurfpea (Psoralea 
tenuiflora), and annual sunflower (HeZianthus an- 
nuus). The last species, along with Japanese brome, 
is the main weedy annual. 

Results and Discussion 
Vegetational Fluctuations 

The grasslands of the Central Great Plains are 
subject to dramatic fluctuations in the composition 
and productivity, which result from drought pe- 
riods that are characteristic of a highly variable con- 
tinental climate. Changes in the composition and 
cover of upland shortgrass communities have been 
well documented (Albertson and Tomanek, 1965). 

Growth conditions were poor in the period from 
1931-1937, just prior to the start of this study. In 
1941, the grasslands of western Kansas were recover- 
ing from the severe drought of the 1930’s. Thus, 
the project began at a time when the productivity 
of the grasslands was probably depleted in vigor. 

During the 1940’s the growing conditions were 
good (Table 1), with no periods of marked drought, 

2Climatological data for Kansas, vol 53 to 76, 1939-1962. 
“Common and scientific names follow those of Anderson 

(1961). 
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Table 2. Simple correlation coefficients between climatic characteristics, 1941-1964, Hays, Kansas. 
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sonal evporation and seasonal wind velocity is ap- 
parent in Table 2. 

Climate-Production Interrelations 

Correlation analysis between selected climatic 
factors and vegetational production components 
indicated that precipitation in early months of the 
growing season was a major controlling influence 
on plant growth (Table 3). Seasonal precipitation 
(April-September) appears to determine the pro- 

ductivity of the vegetation on the upland site more 
than does preseasonal or winter precipitation 
(October-March). Reinert (1962) found similar 

results in comparing the production of wheat and 
perennial grassland as influenced by winter and 
summer precipitation. He found that the winter 
precipitation was correlated with the productivity 
of wheat (annual) but that winter precipitation was 
not correlated with the production of perennial 
grassland. The implication is that if insufficient 

FIG. 1. Estimated shortgrass (left) and total production (right) in lb/acre on clay upland range site near Hays, Kansas, based on 
seasonal (April-September) precipitation (inches). Fiducial limits at 9.5% level. 
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Table 3. Simple correlation coefficients between cli- 
matic factors and production on clay upland range 
site, 1941-1964. 
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precipitation is received in the early growing sea- 
son months, there is not going to be high perennial 
productivity, even though the previous winter’s 
precipitation might have been above average. 

Our regression equations for the relationships 
between seasonal precipitation and shortgrass and 
total production indicate that with the average sea- 
sonal precipitation of 18.85 inches, shortgrass pro- 
duction is about 1800 lb/acre while total production 
from the upland site is about 2600 lb/acre (Fig. 1). 

The difference between shortgrass production 
and total production is made up by three vegeta- 
tional components of the upland range site: (1) 
weedy species (2) forb species and (3) other peren- 
nial grasses. The production of weedy species was 
most closely related to April precipitation (Table 
3, Fig. 2). This may reflect the need for adequate 
early spring precipitation in order for germination 
of the seeds of weedy annuals. Field observation of 
fluctuations in growth of weedy species due to 
fluctuations in early spring precipitation indicate 
that this correlation is not spurious. 

FIG. 2. Estimated weed production (lb/acre) on clay upland range 
site near Hays, based on April precipitation (inches). Fiducial 
limits at 95% level. 

The contributions of forbs to the total produc- 
tion on the upland site varies greatly (Table 3). 
The only correlation between forb production and 
a climatic factor was with seasonal wind velocity. 
This may be a real association or it may reflect an 
intercorrelation of forb production and wind ve- 
locity with another determining factor. The latter 
explanation seems more plausible at this time. 

Launchbaugh (1967) stated that high western 
ragweed yields were favored by moderate and light 
grazing and by moisture in excess of amounts the 
grasses could utilize in spring and early summer 
development. 

The precipitation that occurs in the early months 
of the growing season, particularly May, is corre- 
lated with total and shortgrass production (Table 
3). However, the major determinant of total pro- 
duction appears to be the total May + June precip- 
itation. The correlation coefficient of + .5 16 was 
the highest observed between early season precipita- 
tion and total production. The linear regression 
equation (Fig. 3) indicates some degree of reliabil- 
ity in predicting total production based on precip- 
itation received in this early segment of the grow- 
ing season. 

Considering an average May + June rainfall fig- 
ure, the production estimate on the clay upland 
range site is j, = 1,501.7 + 139.9 (8.07) or about 
2580 lb/acre, thus the error in this regressed esti- 
mate is less than 100 lb/acre. The annual carrying 
capacity of the clay upland range site is related to 
the May + June precipitation (Fig. 3). These 
carrying capacrties are based on the following prem- 
ises: (1) a l,OOO-lb animal consuming 600 lb/ 
month of forage and (2) a forage utilization figure 
of 5O7o or a “take half-leave half” policy, and (3) a 
grazing season of 6 months. Under a regime of 14 
inches of precipitation in May and June, the carry- 
ing capacity for a six months grazing season would 
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FIG. 3. Estimated total production (lb/acre) and carrying capac- 
ity (acres/AUM) on Clay upland range site near Hays, based 
on May + June precipitation (inches). Fiducial limits at 95% 
level. 

be about 2.3 acres/animal-unit-month. This carry- 
ing capacity would correspond to the heavy grazing 
treatment of 2 acres/steer reported by Launchbaugh 
(1967) in his study of the clay upland range site. It 

would appear that Launchbaugh’s estimate of 2 
acres/steer as being heavy grazing is correct since 
the present study indicates a May + June precipita- 
tion of 14 inches would be needed to support such 
an intensity of grazing. In years of average May + 
June precipitation (8.07 inches) the carrying capac- 
ity is about 3 acres/AUM (Fig. 3), thus a stocking 
rate of 2 acres/steer would overgraze the site in 
“normal precipitation” years. The moderate graz- 
ing intensity of 3 acres/steer reported by Launch- 
baugh (1967) g-r a ees with our figure of 3 acres/ 
AUM for average May + June precipitation years. 
We estimated the lightest grazing intensity or carry- 
ing capacity at 4 acres/AUM; this would occur 
under the drought years when May + June precip- 
itation was 4 inches. Launchbaugh reports his 
lightly grazed areas at a carrying capacity of 5 acres/ 
steer. In general, the results of this investigation 
give stocking rates that are commensurate with 
May + June precipitation and in agreement with 
those reported by Launchbaugh. 

Reinert ( 1962) and Launchbaugh (1967) re- 
ported on the prediction of shortgrass yields using 
precipitation as the predictor. Their data agree 
closely with the present investigation in that pre- 
season precipitation did not seem to be correlated 
with shortgrass yields. Reinert found September 
temperatures to be the best indicator of shortgrass 
production on clay uplands for the coming year. He 
reported a significant r value of + .46 between 
September temperature and shortgrass yields. The 
regression equation for his data was g = 125.8 + 1.49 
(x) where y = shortgrass yields in hundreds of lb/ 

acre and x = September average temperature. The 
regressed values were subject to considerable error 

FIG. 4. Estimated shortgrass production (lb/acre) on clay upland 
range site near Hays, based on July precipitation (inches). 
Fiducial limits at 95% level. 

in the above equation due to wide fiducial limits 
at all levels of x. Nevertheless, Reinert’s data are of 
interest because of the early date at which forage 
yields could be predicted. It is axiomatic that the 
earlier the date that forage production can be de- 
termined, the more flexible and utilitarian the re- 
lationship is to a rancher since he could then adjust 
his grazing management to the potential produc- 
tion for the coming season. 

Launchbaugh (1967) found only the precipita- 
tion of the current year to be associated with total 
forage yield. He reported a coefficient of deter- 
mination of 70.6 between the two variables. He did 
not analyze monthly precipitation records in his 
study. 

Although the May + June precipitation pre- 
dicted the forage production best in the present 
study, there was a close association between July 
precipitation and shortgrass production (Fig. 4). 
This results from the normal dormancy cycle of 
blue grama and buffalo being deterred by July 
rainfall. 

The influence of soil moisture reserves on grass 
production was not analyzed in the present study. 
Reinert (1962) f ound no correlation between soil 
moisture level and shortgrass yields. 

Conclusions 

Forage production on clay upland range sites is 
more related to seasonal precipitation than to pre- 
seasonal or winter precipitation. May + June pre- 
cipitation values are most reliable in predicting 
total forage production from clay upland sites. The 
production of weedy species is correlated with early 
spring (April) precipitation. 

July precipitation is highly correlated with short- 
grass production, a phenomenon probably related 
to a later entrance into dormancy by blue grama 
and buffalo grass. 
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Carrying capacities for a clay upland range site, growing-season precipitation to predict crested wheatgrass 
based on May + June precipitation range from 2 yields. J. Range Manage. 19: 284-288. 
acres/AUM in wet years through 3 acres/AUM in LAUNCHBAUGH, J. L. 1967. Vegetation relationships associated 

average years to 4 acres/AUM in dry years. with intensity of summer grazing on a clay upland range 
site in the Kansas 20- to 24 inch precipitation zone. Kan- 
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Scientific and Technical 
Communication 

Fifty-five recommendations for cop- 
ing with the accelerating growth of 
technical information-the main prod- 
uct of much of the $27 billion research 
and development enterprise in the 
United States-were issued today by the 
National Academy of Sciences and Na- 
tional Academy of Engineering. 

Completing a three-year study of the 
complex processes by which the results 
of research are disseminated through- 
out the scientific world, a special joint 
committee of the two Academies called 
for steps to avert under-utilization of 
our scientific and technical knowledge 
- “a waste that we must not tolerate.” 

In a 30-page synopsis of its full re- 
port, the Committee on Scientific and 
Technical Communication (SATCOM) 
emphasized the need for maintainirrg 
the pluralistic, diverse nature of com- 
munication activities in science and 
engineering-as opposed to the creation 
of any monolithic, centralized system. 

During most of this century the 
amount of new research published has 
been doubling every 10 to 15 years. 
Roughly 40,000 research papers are 
published each year in physics, several 
times that number in chemistry, biol- 
ogy, and agriculture. SATCOM esti- 
mates that in all fields of science and 
technology, the number of papers an- 
nually may total two million. They 
appear in some 30,000 different special- 
ized journals. 

The communications process includes 
not only publication of original find- 
ings in journals but also reviews, sur- 

veys, abstracts, indexes, bibliographies, 
library services, reprints, meetings, and 
personal contact. 

The scientific and technical infor- 
mation that flows through this system 
is the main product of- research, for 
which 
United 

the annual expenditure in the 
States exceeds $5 billion. It is 

also the main product of certain areas 
of 
an 

development (which accounts 
additional $22 billion) and is 

for 
an 

essential input to all new ‘research, all 
new developement, and most practical 
applications of the two. 

Despite many criticisms directed at 
the present system, SATCOM found no 
evidence of critically inefficient opera- 
tion or catastrophic.failure. The basic 
structure is sound. Nevertheless, the 
many problems brought about by ex- 

needs make necessary measures 
toward more effective co- 

panding 
directed 
ordination, planning, and management. 

SATCOM’s first recommendation 
calls for the establishment of a Joint 
Commission on Scientific and Techni- 
cal 
be 

Communication. Its 
to stimulate greater 

role would 
coordination 

among private groups and to bring 
them 
ment 

into closer touch 
agencies. The NAS 

with govern- 
and the NAE, 

with their established prestige, non- 
govenmental status, and close working 
ties with scientists, private organiza- 
tions, and federal agencies, are the 
best possible base for the Commission. 

The second recommendation outlines 
a philoso h p y of shared responsibility 
among government and private organi- 
zations for the effective communication 
of scientific and technical information. 

Those who support research-and-de- 
velopment work have a responsibility 
to see to it that the information gen- 
erated becomes truly available. This 
should go beyond “mere publication of 
isolated tidbits scattered through a 
multitude of journals” toward accept- 
ance of a broader responsibility to rec- 
ognize the preparation and dissemina- 
tion of information as an integd jxzrt 
of the research work. 

Inherent in many of SATCOM’s rec- 
ommendations is the conviction that 
the scientific and technical societies- 
which were established to provide 
more effective channels of communica- 
tion-have a crucial role to play. SAT- 
COM challenges them to accept greater 
responsibilities. 

Such responsibilities include improv- 
ing the quality, timeliness, and tech- 
niques of producing and distributing 
primary literature; assuring adequate 
basic abstracting and indexing of the 
primary information; stimulating re- 
processing and repackaging of informa- 
tion for special user groups; and con- 
ducting “exploratory and innovative 
studies,” using qualified scientists, en- 
gineers, and practitioners to evaluate 
the performance of their information 
services. 

The societies should take it upon 
themselves to encourage the prepara- 
tion of more critical review articles 
and data compilations, an effort 
“which often requires great intellectual 
creativity.” There is great need for 
such works, which organize and eval- 
uate what is known about a subject 
and present it in language that can be 
understood. 
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Highlight 
Average animal performance data of 1.5 lb/animal daily 

gain, two calendar months of grazing, and 20 lb/acre gain 
were obtained from 5 years of using crested wheatgrass 
under a 2-crap (May) and l-crop (June) system of grazing. 
Regrowth was obtained on early use (2-crap) pastures in 
only 2 out of the 5 years. Extension of results to users was 
hastened by involving ranchers, a county agent, and a fed- 
eral agency manager in the study. 

Improvement programs on the Western Range 
have resulted in significant acreages of deteriorated 
native forages being replaced by introduced species, 
chiefly crested wheatgrass (Agropyron desertorum 
(Fisch.) Schult.). Comprehensive studies on these 

seedings have been made in Utah (Frischknecht and 
Harris, 1968), New Mexico (Springfield, 1963), and 
Idaho (Sharp, 1966). These grazing experiments 
have included evaluation of both vegetation and 
cattle responses based on intensity and season of 
grazing. Little attention, however, has been paid to 
these influences in relation to stem morphology and 
physiological factors as suggested by Hyder and 
Sneva (1963). They proposed heavy grazing for 
crested wheatgrass in mid-May to remove flower 
stalks. Regrowth from crested wheatgrass grazed 
thusly is from new undifferentiated buds which 
Hyder and Sneva called Z-crop grazing since the 
second crop is of vegetative tillers. Production of 
the second crop varies with the amount of soil mois- 
ture available for plant growth in June and July. 
Animals are moved to the next area in late May 
when crested wheatgrass heads are high in the boot, 
and grazing is adjusted for maximum forage and 
livestock production. Hyder and Sneva referred to 
this as l-crop grazing. Regrowth of vegetative tillers 
(if any) on the Z-crop can then be grazed after ma- 

turity in late summer or fall. The type of grazing 
can be rotated between areas from year to year. 

One of the problems facing research workers 
and users of new information is the gap that com- 
monly occurs between availability of research knowl- 

l Technical Paper No. 2533, Oregon Agricultural Experi- 
ment Station. Received August 30, 1968; accepted for 
publication February 27, 1969. 
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edge and its application. This study was coopera- 
tively initiated by two ranchers (R. A. Long and 
Frank Anderson), three public agencies (RLM, 
USFS, SCS), and two branches of Oregon State Uni- 
versity (research and extension). An effort was 
made thereby to bridge the gap or avoid the 
lag by involving both research and management 
groups in the study. During the five-year experi- 
ment, extension and land management agencies 
were using the area as a demonstration of oppor- 
tunities available to both users and administrators to 
improve the flexibility of grazing crested wheat- 
grass. Thus, a two-fold purpose was evident: (1) 
Test a theoretical model developed for grazing 
crested wheatgrass, (2) Shorten the period between 
obtaining and using the information from this co- 
operative trial. Much of the credit for initiating 
and prosecuting the study goes to Mr. Rueb Long, 
a resident rancher, who made his services available 
whenever needed to coordinate the efforts of all 
supporting parties. 

Experimental Area and Procedures 

The portion of the Fort Rock Valley included in this 
study is characterized by a natural vegetation of big sage- 
brush (Artemisia triden ta ta) and Thurber’s needlegrass 
(Stipa thurberiana). Currently the most abundant grass is 

squirreltail (Sitanion hystrix) with varying amounts of green 
and gray rabbitbrush (Chrysothamnus viscidiflorus, Chryso- 
thamnus nauseosus) resulting from farming and grazing dis- 
turbances. Nearly all of the valley bottom was homesteaded 
during or after World War 1. 

Surface soils vary in texture from sandy to sandy loam and 
unless protected by a vegetative cover are eroded by strong 
winds in February, March, and April. The B-Horizon is 
finer textured than the A and often appears as an indurated 
layer or pan when dry. Soil moisture becomes limiting in 
late spring when dry winds withdraw much of the surface 
moisture before soil temperatures are high enough to permit 
rapid plant growth. 

Weather records from a site close to the experimental 
area indicate a 20-year mean precipitation of about 10 inches 
of which about 30% falls in the growing season of March 
through June (Table 1). Mean minimum temperatures are 
below freezing until late May which further restricts growth 
when available moisture is adequate (Fig. 1). 

Four 12-acre pastures were seeded in April, 1960, with 
crested wheatgrass. Seedbed preparation consisted of roto- 
beating big sagebrush and gray and green rabbitbrush in 
1958 and spraying the rabbitbrush sprouts with 2,4-D in 
1959 to avoid plowing the area and increasing its susceptibil- 
ity to wind erosion. 

The experimental area was grazed by horses to remove old 
growth in March, 1963. The first grazing with yearling 
heifers on 2-crop pastures was from about May 10, until 
May 31, 1963. The animals were then moved to l-crop pas- 
tures where they grazed until July 5. Regrowth on the early 
grazed units was then used until the end of July. Grazing 
in subsequent years followed a similar pattern with 2-crop 
grazing starting in May and l-crop in June, except that re- 
growth was available on 2-crop units in only two of the five 
years (Table 2). 
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Table 1. Selected g-rowing season weather records from 
Fremont official station adjacent to experimental area. 

Month ZO-year mean 1963 1964 1965 1966 1967 

Precipitation (inches) 
March 0.7 0.83 1.08 
April 0.6 1.02 0.13 
May 1.1 1.47 0.10 
June 1.0 0.77 1.35 

Growing 
Season 3.4 4.09 2.66 

Annual 
Total 10.2 11.59 17.87l 

Mean minimum temperatures (“F) 
March 21.7 23.5 21.3 
April 24.3 25.6 22.5 
May 29.3 35.2 27.8 
June 34.0 37.7 37.5 

T 0.64 0.85 
0.93 0.03 1.15 
0.74 T 0.35 
0.76 0.68 1.49 

2.43 1.35 3.84 

11.15 8.88 8.69 

17.1 18.7 19.4 
29.7 24.0 18.2 
28.9 31.3 30.6 
38.2 36.7 36.3 

1 Ten inches of this total in December. 

Forage production clippings on ungrazed areas were 
started late in spring, usually mid-April before the start of 
early 2-crop grazing. They were continued (start of graz- 
ing, time of change to l-crop and end of l-crop, plus end 
of grazing on 2-crop regrowth when available) throughout 
the growing season. Clippings were taken at 1.5 inches 
stubble height approximating the grazing level of yearling 
heifers, weighed green in the field, dried at 105 C for 24 
hours, and ground for crude protein anaylsis. 

Calculations based on these clippings and the normal 
growth curve provided predictions in stocking rates and 
length of the grazing season that were rarely more than 2 
or 3 days in error (Fig. 2). Yield clippings were analyzed 
for crude protein to provide a rough check on the nutri- 
tional value of crested wheatgrass during the three periods 
of grazing (2-crop, l-crop, and regrowth on 2-crop, if any). 

The frequency of occurrence of grasses and shrubs in 1 x 
I-ft quadrats was determined in June, 1963, 1966, and 1968. 
Two or three samples of 100 quadrat placements each were 
taken in each pasture. The presence of a species in any 
quadrat was determined by the occurrence of one or more 
stems or shoots observed at ground level. 
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FIG. 1. Mean precipitation and minimum temperatures from 
Fremont station adjacent to experimental area. 

Table 2. Pasture rotation used at Fort Rock 

Grazing system 

Year 2-crop 1 -crop 

1963 A & B1 C&D 
1964 A&B C&D 
1965 C & D* A&B 
1966 A&B C&D 
1967 C&D A&B 

1 Years in which regrowth was available for grazing after l-crop. 

Results and Discussion 

Stands of crested wheatgrass have been ade- 
quately maintained under this intensive type man- 
agement (Table 3). Although frequencies of crested 
wheatgrass have declined slightly in pastures 2 and 
4, the total grass stand has remained constant when 
averaged over all pastures. The relatively high fre- 
quency of approximately 65% reflects the desirabil- 
ity of a fairly dense stand when grazing is dictated 
by stem morphology. The lack of precipitation in 
April and May, 1966, appeared to be detrimental to 
crested wheatgrass. 

Forage production is shown in Figure 2; it was 
rather consistent over the years except for the low 
total in 1966 and in April of 1963 and 1967. Precip- 
itation limited growth in 1966. Heavy horse graz- 
ing to remove old herbage in March 1963, undoubt- 
edly reduced early growth in 1963. Low April 
temperatures delayed vegetative development in 
1967. 

Fig. 3 reveals two general patterns in crude pro- 
tein content of crested wheatgrass in relation to 
intensive use. The first (1963) and last year (1967) 
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FIG. 2. Forage growth on crested wheatgrass (above 1.5 inches 
stubble height) during 5 years at Fort Rock. 
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Table 3. Percentage frequency data for grasses and shrubs 
in Fort Rock grazing trial from 1963 to 1968. 

16.0 -- 
Crested Squirrel- All Total 

wheatgrass tail shrubs 
Pasture 

grass 

no. 1963 ‘66 ‘68 1963 ‘66 ‘68 1963 ‘66 ‘68 1963 ‘66 ‘68 

1 65 43 64 - 11 6 1 2 1 65 53 70 
2 72 57 65 - 7 2- 2 1 72 61 62 
3 59 51 58 - 10 4-- 1 59 61 62 
4 62 55 57 - 13 9-- 2 62 68 66 

values are similar and, in contrast, the intermediate 
years remained higher throughout the summer 
period. These relatively high crude protein values 
in dry years help to explain why animal perfor- 
mance was good in spite of low herbage production. 
The rapid drop in protein for 1963 and 1967 was 
associated with good growing conditions in those 
years. 

b 

LEG EN D 
1963 - 
I%4 v--o 
1965 +--.A 

Animal performance varied with climatic con- 
ditions and date of turnout (Table 4). However, 
the average performance of 20 lb/acre gain, 1.5 lb 
/head daily, and about 2 months of <grazing each 
year represent realistic figures in comparison with 
other studies. Using these averages of 20 lb live- 
weight gain and 200 lb/ acre of forage, a relatively 
high efficiency of conversion (10: 1) of forage into 
meat was realized. 

8.0-- 

7.0-- 

6.0-- 

5.01 I 1 I I I I I I 1 1 1 I 1  I 

I5 30 I5 31 I5 30 15 31 I5 
APRIL MAY JUNE JULY AUG 

I+,. 3. Crude protein contents of crested wheatgrass grown at 
Fort Rock. 

same results were noted in a lo-year study in the 
foothills of the Steen Mountains (Hedrick, 1967). 

The difficulty of obtaining uniform utilization In general, results of this study substantiate 
on crested wheatgrass was evident in this study with Hyder and Sneva’s contention that heavy early graz- 
small 1 Z-acre pastures. Seldom was growth of all ing up to the boot stage suppresses seed stalk for- 
seed stalks inhibited even though heavy grazing mation and results in vegetative regrowth. Perhaps 
pressure was applied in the early Z-crop grazing. the most important finding is that wolf plants can 
Part of this difficulty can be attributed to using develop under intensive grazing of crested wheat- 
young animals more selective and discriminating in grass if the start of grazing is delayed too long in 
their foraging habits than mature cows. Grazing the spring. Heavy use of crested wheatgrass in 
beginning in April tended to reduce selectivity and May and June by l-crop and Z-crop grazing rotated 
keep the forage more nutritious than when start of between pastures, provides maximum benefits to 
grazing was delayed to middle or late May. The adjacent native ranges. 

Table 4. Animal performance data by grazing systems and years.l 

Animal gain 
and stocking 

rate 

Z-Crop Grazing 1 -Crop Grazing Average production by years 

1963 1964 1965 1966 1967 1963 1964 1965 1966 1967 1963 1964 1965 1966 1967 Avg. 

Liveweight gain 
lb/acre 31 27 14 8 20 40 21 15 22 23 36 24 14 15 22 22 

Daily gain, 
lb/animal 1.4 1.6 0.9 0.8 1.8 2.3 1.5 1.4 2.1 1.5 1.8 1.5 1.1 1.5 1.7 1.5 

Calendar days 
grazing 45 34 30 19 24 35 30 21 21 29 80 64 51 40 53 58 

Dates of grazing 5/10 4/22 4/28 5/5 5/26 5/31 5/26 5/ 19 5/23 6/ 19 
to to to to to to to to to to 

5/31’ 5/26 5/19” 5/23 6/19 7/5 6/25 6/9 6/13 7/18 

l Each 12-acre pasture was stocked with six yearling heifers weighing about 400 lb at the start of grazing. 
2 Final dates of grazing for two-crop system in 1963 were from July 5 to 29, and in 1965 from June 9 to 18. 
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Chemical Composition of Grasses 

Seeded at High Elevations’ 
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Associate Plant Physiologist, 
Intermountain Forest and Range Experiment Station, 

Forest Service, U.S.D.A., Logan, Utah. 

Highlight 
Soil moisture depletion varied directly with extent of top 

and root growth of five grass species seeded on four areas 
between 6,500 and 8,500 ft in northern Utah. Smooth 
bromeg-rass and intermediate wheatgrass had greater root 
and top growth and used the most moisture at the lower 
elevation site where temperatures were highest, but timothy 
and orchardgrass grew best at higher elevations. Timothy 
contained low levels of nitrogen, phosphorus, and potassium 
on all sites, whereas tall oatg-rass and orchardgrass con- 
tained high levels. 

In the mountainous West, forage production 
might be increased and additional water yielded 
from selected high-elevation range sites if deeply- 
rooted woody plants were replaced with suitable 
shallow-rooted grasses. Brown and Thompson 
(1965) found aspen and spruce trees removed much 

larger quantities of water from the soil during the 
growing season than did grasses. Doss et al. (1962) 
indicated total water use by five perennial forage 
species depended more upon the amount of availa- 
ble water in the soil than on plant species. 

Bennett et al. (1964) found yields for annual 
forage species increased as soil moisture level in- 
creased. Nitrogen and potassium concentrations in 
plant tissues decreased with increasing soil mois- 

l Received August 27, 1968; accepted for publication March 
13, 1969. 

2Stationed in Logan at Forestry Sciences Laboratory, main- 
tained in cooperation with Utah State University; central 
headquarters are maintained in Ogden, Utah. 

ture, but total uptake was usually higher when soil 
moisture was maintained at a high level. Perrier et 
al. (1961) observed little growth of orchardgrass 
when soil moisture tensions exceeded 3 to 5 bars. 

The objectives of this experiment were to deter- 
mine soil moisture depletion characteristics, adapta- 
bility, and the chemical composition of five grass 
species growing under four different environmental 
conditions. 

Study Areas and Methods 

Four experimental areas were selected in the mountains 
near Logan, Utah. Site 1 was on a warm south-facing slope 
at 6,500 ft elevation; site 2 was at 7,000 ft on an easterly as- 
pect; and site 3 at 7,500 ft on a southeasterly aspect. Sage- 
brush (Artemisia tridentata Nutt.) and a mixture of forbs 
and grasses were present on these sites. Site 4 was at 8,500 
ft elevation on a cool, north slope where red elderberry 
(Sambucus racemosa L.) and mixed forbs were dominant. 

All sites were adjacent to stands of quaking aspen (Populus 
tremuloides Michx.), and all had slopes of less than 15%. 

At each site an area 41 x 101 ft was fenced, providing 
approximately 0.1 acre of land protected from grazing by 
cattle and sheep. Ten plots 13.2 x 13.2 ft (4 milacres each) 
were established within each fenced area. 

Composite soil samples, each consisting of five subsamples, 
were collected on each site. A separate sample was obtained 
from each 6-inch-depth interval down to 36 inches. These 
samples were analyzed for texture and pH. 

All brush was removed and each plot was plowed to ap- 
proximately an S-inch depth in the spring of 1964. Gypsum 
soil moisture blocks were installed in the center of each plot 
at depths of 12, 24, and 36 inches. On two plots, thermistors 
were installed at the same three depths. Soil temperature 
corrections were applied to all soil moisture measurements. 

The plots were raked and seeded using two replications of 
each grass on each site. The grasses were tall oatgrass (Ar- 
rhenatherum elatius), intermediate wheatgrass (Agropyron 
intermedium), smooth brome (Bromus inermis), timothy 
(Phleum pratense), and orchardgrass (Dactylis glomerata). 

A climatic station was placed on each site to record tem- 
peratures, relative humidity, and precipitation throughout 
the summer. Once a week during the summers of 1964, 1965, 
and 1966 the climatic stations were serviced (previous week’s 
precipitation measured and hygrothermograph charts 
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ture, but total uptake was usually higher when soil 
moisture was maintained at a high level. Perrier et 
al. (1961) observed little growth of orchardgrass 
when soil moisture tensions exceeded 3 to 5 bars. 

The objectives of this experiment were to deter- 
mine soil moisture depletion characteristics, adapta- 
bility, and the chemical composition of five grass 
species growing under four different environmental 
conditions. 

Study Areas and Methods 

Four experimental areas were selected in the mountains 
near Logan, Utah. Site 1 was on a warm south-facing slope 
at 6,500 ft elevation; site 2 was at 7,000 ft on an easterly as- 
pect; and site 3 at 7,500 ft on a southeasterly aspect. Sage- 
brush (Artemisia tridentata Nutt.) and a mixture of forbs 
and grasses were present on these sites. Site 4 was at 8,500 
ft elevation on a cool, north slope where red elderberry 
(Sambucus racemosa L.) and mixed forbs were dominant. 

All sites were adjacent to stands of quaking aspen (Populus 
tremuloides Michx.), and all had slopes of less than 15%. 

At each site an area 41 x 101 ft was fenced, providing 
approximately 0.1 acre of land protected from grazing by 
cattle and sheep. Ten plots 13.2 x 13.2 ft (4 milacres each) 
were established within each fenced area. 

Composite soil samples, each consisting of five subsamples, 
were collected on each site. A separate sample was obtained 
from each 6-inch-depth interval down to 36 inches. These 
samples were analyzed for texture and pH. 

All brush was removed and each plot was plowed to ap- 
proximately an S-inch depth in the spring of 1964. Gypsum 
soil moisture blocks were installed in the center of each plot 
at depths of 12, 24, and 36 inches. On two plots, thermistors 
were installed at the same three depths. Soil temperature 
corrections were applied to all soil moisture measurements. 

The plots were raked and seeded using two replications of 
each grass on each site. The grasses were tall oatgrass (Ar- 
rhenatherum elatius), intermediate wheatgrass (Agropyron 
intermedium), smooth brome (Bromus inermis), timothy 
(Phleum pratense), and orchardgrass (Dactylis glomerata). 

A climatic station was placed on each site to record tem- 
peratures, relative humidity, and precipitation throughout 
the summer. Once a week during the summers of 1964, 1965, 
and 1966 the climatic stations were serviced (previous week’s 
precipitation measured and hygrothermograph charts 
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Table 1. Percentages of soil moisture available on selected dates during the 1966 growing season. 

Depth and date 

281 

12 inches 24 inches 36 inches 

Site and species 5/31 7/11 8/8 8/29 5/31 7/11 8/8 8/29 5/31 7/11 8/8 8/29 

Site 1 
Tall oatgrass 
Intermediate wheatgrass 
Orchardgrass 
Smooth brome 
Timothy 

Site 2 
Tall oatgrass 
Intermediate wheatgrass 
Orchardgrass 
Smooth brome 
Timothy 

Site 3 
Tall oatgrass 
Intermediate wheatgrass 
Orchardgrass 
Smooth brome 
Timothy 

Site 4 
Tall oatgrass 
Intermediate wheatgrass 
Orchardgrass 
Smooth brome 
Timothy 

64 
65 

100 
68 
85 

100 
30 

100 
96 

100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

5 
1 
2 
5 
1 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 100 0 0 
0 96 0 0 
0 100 0 0 
0 100 0 0 
0 100 58 0 

0 100 
0 100 
0 100 
0 100 
0 100 

0 100 
0 100 
0 100 
0 100 
0 100 

0 100 
0 100 
0 100 
0 100 
0 100 

100 24 12 100 100 
82 0 0 100 100 

100 0 0 100 100 
100 54 50 100 100 
100 1 0 100 100 

100 73 12 5 
100 0 0 0 
100 1 0 0 
100 4 0 0 
100 100 64 5 

100 52 0 0 
100 61 1 0 
100 100 13 4 
100 1 0 0 
100 100 76 2 

100 0 
100 69 
100 39 
100 68 
100 8 

0 
0 
0 
0 
0 

100 
100 

92 
100 
100 

94 
100 

17 
100 
61 

changed), and readings were made on the soil moisture 
blocks and thermistors. 

Aboveground portions of the grasses, consisting of all ma- 
terial above a l-inch height, were collected for analysis in 
June, July, and August of 1966. 

Subsamples, consisting of approximately 100 g of fresh 
plant material, were collected from each plot and combined 
into a single composite sample for each species on each site. 
Ether extract and moisture content were determined only on 
the June top samples, using the procedures outlined by the 
Association of Official Agricultural Chemists (1955). The 
percentages of nitrogen, phosphorus, potassium, calcium, 
magnesium, and sodium were determined in the dried and 
ground top material gathered on each of the three sampling 
dates following the methods given by Chapman and Pratt 
(1961). Visual observations of root concentrations were 

made on soil samples collected on each plot with a bucket- 
type soil auger in the fall of 1966. These samples were col- 
lected to a depth of 36 inches. 

Results 

Soil and Climatic Conditions 

The climatic conditions varied considerably 
during the 3 years of this study. After a wet June, 
the remainder of the 1964 growing season was very 
dry, with less than an inch of rain. The summer of 
1965 was exceptional, with copious precipitation 
throughout the growing season. The 1966 season 
was nearer normal, when all sites received approxi- 

mately 3 inches of precipitation between June 1 
and September 15. 

July was the hottest month, having a mean 
monthly temperature 11 F greater than June and 
4 F greater than August on all sites. Site 1 had 5 
days during 1966 with a maximum temperature of 
90 F, while sites 2, 3, and 4 had maximums of 88, 
87, and 83 F for the same number of days. 

Sites 1, 2, and 3 had clay loam surface soils with 
clay soils below the 6- to 12-inch depth. On site 4, 
the texture of the whole profile was silt loam to 
loam, silt being near 50% at all depths sampled. 
The soil on all sites was approximately pH 6.0. 

Soil Moisture Depletion 
Because rainfall was lacking in the summer after 

planting, no seeds germinated and sites 1, 2, and 
3 remained bare during the first year. Site 4 had 
some germination under the cooler temperature. 
Soil moisture readings were collected to determine 
the depth to which evaporation losses were occur- 
ring from these practically bare plots. Essentially 
no soil moisture depletion occurred below the 12- 
inch depth during this summer. 

During the spring of 1965, all species germinated 
on all sites. Soil moisture readings during this sum- 
mer provided information on moisture use by de- 
veloping seedlings under different climatic condi- 
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tions. All soils had been fully recharged during the 
winter and spring snowmelt season. On site 4 the 
soil remained at field capacity until the second 
week in August, when the blocks at the 1-ft depth 
began to dry. In the next 3 weeks all plots there 
were reduced to below 407& available moisture in 
the surface foot, but the 2- and 3-ft depths remained 
at the 100yO level. 

On sites 1, 2, and 3 all available moisture was re- 
moved from the surface foot by late July. By mid- 
August most species had removed the greater por- 
tion of available moisture from the second foot. 
During the latter part of August and early Septem- 
ber, three-fourths of the available moisture was re- 
moved from the third foot. 

During 1966, patterns of moisture use by species 
and site became evident (Table 1). All species had 
removed the available soil moisture from the surface 
foot on sites 1, 2, and 3 by mid-July. Most species 
had also depleted moisture in the second foot; how- 
ever, on site 4 some available moisture was present 
in the surface foot and essentially 100% available 
moisture was still present in the second and third 
foot. Three of the species on site 4 had removed 
the available moisture from the second foot by Sep- 
tember, but tall oatgrass and bromegrass still had 
some available moisture present in the second foot. 

Data collected from the third foot were most in- 
formative regarding adaptability of species under 
various environmental conditions. Intermediate 
wheatgrass and smooth bromegrass grew especially 
well on site 1. Top growth was 25 to 30 inches tall. 
Roots were abundant in soil samples collected in 
the upper 3 ft of soil. Both species had removed the 
available moisture from this portion of soil by mid- 
July. Orchardgrass also depleted the moisture from 
the upper 3 ft although top growth was less than 
for smooth brome and intermediate wheatgrass. 
Neither timothy nor tall oatgrass removed all of 
the available moisture during the summer on this 
site. 

All species responded similarly on sites 2 and 3, 
where soil moisture was essentially depleted by all 
species throughout the surface 3 ft. Tall oatgrass 
and timothy grew taller on these higher elevation 
sites than on site 1. 

On site 4 intermediate wheatgrass and smooth 
brome responded poorly compared to growth on 
other sites. This was reflected in the pattern of 
moisture depletion. Neither species removed the 
available soil moisture below the Z-ft depth. 
Root systems were poorly developed and top 
growth was less than half as tall as on site 1. 
Timothy and orchardgrass grew best on this site, 
where temperatures were cooler and humidity 
higher. These two species not only produced taller 
plants but also extracted greater quantities of mois- 
ture from the third foot of soil. 

Table 2. Changes in the nutrient content (percent) of 
grasses with season, expressed as an average of four sites. 

Species and date N 

Tall oatgrass 

June 15 2.42 
July 26 1.46 
Aug. 25 1.11 

Intermediate wheatgrass 

June 15 2.22 
July 26 1.25 
Aug. 25 1.07 

Smooth brome 

June 15 2.17 
July 26 1.21 
Aug. 25 1.27 

Timothy 
June 15 1.59 
July 26 0.96 
Aug. 25 0.83 

Orchardgrass 

June 15 2.43 
July 26 1.44 
Aug. 25 1.14 

P K Ca Mg 

0.357 2.68 0.29 0.020 
.223 1.86 .36 .027 
.167 1.46 .4 1 .044 

.341 2.33 .25 .013 

.199 1.47 .33 .018 

.155 1.16 .31 .026 

.287 2.60 .76 .026 

.I47 1.75 .91 .044 

.135 1.57 1.01 .071 

.238 2.01 .31 .024 

.145 1.25 .58 .042 

.127 1.07 .37 .031 

.318 3.16 .22 .026 

.196 2.18 .56 .080 

.I68 1.76 .41 .061 

Plant Composition 

Striking differences with respect to chemical 
composition were noted between species growing 
on the same site. Table 2 shows the changes in 
composition that occur as plant development ad- 
vances. Three of the elements measured-nitrogen, 
phosphorus, and potassium-showed a large de- 
crease with increasing age of the plant. Calcium, 
magnesium, and sodium increased with plant age 
on most species. These changes influence the 
quality of feed available for livestock consumption 
as the season progresses. 

The nitrogen content was high during June on 
all sites, especially site 4, and for all species except 
timothy. Site differences became less apparent as 
plants matured. Orchardgrass and tall oatgrass were 
highest in nitrogen throughout the summer, ex- 
cept for smooth brome in August. 

Phosphorus levels were highest in tall oatgrass 
and lowest in timothy. Smooth brome was also low 
in phosphorus compared to the other species. 

Potassium was closely correlated with both pro- 
tein content and moisture content of various spe- 
cies. In both moisture content and potassium level, 
the species showed the same ranking, in ascending 
order: timothy, intermediate wheatgrass, smooth 
brome, tall oatgrass, and orchardgrass. In June the 
plants on site 4 contained approximately 7% more 
moisture and 0.6y0 more potassium than on the 
other sites. 

Smooth brome had two to three times as much 
calcium as the other species. Intermediate wheat- 
grass was lowest in both calcium and magnesium. 
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Calcium-magnesium ratios were distinctive for 
each species. During June, smooth brome had a 
ratio of 29.2 : 1 while orchardgrass had a ratio of 
only 8.5 : 1. Other species were intermediate be- 
tween these extremes. By August the ratios had 
dropped to 14.2 : 1 and 6.7 : 1, respectively, showing 
magnesium was increasing more rapidly than cal- 
cium. 

Another variable, important in nutrition, was 
the quantity of ether extract, or fat content. Mea- 
surements were made on June samples only. A 
range from 4.67% for tall oatgrass to 2.51’% for tim- 
othy indicates energy values are different between 
species growing on the same site. 

Discussion and Conclusions 

Climatic differences among the four sites were 
reflected in plant growth, in soil moisture deple- 
tion, and in the chemical composition of the five 
grass species. Probably the main factor influencing 
plant growth and development was the difference 
in temperature regimes, including both air and 
soil temperatures. The temperature regime would 
affect the water requirements as well as water and 
nutrient availability. 

The depth to which soil moisture was depleted 
during the growing season depended on the quan- 
tity of top growth and the extent of root systems 
produced by each species. Available soil moisture 
was completely depleted to at least 3 ft by grasses 
well adapted to the sites tested. Therefore, if these 
grasses were used to replace deeply rooted trees and 
shrubs to improve water yield, no significant in- 
crease could be expected from the upper 3 ft of 
soil. 

During the period when no vegetation was pres- 
ent on the plots, available soil moisture remained 
near field capacity at depths below 1 ft. Losses by 
evaporation would therefore be insignificant on 
these sites at lower depths. 

The nutrient content of the various species was 
not a good measure of their ability to become estab- 
lished, as all species had similar patterns of change 
in composition with elevation, even though growth 
was not equal. Plant height and depth of rooting, 
the latter indicated by soil moisture extraction pat- 
terns, are better measures of species adaptability. 

Essentially the same ranking of species applies 
for moisture, potassium, and nitrogen contents on 

followed by tall oatgrass, smooth brome, interme- 
diate wheatgrass, and timothy. Sullivan (1962) states 
moisture content of vegetation is related to forage 
quality. Because of the interrelations between the 
plant constituents measured, it might be possible 
to predict the ranking of various species on a given 
site as to forage quality if their moisture contents 
were known. 

Seasonal changes in composition were great for 
all nutrients and for all sites. These seasonal 
changes and site variations are related to climatic 
conditions and the developmental stage of the 
grasses. The variation among species is important 
to livestock nutrition and should be considered in 
selection of grass mixtures for seeding rangelands. 
However, because plant part selection by animals is 
important in balancing their diets, analyses involv- 
ing the entire aboveground portion can only be 
used as a rough indicator of forage value. 

If the major reason for converting to grass is to 
increase water yields from an area, then greater 
treatment effects would probably be obtained on 
higher elevation sites where evapotranspiration 
rates are relatively low and annual precipitation is 
greatest. Orchardgrass appeared to be the best spe- 
cies on the high-elevation site, as it produced an 
abundance of high-quality forage from vigorous 
plants. 
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Highlight 

Sprouting ability and survival of six 
shrub species were observed following 
a June, 1963 wildfire. Sprout produc- 
tion and survival varied among species 
and initial class of damage. Larchleaf 
goldenweed was very sensitive to burn- 
ing and should be easily controlled by 
fire. Mesquite, ocotillo, and Wheeler 
sotol were moderately sensitive to the 
fire. Control of these species would 
probably vary with the conditions and 
type ol burn. The fire did not ad- 
versely affect false-mesquite or velvet- 
pod mimosa. Established stands of 
these two species may not be reduced 
by burning. However, increased den- 
sity might be prevented if burning oc- 
curred before young plants were capa- 
ble of sprouting. 

Shrub invasion of highly productive 
desert grassland range has been widely 
recognized throughout much of the 
southwestern United States. Recent 
studies indicate that grazing and lack 
of range fires are both important causes 
of the invasion (Glendening and 
Paulsen, 1955; Humphrey, 1958; Parker 
and Martin, 1952). 

In spite of a belief in fire as an 
agent preventing encroachment, a lim- 
ited number of studies have been per- 
formed on today’s ranges. The present 
study is an evaluation of shrub survival 
following a June, 1963 wildfire in an 
upper desert grassland type near Sasabe, 
Arizona. 

The sprouting ability and survival of 
six shrub species were observed for 
three initial damage classes. The spe- 
cies selected were: 1) false-mesquite 
(Calliandra eriophylla Benth.) (Kear- 

l Received August 16, 1968: accepted 
for publication November 22, 1968. 

2 Formerly g raduate research assistant, 
University of Arizona, Tucson. 

ney and Peebles, 1960), 2) larchleaf 
goldenweed (Aplopappus Zaricifolius A. 
Gray), 3) mesquite (Proso@ juliflora 
var. velutina (Woot.) Sarg.), 4) ocotillo 
(Fouquieria @Zendens Engelm.), 5) vel- 
vet-pod mimosa (Mimosa dysocarpa 
Benth.) , and 6) Wheeler sotol (Dasy- 
Zirion wheeleri S. Wats.). 

Methods and Materials 

Shortly after the fire, 50 plants of 
each species were randomly selected and 
classified with respect to apparent fire 
damage. The three classes of damage 
were severe, moderate, or light. Plants 
with crowns charred or completely con- 
sumed were classed as severe damage. 
Moderate damage occurred only when 
portions of a plant were burned or 
charred. Plants which were only scorched 
without charring were classed as 
light damage. For each species of 
shrubs 30 individuals were observed in 
the severe damage class, 10 in the mod- 
erate damage class, and 10 in the light 
damage class. Data were collected on 
sprout numbers and location of sprout 
origin. The response of Wheeler sotol 
was classed by its apparent vigor since 
sprouts did not occur except in the 
form of regrowth from the terminal 
bud. Data were analyzed using a chi- 
square criterion test (Steel and Torrie, 
1960). 

Results and Discussion 

Sprouting ability and survival of the 
individual shrubs varied among spe- 
cies and classes of initial fire damage 
(Fig. 1). False-mesquite plants, very 

desirable shrubs, classed as moderate 
and light damage showed significantly 
(.05) higher survival than the severely 

damaged plants both growing seasons 
after the fire. The second growing sea- 
son, survival was 90% for severly dam- 
aged plants and 100% for moderately 
and lightly damaged plants. All sprout 
production occurred from the base of 
the stem or possibly some root sprouts. 
Reynolds and Bohning (1958) found 
that false-mesquite recovered quickly 
following burning and had a greater 
crown density than on unburned areas. 

The reaction of larchleaf golden- 
weed was more severe than for the other 
species studied (Fig. 1). Survival be- 
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tween the three damage classes was 
significantly (.05) different. Severely 
damaged plants were completely killed 
and did not sprout by the end of the 
second growing season. Plants mod- 
erately damaged showed a 10% survival 
following the fire. The lightly dam- 
aged individuals had 90% survival the 
first growing season, but decreased to 
807’4 the second growing season. The 
plants which survived the fire recovered 
through refoliation of the original 
crown. 

Sprouting ability of mesquite was 
significantly (.05) different between 
light damage and moderate or severe 
damage classes (Fig. 1). No significant 
difference resulted between moderate 
and severe damage classes. All of the 
lightly damaged mesquite plants refoli- 
ated the crown and/or produced basal 
sprouts by the second growing season. 
Only basal sprouts were produced on 
severely damaged plants while 20% of 
the moderately and lightly damaged 
plants survived through refoliation and 
basal sprouts. These plants were classed 
for analysis according to the most nu- 
merous kind of sprouts. 

Survival of ocotillo varied signifi- 
cantly (.05) among the three damage 
classes the first growing season (Fig. 1). 
By the second growing season only the 
severe damage class was significantly 
different from the other classes. The 
severe damage class had the least sur- 
vival (33%), the moderate class the 
highest (6Oa/,), and the light class had 
50% survival. Survival of ocotillo was 
confined to basal sprouts on moderately 
and severely damaged plants. Lightly 
damaged plants survived primarily 
through basal sprouts, but some plants 
also refoliated the original branches. 

Survival of velvet-pod mimosa was 
high for all damage classes. The first 
growing season survival in the severe 
damage class was significantly (.05) less 
than the other two classes. No signifi- 
cant difference was detected in the sur- 
vival rates among the three damage 
classes the second ‘growing season. Sur- 
vival was confined to basal sprouts 
produced from a “lignituber-like” struc- 
ture, The second growing season pro- 
lific flowering was observed on burned 
and unburned plants. Seedpod produc- 
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FIG. 1. Survival of five shrub species for two growing seasons following a wildfire. 

tion was significantly (.05) greater on The use of apparent vigor classes for 
moderately damaged plants than on Wheeler sotol was not consistent 
either severely or lightly damaged enough for evaluation; however, sur- 
plants (Table 1). viva1 percentage was significantly (.05) 
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Table 1. Seedpod production (percent 
of plants observed) on burned vel- 
vet-pod mimosa plants the second 
growing season after a wildfire. 

Seedpod 
production 

Initial damage class 

class Severe Moderate Light 

0 70 50 70 
1 to 5 3 20 10 
6 to many 27 30 20 

Total 100 100 100 

different between the severely damaged 
plants and moderately or lightly dam- 
aged plants. All of the moderately and 
lightly damaged plants survived the 
fire. Only 3yo of the severely damaged 
plants survived. Sprouting did not oc- 
cur except as refoliation from the ter- 
minal bud. 
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Highlight 
Kochia americana, desert molly, is a 

forage species of the western U.S.A. 
which grows on highly saline soils. 
This study, which shows that desert 
molly can germinate at much higher 
salinities than other halophytic forage 
plants, encourages further work on the 
species in hope that it can be used in 
revegetation of depleted salt desert 
sites. 

remnant population of Kochia pre- 
served in a livestock-, rodent-, and rab- 

bit-proof exclosure. This community oc- 
curs in a big sagebrush-gray molly 
mosaic, as described by Cook (1961). 
The “mixed” stand seed was taken from 
plants occurring on a former beach 
line of pluvial Lake Bonneville where 
the community dominants are Atriplex 
confertifolia, Eurotia lanata, Artemisia 
spinescens, Poa neuadensis and Sitan- 
ion hystrix. Both stands occur at an 
elevation of about 4,520 ft above mean 
sea level. 

Kochia americana S. Wats., desert or 
gray molly, is a perennial half-shrub 
occupying saline-alkali areas of the des- 
erts and semi-deserts in the western 
United States. Several studies have in- 
dicated that it grows on saline soils un- 
suitable for most other forage species. 
These soils are characterized by very 
high salinity below the first foot of the 
profile (Kearney et al., 1914; Cook, 
1961). The value of K. americana as a 
forage plant has been disputed, but 
Kearney et al. (1960), Hutchings (1954) 
and Sampson and Jesperson (1963) 
class it as fair forage for sheep. Con- 
sidering the apparent great losses in 
abundance of this plant, and its high 
salinity tolerance, it is surprising that 
no known attempts have been made to 
propagate it. 

The seed was stored at room tempera- 
ture until January, 1968 when germina- 
tion tests commenced. Prior to germina- 
tion, the seeds were separated from the 
plants and scarified by rubbing on a 
soil sieve. The seeds were germinated 
on 1.5% agar plates in darkness ac- 
cording to the method developed by 
Workman and West (1967) for Eurotia 
lanata. A temperature regime of 65 F 
for 10 hours alternating to 85 F for 14 
hours was used. 

Percentage germination was recorded 
after 7 days, and the germination per- 
centages converted to arcsins for analy- 
sis of variance (Steel and Torrie, 1960). 
The data were also expressed in per- 
centage of germination reduction per 
treatment compared with the control. 

Results and Discussion 

Materials and Methods 

The study employed a randomized 
block design with two replications, six 
sodium chloride levels (0.0, 1.0, 2.0, 
4.0, 6.0 and 8.0% solutions in 1.5% 
agar), two seed sources (pure and 
mixed stands) and three dates of col- 
lection (g/29/67, 11/l/67, and 1 l/25/ 
67). Each replication consisted of 60 
seeds from each of 10 plants from each 
seed source. 

No significant 2 difference in germi- 
nation percentage was found between 
seeds from the pure and mixed stands, 
but the date of collection was highly 
significant.3 The seed source by date 
interaction was also highly significant. 
Table 1 shows that seeds from the pure 
stand germinated best when collected 
on September 29 and that percentage 
germination decreased progressively 
after that date. However, seeds from 
the mixed stand germinated least when 
collected on September 29, and best 
results were obtained with seeds col- 
lected on November 1. 

The two seed sources were about 20 
miles southwest of Snowville in Curlew 
Valley, Utah. The “pure” stand is a 

l Published with approval of the Direc- 
tor oE the Utah Agricultural Experi- 
ment Station as Journal Paper No. 
823. Received September 3, 1968; 
accepted for publication January 27, 
1969. 

Variation between salinity levels was 
highly significant for seeds from all 
sources and dates of collection. The 
percentage of germination decreased as 
the sodium chloride increased. The 
results show that K. americana is capa- 
ble of germinating under high salin- 
ity. A few seeds germinated on 10% 
sodium chloride effected agar in an un- 

2 Statistically significant at the 5% 
level. 

3 Statistically significant at the 1% 
level. 

b Each value represents the mean of two 
tests of 50 seeds each. 

Table 1. Germination percentages of - 
seed from two localities collected in 
1967 at three dates in response to six 
levels of sodium chloride, Curlew 
Valley, Utah. 

NaCl 
Pure stand Mixed stand 

(“/o) 9/29 11/l 11/25 9/29 11/l 11/25 

0.0 61” 38 38 22 44 36 
1.0 28 23 18 14 35 31 
2.0 28 2.3 17 9 20 21 
4.0 13 14 8 2 21 9 
6.0 9 6 6 4 10 9 
8.0 3 4 1 5 6 8 

10.0 4b 0 0 0 4 2 

B Each value represents the mean of two 
tests of 50 seeds each. 

b One sample of 50 seeds only. 

replicated test. Few halophytes are 
able to tolerate such high salinity dur- 
ing germination (Chapman, 1960). 

The source by salinity interaction 
was also highly significant. The seeds 
from the pure stand germinated in 
greater numbers than those from the 
mixed stand on 0% agar, but the seeds 
from the mixed stand were more toler- 
ant of salinity than those from the pure 
stand. There was no significant inter- 
action between salinity and date of 
collection. 

Expression of the germination per- 
centages in the six salt treatments as 
a percentage of the control (Table 2) 
gave somewhat different results. In 
this case, there was a highly significant 
difference in percentage germination 
between the seeds from the pure and 
mixed stands. Collection date and sa- 
linity levels also influenced germina- 

Table 2. Germination percentages of 
seeds from two localities at Curlew 
Valley, Utah, collected in 1967 at 
three dates in response to six levels 
of sodium chloride expressed as per- 
centage of distilled water contro1.a 

NaCl 
Pure stand Mixed stand 

(%) 9/29 11/l 11/25 9/29 11/l 11/25 

1.0 55” 40 53 37 21 20 
2.0 55 40 57 60 55 42 
4.0 79 63 79 91 53 75 
6.0 86 84 84 81 77 75 
8.0 95 90 98 82 86 77 

( control germination 

a Value = 
- test germination ) 
control germination - 100 



tion significantly, but no other mea- 
sured variable had a significant effect. 
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Highlight 

Rate of increase in yield of crested 
wheatgrass following use of herbicide 
on associated sagebrush was measured 
over four years, including the year of 
treatment. Significant increases in 
yield, which were probably worthwhile 
economically, did not begin until the 
third year after spraying. 

Fear of recovery by sagebrush (Arte- 
misia tridentata) has long been one of 
the deterrents to undertaking reseed- 
ing projects on depleted sagebrush 
ranges. Various levels of competition by 
sagebrush have been shown to curtail 
production by many associated species, 
including crested wheatgrass (A!?-@ 
pyron desertorum) and native forages 
(Robertson, 1947; Robertson et al., 
1966). 

Herbicides have proved to be a good 
tool for quick renovation of grassed 
ranges rendered unproductive by sage- 
brush competition. The rate and mag- 
nitude of increased production by crested 
wheatgrass after application of herbi- 
cide is the subject of this study. 

Methods of economic evaluation of 

1 Contribution from the Agricultural 
Experiment Station, University of 
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study was supported in part by 
Regional Bankhead-Jones Project W- 
16. MS received September 7, 1968; 
accepted for publication January 27, 
1969. 
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crested wheatgrass range at different 
imputs and assumed returns have been 
published by Caton and Beringer, 
1960; Gary et al., 1965, and Wagstaff, 
1968. 

The help of Glen Fulcher, formerly 
of the Division of Agricultural Eco- 
nomics, in initiating this study is grate- 
fully acknowledged. 

Methods 

An allotment in Paradise Valley, 
Nevada, seeded in 1952, and support- 
ing a dense stand of sagebrush with an 
understory of suppressed crested wheat- 
grass was selected for aerial spraying in 
1960 by the Bureau of Land Manage- 
ment. Sagebrush formed a 12% canopy 
cover, by ocular estimation, before the 
spraying. This particular project area 
has been described by Cloward and 
Fulwider, 1955, and Eckert et al., 1961. 
The conditions which favored the sage- 
brush after seeding have also been pub- 
lished (Bleak & Miller, 1955). 

Grazing by cattle between mid-April 
and mid-June was begun in 1955 and 
continued through the study period of 
1960-1963, except in 1961. Fall and 
winter use was practiced in several 
years. Before spraying, cattle grazed 
the field 18 April to 10 May and again 
afterward, 10 to 15 June. 

Prior to spraying, 33 pairs of cages 
were placed at 0.2-mile intervals along 
four transects (Robertson, 1954). Sam- 
pling bias was reduced by driving a 
truck along the transect and heaving 
a hammer over the cab from the right 
window to the left side. The hammer 
head marked the center of one 9.6 ft” 
plot. Another plot was selected near-by 
for similarity in botanical composition. 
The two were caged against grazing. 
One was selected by lot to be protected 
from the herbicide by a sheet of plastic 
film. Spraying was done between 17 
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and 29 May, 1960. Two pounds of low 
volatile ester 2,4-D was applied in die- 
sel oil at 5 g.p.a. The cost was $2.63/ 
acre (Moore, 1968). Another similar 
project by the Bureau of Land Man- 
agement was accomplished nearby for 
$1.67/acre in 1961. 

In order to test the response of the 
grasses to continuous spring grazing 
from the time of spraying and also to 
measure the differences in production 
under deferred grazing, alternate pairs 
of plots along the transects were des- 
ignated for three clippings per season. 
The others were to be harvested only at 
maturity the first and second years, and 
three times the third and fourth. How- 
ever, it was possible to maintain only 
15 pairs of usable plots throughout four 
years because of partial survival of 
brush in some of the sprayed plots and 
disturbance of a few cages by cattle. 

Clippings were in mid-to-late April, 
again in mid-May, and last in late July 
and early August if regrowth was pres- 
ent. Crop-year precipitation, October 
through June, was below normal dur- 
ing the four years, increasing annually 
from 6.6 in 1960 to 8.0 inches in 1963 
(Table 1). 

Results 

Single harvests at maturity in 1960 
and 1961 did not show any significant 
difference in yield associated with 
brush mortality. This was true not only 
of crested wheatgrass but also of two 
native perennials, Sandberg bluegrass 
(Poa secunda) and squirreltail (Sitan- 

ion hystrix) as well as the invading an- 
nual cheatgrass (Bromus tectorum). 

Sprayed plots clipped three times the 
first year, 1960, yielded 143 lb/acre of 
crested wheatgrass, 17 lb less than those 
with live brush. In 1961 the same sprayed 
plots, cut three times, edged ahead 01 
the controls 283 to 237 lb/acre (n.s.), 



tion significantly, but no other mea- 
sured variable had a significant effect. 
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afterward, 10 to 15 June. 

Prior to spraying, 33 pairs of cages 
were placed at 0.2-mile intervals along 
four transects (Robertson, 1954). Sam- 
pling bias was reduced by driving a 
truck along the transect and heaving 
a hammer over the cab from the right 
window to the left side. The hammer 
head marked the center of one 9.6 ft” 
plot. Another plot was selected near-by 
for similarity in botanical composition. 
The two were caged against grazing. 
One was selected by lot to be protected 
from the herbicide by a sheet of plastic 
film. Spraying was done between 17 
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and 29 May, 1960. Two pounds of low 
volatile ester 2,4-D was applied in die- 
sel oil at 5 g.p.a. The cost was $2.63/ 
acre (Moore, 1968). Another similar 
project by the Bureau of Land Man- 
agement was accomplished nearby for 
$1.67/acre in 1961. 

In order to test the response of the 
grasses to continuous spring grazing 
from the time of spraying and also to 
measure the differences in production 
under deferred grazing, alternate pairs 
of plots along the transects were des- 
ignated for three clippings per season. 
The others were to be harvested only at 
maturity the first and second years, and 
three times the third and fourth. How- 
ever, it was possible to maintain only 
15 pairs of usable plots throughout four 
years because of partial survival of 
brush in some of the sprayed plots and 
disturbance of a few cages by cattle. 

Clippings were in mid-to-late April, 
again in mid-May, and last in late July 
and early August if regrowth was pres- 
ent. Crop-year precipitation, October 
through June, was below normal dur- 
ing the four years, increasing annually 
from 6.6 in 1960 to 8.0 inches in 1963 
(Table 1). 

Results 

Single harvests at maturity in 1960 
and 1961 did not show any significant 
difference in yield associated with 
brush mortality. This was true not only 
of crested wheatgrass but also of two 
native perennials, Sandberg bluegrass 
(Poa secunda) and squirreltail (Sitan- 

ion hystrix) as well as the invading an- 
nual cheatgrass (Bromus tectorum). 

Sprayed plots clipped three times the 
first year, 1960, yielded 143 lb/acre of 
crested wheatgrass, 17 lb less than those 
with live brush. In 1961 the same sprayed 
plots, cut three times, edged ahead 01 
the controls 283 to 237 lb/acre (n.s.), 
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Table 1. Mean yields of crested wheat- 
grass, o.d. basis, on sprayed and con- 
trol plots during four years, 1960 to 
1963. 

Year 
Treatment 

or item 1 2 3 4 

Three cuts 
annually (n = 6) 
Sprayed 143 285 615 1163** 
Control 160 245 422 603 

One cut 
annually (n = 9) 
Sprayed 291 356 502l 798l 
Control 265 336 458l 658l 

Precipitation2 6.6 6.8 7.3 8.0 

+* Significant at the .Ol level of prob- 
ability. 

1 Same plots, three cuts annually (n = 9). 
2 Crop-year precipitation (inches), Octo- 

ber through June. Mean of 30 years 
record = 8.16 inches. 

Sprayed plots clipped three times con- 
tinued each year to show a steadily in- 
creasing advantage over the controls. 
In the last year of measurement, the 
difference of 95% attributed to treat- 
ment was highly significant by the “t” 
test. 

The series of paired plots clipped 
only at maturity the first and second 
year, and three times annually during 
the third and fourth showed a small, 
consistent but non-significant superior- 
ity in yield. Simulated deferment of 
grazing appeared to benefit the wheat- 
grass in the control plots, when com- 
pared with repeatedly clipped controls 
of the other series. This may account 
in part for the smaller treatment dif- 
ferences. 

The data do not indicate that two 
years of deferment are essential after 
spraying sagebrush in crested wheat- 
grass. Good recovery from competition 
by sagebrush was evident despite fre- 
quent clipping of the wheatgrass. 

Upward trend in growing season pre- 
cipitation was paralleled by annual 
yields of grass, the effect being more 
pronounced in the sprayed plots (Ta- 
ble 1). 

Conclusions 

The management system will be a 
strong determinant of rate and amount 
of increase in production after spray- 
ing. It may easily be the critical factor 
in-assessing econbmic feasibility of this 

range improvement practice in any 
particular instance. 

In this example one treatment series 
outyielded it controls only 140 lb 
three years after spraying. The differ- 
ence in the second series was 560 lb. 
Whether either of these differences or 
their mean, 350 lb, is accepted, the fol- 
lowing equation may be used to esti- 
mate cost of producing an additional 
AUM (animal unit month) of grazing 
over a period of years. 

cost/acre + interest f 
lb/yr increased forage x y0 P. U. 

Cost/AUM = 
AUM allowance 

Anticipated life of improvement 
Interest = Total payment-principal 
Total payment = loan x amortization interest rate x years 

For example, if we use $2.63/acre, 5% interest, 350 lb/acre/yr increase 

Cost/AUM = $2.63 + $1.59 + 
(350) (.80) 

600 
= $0.45 

Interest = $4.22 - $2.63 = $1.59 
Total payment = ($2.63) (.0802) (20) = $4.22 

Eighty percent utilization (P. U.) of GRAY, J. R., T. M. STUBBLEFIELD, AND 
crested wheatgrass, 20 years amortiza- N. K. ROBERTS. 1965. Economic as- 
tion, and 600 lb/AUM forage allow- pects of range improvements. New 
ante are suggested as reasonable crite- Mex. State Univ. Bull. 498. p. 45. 
ria on the basis of examples in the MOORE, E. A. 1968. Official letter, Bur. 
Intermountain Region. of Land management, USDI. 
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TECHNICAL NOTES 

Influence of Age and Awn 
Removal on Dormancy of 

Medusahead Seeds1 

Jack R. Nelson and A. M. Wilson 

Department of Forestry and Range 
Management, Washington State Uni- 
versity, Pullman; and Crops Research 
Division, Agricultural Research Ser- 
vice, U. S. D. A., Pullman, Washington. 

Highlight 

The effects of seed age and awn re- 
moval were studied in two medusahead 
strains having different post-maturity 
seed dormancy characteristics. Awn re- 
moval increased the percentage ger- 
mination. The proximity of removed 
awns inhibited the germination of de- 
awned seeds. Dormancy of intact seeds 
and inhibitory effects of awns de- 
creased with increasing age of seeds. 

Medusahead [Taeniatherum asperum 
(Simonkai) Nevski], a winter-annual 

grass, native to the Mediterranean area, 
has become a major problem in western 
United States (McKell et al., 1962). 
Millions of acres of range in California, 
Idaho, Nevada, Oregon, and Washing- 
ton have been invaded by this undesir- 
able weed. Eradication efforts have been 
futile and control measures are costly. 

Medusahead strains from western 
United States differ in their seed dor- 
mancy characteristics (Nelson and Har- 
ris, unpublished; Young et al., 1968). 
Some strains exhibit only slight seed 
dormancy a few weeks after harvest; 
other strains remain dormant for 6 
months or longer. Dormancy is most 
evident and prolonged when seeds are 
germinated at 20, 25, or 30 C. Germina- 
tion at 10 or 15 C relieves dormancy in 
some strains, and shortens the period of 
dormancy in other strains (Young et al., 
1968). 

Environmental conditionsduringseed 
development and maturation also ap- 

l Cooperative investigation of the Col- 
lege of Agriculture, Washington 
State University, and Crops Research 
Division, Agricultural Research Ser- 
vice, U.S. Department of Agricul- 
ture. Scientific paper 3082, Project 
1508, College of Agriculture, W.S.U. 
Supported in part by Bureau of Land 
Management, U.S. Department of 
the Interior, contract 14-1 l-0001- 
3674 with Washington State Univer- 
sity. Received September 14, 1968; 
accepted for publication January 11, 
1969. 
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FIG. 1. Effects of age and awn removal on the percentage germination of nursery- 
grown medusahead seeds of the Coyote Grade and Steptoe Butte strains. Seeds were 
germinated for 7 days at 23 C. Values are means of four replications of 25 seeds each. 

pear to influence dormancy in medusa- 
head (Nelson and Harris, unpublished). 
Many strains exhibited greater dor- 
mancy when seeds were produced in a 
cool, moist nursery at Pullman, Wash- 
ington, than when they were produced 
in a warm, dry nursery at Hooper, 
Washington. This phenomenon has 
also been observed in wheat (Belderok, 
1961). 

Intermittent and delayed germination 
of dormant seeds decreases the ef- 
fectivness of most mechanical and herbi- 
tidal methods of controlling medusa- 
head. A more complete understanding 
of dormancy would therefore assist in 
developing more effective control meth- 
ods. This note gives preliminary re- 
sults concerning the influence of age 
and awn removal on medusahead seed 
dormancy. 

Materials and Methods 

Seeds of two medusahead strains 
were originally collected at Steptoe 
Butte, Whitman County, Washington 
(21-inch precipitation zone 3,000-ft 

elevation) and at Coyote Grade, Nez 
Perce County, Idaho (16-inch precipi- 
tation zone, 1,400-ft elevation). They 
were planted in randomized rows in a 
nursery at Pullman, Washington, in 
October, 1965. These strains were se- 
lected because of their differing seed 
dormancy characteristics and their sim- 
ilar phenology during flowering and 
seed development. 

Seeds for the dormancy tests reported 
in Fig. 1 were harvested from the nur- 
sery in July, 1966. Spikes had been cov- 
ered with onionskin paper bags prior 
to anthesis to prevent hybridization be- 
tween strains. Limited outcrossing 
among individuals of the same strain 
was permitted by enclosing spikes from 
three separate plants within each bag. 
The bags remained on the spikes until 
seeds were mature. 

In the experiment shown in Fig. 1, 
the germinability of awned and de- 
awned nursery-grown seeds was com- 
pared 2, 4, 5, 7, and 9 months after 
harvest. Awns were separated from 
seeds with a razor blade. The tempera- 
ture was 23 C. Germination activity had 
essentially ceased at 7 days, and seeds 
that had not germinated at that time 
were considered dormant. Dormancy 
could be broken by holding unger- 
minated seeds at 7 to 8 C for 1 week and 
then returning them to a temperature 
of 23 C. Cumulative germination per- 
centage after this treatment was nearly 
100%. 

Wild-grown seeds for the dormancy 
tests reported in Table 1 were collected 
in July, 1968 at Coyote Grade and 
Steptoe Butte. The tests were started 
2 days after harvesting seeds. The ob- 
jective was to test the inhibitory ef- 
fects of removed awns on seed germina- 
tion. Awned seeds, de-awned seeds, or 
de-awned seeds together with their re- 
moved awns, were placed on the agar 
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surface. Newly harvested awns were 
also placed with S-year-old seeds of the 
Coyote Grade strain. Seeds were held 
at 23 C for 10 days and then trans- 
ferred to 10 C. 

In all tests, seeds were germinated on 
2y0 agar in a high humidity chamber. 
Seeds were considered germinated when 
the root and shoot were both visible. 

Results and Discussion 

Awn removal significantly increased 
germination of the Z-, 4- and 5-month- 
old seeds of the Coyote Grade strain 
(Fig. 1). Both awned and de-awned 7- 
and 9-month-old seedsgerminated nearly 
100%. Awns apparently contained in- 
hibitors that moved into the caryopsis 
during germination of the 2- to 5- 
month-old seeds. Removing the awns 
may have reduced the concentration of 
inhibitors below a critical level for 
germination. The observation that awns 
became decreasingly inhibitory as the 
seeds aged suggests that inhibitory 
substances located in the awns were 
being broken down. An alternative ex- 
planation is that the embryo may have 
become less sensitive to the inhibitors 
as the seeds aged. 

Germinability of seeds of the Step- 
toe Butte strain was very low in the 2- 
and 4-month trials, but increased as 
the seeds aged (Fig. 1). In this test at 
23 C, removing the awn did not appear 
to affect the germination of seeds of 
the Steptoe Butte strain. Sufficient in- 
hibitor may have been present in other 
parts of the seed, such as the lemma 
and palea, to inhibit germination. 

The inhibitory effect of awns of the 
Steptoe Butte strain was evident when 
newly harvested wild-grown seeds were 
germinated at 10 C (Table 1). The 
removed awns, placed on the agar sur- 
face, inhibited the germination of de- 
awned seeds. Inhibitory substances in 

Table 1. Inhibitory effects of awns on 
percentage germination of aged and 
newly harvested wild-grown medusa- 
head seeds of the Coyote Grade and 
Steptoe Butte strains.1 

Seed 
treatment 

Days of 
germination 

5 10 20 30 

Newly harvested seeds: 
Coyote Grade strain 

Awned 0 0 16 50 
De-awned 0 0 48 72 
De-awned + 

removed awns 0 0 38 69 
Steptoe Butte strain 

Awned 0 0 0 3 
De-awned 0 0 12 26 
De-awned + 

removed awns 0 0 4 13 

Three-year-old seeds 
of the 

Coyote Grade strain: 
De-awned 94 - - - 
De-awned + 

Coyote 
Grade awns2 92 - - - 

De-awned + 
Steptoe 
Butte awns2 95 - - - 

1 Temperature was 23 C during the first 
IO-day period and 10 C during the IO- 
to 30-day period. Values are means of 
4 replications of 50 seeds each. 

2 Fifty newly harvested awns were placed 
on the agar with the S-year-old seeds. 

awns apparently are able to diffuse 
through the agar to adjacent de-awned 
seeds. 

Awn removal increased the percent- 
age germination of seeds of the Coyote 
Grade strain in the test at 10 C (Ta- 
ble 1). However, the proximity of re- 
moved awns appeared less inhibitory to 
de-awned seeds. 

The proximity of newly harvested 
awns of the two strains did not inhibit 
the germination of 3-year-old seeds of 
the Coyote Grade strain (Table 1). 
Roots from these seeds were visible 
within 24 hours, and 94% of the seeds 
germinated within 5 days. Apparently 
inhibitors in the aged seeds had been 
broken down and the concentration of 
inhibitors from awns of the newly har- 
vested seeds was too low to delay ger- 
mination. 

Severe winters kill some fall-ger- 
minated medusahead plants on cold 
northern sites. Thus, the dormancy 
phenomenon, by delaying germination 
until spring, may be a survival mecha- 
nism. 

In warm, winter-rainfall climates, 
early fall germination is important, al- 
lowing over-winter growth and spring 
maturity. The absence of dormancy in 
this situation may similarly be a sur- 
vival mechanism. 
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VIEWPOINTS 

Place of the Range Profes- 
sional in Worldwide Agricul- 

tural Development 
My oversimplification of what a 

range man does (JRM 22 (1): 66-67. 
1969) and Hooper’s justifiable criticism 
of this viewpoint (JRM 22 (1): 67-68. 
1969) leaves an important evaluation 
of our professional status hanging in 
limbo. This statement is intended to 
clear up some of these uncertainties. 

Most professionals critical of simple 
statements about their professional 
status are reluctant to articulate their 
thinking into an effective and under- 
standable synthesis. This is a reason- 
able reaction when one considers that 
shortcut or simple statements may be 
grossly inadequate and at times mislead- 
ing. In pondering this question for 
the past several months, it has occurred 
to me that the whole set of concepts 
and principles referred to by Dr. 
Hooper is a reasonable approach if 
one can and will boil them down into 
a relatively concise summary statement. 
One possibility of doing this is to re- 
define a range professional as one with 
the ability to serve as a catalyst in the 
field of resource management. Other- 
wise stated, range people, in my opin- 
ion, have a unique capability of linking 
the intensively and extensively man- 
aged resources and in identifying prob- 
lems and solutions where integrating 
actions are required. 

The relevance of this ability to link 
or integrate resource uses to a sound 
forage development program in foreign 
countries is obvious. For example, it is 
not uncommon in tropical savannas 
with large areas of native forage to 
have agronomic developments as the 
single most important or key measure 
to expedite grazing management on na- 
tive pasture. However, agronomic im- 
provement, per se, will not accomplish 
the overall objectives of resource man- 
agers. These conditions call for ser- 
vices of the range professional who 
looks upon the essential improvement 
in forage crops as a means of improv- 
ing the grazing patterns on large acre- 
ages of dependent range rather than as 
a desirable objective in itself, i.e., the 
replacement of all natural forage by 
improved species. This ability to place 
himself in the shoes of a livestock or 
game manager who must be concerned 
about the 12-month nutritional status 
of his animals sets range people apart 
from other professionals involved in 
managing our natural resources. 

Range forage serves also as a com- 
mon denominator linking forest and 
farm resources. As foresters practice 
more intensive management, the under- 
story plants are becoming more impor- 
tant. This fact was brought “home” to 
me recently in a forestry research re- 
view where two silviculturists preceded 
me on the program. After they showed 
excellent examples of the increased 

A Perspective of Range Management 

The following fiaragrafihs are taken from 
the February 10,1969, issue of The Grazier 
published by the Oregon State Uni7Jersity 
Extension Service. 

The Oregon State University Program in 
Range Management seeks to contribute as 
effectively as staff and funds permit to the 
research, teaching, and Extension needs of 
the range resource areas and their depen- 
dent user industries in Oregon. Because Or- 
egon has range resources comparable to all 
surrounding states, our program does con- 
tribute to solution of problems in a much 
wider area in the Northwest and Great 
Basin. Actual cooperation on research and 
Extension short course programs has 

brought us together with colleagues in 
Washington, Idaho, Nevada, and Califor- 
nia. Within the University, we also strive 
for the most effective possible coordination 
of effort among departments and schools 
to focus the energy and expertise of capa- 
ble individuals whenever they are on 
range problems. 

As range scientists and managers, we 
feel a strong tie with the urban citizen 
through our fundamental obligation to 
make all lands contribute to their full capa- 
bility to our National, State and local 
economy. This tie is also significant and 
often very direct through the impact of 
our activities on the red meat our urban 
friends consume, the water they drink, the 

understory occurring under stands 
thinned to produce maximum incre- 
ments of forest products, I prefaced my 
remarks by emphasizing the need to 
use this new forage crop more effi- 
ciently. Indeed, the basic question for 
the intensive forest manager is: Do I 
spend thousands of dollars to control 
competition with crop trees, or do I 
look for a solution which takes advan- 
tage of animals in converting this com- 
peting understory vegetation into a 
useful product? Hopefully, their action 
will emphasize both game animals and 
domestic livestock in using this new 
source of forage. 

Two recent developments by mem- 
bers of the ASRM have advanced the 
cause of range management and the 
range professional in national and 
worldwide involvement. These are: 
(1) The recent decision of the Library 

of Congress to add “Range Manage- 
ment” as a new subject heading and 
(2) The timely and valuable article 

on “Conservation Development and 
Use of the World’s Rangelands” by 
Williams et al. (JRM 21 (6): 355-360. 
1968). The time has come for each 
member of the Society to better equip 
himself to tell the story of our profes- 
sion in each of our contacts with scien- 
tific and lay groups. Our effectiveness 
will depend to a great extent upon how 
concisely and lucidly we can portray 
the role of a range professional-Donald 
W. Hedrick, Oregon State University, 
Corvallis. 

hunting and fishing they enjoy, and the 
outdoor recreation from which they bene- 
fit in preparation for another week or year 
on their respective jobs. 

Range resources are one of a trinity of 
key food-and-fiber producing resources of 
the world-agricultural crop land, range 
land, and forests. Ranges provide a strong 
and essential tie between agriculture and 
forestry. We in range are inextricably tied 
to both-Range to Agriculture by the com- 
monality of animal feed and red meat pro- 
duction and by the contribution that veg- 
etation management makes to soil stability 
and water yield for agricultural and culi- 
nary use; Range to Forestry by the ecolog- 
ical reality of the total forest (overstory and 

(continued on p. 292) 
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BOOK REVIEWS 

Cowboys Under the Mogollon 
Rim. By Glenn R. “Slim” Ellison. 
University of Arizona Press, Tuc- 
son. 274 p. 1968. $6.50. 

Slim Ellison was born in Tonto Ba- 
sin under the Mogollon Rim in central 
Arizona in the year 1891. He grew 
up and lived most of his life in that 
area, working as a cowboy, homesteader, 
trail driver, bronc buster, prospector, 
miner, butcher, guide, and ranch cook. 
He was the son of a restless rancher- 
miner, the grandson of a prosperous 
cattle baron, and a nephew of the first 
governor of Arizona. His formal school- 
ing was limited to a few scattered terms 
in isolated cow-country schools. How- 
ever, his perceptive mind and photo- 
graphic memory enabled him to ac- 
quire an immense store of ranching 
lore and an intimate understanding of 
the cowboy life as lived by real cowboys 
of the west. 

His book is a colorful, humorous 
biography of his life as a cowboy. It 
is an authentic story of the west written 
by a genuine participant who lived and 
worked as a top hand in a part of the 
wild cow country of Arizona. It is a 
western classic that ranks in authentic- 
ity with Andy Adams’ “Log of a Cow- 
boy.” 

The book is more than an exciting 

A Perspective of Range Management 

(continued from p. 291) 

understory), by almost universal intermix- 
ture of grazeable openings within the forest, 
and by the common denominator, domestic 
and wild animals, that converts subordi- 
nant vegetation from cellulose to protein 
and thus may help achieve maximum per- 
petual benefit from the land. This is indic- 
ative of the special expertise of the range 
manager. In addition to being an applied 
ecologist, his special capability is in adapt- 
ing treatment to the inherent characteris- 
tics of the land and in manipulating 
animal populations and use patterns to 
achieve vegetation, soil, watershed and 
even recreation management objectives. 

Contrary to the thinking and statements 
of some, range resources still contribute in 
a major way to our economy and to red 
meat production. Between 20 and 30 per- 

narrative about cowboy life on the 
frontier. It is a true story of a cowboy’s 
love for the outdoor life; of his com- 
panionship with cowboys, Indians, 
horses, and dogs; of his life with his be- 
loved Judy. The story is told in a de- 
lightful, humorous manner as only a 
master story teller can, and in Slim’s 
own language. Slim also provides some 
very interesting illustrations for his 
book. Read the book and you will 
know the cowboy as he really was-a 
rugged, colorful, fun-loving, hard- 
working, human individual who had 
his troubles, his failures, his tragedies, 
and his successes. This is a book that 
those interested in western life will de- 
light in; it is reading that students of 
range management will enjoy and 
profit by.--Erwin M. Schmutz, Univer- 
sity of Arizona, Tucson. 

NEW PUBLICATIONS 
FfiDI?RATION FRANCAISE D’fiC- 

ONOMIE MONTAGNARDE has is- 
sued a new bulletin: Nouvelle Serie 
No. 17-1966-67. 533 pages, all in 
French. Numerous reports, papers, and 
discussions; and report of study tour 
in 1967. Includes color geological map 
of the eastern Pyrenees.--Argon and 
Navarre. 

cent of Oregon’s agricultural income is 
attributable directly to her range and 
pasture resources. Forty-three percent of 
our contiguous 48 states is range and over 
one-half of the world’s land mass falls into 
this category. Grazing on native range 
and permanent pasture is still and will 
continue to be an integral part of the 
livestock industry of our country and the 
world. To subscribe to the elimination or 
substantial reduction of this land use rel- 
egates the vast range resource to an eco- 
nomic desert or wasteland. One-half of 
the cattle, nearly three-fourths of the 
sheep, and nearly all of the goats spend at 
least six months of each year grazing on 
ranges in the United States. In the world 
picture, knowledgeable people have esti- 
mated that at least 60 percent of the do- 
mestic animals graze on range resource 
areas-many of them from birth to slaugh- 
ter. The grazing period is the most im- 
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AGRICULTURE IN TRANSITION 
is the Report of the Secretary of Agri- 
culture for 1968. It includes brief 
statements of accomplishments for the 
eight years 1961 through 1968. Secre- 
tary Orville L. Freeman’s closing state- 
ment gives an idea of the scope of this 
147 page report. He proposes: . . . . 
“that the name of this great institution 
of American government be changed to 
the Department of Food, Agriculture, 
and Rural Development . . .” 

PROCEEDINGS, 12th ANNUAL 
ARIZONA WATERSHED SYMPO- 
SIUM, report of a meeting held in 
Phoenix, September 18, 1968, spon- 
sored by Arizona Water Resources 
Committee and Watershed and For- 
estry Division, State Land Department. 
Contains 11 papers, including two panel 
discussions. 49 p. 

NATURAL AREAS IN INDIANA 
AND THEIR PRESERVATION, by 
A. A. Lindsey, D. V. Schmelz, and S. A. 
Nichols. 594 p., published by Indiana 
Natural Areas Survey, Purdue Univer- 
sity, Lafayette, 1969. Interesting dis- 
cussion of background and preservation 
principles. And yes-Indiana does have 
grassland: both wet and dry prairie. 

portant protein building period in the life 
of the domestic animal. This is where he 
makes his most economic gain in prepara- 
tion for a spot on your table and mine. 

Healthy and productive range resources 
are vital as food and cover for countless 
millions of big-game animals, small-game 
mammals, and game birds. Game-range 
management holds the primary key to 
continuing enjoyment and benefits from 
wild animal populations. Just as with forest 
practices, range use and management in- 
fluence stream conditions, water yield and 
quality, and fish habitat. Many principles 
and practices of range management will 
find a counterpart in the management of 
recreation resources-only a different kind 
of animal has been added, recreating man. 
Thus, within the multiple-use concept of 
resource management, range, range users, 
managers, and range scientists play a truly 
vital role. 



SOCIETY BUSINESS 

February 10, 1969 was the date of the tenth 
annual meeting of the Range Management Ed- 
ucation Council, held in Calgary, Alberta. Dr. 
Ervin Schmutz, 1968 Chairman, led afternoon and 
evening meetings, with approximately 16 persons 
present at each session. Applications for new mem- 
bership were heard. Monterrey Institute of Tech- 
nology, the University of Sonora and the Univer- 
sity of Alaska were each unanimously accepted 
into Council membership; the Council now in- 
eludes 32 schools: 

University of Alaska 
University of Arizona 
Brigham Young University 

University of California 

Chico State College 

University of Chihuahua 
Colorado State University 
California State Polytechnic 
Fort Hays Kansas 

State College 
Humboldt State College 
University of Idaho 
Iowa State University 

Kansas State University 
University of Montana 
Montana State University 

Monterrey Institute of 
Technology 

University of Nebraska 
University of Nevada 
New Mexico State 

University 
Northern Arizona 

University 
North Dakota State 

University 
Oklahoma State University 
Oregon State University 
University of Sonora 
South Dakota State 

University 
Sul Ross State College 
Texas A & M University 
Texas Technological 

College 
Utah State University 
University of Washington 
Washington State 

University 
University of Wyoming 

RANGE MANAGEMENT EDUCATION COUNCIL 

Discussion arose questioning the usefulness of 
and need for the Range Management Education 
Council in its present operational status, which 
tends to provide merely for a gathering of educa- 
tors and federal agency people who discuss innu- 
merable and, it may seem, inconsequential topics in 
a very limited time. During the meeting 21 com- 
mittee and miscellaneous topic reports were listed 
on the prepared agenda, as well as such items as 
approval of minutes, election of 1969 secretary, 
welcome to guests and delegates, presentation of 
applications for, and election of, new Council 
members and reading of a memorial to Dr. L. A. 
Stoddart. Because of limited time, many reports 
were hurriedly given and disposed of without due 
consideration. 

Proposed modifications of the present modus 
operandi, to eliminate the multitudinous commit- 
tee reports, often given in absentia, resulted in the 

formulation of a symposium concept. The sympo- 
sia would, as the meetings have been conducted 
in the past, be held in conjunction with the an- 
nual meetings of ASRM but would consist of for- 
mal and informal papers along with discussion 
dealing specifically with one or a very few central- 
ized major topics of particular concern to the 
tenets of RMEC. Committee reports could be pre- 
sented to the Executive Committee on a two- or 
three-year interval. Topics for symposia consider- 
ation could be selected by the Executive Commit- 
tee based upon timeliness and importance to RMEC 
members. A motion to plan and develop a Range 
Education Symposium to be held in conjunction 
with the Denver ASRM meeting in 1970 was 
passed. 

Following a morning meeting of the Civil Ser- 
vice Standards Committee, RMEC officers met 
with representatives of several federal agencies. 
They reported that lack of communications seems 
to have been the greatest difficulty. In general the 
federal agencies were satisfied with the first two 
years of undergraduate training programs, but in- 
dications are that specialized training needs should 
perhaps be more inclusive and courses should be 
identified by subject matter and training empha- 
sis. It appears that a broad-base concept of range 
management must be considered with adequate 
courses for multidimensional resource manage- 
ment training. The dissident member response 
to the report suggests a strong need for an in-depth 
analysis of educational training needs, professional 
standards definitions and civil service require- 
ments. 

The Range Textbooks Committee reported that 
45 book titles were suggested in answer to their 
questionnaire. Although many probably overlap 
in content, the response seems to indicate that 
range management is becoming more and more 
multifaceted. 

Using film strips and movie clips, exchanging 
35mm slides, using innovations in teaching, hold- 
ing seminars to teach teachers how to teach, using 
student evaluations, and convincing administra- 
tors that good teaching deserves reward are the 
means of increasing teaching effectiveness sug- 
gested by the Instruction Improvement Commit- 
tee. 

The High School Curriculum Committee re- 
ported its conclusions on how to increase recogni- 
tion of range management in high school pro- 
grams : not to promote range management courses 
on the high school level, but to distribute visual 
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aids and lesson plans to teachers; to encourage Joseph L. Schuster, Texas Technological College, 
teaching of ecological principles; to revise the 1957 Secretary. 
handbook “Rang;: Its Nature and Use”; and to 
expand youth activities. 

Officers elected for 1969 are Paul T. Tueller, 
University of Nevada, Chairman; Herbert G. Fis- 
ser, University of Wyoming, Vice-Chairman; and 

Submitted by, 
HERB G. FISSER 
1968 RMEC Secretary 
University of Wyoming 

8 5% 9 

SCIENTIAL COMMITTEES 
E. J. Dyksterhuis, Liaison, Department of Range Science, 

Texas A & M University, College Station, Tex. 77843. 

The May Journal was to have contained the following 
list of Sciential Committees and their members, but ap- 
pointments and acceptances were not completed by the 
May deadline. These committees have been organized and 
their functions coordinated by Dr. Dyksterhuis; their goals 
are (1) recognition of rangeland as a unique and vast nat- 
ural resource; (2) the organization of knowledge concern- 
ing this resource; and (3) recognition that rangemen are 
by training and experience qualified to handle a variety 
of land types that support complex mixtures of native 
vegetation used for grazing. 

It is anticipated that activities of these Sciential Com- 
mittees will result in Society publications, but their first 
major objective is to produce summary reviews of princi- 
+s and problems suitable for study in this and related 
disciplines. A more detailed description of Sciential Com- 
mittee activities is found in the July 1968 issue (JRM 21: 
279280). 

Rangeland Biometeorology 

Gerald W. Tomanek, Chairman, Botany Department, 
Fort Hays Kansas State College, Hays, Kan. 67601 

Leslie R. Albee Weldon 0. Shepherd 

Rangeland Ecotypes (for artificially reestablishing native 
rung-eland cover) 

Donald R. Cornelius, Chairman, PO Box 245, Berkeley, 
Calif. 94701 

M. D. Atkins L. C. Newell 
Lester R. Branson Ashley Thornburg 

Rangeland Entomology 

J. G. Watts, Chairman, Box 3BE, University Branch, 
Las Cruces, N.M. 88001. 

Carl C. Blickenstaff Norbert J. Nerney 
Ellis W. Huddleston Darrell N. Ueckert 
Robert J. Lavigne 

Rangeland Fire Influences 

Jimmie D. Dodd, Chnirmun, Department of Range Sci- 
ence, Texas A & M University, College Station, Tex. 
77843 

J. R. Bentley Rodger Q. Landers, Jr. 
James P. Blaisdell Gordon I. Powers 
E. V. Komarek Henry A. Wright 

Rangeland Hydrology 

F. A. Branson, Chairman, US Geological Survey, Bldg. 
25, Denver Federal Center, Denver, Colo. 80225 

Gerald E. Gifford Myrvin Noble 
J. R. Owen Frank Rauzi 

us Rangeland Livestock (applications of animal science 
conditioned by use of rungelands and timberlands) 

C. Wayne Cook, Chairman, Department of Range Sci- 
ence, Colorado State University, Fort Collins, Colo. 
8052 1 

Robert E. Bement William A. Laycock 
Don Clanton Leo B. Merrill 
Donald E. Johnson Clair E. Terrill 

Rangeland Recreation 

Richard L. Bury, Chairman, Department of Recreation 
and Parks, Texas A & M University, College Station, 
Tex. 77843 

Lester Berner 
Donald Z. Robins 

George R. Wolstad 

Rangeland Reference Areas 

Paul T. Tueller, Chairman, Renewable Resources Cen- 
ter, University of Nevada, Reno, Nev. 89507 

E. Wm. Anderson Alex Johnston 
Frederick Hall Clayton Quinnild 
D. E. Hutchinson A. E. Wieslander 

Rangeland Roadsides 
best managed for 

(and similar 
native range 

ungruzed erodible 
vegetation) 

ureas 

Wayne G. McCully, Chairman, Department of Range 
and Forestry, Texas A & M University, College Station, 
Tex. 77843 

Peter N. Jensen Macyl Orman 
Fritz Koepp Dean M. Schachterle 

Rangeland Shrubs 

Eamor C. Nord, Chairman, USFS Fire Research Lab, 
PO Box 5007, Riverside, Calif. 92507 

Michael R. Barnhart Ralph H. Hughes 
Nick J. Cozakos C. P. Pase 
Richard S. Driscoll 

Rangeland Soils and Land-Use Capability 

Vern K. Hugie, Chairman, Federal Bldg., Room 5434, 
125 S. State St., Salt Lake City, Utah 84111 

M. D. Burdick Tom Shiflet 
Howard B. Passey Sylvester Smoliak 
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ural resource; (2) the organization of knowledge concern- 
ing this resource; and (3) recognition that rangemen are 
by training and experience qualified to handle a variety 
of land types that support complex mixtures of native 
vegetation used for grazing. 

It is anticipated that activities of these Sciential Com- 
mittees will result in Society publications, but their first 
major objective is to produce summary reviews of princi- 
ples and problems suitable for study in this and related 
disciplines. A more detailed description of Sciential Com- 
mittee activities is found in the July 1968 issue (JRM 21: 
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Fort Hays Kansas State College, Hays, Kan. 67601 

Leslie R. Albee Weldon 0. Shepherd 

Rangeland Ecotypes (for artificially reestablishing native 
rungeland cover) 
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Lester R. Branson Ashley Thornburg 
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Robert J. Lavigne 

Rangeland Fire Influences 

Jimmie D. Dodd, Chairman, Department of Range Sci- 
ence, Texas A & M University, College Station, Tex. 
77843 

J. R. Bentley Rodger Q. Landers, Jr. 
James P. Blaisdell Gordon I. Powers 
E. V. Komarek Henry A. Wright 
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F. A. Branson, Chairman, US Geological Survey, Bldg. 
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Gerald E. Gifford Myrvin Noble 
J. R. Owen Frank Rauzi 

Rangeland Livestock (applications of animal science as 
conditioned by use of rungelands and timberlands) 

C. Wayne Cook, Chairman, Department of Range Sci- 
ence, Colorado State University, Fort Collins, Colo. 
8052 1 

Robert E. Bement William A. Laycock 
Don Clanton Leo B. Merrill 
Donald E. Johnson Clair E. Terrill 

Rangeland Recreation 

Richard L. Bury, Chairman, Department of Recreation 
and Parks, Texas A & M University, College Station, 
Tex. 77843 

Lester Berner George R. Wolstad 
Donald Z. Robins 

Rangeland Reference Areas 

Paul T. Tueller, Chairman, Renewable Resources Cen- 
ter, University of Nevada, Reno, Nev. 89507 

E. Wm. Anderson Alex Johnston 
Frederick Hall Clayton Quinnild 
D. E. Hutchinson A. E. Wieslander 

Rangeland Roadsides (and similar ungruzed erodible ureas 
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Peter N. Jensen Macyl Orman 
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Rangeland Wildlife 
Kieth E. Severson, Chairman, Department of Wildlife, 

South Dakota State University, Brookings, S.D. 57006 
Robert L. Casebeer Carl P. McCrillis 
Olan W. Dillon Laurence E. Riordan 
Donald A. Klebenow .Jim Yoakum 

Ozark-Ouachita Region 

Ardell J. Bjugstad, Chairman, Rm. 1-26 New Agricul- 
ture Bldg., University of Missouri, Columbia, MO. 
65201 

Roger L. Kirkman Ivan R. Porter 

Native Haylands Samuel A. Lowance Henry N. Stidham 

L. F. Bredemeier, General Chairman, 4601 Hammersley 
Rd., Madison, Wise. 53711 Tame Pastures (of arable lands to complement range sea- 

Appalachian Region 
sonally) 

Thad B. Trew, Chairman, 609 Cardinal Dr., Pulaski, Va. A. T. Semple, Chairman, Pinewood Springs, North Star 
24301 Route, Lyons, Colo. 80540 

Ivan W. Dodson 
James B. Newman 

Willis G. Vogel 

Coastal Plains Region (over 40 inches precipitation) 
D. B. Polk, Chairman, 4205 Woody Lane, Bryan, Tex. 

77801 
David W. Sanders Lewis L. Yarlett 
Alton T. Wilhite, Jr. 

North Central Section 
Clayton S. Williams, Chairman, 2313 Parkwood Dr., 

Midland, Mich. 48640 
Herbert E. Boe Marc A. Moore 
James A. Deane John W. Voight 

Calvin C. Boykin, Jr. 
Wesley Keller 

A. Perry Plummer 
Charles M. Schumacher 

Timberland Grazing (where forest production has long- 
term priority but livestock production is compatible) 

T. H. Ripley, Chairman, USFS, Rm. 3106, South Bldg., 
Washington, D.C. 20250 

Wayne Cloward 
George A. Garrison 
Lowell K. Halls 
Donald W. Hedrick 

Don A. Jameson 
Alastair W. McLean 
Harold A. Paulsen, Jr. 

CALENDAR 

The dates shown here are based on 
information currently available to the 
Executive Secretary. Although it is 
believed they are correct, verification 
with Section officers is advisable. 

Please notify the ASRM office of all 
upcoming meetings and events as soon 
as the dates and location are known, 
as well as of any errors or omissions 
which occur herein. 

Support your Section by attending 
its tours and meetings. Visit another 
Section meeting whenever possible. 
Invite a guest and ask him to join. 

July 10-11: Nevada Section Summer 
Tour, Elko, Nev. 

July 11: South Dakota Section Ranch 
Tour, Ole Drageset Ranch, Isabel, 
S.D. 

July 18-19: Wyoming Section Sum- 
mer Field Tour. 

July 21-24: Ag Lenders Range School, 
Montana Extension Service, Glas- 
gow, Mont. 

July 24-25: Northern Great Plains 
Section Summer Meeting, Yorkton, 
Sask. 

July 25-26: International Mountain 
Section Summer Field Tour, Deer 
Lodge, Mont. 

August 1-2: Combined South Dakota- 
Nebraska-Wyoming Summer Field 
Tour. 

August 10: Mexico Section, Ranch- 
ers’ Field Day, Ranch0 Experimen- 
tal La Campana, Chihuahua, Chih. 

August 19-20: Southern Section An- 
nual Meeting, Hot Springs, Ark. 

August 21-22: Colorado Section Sum- 
mer Field Tour, Durango, Colo. 

1969 ANNUAL DIRECTORY 

For the first time since 1950 the Society has published a complete listing of its member- 
ship. The 1969 Annual Directory-81/z x 11 inches in size, 45 pages-contains the names, 
addresses, membership class, and Section affiliation of all individual members as of May 
9; it is planned to distribute up-dating supplements via Rangeman’s News later in the 
year. Other information about ASRM included in the Directory helps make it a useful 
reference. A copy may be obtained upon written request to the Executive Secretary’s 
office. 
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