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Behavior of Forage Yields on Some 
Range Sites in Oregon 

E. WILLIAM ANDERSON 

Range Conservationist, Soil Conservation Service, 
Pendleton, Oregon. 

Range management is a new- 
comer. Livestock breeding, feed- 
ing and disease control, pasture 
and hay production, marketing 
and transportation are old- 
timers, comparatively. Newcom- 
ers and old-timers, that is, in the 
field of economic evaluation as 
a normal part of modern range 
livestock ranching. 

Good information about forage 
yields, particularly potentials, is 
essential for reliable economic 
evaluation of range improve- 
ments and management. Yield 
information, on a range site- 
by-range-site b a s i s, enhances 
the usefulness of surveys that 
delineate soils, range sites and 
range condition classes. To- 
gether, they provide the means 
for assembling a composite anal- 
ysis of the landscape within a 
pasture or ranch. This can be 
done irrespective of the differ- 
ent kinds of land involved, the 
pattern of occurrence, or 
whether the differences are due 
to topography, climate, soils 
and/or vegetation, since these 
make up the survey data. 

The purpose of this report is 
to (a) explain how yield char- 
acteristics of some range sites in 
Oregon are being derived and 
portrayed tentatively as a nor- 
mal effort to learn more about 
range sites, their soils and po- 

tentials; (b) emphasize some 
logical, apparent differences in 
the way yield behaves on differ- 
ent sites; (c) point out certain 
interpretations that seem useful 
for ranchers and technicians 
when judging cost-benefit rela- 
tionships; and (d) suggest the 
need for research assistance in 
this area. 

Examples cited represent data 
from cattle ranches, primarily. 
Yield data are based almost en- 
tirely on forage from perennials. 
This is done to clarify the rela- 
tively stable forage supply and 
to eliminate a much as possible 
the influence of extreme fluctu- 
ations in the production of an- 
nuals. 

Figure 1 illustrates a typical 
yield-behavior curve. It repre- 
sents the Moderate-South-Ex- 
posure site in Oregon’s Columbia 
Basin. The original plant com- 
munity of this site is dominated 
by bluebunch wheatgrass (Agro- 
pyron spicatum) and Sandberg 
bluegrass (Pea secunda). The 
soil, called Lickskillet very stony 
loam, is classed in the Brown 
Great Soil Group? 

The curve, or envelope, repre- 
sents how the forage-yielding 
ability of this site varies accord- 
ing to the ecological condition 
of the plant community. For ex- 
ample, on this site, a plant com- 
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munity that rates at the top of 
the Good range condition class 
will yield about one hundred 
seventy five pounds more usable 
forage, on the average, than if 
it rates at the top of the Fair 
class. 

The curve implies that changes 
in yield have character. As the 
plant community changes from 
one condition class to another, 
the curve changes pitch and 
thickness. On this particular site, 
more producing capacity is lost 
-or gained-proportionately 
during changes in its plant com- 
munity that are represented by 
Good condition class than for 
any other class. The least pro- 
portion is related to changes rep- 
resented by Poor range condition 
class. This suggests that returns 
on investments that will improve 
the ecological condition of this 
site’s plant community probably 
will be greater if the condition 
class is high Fair or Good, rather 
than low Fair or Poor, at the 
start. For ranges that are detc- 
riorating ecologically, the curt e 
provides an indication of the eco- 
nomic urgency for reversing the 
downward trend. Even doubling 
the yield of a low producing, 
Poor condition site doesn’t return 
much on the investment at the 
start. 

It is important to note that the 
time factor is not represented in 
the yield-behavior curve. Each 
stage of improvement or deteri- 
oration of the plant community 

1 Persons unfamiliar with the con- 
cepts of great soil groups will find 
them defined and discussed in the 
1938 Yearbook of Agriculture SOILS 
AND MEN. 
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Cranqe condhon class 1 

FIGURE 1. Typical yield-behavior curve representing the average amount and variation 
in forage yield that can be expected from a range site according to range condition 

class. 

is represented by equal segments 
of the horizontal axis. The steep 
pitch in the Good class does not 
indicate a greater rate of change 
in forage yield. It merely indi- 
cates that a greater amount of 
change takes place during the 
time the plant community pro- 
gresses through this ecological 
stage. 

If time could be represented 
by the segments of the horizontal 
axis along with stages of im- 
provement, the chart could be 
made to indicate rate as well as 
amount of potential forage in- 
crease. Records on the amount 
of time and the kind of misman- 
agement it took to deteriorate a 
site from one class to another 
probably are available. Records 
on the time and kind of good 
management it took for a site to 
recover from one class to an- 
other probably are available, 
also. An effort to obtain such 
records is needed. Observations 
by ranchers and technicians hav- 
ing long local experience is a po- 
tential source. Re-examination 
of areas having old survey data 
might be another source. 

Use of the Curve 
The curve provides a general 

guideline for predicting the in- 
creased yield that can be ex- 
pected from a site if its plant 
community can be improved 
ecologically from one stage to 
another. Judgment and local ex- 
perience are important for ad- 
justing the potential of a deteri- 
orated site according to degree 
of erosion and formation of stone 
pavements, since these reduce 
the site’s producing capacity al- 
most permanently. Such guide- 
lines, rough as they may be, are 
helpful in judging cost-benefits 
of range practices locally. They 
contribute to better uniformity 
of judgment between people and 
help avoid undue optimism. They 
aid in training young techni- 
cians. They help emphasize cer- 
tain principles to ranchers and 
range administrators. 

Many people, including ranch- 
ers, work with plant communi- 
ties and soils of range sites in 
areas for which little specific in- 
formation is available. One of 
the most useful applications of 
information on yield behavior 

has been for predicting potential 
forage production in areas for 
which yield data are not avail- 
able. This is done merely by as- 
sociating plant communities and 
soil characteristics of the un- 
known sites to those of similar 
sites for which yield information 
is available. The procedure has 
helped speed up range improve- 
ment activities in certain areas 
where little real investigative 
range work has been done. 

Theory of Curve 
A variety of factors can in- 

fluence the behavior of forage 
yields on a range site. Change 
in the make-up of the plant com- 
munity surely is a major factor. 
Probably, this is true whether 
changes in the plant community 
are of the long-lasting type as- 
sociated with changes in range 
condition class, or of a more tem- 
porary nature associated with 
short-time climatic fluctuations. 
Annual climatic fluctuation 
caused by changes in amount 
and timeliness of precipitation, 
temperature, sunshine, wind and 
so on, also is a major factor. 
Changes in the vigor of major 
forage plants, whether due to ad- 
verse weather or excessive graz- 
ing, strongly influences forage 
yield. 

The upper line of the curve is 
based upon the average high 
yield that has been recorded for 
each condition class. The termi- 
nal point represents the average 
lowest yield that has been re- 
corded for the site. Logically, 
high yield is consistent with high 
degree of vigor. It is concluded, 
therefore, that the upper line of 
the curve primarily represents 
conditions where the forage 
plants are as vigorous as could 
be expected consistent with the 
ecological condition of the plant 
community. 

The lower line of the curve is 
based upon the average lowest 
yield recorded for each condition 
class. Lowest yields probably 
are associated with low-vigor 
forage plants. It is concluded, 



therefore, that the lower line 
primarily represents conditions 
where the forage plants are as 
weak as they could be and still 
maintain the ecological condition 
of the plant community. Further 
reduction in vigor would be as- 
sociated with further ecological 
deterioration. 

Thickness of the curve, or ver- 
tical distance between the two 
lines, represents the variation in 
average forage yield, due to 
changes in vigor caused by graz- 
ing or drought, that could occur 
without changing the ecological 
condition of the plant commu- 
nity. Using Figure 1 for example, 
a plant community on this site 
rating in Good class but having 
weak perennial forage plants, 
produces about two hundred 
pounds usable forage per acre. 
By improving the vigor of the 
forage plants, and without 
changing the make-up or stand 
of the plant community, the av- 
erage yield could be raised to 
about two hundred fifty pounds 
per acre. Further increase in av 
erage yield probably would be 
accompanied by ecological im- 
provement and the position of 
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the plant community in relation 
to the horizontal axis would 
change accordingly. 

Top Excellent condition and 
highest average yield always 
would be associated with vigor- 
ous forage plants. Severest de- 
terioration and lowest average 
yield always would be accom- 
panied by weak perennial forage 
plants. At these extremes, the 
curve shows no yield variation 
since t.hese points were used 
merely to begin and end the 
curve. Fluctuations in yield 
that normally occur at these 
points are taken into account by 
the use of average yields, as are 
similar periodic fluctuations all 
along each line of the curve. 

Pitch of the curve, as previ- 
ously stated, does not represent 
rate-of -change in forage yield 
since the time factor is not rep- 
resented on the horizontal axis. 
Pitch does indicate the relative 
amount of change in forage pro- 
ducing capacity for each stage 
of deterioration or improvement 
as measured by range condition 
class. 

The pitch of the curve is as- 
sociated primarily with changes 

LICKSKILLE? very stony lo(inl 

BROWN 

POOR 

FIGURE 2. Typical behavior of two major plants, composition-wise, as the plant community 
of a range site changes according to range condition class under cattle use. 
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in the make-up of the plant com- 
munity, particularly with 
changes in the major forage pro- 
ducing plants. This is illustrated 
by comparing Figures 1 and 2. 

Figure 2 illustrates how two 
major forage plants on this site, 
bluebunch wheatgrass and Sand- 
berg bluegrass, behave compo- 
sition-wise as the plant commu- 
nity changes from Excellent to 
Poor condition class under cat- 
tle use. As the wheatgrass de- 
creases in the composition, the 
bluegrass increases for a time. 
Eventually, due to the lack of 
forage from the wheatgrass, the 
grazing pressure shifts to include 
the bluegrass. Being a palatable 
forage plant, it, too, then de- 
creases in the composition. This 
chart verifies that bluebunch 
wheatgrass is a strong &creaser2 
and Sandberg bluegrass a strong, 
palatable increaser on this site 
when grazed by cattle. These 
plants behave differently when 
grazed by sheep. 

Bluebunch wheatgrass is a 
high-yielding forage plant. When 
its proportion in the plant com- 
munity is reduced, yield is af- 
fected markedly. Sandberg blue- 
grass is a small, low-yielding for- 
age plant. Changes in its pro- 
portion of the plant community 
have little effect upon the be- 
havior of yields. For these ap- 
parent reasons, the yield-curve 
for this site simulates the com- 
position-curve of bluebunch 
wheatgrass, except that under 
extreme deterioration, the blue- 
grass persists and produces a 
small amount of forage. 

Comparison Locally 
Different range sites within a 

locality may have different 
yield-curves. In Figure 3, three 
grassland sites that join each 
other on the same hill are com- 
pared. Each site has its distinc- 

2 Dyksterhuis, E. J. 1949. Condition 
and Management of Range Land 
Based on Quantitative Ecology. Jour. 
Range Mangt. Vol. 2. No. 3. 104-115 
3 For more specific data on soils cited 
in this paper, refer to Table 1. 
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tive plant community, topo- 
graphic position, microclimate 
and soil. All three soils are de- 
rived primarily from aeolian ma- 
terial of the same geological age 
and overlie basalt bedrock3. 

The Moderate South Exposure 
site represents the “poorest” en- 
vironment of the three. The orig- 
inal plant community of this site 
is very strongly dominated by 

bluebunch wheatgrass. Lickskil- 
let soil, developed under this 
plant community in this environ- 
ment, has thinner but more dis- 
tinct horizons, stronger develop- 
ment and lighter colored surface 
layers than the other two soils. 
It has been classed as a Brown 
soil. 

The Rolling Hills site repre- 
sents the intermediate environ- 
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FIGURE 3. Comparison of three range sites that occur on the same hill, illustrating 
differences in yield behavior related to plant communities in different effective 
environments. 

ment of the three. Bluebunch 
wheatgrass dominates and Idaho 
fescue (Festuca idahoensis) is 
prominent in the composition of 
the original plant community. 
Condon soil, developed under 
this plant community in this en- 
vironment, has moderately thick 
but very indistinct horizons, 
weak development and is inter- 
mediate in color of the surface 
layers. It has been classed as a 
Chestnut soil. 

The Steep North Exposure site 
represents the “best” environ- 
ment of the three. Idaho fescue 
strongly dominates the original 
plant community. Wrentham 
soil, developed under this plant 
community in this environment, 
has moderately thick, distinct 
horizons, moderate development 
and is darker colored in surface 
layers than the other two. It has 
been classed as a Chernozem 
soil. 

Several differences are appar- 
ent in the yield-behavior curves 
of these three range sites: 
a. As the environment improves, 
so does the potential forage-pro- 
ducing capacity of the site. This 
is indicated on the vertical axes 
of the charts. 
b. Based upon the top line of the 
curves, the sites differ somewhat 
as to the proportion of the po- 
tential yield that is related to 
changes in the plant community 
as represented by each range 
condition class. The “poorer” 
the enviroment, the greater is 
the proportion lost during 
changes represented by Excel- 
lent and Good classes. Probably, 
this is due to the kind of plants 
that increase as the major origi- 
nal forage plants begin to dimin- 
ish in the stand. Under “poor” 
environmental conditions in the 
portion of Oregon being dis- 
cussed, increasers generally are 
low-yielders or unpalatable. De- 
cline in yield in almost directly 
related to the decrease of major 
original forage plants in the 
stand. Under “good” environ- 
mental conditions, a variety of 



0’ 

0’ 

I 4’ 

32 

BEHAVIOR OF YIELDS 249 

KLAMATH SNAKE R\VEK JOHN DAY BLUE. MTS. munity. In the “best” environ- 
ment, the thick curve indicates 
that the forage plants on this site 
can stand considerable reduction 
in vigor before they decline in 
the composition. Ability of the 
plant community to retain its 
composition with low-vigor for- 
age plants is reduced as deteri- 
oration progresses. This is indi- 
cated by the narrowing of the 
curve toward Fair and Poor con- 
dition classes. 
d. Yields decline steadily 
throughout the process of de- 
terioration on two of these sites. 
The Steep North Exposure site 
with Wrentham soil, however, is 
one of those sites on which the 
yields increase during early 
stages of deterioration, provided 
that bluebunch wheatgrass, a 
large forage-producing increaser 
on this site, remains vigorous. 
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FIGURE 4. Yield behavior of four widely separated sites having original plslllt ctimmunities 
dominated by Idaho fescue. Comparison with the Columbia Rasin site having 
Wrentham soil illustrates apparent widespread conformity of yield behavior on sites 
having comparable effective environments. 

palatable forage plants tempo- 
rarily increase in the plant com- 
munity as the original major 
forage plants decrease in the 
stand. Decline in yield is delayed 
until these palatable &creasers 
also diminish in the stand. 
c. The thickness of the curve 
varies with changes in the en- 
vironment. In the “poorest” en- 

vironment, the thin curve re- 
flects the inability of that plant 
community to maintain a stable 
composition with low-vigor for- 
age plants. On this site, it doesn’t 
take much excessive grazing or 
adverse weather before the re- 
duced vigor is accompanied by 
further deteriorating changes in 
the make-up of the plant com- 

Widespread Comparison 
Relationships of yield to en- 

vironment that exist on this one 
hill apparently hold true for 
zonal soils generally over a wide 
area. This is illustrated by Fig- 
ure 4, which depicts yield curves 
and soils for four widely separ- 
ated sites in eastern Oregon, as 
shown in Figure 5. Each of these 
four sites has an original plant 
community dominated by Idaho 
fescue and, in this way, is com- 
parable to the Columbia Basin 
site with Wrentham soil. 

Marked similarities in yield 
behavior are apparent between 
these five sites. On each, the 
decline in yield is proportion- 
ately greatest in Fair condition 
class. Other condition classes 
are comparable. Relatively thick 
curves are typical. 

From the local situation rep- 
resented in Figure 3, it would be 
easy to conclude that a close 
relationship exists between char- 
acter of yield behavior and Great 
Soil Group. Figure 4 emphasizes 
that the closest relationship actu- 
ally is based upon certain simi- 
larities between the original 
plant communities. Of these five 
soils, each of which produces a 
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Table 1. Some characferisfics and qualifies of soils cited. 

SOIL SERIES 
LICK- 

SKILLET CONDON WRENTHAM WAHA IZEEl SALISBURY DENT’ 

Elevation 
A(vnve.s 1 p”“. 

Av. Jan. 
Temp. (OF.) 

Av. July 
Temp. (OF.) 

Av. Mean 
Temp. (OF.) 

Av. Frost 
Free Days 

As;afor;wing 

(major for- 
age grass) 

800 - 2,800 1,600 - 3,000 900 - 2,800 1,500-3,500 4,200 - 5,000 3,400 - 4,500 5,000 - 6,000 
10 - 12 10 - 12 10 - 12 15 - 20 11 - 14 13 - 16 12 - 16 

30 30 29 23 25 25 23 

70 68 68 63 62 65 62 

50 49 48 44 42 45 42 

155 152 144 126 frost 110 100 
every mo. 

3/l - 6/l 3/l - 7/l 3/15-7/l 4/l - 7/15 4/15 - 7/15 4/l -7/l 4/15 - 7/15 

Parent 
Material 

*. * 

loess and 
basalt 

colluvium 

loess loess loess shale, 
sandstone 

and 
graywacke 

mixed argil- residium 
litic, granitic from 
and basaltic volcanic 
material of tuff 

fluvial origin 
sloping tops undulating 

of old mountain 
terraces foot-slopes 

Topography south facing nearly level steep north gently to steep to very 
of mapping slopes of to rolling facing slopes steeply steep north 
unit canyons plateau of canyons sloping facing slopes 

uplands 
A Horizon 
Av. thick- 3-5 

ness (in.) 
Texture v. stony loam 

ll- 21 7 - 12 7- 18 12 - 16 5 - 13 7 - 14 

silt loam v. shaly loam clay loam loam silt loam rocky silt 
loam 

dk. grayish 
brown 

very dark 
brown 

wk. med. 
subangbky. 

Color-dry ffr7z; i3T&i$ 
v. dk. very dark 

gr. brown brown 
wk. fine wk. med. 
granular granular 

dark gray dark gray 

v. dk. gr. v. dk. gr. 
brown brown 

wk. fine wk., v.f. 
subangbky. granular 

dark gray dark gray 

black moist v. dark 
brown 

wk. med. 
subangbky. 

Structure2 mod. crs. 
prismatic 

Consistence 
dry 
moist 
wet 

slightly hard slightly hard 
friable friable 

slightly hard 
friable 

sl. sticky, sl. sticky 
sl. plastic 

sl. sticky 
sl. plastic sl. plastic 

6.4 6.6 6.5 

slightly hard 
friable 
sticky 

sl. plastic 
6.8 

slightly hard slightly hard 
friable firm 

sticky plastic sticky plastic 

slightly hard 
friable 

sl. sticky 
sl. plastic 

6.6 6.8 6.8 

B Horizon 
Av. thick- 

ness (in.) 
Texture 

7 - 15 12 - 18 12 - 14 12 - 18 10 - 20 6- 10 12 - 18 

v. st. heavy 
loam 

v. shaly 
h. loam 

clay clay loam silt loam h. silt loam 
to silty clay 

loam 
brown 

silty clay 
loam to 

silty clay 
dk. grayish 

brown 
v. dk. gr. 

brown 
st. crs. 

prismatic 

Color-dry yellowish 
brown 
dk. yel. 
brown 

mod. med. 
subangbky 

pale brown 

dark brown 

brown brown It. yel. 
brown 

dark brown dark brown moist dark brown dk. yel. 
brown 
med. 

subangbky. 
Structure wk. fine wk.-med. 

subangbky subangbky. 
mod. med. wk. med. 
prismatic prismatic 

Consistence 
dry 
moist 
wet 

very hard 
very firm 
v. sticky 
v. plastic 

6.9 

hard 
friable 

sticky plastic 

hard 
firm 

sticky plastic 

slightly hard 
friable 

sl. sticky 
sl. plastic 

7.2 

hard hard slightly hard 
firm firm friable 

sticky plastic sticky plastic sticky plastic 

Reaction 
(pH) 

6.6 6.8 6.9 7.1 6.6 

Underlying 
material 

basalt 
bedrock 
(related) 

basalt basalt basalt Fractured Indurated Tuff breccia 
bedrock bedrock bedrock sandstone silica- (related) 

(unrelated) (unrelated) (unrelated) and shale cemeted pan 
(related) (related) 
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Great Soil BROWN CHESTNUT CHERNOZEM PRAIRIE CHESTNUT CHESTNUT CHESTNUT 
Group3 

Av. Effective 16 --3o 30 30 30 18 32 
Depth 

Perme- moderately moderate moderately moderately moderate slow moderate 
ability4 slow slow slow 

Moisture low fair high high good good high 
Supplying 
Capacity5 

’ These soils have not been correlated and the names are tentative 
2 Grades of structure and consistence are defined in Soil Survey Manual, USDA Handbook No. 18, pages 225-234 
3 Great Soil Groups are defined and discussed in 1938 Yearbook of Agriculture, SOILS AND MEN. Improvements 

in the soil classification system being currently developed may somewhat change the present classification of 
certain soil series mentioned in this paper. 

4 Defined in Soil Survey Manual, page 167 as “that quality of the soil that enables it to transmit water or air”. 
Classes are very slow, slow, moderately slow, moderate, moderately rapid, rapid, very rapid. 

5 Defined in Soil Survey Manual, page 416 as “relative capacity of the soil to take in and hold supply of moisture 
in amounts favorable to most crop plants. It reflects slope, infiltration capacity, moisture retentiveness and 
depth of the soil”. Classes are very high, high, good, fair, low or very low. 

fescue-dominant original plant 
community, three are classed as 
Chestnuts, one as Chernozem 
and one as Prairie. The Great 
Soil Group is a man-defined 
category of a system for classi- 
fying soils. Edaphic character- 
istics are used solely as differ- 
entiating criteria. Other environ- 
mental factors, such as micro- 
climate, that strongly influence 
the kind of plant community lo- 
cally, are not necessarily repre- 
sented, according to current con- 
cepts, by edaphic characteristics. 
Therefore, a direct relationship 
between yield behavior and 
Great Soil Group should not be 
expected always. If it does occur, 
the local limitation of this re- 
lationship should be observed 
carefully. 

Great Soil Groups do, how- 
ever, generally reflect environ- 
mental conditions, both broadly 
and locally, that are expressed 
by yield behavior. For example, 
of the five soils that produce 
similar plant communities, the 
three classed as Chestnuts have 
lower potential production than 
the other two. The production 
potential of the Chernozem soil, 
Wrentham, lies between the 
Chestunts and the Prairie, as it 
should. The Chestnut soil, Con- 
don, on which bluebunch wheat- 
grass dominates, has lower pro- 
duction potential than the Chest- 
nut soils on which Idaho fescue 
dominates. The Brown soil has 
a lower potential than the soils 
that classify in the Chestnut 

Thickness of yield curve, too, 
follows a logical pattern for 
these widely varying environ- 
mental situations. 

Source of Dafa 
The data from which yield 

curves are developed originate 
in soil-range site-range condi- 
tion surveys of ranches that are 
made for conservation planning 
purposes. They are supported by 
carefully recorded notes taken 
during soil survey progress re- 
views and for special plots. 
Yields, estimated at the time of 

the surveys, are tabulated col- 
the surveys, are tabulated collec- 
tively for each range site and ar- 
ranged according to range condi- 
tion class. For example, the tab- 
ulation for the site represented 
by Figure 1 contains 172 samples 
taken from surveys made be- 
tween 1949 and 1960 on seventy 
one cattle ranches representing 
about 400,000 acres in the Colum- 
bia Basin. 

During the survey period, a 
reasonably normal range of 
weather conditions occurred, 
which are reflected in the tabu- 

NATURAL RANGE AREAS 

tZ4* OREGON 

FIGURE 5. General location in which each of the seven soils cited occur in eastern Oregon 
and their relation to Oregon’s natural range areas. group. 
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lated yields. Following is the 
precipitation for each year of the 
survey period averaged for 
twelve weather stations that rep- 
resent the survey area. 

Inches Precipitation 

1959 1958 1957 1956 1955 1954 
9.1 13.4 14.3 11.1 12.9 9.6 

1953 1952 1951 1950 1949 
14.6 9.1 12.1 15.5 7.8 

For the survey period, the av- 
erage for the twelve stations is 
11.8 inches. The long-time aver- 

ANDERSON 

age for these stations is 11.0 
inches. Timeliness of precipita- 
tion, temperature, wind, sun- 
shine and other important fac- 
tors that influence forage pro- 
duction obviously are not re- 
flected by precipitation records. 

The many inaccuracies associ- 
ated with estimated yield data, 
due to differences between peo- 
ple, varying standards, and so 
on, are acknowledged. Accuracy 
and statistical reliability of sam- 
pling is not implied herein. A 
relatively large number of re- 

cordings of estimated yield for 
each condition class and site, 
made by a variety of trained peo- 
ple over a widespread area and 
during a number of years, how- 
ever, adds credence to the pat- 
terns of yield-behavior. The con- 
sistency with which certain fun- 
damental yield-site-soil relation- 
ships have been repeated under 
widespread testing in eastern 
Oregon indicates reliability of 
certain principles that have been 
presented. 

Inoculation For Better Pasture and 
Forage Legumes in the Tropics 

ROY C. DAWSON 

Technical Officer, North American Regional Office, Food 
and Agriculture Organization of the United Nations, 
Washington 25, D. C. 

Need For Tropical 
Pasture Legumes 

Attention has been called by 
Whyte (1953) to the lack of a 
suitable pasture legume which 
will maintain itself in association 
with grasses under moderate to 
heavy grazing conditions in the 
tropics. Whyte, Nilsson-Leissner 
and Trumble (1953) have made a 
rather comprehensive review of 
the use of legumes in the various 
tropical and subtropical coun- 
tries. The review was based 
mainly on answers obtained as a 
result of circulating a question- 
naire among the various govern- 
ments. It was an attempt to ful- 
fill the need for information on 
the availability of species and 
varieties of tropical legumes, 
their use in crop rotations, their 
effect on soil fertility and their 
incorporation into pasture and 
fodder mixtures. Why t e and 
Moir (1959) have stressed the 
need for grain legumes in the 
low-lying w e t tropics where 
there are no livestock or grain 
crops, and the people live on 
starchy foods. W h y t e (1962) 
suggests that the protein re- 
quirements of dairy and beef 

cattle in the tropics might best 
be met by concentrating on the 
production of high yielding 
fodder legumes, rather than by 
searching for an elusive type 
that w o u 1 d withstand heavy 
grazing. A number of alterna- 
tives, in use in various areas of 
the tropics, a r e suggested for 
providing a leguminous compo- 
nent to tropical grazing feeds. 

During a technical meeting on 
“Legumes in Agriculture a n d 
Human Nutrition,“l discussions 
on tropical pasture legumes were 
included. Limitations on live- 
s t o c k production in tropical 
Africa were largely attributed to 
the low quality of natural pas- 
tures, a situation that could be 
corrected by the use of a suitable 
tropical legume. The problem is 
to find one that could fill the 
place of the clovers and lucerne 
in temperature areas. 

Some Promising Tropical 
Pasture Legumes 

Progress has been made in the 
humid tropics where Pueraria 
phaseoZoides,2 Stylosanthes grac- 
ilis and Phaseolus Zathyroides 
are grown and grazed to a con- 

siderable extent. The problem is 
more difficult in the dry tropics 
although Stylosanthes sundaica 
shows promise in northern 
Queensland, Australia. 

Leguminous pastures are the 
key to increased agricultural and 
pastoral production on some 70 
million acres of well-watered but 
comparatively underdeveloped 
subtropical country in Queens- 
1 a n d (anonymous, 1959”). A 
worldwide s e a r c h extending 
over several decades has resulted 
in the introduction of several 
promising species now under test 
on experimental pastures. Loto- 
nonis bainesii and Dolichos Zab- 
lab show promise and attempts 
are being made to breed suitable 
varieties of lucerne. Indigofera 
spicata is also promising but is 
toxic to animals. It is quite possi- 
ble that leguminous shrubs and 
trees will play an important role 
in tropical and subtropical pas- 
tures. 

Centrosema pubescena was 
found to grow well with Cyano- 
don plectostachyum in equatorial 
pastures in Nigeria and to com- 
pare favorably with temperate 

‘Held jointly by the Food and Agri- 
culture Organization of the United 
Nations and the Commission for 
Technical Cooperation in Africa 
South of the Sahara, in Bukavu, 
(Belgian) Congo, 1 O-15, Nov. 1958. 

aPlant names are from published 
material which carry only scientific 
names and no attempt has been 
made to supply common names. 
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lated yields. Following is the 
precipitation for each year of the 
survey period averaged for 
twelve weather stations that rep- 
resent the survey area. 

Inches Precipitation 
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11.8 inches. The long-time aver- 
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inches. Timeliness of precipita- 
tion, temperature, wind, sun- 
shine and other important fac- 
tors that influence forage pro- 
duction obviously are not re- 
flected by precipitation records. 

The many inaccuracies associ- 
ated with estimated yield data, 
due to differences between peo- 
ple, varying standards, and so 
on, are acknowledged. Accuracy 
and statistical reliability of sam- 
pling is not implied herein. A 
relatively large number of re- 

cordings of estimated yield for 
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made by a variety of trained peo- 
ple over a widespread area and 
during a number of years, how- 
ever, adds credence to the pat- 
terns of yield-behavior. The con- 
sistency with which certain fun- 
damental yield-site-soil relation- 
ships have been repeated under 
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Pasture Legumes 

Attention has been called by 
Whyte (1953) to the lack of a 
suitable pasture legume which 
will maintain itself in association 
with grasses under moderate to 
heavy grazing conditions in the 
tropics. Whyte, Nilsson-Leissner 
and Trumble (1953) have made a 
rather comprehensive review of 
the use of legumes in the various 
tropical and subtropical coun- 
tries. The review was based 
mainly on answers obtained as a 
result of circulating a question- 
naire among the various govern- 
ments. It was an attempt to ful- 
fill the need for information on 
the availability of species and 
varieties of tropical legumes, 
their use in crop rotations, their 
effect on soil fertility and their 
incorporation into pasture and 
fodder mixtures. Why t e and 
Moir (1959) have stressed the 
need for grain legumes in the 
low-lying w e t tropics where 
there are no livestock or grain 
crops, and the people live on 
starchy foods. W h y t e (1962) 
suggests that the protein re- 
quirements of dairy and beef 

cattle in the tropics might best 
be met by concentrating on the 
production of high yielding 
fodder legumes, rather than by 
searching for an elusive type 
that w o u 1 d withstand heavy 
grazing. A number of alterna- 
tives, in use in various areas of 
the tropics, a r e suggested for 
providing a leguminous compo- 
nent to tropical grazing feeds. 

During a technical meeting on 
“Legumes in Agriculture a n d 
Human Nutrition,“l discussions 
on tropical pasture legumes were 
included. Limitations on live- 
s t o c k production in tropical 
Africa were largely attributed to 
the low quality of natural pas- 
tures, a situation that could be 
corrected by the use of a suitable 
tropical legume. The problem is 
to find one that could fill the 
place of the clovers and lucerne 
in temperature areas. 

Some Promising Tropical 
Pasture Legumes 

Progress has been made in the 
humid tropics where Pueraria 
phaseoZoides,2 Stylosanthes grac- 
ilis and Phaseolus Zathyroides 
are grown and grazed to a con- 

siderable extent. The problem is 
more difficult in the dry tropics 
although Stylosanthes sundaica 
shows promise in northern 
Queensland, Australia. 

Leguminous pastures are the 
key to increased agricultural and 
pastoral production on some 70 
million acres of well-watered but 
comparatively underdeveloped 
subtropical country in Queens- 
1 a n d (anonymous, 1959”). A 
worldwide s e a r c h extending 
over several decades has resulted 
in the introduction of several 
promising species now under test 
on experimental pastures. Loto- 
nonis bainesii and Dolichos Zab- 
lab show promise and attempts 
are being made to breed suitable 
varieties of lucerne. Indigofera 
spicata is also promising but is 
toxic to animals. It is quite possi- 
ble that leguminous shrubs and 
trees will play an important role 
in tropical and subtropical pas- 
tures. 

Centrosema pubescena was 
found to grow well with Cyano- 
don plectostachyum in equatorial 
pastures in Nigeria and to com- 
pare favorably with temperate 

‘Held jointly by the Food and Agri- 
culture Organization of the United 
Nations and the Commission for 
Technical Cooperation in Africa 
South of the Sahara, in Bukavu, 
(Belgian) Congo, 1 O-15, Nov. 1958. 

aPlant names are from published 
material which carry only scientific 
names and no attempt has been 
made to supply common names. 
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zone legumes in its contribution 
to soil nitrogen (Moore, 1960). 
Stylosanthes gracilis, introduced 
into Niger ia in 1947 from 
Queensland (Nwosu, 1960) is a 
protein-rich source of livestock 
fodder and is high in mineral 
content. It can be economically 
produced and converted into a 
meal suitable for dry season 
feeding. The standing crop is 
grazed only sparingly because of 
its content of harsh hairs. 

Hunter river lucerne, in com- 
bination with Rhodes grass, 
green panic and buffel grass 
(Gayndah strain) proved to be 
suitable for rotational grazing in 
the subtropics of Queensland, 
Australia ( You n g, Fox and 
Burns, 1959). All mixtures 
carried beef cattle at a heavy 
rate through a severe drought. 

Leucue& gluucu, a widely dis- 
tributed leguminous tropical tree 
is well suited as a high protein 
forage for cattle (Anonymous, 
1959”) (Compere, 1959) (Gantt, 
1958) ( H e n k e, 1958) (Work, 
1958). It is deep rooted and quick 
growing and withstands drought 
and repeated cutting. Unfortu- 
nately, it contains an alkaloid, 
mimosine, which has a depilatory 
effect on non-ruminating animals 
and may cause an undesirable 
taste in milk if fed prior to milk- 
ing. Research is under way in 
Australia to obtain, by introduc- 
tion or by breeding, high yield- 
ing strains of L. gluucu of low 
mimosine content. 

Extensive studies have been 
made by Crowder and coworkers 
(Crowder, Ramirez and Cha- 
verra, 1961) (Crowder, Vanegas, 
Lotero and Michelin, 1959) on 
grasses and legumes that occur 
in Colombia and on introductions 
obtained from other sources. As 
a result of these studies a num- 
ber of promising species of pas- 
ture legumes, suited to different 
climatic zones of Colombia, have 
been found. For example, tropi- 
cal Kudzu was very productive 
in the lower areas and mixes 
well with para or guinea grass. 
Desmodium species- were found 

in almost all pastures and ap- 
peared to contribute a note- 
worthy amount of forage to the 
pasture mixture in the warm 
area (2500-6500 feet). Legumes 
suitable to the low-lying hot re- 
gions (o-2500 ft.) were indeed 
limited. 

Mostert (1955) found Psoruleu 
obtusifoliu (Wild Lucerne) well 
nodulated and suggested it for 
use in association with grasses as 
a ley in South African pastures. 

Masefield (1958) cites a num- 
ber of examples where grasses 
grown in association with leg- 
umes show an increase in yield 
and protein content. 

Moore (1960) believes that the 
inefficiency of nitrogen fixation 
by tropical legumes is due to 
lack of proper rhizobia, lack of 
proper nutrients, or both. Work 
at Ibadan, Nigeria, indicated that 
under suitable conditions leg- 
umes in pastures growing under 
equatorial conditions may con- 
tribute amounts of nitrogen to 
the soil similar to those added by 
legumes in temperature pastures. 

Norris (195gb) reports that the 
genus Trifolium contains a little- 
known group of species inhabit- 
ing the high mountain regions of 
tropical Africa. Some of these 
species constitute an important 
part of the pasturage of these re- 
gions and have a potential use in 
tropical and subtropical uplands 
provided effective nodulation 
can be obtained. 

Ef f ecfive And Inef f ecfive 
Rhizobia 

Bowen (1956b) studied the re- 
sponse to inoculation with iso- 
lates of rhizobia of a number of 
tropical legumes grown in wall- 
urn-heath soils of Queensland, an 
area where tropical legumes 
abound. No significant response 
was obtained as a result of inocu- 
lation of Vignu sinensis, Phuseo- 
Zus Zuthyroides and Stylosunthes 
grucilis. Increased yields were 
obtained, however, by inoculat- 
ing Glycine mux and G. juvunicu. 
Yields and protein content were 
increased by inoculating Pu- 

eruriu phuseoloides, Centrosemu 
pubescens, Clitoriu ternuteu and 
Indigoferu hirsutu. 

Saubert (1958)) working at the 
Plant Physiological Institute of 
the University of Pretoria, stud- 
ied the nitrogen-fixing efficiency 
of 17 South African and exotic 
strains of Rhixobium Zegumi- 
nosurum on seven species or 
varieties of vetch (Viciu). The 
test plants consisted of a variety 
of Viciu sutivu f r 0 m Italy, 
France, Bulgaria and South Afri- 
ca, V. grundifloru from Italy and 
two imported varieties of V. 
villosu. The r e s u 1 t s indicated 
clearly that the various strains of 
rhizobia differed markedly in 
their effect on yield and nitrogen 
content of the different species 
and varieties of vetch. A marked 
incompatibility was found be- 
tween V. grundifloru and V. su- 
tivu. S a u b e r t emphasizes the 
need for polyvalent inoculants 
containing tested strains of rhi- 
zobia effective for all commonly 
grown varieties of a given spe- 
cies of legume. 

Eight species of Trifolium 
f r 0 m equatorial mountain re- 
gions of Africa were tested by 
Norris (195gb) against a range 
of strains of rhizobia derived 
from clovers . of European and 
Mediterranean origin, in com- 
parison with two strains of rhi- 
zobia derived from African 
clovers. Effective symbiosis was 
obtained only with an African 
strain derived from 2’. rueppel- 
Ziunum. Varying degrees of in- 
effective symbiosis w e r e ob- 
tained with strains of rhizobia 
from clovers of European origin. 
These findings are of particular 
significance to the plant intro- 
duction officer and the taxon- 
omist. 

Several species of tropical leg- 
umes, now recognized as most 
promising, failed dismally when 
first introduced into Queensland, 
Australia, because they did not 
nodulate (Anonymous, 1959”). 
Lotononis buinesii, for example, 
failed to respond to 60 local or 
introduced strains of rhizobia, 
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but did beautifully when the soil 
was inoculated with a strain 
isolated from nodules of L. 
bainesii from S o u t h Africa, 
where the particular variety had 
originated. This rhizobia strain 
forms red colonies when cul- 
tured. Furthermore it appears to 
be the only strain that will effec- 
tively nodulate ‘I,. bainesii, a 
tropical pasture legume. 

Leucaena glauca, a tropical 
tree legume of forage value, also 
failed initially until the proper 
strain of rhizobia, obtained from 
Indonesia and New Britain, was 
provided. Trifolium rueppelli- 
unum and T. semipilosum intro- 
duced from the high mountains 
of Central Africa, failed to nodu- 
late in the tablelands of Queens- 
land until inoculated with bac- 
terial strains obtained from their 
original habitat. 
Some Legumes Nodulaie With 

Difficulty Or Not At All 
For many years it was assumed 

that nodule formation was a 
property common to all legumi- 
nous species. Only a fraction of 
the known species of legumes 
have been examined for the pres- 
ence of nodules, and a portion of 
those examined were found to be 
without nodules. In view of the 
evidence that receptiveness or 
resistance of legumes to nodula- 
tion is genetic the plant breeder 
may be able to produce, by 
breeding, a nodulating f o r m 
with improved agronomic pros- 
pects f r o m a non-nodulating 
form. 

Mostert (1955) examined a 
number of legumes of South 
Africa for nodules and concluded 
that not all t h e leguminous 
species are able to symbiose with 
nodule bacteria. Mostert recog- 
nized, however, that a plant may 
be well nodulated under certain 
conditions and entirely lacking 
in nodules under others. 

Masefield (1958) has pointed 
out some of the difficulties en- 
countered in determining the ex- 
tent of nodulation of deep-rooted 
tree legumes, in which nodules 

may come and go, or nodule- 
bearing roots may easily break 
off, or the site of nodulation may 
change with age. 

The available information on 
nodulation and cross-inoculation 
of legumes indigenous to Queens- 
land has been assembled by 
Bowen (1956”). The s u r v e y 
shows some nodulation in all 
areas of the tropics, including 29 
previously unlisted indigenous 
species and two unlisted genera. 

Bonnier and S e e g e r (1958) 
made a study of the extent of 
nodulation of various species of 
legumes in tropical soils. They 
observed that in tropical forests, 
where all vegetation is returned 
to the soil thereby maintaining 
its nitrogen content in equilibri- 
um at a high level, nodulation 
was rare. Furthermore, nodula- 
tion was observed in savanna 
soils only after disturbance of 
this equilibrium, such as that 
caused by fire. They concluded 
that only in cultivated soil, 
where the crops and their nitro- 
gen are removed, is fresh nitro- 
gen required in the nitrogen 
cycle. In such cases fixation by 
legumes is an important and 
efficient means. 

Nodule-inhibiting substances 
have been demonstrated in the 
seed coat of Centrosema pubes- 
tens by Bowen (1961) and in 
root excretions of a non-nodulat- 
ing strain of soybean by Elkan 
(1961). 

Red Strain Of Rhizobium 
A strain of nodule bacteria 

that is red in color was isolated 
in pure culture and its cultural 
characteristics and r e s u 1 t s of 
cross-inoculation test described 
by Norris (1958). The red strain 
was found in the nodules of 
Lotononis, a genus containing 
about 120 species of herbs and 
small shrubs. Attempts to nodu- 
late L. bainesii introduced into 
Australia met with failure until 
inoculated with a red strain ob- 
tained from nodules attached to 
the roots of L. bainesii grown in 
South Africa. This is reported to 

be the first red strain of rhizobia 
found as a normal field associate 
of a legume. Norris suggests that 
in the past colored strains of leg- 
ume nodule bacteria have been 
discarded as contaminants dur- 
ing isolation and cautions against 
repetition of such mistakes, es- 
pecially when dealing with un- 
familiar tropical species. 

The Need For 
Legume Inoculation 

The real significance of leg- 
umes in agriculture was first 
understood as a result of inves- 
tigations reported by Hellriegel 
and Wilfarth (1888). These Ger- 
man scientists demonstrated that 
legumes grown in sterilized soil 
were free from root nodules and 
did not thrive as well as nodule- 
bearing plants grown in unsteri- 
lized soil. The foundation was 
thus 1 a i d for a considerable 
amount of research on symbiotic 
nitrogen fixation, research which 
has paid for itself many times 
over in increased yields and 
value of leguminous crops. 

Legume inoculation is needed 
because not all soils contain the 
specific bacteria necessary to 
produce nodules and fix atmos- 
pheric nitrogen symbiotically. 

Deficiency In Knowledge Of 
Tropical Legumes And Their 

Symbionfs 
Bisset (1959) studied the char- 

acteristics of 12 strains of rhi- 
zobia isolated from wild and cul- 
tivated tropical legumes growing 
in the Congo. Bisset shares the 
view advanced by Norris (1959”) 
that tropical members of the leg- 
uminosae and strains of rhizobia 
associated with them are primi- 
tive. 

The hypothesis is advanced by 
Nor r i s (1956) that legumes 
originated in the tropics and that 
some temperate-zone species and 
their rhizobia have become high- 
ly specialized. 

Norris (1959”) cautions the 
tropical bacteriologist about ac- 
cepting without question what 
he has learned about symbiotic 
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nitrogen-fixing bacteria based on 
temperate-zone experiences. He 
particularly stressed the need for 
an open mind regarding the fol- 
lowing: 

(a) Root hair infection. Per- 
haps this takes place only in a 
minority of cases. Peanut root 
hairs, for example, are few and 
play no part in infection since 
nodules are initiated by wound 
infection at the point of emer- 
gence of lateral roots. 

(b) Cultural characteristics. 
Classical strains of rhizobia are 
white, cream or translucent, 
while red strains have been iso- 
lated from Lotononis bainesii 
(Norris, 1958) and a rusty brown 
one from Mimosa pudica. 

(c) Cross-inoculation groups. 
Strain specific groups like the 
clovers represent a condition of 
degenerate specialization while 
freely cross-inoculating species 
such as those found in the cow- 
pea group are primitive. 

(d) Claims that tropical leg- 
umes fail to nodulate. Such 
claims should be treated with 
reserve until more information 
is available. 

(e) Claims that tropical leg- 
umes fail to fix nitrogen. This 
may be due to the presence of 
nitrates. 

(f) Inoculation of tropical leg- 
umes. There is just as great a 
need in the tropics as elsewhere 
for careful bacterial strain test- 
ing and selection of highly effec- 
tive types. 

(g) Calcium nutrition of rhi- 
zobia. Norris (1959”) claims that 
he has shown that magnesium 
rather than calcium, is needed. 

Our deficiency of knowledge 
about host plant/rhizobia rela- 

-tionships of tropical forms has 
been emphasized also by Corby 
(1959) who points out that little 
has been done to isolate agricul- 
turally useful strains. Further- 

been established at Grasslands 
Agricultural Research Station at 
Marandellas, Southern Rhodesia, 
to isolate and prepare locally ef- 
fective inocula and techniques 
for applying them. This is pro- 
posed as a first step toward im- 
proving local cultures of leg- 
umes. 

Effect Of Temperature On 
Survival Of Rhizobium 

Following field observations of 
poor nodulation of legumes sown 
on hot days, Bowen and Kennedy 
(1959) studied the effects of high 
temperature on legume bacteria. 
Eighty-seven strains of legume 
bacteria on nutrient agar showed 
maximum temperatures for 
growth of 31-38.4”C for clover, 
32-32.7”C for pea, 36.5-42.5”C for 
medic and 30-42°C for tropical 
legumes strains of rhizobia. 
Studies of the decline of viable 
population on sterile wallum- 
heath sand at 40°C indicated the 
rapid death of pea and clover 
strains and the death of tropical 
legume strains within 10 hours. 
There was an initial drop in 
numbers of lucerne organisms 
followed by a lesser death rate. 
Survival of legume bacteria on 
seed sown at 40°C in moist soil 
varied with strain of organism, 
initial concentration of inocu- 
lum, and time of subjection to 
high temperature. 

Studies on pre-inoculated al- 
falfa and clover seed stored at 
5°C and 25°C for three weeks 
showed that temperature was a 
very important factor in the sur- 
vival of rhizobia (Erdman-1960). 
Viability of the microorganisms 
decreased with increase in tem- 
perature over the range of 5°C 
to 25°C. 

Some Reasons Why Legumes 
Do Not Respond To Inoculation 

Some cases have been reported 
where results of legume inocula- 

these are as follows: 
(1) The soil may already con- 

tain an abundant supply of ef- 
ficient nitrogen-fixing symbiotic 
bacteria of the proper strain for 
the legume under cultivation. 
This condition rarely prevails, 
especially if the legume has not 
been grown recently with suc- 
cess on that particular field. 

(2) The inoculant may be inef- 
ficient, non-viable, contaminated 
with antagonistic organisms or 
unsuited for the particular 
species or strain of legume being 
cultivated. 

(3) Environmental conditions 
in the soil may be unfavorable 
(pH, moisture, temperature, aer- 
ation, antagonistic microflora). 

(4) Direct contact with ferti- 
lizers, seed disinfectants or toxic 
chemicals. 

(5) Lack of certain major 
(Ca,P) or minor elements (MO). 

(6) Presence in the soil of spe- 
cific bacteriophage. 

For these reasons, considerable 
vigilance is required in order to 
assure the farmer that he is get- 
ting the proper strains of nitro- 
gen-fixing bacteria for his leg- 
umes and that they are delivered 
to him in a viable condition. He 
must then be taught how and 
when to apply the inoculant. 

Selecfing Effective Strains 
Of Rhizobia 

In seeking better strains of 
rhizobia, isolations should be 
made from pink nodules ob- 
tained from the roots of vigorous 
dark green plants. Pinkness in 
the nodule is due to the presence 
of leghemoglobin which is neces- 
sary for efficient symbiotic ni- 
trogen fixation (Virtanen, Erka- 
man and Linkola, 1947). 

Chromatography has been sug- 
gested as an aid in selecting ef- 
fective strains of rhizobia (Wier- 
inga and Bakhuis, 1957). The 
method is based on the collec- 

more, imported inocula and con- tions are negative- or question- tion of bleeding sap of plantlets 
ventional methods of using them able. There may be a number grown under aseptic conditions 
often appear to be unsatisfactory of causes for failure to obtain in- and determining its content by 
in the tropics. For this reason a creases in yields by inoculation. the use of chromatography of 
bacteriological lab or at ory has Some of the more important of certain amino acids. The sap of 
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uninoculated or ineffectively 
nodulated legumes was found to 
contain only aspartic acid and 
possibly threonine while effec- 
tively nodulated plants con- 
tained aspartic acid, asparagine, 
glutamine, hydroxyproline and 
threonine. Sometimes one or 
two additional unknown sub- 
stances were found in the sap of 
effectively nodulated plantlets. 

‘72 continued search for better 
inoculants for the various leg- 
umes of agricultural value is 
necessary. This requires the co- 
operation of bacteriologists, 
agronomists and taxonomic bot- 
anists. 

The maintenance in pure cul- 
ture and testing of collections of 
rhizobia is also a vital part of 
any widespread effort directed 
towards an effective inoculation 
program. 

AID/USDA Legume 
Inoculafion Project3 

Highly effective strains of leg- 
ume bacteria are available for 
about fifty species of legumes as 
a result of a joint AID/USDA 
project on legume inoculation. 
Most of these legumes are tropi- 
cal or subtropical species and 
the cultures of N-fixing bacteria 
were isolated from the nodules 
of legumes from various coun- 
tries. Strain evaluations are 
made under greenhouse condi- 
tions. Promising strains are then 
tested under soil and climatic 
conditions found in the countries 
where they will be used. About 
one third of the cultures tested 
in the field have resulted in in- 
creased yields of the inoculated 
legumes. 

Summary 
A review of the current litera- 

ture on tropical pasture legumes 
and their associated root nodule 
bacteria points out the need for 
further efforts directed toward 
the search for compatible grass- 

sAID=Agency for International De- 
velopment, the U.S. Government 
bilateral agency which has super- 
seded the International Cooperation 
Administration. 

legume mixtures that will grow 
under the different conditions 
encountered in the tropics. Al- 
ternatively, high yielding fodder 
legumes should be sought to 
meet the need for protein of live- 
stock in the tropics. 

More efficient nitrogen-fixing 
strains of rhizobia with which to 
inoculate specific tropical pas- 
tures and fodder legumes are 
needed. Instances of crop fail- 
ures due to the lack of proper 
strains of rhizobia in the soil are 
cited. Inoculation with efficient 
strains of rhizobia provides an 
economical form of insurance 
against such failures. 

Both yield and nutritive value 
of pasture and fodder legumes 
can often be increased by inocu- 
lation. 

Nodules may be formed by in- 
effective or parasitic strains of 
rhizobia resulting in little or no 
atmospheric nitrogen fixation. 

There is evidence of a de- 
ficiency in our knowledge of host 
plant/rhizobia relationships of 
tropical legumes. Knowledge 
gained from legume inoculation 
in temperate climates is not nec- 
essarily applicable under tropical 
conditions. 
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Grazing Problems in Turkey 
DONALD R. CORNELIUS 

Range Conservationist (Research), Agricultural Research 
Service, Crops Research Division, Berkeley, California. 

Permanent pastures and mead- 
ows occupy about 75 million 
acres in Turkey. This acreage 
exceeds that used for all culti- 
vated crops, about 62 million 
acres, out of a total land area of 
192 million acres. Considerable 
grazing is also obtained from 
stubble fields after grain harvest 
or from weedy fallow, and from 
about 5 million acres of forested 
land. The total forested land in 
the country is about 26 million 
acres. 

Approximately 80 percent of 
the people live in villages and 
are engaged in agricultural pur- 
suits. Their principal activities 
are the production of grain and 
other cultivated crops and the 
raising of livestock. An i m a 1 
products include meat, cheese, 
and milk as important food items 
for their regular diet; wool and 
mohair for clothing and carpets; 
and leather for a multitude of 
uses. About 20 percent of the 
people live in cities engaged in 
industry, business, and govern- 
ment administration. 

Grazing Methods 

Herding of livestock prevails 
throughout the country. Fences 
are not used to confine animals 
to grazing areas. Under the vil- 
lage system livestock are pri- 

vately owned but the animals 
graze together o n community 
pastures (Figure 1). The culti- 
vated area is in private owner- 
ship but the grazing is done on 
public land and fees are not re- 
quired for the grazing rights. 

Trend in Livestock Numbers 

Livestock numbers have in- 

creased considerably during the 
past 10 years. Goats have in- 
creased by 35 percent and make 
it especially difficult to manage 
the rangeland. Further complica- 
tions occur from the mixed 
classes grazing the common 
range (Figure 2). Water buffalo, 
cattle, camel, sheep, donkeys, and 
horses in addition to the goats 
rely almost entirely for their 
livelihood upon grazing the grass 
and browsing the brush. Culti- 
vation has increased to now 
occupy 20 percent more land 
during the past 10 years. This 

FIGURE 1. Bermuda grass cod closely grazed by water buffalo in south central Turkey, 
Adana province. This level, fertile area was grazed year long by 500 head, a mixed 
herd of water buffalo and cattle, on 1200 acres with cotton by-products including 
hulls and seed fed as supplement. 



LEGUMES 257 

Exp. Agr. 24(96) : 247-270. 
NORRIS, D. 0. 1958. A red strain of 

Rhizobium from Lotononis bainesii 
Baker. Austral. Jour. Agr. Res. 9: 
629-632. 

NORRIS, D. 0. 1959a. Legume bac- 
teriology in t h e tropics-Jour. 
Austral. Inst. Agr. Sci. 25: 202-207. 

NORRIS, D. 0. 1959b. Rhizobium 
affinities of African species of 
Trifolium. Empire Jour. Exptl. 
Agr. 27 (106) : 87-97. 

Nwosu, N. A. 1960. Conservation and 
utilization of Stylosanthes gracilis. 
Trop. Agr. (Trinidad) 37: 61-66. 

SAUBERT, S. 1958. Strain variation 
and host specificity of Rhizobium 

I. Rhizobium Leguminosarum. So. 
African Jour. Agr. Sci. 1: 451-455. 

VIRTANEN, A. I., J. ERKAMAN AND H. 
LINKOLA. 1947. On the relationship 
between nitrogen fixation and 
leghaemoglobin content of legumi- 
nous root nodules, II. Acta Chem. 
Stand. 1: 861-870. 

WHYTE, R. 0. 1953, Legumes in tropi- 
cal agriculture. World Crops 5: 
101-104. 

WHYTE, R. 0. 1962. A myth of tropi- 
cal grasslands. Trop. Agr. 39: l-11. 

WHYTE, R. 0. AND T. R. G. MUIR. 1959. 
Legumes in African agriculture. 
Nature 183 (4659) : 439-440. 

WHYTE, R. O., G. NILSSON-LEISSNER 

AND H. C. TRUMBLE. 1953. Legumes 
in agriculture. FAO Agricultural 
Studies No. 21. 

WIERINGA, K. T. AND JANNY A. BAK- 
HUIS. 1957. Chromatography as a 
means of selecting effective strains 
of Rhizobium-Plant and Soil 8: 
254-262. 

WORK, S. H. 1958. Leucaena glauca 
in the Americas. Proc. 8th Pac. 
Sci. Congress pp. 587-590. 

YOUNG, N. D., N. F. Fox AND M. A. 
BURNS. 1959. A study of three 
important pasture mixtures in the 
Queensland subtropics. Queensl. 
Jour. Agr. Sci. 16: 199-215. 

Grazing Problems in Turkey 
DONALD R. CORNELIUS 

Range Conservationist (Research), Agricultural Research 
Service, Crops Research Division, Berkeley, California. 

Permanent pastures and mead- 
ows occupy about 75 million 
acres in Turkey. This acreage 
exceeds that used for all culti- 
vated crops, about 62 million 
acres, out of a total land area of 
192 million acres. Considerable 
grazing is also obtained from 
stubble fields after grain harvest 
or from weedy fallow, and from 
about 5 million acres of forested 
land. The total forested land in 
the country is about 26 million 
acres. 

Approximately 80 percent of 
the people live in villages and 
are engaged in agricultural pur- 
suits. Their principal activities 
are the production of grain and 
other cultivated crops and the 
raising of livestock. An i m a 1 
products include meat, cheese, 
and milk as important food items 
for their regular diet; wool and 
mohair for clothing and carpets; 
and leather for a multitude of 
uses. About 20 percent of the 
people live in cities engaged in 
industry, business, and govern- 
ment administration. 

Grazing Methods 

Herding of livestock prevails 
throughout the country. Fences 
are not used to confine animals 
to grazing areas. Under the vil- 
lage system livestock are pri- 

vately owned but the animals 
graze together o n community 
pastures (Figure 1). The culti- 
vated area is in private owner- 
ship but the grazing is done on 
public land and fees are not re- 
quired for the grazing rights. 

Trend in Livestock Numbers 

Livestock numbers have in- 

creased considerably during the 
past 10 years. Goats have in- 
creased by 35 percent and make 
it especially difficult to manage 
the rangeland. Further complica- 
tions occur from the mixed 
classes grazing the common 
range (Figure 2). Water buffalo, 
cattle, camel, sheep, donkeys, and 
horses in addition to the goats 
rely almost entirely for their 
livelihood upon grazing the grass 
and browsing the brush. Culti- 
vation has increased to now 
occupy 20 percent more land 
during the past 10 years. This 

FIGURE 1. Bermuda grass cod closely grazed by water buffalo in south central Turkey, 
Adana province. This level, fertile area was grazed year long by 500 head, a mixed 
herd of water buffalo and cattle, on 1200 acres with cotton by-products including 
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FIGURE 2. Boy herder with mixed flock of sheep and goats on very dry, close-grazed 
hills adjacent to Harran plain, Sehrince Koyu, Urfa province of south eastern Turkey. 

change in land use removed 
grazing from about 7.4 million 
acres. The net result has been 40 
percent less area of rangeland 
per animal unit now than was 
available 10 years ago. 

Condition of the Grazing Land 

Changes in the grazing lands 
were described by Professor Dr. 
Omer Tarman ,l University of 
Ankara to an International Sem- 
inar on Land Development and 
Utilization held at Ankara last 
April as follows: 

“The pasture lands have been 
assigned as common land to the 
people who want to raise live- 
stock. However, there is no graz- 
ing management. Because of the 
heavy and early grazing, the 
basic plants of the pasture lands 
have disappeared. As a result of 
research, it has been found that 
the vegetation of the area has 
consisted of valuable p 1 a n t s. 
Some of these plants like pasture 
t y p e Medicago, Onobrychis, 
Lotus, Hedysarum, Bromus, 
Dactylis, Alopecurus, Festuca, 
Pou, Andropogon, Agropyron, 
and Sunguisorbu species are still 
alive under the weeds and spiny 

1Professor Dr. Omer Tarman’s mim- 
eographed paper “Range Manage- 
ment for Soil Conservation and Its 
Economic Return in Central Ana- 
tolia Turkey,” Regional Land Devel- 
opment and Utilization Seminar of 
International Cooperation Agency, 
Ankara, Turkey. ApriZ 24, 1961. 14 
PP. 

vegetation in places which ani- 
mals cannot reach. As a matter 
of fact, we have found the parent 
material in these kinds of places. 
We have been propagating this 
material in order to improve the 
pastures of the region. 

Today, these valuable plants 
are about 8 percent in the pas- 
ture land of the region. The 
other 92 percent of the vegeta- 
tion belongs to s o m e useless 
plants like Bromus tomentellus 
and Aegilops species. They in- 
vade the places of the better 
plants. 

“The places in which these 
plants c a n n o t stand, Stipu, 
Artemisiu, and Astrugulus spe- 
cies can be seen.” 

Soils and Climatic Conditions 

The soils of central Turkey 
mostly belong to the Reddish 
Brown and Brown group (Oakes, 
1954). The texture of the soils is 
fine. Much lime is present in the 
composition of the soil. The ele- 
vations range from 2,500 to about 
5,000 feet above sea level in this 
plateau area. Precipitation comes 
mostly during winter and early 
spring and totals about 15 inches 
per year. 

The coastal section includes 
areas that border on the Black, 
Aegean, and Mediterranean Seas. 
Average annual rainfall varies 
from 24 inches at Adana in south 
Turkey to 100 inches at Rize in 
the northeast. The soils consist 
mainly of calcareous clayey de- 

posits underlain by deep beds of 
stratified sand, silt, and clay. 
These areas are some of the most 
productive in Turkey. Drainage 
problems arise in local areas. 

The Toros mountains across 
south Turkey and the Pontus 
along the north side have eleva- 
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East are the home of many 
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Trifolium, and alfalfa, Medicago. 
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now in need of forage species 
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Improvement Pracfices Being 
Undertaken in Turkey 

A grass and legume variety 
testing program was initiated in 
1952. Seed was obtained from the 
United States through I C A and 
from other parts of the world 
through F A 0 of the United Na- 
tions. These varieties are being 
compared with their local vari- 
eties and wild types. A few of 
the best varieties are being in- 
creased on State Farms for dis- 
tribution to villages to improve 
the grazing land. 

Legislation is being enacted to 
provide opportunity for coopera- 
tive agreements to be made be- 
tween the villages with com- 
munity pastures in need of im- 
provement and the ministry of 
agriculture to help provide fa- 
cilities for a rangeland develop- 
ment program to be carried out. 
The ministry of agriculture will 
furnish seed and certain equip- 
ment and technical assistance in 
planning. The village people will 
agree to carry out recommended 
methods of land preparation and 
seeding practices for a period of 
10 years. Improvements to the 
grazing land may include con- 
trolled and rotation grazing and 
other treatments as mutually 
agreed by the village people and 
the ministry of agriculture. 

GRAZING PROBLEMS 

Several livestock improvement 
programs are being conducted by 
the Turkish government. For ex- 
ample, Montafano cattle were 
i m p o r t e d from Switzerland. 
These are raised on government 
farms for distribution to the vil- 
lagers to help them improve the 
breeding of their cattle. Also, a 
goat breeding research station is 
maintained at Lalahan near An- 
kara for the improvement of the 
native Angora goats which are 
very important for mohair pro- 
duction. 

Several hundred technicians 
from Turkey have been trained 
in the United States and in 
Europe. The I C A through mu- 
tual assistance pro j ec t s has 
trained many in agriculture, en- 
gineering, and related fields who 
work for the Turkish govern- 
ment in administrative or teach- 
ing positions. 

Future Developments 

The outlook is bright for fur- 
ther development of Turkey by 
industrialization. This movement 
should enable them to manufac- 
ture more of their electrical and 
mechanical equipment thereby 
reducing the costly importations 
of such equipment. Construction 
of dams and reservoirs for irriga- 
tion and hydroelectric power has 
helped but the opportunity is ex- 
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cellent for more projects of this 
type to be developed. 

Greater industrialization 
should benefit agriculture by re- 
ducing the percentage of the peo- 
ple living in the villages. More 
people will leave the rural areas 
when jobs become available in 
factories. By reducing the size of 
the rural population a greater 
acreage of arable land will be 
available per family unit. These 
larger units will then favor the 
use of modern equipment. The 
present s i t u a t i o n precludes 
mechanization of agriculture in 
some cases where it might other- 
wise be justified. 

A reduction in number of live- 
stock accompanied by an in- 
crease in attention to nutritional 
requirements and improving the 
grade of product should go hand 
in hand with the range improve- 
ment projects already discussed. 
It is hoped that these industrial 
a n d agricultural developments 
might occur simultaneously and 
provide a higher standard of liv- 
ing for the people. 
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Range livestock production is 
a vital, phase of the economy of 
the seven countries of southern 
South America. Range beef pro- 
duction provides a good income 
for many ranchers in Uruguay, 
Brazil, Paraguay, Argentina and 
Chile. Sheep production on the 
steep slopes in the highlands of 
Peru and on the plains of Argen- 
tina and Uruguay as well as in 

other southern South American 
countries provides a livelihood 
for many other ranchers. On 
many ranches both sheep and 
cattle are grazed. 

Range, or native grazing lands, 
cover more than 75 percent of 
the land areas of these countries. 
Elevation, climate, vegetation 
and use v a r y tremendously. 
There are the low elevation hu- 

mid subtropical hill and coastal 
areas of southern Brazil, includ- 
ing the natural growth on the 
periodically cultivated rice pad- 
dies. There are extensive areas 
of Parana pine on the hills of 
southern Brazil where forage is 
produced under the trees. Vast 
temperate prairies a n d plains 
occur as the rolling plains of 
Uruguay and western Rio 
Grande do Sul, the humid prai- 
ries southeast of Buenos Aires or 
in the dry Pampa of Argentina 
where the native range has not 
been plowed to produce grain. 
The semiarid plateaus of Brazil 
form extensive plains which pro- 
duce good forage for both cattle 
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and sheep. The semiarid ranges 
near Mendoza, east of the Andes 
in Argentina remind one of the 
desert areas of southern Arizona 
and the foothills and mountains 
of north central Chile remind 
one of California with its annual 
grass and brush covered hills 
and mountains. Finally there are 
the cold alpine ranges of the 
Andean highlands, and the bleak 
plains near the tip of South 
America. 

Very little range land is not in 
use. Much of the more produc- 
tive range land in the larger 
well-managed haciendas, estan- 
ties, or ranches is in good con- 
dition. On the other hand a high 
proportion has been overgrazed 
for years, reducing the vigor and 
density of palatable and even 
semi-palatable s p e c i e s, with 
drastic loss of grazing capacity. 
In the more humid areas a good 
cover of vegetation usually still 
prevails, in some cases however, 
the grass cover has been con- 
verted to almost worthless 
weeds. Often in areas of lower 
rainfall, grazing has thinned the 
stand drastically and in places 
converted it to annuals. Severe 
soil erosion has followed such 
over-grazing on arid and semi- 
arid ranges. In the highlands of 
Peru erosion has gashed range 
slopes and many have reached 
“bad land” conditions. The effect 
of such erosion can be seen in the 
heavily silt-and-gravel-choked 
streams. There is, for example, 
a striking contrast of the blue 
water of the Iguazu River where 
it joins the brown of the Parana. 
Since yearlong grazing generally 
prevails and many ranchers do 
not provide hay there is a drastic 
shortage of forage in winter and 
during dry periods. At such times 
animals lose much weight. Nutri- 
tion of the animals is so low in 
these periods that disease takes 
its toll, calf and lamb crops are 
low, many cows with suckling 
calves fail to breed, animals are 
stunted and poor quality meat 
results. In periodic drought years 
starvation losses among cattle 
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are sometimes very high, es- 
pecially on poor soil areas. In 
contrast to such lack of range 
management much effort is often 
evident in improved breeding 
and in disease control. 

There are three types of opera- 
tion; first, the commercial range 
livestock production on areas of 
rather poor soil, arid or semiarid 
climate, or otherwise not well 
suited for crop production. 

Secondly, there is commercial 
production related to integrated 
native and improved pastures on 
lands cap a b 1 e of cultivation 
(Figure 1). On many ranches of 
this type, especially in Uruguay 
and Argentina, the sheep and 
cattle graze the native pastures 
moderately during the growth 
period and are then moved to 
improved pastures where they 
continue effective production. 
Later in the year they will be 
given supplemental feed usually 
produced on the cultivated lands 
of the ranch. Also many ranches 
of this type use native pastures 
part of the year for breeding 
herds, and improved pastures 
primarily for fattening. On the 
other hand, other southern South 

American ranchers an d many 
operators who emphasize grain 
and other crop production on 
lands of this type, pay inade- 
quate attention to the manage- 
ment of their native pastures and 
often are failing to obtain the 
livestock production which the 
range pastures would permit. 

Thirdly, there is the grazing of 
livestock owned by subsistence 
farmers, often on land not owned 
by them. In the Andean high- 
lands, for example, there are a 
great number of poor quality 
cattle, some sheep and llamas, 
usually turned out to eke out an 
existence under the care of chil- 
dren. The biggest need for these 
small farmers is a change in 
thinking from simply wanting 
some livestock and a desire for 
more than they now have, to a 
true desire for effective produc- 
tion from the animals, regardless 
of the number. 

There is vast opportunity for 
greater and m o r e economical 
production of livestock products 
through improvement and man- 
agement of range lands, at least 
under the first two types of op- 
eration. This will not come from 

FIGURE 1. Well bred cattle 
operations-Uruguay. 

on productive range provide good income on commercial 
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Chile. 

increasing numbers of livestock 
on overgrazed ranges. There are 
already too many on such areas. 

Much has been done and there 
are additional opportunities for 
increased production through 
better breeding and disease and 
parasite control. Such possibili- 
ties are largely lost however if 
animals are inadequately fed for 
much or important parts of the 
year, as is the case on so many 
ranges. 

Individual ranchers are point- 
ing the way to better range man- 
agement. Governments are be- 
ginning to take a more active 
interest. Major needs include a 
greater appreciation by the gov- 
ernments and most ranchers of 
the potential values in the range 
resource, a much better knowl- 
edge of suitable range manage- 
ment practices, application of 
such knowledge, elimination of 
low-producing, uneconomic ani- 
mals and development and appli- 
cation of policies of leasing and 
use of governmental lands which 
will assure greater permanency 
in their use and rehabilitation of 
productivity. All of this carries 
through to the necessity of ade- 
quate training of many more 
scientists a n d technicians to 
carry forward the program, both 
as owners and managers of 
ranches a n d as governmental 
workers. 

Universities give good training 
in certain aspects of botany, par- 
ticularly taxonomy, in agronomy, 

animal husbandry and veterinary 
science, but the number of grad- 
uates is inadequate for current 
needs. Moreover, there is prac- 
tically no training in the univer- 
sities in range management and 
very limited training in ecology 
or plant physiology basic to an 
adequate understanding of range 
management. PROFESSOR LORENZO 
R. PARODI of Argentina in en- 
deavoring to lay a groundwork, 
has some good monographs on 
vegetation conditions. 

There is an urgent need for 
range research and range exten- 
sion or advisory service. Some 
research is underway in all coun- 
tries (Figure 2). It centers pri- 
marily on the selection and de- 
velopment of forage plants suit- 
able for improved pastures, on 
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suitable seed production of such 
plants, on other agronomic prac- 
tices, animal husbandry and 
disease and parasite control. 

At the moment the great need 
is for practical studies that will 
determine for native pastures 
such features as suitable rates of 
stocking, desirable seasonal use 
or division of the range so as to 
have fresh forage at critical 
periods and better nutrition to 
keep animals growing and in 
breeding condition on the many 
types and condition of ranges. 
Such studies will naturally 
evolve into more basic ecological 
and other range management re- 
search. Determining the possi- 
bilities of range reseeding, es- 
pecially of deteriorated ranges, 
including the finding of adapt- 
able species and developing eco- 
nomical methods of establish- 
ment are of great importance. 
Similarly, devising economical 
procedures for weed and shrub 
control will deserve attention; 
also determining the economic 
value of fertilizing the different 
types of range. The necessity of 
keeping costs of these range im- 
provement procedures reason- 
able is very important since the 
annual returns are not as great 
as in this country and interest 
rates are often 15 percent or 
more and occasionally much 
higher. 

FIGURE 3. Graduate students from six countries in a range management course of the 
Interamerican Institute of Agricultural Sciences of the Organization of American 
States considering the relation of soil to range production. 
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The range livestock producers 
generally have an active interest 
in better management. DR. AL- 
BERTO GALLINAL, owner of Es- 
tancia San Pedro di Timote and 
Secretary of the Corriedale 
Breeders Association of Uruguay, 
is doing much to improve his 
range lands. DR. OSVALDO 
BOELCKE of Argentina is an ad- 
visor of the Government, Pro- 
fessor and a tester of new grasses 
and range procedures on his own 
ranches. Many other names could 
be cited. One rancher in central 
Uruguay was keeping his range 
and improved pasture growing 
longer and more abundantly 
with an overhead sprinkling sys- 
tem. The manager of the Cerro 
de Pasco ranch operation in Peru 
reported in 1955 that he had 
doubled wool production in eight 
years. A major factor in this in- 
crease was due to dividing his 
range into four seasonal parts. 

The Food and Agriculture Or- 
ganization of the United Nations, 
the United Nations Special Fund, 
the U. S. Agency for Interna- 
tional Development, the Rocke- 
feller Foundation, and other 
privately financed technical as- 
sistance relating to pasture im- 
provement and animal produc- 
tion have been helpful, and more 
and more productive as the years 
have passed. Demonstration 
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fields are good examples of 
carrying the word of forage im- 
provement to farmers and ranch- 
ers. The Interamerican Institute 
of Agricultural Sciences, South- 
ern Zone, of the Organization of 
American States, (Figure 3) is 
doing an excellent job in con- 
ducting supplementary graduate 
courses in range and pasture 
management, soils, animal pro- 
duction, and in research and ex- 
tension techniques in the various 
countries and in encouraging the 
conduct of more adequate re- 
search and advisory services re- 
lating to range management in 
each country. The Institute, for 
example, has given training since 
1953 to more than 200 prominent 
government workers in eight 
pasture and range management 
courses. These have been de- 
signed to stimulate the thinking 
of participants by considering 
principles in the class room and 
then their application on the 
range and in improved pastures. 
Moreover the active program of 
training abroad, especially in 
this country, is aiding greatly in 
developing the staff needed. 

Briefly, some of the more re- 
cent phases of growth in re- 
search and extension related to 
range lands in the countries in- 
clude: 

Argentina during the last five 

years has reorganized its re- 
search and extension service in 
a National Agricultural Institute. 
It has developed a network of 
stations and is beginning impor- 
tant work on pasture and other 
grazing problems in many parts 
of the country. 

Uruguay has recently reorgan- 
ized the work of its experiment 
station at La Estanzuela in co- 
operation with the Institute of 
Interamerican Agricultural Sci- 
ences, for pasture and animal 
production, with much emphasis 
on native pastures. 

The State of Rio Grande do 
Sul in southern Brazil is extend- 
ing its studies to native grass- 
lands and is planning an ecologi- 
cal survey of its grasslands. 

Other examples could be cited. 
Land reform programs now 

being urged must be handled 
with great care. They will gain 
little or nothing by dividing rea- 
sonably well managed ranch out- 
fits into many uneconomic units 
having inadequate managerial 
foundation. To be successful land 
reform will require more than 
land distribution. To that must 
be added sound credit, manage- 
rial assistance, and other subsi- 
dized services, including schools, 
roads, and especially technical 
assistance to the farmers and 
ranchers by way of research and 
extension. 

Growth in the Greenhouse of Grasses and Shrubs 
on Soils from Shadscale and Sagebrush Areas1 

A.C.HULL,JR. 

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

Salt-desert shrub lands often seeded on shadscale topsoil and 
are characterized by soils high in on big sagebrush (Artemisia tri- 
salts which in excess hinder dentutu Nutt.) topsoil. 
plant growth. To determine Range seedings on good sage- 
whether salt-desert shrub soil brush lands have been success- 
under shadscale (Atriplex con- ful while many failures have re- 
fertifoliu (Torr. & Frem.) S. sulted from seedings on salt- 
Wats.) would grow seeded plants desert shrub lands (Plummer et 
in the greenhouse, 6 species were al., 1955). Better range manage- 

ment undoubtedly will be the so- 
lution for improvement of most 
salt-desert shrub areas. How- 
ever, where soil and moisture are 
above average and where good 
forage plants are too sparse for 
natural revegetation, seeding 
may speed restoration. 

Gates et al. (1956) worked on 

Tooperative with Crops Research 
Division, Agricultural R es ear c h 
Service, U. S. Department of Agri- 
culture and the Utah Agricultural 
Experiment Station, Logan. Special 
thanks for greenhouse facilities, and 
to Wesley Bitters and Glenn Carna- 
han, former students who assisted 
with soil and greenhouse work. 
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Gates et al. (1956) worked on 
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FIGURE 1. Shadscale area where soil samples were taken. 

soil-plant relations in the sage- 
brush, shadscale, winterfat, Nut- 
tall saltbrush, and greasewood 
types in northern Utah. Two 
shadscale and six sagebrush 
areas were near Snowville. Gates 
et al. (1956) concluded that total 
soluble salts, saturation extract 
conductivity, exchangeable so- 
dium, soluble sodium, and %-at- 
mosphere moisture percentage 
were the only soil characteristics 
which differed significantly be- 
tween vegetation types. The 
authors felt that soils occupied 
by the various species differed 
significantly, but the field work 
and soil analyses failed to iden- 
tify soil differences which lim- 
ited plant growth to a single 
species on any area. 

Experimental Procedures 

Soils for testing were collected 
on shadscale (Figure 1) and 
sagebrush areas 17 miles south- 
west of Snowville, Utah. The 

areas of collection showed little 
evidence of major vegetation 
change as the result of past use. 
Soils at all depths had a silty 
texture. Characteristics of the 
two soils (Table 1) are in gen- 
eral agreement of those of Gates 
et al. (1956). 

Three seeding studies were 
carried out in the greenhouse: 
1. Six species with five repli- 

cates were seeded %-inch 
deep in gallon cans in soils 
taken from depths of O-6 
inches under sagebrush and 
from depths of O-6, 6-18, and 
18-36 inches under shadscale 
(Table 2) . S ome soils received 
the treatments listed below: 
(a) No treatment: Soil with- 

out amendments. 
(b) Fertilizer: Peat moss-60 

tons per acre, nitrogen- 
50 pounds N per acre 
plus .Ol pound per pound 
of peat moss, phosphorus 

-100 pounds P205 per 
acre. 

(c) Gypsum: 2,000 pounds 
per acre. 

(d) Fertilizer in treatment b 
and gypsum in treatment 
c combined. 

Three species, Russian wild- 
rye (Elymus junceus Fisch.), 
four-winged saltbush (Atri- 
plex canescens (Pursh) 
Nutt.), and halogeton (Halo- 
geton glomeratus C. A. Mey.) 
were tested only on treat- 
ments a and b. 
Crested wheatgrass was 
grown in shadscale soil in 
cans 18 inches deep; some 
were watered from the top 
and some from the bottom. 
Crested wheatgrass and 
grown in shadscale soil in 
glass-faced boxes to observe 
root reactions to different 
watering systems. 

Cans and boxes were weighed 
and enough water added to keep 
plants growing well but to avoid 
leaching. 

Results 
Species seeded in different soils 
Four of the six species emerged 

well from the top six inches of 
soils from sagebrush and shad- 
scale areas. Differences in 
emergence from shadscale and 
sagebrush topsoils and normal 
and amended topsoils were not 
signif icant. No seedlings 
emerged from shadscale soils 
taken from depths of 6-18 and 18- 
36 inches. Poor emergence of 
shadscale and halogeton seed- 
lings resulted from poor germi- 
nation. After emergence, species 

Table 1. Some characteristics of soil af different depths under shadscale and sagebrush southwest of Snowville, 
Utah. 

Vegetation PH 
and soil depth (saturated 

(inches) paste) 

Soluble 
salts 

(percent) 

Saturation Exchangeable Organic 
extract sodium matter 

(EC x 10s) (percent) (percent) 
Moisture percent at 

15 atms Y3 atms saturation 

Shadscale: 
O-6 
6-18 

18-36 
Sagebrush: 

O-6 
6-18 

18-36 

8.1 .05 1.0 7 1.8 10 25 34 
7.5 1.4 26.6 38 1.7 15 43 58 
7.7 2.2 34.4 72 1.2 19 55 71 

7.9 .04 .8 2 2.3 10 22 35 
7.6 .2 6.8 14 1.2 9 21 34 
8.3 .5 10.5 33 .6 8 28 44 
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with excess plants were thinned 
to 5 per can. Shadscale did not 
have enough plants, so trans- 
plants brought the number up to 
5 per can. At the end of 9 weeks, 
plants were clipped at a ?&inch 
height and soil washed from the 
roots (Table 3 and Figure 2). 

Because treatments were not 
uniform, two analyses were run. 
Duncan’s (1955) multiple range 
was used to determine which 
comparisons were significant. All 
differences called significant are 
at the one percent level. Halo- 
geton produced only a few plants 
and was not included in the anal- 
yX?.S. 

In the first analysis, five spe- 
cies were compared on two soils 
with two treatments; check and 
fertilizer. There was not a signif- 
icant difference due to soils. Fer- 
tilizer increased top growth sig- 
nificantly but did not effect root 
growth. Top and root growth of 
species differed significantly. 
Top growth of crested wheat- 
grass, Russian wildrye, four- 
winged saltbush, and winterfat 
(Eurotia lanata (Push) Moq.) 
was significantly better than 
that of shadscale. Root growth 
of crested wheatgrass and Rus- 
sian wildrye was significantly 
better than the other species, 
whereas four-winged saltbush 
and winterfat root growth were 
significantly better than shad- 
scale. A strain of crested. wheat- 
grass selected for salt tolerance 
produced significantly more 
roots on shadscale topsoil than 
regular crested wheatgrass. 
There was no difference on sage- 
brush topsoil. 

In the second analysis three 
species and three fertilizers were 
compared on shadscale soils. Top 
growth from fertilizer treat- 
ments were erratic and showed 
no significant difference. In root 
growth the check and fertilizer 
plots were similar but the check 
yielded significantly more than 
the fertilizer and gypsum com- 
bined or gypsum alone, and fer- 
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FKXKE 2. A. Sin typical plants after removal from shadscale soil. left to risbr. crested 
wheatgrass, Russian wildrye, four-win& saltbush, winterfat, shadscale, and haloge- 
ton. B. Crested wheatgrass grew well in sagebrush and shadscale fopsoil but did 
not emerge in shadscale soils taken from depths of 6-18 and 18.36 inches. Crested 
wheatgrass transplant, such as shown in the second can from the right, soon died. 

tilizer yielded more than gyp- 
sum. Comparing species, crested 
wheatgrass and winterfat pro- 
duced significantly more top 
growth than shadscale. Crested 
wheatgrass produced significant- 
ly more root growth than winter- 
fat, which in turn produced sig- 
nificantly more than shadscale. 

Newly germinated crested 

wheatgrass plants were trans- 
planted on the regular and the 
amended shadscale soil from the 
1% to 36-inch depth. Plants died 
within two days. Two-month-old 
vigorously growing crested 
wheatgrass plants were trans- 
planted and died in two weeks. 
Large clumps of crested wheat- 
grass which were transplanted 

Table 2. Species seeded with number of seeds and seedling emergence on 
shadscale and sagebrush fopsoils. 

Seeds 
Seedlings merged 

Shadscale Sagebrush 
Species seeded 

Crested wheatgrass 
Russian wildrye 
Winterfat 
Four-wined saltbush 

per can soil soil 

12 9.8 9.5 
12 7.7 6.1 
36 
8” 

21.8 
15.7 

19.3 
15.5 

Shadscale” 48 1.0 .7 
Halogeton 24 3.3 2.0 

_. 
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Table 3. Average air-dry yield in grams per can of 5 species grown in shad- 
scale and sagebrush topsoil in fhe greenhouse. 

Species and Shadscale soil Sagebrush soil - 
treatment Tops Roots Tops Roots 

Crested wheatgrass 
(salt tolerant) 

Check 11.8 23.6 12.7 19.7 
Fertilizer 21.6 25.7 17.5 24.2 
Fertilizer and gypsum 16.5 19.5 - - 
Gypsum 8.1 13.8 - - 

Russian wildrye 
Check 12.2 20.2 11.6 14.5 
Fertilizer 15.7 27.1 16.0 18.9 

Four-winged saltbush 
’ Check 11.3 10.1 11.2 9.3 

Fertilizer 22.4 14.1 19.8 12.5 

Winterfat 
Check 12.2 10.5 11.5 10.5 
Fertilizer 14.0 10.5 14.2 10.5 
Fertilizer and gypsum 9.8 8.1 - - 
Gypsum 10.8 8.9 - - 

Shadscale 
Check 11.2 9.5 10.4 9.6 
Fertilizer 0 0 0 0 
Fertilizer and gypsum 0 0 - - 
Gypsum 0 0 - - 

terminated (Table 4). Watering 
from the top made little differ- 
ence. Watering from the bot- 
tom moved the salts from the 
bottom to the top of the profile. 
Sodium moved slightly toward 
the top. The surface salt concen- 
tration was sufficient reason for 
failure. 

also died, but more slowly. Thus between treatments. Emerged 
shadscale soil from the 18- to 36- plants were thinned to six per 
inch depth not only prevented can. The average air-dry yield 
seedling emergence, but caused of tops in grams per can were: 
death of crested wheatgrass watered from top-7.1, wktered 
transplants (Figure 2). half from top and half from bot- 

From soil analyses the subsoil tom-2.4, and watered from bot- 
had more soluble salts, higher tom-O. 
conductivity, cation-exchange Soil samples were taken by 6- 
capacity, sodium, moisture per- inch depths as soil was put into 
centage at l/3-atmosphere, and the cans and as the study was 

Roof growth in glass-faced boxes 

Shadscale soil was collected in 
two-inch layers to a depth of 20 
inches. It was placed in glass- 
faced boxes two inches thick, 17 
inches wide, and 20 inches deep. 
Three plants of crested wheat- 
grass were transplanted in each 
box. One box was watered from 
the top and one from the bottom, 
both with the same amount of 
water. In the box watered from 
the top, all plants were vigorous 
and roots soon reached the bot- 
tom. Where watered from the 
bottom, two plants died when 
roots reached the four- to 6-inch 
level. Roots of the third plant 
reached the 16- to 18-inch depth. 
This plant was in poor vigor and 
weighed 0.2 gram as compared 
with 2.3 grams for plants in the 
box watered from the top. 

Discussion and Summary 

Shadscale topsoil and subsoil 
and sagebrush topsoil from 
Snowville, Utah, were brought 

clay than the topsoil. 

Soil watered from the fop and boffom 
Table 4. Characteristics of shadscale soils af different depths before and 

after watering. 

Shadscale soil was collected in 
the field in two-inch layers and 
layers were placed in their orig- 
inal positions in cans seven 
inches in diameter and 18 inches 
deep. Some cans were watered 
from the top, some from the bot- 
tom, and some half from the top 
and half from the bottom with 
the same amounts of water. 
Crested wheatgrass was seeded 
with 15 seeds per can. No plants 
emerged in cans watered from 
the bottom. Fourteen plants per 
can emerged in cans watered 
from the top and in cans watered 
half from the bottom and half 
from the top with no difference - 

pH of Soluble Saturation Exchangeable 
Time of sampling 1:5 salts ext. sodium 

and depth Mixture (percent) (EC x 10s) (percent) 

Before watering: 
O-6 inches 
6-12 inches 
12-18 inches 

8.4 .2 4.7 5 
8.4 .5 15.3 9 
8.6 1.3 28.6 43 

After watering from 
top: 

O-6 inches 
6- 12 inches 
12-16 inches 
16-18 inches 

After watering from 
bottom: 

O-6 inches 
6-12 inches 
12-18 inches 

9.1 .2 4.5 8 
9.2 .3 6.5 12 
9.2 .6 14.3 24 
8.8 1.4 26.5 25 

8.9 1.4 39.0 10 
9.8 .2 3.2 27 
9.9 .l 1.6 22 
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into the greenhouse and seeded 
to grasses and shrubs. Topsoils 
were equal in growing plants. 
In shadscale soil taken from 
depths of 6-18 and 18-36 inches 
no plants emerged and crested 
wheatgrass transplants died, 
even when amendments were 
added. This soil had a satura- 
tion extract of 26 mmhos per 
centimeter (EC x 103) at 6-18 
inches and 34 mmhos at 18-36 
inches. The salts and sodium in 
the subsoil could account for 
lack of seedling emergence and 
death of transplants. 

Magistad (1945) stated that ex- 
cessive concentrations of soluble 
salts in the root zone would re- 
strict or prevent plant growth. 
Hayward and Bernstein (1958) 
confirmed this and indicated that 
few grasses can withstand a sat- 
uration extract of over 12 
mmhos. The extreme for the 
most resistant is 18 mmhos. 

It is possible that seeded plants 
may commence growth in shad- 
scale topsoil and die as roots 
reach the subsoil. The unfavor- 
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able environment in subsoil for 
seeded species suggests that 
more research is needed before 
we shall be able to successfully 
seed salt-desert shrub ranges. 

Dewey (1960) showed that 
wheatgrass species and strains 
vary considerably in their toler- 
ance to salt. Two strains of 
crested wheatgrass, grown in 
shadscale topsoil, showed a sig- 
nificant difference in root yields. 
Strain differences of adapted 
grasses and shrubs should be 
considered when seeding salt- 
desert shrub lands. 

Peat moss, nitrogen, and phos- 
phorus combined increased top 
and root growths as compared 
with gypsum. The best top yields 
were from four-winged saltbush, 
crested wheatgrass, R u s s i a n 
wildrye, winterfat, a n d shad- 
scale, in that order. Shadscale 
produced significantly less top 
growth and roots than any other 
species. Crested wheatgrass and 
Russian wildrye produced sig- 
nificantly more root growth than 
other species. 

Watering from the bottom in 
cans and boxes moved salts up- 
ward in the soil, reduced root 
and top growths, and sometimes 
killed crested wheatgrass plants. 
Upward movement of salts 
occurs in the field as soils dry 
out. 
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The classification of plant 
species as indicators of the con- 
dition of the range is a major 
problem in modern range man- 
agement. It is well known that 
the more palatable plants are re- 
placed with less palatable plants 
when ranges are overgrazed. 
However, a particular plant 
species may be relatively unpal- 
atable during a particular sea- 
son or on a particular site but 
may be readily eaten during an- 
other season or on another site 
where plant association is dif- 
ferent. 

Seldom is the presence or ab- 
sence of a single species used as 

the only indicator of range con- 
dition; usually several species 
are considered. Plants are often 
classed as increaser or decreaser 
plants depending on their reac- 
tion to grazing stress. A range in 
a deteriorated condition displays 
a greater abundance of increaser 
or less palatable plants; whereas, 
one in good condition has a 
greater abundance of decreaser 
or more palatable plants. 

The identification of plants as 
indicators generally is a product 
of opinion based upon general 
observation. However, a quanti- 
tative confirmation of such clas- 
sifications of indicator species 

for broad range types is desir- 
able. For this reason a study of 
selected fence-line contrasts dis- 
playing good and poor range on 
alluvial benchlands in the Esca- 
lante desert in southern Utah 
was conducted during the fall of 
1958 to determine if plant species 
were distributed independently 
over the areas or if they were as- 
sociated with one another and 
with condition of the range. 

Procedure 
A total of 31 fence-line con- 

trasts were studied. The areas 
sampled represented broad allu- 
vial fans produced by outwash 
material from small canyons or 
arroyos (Figure 1). The locality 
receives about 8 inches of annual 
precipitation, about 60 percent as 
snow during the fall and winter 
and the remainder as rain during 
the spring and summer. Maxi- 
mum temperatures during the 
summer reach 100” F. and mini- 
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into the greenhouse and seeded 
to grasses and shrubs. Topsoils 
were equal in growing plants. 
In shadscale soil taken from 
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no plants emerged and crested 
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nificant difference in root yields. 
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and root growths as compared 
with gypsum. The best top yields 
were from four-winged saltbush, 
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wildrye, winterfat, a n d shad- 
scale, in that order. Shadscale 
produced significantly less top 
growth and roots than any other 
species. Crested wheatgrass and 
Russian wildrye produced sig- 
nificantly more root growth than 
other species. 

Watering from the bottom in 
cans and boxes moved salts up- 
ward in the soil, reduced root 
and top growths, and sometimes 
killed crested wheatgrass plants. 
Upward movement of salts 
occurs in the field as soils dry 
out. 
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species may be relatively unpal- 
atable during a particular sea- 
son or on a particular site but 
may be readily eaten during an- 
other season or on another site 
where plant association is dif- 
ferent. 

Seldom is the presence or ab- 
sence of a single species used as 

the only indicator of range con- 
dition; usually several species 
are considered. Plants are often 
classed as increaser or decreaser 
plants depending on their reac- 
tion to grazing stress. A range in 
a deteriorated condition displays 
a greater abundance of increaser 
or less palatable plants; whereas, 
one in good condition has a 
greater abundance of decreaser 
or more palatable plants. 

The identification of plants as 
indicators generally is a product 
of opinion based upon general 
observation. However, a quanti- 
tative confirmation of such clas- 
sifications of indicator species 

for broad range types is desir- 
able. For this reason a study of 
selected fence-line contrasts dis- 
playing good and poor range on 
alluvial benchlands in the Esca- 
lante desert in southern Utah 
was conducted during the fall of 
1958 to determine if plant species 
were distributed independently 
over the areas or if they were as- 
sociated with one another and 
with condition of the range. 

Procedure 
A total of 31 fence-line con- 

trasts were studied. The areas 
sampled represented broad allu- 
vial fans produced by outwash 
material from small canyons or 
arroyos (Figure 1). The locality 
receives about 8 inches of annual 
precipitation, about 60 percent as 
snow during the fall and winter 
and the remainder as rain during 
the spring and summer. Maxi- 
mum temperatures during the 
summer reach 100” F. and mini- 
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FIGURE 1. A broad view of a valley basin from the base of west-facing foothills. Fore- 
ground shows typical range on an alluvial fan. 

mum temperatures during the 
winter drop as low as 20” below 
zero. 

In each of the 31 areas, 6 plots, 
(5 x 5-foot) were located equal 
distance apart on a grid line 
running parallel with the fence 
and on each side of it. The 
data were recorded for each 
1 x 5-foot sgement in the plot by 
moving a 1 x 5-foot frame along 
the 5 x 5-foot plat frame for five 
consecutive readings. Thus by 
adding the first two readings, 
the plot size was 2 x 5 feet, the 
first three readings a 3 x 5-foot 
plot, the first four readings a 4 x 
5-foot plot and all five readings a 
5 x 5-foot plot. As a result five 
different plot sizes were ob- 
tained and used for evaluating 
the effect of plot size on the 
interpretation of data. 

One side of the fence had been 
protected from livestock grazing 
for at least the last 20 years, 
whereas, the other side had been 
grazed abusively for many years. 
The protected side represented 
range in good condition and the 
unprotected side displayed poor 
range condition. Protected areas 
consisted of road and railroad 
right-of-ways, exclosures, and 
ungrazed areas owned by land 
speculators who did not graze 

Four prominent species found 
on most study areas were select- 
ed for study. These were winter- 
fat (Eurotia Zanata), yellowbrush 
(Chrysothumnus stenophyllus), 
Indian ricegrass (Oryxopsis hy- 
menoides), and galleta grass 
(Hiluriu jumesii) . 

Some plots had all of these 
species present; whereas, others 
had various combinations. Only 
the presence or absence of each 
of the four species was recorded. 

Resulfs And Discussi&s 

Analysis of data was made by 
the conventional chi-square pro- 
cedure for measuring independ- 
ence and by the procedure sug- 
gested by Cole (1949) for obtain- 
ing the coefficient of interspe- 
cific association. 

Chi-square determination from 

a 2 x 2 contingency table dealing 
with the presence and absence 
of two species is a test of associa- 
tion or independence of plant 
sociability. Plants may be as- 
sociated because of mutual hab- 
itat requirements or tolerances 
or because one species may be 
dependent upon another. 

Chi-square values do not meas- 
ure the degree of association. 
Thus, the size of chi-square is not 
indicative of the magnitude of 
association since the absence of 
both species in plots may cause 
a large chi-square value yet con- 
tribute little to plant sociability. 

Generally, only two species are 
compared at a time by chi-square 
analysis for a test of independ- 
ence. The amount of association 
among three or more species can 
be determined by chi-square 
tests but this is of limited practi- 
cal value unless some peculiar 
relation is suspected. 

In this study it was desired to 
measure the amount of associa- 
tion between species and be- 
tween each major species and 
the condition of the range-good 
or poor. The association of a spe- 
cies with range condition was 
likewise tested by chi-square. 

The coefficient of interspecific 
association expresses the propor- 
tion of maximum interspecific 
association either positive or 
negative (Cole, 1949). If two spe- 
cies occur together as frequently 
as possible the positive associa- 

Table 1. A 2 x 2 x 2 contingency fable for winferfaf and yellowbrush under 
good and poor range conditions and chi-square calculations. 

Species1 Range Observed Expected 
Sl s2 condition frequency frequency (O-E) 2/E 

Winterfat Yellowbrush (0) (E) (x2> 
0 0 poor 11 24.37 7.34 
0 0 good 23 24.37 0.08 
0 1 poor 76 55.13 7.90 
0 1 good 49 55.13 0.68 
1 0 poor 27 32.65 0.97 
1 0 good 53 32.65 12.68 
1 1 poor 72 73.86 0.05 
1 1 good 61 73.86 2.24 

Total 372 372.00 31.94 

IFigures 0 and 1 represent the absence and presence in plots for species 
livestock. above them in each case, respectively. 
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tion is equal to plus one; if they 
occur together the minimum pos- 
sible number of times the assoc- 
iation is equal to minus one; and 
if the number of joint occur- 
rences is exactly as expected 
with the hypothesis of independ- 
ent scattering of two species no 
association is indicated and the 
coefficient is equal to zero. 

The computation of the coef- 
ficient of interspecific associa- 
tion (C) and its standard error 
(s,) is calculated by the follow- 
ing three formulae, where a, b, 
c, and d represent the four cells 
in a 2 x 2 contingency table: 

When ad >= bc: 
c t s, = ad-bc 

(a+b) (b+d) 

when bc>ad and d 2 a: 
c rt s, = ad-bc 

(a+b) (a+c) 
when bc>ad and a>d: 
c t s, = ad-bc 

(b+d) (c+d) 
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spatial distribution. Extremely 
large plots may include all of the 
abundant species and therefore 
suggest positive association. 
Sparce species cannot be eval- 
uated properly unless the plot is 
large enough to include them a 
sufficient number of times. This 
however, may eliminate proper 
evaluation of the major species. 
In most cases, a test of associa- 
tion between- a minor and a 
major species is impossible. A 
minor species may be tested for 
independence or association with 
another minor species and a 
major species with another 

t J - (a+c) (c+d) ; 
n (a+b) (b+d) 

t J (b+d) (c+d) ; 
n (a+b) (a+c) 

t J (a+b) (a+c) ; 
n(b+d) (cfd) . 

The t value is equal to C/s,. 
Size of Plot 

The frequency of occurrence 
of a species not only depends 
upon its abundance and social 
tendencies but also upon size of 
the sample plot. 

If the size of the plot is large, 
almost all of the species in the 
biota may appear in the majority 
of the plots. If the size of the 
plot is small, even the most 
abuandant species may occur in 
only a small fraction of the plots. 
Species possessing large growth 
forms might not appear at all or 
in conjunction with other species 
if the plots are small. 

The importance of plot size in 
evaluating plant association from 
frequency data cannot be over- 
emphasized. 

If the plot is small and plants 
are large, not more than one 
plant may appear in the plot, 
thus suggesting a negative as- 
sociation. Plots must be amply 
large to allow all plants to ap- 
pear together as pairs under 
normal growth conditions and 

major species, but the former 
test will require larger plots 
than-the latter. 

From the present study it is 
indicated that plot size is ade- 
quate when the species being 
compared (four or more) show 
some negative and some positive 
associations when all paired com- 
binations are tested. If the plots 
are too small, a preponderance 
of negative associations will ap- 
pear and if the plots are too 
large, a preponderance of posi- 
tive associations will appear. The 
data likewise suggest that a plant 
to be tested for interspecific as- 
sociation should appear in at 
least 30 percent of the plots. 

It was found that plots 1 x 5 
and 2 x 5 feet were too small 
since most of the species associa- 
tions tested were negative but 
plots 3 x 5, 4 x 5, and 5 x 5 feet 
gave about equal positive and 
negative associations among the 
plant species and no material dif- 
ference in results was found 
among the three plot sizes. 

Plant Aswciafion Analysis 
Data for evaluating species as- 

sociation in the following dis- 
cussion was taken from 5 x 5-foot 
plots. 
Winterfat and Yellowbrush. The 
association of winterfat, yellow- 
brush, and range condition can 
be evaluated by calculating the 
chi-square values for these two 
species and range condition in 
various combinations. 

The total chi-square value for 
both species and range condition 
was determined by constructing 
a 2 x 2 x 2 contingency table. 

The observed frequency values 
were obtained from the field 
data involving 186 plots on poor 
range and 186 on adjacent good 
range. The probability of pres- 
ence (p) was calculated by the 
relation of 
species occurrence on plots 

total number of plots 
and the probability of absence 
(q) was obtained by the formula 
1 -p=q. 

The following p and q values 
for estimating the expected fre- 
quencies for table 1 are: 
p1 = 213/372 = .5726 and 

q,=l- .5726 = .4274 
p2 = 258/372 = .6935 and 

q,=l- .6935 = .3065 
Probability for occurrence for 
poor condition (P,) is 186/372 = 
.50 and likewise for good range 
condition (P,) is 186/372 = .50. 

Expected values for table 1 
were determined by the follow- 
ing calculations where subscripts 
0, 1, and 2 refer to no species, 
species 1, and species 2, respec- 
tively: 

EO, poor = (qd (q2) (pJ n = 
(.4274) (.3065) (.50) (372) = 24.37 

EO, good = (q) (q2) (p,) n = 
(.4274) (.3065) (.50) (372) = 24.37 

EO, poor = (qd (p2) (pJ n = 
(.4274) (.6935) (.50) (372) = 55.13 

JL good = (qI) (p2) (pg)n = 
(.4274) (.6935) (.50) (372) = 55.13 

El0 poor = (pJ (9,) (pp) n = 
(.5726) (.3065) (.50) (372) = 32.64 

El0 good = (pl) (q2) (p,) n = 
(.5726) (.3065) (.50) (372) = 32.64 

El1 poor = (pd (p2) (pp) n = 
(.5726) (.6935) (.50) (372) = 73.86 



PLANT ASSOCIATION 269 

El1 good = (pl) (p2) (pg)n = as follows: 
(.5726) (6935) (.50) (372) = 73.86 

The total chi-square from 
Table 1 is 31.94 with 4 degrees of 
freedom. However, this value in- 
cludes three chi-square values, 
one for species 1 ( sl) and species 
2 (sa) association, another for 
s1 and range condition, and a 
third for s2 and range condition. 
These must be subtracted from 
31.94 to give the corrected chi- 
square value for the three fac- 
tors with one degree of freedom 
(Table 2). 

The chi-square values present- 
ed in Table 2 were calculated 
from simple 2 x 2 contingency 
tables as follows: Winterfat (SJ 

+ - 

+ 

Yellowbrush (sa) 

- 

13; 
b 

125 
(147.7) (110.3) 
-- 

d 
8oc 34 

( 65.3) ( 48.7) 
213 159 

The observed values (0) for 
presence and absence appear in 
each cell unbracketed and the 
expected values (E) appear be- 
neath each observed value in 
brackets. 

Expected values for each cell 
were calculated from the border 
totals as follows: 
(213) (258)/372 = 147.7 
(213) (114)/372 = 65.3 
(159) (258)/372 = 110.3 
(159) (114) /372 = 48.7 

The x2 for testing departure 
from expected was calculated by 
the deviation squared divided by 
expected [ (O-E) “/El for each of 
the four cells. Thus, x2 = 1.46 + 
1.96 + 3.31 + 4.44 = 11.17 or by 
the formula 

258 

114 

372 

poor 

Condition 

good 

poor 

Condition 

good 

As shown in Table 2, chi- 
square value for winterfat and 
yellowbrush association o v e r 
both range conditions (11.17) us- 
ing all 372 plots is highly signifi- 
cant. The 2 x 2 contingency table 
for these two species indicates 
that they are negatively associ- 
ated because they appear more 
frequently separated than is ex- 
pected. 

The x2 value of 2.48 for winter- 
fat and condition resulted from 
winterfat occurrence being less 
than expected on poor range and 
more than expected on good 
range (Table 3) . This indicates 
that winterfat decreases in pres- 
ence on poor range and increases 
in presence on good range. 

(ad - bc)% 

x2= (a+c) (b+d) (d+c) (a+b) 
[ (133) (34) -____ =_- _ - (80) (125) 12(372> =11 2. 
(213) (159) (114) (258) -- ’ 

The slight difference in the val- 
ues of x2 is a result of rounding 
figures. 

In a smiliar manner the con- 
tingency tables involving range 
condition and species 1 and range 
condition and species 2 can be 
constructed and the x2 calculated 

Yellowbrush and range condi- 
tion analysis indicates that this 
plant decreases on good range 
and increases on p o o r ranges 
(Table 3) . 

Calculations f o r chi-square 
within the two range types and 
coefficients of interspecific asso- 

Winterfat 
+ - 

99” 
b 

87 
(106.5) (79.5) 

11: 
d 

(106.5) $5) 

213 159 

Yellowbrush 
+ - 

14: 
b 

38 
(129.0) (57.0) 

d 
76 

(129.0) (57.0) 
258 114 

186 

186 

372 

186 

186 

372 

ciation for the paired species 
combinations are shown in Table 
4. Chi-square values f o r the 
association of winterfat an d 
yellowbrush w e r e significant 
(p<.O5) for both good and poor 
range. Even though chi-square 
for poor range is almost twice as 
large as chi-square f or good 
range, the coefficients of inter- 
specific association s h o w that 
they are associated to about the 
same degree on both range con- 
ditions. The negative value of 
the coefficients also shows that 
the association in each case is 
negative. 

The total occurrence of winter- 
fat on the plots decreased on 
poor range and the total occur- 
rence of yellowbrush decreased 
on good range. Likewise, the 
occurrence of winterfat in the 
absence of yellowbrush de- 
creased on poor range and simi- 
larly the occurrence of yellow- 
brush in the absence of winterfat 
decreased on good range. 

Even though the changes in 
occurrence for each species were 
rather marked for good and poor 
range conditions, the type and 
degree of association between 
the species did not change mate- 
rially. On both range conditions 
the individual species had a ten- 
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Table 2. Summary for analysis of frequency of occurrence for all possible pairs of species under the fwo range con- 
ditions in a 2 x 2 x 2 contingency fable. 

Association & Conditions Tested Degress Value 
Species and of of 

species combinations freedom X2 

Winterfat X Yellowbrush X Range Condition (4) (31.94) 
Winterfat X Yellowbrush X 1 11.17* * 
Winterfat X X Range Condition 1 2.48 

x Yellowbrush X Range Condition 1 18.26* * 

Remainder (Winterfat x Yellowbrush x Range Condition, Corrected) 1 0.03 

Winterfat X Indian ricegrass x Range Condition (4) ( 25.91) 
Winterfat X Indian ricegrass x 1 6.56” * 
Winterfat X X Range Condition 1 2.48 

x Indian ricegrass x Range Condition 1 16.42* * 

Remainder (Winterfat x Indian ricegrass x Range Condition, Corrected) 1 0.45 

Winterfat X Galleta grass X Range Condition (4) ( 7.34) 
Winterfat X Galleta grass X 1 2.17 
Winterfat X X Range Condition 1 2.48 

x Galleta grass X Range Condition 1 1.04 

Remainder (Winterfat x Galleta grass x Range Condition, Corrected) 1 1.65 

Yellowbrush X Indian ricegrass x Range Condition (4) ( 45.58 ) 
Yellowbrush x Indian ricegrass x 1 10.83* * 
Yellowbrush X X Range Condition 1 18.26” * 

Y Indian ricegrass x Range Condition 1 16.42* * 

Remainder (Yellowbrush x Indian ricegrass x Range Condition, Corrected) 1 0.07 
Yellowbrush X Galleta grass X Range Condition (4) ( 28.76 > 
Yellowbrush X Galleta grass X 1 9.38* * 
Yellowbrush X X Range Condition 1 18.26* * 

_x Galleta grass X Range Condition 1 1.04 

Remainder (Yellowbrush x Galleta grass x Range Condition, Corrected) 1 0.08 

Indian ricegrass x Galleta grass X Range Condition (4) ( 67.56) 
Indian ricegrass x Galleta grass X 1 42.90* * 
Indian ricegrass x X Range Condition 1 16.42* * 

x Galleta grass X Range Condition 1 1.04 

Remainder (Indian ricegrass x Galleta grass x Range Condition, Corrected) 1 7.20* * 

*Indicates significance at the .05 level of probability. 
**Indicates significance at the .Ol level of probability. 

dency to occur separately more 
than expected (Table 4). 

Winterfat and Indian ricegrass. 
The total x2 for measuring asso- 
ciation between winterf at and 
Indian ricegrass without regard 
to range conditions over all 372 
plots is 25.91 (Table 2) . As shown 
by chi-square tests and coeffi- 
cients of association in Table 4 
these two species were signifi- 
cantly associated negatively on 
good range but they were dis- 
persed somewhat independently 
on poor range with only a ten- 
dency to be negatively associ- 
ated. 

The presence of winterfat and 
Indian ricegrass j o i n t 1 y, in- 
creased on good range and de- 
creased on poor range. 

The joint presence of winter- 
fat and Indian ricegrass and the 
presence of I n d i a n ricegrass 
alone without winterfat de- 
creased on poor range; whereas, 
the presence of winterfat in the 
absence of Indian ricegrass in- 
creased on poor range. The total 
presence of each species actually 
decreased on poor range com- 
pared to the total occurrence on 
good range (Table 4). 

The tendency toward negative 

association between these two 
species could be a result of habi- 
tat factors such as texture of the 
soil. Indian ricegrass appears to 
prefer sandy soils and winterfat 
prefers somewhat heavier soils. 

Winterfat and galleta grass. 
The x2 test for association be- 
tween winterfat an d galleta 
grass in all 372 plots regardless 
of range conditions was not sig- 
nificant (p<.O5) and therefore 
the two species over both range 
conditions might be said to be 
independently distributed. How- 
ever, as shown in Table 4, win- 
terfat and galleta grass were 
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Table 3. Observed and expected frequencies on good and poor range con- 
ditions for five species of desert planis and the chi-square values. 

Observed Expected 
Species and range condition1 frequency frequency X2 

Winterfat and Condition 
0 poor 87 79.5 2.48 
0 good 72 79.5 
1 poor 99 106.5 
1 good 114 106.5 

Yellowbrush and Condition 
0 poor 38 57.0 18.26* * 
0 good 76 57.0 
1 poor 148 129.0 
1 good 110 129.0 

Indian ricegrass and Condition 
0 poor 118 98.5 16.42* * 
0 good 79 98.5 
1 poor 68 87.5 
1 good 107 87.5 

Galleta grass and Condition 
0 poor 50 54.5 1.04 
0 good 59 54.5 
1 poor 136 131.5 
1 good 127 131.5 

IFigures 0 and 1 represent absence and presence in plots for species above 
them in each case, respectively. 

**Indicates significance at .Ol level of probability. 

positively associated on g o o d 
range, but they were independ- 
ently dispersed on poor range. 
This isaresult of the pronounced 
increase of galleta grass and the 
reduction of winterfat plants on 
poor ranges compared to good 
ranges (Tables 3 and 4). Galleta 
grass increases by rhizomes and 
therefore has a tendency to in- 
crease as a sod grass and exclude 
other species adjacent to the par- 
ent plant when competition is re- 
leased. 

Yellowbrush and Indian rice- 
grass. The x2 values measuring 
association between these two 
species indicate that they were 
positively associated under both 
good and poor range conditions 
(Table 4). Even though yellow- 
brush increased and Indian rice- 
grass decreased on poor range 
compared to good range, the two 
species w e r e found associated 
when present on the same area. 

This suggests that prolonged 
heavy grazing may cause a re- 
placement of Indian ricegrass 
with yellowbrush because they 
apparently have similar habitat 

adaptations. 
T h e increased presence of 

yellowbrush and the increased 
absence of Indian ricegrass on 
poor ranges compared to good 
range w e r e highly significant 
(Table 3) and likewise the per- 
sistent positive association that 
prevailed in spite of the marked 
floristic change with range con- 
dition was h i g h 1 y significant 
(Table 4). 

Yellowbrush and galleta grass. 
The chi-square test for associa- 
tion of these two species shows 
that they were associated nega- 
tively on each range condition 
(Table 4). The frequency of each 
species w a s greater on poor 
range than on good range. This 
was more p r o n o u n c e d for 
yellowbrush t h an for galleta 
grass. The data in Table 4 may 
be misleading since it might ap- 
pear that the two species have a 
tendency to be associated posi- 
tively on poor ranges when com- 
paring the changes in occurrence 
for the two range conditions. 

The absence of both species on 
only 3 plots on poor range com- 
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pared to 18 plots on good range 
indicated that at least one or 
both species were more plentiful 
on the poor range. Likewise, they 
appeared t o g e t h e r a greater 
number of times on poor range 
as might be expected because 
both were actually more plenti- 
ful. Regardless of ap p are n t 
changes from good range to poor 
range, these two species were 
negatively associated. 

Indian ricegrass and galleta 
grass. The chi-square values for 
association between these two 
species were significant for data 
collected over both ranges and 
for frequencies w i t h i n each 
range condition (Tables 2 and 4). 
The coefficients of interspecific 
association (Table 4) show that 
the association was negative in 
both good and poor range con- 
dition. The degree of negative 
association was much greater on 
poor range than on good range. 

Indian ricegrass increased in 
occurrence on good range, where- 
as galleta grass increased on poor 
range (Table 4). 

Plant Indicators of Range Con- 
dition. Yellowbrush and galleta 
grass increased on poor range 
compared to good range areas. 
However, the chi-square test for 
association s h o w s that only 
yellowbrush w a s significantly 
associated with changing range 
condition (Table 3). Therefore, 
the presence of yellowbrush can 
be used as a reliable indicator 
of range trend under the condi- 
tions of this study. 

Winterfat and Indian ricegrass 
increased on good ranges. Chi- 
square values show that the asso- 
ciation of winterfat with range 
condition approached signifi- 
cance (p<.O5) and the associa- 
tion of Indian ricegrass and 
range condition was highly sig- 
nificant (p<.Ol) . Therefore, a de- 
crease in the presence of these 
two species could be used as an 
indicator of range trend. 

The reasons for plant associa- 
tion-positive or negative-are 
not always obvious; to obtain an 
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Table 4. Observed and expecfed frequencies for five species in all paired combinations on bofh good and poor 
range along wifh chi-square and coefficienis of inferspecific association (C). 

Letter 
identi- Observed frequency Expected frequency (0-E)s/E 
fication (0) (E) x2 C 

Species combinations1 of cells2 good poor good poor good poor - good poor 
Winterfat Yellowbrush 

0 0 d 
0 1 b 
1 0 C 

1 1 a 

Winterfat Indian ricegrass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

Winterfat Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

Yellowbrush Indian ricegrass 
0 0 d 
0 1 b 
1 0 -c 
1 1 a 

Yellowbrush Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1. 1 a 

Indian ricegrass Galleta grass 
0 0 d 
0 1 b 
1 0 C 

1 1 a 

23 
49 
53 
61 

23 
49 
56 
58 

29 
43 
30 
84 

42 
34 
37 
73 

18 3 24.11 10.22 
58 35 51.89 27.78 
41 47 34.89 39.78 
69 101 75.11 108.22 

17 12 25.06 31.72 
62 106 53.94 86.28 
42 38 33.94 18.28 
65 30 73.06 49.72 

11 29.42 
76 42.58 
27 46.58 
72 67.42 

49 30.58 
38 41.42 
69 48.42 
30 * 65.58 , 

24 . 22.84 
63 49.16 
26 36.16 
73 77.84 

33 32.28 
5 43.72 

85 46.72 
63 63.28 

17.77 
69.23 
20.23 
78.77 

55.19 
31.81 
62.81 
36.19 

23.39 
63.61 
26.61 
72.39 

24.11 
13.89 
93.89 
54.11 

1.40 
.97 
.88 
.61 

3.86 * 

1.88 
1.39 
1.19 

.88 
5.34 * 

1.66 
0.77 
1.05 
0.49 
3.97 * 

2.93 
2.16 
2.02 
1.49 
8.60 * * 

1.55 
0.72 
1.07 
0.50 
3.84 * 

2.59 
1.20 
1.91 
0.89 
6.59 * 

2.58 
0.66 
2.27 
0.58 
6.09 * -.2182 -.2303 

0.69 
1.20 
0.61 
1.06 
3.56 -.2479 -.1711 

.Ol 

.oo 

.Ol 

.oo 

.02 +.1253 +.0096 

3.28 
5.69 
0.84 
1.46 

11.27 * * +.2223 +.6401 

5.10 
1.88 
1.31 
0.48 
8.77 * * -.2533 -.7063 

12.26 
4.51 

21.27 
7.82 

45.86 * * -.3216 -.6217 

IFigures 0 and 1 represent absence and presence in plots for species above them in each case, respectively. 
2This column identifies the cells by letter in each 2 x 2 contingency table for calculating ~2 or the coefficient of 
interspecific association (C) . 
*Indicates significance at the .05 level of probability. 

**Indicates significance at the .Ol level of probability. 

adequate explanation, a detailed 
analysis of the habitat complex 
and growth requirements of the 
individual species may be neces- 
sary. 

Summary 
During the fall of 1958 a study 

of fence-line contrasts displaying 
good and poor range condition in 
the Escalante desert in southern 
Utah was conducted to deter- 
mine if plant species were dis- 
tributed independently or if they 

were associated with one another 
and with condition of the range. 

In each of 31 separate fence- 
line contrasts, 6 plots, in each of 
five different sizes, 1 x 5-, 2 x 5-, 
3 x 5-, 4 x 5-, and 5 x 5-foot, were 
located an equal distance apart 
on grid lines on each side of the 
fence. 

The four abundant species 
studied were winterfat, yellow- 
brush, Indian r i c e g r a s s, and 
galleta grass. Only the presence 

or absence of each of the four 
species was recorded in each 
plot. 

Chi-square tests and coeffi- 
cients of interspecific association 
were used to determine inde- 
pendence and degree of socia- 
bility. 

Plot sizes of 1 x 5 and 2 x 5 feet 
were considered too small be- 
cause plant association tended to 
be negative and less abundant 
species appeared in fewer than 
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30 percent of the plots. Plot sizes ence of winterfat and Indian 
3 x 5, 4 x 5, and 5 x 5 feet gave ricegrass was significantly asso- 
about equal number of positive ciated with good range condition. 
and negative associations and no Winterfat a n d yellowbrush, 
material difference in analysis winterfat and Indian ricegrass, 
was found among the three sizes. yellowbrush and galleta grass, 

Presence of yellowbrush was and Indian ricegrass and galleta 
significantly associated w i t h grass were negatively associated 
poor range conditions and pres- on both good and poor range. 

Sagebrush on Relict Ranges in the Snake 
River Plains and Northern Great Basin 

I-I. B. PASSEY AND V. K. HUGIE 

Range Conservationist and Soil Scientis$‘%oiZ Conserva- 
tion Service, Salt Lake City, Utah. c 

In 1936, McArdle, et al., esti- 
mated the acreage of sagebrush 
in the western United States at 
96 million acres. Following ex- 
tensive reconnaissance, Beetle 
(1960) suggested that this esti- 

mate was much too low and that 
approximately 422,275 square 
miles (over 270 million acres) 
within 11 western states sup- 
ported one or more species of 
sagebrush. Whatever the true 
extent of sagebrush may be, it 
is evident that it grows on a vast 
acreage and is a most important 
constituent of western range 
vegetation. 

The original or climax status 
of sagebrush has been debated 
for many years. Early explorers 
and historians often gave con- 
flicting reports of the abundance 
and even the presence of sage- 
brush along their routes of 
travel. Most who argue that 
sagebrush was or was not orig- 
inally a dominant over much of 
the range it now occupies would 
undoubtedly agree that it has 

*made some extension within its 
original range and that it has 
materially increased on much of 
the area where it originally oc- 
curred. 

The qualitative and quantita- 
tive evaluation of sagebrush as 
it occurs on undisturbed native 
rangeland relicts is no doubt the 
most reliable method of deter- 
mining its place in the potential 

plant community for sites repre- 
sented by those relicts. Such rel- 
icts are unfortunately too few 
to provide such information for 
all rangelands. 

Weaver and Clements (1938)) 
referring to Palouse grasslands 
now dominated by sagebrush, 
stated that the study of relict 
and protected areas proves that 
the grasses are climax and that 
they again assume dominance 
when grazing is reduced or elim- 
inated. Cooper (1953) showed 
that sagebrush in the Big Horn 

. 
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Winterfat and galleta grass and 
yellowbrush a n d Indian rice- 
grass were positively associated 
on both good and poor range. 
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Basin of Wyoming was greatly 
reduced following only 8 years 
of deferred and reduced graz- 
ing. Stoddart and Smith (1955) 
stated that burning will not keep 
sagebrush out of an area nor- 
mally dominated by sagebrush, 
but proper grazing and burning 
will keep it out of an area of 
natural grassland. On the Snake 
River Plains of Idaho, Blaisdell 
(1953) found that sagebrush nor- 

mally becomes re-established 
following burning regardless of 
the amount of grass before burn- 
ing or management after burn- 
ing. 

These and other evidences sug- 
gest that areas which may have 
had some grazing or disturbance 
in the past but which have been 
protected from use for long pe- 
riods of time are also satisfactory 
reference areas from which the 

FIGURE 1. Big sagebrush savanna on Chestnut soil in northeastern Nevada. 
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30 percent of the plots. Plot sizes ence of winterfat and Indian 
3 x 5, 4 x 5, and 5 x 5 feet gave ricegrass was significantly asso- 
about equal number of positive ciated with good range condition. 
and negative associations and no Winterfat a n d yellowbrush, 
material difference in analysis winterfat and Indian ricegrass, 
was found among the three sizes. yellowbrush and galleta grass, 

Presence of yellowbrush was and Indian ricegrass and galleta 
significantly associated w i t h grass were negatively associated 
poor range conditions and pres- on both good and poor range. 
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In 1936, McArdle, et al., esti- 
mated the acreage of sagebrush 
in the western United States at 
96 million acres. Following ex- 
tensive reconnaissance, Beetle 
(1960) suggested that this esti- 

mate was much too low and that 
approximately 422,275 square 
miles (over 270 million acres) 
within 11 western states sup- 
ported one or more species of 
sagebrush. Whatever the true 
extent of sagebrush may be, it 
is evident that it grows on a vast 
acreage and is a most important 
constituent of western range 
vegetation. 

The original or climax status 
of sagebrush has been debated 
for many years. Early explorers 
and historians often gave con- 
flicting reports of the abundance 
and even the presence of sage- 
brush along their routes of 
travel. Most who argue that 
sagebrush was or was not orig- 
inally a dominant over much of 
the range it now occupies would 
undoubtedly agree that it has 

*made some extension within its 
original range and that it has 
materially increased on much of 
the area where it originally oc- 
curred. 

The qualitative and quantita- 
tive evaluation of sagebrush as 
it occurs on undisturbed native 
rangeland relicts is no doubt the 
most reliable method of deter- 
mining its place in the potential 

plant community for sites repre- 
sented by those relicts. Such rel- 
icts are unfortunately too few 
to provide such information for 
all rangelands. 

Weaver and Clements (1938)) 
referring to Palouse grasslands 
now dominated by sagebrush, 
stated that the study of relict 
and protected areas proves that 
the grasses are climax and that 
they again assume dominance 
when grazing is reduced or elim- 
inated. Cooper (1953) showed 
that sagebrush in the Big Horn 
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Winterfat and galleta grass and 
yellowbrush a n d Indian rice- 
grass were positively associated 
on both good and poor range. 
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Basin of Wyoming was greatly 
reduced following only 8 years 
of deferred and reduced graz- 
ing. Stoddart and Smith (1955) 
stated that burning will not keep 
sagebrush out of an area nor- 
mally dominated by sagebrush, 
but proper grazing and burning 
will keep it out of an area of 
natural grassland. On the Snake 
River Plains of Idaho, Blaisdell 
(1953) found that sagebrush nor- 

mally becomes re-established 
following burning regardless of 
the amount of grass before burn- 
ing or management after burn- 
ing. 

These and other evidences sug- 
gest that areas which may have 
had some grazing or disturbance 
in the past but which have been 
protected from use for long pe- 
riods of time are also satisfactory 
reference areas from which the 

FIGURE 1. Big sagebrush savanna on Chestnut soil in northeastern Nevada. 
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Table 1. Presence and dominance of sagebrush species by greaf soil groups 
on relic3 range study locations. 

Big Threetip Black Low Alkali 
Sagebrush Sagebrush Sagebrush Sagebrush Sagebrush 

Zonal Soils 
Sierozem 5 5 5 1 0 0 0 0 0 0 0 
Brown 16 16 15 6 1 0 0 0 0 0 0 
Chestnut 18 18 12 4 3 2 2 2 1 1 0 
Prairie 2 0 0 0 0 0 0 0 0 0 0 

Intrazonal 
Soils 

Calcisol 11 10 10 0 0 1 1 0 0 1 0 
Planosol 6 4 1 1 0 1 1 0 0 4 4 
Solodized 

Solonetz 2 2 2 1 0 0 0 0 0 0 0 
Azonal Soils 

Lithosol 6 6 6 4 0 0 0 0 0 0 0 

true status of sagebrush may be 
approximated. 

grazed during the spring and fall 
months. 

The purpose of this paper is to 
describe the kind, amount and 
nature of sagebrush as it occurs 
on pristine or long-protected rel- 
icts of native rangeland and the 
relationship of sagebrush to 
kinds of soil. The data presented 
were collected during the course 
of soil survey investigations con- 
ducted by the Soil Conservation 
Service from 1958 through 1961. 

Methods 

The Study Area 
Studies were conducted on rel- 

icts of sagebrush-grassland 
vegetation on foothills and 
plains of the Great Basin in 
northern Utah, southern Idaho 
and northeastern Nevada and 
within portions of the Snake 
River drainage of southern 
Idaho. Elevation of the relicts 
studied ranged from 3100 feet in 
west central Idaho to 6400 feet in 
Nevada. Annual precipitation 
ranged from approximately 8 
inches in parts of the Snake 
River Plains to .20 inches in 
west central Idaho’with most of 
the moisture falling during ’ the 
winter and early spring months. 
Winters are cold and summers 
are hot and dry. Ranges within 
the area of study are normally 

Through repeated and exten- 
sive reconnaissance several hun- 
dred areas of relict native range 
vegetation were located, exam- 
ined and evaluated. A total of 66 
of the least disturbed tracts on 
which the present vegetation 
most nearly represented the po- 
tential plant community for the 
site were selected for this study. 
Some of the selected relicts ap- 
parently had never been grazed 
or otherwise disturbed by man 
and none had been grazed, 
burned or otherwise disturbed 
for many years prior to the 
studies. 

The soil on each study location 
was examined and described in 
detail in accord with procedures 
outlined in the Soil Survey Man- 
ual (Soil Survey. Staff, 1951) . 
Soils were classified into great 
soil groups (Baldwin, Kellogg 
and Thorp, 1938). Among soils 
studied were 41 zonal soils (5 
Sierozem, 16 Brown, 18 Chestnut 
and 2 Prairie) and 25 intrazonal 
and azonal soils (11 Calcisols, 6 
Lithosols, 6 Planosols, and 2 
Solodized Solonetz soils). 

,’ 

The dominant species of 
shrubby sagebrush on each study 
location were recorded. Five 
species, all within the section 
Tridentatae Rydb. of Artemisia, 
occurred within the study loca- 
tions. These included big sage- 
brush (A. tridentata Nutt.), 
threetip sagebrush (A. tripartita 
Rydb.), black sagebrush (A. 
nova Nels.), low sagebrush (A. 
arbuscula Nutt.) and alkali sage- 
brush (A. Zongiloba (Osterhout) 
Beetle). Table 1 indicates the 
dominant sagebrush on each soil. 
When two species of sagebrush 
occurred on a single study area, 
the location was grouped ac- 
cording to the more abundant 
species. No sagebrush was found 
on the two Prairie soils. 

Total herbage production, by 
species, for all plants on each 
study location was determined 
by clipping herbaceous species 
at ground level and by clipping 
the current year’s growth of 
shrubs on 3 plots of 9.6-square- 
foot area. The weight of each 
species was estimated on 20 ad- 
ditional plots of the same size 
located at random on the study 
location. Production was ex- 
pressed in pounds per acre of 
air-dry herbage by the method 
described by Frischknecht and 
Plummer (1949). Species com- 
position was expressed by the 
percent of the total herbage 
weight contributed by each plant 
species. 

Both living and dead sage- 
brush plants were counted on a 
lOOO-square-foot belt transect 200 
feet long and 5 feet wide on each 
location. Age of the oldest big 
sagebrush plants on each loca- 
tion was determined by counting 
annual growth rings. Age of 
threetip, black, low and alkali 
sagebrush was not determined. 

Form and growth habit of 
sagebrush plants and evidences 
of insect, disease or injury dam- 
age were recorded. 

Average herbage production of 
all sagebrush, average percent of 
total herbage production con- 



tributed by sagebrush, average 
number of living sagebrush 
plants per lOOO-square-foot tran- 
sect, and the average age of the 
oldest big sagebrush plants on 
all study locations dominated by 
each species within each great 
soil group are shown in Table 2. 

Resulfs and Discussion 
One or more species of sage- 

brush were present on each 
study location except the two 
with Prairie soils. Two species 
were present on 26 locations and 
only one was present on 40 loca- 
tions. Not more than two species 
were found on any location. 

Even within the same great 
soil group, sagebrush stands 
varied as to size, number, pro- 
ductiveness and spacing of 
plants. Stands were typically un- 
even-aged although mature 
plants were always in the ma- 
jority. Most stands contained 
sufficient young plants to about 
offset the number of plants dy- 
ing of old age, disease or injury. 
Numerous dead sagebrush stems, 
many partly decayed, indicated 
a continual replacement of 
plants within stands. 

Stands dominated by big sage- 
brush were more or less open 
and formed a sagebrush savanna 
as described by Clements (1949). 
Big sagebrush plants were not 
uniformly spaced and stands 
were composed of unevenly dis- 
tributed small clusters, groups or 
single individuals interspersed 
with irregularly shaped open- 
ings. Sagebrush plants were not 
as uniformly distributed as were 
the more numerous grasses and 
forbs with which they were as- 
sociated (Figure 1). 

Threetip sagebrush stands 
were more uniform and plants 
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and were more numerous than 
were big sagebrush plants in 
stands dominated by that 
species (Figure 2). 

Big Sagebrush 

Big sagebrush occurred on 61 
locations, w a s t h e dominant 
shrub on 51, and was the only 
sagebrush species on 35. It was 
the most common and most 
abundant species and occurred 
on the greatest number of soils. 
It was the most abundant on the 
drier and stonier soils. It was 
absent only on 2 Prairie soils, 2 
Planosols and one Calcisol. 

Threefip Sagebrush 

Threetip sagebrush occurred 
on 17 locations with a wide 
variety of g r e a t soil groups. 
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These soils were all moderately 
deep or deep and were free of 
stones or gravel. It was the 
dominant shrub on 4 locations 
and was always associated with 
big sagebrush. 

Pure stands of threetip sage- 
brush were observed on non- 
relict ranges in the vicinity of 
some relict study locations but, 
in each instance, there was evi- 
dence of burning. Because of the 
root-sprouting ability of t h i s 
species and the lack of root- 
sprouting of big sagebrush, it ap- 
peared likely that pure stands of 
threetip sagebrush within the 
areas of study were the result of 
burning. 

Black Sagebrush 
Black sagebrush was dominant 

Table 2. Average production, percent composition, number, and maximum 
age of sagebrush in relation fo great soil groups and dominani sagebrush 
species. 

Dominant Great 
Sagebrush Soil 

Species Group 

Big Zonal Soils 
Sagebrush Sierozem 5 

Brown 15 
Chestnut 12 

Intrazonal Soils 
Calcisol 10 
Planosol 1 
Solodized Solonetz 2 

Azonal Soils 
Lithosol 6 

Threetip Zonal Soils 
Sagebrush Brown 1 

Chestnut 3 
Black Zonal Soils 
Sagebrush Chestnut 2 

Intrazonal Soils 
Calcisol 1 
Planosol 1 

were more closely spaced than 11 ~~~ Zonal Soils 
were big sagebrush stands. Scat- Sagebrush Chestnut ’ 1 
tered cOlOnies of 20 to 50 small, Alkali Intrazonal Soils 
closely spaced plants sometimes Sagebrush Planosol 4 _ __ 

145 23 
110 14 
122 10 

111 12 
47 9 

146 39 

103 16 

92 17 
112 14 

205 25 

110 24 
322 50 

144 19 

108s.: -17 

78 
28 

164 

29 

49 
27 
96 

100 

214 - 
74 66* 

219 

164 
480 

47* 

.- 
51* 

167 46* 

174 - 
occurred within threetip sage- 
brush stands. 

l Average dry-weight herbage of all sagebrush species. 

Plants in stands of black, low 
2 Average % of total herbage contributed by sagebrush. 
3 Includes all species of sagebrush. 

and alkali sagebrush were more 4 Age determined for big sagebrush only-. 
closely and uniformly spaced *Age of big sagebrush on or near study location, 
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growing on Brown soil in background. 

on each of the 4 locations where 
it occurred but was associated 
with big sagebrush on 3 of these. 
It was the dominant sagebrush 
on 2 Chestnut soils, one Calcisol 
and one Planosol. 

This species is commonly as- 
sociated with shallow, stony, dry 
soils (Kearney and Peebles 1951, 
Davis 1952, Thatcher 1959, Beetle 
1960). All soils on which it 
occurred in these studies were at 
least moderately deep and only 
two were gravelly or stony. It 
was common on a very deep 
Chestnut silt loam soil and 
formed a dense stand on a Plan- 
osol with a very slowly perme- 
able silty clay horizon at 11 
inches. These occurrences point 
to the probability that this spe- 
cies is adapted to a much wider 
range of soil conditions than is 
commonly believed. 

Low Sagebrush 

Low sagebrush occurred on 
only two study locations, both on 
stony Chestnut soils where it 
was associated with big sage- 
brush. It was the dominant shrub 
on only one of these locations. 

Alkali Sagebrush 

Alkali sagebrush was the domi- 
nant shrubby species on 4 
Planosols and was the only sage- 
brush species on two of these lo- 
cations. It was also present in 
small amount on a Calcisol and 
on a Chestnut soil. 

Although Beetle (1960) as- 
sociated this species with “poor- 
ly drained or tight, and highly 
alkaline soils”, the p r e s e n t 
studies do not bear out this rela- 
tionship. On the contrary, the 
4 Planosols on which the species 
dominated were cl ass e d as 
slightly acid to only slightly al- 
kaline in reaction. The pH of 
surface horizons of these soils 
(as determined by field meth- 
ods) ranged from 6.3 to 6.8 and 
the highest pH rating of any 
horizon of these soils was only 
7.9. These Planosols do have im- 
perfect drainage and could be 
classed as “tight” because of 
their fine textured B horizons 
but they are certainly not “high- 
ly alkaline”. 

Herbage Produciion and Compo,sifion 

Sagebrush produced from 47 to 

322 pounds of air-dry herbage 
per acre and from 9 to 50 percent 
of the composition on the loca- 
tions studied. (Table 2). Both 
p r o d u c t i o n and composition 
varied considerably among great 
soil groups and among stands 
dominated by different species 
of sagebrush. 

Lowest production (47 
pounds) and lowest percent com- 
position (9 percent) was on a 
Planosol dominated by big sage- 
brush. Highest production (322 
pounds) a n d highest percent 
composition (50 percent) was on 
a Planosol dominated by black 
sagebrush. 

Number of Plants 

Numbers of sagebrush plants 
p e r lOOO-square-foot transect 
varied with species, age and size 
of plants as well as with soils. 
The average number of live 
sagebrush plants per transect on 
locations dominated by big sage- 
brush was 164 on Solodized 
Solonetz, 109 on Sierozem, 78 on 
Calcisols, 57 on Chestnut, 47 on 
Brown, 29 on Lithosols and 28 on 
Planosols. 

On soils dominated by threetip 
sagebrush, there was an average 
of 74 plants per transect on 
Chestnut and 214 on Brown soils. 

Black sagebrush stands con- 
tained an average of 219 plants 
per transect on Chestnut soils, 
164 on Calcisols and 480 on 
Planosols. 

A total of 167 sagebrush plants 
per 1000 square feet was re- 
corded on the Chestnut soil on 
which low sagebrush was the 
dominant shrub. 

An average of 174 plants per 
transect was counted on the 4 
Planosols dominated by alkali 
sagebrush. 

As a rule, threetip, black, low 
and alkali sagebrush plants were 
much smaller than big sagebrush 
plants and, w h e r e dominant, 
they were comparatively more 
numerous. 

Age of Plants 
Big sagebrush plants with 90 

or more annual growth rings 
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were recorded on 9 study loca- 
tions. The oldest plant observed 
had 120 rings and was growing 
on a Sierozem soil. The average 
age of the oldest big sagebrush 
plants on locations within each 
great soil group was greatest on 
the Sierozem (100)) Solodized 
Solonetz (96)) Lithosols (73)) 
and Brown soils (66). Average 
maximum ages were lowest on 
Planosols (27)) Chestnut soils 
(39) and Calcisols (49). 

The 01 des t big sagebrush 
plants occurred on the drier 
soils. The present studies agree 
with the observations of Beetle 
(1962) that age and size of big 
sagebrush are unrelated. Most 
of the largest plants were rela- 
tively young, had soft wood with 
widely spaced rings and had 
long, slender branches. The 
oldest plants were short and 
broad, had very dense wood with 
closely spaced growth rings and 
had short, stout branches and 
twigs. 

Changes in Stands 
Sporadic infestations of larvae 

of the sagebrush moth (Aroga 
websteri Clarke) were observed 
to kill or seriously weaken many 
mature big sagebrush plants on 
local areas. An example of the 
effect of these insects is illus- 
trated by results of a study on a 
Brown soil in northern Utah. Big 
sagebrush produced 143 pounds 
of herbage per acre and 14 per- 
cent of the total herbage yield on 
this location in 1958, but only 46 
pounds of herbage and 6 percent 
of the total yield in 1960 follow- 
ing a moth infestation. The de- 
cline in productivity was due to 
death of some plants and to 
1 owe r e d vigor of surviving 
plants. 

The presence of dead big sage- 
brush plants of mature form but 
which were not old enough to 
have become naturally decadent 
suggests that the sagebrush moth 
is a factor influencing temporary 
fluctuations in the number and 
production of big sagebrush 
plants. 

S a g e b r u s h populations on 
specific soils apparently are not 
static but may be expected to 
fluctuate as they are affected by 
insects, disease, fire or climatic 
factors even on areas undis- 
turbed by man. 

Summary and Conclusions 

Vegetation and s o i 1 s were 
studied on 66 pristine or long- 
protected areas of relict native 
rangeland on foothills and plains 
of southern Idaho, northern Utah 
and northeastern Nevada. Quali- 
tative and quantitative values of 
five species of sagebrush on 
these locations and their rela- 
tionship to g r e a t soil groups 
were reported. 

One or more species of sage- 
brush occurred on 64 of the 66 
study locations. Sagebrush was 
present on all zonal Sierozem, 
Brown and Chestnut soils, on all 
intrazonal Calcisols, Planosols 
and Solodized Solonetz, and on 
all azonal Lithosols but did not 
occur on either of the zonal 
Prairie soils included in the 
studies. Species dominance, num- 
ber, age, herbage production and 
percent of total herbage produc- 
tion of sagebrush varied within 
and between great soil groups. 

Sagebrush stands w e r e un- 
even-aged but were dominated 
by mature plants. Stands domi- 
nated by big sagebrush were 
open and plants were unevenly 
distributed to form sagebrush 
savannas. P 1 a n t s were more 
closely and m o r e uniformly 
spaced in stands dominated by 
threetip, black, low and alkali 
sagebrush than on stands domi- 
nated by big sagebrush. 

Big sagebrush occurred more 
frequently and on a great e r 
variety of soils than did any 
other sagebrush species. Alkali 
sagebrush appeared to be the 
most specific of any species in 
soil requirements and occurred 
in dominance only on slightly 
acid to slightly alkaline Plan- 
osols. 

Sagebrush produced from 47 

to 322 pounds of air-dry herbage 
and contributed from 9 to 50 
percent of total herbage produc- 
tion on those soils where it oc- 
curred. The number of sagebrush 
plants per 1000 square feet of 
area ranged from 28 to 480. 

The oldest big sagebrush 
plants grew on the driest soils. 
Size and age of big sagebrush 
were unrelated. 

Even on lands protected from 
grazing use, the amount and 
species of sagebrush within a 
stand may fluctuate because of 
the influence of insects, disease, 
fire or climatic factors. 

The studies indicated t h a t 
sagebrush may be a component 
of the climax or potential native 
plant community on many of the 
soils within the area of study. 

The data presented will be 
useful in the technical descrip- 
tion of range sites represented 
by the relicts and, through inter- 
polation a n d extrapolation of 
these data, the place of sage- 
brush in potential native plant 
communities may be approxi- 
mated for range sites not repre- 
sented by suitable relict areas. 
These data also have value as a 
basis for planning sagebrush con- 
trol measures on rangelands. 
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Most of the foothill and moun- 
tain ranges of the West are 
grazed by both deer and live- 
stock. Since range is the basic 
resource, both deer and livestock 
are greatly affected by manage- 
ment of the range. 

The purposes of this paper are 
to point out: (a) the effects of 
livestock grazing on deer habitat 
and deer herd productivity; (b) 
the effects of large deer herds 
on overgrazed livestock range; 
and (c) range management prac- 
tices that favor deer habitat im- 
provement. 

Heavy unrestricted grazing by 
livestock in early days profound- 
ly and adversely affected deer 
habitat. In Utah, cattle numbers 
were about 360,000 in 1890, 
reached a peak of 484,000 in 1920, 
and declined to 413,000 in 1949. 
Sheep estimates were 2,150,OOO in 
1890, reached a peak of 2,882,OOO 
in 1901, and declined to 1,381,OOO 
in 1949. These large herds graz- 
ing unrestrictedly, particularly 
from about 1890 to 1920, resulted 
in widespread depletion of choice 
livestock forage in Utah and 
other western range states (Sen- 
ate Dot. 199). Many ranges are 
still considered overstocked by 
range managers. 

During this 30-year period of 
maximum livestock use of the 
range, deer numbers apparently 
were low. Early pioneers found 
no great abundance of game. Fol- 
lowing settlement, unrestricted 

hunting reduced deer herds until 
in 1908 the Utah State Legisla- 
ture prohibited all hunting for 
a period of 5 years to protect the 
dwindling herds. Subsequent 
favorable legislation also enabled 
deer herds to increase, and by 
1930 overpopulations began to 
appear. A peak population of 
deer in Utah was reached about 
1942, and overstocking was wide- 
spread. This dense population of 
deer in Utah built up chiefly on 
overgrazed livestock range and 
contributed to serious depletion 
of the range. 

The question might well be 
asked: How could such large 
deer populations build up on de- 
pleted range? 

Deer Winter Habitat Modified 
By Livestock Use 

Ever since early settlement, 
foothill areas, which are the deer 
winter ranges, have been readily 
accessible to livestock grazing 
especially for spring, fall, and 
some winter grazing. Grazing 
here has been unrestricted and 
unregulated until the past two 
or three decades. Consequently, 
this range has had especially 
heavy livestock use which has 
resulted in (1) serious reduction 
or near elimination of the per- 
ennial grasses and palatable 
forbs, and (2) a large increase 
in several shrubs and trees, due 
to reduced competition from 
herbs and reduced wildfire. 

These increasers are low in pal- 
atability to livestock but several 
of them are valuable to deer in 
winter (Julander, 1955). 

Big sagebrush (Artemisia tri- 
dentata) has increased more than 
any other shrub in density and 
distribution on overgrazed live- 
stock range. While not con- 
sidered highly preferred by deer, 
it is their “bread and butter” 
plant and supplies a greater part 
of deer winter diet than any 
other species in Utah. It is es- 
pecially important in midwinter. 

Juniper (Juniperus osteo- 
sperma), another woody plant, 
has increased widely on over- 
grazed range in the southern half 
of Utah. In many areas, its 
spread has been detrimental to 
depleted deer winter range be- 
cause it has crowded out more 
desirable shrubs. Nevertheless, 
its increase has resulted in large 
volumes of emergency feed and 
effective winter cover for deer. 
Juniper has primary value as 
emergency feed and cover in 
severe winters and during pe- 
riods of extreme cold. 

Various species of rabbitbrush 
(Chrysothamnus spp.) have in- 
creased widely on overgrazed 
foothill ranges. The more abun- 
dant species are not considered 
choice forage, but some are eaten 
readily-all are used when more 
palatable plants are not avail- 
able. 

Two species preferred by deer 
but generally avoided by live- 
stock appear to have increased 
locally on overgrazed livestock 
range. These are curlleaf moun- 
tain mahogany (Cercocurpus Zed- 
ifolius) and cliffrose (Cowuniu 
stansburiuna). 

Good deer forage species that 
have been reduced or weakened 
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Range Management in Relation to Mule Deer 
Habitat and Herd Productivity in Utah 

ODELL JULANDER 

Range Conservationist, Intermountain Forest and Range 
Experiment Station, Ogden, Utah. 

Most of the foothill and moun- 
tain ranges of the West are 
grazed by both deer and live- 
stock. Since range is the basic 
resource, both deer and livestock 
are greatly affected by manage- 
ment of the range. 

The purposes of this paper are 
to point out: (a) the effects of 
livestock grazing on deer habitat 
and deer herd productivity; (b) 
the effects of large deer herds 
on overgrazed livestock range; 
and (c) range management prac- 
tices that favor deer habitat im- 
provement. 

Heavy unrestricted grazing by 
livestock in early days profound- 
ly and adversely affected deer 
habitat. In Utah, cattle numbers 
were about 360,000 in 1890, 
reached a peak of 484,000 in 1920, 
and declined to 413,000 in 1949. 
Sheep estimates were 2,150,OOO in 
1890, reached a peak of 2,882,OOO 
in 1901, and declined to 1,381,OOO 
in 1949. These large herds graz- 
ing unrestrictedly, particularly 
from about 1890 to 1920, resulted 
in widespread depletion of choice 
livestock forage in Utah and 
other western range states (Sen- 
ate Dot. 199). Many ranges are 
still considered overstocked by 
range managers. 

During this 30-year period of 
maximum livestock use of the 
range, deer numbers apparently 
were low. Early pioneers found 
no great abundance of game. Fol- 
lowing settlement, unrestricted 

hunting reduced deer herds until 
in 1908 the Utah State Legisla- 
ture prohibited all hunting for 
a period of 5 years to protect the 
dwindling herds. Subsequent 
favorable legislation also enabled 
deer herds to increase, and by 
1930 overpopulations began to 
appear. A peak population of 
deer in Utah was reached about 
1942, and overstocking was wide- 
spread. This dense population of 
deer in Utah built up chiefly on 
overgrazed livestock range and 
contributed to serious depletion 
of the range. 

The question might well be 
asked: How could such large 
deer populations build up on de- 
pleted range? 

Deer Winter Habitat Modified 
By Livestock Use 

Ever since early settlement, 
foothill areas, which are the deer 
winter ranges, have been readily 
accessible to livestock grazing 
especially for spring, fall, and 
some winter grazing. Grazing 
here has been unrestricted and 
unregulated until the past two 
or three decades. Consequently, 
this range has had especially 
heavy livestock use which has 
resulted in (1) serious reduction 
or near elimination of the per- 
ennial grasses and palatable 
forbs, and (2) a large increase 
in several shrubs and trees, due 
to reduced competition from 
herbs and reduced wildfire. 

These increasers are low in pal- 
atability to livestock but several 
of them are valuable to deer in 
winter (Julander, 1955). 

Big sagebrush (Artemisia tri- 
dentata) has increased more than 
any other shrub in density and 
distribution on overgrazed live- 
stock range. While not con- 
sidered highly preferred by deer, 
it is their “bread and butter” 
plant and supplies a greater part 
of deer winter diet than any 
other species in Utah. It is es- 
pecially important in midwinter. 

Juniper (Juniperus osteo- 
sperma), another woody plant, 
has increased widely on over- 
grazed range in the southern half 
of Utah. In many areas, its 
spread has been detrimental to 
depleted deer winter range be- 
cause it has crowded out more 
desirable shrubs. Nevertheless, 
its increase has resulted in large 
volumes of emergency feed and 
effective winter cover for deer. 
Juniper has primary value as 
emergency feed and cover in 
severe winters and during pe- 
riods of extreme cold. 

Various species of rabbitbrush 
(Chrysothamnus spp.) have in- 
creased widely on overgrazed 
foothill ranges. The more abun- 
dant species are not considered 
choice forage, but some are eaten 
readily-all are used when more 
palatable plants are not avail- 
able. 

Two species preferred by deer 
but generally avoided by live- 
stock appear to have increased 
locally on overgrazed livestock 
range. These are curlleaf moun- 
tain mahogany (Cercocurpus Zed- 
ifolius) and cliffrose (Cowuniu 
stansburiuna). 

Good deer forage species that 
have been reduced or weakened 
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FIGURE 1. Severely overgrazed livestock range may provide browse for deer winter survival 
or fall use, but lacks herbaceous cover for critical spring forage and for soil protection. 

include bitterbrush (Purshia tri- 
dentata) and true mountain ma- 
hogany (Cercocarpus rnontanus). 

This large increase in woody 
plants and the accumulation of 
their annual growth over many 
years under light use provided 
habitat that permitted an ex- 
tremely high buildup in deer 
numbers. Peak populations, sur- 
viving primarily on low value 
forage, far exceeded the grazing 
capacity of the winter ranges. 
These peaks were probably much 
higher than could have been 
reached on virgin range because 
browse also increased consider- 
ably. Excessive stocking of deer, 
of course, led to drastic depletion 
of deer winter forage and also 
added to the problem of main- 
taining proper ground cover on 
both intermediate and summer 
ranges. 

With proper stocking of deer, 
probably the overgrazed live- 
stock ranges of Utah with their 
increased browse supply could 
have provided survival rations 
for a larger winter population of 
deer than could virgin range or 
range in good condition for live- 

stock-at least for several years. 
However, shrubs alone, on sites 
where herbaceous species have 
been destroyed, appear to be in- 
adequate for soil protection and 
stabilization (Figure 1) . Unless 
soil is stable, future sustained 
production of woody species 
would be doubtful even with 
moderate deer use. Furthermore, 
lack of perennial grasses and 
forbs creates a serious forage de- 
ficiency in early spring. 

Deer turn from browse to new 
growth of grasses soon after 
snowmelt in spring. Early grow- 
ing grasses, particularly species 
of Poa, begin growth in March 
or earlier and make up the 
greater part of the early spring 
diet for deer. Two or three weeks 
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later, perennial forbs start 
growth, and from early May on 
they replace grass as the chief 
deer forage. This period of 3 to 6 
weeks from first green growth 
until new growth is plentiful is 
often extremely critical for deer. 
Losses of deer are sometimes 
heavy at this time on overgrazed 
ranges. New herbaceous growth 
in early spring is high in mois- 
ture content, and, unless it is 
abundant, deer may have diffi- 
culty harvesting enough for sur- 
vival. This period is particularly 
critical for pregnant does, and 
certainly inadequate nutrition at 
this time considerably influences 
prenatal development and subse- 
quent survival of fawns. Ranges 
in good condition with a mixture 
of perennial grasses and forbs 
supply a more adequate diet for 
pregnant does in early spring 
than do ranges depleted by live- 
stock. 

Range that is in depleted to 
poor condition for livestock use 
might be adequate and even 
superior to good condition live- 
stock range for winter survival 
of deer for a time, but such range 
is inadequate for high herd pro- 
ductivity. 
Intermediate Range For Deer 

Suffered From Livestock 
Overgrazing 

In spring, deer use intermedi- 
ate range during late prenatal 
fawn development and much of 
the fawning season. Forbs are 
their chief forage then and, judg- 
ing from livestock nutrition, a 
good forage supply presumably 
is especially important for fawn 
survival. Overgrazed livestock 
ranges, usually deficient in the 

Table 1. The effect of summer range condition on deer herd productivity 
facfors in Uiah. 

Productivity Summer range condition 
factors Good Poor __- ~_I________________- 

(Rate per doe) 
Fetal production 1.85 1.19 
Ovulation 1.95 1.31 
Triplet production* 0.12 0.00 
Yearling pregnancy* 1.00 0.00 
Yearling twin production* 0.55 0.00 ___~ 
%Based on limited data 
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better forb species, apparently 
are inadequate during this criti- 
cal season. Fawn mortality of 
about 40 percent of the number 
dropped occurs at or soon after 
birth in many Utah deer herds 
on such ranges (Julander and 
Robinette, 1950). Apparently the 
combination of inadequate for- 
age on overgrazed spring range 
together with poor winter range 
is responsible for this heavy 
fawn mortality. 

Deer also graze intermediate 
range in the fall. They then feed 
largely on browse, which is us- 
ually in adequate supply. 

On some intermediate range 
overgrazed by livestock mules- 
ear dock (Wyethia mo2Zis) and 
arrowleaf balsamroot (EMsam- 
orhiza sagittata) are abundant. 
Deer graze both of these species 
heavily and obtain a large 
amount of forage from them for 
two or three weeks after their 
growth starts. Whether dock 
and balsamroot are superior to 
the herbaceous cover found on 
range in good condition is ques- 
tionable. Good condition range 
usually has a much greater va- 
riety of forbs that would seem 
more desirable for deer forage 
than only one or two abundant 
species. 
Livestock Grazing Has Reduced 

Deer Summer Range 
High elevation summer range 

also was drastically depleted by 
the large numbers of sheep and 
cattle from 1890 to 1920 and for 
many years afterwards. Some 
areas continue to be overstocked 
but not so excessively as in early 
days. Herbaceous vegetation was 
seriously depleted by livestock. 
The better shrubs were also re- 
duced. 

Since deer depend heavily on 
perennial forbs for summer for- 
age, depletion of forbs means loss 
in quality of forage even though 
there is sufficient quantity for 
survival through the summer 
season. Summer losses of deer 
are light even on the poorest 
summer range in Utah and simi- 
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lar country. For this reason, the 
effect of summer range condition 
on deer herd productivity has 
been given little attention. Stud- 
ies in Utah (Julander et al., 1961) 
show that ovulation rate of does 
on poor condition summer range 
was only 67 percent and fetal 
rate 64 percent of that found for 
deer on good condition range 
(Table 1). A n ovulation rate of 
1.95 and fetal rate of 1.85 which 
was reported for deer on good 
summer range, appears to ap- 
proach maximum productivity. 
In comparison, the fetal rate for 
deer from very poor condition 
range was 1.31, and the average 
from central Utah was 1.52 
(Robinette et al., 1955). Limited 
data from the Utah studies show 
that a greater percentage of ma- 
ture does on good summer range 
produced triplets; also a greater 
percentage of yearlings were 
pregnant and produced more 
twins than did deer from sum- 
mer range in poor condition. 

These differences in herd pro- 
ductivity were attributed to dif- 
ferences in condition of deer dur- 
ing the breeding season. Rela- 
tions of animal nutrition and 
condition during the breeding 
season to calf and lamb crops 
have been well documented in 
the production of livestock. 

Ill effects of poor summer 
range do not end with the breed- 
ing season. Does going onto the 
winter range in poor condition 
no doubt stand less chance of 
winter survival and less chance 
of raising a fawn the following 
spring than does in good condi- 
tion. 

Deer Place Additional Burden 
On Overgrazed Livestock Range 

Deer, like all other grazing 
animals, can destroy vegetation 
if too many graze a given area. 
Since dense populations of deer 
in Utah built up on range al- 
ready depleted by livestock, fur- 
ther destruction of forage caused 
by deer added to the hazards of 
soil erosion and flood. 

Browse destruction was drastic 
on midwinter stress areas of 
over-stocked deer ranges of 
Utah. Deer destroyed emergency 
forage as well as the better 
browse. Tall shrubs and trees 
such as cliffrose, curlleaf moun- 
tain mahogany, and juniper were 
highlined. Sagebrush and other 
low-growing shrubs were killed 
or seriously weakened. On such 
range, deer no longer can build 
up to the dense populations that 
once existed. There is no longer 
an accumulation of past growth 
and low value plants for emer- 
gency forage. On such depleted 
areas, numbers of deer are lim- 
ited largely by current annual 
growth and deer can starve dur- 
ing only average winters. For 
example, an estimated 40 per- 
cent of the Heaston herd in cen- 
tral Utah starved during the 
moderate winter of 1947-48 
(Table 2). Severe winters, which 
force deer onto winter-stress 
areas for longer than usual pe- 
riods, can cause drastic losses on 
depleted range. Losses in north- 
ern Utah deer herds during the 
severe winter of 1948-49 were 
estimated to be 50 percent. 

Table 2. Relation of winier deer mortalify in central Utah fo range condi- 
fion for moderate and severe winters. 

Mortality 
Range Moderate winters Severe winter 

Area condition (1948-49) 
_ _ - - - (Percent) - - - - - 

Oak Creek Fair 81 9 
Meadow Creek Depleted - 27 
Bellyache Depleted 142 27 
Heaston Severely depleted 403 42 

IAverage for 1946-47 and 1947-48 
2Average for 1945-46 and 1946-47 
3Estimated for 1947-48 



Studies elsewhere in Utah fol- 
lowing this severe winter of 
1948-49 revealed that a winter 
loss on range with fair browse 
conditions was about 9 percent, 
only slightly higher than the av- 
erage (8 percent) for the two 
previous open winters on this 
area. On deteriorated range near- 
by, the loss was three times as 
much (27 percent) ; and on a 
severely depleted range more 
than five times as much (48 per- 
cent) as on fair condition ranges 
(Robinette et al., 1952). 

Deer influences on summer 
and intermediate range are often 
overlooked. Any deer on a range 
already overgrazed by livestock 
adds to the problems of main- 
taining vegetative cover and soil 
stability. Large populations of 
deer grazing on range already 
overstocked with livestock places 
a serious burden on the range. 

Management practices that 
permit excessive browsing on 
aspen reproduction jeopardize 
the future of many aspen stands 
in Utah and adjacent states. This 
condition prevails mainly where 
populations of big game (prin- 
cipally deer) are large. Only 
where livestock grazing is very 
severe do livestock alone pre- 
vent aspen regeneration: i.e., 
where they congregate locally 
for shade or water or are held 
too long on an area. General ob- 
servations indicate that deer pre- 
vent aspen regeneration primar- 
ily on ranges that have been 
previously depleted by livestock. 
Many forbs and some shrubs 
found on good condition aspen 
range are more palatable to deer 
than is aspen (Julander, 1955). 
When choice forage occurs in 
sufficient amounts, aspen use is 
light. Thus, deer are directly re- 
sponsible for lack of aspen regen- 
eration in many areas, but live- 
stock often may be indirectly re- 
sponsible. 
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Management Improves 
Deer Habitat 

Range management practices 
that have improved deer range 
conditions in recent years are: 
(a) a serious attempt to adjust 
numbers of both livestock and 
game to the grazing capacity of 
the range; (b) improved man- 
agement of livestock and game; 
(c) reservation of key game win- 
tering areas for exclusive game 
use; (d) adjustments in season 
of livestock grazing to favor big 
game on winter range, and (e) 
artificial rehabilitation of ranges 
for both livestock and game. 

Factors that need additional 
attention include: (a) more con- 
sideration of wildlife needs in 
artificial restoration of range for 
livestock; (b) greater stress on 
the total effects of both big game 
and livestock pressures on the 
range and better integration of 
their combined use, and (c) suf- 
ficient immediate reductions of 
grazing animals or changes in 
grazing practices to halt gradual 
range deterioration on many 
areas and provide for much 
needed recuperation. 

Summary 
Heavy grazing by livestock in 

early days (1890-1920) caused 
profound changes in mule deer 
range in Utah that have reduced 
herd productivity. 

Overgrazing by livestock and 
reduced wildfire resulted in an 
increase in woody species on deer 
winter range. This made possible 
the buildup of excessive deer 
numbers-probably far greater 
than could have been possible on 
virgin range. However, over- 
grazed livestock range often does 
not provide sufficient herbaceous 
forage for deer during the criti- 
cal early spring period. 

Intermediate range overgrazed 
by livestock may provide ade- 
quate browse for deer use in the 
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fall, but may be deficient in new 
forb growth required by does in 
late pregnancy and during fawn- 
ing season. 

Depleted summer ranges may 
provide survival rations for over- 
populations of deer, but do not 
provide nutrients sufficient for 
high herd productivity. Ade- 
quate yearlong forage is essen- 
tial for maximum herd produc- 
tivity. 

Overpopulations of deer on 
range already overgrazed by 
livestock have drastically de- 
teriorated both vegetation and 
soil on deer winter-stress areas, 
and have added to range prob- 
lems on intermediate and sum- 
mer range. 

Because deer have destroyed 
most of their emergency forage 
on many areas, maximum winter 
populations are now limited 
largely by the amount of current 
growth of forage. 
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BOOK REVIEWS 
Edited by D. G. Wilson, Dept. of Watershed Management, Univ. of Arizona, Tucson. 

Interpretation of Aerial Phoio- 
graphs. By T. Eugene Avery. 
Burgess Publishing Company, 
Minneapolis, Minn. 192 Pages. 
1962. $5.50. 

This book fills a long existing need 
as a combined introductory text 
book and instruction manual in basic 
aerial photogrammetry. 

The spiral bound manual consists 
of thirteen chapters. The author 
takes you step by step through the 
basic fundamentals of photogram- 
metry, chapters 1-6; sources of and 
special purpose aerial photography, 
7 and 8; planimetric and topographic 
mapping, 9 and 10; photomensura- 
tional techniques, chapter 11; and 
in chapter 12 the applications of 
photo interpretation. While the first 
twelve chapters are general in na- 
ture chapter 13 deals specifically 
with the application of aerial photo- 
graphs to forest inventories. 

Each chapter is followed by a 
tear-out quiz which can be readily 
adapted to local situations. 

The quality of the illustrations and 
stereograms is excellent with very 
little definition being lost in print- 
ing. The spiral binding is advan- 
tageous as it does not interfere while 
viewing the stereograms. 

Where not specifically covered in 
the text the author freely directs the 
reader to other sources of informa- 
tion. The list of references in the 
citation of literature is fairly recent 
with 73 percent being published 
within the last ten years and 63 per- 
cent within the last five years. 

The manual appears to be fairly 
free from typographical errors; how- 
ever, the directional arrow in fig- 
ure 64 was printed opposite to that 
as stated in the text. 

While not mentioning specific ap- 
plications in range management the 
teaching of basic principles of recog- 
nition, coupled with stereograms of 
various range conditions and types, 
would be very beneficial in a range 
management course. 

I believe this publication will find 
good acceptance in most schools 
teaching basic aerial photogram- 
metry not only for its technical 

quality but also for its modest price. 
-Roger W. Rich, Southern Forest 
Experiment Station, New Orleans, 
Louisiana. 

Dictionary of Ecology. By Her- 
bert C. Hansen. Philosophical 
Library, Inc. New York. 382 
pages. 1962. $10.00. 
The “Dictionary of Ecology” gives 

clear concise statements indicating 
the present-day usage of over 3300 
terms. Dr. Hansen conpiled the dic- 
tionary to fill the need for defini- 
tion of many new terms that have 
come into usage during the past 
thirty years and to clarify many old 
terms used in current literature. Be- 
sides an almost complete listing of 
ecological terms it includes many 
words from fields closely related to 
ecology such as range management, 
wildlife, forestry, soils, genetics, and 
botany. 

This work makes a very definite 
contribution toward the advance- 
ment of ecology as a science, and 
should be a valuable aid to students, 
teachers and investigators in com- 
prehending ecological concepts. 

The terms are arranged alphabeti- 
cally and printed in boldface for 
easy reference. Cross referencing is 
used freely to avoid repetition and 
for clarification. Dr. Hansen tried 
to limit his definition to that mean- 
ing currently accepted in all biologi- 
cal fields as the specific use of the 
word. Two or more meanings were 
given only where definitely needed 
because of the possible functional 
uses of the term in different fields. 

The book would be a valuable 
asset in any range or wildlife con- 
servationist’s library. The simplicity 
and directness of definitions makes 
it readily acceptable to the general 
public interested in ecology. In any 
case it is a significant step toward 
the improvement of communications 
between fellow scientists.-J. L. 
Schuster, Southern Forest Experi- 
ment Station, Nacogdoches, Texas. 

Soil Management For Conserva- 
tion And Production. By R. L. 
Cook. John Wiley & Sons, Inc., 
New York, N. Y. 527 Pages. 
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1962. $9.95. 
This book has been described as 

a practical discussion of proper soil 
management. The author is a recog- 
nized authority in the field of soil 
science and a leading proponent of 
minimum tillage practices. He 
stresses practices which conserve 
and efficiently utilize moisture, re- 
duce or eliminate erosion, and ob- 
tain sustained profitable production. 
The latest research findings of spe- 
cialists in all parts of the country 
are incorporated and referenced in 
this text. 

The many principal factors affect- 
ing soil management, such as mois- 
ture and its utilization, soil classifi- 
cation, land capabilities, suitable 
crops, conservation measures, soil 
and tissue testing, fertilizers and 
liming, and others, are discussed in 
the first 13 chapters. Six principal 
climatic areas are individually dis- 
cussed in separate succeeding chap- 
ters. These are North Central States, 
Southern States, Southwestern 
States, Great Plains, Northeast 
States, and Florida and the adjoining 
Flatwoods. Principal soil associa- 
tions and methods currently being 
used or recommended for managing 
each association are given. 

Although the Pacific and the In- 
termountain states are not specific- 
ally covered, the principles and ex- 
amples of soil management which 
are discussed should be helpful in 
solving problems in these regions. 

Range management problems are 
not specifically covered but are 
mentioned where they are inci- 
dental to cropping systems. A brief 
chapter on Forest Soil Management 
is included, as are separate chap- 
ters for organic soils, greenhouse 
soils, and turf soil management. 

The book is well-written, easily 
read and understood, and very in- 
formative. It should be a good text- 
book for college students who have 
had a basic course in soils and who 
desire a good foundation in soil man- 
agement principles. County agents, 
vocational agriculture teachers, soil 
conservationists, and other interested 
personnel will find it to be a good 
reference and an up-to-date re- 



fresher.-Fred Turner, Safford Ex- 
periment Station, University of Ari- 
zona, Safford, Arizona. 

Twilight on the Range: Recollec- 
tions of a Lafferday Cow- 
boy. By William Timmons. The 
University of Texas Press, 
Austin, Texas. 223 pages. 1962. 
$4.95. 
In the Texas Panhandle, where 

young William Timmons worked on 
the Goodnight Cross J Ranch, the 
range was rapidly being fenced, and 
the tales the cowboys told of the 
wide open spaces on the northern 
plains made the youngster long to 
see the land of the tall grass and 
the mysterious northern lights. His 
opportunity came when he got a 
job as caretaker for four buffaloes 
being shipped from the Goodnight 
Ranch to Yellowstone Park. After 
delivering his shaggy charges to an 
island in Yellowstone Lake and car- 
ing for them for a short time, Tim- 
mons headed for North Dakota by 
way of Butte and Miles City, Mon- 
tana. He arrived in Dickinson, North 
Dakota in August of 1896 at the age 
of 18. Here in western North Dakota 
he found the last remaining large- 
herd ranges in the United States. 

Fourteen years later, on October 
25, 1910, Timmons took part in load- 
ing the last trainload of cattle from 
the last big herd in western North 
Dakota, and thereby assisted in clos- 
ing the fabled era of the big range 
and free grass. 

BOOK REVIEWS 

This book is a straight-forward, 
well-told series of recollections of 
ranching on the northern plains at 
the turn of the century as seen 
through the eyes of the young Texan. 
It is primarily concerned with peo- 
ple, horses, and the handling of cat- 
tle. There is little or no reference 
to the range as such, and the word 
“grass” is used only a few times in 
the entire book. The references to 
the range are only of a general na- 
ture. No descriptions of the nature 
or status of the northern ranges are 
to be found in the book, an omission 
that the range man of today can 
only regret. 

The book leaves no doubt in the 
mind of the reader that young Tim- 
mons loved the life that he led as a 
cowboy, and to an unusual degree 
he recreates the feeling of freshness 
and enjoyment for the hard and 
lonely life of the working cowhand. 
His word pictures of the people 
whom he met and worked with are 
clear and terse, and his accounts of 
such things as crossing a river with 
a herd of cattle, being lost in a snow 
storm, a cattle stampede, breaking 
up a milling herd, catching a band 
of wild horses, using his gun to con- 
vince another cowboy of his earnest 
intentions, and taking part in a cow- 
boy dance are told simply and with- 
out embellishment. 

Charles Goodnight of Texas was 
the outstanding personality in young 
Timmons’ life, but one finds in the 
book much interesting material on 
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such early-day western North Da- 
kota individuals as William Ray, Bill 
Follis, Bill Chaloner, Wilse Richards, 
John Goodall, H an s Christensen, 
Frank Keogh, and many others. 
There is much of interest in the 
book for the reader who hopes to 
get a clearer picture of everyday 
range life as the era of the open 
range was drawing to a close. The 
book is interesting, too, just as good 
reading, since it depicts the events 
that befell a young man as he en- 
countered life and fate at a time 
now long past. 

The professional range man can- 
not help but feel disappointed in the 
fact that there is little or nothing 
in the book that will help him to 
recreate a picture of the true nature 
of the northern ranges themselves 
as they existed in the late 1800’s. 

The readability of the book is very 
high, both from the standpoint of 
style and content and the technical 
excellence of the type-setting and 
composition job. The drawings by 
Maxine Price at the beginning and 
end of some of the chapters increase 
the attractiveness of the text. The 
index is useful and accurate. The 
16 full-page photographic reproduc- 
tions are of very good quality, but 
unfortunately are concentrated in 
one position in the book instead of 
being distributed in pertinent posi- 
tions throughout the text. Warren 
C. Whitman, North Dakota State 
University, Fargo, N. Dak. 
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the Goodnight Cross J Ranch, the 
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see the land of the tall grass and 
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opportunity came when he got a 
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island in Yellowstone Lake and car- 
ing for them for a short time, Tim- 
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way of Butte and Miles City, Mon- 
tana. He arrived in Dickinson, North 
Dakota in August of 1896 at the age 
of 18. Here in western North Dakota 
he found the last remaining large- 
herd ranges in the United States. 

Fourteen years later, on October 
25, 1910, Timmons took part in load- 
ing the last trainload of cattle from 
the last big herd in western North 
Dakota, and thereby assisted in clos- 
ing the fabled era of the big range 
and free grass. 

BOOK REVIEWS 

This book is a straight-forward, 
well-told series of recollections of 
ranching on the northern plains at 
the turn of the century as seen 
through the eyes of the young Texan. 
It is primarily concerned with peo- 
ple, horses, and the handling of cat- 
tle. There is little or no reference 
to the range as such, and the word 
“grass” is used only a few times in 
the entire book. The references to 
the range are only of a general na- 
ture. No descriptions of the nature 
or status of the northern ranges are 
to be found in the book, an omission 
that the range man of today can 
only regret. 

The book leaves no doubt in the 
mind of the reader that young Tim- 
mons loved the life that he led as a 
cowboy, and to an unusual degree 
he recreates the feeling of freshness 
and enjoyment for the hard and 
lonely life of the working cowhand. 
His word pictures of the people 
whom he met and worked with are 
clear and terse, and his accounts of 
such things as crossing a river with 
a herd of cattle, being lost in a snow 
storm, a cattle stampede, breaking 
up a milling herd, catching a band 
of wild horses, using his gun to con- 
vince another cowboy of his earnest 
intentions, and taking part in a cow- 
boy dance are told simply and with- 
out embellishment. 

Charles Goodnight of Texas was 
the outstanding personality in young 
Timmons’ life, but one finds in the 
book much interesting material on 

283 
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“God’s Own Cow Country” Depicts Sandhills Region 

“God’s Own Cow Country,” a new motion picture telling the story 
of the cattle industry in the Sandhills of Nebraska, was released March 1 
by the Sandhills Cattle Association, according to Robert 1-I. Clifford, rancher 
and association president, of Atkinson, Neb. 

According to Clifford, the movie has been in the making for over a 
year and will depict the seasonal and various operations that go into the 
production of feeder cattle in the Sandhills range area. It will tell the story 
of grass, water, cattle, and people, all of which contribute to the vast ranch- 
ing industry in western Nebraska. 

Three Sets Of Twins In Four Years 

Three sets of twin calves in four years is the production record of a 
Hereford cow owned by Charles Prop&, Anson, Tex., the most recent set 
arrived in February. The pair brings the cow’s record up to eight calves 
since 1958 and 10 since Propst purchased her in 1956. 
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Professor Heady and range management class at field day. 

CALIFORNIA 
Summer Tour A Great Success 

Bouquets for an exceptional 2-da-7 
program in Humboldt County go to 
D. W. “Coop” Cooper, Farm Adv:s3r. 
The over-all theme of the tour was 
soil-plant-animal relationships. Over 
80 ranchers, technicians, teachers, 
students, and their wives attended. 
After a welcome address by John 
Lenz, County Extension Service Di- 
rector, members examined the new 
Agricultural Center Building to get 
a first hand look at the distinctive 
native hardwood paneling used lib- 
erally throughout the structure. 

The first day’s tour was along the 
Bear River Ridge, 1200 to 1400 feet 
in elevation between the Eel River 
and the Coast, northwest of Scotia. 
Our first stop was at one of the Russ 
sheep ranches where great rolling 
hills blanketed with high quality 
perennial grasslands met the eye 
from all directions. This range has 
been heavily stocked by sheep 
throughout the green grazing period 
for many years. The prolonged sta- 

bility of the high quality range is 
attributed to the soil type. At nu- 
merous other stops during the day, 
“Coop” pointed out that changes in 
range forage production, species 
composition and vigor were dictated 
primarily by changes in soil types. 

Joe Russ IV reviewed the history 
and operations of the ranch. In ad- 
dition, his father, Joe Russ III, Joe 
Springer, California Division of For- 
estry, Ed Gilden, Extension Forester, 
and Don Cornelius, ARS, spoke at 
various stops along the way the first 
day. But that was not all. Mr. and 
Mrs. Les Fearrien toasted the 80 
thirsty range men and women with 
high-balls and hors d’oeuvres 
(Whew!) in their picturesque Early 
American home containing several 
large living rooms and a large dining 
room with liquor closet in addition 
to sun rooms, verandas (about this 
point, counting became more diffi- 
cult) and spacious lawns. Besides 
being a successful sheep rancher and 
range manager, Les is chairman of 
the Humboldt County Range Im- 
provement Association, and served 

Chairman Tony Evanko and rancher Weldon Jeffers ponder range problems. 
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Section meeting attendants hear “Coop” Cooper at field day. 

as toastmaster for the banquet that 
followed at 0. H.‘s Town House later 
that evening. 

After another official welcome to 
Eureka, (this time by the President 
of the Eureka Chamber of Com- 
merce) , our banquet speaker was 
John Miles, Chief Forester for the 
Simpson Lumber Company, who 
spoke on “Wildland Management as 
practiced by a Private Forest Com- 
pany”. 

The tour the second day was over 
Kneeland Ridge and the Ft. Baker 
Ranch, southeast of Eureka to 
Bridgeville on the Van Duzen River. 
This is largely an extensive rolling 
grass country - a real surprise to 
those who think of Humboldt only 
as timber country. 

On the Henri Rosseau ranch we 
saw a classic example of medusa 
head control through proper stocking 
of the range. Henri gave a convinc- 
ing testimonial that good range man- 
agement can be successfully inte- 
grated with a small ranch operation. 

At various other stops along the 
way, speakers included Jack Hooper, 
graduate assistant in the School of 
Forestry at Berkeley, George Ram- 
stud, Six Rivers National Forest, and 
Vie Osterli, Extension Range Spe- 
cialist. 

Soil-plant-animal relationships 
were emphasized by “Coop” and Vie 
at every opportunity. 

While having lunch under the 
spreading oaks, our host, Lee Rice, 
owner and operator of the Ft. Baker 
Ranch, described the operation and 

history of the ranch. 
Speakers on the afternoon pro- 

gram included Dr. Heady, “Coop” 
Cooper, John Dunbar, Eamor Nord, 
and Ed Martin. 

There is no doubt that summer 
tours of this character have set a 
precedent and offer a challenge to 
other areas to come up with similar 
activities to foster and sustain mem- 
ber’s interest in the range society. 

Membership Increased 

Membership reached an all time 
peak this year with 275 members. 
This represents a 13 percent increase 
over 1961 and it tops the previous all 
time high of 1957. In the year, 73 
new members have joined. This in- 
cludes 37 ranchers, 21 technicians, 
5 businessmen, 4 students and a few 
in other fields. As usual a few mem- 
bers dropped out but the number is 
smaller than during the last few 
years. 

Family representation is quite 
prominent. The Flournoys in Modoc 
County are running neck-and-neck 
with the Russ family (including Mrs. 
McBride) in Humboldt county with 
4 each. This is not all. There are 
the Caldwells, Twisselmans and 
Rices with 2 to 3 representatives 
each. There may be others that have 
not been identified. We must also in- 
clude the ladies who are members 
in their own names. There is Mrs. 
Paula V. Hunt from Ranch Santa Fe 
and Mrs. V. R. McBride from Fern- 
dale. Ladies, take heed. You, too 
are eligible and welcome to be mem- 
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bers of the Range Society. We don’t 
propose to form an auxiliary in the 
near future, but you may participate 
in all activities and publications. 

Range Leaflet Published 

Hot off the press is a leaflet on 
range fertilization in California, pre- 
pared by members of the Section and 
published by the National Plant 
Food Institute through the coopera- 
tion and generosity of Dr. Richard E. 
Bahme, Director of the Institute in 
San Francisco. Originally conceived 
as a gimmick for raising funds for the 
Section, the leaflet is now viewed as 
being primarily a device for calling 
attention to the Section and the So- 
ciety. Copies, 25,000 of them, are 
being distributed by a long list of 
cooperators including Federal agen- 
cies, State Agencies, the University 
and the livestock associations in Cal- 
ifornia. It is hoped that every 
rancher in California and many in 
other western states will eventually 
receive a copy. This is only the first 
in a series planned for publication 
over the next two to three years. 
Sponsors of future numbers in the 
series will vary with the subject 
presented. 

COLORADO 
The fall field meeting is set for the 

first part of September in the Delta- 
Hotchkiss area. We plan to tour a 
ranch unit as well as visit a cattle 
demonstration allotment and also a 
sheep demonstration allotment. Def- 
inite dates and locations will be in 
the next newsletter. 

Our Annual Meeting will be a day 
meeting in Denver on November 17, 
1962. 

Past President Carl Herzman was 
presented a Range Society Tie Clasp 
as a token of thanks for his one and 
a half years of service as Section 
President. 

The scholarship committee report- 
ed that the cost of tuition for the 
scholarship presented to an out- 
standing range management student 
by the Section has gone up to $225.00. 
It was hoped by the committee that 
this amount could be raised before 
school started in the fall. Any con- 
tributions for this fund are welcome. 

IDAHO 
Chairman Transferred 

C. Doug Hole, 1962 Idaho Section 
chairman, has been transferred by 
the Soil Conservation Service from 
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his assignment in Idaho to a new 
job in Hawaii. Doug was elected 
chairman at the December, 1961 an- 
nual meeting in Boise. He has 
served in the past as treasurer and 
has participated in other committee 
assignments. Doug will be missed, 
as he was a prime mover of the Sec- 
tion. Ira Clark, Vice-chairman, has 
stepped up and taken over the 
chairmanship. 

Fall Meeting in Twin Falls 

Twin Falls, centrally located and 
easy for eastern Idaho members to 
reach, will be the site of the section’s 
annual meeting on December 1, 1962. 
At the last annual meeting it was 
decided to rotate the meeting place 
instead of going to Boise each year. 

On the Move 
Jack Latin, Forest Service, has 

been transferred as ranger in Saw- 
tooth Valley to a staff position in 
Twin Falls. 

Gene Wunderlich, B.L.M., was 
moved from the Shoshone office to 
the Idaho Falls office. Gene was 
chairman of the newly formed south- 
ern Idaho chapter. 

Tom Heller, B.L.M., was trans- 
ferred from Boise to the Ely, Ne- 
vada grazing district. Tom has just 
received his MS. in range manage- 
ment from the University. 

NATIONAL CAPITAL 
The annual field trip was held Fri- 

day, June 8, 1962, when about 20 
members met at the Spring Valley 
Hereford Farm near Poolesville,- 
Maryland. Mr. A. Leluncl Clark, 
Manager and Dr. James R. Ferguson, 
Extension Specialist of the Univer- 
sity of Maryland led the group in 
cars over the pastures and then 
through the barns and lots. The 
farm has a total of approximately 
1,200 acres. 

At present there are about 125 
purebred polled Hereford brood 
cows. Last year they produced a 94 
percent calf crop to weaning time. 
Also, grazing in pastures were the 
yearling bulls and heifers held over 
for replacement and for the annual 
auction sale in November. Nine 
months old breeding bulls raised on 
their mothers with good creep feed, 
all weighed 635 pounds or more, an 
average gain of 1.9 pounds per day 
from birth. Most bulls serve 35 to 40 
cows on pasture. 

Pastures are permanent, seeded 
about 20 years ago to Kentucky blue 

grass, orchard grass and red top. 
Over the years the pastures have 
been fertilized every second year 
with a o-20-20 fertilizer and mag- 
nesium lime. Also the pastures have 
been sprayed every other year with 
2-4D to control weeds. At the time 
of the field day the pastures had 
been mowed to about a 6 inch stub- 
ble to improve palatability and avoid 
species selection in grazing. The 
stand was dense with a good comple- 
ment of clover. In favorable years, 
when growth runs ahead of the graz- 
ing, hay is taken off in the spring. 
This spring, however, was too dry to 
produce hay on the permanent pas- 
ture. 

One pasture visited, now stocked 
with Hereford steers from Texas, 
purchased for fattening, had its sod 
removed 3 years ago, bringing a re- 
turn of $300 per acre. After the sod, 
3/ inch thick, was removed the land 
was fertilized with barnyard manure 
and a ton of magnesium lime to 
the acre. The grass and clover soon 
recovered. A fine stand of grass is 
now present, furnishing good fat- 
tening pasture. 

Mr. Clark has developed an os- 
cillating sprayer that covers a 33 foot 
strip but is less than 5 feet wide, 
so that it can be run through gates 
and be parked in a small space. 

About 100 acres of cultivated land 
are handled on a rotation of corn, 
small grain, timothy-clover (2 years) 
and now summer fallow under the 
Government feed grain program. 
Small grain is primarily oats used 
for supplemental feeding of young 
bulls and heifers. The timothy-clover 
is cut for hay. 

After a dutch treat lunch at a sub- 
urban motel, the group visited Sil- 
ver Spring Farms, near Damascus, 
Maryland, owned by CoZ. E. Brookc 
Lee. CoZ. Lee and his manager, Mer- 
vin Lee, outlined the plan of pro- 
duction and showed various lots of 
bulls being developed for fall sale. 
This is a 3,500 acre pasture opera- 
tion made up of 26 small farms. 

CoZ. Lee stated he is practicing 
range management in suburbia. His 
land cost about $275 an acre, mostly 
purchased in the last 10 to 12 years, 
with a few farms purchased earlier. 
The purebred polled Hereford herd 
pays a profit, and increased land 
values for home development along 
highways offers a good opportunity 
for additional capital gains. 

There are about 425 brood cows. 

All heifers are calved out at the 
headquarter’s farm and after 6 to 8 
days they are trucked to pastures on 
outlying farms. Most of the pastures 
are stocked at about 1% acres per 
cow and calf for an 8-month grazing 
season, with lesser-productive pas- 
tures carrying a cow and calf on two 
acres. Old fields are being put into 
permanent pasture as rapidly as 
possible, primarily timothy, red 
clover and blue grass. Rougher graz- 
ings are used for fattening pur- 
chased Holstein steers. 

Sod is also being sold from some 
areas, every 4 to 5 years, again 
bringing a return of $300 per acre 
each time it is removed. If taken 
in the spring, the land is given a 
light harrowing and seeded. Other- 
wise, it is fertilized and allowed to 
regenerate naturally. 

Upon our return from the field 
CoZ. and Mrs. Lee graciously served 
refreshments in their home, which 
has a view across the garden and 
valley to luscious green pasture and 
cattle grazing on the slope beyond.- 
W. R. Chapline 

NEVADA 
Spring Field Tour 

Getting maximum forage produc- 
tion from Nevada rangelands was 
the central theme of this year’s 
spring field tour conducted June 
14-15 in Elko County. Thirty per- 
sons representing the Bureau of 
Land Management, Forest Service, 
Soil Conservation Service, Nevada 
Department of Fish 8~ Game, U. S. 
Fish & Wildlife Service, range con- 
sultants, ranchers, University of Ne- 
vada Experiment Station and Coop- 
erative Extension Service were in 
attendance. 

The tour’s first stop was conducted 
at the Hadley Ranch north of Car- 
lin. Robert Hudley explained fea- 
tures of his management program 
and plans for future ranching de- 
velopments. Items discussed 
tail and examined in the field 

in de- 
were a 

native grass meadow on which yield 
had been tripled by development of 
supplemental water, an alfalfa seed- 
ing which helped to make the ranch 
operation self-sufficient in hay pro- 
duction, a range seeding, and de- 
velopment of water tanks on na- 
tive ranges for livestock use. 

Bureau of Land Management 
range manager Hal lsuucson then 
explained a fencing project in which 
the BLM and Hudley are cooperat- 
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ing. The project is just getting un- 
derway and is designed to allow a 
management program that will in- 
crease total forage production. The 
Hadley operation is comprised of 
about 90,000 acres and 2,200 cattle. 
About 68 percent of the land is 
deeded private land and the rest is 
National Land Reserve under in- 
dividual allotment management. The 
entire allotment was put under fence 
in 1948 and is considered to be a 
rangeland now improving in vege- 
tative condition. 

The second item of the tour’s 
major emphasis was the Tuscarora 
Project in the pilot soil classifica- 
tion program being currently car- 
ried out cooperatively by the SCS 
and the BLM. The object is to clas- 
sify soil types and botanical com- 
position of the present forage. As 
explained by Richard Strong and 
Bill Luscher, soil technicians, the 
potential production and most ef- 
fective management practices can 
often be determined for a particu- 
lar range site by comparison with 
sites of similar soil structure and 
climatic conditions. 

Friday morning was spent in the 
St. Johns field which is possibly 
an isolated remnant field similar in 
vegetative characteristics to original 
Palouse ranges in Oregon and Wash- 
ington. Dr. Joseph H. Robertson, 
range ecologist with the Agricul- 
tural Experiment Station, pointed 
out. the field’s early history of fenc- 

ing in the 1880’s and moderate use 
since then. The field’s aspect is grass 
although adjoining fields are domin- 
ated by sagebrush. 

Friday afternoon included a dem- 
onstration on the value and effec- 
tiveness of then-ical spraying sage- 
brush. On spra-Jed sections of the 
demonstration, sagebrush was prac- 
tically nonexistent. On the other 
parts, it was the dominating plant 
growth. It is estimated by BLM 
range technicians that the carrying 
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capacity of the sprayed portion has 
been more than doubled. 

The group also visited one of the 
Ellison Ranch’s private nonirrigated 
fields planted to dry-land alfalfa. 
The stand appeared in good condi- 
tion after five years production and 
was a revealing example of the 
range’s potential through improved 
management practices. 

The tour ended in Elko Friday 
afternoon. Fred Harris, of Nevada 
Ranch Service arranged the pro- 
gram and Joe Robertson was in 
charge of the excellent quickly pre- 
pared meals in the field. The group 
were guests of the Jenkins Ranch 
Thursday night where camp was 
made at the St. Johns Field Cow 
Camp. 

Annual Range Camp 

Twenty-nine boys attended the 
Second Annual Range Camp for 
Nevada Boys held June 18-23, 1962 
in central Nevada. The camp is 
jointly sponsored by the Coopera- 
tive Extension Service, Max C. 
Fleischmann College of Agriculture, 
University of Nevada; and the Ne- 
vada ASRM Section. 

Last year was the first time a 
range camp for boys was held in 
Nevada. Its tremendous success 
prompted further work to make the 
project an annual event. Generally, 
two boys ranging in ages from 14 to 
18 from each of the 17 Nevada Coun- 
ties attend. 

Hands on the 1962 Nevada Range Youth Summer Camp. 
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The camp is conducted under the 
following main objectives: 

-To demonstrate and teach range 
management practices and skills 
used in range and wildlife man- 
agement. 

-To explore opportunities for ca- 
reers in the various fields of 
resource management. 

-To teach boys how to tell the 
conservation story to their 
friends and people in their com- 
munities. 

Instruction and field trips were 
provided throughout the week by 
professional trained men from the 
University of Nevada, State and 
Federal agencies, including the Ne- 
vada Dept. of Conservation and Na- 
tural Resources, State Dept. of Fish 
& Game, Fish & Wildlife Service, 
Forest Service, Bureau of Land 
Management, Bureau of Indian Af- 
fairs, State Park Service, and local 
ranchers. 

The entire camp’s program has 
been under the direction of Mike 
Kilpatrick, Extension Service, Uni- 
versity of Nevada, who conducted 
both last year’s and this year’s 
camps. Emphasis has been to stress 
as much as possible the many dif- 
ferent phases of natural resource 
practices in range management. The 
list of subjects studied include: soils, 
climate and plant cover, watersheds 
and water yields, range manage- 
ment, wildlife management, fire 
fighting techniques, recreation, and 
conservation. 

NEW MEXICO 
The New Mexico Section had the 

privilege of being host to the Na- 
tional Board of Directors at the 
Summer Meeting on July 6 through 
8, 1962. July 5 was the summer meet- 
ing of the Directors. 

The meeting was in Santa Fe, New 
Mexico with three day-long tours 
and an evening meeting on July 6. 
The Summer Meeting was very suc- 
cessful with 284 in all attending the 
different activities. The program in- 
cluded activities for the ladies and 
children. 

A large turnout of members from 
neighboring states of Colorado, Ari- 
zona and Texas, as well as many 
other of the western states, and 
Ralph Hughes, Chairman of the 
Southern Section and Mrs. Hughes 
from Tifton, Georgia, attended. 

The second day, July 6, was a 
field tour in the Taos area, which 

Group attending summer meeting. 

included a number of observations brush clearing methods and results 
of Sagebrush eradication methods of seeding the cleared areas to 
and reseeding to crested wheatgrass 
with good results on a large acreage. 
The tour left Santa Fe and was met 
at Taos by many of the Colorado 
Section and Taos area members. 
New Mexico Section member, Her- 
bert Quintana, Chairman of the Taos 
Soil and Water Conservation District 
gave a welcoming address on behalf 
of the Taos District. 

crested wheatgrass. 
Talks were made on the B.L.M. 

sagebrush treatment areas by Harry 
Pierson and Kirt Zebarth, and Min- 
ton Weaver of the Bureau of Indian 
Affairs discussed the various meth- 
ods of Sagebrush Clearing. Ranch 
manager, Phil Cordova, of the Lyn- 
berry Ranch discussed their opera- 
tions. The War Chief of the Taos 
Indian Pueblo, Cruz TrujiZZo, told 
about the Taos Pueblo ranch man- 

Bill Cater conducted a tour in the 
Taos vicinity, which included sage- 

Indian Pueblo war chief, Cruz Trujillo discussed Taos Pueblo range management program. 



agement program, conservation prac- 
tices, and livestock operations, which 
increased forage production the last 
few years. War Chief Cruz then 
told the group in his native Indian 
tongue, he was going to gather all 
his people together and pray for 
rains from the heavens above to 
end the long drought in the Taos 
area. 

A barbecue was served to over 200 
on the tour at the Lee Ryan Ranch 
by the Cerrillos Extension Club 
Women and the barbecue was fur- 
nished by the Taos Soil and Water 
Conservation District. Following the 
barbecue a brief tour of the Lee 
Ryan Ranch was made and pinon 
and juniper clearing was observed. 
Clearing of brush species and the 
careful attention to wildlife needs 
has greatly increased the stocking 
capacity and numbers of deer of the 
ranch. 

A banquet and business meeting 
was held in Santa Fe, at 7:00 P.M. 
by the New Mexico Section. A short 
talk was given by Bill Anderson, 
President, who in turn introduced 
the following members: 

Danny Freeman-Arizona Chair- 
man of Public Relations Com- 
mittee 

Don and Betty Hervey-Past Pres- 
ident and Chairman of Scholar- 
ships and Education Activities 

Fred Kennedy-Past President 
Dr. V. A. Young-Past President 
M. W. Talbot-President elect 
Dr. & Lillian Wasser-Member 

Board of Directors 
Robert A. Darrow-Member Board 

of Directors 
Wayne Kessler-Member Board of 

Directors 
Avon Denham-Member Board of 

Directors 
Dr. Thomas and Otto Wolff (Ab- 

sent) 
John & AZma Clouston-Executive 

Secretary 
President Anderson also intro- 

duced the following Section Presi- 
dents: 

Chairman William Hofman & 
Lymon-Colorado 

Chairman Charles N. Saulisberry 
-Nevada 
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Chairman and Mrs. Wilson-Ari- 
zona 

Chairman and Mrs. Hughes- 
Georgia 

After the regular business meet- 
ing, Wayne Hickey gave a color 
slide illustrated talk on problems of 
range management and livestock 
production in Argentina. A film 
made by the Caterpillar Tractor Co. 
on Conservation Practices carried 
out on the Flat Top Ranch was 
shown. 

On July 7 a field trip was con- 
ducted on the Forked Lightning 
Ranch of E. E. Fogelson on the Pecos 
River and the Glorieta Mesa range 
management demonstration area. 

One hundred and three people 
took lunch on Glorieta Mesa and 
made the tour. District Forest 
Ranger, James L. Perry, of the U. S. 
Forest Service pointed out manage- 
ment objectives in a talk before 
lunch. The tour was designed to 
show control of invading pinon and 
juniper trees, and two methods of 
deferred rotation management; one 
fenced pastures and another con- 
trolled water distribution. 

On July 8, the Wilderness trip 
met at the Mountain View Ranch at 
Cowles, New Mexico, where they 
secured horses and departed for 
the Pecos Wilderness Area of the 
Santa Fe National Forest. 

The trip permitted participants 
to observe some of the winter range 
of the Pecos elk herd, an area where 
domestic livestock grazing has been 
reduced and the season of use ad- 
justed, in order that as much for- 
age as possible remain for winter- 
ing elk and deer. The condition as 
a water producing area was noted 
and the group was able to observe 
the watershed condition as rain fell 
during part of the ride. 

The route covered a range in ele- 
vation from 8,500 to 10,500 feet. 
Other points of interest seen above 
timber line were Pecos Baldy and 
Santa Fe Baldy Peaks. Seventeen 
persons made the six hour ride. 

A very successful walking tour of 
historical old Sante Fe was con- 
ducted for the women and children, 
on Friday, which was well attended 
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by those who elected not to attend 
the field activities. In the after- 
noon, films on New Mexico wildlife 
were shown. 

The New Mexico Section received 
an enormous boost in interest and 
activity, by hosting the National 
Board of Directors Summer Meeting. 
Local Section Membership took a 
sharp increase for the occasion. 

If this pattern holds true for other 
states, the Summer Meeting could 
develop into one of the best pos- 
sible aids to strengthen a Section in 
membership activity and enthusi- 
asm. 

In New Mexico we never say 
Good-by, we say “Hasta La Vista.” 

PACIFIC NORTH WEST 
The field tour was held at Kla- 

math Falls, Oregon June 28 and 29, 
1962. A good representation from 
British Columbia, Washington, and 
Oregon plus a welcome contingent 
from northern California registered 
for the tour. 

Attendance at the barbecue Thurs- 
day evening exceeded 100 section 
members with families. The barbe- 
cue prepared and served by the 
Klamath Basin Sheep Producers fea- 
tured hot tender lamb right off the 
coals. 

The tour committee arranged an 
itinerary specifically d es i g n e d to 
cover range management projects on 
private and public 1 an d s in the 
Klamath County. This area is rich 
in history, Indian lore, scenery, and 
outdoor sports as well as range re- 
sources in mountains, foothills, for- 
ests and marshlands. The tour 
showed how soil, water, timber and 
grass resources were being improved 
to benefit all. 

At the semi-annual council meet- 
ing the Pullman, Washington area 
was selected as the location of the 
1963 field tour. 

The Annual Winter Meeting of the 
Pacific Northwest Section will be 
held in Kamloops, B. C., Canada, 
November 26 and 27, 1962. Mark 
your calendar now and we’ll see you 
there! Remember how these Canadi- 
an members go all out to provide 
us a whizzeroo! You just can’t miss 
it! 
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BLM Announces 
Personnel Changes 

Three range management person- 
nel changes in eastern Oregon have 
been announced by Russell E. Get@, 
Bureau of Land Management Direc- 
tor for Oregon and Washington. 

In the Vale District Range Man- 
ager Donald G. Gipe has been pro- 
moted and will be the Bureau’s new 
District Manager in Kanab, Utah. He 
will be replaced in Vale by Edward 
F. Spang, BLM range manager from 
Dillon, Montana. Spang is being pro- 
moted and will be the Assistant Dis- 
trict Manager in Vale. In the Burns 
District Carl McCriZZis has been pro- 
moted to Assistant District Manager. 

The actions are a recognition of 
Gipe’s, McCriZZis’, and Spang’s abil- 
ity in the field of conservation and 
natural resources management. All 
three are professional range man- 
agers w i t h well-rounded back- 
grounds in grazing administration 
and other multiple use land manage- 
ment programs. 

A native of Montana, Gipe was 
educated at New Mexico A 8~ M 
State College and received a degree 
in agriculture. For several years he 
operated a cattle and wheat ranch in 
Montana. Gipe has held increasingly 
responsible positions with BLM since 
1955. 

McCrillis is origin ally from 
Hawaii. He has a degree in forestry 
from the University of Idaho and has 
worked in range management with 
BLM for ten years. He is a member 
of the Xi Sigma Pi honorary forestry 
fraternity and the American Society 
of Range Management. 

Zumwalt and Zaidlicz Promoted 
The appointment of Eugene V. 

Zumwalt as Assistant Director for 
Range and Forest Management of 
the Bureau of Land Management has 
been announced by Secretary of the 
Interior Stewart L. UdaZZ. 

Mr. Zumwalt, 49, was chosen to 
fill the position left vacant by the 
death of Gerald M. Kerr on May 14. 

The position that Mr. Zumwalt 
previously occupied, Chief of the 
Division of Forest Management for 

the Bureau of Land Management, 
will be filled by Edwin Zaidlicz, 44. 

Both Mr. Zumwalt and Mr. Zaid- 
Zicx are career Federal employees 
and professional foresters. Zumwalt 
has more than 16 years career ex- 
perience. He began Federal service 
with the Department of Agriculture’s 
Forest Service. He began working for 
BLM in June 1953, in Anchorage, 
Alaska. Since then, he has held suc- 
cessively responsible positions. Zum- 
wait holds a bachelor’s degree from 
the University of California with 
highest honors, a master’s degree 
from the University of Washington, 
and a Ph.D. in forestry from Yale 
University. He served as assistant 
professor of forestry at the Univer- 
sity of Washington from 1936 to 
1942 and was associate professor at 
Yale from 1946 to 1953, during which 
time he also did extensive research 
in forest mensuration and forest 
economics. 

Both Zumwalt and Zaidlicx are 
members of the Society of American 
Foresters. Zumwalt is also a mem- 
ber of XI Sigma Pi, Phi Sigma, and 
Sigma Xi, honorary fraternities. 
Zaidlicz holds membership in Phi 
Kappa Phi and Gamma Sigma Delta 
honorary fraternities, the American 
Association for the Advancement of 
Science, and the Forest Products Re- 
search Society. 

Mr. Zaidlicz graduated from Iowa 
State University with a bachelor’s 
degree in forest management. He 
worked in private industry for a 
time before joining the Bureau of 
Land Management in 1950. He 
worked in Alaska for two years, 
then moved to Oregon where he 
became Forestry Officer. He trans- 
ferred to his present position as For- 
ester in the Washington office of 
BLM in 1961. 

Both men served in the Army dur- 
ing World II. Zumwalt served as ex- 
ecutive officer and chief of the re- 
sources branch, forestry division, on 
General McArthur’s staff in Japan. 
He later served as an expert in for- 
estry and training for the Civil Ad- 
ministration of the Ryukyus Islands. 
Zaidlicz served in the China-Burma- 
India theater as a lead navigator and 
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lead bombardier. 

Nadeau Appointed Range Chief 
Leo R. Nadeau has been appointed 

Chief of the Bureau of Land Man- 
agement’s Division of Range Man- 
agement, the Department of the In- 
terior announced. 

Mr. Nadeau, 54, a career employee, 
is presently Chief of Range Opera- 
tions for the Division of Range Man- 
agement. He will assume the top 
position of the same Division. 

Mr. Nadeau has had extensive 
training and experience in the tech- 
nical and practical problems of range 
management. Twenty-three years of 
active experience in range manage- 
ment preceded his 1961 appointment 
to the Branch of Range Operations 
in Washington. 

His first position with the Bureau 
of Land Management was as a range 
conservationist in 1938. He served 
as District Manager at Pocatello and 
Idaho Falls, Idaho, from 1941 to 1947. 
Mr. Nadeau held successive positions 
in BLM’s Portland, Oregon, Regional 
Office after 1947, and was promoted 
to Supervisory Range Conservation- 
ist there in 1956. 

A native of Placerville, Idaho, Mr. 
Nadeau received a bachelor’s degree 
in forestry and range management 
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from the University of Idaho in 1937. 
Before that time, jobs in forestry, 
fire suppression, ranching and farm- 
ing, mapping and surveying, had 
familiarized him with range and 
conservation problems. From 1927- 
38, Mr. Nadeau was employed sea- 
sonally by the Forest Service, De- 
partment of Agriculture, in Idaho, 
Colorado, and New Mexico. 

He is a charter member of the 
Range Management Society of 
America and belongs to the Soil 
Conservation Society of America. 

Trial Program Public Land 
Range Appraisal 

In response to directive from the 
U. S. Senate Committee on Appro- 
priations to the Secretaries of the In- 
terior and Agriculture, the Bureau 
of Land Management and the For- 
est Service conducted a trial pro- 
gram of public land range appraisal. 
As directed by the Committee, this 
trial program was based upon 
knowledge, techniques, and avail- 
able data and carried out within 
existing resources available to the 
two departments. 

Areas containing lands adminis- 
tered by both agencies were sampled 
in Colorado, Montana, and Oregon. 

Data were assembled on factors 
important to management of these 
lands. These factors included area 
and suitability for livestock grazing, 
past and present management, range 
condition and trend, current and po- 
tential grazing capacity, range use 
by livestock and wildlife, and exist- 
ing and needed conservation prac- 
tices and improvements. 

Because existing data were avail- 
able and high precision was not re- 
quired, elaborate statistical analysis 
was not programed. Projections of 
data from the samples are presented 
only as procedural examples rather 
than exact estimates of parameters. 

The report is illustrative of the 
kinds and types of information 
which could be obtained from a na- 
tionwide appraisal of public range- 
lands. 

Foreign Assignment 
Harold F. Heady, Professor of For- 

estry and Range Management, Uni- 
versity of California, Berkeley, and 
1962 chairman of the California Sec- 
tion, will spend six months in Saudi 
Arabia beginning August 4. He is 
on special assignment to evaluate 

the range grazing resources, analyze 
the problems associated with their 
use, and formulate a program which 
the Government of Saudi Arabia can 
apply for their improvement and 
utilization. The assignment is spon- 
sored by the Pasture and Fodder 
Crops Branch of The Food and Ag- 
riculture Organization, United Na- 
tions, Rome. 

Professor Heady has been in Range 
Management Teaching and Research 
with the School of Forestry since 
1951. In 1958-59 he was in Kenya, 
Uganda, and Tanganyika making a 
similar review of arid and semiarid 
grazing resources. That work was 
supported by the Fulbright Program 
and the John S. Guggenheim Foun- 
dation. It resulted in several re- 
ports including the first range man- 
agement manual for East Africa. 

Professor Heady will be located 
at Riyadh but will travel extensively 
throughout the country. A repre- 
sentative from the Saudi Arabian 
Government will accompany him. 

Forest Service Promotions 
Dr. Walter 0. Hanson has been 

promoted to the position of Assist- 
ant Director, Division of Wildlife 
Management, in the Washington Of- 
fice of the Forest Service. Lloyd W. 
Swift is Director of this Division. 
Dr. Hanson tranfers from the Re- 
gional Office at Portland, Oregon, 
where he has been in charge of the 
Branch of Wildlife Management. 

Dr. Hanson’s replacement is John 
E. Schwartz, who transfers from 
Juneau, Alaska, where he has oc- 
cupied a similar position for several 
years. Prior to joining the Forest 
Service in Alaska, Mr. Schwartz was 
manager of the National Bison Range 
at Moiese, Montana, for the Bureau 
of Sport Fisheries and Wildlife. 

Sigurd 2’. Olson has been promoted 
to the Regional Wildlife position of 
the Forest Service in Alaska. Mr. 
Olson has worked in Alaska during 
most of his career, and in addition 
to his association with the Forest 
Service there, has been with the 
Alaska Fish and Game Department 
and the Bureau of Sport Fisheries 
and Wildlife. 

John A. Ludemun has recently 
come to Washington to head up the 
Branch of Animal Damage Control 
in the Division of Wildlife Manage- 
ment. His previous position was in 
field testing of repellents and con- 

trol operations with the Bureau of 
Sport Fisheries and Wildlife at Sac- 
ramento, California. 

Supervisor Chosen 

F. L. (ROY) BOND, assistant chief 
of Information & Education in the 
Pacific Northwest Region of the U.S. 
Forest Service, has been chosen 
supervisor of the Malheur National 
Forest, John Day, Oregon. He suc- 
ceeds John A. Fullman, who has 
been assigned to the Regional Office 
staff in Portland. 

1962 Conservation Awards 
The American Motors Corp. 

Awards program, recently opened 
for nominations, annually honors the 
work of 20 professional and non- 
professional conservationists and 
selects for special recognition the 
conservation activities of two non- 
profit organizations. 

Ten awards, each consisting of 
$500 and an engraved bronze plaque, 
are made to professional conserva- 
tionists employed by non-profit or- 
ganizations. Bronze plaques and ci- 
tations are awarded to ten non-pro- 
fessionals whose conservation efforts 
are a voluntary expression of good 
citizenship. Awards of $500 each go 
to two non-profit organizations in 
recognition of outstanding achieve- 
ments in special conservation pro- 
jects. 

Award winners are selected by a 
committee of distinguished conser- 
vationists. Program director is Ed 
Zern, well-known writer on out- 
doors sports and conservation. 



294 

In announcing the ‘62 Award pro- 
gram, American Motors’ chairman 
Richard E. Cross said that conserva- 
tion of America’s natural resources 
is an increasing national problem 
and one which is inseparable from 
the nation’s future prosperity. 

Nominations for awards should be 
submitted by letter to: American 
Motors Conservation Awards Com- 
mittee, Room 700, 555 Madison Ave- 
nue, New York 22, New York. Nom- 
inations may be supplemented by 
endorsements or other supporting 
evidence of achievement. 

In Memoriam 
Donald E. Wilbert (1925-1962) 

died May 16, in Riverton, Wyoming. 
Wilbert held a B.S. degree (1949) in 
range management from the Uni- 
versity of Wyoming, was a regular 
member of the Wyoming Section of 
the American Society of Range Man- 
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agement, and chairman of that sec- 
tion in 1952. 

Wilbert worked with the Soil Con- 
servation Service following gradua- 
tion until June, 1956, when he be- 
came range specialist for the Wyo- 
ming Game and Fish Commission, a 
post he held three years. During this 
period be became an expert on the 
range problems created by the size 
of the Jackson Hole Elk Herd. 

In 1959 he returned to the S.C.S. 
as range specialist for the western 
half of Wyoming, the position he 
held at the time of his death. Wil- 
bert published articles in the Wyo- 
ming Range Management issues, this 
Journal, and the Journal of the 
Society of Soil Conservationists (to 
which he belonged). He left a num- 
ber of manuscripts some of which 
will be published. 

Frank A. Barrett (1892-1962) was 
born in Omaha, Nebraska and died 

May 31 in Cheyenne, Wyoming. He 
graduated from Creighton Univer- 
sity, served in the balloon Corps in 
World War I, and then became in 
1919 a lawyer in Lusk, Wyoming, 
his residence ever since. Barrett was 
the only man to become Wyoming 
governor and in addition to serve 
Wyoming in both houses of the Na- 
tional Congress. 

Barrett will be remembered by 
range men as the chairman of the 
subcommittee on Public Lands 
which held hearings throughout the 
West in 1947. Barrett was for a 
number of years a member of the 
Wyoming Section of the American 
Society of Range Management. In 
1952 as governor he proclaimed Wy- 
oming Grassland Improvement Year, 
and carried out an active program, 
one phase of which was the choice 
of Wyoming Wheatgrass, as Wyo- 
ming State Grass. 

NATIONAL AFFAIRS 
Reported by B. W. Allred, Soil Conservation Service, U.S.D.A., Washington, D.C. 

Farm Mortgages 

Between 1949 and 1959, the av- 
erage size of farm mortgages in- 
creased more than 100 percent- 
from $4,500 to $10,000. During 
the same period average term of 
farm mortgages lengthened from 
8.5 to 10.7 years, and the average 
interest rate jumped from 4.73 to 
5.41 percent. Among the major 
lenders, mortgage loans made by 
life insurance companies and 
Federal land banks were larger 
and on the average had longer 
terms and lower rates. Banks 
and other miscellaneous lenders 
specializing in relatively small 
loans generally had shorter term 
and higher interest rate loans. 

Livestock Numbers 

The world’s estimated cattle 
and buffalo population in 1962 is 
1,035 million head, 20 million 
more than a year earlier and 125 
million more than the 1951-55 av- 
erage, according to USDA’s For- 
eign Agricultural Service. In- 

creases in world numbers in the 
past nine years were equivalent 
to slightly more than total num- 
bers in the United States and 
Canada as of January 1,1962. 

World sheep numbers totaled 
990 million head at the beginning 
of 1962,ll million above January 
1,1961, but one million below the 
peak in 1960. Improved pastures 
in the major producing areas 
were a major factor in the in- 
crease during 1961. The increase 
in world sheep numbers - 142 
million head above the 1951-55 
average - almost equals sheep 
numbers in Australia, the world’s 
largest producer. 

Dual Grading 

Beginning July 1, 1962, live- 
stock and meat industry were of- 
fered an opportunity to evaluate 
a new approach to beef grading, 
when USDA makes a dual grad- 
ing system available on trial and 
optional basis. New program, if 
generally adopted, would pro- 

vide greater financial incentive 
through private marketing sys- 
tem for cattlemen to produce 
type of beef that consumers 
want. Trial period for evaluation 
will last one year. Proposed dual 
grading system would provide 
for two separate grade identifica- 
tions on beef carcasses. The qual- 
ity grade, which indicates palata- 
bility of meat-reflecting factors 
associated with tenderness, juic- 
iness, and flavor-has been wide- 
ly used for nearly a quarter-cen- 
tury. Proposed additional stan- 
dard relates to the cutability- 
the percentage of salable meat 
which the retailer can cut from 
the carcass. 

New Bureau 

A Bureau of Outdoor Recrea- 
tion has been established in the 
Department of the Interior “to 
serve as the focal point within 
the Federal Government for the 
many activities related to out- 
door recreation.” More particu- 
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tion has been established in the 
Department of the Interior “to 
serve as the focal point within 
the Federal Government for the 
many activities related to out- 
door recreation.” More particu- 



larly, the new agency will assist 
Secretary Stewart UdaZZ in car- 
rying out his Federal outdoor 
recreation coordination responsi- 
bilities, sponsor and conduct 
recreation research, conduct 
recreation resource surveys, de- 
velop a nation-wide recreation 
plan, and administer the pro- 
gram of Federal assistance to 
State agencies in the field of 
recreation. 

As Director of the new bureau, 
President Kennedy has ap- 
pointed Dr. Edward C. Crafts, a 
career conservationist in the 
Federal Government who has 
been serving as Assistant Chief 
of the Forest Service in USDA. 
Dr. Crafts is well-known and 
highly-regarded by District lead- 
ers. He has been in charge of 
long-range program development 
for the Forest Service, as well 

NATIONAL AFFAIRS 

as legislative and Congressional 
relations. 

Production Committee 

The USDA Research Council 
has established a committee on 
grazing land production to con- 
sider what might be done to im- 
prove our knowledge of the kind 
and quantity of production ob- 
tained from land grazed by live- 
stock. Establishment of this com- 
mittee was prompted in part by 
a proposal sponsored by the 
“inter-Society Committee on 
Censusing of Grazing Land” 
under the leadership of Dr. H. B. 
Sprague, Head, Department of 
Agronomy, Pennsylvania St ate 
University. Each of the services 
in the Department having a 
direct interest in grazing land 
production and management has 
been represented on our commit- 
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tee. They are: Forest Service, 
Soil Conservation Service, Agri- 
cultural Research Service, Eco- 
nomic Research Service, and 
Statistical Reporting Service. In 
addition, the Committee invited 
the Bureau of Land Management 
to participate. 

This committee has met sever- 
al times during the past year and 
has devoted its attention chiefly 
to (1) an appraisal of existing 
statistics relating to production 
from, and acreages and types of 
land pastured or grazed by live- 
stock; (2) a listing of the kinds 
of data needed for different pur- 
poses and by different agencies; 
and (3) the definitions, proce- 
dures, and techniques that might 
be appropriate in obtaining more 
complete and precise data about 
pasture or grazing land produc- 
tion. 

LETTERS TO THE EDITOR 

Letter to the Editor: 
A rather sweeping criticism of 

range research and its applications 
in the United States was published 
last year in the Journal Of The 
British Grassland Society. More re- 
cently an abstract, prepared by the 
author of the original article, ap- 
peared in Biological Abstracts. That 
abstract is reproduced here in full: 

The Range--Natural Plant Com- 
munities or Modified Ecosys- 
tems? Love, R. Merton. (U. 
California, Davis.) Jour. Brit. 
Grassland Sot. 16 (2) : 89-99. 
Illus. 1961. 
“Range research and its applica- 

tion in the United States have been 
primarily in the area of ecology. The 
guiding principle developed is that 
the natural plant communities (the 
climax vegetation) provide the best 
guides to forage production poten- 
tial. A careful study of man’s history 
from the Ice Ages to the present 
reveals the fact that man has pro- 
gressed by modifying his environ- 
ment. In fact, the ability to do so is 
one of the significant differences be- 

tween man and other animals. Dur- 
ing the last 10,000 years man has 
been in turn a collector and hunter, 
a cultivator and domesticator, and 
finally an industrial agriculturist. 
The transition has been a slow, 
laborious process. The mixed-oak 
forests of the Mediterranean and 
Europe were cleared by felling and 
burning the trees and cultivating the 
cleared ground by crude flint hoes. 
In his migrations man learned of dif- 
ferences in soils and adaptations of 
cultivated plants. He learned to work 
with nature, but he also learned how 
to overcome some of nature’s limita- 
tions. Agriculture, then, is man’s at- 
tempts to overcome nature’s limita- 
tions so that a desired crop can be 
grown and harvested. By this modi- 
fication of the environment the crop 
supersedes the pattern of natural 
vegetation. There is no intrinsic dif- 
ference between range and intensive 
agriculture, since both involve fac- 
tors inherent in climate, soil, plants 
and harvesting. Ecologists working 
in the field of range management 
must be willing to accept ideas and 
principles that have put morescience 
in the ‘science and art’ of farming, 

if the ‘science and art’ of range man- 
agement is to progress sufficiently 
to make possible the realization of 
the vast potential of our ranges and 
wild lands.” 

The full article is critical of speci- 
fied statements in American range 
literature, naming several authors, 
including certain statements by me. 
I have chosen to make reply in our 
society journal, in this new division, 
because this seems an appropriate 
forum for the airing of differences 
on technical matters among members 
of our society. 

Dr. Love’s full article does not 
define range, but from its contents 
the conclusion can be drawn that his 
use of the term is broad enough to 
include even artificially established, 
irrigated, and fertilized pastures of 
domesticated forage plants requiring 
periodic re-establishment and arti- 
ficial control of invading herds. 

There is no question of his right 
to use the term “range” in whatever 
sense he chooses-but I must object 
to the apparent assumption that his 
concept of range is also mine. The 
more so, because I have consistently 
limited the meanings of range and 
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rangeland in published articles in 
order that readers might know the 
specific kind of land and cover my 
statements dealt with. 

My article in the Bota~~ical Review 
(1958. Vol. 24: 253-272) is specifical- 
ly criticized by Dr. Love. He ap- 
parently missed the significance of 
the word “only” in the second para- 
graph of my introduction. It stated: 

“For our purpose the term 
‘range evaluation’ will be used 
to mean accurately estimating 
the amount, quality or worth of 
range. Range will mean only na- 
tive pasture on natural grazing 
land.” 
Moreover, the reasons for using 

the term “range” in this sense had 
earlier received detailed treatment 
in an article, in the September 1955 
issue of this journal, titled “What is 
range management?” 

Lest it be believed that only a few 
have only recently and unnecessarily 
differentiated range f r o m other 
types of pastures, I should like to 
call attention to definitions appear- 
ing in “A Pasture Handbook” (USDA 
Misc. Pub. No. 194) since 1934, and 
through several revisions. Neither 
ecologists nor rangemen developed 
these definitions. The authors are 
nationally recognized, namely; A. T. 
Semple, an animal husbandman; H. 
N. Vinall, an agronomist; C. R. En- 
low, an agronomist; and T. E. Wood- 
ward, a dairy husbandman. 

These authors recognized two bas- 
ically different kinds of pastures, 
with subdivisions of each. The two 
major “Kinds of Pasture” are termed 
“Tame Pastures” and “Natural or 
Native Pastures,” described as fol- 
lows: 

“Tame pastures are lands once 
cultivated that have been seeded 
with and are now occupied 
largely by domesticated pasture 
plants and used chiefly or en- 
tirely for grazing livestock. 

“Natural or native pastures 
are uncultivated lands occupied 
wholly or mainly by native or 
naturally distributed introduced 
plants useful for grazing.” 
Range is then defined by these 

authors as a subdivision of the latter 
being “A very extensive natural pas- 
ture.” My papers on range condition 
classification h a v e been further 
limited to natural pastures occurring 
on natural grazing land-as distinct 
from forest or other lands-but on 
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all sizes of such pastures. 
Most livestock ranchers in the 

USA now have both tam e and 
natural pastures-using them sepa- 
rately for different purposes, or in 
different seasons of the year-and 
fully recognizing that the former are 
most feasible on lands suitable for 
farming practices, while the latter 
usually afford the only economically 
feasible way of utilizing non-arable 
natural pasture land. Rangemen, to 
be most useful to ranchers, must 
know potentials for both tame and 
natural pastures. 

No range ecologist, to my knowl- 
edge, has contended that natural 
grazing lands being grazed by do- 
mestic livestock can support wholly 
natural plant communities and are 
not modified ecosystems - nor has 
one contended that climaxes are the 
goal of range management. Instead, 
departure from climax vegetation of 
native pastures on natural grazing 
lands is used to measure range con- 
dition. Excellent or Good range-con- 
dition-class is then usually the goal 
of management but never climax. 

On many kinds of non-arable 
rangeland, the climax type of vege- 
tation has been found more profit- 
able than other types which may 
volunteer on the site in response to 
close grazing or cultivation. More- 
over, few will question that reten- 
tion of precipitation where it falls is 
greatest under the climax type of 
cover and that abnormal sheet, rill, 
puddle, and fertility erosion are thus 
economically controlled. 

If all land now economically and 
physically suitable for conversion 
from range to cultured pastures were 
to be converted, by using “. . . the 
‘science and art’ of farming. . . . ,” 
there would remain a vast acreage 
of arid, steep, or rocky range. There 
also would remain some natural pas- 
ture land physically and economical- 
ly suitable for more intensive use 
than management of the native pas- 
ture cover, but, on which the land- 
owner had made the choice to man- 
age the land as range. The references 
in the USA to the applications of the 
ecological principles of secondary 
succession and climax generally have 
referred to such lands-in my own 
case, specifically so, in all publica- 
tions of the past fifteen years. This 
has been overlooked by Dr. Love. 

It seems necessary to point out 
that range research and its applica- 

tions follow a decision to, use a cer- 
tain land area primarily for range- 
instead of primarily for cultured 
crops, natural forest products, wild- 
life, recreation, or some other use. 
The primary use decided upon must 
consider: (1) inherent physical limi- 
tations of the land, (2) the owner’s 
wishes, and (3) economics. When the 
planned primary use is as range on 
rangeland, t h e guiding principles 
questioned by Dr. Love have been 
shown, by both research and experi- 
ence, to be generally applicable. 

Much harm has been done by fail- 
ing to recognize or point out kinds 
of land unsuitable for application of 
farming methods. The history of 
land use in the USA shows that the 
recognition of a need for range man- 
agement followed unsuccessful at- 
tempts to apply the science and art 
of farming on much of the land that 
is now range. Abandoned crop fields 
and seedings of introduced pasture 
plants returning to volunteer vege- 
tation are common sights on today’s 
rangelands. Census d a t a, through 
decades, on reductions in acreages of 
cultivated crops in rangeland envi- 
ronments speak volumes on the limi- 
tations of applying the science and 
art of farming without adequate con- 
sideration of land capability. 

Land-capability-classification and 
range management as sciences, with 
professional practitioners, is a re- 
cent development. The Journal of 
Soil and Water Conservation and the 
Journal of Range Management, 
though less than two decades old, 
are now well established. These de- 
velopments occurred, I believe, be- 
cause of a need that was not being 
met in the science and art of farm- 
ing. 

In these same two decades, but 
mostly in the last, curricula with 
majors in range management have 
been established in no fewer than six 
major agricultural colleges-includ- 
ing study to the Ph.D. degree in 
some. Such recognition of range, as 
a separate field of study, by large 
numbers of our scientists most 
knowledgeable in the field of inten- 
sive agriculture is, I believe, quite 
inconsistent with the viewpoint that 
“There is no intrinsic difference be- 
tween range and intensive agricul- 
ture. . . .” 

E. J. Dyksterhuis 
5342 Cleveland Avenue 
Lincoln 4, Nebraska 



SOCIETY BUSINESS 

Report To The Members: 

This briefly summarizes some 
of the Society business that was 
discussed during the annual sum- 
mer meeting of the Board of Di- 
rectors at Santa Fe, New Mexico 
on July 5, 1962. 

President-Elect Talbot, general 
chairman of meetings, reported 
satisfactory progress with ar- 
rangements for our various fu- 
ture meetings. The Board se- 
lected Wichita, Kansas as the lo- 
cation for the 1964 winter con- 
vention. A standard week-the 
second week of February-was 
selected for future annual con- 
ventions in order to avoid con- 
flict with national organizations 
involving ranchers. The Na- 
tional Woolgrowers Association 
holds its convention the next-to- 
the-last week in January, The 
American National Cattlemen’s 
Association, the last week of Jan- 
uary and The National Associa- 
tion of Conservation Districts the 
first week of February. These 
organizations will be notified of 
this arrangement. 

Directors Denham, Wolff and 
Thomas will analyze the present 
regional grouping of Sections for 
purposes of rotating convention 
locations. They will recommend 
needed revisions. Cities that for- 
merly could handle our conven- 
tion nicely no longer have ade- 
quate facilities. The distribution 
of our membership has changed 
since the present plan was de- 
vised. If you have suggestions, 
send them to this committee 
early. 

Les Albee, program chairman, 
and Ralph Cole, local arrange- 
ments co-chairman, reported 
progress on plans for the con- 
vention in Rapid City next Feb- 
ruary. General program theme 
and program outline were among 
items cleared with the Board. 
Opportunities for volunteer pa- 

pers still exist. 
Dan Freeman, general chair- 

man of public relations and 
membership, reported good prog- 
ress on a variety of projects de- 
signed to call attention to 
A.S.R.M. and to range as an im- 
portant natural resource. Ar- 
ranging for A.S.R.M. speakers 
and delegates at state and na- 
tional meetings of ranchers, a 
new membership brochure and 
one presenting the multiple-use 
concept of rangelands, advertis- 
ing gimmicks and a speaker’s kit 
are among the variety of items 
this committee is handling. 
Danny says they are just squar- 
ing away for a big effort next 
year. 

Our International Relations 
committee, under the leadership 
of Tom Ayers, is continuing to 
advise on worthwhile projects 
abroad. A variety of projects 
originating in this well-run com- 
mittee are carried to completion 
in other appropriate major com- 
mittees. Working with folks from 
and in other countries has be- 
come routine business almost 
throughout our committee struc- 
ture. The Range Journal and 
other publications, arrangements 
for program speakers and coop- 
eration with scientific organiza- 
tions abroad are major examples. 

Clint Wasser, general chair- 
man of cooperation with scien- 
tific organizations, reported a 
number of developments, three 
of which probably will receive 
primary interest. Howard Pas- 
sey is planning a half-day joint 
symposium with The Soil Sci- 
ence Society of America for their 
convention in Denver, November 
1963. Tom Ronningen, is work- 
ing with The American Society 
of Agronomy toward a similar 
symposium at the A.S.A. con- 
vention, also in Denver, Novem- 
ber 1963. Jim Yoakum, who heads 
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up our displays and photo con- 
tests, has prepared an A.S.R.M. 
display for the national conven- 
tion of The Soil Conservation 
Society of America in Washing- 
ton, D.C. in August 1962. 

Bob Darrow, general chairman 
of program development, sum- 
marized briefly the wide variety 
of special projects being con- 
ducted by the Society. Ken 
Parker is having difficulty ar- 
ranging for the financing of our 
proposed inventory of range 
management research. The range 
management bibliography is out- 
lined and the committee is mov- 
ing ahead. Bill Currier’s commit- 
tee has decided that a code of 
ethics is needed for the range 
profession and will have specific 
recommendations at the next 
meeting. Darrow has outlined a 
declaration of Society policy, the 
details of which will be started 
immediately. His good policy 
outline suggests the need for a 
legislative committee, which will 
be investigated thoroughly. 

The Directors unanimously 
voted a special letter of apprecia- 
tion to Editor Woolfolk for his 
proficient management of the 
Journal and the significant im- 
provements he has inaugurated. 

The Board authorized reor- 
ganization and broadening of ed- 
ucational activities through the 
formation of a new major com- 
mittee, Range Education. Noth- 
ing we do in A.S.R.M. is more 
important, in my opinion, to the 
future of range as a profession 
and as a major natural resource 
than helping folks appreciate, 
understand and apply this field 
of science. Within this commit- 
tee, a variety of projects will 
develop such as professional 
standards, scholarships, occupa- 
tional outlook handbook, range 
camps, 4-H and FFA projects, 
high school science and teachers, 
elementary school science and 
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teachers, boy scout merit badge, 
educational film on range, de- 
pository library, slides library 
and read-and-color books. Sug- 
gestions for committee members 
to work on these projects are 
solicited. Final organization of 
this committee will be in the 
near future. Members particu- 
larly qualified and wanting to 
work on a phase of our range 
education activities should notify 
us early. 

The Council of Section Offi- 
cers already has received several 
suggestions from Sections for re- 
view at its meeting in Rapid 
City. Host-Section President, 
Leonard Noble, Box 124, Hot 
Springs, South Dakota, will act 
as chairman of the Council at its 
Dakota meeting. 

The Board of Directors will 
hold its next meeting on Mon- 
day, February 11 in Rapid City. 
This is the day before the con- 
vention begins. No other con- 
vention activities will be sched- 
uled for that day except the 
Council of Section Officers, if it 
decides to meet this day rather 
than during the convention.- 
E. W. Anderson, President. 

Minutes of May 29, 1962 Meeting 
Commiffee for 

International Relations 
The meeting was called to 

order at 2:00 p.m. in Chairman 
Ayers’ office. Members in at- 
tendance included: 

Thomas L. Ayers, Chairman 
W. R. Chapline 
Marion Clawson 
Roy C. Dawson 
Milton Norland 
L. W. Osborne 

Chairman Ayers stated that 
the President has asked that our 
Committee continue. Mr. Ayers 
introduced Mr. Osborne of the 
British Embassy and Mr. Nor- 
land who have taken Edmond’s 
and Adcock’s places. 

Chairman Ayers reported on a 
number of matters: 

Our one-half day International 
session at the Annual Meeting 
was well received. The President 
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and Board of Directors have 
asked that this committee organ- 
ize another half-day Interna- 
tional session at next year’s meet- 
ing. 

The President sent a letter in 
line with our Committee’s sug- 
gestion to the Executive Secre- 
tary of the Organizing Commit- 
tee of the 9th International 
Grassland Congress to be held in 
Brazil in 1964 offering coopera- 
tion of our Society. However, he 
suggested that Secretary contact 
Dr. Wasser’s committee for Co- 
operation with Scientific Organ- 
izations. 

The resolution developed by 
Clawson’s committee for AID was 
not approved by the Board of 
Directors. The President and 
Secretary wrote a letter to AID 
thanking it for what it had done 
for the American Society of 
Range Management. Ayers said 
this missed the point. On the 
other hand the Soil Conservation 
Society approved and sent a res- 
olution to AID based on our reso- 
lution. 

No word ,from Denny’s sub- 
committee relating to gathering 
up copies of Journals to be sent 
overseas. 

Adcock’s committee which was 
considering ways and means for 
financing memberships in other 
countries had not reported. 

Clawson explained that 
UNESCO script permits individ- 
uals to pay their dues quite sim- 
ply. This script can be purchased 
with the currency of the over- 
seas members’ country. He sends 
the script to the Treasurer of the 
Society and he in turn sends it 
to the United Nations in New 
York, from where a check is sent 
to the Society. 

Mr. Norland will pick up for 
Adcock as Chairman of the sub- 
committee studying ways to fig- 
ure out how to get exchange or 
other funds to make it possible 
for foreigners to continue mem- 
bership. Dawson and Mimms are 
on the committee. 

Clawson reported for Brad- 
ley’s sub-committee, considering 

dues for foreigners at a lower 
rate than regular active mem- 
bers. He presented a statement 
which he and Bradley had de- 
veloped. It recommended for- 
eign members at the rate for stu- 
dent members which is $4.00 a 
year. This recommendation was 
approved. It will be sent to the 
President with an outline of 
some justification for this lower 
rate. 

Chairman Ayers also discussed 
the appointment of the special 
sub-committee on Overseas 
Technical Advisors on Range, 
made up of Donald Hedrick, 
Clark Holscher and Donald Cor- 
nelius. It will send a question- 
naire to all who served overseas 
and analyze the results. It will 
try to make the report construc- 
tive. 

In considering the half-day ses- 
sion on International Cooperation 
at the next annual meeting, Mr. 
Ayers reviewed the purpose of 
the last two sessions. The first 
primarily emphasized the need 
for the Society to give adequate 
consideration to the interna- 
tional problem. The second out- 
lined the interest of our govern- 
ment in technical assistance in 
range and then considered the 
regional problems of South 
America, Africa, south of the 
Sahara and Turkey (Near East). 

Suggestions for next year in- 
cluded: 

Possibly follow the regional 
program, especially if we could 
get good speakers from other 
countries, especially Asia (Far 
East) and the Mediterranean 
which were not covered this 
year. Also if good speakers from 
other parts of the world already 
covered are on hand they should 
be considered. Chairman Ayers 
said Holscher had suggested a 
panel to consider how we can aid 
in getting the best range men 
possible for foreign assignments. 

Bradley, who came in just 
after the meeting had ended, 
also suggested consideration of 
limiting presentation to a single 
region, with several men who 
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had worked there and possibly 
members from countries of that 
region, outlining problems and 
possible action. In future years 
other regions could be similarly 
handled. 

Mr. Osborne mentioned that 
Dr. C. P. McMeekan, formerly 
Director, Ruakura Animal Re- 
search Station, New Zealand is 
now with the World Bank here, 
and would be a good one to have 
as a speaker. 

Chapline also suggested Dr. 

Roald Peterson as a speaker. He 
is a range trained man, worked 
in this country, did a fine job as 
head of the Pasture and Range 
work of the Interamerican Insti- 
tute of Agricultural Sciences, 
Southern Zone, and is now Chief 
of the Pasture and Fodder Crops 
Branch of FAO in Rome. Mr. 
Dawson offered to take the mat- 
ter up officially if Dr. Peterson 
is given a place on the program. 

It was agreed that all members 
of the committee should think 

over these possibilities and any 
others. Another meeting of the 
committee will be held within 
the next month to finalize a pro- 
gram for the half-day session. 

Little time was had to consider 
further plans for the committee 
for 1962. Chapline agreed to en- 
deavor to develop a report on as- 
signments of foreign range men 
to this country. Mr. Norland 
agreed to help. -W. R. Chalpline, 
Secretary 

RANGE STUDENT ROUNDUP 

Oregon Sfafe University 

During the past year, Oregon 
State University students have 
participated in several field trips 
in conjunction with class work. 
Dr. Donald W. Hedrick’s Range 
Methods class spent four days 
this spring working on the Warm 
Springs Indian Reservation and 
the Crooked River National 
Grassland. This trip gave the 
students opportunity to gain ex- 
perience in the application of 
range evaluation techniques. To- 
ward the end of the winter quar- 
ter, Dr. Charles E. Poulton’s 
Range Improvement class also 
visited the Crooked River Na- 
tional Grassland in central Ore- 
gon, as well as several ranches 
in the area. Later in spring 
quarter, Dr. Poulton’s Range 
Ecology students visited central 
Oregon, the Squaw Butte Exper- 
imental Range, and the Columbia 
Basin in Washington and Oregon 
to review research and to study 
and discuss synecology and veg- 
etation-soil relationships. 

Degree programs in range 
management are available at 
B.S., M.S. and Ph.D. levels at 
Oregon State University. In the 
past year, 12 undergraduates 
have been majoring in Range 
Management and 8 have been 

Dr. Charles E. Poulton lecturing to the Oregon State University Range Ecology class 
on the Ochoco National Forest in centra1 Oregon. 

working for advanced degrees. 
Graduates in 1961 include the 

following: Bill Moser and Tom 
Bunch received their B.S. de- 
grees in Range Management and 
are both working in Extension. 
Bill is an Assistant County Agent 
at Lakeview, Oregon, while Tom 
has a similar position at Canyon 
City; Richard Walton obtained 
his M.S. degree and is currently 
studying under a Fellowship at 

the University of Sydney, Aus- 
tralia; Dr. Donald N. Hyder com- 
pleted his degree requirements 
w i t h a dissertation entitled 
“Growth Characteristics of 
Crested Wheatgrass, Agropyron 
cristatum, in the Big Sagebrush- 
Bluebunch Wheatgrass Province 
of Southeastern Oregon” and is 
currently a Research Agronomist 
with the ARS in Fort Collins, 
Colorado. 
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Those graduating in 1962 in- 
clude the following: George War_ 
yen obtained his B.S. degree and 
is now serving in the U.S. Air 
Force; Dr. Richard S. DriscoZZ re- 
ceived his Ph.D. diploma. His 
dissertation is entitled, “Charac- 
terization of Some Vegetation- 
Soil Units in the Juniper Zone in 
Central Oregon.” Dr. DriscoZZ 
does research for the Pacific 
Northwest Forest and Range Ex- 
periment Station at Bend, Ore- 
gon; Dr. Paul 7”. TueZZer also 
graduated in June, 1962. His dis- 
sertation is entitled, “Plant Suc- 
cession on Two Artemisia Habi- 
tat Types in Southeastern Ore- 
gon.” 

Several other students are 
working for advanced degrees. 
Jim Young, who just completed 
his M.S. at North Dakota State 
University, has started a Ph.D. 
program under the direction of 
Dr. Hedrick. Lee Sharp, a mem- 
ber of the faculty at the Univer- 
sity of Idaho, is working for his 
Ph.D. under Dr. Poulton’s direc- 
tion. Dr. Poulton is also direct- 
ing the work of Len VoZZand and 
Fred Hall. Len works on the 
Winema National Forest and is 
extending the vegetation-soil re- 
lationship work of Dr. C. T. Dyr- 
ness southward in the Ponderosa 
Pine zone for his Master’s thesis. 
Fred Hall is working for his 
Ph.D. degree and has just ac- 
cepted a new position with Re- 
gion 6 of the Forest Service and 
will be developing condition and 
trend standards for Oregon and 
Washington forests. Bob Turner 
is working full time on the study 
of medusahead under a grant 
from the Bureau of Land Man- 
agement. In addition, Bob is con- 
tinuing some work toward a 
Ph.D. degree. 

The Range Management Sec- 
tion has a cooperative arrange- 
ment with the Oregon State 
Game Commission Research Di- 
vision. Two graduate students 
are working under this arrange- 
ment. Glenn Crouch, who re- 
ceived his M.S. degree at Cola- 
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rado State University in Wild- 
life Management, is studying 
range problems concerned with 
the influence of blacktail deer on 
Douglas-fir regeneration in the 
Tillamook burn. Art Bailey, from 
the University of British Colum- 
bia, is working on his M.S. de- 
gree and is making a synecologi- 
cal study of deer habitats in the 
Tillamook burn.-Paul TueZZer 

Washington State University 

The past year has been one of 
change and growth for range 
management at Washington 
State University. Students are 
enthusiastic, classes are full, and 
the program is booming. 

The Palouse Student Chapter 
held several meetings during the 
year and conducted an active 
program. 

At the fall round-up meeting, 
the members showed colored 
slides of the areas where they 
had worked during the summer 
and welcomed the freshmen and 
transfer students into the Chap- 
ter. An exchange meeting with 
the North Idaho Chapter (Uni- 
versity of Idaho) was a great 
success. Dr. Henry Smith, soil 
morphologist, spoke on the de- 
velopment of the Washington 
channeled scablands. These scab- 
lands comprise a major portion 
of the range area in eastern and 
central Washington. In view of 
the success of this meeting, the 
Chapter voted to make this an 
annual event. At a later meet- 
ing Dr. Charles Robocker, A.R.S. 
range weed specialist, presented 
a very interesting illustrated lec- 
ture describing range weed prob- 
lems and solutions of eastern 
Washington. 

At the annual meeting of the 
Pacific Northwest Section, John 
MitcheZZ represented the Chapter 
by presenting a paper entitled 
“Necessity for Specialization in 
Range Education.” 

The Chapter prepared and 
manned a display of range re- 
search at the annual W.S.U. Ag- 
ricultural Science Open House. 

The display was very well at- 
tended and drew many favorable 
comments. The Chapter voted to 
send all 1961 W.S.U. range 
alumni gratis membership cards 
for 1962 and invite their interest 
in the Chapter. We also initiated 
the presentation of a plaque to 
the outstanding range senior, to 
be presented for the first time at 
the 1963 Ag.-Awards Banquet. 

Officers for first semester 
were: James Lewis, president; 
David HoZman, vice-president; 
Gary Paul, secretary. Graduation 
removed the first two of these, 
and replacements elected were 
John Mitchell, president; Dennis 
Hill, vice-president. Next year’s 
officers are Gary Paul, president; 
Gregg Johnson, vice-president; 
and Mike MiZZigan, secretary- 
treasurer. 

Mr. Harris returned from a 
year of advanced study to take 
over his previous duties of teach- 
ing, research, and as adviser of 
the Chapter. Mr. Robert Turner, 
who filled in for him while away, 
has moved to Oregon State to 
work on his doctorate and to 
study medusahead problems. 

Several new developments 
have improved teaching and re- 
search facilities at our school. 
The Board of Regents accepted 
a 5000 acre multiple-use. research 
area from the State Department 
of Natural Resources in Novem- 
ber, which provides a valuable 
center for range management 
teaching and research. In addi- 
tion, a 27-acre natural area has 
been purchased which will be 
preserved in its natural Palouse 
vegetation for future range field 
laboratory study.-Gary Paul 

Utah Skate Universify 

New officers for the Utah 
State University Student Chap- 
ter were elected at the April 
meeting. Dun Bromley, Phoenix, 
Arizona, was chosen chairman, 
with Dick Dee, Amarillo, Texas, 
Vice-Chairman and D on 
SchmidtZeiqLogan, Utah, as Sec- 
retary-Treasurer. Student Direc- 
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tors picked were Gerald Gifford, 
Chanute, Kansas, and Mel Bram- 
Zey, Phoenix, Arizona. Dr. C. 
Wayne Cook was selected as fac- 
ulty advisor. 

The school year was termi- 
nated with an annual barbecue 
in Logan Canyon. Giant steaks, 
beans, salad, etc. comprised the 
menu. Skits, songs and volley- 
ball kept everyone entertained 
well into the night. 

The selection of Utah’s Top 
Rancher is conducted by the Stu- 
dent Section and candidates are 
now being considered by the 
committee composed of Dun 
Bromley, Ken Boyer and Brent 
Jensen. The winner is presented 
the award at the state meeting 
of the Utah Section of the Ameri- 
can Society of Range Manage- 
ment held in Salt Lake City. The 
recipient of the 1961-62 award 
was Dean Gardner of St. George, 
Utah. Mr. Gardner is very active 
in Society Business, field trips, 
and is very cooperative with the 
government agencies on im- 
provements and management 
practices. He is on the Execu- 
tive Council of the Utah Cattle- 
man’s Association as well as other 
livestock organizations and 
youth groups. The winner is se- 
lected on his management prac- 
tices, ranch facilities, improve- 

ments, cooperation, and civic ac- 
tivities. The Student Chapter 
again congratulates Mr. Gardner 
on his efforts. 

One of the most worthwhile 
functions of the Student Section 
is the student-faculty relation- 
ship committee. Chairman Ger- 
ald Gifford has done a commend- 
able job this year and has re- 
ceived some very worthwhile 
suggestions and complaints. 
Working with Gerald on this 
were Bill Brooks, K. Lynn Ben- 
nett and Dun Bromley. This is 
something we would heartily 
recommend for all the student 
sections to consider-faculty per- 
mitting. A mimeographed form 
is available in the Dean’s office 
and anyone can fill one out with 
his complaint. The forms are re- 
viewed by the student members 
of the committee, and those that 
appear to be worthwhile are then 
discussed with all the faculty 
members. Several changes have 
already been made with more 
pending. 

The section entered a basket- 
ball team in the intramural pro- 
gram this winter and while we 
didn’t smash any scoring records, 
or win the title, we did have fun. 
Considering the fact that sheep- 
herders and cowboys aren’t 
known for their agility, we do 

feel that we came out fairly well. 
Team members included Norman 
Huntsman, Doug Wood, CZuir 
Baldwin, Runce Rollins, Bob 
Euston, Floyd Bartlett, Stuart 
Adams, and Gary Hansen. 

Plans are being made to cut 
poles from the school forest and 
sell them to local ranchers and 
farmers for corrals. Also fire- 
wood by the cord is being con- 
sidered as another means of in- 
come. This will be done this fall 
before the snow flies and we are 
unable to get up in the timber. 

A special tip of the old som- 
brero to Dr. Thud W. Box who is 
leaving us to assume a teaching 
position at Texas Tech. Dr. Box 
has been very active in all of our 
section functions and his absence 
is certainly going to be felt. Dr. 
Box has coached our plant judg- 
ing team for the last three years. 
In this they captured one first 
place and two very close seconds. 
He has taken the seniors on their 
field trip for the last two years 
and has been a fine field com- 
panion. However after ten days 
of an intensified brain-washing 
on Texas History, ranching, 
grass, cattle, girls, etc., the guys 
are usually glad to escape the 
tall tales typical of Texans. In 
closing, Texas Tech’s gain is cer- 
tainly our loss. 
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NEWS 

Driscoll Transfers 

Richard S. Driscoll has recently 

transferred to the Washington office 

of the U.S. Forest Service from the 

Pacific Northwest Forest and Range 

Experiment Station where he has 

been leader of the wildlife habitat 

research project at Bend, Oregon. 

In his new assignment Dr. Driscoll 

will be in charge of range inven- 

tory studies in the Division of Range 

and Wildlife Habitat Research. 

Dr. Driscoll was born in Denver, 

Colorado, and received B.S. and M.S. 

degrees from Colorado State Uni- 

versity in 1951 and 1957, respec- 

tively. In June of this year he was 

awarded the Ph.D. degree from Ore- 

gon State University. For the past 

10 years he has been on the staff 

of the Pacific Northwest Station en- 

gaged in range and wildlife habitat 

research at La Grande and Bend, 

Oregon. His studies have been es- 

pecially concerned with manage- 

ment of ponderosa pine-bunchgrass 

cattle ranges and with the ecology 

and management of vegetation types 

used by deer. 

Sharp Goes to Washington 

Dr. Paul F. Sharp, recently re- 

tired as director of the University of 

California Agricultural Experiment 

Station, last week became secretary 

of the Agricultural Research Insti- 
tute and Agricultural Board. 

In Washington, Sharp will coordi- 
nate activities of the two agencies, 

both part of the National Academy 
of Sciences. 
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