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The Wonderful Prairie Sod 
J. E. WEAVER 
Professor Emeritus of Plant Ecology, Department of 
Botany, Univemity of Nebraska. 

A magnificent expanse of 
grassland occupied the central 
part of North America before the 
coming of the white man. This 
paper is the result of a continu- 
ous investigation which began in 
1916 of a large portion of this 
prairie. The area of most inten- 
sive study included approxi- 
mately the western third of Iowa 
and the eastern third of Nebras- 
ka. The advent of the great 
drought of 1933 to 1940 offered 
an exceptional opportunity to 
ascertain the responses of native 
plants to extremely adverse con- 
ditions. The role played by rhi- 
zomes of grasses in endurance of 
drought and frequently their re- 
covery from it was very impres- 
sive. Indeed only then did the 
great importance of the part of 
the prairie in the upper four 
inches of soil-the prairie sod- 
become clear. Hence a special 
study was made in 1961-62 on 
this portion of prairie vegetation. 

The rhizomes of most prairie 
plants are relatively shallow and 
confined to the upper four to five 
inches of soil. They have a com- 
paratively long life, perhaps 
many years. Plant parts in 
prairie sod are protected from 
sudden and extreme changes in 
temperature. They are scarcely 
harmed by frost or severe cold of 
winter, driving hail, tornadoes, 
or prairie fires. They endure rav- 
ages by grasshoppers and greatly 

prolonged drought. To prairie 
sod, only the plow is lethal. 

The ability to adjust itself to 
the environment by various de- 
grees of tillering accounts in a 
large measure for the successful 
occupation of more of the earth’s 
surface by grass than by any 
other life form. The development 
of an extensive system of rhi- 
zomes not only enables grasses 
to spread widely into open spaces 
but also to invade underground 
and place new growing points 
between or beneath other plants, 
which are then often replaced. 
Moreover, rhizomes afford an ex- 
cellent place for food accumula- 
tion and some retain life even 
after above-ground parts have 
long since disappeared and root 
systems have been greatly weak- 
ened or died. 

Translocation and storage of 
reserves in the underground or- 
gans of grasses has been well 
summarized as follows; “Certain 
carbohydrates (mainly sugars, 
fructosans, dextrins and starch) 
have been shown to be the prin- 
cipal reserve substances in 
grasses. These materials are elab- 
orated by the leaves in excess 
after flowering, and are subse- 
quently translocated to the roots 
and rhizomes, where they are 
stored to be drawn in the follow- 
ing spring for the production of 
new top growth. Nitrogen and 
mineral elements (though not 
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being reserves in the true sense 
of the word but merely nutri- 
ents) are likewise translocated 
in autumn from the aerial parts 
to the underground system 
where they are stored over win- 
ter” (Weinmann, 1948). 

Few studies have been made 
upon the rhizomes or other plant 
parts in prairie sod, although 
Hitchcock (1899, 1900) gave gen- 
eral descriptions and a classifica- 
tion of the subterranean organs 
of several species of plants from 
the vicinity of Manhattan, 
Kansas. A notable exception is 
the excellent study by Mueller 
(1941). She traced the develop- 
ment of the rhizomes of several 
prairie grasses and forbs from 
seedlings to the adult stage, and 
thus through a complete annual 
cycle. Rate of vegetative spread 
was also ascertained. 

In the present study, following 
Hayden (1919, 1934), Brenchley 
(1920), and Mueller (1941), a rhi- 
zome is considered as any some- 
what uniformly thickened under- 
ground stem, regardless of its po- 
sition in the sod. Names of 
grasses are according $0 Hitch- 
cock and Chase (1950). 

Composition of Prairie Sod 
Samples of sod were taken in 

southeastern Nebraska and ad- 
jacent Iowa in spring and sum- 
mer of 1961 and 1962. The soil 
was washed away and roots were 
separated from the network of 
rhizomes which was then de- 
scribed, divided into parts, and 
the length of each rhizome meas- 
ured. Finally the air-dry rhi- 
zomes were weighed. Sod formed 
by the most abundant grasses of 
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lowlands and lower hillsides will 
be described first. Then the 
bunch grasses and others of up- 
land drier sites will be examined. 

Big bluesfern 
A representative block of the 

underground parts of big blue- 
stem (Andropogon gerardi) is 
shown in Figure 1. It has an area 

FIGURE 1. Sod formed by big bluestem in- 
eludes stem bases, rhizomes and roots. 

of about one square foot and 
over a period of three years de- 
veloped from a centrally placed 
planting of ten seedlings. Condi- 
tions favorable to growth in a 
prairie environment were main- 
tained. By tillering and develop- 
ment of rhizomes a characteristic 
sod was formed. Stems are nor- 
mally about a centimeter apart, 
even in the densest sod they 
average less than one per square 
centimeter. The woody stem 
bases occupy the surface 1.5 
inches of soil. They are five to 
eight millimeters in diameter. 
Within the block of sod there is 
a close network of coarse, 
gnarled, much-branched and in- 
tricately interwoven rhizomes. 
Many had extended beyond the 
area of the block and were cut 
off (light spots) in removing it 
from the soil. 

Examination of a typical sam- 
ple of sod from prairie revealed 
that the rhizomes are usually 
three to nine millimeters in di- 
ameter and often less than a foot 
long. They are normally crooked 
and well supplied with short 
branches. For example, one rhi- 
zome about eight inches long 
pursued a zigzag course and gave 
rise to ten short branches. There 
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were 15 thickened stem bases in 
the sample, all of which were 
connected. These compact knotty 
bases gave rise to numerous 
coarse roots; many others arose 
from the rhizomes. This coarse 
and compacted system occurred 
mostly between one and three 
inches in depth. 

Figure 2 illustrates the dense 
clumps of compacted rhizomes 
and stem bases which scarcely 
permitted the light to penetrate. 
Rhizomes appear to have a very 
long life since dead ones were 
rare in this and most of the nu- 
merous samples of various 
grasses. When they were sepa- 
rated and measured a total 
length of 61 feet of rhizomes per 
square foot of sod was found. 
When freed from roots and air 
dried, their weight was 105 
grams. A second sample from an- 
other prairie yielded a total 
length of rhizomes of 59 feet. 

The larger, densely compacted 
rhizomes from a somewhat wet- 
ter area in another prairie 

formed a dense mat about two 
inches thick, two to four inches 
below the soil surface. The inter- 
twined tough roots were often 
three mm thick. They occurred 
at the rate of 650 per square foot 
(Weaver 1958). Total length of 
rhizomes per unit area was 53 
feet. A final square foot sample 
from a flood plain yielded 100 
grams of rhizomes from a length 
of 50 feet. 

The average length of rhi- 
zomes of 55 feet per square foot 
of bluestem sod, indicates that 
an acre of this grass might con- 
tain more than 400 miles of rhi- 
zomes (Figure 3). The tensile 
strength of individual rhizomes 
three to four mm in diameter 
was found to vary but little. 
They broke only under a pull of 
55 to 64 pounds. 

Similar general rhizome pat- 
terns will be shown to be com- 
mon among other tall grasses. 
When one considers this, his con- 
cept of grasses as vertically 
placed organisms is considerably 

FIGURE 2. Surface view of a square foot 
washed away and roots removed. 

of rhizomes of big bluestem after the soil was 
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modified. Although the shoots 
and stems of big bluestem extend 
upward five to ten feet and may 
appear to occupy all the ground, 
actually the plant cover (basal 
area) just above the soil is only 
about 15 percent (Weaver and 
Fitzpatrick 1934). 

Indian grass (Sorghastrum 
nutans) is a tall, coarse plant 
with ecological requirements and 
distribution pattern very similar 
to that of big bluestem. It may 
form patches of sod or occur in 
bunches intermixed with big 
bluestem, but it is far less abun- 
dant. Its usual percentage in 
western true prairie is only one 
to five but in the Flint Hills 
southward it may compose much 
more of the plant cover. 

This grass is slower in produc- 
ing tillers and rhizomes than 
most of its competitors, and does 
not spread so rapidly. Under se- 
vere competition tillering is al- 
most nil, a fact which may ac- 
count for the occurrence of sin- 
gle stems or isolated small 
bunches scattered among other 
species. It does seed readily and 
thrives in disturbed places. The 
stem bases are nearly as coarse 
as those of big bluestem but the 
rhizomes are mostly smaller and 
shorter. The rhizome mat is shal- 
lowly placed. Most rhizomes 
curve downward and outward 
two to three inches from the par- 
ent stem and then turn upward 
with very little spreading. 

In one square foot of sod there 
were 58 feet of rhizomes. When 
air dried they weighed 89 grams. 
Another sample yielded 48 feet 
of the short, typically curved rhi- 
zomes. This rhizome habit seems 
much less efficient, as regards 
propagation, than that of big 
bluestem. 

Switchgrass 
Switchgrass (Panicum virga- 

turn) grows in wetter soils than 
big bluestem. Clumps three to 
five feet in width often occur but 
this grass is found only infre- 
quently in extensive pure stands. 
The coarse stems are four to 
seven mm in diameter but most- 
ly widely spaced. They originate 
underground at a depth of one 
to two inches. Switchgrass does 
not tiller so readily or as abun- 
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dantly as big bluestem. Owing to 
lack of basal shoots and wide 
spacing between unbranched 
stems, it usually occupies only 
about five percent of the soil sur- 
face even in excellent stands. 

A dense network of entangled, 
somewhat woody and much 
branched rhizomes is developed. 
These are three to seven mm 
thick and one to two feet long. 
They occur usually at depths of 
two to five inches but are some- 
times eight inches deep. They en- 
able the plant, once established, 
to spread readily. There are 
often five to eight internodes ~.ey 
inch of rhizome; branching is 
frequent and rebranching recurs 
again and again to form irregu- 
lar patterns. Often several rhi- 
zomes develop from a single 
base. From these and stem bases 
a multitude of strong, coarse, 
poorly branched roots arise. 
They are thickest around the 
swollen stem bases but are also 
scattered along the entire length 
of the rhizomes. Many extend al- 
most vertically downward about 
eight feet. Rhizomes occurred at 
the rate of 43 feet per square 
foot. 

Figure 4 is a view of the rhi- 
zomes in an inverted block of sod 
two feet long and eight inches 
deep from the Missouri River 
flood plain. The soil has been 
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washed away and nearly all of 
the roots removed. This vast net- 
work extended to within two 
inches of the soil surface. Each 
of two square foot samples con- 
tained 50 feet of rhizomes. Each 
sample w e i g h e d approximately 
192 grams. Another sample from 
the same area yielded similar re- 
sults. 

The tensile strength of these 
rhizomes is very great. This was 
ascertained by placing individ- 
ual pieces in a tensiometer. The 
weakest broke only under a pull 
of 80 pounds and one resisted a 
pull up to 132 pounds. The vol- 
ume of 50 feet of four-mm rhi- 
zomes was 11.7 cubic inches. 
Thus, each square foot of the 
tall-grass sod, whether bluestem 
or switchgrass, has ample space 
for food storage. This is reflected 
in their very rapid growth in 
spring. 

Prairie cordgrass 

Prairie cordgrass (Spurt&a 
pectin&a) occupies soil too wet 
and too poorly aerated for the 
development of big bluestem and 
switchgrass. It is a coarse grass, 
often six to eight feet tall. The 
stiff woody stems are sometimes 
ten mm in diameter but so 
widely spaced that they rarely 
occupy more than one to three 
percent of the soil surface. It for- 
merly clothed thousands of acres 
of low, wet prairie land. Beneath 
mature plants the soil to a depth 
of six to ten inches contains a 
mat of coarse, woody, very much 
branched rhizomes four to eight 
mm in diameter. When young 
they are sheathed with hard, 
pointed scales which are some- 
what longer than the internodes. 
They vary greatly in length, 
some exceeding two feet and 
many extend outward from their 
origin two to 18 inches before 
giving rise to erect shoots. The 
long sharp-pointed buds are well 
adapted to penetrate heavy, com- 
pact soil. 

Some rhizomes occur 0.5 to one 
inch below the soil surface. The 

elaborate network occupies 
mostly the upper four inches of 
soil, but some rhizomes may 
occur at depths of eight to ten 
inches, especially where soil is 
being deposited. Lateral 
branches originate at various 
depths from vertically placed 
rhizomes. Two to several centers 
of stem bases may be connected 
by a single rhizome. The golden 
yellow underground stems are 
woody but flexible, of very great 
tensile strength, and intricately 
intertwined to form an open 
framework. Individual rhizomes 
resisted a pull of 46 to 55 pounds 
before breaking. The network of 
rhizomes is further anchored by 
the coarse, deep wire-like roots 
which arise at stem bases and 
all along the underground stems. 

The rhizomes of a sample from 
a young stand occurred at the 
rate of 80 feet per square foot 
and weighed 124 grams. Those 
from a long-established stand 
had a length of 87 feet per unit 
area and a weight of 208 grams. 
A third from another wet prairie 
had 74 feet of rhizomes and a 
weight of 123 grams. Compared 
with big bluestem the rhizomes 
are much coarser and the net- 
work more open but greater in 
the vertical dimension. 

Other Lowland Grasses 
The coarse, woody mass of rhi- 

zomes and roots of eastern gama 
grass (Tripsacum dacty Zoides) in 
the surface four inches of soil 
had twice the weight of that of 
prairie cordgrass and three times 
that of big bluestem taken from 
the same prairie. Reed canary 
grass (Phalaris arundinacea), 
like most species from moist low- 
lands, renews growth in early 
spring from a vast system of 
coarse, deep, tangled rhizomes. 
Redtop (Agrostis alba) and salt- 
grass (Distichlis spicata) have 
extensive systems of rhizomes. 
But all of these and indeed all 
combined are of minor impor- 
tance when compared with the 
four great dominants described. 

Little bluesfern 
On uplands the dominant spe- 

cies of grasses occur mostly in 
the bunch form. Usually rhi- 
zomes are absent or not well de- 
veloped. A sample of the com- 
pact base of a bunch of little 
bluestem, (Andropogon scopar- 
ius) occurring entirely in the 
surface four inches of soil, is 
shown in Figure 5. It is three 
vears old and the sod is about 
Y 

eight by ten inches in size. The 
numerous stem bases, the very 
short rhizomes, and the hundreds 
of roots are securely knit to- 
gether into a somewhat circular 
clump. Although the individual 

FIGURE 5. (Above) Sod formed by little 
bluestem includes stem bases and roots. 
(Below) Upturned sod showing abun- 
dance of fine roots. 

rhizomes rarely exceed an inch 
in length, their total length ac- 
cording to Mueller (1941) may 
be 300 feet per square meter. 
This block of sod could not be 
broken or pulled apart by hand, 
and it was cut only with a sharp 
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spade. It was securely held in 
place by a deep network of 
strong roots. Since, according to 
Pavlychenko (1942), a single 
root has a tensile strength of 
about 2.5 pounds, one can only 
marvel at the wonderful way in 
which the plant is anchored to 
the soil. 

In good stands 15 to 20 bunches 
often occur in an area of ten 
square feet with diameters near 
the soil surface of four to eight 
inches. The spread of the foliage, 
however, is two to three times 
that of the basal area. In deep 
soils on the drier hillsides this 
species alone frequently fur- 
nishes 90 percent of the vegeta- 
tion and in drier soils as a whole, 
including nearly level uplands, 
55 to 75 percent. The average 
basal cover in the little bluestem 
community rarely exceeds 25 
percent and is usually about 15. 
Little bluestem alone, on an 
average, occupies ten percent of 
the soil surface. 

It has long been believed that 
the earlier death in drought of 
little bluestem compared with 
big bluestem was due to the 
deeper root system of the tall 
grass. This usually exceeds that 
of the mid grass by one to two 
feet. Further study indicates, 
however, that accumulated food 
supply in the sod, which is much 
greater in big bluestem, may 
also have been an important fac- 
tor in survival. 

The roots of bunch grasses ex- 
tending far outward from the 
base of the plant are so impor- 
tant in the formation of sod that 
they should be well understood. 
This habit is very similar in 
needlegrass (Stipa spartea), 
prairie dropseed (Sporobolus 
heterolepis) and others to that of 
little bluestem. 

In Figure 6, blocks of sod were 
taken to include the soil eight 
inches on all sides from the 
center of the bunch. The sod was 
then cut at a depth of exactly 
four inches. After long soaking 
in water the soil was washed 
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away, thus exposing the roots 
that extended outward on all 
sides of the bunches. The 
bunches varied in diameter from 
two inches (needlegrass) to 4.5 
inches (prairie dropseed). These 
roots were all in the 1.5 to four 
inch soil level. In washing, all 
other plant materials were sepa- 
rated from the roots and dis- 
carded. Roots arising from the 
vertical bases of buried stems 
spread outward in all directions, 
many crisscross under the bunch 
,and extend outward on the oppo- 
site side. Most of the roots, how- 
ever, grow more or less vertical- 
ly downward, but some from all 
of these grasses extend outward 
at least two feet in the upper 
four inches of soil (Weaver 
1958). 

A plot of little bluestem sod of 
about six square feet (35 x 25 
in.) is shown in Figure 7. The 
larger bunches are little blue- 
stem except one in the left back- 
ground which is Indian grass. 
Two small plants of needlegrass 
dre shown (central left) and two 

of Junegrass (Koeleria cristatu) 
in the background. Only the stem 
bases and roots occurring in the 
upper four inches of soil are 
shown. Thus, one to 1.5 inches of 
stem bases are found just below 
the soil surface. 

Surrounding the compact 
bunches of grass stems, with 
roots three to five feet deep in 
prairie soil, is a vast network of 
intermingled fibrous roots, each 
of great tensile strength, which 
hold the soil against erosion by 
wind and water. The content of 
the surface two inches of soil 
between the bunches, as regards 
amount of plant material, must 
also be considered. Numerous 
samples of the surface two 
inches of sod were taken be- 
tween the bunches. The inter- 
spaces selected were free from 
half -developed bunches or coarse 
forbs. The numerous blocks of 
sod were trimmed before soak- 
ing to exactly one square foot 
and two-inch depth. All debris 
and dead organic mulch was 
then removed and the plants 



inches of soil. 

clipped to the soil surface. The 
soil was then removed by wash- 
ing; the mats of roots and rhi- 
zomes were air dried and 
weighed. 

Species in the interbunch sod 
were numerous but the plants 
were small. Weight per square 
foot averaged 28 grams. This 
indicates that more than one 
ton per acre of plant material 
occurs between the bunches of 
dominant grasses of upland. 

The weight of the mass of 
roots and stem bases, after all 
soil was removed and the plant 
materials air dried, has been ob- 
tained from 16 prairies in west- 
ern Iowa, eastern Nebraska, and 
central Kansas. It was 3.15, 2.60 
and 2.34 tons per acre respec- 
tively, the amount decreasing 
westward somewhat in propor- 
tion to rainfall (Shively and 
Weaver, 1939). Thus, the main 
cause of the great stability of 
upland prairie soil is found in 
the solidly anchored bunch 
grasses and the interlocking of 
the surface tangle of their wire- 
like roots between the bunches. 
This is reinforced by roots and 
rhizomes of plants growing be- 
tween the bunches. Perusal of 
the preceding facts leads one to 
agree with Clements (1938) that 
“during the historical period, 
dust storms have come only from 
soils exposed by man in the 
course of settlement.” 
Other Grasses and Grass-like Plants 

Many grasses and sedges of 
uplands are provided with rhi- 

zomes. Scribner panicum (PcH& 
cum scribnerianum) a small per- 
ennial, occurs almost every- 
where in prairie and propagates 
by means of short rhizomes. 
Sideoats grama (Bouteloua cur- 
tipendula) produces scaly rhi- 
zomes two to five inches long. 
Kentucky bluegrass (Poa pra- 
tensis) is a constant but small 
component (about five percent) 
of prairie. Rhizomes are 0.5 to 
two mm. in diameter and some 
are five to 12 inches long. A 
single square foot of sod may 
contain 60 or more feet of rhi- 
zomes. Moreover, big bluestem 
commonly forms five to 20 per- 
cent of upland vegetation. 

Certain sedges range widely 
throughout upland prairie. Their 
rhizomes contribute consider- 
ably to soil stability. Penn sedge 
(Carex pennsylvanica) is the 
most widely spread and very 
locally may form half of the 
plant cover. Meads sedge 

(C. meadii) produces yellowish- 
brown, shallow rhizomes about 
five mm thick. They are long 
but not much branched and 
usually connect several plants. 
A single square foot of sod con- 
tained 102 feet of rhizomes. 

A most remarkable invasion 
by rhizomes was exhibited by 
western wheatgrass (Agropyron 
smithii) during the great 
drought of the thirties. It oc- 
curred only sparsely in true 
prairie but great losses sustained 
by the bluestems and other 
grasses and the bare areas thus 
produced made possible its en- 
ormous spread. It often became 
the most abundant grass to 
within 40 miles of the Missouri 
River. In addition to being a 
good seed-producer, large, more 
or less circular areas where 
other grasses were nearly dead 
indicated the excellent and rapid 
method of migrating by long, 
much-branched rhizomes (Fig- 
ure 8). The vitality of the rhi- 
zomes and their resistance to 
drought are remarkably great. 
The boundaries of spreading 
patches of wheatgrass were 
marked in many places and a 
yearly advance by rhizomes of 
nine to fourteen feet was as- 
certained. 

The long slender rhizomes 
are one to three mm in diameter, 
glistening white when young 
but straw-colored when mature. 
They vary in length from a few 
inches to five or more feet. A 

FIGURE 8. Invasion of western wheatgrass into big bluestem sod. The soil was washed 
away revealing the dead underground parts of the former dominant (black) and 
the shining white rhizomes of wheatgrass. 
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single plant may develop several 
rhizomes of great tensile 
strength. They are much 
branched into a coarse, tangled 
network, which with the stem 
bases and abundant tough roots 
form a sod between depths of 
1.5 and five inches. But in drift- 
ing, wind-blown soil they may 
be 12 inches deep, yet some 
shoots from them may reach the 
surface soil. The mass of rhi- 
zomes and roots in the sod of 
old stands is only about an inch 
thick. Total length of rhizomes 
per square foot in such stands 
was 84 feet. Wheatgrass is not 
a good competitor under normal 
true-prairie environment and is 
now about as rare as before the 
great drought. 

Summary 

Big bluestem produces great 
numbers of branched rhizomes, 
three to nine mm in diameter, 
compacted into dense mats about 
two inches thick at depths be- 
tween one and three inches. 
Their length per square foot of 
sod averaged 55 feet. Tensile 
strength was 55 to 64 pounds 
for individual rhizomes. Indian 
grass is similar to the preceding 
grass in total length of rhizomes 
and their position in the sod, but 
it is less efficient in spreading. 

Switchgrass has rhizomes 
three to seven mm thick and one 
to two feet long. It differs from 
big bluestem by forming an open 
framework two to five inches, 
but sometimes eight inches deep. 
A square foot of soil contains 
about 50 feet of much branched 
and interwoven rhizomes. A 
single rhizome exhibited a ten- 
sile strength of 80 to 132 pounds. 

Beneath mature plants of 
prairie cordgrass the soil to a 
depth of six to ten inches con- 
tains a mat of coarse, woody, 
much branched rhizomes four 
to eight mm thick. Lateral 
branches originate at various 
depths from vertically placed 
rhizomes. Some exceed two feet 
in length and lateral spreading 

is rapid. Compared with big 
bluestem the rhizomes are much 
coarser and the network much 
more open, but greater in the 
vertical dimension. Total length 
of rhizomes averaged 80 feet per 
square foot. On moist lowland 
rhizomes are common on many 
grasses, sedges and rushes. 

Of the rhizome networks of 
the four chief lowland grasses, 
that of big bluestem is the shal- 
lowest. That of Indian grass is 
very similar in the vertical di- 
mension. Switchgrass forms an 
open network with a depth of 
three to eight inches. Prairie 
cordgrass has a framework of 
variable thickness, ranging from 
two to eight inches. 

Rhizomes furnish abundant 
room for storage near the food 
factories above and they are 
close to the water and nutrient 
supplies around and beneath 
them. Fifty feet of rhizomes with 
an average diameter of four mm 
have a volume of 11.7 cubic 
inches. Above these food-storage 
reservoirs the tall coarse grasses 
rapidly develop shoots, followed 
by an enormous expanse of 
leaves. 

Dominants of uplands are 
mostly, but not all, bunch 
grasses. The most abundant of 
these is little bluestem. Its com- 
pact bases are closely com- 
pressed in the surface 1.5 to two 
inches of soil. Roots arise from 
the bases of buried stems and 
spread outward in all directions, 
thus binding the stems together 
and firmly anchoring the bunch. 
Roots spread laterally in great 
numbers to at least two feet in 
the surface four inches of soil. 
Numerous other plants, espe- 
cially other grasses, grow be- 
tween the large bunches and also 
occupy a part of the upper soil. 
Their roots and rhizomes furnish 
a considerable part of the 2.6 to 
3.15 tons of plant materials per 
acre in the upper four inches of 
soil-the bluestem sod. This is 
essentially true of bunches of 
prairie dropseed and needle- 

grass, which also maintain up- 
land communities. 
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The Micro-unit Forage Inventory Method1 
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Of all the measurements used 
in range research and range ad- 
ministration, none has been SO 
difficult and expensive to ob- 
tain and none so sorely needed 
for correct decision-making as 
weight of forage per acre. This 
paper describes a refined weight- 
estimate method used to deter- 
mine forage production and dis- 
appearance in pounds per acre 
on the Southern Plains Experi- 
mental Range near Woodward, 
Okla. The method was developed, 
tested, and modified from 1948 
to 1952. Since then, it has been 
the primary tool for evaluating 
forage response in all phases of 
range research at Woodward. 

In itself, the micro-unit forage 
inventory method offers only a 
few new techniques and prin- 
ciples. Primarily the method re- 
combines and modifies sampling 
techniques proposed and used 
by others, especially those of 
Pechanec and Pickford (1937). 
The recombination created a 
simple, rapid, precise, low-cost 
method to determine the elusive 
“pounds of each species per 
acre.” 

Description of Method 
The micro-unit method uses 

the objective principle of count- 
ing, or taking inventory of, esti- 
mated micro-units of range for- 
age by species within micro-plots. 
Definitions used in this article 
are: (1) micro-unit, an arbitrary 
small quantity of forage, usually 
10 grams (field weight), (2) 
micro-plot, a small quadrat 1.917 

- 
1 Cooperative investigation of the 

Crops Research Division, Agricul- 
tural Research Service, U. S. De- 
partment of Agriculture, and the 
Oklahoma Agricultural Experiment 
Station, Stillwater, Oklahoma. 

square feet in area, and (3) for- 
age, current-year growth of grass 
and forbs above juncture of stem 
and root. In brief, an examiner 
delimits a micro-plot and counts 
the number of whole and frac- 
tional micro-units of each spe- 
cies. 

Essence of the method is that 
the micro-unit to be estimated is 
physically present within an 
arm’s length, it can be seen and 
touched, and its weight can be 
checked by clipping and weigh- 
ing to the nearest gram within 
about 30 seconds. The time re- 
quired by a single examiner to 
delimit, estimate, and record one 
plot is usually 30 to 60 seconds. 
The only ability that must be 
developed is that of estimating 
a small weight unit of each spe- 
cies, and great accuracy can be 
developed rapidly by most will- 
ing technicians. 

The remainder of this descrip- 
tion is concerned with the simple 
but exacting details that will 
permit technicians to use the 
method without redeveloping re- 
liable detailed procedures. 

The Micro-unit and Estimate 

The micro-unit is estimated by 
a visual appraisal combined with 
the sense of touch. Factors to be 
taken into account when esti- 
mating a micro-unit include: (1) 
length, width, and thickness of 
leaves and stems; (2) inherent 
specific gravity of different spe- 
cies and phenotypes; (3) ratio of 
leaves to stems; (4) moisture 
content as reflected by turgidity, 
shape, and color; (5) presence of 
growth from previous years; and 
(6) degree and type of grazing 
by insects, rodents, wildlife, and 
livestock. 
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In short, a man learns to esti- 
mate, among other character- 
istics, the compressed basal di- 
ameter, compressed crown 
diameter, and compressed leaf 
length measurements shown to 
be highly correlated with weight 
by Hickey (1961). But man’s eye, 
hand, and mind can determine 
and take into account numerous 
factors which relate to weight 
that cannot be readily measured. 
Furthermore, the examiner con- 
cerns himself only with the mi- 
cro-unit, not the entire plant. 
Stated another way, an experi- 
enced estimator carries in his 
mind and constantly uses numer- 
ous “regression formulas” of the 
effect of many plant character- 
istics on weight. 

The learning process includes 
estimating, clipping, weighing, 
modifying the estimate, and re- 
weighing until the estimator be: 
comes experienced and expert 
with weights of range forage. 
On the sagebrush range type at 
Woodward, a man who knows 
the vegetation, but who has no 
previous weight-estimating ex- 
perience, can usually become 
proficient with two days of in- 
tensive practice. A man with 
previous experience can usually 
regain his micro-unit concepts 
in half a day. 

Micro-unit estimates are of ac- 
tual field weights which are con- 
verted later to air-dry or oven- 
dry values. During the training 
period, representative clippings 
of each major species are placed 
in moisture-tight plastic bags for 
determination of percent dry 
matter. If the survey lasts sev- 
eral weeks, moisture samples 
must be taken whenever a sig- 
nificant change occurs in plant 
moisture, usually at one- or two- 
week intervals. 

The Micro-ploi and Inventory 
After the micro-unit concept 

of each species is well estab- 
lished, a trainee delimits a mi- 
cro-plot with a small quadrat 
frame and becomes proficient in 
counting and recording the num- 
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Ssmbol Item Grams/Dlot 

0 Micro-unit (10 grams), or 
fraction of unit --- 

111 II* 

~,,I,\' - Blue grama 

*r--\ 
\.,./ Little bluestem 

: 
c-- 

\ IJ Side-oats grama 
21-d 

Total 

FIGURE 1. Method of counting tihole 

ber of micro-units (Figures 1 

40 

16 

3 --- 
59 

and fractional micro-units within a micro-plot. 

and 
2). Micro-plot totals can be 
checked by clipping. Training 
efficiency can be gained by hav- 
ing the men estimate each other’s 
quadrats. If additional practice 
is needed, the examiners can 
work in pairs for the first few 
hours of the actual survey. 

Size, shape, and delineation of 
plot are important factors which 
contribute to final accuracy of 
any survey method (Christidis, 
1931; Pechanec and Stewart, 
1940; Green et al., 1952; Brown, 
1954). However, Jolly (in Brown,, 
1954) stated, “Fortunately, size 
of unit is often much less critical 
than the experimenter imagines, 
and quite a large alteration in 
size of unit will sometimes pro- 
duce only a small effect on the 
final accuracy of his results (as- 
suming the total amount of sam- 
pled material to remain con- 
stant) .” Jolly also stated that for 
a given sampling method, more 
accurate results are usually ob- 
tained from a large number of 
small plots than from a small 
number of large ones. 

After much field study at 
Woodward, it became apparent 
that small plots which could be 
delineated rapidly, and with all 
portions close to the observer’s 
eye and hand, were absolutely 
essential for accuracy and speed. 
A dominant consideration affect- 
ing this decision was the mental 
fatigue associated with pro- 

longed periods of estimating and 
counting micro-units in larger 
plots. 

A rectangle with length about 
twice the width was selected as 
the best compromise on shape 
because (1) it could be delimited 
quickly and accurately, (2) it 
retained some advantage of a 
circle which has the least border- 
effect bias of all shapes, and (3) 
it had some linearity which in- 
creased sampling efficiency. In 
addition, the plot size was calcu- 
lated so that a constant of 50 
could be multiplied by grams per 
plot to give pounds per acre. 

Final measurements of the 
quadrat were 11.5 by 24.0 inches. 
The quadrat was constructed of 
1/d-inch milled steel rod, and all 
measurements were made from 
rod centers (Figure 3). Quadrats 
larger than those used at Wood- 
ward may be desirable where 
vegetation is sparse and smaller 
quadrats may be more efficient 
where vegetation is dense. 

One end of the quadrat was 
left open and the resultant points 
were sharpened so they could be 
pushed through the basal por- 
tions of plants at ground line. 
Time and effort are required to 
work the perimeter of a closed 
quadrat down to ground line, 
and errors frequently occur. The 

Fmn H 
(iiev.5-‘60) FORAGEINVEliTORY 

Southern Plains Experiassntal Range, Woodward, Oklahoma 
Pas. 19 ; Line 2 ; Type of Data: clipped eetimated 4 
Date: -7-1 , 194t. Examiner: J. 8. harks:~ChV~~- 

2 

3 It 2 21Gjg: 15 T 

4 38 T T 39 

25 14 4 21 
Total 

1 

FIGURE 2. Field data sheet for “grazed” areas showing species symbols and extent of field 
compilation. A similar sheet of a different color is used for “ungrazed” areas. 
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open end of the quadrat is 
“closed” with a pencil, or short 
rod, which is again pushed 
through the basal portion of the 
plants. Frequently, no plants 
are located across the open end 
and no marker is needed. 

Maintenance of Reliability 

Concept of micro-units is 
maintained during the survey by 
clipping about every tenth plot 
or by clipping micro-units from 
that plot. If vegetation on the 
plot to be clipped is sparse 
(three to five grams) the ex- 
aminer clips the next plot hav- 
ing more forage. If a quadrat 
falls on an area of extremely 
dense forage (80 to 200 grams) it 
is usually more accurate to clip 
the plot than to estimate it. The 
reason for this is explained later 
under the subheading “Nature 
of Variation Associated with Es- 
timates.” 

Several reasons exist for the 
estimator to continually check 
his micro-unit concept by clip- 
ping rather than to use a double- 
sampling technique (Wilm et al., 
1944). These include: (1) the time 
factor as shown under the sub- 
heading “ Tim e Comparisons”; 
(2) the need of having another 
examiner clip and weigh the 

plot, or the need of the examiner 
carrying unweighed sacks of 
clipped forage with him (to pre- 
vent introducing subconscious 
bias from the learning process); 
and (3) the necessity under sev- 
eral varied conditions of clipping 
sufficient plots to calculate valid 
correction constants. Then too, 
if a break of time were to occur 
during the inventory, the prob- 
lem of obtaining sufficient 
clipped samples to calculate cor- 
rection constants would be in- 
tensif ied. 

Measuring Production and 
Disappearance 

Forage production in pounds 
per acre can be measured on un- 
grazed areas with the micro- 
unit forage inventory method at 
any selected time by using an 
appropriate area-sampling sys- 
tem. Micro-plots can be com- 
pletely randomized, randomized 
in clusters, or mechanized along 
randomized stratum lines. All 
human bias must be eliminated 
when delimiting each micro-plot. 

In a grazed pasture, weight of 
forage is measured under cages 
to determine production. This 
is usually done at end of sum- 
mer. An equal number of micro- 
plots is then measured in the 

grazed portion of the pasture, 
and the difference between 
“grazed” and “ungrazed” yields 
is summerlong disappearance. 

Winter-for age disappearance 
due to livestock grazing is ob- 
tained by caging the summer 
“grazed” micro-plots during the 
winter and re-inventorying them 
in the spring for comparison 
with an inventory of micro-plots 
grazed during winter. Total 
winter disappearance, grazing 
plus attrition, is obtained by 
comparing yield of micro-plots 
grazed during winter with end- 
of-summer “ungrazed” yields. 

Monthly production and dis- 
appearance data are obtained by 
taking “grazed” and “ungrazed” 
measurements at monthly inter- 
vals. After the “ungrazed” 
micro-plot is inventoried, on 
May 31 for example, a “May- 
grazed” micro-plot is located, in- 
ventoried, and then caged with 
the cage from the “May-un- 
grazed” micro-plot. The “May- 
grazed” micro-plot becomes the 
“June-ungrazed” micro-plot 
when it is inventoried on 
June 30. Monthly production on 
the plot is obtained by subtrac- 
tion of the first-of-the-month 
measurement from the end-of- 
the-month measurement. 

Precision and time are gained 
by leaving the micro-plot quad- 
rat in place under the cage from 
one reading to the next. Hall 
(1959) showed that sampling 
error of growth measurements 
in forests was reduced 25 per- 
cent by remeasuring plots as 
compared with subtracting re- 
sults of successive inventories on 
different plots. 

Equipment 
The only precision equipment 

needed is a small gram scale. 
The scale used at Woodward is 
six inches long and 3/4 inch in 
diameter, is graduated in two- 
gram units, and has a capacity 
of 200 grams. Its weight is five 
ounces. It is a German-made 
scale labeled as “Feine Feder- 
waage, Tragkraft 200 gram,” and 
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FIGURE 4. Typical sand sagebrush range. Examiner is recording grams of a species within 
a micro-plot. 

was purchased from the Ox- 
wall Tool Co., Ltd., 133-10 32nd 
Avenue, Flushing 54, N. Y., at 
a cost of about $7.20.2 Inventory 
equipment needed includes: 
quadrat, shears, scale, field 
forms, clipboard, kraft sacks and 
rubber bands for weighing for- 
age, pencils, plastic sacks, cages, 
and anchoring pins. 

Testing the Method 

The micro-unit method was 
compared with clipping in three 
trials conducted on the Southern 
Plains Experimental Range. The 
experimental range is located on 
rolling, stabilized, sand dunes, 
and the predominant soil type is 
Pratt loamy fine sand. Annual 
precipitation averages 23 inches, 
but varies from ten to 43 inches. 

Native vegetation of the area 
is dominated by an overstory of 
sand sagebrush (Artemisia fili- 
folia Torr.) , with an average 
canopy cover of 38 percent. The 
understory of grasses and forbs 

aMention of specific instrument and 
manufacturer is for identification 
and does not imply any endorse- 
ment by the U. S. Department of 
Agriculture. 

produces an annual average of 
1,050 pounds of oven-dry forage 
per acre. Average forage produc- 
tion consists of 20 percent sand 
dropseed (Sporobolus cryptan- 
drus (Torr.) A. Gray) ; ten per- 
cent sand lovegrass (Eragrostis 
trichodes (Nutt.) Wood) ; six 
percent blue grama (Bouteloua 
grucilis (H.B.K.) Lag. ex 
Steud.) ; 16 percent little blue- 
stem (Andropogon scopurius 
Michx.) , sand bluestem (A. hullii 
Hack.), and switchgrass (Pun- 
icum virgutum L.) ; 31 percent 
other grasses; and 17 percent 
forbs (Figure 4). 

General procedure in the trials 
was to inventory a series of 
micro-plots by the micro-unit 
method. Afterwards, the plots 
were clipped. The quadrat 
frames were pinned in place to 
prevent movement. Examiners 
were range technicians well ac- 
quainted with the vegetation and 
the micro-unit method. Order of 
examining the plots was ar- 
ranged so that each man made 
an equal number of first, second, 
and third inspections of each plot 
to equalize “examiner disturb- 
ance.” 

Trial 1 was conducted in early 
winter on a one-acre area which 
was predominately blue grama. 
Three examiners estimated the 
forage weight of individual 
species in 75 micro-plots, and 
then the vegetation was clipped 
and weighed in two categories, 
blue grama and “all other 
species.” Each examiner esti- 
mated and clipped a non-test 
plot located at every tenth 
micro-plot to maintain his micro- 
unit concepts. A time record 
was kept of all operations. 

Trial 2 was conducted in late 
summer on micro-plots located 
along a stratum line in a native 
pasture. Vegetation varied 
greatly since the stratum line 
crossed numerous vegetative 
sites. Two examiners estimated 
the forage on 25 plots on two 
successive days to measure the 
repeatability of the method. 
Both the estimates and clips 
were by individual species. Ex- 
aminers maintained reliability of 
micro-units by checking esti- 
mates outside the plots. 

A third trial was conducted 
and the data were included in 
the averages of all trials. For 
the sake of conciseness, specific 
results from trial 3 were not re- 
ported because they were similar 
to those of trials 1 and 2. Addi- 
tional data were obtained by 
calculation of statistics from pas- 
ture inventories made by the 
micro-unit method. 

All data were subjected to 
analysis of variance, calculation 
of correlation coefficients, and 
other statistical tests. Sampling 
error, as used herein, is the 
standard error of the mean ex- 
pressed as a percentage of the 
mean. Odds are 19: 1 that a mean 
with a five percent sampling 
error would be within ten per- 
cent of a complete inventory of 
the area. Number of plots re- 
quired (n) to sample the forage 
yield within plus or minus ten 
percent of the mean, with a five 
percent probability of error, was 
calculated by the formula: 
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t2s2tL2, where t is at five per- 
cent level for infinite degrees of 
freedom, s is standard deviation, 
and L is allowable error (here, 
ten percent of the mean). 

Results 
Estimated Versus Clipped Weights 

Forage weights estimated by 
the micro-unit method closely 
approached the average weights 
obtained by clipping. Estimated 
average weights varied with 
each examiner from two to 13 
percent less than the clip in 
trial 1 and from nine percent 
more to nine percent less than 
the clip in trial 2 (Table 1). In 
ten comparisons, estimated 
weights averaged eight percent 
less than clipped weights. Two 
reasons for these conservative- 
type estimates are breakage of 
mature foliage associated with 
repeated “examiner disturbance” 
and the tendency of examiners 
to underestimate highiproducing 
plots, as discussed in more de- 
tail under the subheading “Na- 
ture of Variation Associated with 
Estimates.” 

Estimated weights on individ- 
ual micro-plots were highly cor- 
related with clipped weights. 
Correlation coefficient of esti- 
mated weights with clipped 
weights averaged 0.87 in the ten 
comparisons and ranged from 
0.74 to 0.96. 
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Differences Between Examiners and 
Days 

Differences between estimates 
of the same plot by individual 
examiners were relatively small. 
Eight comparisons of estimates 
showed an average difference 
between men of only seven per- 
cent with a range of one to 15 
percent. Average correlation be- 
tween estimates of examiners 
was 0.86, and the range was from 
0.81 to 0.92. 

Repeat estimates of plots by 
examiners on successive days 
showed technicians were highly 
consistent in their ability to es- 
timate forage weights. Second- 
day estimates were about 100 
pounds per acre, or two grams 
per plot, lower than first day es- 
timates (Table 1). Repeat esti- 
mates were expected to be 
slightly lower than first-day es- 
timates since handling mature 
vegetation to estimate its weight 
by the sense of touch as well as 
sight causes slight breakage and 
loss. However, first- and second- 
day estimates were highly cor- 
related, 0.91, in three compari- 
sons. 

Time Comparisons 
The micro-unit method was 

approximately four times as fast 
as the clip method in trial 1. 
Average time required to esti- 
mate the forage in a micro-plot 
was 34 seconds when travel time 

between plots spaced 15 feet 
apart was included. An average 
of 59 seconds per micro-plot was 
required when one plot in ten 
was checked by clipping. 

Four minutes and ten seconds 
was required to clip and weigh 
the forage in a micro-plot and to 
travel to the next plot. Clipping 
and weighing each individual 
species would have increased the 
time requirement. 

In grazed pastures, about two 
minutes were required to esti- 
mate a micro-plot. Much of this 
time was used to move cages and 
to travel between plots. Inven- 
tory time was also influenced by 
number of species, degree of spe- 
cies intermixture, quantity of 
forage present, and number of 
micro-plots read per cage. 

Number of Plots Required 
Number of plots required to 

sample within ten percent of the 
mean was calculated from actual 
forage inventory data of two dif- 
ferent pastures at Woodward, 
one relatively uniform and one 
highly variable. In a high-rain- 
fall year, 1961, a valid estimate 
of yield on a 25-acre seeded blue 
grama pasture required 28 mi- 
cro-plots. In the same year on 
25 acres of sand sage rangeland, 
a valid estimate required 193 
plots. In a year of low forage 
production, 1956, 36 and 73 plots 
were required to sample the blue 

Table 1. Comparison of clipped and estimated (micro-unit method) forage weights and their sampling statistics 

Trial 1, 75 micro-plots Trial 2,25 micro-plots A 
Micro-unit method Micro-unit method 

Clip Man Man Man Clip Man A Man B 
Item method A B C method 1st day 2ndday 1st day 2ndday 

Forage weight, lb./acre1 1768= 1650b 1534c 1740= 1386ab 1386= 1246b 1492= 1382= 
Standard lb./acre error, 62 56 50 52 123 120 102 130 108 
Sampling error of mean, % 3.5 3.4 3.3 3.0 9.0 8.7 8.2 8.7 7.8 
Coeff. of variation, % 31 29 28 26 45 43 41 44 39 
Plots needed (n) 36 33 30 26 77 72 65 73 58 
Difference from clip, % --._ -7 -13 -2 .___ 1 -9 9 1 
Correlation coeff.2 ___. .86 .74 .81 ____ .87 -88 .96 .87 

1 Field weight. Comparable means with different letters are significantly different at the five percent level by the 
Duncan multiple range test. 

2Correlation coefficient of estimated and clipped yields; all are significant at the one percent level, 
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Table 2. Number of cages (n) required for a valid estimate of fofal perennial 
grass yield in relation fo number of contiguous micro-plots under a 
cage, fo uniformity of vegetation, to level of production. and fo size of 
pasture1 

Pasture kind and Average Cages required when number of 
size and level yield contiguous micro-plots per cage is2 

of production pounds/acre 1 2 3 4 

Blue grama, wtiform vegetation: 

Low production, 1956: 
12 acres 477 29 .__. . . . . . . . . 
25 acres 565 36 .._. . . . . .._. 

High production, 1961: 
1 acre 1600 14 11 8 . . . . 

12 acres 1494 27 18 10 . . . . 
25 acres 1440 28 20 17 . . . . 

Native sand-sage, variable vegetation: 

Low production, 1956: 
25 acres 744 73 59 40 34 
50 acres 740 80 67 50 38 

160 acres 762 87 56 37 38 
High production, 1961: 

1 acre 2802 176 . . . . . . . . . . . . 
25 acres 2948 193 . . . . . . . . . . . . 
50 acres 2658 247 . . . . . . . . . . . . 

160 acres 2844 233 140 123 95 
IValid in this instance implies a 95 percent probability of being within 10 
percent of the population mean. Yields are field weights measured in fall. 

2Adjacent plots 1.917 square feet in size were combined to alter size of 
sample plot. Estimation of individual plots larger than 1.917 square feet 
is extremely tiring and soon becomes inaccurate. 

grama pasture and the native 
range, respectively (Table 2). 

Number of plots required for a 
valid estimate of yield was not 
directly proportioned to size of 
pasture or area. For instance, a 
valid estimate of yield in 1961 
on a one-acre area of the seeded 
blue grama pasture required 14 
plots; a la-acre area of the same 
pasture required 27 plots; and 
the entire 2%acre pasture re- 
quired 28 plots (Table 2) . Kling- 
man et al. (1943) also found that 
nearly as many plots were re- 
quired on small as on large areas. 

Number of plots required to 
sample production of an indi- 
vidual native range species with- 
in ten percent of its mean was 
many times that required to 
sample total forage. In a native 
pasture in which 240 quadrats 
were sufficient to sample total 
forage within ten percent of the 
mean, the number required to 
sample sand dropseed was 769, 
sand lovegrass 2,104, and blue 

grama 7,606. Other investigators 
also found that large numbers of 
plots were required to secure 
low sampling errors for individ- 
ual species (Harris, 1951; Pech- 
anec and Stewart, 1941). 

Cage requirements per pasture 
were materially reduced when 
more than one micro-plot was 
read per cage. Cage numbers 
were reduced about 30 percent 
by reading two plots per cage, 
about 50 percent by reading 
three, but only 57 percent by 
reading four (Table 2) . 

Nature of Variation Associated with 
Estimates 

In ten comparisons, estimated 
yields were eight percent smaller 
than clipped yields. Also, esti- 
mated yields varied less than 
clipped yields. There are at least 
three reasons for these discrep- 
ancies. 

One reason is examiners tend 
to cluster yield estimates about 
the mean (Pechanec and Pick- 
ford, 1937). In the ten compari- 

sons, coefficients of variation 
were 46 percent for clipped 
yields and only 41 percent for 
estimated yields. Clustering 
lowers the mean because a given 
percentage error multiplied by 
low yields influences the mean 
less than the same percentage 
error multiplied by high yields. 

A second reason is that ex- 
aminers overestimated low-yield- 
ing plots by only about eight 
percent, and they underestimated 
high-yielding plots by about 16 
percent. This discrepancy in ac- 
curacy of estimates is also shown 
by a correlation coefficient of 
0.70 for estimated and clipped 
yields of high yielding plots and 
0.82 for low-yielding plots (Table 
3). 

A third and minor source of 
error in estimating was the ten- 
dency of examiners to overlook 
small plants. This tendency be- 
came greater as size of plot in- 
creased. 

Discussion 
The prime consideration of an 

inventory method is its accuracy, 
and the micro-unit method 
proved acceptably accurate when 
compared with clipping in the 
tests at Woodward. Some other 
important advantages of the mi- 
cro-unit method are: estimates 
are based on a specific observa- 
tion of each plant, not on a gen- 
eralized view or concept of the 
mass; estimates can be rapidly 
verified by clipping; vegetation 
can be left in place for re-estima- 
tion later; growth from previous 
years can be eliminated; small 
plots permit economical caging; 
small plots which can be studied 
from one position increase speed 
and accuracy; and the small plots 
can be delimited rapidly and ac- 
curately with the open-end quad- 
rat frames. 

Disadvantages of the micro- 
unit method include: estimating 
skill must be developed; con- 
siderable mental concentration is 
required, and distracting or un- 
comfortable working conditions 
can cause errors; forage produc- 
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tion is usually underestimated 
slightly; rank , high-producing 
vegetation cannot be estimated 
as accurately as sparse vegeta- 
tion; and highly variable vege- 
tation requires relatively large 
numbers of small sampling plots 
because larger plots cannot be 
estimated accurately. A minor 
disadvantage is that individual 
examiners vary slightly in their 
ability to estimate. To overcome 
this, all members of a crew 
should inventory a proportionate 
share of each pasture or experi- 
mental treatment. 

a panacea, and it should be tested 
under local conditions before be- 
ing used extensively. There is 
still great need for a forage 
measurement technique that is 
completely objective and can be 
used by inexperienced exam- 
iners. Until such a method is de- 
veloped, the micro-unit method 
should have a place on many 
western ranges. 

Summary 

The reader should be fore- 
warned about the difference in 
precision of measuring forage 
production and forage disappear- 
ance. Forage disappearance 
when calculated as the differ- 
ence between grazed and un- 
grazed plots, is never measured 
as accurately as forage produc- 
tion, because variance of a dif- 
ference is greater than the vari- 
ance of either parent mean 
(Boyd, 1949). This is true 
whether yields are obtained with 
the micro-unit method or by 
clipping. The use of paired plots 
(Klingman et al., 1943) over- 
comes much of the disadvantage 
of the difference method for cal- 
culating disappearance. One mi- 
cro-plot is chosen by a mechani- 
cal or random method and then 
matched with a similar plot. One 
of the pair is selected at random 
as the ungrazed plot and the 
other becomes the grazed plot. 

The micro-unit forage inven- 
tory method was developed as a 
simple, rapid, low-cost technique 
to measure forage production 
and disappearance on rangeland 
at Woodward, Oklahoma. For- 
age yields are measured by using 
the objective principle of count- 
ing estimated micro-units of each 
species within micro-plots. A mi- 
cro-unit is an arbitrary small 
quantity of forage, usually ten 
grams, and a micro-plot is a 
small quadrat 1.917 sq. ft. in 
area. 

The micro-unit method is not 

The micro-unit is estimated by 
a visual appraisal combined with 
the sense of touch. Factors taken 
into account include: size of leaf 
and stem, leaf-stem ratio, mois- 
ture content, previous-year’s 
growth, utilization, and pheno- 
typic variations. Range tech- 
nicians can rapidly develop the 
necessary estimating ability. The 
estimated micro-unit can be 
checked quickly, usually within 
30 seconds, by clipping and 
weighing. The scale used is about 
the size of a fountain-pen. 

Table 3. Difference between and correlafion of clipped and esfimafed 
(micro-unit method) forage yields in relation fo quantify of forage per 
micro-plofl 

Clipped yields Difference of Correlation 
Weight class Weight/acre estimate from clip coefficient 

(Pounds) (Percent) 
Lowest 20 percent 825 8 .82 
and-low 20 percent 1190 2 ___. 
Middle 20 percent 1515 -7 .81 
and-high 20 percent 1935 -10 ____ 
Highest 20 percent 2545 -16 .70 

All plots 1602 -8 .87 

IYields from 155 micro-plots were grouped by weight class. Data are field 
weights measured in the fall. 

The rectangular quadrat frame 
selected to delimit a micro-plot 
in the sand sagevegetation meas- 
ured 11.5 by 24.0 inches. One end 
was left open to facilitate rapid 
and accurate placement. The 
dominant factor in selecting this 
small micro-plot was mental fa- 
tigue caused by estimating and 
counting micro-units in larger 
plots. 

Forage production and disap- 
pearance can be obtained with 
the micro-unit method on a 
monthly, seasonal, or yearly 
basis. This is done by using a 
standard area-sampling tech- 
nique and caged and uncaged 
plots. Cage numbers per pasture 
can be materially reduced by 
reading more than one micro- 
plot per cage. 

The micro-unit method was 
compared with clipping in three 
trials. Forage weights estimated 
by the micro-unit method aver- 
aged eight percent less than 
clipped weights, and varied from 
13 percent less to nine percent 
more. Estimated and clipped 
weights were highly correlated, 
0.87. Differences between yield 
estimates of the same plot by in- 
dividual examiners were slight, 
only about seven percent. First- 
and second-day estimates of mi- 
cro-plots by the same examiners 
were highly correlated, 0.91. 

Micro-plot yields were esti- 
mated in 34 seconds, whereas 
four minutes and ten seconds 
was required to clip each micro- 
plot. In grazed pastures, about 
two minutes was required to es- 
timate a micro-plot, move the 
cage, and travel to the next plot. 

Number of micro-plots re- 
quired for a valid estimate of 
yield varied directly with uni- 
formity of vegetation and only 
indirectly with area. A 12-acre 
area of seeded blue grama was 
adequately sampled with 27 plots 
and a 25-acre area with 28 plots. 
On 25-acre pastures of highly 
variable native range, from 73 to 
193 plots were required. 

A study of the differences be- 
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tween estimated and clipped 
yields showed that estimates 
were slightly smaller but less 
variable than clipped yields. 
Reasons for this were: exam- 
iners clustered their estimates 
about the mean; they underesti- 
mated high-yielding plots 16 per- 
cent while they overestimated 
low-yielding plots only eight 
percent; and they occasionally 
overlooked small plants. 

Important advantages of the 
micro-unit method include: ac- 
curate estimation of yields; use 
of estimates which can be 
quickly verified by clipping; and 
use of small plots which can be 
delimited rapidly, studied inti- 
mately from one position, and 
caged economically. The main 
disadvantage to those not famil- 
iar with estimating will be the 
initial development of estimating 
skill. 

The micro-unit method is not 
a panacea. Until a forage meas- 

urement technique is developed 
which is completely objective 
and which can be used by inex- 
perienced examiners, the micro- 
unit method should have a place 
on many western ranges. 
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The National Association of 
Soil and Water Conservation 
Districts, and each district super- 
visor, has a distinctive role in 
eventual multiple use manage- 
ment of the Nation’s native graz- 
ing resources. The immensity of 
that role, as related to land area 
and the Nation’s economy, is 
exemplified by these facts: graz- 
ing is the largest single use of 
land in the U.S.; grazing land 
covers half the Nation’s land 
area and three fourths of this is 
native range in the West and 
South; these lands furnish for- 
age for over half our beef cattle 
and three fourths our sheep for 
about six months each year and, 
in addition, provide for nine mil- 
lion big game animals; practi- 
cally all these lands have water- 

shed and recreation values in 
addition to grazing; about one- 
third of these lands are com- 
mercial and non-commercial 
woodlands from which wood 
products are, or potentially may 
.be, important. 

Soil conservation districts 
need not contain native grazing 
lands to be directly concerned 
with the range conservation pro- 
gram. Many districts in the 
West, composed entirely of ir- 
rigated farms, are strictly de- 
pendent upon watershed values 
of native grazing lands in other 
districts many miles distant. 
Water, the most critical of all 
natural resources, makes the 
watershed values of all grazing 
lands of prime importance to 
everyone, and particularly to 

city folks. 
Recreational values of grazing 

lands, too, are important and of 
concern to almost everyone. 
Grazing values of distant range- 
lands concern farmland districts 
because farmers commonly rely 
on rangelands for feeder live- 
stock through which they mar- 
ket a wide variety of farm prod- 
ucts. Red meat production from 
our grazing resource and a 
healthy range livestock industry 
definitely are essential to a 
sound national economy and are 
becoming more important as we 
experience population expansion 
and greater demands for these 
foods. Nearly all soil conserva- 
tion districts have a direct in- 
terest in the wise use of the 
native grazing resource. 

The N.A.C.D. through public 
land, watershed, research and 
other committees at state and 
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tween estimated and clipped 
yields showed that estimates 
were slightly smaller but less 
variable than clipped yields. 
Reasons for this were: exam- 
iners clustered their estimates 
about the mean; they underesti- 
mated high-yielding plots 16 per- 
cent while they overestimated 
low-yielding plots only eight 
percent; and they occasionally 
overlooked small plants. 

Important advantages of the 
micro-unit method include: ac- 
curate estimation of yields; use 
of estimates which can be 
quickly verified by clipping; and 
use of small plots which can be 
delimited rapidly, studied inti- 
mately from one position, and 
caged economically. The main 
disadvantage to those not famil- 
iar with estimating will be the 
initial development of estimating 
skill. 

The micro-unit method is not 
a panacea. Until a forage meas- 

urement technique is developed 
which is completely objective 
and which can be used by inex- 
perienced examiners, the micro- 
unit method should have a place 
on many western ranges. 
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ket a wide variety of farm prod- 
ucts. Red meat production from 
our grazing resource and a 
healthy range livestock industry 
definitely are essential to a 
sound national economy and are 
becoming more important as we 
experience population expansion 
and greater demands for these 
foods. Nearly all soil conserva- 
tion districts have a direct in- 
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national levels, has demonstrated 
awareness of the need for 
stepped-up conservation activi- 
ties on range lands. District 
supervisors and agencies have 
learned a good deal about the 
sound principles of a comprehen- 
sive and coordinated approach 
from the “pilot district” program 
of years ago. More recently, 
strong steps have been taken to 
intensify attention to range, in- 
dicating acknowledgment of sig- 
nificant changes which are tak- 
ing place. Almost explosively, 
camping, hunting, fishing, boat- 
ing, rock collecting, week-end 
ranching and other uses are be- 
coming sources of supplemental 
income from private grazing 
lands and are demanding uses of 
public grazing lands. There have 
been and probably will continue 
to be conflicts between such rec- 
reational interests and grazing, 
watersheds and wood produc- 
tion. Who is interested in these 
newly glamorized products from 
range lands ? Almost everyone 
of every age in the Nation. The 
whole populace seems to be get- 
ting into the show. People who 
never have and probably never 
will get out into the “wilds” 
dream of a vacation on which 
they can imitate the pioneers. 
With intense lobbying, these 
folks can become strongly biased 
voters favoring all kinds of un- 
sound proposals that seem to 
bring their dreams closer to re- 
ality. Range scientists and tech- 
nicians, the range livestock ,in- 
dustry, and dedicated groups 
such as the N.A.C.D. are squarely 
in the middle of a situation that 
is both complex and urgent. In- 
dividually and collectively, we 
need to help the general public 
learn the truly sound relation- 
ships that recreation, wildlife, 
watersheds, wood production 
and domestic grazing must have 
to each other in this era of mul- 
tiple use management. The need 
for general education about the 
range resource has never been 
greater. District supervisors 

throughout the Nation have an 
unusually fine opportunity to do 
this as they discuss conservation 
generally in their communities 
and develop district operation 
plans. 

The American Society of Range 
Management hasn’t been asleep 
on this matter of informing the 
genera1 public about our range 
resource, believe me. Quietly, 
and I’m proud to say, in an effec- 
tive manner, we have accom- 
plished much. Our major proj- 
ects are pointed toward obtain- 
ing a more equitable under- 
standing of the range resource 
and of the range livestock in- 
dustry within the Nation’s econo- 
my. Our educational efforts have 
been primarily with pre-college 
and college youths, teachers, ur- 
ban folks, other scientific organ- 
izations, groups representing 
other range uses, people from 
other countries, and our own 
scientists and ranchers. We are 
trying to expand the concept that 
the range resource can be im- 
proved and grazed perpetually 
by domestic stock and, at the 
same time, produce high quality 
watershed, wildlife, recreation 
and, where suitable, forest prod- 
ucts. Scientific range manage- 
ment stands on the premise that 
this can be done. 

To better understand our role 
in this mutual problem, let me 
briefly sketch what The Ameri- 
can Society of Range Manage- 
ment represents. It’s membership 
is composed of people represent- 
ing a variety of interests, all 
centered around grazing land 
management. Researchers, tech- 
nicians, administrators, bankers 
and business men, educators, stu- 
dents and ranchers naturally are 
interested in exchange of knowl- 
edge and the search for facts. 
Government agencies do not con- 
trol the Society nor any of its 
projects or activities. Democratic 
processes involving multiple 
judgment of all members are 
strictly employed. The Society 
strives to prevent unbiased eval- 

uation of facts for the pubhc’s 
consideration. We have a single 
stated object which we follow 
to the best of our ability: to 
foster advancement in the sci- 
ence and art of grazing land 
management. 

Ranchers make up over twenty 
percent of our membership and 
constitute the largest single-in- 
terest group in the Society. 
Ranchers regularly are elected 
to serve as officers at both the 
Section and Society levels. For 
example, two of fifteen presi- 
dents of the Society have been 
ranchers. In fifteen years, ten 
ranchers have served on the 
Board of Directors. One or more 
ranchers has been on the Board 
every year except two through- 
out the Society’s existence. Many 
of the rancher members are 
S.C.D. cooperators. 

Rancher members make an ex- 
tremely important contribution 
to the Society’s program. In a 
professional way, they provide 
the practical experience and in- 
dustrial judgment essential for 
a balanced Society. The increas- 
ing number of ranchers and their 
retention of membership year 
after year indicates that the 
Range Society is functioning 
effectively as an unbiased pro- 
fessional organization. 

It is of interest to note that the 
heads of three Federal agencies 
which deal with range manage- 
ment are members of the Ameri- 
can Society of Range Manage- 
ment; Karl Landstrom of Bureau 
Land Management, Don Williams 
of Soil Conservation Service, and 
Ed Cliff of the Forest Service. 
Cliff is a Charter member. 

Our objectives as far as range 
management is concerned, seem 
to dovetail perfectly. Soil con- 
servation districts and the 
American Society of Range Man- 
agement have much in common. 

As we move toward this new 
horizon in soil, water and plant 
conservation with the intention 
of elevating our native grazing 
lands to a more equitable status 



within the national conservation 
and development program, dis- 
trict supervisors surely will en- 
counter certain aspects of range 
conservation that influence pro- 
gram progress and effectiveness. 
I have selected several of these 
aspects to sketch briefly because 
these seem to have retarded con- 
servation of rangelands gener- 
ally. Please note that some of 
these aspects will involve prob- 
lems that cannot be resolved by 
range science alone. They are the 
kind of problems on which the 
help of ranchers and S.C.D. 
leaders is needed, nation-wide. 

Economics 

First, consider the economic 
values involved. Severe climatic 
and soil conditions typify much 
of the Nation’s range area. It is 
poor land generally, from an ag- 
ricultural viewpoint. Cost-bene- 
fit ratios for investments in 
range improvements and range 
management seem to be rela- 
tively low; however, they really 
are rather favorable. Amortiza- 
tion of range investments at a 
reasonable interest rate gener- 
ally requires more time than do 
cropland investments. Federal 
cost-sharing and, in some in- 
stances, long-term financing has 
helped ease this situation. The 
average range livestock rancher, 
however, is forced by today’s 
economic pressures t 0 place a 
rather low priority on range 
projects and delay them so long 
as he has farmland projects 
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preciation of the real economic 
value and practical usage of 
grazing lands and watersheds. 

Innumerable ranchers 
throughout the Nation’s range 
area will attest the fact that 
range conservation is economi- 
cally sound, provided it is ap- 
plied scientifically and practi- 
cally. There are some areas, of 
course, in which Nature always 
seems to be totally adverse to 
man’s efforts. 

In today’s economic evalua- 
tion, we need to sharpen our 
thinking on how to assess the 
value of the forage from range- 
land, particularly under multiple 
use management where grazing 
is only one use of the land. The 
crop from grazing lands gener- 
ally is considered to be the ani- 
mal products that are derived 
from the forage. Pounds of ani- 
mal gain is used to express rela- 
tive economic yields from range. 
Certainly, one important payoff 
to range development and con- 
servation is increased quantity 
and quality of animal products. 
The program either measures up 
in this manner or ranchers won’t 
buy it, nor could they afford it. 
Basically, however, this concept 
involves a faulty technique when 
it comes to studying the value 
of the range crop itself. There 
is a variable manufacturing proc- 
ess - the animal - involved be- 
tween the forage produced by 
the land and the animal product 
sold. The animal is not merely 

which pay off greater, or at least a means of harvesting the range 
faster. 

Economics come in for early 
consideration in sound range 
management a n d development 
and we ask “Are the needed 
practices and measures worth 
the chips?” Some of our neigh- 
bors, after driving through the 
West, probably wouldn’t think 
they are. They often comment 
on the extensive “worthless 
wasteland” they have driven 
through. Such comments indi- 
cate that these folks-the gen- 
eral public-have very little ap- 

crop, such as a combine would be 
with a grain crop. There can be 
more inherent difference, for 
example, between two beef 
steers and their efficiency on the 
range than there is between two 
levels of range management. In 
addition to inherent differences 
between animals, we know rela- 
tively little about how such fac- 
tors as temperature, wind, sun- 
shine, flies, ticks, water distribu- 
tion, topography, range sites, and 
even individual range riders, 
singly and in combination, in- 

181 

fluence the performance of ani- 
mals from season to season and 
year to year within the same 
pasture. On the other hand, we 
are learning a great deal about 
the influence of range condition, 
climate, range site and soil on 
the production of range forage. 
Without detracting from the 
study of animal products as an 
economic factor, we need to 
focus more economic attention 
on the forage and the land in 
order to better understand how 
to measure the value of range- 
land production. 

The need for bringing the land 
itself into the picture more 
strongly is emphasized where 
both wood products and grazing 
constitute the main marketable 
crops, and watershed, wildlife 
and recreation values also exist. 
Progress toward solving this eco- 
nomic puzzler will result if we 
remember that the value of the 
forage must be assessed, because 
it is the crop produced by the 
land to which conservation 
measures are applied. 

Inafienfion fo the Resource 

Range as a resource and range 
management as a profession gen- 
erally have been treated as after- 
thoughts in agriculture or farm- 
ing, or merely as phases of for- 
estry. In some instances, Fed- 
eral, State and County agencies 
have subordinated the native 
grazing resource to a very minor 
role, even actual abuse. Some of 
this is still going on. The concen- 
trated attention of some ranchers 
to scientific animal nutrition, 
livestock breeding, farm crops, 
marketing, transportation-all of 
which are vital to a successful 
ranch operation-but with little 
or no attention to scientific 
range management, has contrib- 
uted to this lowly status of the 
range resource. Many soil con- 
servation districts have pushed 
range development and conser- 
vation as a normal part of their 
balanced programs. Others, I’m 
sorry to say, have been terribly 
lop-sided in their over-emphasis 
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on farm crops, drainage, equip- 
ment work and so on, while neg- 
lecting the range resource which 
must be managed wisely in a 
stable local economy. 

If my home state, Oregon, is 
typical, and I think it is, the 
situation is improving tremen- 
dously. Oregon’s state soil con- 
servation committee and state 
association of soil conservation 
districts are focusing attention 
on the range phase of conserva- 
tion. This probably will influ- 
ence agencies as well as ranchers 
to sharpen their attitudes toward 
range conservation. I look for 
our districts to line out the vari- 
ous range programs so that all 
their traces are pulling, at least 
most of the time and in some- 
what the same direction. 

Land Ownership 
Land ownership has retarded 

the range conservation program, 
generally. Much of our native 
grazing resource, particularly in 
the West, occurs in a complicated 
ownership pattern. A variety of 
Federal, State and County lands, 
together with deeded and leased 
private lands, commonly consti- 
tute the year-long grazing re- 
sources of a ranching operation. 
As you know from your own ex- 
periences, the application of con- 
servation measures on one por- 
tion of a ranch or farm generally 
requires temporary adjustments 
in the management of other por- 
tions of the place. Such over-all 
analysis, instead of a disjointed 
approach, is one of the strongest 
factors of a conservation plan. 
Ranchers, wanting to carry out 
conservation on private land, 
haven’t been given an enthusias- 
tic reception, exactly, when they 
asked for temporary adjustments 
in their permitted use of public 
lands that were needed before 
they could proceed. As segments 
and instruments of the Nation’s 
total conservation effort, I think 
it is time that public agencies 
realistically support the effective 
coordination of conservation pro- 
grams on land in all types of 

ownership. We need to stop 
thinking and acting as if the 
rancher’s program was segre- 
gated in one basket and each of 
the various Federal, State and 
County programs were in sep- 
arate baskets. How can we ob- 
tain an adequate national con- 
servation program within a rea- 
sonable time and for a reason- 
able cost under such disjointed 
circumstances? 

Nafure 
The nature of the rangelands 

and range science itself is com- 
plex and has retarded range con- 
servation. Studying the secrets 
of range is unlike a test-tube 
science in which man can con- 
trol every situation perfectly. 
The plant-producing forces of 
Nature such as soil, rain, wind, 
snow, sunshine, temperature and 
time, coupled with a complex 
history of fire and grazing, some- 
times cause extreme variability 
on rangelands, even within an 
acre. One range pasture on a 
typical ranch in some areas of 
the West can represent more na- 
tural variation than exists in all 
the arable bottomlands of a 
whole river system. Further- 
more, these same forces vary in- 
dividually and collectively from 
season to season and year to year. 
This constantly changes the 
make-up, vigor and performance 
of the plant community. What 
we think of as a stable, high 
quality range crop is highly vari- 
able compared with a uniform 
farm crop. 

Range Workers 
Procedures for revealing sci- 

entific facts about the native 
range, as well as learning how to 
apply them to the land practi- 
cally, are slow processes. They 
need to be studied and tested 
over a period of years in order 
to account for Nature’s variables. 
The present lack of range scien- 
tists and technicians who actu- 
ally work toward this end has 
seriously retarded the advance- 
ment of range science as com- 
pared to other biological fields. 

N.A.C.D.‘s current “grass-roots” 
appraisal of the eleven western 
public-range states certainly will 
focus attention on range conser- 
vation throughout the West. Pro- 
visions should be made now to 
keep range science and technol- 
ogy abreast or out in front of 
this expanding program, if at 
all possible. Being unable to 
move ahead because of financial 
difficulties can be irritating. Not 
knowing what to do, however, is 
much more serious and causes 
waste of conservation funds, ef- 
fort and time. In conjunction 
with any “grass-roots” appraisal, 
I hope agencies will see fit to in- 
tensify their contributions to 
range science and technology by 
re-assigning some competent, 
range-trained people who now 
concentrate on land adjudica- 
tion, timber sales and work unit 
conservationist duties. 

We have very much to learn 
about range science and its ap- 
plication. At the same time, we 
must realize that there is avail- 
able a great wealth of practical 
range. management know-how, 
based upon range and related 
sciences, which isn’t yet being 
put into use generally by range 
livestock producers. 
Piece-meal Practice Application 

Range conservation is not 
merely fence building or water 
development, brush spraying or 
range seeding any more than 
land leveling alone constitutes 
a sound conservation program on 
farmland. Piece-meal installa- 
tion of such range improve- 
ments, without dovetailing them 
into an over-all plan and without 
scientific range management, can 
be more detrimental than bene- 
ficial. Unfortunately, some 
agency programs and personnel 
have functioned in a manner 
which encouraged piece-meal ap- 
plication of practices. Scientific 
range management and over-all 
planning have been ignored. 
Consequently, the Nation has not 
attained as much effective con- 
servation on native grazing lands 



NATIVE RANGE 183 

as all the reports of practices ap- 
plied and dollars expended might 
indicate. 

Grazing Tenure 
Insecurity of grazing tenure 

on public lands certainly must 
be noted as a major factor which 
has seriously deterred over-all 
range development and conser- 
vation throughout the West. Put- 
ting range conservation into 
practice requires investments of 
time and money, and changes in 
operating procedures, all of 
which can impose temporary 
hardships on the rancher. These 
investments are motivated pri- 
marily by the anticipation of eco- 
nomic gain or of a more stable 
enterprise. It is also known from 
experience that Government 
personnel and funds alone will 
not achieve a sound conservation 
program. The practical experi- 
ence and full collaboration of the 
rancher is absolutely necessary. 
These facts, proven by years of 
experience on private lands in 
soil conservation districts, apply 
equally as well on public lands. 

Effective and efficient conser- 
vation and development of our 
public range lands would be ex- 
pedited markedly by an increase 
of the ranchers’ role in those 
programs. Reasonable, economi- 
cally sound benefits, including 
stability of grazing tenure, ac- 
cruing to the ranch operation in 
return for the rancher’s contri- 
bution on public lands, are 
proven motivations for accom- 
plishing this desirable speed-up 
and economy of conservation. In 
order to put into effect a stable, 
practical comprehensive range 
conservation and development 
program, economically in line 
with the value of the resource, 
the whole Nation needs to rely 
heavily upon our range livestock 
ranchers. They are living right 
out on the land and personally 
helping to work out practical ap- 
plication of scientific range man- 
agement-today, tomorrow and 
always-rain or shine, just as 
they are on private lands. It 

would be ridiculous to try to get 
this gigantic job done solely with 
government funds and personnel. 
Neither can we expect timely 
success nor program stability if 
we place too much emphasis and 
authority on range practices 
which tie only periodically to 
conservation programs, and then 
mainly during nice tourist 
weather or hunting seasons. The 
whole philosophy of range man- 
agement needs to be changed 
from outmoded regulation to 
modern improvement; from seg- 
regated programs to teamwork. 
We will then be amazed at how 
much true conservation will be 
achieved by both the public and 
private conservation-dollar. 

The six major aspects briefly 
cited as having retarded today’s 
range conservation programs 
are: non-glamorous economic re- 
turns; general inattention to 
range science and the range re- 
source; complexities of Nature, 
land ownership and range stud- 
ies; lack of range workers; piece- 
meal application of practices; 
and unstable grazing tenure. 
Some might consider this frank 
summary of problems as a nega- 
tive approach. I do not. Opti- 
mum program improvement can 
be obtained only after ferreting 
out the major points needing at- 
tention and then concentrating 
on them first. Generally, these 
aspects of the range conserva- 
tion program will be found at 
the district, state and national 
levels. I hope an awareness of 
them strengthens the hand of 
leaders in the conservation 
movement and helps overcome 
their retarding effects. 

The complexity of this whole 
situation of people, land use, in- 
terests, and land ownership 
makes it mandatory that the 
over-all resources with which 
we have to work be understood. 
N.A.C.D.‘s “grass-roots inventory 
of conservation needs within the 
eleven western public-range 
states was an astute move. It 
will provide a basic resource in- 
ventory upon which an overall 

program of conservation and de- 
velopment can be planned. It is 
probably one of the most impor- 
tant steps in natural resource 
management that has ever been 
taken because it encompasses all 
lands. Arizona has completed its 
inventory. Oregon isn’t far be- 
hind. Other state associations 
surely realize the beneficial im- 
pact of this basic information on 
future progress and are dili- 
gently developing their apprais- 
als. 

Real teamwork in the years 
ahead will be required if this 
immense range conservation job 
is to be accomplished. We have 
made much good progress in 
range conservation. There is 
still a longer road ahead. The 
American Society of Range Man- 
agement can assist with the 
range conservation program, lo- 
cally, state-wise and nationally 
and will contribute in special 
ways if given an opportunity. 

It has been a distinct privilege 
for me to meet with you folks- 
our Nation’s agricultural leaders 
-and to appear on your pro- 
gram. I can assure you it is the 
highlight of my term as presi- 
dent of The American Society of 
Range Management. 

One of your officers-George 
Weaver-a Charter and Life 
member of The ASRM, will rep- 
resent N.A.C.D. on our national 
program in Rapid City. Our an- 
nual conventions are held in the 
various regions of the range 
country. Next year we meet in 
Wichita, then in Las Vegas. Our 
programs provide fine opportun- 
ities for N.A.C.D. to tell ranch 
folks and range scientists about 
soil conservation districts. We 
would sincerely appreciate hav- 
ing a representative of N.A.C.D. 
on our national program each 
year. 

In closing, I would point out 
that the National Association of 
Soil and Water Conservation 
Districts can, if it desires to do 
so, play THE leading role in re- 
solving wise multiple use man- 
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agement of the Nation’s grazing lie in its “pilot-district” experi- gram is being obtained. I wish 
resources, both public and pri- ence. Basic resource inventory each and all of you a great deal 
vate. The know-how and philos- information essential for plan- of success in this phase of the 
ophy of a coordinated approach ning a sound comprehensive pro- conservation program. 

A Proposed Method of Determining Cattle 
Numbers in Range Experiments 

ELBERT I-I. REID, JACOB L. KOVNER, AND 
S. CLARK MARTIN 
Range Conservationist, Mathematical Statistician, and 
Range Conservationist, respectively, Rocky Mountain 
Forest and Range Experiment Station,1 Fort Collins, 
Colorado. 

In range grazing studies hav- 
ing a prescribed degree of utili- 
zation as part of a treatment, it is 
necessary to estimate the num- 
ber of animals to be placed on 
each experimental pasture. Sev- 
eral experiments at the Rocky 
Mountain Forest and Range Ex- 
periment Station have shown 
consistent relationships between 
the number of animals grazed, 
the amount of herbage produced, 
and the utilization at the end of 
the grazing period. This rela- 
tionship can be used as a guide 
for stocking experimental pas- 
tures. 

A general formula that has 
shown promise at several loca- 
tions for developing a mathe- 
matical relationship is shown as 
formula 1 (Figure 1). In formula 
1, U is the observed percent utili- 
zation of the principal forage 
species or class at the end of 
the grazing period, P is the pro- 
duction in pounds per acre of the 
principal forage species or class, 
and S is the stocking during the 
period expressed as acres per 
animal unit. The a, bl, and bz 
are constants derived in compu- 
tation of the multiple regression. 

IForest Service, U. S. Department of 
Agriculture, with headquarters at 
Fort Collins, Colorado, in coopera- 
tion with Colorado State University. 
Mr. Martin is stationed at Tucson, 
-Arizona, in cooperation with the 
University of Arizona. 

This formula, or variations of 
it, has given high multiple corre- 
lation coefficients in several 
grazing studies in which the 
method was tested. 

At Cebolla Mesa, in northern 
New Mexico, seven years of data 
from small seeded pastures of 
crested wheatgrass gave multiple 
correlation coefficients of 0.97, 
0.98 or 0.99 for each of three 
study pastures, and for all pas- 
tures combined. 

Cebolla Mesa is an example of 
the simplest use of the formula. 
The areas grazed were all small, 
contained only one principal for- 
age species, and distribution 
problems were at a minimum. If 
the relationships existed, good 
ones would be expected, and 
were found. 

In Colorado, on high-altitude 
summer range on Black Mesa, 
four years of data were collected 
on six experimental pastures 
that ranged from 110 to 394 acres. 
Multiple correlation coefficients 
of 0.97 or higher were obtained 
for all pastures. Here the formu- 
la was applied to the production 
and utilization of Idaho fescue 
alone, the principal forage spe- 
cies, although many species made 
up the forage. Stocking was 
based on the area of open grass- 
land within the pasture. The 
aspen, which received light use, 
and the dense spruce forests did 
not enter into the computation. 

Black Mesa was a somewhat 

more complicated situation than 
Cebolla Mesa for several reasons: 
the pastures were larger; a varie- 
ty of species made up the forage, 
but only one was used in the pro- 
duction and utilization estimates; 
distribution problems were pres- 
ent; and not all the area in each 
pasture was used by the cattle. 
The grazing was closely con- 
trolled, however, and production 
and utilization were intensively 
sampled. Good relationships 
were obtained. 

Data from the Jornada Ex- 
perimental Range near Las 
Cruces, New Mexico, were used 
to study the possibility of such 
relationships being developed on 
larger ranges where sampling 
of production and utilization was 
on a more extensive basis. Fif- 
teen years of data from six 
ranges (1,780 to 83,960 acres) 
gave multiple correlation coeffi- 
cients exceeding 0.94, when utili- 
zation and production data for 
black grama alone were used in 
formula 1 and the acreage per 
animal-unit month was limited 
to the black grama type. Similar- 
ly good correlations were ob- 
tained when production and uti- 
lization of all grasses were com- 
bined, and the tobosa type as 
well as black grama type were 
included. 

On the Santa Rita Experimen- 
tal Range in Arizona, a much 
more complicated utilization was 
studied. Seven years of data 
were used from 16 experimental 
pastures that varied in area from 
650 to 5,500 acres. Vegetation 
varied from grassland to shrub 
types. Grazing patterns within 
pastures were diverse and an- 
nual grasses, perennial grasses, 
forbs and shrubs provided the 
forage. Grazing time and meth- 
ods varied by pasture. In these 
studies, a related formula (for- 
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U=a+b$ +b,$ 
P 
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-=atb, 
U 

-$ t b, 7 (2) 

S _ b,AG t b,PG 
1 (3) --a 
U . 

For a general method of deriving confidence limits for S, let equation 2 be written in the standard form: 

Y = ?f t b, (X, - xl ) t ba (XL - xz) 

where 

Then the variance of the 

1 y =- Xl 
AG PG =- 

U S 
xa = s 

. 

regression 
A 

estimate, Y , is given by 

(4) 

Var (+) = s2 

[ 
1 + Cl1 (X, - jQ2 + 2Cl, (X, - Xl) (X, - x2, t Car (X2 - x2,2 n 1 \. “d 

where S2 = residual error of regression 4 ; n = number of observations; 

=11, Cl2 ( =22 = elements of the inverse matrix. 

Let Y be regarded as true value of G for given X, and X2. 

Then which has a “t” distribution with n-3 degrees of freedom. (5) 

Substituting for e and Var ( e ) in equation 5, and squaring leads to 

2 

- 57,) t b, (X2 - z2) - Y 1 [ = tasa 11 (XI - xl)t t 2c12 (X, - X,) (X, -x2, t caa (X, -X2)2 1 (6) 
Expanding and collecting terms gives 

* 

h”W - %I2 (1 -6311) + tb,bz(X, - &> (X2 -x2, (1 - g12) t bz2(X2 _ X2)2 (1 _ g22) 

t 2(Y- Y) br (X - El, t b2 (X2 - z2) 1 t (?r - Y)2 - 
t2 s2 = 0 

n 

where 
t2 s2 t2 s2 t2 s2 

g11 = - =I 1 g12 = - Cl2 
2 b, b2 

g22= 2 =22 

bl b2 

Substituting values of AG, PG, and Y in equations 6 or 7 leads to a quadratic equation in 1 or S2 ; 
9 

the solution giver the upper and lower confidence limits for S. 

(7) 

FIGURE 1. Formulae used to estimate stocking rates and the general method of deriving confidence limits of stocking estimates, an inde- 
pendent variable. 

mula 2, Figure 1) was used. In tory for estimating stocking rates pastures. The best correlations, 
formula 2, U is the percent utili- from estimates of herbage pro- with one exception, were ob- 
zation, S is stocking in animal duction on the range. Both low tained for pastures in which the 
units, AG is pounds of annual as well as high correlation rela- grasses were the dominant for- 
grass produced per acre, and PG tionships were found, which gave age plants and distribution of 
is pound of perennial grass pro- an opportunity to determine cattle was not changed from year 
duced per acre. causes of poor relationships. to year. The poorest relation- 

This functional form of the Multiple correlation coeffi- ships were found where the 
equation appeared to be satisfac- cients exceeded 0.9 for half the grasses used in the computations 
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Year’ 

Basic data In terms of 

Production equation 2 

Utilization s StoEking 
Annual grass Perennial grass I Y Xl XZ 

Percent Pounds per acre Animal units 

l954-55 62 83.7 272.7 20.1 0.0161 4.16 13.57 
1955-56 50 437.1 273.5 19.6 . 0200 22.30 13.95 
1956-57 71 53.4 143.0 17.3 . 0141 3.09 8.26 
1958-59 22 117.2 627.5 a. a .0454 13. 32 71.31 
1959-60 25 340.6 888.4 la. 5 . 0400 la. 41 48.02 
1960-61 63 10.1 233.2 19.4 .0159 .52 12.02 

Mean __ __ -- -- . 02 52 10.30 27.86 

‘Data for 1957-58 not included because of unusual spring growth that prevented an estimate of U. 
i 

The normal equations are given by: 404.2246 b, t 511.7684ba = 0. 345491 

511.7684b, t 3327.0857b2 = 1.743303 

which leads to the solutions: b, = 0.239 X lo- ‘; b, = 0.487 X 10q3 ; 

Cl 1 = 3.072 X 10-s ; cl2 = -0.473 X lO-3 ; Ctt = 0.373 x 1o-3 

Analysis of variance: Source of variation DF MS F - 
Due to regression 2 0.000466 93.20 (significant at 95 percent level) 
Residual 3 .000005 

Total 5 
R = 0.992 

From equation 4, the prediction equation for utilization is given by 

Y = 0.0252 t 0.000239( Xl - 10. 30) t 0.000487 (X, - 27.86) = 0.000239X1 t 0.000487X2 t 0.0091 

Assume production of AC = 150 pounds per acre; PC = 500 pounds per acre. TO obtain the estimated stocking 
rate for 40 percent utilization, substitution in equation 3 gives 

s = [ 0.239 (150) t 0.487 (500) ] 1O-3 
1 

= la animal units. . 
40 - 0.0091 

Equation 4 should be recomputed each year with additional data for that year and solved as above for stocking, S. 

To obtain confidence limits, when t.0 5 = 3.183 at three degrees of freedom, substitute in equation 6 to obtain 

811 = 2.722992 g12 = -0.205751 g22 = 0.079627 

1 - - g11 = - 1.722992 1 g12 = 1.205751 1 - g22 = 0.920373 

(0.239)’ ( F - 10.30)2 ( -1.722992)10-6 + 2(0.239)(0.487)(9 - 10.30) (F - 27.86) (1.205751) 1O-6 

t (0.487)2 (7 - 27.86)’ (0.920373) 1O-6 t 2 (0.0252 - $, [ 0.239 (9 - 10.30) t 0.487 (7 - 27.86) ] lo-’ 

t (0.0252 - $)’ - 
(3. 183) (0.5) (10”) = o 

6 

Combine similar terms in $ and $ and then cross multiply by S2 to obtain 

0.000224 S2 - 0.008273s t 0.073343 = 0 

The roots Sl = 15, s2 = 22, are the 95-percent confidence limits for the estimate of 18 animal units. 

FIGURE 2. Example of computations of stocking estimates and confidence limits. 
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were not the major forage or 
where the cattle management 
within the pasture was changed 
every year. For example, the 
poorest relationship (R = 0.32) 
was for a pasture used to test the 
influence of placing salt and salt- 
meal mixture at and away from 
water on a four-year rotation. 
Variations in placement and kind 
of mineral and feed supplements 
changed the pattern of use on the 
pasture each year. Intermediate 
relationships were found for pas- 
tures in the driest parts of the 
range where shrubs and winter 
annual forbs made up a consid- 
erable proportion of the forage. 
The shrubs and forbs were not 
measured when yearly forage 
production or utilization was 
determined. These observations 
lead to the conclusion that, to 
use the relationship, major for- 
age species must be measured 
and a consistent management 
program must be followed 
within a pasture. 

In practice, data from past 
years are used to compute an av- 
erage relationship among vari- 
ables for each pasture or range 
area. A separate relationship 
is needed for each area because 
each varies as to cattle distri- 
bution patterns, relative amounts 

of forage types, and relation of 
the forage species measured for 
production and utilization to all 
the forage produced and used 
within the pasture. The regres- 
sion equation can properly be 
used to estimate the percent util- 
ization that will result from a 
given yield and rate of stocking 
in the pasture because utilization 
(U) is the dependent variable 
subject to random error. 

An investigator more often de- 
sires to know the number of ani- 
mals to place on an experimental 
pasture to arrive at desired de- 
gree of utilization. This requires 
solving the regression equation 
for S (stocking), which is an in- 
dependent variable subject to se- 
lection, and setting confidence 
limits for this estimate. In par- 
ticular from equation 2 we have 
equation 3 (Figure 1). 

Substitution of given values 
of AG, PG, and U results in the 
estimate of S. A general method 
for deriving confidence limits for 
S may be obtained as shown in 
Figure 1. Figure 2 is an example 
of the computation of stocking, S, 
and confidence limits for a pas- 
ture on the Santa Rita Experi- 
mental Range. 

To date the procedure has been 
used only to estimate grazing 

capacity of experimental pas- 
tures where rather intensive data 
on herbage production and utili- 
zation of the main species have 
been available. Its best use is 
where production estimates can 
be made before livestock are 
placed on the range, and utiliza- 
tion estimates can be made after 
the livestock are removed and 
before growth begins. The 
method can be used, however, 
to estimate stocking to meet a 
given herbage production. On 
Black Mesa, for example, stock- 
ing rates are adjusted at three- 
year intervals, the estimate each 
three years being made of the 
number of animals required 
based on a year of average her- 
bage production. The most ex- 
tensive test of the method was 
with the Jornada Experimental 
Range data in which good pro- 
duction and utilization records 
were available for large pastures. 
Herbage production and utiliza- 
tion were determined each year 
on four 50-foot transects per sec- 
tion (640 acres). The good rela- 
tionships obtained on the Jor- 
nada suggest possible use on 
range allotments as an approach 
to estimating grazing capacity. 
Trials of this kind are recom- 
mended. 

Seed Quality in Green Needlegrassl 
RAYMOND C. KINCH AND LOREN E. WIESNER 

Professor of Agronomy and Graduate Student respec- 
tively, Agronomy Department, South Dakota Experi- 
ment Station, Brookings, South Dakota. 

Green needlegrass (Stipa viri- 
dula Trin.) is a cool season 
bunchgrass native to the Great 
Plains. It is a highly nutritious 
forage plant, capable of vigorous 
seedling growth and rapid re- 
covery after heavy grazing. 
These qualities make green 
needlegrass useful in range ren- 
ovation. Difficulty in establish- 
ing a field stand has been one of 
the major problems with green 

needlegrass. Most people credit 
poor seeding success to a high 
seed dormancy. 

Research the past three years 
has suggested another reason for 
failure; low quality of commer- 
cial seed on the market. 

Results of studies of the qual- 
ity characteristics of commercial 
green needlegrass seed lots are 
presented here. 

Factors affecting seed quality 

were considered by Justice 
(1961) to include percentage of 
pure seed, other crop seed, weed 
seed, inert matter, germination 
and hard seed when present, the 
rate of occurrence of designated 
noxious weed seed, varietal pur- 
ity, freedom from disease and 
disease organisms, moisture con- 
tent, origin of production and 
seed size. Considerable work has 
been done on the factors that 
affect purity and germination, 
but only limited research has 
been done on other factors of 

lApproved as South Dakota Agricul- 
tural Experiment Station Journal 
Article #568. This study was fi- 
nanced in part by RRF-NCM-23 
funds. 
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seed quality. One such factor is 
the relationship of seedling vigor 
to seed size. Some investigators 
(Kneebone and Cremer, 1955; 
Martin and Yarnell, 1961; McAl- 
ister, 1943; Rogler, 1954; and 
Vaughan, 1961) have reported on 
the influence of seed size on 
seedling vigor. All concluded 
that the largest seeds produced 
the most vigorous seedlings. 
None of the reports included 
studies of green needlegrass. 

Schaaf and Rogler (1960) sep- 
arated mature dark-colored 
seeds, of green needlegrass, from 
relatively well-developed but 
light-colored seed in each lot. 
Seedling emergence from light 
colored seed was about 57 per- 
cent of that from dark-colored 
seed. 

Methods 

Samples of green needlegrass 
received by the South Dakota 
Seed Laboratory during the past 
three years were tested for pur- 
ity, germination, viability, 
weight of 1000 seeds and sample 
color. Color classifications used 
were: yellowish green, indicative 
of immaturity; all gray, indica- 
tive of maturity; and intermedi- 
ate colors between yellowish- 
green and gray associated with 
the soft dough to hard dough 
stages. 

Pure seed was determined by 
hand removal of the inert matter, 
weed seeds and other crop seeds. 
After each separation was made, 
individual weights were taken 
and the percentage of each com- 
ponent determined. An indica- 
tion of test weight was obtained 
by weighing 1000 seeds. 

A modified form of the tetra- 
zolium test described by Grabe 
and Delouche (1959) was used 
to determine seed viability. Two 
hundred seeds were soaked in 
water for 12 hours at 30°C. Each 
seed was then cut longitudinally 
in order to slice the germ in half. 
Half of each seed was placed in 
a petri dish containing 0.1 per- 
cent of 2,3,5-triphenyl-2H-tetra- 
zolium chloride salt in an aque- 
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termediate maturity) ; (C) mostly gray 

ous solution and soaked for four 
hours. Examination for a color 
change was made w’ith the aid 
of a binocular microscope. 

Results and Discussion 

Color of green needlegrass seed 
can be related to stage of ma- 
turity. Immature seed are light 
gray or yellowish-green. Mature 
seed are uniformly gray. Seed 
lots containing varying degrees 
of yellowish-green and dark 
colored seeds result from uneven 
maturity at time of harvest. Fig- 
ure 1 shows green needlegrass 
seeds divided into four groups 
according to relative maturity as 
determined by seed color and 
size. Samples of green needle- 
grass seed of uniform maturity 
are uncommon because of the de- 
terminate inflorescence of the 
plant. The top of the panicle will 
have mature seed and the bottom 
of the panicle immature seed. 

Seed samples having many or 
all yellowish-green seeds were 
generally of low seed weight, 

(mostly mature) ; (D) all gray (mature). 

purity and viability. Evidence 
of this relationship is presented 
in Table 1. 

Statistical analysis of these 
data presented in Table 2 showed 
that significant differences ex- 
isted between pure seed means 
only when comparing the mean 
of the “yellowish green” group 
with the other group means. 
There were no significant differ- 
ences between means of the 
“some gray”, “mostly gray” and 
“all gray” color groups of pure 
seed. Signif icant differences were 
found between all color groups 
when comparing means of 1000 
seed weights and TZ viability. 
These differences show that seed 
quality can be determined by ob- 
serving color, 1000 seed weight 
and TZ viability. Seed purity 
also indicates seed quality to 
some degree but is not as ac- 
curate a measure. 

Seed in the color groups 
“yellowish-green” and “some 
gray” appeared to be of low 
quality as is shown by the seed 
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Table 1. Qualify classification of 31 commercial green needlegrass seed 
samples, by sample color, purify. viability and lOOO-seed weight. 

Color class 
Sample 

no. 

Yellowish-green 

Some gray 

Mostly gray 

All gray 

1 
2 
3 

Means 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Means 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Means 

1 
2 

Means 

Purity 
Weight of Viability 
1000 seeds TZ* 

(Percent) (Grams) (Percent) 
51.18 1.008 7 
83.35 1.105 16 
95.17 1.630 44 
76.57 1.248 22 
82.00 1.542 64 
94.04 1.615 61 
88.76 1.669 31 
95.17 1.755 14 
98.12 1.770 68 
94.53 1.780 53 
97.36 1.784 65 
92.92 1.832 53 
96.87 1.859 77 
98.95 1.990 83 
98.54 2.042 52 
94.91 2.091 75 
95.47 2.180 59 
91.64 2.243 34 
89.68 2.544 33 
95.12 2.730 90 
94.01 1.964 57 
88.00 2.085 72 
95.81 2.240 89 
98.41 2.289 81 
97.75 2.296 85 
99.57 2.430 85 
92.05 2.833 82 
97.78 2.910 98 
99.07 2.208 70 
99.64 3.321 92 
97.35 3.410 91 
96.54 2.702 84 
93.03 3.348 73 
99.75 3.597 69 
96.39 3.473 71 

*Tetrazolium 

weight means of 1.248 and 1.964 
grams and by the TZ viability 
readings of 22 and 57 percent. 
The “mostly gray” and “all gray”, 
groups appeared to be of higher 
quality as shown by the seed 
weight means of 2.702 and 3.473 
grams and by the TZ viability 
readings of 84 and 71 percent. 

Of the 31 commercial seed 
samples analyzed in this study, 
three were yellowish-green, 16 
some gray, ten mostly gray and 
two all gray. Sixty-one percent 
of the samples fell into the lower 
quality range characterized by 
yellowish-green color, low lOOO- 
seed weight and low seed vi- 
ability. The remaining 39 percent 

were in the higher quality range 
having darker seed color, higher 
lOOO-seed weight and higher vi- 
ability. 

One unexplained characteris- 
tic of the “all gray” group was 
lower seed viability than the 

“mostly gray” group which con- 
tained a few yellowish-green 
seeds. This particular phenome- 
non needs further study. 

As a general rule, the percent 
viability increased with seed size 
and with seed color toward gray- 
ness. 

Summary 
Thirty-one commercial lots of 

green needlegrass seed received 
during the past three years were 
analyzed for quality. Sixty-one 
percent were found to be low. 

Viability, as determined by a 
tetrazolium test, color and 
weight were found to be closely 
related. 

Samples consisting of “all 
gray” or “mostly gray” colored 
seed were high in lOOO-seed 
weight, of high viability and 
were judged to be of high qual- 
ity. 

Samples containing “yellow- 
ish-green” or “some gray” seed 
had a lower lOOO-seed weight, 
were lower in average viability 
and were considered of low qual- 
ity. 

Establishing green needlegrass 
stands would probably be sim- 
plified by the use of high quality 
seed. 

One thousand seed weight and 
TZ viability were found to be 
good indicators of quality. 

Seed producers should be con- 
scious of the factors that deter- 
mine quality when harvesting 
and processing green needlegrass 
seed in order to market high 
quality seed. 
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Table 2. Means of purify. lOOO-seed weight and TZ viability in green 
needlegrass samples by color groups and compared by Duncan’s multiple 
range fesf. 

Seed Color Groups 
Some Mostly All Level of 

Yel-green gray gray gray Significance 

(Percent) 
Purity 76.57 94.01 96.54 96.391 5 

lOOO-seed weight 1.248 1.964 2.702 3.473 1 
Viability 22 57 84 71 5 
lunderscored means are not significantly different. 
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Herbicide Control of Sagebrush on 
Seeded Foothill Ranges in Utah 

C. WAYNE COOK 
Research Professor, Range Management Department, 
Utah State University, Logan, Utah 

It has been shown that big 
sagebrush (Artemisia triden- 
tutu), which is relatively unpal- 
atable, competes seriously with 
forage plants. It has invaded 
millions of acres of deteriorated 
foothill range in the intermoun- 
tain area to the extent that as- 
sociated forage plants produce 
only a modicum of their poten- 
tial. Sagebrush also has rein- 
vaded many seeded foothill 
ranges and reduced their forage 
producing capacity. 

The use of 24-D has become 
an accepted practice for control- 
ling big sagebrush and eliminat- 
ing competition with other 
plants. However, success on foot- 
hill ranges has been sporadic. 
Many range technicians and land 
operators have been disappointed 
by the results even though they 
followed recommendations as 
prescribed from present research 
knowledge. 

The present study was initi- 
ated in the spring of 1958 on 
seeded foothill range in central 
Utah after four years of disap- 
pointing attempts to control 
sagebrush infestation with selec- 
tive herbicides. The objectives 
of the study were to determine: 
(1) the rate and date of applica- 
tion of 2,4-D that would give 
most effective kill, and (2) the 
relationship of soil moisture and 
of temperature (soil and atmos- 
pheric) to the effectiveness of 
herbicides. 

Review of Literature 

The percentage kill of sage- 
brush with selective herbicides 
has shown considerable variation 
with respect to rate of applica- 
tion. Cornelius and Graham, 
1958; Hull and Vaughan, 1951; 
and Hyder et al., 1958b all re- 
ported satisfactory and econom- 
ical kill of big sagebrush with 
butyl ester of 2,4-D at a rate as 
low as 1.5 pounds of acid equiva- 
lent per acre. Plummer et al. 
(1955) suggested that two 
pounds of 2,4-D per acre, prop- 
erly applied, would kill 60 to 90 
percent of a big sagebrush stand. 
Kills of 75 percent have been 
reported by Hull et al. (1952) 
when 2,4-D was applied at the 
rate of two pounds of acid equiv- 
alent per acre. Cornelius and 
Graham (1958) reported the per- 
centage kill ranged from 81 to 
100 percent when using two 
pounds of acid equivalent per 
acre. Hyder (1953) achieved pn 
average mortality of 77, 89, and 
93 percent by applications of one, 
two and three pounds of 2,4-D 
per acre, respectively. 

Season of applying 2,4-D seems 
to be of primary importance in 
obtaining a successful kill. Pech- 
anec et al. (1954) made the gen- 
eral observation that spraying 
should be done in the spring 
when sagebrush is growing ac- 
tively. Robertson and Cords 
(1956) stated that sites in Ne- 

vada with soil and rainfall favor- 
able for crested wheatgrass 
would provide satisfactory con- 
ditions for control of big sage- 
brush if the herbicide was ap- 
plied when the sagebrush began 
its growth in the spring. Alley 
and Bohmont in Wyoming (1958) 
and Hyder in Oregon (1954) 
have emphasized that effective- 
ness of herbicide application 
drops rapidly in late spring as 
lack of soil moisture and high 
temperatures become critical to 
growth. Alley and Bohmont 
(1958) concluded that the effec- 
tiveness of a given treatment 
may vary markedly within a lo- 
day period. Cornelius and 
Graham (1958) reported that 
highest percentage kill of sage- 
brush in northeastern California 
was obtained from spraying in 
May and June. Hyder (1953) 
found that the most favorable 
period of application in eastern 
Oregon was during May, but 
early June precipitation could 
extend the period of effective- 
ness. A more recent study by 
Hyder et al. (1962) in Oregon 
suggested that greatest suscepti- 
bility of sagebrush to herbicide 
was during the last two weeks in 
May when soil temperature at a 
depth of 18 inches was at least 
50 degrees F. and available soil 
moisture was 40 percent or not 
less than 1.7 atmospheres tension 
as read directly by resistance 
from soil-moisture blocks. 

Alley and Bohmont (1958), 
Cornelius and Graham (1958)) 
and Hull and Vaughan (1951) 
suggested that the period of most 
effective application of 2,4-D on 
big sagebrush occurs during 
rapid twig elongation or when 
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eral observation that spraying 
should be done in the spring 
when sagebrush is growing ac- 
tively. Robertson and Cords 
(1956) stated that sites in Ne- 

vada with soil and rainfall favor- 
able for crested wheatgrass 
would provide satisfactory con- 
ditions for control of big sage- 
brush if the herbicide was ap- 
plied when the sagebrush began 
its growth in the spring. Alley 
and Bohmont in Wyoming (1958) 
and Hyder in Oregon (1954) 
have emphasized that effective- 
ness of herbicide application 
drops rapidly in late spring as 
lack of soil moisture and high 
temperatures become critical to 
growth. Alley and Bohmont 
(1958) concluded that the effec- 
tiveness of a given treatment 
may vary markedly within a lo- 
day period. Cornelius and 
Graham (1958) reported that 
highest percentage kill of sage- 
brush in northeastern California 
was obtained from spraying in 
May and June. Hyder (1953) 
found that the most favorable 
period of application in eastern 
Oregon was during May, but 
early June precipitation could 
extend the period of effective- 
ness. A more recent study by 
Hyder et al. (1962) in Oregon 
suggested that greatest suscepti- 
bility of sagebrush to herbicide 
was during the last two weeks in 
May when soil temperature at a 
depth of 18 inches was at least 
50 degrees F. and available soil 
moisture was 40 percent or not 
less than 1.7 atmospheres tension 
as read directly by resistance 
from soil-moisture blocks. 

Alley and Bohmont (1958), 
Cornelius and Graham (1958)) 
and Hull and Vaughan (1951) 
suggested that the period of most 
effective application of 2,4-D on 
big sagebrush occurs during 
rapid twig elongation or when 
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about one-half the current year’s 
growth is attained. The growth 
stage of other vegetation asso- 
ciated with big sagebrush has 
been used to determine the 
period when herbicide applica- 
tion is most effective. Alley and 
Bohmont (1958) recommended 
the period of greatest effective- 
ness as being when Sandberg 
bluegrass (Pea secunda) is in 
full to post bloom, Idaho fescue 
(Festuca idahoensis) heads are 
starting to emerge, and common 
phloxes (Phlox spp.) are in early 
seed formation. The period when 
the first heads of Sandberg blue- 
grass are showing development 
until about one-half the green 
color is gone also has been stipu- 
lated as the most effective time 
for application (Hyder, 1954; 
Hyder et al., 1958a; and Hyder 
et cit., 1958b). 

Description Of The Area 
The study area was on gentle, 

rolling ground at 5500-feet eleva- 
tion, below the steeper slopes of 
the foothills. The texture of soil 
was classified as a clay loam in 
the first foot and a sandy clay 
loam in the second foot. Experi- 
mental areas were plowed in the 
summer of 1951 to eradicate big 
sagebrush and were seeded with 
introduced wheatgrasses by dril- 
ling in the fall of 1951. A reason- 
ably good stand of grass was es- 
tablished, yet sagebrush re’inva- 
sion was rapid and extensive. By 
1958, the sagebrush was uniform 
and dense over the area (Figure 
1). A good stand of grass re-. 
mained, but the competition with 
sagebrush had greatly reduced 
its productiveness. Most of the 
sagebrush plants ranged from 
one to seven years of age when 
the study was initiated. About 
80 percent were five to seven 
years of age, about eight percent 
were under five years of age, and 
the remaining 12 percent were 
older plants that survived the 
initial plowing. 

Light use by sheep had been 
permitted on the study areas in 
the spring of each year from 

sprayed with herbicide. 

1953 to 1958. Monthly precipita- 
tion records were kept at four 
locations, beginning in January, 
1958. Table 1 presents the 
monthly distribution of precipi- 
tation from 1958-1962. 

Method And Procedure 
The selective herbicide, es- 

teron 76-E (2,4-D isopropyl and 
butyl ester) in water, was used 
to treat the sagebrush infested 
areas. This herbicide combina- 
tion was superior to eight other 
forms of 2,4-D formulation tested 
in previous trials and water as a 
carrier was as effective as Diesel 
oil. The mixture was applied at 
five gallons per acre at three 
rates (1.5, 2.0, and 3.0 pounds of 
acid equivalent per acre) on 
three dates (about May 15, May 
30, and June 15) for five years 
(1958-62) in two replications. 

In other studies (1954-58) us- 
ing herbicide to treat sagebrush, 
effectiveness of season was tested 
at about two-week intervals from 
April 1 to July 1. From these 
studies it was determined that 
dates before May 15 and after 
June 15 did not give as effective 
control of sagebrush as the mid- 
season dates. Therefore, only 
dates from May 15 to June 15 
were tested in the present study. 
Rates of herbicide application 
above three pounds, in these 

earlier studies, had given little 
or no additional kill of sagebrush 
from April 15 to July 1, regard- 
less of soil or weather conditions. 

A jeep-mounted power sprayer 
employing a 15-foot boom fitted 
with No. 1 nozzles under a pres- 
sure of about 70 pounds was 
used for applying the herbicide. 
The herbicide was applied early 
in the morning to avoid drift 
caused by wind. In no case was a 
rain received within 24 hours 
following the application of the 
spray. 

Data on the effectiveness of 
herbicide application in killing 
the sagebrush were collected the 
year following treatment except 
for the 1962 application in which 
case data were collected in the 
late fall of 1962. Seven transects 
(1 foot wide x 100 feet long) 
were located at 200-foot intervals 
in each application rate for each 
date. Each sagebrush plant fall- 
ing within the transect was re- 
corded as dead or alive, and if 
alive, the percentage of foliage 
reduction was estimated. 

On each spraying date phenol- 
ogical stages of six grasses and 
three forbs were identified. 

Soil moisture at two depths 
(first foot and second foot), and 
soil and atmospheric tempera- 
tures were determined the day 
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the herbicide was applied. Soil 
moisture was determined from 
24 random locations at each date. 
Soil temperature was read at a 
two-inch depth between one and 
two p.m., which was considered 
maximum for the day. Both 
maximum and minimum atmos- 
pheric temperatures were deter- 
mined at the experimental area 
the day the treatment was made. 
Average daily maximum and 
minimum temperatures were ob- 
tained from nearby weather sta- 
tions for a period of six days 
following treatment. 

Age of the sagebrush on the 
experimental areas was deter- 
mined by counting growth rings 
from a random sample on the 
experimental area during 1958. 

Restilts And Discussion 
In some cases, percent foliage 

reduction indicated excellent re- 
sults, but the actual kill of plants 
below 75 percent was considered 
unsatisfactory. When less than 
80 percent of the foliage on a 
plant is killed, the plant can be 
expected to grow back to its 
original size within a few years. 
If less than 20 percent remains 
ahve, the plant stays in a lowered 
state of vigor for several years 
and may actually die after a 
time. 

Herbicides were about 1.5 
times more effective in control- 
ling old sagebrush plants that 
survived tillage than in control- 
ling young plants that invaded 
the area following seeding. The 
average percent kill of old survi- 
ving plants was about 65 percent 
for all treatments over all five 
years and only about 45 percent 
for the young invading plants. 
The data in Table 2 include an 
average of all plants regardless 
of age. 

Period and Rate of Treatment 

Phenological Stage: 

In all species on the experi- 
mental area, greater differences 
in phenological development 
were found among the individual 
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Table 1. Average precipitation for the experimental area, 1958-82. ___-__ -___ 
Month 1958 1959 1960 1961 1962 Average 
- .___ 

___----_-- (Inches) --__------ 
January 1.34 .94 .52 .02 1.29 .82 
February 1.30 1.58 3.74 .39 3.23 2.05 
March 2.87 .83 .97 1.86 1.36 1:58 
April 1.70 .81 .24 .92 .95 .92 
May .78 .88 .44 .22 2.28 .92 
June .34 1.23 .27 .47 .22 .51 
July .Ol .16 .54 .39 .70 .36 
August .37 1.64 1.05 3.18 .04 1.26 
September .77 1.68 .24 1.38 .13 .84 
October .04 .57 1.72 1.60 .14 .81 
November .69 .ll 1.88 1.48 .20 .81 
December .45 2.16 .11 .98 - 
Total 10.66 12.59 11.72 12.89 - 

plants at any one date than could 
be accurately distinguished be- 
tween treatment dates. There- 
fore, no importance was attached 
to phenological development be- 
cause of the variation among 
plants on various sites within the 
experimental area and the in- 
ability to precisely identify dis- 
tinguishable phenological stages 
within a 2-week period between 
treatments. 

Date of Application: 

The analysis showed that dif- 
ferences in plant kill and reduc- 
tion of foliage between dates of 
application were highly signifi- 
cant (P < .Ol) . The late date, 
about June 15, gave poorest re- 
sults during all five years (Table 
2). Averages for all five years 
showed little difference between 
May 15 and May 30. The inter- 
action between date and year 
was statistically significant (P 
< .Ol). The first date (about 
May 15) gave best results during 
1958 and 1959, but the second 
date (about May 30) gave best 
results during 1960 and 1962 
(Table 2). This was generally 
true for all three rates of her- 
bicide. During 1961 there was 
little difference between the first 
and second date when all rates 
of spraying were considered. The 
three-pound rate gave best re- 
sults on the first date, however, 
and the 1.5- and two-pound rates 
gave best results on the second 
date. 

Rate of Application: 

The effect of different rates 
of herbicide application upon 
control of sagebrush was statis- 
tically significant (P < .05). As 
would be expected, increasing 
rate of herbicide from 1.5 to 3.0 
pounds of acid per acre gave in- 
creasing foliage reduction and 
kill (Table 2) . When conditions 
were favorable for growth, es- 
pecially during the first and sec- 
ond spraying dates, all three 
rates (1.5, 2 and 3 pounds) gave 
excellent kills, but when condi- 
tions were unfavorable, none of 
the rates of application gave 
satisfactory results. When growth 
conditions were favorable, there 
was little difference in kill of 
brush between the two- and 
three-pound rates. When grow- 
ing conditions were unfavorable, 
such as during 1959 or during the 
late season applications (June 
15)) higher rates of herbicide 
gave markedly better kill (Table 
2). This increased kill, however, 
did not completely compensate 
for unfavorable growing condi- 
tions since the highest rate 
(three-pounds per acre) did not 
give satisfactory control at the 
late date during any year or at 
any date during 1959 (Table 2). 

Soil and Atmospheric Conditions 

Simple correlations were de- 
termined for all combinations of 
the following factors: soil mois- 
ture, soil temperature, maximum 
and minimum atmospheric tem- 
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Table 2. Big sagebrush plants killed and foliage reduction from ihe applica- 
tion of herbicide af three rates and three dates for 5 years.1 

Plants killed Foliage reduction 

Year May May June May May June 
treated Rate 15 30 15 Avg. 15 30 15 Avg. 

--_---- (Percent) - - - - - - - 
1958 1.5 71.5 

2.0 91.7 
3.0 94.9 
Avg. 87.6 

1959 1.5 13.1 
2.0 43.1 
3.0 58.9 
Avg. 38.4 

1960 1.5 74.6 
2.0 94.5 
3.0 82.4 
Avg. 83.8 

1961 1.5 20.6 
2.0 41.9 
3.0 66.3 
Avg. 42.9 

1962 1.5 37.3 
2.0 34.6 
3.0 70.7 
Avg. 47.5 

Average 1.5 43.4 
2.0 61.2 
3.0 74.6 
Avg. 59.7 

50.5 18.4 46.8 84.0 73.0 39.2 65.4 
43.1 43.3 59.4 95.0 66.7 69.1 76.9 
69.5 36.9 67.1 98.2 86.3 61.7 82.1 
54.4 32.9 58.3 92.4 75.3 56.7 74.8 

6.6 1.2 6.9 34.8 28.4 21.9 28.4 
18.8 8.4 23.4 57.4 37.5 27.1 40.7 
25.4 17.3 33.9 76.3 52.5 39.6 56.2 
16.9 9.0 21.4 56.2 39.5 29.5 41.7 

74.8 19.2 56.2 88.0 90.3 46.6 74.9 
91.3 35.8 73.9 98.4 97.7 66.9 87.7 
96.8 61.6 76.9 90.1 99.5 82.1 87.1 
87.6 38.9 69.0 92.5 95.8 65.2 83.3 

31.1 18.1 23.3 32.2 42.2 31.9 35.4 
44.9 21.0 35.9 56.8 58.8 42.0 52.5 
52.6 24.2 47.7 78.6 64.4 44.9 62.2 
42.9 21.1 35.6 55.9 56.1 39.6 50.5 

64.3 18.7 40.1 43.2 78.6 44.2 55.4 
70.0 37.2 47.3 49.8 83.8 53.1 62.3 
91.3 44.6 68.9 75.5 91.9 80.0 82.5 
75.2 33.5 52.1 56.2 84.8 59.1 66.7 

45.5 15.1 34.7 57.8 62.5 36.8 52.4 
53.6 29.2 48.0 71.5 68.9 51.6 64.0 
67.1 36.9 58.9 83.7 78.9 61.7 74.1 
55.4 27.1 47.3 71.0 70.3 50.1 63.5 

IDates of application of herbicide for each year varied a few days from those 
indicated in the heading. 

peratures, and extent of sage- 
brush kill. Soil moisture, soil 
temperature, a n d atmospheric 
temperatures a 11 w e r e signif i- 
cantly correlated with one an- 
other, but none was directly cor- 
related with percent kill or foli- 
age reduction of sagebrush. Soil 
moisture decreased w’ith ad- 
vancement of season while soil 
and atmospheric temperatures 
increased. Effectiveness of sage- 
brush kill did not show a linear 
relationship with advancement 
of season, instead it appeared to 
be related to limits of soil mois- 
ture and minimum temperatures. 

Soil Moisture: 
Moisture in the upper foot of 

soil was slightly higher or about 
the same as the moisture in the 
second foot at the first date of 
treatment, but the second foot of 

soil possessed more moisture 
than the first foot at the last date 
of treatment (Table 3). During 
each of the first four years, soil 
moisture decreased gradually 
from the first to the last date of 
treatment in both the first and 
second foot of soil. During the 
last year, 1962, late spring rains 
had increased the soil moisture 
content at the second treatment 
date so that it exceeded that of 
the first treatment date. During 
1959 the soil moisture content 
was never more than one percent 
above the wilting coefficient. 
Soil moisture was highest during 
1960 and 1962. Best sagebrush 
kills were obtained, however, 
during 1960 and 1958. 

Soil Temperature: 
Soil temperature at a depth of 

two inches during mid-day on 
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the day treatments were made 
did not differ materially from 
maximum atmospheric tempera- 
tures but were slightly higher in 
most cases (Table 3). During 
1961 the soil temperatures were 
taken in the shade under the 
sagebrush, but during the re- 
maining four years temperature 
readings were taken where the 
sun shone on the soil most of the 
day. During each year of the 
study, soil temperature increased 
as the season advanced. 

Atmospheric Temperature: -___ 
As would be expected, both 

maximum and minimum tem- 
peratures increased with ad- 
vancement of season (Table 3). 
Temperatures during the day 
that treatments were applied did 
not differ materially from the 
average temperatures during the 
six days following treatment. In 
some cases they were slightly 
higher, while in others they were 
slightly lower. Since most her- 
bicides are absorbed rather rap- 
idly by the plants, it was be- 
lieved that the temperature the 
day of treatment was more im- 
portant than the average tem- 
peratures following treatment. 

In most cases, the maximum 
temperatures were above 70” F. 
and minimum temperatures were 
above 40” F. for all dates of 
treatment (Table 3). On the 
second date in 1959, and the first 
date in 1961, however, maximum 
temperatures were below 70 de- 
grees, and on the first date in 
1962, the minimum temperature 
was 34 degrees. 

Conclusions 
Poor sagebrush kill during the 

five years of treatment appeared 
to be a result of limited soil 
moisture or low atmospheric 
temperatures. When average soil 
moisture in the upper two feet of 
soil was below 12 percent, or 
when maximum and minimum 
atmospheric temperatures were 
below 70 and 40 degrees, respec- 
tively, on the day of treatment, 
satisfactory kills of sagebrush 
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were not obtained. The only ex- 
ception to this was during the 
late date (June 16) in 1962 
(Table 3) when average soil 
moisture was 13.9 percent and 
maximum and minimum tem- 
peratures were 84 and 56 de- 
grees, respectively. This late date 
might feasibly be beyond the 
date of rapid growth of sage- 
brush regardless of soil and at- 
mospheric conditions, and there- 
fore, the plants were not suscep- 
tible to herbicide treatment. In 
general, soil moisture was most 
favorable the first date and at- 
mospheric temperatures were 
more favorable the second and 
third dates. Thus the most favor- 
able period for sagebrush control 
would appear to be about the 
third week in May. If soil mois- 
ture does not decrease too rap- 
idly, the last week in May might 
be better because atmospheric 
temperatures normally would be 
more favorable. 

butyl esters was applied in water 
at 5 gallons per acre at three 
rates (1.5, 2.0, and 3.0 pounds of 
acid equivalent per acre) on 
three dates (May 15, May 30, and 
June 15) for five years. 

The early date (May 15) and 
the middle date (May 30) each 
gave best results two years out 
of the five. During some years 
none of the treatment dates gave 
satisfactory results. However, 
May 15 and May 30 were con- 
sidered more reliable dates than 
June 15. Increased rate of her- 
bicide gave increased effective- 
ness in control of sagebrush. 
When growing conditions were 
favorable, all three rates gave 
satisfactory results; when grow- 
ing conditions were unfavorable, 
none of the rates gave satisfac- 
tory control. 

The study suggested that soil 
moisture and atmospheric tem- 
peratures were limiting factors 
in the control of sagebrush on 
foothill ranges. When average 
percent soil moisture in the 
upper two feet was below 12 per- 
cent or when maximum and 
minimum atmospheric tempera- 
tures were below 70 degrees and 
40 degrees, respectively, on the 
day of treatment, satisfactory 
kills were not obtained. 

Optimum soil moisture per- 
centages for herbicide control of 
sagebrush on clay loam, silt loam, 
and sandy loam would be about 
12.5, 10.5, and 5.5, respectively. 

ALLEY, H. P. AND D. W. BOHMONT. 
1958. Big sagebrush control. Wyo. 
Agr. Expt. Sta. Bul. 354. 

Table 3. Soil moisfure, soil femperafure, and afmospheric femperafure for 
fhree dafes during 5 years when herbicide freafmenfs were applied. 

The total soil moisture per- 
centage as an index could be 
used only on soils of similar tex- 
ture because available soil mois- 
ture varies markedly between 
light and heavy soils. In the pres- 
ent study it appears that about 
2.5 percent moisture above the 
wilting coefficient would be nec- 
essary for satisfactory control of 
sagebrush on foothill areas. Thus, 
if we assume that the wilting co- 
efficients for clay, loam, clay 
loam, silt loam, and sandy loam 
are approximately thirteen, 
eleven, ten, eight and three per- 
cent, respectively, the soil mois- 
ture content for satisfactory re- 
sults should be about 15.5, 13.5, 
12.5, 10.5, and 5.5 percent for 
each texture, respectively. 

Year 
and 

date 

Tempera- Temperature 
Soil moisture Avail- Soil ture for g-day 

able tempera- day of period after 
o-12 13-24 Aver- soil ture treatment treatment 

mois- 
inches inches age turel mid-day Max. Min. Max. Min. 

1958 
May 10 
May 24 
June 7 

12.4 12.7 12.6 
10.1 10.4 10.2 
8.6 8.9 8.8 

1959 
May 16 
May 30 
June 15 

10.4 8.9 9.7 
10.2 9.1 9.7 
9.5 9.4 9.5 

1960 
May 14 
May 28 
June 14 

17.4 17.3 17.4 
15.2 14.0 14.6 
10.9 12.3 10.2 

1961 
May 13 
May 24 
June 9 

12.7 11.8 12.2 
10.0 10.9 10.4 

9.0 9.6 9.3 
Summary 

During a 5-year period from 
1958 to 1962 a stdy was con- 
ducted in central Utah to deter- 
mine the desirable rate and date 
of application of herbicide to 
control sagebrush invasion on 
seeded foothill range. 

1962 
May 19 
June 2 
June 16 

11.6 16.2 13.9 
17.5 17.8 17.7 
12.3 15.5 13.9 

Average 
May 15 
May 30 
June 15 

12.9 13.4 13.2 
12.6 12.5 12.6 
10.1 11.1 10.6 

2.6 87 
1.3 89 
1.9 92 

0.0 77 
0.8 70 
0.4 83 

7.4 76 
5.7 84 
6.5 97 

2.2 48 
1.5 74 
1.8 82 

3.9 86 
10.8 89 
7.3 93 

3.2 75 
3.7 81 
3.4 89 

A selective herbicide composed 
of equal parts of isonronvl and 

1The wilting coefficient (15 atmospheres pressure) is 10.0 and 8.9 percent for 
& L” the 1st and 2nd foot of soil respectively. 
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Control of Arizona Chaparral 
With 2,4,5-T and Silvex 

D. T. LILLIE 
Research Agronomist, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
Tempe, Arizona 

Arizona chaparral has been 
described by Nichol (1937) who 
estimates that chaparral occurs 
on eight percent (about six mil- 
lion acres) of the land area of 
the state, mainly at 3000-5000- 
foot elevations. Extensive areas 
of chaparral vegetation are com- 
posed of shrubby species with 
only scattered associated grasses. 
The lack of herbaceous forage 
results in poor grazing condi- 
tions and low capacities, al- 
though the shrubs furnish some 
valuable browse, particulary in 
the winter months. 

There is evidence that re- 
moval of the shrub species and 
reseeding to grasses might re- 
duce erosion (Rich, 1961)) aug- 
ment water yield (Glendening, 
Pase, and Ingebo, 1961)) and in- 
crease forage (Schmutz and 
Whitham, 1962). The danger of 
costly and destructive wildfires 
would be greatly reduced due 
to elimination of the brush fuel. 

The chaparral is a complex of 
shrubs, often with one species 
forming the matrix which is in- 
terspersed with one to many 
associated species. The domi- 

nant species may vary with such 
factors as slope, rainfall, eleva- 
tion, soils, and exposure. Shrub 
live oak (Quercus turbinella 
Greene), one of the less desir- 
able species, is most often domi- 
nant and frequently comprises 
from 60 to 80 percent of the plant 
cover. 

The Arizona chaparral zone 
has two periods of expected pre- 
cipitation. These occur in the 
winter months November 
through February, and during 
the summer months of July, 
August and September. Thus, 
there are favorable moisture 
conditions for a flush of shrub 
growth in the spring of the year 
and another in the fall. The rate 
and extent of these growth 
flushes are normally limited by 
lack of soil moisture, although 
with exceptional late summer 
rains, temperature could become 
the factor limiting growth in the 
fall. 

Destruction, or killing of the 
aerial portions of shrub live oak 
by fire, mechanical methods, or 
chemical treatments results in 
rapid and prolific sprouting from 

the crown area of the plant 
(Cable, 1961; Lillie and Davis, 
1961; Lillie, 1962; Pond and 
Cable, 1960; Schmutz and 
Turner, 1957). Shrub live oak, 
and most other major chaparral 
species in Arizona, have proved 
to be persistent and difficult to 
eradicate due to their sprouting 
ability. Single foliage applica- 
tions of all herbicides tested to 
date have failed to kill an ap- 
preciable percentage of treated 
bushes. Among the numerous 
herbicides tested for control of 
shrub live oak, 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) and 
2 - (2,4, 5 - trichlorophenoxy) pro- 
pionic acid (silvex) were among 
the most active (Lillie, 1962; 
Schmutz and Turner, 1957). 

The studies discussed herein 
were initiated to compare 2,4,5-T 
with silvex when applied as 
three different formulations, and 
to determine the minimum ef- 
fective rate of application. 
Further objectives were to eval- 
uate the effect of timing and fre- 
quency of retreatment. Included 
are the results of an exploratory 
experiment which was initiated 
to determine if diesel oil and ad- 
ditional surfactants contributed 
to the activity of 2,4,5-T on shrub 
live oak. 

Materials And Methods 

Propylene glycol butyl ether 
(PGBE) esters of silvex and 
2,4,5-T1 were applied at zero, 
one, two, and four pounds per 
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Control of Arizona Chaparral 
With 2,4,5-T and Silvex 

D. T. LILLIE 
Research Agronomist, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
Tempe, Arizona 

Arizona chaparral has been 
described by Nichol (1937) who 
estimates that chaparral occurs 
on eight percent (about six mil- 
lion acres) of the land area of 
the state, mainly at 3000-5000- 
foot elevations. Extensive areas 
of chaparral vegetation are com- 
posed of shrubby species with 
only scattered associated grasses. 
The lack of herbaceous forage 
results in poor grazing condi- 
tions and low capacities, al- 
though the shrubs furnish some 
valuable browse, particulary in 
the winter months. 

There is evidence that re- 
moval of the shrub species and 
reseeding to grasses might re- 
duce erosion (Rich, 1961)) aug- 
ment water yield (Glendening, 
Pase, and Ingebo, 1961)) and in- 
crease forage (Schmutz and 
Whitham, 1962). The danger of 
costly and destructive wildfires 
would be greatly reduced due 
to elimination of the brush fuel. 

The chaparral is a complex of 
shrubs, often with one species 
forming the matrix which is in- 
terspersed with one to many 
associated species. The domi- 

nant species may vary with such 
factors as slope, rainfall, eleva- 
tion, soils, and exposure. Shrub 
live oak (Quercus turbinella 
Greene), one of the less desir- 
able species, is most often domi- 
nant and frequently comprises 
from 60 to 80 percent of the plant 
cover. 

The Arizona chaparral zone 
has two periods of expected pre- 
cipitation. These occur in the 
winter months November 
through February, and during 
the summer months of July, 
August and September. Thus, 
there are favorable moisture 
conditions for a flush of shrub 
growth in the spring of the year 
and another in the fall. The rate 
and extent of these growth 
flushes are normally limited by 
lack of soil moisture, although 
with exceptional late summer 
rains, temperature could become 
the factor limiting growth in the 
fall. 

Destruction, or killing of the 
aerial portions of shrub live oak 
by fire, mechanical methods, or 
chemical treatments results in 
rapid and prolific sprouting from 

the crown area of the plant 
(Cable, 1961; Lillie and Davis, 
1961; Lillie, 1962; Pond and 
Cable, 1960; Schmutz and 
Turner, 1957). Shrub live oak, 
and most other major chaparral 
species in Arizona, have proved 
to be persistent and difficult to 
eradicate due to their sprouting 
ability. Single foliage applica- 
tions of all herbicides tested to 
date have failed to kill an ap- 
preciable percentage of treated 
bushes. Among the numerous 
herbicides tested for control of 
shrub live oak, 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T) and 
2 - (2,4, 5 - trichlorophenoxy) pro- 
pionic acid (silvex) were among 
the most active (Lillie, 1962; 
Schmutz and Turner, 1957). 

The studies discussed herein 
were initiated to compare 2,4,5-T 
with silvex when applied as 
three different formulations, and 
to determine the minimum ef- 
fective rate of application. 
Further objectives were to eval- 
uate the effect of timing and fre- 
quency of retreatment. Included 
are the results of an exploratory 
experiment which was initiated 
to determine if diesel oil and ad- 
ditional surfactants contributed 
to the activity of 2,4,5-T on shrub 
live oak. 

Materials And Methods 

Propylene glycol butyl ether 
(PGBE) esters of silvex and 
2,4,5-T1 were applied at zero, 
one, two, and four pounds per 
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acre on 25 x 50 foot plots con- 
taining mature chaparral. All 
treatments were applied at 20 
gpa in a 1: 7 diesel oil/water 
emulsion from a 25-foot boom 
mounted on a small crawler 
tractor. There were three repli- 
cations in a randomized block 
experimental design. All plots, 
except checks, were initially 
treated in the spring of 1959. 
There were four retreatment 
schedules which consisted of: 
(1) none; (2) September 1959; 
(3) May 1960; and (4) Septem- 
ber 1959, plus May 1960. The four 
treatments will be referred to 
as: Spring (S); Spring-Fall 
(SF) ; Spring-Spring (SS) ; and 
Spring-Fall-Spring (SFS) . 

Table 1. Apparent fopkill of shrub live oak on October 26, 1960 after freat- 
menf wiih various rates of PGBE esters of 2,4,5-T or silvex on May 1959, 
and/or May 1960. 

Rate, 
Herbicide Lb/A Spring 

2,4,5-T 

Mean 

----_-_ (Percent) - - - - - - - 
6 7 10 7 8 

15 25 15 35 25 
15 28 45 67 39 
17 53 77 90 59 
13 28 37 50 

Silvex 0 4 6 7 7 6 
1 18 30 58 75 45 
2 38 48 77 72 59 
4 15 70 82 82 62 

Mean 19 38 56 59 

During the winter of 1960- 
1961, a railroad track in the 
vicinity was re-routed through 
the experimental area. Two of 
the three replications were de- 
stroyed before data could be 
taken when growth of chaparral 
species resumed in the spring. 

In a second experiment zero, 
two, and four pounds per acre 
of 2,4,5-T and silvex were ap- 
plied as three formulations to 
25 x 50 foot chaparral plots in a 
randomized block design. The 
formulations applied were: 
(1) the PGBE esters in standard 
Kuron and Esteron formulation; 
(2) the alkanolamine salts of 
2,4,5-T and silvex; and (3) the 
PGBE esters of 2,4,5-T and silvex 
in Forron formulation. The in- 
itial treatments were made in 
May of 1959 and all plots were 
re-treated in May of 1960. The 
amine salt and “Forron” formu- 
lations were in 20 gpa of aqueous 
solution and emulsion, respec- 
tively. The Kuron and Esteron 
formulations were in 20 gpa of a 
1: 7 diesel oil/water emulsion. 

An exploratory experiment 
was included for the purpose of 
evaluating the effectiveness of 
various oil/water emulsion ratios 
with and without additional 
wetting agents. A common treat- 
ment of three pounds per acre of 
the PGBE ester of 2,4,5-T was 
applied to all plots (except check 
plots). This treatment was ap- 
plied in water emulsion and in 
oil/water emulsion ratios con- 
taining five, ten, 20, and 40 per- 
cent oil. These treatments were 
applied without additional sur- 
factants and with two ml/gallon 
of Colloidal X-772 and General 
Chemical Plyac3. The applica- 
tions were made October 14, 
1958 to four replications of 25 x 
40 foot chaparral plots in 20 gpa 
of total solution from a tractor- 
mounted boom. 

Table 2. Apparent fopkill of shrub live oak on May 5, 1961 after treatment 
wiih various raies of PGBE esters of 2,4,5-T or silvex on May 1959, 
September 1959, and/or May 1960 (data are from one replication only). 

Rate, Spring- Spring- Spring-Fall- 
Herbicide Lb/A Spring Fall Spring Spring Mean 

IHerbicides were provided for these 
experiments by the Dow Chemical 
Company. Trade names given do 
not constitute recommendation over 
comparable products. 

2BZended surfactant containing 
alkylarylpolyoxyethylene g 1 yco Is; 
free fatty acids and isopropanoZ. 

2,4,5-T 

Mean 
Silvex 0 3 1 2 2 2 

1 20 20 45 70 39 
2 35 45 65 70 54 
4 30 50 60 50 47 

Mean 22 29 43 48 

Time of Application 

Spring- 
Fall 

Spring- Spring-Fall- 
Spring Spring Mean 

Resuh And Discussion 
Response of Shrub Live Oak 

In these experiments essen- 
tially all shrub live oak bushes 
continued to send out new 
sprouts even on plants where the 
tops were killed. Treatments 
with the PGBE esters of 2,4,5-T 
and silvex resulted in rather 
rapid necrosis of leaves followed 
by defoliation of the bushes and 
varying amounts of peripheral 
stem killing. With few excep- 
tions, the sprayed oak bushes 
sprouted vigorously from crowns 
and the unkilled portions of the 
stems. Consequently, treatment 
effect data were recorded as 
visual estimates of apparent top- 
killing of bushes as evidenced by 
dead leaves or lack of leaves. 

The results of the re-treat- 

Time of Application 

-_----- (Percent) - - - - - - - 
5 2 2 1 2 
5 20 15 10 12 

15 25 20 35 21 
15 50 30 75 42 
10 24 17 30 
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are apparent in five of the photo5 and 
SFS 2,4,5-T plot. 

ment-timing experiment (Tables 
1 and 2, Figure 1) showed that 
the high rates of application 
were more effective than the. 
lower rates with a given re- 
treatment schedule. However, 
the frequency of application was 
more important than the total 
amount of herbicide applied, 
particularly with the silvex 
treatments. With either 2,4,5-T 
or silvex, there was a greater 
effect with one pound per acre 
applied three times than with 
four pounds applied only once. 
The silvex one pound SFS treat- 
ment, which totaled three 
pounds of herbicide, was equal 
to the four pound SS or SF 

were present in the four pounds per acre 

treatments which totaled eight 
pounds of herbicide. 

The single treatment had little 
effect at any rate of application 
averaging 13 percent for 2,4,5-T 
and 19 percent for silvex. The 
SS and SF treatments resulted 
in approximately twice as much 
killing of stems as the single ap- 
plications. Early observations 
(Table 1) indicated that the SS 
treatment was more effective 
than the SF treatment. This dif- 
ference was probably due to the 
time interval between treatment 
and observation. The last SS 
treatment was applied five 
months prior to evaluation 
whereas, 13 months had elapsed 
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since the last treatment to the 
SF plots. When the final ob- 
servations were made (Table 2), 
there was no longer any differ- 
ante between the SS and SF 
treatments. 

Observations were made on 
June 16, 1959 on the oil/water 
emulsion ratio-surfactant exper- 
iment . The experimental area 
was subjected to a fire the fol- 
lowing day so that no further 
data could be collected, The 
data taken consisted of a visual 
estimate of apparent topkilling 
of shrub live oak. The estimate 
was made independently by two 
evaluators. The data were trans- 
formed by the arcsin method and 
subjected to an analysis of vari- 
ance. 

It is apparent (Table 3) that in 
this experiment some oil in the 
emulsion resulted in more ef- 
fictive topkilling of shrub live 
oak by 2,4,5-T. Orthogonal com- 
parisons of the four degrees of 
f:-eedom contained in the oil/ 
water variance revealed that the 
no-oil vs. oil comparison con- 
tributed 98 percent of the total 
variance. Since there was no dif- 
ference between the five, ten, 
29, and 40 percent oil concentra- 
tions, it is possible that less than 
five percent oil would have re- 
sulted in activity equal to the 
five percent concentration. 

There was no significant ad- 
vantage gained by the addition 
of either of the surfactants to the 
spray mixture, at least not when 
any oil was present. The addition 
of surfactant doubled the ac- 
tivity of the no-oil, no-surfactant 
treatment; however, the addition 
of five percent oil to the spray 
mixture, with or without addi- 
tional surfactant, essentially 
tripled the activity. 

Results of the formulation test 
(Tables 4 and 5) indicated that 
both of the low-volatile esters 
were more effective in killing 

3 Blended surjactant containing A-c 
polyethylene 629; fatty acid-amine 
concentrate, and alkyl arylsuljono- 
nate. 
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Table 3. Apparent iopkilling of shrub live oak 
October, 1958 treatment with three pounds per 
of 2,4,5-T carried in various oil/wafer emulsion 
additional surfacfanfs. 

LILLIE 

eight months affer an 
acre of fhe PGBE esfer 
rafios wifh and wifhouf 

Percent Oil in Emulsion 

Surfactant 0 5 10 20 40 Mean 

------- (Percent) - - - - - - - 
None 21 73 69 72 55 59 
x-77 40 65 66 68 76 63 
Plyac 39 67 82 82 74 69 

Mean 33 69 72 74 69 

Table 4. Apparenf fopkilling of shrub live oak on May 18, 1981 affer freaf- 
menf wifh fhree rafes of fhree formulafions of 2,4,5-T or silvex on May 
20, 1959 and May 25, 1960. 

Formulation 

Rate, 
Herbicide Lb/A Standard’ Forrons Amines Mean 

-_----- (Percent) - - - - - - - 
2,4,5-T 0 2 5 2 3 

2 29 51 21 34 
4 56 70 34 53 

Silvex 0 6 4 7 6 
2 74 57 25 52 
4 61 65 44 57 

Mean 38 42 22 

1PGBE esters in Kuron and Esteron formulations in a 1:7 oil/water emulsion. 
2PGBE esters of 2,4,5-T and silvex as Forron formulations in aqueous emul- 
sion. 

sAlkanolamine salts of 2,4,5-T and silvex in aqueous solution. 

stems than the amine salt. Sta- 
tistical analysis showed that dif- 
ferences due to the formulation 
was highly significant. Orth- 
ogonal comparison of amine vs. 
the two low-volatile ester for- 
mulations was highly significant. 
The Foron vs. standard PGBE 
ester comparison was not sig- 
nificant. 

Because the Forron formula- 
tion requires no oil in the emul- 
sion, its use might offer a dis- 
tinct advantage in any general 
control effort directed toward 
Arizona chaparral species, de- 
pending on relative cost of the 
various formulations. This veg- 
etation type generally occurs on 
rough, steep mountain slopes 
where helicopters must be em- 
ployed if spraying is done. All 
spray materials must be hauled 
to remote heli-spots, where load- 
ing and mixing facilities are apt 
to be rather crude. Water would 

would necessarily be hauled a 
considerable distance over un- 
paved roads. 

In both experiments, silvex 
was consistently more effective 
than 2,4,5-T, and the analyses of 
variance showed that these dif- 

Observations were made on 
the reaction to herbicidal treat- 
ment of several chaparral species 
other than shrub live oak. None 
of these species was present in 
the plot areas with sufficient 
abundance to enable statistically 
valid comparisons. However, it 
was noted that treatments which 
were the most effective on oak 
resulted in near-complete top- 
killing of skunkbush sumac 
(Rhus trilobata Nutt.) and cat- 
claw mimosa (Mimosa biuncifera 
Benth.). Both of these species 
sprouted. Snakeweed (Gutier- 
rexia sarothrae (Pursh) Britt. & 
Rusby) was damaged and often 
killed, but recovery of some 
damaged plants coupled with 
widespread establishment of 
seedlings maintained the density 
of this species. Beargrass (No- 
lina microcarpa S. Wats.) was 
only slightly affected. Mountain- 

Table 5. Apparent fopkilling of shrub live oak on November 28, 1961 affer 

ferences were significant at the 
one percent level. While the 
difference between these two 
herbicides was slight, it is in 
agreement with other findings 
(Lillie and Davis, 1961; Schmutz 
and Turner, 1957; Schmutz and 
Whitham, 1962) and indicates 
that any further work with the 
phenoxy chemicals on shrub live 
oak might be concentrated on 
silvex. 

Response of Associated Shrubs 

freafmenf wifh rafes of three formulafions of 2,4,5-T or silvex on May 20. 
1959 and May 25, 1960. 

Formulation 

Rate, _ 
Herbicide Lb/A Standard’ Forron Amine” Mean 

-_----- (Percent) - - - - - - - 
2,4,5-T 0 2 4 2 3 

2 11 25 19 18 
4 27 45 20 31 

Silvex 0 4 3 5 4 
2 35 30 17 27 
4 47 54 21 42 

Mean 21 27 14 

1PGBE esters in Kuron and Esteron formulations in a 1:7 oil/water emulsion. 
2PGBE esters of 2,4,5-T and silvex as Forron formulations in aqueous emul- 
sion. 

be locally available, but oil often 3Alkanolamine salts of 2,4,5-T and silvex in aqueous solution. 
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mahogany (Cercocarpus mon- 
tanus Raf.) was generally killed. 

Summary 

Propylene glycol butyl ether 
(PGBE) esters of 2,4,5-T and 
silvex were applied to Arizona 
chaparal at zero, one, two and 
four pounds per acre in the 
spring, spring-fall (of the same 
year), spring-spring, and spring- 
fall-spring, beginning in May, 
1959. In a second experiment 
2,4,5-T and silvex were applied 
at zero, two and four pounds as 
the alkanolamine salt, as PGBE 
esters in Kuron and Esteron 
form, and as PGBE esters of 
2,4,5-T and silvex in Forron for- 
mulation in the spring of 1959 
and 1960. All tests were made on 
replicated 25’ x 50’ plots. 

The treatments resulted in 
varying degrees of topkilling of 
shrub live oak but most plants 
resprouted from the base, or live 
branches. Treatment effects 
were recorded in terms of visual 
estimates of damage to tops of 
oak bushes as evidenced by dead 
leaves or lack of leaves. Silvex 
was generally slightly superior 
to 2,4,5-T. 

The addition of five percent 
or more diesel oil emulsified in 

the water carrier increased effec- 
tiveness of 2,4,5-T in topkilling 
shrub live oak. When oil was in- 
cluded in the spray, there was no 
advantage in adding surfactant 
(above that in the formulated 
herbicide), but adding surfactant 
to sprays having no additional 
oil doubled the activity. 

For any given schedule of re- 
treatment, the higher application 
rates were more effective than 
the lower. However, the efficacy 
of the treatments was more re- 
lated to frequency of retreatment 
than to total amount of herbicide 
applied. At any rate of herbicide 
the effectiveness of the treat- 
ment increased with the number 
of applications made. When two 
treatments were applied, there 
was no difference between fall 
and spring retreatment. 

There was no difference be- 
tween PGBE esters of 2,4,5-T 
and silvex as Forron (in water) 
or standard (Kuron and Esteron 
in 1: 7 oil/water emulsion) for- 
mulations; however, both were 
superior to alkanolamine salts of 
2,4,5-T and silvex in aqueous 
solution. 
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Competition and Water Requirements of 
Cheaigrass and WheatgrassA in the Greenhouse1 

A. C. HULL, JR. 

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

Cheatgrass (Bromus tectorum 
L.), a vigorous, introduced 
annual, covers millions of acres 
of abandoned cropland and de- 
pleted rangeland. Although 
cheatgrass provides considerable 
livestock feed, it varies greatly 
in production, dries up early, 
and is a fire hazard (Hull and 
Stewart, 1948). Plant hosts of 
the beet leafhopper such as 
Russian thistle (SaZsoZa kali L. 
var. tenuifoliu Tausch) occupy 

cheatgrass areas following me- 
chanical or biological disturb- 
ances and fire (Piemeisel, 1938) . 
Stewart and Hull (1949) stated 
that crested wheatgrass (Agro- 
pyron desertorum (Fisch.) 
Schult.) once established, re- 
stricted cheatgrass growth. Be- 
cause cheatgrass competes with 
perennial grass seedlings it must 
be reduced for successful range 
seedings. 

Dillman (1931) determined the 

water requirement of crested 
wheatgrass and many other spe- 
cies in North Dakota. The 
weighted mean water require- 
ment of crested wheatgrass was 
853. Some other species for com- 
parison were Russian thistle 224, 
smooth brome (Bromus inermis 
Leyss.) 784, and western wheat- 
grass (Agropyron smithii Rydb.) 
1,183. 

Hunt (1962) obtained signifi- 
cant differences in water re- 
quirements of genotypes of in- 

1Cooperative with Crops Research 
Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Utah Agricultural 
Experiment Station, Logan, Utah. 
Thanks to Francis McAllister, jor- 
mer student, for greenhouse work. 
Utah Agric. Expt. Sta. Journal 
Paper 284. 
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mahogany (Cercocarpus mon- 
tanus Raf.) was generally killed. 

Summary 

Propylene glycol butyl ether 
(PGBE) esters of 2,4,5-T and 
silvex were applied to Arizona 
chaparal at zero, one, two and 
four pounds per acre in the 
spring, spring-fall (of the same 
year), spring-spring, and spring- 
fall-spring, beginning in May, 
1959. In a second experiment 
2,4,5-T and silvex were applied 
at zero, two and four pounds as 
the alkanolamine salt, as PGBE 
esters in Kuron and Esteron 
form, and as PGBE esters of 
2,4,5-T and silvex in Forron for- 
mulation in the spring of 1959 
and 1960. All tests were made on 
replicated 25’ x 50’ plots. 

The treatments resulted in 
varying degrees of topkilling of 
shrub live oak but most plants 
resprouted from the base, or live 
branches. Treatment effects 
were recorded in terms of visual 
estimates of damage to tops of 
oak bushes as evidenced by dead 
leaves or lack of leaves. Silvex 
was generally slightly superior 
to 2,4,5-T. 

The addition of five percent 
or more diesel oil emulsified in 

the water carrier increased effec- 
tiveness of 2,4,5-T in topkilling 
shrub live oak. When oil was in- 
cluded in the spray, there was no 
advantage in adding surfactant 
(above that in the formulated 
herbicide), but adding surfactant 
to sprays having no additional 
oil doubled the activity. 

For any given schedule of re- 
treatment, the higher application 
rates were more effective than 
the lower. However, the efficacy 
of the treatments was more re- 
lated to frequency of retreatment 
than to total amount of herbicide 
applied. At any rate of herbicide 
the effectiveness of the treat- 
ment increased with the number 
of applications made. When two 
treatments were applied, there 
was no difference between fall 
and spring retreatment. 

There was no difference be- 
tween PGBE esters of 2,4,5-T 
and silvex as Forron (in water) 
or standard (Kuron and Esteron 
in 1: 7 oil/water emulsion) for- 
mulations; however, both were 
superior to alkanolamine salts of 
2,4,5-T and silvex in aqueous 
solution. 
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Competition and Water Requirements of 
Cheaigrass and WheatgrassA in the Greenhouse1 

A. C. HULL, JR. 

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

Cheatgrass (Bromus tectorum 
L.), a vigorous, introduced 
annual, covers millions of acres 
of abandoned cropland and de- 
pleted rangeland. Although 
cheatgrass provides considerable 
livestock feed, it varies greatly 
in production, dries up early, 
and is a fire hazard (Hull and 
Stewart, 1948). Plant hosts of 
the beet leafhopper such as 
Russian thistle (SaZsoZa kali L. 
var. tenuifoliu Tausch) occupy 

cheatgrass areas following me- 
chanical or biological disturb- 
ances and fire (Piemeisel, 1938) . 
Stewart and Hull (1949) stated 
that crested wheatgrass (Agro- 
pyron desertorum (Fisch.) 
Schult.) once established, re- 
stricted cheatgrass growth. Be- 
cause cheatgrass competes with 
perennial grass seedlings it must 
be reduced for successful range 
seedings. 

Dillman (1931) determined the 

water requirement of crested 
wheatgrass and many other spe- 
cies in North Dakota. The 
weighted mean water require- 
ment of crested wheatgrass was 
853. Some other species for com- 
parison were Russian thistle 224, 
smooth brome (Bromus inermis 
Leyss.) 784, and western wheat- 
grass (Agropyron smithii Rydb.) 
1,183. 

Hunt (1962) obtained signifi- 
cant differences in water re- 
quirements of genotypes of in- 

1Cooperative with Crops Research 
Division, Agricultural Research 
Service, U. S. Department of Agri- 
culture and the Utah Agricultural 
Experiment Station, Logan, Utah. 
Thanks to Francis McAllister, jor- 
mer student, for greenhouse work. 
Utah Agric. Expt. Sta. Journal 
Paper 284. 
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termediate wheatgrass (Agropy- 
70% intermedium (Host) Beauv.) 
and Russian wildrye (Elymus 
junceus Fisch.) Intermediate 
wheatgrass had a lower water 
requirement and produced more 
forage than did Russian wildrye. 

Keller (1953) found that or- 
chardgrass (Dactylis glomerata 
L.) genotypes high in herbage 
yields were low in their water 
requirements and visa versa. 
Keller (1954) advised adhering 
to a single technique in water- 
requirement studies. 

In the greenhouse Evans 
(1961) grew 18 plants of crested 
wheatgrass and four, 16, 64, and 
256 plants of cheatgrass in con- 
tainers one foot square and four 
feet deep. Cheatgrass at densities 
of 64 and 256 plants severely cur- 
tailed shoot and root growth and 
greatly increased mortality of 
crested wheatgrass. With 18 
crested wheatgrass plants and 
256 cheatgrass plants, soil mois- 
ture was depleted to 15 bars suc- 
tion in nine weeks. The crested 
wheatgrass ceased growth after 
eight weeks and the cheatgrass 
after ten. These results suggest 
that cheatgrass is more efficient 
in the extraction of soil water or 
has greater drought resistance 
than crested wheatgrass. 

The competitive ability of 
cheatgrass has been blamed for 
many unsuccessful crested 
wheatgrass seedings on cheat- 
grass-infested lands. The present 
study was to determine water 
requirements and some competi- 
tive relations of cheatgrass and 
wheatgrasses. 

Procedures 
Four studies with cheatgrass 

and wheatgrasses were carried 
out in the greenhouse: 

1. Competition among dif- 
ferent combinations of numbers 
of cheatgrass and crested, Fair- 
way (Agropyron cristatum (L.) 
Gaertn.) , and Siberian (A. sibiri- 
cum (Willd.) Beauv.) wheat- 
grass seedlings grown in gallon 
cans with eight replications. 

2. Same as study 1 except dif- 
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ferent seedling combinations of 
cheatgrass and crested wheat- 
grass. 

3. Water use of cheatgrass and 
crested wheatgrass in different 
combinations in gallon cans with 
eight replications. 

4. Top and root growth of 
cheatgrass and crested wheat- 
grass in different combinations 
in glass-faced boxes with three 
replications. 

Soil was dried on greenhouse 
benches and 3,740 grams put in 
each can. The percent moisture 
was ascertained and thereafter 
water was added after weighing 
each can to determine water 
needs. Gypsum moisture blocks 
in some cans also helped deter- 
mine moisture potential. Enough 
water was added to keep the 
plants growing well, but drain- 
age was avoided. 

The soil was a sandy loam ob- 
tained near Bliss, Idaho, with the 
following characteristics: 
PH (paste) 7.3 
Sat. ext. (EC x 103) 1.0 
Organic matter (percent) 1.1 

PzOj Ibs/A 
Moisture (percent) 

114.0 

Saturation 38.0 
% atm. 15.6 
15 atm. 7.3 
Seeds were pregerminated and 

put in cans or boxes and covered 
with one-fourth inch of soil. 
Cheatgrass commenced germina- 
tion in two days and germinated 
100 percent in four days. The 
wheatgrasses started to germi- 
nate in four days and reached 80 
percent in eight days. To get all 
seedlings started growing at the 
same time, germination of the 
wheatgrasses was started two 
days earlier than that of cheat- 
grass. 

A plastic sheet was placed over 
all cans and boxes for three days 
after seeding to reduce water 
loss. Cans had a surface area of 
0.20 square feet and boxes 0.24 
square feet. Cans and boxes were 
rotated weekly. A board as high 
as the cans shaded the outer 
rows. Air temperatures at the 
plant level ranged from 60” to 
88” F. during the day and 38” 
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Table 1. Air-dry weight of fops and roofs and wafer requirements for cheaf- 
grass and wheafgrasses in competition and wafer-requirement studies. 

Air-dry weight 
Number of plants of tops Water requirement 

Cheat- 
Wheat- Cheat- Wheat- grass All 
grasses grass grass tops roots 

1. Competition study (Grams water/ 
(Grams) grams herbage) 

5 0 3.9al - 5.la 836a 
5 10 .6b 7.5a 14.0b 436b 
5 40 .4bc 8.0a 20.3~ 502b 
52 40 .4bc 8.0a 21.4~ 49813 
53 40 .4bc 7.8a 21.2c 537b 
5 160 .2c 7.9a 21.9c 52713 

2. Competition study 
10 0 4.9a 9.la 818a 
8 10 l.Ob 7.4a 18.7b 486b 
5 20 .4c 7.5ab 18.2b 519b 
2 30 .lc 9.3bc 18.9b 450b 
0 40 lO.lc 17.7b 445b 

3. Wafer-requirement study 
5 0 4.6a 4.8a 582a 
5 5 1.5b 6.2a lO.Ob 417b 
0 5 8.lb 10.9b 385b 

1 A highly significant (one percent) difference exists between two means not 
followed by the same letter. 

2Agropyron cristatum and 3A. sibiricum. All other wheatgrasses are 
A. desertorum. 

to 58” F. at night during the 
study. 

When seedlings in the water- 
use study were one inch high, 
the soil surface was covered with 
one-half inch of fine gravel to 
reduce evaporation. The cans 
were then covered with a plastic 
sheet, perforated for each plant. 
However, the plastic caused heat 
damage and was removed after 
three days. A row of alfalfa 
plants in gallon cans and clipped 
to the same height as the grass 
plants formed a buffer strip for 
the outer rows. 

Studies were begun February 
27, 1961. Heights were measured 
weekly. By mid-April top and 
root growth had ceased in cans 
which had a high density of 
cheatgrass plants. Studies were 
ended on April 26 before roots 
commenced dying. Soil was care- 
fully washed from the roots and 
air-dry weights of tops and roots 
were obtained. Significance of 
results at the one-percent level 
was determined by Duncan’s 
(1955) multiple range test. 

Results 
Competition Between Cheafgrass and 

Three Wheafgrasses 
Each treatment had five 

wheatgrass plants growing with 
0, 10, 40, or 160 cheatgrass plants 
(Table 1). Only crested wheat- 
grass was grown alone and with 
ten cheatgrass plants. Five 
crested wheatgrass plants grow- 
ing alone produced 3.9 grams of 
herbage but in competition with 
10 cheatgrass plants only 15 per- 
cent of that amount was pro- 
duced (Figure 1). Roots could 
not be accurately separated, but 

by observation cheatgrass com- 
petition reduced wheatgrass root 
yield as much as it reduced top 
yield. Differences in growth and 
water use among crested, fair- 
way, and Siberian wheatgrasses 
growing in competition with 40 
cheatgrass plants were not sig- 
nificant. 

Cheatgrass used water more 
efficiently than the wheatgrasses. 
Since there was more exposed 
soil in the wheatgrass cans there 
may have been slightly greater 
evaporation which would have 
increased the water requirement. 
Water requirement is the weight 
of water used divided by the 
weight of herbage produced. Soil 
in cans with no plants and no 
gravel cover used 24 to 33 per- 
cent as much water as soil with 
plants and no cover. 

Competition Between Cheafgrass and 
Crested Wheafgrass 

Results were similar to those 
in study 1. As cheatgrass plant 
numbers increased, the yield of 
crested wheatgrass decreased. 
Crested wheatgrass growing with 
0, 10,20, and 30 cheatgrass plants 
per can yielded .49, .13, .08, and 
.04 grams of herbage per plant. 
Cheatgrass used 54 percent as 
much water as did crested 
wheatgrass. 

Wafer Use by Cheafgrass and 
Crested Wheafgrass 

Five plants each of cheatgrass 
and crested wheatgrass were 
grown alone and in combination 
(Table 1). Five plants of crested 
wheatgrass without cheatgrass 
produced 4.6 grams, three times 

Table 2. Top and roof yields and growth of cheafgrass and crested wheaf- 
grass in glass-faced boxes. 

Number of plants Air-dry weight Root length 

Wheat- Cheat- _ 
Wheat- Cheat- grass grass All Wheat- Cheat- 
grasses grass tops tops roots grass grass 

(Grams) (Inches) 
10 0 4.9al - 7.0a 16.7a - 
10 10 .9b 4.6a 9.9ab 16.lab 28.2a 
10 80 .2b 7.0a 12.3bc 12.2bc 30.2a 
10 640 .lb 13.0b 13.oc 9.3c 28.9a 

IA highly significant (one percent) difference exists between two means not 
followed by the same letter. 
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~?IGU~E 2. A. General view of water-use study with border rows of alfalfa removed. B. Typt 
cal top growth of plants. The entire roots are not shown. Crested whsatgrass (Ade) 
on left. Cheatgrass (Bte) on right. Numerals represent the number of plants per can. 

as much herbage as five plants of dry matter as did crested 
competing with five plants of wheatgrass. Evaporation from 
cheatgrass. Crested wheatgrass soil in cans with a one-half inch 
produced 43 percent less top gravel cover and no plants was 
growth and 56 percent less root ten percent that of the combined 
growth than cheatgrass (Figure use and loss from soil with a 
2). gravel cover and plants. Evapo- 

Cheatgrass required 66 percent 
as much water to produce a gram 

ration was ignored in 
water requirements. 

calculating 

Top and Roof Growth of Cheaigrass 
and Crested Wheafgrass 

Ten plants of crested wheat- 
grass were grown with 0, 10, 80, 
and 640 cheatgrass plants in 
2 x 17 x 36-‘inch glass-faced boxes 
(Table 2). Ten plants of crested 
wheatgrass yielded 4.9 grams of 
tops. Ten plants of crested wheat- 
grass growing with ten plants of 
cheatgrass yielded 0.9 gram of 
tops. Increasing cheatgrass 
plants to 80 and 640 per box fur- 
ther reduced wheatgrass yields. 

Root length of wheatgrass 
plants decreased significantly as 
the number of cheatgrass plants 
increased. Cheatgrass roots elon- 
gated more rapidly and were 
longer, finer, and spread wider 
than wheatgrass roots (Figure 
3). 

Discussion 
Cheatgrass is a severe com- 

petitor with other grasses. Even 
a small number of cheatgrass 
plants reduced growth of wheat- 
grass to between l/7 and l/3 of 
that produced without cheat- 
grass. Cheatgrass is also a strong 
competitor with itself. Increasing 
plant numbers decreased the 
weight of individual plants. 
Where cheatgrass numbered 10, 
40, and 160 plants per can, indi- 
vidual plants weighed .75, .20, 
and .05 grams. 

Cheatgrass seeds germinated 
more rapidly and the tops and 
roots elongated faster than those 
of crested wheatgrass. It could 
thus compete severely with 
crested wheatgrass for light and 
moisture. Cheatgrass roots oc- 
cupied a wider and deeper soil 
area and the roots were finer 
with more roots for a given 
weight than for crested wheat- 
grass. Cheatgrass could thus ab- 
sorb water and plant nutrients 
from a larger soil volume than 
could crested wheatgrass seed- 
lings. Studies by Evans (1961) 
suggested that cheatgrass is more 
efficient in the extraction of soil 
water than crested wheatgrass. 

In the water-requirement 
study crested wheatgrass re- 



COMPETITION AND WATER REQUIREMENTS 203 

quired 582 grams of water to pro- 
duce a gram of dry matter. 
Cheatgrass required 385 grams 
or 66 percent as much as crested 
wheatgrass. Efficiency in water 
use or water extraction might 
make a major difference in plant 
growth and competition. In the 
competition studies crested 
wheatgrass required 836 and 818 
grams to produce a gram of dry 
matter. The lower amount of 582 
grams in the water-requirement 
study was undoubtedly the re- 
sult of a half-inch gravel layer 
on top of the soil. Mulches and 
shading by plants reduce evapo- 
ration from the soil surface, 
which in turn may be of great 
importance to plants competing 
for soil water. 

Summary 

Cheatgrass, a vigorous annual, 
is a strong competitor w*ith per- 
ennial grass seedlings and often 
causes failures of range seedings. 
Cheatgrass and three wheat- 
grasses were grown together in 
gallon cans and in glass-faced 
boxes in the greenhouse. The 
shoots and roots of cheatgrass 
elongated more rapidly than 
those of crested wheatgrass. A&o 
cheatgrass roots were finer, 
spread more, and occupied the 
soil mass more completely than 
did crested wheatgrass roots. 

Cheatgrass grown in varying 
densities with wheatgrasses re- 
duced the top growth of wheat- 
grass to between l/7 and l/3 of 
that produced without cheaf- 
grass. Although roots were not 
separated, the root growth of the 
wheatgrasses appeared to have 
been reduced by a similar 
amount. 

Cheatgrass produced up to 
twice as much top growth and 
required only 66 percent as much 
water to produce a gram of dry 
matter as did crested wheatgrass. 

Differences in top and root 
growth and water use among the 
three wheatgrasses growing with 
cheatgrass were not significant. 

FIGURE 3. Cheatgrass roots elongate more rapidly and spread more than wheatgrass roots. 
A. Cheatgrass (dark crayon) and wheatgrass eight days after planting preger- 
minated seed. B. Left-five plants of wheatgrass (Ade) ; right-five plants of 
cheatgrass (Bte) 41 days after planting. 
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Effect of Fertilization on Yield on an Irrigated 
Mountain Meadow1 

ROSS W. LEAMER2 
Soil Scientist, Soil and Water Conservation Research 
Division, Agricultural Research Service, U. S. Depart- 
ment of Agriculture, University Park, New Mexico. 

Ranchers utilizing mountain 
ranges in the Rocky Mountain 
region usually have areas of val- 
ley land on which they produce 
hay for winter feed. Approx- 
imately 3,800,OOO acres of such 
land in the 11 Western States is 
classified as mountain meadows 
(Rouse et al. 1955). Commonly 
these meadows are pastured in 
the spring, cut for hay in the 
summer while the cattle are on 
higher ranges, and pastured 
again in the fall. Grasses pre- 
dominate in these high altitude 
valleys. 

Burton and DeVane (1952) re- 
viewed the literature on the ef- 
fect of nitrogen fertilization on 
growth and chemical composi- 
tion of grasses in pastures in the 
southeast and Willhite et al, 
(1955) studied grasses in moun- 
tain meadows in Colorado. They 
all agreed that nitrogen on pure 
stands of grass increased the 
yields on most soils. Generally, 
yield increases were accompan- 
ied by increases in protein con- 
tent. 

Shipley and Headley (1948), 
working on the high altitude 
meadow areas of Nevada have 
shown that late harvesting re- 

1In cooperation with the Soil Con- 
servation Service, USDA, and the 
New Mexico Agricultural Experi- 
ment Station. Submitted as Journal 
Paper No. 194 of the New Mexico 
Agricultural Experiment Station 
Series. 

duced the nutritive value of hay. 
Miller et al. (1955) found that 
highest protein yields were ob- 
tained when the first harvest 
was at the end of June. Willhite 
et al. (1955) found that, in high 
mountain valleys in Colorado, 
hay cut the first of August was 
superior in feeding value to hay 
cut in early September. In their 
experiment, one pound of 43 per- 
cent crude protein cake supple- 
ment per animal per day was re- 
quired to raise the feeding value 
of late cut hay ration to equal 
early cut hay. They also found 
a direct relationship between 
pounds of crude protein in the 
daily ration and the rate of ani- 
mal gain. Many ranchers cut 
hay in the early stages of matur- 
ity to maintain the high protein 
content and then use the fall re- 
growth for pasture when the 
high mountain ranges are cov- 
ered with snow. 

This report summarizes a four- 
year study on an irrigated mea- 
dow in the Cimarron Valley one 
mile west of Cimarron in north- 
ern New Mexico. The valley at 
this location is 6500 feet above 
sea level. The average frost free 
period is 158 days (May 1 to 
October 11). The mean tempera- 
ture for July is 70 degrees. Aver- 

2The author is indebted to person- 
nel of the Soil Conservation Serv- 
ice for their help in collecting the 
data, and to the W-S Ranch for the 
use of the site for this experi,ment. 

affecting change and rate of 
change in a vegetation of annuals 
in Idaho. Ecology, 32: 53-72. 

STEWART, GEORGE AND A. C. HULL, JR. 
1949. Cheatgrass (Bromus tee- 
torum L.) An ecologic intruder in 
southern Idaho. Ecology, 30: 58-74. 

age annual precipitation is 15 
inches. There is ample water for 
irrigation. 

Materials and Methods 
The field was leveled for irri- 

gation in 1956 to a slope of 0.95 
feet per 100 feet. Maximum cut 
in the experimental area was 
1.10 feet; maximum fill was 0.70 
feet. The soil was described as 
a well-drained, undifferentiated 
mountain alluvium. Barnyard 
manure, at the rate of five tons 
per acre, was spread on the 
whole field in 1956 following 
leveling. In 1957, 100 pounds of 
8-32-O and 100 pounds of 33-O-O 
were spread, and the area was 
disk plowed. About July 1, 1957, 
a mixture of Kentucky 31 fescue 
(Festuca arundinacea), orchard- 
grass (Dactylis glomerata), tall 
wheatgrass (Agropyron elonga- 
turn), and Madrid sweetclover 
(Melilotus officinalis) was 
planted. The area was irrigated 
before planting, and good rains 
followed planting. The grasses 
emerged to a good stand. The 
field was sprayed with 2,4-D 
about the middle of August. 
Most of the weeds and clover 
were killed but a good stand of 
grasses remained. 

The treatments were initiated 
in 1958 and terminated in 1961. 
The main variables were time 
and rate of application of nitro- 
gen as ammonium nitrate. One 
application was made early in 
the spring when the first growth 
was apparent (March 1); another 
was made when growth was well 
started (April 15); and a third 
was made after the first cutting 
of hay had been removed (July 
1). The amounts of fertilizer ap- 
plied at the various dates are 
shown in Figures 1, 2 and 3. All 
rates were doubled the last year. 
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manure, at the rate of five tons 
per acre, was spread on the 
whole field in 1956 following 
leveling. In 1957, 100 pounds of 
8-32-O and 100 pounds of 33-O-O 
were spread, and the area was 
disk plowed. About July 1, 1957, 
a mixture of Kentucky 31 fescue 
(Festuca arundinacea), orchard- 
grass (Dactylis glomerata), tall 
wheatgrass (Agropyron elonga- 
turn), and Madrid sweetclover 
(Melilotus officinalis) was 
planted. The area was irrigated 
before planting, and good rains 
followed planting. The grasses 
emerged to a good stand. The 
field was sprayed with 2,4-D 
about the middle of August. 
Most of the weeds and clover 
were killed but a good stand of 
grasses remained. 

The treatments were initiated 
in 1958 and terminated in 1961. 
The main variables were time 
and rate of application of nitro- 
gen as ammonium nitrate. One 
application was made early in 
the spring when the first growth 
was apparent (March 1); another 
was made when growth was well 
started (April 15); and a third 
was made after the first cutting 
of hay had been removed (July 
1). The amounts of fertilizer ap- 
plied at the various dates are 
shown in Figures 1, 2 and 3. All 
rates were doubled the last year. 
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Each treatment was replicated 
six times in a randomized block 
design. The area was irrigated 
as necessary to prevent the 
grasses from wilting. 

The experiment was not initi- 
ated in time for the early appli- 
cation the first year, and the late 
application was not made in the 
last year. In addition to the ni- 
trogen variables, an N + P treat- 
ment and an N +P + K treat- 
ment were included. In these 
treatments N, P, and K rates 
were 240, 44, and 150 pounds per 
acre, respectively. P and K were 
applied in March and N in April. 

Annual hay and regrowth 
yields were determined about 
July 1 and September 15, respec- 
tively, by weighing the forage 
clipped from a measured portion 
of each plot. A subsample of 
both hay and regrowth from 
three replicates was used to de- 
termine dry matter and N con- 
tent. Protein content was deter- 
mined by multiplying the nitro- 
gen content obtained by Kjel- 
dahl analysis by 6.25. The amount 
of nitrogen recovered in the for- 
age was calculated for each year. 
The percentage of the applied 
nitrogen recovered in the crop 
was calculated as follows: 

1961 I-\ 

5 0 0 60 0 
60 60 120 0 0 0 0 
60 60 0 160 240 240 240 

7/l 0 0 0 0 0 0 60 60 0 0 0 0 

NITROGEN T R E A T M k NzKT 
FIGURE 1. Average hay and regrowth yields for irrigated mountain meadow plots. 

crease per pound of nitrogen. 
Rates greater than 60 pounds 
produced increases but they 
were less per pound of nitrogen 
applied. All 1960 yields were 
lower than other years, but the 
increase was more uniform over 
the range of nitrogen applied 
and the response curve was more 
linear than other years. The 

varied significantly from the 
April application. The July ap- 
plication had no residual effect 
on the protein content of hay in 
the following year. Protein con- 
tent of the regrowth increased 
linearly with the total amount of 
nitrogen applied. In all years 
except 1961, the protein content 
of regrowth on plots receiving 

N in forage from fertilized plot-N in forage from check plot 1 
Total 

L 

Results and Discussion 

Hay Yields 

Hay and regrowth yields are 
presented in Figure 1. Average 
yields of 1958-1960 are compared 
with 1961 yields because the fer- 
tilizer rates were doubled in 
1961. Each year there was a 
statistically significant linear in- 
crease in yield with increasing 
amounts of nitrogen applied. The 
yield increases were not as great 
in 1958 as in the following years. 
The manure and fertilizer ap- 
plied before the field was seeded 
apparently supplied enough nu- 
trients for near maximum yields 
in 1958. In 1959, the 60-pound ap- 
plication gave the largest in- 

N applied 1 
linear response indicated that 
maximum yield had not been at- 
tained so the fertilizer rates were 
all doubled in 1961. The response 
to the doubled rates was linear 
up to the 240-pound rate but was 
less per pound of nitrogen above 
that rate. 

Proiein Confenf 

Protein content increased gen- 
erally as nitrogen fertilizer rate 
increased. The averages of the 
protein percentages in the hay 
and regrowth are shown in Fig- 
ure 2. Each hay crop gave a 
highly significant linear re- 
sponse to the nitrogen applied 
April 15. Neither the early appli- 
cation nor the split application 

X 100 = percent N recovery. 

240 pounds of nitrogen per acre 
was above the line established by 
the lower rates of application. 
Nitrogen applied in the spring 
was as effective in maintaining 
the protein content of regrowth 
as nitrogen applied in mid-sum- 
mer. 

The two spring dates of appli- 
cation were equally effective, 
and splitting the nitrogen be- 
tween the two dates was no bet- 
ter than applying the same total 
amount at either date. The July 
application of nitrogen tended to 
increase yield of regrowth but 
did not increase the total yield 
above that obtained when an 
equivalent amount of nitrogen 
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FIGURE 2. Average protein content of hay and regrowth from irrigated mountain meadow 

plots. 

was applied in the spring. There Protein Yield 

was no residual effect of the The amount of protein pro- 
July application on hay yield the duced is a reliable measure of 
following year. Neither phos- the effectiveness of a meadow 
phorus nor phosphorus with PO- management program. There is 
tassium gave statistically signifi- a direct relationship between the 
cant increases in yield of hay pounds of crude protein in a feed 
during the four years. ration and the pounds of animal 

Regrowth Yields 

The yields of regrowth (Figure 
l), like the hay yields, showed a 
statistically significant linear re- 
sponse to nitrogen. The manure 
and previous fertilizer main- 
tained high yields on the un- 
treated plots through 1958. Low 
yields in subsequent years re- 
duced the average for the check 
plots. Regrowth yields were not 
affected by the date of applica- 
tion of nitrogen. A total of 180 
pounds per acre applied April 
15 was as effective as the same 
total split in any of the ways in- 
cluded in the experiment. There 
was a tendency in each year 
(except 1961) for the 120-o-60 
treatment to give the highest 
regrowth yield; however, this 
trend was not statistically sig- 
nificant. Neither phosphorus nor 
potassium gave -consistent 
creases in regrowth yields. 

in- 

gain (Willhite 1955). The in- 
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creases in yield and protein con- 
tent of forage from nitrogen fer- 
tilization resulted in linear in- 
creases of protein yield. Average 
protein yields from both hay and 
regrowth are shown in Figure 3. 
Protein yields increased with the 
amount of nitrogen applied, with 
no consistent differences be- 
tween dates of application of the 
same total amount of nitrogen. 

Small but consistent increases 
in protein yield in regrowth 
were obtained from nitrogen 
application rates through 120 
pounds per acre. Yields of pro- 
tein in regrowth from 180 and 
240 pounds of nitrogen per acre 
were greater than those from 
lower rates. This is not consist- 
ent with the results reported by 
Rouse et al. (1955)) who found 
that nitrogen applied in the 
spring at rates up to 160 pounds 
per acre resulted in no increase 
in protein yield in regrowth after 
an early initial harvest. 

Nitrogen Recovery 

Accumulative nitrogen recov- 
ery in forage is shown in Figure 
4. The percentage recovered in- 
creased in each of the first three 

FIGURE 3. 
plots. 

Average protein yield in hay and regrowth from irrigated mountain meadow 
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FIGURE 4. Accumulative nitrogen recovery in forage from annual nitrogen applications to 

irrigated mountain meadow plots. 

years from all rates of applica- 
tion. The low recovery from the 
120-pound rate in 1958 affected 
the accumulative recovery to the 
end of the experiment although 
the difference decreased each 
year. Recovery from the doubled 
rates in 1961 dropped at all rates. 

Nitrogen recovery in this ex- 
periment was in agreement with 
others using the net recovery 
value. Legg and Allison (1959), 
using N15, showed that the net 
recovery (the method used here) 
was considerably higher than the 
actual recovery of tagged N. 
The differences were especially 
marked at the lower rates of N 
application. Cooper, Klages, and 
Schulz-Shaeffer (1962) reported 
recovery up to 107 percent by 
both orchardgrass and smooth 
bromegrass. They postulated 
that fertilized grass had a larger 
root system and utilized more 
soil N than unfertilized. Lewis 
and Lang (1957) reported aver- 
age nitrogen recovery of 78.8 per 
cent of 160 pounds on N per acre. 
Grable and Johnson (1961) ob- 
tained an average recovery of 
77 percent with ryegrass in pots 
fertilized with 200 and 600 

pounds N per acre. They found 
the amount of soil N removed by 
fertilized and unfertilized rye- 
grass from pots was equal. Dot- 
zenko (1960) reported highly sig- 
nificant differences between 
grass species, nitrogren levels, 
and nitrogen level X variety in- 
teraction in the percent N recov- 
ery in Fort Collins soil. He con- 
cluded that rhizomatous species, 
e.g. smooth bromegrass and in- 
termediate wheatgrass, have an 
inherent ability to use higher ni- 
trogen rates more efficiently, 
presumably because of the pro- 
liferation of their root system 
throughout the soil profile. 

The increases to a high level of 
N recovery followed by a drop 
in 1961 for all treatments sug- 
gests that, in the absence of other 
limiting factors, the plants de- 
veloped an equilibrium with ni- 
trogen supply through such fac- 
tors as density of stand or rela- 
tive vigor to each level of nitro- 
gen in the three-year period. 
The doubled rates of fertiliza- 
tion provided more nitrogen than 
the plants could utilize; there- 
fore, the percent recovery de- 
creased. The experiment was 
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terminated before a new equili- 
brium was established. 

Summary 
Fertilizer was applied to an ir- 

rigated meadow in a mountain 
valley in northern New Mexico 
annually for four years. Hay 
yields cut July 1 and regrowth 
sampled September 15 increased 
linearly with the amount of ni- 
trogen applied. Applications 
made March 1 were as effective 
as those made April 15. Split ap- 
plications (half on March 1 and 
half April 15) showed no advan- 
tage over single applications. The 
protein content and total protein 
yield followed the same linear 
response pattern to the total 
amount of nitrogen applied. 
Yield and protein content of re- 
growth were increased by a July 
1 fertilization, but the increase in 
protein was less than the in- 
creases in yield and protein con- 
tent in the hay crop when all 
the nitrogen was applied in the 
spring. 

Neither phosphorus nor potas- 
sium increased the yield or pro- 
tein content of grasses grown. 

Recovery of applied nitrogen 
increased in successive years. 
However, when nitrogen rates 
were doubled in 1961, the percen- 
tage of recovery decreased. 
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A Subalpine Grassland Seeding Trial 
JUSTIN G. SMITH 
Range Conservationist, Pacific Northwest Forest and 
Range Experiment Station, Forest Service, U. S. Depart- 
ment of Agriculture, Portland, Oregon 

Subalpine grasslands make up 
a very small part of the total 
summer range area of north-cen- 
tral Washington, but they are 
important because of their high 
value as watersheds and their 
great potential grazing capacity. 
For the most part, these high 
grasslands in good condition are 
dominated by greenleaf fescue 
(Festuca viridula), a palatable 
bunchgrass. 

Many areas once highly pro- 
ductive are now severely de- 
teriorated as a result of exces- 
sive use by both livestock and 
big game. These inferior ranges 
are characterized by a mixture 
of plants which are largely un- 
desirable as forage and, in some 
cases, ineffective from the stand- 
point of soil protection. Green 
fescue is often reduced to the 
status of a relict. 

The objective of the study re- 
ported here was to test a num- 
ber of species for adaptability to 
subalpine areas. Broad guide- 
lines for seeding summer ranges, 
gleaned from this species trial 
and based on observations of the 
first two growing seasons, were 
reported by Rummell and Hol- 
scher (1955). 

Species And Methods 

Species selected for trial in- 
cluded the following 14 grasses 
and eight legumes: intermediate 
wheatgrass (Agropyron inter- 

termedium), bearded wheat- 
grass (A. subsecundum), slender 
wheatgrass (A. trachycaulum), 
pubescent wheatgrass (A. tricho- 
phorum), reed foxtail (Alope- 
curus arundinaceus,) erect 
brome (Bromus erectus), moun- 
tain brome (B. marginatus), 
orchardgrass (Dactylis glomer- 
ata), blue wildrye (Elymus 
glaucus), sheep fescue (Festuca 
ovina), hard fescue (F. ovina 
var. duriuscula), dryland timo- 
thy (Phleum phleoides), tim- 
othy (P. pratense), big bluegrass 
(Poa ampla); Nomad, Sevelra, 
and Ladak alfalfas (Medicago 
sativa), chickpea milkvetch (As- 
tragalus cicer), bramble vetch 
(Vicia tenuifolia), birdsfoot 
deervetch (Lotus corniculatus), 
flat peavine (Lathyrus sylves- 
tris), common sainfoin (Ono- 
brychis viciaefolia). 

The site selected for study was 
on a ridge at about the 5,700- 
foot elevation on the Okanogan 
National Forest near Winthrop, 
Wash. The soil, which was de- 
rived from shale, was coarse and 
loose and varied in depth from 
exposed bedrock to more than 
24 inches. 

For many years the area had 
been grazed by livestock, first 
by sheep and later by cattle, al- 
though it had been closed to all 
livestock for the five years im- 
mediately preceding the species 
trial. Deer also used the site as 

summer range. Native peren- 
nial grasses were scarce and no 
green fescue was found on the 
study area. The vegetation con- 
sisted mainly of perennial forbs 
and shrubs among which west- 
ern yarrow (AchiZZea millefo- 
Zium var. Zanulosa), stickweed 
(Hackelia sp.), lambstongue 
groundsel (Se n e ci o integerri- 
musk eriogonum (Erigonum 
sp.) , big sagebrush (Artemisia 
tridentata), and snowberry 
(Symphoricarpos sp.) were 
prominent. 

The original plan called for a 
planting to be made in the fall 
of 1952, and the site was disked 
in August of that year. This 
disking did such a poor job of 
reducing the native vegetation 
that the planting was postponed. 
In June 1953, the site was 
thoroughly disked again and 
then culti-packed to firm the 
seedbed. All grasses, the three 
alfalfas, and chickpea milkvetch 
were seeded the following day 
on 12- by 60-foot plots, using a 
six-foot single-disk drill and rice 
hulls as a diluent. Unfortunately, 
seeding rate information was in- 
advertently destroyed. Legume 
seed was inoculated with nitro- 
gen-fixing bacteria. After plant- 
ing, the entire area was pro- 
tected from livestock grazing by 
a pole fence. 

Gypsum was broadcast on all 
legume plots and sulphate of am- 
monia was broadcast on half of 
each grass plot, both at a rate of 
200 pounds per acre. The entire 
site was then gone over again 
with the culti-packer. 

Additional plantings were 
made in June 1957. A seven- 
pound-per-acre mixture of tim- 
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and based on observations of the 
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and eight legumes: intermediate 
wheatgrass (Agropyron inter- 
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loose and varied in depth from 
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The original plan called for a 
planting to be made in the fall 
of 1952, and the site was disked 
in August of that year. This 
disking did such a poor job of 
reducing the native vegetation 
that the planting was postponed. 
In June 1953, the site was 
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ing, the entire area was pro- 
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Table 1. Per-acre production estimates and relative ratings Of grasses and 
legumes in a subalpine grassland trial planting made in June 1953.1 

SEEDING TRIAL 

1953 1954 1955 1956 _ 1960 

Species Rela- Air-dry Rela- Rela- Ovendry Air-dry Rela- 
tive produc- tive tive produc- produc- tive 

Rating tion Rating Rating tion tion Rating 

(Pounds) (Pounds) (Pounds) 
Timothy 9 3,200 10 10 4,240 1,540 10 
Pubescent 

wheatgrass 10 2,430 10 9 4,755 1,120 10 
Orchardgrass 10 2,440 10 10 3,350 940 10 
Blue wildrye 10 1,890 9 9 3,115 820 9 
Big bluegrass 7 1,080 8 6 885 780 8 
Meadow brome 10 1,860 9 8 1,970 660 8 
Slender 

wheatgrass 9 1,450 10 8 3,735 660 8 
Dryland timothy 5 1,330 8 6 2,080 560 7 
Intermediate 

wheatgrass 10 1,910 8 7 2,150 420 6 
Reed foxtail 7 690 8 6 1,275 420 6 
Sheep fescue 6 - 3 1 - 380 5 
Hard fescue 9 1,180 8 7 860 320 6 
Mountain brome 10 2,060 10 9 2,320 200 3 
Bearded 

wheatgrass 0 --- - -- 
Sevelra alfalfa 9 - 6 0 - -- 
Nomad alfalfa 10 - 7 0 - -- 
Ladak alfalfa 10 .- 7 0 - -- 
Chickpea 

milkvetch 8 - 6 0 - -- 

iRelativ&atings are estimates of a plant species’ adaptability based 
upon consideration of the following characteristics: number of plants per 
unit length or area, average height and basal diameter, vigor, and distribu- 
tion (10 -excellent, 0 -failure). Ratings, as well as production estimates 
were made in August. 

othy and bramble vetch was 
seeded in a 12- by 60-foot plot, 
using a Brillion seeder which 
combined the seeding and seed- 
bed firming in one operation. 
Bramble vetch, birdsfoot deer- 
vetch, flat peavine, and sainfoin 
were seeded by hand in rows 14 
inches apart on 12- by 15-foot 
plots. Seedbeds for these 1957. 
plantings were prepared by cul- 
tivating with a spring-tooth har- 
row and then packing with the 
Brillion seeder. All plots planted 
at this time received a broadcast 
application of gypsum at a rate 
of 200 pounds per acre. In ad- 
dition, superphosphate at a rate 
of 300 pounds per acre was 
broadcast on one-half of each 
of the four small legume plots 
about one week after planting. 
A wire agronomy cage was 
placed on each small legume 
plot to protect a portion of it 

from deer grazing. 

Resulfs 

Results observed through eight 
growing seasons are shown in 
Table 1. 

Timothy, pubescent wheat- 
grass, orchardgrass, and blue 
wildrye maintained excellent 
ratings throughout the eight 
growing seasons. Figure 1 shows 
these four species as they ap- 
peared in October 1960. 

Big bluegrass, meadow brome, 
slender wheatgrass, dryland tim- 
othy, and intermediate wheat- 
grass were not far behind. 
Mountain brome, which main- 
tained excellent ratings through 
1955 and ranked sixth in produc- 
tion in 1956, declined badly, and 
in 1960 it was rated at the bot- 
tom of the list with the two 
fescues. Bearded wheatgrass 
was the only species that failed 
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to make a stand the first year. 
In 1954, the portions of the 

grass plots that received the fer- 
tilizer generally produced more 
herbage than the unfertilized 
portions. This favorable response 
to nitrogen application was ap- 
parently dissipated by 1956, and 
there was no evidence of it in 
1960. The general decline in pro- 
duction from 1956 to 1960 is un- 
explained. Future estimates will 
determine whether the loss is 
permanent or a fluctuating re- 
sult of variation in growing con- 
ditions. 

In the 1953 planting, the three 
alfalfas and the chickpea milk- 
vetch looked very promising at 
the end of the first growing sea- 
son, declined somewhat by the 
end of the second growing sea- 
son, and were rated failures in 
the third year. Weak remnants 
of all still persisted in 1960. The 
bramble vetch planted in a mix- 
ture w’ith timothy in 1957 was 
also rated a failure in 1960-only 
ten small plants remained on the 
entire plot of 720 square feet- 
whereas the timothy was rated 
good. 

In the 1957 planting, the small 
plots of legumes that were hand- 
planted were rated as follows at 
the end of the first growing sea- 
son: flat peavine, excellent; 
birdsfoot deervetch, good; 
bramble vetch, medium; and 
sainfoin, poor. At the end of 
four growing seasons, in 1960, 
sainfoin had apparently disap- 
peared but the other three 
species were rated good. There 
was no evidence of fertilizer ef- 
fect, but there was a great dif- 
ference in the amount of herbage 
produced inside and outside the 
cage placed on each plot to pro- 
tect against deer grazing. Sum- 
mer utilization by deer averaged 
60 to 75 percent on flat peavine, 
bramble vetch, and birdsfoot 
deervetch for the four years of 
observation and was also moder- 
ate to heavy on the remnants of 
the three alfalfas and chickpea 
milkvetch. In fact, deer and 
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FIGURE 1. Four grass species make excellent stand eight seasons after planting in a 
subalpine grassland in north-central Washington : A, timothy; B. pubescent 

wheatgrass; C, orchardgrass; and D, blue wildrye. 

gopher use probably contributed 
to the decline of the latter four 
species, although it is doubtful 
that this was the principal cause 
of failure. 

Summary 

In a species trial at the 5,700- 
foot elevation in north-central 
Washington, 14 grasses and eight 
legumes were planted. 

Timothy, pubescent wheat- 
grass, orchardgrass, blue wild- 
rye, big bluegrass, meadow 
brome, and slender wheatgrass 
were rated excellent or good 
after eight growing seasons. 
Bearded wheatgrass was the 
only species that failed to make 
a stand the first year. The three 
alfalfas (Nomad, Sevelra, and 
Ladak) and chickpea milkvetch 
made good stands the first year 
but declined rapidly and were 
gone except for small remnants 
after three years. Flat peavine, 
birdsfoot deervetch, and bramble 
vetch were well established in 
hand-plantings after four grow- 
ing seasons and were heavily 
utilized by deer. Sainfoin made 
a poor stand the first year and 
disappeared soon thereafter. A 
favorable but short-lived re- 
sponse to nitrogen application 
was noted in the grasses. In 
spite of the relatively unpalat- 
able herbage now produced on 
many subalpine ranges, they 
probably retain their high po- 
tential productive capacity 
wherever cover has been suf- 
ficient to protect the soil from 
erosion. 
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BOOK REVIEWS 
Edited by D. G. Wilson, Dept. of Watershed Management, Uni. of Arizona, Tucson. 

Field and Laboratory Guide for 
Ecology. By Paul C. Lemon. 
Burgess Publishing Company. 
Minneapolis, Minnesota. 180 
pages. 1962. $5.00. 

This is probably one of the most 
complete laboratory manuals for 
ecology on the market. It is very 
difficult to write a laboratory man- 
ual for a field as broad as ecology 
and the fact that many ecologists 
have different opinions on the proper 
terminology to be used also makes 
the preparation of a laboratory man- 
ual in this field a difficult task. The 
author utilizes the term ecosystem 
as the basic unit which may be some- 
what objectionable to some ecolo- 
gists. However, the organization of 
his material, the completeness of the 
exercises and the pertinent questions 
in each exercise should be extremely 
useful to all ecologists even though 
they may have some objections to 
the terminology. Use of the ecosys- 
tem as the basic unit makes the 
field manual more adaptable to 
courses in general ecology as well 
as plant and animal ecology. 

The manual is divided into two 
parts: (1) Ecological principles and 
processes and (2) Ecological tech- 
niques. Each exercise is very well 
organized into sections on materials 
and equipment, objectives, proce- 
dures and selected references. 

The first exercise is on the recog- 
nition of ecosystems and commu- 
nities followed by a series of exer- 
cises on the environment of plants.. 
The author included studies of the 
environments of both aquatic and 
terrestrial habitats and of the effect 
of other organisms on plants. Many 
exercises were prepared including 
all kinds of plant communities, both 
aquatic and terrestrial. All exer- 
cises are quite complete so that 
many kinds of communities can be 
studied either in the field or in the 
laboratory. Of course, some cannot 
be studied in the field in most 
localities because distances of travel 
would be prohibitive. Primary and 

secondary succession are thoroughly 
covered in the last few exercises of 
Part 1 of the manual. 

Part 2 includes ecological tech- 
niques used in physiographic and 
historical studies, community inven- 
tories and some special techniques. 
Also included are uses of aerial 
photographs, indicators and radio- 
isotopes. Many different methods of 
study are thoroughly described and 
illustrated through suggested study 
procedures. 

Some specific exercises may need 
to be enlarged or modified to make 
them suitable in certain localities. 
For example, the grassland is di- 
vided into three general commu- 
nities: tall grass prairie, mixed 
prairie and short grass prairie. Stu- 
dents working in the Palouse prairie 
or the annual grasslands of Cali- 
fornia could not follow exactly the 
exercise on grasslands but could 
modify the suggested procedure to 
fit their particular situation. 

This field manual includes 39 very 
complete exercises that are too com- 
prehensive for all to be utilized in 
one course. However, instructors can 
utilize what they want and have an 
excellent group of exercises for their 
classes .-G. W. Tomanek, Fort Hays 
Kansas State College, Hays, Kansas. 

The Public Lands. Edited by 
Vernon Carstensen. The Uni- 
versity of Wisconsin Press, 
Madison, Wisconsin. 522 pages. 
1962. $6.75. 

With assistance from members of 
a special lands research advisory 
committee, Mr. Carstensen has se- 
lected and assembled in this publica- 
tion many of the most outstanding 
articles on the history of the public 
lands that have appeared in histori- 
cal and other journals during the 
past fifty years. The articles cover 
the evolution of the land system 
from the Confederacy up to and in- 
cluding some of the early opera- 
tions under the Taylor Grazing Act 
of 1934. 
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The book is divided into four 
parts: I. Origins of the Public Land 
System; II. Distribution of the Pub- 
lic Lands; III. Comment, Criticism, 
and Concern with Consequences; 
and IV. Problems of Protection and 
Management of Public Domain. Each 
part is prefaced with an introduction 
by well-known authors in the field 
of public land administration, and 
contains a number of separate 
articles dealing with some phase of 
the vast story of the creation, expan- 
sion, distribution, and management 
of the public lands. 

Over half of the articles deal with 
the disposal of the land and some of 
the consequences. The editor admits 
that many aspects of land disposal 
are inadequately represented - the 
mining laws generally and a num- 
ber of specialized acts such as the 
Desert Land Act and the Recrea- 
tion and Public Purposes Act. 
Studies dealing with the changes 
that have taken place in the man- 
agement of the public lands within 
the past 15 years are represented by 
only a few articles. These omissions 
are naturally understandable in a 
publication of this scope which 
leaves the field open for further 
research on the public lands. 

To the student of public land his- 
tory the editor suggests the book as 
a useful supplement to such older 
studies as Payson Jackson Treat’s 
“The National Land System”; Benja- 
min Horace Hibbard’s “A History of 
Public Land Policies”; and Roy M. 
Robbins’ “Our Landed Heritage - 
The Public Domain, 1776-1936”. 

To those in the field of public land 
management, the book will provide 
a historical background from which 
a clearer understanding will be 
gained of the job ahead. Most of the 
articles contain detailed bibliog- 
raphies which increase their indi- 
vidual usefulness. The appendix 
contains useful material reproduced 
from the Public Land Records of 
the Federal Government which is 
not easily available elsewhere. 
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Articles of probable greatest inter- 
est to the average reader are: Part 
I-Military Bounty Lands and the 
Origins of the Public Domain by 
Rudolf Freund; Part II-The Rail- 
road Land Grant Legend in America 
by Robert S. Henry, and Some Cru- 
cial Years in the General Land Of- 
fice, 18’75-1890, by Harold N. Dun- 
ham; Part III-The Homestead Law 
in an Incongruous Land System by 
Paul Wallace Gates; The Role of the 
Land Speculator in Western Devel- 
opment by Paul Wallace Gates; 
“Profits” and the Frontier Land 
Speculators by Allen C. Bogue and 
Margaret Beattie Bogue; Part IV- 
Reminiscences of the Bureau of Land 
Management, 1947-1948 by Marion 
Clawson; and Administration of 
Grazing Districts by J. Russell Penny 
and Marion Clawson. 

When the General Land Office was 
created in 1812, the public domain in 
the United States amounted to al- 
most 1% billion acres, which was 
over half the entire acreage of the 
United States. The following 60 
years saw the disposition of over 
half of this 1% billion acres under 
various Acts passed by Congress. 
Among the many weaknesses of the 
public land system in the 19th cen- 
tury, historians have attacked most 
strongly the appropriation by Con- 
gress of land, instead of cash, to 
support various public policies. The 
Federal Government paid bounties 
to military veterans for war service 
and donated land to settlers in cer- 
tain frontier areas. Millions of acres 
were appropriated in the form of 
grants to encourage the building of 
railroads, canals and wagon roads. 
States were given large institutional 
grants. The theory was that these 
grants, by encouraging private in- 
vestment in railroads, would hasten 
economic development of the inte- 
rior, carry government traffic at 
reduced rates and raise the market 
value of lands retained by the gov- 
ernment. How far these objectives 
were met is the principal subject of 
discussion in a number of the articles 
in this book. Was Uncle Sam a 
shrewd bargainer, a “canny land- 
owner” or were these huge appro- 
priations or dispositions of the public 
domain wasteful, reckless and ex- 
travagant? Historians still do not 
agree on the answers.-Martin W. 
Buzan, Bureau of Land Management, 
Phoenix, Arizona. 

Index io Grass Species. By Agnes 
Chase and Cornelia 0. Niles. 
G. K. Hall and Company, Bos- 
ton, Massachusetts. Vol. I., 607 
pages; Vol. II., 598 pages; Vol. 
III., 537 pages. 1962. $225.00 
(U.S.). $247.50 (Outside U.S.). 

The Index to Grass Species was 
conceived and started by Dr. George 
Vasey, Botanist of the U.S. Depart- 
ment of Agriculture and Curator of 
the U.S. National Herbarium, some- 
time prior to 1900. It was continued 
successively by F. Lamson-Scribner, 
E. D. Merrill, F. Tracy Hubbard, and 
the present compilers. All these 
botanists are familiar to students of 
grass. All must know that with Mrs. 
Chase this was a labor of love and 
without her devotion to the cause 
through all the years of her retire- 
ment the book would not have ap- 
peared. 

The Index is an alphabetical list 
of the world’s species, subspecies, 
and varieties of grasses. One is im- 
pressed again, how few grasses have 
been described in the category 
“forma”. Each name is given a full 
bibliographic citation. In addition, 
most entries include such informa- 
tion as the basis for combination, 
where, when, and by whom the 
original specimen was collected, as 
well as occasional references to other 
pertinent literature. 

Some inconsistencies of spelling 
are unresolved in the text, so that a 
casual researcher wishing to rely 
on this usage as authority, will not 
be able to choose between, e.g. 
Ampelodesmos Link and Ampelo- 
desma Beauv.; or between Amphi- 
carpon Raf. and Amphicarpum 
Kunth. Many notations and abbre- 
viations will have to be translated 
to the average user by a trained 
bibliographer. Complete as this list 
may seem (80,000 entries for an 
estimated 6,000 valid species) it may 
be expected that additions and cor- 
rections will soon swell into the 
need for a supplement. 

The Index is printed on Permalife 
paper, developed by W. J. Barrow 
under a grant from the Council on 
Library Resources. While the price 
may seem high to individuals, the 
basic information on grasses here 
made generally available for the 
first time, could hardly be called 
beyond the reach of any institution 

dealing with research on grasses.- 
A. A. Beetle, University of Wyoming, 
Laramie, Wyoming. 

Concepts of Forest Entomology. 
By Kenneth Graham. Reinhold 
Publishing Corporation, New 
York, New York. 388 pages. 
1963. $9.50. 

In the first paragraph of his pref- 
ace, author Graham makes the state- 
ment, “The purpose of the present 
book is to set forth for students, 
practicing foresters, and forest ento- 
mologists the principles of forest 
entomolgy.” A little farther on he 
says he “has not attempted to write 
a comprehensive treatise of forest 
entomology.” These two comments 
pretty well sum up the character- 
istics of the book. It is an excellent 
summary of the basic ideas of the 
specialized field, a most complete 
listing of the “concepts of forest 
entomology.” However, it would be 
a difficult book to use as a text- 
particularly so for the classes where 
the greatest number of students are 
taught this subject-those classes in 
which forestry majors are acquainted 
with the aspects of entomology per- 
taining to their profession. For the 
advanced or professional entomology 
students who have background in 
technical entomology, silviculture 
and statistics or for the workers in 
forestry and entomology the book 
will have great value as a basic 
treatise and reference work. The 
large list of references from which 
more detailed information may be 
gained and which Dr. Graham as- 
sociates with the ideas he presents 
gives it particular value. 

The coverage is extensive and it 
would seem that there is little in the 
way of forest entomological concept 
which is not dealt with. It com- 
mences with the relative duties of 
the forester and entomologist and 
proceeds through the relation of for- 
est entomology to both zoology and 
forestry; the economics of forest 
entomology; effect on forest prac- 
tices; general ecology of forest in- 
sects; means of detecting, identi- 
fying and evaluating insect popula- 
tions and the hazard they present or 
damage they do; factors concerning 
outbreaks; and on into controls 
which are presented in several as- 
pects (direct, indirect, by part of 



tree affected), and in more detail 
than many other sections. This very 
extensiveness, however, makes it 
necessary to devote small space to 
any one idea so the coverage is 
definitely not intensive and at times 
practically amounts to a “bare 
bones” statement of ideas. In some 
parts of the book this makes the 
reading a bit disjointed, and in par- 
ticular the section on insect damage 
as a means of detection becomes re- 
dundant and sometimes difficult to 
read. Portions of this could have 
been presented more effectively in 
tabular or dichotomous form; never- 

BOOK REVIEWS 

theless this section will be of great 
value to all workers. It has some 
very fine illustrations of insects done 
by the author and one wishes that 
illustrations of equal quality had 
been presented of insect damage. 
They would have greatly increased 
the usefulness of the work. 

Although the index consists of 
14% pages and cross-indexing is 
done, it still gives inadequate cover- 
age for so extensive a text and in 
checking it against subject matter in 
the text, several “holes” were dis- 
covered where the subject was not 
listed. The subject group headings 
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used at the tops of the text pages 
are a good idea but their utility 
could be increased by listing them, 
with the inclusive pages, in the index. 

Altogether, the opportunity which 
this publication gives for others to 
share in the wide experience of Pro- 
fessor Graham is of great value and 
though the book is of doubtful use 
as a text for elementary courses in 
the subject, it should be invaluable 
for technical forest entomology stu- 
dents and those workers now prac- 
ticing in that profession and forestry. 
-2’. 0. Thatcher, Colorado State 
University, Fort Collins, Colorado. 
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NEWS AND NOTES 

Modoc County, California rural 

Bedell ‘Tells Society Story 

paper was written by Tom Bedell, 
Farm Advisor and member of the 
California Section. It is reproduced 

The following item taken from a 

here because it illustrates a pretty 
good approach to the job of selling 
the American Society of Range Man- 
agement at the grass roots. 

“In 1948, a small group of people 
interested in management of our 
grazing resources got together and 
formed the American Society of 
Range Management. Since its in- 
ception only 15 years ago, this or- 
ganization has grown in membership 
to over 4,000 with members not only 

Why such rapid growth in so short 

from virtually all states of the 

a time? Simply because the Society 
fills a need that constantly exists 
among ranchers, technicians, teach- 

United States but also from Canada, 

ers, researchers and others con- 
cerned with the science and art of 

Mexico and other countries. 

grazing land management. The So- 
ciety offers a medium for exchange 
of ideas, techniques, research re- 
sults, and range improvement 
achievement through the Journal of 
Range Management, field tours, and 
meetings of regional, state and na- 
tional stature. 

Journal provides many of the ideas 
to test out here under our conditions. 

pasture success here in Modoc 

As an example, two articles in this 
issue (Grazing Crested Wheatgrass 
and Spraying Sagebrush Without 
Killing Bitterbrush) were abstracted 

County can be attributed to results 

from the Journal. 

of trial work done elsewhere. The 

Strength of the Society lies in re- 
gional and state sections. Currently, 
the California section ranks second 
in membership with first place going 
to the Pacific Northwest section. 

Thirty members reside in Modoc 
County and 18 are ranchers. Mem- 
bership dues are $8.00 per year. Ap- Much of the current range and 
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plication blanks are available at the 
Modoc County Farm Advisor’s 
office. 

Last October the California Sec- 
tion held a two-day field tour here 
so we here in Modoc are definitely 
contributing to Society activities. 
The possibility exists that the sum- 
mer meeting of the Society directors 
may be held here within the next 
two or three years.” 

Wildlife Expert Wins Honors 
Recognition for his many contri- 

butions to bighorn sheep studies and 
management was given to Oscar 
Deming, Lakeview, Oregon, resident 
and wildlife biologist at the Shel- 
don-Hart Mountain Refuges, at the 
seventh annual meeting of the Des- 
ert Bighorn Council at Las Vegas, 
Nevada, recently. 

The Council is composed of over 
50 Federal and State administrators 
and biologists engaged in bighorn 
sheep management and educators of 
wildlife schools throughout the 
Southwest and Mexico. 

Deming received the 1963 award 
“for outstanding contributions to life 
history studies and the management 
of the desert bighorn sheep.” 

The award consists of a bighorn 
ram mounted on a base of native 
Nevada stone with an engraved 
plate. 

Western Resources Meet 
Scheduled 

The Fifth Annual Western Re- 
sources Conferences has been sched- 
uled for August 5-7 at Colorado 
State University in Fort Collins. 

This year’s meeting-co-sponsored 
by CSU, Colorado School of Mines, 
University of Colorado and Bureau 
of Reclamation-will explore the 
theme, “Water: Its Development, 
Use, and Conservation.” Chairman 
of the Conference is Norman Evans, 
head of agricultural engineering at 
csu. 

A feature of the 1963 conference 
will be dedication of CSU’s new 
Foothills Research Center, located 
west of Fort Collins. 

CSU to Offer 
Cooperative Program 

A graduate program designed to 
provide broader training for person- 
nel in the area of multiple-use re- 
source management has been estab- 
lished at Colorado State University. 

Although it involves no new de- 

gree offerings, the program allows 
students to take course work in both 
the forestry and agriculture colleges. 
Students may participate in the pro- 
gram by majoring in soil science 
with a minor field of wildland man- 
agement or earn a degree in a wild- 
land management area with a soil 
science minor. 

Eligibility in the graduate pro- 
gram is limited to students with 
bachelor’s degrees who have back- 
grounds in soil science, plant sci- 
ence, forestry, or closely-related 
fields. 

Faculty members who will direct 
instruction in the program include: 
Charles W. Barney, professor and 
head of forest management and utili- 
zation; Robert E. Danielson, associ- 
ate professor of agronomy; Robert E. 
DiZs, professor and head of water- 
shed management; Donald F. 
Nervey, professor and head of range 
management; Donal D. Johnson, pro- 
fessor of agronomy; James R. Mei- 
man, assistant professor of water- 
shed management; Edwin W. Mo- 
gren, professor of forest manage- 
ment and utilization; Robert S. 
Whitney, professor and head of 
agronomy; Dale S. Romine, associ- 
ate professor of agronomy; and 
Charles Terwilliger, Jr., associate 
professor of range management. 

Stoddard Named New 
BLM Director 

Appointment of Charles H. Stod- 
dard of Minong, Wisconsin as direc- 
tor of the Bureau of Land Manage- 
ment, was effective June 1, 1963, as 
announced by Secretary of the In- 
terior Stewart L. UdaZZ. Mr. Stod- 

dard has headed Interior’s Resources 

Program Staff since February 1961. 
In his new position, Mr. Stoddard 

will continue the dynamic program 
of revitalization of the Nation’s 477 
million acres of public domain that 
prevailed in the Bureau of Land 
Management under its former direc- 
tor, Karl S. Landstrom. Mr. Land- 
Strom has been named by Secretary 
UdaZZ to the post of Assistant to the 
Secretary for Land Utilization. 

Before joining the Department of 
the Interior in 1961, Mr. Stoddard 
was for five years a resource econ- 
omist with Resources for the Fu- 
ture, Inc., working on land, forestry, 
wildlife, park, and soil conservation 
problems. He has been exceptionally 
active in various conservation fields 
for nearly 30 years. 

Born in Milwaukee, Wis., April 28, 
1912, Mr. Stoddard attended the Uni- 
versities of Wisconsin and Michi- 
gan. He received a bachelor of sci- 
ence degree in forestry in 1935, and 
a master of science degree in forest 
economics in 1938, both from the 
University of Michigan. He did 
further graduate work at the Uni- 
versity of Wisconsin and Princeton 
University. 

Mr. Stoddard was a forest econ- 
omist with the United States Forest 
Service from 1936 to 1940 and was 
an economist with the Bureau of 
Agricultural Economics from 1941 to 
1943. 

Mr. Stoddard was a Navy lieu- 
tenant in World War II. Following 
the war he was awarded the Charles 
Lathrop Pack Forestry Foundation 
Research Fellowship and also was a 
private consultant in natural re- 
sources porgrams. 

From 1953 to 1955, Mr. Stoddard 
was consultant to the Legislative 
Forestry Study Commission in Min- 
nesota and developed recommenda- 
tions for reorganizing the Minnesota 
Department of Conservation. These 
recommendations subsequently were 
adopted. 

Mr. Stoddard also has been a con- 
sultant to the Senate Select Small 
Business Committee, a member of 
the United States Delegation to the 
World Forestry Congress, a member 
of the Task Force for Distressed 
Areas, a consultant to the Wisconsin 
Department of Resources Develop- 
ment and to the New Hampshire 
Planning and Development Com- 
mission. 

He is a member of the Society of 
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American Foresters, Soil Conserva- 
tion Society of America, Wildlife So- 
ciety, and other conservation groups 
and also of Sigma Xi, national hon- 
orary scientific fraternity. 

Lloyd W. Swift Retires 
Lloyd W. Swift, Director of the 

Forest Service Division of Wildlife 
Management, retired May 31 after 
35 years of service. He plans to leave 
immediately on a trip abroad. 

On his return to this country Mr. 
Swijt will assume the new position 
of Director of the United States Of- 
fice of the World Wildlife Fund, an 
organization dedicated to the preser- 
vation of dwindling wildlife. 

Internationally recognized in his 
field, Mr. Swift has represented the 
Department of Agriculture at meet- 
ings of the International Union for 
Conservation of Nature and Natural 
Resources in Caracas, Edinburgh, 
Athens, and Warsaw. He went on a 
special mission to Israel for the 
Agency for International Develop- 
ment in 1960 and participated in the 
Fifth World Forestry Congress in 
Seattle, Wash., the same year. 

During his 18 years as Director 
of Wildlife Management in the Na- 
tional Forests, use of the Forests for 
hunting and fishing increased tre- 
mendously. Cooperative work and 
relations with the State Fish and 
Game Departments and other agen- 
cies was greatly expanded under 
Mr. Swift’s leadership. Significant 
progress was made in habitat man- 
agement t h r ou g h coordination of 
wildlife with timber and other uses, 
and by direct projects to improve 
food, water, and cover. 

Mr. Swift was first employed by 
the Forest Service in 1928 in Cali- 
fornia. For almost 10 years he 
worked on the National Forests 
there, in the Regional Office at San 
Francisco and the Experiment Sta- 
tion at Berkeley on range and wild- 
life projects. In 1939 he transferred 
to the Denver Regional Office of the 
Forest Service to head up wildlife 
management activities in the Na- 
tional Forests in Colorado, Nebraska, 
South Dakota, and Wyoming. He 
was named assistant director of the 
Division of Wildlife Management in 
Washington in 1942 and became di- 
rector in 1944, succeeding the late 
Dr. Homer Shank 

A native of California, he received 
his B.S. and M.S. degrees from the 
University of California in 192’7 and 

1930 respectively. He is a member 
of a number of scientific and con- 
servation societies, including Sigma 
Xi, Boone and Crockett Club, and 
Cosmos Club. 

Mr. and Mrs. Swift will continue 
to reside at Lake Barcroft, Falls 
Church, Virginia. 

Hafenrichter Receives Award 
A career scientist with the Soil 

Conservation Service, Dr. A. L. 
Ha fenrichter, of Portland, Oregon, 
has received the U. S. Department 
of Agriculture’s highest honor-the 
Distinguished Service Award. The 
award was made by Secretary of 
Agriculture Orville Freeman in cere- 
monies in Washington, D. C. Dr. 
Hajenricher is Plant Materials Tech- 
nician for the SCS in the western 
states. He is a noted authority on 
grasses used chiefly for conserva- 
tion and improvement of rangelands 
and pastures. 

as scientist, leader and teacher. 
“The development of cultural 

techniques for selecting, testing, and 
producing plants of special conser- 
vation value has, under his guidance, 
influenced plant propagation pro- 
cedures throughout the country,” the 
citation read. 

This has contributed “not only to 
soil and water conservation, but re- 
sulted in a material improvement in 

the productivity of pasture and 
range vegetation, especially in the 
17 western states.” 

Dr. Hajenrichter’s talents have 
been instrumental in development 
and use of grass and legume vari- 
eties specifically for conservation 
and high per acre production-im- 
proved varieties of Intermediate 
wheatgrass, Manchar smooth brome, 
Bromar mountain brome, Topar pu- 
bescent wheatgrass, Whitmar beard- 
less wheatgrass, Primar slender 
wheatgrass. He has been highly in- 
fluential also in development for 
special adaptability to problem sites 
in various parts of the West: Lana 
vetch, Alkar tall wheatgrass, Latar 
orchardgrass, A k ar o orchardgrass, 
Bland0 brome, Sodar streambank 
wheatgrass, Cascade lotus, Cuca- 
monga brome and Greenar interme- 
diate wheatgrass. 

Dr. Hajenrichter also: 
Devised a practical, well organized 

system of plant selection and testing 
that is used widely and extensively 
by SCS. 

Has shown unusual effectiveness 
in training specialists in plant ma- 
terials and technicians in soil and 
water conservation whose duties re- 
quire use of plants. 

Has made a major contribution to 
agriculture on an international scale, 
participating in several international 
scientific meetings. 

Has authored numerous USDA 
and state experiment station bul- 
letins and articles in scientific and 
professional journals and in popular 
magazines. 

Previous awards and honors for 
Dr. Hajenrichter include the Su- 
perior Service Award of USDA in 
1947; outstanding performance rat- 
ing in 1958 and SCS Writer’s Award 
in 1960. He was made a fellow of 
the American Society of Agronomy 
in 1955. 

The SCS plant scientist was born 
in Plainfield, Ill., and is a graduate 
of Northwestern College, Naperville, 
Ill. He received a PhD. from Univer- 
sity of Illinois in 1926. He is a mem- 
ber of Phi Beta Kappa, Sigma Xi, 
and the American Society of Range 
1Management. 

His professional career began in 
1926 as professor of botany and bac- 
teriology at Baker University, Bald- 
win, Kansas. He was later assistant 
professor of farm crops and assistant 
in the Washington State University 
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(then college) Experiment Station 
at Pullman, Wash. Later, in 1933, 
on the same campus he became col- 
laborator of the Bureau of Chem- 
istry and Soils of the USDA. In 1934 
he became chief agronomist in the 
SCS northwest region and in 1935 
chief of the regional nursery divi- 
sion. In 1954 he was reassigned as 
plant materials technician for the 
western states. 

Council on Hydrology 
Established 

Twenty-three universities inter- 
ested in teaching and research in 
hydrology have recently established 
the Universities Council on Hydrol- 
ogy (UCOH) for the purpose of en- 
couraging education and research in 
hydrology. The organization, 
founded late in 1962, represents uni- 
versities interested in hydrology and 
is intended to be a unifying influ- 
ence for encouraging graduate edu- 
cation and research in the science. 

Hydrology may be defined as the 
science that treats of the waters of 
the Earth, their occurence, circula- 
tion, and distribution, their chemical 
and physical properties, and their 
reaction with their environment, in- 
cluding their relation to living 
things. It is an interdisciplinary sci- 
ence which is related to a diversity 
of university departments, including 
agronomy, biology, civil engineering, 
forestry, geography, geology, irriga- 
tion, and meteorology. Although 
graduate education must cut across 
departmental lines to cover all as- 
pects of water, the fact that hydrol- 
ogy embraces the full life history of 
water on the Earth serves as the im- 
portant unifying concept. 

UCOH is an outgrowth of an In- 
ter-university Conference on Hy- 
drology held at Lake Arrowhead, 
California, last August under the 
sponsorship of the Water Resources 
Center of the University of Cali- 
fornia. Conference participants rec- 
ognized that hydrology as an earth 
science suffers from the lack of a 
focal point to encourage career de- 
velopment and research in the field. 
Many men have an interest in water 
resources, but few think of them- 
selves as hydrologists. A resolution 
unanimously adopted by the con- 
ferees called for establishment of a 
Universities Council on Hydrology. 
Invitations to presidents of selected 
universities produced an over- 
whelming response in favor of the 

new organization. Membership is 
open to all interested universities, 
and it is expected that the number of 
members will continue to grow. 

The Council consists of a delegate 
and an alternate from each member 
university. An Executive Board of 
nine elected delegates guides 
UCOH’s activities, including h an - 
dling funds, appointing administra- 
tive officers, calling meetings of the 
Council, and carrying out programs 
approved by the Council. The first 
meeting of the Executive Board was 
held in Berkeley, California, in 
March and the first Council meeting 
is scheduled for July in Denver, 
Colorado. 

Recognizing the current interest 
and problems in water resources 
both nationally and internationally, 
the initial activities of UCOH will 
center on encouraging a rapid ex- 
pansion of competent manpower in 
hydrology. Plans are being made to 
summarize university programs in 
the field and to call attention to the 
challenging opportunities for careers 
in water resources by organizing a 
visiting scientist program. Leading 
hydrologists will visit interested 
campuses, where by means of semi- 
nars, public lectures, and discus- 
sions, undergraduate students may 
learn of the problems and oppor- 
tunities in hydrology. To facilitate 
the exchange of information a UCOH 
Newsletter will begin publication 
this spring. A proposal has been sub- 
mitted to the Science Education Di- 
vision of the National Science Foun- 
dation to support activities of the 
Council. 

Information about UCOH can be 
obtained from the Executive Secre- 
tary, Prof. Warren A. Hall, Water 
Resources Center, University of 
California, Los Angeles 24, Cali- 
fornia. 

Holt Appointed 
W. Gatzmer “Gatx” Wagoner, 

President of Tr i - S tat e Livestock 
Credit Corporation h as announced 
the appointment of Gary A. Halt as 
Field Representative in Arizona and 
Western New Mexico. He will make 
his headquarters in Tucson. 

Gary is a native son of Arizona 
and grew up in a livestock atmo- 
sphere, his father having been for 
many years foreman for one of the 
larger cattle operations in the Flor- 
ence area. He graduated from the 
University of Arizona; B. S. in Ani- 

mal Husbandry and M. S. in Range 
Management. Since graduation he 
has worked up to an imoprtant post 
with the Soil Conservation Service 
of the United States Department of 
Agriculture. Gary is a member of 
the Arizona section. 

Agronomy Meetings 
New soil and crop research will be 

reported at the annual meetings of 
the American Society of Agronomy 
and affiliated societies-Crop Sci- 
ence Society of America and Soil 
Science Society of America. 

Meetings will be headquartered in 
the Denver Hilton Hotel November 
18-22, according to Matthias SteZZy, 
Executive Secretary of the American 
Society of Agronomy. 

Research reports will deal with 
improvement of crop and soil con- 
ditions for better production. As in 
the past, much of the information 
presented will be what scientists call 
“practical research”-that which 
farmers can use in improving crop 
production. Studies on soil fertility, 
methods of applying seed, and fer- 
tilizer, soil conservation, f 0 rage 
management, wheat and corn breed- 
ing developments, and many other 
practical topics will be discussed by 
researchers, says SteZZy. 

These professional societies are or- 
ganized on a nonprofit basis to 
gather and disseminate research in- 
formation on crops and soils. About 
500 papers will be delivered by sci- 
entists from every state and several 
foreign countries. 

General theme for the meeting 
will be “Pan-American Agronomy.” 
Conditions in Pan-American coun- 
tries will be discussed by leading 
Latin Am e r i c an agronomists and 
Americans with experience in these 
countries. 

Membership in the societies is 
made up of researchers and teachers 
in state educational institutions, 
USDA, and industry. Society mem- 
bership totals 5,000, including mem- 
bers in foreign countries. 

Bredemeier Transferred 
Lorenz F. Bredemeier, range con- 

servationist from North Platte, Ne- 
braska, will take over a newly cre- 
ated position of Washington-Field 
Range Conservationist for the Corn- 
belt states with headquarters in Mil- 
waukee, according to an announce- 
ment by D. A. Williams, administra- 
tor of the US. Soil Conservation 



Service, Washington, D.C. 
Bredemeier is currently complet- 

ing details of his Nebraska assign- 
ment, but is officially transferred. 
He will bring his wife and family to 
Milwaukee at the close of the school 
year. 

The increasing importance of grass 
as an agricultural crop and the need 
for land conversions to meet the 
changing demands on agricultural 
land have extended the need for 
grass management technology in the 
Cornbelt. Location of a specialist 
here will help SCS employees sta- 
tioned in the many soil conservation 
districts give better service to land- 
owners and operators. Expected to 
get special attention are the so- 
called “Savannah areas” in parts 
of many states where grass and 
woodland are intermixed. 

Bredemeier earned both his bach- 
elor and masters degrees at the 
University of Nebraska. After work- 
ing with the Nebraska Agricultural 
Extension Service as assistant 
county agent and administrative as- 
sistant he started with the Soil Con- 
servation Service as an agronomist 
in Iowa in 1938. He supervised sev- 
eral work units in North Central Ne- 
braska as a district conservationist 
before his appointment as Nebras- 
ka’s first range conservationist. 

SCSA Meeting 
Professional conservationists, 1,500 

strong, from all parts of the world 
will gather in late August on the 
campus of Utah State University, 
Logan, Utah, for the 18th annual 
meeting of the Soil Conservation So- 
ciety of America. Focused on the 
theme “Land, Water and People,” 
the meeting will open on August 25 
and the final session will be on Au- 
gust 28. 

Society President George M.’ 
Browning, of Ames, Iowa, indicated 
that a number of eminent natural 
resource conservation authorities 
will make presentations at the con- 
ference. George D. Clyde, Governor 
of the State of Utah, will speak on 
“The Human Element in Planning 
and Coordinating Land and Water 
Resources Development.” Charles E. 
Kellogg, assistant administrator for 
Soil Survey of the United States Soil 
Conservation Service, also will ap- 
pear on the program. 

Symposia, conducted by the So- 
ciety’s ten nationwide technical 
study committees, will follow each 
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principal address. These sessions 
will provide for presentation of brief 
papers and discussion of them. 
Though designed for professional 
conservationists, others interested in 
natural resource development and 
conservation are invited to attend 
the meeting. 

Organized in 1943, the aim of the 
Society is “to advance the science 
and art of good land use.” The SO- 
ciety publishes the well-known, 
technical-professional Journal of 
Soil and Water Conservation, now in 
its 18th volume. With a membership 
of more than 10,000 individuals in 84 
different countries, the Society is 
dedicated to the proposition that re- 
newable natural resources-soil, 
water, grass, forests, fish, and wild- 
life-are indispensable to the sup- 
port and growth of strong, prosper- 
ous, free nations. 

On August 31, many of the mem- 
bers who attend the 18th annual 
meeting will participate in the dedi- 
cation of the Society’s new interna- 
tional headquarters building at An- 
keny, Iowa. Situated in a rural set- 
ting just north of the city of Des 
Moines, the modernistic structure 
will honor the memory of Hugh 
Hammond Bennett, father of soil 
conservation and founder of the 
Society. 
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Meyer Heads UC College 
of Agriculture 

James H. Meyer, animal hus- 
bandry department chairman on the 
University of California’s Davis cam- 
pus, was appointed dean of the 
college of agriculture at Davis, suc- 
ceeding Fred N. Briggs when the lat- 
ter retired July 1. University regents 
made the appointment at their last 
meeting. Simultaneously, Meyer was 
named assistant director of the uni- 
versity’s experiment station. Meyer, 
41, is a native of Idaho and a special- 
ist in animal nutrition. 

Seed Dealers Meet 
One of the many groups to hold 

business meetings during the annual 
Society convention in Rapid City, 
was the Northern Great Plains Seed 
Dealers. This active group had a 
considerable hand in planning and 
conducting the annual Society meet- 
ing. Individual members are also 
hard workers in their respective sec- 
tions. Pictured here left to right are: 
Bayne Grubb, Miller Seed Company, 
Lincoln, Nebraska; Gerald Sharp, 
Sharp Brothers Seed Company, 
Healy, Kansas; John Loucks and 
Louis Bober, Bober Seed Company, 
Rapid City, South Dakota and Glenn 
Miller, Miller Seed Company, Lin- 
coln, Nebraska. 

Meeting of Great Plains Seed Dealers during lunch-Left to right: Bayne Grubb, Miller 
Seed Company, Lincoln, Neb.; Gerald Sharp, Sharp Bros. Seed Company, Healy, Kansas; 
John Lou& and Louis Bober, Bober Seed Company, Rapid City, S. Dak., and Glenn 
Miller, Miller Seed Company, Lincoln, Nebraska. 



220 

ASRM Co-Sponsors Symposia 
Two symposia will be held during 

the annual meeting of the American 
Society of Agronomy and affiliated 
societies in Denver, November 18-22. 
These will be “Range and Forage 
Plant Physiology” and “Range Soils.” 
Further details will be carried in a 
later issue of The Journal of Range 
Management. Keep these dates open 
and plan to attend. 

Administrative Management 
Program 

The second administrative man- 
agement program for forest resource 
managers will be held at Penn State 
on January 5-18, 1964. The program 
will be developed and sponsored by 
the College of Business Administra- 
tion, the School of Forestry and the 
Division of Continuing Education. It 
is designed for the forest resource 
manager who needs an understand- 
ing of the basic principles of ad- 
ministrative management. Inquiries 
for further information should be di- 
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rected to the School of Forestry, 110 
Forestry Building, The Pennsylvania 
State University, University Park, 
Pennsylvania. 

Foresters to Hold Meeting 
With an expected attendance of 

1200 professional foresters and 
guests, the 63rd annual meeting of 
the Society of American Foresters 
will be held October 20-23 in Boston, 
Mass. in the Statler Hilton Hotel. 
Paul M. Dunn, president of the So- 
ciety, has announced that all forest- 
ers and friends of forestry every- 
where are welcome to attend. 

The theme of the meeting is 
“Wood, Water and People-Forestry 
for Better Living.” Three keynote 
addresses on this theme will be given 
at the opening session. 

The role of private forestry will be 
reviewed by John T. Maines, vice 
president of the Great Northern 
Paper C o mp a n y , Bangor, Maine. 
Speaking for the state viewpoint will 
be Harold G. Wilm, commissioner of 

the New York State Conservation 
Department, Albany. Federal devel- 
opments will be discussed by Rich- 
ard F. Droege, regional forester for 
the Northeastern Region, U.S. Forest 
Service, Upper Darby, Pa. Chairman 
of this session will be Arnold D. 
Rhodes of the University of Massa- 
chusetts Department of Forestry and 
Wildlife Management, Amherst. 

Following the opening session and 
a Society affairs session on October 
21, 70 papers will be presented at 
ten technical sessions on October 22 
and 23. These sessions will be con- 
cerned with forest economics and 
policy, forestry education, forest fire, 
forest management, forest products, 
forest recreation, forest-wildlife 
management, range management, 
silviculture, and watershed man- 
agement. 

The Society of American Foresters 
with 14,000 members in the United 
States and Canada has its headquar- 
ters in Washington, D.C. 

WITH THE SECTIONS 

CALIFORNIA 
A total of 44 people registered for 

the spring meeting and tour that 
began at the San Joaquin Experi- 
mental Range on Thursday morn- 
ing, April 25. Thirty-seven were 
Section members. Guests included 
ranchers, students and California 
Division of Forestry trainees from 
the San Joaquin Valley area. 

At the first stop on the experi- 
mental range, fertilization and man- 
agement research results were pre- 
sented by Charlie Graham and Don 
Duncan. Their audience soon grew 
from 42 range managers to include 
20 very attentive, well-fed steers. 
The steers seemed just as interested 
as the technicians, which proves that 
what Don says ain’t all bull. 

The caravan moved on up the Yo- 
semite highway to Coarsegold, where 
Madera County Farm Advisor Bill 
Hight explained preliminary find- 
ings in the use of various herbicides 
and soil sterilants in controlling live- 
oak sprouts. 

After an excellent lunch at group to the scene of the disasterous 
Coarsegold Inn, Bill Hight took. the 1961 “Harlow” fire. Bill and Ed 
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Gladdish of the CDF pointed out part 
of the 10,000 acres of emergency 
grass seeding on the 43,000-acre 
burn. Harry Baker, local rancher 
and a leader in controlled brush 
burning activities, reviewed local 
history and other interesting high- 
lights in Madera County. A par- 
ticular hazard of a dense brush 
cover, he noted, was its effect on a 
hasty retreat when sparking a neigh- 
bor’s daughter in his younger days! 

Vie Osterli wound up the day’s 
tour with a review of range-water- 
shed management activities in the 
Coarsegold area. 

Some 40-odd topped off the day 
with a banquet at the Villa Basque. 
Women (wives, that is!) were scarce 
as hen’s teeth with Mesdames Minter 
and Zumwalt doing the honors. 

The group had the opportunity at 
long last to see the Section display 
which was to have been exhibited 
at the Rapid City meeting in Febru- 
ary. Without a doubt, it would have 
taken top honors had it not arrived 
piecemeal - after the judging had 
been completed! We are thinking 
of shipping it to Wichita soon! 

A heavy rain “damped off” the 
tour on Friday, the 26th. Most of 
the morning was spent in the 1% 
miles of tunnels inside Friant Dam, 
the huge Bureau of Reclamation 
project on the San Joaquin River. 

Frank Bryan of the Bureau pre- 
sented a wealth of information on 
the dam and its effect on the water 
situation in the Central Valley. 

Those who were scared away by 
threatening weather and Friday’s 
downpour missed a real good tour. 

PACIFIC NORTHWEST 
Chairman John Schwendiman re- 

minds us that the 1963 summer field 
tour will be held in Pullman, Wash- 
ington, on June 13 and 14. John and 
his committee are preparing for an 
outstanding tour this year. Plans 
are shaping up for a visit to the 
famous S.C.S. Plant Materials Center 
as well as other points of interest at 
Pullman. There will also be a bar- 
becue and entertainment which will 
be worth your while. Circle these 
dates on your calendar now and 
make plans to attend. 

Graham Rice, Chairman, Local Ar- 
rangements Committee, said that the 
annual fall meeting wiil be in the 
Sheraton Hotel, Portland, Oregon, 

November 18 and 19. Plan now to 
attend. 

Charles Waldron, Section Vice- 
President, is working on the pro- 
gram for the fall meeting and it 
promises to be another outstanding 
affair. 

Plans are getting under way for 
the Oregon range camp which is to 
be held in Oregon this year. Camp 
dates will be the first full week of 
August, August 4-10. In the very 
near future, many of you in Oregon 
may be requested to give some help 
in organizing or putting on this 
camp. This is a Section activity and 
any help that you can give would 
certainly be appreciated. 

Marvin Klemme, author of “An 
American Grazier Goes Abroad,” 
and member of the P.N.W. Section, 
writes the following from his tem- 
porary home in Colombia, South 
America : “I arrived down here on 
January 8th, 1962 and except for a 
short assignment of about a month in 
Uruguay have been here in Colom- 
bia ever since. I am serving as ‘Ad- 
visor’ on range pasture and forage 
production and am doing a little 
watershed work on the side. 

“Colombia is quite a large county 
-the fourth largest in South Ameri- 
ca and slightly larger than Texas 
and California combined. It has only 
about 15,000,OOO people - but could 
easily support 50,000,OOO. Topography 
varies a lot from sea level up to 
12,000 feet or more. Bogota, the 
capitol city where I make my head- 
quarters, is located at an elevation 
of about 8,700 feet and as such it 
has a near temperate climate. 

“The big problem, as it is for most 
of Latin America, is to find a market 
for the cattle. The difficulty is 
largely due to prevalence of aftosis 
or foot-and-mouth disease. No Euro- 
pean or North American country 
will take their beef unless it is first 
processed and the market for canned 
and dried meat is very limited. I 
attended an auction up in the in- 
terior of Uruguay where conditions 
are worse and saw grass-fat 2M- 
year-old lOOO-pound Hereford steers 
sell for just under $50 per head. 
Here in Colombia the supply just 
about balances the demand and the 
price is about double that, but still 
less than half of what it is in the 
U.S. 

“Temperate climate grasses and 
legumes do quite well above 7,000 

feet. Here around Bogota they raise 
orchard grass, rye grasses, blue grass, 
tall fescue, Poa, and Calamagrostis. 
Red and white clover does well and 
alfalfa does well in places. Corn and 
potatoes are native to the country.” 

B. C.‘s third annual Stockmen’s 
Conference met in Kamloops in Feb- 
ruary. Theme of the two-day con- 
ference was Feeding, Health, and 
Business Management. This success- 
ful event is popular with livestock 
producers interested in progressive 
range management. B. C. Sheepmen’s 
Conference was held the preceding 
day. 

B. C.‘s third annual Stockmen’s 
Conference met in Kamloops in Feb- 
ruary. Theme of the two-day con- 
ference was Feeding, Health, and 
Business Management. This success- 
ful event is popular with livestock 
producers interested in progressive 
range management. B. C. Sheep- 
men’s Conference was held the pre- 
ceding day. 

B. C. Beef Cattle Growers’ Asso- 
ciation has presented a brief to the 
Provincial Government. The brief 
requests a development program to 
increase production from Crown 
grazing lands. 

About 100 miles of power line 
right-of-way cleared during 1962 
was seeded to a forage grass legume 
mixture by helicopter during March. 
The line which cuts across the B. C. 
Cariboo ranching country is approx- 
imately 120 feet wide and contains 
over 1,000 acres. The operation is 
being carried out as an erosion and 
bush control measure primarily, but 
ranchers using range adjacent to the 
right-of-way will be pleased to see 
the additional grazing it will pro- 
vide. This is the first time such a 
seeding has been undertaken in 
British Columbia. 

A. L. van Ryswyk, Soil Scientist, 
Kamloops Research Station, attended 
the Canadian National Soils Fertility 
Committee meeting in Winnipeg, 
March 5-8. Aspects of soil fertility, 
including soil testing, organic soil 
studies, soil nitrogen, grey-wooded 
soil problems, were presented by 
committee members. Of particular 
interest were discussions on inter- 
pretive classification of soils, and in- 
vestigations of the newly formed 
Agricultural Rehabilitation and De- 
velopment Act (A.R.D.A.), toward a 
nation-wide land 
tory. 

capability inven- 
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Soil Survey committee meetings 
held concurrently discussed classi- 
fication of Canadian Soils and in- 
cluded reference to soils of the Cher- 
nozemic Brunosolic and Organic 
Orders which are of significance in 
range areas. 

expansion of the ranges of Canada 
in the near future. 

A work planning meeting for for- 
age and range research held in Swift 
Current, Saskatchewan, was attended 
by Alastair McLean and W. A. Hub- 
bard of the Kamloops Research Sta- 
tion. Of special interest were sessions 
on legume breeding, range grass 
breeding, forage seeds project and 
seed production research. Also dis- 
cussed were techniques of herbage 
evaluation and nutritional studies. 

Of great significance was the 
newly organized Agricultural Re- 
habilitation and Development Act 
(A.R.D.A.), which will play a prom- 
inent part in the development and 

Washington Governor Albert D. 
RoseZZini has recently established a 
“Washington Forest Area Use Coun- 
cil” for the purpose of studying 
problems relating to the use of 
Washington wildlands, and advising 
the Governor of the wishes of the 
people of Washington on matters 
relating thereto. The Council has 
been constituted with 21 members 
from a wide representation of inter- 
ests, including agriculture, educa- 
tion, legislature, labor, state depart- 
ments, stock producers, water users, 
forest product industries, sportsmen, 
and so on. A technical committee has 
also been appointed by the Gov- 
ernor to advise the Council on tech- 
nical matters relating to wildlands. 
This committee is composed of ten 
members representing various re- 

source uses. In a letter to Mr. Scott 
Richards, Chairman, Anacortes, 
Washington, Governor RoseZZini out- 
lined five points of the problem. 

1. 

2. 

3. 

4. 

5. 

Establishment of a national 
wilderness system, 
Establishment of a national 
park in the North Cascade 
Mountains of Wash., 
Reclassification of the North 
Cascades Primitive Area, 
Reclassification of the Cougar 
Lakes Limited Area, 
Reclassification of Alpine Lakes 
Limited Area. 

The Governor pointed out that 
“while the above forest and moun- 
tainous areas concern mostly federal 
lands now in national forests, the 
reclassification and use of these 
lands directly affect the social and 
economic welfare of our State.” 

SOCIETY BUSINESS 

-4 NOTE FROM THE 
PRESIDENT’S DESK 

This note is about history. History 
of the Range Society and related 
events. Also a plea to salvage more 
of it while it is still obtainable. 
History seems to just keep joggin’ 
along-whether the actors in the 
drama change or not. Of course, 
none of the founders of the ASRM 
would admit that he’s any older, 
mind you! It’s merely that the hills 
are higher than they were in 1947, 
and the trails are steeper. Never- 
theless, the actors and the scenes do 
change. Also, old unpublished rec- 
ords have a way of disappearing. 
And that’s the point! 

Even after only 16 years it is not 
always easy to explain the genesis 
of our dynamic organization-the 
background facts and situations 
which led to its establishment. First 
President Joe Pechanec’s paper, 
published in the July 1957 issue of 
the Journal, constitutes a permanent 
record of the development of the So- 
ciety through its first 10 years, and 
articles by various other members 
have added to the record. In addi- 

tion, it is especially gratifying to 
note that most of the Sections are 
active in this field. This is as it 
should be, because in this case as in 
all important activities, the strength 
-and the history-of the Society 
comes from the Sections. 

By formal agreement, as you 
know, the ASRM Depository Library 
of books and other published docu- 
ments is maintained and adminis- 
tered by Utah State University. Un- 
der a similar agreement the Archives 
and Western History Department of 
the University of Wyoming, under 
the direction of Dr. Alan A. Beetle, 
handles the storage and care of his- 
torical materials, chief 1 y unpub- 
lished items. 

Having a bit of a yen for history 
I have felt for some time that we 
are not taking full advantage of 
the cooperative opportunities af- 
forded by the Wyoming Archives, 
for salvaging more of the story of 
the American Society of Range Man- 
agement and its background, before 
the fragments are lost. As noted in 
the list of Society committees, in the 
May issue of the Journal, Fred P. 
Cronemiller has consented to assist 

CHANGES IN SOCIETY 
COMMITTEES 

COOPERATION WITH 
SCIENTIFIC ORGANIZATIONS 

Ecological Society of America 
James P. Blaisdell 

Code of Ethic8 
E. J. Dyksferhuis, Chairmen 

Photo Contests and Diqlays 
Howard V. Cheney, Chazrman 

in spotting and rounding up personal 
papers of this sort: unpublished re- 
ports, records of memorable events, 
notes of interviews with old-timers, 
letters, relevant diary excerpts, and 
other papers that bear “a significant 
relation to the history and contem- 
porary development and activities of 
the organization.” 

Let’s all alert ourselves to give 
Beetle and Cronemiller an occasional 
“assist.” How about shaking the 
moths out of the old saddle bag, or 
dusting off that half-forgotten bun- 
dle of papers in the attic? Who 
knows? You just might find a fading 
document that holds more history 
than you think-history pertinent to 
the Society. Also, how about kicking 
the subject around a little at your 
next Section meeting?-M. W. Talbot 
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GETTING MEMBERS IS ONE THING-KEEPING THEM ANOTHER 

The Society is doing a bang up job of getting 
new members but for some unknown reason we 
do not seem able to keep them. In January mem- 
bership was at a record high, 3,939. This repre- 
sented a net gain of 223 members, or six percent 
more than during the preceding years. Membership 
has increased at about the same level in four of 
the last six years. On the other hand it is rather 
disturbing that each year we lose over 500 mem- 
bers. In the last six years about 3,300 members, 
almost the equivalent of the present total, have 
been dropped for nonpayment of dues. In the 
same time over 4,000 new members have been 
obtained representing a net increase of about 850 
during the period. The situation is about the same 
this year. In May, 14 percent or 542 members were 
dropped for nonpayment of dues. Sections which 
retained the largest proportion of their members 
included California, Southern, National Capital 

and Colorado. Mexico, Texas, Utah and Nevada 
were the heaviest losers. In the meantime only 
five sections registered net gains or held their own. 
Texas headed the list in this respect but at the 
same time it also registered the largest number of 
suspensions. 

Chuck Poultort, Chairman, Pacific Northwest 
Section, has come up with a slogan which has 
application; “Find a good member prospect and 
latch onto him. He can’t lose.” However, we can 
and do lose unless we hang onto the members we 
bring into the Society. Neither the Society, Section 
officers nor membership committeemen have a 
solution to the problem of keeping members. Your 
ideas and suggestions on how to latch onto a good 
member prospect and how to keep them active 
once they are in the Society are solicited.-Eumor 
C. No&, Membership Committee Chairman, 4955 
Canyon Crest Drive, Riverside 7, California. 

MEMBERSHIP STATUS AMERICAN SOCIETY OF RANGE MANAGEMENT 
Total Members New, Reinstated Total Paid Net Change 

Members Suspended and Transfers Membership in membership 
Section (l/12/63) @/lo/631 (l/l2 to 5/10/63) (5/10/63) (l/12 to (5/10/63) 

(Number) (Percent) 
Arizona 326 40 12 12 298 -9 
California 328 19 6 19 328 0 
Colorado 258 25 10 4 327 -8 
Idaho 176 24 14 17 169 - 4 
Kansas-Oklahoma 180 26 14 26 180 0 

Nebraska 110 13 12 14 111 1 
Nevada 103 16 16 16 103 0 
New Mexico 225 32 14 23 216 - 4 
Northern Great Plains 153 21 14 11 143 - 7 
International Mountain 170 26 15 6 150 - 12 

Pacific Northwest 359 40 11 20 339 - 6 
South Dakota 149 22 14 6 133 - 11 
Southern 84 6 7 2 80 - 5 
Texas 279 57 21 66 288 3 
Utah 250 52 21 15 213 - 15 

Wyoming 166 19 11 4 151 - 9 
National Capital 98 9 9 7 96 - 2 
Mexico 39’ 23 59 1 17 - 56 

- - -- 
Section totals 3,453 470 14 269 3,252 - 6 

Unaffiliated & Foreign 110 34 31 3 79 - 28 
Subscribers-domestic 208 10 5 1 198 -4 

-foreign 168 28 17 10 150 - 11 
- - 

Society totals 3,939 542 14 283 3,679 - 7 

Summarios en Espanol Available 

The first issue of summaries in Spanish from The Journal of Range Management covering all of 
Volume 15 for 1962 is now available free of charge. Members and friends of The American Society of 
Range Management should direct requests to Dr. Thadis W. Box, Texas Technological College, Lub- 
bock, Texas. This first issue was developed by a committee chairmanned by Dr. R.obert S. Campbell. 
Dr. Martin Gonzales made the translaions. 
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A PLEA TO MEMBERS ON THE MOVE 
We don’t like to burden you with prob- 

lems, but your cooperation is essential in 
solving one for the improvement of Journal 
subscription service. 

Here is the problem: 
Changes in postal regulations have great- 

ly increased the expense of handling Jour- 
nals which are not correctly addressed. 

If you move without notifying us prior 
to the first day of the month of publication 
your copy of the Journal will go to your old 
address and will not be forwarded. Neither 
will it be returned to us. It will do no one 
any good. The post office department sends 
us notification of non-delivery and each of 
these notices costs ten cents. We lose ten 
cents per notification plus the cost of the 

undelivered Journal and the expense of 
tracking down your new address. Multiply 
this by the hundreds of members who change 
their addresses each year, and you can easily 
see that the waste of money and manpower 
can be considerable. 

In addition, Federal employees may have 
second class mail forwarded for a time if the 
post office department is notified that change 
of address was caused by official orders 
when this is the case. Too few of you do 
this. 

The money thus spent is your money and 
could be better employed for your benefit. 
That is why your cooperation is so important 
to the Society. 

Send your change of address to the 
EXECUTIVE SECRETARY, P.O. Box 5041, 
Portland 13, Oregon. 

New Publications 

PASTURE AND RANGE PLANTS-Many mem- 
bers of The American Society of Range Manage- 
ment will be glad to know that Phillips Petroleum 
Company has combined its six educational book- 
lets on pasture and range plants and published 
them under one cover-a handsome 8% x 11% 
inch hard-back book. This very useful and worth- 
while book will be available from the Sales Pro- 
motion Section, 476 Adams Building, Bartlesville, 
Oklahoma, at $5.95 postpaid, plus applicable state 
sales and use taxes. In the foreward, K. S. Adams, 
Chairman, Phillips Petroleum Company has writ- 
ten, “Our nation’s life and growth depend upon 
our natural resources. Each citizen, therefore, 
has a deep responsibility for proper use and 
conservation of these resources. . . . Of all our 
resources, grass is among the most important . . .” 
G. W. Tomanek carried this thought to the intro- 
duction by writing, “Knowledge of pasture and 
range plants is as important to the rancher or 
farmer as a hammer and saw are to a carpenter. 
Grassland plants are the tools of a rancher be- 
cause, as has often been stated, beef is converted 
grass. . . . The publication and distribution of 
the pasture and range plant booklets by Phillips 
Petroleum Company has been one of the finest 
contributions to the science of range manage- 
ment. . . .” 

WINTER FIELD KEY TO THE NATIVE SHRUBS 
OF MONTANA -This attractive bulletin pub- 
lished by the Montana Forest and Conservation 
Experiment Station and the Intermountain Forest 
and Range Experiment Station, Forest Service was 
prepared by Melvin S. Morris, Jack E. Schmautz 
and Peter F. Stickney. The bulletin contains a 
key to genera and species as well as many excel- 
lent line drawings and brief descriptions of many 
native shrubs. Game range managers, especially 

those engaged in field work during winter will 
find this convenient-sized bulletin very useful. 
Copies may be obtained for the asking from any 
one of the authors or either of the joint publishers. 
RANGE SURVEY OF THE CENTRAL NEGEV- 
This small bulletin published by the Israel Min- 
istry of Agriculture reports a range survey of 
Israel which was made in 1956-57. The survey 
covered 2,330,OOO dunams (one dunam equals ap- 
proximately one-fourth acre) and extended from 
Beer Sheva to the Natred plateau southwards and 
from the Sinai border in the west to the Beer 
Sheva-Kefar Yeroham road in the east. The first 
eight pages describing climate, physiography, soils 
and vegetation types are written in English. The 
rest of the bulletin is in Hebrew. The authors are 
N. G. Seligman, N. H. Tadmor and 2. Raz. 
A RANGE MANAGEMENT TOOL FOR RANGE 
EVALUATION-Written by W. V. Neely, Exten- 
sion Production Economist, and published by 
the Cooperative Extension Service, Max C. Fleisch- 
mann College of Agriculture, University of Ne- 
vada, Reno, this bulletin, #ill, presents a system 
of evaluation which is a solution involving partial 
budgets that will assist ranchers in making range 
management decisions. It allocates cost involving 
livestock as a fixed cost and prorates this cost 
on a percentage basis correlated with range yields. 
The only additional information needed to place 
a monetary value on rangeland is a budget on 
land operation, rate of gain data, and animal- 
unit months. 

RANGE MANAGEMENT-A Statement of its 
Aims, Principles, Techniques and Problems-this 
bulletin, #13, is not exactly new since it was 
published in May 1960 by the Montana Forest and 
Conservation and Experiment Station, but its 
contents will be of interest to many ASRM mem- 



SOCIETY 

bers. The author, Melvin S. Morris, comments as area. This brief essay is offered for whatever it 
follows in the Preface, “This essay was originally can contribute to a better understanding of the 
written in 1946 to provide the author, as a teacher characteristics and problems of the profession. 
of range management, a clearer frame of reference The works of Darwin, Lee, and Nichols are the 
for understanding the field of range management. main sources of the basic ideas and principles 
Currently, the author finds that many of the used.” Perhaps it would help to dust off some 
professional people in the field need to re-examine ideas concerning range management. Ask Mel for 
and clarify their thinking within this professional a copy and read about his ideas. 
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The Grasses in LiferafurrAddendum 

Dr. Morgan W. Evans, in the March 1963 issue, 
contributed several excellent examples of “The 
Grasses in Literature.” I, too, have long collected 
such items and should like to share those not yet 
recorded in our Journal. Included are works of 
poets, philosophers, and literary artists-a few of 
whom also were scientists: 

“A common thing is a grass blade small, 
Crushed by the feet that pass, 

But all the dwarfs and giants tall, 
Working till doomsday shadows fall 

Can’t make a blade of grass.” 
-Julian Stearns Cutler (1854-1930) 

Wonderful. Stanza 1 

“Grass that is made each year equals the 
mountains in her past and future; 

Fashionable and momentary things we need not 
see nor speak of.” 

-Robinson Jeffers (1887-1962) 
Point Joe 

“Pile the bodies high at Austerlitz and Waterloo 
Shovel them under and let me work- 

I am the grass 
I cover all 

And pile them high at Gettysburg 
And pile them high at Ypres and Verdun. 
Shovel them under and let me work. 
Two years, ten years, and passengers ask the 
conductor: 

‘What place is this? 
Where are we now?’ 
I am the grass 
Let me work.” 

-Carl Sandberg,. “Cornhuskers” 
Pub. Henry Holt & Co., 1918. 

“Study the Grasses 
And Learn God’s Ways: 

Efficiency means Life and Perpetuation; 
Inefficiency means Death and Elimination. 

From the Humble Blade of Grass 
to the Human in his Pride, 

From the Genera of the Poaceae 
to the Nations of the Earth, 

The Universal Law of God holds Good.” 
-W. A. Silveus in “Texas Grasses” 

Pub. by author, San Antonio, Texas, 1933. 

“Of all things that live and grow upon this 
earth, grass is the most important. It feeds the 
world. Its hollow stems, its sheathing leaves and 

chaffy flowers, above all its unique freight of 
grain, describe only grass, and perhaps the sedges. 
. . . Grass is generous, swift-springing, candid- 
growing, full of motion, sound and light.” 

-Donald Culross Peattie, “A Prairie Grove,” 
(Simon and Schuster) 1938. 

“The grasses vary in size from the moss-like 
COLEANTHUS of the north to the tree-like bam- 
boos of the tropics, many of which are more than 
100 feet high. The grasses occur from the Ker- 
guelen land of the south to the extreme limit of 
vegetation beyond the Arctic Circle. There is no 
order of plants more widely distributed, or existing 
under a greater diversity of soil and climate, and 
no other order presents such a vast number of in- 
dividual plants or is so important and directly use- 
ful to man.” 

-L. H. Pammel, “The Grasses of Iowa,” 
Iowa Geological Survey, Des Moines, 
Iowa, 1905. 

“In the matter of utility to man and beast, no 
plant or group of plants has ever played so great 
a part in the history of the world, and we may well 
say with Solon Robinson that ‘Grass is King.’ 

“Nor is the story of the merit of the grasses 
more than half told when it is related that they are 
‘Man’s bread and meat; many things good, and 
most things sweet.’ 

“The barren hillside may become a mass of 
gullies and gulches, but where the grass is master, 
the soil becomes the faithful servant of man. 

“Though of all plants the most common, the 
grasses are of all common plants the least known.” 

-W. J. Showalter, “Familiar Grasses,” in 
“The Book of Wildflowers,” National 
Geographic Society, 1933. 

“Next in importance to the divine profusion of 
water, light, and air, those three physical facts 
which render existence possible, may be reckoned 
the universal beneficence of grass. Exaggerated by 
tropical heats and vapors to the gigantic cane con- 
gested with its saccharine secretion, or dwarfed 
by polar rigors to the fibrous hair of northern 
solitudes, embracing between these extremes the 
maize with its resolute pennons, the rice plant of 
the Southern swamps, the wheat, rye, barley, oats, 
and other cereals, no less than the humbler ver- 
dure of hillside, pasture, and prairie in the tem- 
perate zone, grass is the most widely distributed 
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of all vegetable beings, and is at once the type of 
our life and the emblem of our mortality.” 

-John James Ingalls, “Blue Grass” in 
“Ingalls of Kansas” by William Elsey 
Connelly, Pub. by biographer, Topeka, 
Kansas, 1909. 

Then, too, there is the following poem, concern- 
ing both grass and a cow. The author is not known 
but he is believed to have been a youth in a 
Civilian Conservation Corps camp in Louisiana in 
the 1930’s. He titled the poem “The Cow’s Lament.” 

“The howling winds of winter came, 
the scattered grass was getting thin; 

The farmer saw with troubled eyes 
the bones were pushing thru my skin. 

“He called the neighbors near and far 
to find out what could ail me; 

The things they brought to cure me 
make all my courage fail me. 

“They thought that I had Hollow Horn, 
and sawed them off, as you can see. 

They said perhaps I’d lost my cud, 
which greatly puzzled me. 

“As I grew frail, they split my tail - 
these sad, well-meaning gents; 

And at every turn I’d feel the burn 
of fiery liniments. 

“They put on salves of every sort, 
and ointments strong and smelly; 

They just can’t see what’s killing me 
is plain old HOLLOW BELLY!” 

-E. J. Dyksterhuis 
Lincoln, Nebraska 

ABSTRACTS OF PAPERS 

From the office of the Executive Secretary, Abstracts of Papers 
given at the 13th, 14th, 15th and 16th meetings of the Society are 
available at $1.00 per copy, postpaid. 

Some farms get bigger every year. They don’t nec- 
essarily increase in size but they do grow bigger 
yields per acre and net bigger profits. This is often 
possible when Phillips 66 Agricultural Ammonia 
is used in a balanced fertility program. This 
straight 82% nitrogen fertilizer applied down in 

the root zone supplies vital nitrogen 
throughout the growing season to 
make- 150 acres, for example, pro- 
duce as much as 200 acres. 

NOW AVAILABLE in a handsomely bound edition.. . 
famous series of Phillips 66 Grass Booklets, PASTURE 
AND RANGE PLANTS. 186 colorful pages devoted to 
encouraging practical grassland management. Com- 
piled in cooperation with the country’s leading agri- 
cultural specialists in pasture and grassland man- 
agement. Only $5.95 postpaid. Send your check or 
money order to Phillips Petroleum Company, 476 
Adams Building, Bartlesville, Oklahoma. 



Destruction of brush and eventual return to grazing lands starts here. N. H. Roane 
used machines like this in reclaiming range for Los Joboncillos Ranch. 

How rootplowing and reseeding make 
overgrazed land productive again 

Years of heavy grazing had made their mark on 
the 8,300-acre Los Joboncillos Ranch near Pre- 
mont, Texas. Mesquite and brush had taken 
over formerly lush grasslands. Grazing was 
severely limited. 

Then in August, 1952, a program of range 
restoration was started by the owners. N. H. 
“Skeet” Roane, conservation contractor at 
Campbellton, Texas, moved in with his Cat 

track-type Tractors. Eight-hundred acres were 
rootplowed and reseeded with buffelgrass and 
blue panic. 

By October, a fine stand of grass had devel- 
oped; and 107 head, averaging 390 pounds each, 
were placed on the pasture. In June, they were 
marketed at an average of 666 pounds, with no 
cutbacks or downgrades. Average gain per day 
was 1% pounds, in spite of the fact that 1952 
was a severe drought year. 

Since then, Los Joboncillos Ranch has re- 
claimed 5,500 acres. Says Ranch Manager Merlin 
Cook, “Before starting our program, we could 
run a cow to 20 or 25 acres in normal rainfall 
years. Now we run a cow to 5 acres and easily 
triple our gain on the improved pastures.” 

If you’re planning a program of range reno- 
vation, the Caterpillar Dealer in your area would 
be happy to discuss the equipment available for 
doing the work at the lowest possible cost. 

CATERPILLAR 
Coterpillor nnd Cot ore Registered Trodemorks of Coterpillor Tractor Co. 
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