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Seeding of 
the Central 

>- ‘ 

1 Abandoned Croplands in 
Great Plains’ 
R. E. BEMENT, R. D. BARMINGTON, A. C. EVERSON, 

L. 0. HYLTON, JR., AND E. E. REMMENGA 
Research Range Conservationist, Associate Agricultural 
Engineer, Range Conservationist, Research Range Con- 
servationist, and Statistician, respectively. First and 
fourth authors are affiliated with the Crops Research 
Division, Agricultural Research Service, U.S. Depart- 
ment of Agriculture, and other authors are affiliated 
with Colorado Agricultural Experiment Station, CoZo- 
rado State University, Fort Collins. 

Highlight 
Crested wheafgrass and Russian 

wildrye were successfully esiab- 
lished by late-summer planting in 
summer-fallowed strips using a dou- 
ble-disc depth-band drill. Crested 
wheafgrass was also established by 
spring planting. Blue grama and 
side-oafs grama were not esfab- 
lished. 

Extensive acreages of aban- 
doned cropland in the Central 
Great Plains produce only a 
fraction of their potential as 
rangeland. Seeding, as a method 
of realizing this potential, has 
been generally expensive and 
subject to frequent failures. The 
risk of failure in the lo- to 15- 
inch precipitation zone has de- 
terred seeding on many areas 
which are in low stages of pro- 
ductivity. It is estimated that 5 

1A contribution of the Central 
Plains Experimental Range, Crops 
Research Division, Agricultural 
Research Service, U.S. Department 
of Agriculture, and Colorado Agri- 
cultural Experiment Station, CoZo- 
rado State University, Fort Collins, 
Colorado. Published with the ap- 
proval of the Director of the CoZo- 
rado Agricultural Experiment Sta- 

tion as Scientific Paper No. 943. 

million acres of stabilized, aban- 
doned croplands in the lower 
precipitation zones of the Cen- 
tral Great Plains would be re- 
vegetated if dependable and eco- 
nomically feasible methods of 
stand establishment were 
known. 

In 1956 a study was initiated 
at the Central Plains Experi- 
mental Range 38 miles northeast 
of Fort Collins, Colorado, to de- 
termine the cultural practices 
required to establish stands of 
crested wheatgrass (Agropyron 
desertorum (Fisch.) Schult.) , 
Russian wildrye (Elymus jun- 
ceus Fisch.) , blue grama (Boute- 
low gracilis (H.B.K.) Lag.), and 
side-oats grama (Bouteloua cur- 
tipendula (Michx.) Torr.) . 

Methods 
The experiment was conducted on 

a half-section of land described by 
Klipple and Retzer (1959) as belong- 
ing to the Ascalon series. The sandy- 
loam soil was cultivated for bean 
production for several years, severe- 
ly eroded by wind, and subsequently 
abandoned in 1935. In 1956, twenty 
years after abandonment, this land 
was in the Aristida-stage of sec- 
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ondary succession (Costello, 1944). 
The stand of low-value perennial 
vegetation protected the soil from 
blowing. 

The 20-year (1939-1958) average 
annual precipitation at the experi- 
mental site was 11.84 inches with 
an average of 8.51 inches during the 
period May 1 to September 30. Av- 
erage annual wind velocity was 6.1 
miles per hour. The highest average 
wind velocity recorded for a 24-hour 
period was 21.1 miles per hour. The 
mean high and low temperatures 
during the growing season were 
78” F. and 47” F., respectively. The 
average frost-free period was 133 
days. 

The study evaluated three dates 
of planting, three methods of seed- 
bed preparation, five kinds of drills 
with various row spacings, and four 
species as outlined in Table 1. Plant- 
ings were made during three succes- 
sive years to test results under the 
highly variable year-to-year climatic 
conditions. Treatments were repli- 
cated twice in each of three year- 
blocks. 

Seedbed Preparation. - The three 
methods of seedbed preparation 
were summer fallow, spring cultiva- 
tion, and direct seeding. Cultural 
methods to be practical for this area 
must provide features that are ef- 
fective in combating wind erosion. 
Therefore, summer-fallowed and 
spring-cultivated seedbeds were con- 
fined to narrow strips approximately 
two rods wide leaving undisturbed 
strips of equal width between the 
cleared ones. 

The most intensive method of 
seedbed preparation was summer 
fallow. Fallowed strips were culti- 
vated initially in May, using 15-inch 
sweep blades mounted on a tractor 
tool bar. The strips were cultivated 
twice more during the summer, 
usually in June and July, depending 
upon weed growth. These operations 
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Table 1. Treatment combinaiions showing planting time, seedbed preparation, drills, and species used. 

Plfmti$g 
Spring Late Summer- Fall 

Seedbed 
preparation sY+%Er 

Spring 
cultivated Direct %ET Direct -_ 

_ .*. Depth Single Hoe Lister Sweep 
Urill 

ya;;fi Single ,Hoe 
aisc type 

ya$\~ Single .Hoe l?epth Single Hoe Depth Single Hoe Lister 
alsc type band alsc type band disc type type band disc type type type 

Species:1 
Agde x2 x x x x x x x 
Elju x x x x x x x x ,” ,” ,” x” x” ,” ,” x” x” x” 
Bogr x x x x x x x x x 
Bocu x x x x x x x x x 

1Agde = crested wheatgrass 
Elju = Russian wildrye 
Bogr = blue grama 
Bocu = side-oats grama 

2x indicates that the species was used in the treatment. 

left the strips in the rough condition 
shown in Figure 1. Just prior to 
planting, the seedbed was prepared 
with a spike-toothed harrow and a 
cultipacker. The resulting seedbed 
is shown in Figure 2, top. 

The second most intensive method 
of seedbed preparation was spring 
cultivation. The strips were culti- 
vated initially with sweeps followed 
by the harrow and cultipacker. Til- 
lage was also confined to narrow 
strips in this method of preparation. 
All tillage operations in the spring 
cultivation method took place just 
before planting. 

The least intensive method of land 
preparation was direct seeding. In 
this method a narrow band of the 
native vegetation was removed with 
either a lister or sweep blade. The 
seed was drilled directly behind the 
blades. 

The three types of land prepara- 
tion were set up in adjacent strips. 
Fallow and spring-cultivated strips 
were always flanked by direct-seed- 
ing strips. 

Drills.-The five drills used were 
a double-disc depth-band, a single- 
disc, a hoe-type, a lister-type, and a 
sweep-type drill. The most precise 
planting was done with a special 
grass drill equipped with cotton 
hoppers, double-disc furrow openers 
with depth bands, and nacker wheels _.~~~~ ~_ ..~~~__ 
(Figure 2, top). This depth-band 
drill which placed the seed at a l- 
inch depth was developed by the 
Agricultural Engineering Section of 
the Colorado Agricultural Experi- 
ment Station. An ordinary single- 
disc grain drill without depth bands 
and a hoe-type or deep-furrow 
wheat drill were also used. In this 

obtain a planting depth of approxi- 
mately one inch with each drill. 
When the depth-band, single-disc, or 
hoe-type drills were used in direct- 
seeding plots, a properly spaced 
band of vegetation was first re- 
moved with sweeps mounted on a 
tractor tool bar. 

Two machines were designed to 
plant with no prior seedbed prepa- 
ration. One was a lister-type ex- 
perimental grass planter developed 
by the Colorado Agricultural Exper- 
iment Station (Davis and Barming- 
ton 1957). It had listers to clear the 
weedy vegetation and press wheels 
to firm the soil over the seed after 
it had been placed in the bottom of 
the furrow (Figure 2, bottom). The 
second machine was a sweep-type 
drill equipped with 18-inch sweeps 
to clear the vegetation. It planted 
the cnna 0LG;u irk thn nnntnr =f 8 fin+ CA16 LCZII CFL J.IcA b, 
cleared band and covered the seed 
by drag chains. 

Row spacings in inches were as 
follows: 

Prepared Direct 
Drill Seedbed Seeding 
Depth-band 12, 24* 12, 24 
Single-disc 7, 14, 28* 14, 28 
Hoe-type 14, 28* 14, 28 
Lister-type 24 
Sweep- type 34 

Spacings with asterisks were not 
used in spring plantings. 

Dates of Seeding.-Spring plant- 
ings with blue grama, side-oats 
grama, crested wheatgrass, and Rus- 
sian wildrye were made between 
March 18 and April 15 in each of the 
three successive years-1956, 1957, 
and 1958. Summer-fallowed strips 
planted in the spring had been fal- 

light soil an attempt was made to lowed since May of the previous 

FIGURE 1. Summer-fallowed strip prior to 
seedbed preparation. 

FIGURE 2. Top-The double-disc depth- 
band drill on a prepared seedbed. Bot- 
tom-The lister-type grass planter on a 
direct-seeding plot. 

year. Crested wheatgrass and Rus- 
sian wildrye were planted in late 
summer in strips that had been fal- 
lowed approximately four months. 
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Late-summer planting was done be- 
tween August 27 and September 10 
in each of the three years. Fall seed- 
ings of crested wheatgrass and Rus- 
sian wildrye were made only in 
direct-seeding plots between Octo- 
ber 14 and 18 each year, after the 
competing warm-season vegetation 
had become dormant. 

Rates of Seeding. - Seeding rate 
adjustments were made on each drill 
to give the desired number of pure 
live seed per foot of row. These re- 
sulted in approximately 16 pure live 
crested wheatgrass seeds, 15 Russian 
wildrye, 32 blue grama, and 45 side- 
oats grama seeds per foot of seeded 
row. 

Measurements and Data Analysis. 
-Counts of the number of plants 
per foot of seeded row were made 
in July of each year from 1956 
through 1960. In 1961 sample plots 
were clipped in each strip to deter- 
mine herbage ‘production of the 
seeded species. Analyses of variance 
of the number of plants per foot of 
seeded row two years after seeding 
and of herbage production in 1961 
were performed to evaluate the ob- 
served differences. Duncan’s Multi- 
ple Range Test was applied to spe- 
cific interesting comparisons. 

Results 
A planting was considered suc- 

cessful if one or more plants 
were established per two feet of 
row two years after the date of 
seeding. Blue grama and side- 
oats grama were not established 
successfully with any seeding 
method. Direct seeding was un- 
successful at all times and with 
all species. 

Seedbed Preparation. - Seed- 
ling establishment improved as 
control of the competing vegeta- 
tion increased. In spring plant- 
ings summer fallow gave the 
best control followed by spring 
cultivation and direct seeding. 
The average numbers of plants 
per foot of row established with 
spring planting on summer-fal- 
low, spring-cultivated, and di- 
rect-seeding plots are signifi- 
cantly different from one an- 
other at the 5 percent level 
(Table 2). 

Summer-fallowed strips used 
for late-summer plantings were 

Table 2. Average number of seeded grass plank established per fooi of 
row wifh spring planting in 1956, 1957, and 1958, using fhree methods 
of seedbed preparation. Counts made fwo years after planting. 

Preparation 

Summer Spring 
Species fallow cultivated Direct Mean 

----__ (Numberr) - - - - - - 
Crested wheatgrass 0.78 0.52 0.17 0.49” 
Russian wildrye 0.40 0.22 0.92 0.21b 
Blue grama 0.12 0.11 0.09 O.llb 
Side-oats grama 0.16 0.04 0.03 0.08b 
Mean 0.36” 0.22b 0.08” 0.22 

IValues are averages of three drills. Border means with different super- 
scripts are diffrent at the 5% level. 

Table 3. Russian wildrye and crested wheaigrass plants established per 
foot of row, seeded on summer-fallowed land. 

Time Drill used 
Mean 

omitting 
of depth single hoe lister lister 

Species planting band disc type type type 
-_-- (Numberr) - - - - 

Russian wildrye spring 0.64 0.30 0.26 - 0.40b 
late summer 1.32 0.44 0.45 0.23 0.74” 

Crested wheatgrass spring 1.16 0.72 0.47 - 0.78” 
late summer 1.00 0.55 0.58 0.27 0.71” 

Mean 1.03” 0.50b o.44b 0.66 
IValues are averages of three years. Counts were made two years after 
planting. Border means with different superscripts are different at the 5% 
level. 

as effective as those used for 
spring plantings when crested 
wheatgrass planted with 3 drills 
common to both dates of seeding 
was considered. Fallowed strips 
planted in the spring with the 
depth-band, single-disc, and hoe- 
type drills produced an average 
of 0.78 plants per foot of row. 
Fallowed strips planted in late 
summer with the same machin- 
ery produced an average of 0.71 
plants per foot of row (Table 3). 

Even in summer-fallowed 
strips the edge effect of the com- 
petition was apparent for two to 
three feet into the fallowed area 
where stands were thin and 
seedling establishment poor. 
This is an indication of the ex- 
tent to which competition op- 
erated against seedlings when 
the lister and sweep-type drills 
were used in direct seeding. 

In addition to better competi- 
tion control, the fallowed seed- 
beds made more moisture avail- 
able for seedling establishment. 

Seedlings often emerged in all 
plots after a rain and then died 
as the soil moisture was depleted 
and no additional rain fell. Seed- 
lings in the fallowed plots were 
able to survive longer between 
rains. 

Drills.-The depth-band drill 
was the only machine to give an 
accurate depth of planting under 
all conditions. The uniform 
depth of planting by the depth- 
band drill produced uniform 
seedling emergence. Seedling 
emergence with the other drills 
was usually patchy. 

Spring plantings with all four 
species resulted in 0.32 plants 
per foot of row for the depth- 
band drill as compared to 0.21 
for the single-disc drill and only 
0.14 for the hoe-type (Table 4). 
The depth-band drill was sig- 
nificantly better than the disc 
drill, and the disc drill was sig- 
nificantly better than the hoe 
drill. 

Late-summer planting results 
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Table 4. Average number of seeded grass plants established per foot of row 
in 1956, 1957, and 1958 with spring planting using three drills. 

Drill 

Depth Single Hoe 
Species band disc type Mean 

-_---- (Numberr) - - - - - - 
Crested wheatgrass 0.67 0.51 0.29 0.49” 
Russian wildrye 0.41 0.13 0.10 0.21b 
Blue grama 0.09 0.16 0.07 O.llb 
Side-oats grama 0.10 0.06 0.08 0.08b 
Mean 0.32” 0.21b -- 0.14’ 0.22 _____ 
IValues are averages of three methods of seedbed preparation. Counts were 

made two years after planting. Border means with different superscripts 
are different at the 5% level. 

on summer-fallowed ground also 
showed the depth-band drill to 
be most effective. The single- 
disc drill and the hoe-type drill 
produced about equal stands, 
while the lister-type planter was 
least effective (Table 3). In late- 
summer plantings the depth- 
band drill was significantly bet- 
ter than the single-disc and hoe- 
type drills, and they were sig- 
nificantly better than the lister- 
type planter. With the lister- 
type planter it was possible to 
place the seed at the desired 
depth, but subsequent erosion of 
the furrow walls usually covered 
the seed too deeply. The sweep- 
type drill, used only in direct 
seeding, did not give successful 
stands. 

Date of Seeding. - Date of 
seeding influenced the amount 
of competing vegetation in the 
plowed strips. When either a 
spring-cultivated or summer-f al- 
lowed seedbed was prepared for 
spring planting, many Russian 
thistle (Salsola kali var. tenui- 
folia Tausch.) , sunflower (He- 
ZiunHms spp.) , lambsquarter 
(Chenopodium album L.) , plains 
bahia (Bahia oppositifolia 
(Nutt.) DC.), and sand dropseed 
(Sporobolus cryptundrus (Torr.) 
A. Gray) seedlings appeared at 
about the same time as the 
seeded species. When a fallowed 
seedbed was prepared for late- 
summer planting, the cool-sea- 
son species planted were the 
only ones to appear on the plots 
until the following spring. 

For Russian wildrye, late-sum- 
mer planting was significantly 
better than spring planting 
(Table 3). The spring plantings 
of Russian wildrye resulted in a 
greater loss of seedlings than the 
late-summer plantings. With 
spring planting, while soil mois- 
ture was still available, many 
Russian wildrye seedlings died 
where they were located in un- 
shaded areas. Surviving seed- 
lings were found where they 
were shaded by weeds. This was 
observed in July of each year 
when seedlings had two or three 
leaves and were between two 
and three inches tall. On July 
15, 1957 at 1:00 P.M. soil temper- 
atures at the l-inch depth aver- 
aged 106” F. in the unshaded 
areas where seedlings were dead, 
and 98” F. in the shaded areas 
where seedlings were alive. A 
paired comparison t-test of tem- 
perature differences between 
shaded and unshaded spots 
showed the difference to be 
highly significant. This type of 
seedling loss of Russian wildrye 
was not observed in the late- 
summer plantings. Many of the 
spring-planted seedlings that 
survived in the shade of the 
weeds, died later in the summer 
as the soil moisture was de- 
pleted by the weeds. 

There was no significant dif- 
ference between spring plant- 
ings and late-summer plantings 
of crested wheatgrass on sum- 
mer-fallowed strips (Table 3). 

Years.-The pressure of com- 

peting vegetation on the seeded 
species was influenced by the 
year in which the planting was 
made. Total annual and May 1 
to September 30 precipitation 
for the three years of planting 
are compared with 20-year av- 
erages in Table 5. Considering 
all four species and all treat- 
ments spring planted in each of 
the three years, an average of 
0.33 plants per foot of row estab- 
lished in 1957 was significantly 
better than 0.14 established in 
1956 and 0.19 established in 1958. 

In late-summer planting with 
crested wheatgrass there was no 
significant difference due to 
years. This was not the case 
with Russian wildrye planted in 
late summer. Late-summer 
plantings with all machines 
made in 1956 resulted in an aver- 
age of 1.11 Russian wildrye 
plants per foot of seeded row. 
This was significantly better 
than the 0.55 made in 1957, which 
in turn was significantly better 
than the 0.18 plants per foot of 
row established in 1958. 

Some spring-planted treat- 
ment combinations that pro- 
duced failures in 1956 and 1958 
produced successful stands in 
the wet year 1957. The addi- 
tional moisture in 1957 elimi- 
nated the difference between 
spring cultivation and summer 
fallow observed in 1956 and 1958 
when the single-disc drill was 
used in spring planting. In 1957, 
considering an average of all 
four species, 0.49 plants per foot 
of row were established with the 
single-disc drill in spring-culti- 
vated ground, and 0.48 plants 
were established in fallowed 
ground with the same drill. In 
1956 and 1958, 0.22 and 0.32 

Table 5. Seasonal (May I-Sepfem- 
ber 30) and annual precipitation in 
inches. 

Year(s) Seasonal Annual 
1956 7.2 9.7 
1957 12.0 16.6 
1958 8.8 13.3 
1939-58 8.5 11.8 



plants, respectively, per foot of 
row were established in the fal- 
lowed ground with the singie- 
disc drill as compared to only 
0.08 and 0.16 established in the 
spring-cultivated ground. This 
difference was particularly ob- 
vious in 1962 as one observed 
spring-planted crested wheat- 
grass plots of the study. In the 
1956 and 1958 plantings, seeded 
plants were apparent only on the 
summer-fallowed plots planted 
with the depth-band drill. In 
the 1957 planting, seeded plants 
were apparent on both summer- 
fallowed and spring-cultivated 
plots planted with depth-band, 
single-disc, and hoe-type drills. 
The additional moisture in 1957, 
however, was not sufficient to 
overcome the effects of the com- 
petition in the direct-seeding 
plots where there were no 
crested wheatgrass plants. 

Interactions.LRussian wildrye 
plantings were best when made 
in late summer with the depth- 
band drill on summer-fallow& 
strips (Table 3). Late-summer 
planting was significantly better 
than spring planting, and results 
with the depth-band drill were 
significantly better than those 
with either the single-disc or 
hoe-type drills, 

Crested wheatgrass was the 
only species to be successfully 
established in all three years. 
Considering means of both 
spring and late-summer planting 
times, the depth-band drill was 
significantly better than the sin: 
gle-disc drill, and the single-disc 
drill was significantly better 
than the hoe-type drill (Table 3). 
Spring planting in summer-fal- 
lr\vyr\rJ m+r;nc. T.r;+h +hn Aav\+h_hrrnrI IVWCU 3b~~p3 vvlb~~ ~LAC ucpm~-ual~u 

drill, and late-summer planting 
in fallowed strips with both the 
depth-band and single-disc drills 
consistently resulted in success- 
ful stands of crested wheatgrass. 
Although stands obtained with 
the single-disc and hoe-type 
drills in spring planting a;&- 
aged above or near the 0.50 
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FIGURE 3. Crested wheatgrass planted August 27, 1956 in a 
the depth-band drill and a 12-inch row spacing. Picture 

summer-fallowed 
taken September 

plot with 
1959. 

n1ont.2 nnr -Fnnt nf VATIT rAr*11;vnrJ plUlllr%J FLL I""b "I I"vv Icyullcu 

for a successful stand, the re- 
sults were erratic, with stands 
higher than 0.50 occurring only 
in 1957. Late-summer planting 
with the hoe-type drill was also 
erratic with results varying 
from 0.17 to 1.04 plants per foot 
of seeded row. Figure 3 taken 
in 1959 shows crested wheatgrass 
planted August 27, 1956 in a 
summer-fallowed strip with the 
depth-band drill and a la-inch 
row spacing. 

Row Spacing and Yield.-Row 
spacing was evaluated in terms 
of pounds of air-dry herbage of 
the reseeded sppcips produced 
per acre in 1961 when the stands 
were 3, 4, and 5 years old. Row 
spacing was evaluated for 
crested wheatgrass using data 
from the late summer planting 
on fallowed plots with the sin- 
gle-disc drill. The growth form 
of the crested wheatgrass dif- 
fered with row spacing. Plants 
in the p!CtS ,,.:+L +a, 7 :-AL s._--- WllJl Lilt: I -111c11 IUW 

spacing were smaller and more 
numerous than those in the plots 
with wider row spacings. Mean 
yields per acre across all ages 
for 7-, 14-, and 28-inch row spac- 
ings were 1604, 1300, and 1320 
pounds per acre respectively. Al- 
though yields from the ‘I-inch 
spacing seem much higher, the 

Row spacing was evaluated for 
Russian wildrye using data from 
the late-summer planting on fal- 
lowed plots with the depth-band 
drill. Air-dry herbage yield of 
Russian wildrye from the plots 
with 12-inch row spacing was 
464 pounds per acre, which was 
not significantly different from 
the mean yield of 624 pounds 
from the plots with 24-inch row 
spacing. 

The yield of crested wheat- 
grass was significantly higher 
than that of Russian wildrye at 
the 5 percent level. However, 
the xral11f3 ef the hxrn cnm+fx vu*sAr ".I " YybbIb" 

should not be determined on 
yield alone. Crested wheatgrass 
yields included many seed heads 
and culms, while the Russian 
wildrye yields were predomi- 
nantly from leaves. In prelimi- 
nary grazing trials conducted at 
Central Plains Experimental 
Range, cattle have made much 
--- --q- ---i- mole ‘use of Russiaii -~iidrye 
than crested wheatgrass. Cattle 
grazed Russian wildrye through- 
out the May-October season 
when they had free access to 
native range and seeded plots. 
Crested wheatgrass was grazed 
mainly during the early and late 
portions of the summer grazing 
season.- 
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.- Discussion 

The selection of a species with 
enough seedling vigor to become 
established under extreme con- 
ditions is important in reducing 
the risk of failure in seeding 
abandoned cropland in this area. 
In seeding trials conducted at 
Central Plains Experimental 
Range and reported by McGin- 
nies et al. (1963), side-oats grama 
was the only one of 20 species 
to persist and improve in stand 
rating from planting time in 
May 1944 through 1958. Although 
blue grama is a native species 
and therefore adapted to the site, 
crested wheatgrass and Russian 
wildrye were the only species 
successfully established u n d e r 
the conditions of the study re- 
ported here. Additional work on 
requirements for germination 
and plant establishment for blue 
grama is required. Bement et al. 
(1961) reported that blue grama 
shallowly planted under an as- 
phalt-emulsion mulch in late 
June, developed rapidly. This 
same rapid development of June 
plantings of blue grama has 
been noted without the mulch 
on recent date of seeding trials 
conducted at the Central Plains 
Experimental Range. 

Clean summer fallow solved 
the problem presented by com- 
peting vegetation. Barnes et al. 
(1952), Franzke and Hume (1942), 
Getty (1934), Hull et al. (1958), 
and many others advise against 
the use of clean summer fallow 
on the plains because of the high 
wind erosion hazard. Most rec- 
ommendations call for weed 
control from May until late June 
when Sudan grass, sorghum, or 
millet is planted to provide a 
stubble for soil protection and 
subsequent grass seeding. This 
type of preparation was success- 
fully done primarily in areas 
receiving 17 to 24 inches of an- 
nual precipitation. With an av- 
erage annual precipitation of less 
than 12 inches, it was decided 
that a cover crop would not be 
used in the summer-fallow plots 
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of this study, and that narrow 
strips would be used to provide 
protection from wind erosion. 

Prepared seedbeds in this 
study were cultipacked only 
once. McGinnies (1962) con- 
ducted seedbed-f irming studies 
with crested wheatgrass at Cen- 
tral Plains Experimental Range 
and concluded that packing more 
than once on the sandy soil had 
little effect on the number of 
seedlings established. 

Conclusions 

Recommendations for reseed- 
ing abandoned cropland under 
conditions similar to those in this 
study can be made for crested 
wheatgrass and Russian wildrye. 
The 
both 

I) 

2) 

3) 

risk of failure in seeding 
species can be reduced by: 
planting in narrow sum- 
mer-fallowed strips when 
stored moisture is avail- 
able, 
using a double-disc, depth- 
band drill equipped with 
packer wheels and set to 
plant approximately a l- 
inch depth, and 
planting during the last 
week in August or the first 
week in September. 
Chances for success in seed- 
ing crested wheatgrass are 
equally good if the planting 
is made in the spring dur- 
ing the last two weeks of 
March or the first two 
weeks of April. 

Summary 

Cultural practices required to 
establish crested wheatgrass, 
Russian wildrye, blue grama, 
and side-oats grama on aban- 
doned plowed lands were in- 
vestigated at the Central Plains 
Experimental Range near Nunn, 
Colorado. The four species were 
spring planted in 1956, 1957, and 
1958 on strips of ground that had 
been summer fallowed, spring 
cultivated, or had received no 
preparation. 
species were 
summer in 

The cool-season 
also planted in late 
summer-fallowed 

plots and in the fall in unpre- 
pared seedbeds. Five pieces of 
equipment used for planting 
were a double-disc depth-band 
drill, a single-disc drill, a hoe- 
type drill, a lister-type planter, 
and a sweep-type drill. Row 
spacings used were 7, 12, 14, 24, 
28, and 34 inches. 

Blue grama and side-oats 
grama were not successfully es- 
tablished. C rested wheatgrass 
and Russian wildrye were suc- 
cessfully established by late- 
summer planting in summer-fal- 
lowed strips using the double- 
disc depth-band drill. Crested 
wheatgrass was also successfully 
established by spring planting in 
summer-f allowed s t r i p s using 
the depth-band drill. Row spac- 
ings between 7 and 28 inches had 
little effect on forage production. 
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Highlight 
Vasi axeas of the arid shadscale 

zone have been rehabilitaied through 
managemeni, but direct plantings of 
both naiive and introduced species 
usually have failed. Future success 
will likely be with native plants, 
including shrubs, adapted io fhe par- 
ticular site. 

Attempts to revegetate the 
Great Basin sagebrush zone have 
been relatively successful, espec- 
ially where annual precipitation 
exceeds 10 inches (Stoddart 
1946; Plummer et al. 1955). Arti- 
ficial seeding attempts in the 
drier shadscale zone generally 
have failed. Revegetation is 
needed to increase forage, to re- 
duce erosion, and to control poi- 
sonous or noxious plants. This 
paper results from seeding trials 
and problems in revegetation of 
the arid shadscale zone. 

Native vegetation.-The shadscale 
vegetation zone, also called salt des- 
ert shrub, covers over 40 million 
acres mainly in the southern and 
southwestern parts of the Inter- 
mountain region: Clements (1920) ; 
Graham (1937) ; Fautin (1946) ; 
Price et al. (1948) ; and Billings 
(1949). Isolated islands of the zone 
extend into eastern Oregon, south- 
ern Idaho, and southwestern Wy- 
oming. 

Included in the shadscale zone are 

1 Approved as Journal paper No. 364, 
Utah Agricultural Experiment Sta- 
tion. 

a number of communities dominated 
by widely spaced shrubs. Shadscale 
(Atriplex confertifolia (Torr. & 
Frem.) S. Wats.) is the most exten- 
sive plant throughout the zone. 
Other common shrubs occurring in 
pure or mixed stands include: bud- 
sage (Artemisia spinescens D. C. Ea- 
ton), black sagebrush (A. nova A. 
Nels.), fourwing saltbush (Altriplex 
canescens (Pursh) Nutt.) , Nuttall 
saltbush (A. nuttallii S. Wats.), mat 
saltbush (A. corrugata S. Wats.), 
small rabbitbrush (Chrysothamnus 
stenophyllus (A. Gray) Greene), 
winterfat (Eurotia Zanata (Pursh) 
Moq.), spiny hopsage (Grayia spi- 
nosa (Hook.) Moq.) , summer-cy- 
press (Kochia vestita (S. Wats.) A. 
Nels.) , and greasewood (Sarcobatus 
vermiculatus (Hook.) Torr.) , Low 
forms of big sagebrush (Artemisia 
tridentata Nutt.) are common on less 
xeric sites. Shrub ground cover is 
usually less than 10 percent. Inter- 
spaces are frequently bare or cov- 
ered with a rock pavement. 

Perennial grasses including Indian 
ricegrass (Oryzopsis h ymenoid es 
(Roem. & Schult.) Ricker), galleta 
(Hilaria jamesii (Torr.) Benth.) , 
squirreltail (Sitanion hystrix (Nutt.) 
J. G. Smith), dropseed (Sporobolus 
sp.) 9 needle-and-thread (Stipa co- 
mata Trin. & Rupr.) , and blue grama 
(Bouteloua gracilis (H.B.K.) Lag. ex 
Steud), are usually sparse; however, 
the first two occasionally occur in 
nearly pure stands. Native perennial 
forbs, such as globemallow, (Sphae- 
ralcea sp.) and similar drought-en- 
during plants, occasionally occur in 
the various communities. 

Native annuals such as eriogonum 
(Eriogonum sp.) are frequently 
abundant. On some areas, the native 
perennial vegetation has been re- 
placed by halogeton (Halogeton 
glomeratus (M. Bieb.) C. A. Mey). 
Other important introduced annuals 
include cheatgrass (Bromus tecto- 
rum L.) and Russian-thistle (SaZsoZa 
kali var. tenufolia Tausch). 

Precipitation.-The mean precipita- 
tion regime varied considerably from 
western Nevada to eastern Utah. 
Billings (1949) using data from 
Sager (1932, 1941) reported that 
mean annual precipitation for the 
shadscale zone at 11 stations in west- 
ern Nevada and eastern California 
ranged from 3.08 to 5.68 inches with 
an average of 4.15 inches and winter 
precipitation maximum as snow. In 
western Utah, Fautin (1946) re- 
ported that the mean annual pre- 
cipitation for 6 shadscale stations 
averaged 7.95 inches. Precipitation 
was fairly well distributed through- 
out the year. In eastern Utah, Alter 
(1941) showed that the mean annual 
precipitation at 6 shadscale stations 
was 7.54 inches. Precipitation was 
relatively low in April, May, and 
June; however, over half of the 
mean total came in July, August, 
and September from convectional 
storms. Summer droughts are com- 
mon and prolonged throughout the 
zone. 

Soil. - Within the shadscale zone, 
soils are often heterogeneous even 
within short distances, but are gen- 
erally of the Gray Desert group: 
Soils may or may not have a promi- 
nent hardpan; however, carbonates 
usually accumulate near the surface: 
Kearney et al. (1914) ; Shantz and 
Piemeisel (1940) ; and Stewart, Cot- 
tam, and Hutchings (1940). Parent 
material, degree of leaching, and 
drainage may account for the pres- 
ence or absence of salt accumulation. 
Many vegetational types within the 
shadscale zone have been recognized 
and described with particular refer- 
ence to their soil relation: Kearney 
et al. (1914) ; Shantz (1925) ; Shantz 
and Piemeisel (1940) ; Flowers 
(1934); Shreve (1942); Billings 
(1945, 1949) ; Fautin (1946) ; and 
Gates, Stoddart, and Cook (1956). 
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including shrubs, adapted io fhe par- 
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Attempts to revegetate the 
Great Basin sagebrush zone have 
been relatively successful, espec- 
ially where annual precipitation 
exceeds 10 inches (Stoddart 
1946; Plummer et al. 1955). Arti- 
ficial seeding attempts in the 
drier shadscale zone generally 
have failed. Revegetation is 
needed to increase forage, to re- 
duce erosion, and to control poi- 
sonous or noxious plants. This 
paper results from seeding trials 
and problems in revegetation of 
the arid shadscale zone. 

Native vegetation.-The shadscale 
vegetation zone, also called salt des- 
ert shrub, covers over 40 million 
acres mainly in the southern and 
southwestern parts of the Inter- 
mountain region: Clements (1920) ; 
Graham (1937) ; Fautin (1946) ; 
Price et al. (1948) ; and Billings 
(1949). Isolated islands of the zone 
extend into eastern Oregon, south- 
ern Idaho, and southwestern Wy- 
oming. 

Included in the shadscale zone are 
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a number of communities dominated 
by widely spaced shrubs. Shadscale 
(Atriplex confertifolia (Torr. & 
Frem.) S. Wats.) is the most exten- 
sive plant throughout the zone. 
Other common shrubs occurring in 
pure or mixed stands include: bud- 
sage (Artemisia spinescens D. C. Ea- 
ton), black sagebrush (A. nova A. 
Nels.), fourwing saltbush (Altriplex 
canescens (Pursh) Nutt.) , Nuttall 
saltbush (A. nuttallii S. Wats.), mat 
saltbush (A. corrugata S. Wats.), 
small rabbitbrush (Chrysothamnus 
stenophyllus (A. Gray) Greene), 
winterfat (Eurotia Zanata (Pursh) 
Moq.), spiny hopsage (Grayia spi- 
nosa (Hook.) Moq.) , summer-cy- 
press (Kochia vestita (S. Wats.) A. 
Nels.) , and greasewood (Sarcobatus 
vermiculatus (Hook.) Torr.) , Low 
forms of big sagebrush (Artemisia 
tridentata Nutt.) are common on less 
xeric sites. Shrub ground cover is 
usually less than 10 percent. Inter- 
spaces are frequently bare or cov- 
ered with a rock pavement. 

Perennial grasses including Indian 
ricegrass (Oryzopsis h ymenoid es 
(Roem. & Schult.) Ricker), galleta 
(Hilaria jamesii (Torr.) Benth.) , 
squirreltail (Sitanion hystrix (Nutt.) 
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sp.) 9 needle-and-thread (Stipa co- 
mata Trin. & Rupr.) , and blue grama 
(Bouteloua gracilis (H.B.K.) Lag. ex 
Steud), are usually sparse; however, 
the first two occasionally occur in 
nearly pure stands. Native perennial 
forbs, such as globemallow, (Sphae- 
ralcea sp.) and similar drought-en- 
during plants, occasionally occur in 
the various communities. 

Native annuals such as eriogonum 
(Eriogonum sp.) are frequently 
abundant. On some areas, the native 
perennial vegetation has been re- 
placed by halogeton (Halogeton 
glomeratus (M. Bieb.) C. A. Mey). 
Other important introduced annuals 
include cheatgrass (Bromus tecto- 
rum L.) and Russian-thistle (SaZsoZa 
kali var. tenufolia Tausch). 

Precipitation.-The mean precipita- 
tion regime varied considerably from 
western Nevada to eastern Utah. 
Billings (1949) using data from 
Sager (1932, 1941) reported that 
mean annual precipitation for the 
shadscale zone at 11 stations in west- 
ern Nevada and eastern California 
ranged from 3.08 to 5.68 inches with 
an average of 4.15 inches and winter 
precipitation maximum as snow. In 
western Utah, Fautin (1946) re- 
ported that the mean annual pre- 
cipitation for 6 shadscale stations 
averaged 7.95 inches. Precipitation 
was fairly well distributed through- 
out the year. In eastern Utah, Alter 
(1941) showed that the mean annual 
precipitation at 6 shadscale stations 
was 7.54 inches. Precipitation was 
relatively low in April, May, and 
June; however, over half of the 
mean total came in July, August, 
and September from convectional 
storms. Summer droughts are com- 
mon and prolonged throughout the 
zone. 

Soil. - Within the shadscale zone, 
soils are often heterogeneous even 
within short distances, but are gen- 
erally of the Gray Desert group: 
Soils may or may not have a promi- 
nent hardpan; however, carbonates 
usually accumulate near the surface: 
Kearney et al. (1914) ; Shantz and 
Piemeisel (1940) ; and Stewart, Cot- 
tam, and Hutchings (1940). Parent 
material, degree of leaching, and 
drainage may account for the pres- 
ence or absence of salt accumulation. 
Many vegetational types within the 
shadscale zone have been recognized 
and described with particular refer- 
ence to their soil relation: Kearney 
et al. (1914) ; Shantz (1925) ; Shantz 
and Piemeisel (1940) ; Flowers 
(1934); Shreve (1942); Billings 
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Gates, Stoddart, and Cook (1956). 



60 BLEAK ET AL. 

Observations were made on 
one hundred and seven separate 
plantings within the shadscale 
zone in Utah and Nevada. Seed 
from 148 selected species of 
grasses, forbs, or shrubs were 
planted from 1937 to 1962. In ad- 
dition, races or strains of promis- 

ing species were planted. Sum- 
maries of major studies at se- 
lected locations in Utah and Ne- 
vada are shown in Table 1. De- 
tailed information is presented 
for a few selected areas. 

Two early plantings, one near 
the town of Cisco in eastern 

Table 1. Selected plantings in the shadscale zone. 

Utah and one in Wah Wah Val- 
ley in western Utah, maintained 
good stands of crested wheat- 
grass (Agropyron desertorurn 
(Fisch. ex Link) Schult) for 15 
years or more. The estimated 
mean annual precipitation on 
both areas was 6 to 7 inches. 

Location 
Year of 
Planting 

No. of 
Size of Species or 
Plots Strains Results Status in 1962 

Eastern Utah 
Cisco 

Cisco 
Thompson 
Castle Dale 
Buckhorn Flat 

Central Utah 
Gunnison 

Gunnison 

Gunnison 

Gunnison 

Gunnison 

Gunnison 

Western Utah 
Wah Wah Valley 

Desert 
Expt. Range 

Western Nevada 
Churchill Valley 

1938 

1950 
also 
1957 
1958 

1947 
1950 

1947 
1950 

1947 
1950 
1950 

1950 

1947 
1950 

1939 
1940 

18 acres 

small 

small 
small 

small 
small 

small 
small 

small 
small 
small 

small 

small 
small 

4 acres 

1938 to small 
1940 

1943 to small 
1956 

North Central Nevada 
Paradise Valley 1946 to small 

1953 

Eastern Nevada 
Ely-McGill 1950 & small 

1953 

1 

82 

17 
22 

41 
40 

18 
28 

17 
25 
24 

12 

9 
12 

10 

105 

77 

32 

25 

Very good stand of crested wheatgrass 
persisted until 1955. 

All dead 

Fair to good seedling stands of crested, 
fairway, intermediate, pubescent wheatgrass, 
Russian wildrye, And squirreltail on all 
sites. Poorer seedling stands of Nuttall 
saltbush, fourwing saltbush, and four species 
of dropseed. 

All dead except 
scattered drop- 
seed. 

Various species produced good stands. Only Scattered plants 
crested wheatgrass, Russian wildrye, and bul- 
bous bluegrass rated fair or better after 3 years. 
Strain tests with sources of crested, 
fairway, and Siberian wheatgrass. Good 
seedling stands but high death loss from 
drought and rodents in 1958. 
Strain tests with Indian ricegrass. Fair 
to poor seedling stands. 
Strain tests with bearded and beardless 
wheatgrass. Fair to poor seedling stands. 
Strain tests with squirreltail. Fair to 
good seedling stands. 
Strain tests with fourwing saltbush. Poor 
to good seedling stands. 

Good seedling stands of crested wheatgrass, 
bearded wheatgrass, and bulbous bluegrass. 
Fair stand of crested wheatgrass and 
scattered salina wildrye plants. 
Approximately 25 species produced fair 
seedling stands. Scattered plants of 
crested wheatgrass, spike dropseed, sand 
dropseed, and small rabbitbrush remain. 

Seven separate plantings. Poor to good 
seedling stands with grasses, forbs, and 
shrubs. 

Three separate plantings. Most species 
produced good seedling stands. All species 
except crested wheatgrass, Siberian wheat- 
grass, and Russian wildrye died. All species 
sharply reduced by drought in 1954 and 1955. 

_ , 
Two separate plantings. Poor to good seedling 
stands gradually declined. Crested ‘Wheat- 
grass and Russian wildrye best. 

Fair to poor 

Scattered plants 

Scattered plants 

Scattered plants 

Scattered plants 

Fair stand 

Scattered plants 

All dead 

Scattered plants 

Scattered plants 
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FIGURE 1. Remnants of dead crested wheatgrass plants in 1960 along rows planted near 
Cisco, Utah, in 1938. 

The 1938 Cisco planting of 18 
acres was done with a hand 
seeder in furrows made 36 inches 
apart with a farm layoff marker. 
The heavy clay loam derived 
chiefly from Mancos shale sup- 
ported a rather sparse native 
cover of mat saltbush, Nuttall 
saltbush, squirreltail, and Indian 
ricegrass. The stand of native 
species was not eliminated by 
land treatment. An excellent 
grass stand was produced, and as 
late as 1950 forage production of 
crested wheatgrass was 350 
pounds (dry weight) per acre. 
By July 1955, only rows of dead 
grass heaved out during the pre- 
vious winter remained. Rem- 
nants of the heaved plants could 
still be seen in the summer of 
1960 (Fig. 1). Horses had grazed 
the area lightly in 1954, but pre- 
sumably drought of that year 
coupled with freezing and thaw- 
ing in early 1955 eliminated this 
stand. 

The Wah Wah Valley planting 
was made in the fall of 1939. 
Three seed mixtures were drilled 
without cultivation into a 4-acre 
native stand of winterfat and 
galleta. Crested wheatgrass, 

western wheatgrass (A. smithii 
Rydb.) , beardless wheatgrass (A. 
inerme (Scribn. & Smith) 
Rydb.) , bearded wheatgrass (A. 
spicatum (Pursh) Scribn. & 
Smith), tall oatgrass (Arrhena- 

therum elatius (L.) Presl.), sa- 
lina wildrye (Elymus salina 
Jones), and bulbous bluegrass 
(Pea bulbosa L.) were drilled on 
a third of the area; fourwing 
saltbush, Nuttall saltbush, and 
winterfat were sown on another 
third; and a mixture of all these 
grasses and shrubs was sown on 
the remaining third. The area 
was replanted in the fall of 1940 
because of drought. 

Shrub seeds planted in both 
years failed to produce a single 
plant. Good seedling stands of 
crested wheat-grass, bearded 
wheatgrass, and bulbous blue- 
grass were present in the spring 
of 1941. By 1943, crested wheat- 
grass made up over 90 percent of 
the planted grasses. It survived 
and produced abundant seed in 
favorable years. Natural repro- 
duction vegetated open areas and 
adjoining plots. Although most 
plants in the original drill rows 
died, reproduction maintained 
fair to good stands of crested 
wheatgrass (Fig. 2). In 1959, an 
average of 27 plants per 100 
square feet was counted over the 

FIGURE 2. Crested wheatgrass planted in a native stand of winterfat in Wah Wah Valley 
in 1940 became established and produced seed in favorable years. Although most 
original plants died, natural reproduction maintained stands. 
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area. In June 1960, however, only 
19 plants per 100 square feet 
were found. All plants of 
bearded wheatgrass died, but 
scattered plants of salina wildrye 
remained. This area has never 
been grazed by livestock. 

Total forage yields have been 
similar, whether crested wheat- 
grass occurred in mixture with 
native winterfat or the latter 
grew in pure stands. Where the 
two species occurred together, 
both showed the effects of com- 
petition, especially in drought 
years. 

Emergence, establishment, and 
mortality of eleven selected 
grasses including two strains of 
crested wheatgrass were fol- 
lowed on a 1946 planting in 
north-central Nevada. This study 
was near Paradise Valley, where 
the average annual precipitation 
was 8.6 inches. A clay loam 12 
to 24 inches deep covered a 
heavy clay layer or pan. Budsage 
and fourwing saltbush, at densi- 
ties of 2.5 and 4 plants per square 
foot, and a few severely grazed 
Indian ricegrass and squirreltail 
were eradicated prior to plant- 
ing. The area was fenced to ex- 
clude rabbits and livestock. 

By 1948, both strains of crested 
and Siberian wheatgrasses (Ag- 
ropyron sibiricum (Willd.) 
Beauv.) had stands which rated 
“good.” Intermediate wheatgrass 
(A. intermedium (Host) 
Beauv.) , pubescent (A. tticho- 
phorum (Link) Richt.) , bearded, 
tall (A. elongatum (Host) 
Beauv.) , Russian wildrye, salina 
wildrye, and Indian ricegrass 
had stands which rated “fair.” 
A local collection of squirreltail 
was the only species which rated 
“poor.” All species except 
crested wheatgrass, Siberian 
wheatgrass, and Russian wildrye 
gradually declined. Crested 
wheatgrass, along with native 
shrub species, invaded all plots. 
By 1953, crested wheatgrass 
plants were of several size and 
age classes. All plants of inter- 
mediate wheatgrass, tall wheat- 
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grass, and squirreltail and most 
of the salina wildrye and pubes- 
cent wheatgrass plants died 
prior to 1954. 

All planted grasses except a 
few crested wheatgrass and Rus- 
sian wildrye plants perished dur- 
ing the 1954-1955 drought, and 
the surviving plants had only 1 
or 2 living culms within the orig- 
inal crown. Some of the native 
Indian ricegrass plants had sur- 
vived the drought and were 
vigorous. Most of the native 
shrubs had survived the drought, 
but a few young budsage plants 
had died where competition 
from other shrubs or the planted 
grasses was severe. 

In general established native 
shrubs in vigorous condition 
withstood the frequent droughts 
with minimum mortality. Native 
shrub seedlings generally were 
not highly drought resistant and 
often perished during the seed- 
ling year. 

Natural native grasses with- 
stood droughts better than intro- 
duced ones, but plant densities 
of the native species generally 
declined. During years with 
average or above-average mois- 
ture, stands of native species 
were usually restored by vegetal 
growth or from seed. 

Plantings of drought-enduring 
grasses were disappointing. All 
plantings of blue grama and gal- 
leta failed to produce seedling 
stands. Good seedling stands of 
the needlegrasses and squirrel- 
tail gradually declined. Most 
species of dropseed failed, but a 
few poor initial stands of sand 
dropseed gradually improved 
through natural reproduction. 
Over sixty collections of strains 
of Indian ricegrass were tested. 
A few strains of this grass pro- 
duced stands on some sites, but 
most strains had either failed to 
emerge or to surive. 

A few plantings of perennial 
forbs produced good seedling 
stands, but mortality 
ally very high. A few 
native globemallow 

was usu- 
plants of 
and pen- 

stemon were obtained from 
seeding. On several sites a small 
number of alfalfa (Medicago sa- 
tiva L.) plants survived for sev- 
eral years before they were 
killed by drought, insects or ro- 
dents. The annual forbs, belve- 
dere summer cypress (Kochiu 
scopuriu (L.) Schrad.) and five- 
hook bassia (Bassiu hyssopifoliu 
(Pall.) Kuntze) , usually became 
established and produced viable 
seeds, but very few plants were 
present in subsequent years. 

A similar response to artificial 
revegetation by use of grasses, 
shrubs and forbs was obtained 
at most study locations. Many 
species produced good seedling 
stands, but stands rapidly de- 
clined and most plants perished 
within a lo-year period. Results 
indicate that the arid climate 
was the most limiting factor en- 
countered in artificial revegeta- 
tion of the shadscale zone. 

Discussion 
Climate factors .-Prolonged or 

severe droughts in the shadscale 
zone inhibits seed germination. 
For example, at a study site in 
western Nevada, grass, forb, and 
shrub seeds planted in Decem- 
ber 1954, and residual seeds of 
native annuals and perennials, 
remained in the soil during the 
subsequent winter, spring, and 
summer without germinating. 
Only 1.47 inches of precipitation 
was measured during the 13- 
month period from July 1954 to 
September 1955. After more than 
8 months in the soil, 150 seeds 
each of fairway wheatgrass (Ag- 
ropyron cristutum (L.) Gaertn.) , 
crested wheatgrass, intermediate 
wheatgrass, and Russian wildrye 
were removed from the drill 
rows in August 1955. Seeds were 
not visibly damaged, and labo- 
ratory germination averaged 83, 
80, 77, and 84 percent, respec- 
tively. Av era g e germinations 
from the same lots that had been 
in storage were 79, 89, 96, and 
93 percent, respectively. Seed- 
ling emergence in the drill rows 
was observed after a storm in 



September 1955 and additional 
emergence was observed in the 
spring of 1956. 

Further effects of climate were 
observed on a native stand of In- 
dian ricegrass, where 96 percent 
of the plants died during the 
1954-1955 drought. Original den- 
sity was 72 plants per 100 square 
feet. The few surviving plants 
had only 1 or 2 living culms. 
Most of these culms produced 
good seeds in the summer of 
1956. A few mature seeds were 
produced in 1954, but no viable 
seeds were found in 1955. Above- 
average available moisture fol- 
lowed this drought and seeds 
that had lain in the soil for years 
germinated. Many seedlings 
were growing on this site in the 
spring of 1956. By midsummer 
of 1956, the density averaged 49 
vigorous seedlings per 100 square 
feet. As shown in Figure 3, seed- 
ling distribution was good; but 
a loose clustering, presumably 
around original parent plants, 
was common. 

Small mammals and insects.- 
Rabbits and some rodents were 
often responsible for poor results 
from revegetation. The problem 
was magnified on small areas of 
cool-season grasses where green 
growth was produced in the fall 
and early spring. Larger areas 
such as the plantings at Cisco and 
Wah Wah Valley could better 
absorb the rodent population 
than small-plot areas and there- 
fore were usually less damaged. 
Also, small rodents tended to 

FIGURE 3. Markers show location of Indian 
ricegrass seedlings from residual seeds in 
the soil in 1956 after most parent plants 
perished in the 1954-1955 drought. 
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concentrate inside enclosures 
where certain predators were 
less numerous. 

Established plants and partic- 
ularly seedlings were frequently 
killed by close cropping or re- 
peated heavy utilization. Plant 
crowns, also, were dug out and 
eaten in the early spring, late 
summer, or fall when green for- 
age was sparse and especially 
during droughts when total for- 
age was in short supply. Plants 
were also killed when the stem 
and roots were severed by pocket 
gophers or other animals as 
shown in Figure 4. Most shrub 
and forb seedlings were especi- 
ally susceptible to damage by 
rodents because clipping of the 
hypocotyl or epicotyl usually 
resulted in death. Kangaroo rats 
and other rodents harvested 
large quantities of seeds and re- 
duced the seeds available for na- 
tural revegetation. 

In some years grasshoppers 
and crickets damaged estab- 
lished plants, killed seedlings, 
and reduced seed production. 
Harvester ants collected seeds 
and plant material, and areas oc- 
cupied by ant hills produced no 

forage, Sharp and Barr (1960). 
Other insects in larval or adult 
stages contributed to the de- 
pleted condition within the zone 
by defoliation, stem boring, flo- 
ral damage, and reduction of 
viable seeds, Piemeisel (1954). 

Species variability.-Selection 
of adapted species was difficult. 
Seed of native grasses and 
shrubs collected on one site with- 
in the shadscale zone and 
planted on another site perished, 
while some reproduction from 
plants endemic to the site sur- 
vived in some years. Variation 
of native species was often pro- 
nounced over relatively small 
distances. Ecotypic differences 
were observed in plant form, 
seed characteristics, seed dor- 
mancy, drought tolerance, salt 
tolerance, and similar traits. 

Introduced grass and forb spe- 
cies exhibited variation in phys- 
iology. Dewey (1960) reported 
wide differences in salt tolerance 
in 25 strains representing 14 spe- 
cies of wheatgrasses. Results in- 
dicated that selection within spe- 
cies could be used to develop 
more salt tolerant strains. 

Methods of pZanting.-Compe- 

FIGURE 4. Shadscale plants were killed when pocket gophers severed the stem and roots. 
Since the remainder of the stem and larger roots could not he located, it was assumed 
they were dug out for food. 
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tition for available moisture by 
spring-growing annuals contrib- 
uted to the early failure of plant- 
ings. During droughts, widely 
spaced shrubs made up most of 
the conspicuous vegetation. In 
years with above-average mois- 
ture, native and introduced an- 
nuals frequently were abundant. 

Methods of planting designed 
to collect or conserve moisture 
around the seeds or in root zone 
produced the best seedling 
stands. Pits or furrows, water 
spreading, shad in g , or brush 
mulches were used. Furrows or 
pits to collect moisture were 
most successful on heavy soils 
with slow infiltration rates. 
Eradication of established shrub 
vegetation was a common prac- 
tice. However, in years with bet- 
ter than average spring precipi- 
tation, seedling establishment 
was usually best near shrubs. 

Many grasses, forbs, and 
shrubs germinated over a wide 
temperature range when mois- 
ture was adequate; however, op- 
timum germination require- 
ments varied with species or 
even strains of the same species. 
Late-fall plantings generally re- 
sulted in better seedling stands 
than early-fall or spring plant- 
ings. Low temperatures in late- 
fall usually prevented fall germ- 
ination and winter cold reduced 
seed dormancy so that more 
seeds germinated in the spring 
when conditions were favorable. 
Early-fall plantings often germi- 
nated soon after planting and 
seedlings were subjected to low 
temperatures and winter 
drought. Frost damage to spring 
plantings was minimal; however, 
seed dormancy was a problem. 
Soil disturbances frequently re- 
sulted in rapid drying of the soil 
surface and late plantings short- 
ened the spring growing period. 

.A dry soil surface caused by 
low humidity, high radiation, 
and moderate to strong winds 
generally necessitated deeper 
planting in the shadscale zone 
than in comparable soils in the 
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sagebrush zone. Optimum plant- 
ing depths also varied with spe- 
cies and size of seeds. The small 
seeds of dropseed, rabbitbrush, 
and sagebrush emerged best 
from shallow plantings and 
rarely from depths below 1 to 
2 inches. In contrast, Indian rice- 
grass emerged from 4 inches. Al- 
though winterfat had relatively 
large seeds, optimum planting 
depth was about one-half inch. 

Seed dormancy. - Seed dor- 
mancy was beneficial to survival 
of native plants. Fall and winter 
germinations were reduced and 
mortality from killing low tem- 
peratures and winter drought 
was minimized. Also, climatic 
conditions were not adequate for 
seed germination and plant es- 
tablishment every year. Cracker 
and Barton (1957) stated that 
dormancy permits the extension 
of life of many seeds so that they 
are distributed in time as well 
as space. 

Seed dormancy was character- 
istic of most native perennial 
species in the shadscale zone. A 
possible exception was winter- 
fat. Freshly harvested seeds of 
this species germinated soon 
after fall planting when condi- 
tions were favorable. Normally 
germination occurred in late 
winter or early spring. On two 
separate occasions, vivipary was 
observed in the late fall on the 
current seed crop. 

Several types of seed dor- 
mancy were recognized on plants 
native to this zone. New-seed 
dormancy, mechanical restraint, 
impermeable seed coats, and 
presence of inhibitors contrib- 
uted to delayed germination in 
the native species. Dormancy of 
shadscale was decreased by stor- 
age, soaking the seeds in water 
at low temperatures, and moist 
cold stratification. Sixty-one 
percent of a seed lot that was in 
dry storage for 3 years germi- 
nated when seed coats were re- 
moved. Methods for increasing 
seed germination of grasses na- 
tive in this zone were reported 

by Plummer and Frischknecht 
(1952)) Rogler (1960)) and Toole 
(1941). 

In contrast, seed dormancy 
usually was minor or absent in 
most of the introduced cool-sea- 
son grasses. Accumulated fall, 
winter, and current spring mois- 
ture usually was adequate for 
early spring seed germination 
and at least limited emergence 
of these cool-season grasses. 

Natural revegetation.-Hutch- 
ings and Stewart (1953) re- 
ported that some ranges could 
be rehabilitated through im- 
proved grazing management. Re- 
habilitation through manage- 
ment provided for limiting for- 
age use, whether use was by in- 
sects, small mammals, or live- 
stock. Good management favored 
production of seeds of adapted 
plants distributed throughout 
the zone. Large seedling crops 
of native species were infrequent 
and occurred only once or twice 
in 10 or 15 years. Also, a favor- 
able year for development of 
seedlings of one species was not 
necessarily favorable for seed- 
lings of another species. Contin- 
ued good management provided 
for production of seedlings and 
seedling establishment during 
years when seeds of adapted 
species were present and cli- 
matic conditions were favorable 
for seed germination and plant 
establishment. 

Summary 

Returns from revegetation of 
lands in the shadscale zone are 
low contrasted with those in the 
sagebrush zone. Many problems 
were encountered in the shad- 
scale zone, but the arid climate 
appeared to be the major factor. 
Average annual precipitation 
ranged from 3 to more than 8 
inches. Droughts were general 
throughout the zone. Low hu- 
midity, high evaporation, and 
high diurnal temperature fluc- 
tuations increased the severity 
of the climate. The heteroge- 
neous soils in the shadscale zone 
usually contained more soluble 



salts than comparable soils in the 
sagebrush zone. 

Although vast areas have been 
rehabilitated through manage- 
ment, direct plantings of both 
introduced and native species 
usually failed. Good seedling 
stands usually were obtained 
with the wheatgrasses, but most 
plants perished during the first 
summer. A few plantings of the 
introduced crested wheatgrass, 
fairway wheatgrass, Siberian 
wheatgrass, and Russian wildrye 
maintained stands for 10 or more 
years. 

Although resident shrubs and 
grasses dominated the various 
communities within the zone, 
good stands were difficult to ob- 
tain by artificial seeding. Low 
seed viability and seed dormancy 
were problems. Since seeds of 
many native and introduced spe- 
cies germinated at relatively low 
temperatures in late winter and 
early spring, frost damage oc- 
curred. Seedlings of native 
shrubs usually were not highly 
drought resistant and frequently 
perished during the first year. 
Site differences coupled with in- 
herent differences between 
strains of a single species may 
have limited adaptability of 
these strains to specific localities. 
In addition, insects, rabbits, and 
rodents ravished the depleted 
land in some years. Success in 
this arid zone will likely depend 
on use of native plants adapted 
to the particular site. Future re- 
vegetation efforts should include 
the use of native shrubs which. 
dominate the natural communi- 
ties within this zone. 

LITERATURE CITED 
ALTER, CECIL J. 1941. Climate of 

Utah. U.S. Dept. Agr. Yearbook 
of Agriculture; Climate and Man, 
pp. 1147-1158. 

PROBLEMS IN REVEGETATION 65 

BILLINGS, W. D. 1945. The plant as- 
sociations of the Carson Desert 
region, western Nevada. Butler 
Univ. Bot. Studies, 7:89-123. 

BILLINGS, W. D. 1949. The shadscale 
vegetation zone of Nevada and 
eastern California in relation to 
climate and soils. Am. Midland 
Naturalist, 42:87-109. 

CLEMENTS, FREDERIC E. 1920. Plant 
indicators. The relation of plant 
communities to process and prac- 
tice. Carnegie Inst. Wash. Pub., 
290:1-388. 

CROCKER, W. AND LELA V. BARTON. 
1957. Physiology of seeds. Chron- 
ica Botanica Co., Waltham, Mass. 
267 p. 

DZWEY, D. R. 1960. Salt tolerance 
of twenty-five strains of Agropy- 
run. Agron. J., 52: 631-635. 

FAUTIN, REED W. 1946. Biotic com- 
munities of the northern desert 
shrub biome in western Utah. 
Ecol. Monographs, 16:251-310. 

FLOWERS, SEVILLE. 1934. Vegetation 
of the Great Salt Lake region. 
Bot. Gaz., 95:353-418. 

GATES, D. H., L. A. STODDART, AND 
C. W. COOK. 1956. Soil as a factor 
influencing plant distribution on 
salt deserts of Utah. Ecol. Mono- 
graphs, 26:155-175. 

GRAHAM, EDWARD H. 1937. Botanical 
studies in the Uinta Basin of Utah 
and Colorado. Annals Carnegie 
Mus., 26:1-432. 

HUTCHINGS, SELAR S. AND GEORGE 
STEWART. 1953. Increasing forage 
yields and sheep production on 
Intermountain winter ranges. U.S. 
Dept. Agr. Cir. 925, 63 p. 

KEARNEY, T. H., L. U. BRIGGS, H. L. 
SHANTZ, J. W. MCLANE, AND R. L. 
PIEMEISEL. 1914. Indicator signif- 
icance of vegetation in Tooele 
Valley, Utah. J. Agr. Res., 1:365- 
417. 

PIEMEISEL, ROBERT L. 1954. Replace- 
ment control: changes in vegeta- 
tion in relation to control of pests 
and diseases. Bot. Rev., 20:1-32. 

PLUMMER, A. P. AND N. C. FRISCH- 
KNECHT. 1952. Increasing stands 
of Indian ricegrass. Agron. J., 44: 
285-289. 

PLUMMER, A. P., A. C. HULL, JR., 
GEORGE STEWART, AND J. H. ROB- 
ERTSON. 1955. Seeding rangelands 
in Utah, Nevada, southern Idaho, 
and western Wyoming. U.S. Dept. 
Agr. Handbook 71, 73 p. 

PRICE, RAYMOND, K. W. PARKER, AND 
A. C. HULL, JR. 1948. The founda- 
tion of the range. U.S. Dept. Agr. 
Yearbook, pp. 553-556. 

ROGLER, GEORGE A. 1960. Relation of 
seed dormancy of Indian ricegrass 
Oryzopsis hymenoides (Roem. and 
Schult) Ricker.) to age and treat- 
ment. Agron. J., 52:470-473. 

SAGER, GEORGE V. 1932. Nevada, Cli- 
matic summary of the United 
States. Section 19: l-34. U.S. Dept. 
Agr. 

SAGER, GEORGE V. 1941. Climate of 
Nevada. U.S. Dept. Agr. Yearbook 
of Agriculture; Climate and Man, 
pp. 979-988. 

SHARP, LEE A. AND W. F. BARR. 1960. 
Preliminary investigations of har- 
vester ants on southern Idaho 
rangelands. J. Range Mgmt., 13: 
131-134. 

SHANTZ, H. L. 1925. Plant communi- 
ties in Utah and Nevada. In Tide- 
Strom, Ivar. Flora of Utah and 
Nevada. Contr. U.S. Nat. Mus., 
25:15-23. 

SHANTZ, H. L. AND R. L. PIEMEISEL. 
1940. Types of vegetation in Esca- 
lante Valley, Utah, as indicators 
of soil conditions. U.S. Dept. Agr. 
Tech. Bul., 713:1-46. 

SHREVE, FORREST. 1942. The desert 
vegetation of North America. Bot. 
Rev., 8: 195-246. 

STEWART, G., W. P. COTTAM, AND 
S. S. HUTCHINGS. 1940. Influence 
of unrestricted grazing on north- 
ern salt desert plant associations 
in western Utah. J. Agr. Res., 60: 
289-316. 

STODDART, L. A. 1946. Seeding arid 
ranges to grass with special refer- 
ence to precipitation. Utah State 
Agr. Coll. Circ. 122, 29 p. 

TOOLE, V. K. 1941. Factors affecting 
the germination of various drop- 
seed grasses (Sporobolus sp.). J. 
Agr. Res., 62:691-715. 



Outdoor Recreation in the 
Future of Public Lands 

KARL S. LANDSTROM 

Assistant to the Secretary for Land Utilization, U.S. 
Department of the Interior, Washington, D.C. 20240. 

Highlight 
Range management’s goal of in- 

&eased profits from livestock pro- 
duction should be viewed within a 
broader context in which the pro- 
fessions dealing with natural re- 
source5 fry fo bring about fhe 
greatest good for the greatest num- 
ber of people. Range forage produc- 
tion from public lands can be main- 
tained or increased under a well 
rounded resource conservation pro- 
gram despite land use resfriciions 
for outdoor recreation. 

The report of the Outdoor 
Recreation Resources Review 
Commission contains three fore- 
casts suggesting that public lands 
will not be immune to mounting 
demands for outdoor recreation: 
Twice as many people will be 
living in the United States by 
the year 2000. Demand for out- 
door recreation will triple. Mo- 
bility and travel will undergo 
enormous expansion. 

The Commission held it to be 
national policy to preserve, de- 
velop, and make accessible such 
quantity and quality of outdoor 
recreation as will be necessary 
and desirable for individual en- 
joyment. The Commission left it 
to future planning, however, to 
indicate the extent to which re- 
strictions on commercial uses of 
land would be required. 

Some believe that additional 
curtailment of the commercial 
use of public lands is essential 
to the well being of present and 
future generations. Others view 
any further restrictions in com- 
mercial public land uses as 
detrimental to economic welfare. 
A typical expression from this 
viewpoint is that any further use 
restrictions would be “an eco- 
nomic step backward”-that “the 

1 The views expressed are those of 
the author and do not necessarily 
reflect the views of the Depart- 
ment of the Interior. 

West cannot afford such restric- 
tions.” 

This paper explores estimated 
requirments for added outdoor 
recreation on public lands, brings 
together certain research in- 
formation, and suggests certain 
standards for evaluating alter- 
native land use proposals. 

Demand for Recreational 
Land Uses 

Under the Land and Water 
Conservation Fund Act, Public 
Law 88-578 (1964)) hundreds of 
millions of dollars will be spent 
in the next 10 to 15 years in 
acquiring title to outdoor recrea- 
tion areas now in private owner- 
ship. About 60 percent of the 
Fund will be available for State- 
administered programs, and the 
remainder will be available for 
Federal agency administration. 
Not more than 15 percent of 
acreage added to national forests 
under the Act may be situated 
west of the 100th Meridian. 

As land acquisitions begin 
under Public Law 88-578, sales of 
public lands chiefly valuable for 
residential, commercial, indus- 
trial, public, and crop uses will 
be made under the temporary 
authority of Public Law 88-608 
(1964). Sales are restricted by 
the Act to areas covered by land 
use zoning enacted under State 
law. 

Some 23 million acres in the 
National Park System and 14 
million acres in the national for- 
ests have been set aside pri- 
marily for outdoor recreation 
and preservation of scenic, his- 
torical, and scientific values. 
Primary outdoor recreation uses 
occur in localities within other 
classes of Federal lands. Out- 
door recreation as a full-fledged 
use of so-called “public domain” 
administered through the Bureau 
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of Land Management has been 
given formal legal sanction under 
Public Law 88-607 (1964) on an 
interim management basis pend- 
ing implementation of recom- 
mendations to be made by the 
Public Land Law Review Com- 
mission, established by Public 
Law 88-606 (1964). 

The extent of adjustments to 
facilitate future recreational uses 
of Federal lands will be influ- 
enced by general trends in rec- 
reational land uses in the coun- 
try. 

Federal, State and local public 
recreation areas in the United 
States will increase by the year 
2000 to 95 million acres, com- 
pared with 46 million acres in 
1950, according to an estimate 
by Clawson (1963). Clawson es- 
timated the prospective reduc- 
tion in areas grazed by domestic 
livestock at 20 million acres. He 
thought that this reduction might 
be offset by conversion of low- 
yielding Great Plains croplands 
to grass, but did not expect such 
conversion to be fully carried 
out. 

An over-all need in the United 
States by the year 2000 for 90 
million acres of additional out- 
door recreation land from which 
commercial uses would be com- 
pletely or substantially excluded 
has been estimated by Lands- 
berg, Fischman and Fisher 
(1963). They felt that meeting 
this requirement fully would in- 
volve enlarging the National 
Park system from 23 to 49 mil- 
lion acres; extending national 
forest primitive, roadless, wilder- 
ness, and wild areas from 14 to 
57 million acres; and expanding 
State parks from 6 to 28 million 
acres. 

Economic Impact of Added 
Ouidoor Recreation 

Much of the opposition to 
added outdoor recreation as a 
land use is based on a belief that 
established business enterprises 
would be upset and that wages, 
profits, and taxes would be re- 
duced in the locality or region. 



Commercial production would, 
of course, be reduced or elimi- 
nated on the site of any lands 
reallocated to primary outdoor 
recreation, but allowance must 
be given to offsetting effects. 
Offsetting effects include the 
quality and quantity of outdoor 
recreation maintained or added, 
and wages, profits, and taxes 
added from recreation-oriented 
businesses. Other kinds of im- 
pacts must be taken into account. 

Much more must be known be- 
fore economists can accurately 
track down the economic impli- 
cations of land use adjustments. 
This is evidenced by conclusions 
expressed at the National Con- 
ference on Outdoor Recreation 
(1963) and in the report of the 

Federal Council for Science and 
Technology (1963). But no ad- 
vanced research is needed to 
demonstrate that elimination of 
commercial uses from some lands 
does not necessarily result in 
lessened aggregate commercial 
production in the locality or re- 
gion. 

Some do not realize that out- 
door recreation can play a key 
role in the economic growth of 
a locality or region. In Teton 
County, Wyoming, for example, 
tourist expenditures in 1958 were 
nearly $7 million, producing a 
business of over $12 million. This 
was 71 percent of the total busi- 
ness activity generated in the 
County (University of Wyoming, 
1959). 

Clawson, Held and Stoddard 
(1960) felt that the growth of 
exclusively-used recreational 
areas in the Intermountain 
States would be accompanied by 
growth in interregional money 
payments, much as a country 
like Switzerland benefits finan- 
cially from the international 
tourist trade. 

One of the incentives leading 
to industrial relocations to West- 
ern sites from other parts of the 
country is a comparative advan- 
tage in outdoor recreation oppor- 
tunities for factory and office 
workers. 
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CAMPING ON PUBLIC LANDS IN COLORADO. A young angler cleans his catch 
beside his camp on the Arkansas River, where it flows through public land used 
mainly for livestock grazing and watershed protection. The lands are between 
Canon City and the crest of the Rockies to the West. BLM Photo by Jim Lee, 1962. 

Of special interest to range 
management is the fact that for- 
age resources on some public 
lands can be developed to offset 
lost forage use of other lands. 

The Departments of Agricul- 
ture and the Interior, in 1962, 
appraised the opportunity for 
range rehabilitation in selected 
areas. It was found that in 
Beaverhead and Madison Coun- 
ties, Montana, for example, aver- 
age grazing capacity could be 
raised from 194 to 278 animal 
unit months per section of land 
by making range improvements 
costing an average of $5.65 per 
acre. 

In a demonstration project 
known as the “Vale Project,” 
(Malheur County, Oregon), the 
Bureau of Land Management es- 
timates that the annual value of 
range livestock production on 
project lands can be raised by $2 
million through range, water, 
and soil management. 

The Bureau of Land Manage- 
ment estimated in 1962 that 2 
million acres of public lands in 
the Western States could be eco- 
nomically seeded in a six-year 
program. Brush control on 2 
million acres, construction of 
14,500 miles of fence, and con- 
struction of 7,000 water control 
and conservation sites were pro- 
jected, to be followed by addi- 
tional work in subsequent years. 

It has been estimated by some 
that between 25 million and 50 
million acres of Western brush 
lands in various classes of owner- 
ship can be economically seeded 
to grass in a long-range program. 

Poinfs of View in Planning 
for Land Use 

Contextual and conceptual dif- 
ferences in the ways people 
think complicate the communi- 
cation of ideas concerning the 
impact of land use adjustments 
such as those referred to above 



68 

upon individuals or groups of 
people. 

Dana and Krueger, after study- 
ing the land resource situation 
in California (1958)) wrote that 
the interests of individuals, of 
local communities, of the state, 
and of the nation in land owner- 
ship and management are not al- 
ways identical. “What seems best 
for the present may not be best 
for the future,” they stated. This 
observation may help to under- 
stand divergencies of opinion 
concerning future outdoor rec- 
reation uses of public lands. 

The increasing attention being 
given by individuals, industry 
associations, and research organ- 
izations to uses of public lands 
augurs well for the democratic 
process. The fact that differences 
in viewpoints exist should not be 
considered inimical to the attain- 
ment of conservation objectives. 

Among land use planning tech- 
nicians who have found that peo- 
ple differ widely in the frames of 
reference they apply to planning 
for land use is Willhelm (1962) 
who observed the urban zoning 
sphere in Austin, Texas. He 
found marked differences be- 
tween those who place emphasis 
upon existing economically 
valued conditions and those who 
emphasize arrangements de- 
signed to bring about future eco- 
nomic pursuits and land valua- 
tions under permitted land uses. 
He hypothesized that “economi- 
cally oriented protagonists” rely 
on current conditions deemed 
economically relevant; whereas 
“protectionists” orient their 
judgments to a future-time con- 
ception in terms of the land uses 
they think should ultimately 
prevail. 

It seems possible that some 
who reflect a “status quo” atti- 
tude toward additional recrea- 
tion on public lands may have 
drawn conclusions within con- 
straints of a static situation pro- 
j ecting today’s population, level 
of living, and habits of life in- 
definitely into the future. Their 
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judgments may not reflect an 
appreciation of emerging re- 
source demand and supply prob- 
lems from a braader viewpoint. 

Allocating public land re- 
sources to different uses is be- 
coming an increasingly complex 
task. Those responsible for allo- 
cation must face the effects of 
change in the United States from 
mainly a rural culture to mainly 
an urban one, and the challenge 
of population explosion. 

The challenge facing stockmen 
was well put by Stoddart and 
Cook (1964) when they wrote: 
“Federal land administrators do 
not create these demands; they 
merely try to resolve the prob- 
lems of increased need for our 
restricted resources. The stock- 
man’s problem is no longer one 
of how he can keep the other 
uses out, but rather a question of 
how he can keep grazing as an 
important part of the multiple- 
use of public lands.” 

This is not new doctrine. In 
1950, for example, Saunderson 
wrote: “In the development of 
policy regarding future public or 
private ownership of lands of the 
public domain, careful consider- 
ation should be given to their 
public values and their conserva- 
tion needs in the public interest. 
For the public lands of the West 
that are clearly multiple-use 
lands-and most of them are- 
we face an important policy 
question of management flexi- 
bility in the making of adjust- 
ments among the uses and the 
interests, including the general 
public interest, of the users.” 

The problem of providing 
open space in urban areas and 
outdoor recreational opportuni- 
ties in rural areas, including 
multiple land use, was consid- 
ered by the Federal Council for 
Science and Technology (1963) as 
urgently needing socio-economic 
research. The Council pointed 
out that studies such as these in 
the socio-economic field related 
to land resources are very de- 
pendent on basic data and on 

physical or natural science data, 
which themselves are incom- 
plete. 

From a Federal governmental 
standpoint, definitive evaluation 
of general requirements for fu- 
ture outdoor recreational use of 
public and other lands must 
await development of the nation- 
wide plan for outdoor recreation. 
The plan, requested by the Con- 
gress in Public Law 88-29 (1963), 
will “identify critical outdoor re- 
creation problems, recommend . 
solutions, and recommend desir- 
able actions to be taken at each 
level of government and by pri- 
vate interests.” 

The national plan, under a tar- 
get date of June 1, 1967, is being 
developed by the Bureau of Out- 
door Recreation of the Depart- 
ment of the Interior, in coopera- 
tion with other agencies. 

Summary 

Contrasted with the “status 
quo” viewpoint exhibited by 
some toward proposed displace- 
ment of commercial uses on 
some Western public lands is a 
conclusion by the Outdoor Re- 
creation Resources Review Com- 
mission: “Today’s challenge is to 
assure all Americans permanent 
access to their outdoor heritage. 
The fact that we live in a world 
that moves crisis by crisis does 
not make a growing interest in 
outdoor activities frivolous, or 
ample provision for them un- 
worthy of the Nation’s concern.” 

Intensive study is needed to 
permit intelligent judgments to 
be made on these complex ques- 
tions. In the words of the Out- 
door Recreation Resources Re- 
view Commission’s report: “The 
Nation’s outdoor recreation de- 
mands will be met only through 
wise decisions on resource allo- 
cation, sound planning, and ef- 
fective development of facilities. 
These all require the support of 
thorough knowledge and exten- 
sive data - the product of re- 
search.” 

While additional knowledge is 
being developed, skepticism may 
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be in order when viewing per- 
emptory statements that no 
additional commercial use re- 
strictions on public lands are 
warranted in aid of outdoor re- 
creation. 

This is a good time to examine 
carefully all relevant facts and 
factors in each proposed land use 
adjustment and consider the al- 
ternatives and countervailing 
adjustments that are realistically 
available under the circum- 
stances. 

A common expression has 
been that the final goal of range 
management is efficient produc- 
tion of livestock - to help the 
stockman provide a living for 
his family. This expression has a 
place, but only within a broader 
perspective. Range management 
and the other professions dealing 
with wildlands must also try to 
bring about the greatest good for 
the greatest number of citizens 
generally in the use of wildland 
resources. 
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Total protein. ash, lignin, and 

other carbohydrates were somewhat 
higher in forage from poor range6 
while ether extract, cellulose, and 
gross energy were slightly higher in 
forage from good ranges. The digesfi- 
bilifies of cellulose, other carbohy- 
drates, and gross energy in forage 
from both good and poor ranges de- 
creased with heavier utilization. 

The mountainous ranges of the 
West are commonly grazed from 
about June 15 until September 
15. These summer ranges display 
various stages of range condition 
with respect to their full poten- 
tial as forage producing lands. 
The productivity of these ranges 

greatly affects the economy of 
the livestock industry since they 
produce marketable animals. It 
is frequently stated that ranges 
in poor condition produce poorer 
animal gains than ranges in good 
condition. This assumes that 
ranges in poor condition provide 
lower nutritive levels than do 
ranges in good condition or that 
animals eat less on poor ranges. 

Little work has been done to 
determine the nutritive content 
and digestibility of forage con- 
sumed on ranges in different 
conditions, or the effect of graz- 
ing intensity upon the nutritive 
content and digestibility of for- 

age consumed on mountainous 
summer ranges. 

Cook et al. (1953, 1962) and 
Piper et al. (1959) found that the 
nutrient intake on desert ranges 
decreased with increasing inten- 
sity of grazing. This was a result 
of both reduced daily consump- 
tion and decreased digestibility 
of the nutrients ingested. It was 
found that the nutrient content 
in herbage on poor range was as 
desirable and was as highly di- 
gested as the nutrient content in 
herbage on good range when 
comparable degrees of utilization 
were made on both condition 
classes. 

Renner and Johnson (1942) 
and Hutchings (1954) stated that 
poor ranges produced greater 
numbers of plants low in nutri- 
tive value than good ranges. 
Gobel and Cook (1960)) however, 
found that most species that 
were abundant on poor desert 
ranges were as nutritious as the 
species found on good ranges. 
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species found on good ranges. 
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The present study was done on 
typical mountainous summer 
range between 6,000 and 7,000 
feet elevation in northern Utah 
on the Cache National Forest. 
The annual precipitation aver- 
ages about 22 inches with about 
one-fourth of it coming during 
the winter months. Maximum 
temperatures of 80 degrees F. 
are reached during the summer. 
Frost occurs frequently in late 
June and again during the latter 
part of August and September. 

Methods and Procedures 

Five study areas were selected 
where existing fences marked 
obvious differences in range con- 
dition on opposite sides (Figure 
1). The study areas were pre- 
dominately sagebrush grass in- 
termixed with mountain brush 
and aspen types. In all cases the 
adjacent sides represented poor 
and good range condition as clas- 
sified by the procedures outlined 
by the U. S. Forest Service 
(1962). 

The areas to be grazed were 
fenced with equal quantities of 
herbage on both the poor and the 
good side. Enough forage was 
enclosed in each paddock to fur- 
nish feed for a 3-day adjustment 
period and two consecutive 6-day 
digestion trails for 7 wether 
sheep and 4 esophageal fistulated 
sheep. The first six days repre- 
sented light use and the second 
six days represented moderate 
to heavy use. The first area was 
grazed starting about June 8 and 
the fifth was grazed starting 
about September 1 each year 
during the three-year study pe- 
riod (1960-1962). The areas were 
grazed in the same order each 
year. 

Herbage production and diets 
were calculated by the method 
used by Edlefsen et al. (1960). 

Fourteen paired wether sheep 
were equipped with harnesses 
and bags for collecting feces. In 
addition, eight paired sheep 
equipped with esophageal-fistula 
cannulae were used to collect 

Figure 1. A fence line contrast in a 
condition on left and poor range 

sagebrush-grass type showing good 
condition on right. 

range 

forage samples. At the beginning 
of each trial one sheep of each 
pair was assigned to good or poor 
ranges at random. All fourteen 
wether sheep used for fecal col- 
lections were weighed on and off 
each study area. 

The chemical analyses of the 
forage samples collected from 
fistulated sheep were corrected 
for ash and phosphorus content 
of the saliva by the procedure 
outlined by Cook (1964). 

Fecal collections were begun 
24 hours after the first forage 
collections were made, and were 
terminated 24 hours after the 
last forage collections for each 
period on each area. Fecal col- 
lection bags were emptied twice 
daily. At the end of each 6-day 
period, collections of both feces 
and forage were cornposited for 
chemical analysis. 

The total daily forage intake 
and digestibility coefficients 
were determined by the lignin- 
ratio technique (Cook et al., 
1951). 

Resulfs and Discussion 

Production, Utilization and 
Diets.-A total of 16 grasses, 33 
forbs and 11 browse species were 

found on the 5 areas studied 
during the years 1960-62. Slightly 
less total herbage was produced 
on good range than on poor 
range (Table 1). 

Good range produced more 
grass than poor range but utiliza- 
tion of grasses was higher on 
poor range. However, grass made 
up slightly more of the diet on 
good range (Table 1). The pro- 
duction of forbs was higher on 
poor range but utilization of 
forbs was higher on good range. 
As a result, good and poor range 
had about equal amounts of forbs 
in the diet. Production and utili- 
zation of browse were slightly 
higher on poor ranges and thus, 
the browse was higher in the diet 
of sheep grazing poor ranges. 

Percentages of grass and forbs 
increased in the diet with in- 
creased intensity of grazing, but 
browse decreased (Table 1). 

Chemical Content of Diet.- 
Ether extract constituents in the 
diet were significantly higher 
(P<.O5) on good ranges than on 
poor ranges (Table 2). There 
were significant differences in 
percent ether extract consumed 
among years and among areas. 
But there was no significant dif- 
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pared to those on poor ranges 
(Table 2). This could be a result 
of having more grass in the diet 
on good range since grasses are 
higher in this constituent than 
are forbs or browse (Table 1). 
The other carbohydrate fraction 
was slightly higher in poor range 
than in good range diets. Percent 
cellulose in the diet increased 
with increased grazing intensity 
on both good and poor range but 
the percent of other carbohy- 
drates decreased. 

Gross energy in the diet was 
somewhat higher on good range 
than on poor range and, like 
ether extract, total protein, and 
other carbohydrates, it decreased 
in the diet as utilization in- 
creased. 

The effect of intensity of graz- 
ing upon cellulose, other carbo- 
hydrates, and gross energy in the 
diet was not statistically signifi- 
cant (P< .05). Neither range 
condition nor intensity of graz- 
ing had any significant effect on 
the content of phosphorus in the 
diet (Table 2). 

Digestibility and Nutritive In- 
take.-The digestibility of ether 
extract constituents was signifi- 
cantly affected (P< .05) by 
range condition. The average di- 
gestibility of ether extract ma- 
terial on good range was 2.3 per- 
cent and on poor ranges, -14.7 
percent. This difference can be 
explained only on the basis of the 
actual material making up the 

Table 1. Average production, utilization and diet from good and poor range 
conditions on summer ranges when grazed af fwo intensifies during 
three successive years (1960-62) from June 8 to September 10. 

Range 
condition 

Class of Period 1 Period 2 

forage Production Util. Diet Util. Diet 

lb/A -----(Percent) ----- 
293 10.2 22.8 25.6 33.1 
305 11.9 27.8 29.5 39.3 
693 9.3 49.1 14.7 27.6 

1291 

230 
381 
776 

10.1 100.0 22.7 100.0 

14.0 21.9 35.1 28.9 
10.1 26.3 27.7 40.0 
9.9 52.0 16.6 31.3 

1387 

261 
343 
735 

10.6 100.0 20.7 100.0 

12.1 22.4 30.4 31.0 
11.0 27.1 28.6 39.7 
9.6 50.6 15.7 29.0 

1339 10.4 100.0 21.7 100.0 

ference between grazing inten- 
sities. 

A highly signif icant decrease 
(P< .Ol) in the percentage of 
total protein in the diet was as- 
sociated with increased intensity 
of utilization on both good and 
poor ranges during all three 
years of study (Table 2). This 
was believed to result from in- 
creased consumption of coarser 
portions of the plant with heav- 
ier grazing. Total protein in the 
diet was slightly higher on poor 
range than on good range during 
all three years but the difference 
was not statistically significant. 
This was no doubt a result of 
more browse in the diet on poor 

range, browse being higher in 
protein than grasses or forbs. 

There was a highly significant 
increase in the ash content of 
forage as utilization increased. 
This may have resulted from a 
change in parts of the plants 
consumed and to more dirt ad- 
hering to the lower portion of 
the plants. 

The percentage of lignin in the 
diet was somewhat higher under 
heavy utilization on both good 
and poor range. Increased con- 
sumption of coarser parts of the 
plants could account for this. 

The percent cellulose was sig- 
nificantly higher (P< .05) in the 
sheeps diet on good ranges com- 

Good 

Poor 

Average 

Grass 
Forbs 
Browse 
Total and 
Average 

Grass 
Forbs 
Browse 
Total and 
Average 

Grass 
Forbs 
Browse 
Total and 
Average 

Table 2. Average chemical content of ingested material from fence line contrasts on mountainous summer range 
fhaf displayed good and poor condition. Data from five separate areas grazed at two intensifies. each year for 
three years (1960-62): dry matter basis. 

Range Grazing Ether Total 
Condition period extract protein Ash Lignin 

Other 
Cellu- carbo- Phos- Gross 

lose hydrates phorus energy 
---- 

Good 1 3.7 
2 3.7 

Average 3.7 

Poor 1 3.5 
2 3.1 

Average 3.3 

Average 1 3.6 
2 3.4 

-_-- --- 
12.0 11.2 
11.4 11.6 
11.7 11.4 

(Percent) 
10.1 
10.4 
10.2 

- ---- ---- 
21.8 41.5 
22.2 40.8 
22.0 41.2 

-- (kcal/lb) 
0.30 1954.5 
0.30 1945.1 
0.30 1949.8 

13.0 11.6 10.2 19.7 42.4 0.30 1941.6 
11.9 12.2 10.8 20.2 41.8 0.29 1929.7 
12.4 11.9 10.5 19.9 42.1 0.30 1935.7 

12.5 11.4 10.0 20.8 42.0 0.30 1948.1 
11.6 11.9 10.6 21.2 41.3 0.29 1937.4 



72 COOK, KOTHMANN AND HARRIS 

ether extract content of ingested 
forage on poor and good ranges. 
It might be attributable to the 
two browse species (Chryso- 
thamnus viscidiflorus and Pur- 
shia tridentata) which differed 
materially in the diet on poor 
and good range (Table 1). The 
material included in the ether 
extract fraction for each of the 
two species could be markedly 
different. 

The digestibility of the protein 
in the diets differed significantly 
among years and among the five 
areas within years. The digesti- 
bility coefficient for protein was 
somewhat higher on poor range 
than on good range. This differ- 
ence was not statistically signifi- 
cant, however. The interaction 
between range condition and in- 
tensity of use had a significant 
effect on the digestibility of pro- 
tein. On good range the digesti- 
bility of the protein in the diet 
increased slightly the second 
period, while on poor range the 
digestibility decreased during 
the second period (Table 3). 

Percent digestible protein was 
higher in forage consumed from 
poor range compared to forage 
from good range, and it de- 
creased as intensity of utilization 
increased on both poor and good 
range (Table 3) . These differ- 
ences between range conditions 
and intensity of use approached 
statistical significance at the 5 
percent level of probability. 

The digestibility of cellulose 
was significantly higher in for- 
age from good ranges compared 
to that from poor ranges, and it 
decreased significantly with 
heavier utilization on both good 
and poor range. 

The digestibility of “other car- 
bohydrates” decreased signifi- 
cantly (P< .05) with heavier 
utilization but was not affected 
by range condition. 

The digestibilities of gross 
energy and dry matter were 
somewhat lower for forage from 
poor ranges than for forage from 
good ranges. Digestibility coeffi- 
cients for these constituents de- 
creased slightly with heavier 
utilization on both good and poor 
range condition (Table 3). These 
differences were not of sufficient 
magnitude to be statistically sig- 
nificant. 

The total digestible nutri- 
ents and digestible energy in the 
diets compared rather closely 
with the digestibility of dry mat- 
ter. All three were somewhat 
lower in diets on poor ranges 
than in diets on good ranges and 
all three decreased with in- 
creased utilization. 

Daily Intake .-A highly signif- 
icant difference (P < .Ol) was 
observed in the average daily 
forage intake among the three 
years. The average daily dry 
matter intake per wether sheep 
was 3.34, 2.25, and 2.76 pounds 
for 1960, 1961, and 1962, respec- 

tively. The forage in 1960 and 
1962 remained green longer and 
as a result was more palatable 
over a longer period. Differences 
in the characteristics of forage 
growth are believed to be the 
major factor accounting for the 
difference in daily intake among 
years. There was a significant 
difference (P < .05) in average 
daily intake among the different 
areas. This was a result of many 
factors such as species composi- 
tion, stage of plant growth, and 
weather conditions. Neither 
range condition nor intensity of 
grazing had a significant effect 
on daily intake, but the inter- 
action effect between range con- 
dition and intensity of grazing 
approached significance (P< 
.05). The daily intake of forage 
increased slightly with heavier 
utilization on good range, but on 
poor range the daily intake de- 
creased slightly with heavier uti- 
lization. 

Weight Changes.-During 1960 
the experimental sheep weigh- 
ing approximately 120 pounds to 
start gained 54 pounds on good 
range areas and 37 pounds on 
poor range areas from June 10 
until September 6. During the 
summer of 1961 sheep weighing 
approximately 152 pounds 
gained 13 pounds on good range 
but lost 3 pounds on poor range. 
Sheep weighing 138 pounds 
gained a total of 14 pounds on 
good range and 17 pounds on 

Table 3. Average daily intake of dry maffer and digestibility of chemical constituents in forage consumed from 
adjacent good and poor range grazed ai two intensifies. Data collected over 3 years (1960-62) af five locations 
each year. 

Range 
condition 

Grazing 
period 

Daily 
intake 

Digestibility 
Other 

Ether Total Cellu- carbo- Gross 
extract protein lose hydrates energy 

Dry Dig. Digestible 
matter TDN protein energy 

Good 

Poor 

Average 

1 
2 

Average 

1 
2 

Average 

1 
2 

(lbs) 
2.8 
3.0 
2.9 

2.7 
2.6 
2.7 

2.8 
2.8 

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

2.1 44.2 56.7 74.2 49.1 
2.5 44.5 55.4 72.3 48.0 
2.3 44.4 56.1 73.3 48.5 

- Per&t - (Kcal/lb.) 
52.6 48.7 5.4 956.7 
52.1 47.5 5.1 930.8 
52.4 48.1 5.3 943.7 

-14.2 46.5 55.5 75.4 48.0 
-15.2 44.7 51.6 71.2 46.9 
-14.7 45.6 52.5 73.3 47.5 

-6.0 45.3 56.1 74.8 48.5 
-6.4 44.6 53.5 71.7 47.4 

52.3 49.0 6.2 932.3 
50.1 45.0 5.5 903.3 
51.2 47.0 5.9 917.8 

52.2 48.9 5.8 944.5 
51.1 46.3 5.3 917.1 
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poor range during the summer 
grazing season of 1962. 

Summary and Conclusions 

During three summers from 
1960 to 1962 a study was con- 
ducted on mountainous summer 
ranges of northern Utah to de- 
termine the effect of range con- 
dition and intensity of grazing 
upon the daily intake, nutritive 
content, and digestibility of the 
grazing sheep’s diet. 

Five areas displaying fence-line 
contrasts of good and poor range 
condition were selected and 
fenced so that each side included 
equal amounts of herbage. Seven 
wethers equipped with fecal col- 
lecting bags and four sheep 
equipped with esophageal-f istula 
cannulae were grazed on each 
side of the fence. Each paddock 
was grazed for two 6-day peri- 
ods; the first represented light 
use, and the second represented 
moderate to heavy use. The first 
area was grazed during the mid- 
dle part of June each year and 
the fifth area was grazed during 
the first part of September. 
Daily intake and digestibility 
were determined by the lignin- 
ratio technique. 

Ranges in poor condition pro- 
duced slightly more total herb- 
age than adjacent ranges in good 
condition. Good ranges produced 
more grass but utilization of 
grasses was higher on adjacent 
poor ranges. Both production 
and utilization of browse were 
greater on poor ranges than on 
good ranges. 

Grass and forbs increased in 
the diet with increased utiliza- 
tion, but browse decreased in the 
diet as degree of range utiliza- 
tion increased. 

Total protein, other carbohy- 
drates, and gross energy in the 
diet decreased with increased 
grazing intensity; whereas, ash, 
cellulose, and lignin contents in- 
creased. These trends were more 
pronounced on poor range than 
on good range. Total protein, 
ash, lignin, and other carbohy- 
drates were somewhat higher in 
forage from poor ranges, while 
ether extract, cellulose, and 
gross energy were slightly 
higher in forage from good 
ranges. This was believed a re- 
sult of more browse being in- 
cluded in the diet on poor ranges 
and the grass content being 
higher in the diet on good 
ranges. Browse, in general, are 
higher in protein, ash, and lig- 
nin, and grasses are higher in 
cellulose. 

The average digestibilities of 
cellulose, other carbohydrates, 
and gross energy in forage from 
both good and poor ranges de- 
creased with heavier utilization. 
On good range the digestibility 
of total protein was not affected 
by increased utilization, but on 
poor range it decreased signifi- 
cantly. 

Total digestible nutrients in 
the forage decreased on both 
good and poor ranges with in- 
creased utilization, but the de- 
crease was much less on good 
range. 

Daily forage intake increased 
slightly during the second graz- 
ing period on good range but de- 
creased somewhat during the 
second period on poor range. 
Range condition had no signifi- 
cant influence on daily intake. 

Wether sheep weighing about 
135 pounds at the beginning of 

the trials gained an average of 
28 pounds for the summer graz- 
ing season on good range and 
only 17 pounds on poor range. 
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Highlight 
The season of active growth and 
wafer use by warm-season grasses is 
about five months, May through 
September, compared with seven to 
eight months for cool-season grasses. 
The,re was less wafer in fhe soil in 
midspring each year under cool-sea- 
son than under warm-season grasses. 
Consequently, the cool-season pas- 
tures suffered from midsummer 
drought more offen than did warm- 
season pastures. 

Forage yields from range and 
pasture in the Great Plains are 
often reduced because of limited 
rainfall and low levels of soil 
moisture. Undesirable changes 
in the vegetation occur if the 
numbers of livestock are not re- 
duced during drought. The soil 
moisture status is, therefore, an 
important factor in the manage- 
ment of pasture grasses. 

Variations in the soil moisture 
content under two kinds of 
pasture, cool-season and warm- 
season grasses, were studied in 
conjunction with a grazing ex- 
periment at the Nebraska Agri- 
cultural Experiment Station at 
Lincoln. The results of six sea- 
sons, 1956 to 1961, inclusive, are 
reported here. 

Experimental Area 
and Procedure 

The soil is Sharpsburg silty 
clay loam. This soil was de- 
veloped from Peorian loess and 
has a dark-colored, friable ‘sur- 
face layer eight to 12 inches 

1Contribution from the Department 
of Agronomy, University of Ne- 
braska, Lincoln, Nebraska. Pub- 
lished with the approval of the Di- 
rector as Paper No. 1552, Journal 
Series, Nebraska Agr. Exp. Station. 
The project was supported in part 
by Consolidated Hatch Act Re- 
gional Research Funds, as a con- 
tributing project of the NC-11 Re- 
gional Funds. 

deep. Below this is a finer-tex- 
tured zone grading into light 
brown parent material. The to- 
pography is gently rolling to 
nearly level. 

The average annual precipita- 
tion at the Agronomy Farm for 
the 25-year period, 1931-1955, was 
26.79 inches. The amount of mois- 
ture that falls during the autumn 
and early winter may have an 
important effect on forage yield 
the following season. Therefore, 
precipitation amounts are shown 
by crop-years (October 1 through 
September 30) for the six-year 
period, October 1955 through 
September 1961 (Figure 1). 

Six warm-season pastures were 
planted in early May, 1954. These 
included one pasture each of big 
bluestem (Andropogon gerardi Vit- 
man), side-oats grama (Bouteloua 
curtipendula (Michx.) Torr.) , and 
Nebraska 28 switchgrass (Panicum 

CRO?-YEAR 

FIGURE 1. Quarterly and annual precipi- 
tation at Agronomy Farm, Lincoln, Ne- 
braska, for crop-years (October 1 
through September 30) 1955-56 to 1960- 
61, inclusive; and for the 25 years, 1931- 
55 (Norm). Quarterly norms indicated 
by dotted lines. Data from the Weather 
Bureau, U. S. Department of Commerce. 

virgatum L.) in pure stands, and 
one pasture of each of these grasses 
in mixture with Nebraska 27 sand 
lovegrass (Eragrostis trichodes 
(Nutt.) Wood). Two pastures of each 
of three cool-season grasses, Lin- 
coln bromegrass (Bromus inermis 
Leyss.) , tall wheatgrass (Agropyron 
elongatum (Host) Beauv) , and in- 
termediate wheatgrass (A. interme- 
dium (Host) Beauv) , were planted 
in early September of the same sea- 
son. All pastures were five acres in 
size. 

The warm-season grasses were cut 
for hay in August, 1955. The cool- 
season grasses were harvested for 
seed. All the pastures were grazed 
with yearling Hereford steers each 
season beginning in the spring of 
1956. 

Samples for soil moisture deter- 
minations were taken in la-inch in- 
crements to a depth of five feet with 
a Veihmeyer-King soil tube. The 
moisture content of each sample 
was determined gravimetrically. 
Moisture determinations were made 
several times each season. Usually, 
soil cores were taken from two to 
four representative areas in each of 
eight or more pastures at each time 
of sampling. In every case, the same 
number of samples were taken from 
cool-season and warm-season pas- 
tures. The dates of sampling are 
shown in the tables with the results. 

The water-holding capacity of the 
soil at 15 bars tension was deter- 
mined with the pressure-membrane 
apparatus (Richards, 1947) for sam- 
ples from several locations in the 
area.2 The moisture content at this 
tension is considered to be approxi- 
mately the permanent wilting per- 
centage for many soils. In this study, 
moisture contents below the 15-bar 
percentage were found on several 
occasions, even at depths below two 
feet. Therefore, 85% of the 15-bar 
percentage is considered to be the 
permanent wilting point for the 
grasses used, and any water in ex- 
cess of this amount is reported as the 
“available water” at each date of 
sampling. 

2The authors gratefully acknowledge 
the valuable assistance given by 
Dr. A. P. Mazurak, Professor of 
Agronomy, University of Nebraska, 
in determining and interpreting the 
15-bar moisture percentages of the 
soil. 
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Resulfs 
When the pastures were 

fenced in early December 1955, 
the soil under the cool-season 
grasses was dry and hard to a 
depth of 30 inches or more, but 
that under the warm-season 
grasses was relatively moist. 
More than four inches of rain 
had fallen during the last half 
of September plus 0.65 inch in 
October and November. Appar- 
ently, the rain which fell after 
mid-September was used almost 
immediately by the cool-season 
grasses for fall growth, while 
much of that which fell on the 
warm-season grasses was stored 
in the soil as reserve moisture. 

Precipitation from October 1, 
1955, through March 1956, was 
2.40 inches, or 4.82 inches less 
than the long-term average for 
the six-month period (Figure 1). 
When the soil was sampled in 
late March 1956, there was only 
0.81 of an inch of available water 
in the upper five feet of soil 
under the cool-season grasses as 
compared with 2.75 inches under 
the warm-season pastures (Ta- 
ble 1). Thus, at the beginning of 
the growing season, the avail- 
able moisture reserve under the 
warm-season pastures was 1.94 
inches more than that under the 
cool-season. This was reflected 
in the production from the two 
kinds of pasture in 1956. 

Large patches of the cool-sea- 
son grasses wilted severely in 
late April 1956, but they recov- 
ered rapidly during a week of 
light showers, April 28 to May 
4. Rainfall amounts continued 
below the long-term average 
each month through July. As a 
result, the cool-season pastures 
averaged only 54 steer-days of 
grazing and 57 pounds of gain 
per acre in a go-day grazing 
season, May 21 to August 19 
(Table 2). The warm-season 
pastures, with a reserve of about 
three inches of available water 
in the soil at the beginning of 
their growing season (May 1), 
produced 121 steer-days of graz- 

SOIL MOISTURE CONDITIONS 

ing and 140 pounds of gain per 
acre in a log-day season, June 
18 to October 12. 

The available moisture was 
nearly exhausted under both 
kinds of pasture in late July 
1956, but on October 10, there 
was 0.98 inch of available water 
in the upper three feet of soil 
under the warm-season grasses 
as compared with none under 
the cool-season pastures (Table 
1). Apparently this difference in 
amount of soil moisture in the 
fall was due to the differences 
in amount of fall growth and 
corresponding rates of water use 
by the two kinds of grass. 

In mid-April of 1957, the upper 
two feet of soil under the cool- 
season grasses contained 3.07 
inches of available water, but 
below this layer, the soil was 
dry to a depth of five feet (Table 
3). In contrast, the soil under 
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the warm-season grasses con- 
tained 3.82 inches of available 
water in the upper two feet plus 
1.60 inches in the two-to-five- 
foot zone, a total of 5.42 inches. 

Rainfall in 1957 was near nor- 
mal in each of the three months, 
June, July, and August. Both 
kinds of grasses grew vigorously 
during the 8 weeks, May 20 to 
July 16. Although 12.57 inches 
of rain fell during this period, 
the cool-season grasses reduced 
the amount of available water 
in the soil by 1.95 inches, from 
2.94 to 0.99 inches. The warm- 
season grasses reduced the 
available moisture reserve 1.75 
inches, from 6.76 to 5.01 inches, 
during the same period. In the 
next five weeks, the available 
soil moisture decreased 0.21 of 
an inch under the warm-season 
pastures, while it increased 1.36 
inches under the cool-season. 

Table 1. Available wafer1 in fhe soil af different depths fo five feet under 
cool-season and warm-season grass pastures in 1956 af Lincoln, Ne- 
braska. 

Date sampled and 
kind of grass 

March 22 
Cool-season 
Warm-season 

July 19 
Cool-season 
Warm-season 

September 11 
Cool-season 
Warm-season 

October 10 
Cool-season 
Warm-season 

Inches of available water in the soil at 
depths, in inches, of 

o-12 12-24 24-36 36-48 48-60 Total 

0.54 0.05 0.01 0.10 0.11 0.81 
1.50 0.55 0.08 0.16 0.46 2.75 

0.47 0.00 -0.16 -0.10 0.06 0.53 
0.23 -0.05 0.01 0.13 0.37 0.74 

1.10 0.28 -0.03 0.00 0.11 1.49 
1.44 0.45 0.01 0.10 0.29 2.29 

-0.33 -0.08 -0.08 - - 0.00 
0.17 0.48 0.33 - - 0.98 

1 Water in excess of 85% of the amount held by the soil at 15 bars tension 
is considered to be available to the grasses. 

2Soil sampled only to a depth of 3 feet on October 10. 

Table 2. Production, in ~&BIB of animal performance, from cool-season and 
warm-season pastures at Lincoln, Nebraska, in 1956 and 1957.1 

Kind of Length of grazing season 
Steer-days Gains in 
of grazing body wt. 

Year pasture From To Days per acre per acre 

No. No. Pounds 
1956 Cool-season May 21-Aug. 19 90 54 57 

Warm-season Jun. 18-Oct. 2 106 121 140 
1957 Cool-season May 13-Oct. 9 149 135 134 

Warm-season Jun. 19-Oct. 9 112 137 133 
1 Average initial weights of the yearling Hereford steers were 650 pounds 
in 1956 and 590 pounds in 1957. 
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Table 3. Available water1 in the soil ai different depths fo five feet under 
cool-season and warm-season grass pastures in 1957, at Lincoln. 

Date sampled 
and 

kind of grass 

Inches of available water in the soil 
at depths, in inches, of 

o-12 12-24 24-36 36-48 48-60 Total 

April 16 
Cool-season 
Warm-season 

May 20 
Cool-season 
Warm-season 

June 25 
Cool-season 
Warm-season 

July 16 
Cool-season 
Warm-season 

August 20 
Cool-season 
Warm-season 

September 28 
Cool-season 
Warm-season 

1.77 1.30 -0.04 -0.06 0.05 3.12 
2.13 1.54 0.99 0.33 0.35 5.34 

1.78 0.97 0.13 -0.10 0.06 2.94 
2.32 1.75 1.40 0.75 0.54 6.76 

1.16 0.72 0.01 0.00 0.03 1.92 
1.81 1.50 1.35 0.95 0.63 6.24 

0.16 0.42 0.16 0.11 0.14 0.99 
0.49 1.05 1.11 1.14 1.22 5.01 

1.25 0.58 0.20 0.16 0.16 2.35 
1.75 0.57 0.49 0.98 1.01 4.80 

0.88 0.84 0.56 0.33 0.33 2.94 
1.66 1.05 0.76 0.98 1.11 5.56 

iWater in excess of 85% of the amount held by the soil at 15 bars tension is 
considered to be available to the grasses. 

The cool-season grasses were 
nearly dormant and made little 
or no new growth during this 
period. 

The two kinds of pasture were 
about equal in production in 
1957. The cool-season pastures 
were grazed through a longer 
season than the warm-season 
pastures; May 13 to October 9 
(149 days) and June 19 to Oc- 
tober 9 (112 days), respectively. 
The steers on cool-season pasture 
lost an average of 27 pounds per 
head during August while those 
on warm-season pasture gained 
14 pounds per head during the 
month. Number of steer-days of 
grazing and pounds of gain per 
acre were nearly equal for the 
two kinds of pasture (Table 2). 

Precipitation during the six 
months, October 1957 through 
March 1958, was 12.60 inches. 
This is 75% above the long-time 
average for the period. On April 
19, the average amounts of avail- 
able water in the upper five 
feet of soil under cool-season 
and warm-season grasses were 
7.63 and 9.65 inches, respectively 
(Table 4). 

Precipitation in April, May, 

and June was 33% less than nor- 
mal, yet there was no evidence 
that growth of any of the grasses 
was limited because of insuffi- 
cient water. Apparently, the 
large reserves of water in the 
soil at the beginning of the sea- 
son were sufficient to meet the 

needs of the grasses until heavy 
rains occurred in July. 

Variations in the amounts of 
water in the upper five feet of 
soil under the two kinds of grass 
during a representative two-year 
period, August 1959 through 
July 1961, are shown graphically 
in Figure 2. Total precipitation 
during the period was 2% less 
than the long-time average. At 
the beginning of the period, the 
amounts of available water in 
the five-foot profile under the 
cool-season and warm-season 
grasses were nearly equal, 3.18 
and 3.74 inches, respectively. In 
1960, the new herbage growth 
of the cool-season grasses began 
in mid-March; that of the warm- 
season grasses the last of April. 
Both kinds of grass used water 
rapidly during late spring and 
early summer. Rainfall between 
May 14 and July 16 totaled 8.77 
inches; yet the amount of avail- 
able water in the soil decreased 
to 2.52 inches under cool-season 
and to 6.26 inches under warm- 
season pastures. Available mois- 
ture supplies under the cool-sea- 
son grasses remained relatively 
constant during late summer 
and early fall,. totaling 3.43 

Table 4. Available wafer1 in the soil af differeni depths fo five feet under 
cool-season and warm-season grass pastures in 1959, at Lincoln. 

Date sampled 
and 

kind of grass 

Inches of available water in the soil 
at depths, in inches, of 

-6-12 12-24 24-36 36-48 48-60 Total 

April 19 
Cool-season 
Warm-season 

June 2 
Cool-season 
Warm-season 

July 8 
Cool-season 
Warm-season 

July 18 
Cool-season 
Warm-season 

August 15 
Cool-season 
Warm-season 

October 31 
Cool-season 
Warm-season 

1.77 1.61 1.48 1.47 1.30 7.63 
2.31 1.75 1.69 1.84 2.06 9.65 

1.16 0.92 0.92 1.11 0.92 5.03 
1.93 1.44 1.43 1.58 1.74 8.12 

1.19 0.68 0.57 0.88 1.00 4.32 
1.33 0.62 1.07 1.32 1.57 5.91 

2.04 1.30 0.85 0.83 0.78 5.80 
2.41 1.70 1.45 1.44 1.74 8.74 

1.39 1.14 0.80 0.70 0.43 4.46 
1.66 1.21 1.11 1.21 1.52 6.71 

0.48 0.78 0.83 1.06 1.05 4.20 
1.33 1.27 1.17 1.36 1.63 6.76 

IWater in excess of 85% of the amount held by the soil at 15 bars tension is 
considered to be available to the grasses. 



inches on August 23, and 3.48 
inches on November 15. Under 
the warm-season grasses, the 
amount of available water de- 
creased to 5.58 inches on August 
23 and then increased to 8.15 
inches in mid-November. 

The pattern of soil moisture 
supplies during the spring and 
summer of 1961 was similar to 
that in 1960. On April 20, the 
amounts of available water in 
the upper five feet of soil under 
cool-season and warm-season 
grasses were 5.85 and 10.38 
inches, respectively. These de- 
creased to 2.01 and 5.41 inches, 
respectively, on July 1 and to 
0.96 and 4.03 inches on August 
1. Rainfall during the four 
months, April through July, was 
only 9.34 inches, 28% less than 
normal for the period. Produc- 
tion of the cool-season pastures 
was sharply curtailed after late 
June by drought. But the large 
reserves of available soil mois- 
ture under the warm-season 
pastures in early May were suf- 
ficient to maintain high produc- 
tion throughout the summer. 

In 1961, the cool-season pas- 
tures were stocked to obtain 
maximum allowable use of the 
forage during the spring and 
early summer while the forage 
quality was high. Then the 
steers were moved to warm-sea- 
son pastures for the remainder 
of the summer and back to the 
cool-season pastures for a month 
in the fall. Under this system of 
management, yearling steers 
gained 254 pounds per head dur- 
ing a 164-day grazing season. The 
cool-season pastures produced 
143 days of grazing and 267 
nounds of gain per acre. This is 
12% fewer days of grazing, but 
54% more gain per acre than 
were obtained from these pas- 
tures in 1958 and 1959, when they 
were stocked for season-long 
grazing. 

Discussion and Conclusions 
Most of the important native 

forage plants in the Central 
Great Plains are warm-season 
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FIGURE 2. Amounts of water in upper five feet of soil under cool-season (C-S) and 
warm-season (W-S) grass pastures during the period from mid-August 1959 through 
July 1961, compared with average water-holding capacity of the soil at 15 bars 
tension. Agronomy Farm, Lincoln, Nebraska. 

grasses. These grasses do not be- 
gin their growth in the spring 
until the weather and soil have 
become warm, usually the last of 
April or first of May in Ne- 
braska. They grow rapidly dur- 
ing the warm weather of late 
spring and summer if moisture 
is available. With the coming of 
shorter days and cool nights in 
early fall, these grasses become 
semi-dormant. They stop grow- 
ing with the first killing frost. 
Hence, under a stand of warm- 
season grasses, most of the mois- 
ture that enters the soil during 
the fall, winter, and early spring 
may be stored for use during 
their growing season, midspring 
through the summer. 

The cool-season grasses renew 
growth as soon as the soil thaws 
in the spring, usually late March 
in Nebraska. These grasses tend 
to become dormant, or at least 
make little growth, during the 
hot weather of midsummer. 
They renew growth again in late 

summer or early fall if water 
is available. Cool-season grasses 
are frost tolerant and will con- 
tinue to grow until the soil 
freezes in late fall or early win- 
ter. Generally, much of the 
moisture that comes during the 
fall and early spring is used im- 
mediately. Therefore, soil mois- 
ture reserves do not accumulate 
under stands of cool-season 
grasses during the fall, winter, 
and/or early spring except in 
seasons of above normal precipi- 
tation. 

Precipitation in the Central 
Great Plains varies greatly from 
year to year and within years. 
Normally, rainfall from October 
through March is low. Drought 
periods occur frequently. Insuf- 
ficient moisture in the soil often 
is the principal factor limiting 
range and pasture production. 
The results obtained in this 
study indicate that cool-season 
and warm-season grasses should 
be planted in separate pastures. 
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The cool-season pastures will use 
late summer and fall moisture 
to produce forage for fall graz- 
ing. The winter and early spring 
moisture will be used in the pro- 
duction of early growth for 
spring grazing. At the same time, 
the fall, winter and early spring 
precipitation may be stored in 
the soil under the warm-season 
pastures to insure maximum 
production of forage for summer 
grazing. 

In the Flint Hill Region, where 
most of the desirable forage spe- 
cies are warm-season grasses, the 
greatest production of beef cat- 
tle was obtained when grazing 
was deferred until mid-June 
each year (Anderson, 1940). 
Such deferment is not practical 
unless the stockman has some 
cool-season pasture for the stock 
during the spring. If the two 
kinds of grasses are grown in 
mixture in the same pasture and 
the grazing animals have free 
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choice of plants to eat, it is im- 
possible to obtain full use of 
each grass in its proper season. 
Where the two kinds of grasses 
are grown in separate pastures, 
each can be grazed in its proper 
season and a relatively uniform 
carrying capacity can be main- 
tained throughout a long grazing 
season each year. 

Summary 
Amounts of water in the soil 

to a depth of five feet under 
cool-season and warm-season 
grass pastures were determined 
several times each year, 1956 to 
1961, inclusive. The results are 
reported in terms of inches of 
“available water.” Soil moisture 
in excess of 85% of the amount 
held by the soil at 15 bars ten- 
sion was considered to be avail- 
able to the grasses used in this 
study. 

Six warm-season pastures in 
the study included one each of 
big bluestem, side-oats grama, 

and switchgrass in pure stands 
and one pasture of each of these 
grasses in mixture with sand 
lovegrass. Six cool-season pas- 
tures included two each of 
smooth bromegrass, intermedi- 
ate wheatgrass, and tall wheat- 
grass. 

There was less water in the 
soil under the cool-season than 
under the warm-season grasses 
in midspring each year. The 
amounts under the warm-season 
grasses ranged from 25% to 
240% more than under the cool- 
season gr a s s e s . Consequently, 
the cool-season pastures suffered 
from midsummer drought more 
often than did the warm-season 
pastures. 
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On California foothill annual 
ranges herbage generally is ade- 
quate in quality, if not quantity, 
during late fall and winter; but 
the annual vegetation matures 
rapidly in late spring or early 
summer and is greatly reduced 
in quality. The summer and 
early fall are the periods of low 
nutritional forage value. Supple- 
mentation of livestock on such 
ranges is a common practice but 
knowledge of dietary composi- 
tion is inadequate. 

2Present address: Radiation Ecology 
Section, Health Physics Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 

California studies concerning 
the diet of grazing animals began 
over 60 years ago (Mackie, 1903). 
Chemical composition of herbage 
from different habitat and plant 
conditions has been investigated 
(Guilbert et al., 1931; Hart et al., 
1932; Gordon and Sampson, 1939; 
Sampson et al., 1951; and Heady 
et al., 1963)) and harvested range 
plants have been fed in produc- 
tion or digestion trials (Guilbert, 
1929; Guilbert and Mead, 1931; 
Guilbert and Goss, 1944; Bissell 
and Weir, 1957; and Wagnon, 
1960). Still other workers made 
inferences about the composition 
of the diet from observations of 
the grazing animal and of the 
forage crop remaining after graz- 
ing (Talbot and Biswell, 1942; 
Wagnon et al., 1959). 

Recently, better estimates of 
the nutrients actually grazed 
have been obtained by sampling 
with esophageal fistulated sheep 
in two California range investi- 
gations (Weir and Torell, 1959; 
Tore11 and Weir, 1959). Valuable 
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et al., 1963)) and harvested range 
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1960). Still other workers made 
inferences about the composition 
of the diet from observations of 
the grazing animal and of the 
forage crop remaining after graz- 
ing (Talbot and Biswell, 1942; 
Wagnon et al., 1959). 

Recently, better estimates of 
the nutrients actually grazed 
have been obtained by sampling 
with esophageal fistulated sheep 
in two California range investi- 
gations (Weir and Torell, 1959; 
Tore11 and Weir, 1959). Valuable 



information was obtained in 
these studies, but animals were 
confined to small plots during 
grazing so normal flock behavior 
was lacking, animals were fasted 
overnight prior to sampling, 
which in many instances was of 
only 10 to 15 minutes duration, 
and sample size was small as 
only two or three animals were 
grazed on a single day. Time of 
day, day to day, and among ani- 
mal variability in chemical and 
botanical composition of live- 
stock diets on California range- 
land have not been evaluated. 
Esophageal fistulated cattle have 
not been used on California an- 
nual foothill ranges except for 
preliminary investigation as a 
part of this study (Van Dyne, 
1962). 

The experiment reported 
herein was designed: (1) to de- 
termine dietary chemical compo- 
sition of cattle and sheep grazing 
together on a dry annual range; 
(2) to evaluate changes in die- 
tary composition with changes 
in herbage availability; and (3) 
to assess variability and differ- 
ences in the chemical composi- 
tion of diets from early morning 
and late afternoon grazing, 
among consecutive days in a 
sampling period, and among ani- 
mals throughout the summer. 

The Experiment 
This study was conducted on the 

Hopland Field Station, Mendocino 
County, in northern California dur- 
ing the summer of 1961 in a loo-acre 
pasture of open oak-grassland. The 
herbaceous vegetation was mature 
before the first samples were col- 
lected. Seedheads were not shat- 
tered from many species during the 
first one-third of the summer, but 
they were shattered from almost all 
species by late summer. Botanical 
composition of the experimental 
range is discussed in detail by Van 
Dyne and Heady (1965). 

Grade Hereford steers and cross- 
bred wethers (whiteface x Suffolk) 
about 1.5 years old which were 
raised on foothill annual ranges were 
used. Fistulas installed by the proce- 
dure of Van Dyne and Tore11 (1964) 
were healed prior to placing the ani- 
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mals on the range for a two-week 
presampling period. The experimen- 
tal animals made small weight losses 
or gains similar to unfistulated ani- 
mal responses on dry annual-type 
range. Five steers and seven sheep 
were used throughout the summer 
and two other sheep for part of the 
experiment. Eighteen ruminal fistu- 
lated steers and wethers grazed with 
the esophageal fistulated animals 
summerlong, and between the three 
sampling periods, additional sheep 
were placed in the pasture to equal- 
ize the grazing pressure by cattle 
and to reduce available herbage. No 
supplementary feed, except salt, was 
given. 

Forage samples were collected 
from the animals during early morn- 
ing and early evening for five con- 
secutive days in three sampling 
periods-early in July, August, and 
September, designated as periods I, 
II, and III. The animals were cor- 
ralled at daybreak to remove fistula 
plugs and to attach forage collection 
bags. After grazing for 0.5 to 2 hours, 
the animals were gathered, collection 
bags were removed, and plugs were 
replaced. Animals were allowed to 
graze during the remainder of the 
day. The sampling process was re- 
peated in the evening. When the 
animals were turned out for sam- 
pling, they were driven to the loca- 
tion in which they were found before 
corralling. 

Herbage was sampled by randomly 
locating five plots in each of 20 clus- 
ter areas per period. Each 1 ft2 plot 
was clipped to ground level and 
herbage was composited by shade or 
open location. Samples of 10 impor- 
tant plants were clipped to ground 
level in each cluster and compos- 
ited for the entire pasture at the be- 
ginning of each period. These sam- 
ples for period II were separated 
into (1) heads and (2) stems + 
leaves for determination of relative 
weight and chemical composition. 

Herbage and forage samples were 
dried at L 85°C and analyzed in 
duplicate by AOAC (1960) proce- 
dures for crude protein, ether ex- 
tract, ash, and silica. Cellulose was 
determined by the procedure of 
Crampton and Maynard (1938), lignin 
by the method of Ellis et al. (1946), 
other carbohydrates were calculated 
by difference, and gross energy de- 
terminations were made by combus- 
tion. The results are expressed on 
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three bases, i.e., dry matter, silica- 
free content, and total organic mat- 
ter, to evaluate soil and salivary 
contaminations. 

Factors in analysis of variance for 
dietary chemical composition, i.e., 
three periods of grazing, five days 
in a period, two times of day, and 
two classes of stock, were considered 
fixed and crossed. Sixty mean values 
used in these analyses were for four 
to five for cattle and six to eight 
for sheep. All 2- and 3-way inter- 
actions were evaluated, and the 4- 
way interaction was used as the 
error term. 

Individual animal differences were 
analyzed in a design comparing 
among animal and within animal 
variances for data from 4 cattle and 
5 sheep from which 80% or more of 
the attempted collections were suc- 
cessful. Means were compared by 
Tukey’s test (1953). Further detail 
of methods, design, and results are 
given by Van Dyne (1963). 

Herbage Analyses 
More silica was found in the 

July herbage samples than those 
collected later in the summer. 
Individual workers gathered dif- 
ferent amounts of soil in harvest- 
ing current herbage growth; 
therefore, most data are pre- 
sented on a silica-free basis. 

There were no large differ- 
ences in chemical composition of 
plants from the shade or the 
open. Shade plants were, how- 
ever, slightly higher in ash and 
lignin (Figure 1). The total 
available herbage decreased in 
crude protein, silica, and silica- 
free ash and increased slightly 
in cellulose, other carbohydrates, 
and energy from July to Sep- 
tember, while ether extract and 
lignin were relatively uniform. 
Crude protein varied from about 
3.4 to 5.2%, lignin from 11.2 to 
15.0%, cellulose from 36.1 to 
40.0%, and other carbohydrates 
from 34.8 to 39.8%, which are 
similar to data reported for other 
areas of California annual range 
(Hart et al., 1932; Gordon and 
Sampson, 1939). 

Sizeable differences in chemi- 
cal composition of some species 
were found within and between 
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FIGURE 1. Gross energy and chemical composition of clipped herbage from shaded and 
open locations early in July (I), August (II), and September (III). Energy is 
expressed in kilocalories per kilogram and the others in percentage on a silica-free 
basis. Silica is given on a dry matter basis. 
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FIGURE 2. Gross energy and chemical composition on a dry matter basis for seven of 
the most common species early in July (I), August (II), and September (III). 
Silica and gross energy are on a dry matter basis and the others are on a silica-free 
basis. 

periods (Figure 2). Crude pro- 
tein content of most species 
varied from about 2 to 9%. Span- 
ish moss (Ranalina reticulata) 
contained 9.4% crude protein. 
This lichen was grazed during 
late summer. Some forbs, such 
as Navarretia, were also rela- 
tively high in crude protein all 
summer. More species were be- 
low the average crude protein 
value than were above it (com- 
pare Figures 1 and 2) . A few 
species may raise the average, 
or differences may be due to 
clipping techniques. There was a 
greater tendency to leave stubble 

in plot clipping and probably 
more shattered leaves were held 
between the stems than when in- 
dividual species were harvested. 

Navarretia contained from 10 
to 12% ether extract, while most 
other species and the composite 
samples (Figure 1) had less than 
2% (Figure 2). Lignin content 
varied between 8 and 13a/o, ex- 
cept in Spanish moss which was 
very low. The grasses and a few 
forbs had 8 to 9% lignin, but most 
forbs were 10% or more lignin. 
Other carbohydrates were 63% 
and 82% in acorns and in Span- 
ish moss in contrast to the 35 to 

45% for most grasses and forbs 
(Figure 2). Ash content for most 
species ranged from 2 to 7%. 
Reasons for high or low contents 
in August in comparison with 
July and September, e.g., ash 
and other carbohydrates in 
Daucus pusillus, are unknown. 

Chemical composition and per- 
centage weight in the heads and 
stems + leaves differed widely 
among species and are discussed 
further by Van Dyne (1965). As 
low as 9% of the weight was in 
heads in Avena barbata and as 
much as 73% in Navarretia. 
Crude protein and other carbo- 
hydrates in heads were consist- 
ently higher than in stems + 
leaves, ether extract was usually 
higher for heads but the differ- 
ence was not as great as for 
crude protein, lignin and cellu- 
lose were lower in the heads, 
and ash did not vary widely. In 
some species heads were higher 
than stems + leaves, while in 
other species the reverse was 
true. 

These chemical composition 
data for individual plants and 
plant parts show that the grazing 
animals could easily alter or bal- 
ance dietary chemical composi- 
tion. This was true for the whole 
summer even though herbage 
decreased considerably from 
early to late summer: 

July August Sept. 
--- lb/acre - - - 

Open 1790-r-100 144Okl30 520-r-60 
Shaded 780~1110 7002 90 210260 

Weighted 
Average 1490 1220 420 

The average is weighted for 70% 
of the plots in the open and 30% 
in shaded areas. Herbage utiliza- 
tion summerlong, due to con- 
sumption, trampling, and weath- 
ering, was about 75%. 

Dietary Chemical Composition 
Average diets were signifi- 

cantly different between sum- 
mer periods, between cattle and 
sheep, and, in several instances, 
cattle and sheep did not change 



equally in their dietary selec- 
tivity as herbage became limited 
(Table 1). No significant differ- 
ence was found between morn- 
ing and evening diets when aver- 
aged over both classes of stock 
although cattle tended to show 
differences in time of day graz- 
ing. Cellulose contents in the 
diets were different (P<.O5) for 
more factors than any other in- 
dividual constituent. Dietary 
lignin content was remarkably 
uniform. Ether extract changed 
only from early to late summer. 

Expressing results on a silica- 
free basis eliminates differences 
due to soil contamination, and 
the organic matter basis elimi- 
nates differences due to salivary 
ash contamination. These bases 
gave similar rela.tive differences 
in crude protein, ether extract, 
lignin, and ash, and these con- 
stituents are discussed on a dry 
matter basis. In contrast, for 
cellulose and for other carbohy- 
drates, the basis of expressing 
results had an important influ- 
ence on the significance of vari- 
ous main effects and interac- 
tions. 

Total Ash.-Small but signif- 
icant differences in total dietary 
ash occurred among periods, be- 
tween cattle and sheep, and for 
the period by class of stock inter- 
action (Table 1). Averaged over 
both classes of stock, dietary 
ash contents varied from 8.2 to 
9.5% (Figure 3). Sheep diets 
were significantly higher in ash 
than cattle diets in middle sum- 
mer, but not in early or late sum- 
mer, thus accounting for the 
period x class of stock interac- 
tion (Table 1 and Figure 3). The 
high dietary total ash content 
and the change from early to 
late summer was caused largely 
by changes in silica. 

Silica.-Dietary silica content, 
which is indicative of soil con- 
tamination, was about twice as 
high in late summer as in early 
and middle summer, 5.5 vs. 3.0%. 
Averaged over all periods, diets 
from the first days of sampling 
had higher silica content than 
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Table 1. Paifern of important differences in dietary chemical components. 

Significant Effects’ 

Dietary 
chemical 
component 

Class Period Among 
Basis2 Day of X all Among Among 

Period stock class animals sheep cattle 

Silica 

Ash 

DM 

DM 
SF 

** * 

* NS 
* NS 

DM 
Crude protein SF 

OM 

DM 
Ether extract SF 

OM 

** NS 
** NS 
** NS 
** NS 
** NS 
** NS 

DM NS NS 
Lignin SF NS NS 

OM NS NS 

Cellulose 
DM 
SF 
OM 

** * 
** NS 
** NS 

Other DM 
carbohydrates SF 

OM 

Gross energy DM 

NS NS 
* NS 
* NS 

** NS 

** ** ** NS NS 

* * 
* * 

** * 
** * 
** * 

NS NS 
NS NS 
NS NS 

NS NS 
NS NS 
NS NS 

** ** 
** NS 
** NS 
* * 

NS NS 
* NS 

NS NS 

NS NS NS 
** * NS 

** NS NS 
** NS NS 
** NS ** 
** NS NS 
** NS NS 
** NS NS 

NS NS NS 
** NS NS 
** * NS 

NS NS NS 
** * ** 
** ** ** 

NS NS NS 
** ** NS 
** ** NS 

* * NS 

1 NS? *, and ** respectively refer to non-significant, significant, and highly 
significant. 

2 DM = dry matter basis; SF = silica-free basis; OM = organic matter basis. 

those of the succeeding four days 
(Table 1). This result is unex- 
plainable. Generally, cattle con- 
sumed more silica than sheep, 4.5 
vs. 3.3%. In early summer, sheep 
diets contained more silica than 
cattle diets, but in middle and 
late summer with less herbage 
available the converse occurred. 
Silica content of cattle diets in 
the latter two-thirds of the sum- 
mer was almost twice as high 
as that in sheep diets. In late 
summer, with limited herbage 
available, cattle were seen con- 
suming mouthfuls of trampled 
forage which was dust- and soil- 
laden. Sheep selected seedheads 
from the ground surface in early 
summer (Van Dyne and Heady, 
1965). 

Cpde Protein.-Diets varied 
in c’rude protein content during 
the Summer, between cattle and 
sheep, and the two changed at 
different rates as the summer 
progressed (Table 1). Averaged 
for both species, dietary crude 

protein contents decreased from 
9.5 to 6.9% from early to late 

FIGURE 3. Chemical composition on a per- 

centage silica-free basis of sheep and 

cattle diets early in July (I), August 

(II), and September (III). The forage 

samples were collected by esophageal 

fistulated animals freely grazing a ma- 

ture annual range. 



82 

summer (Figure 3) . This de- 
crease was expected because the 
amount of available herbage and 
its crude protein content de- 
creased throughout the summer. 
These changes are most pro- 
nounced when the data are re- 
ported on a silica-free or organic 
matter basis (Figures 1 and 2). 
That cattle and sheep dietary 
crude protein levels exceeded 
those in the available herbage all 
summer shows that animals ex- 
ert considerable selection for 
herbage of high quality (com- 
pare Figure 3 to 1 and 2). 

Sheep selected diets with more 
crude protein than cattle in all 
periods and especially so during 
period I (Figure 3). Middle sum- 
mer sheep diets were only about 
70% as high in crude protein 
content as in early summer; 
whereas, middle summer cattle 
diets were more than 80% of 
their early summer values. Cat- 
tle grazed less selectively than 
sheep as their dietary crude pro- 
tein levels were closer than those 
of sheep to the level in the avail- 
able herbage. 

Ether Extract . - Independent 
of the method of expression, die- 
tary ether extract declined reg- 
ularly during the summer (Fig- 
ure 3). Middle summer levels 
were about 80% of early sum- 
mer contents and a similar per- 
centage decrease occurred from 
middle to late summer. Ether ex- 
tract levels in available herbage 
also declined through the sum- 
mer. Although morning samples 
and sheep diets were highest .in 
ether extract, the differences 
were not significant. 

Lignin. - Dietary lignin con- 
tent was remarkably uniform be- 
tween cattle and sheep through- 
out the summer (Table 1 and 
Figure 3). Yet, there were con- 
siderable differences in the lig- 
nin content of individual species 
available in the pasture (Figure 
2)) in gross available herbage in 
early and late summer (Figure 
1), and in the different plant 
parts (Van Dyne, 1965). The 
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highest dietary lignin values 
were found for cattle in late 
summer when herbage was lim- 
ited. 

Lignin varied less than any 
other dietary chemical constitu- 
ent. If lignin is indigestible in 
this herbage, the low variability 
makes it especially valuable as 
an indicator for calculating di- 
gestibility and intake, but calcu- 
lations made from microdiges- 
tion data show about 4% of the 
lignin was digestible (Van Dyne 
and Lofgreen, 1964). 

Cellulose. - Although actual 
differences were small, dietary 
cellulose was different (P <.Ol) 
between periods and classes of 
stock with all methods of calcu- 
lation (Table 1 and Figure 4). 
On a dry matter basis, there 
were also highly significant in- 
teractions in cellulose contents of 
the diets for periods by days and 
periods by classes of stock. Die- 
tary cellulose levels varied be- 
tween days, and cattle and sheep 
diets did not contain the same 
concentration of cellulose on the 
same day and time of day as the 
summer progressed. Some of the 
interactions were also significant 
on silica-free and organic matter 
bases of calculation. 

FIGURE 4. Percentage of cellulose and 
other carbohydrates according to two 
methods of calculation in the diets of 
cattle and sheep early in July (I), 
August (II), and September (III). The 
forage samples were collected by esoph- 
ageal fistulated animals freely grazing a 
mature annual range. 

Period means for dietary cellu- 
lose on a dry matter basis were 
34.5, 36.7, and 35.6% from early 
to late summer (Figure 4). Cat- 
tle diets had a small but signifi- 
cantly greater amount of cellu- 
lose than sheep diets when aver- 
aged over the summer. Detected 
cellulose differences of 1% illus- 
trate the high uniformity of this 
compound in the diets. 

That many interactions were 
significant on a dry matter basis 
and not with the other calcula- 
tions is cause for speculation. 
Perhaps early summer sheep 
diets were significantly lower in 
cellulose because of silica con- 
tamination. When expressed on 
a silica-free basis, the cellulose 
values are increased consider- 
ably (Figure 4). In middle sum- 
mer, sheep dietary silica was 
2.3%, while cattle levels were 
3.7%. Dietary silica levels 
changed differentially through 
the summer and could have con- 
tributed to significant interac- 
tions for other dietary compo- 
nents. 

Other Carbohydrates.-Other 
carbohydrates composed about 
31% of the dry matter and in- 
clude various soluble and insol- 
uble carbohydrates such as 
starches, sugars, xylans and 
other hemicelluloses, and pec- 
tins. Sheep had about 1% more 
dietary other carbohydrates than 
cattle when averaged over all 
periods (Figure 4)) and both 
sheep and cattle selected more 
other carbohydrates in late than 
in early summer. This is prob- 
ably the result of increasing 
amounts of acorns and Spanish 
moss in the diets (Van Dyne and 
Heady, 1965). Acorns were about 
63% and Spanish moss about 
82% other carbohydrates. 

Gross Energy. - Cattle and 
sheep had similar average die- 
tary gross energy contents, and 
both showed a slight decrease 
from early to late summer in 
contrast to increases in energy 
content in the available herbage 
(Figure 1). The mean dietary 



CATTLE AND SHEEP DIETS 83 

gross energy contents on a dry 
matter basis were as follows: 

July August Sept. Avg. 
--- kcal/kg - - - 

Sheep 4220 4130 4120 4160 
Cattle 4240 4180 4040 4160 
Avg. 4230 4160 4080 4160 

Individual Animal Variation In Die- 
tary Composition 

Average individ.ual animal die- 
tary chemical composition over 
the entire summer was used to 
evaluate differences in animal 
selectivity (Table 1). Differences 
for dietary lignin, cellulose, and 
other carbohydrates among indi- 
vidual animals did not occur 
when data were expressed on a 
dry matter basis, but these dif- 
ferences were significant when 
data were expressed on a silica- 
free basis (Table 1) . Animal dif- 
ferences in soil or salivary con- 
tamination of diets, or both, 
masked true differences in die- 
tary composition. However, in- 
dividual animals differed in die- 
tary crude protein even on dry 
matter basis. Summerlong 
means, on a silica-free basis, are 
given for four steers and five 
wethers from which 24 or more 
samples were collected (Figure 
5). 

Variations among animals in 
dietary crude protein were found 
between cattle and sheep (Table 
1 and Figure 5) but not among 
sheep nor among cattle. Dietary 
ether extract levels differed 
among all individual animals but 
not within a class of stock nor 
between classes of stock. About’ 
0.4% difference in dietary ether 
extract would have been re- 
quired for a highly significant 
difference among either cattle 
or sheep. Lignin, a relatively uni- 
form dietary constituent, dif- 
fered between cattle and sheep 
and among individual sheep. One 
wether had higher average die- 
tary lignin content than the 
other animals. There were dif- 
ferences in dietary cellulose con- 
tent among all animals, among 
sheep, and among cattle. More 
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FIGURE 5. 
basis 
pairs of animals for significance at the 0.01 level are shown. 

variation existed among sheep 
than among steers. One steer 
grazed less cellulose than two 
others and two wethers were 
different from another pair. A 
wide range in dietary other car- 
bohydrates is shown among 
sheep but not among cattle. Die- 
tary ash, including salivary con- 
tamination, differed among all 
animals because one sheep had 
more ash in fistula forage sam- 
ples than others. Individual ani- 
mals differ either in dietary in- 
take of ash, salivary contamina- 
tion, or both. Energy content of 
diets differed among animals due 
to a small but significant differ- 
ence among sheep. 

Numbers of Animals Required for 
Sampling 

Variation in mean dietary 
composition for animals in each 
class for each period was used to 
calculate the numbers of animals 
required for estimating chemical 
composition of the diet within 
10% of the means with 95% con- 

fidence by the procedure of Stein 
(1945). Each mean was based on 
from eight to ten samples for a 
given period for each animal. 
Thus, numbers required (Table 
2) are not for single samples but 
they are numbers of individual 
animal means. Variation in gross 
energy was less than for chemi- 
cal constituents and numbers re- 

Table 2. Numbers of animals re- 
quired for estimating chemical 
composition of fhe diet on a dry 
matter basis within 10% of the 
mean wiih 95% conifidence. 

Sheep Cattle 

Dietary - Period Period 
constitutent I II III I II III 

Total ash 362118 
Silica 7 12 14 5 5 15 
Crude protein 521643 
Ether extract 811333 
Lignin 511211 
Cellulose 211111 
Other 
carbohydrates 611111 
Silica-free ash 5 10 3 2 1 5 



84 

quired for sampljng gross energy 
are not given. Silica-free and 
organic matter bases required 
only slightly fewer animals than 
the dry matter analysis. 

More sheep than cattle gener- 
ally would be required to sample 
dietary chemical constituents. 
Early summer diets were more 
variable for both classes of stock 
than middle and late summer 
diets although the animals were 
on the range two weeks prior to 
sampling; thus, more animals 
would be required with high 
than with low herbage availabil- 
ity. 

Silica usually was the most 
variable dietary constituent and 
would require up to 15 animals 
for estimation in certain periods. 
Cellulose and energy were the 
least variable and only one or 
two animals would be required. 
Lignin and other carbohydrates 
were also low in variability and 
generally would require only a 
few animals, except in early 
summer for sheep when five or 
six animals would be required. 
Ether extract, ash, and crude 
protein could be sampled ade- 
quately with six or fewer ani- 
mals. 

Dietary composition should be 
expressed on a silica-free basis 
to decrease the variability be- 
tween classes of stock and among 
grazing periods. Fewer animals 
are required to estimate dietary 
chemical constj tuents than are 
required to estimate many bo- 
tanical constituents to the same 
accuracy (Van Dyne and Heady, 
1965). 

Discussion 
Esophageal fistulated animals 

have been used to collect forage 
samples for dietary composition 
analysis in several range investi- 
gations but often with inade- 
quate procedures (Van Dyne 
and Torell, 1964). For results to 
have greatest inferential value, 
the animals should be handled 
as “normally” as possible during 
sampling. Fasting, confinement 
of movement, and sampling dur- 
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ing times of day when normal 
grazing would not take place 
may lead to biased results. Al- 
though several investigators 
have used esophageal fistulated 
animals, little has been reported 
on factors affecting diet varia- 
bility. 

Tore11 and Weir (1959) used 
two or three sheep and made one 
collection per sheep in 30 by 30 
ft fenced exclosures on annual 
range at monthly intervals. Weir 
and Tore11 (1959) sampled an- 
nual range at various times dur- 
ing the year but only once when 
forage was dry and mature. They 
used six sheep at different times 
to collect samples but do not in- 
dicate how many were used in 
middle summer sampling, and 
individual animal variation was 
not evaluated. Interpretation of 
their graphic data indicates that 
their samples were reasonably 
comparable to those collected 
with sheep in August in this 
study. 

Edlefsen et al. (1960) used two 
esophageal fistulated sheep in 
seven 6-day trials in 4-acre areas 
on desert shrub range. They 
fasted sheep overnight prior to 
early morning collection of sam- 
ples. Over the seven trials there 
were no significant differences 
between sheep in dietary chemi- 
cal composition, but within trials 
there were significant differ- 
ences. Morris et al. (1965) grazed 
six esophageal fistulated wethers 
with 35 sheep in a 160-acre salt 
desert shrub pasture in Utah and 
sampled morning (8 to 10 am) 
and afternoon (2 to 3 pm) diets 
on seven consecutive days. They 
found that sheep were the great- 
est source of variation for sam- 
ple weight, gross energy, and 
phosphorus; but days were most 
important sources of variation in 
nitrogen, cellulose, and lignin 
contents. They considered time 
of day to be unimportant al- 
though analysis of variance indi- 
cates a difference, but averages 
were not given to show the mag- 
nitude of differences. 

Heifers and ewes were used 
during three winter months to 
collect forage samples on a Man_ 
tana foothill bunchgrass range 
(Van Dyne et al., 1964). NO sig- 
nificant difference was found in 
the protein, lignin, and chromo- 
gen content between morning 
and evening sheep diets. The 
Montana and Utah sheep grazed 
throughout the day in contrast 
to the grazing pattern of sheep 
on summer California annual 
foothill range. Day length was 
shorter on the winter ranges 
than on summer range in the 
current study, and sheep on win- 
ter range were probably some- 
what hungry all day so perhaps 
no difference would be expected 
in dietary composition between 
morning and afternoon. In the 
current study, the sheep were 
able to graze at night as well as 
during a longer day period, but 
still there were not large overall 
differences in time of day dietary 
chemical composition; yet, many 
differences between morning 
and evening samples were found 
in botanical composition (Van 
Dyne and Heady, 1965). There 
were no significant differences 
among animals for chromogen, 
crude protein, cellulose, ether 
extract, and lignin content of for- 
age samples in the Montana 
studies. Differences were found 
among dates due to climatic 
variations during the sampling 
period. In the current study the 
climate was uniformly hot dur- 
ing the sampling periods. 

Cook et al. (1963) used eight 
sheep and two steers for sam- 
pling summer mountain range. 
The animals were fasted prior to 
sampling and one-half were used 
each in the morning and after- 
noon sampling. No estimate was 
given for within day, within 
period, and among animal vari- 
ation in dietary composition. 
Their only noticeable differences 
in diets were for total protein 
and phosphorus, but determina- 
tion of phosphorus content of 
fistula forage samples without 



use of radioisotopes is subject to 
considerable error (Van Dyne 
and Torell, 1964). In their work, 
as also was found in this study, 
cattle grazed diets higher in cel- 
lulose than sheep. 

Arnold et al. (1964) used eso- 
phageal fistulated ewes and 
wethers in Australian grazing 
studies. Their fasted sheep or 
sheep unaccustomed to the pas- 
ture selected atypical diets. In 
data pooled from various experi- 
ments for dietary nitrogen and 
soluble carbohydrate content , 
variance was separated into 
sheep, day, time of day, and 
sheep by day components (num- 
bers of samples are not given). 
Generally, variation between 
sheep was greater than within 
day or among day variation. Ni- 
trogen content of the diet was 
more variable than soluble car- 
bohydrate content. It is impos- 
sible to further compare their re- 
sults with the current study be- 
cause they do not specify clearly 
the number of animals, dates of 
collection, and most dietary con- 
stituents. 

The lack of time of day differ- 
ences when averaged over the 
entire summer in this study 
merits further consideration. For 
dietary crude protein on an or- 
ganic matter basis, cattle and 
sheep responded differently dur- 
ing the day: 

Time 
Period of day Sheep Cattle 

- - (Percent) - - 
I am 12.0 9.0 

pm 11.3 9.2 
II am 8.5 7.1 

pm 8.6 7.6 
III am 8.3 7.1 

pm 7.4 7.4 

In two of three periods for sheep 
there was more crude protein in 
morning than afternoon diets, 
but for cattle, afternoon diets 
always had more crude protein 
than morning. However, when 
averaged over both classes, there 
was no time of day difference. 
Proportionate to metabolic body 
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size, cattle were grazing more 
forage than sheep (Van Dyne 
and Meyer, 1964) and presum- 
ably would be less hungry and 
would be more selective in late 
afternoon than sheep. Sheep may 
not have grazed as freely in the 
late afternoon heat as cattle. 
These data show that a biased 
sample could be obtained in 
many instances by only morning 
sampling. 

Summary and Conclusions 
Cattle and sheep equipped 

with esophageal fistulas were 
used to secure samples of dietary 
forage from a dry annual range 
in early morning and late after- 
noon on five consecutive days 
early in July, August, and Sep- 
tember. Dietary chemical compo- 
sition was compared on dry mat- 
ter, silica-free, and organic mat- 
ter bases. Herbage availability 
varied from about 1490 to 420 
lb/acre from early to late sum- 
mer. 

Diets had more crude protein 
and gross energy but less silica 
and total ash in early than in 
late summer. Lignin content of 
the diet did not change signifi- 
cantly during the summer. Some 
dietary constituents were higher 
in middle than in early or late 
summer. There were differences 
in diets among days within a 
sampling period for silica and 
cellulose. Averaged over both 
cattle and sheep for the entire 
summer, there was no significant 
difference between chemical 
constituents in morning and 
afternoon diets. However, after- 
noon cattle diets were higher in 
crude protein than morning 
diets. 

Crude protein, other carbo- 
hydrates, and silica-free ash 
were higher in sheep than in cat- 
tle diets. Silica and cellulose 
were higher in cattle than in 
sheep diets. Cattle and sheep did 
not respond the same way to de- 
creased available herbage, so 
significant period by class of 
stock interactions occurred for 
several constituents. 
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Differences in dietary chemi- 
cal composition among animals 
of either class could not be 
shown if composition was calcu- 
lated on a dry matter basis, but 
important differences existed 
when dietary composition was 
expressed on a silica-free or or- 
ganic matter basis. When com- 
paring main effects and their 
interactions, i.e., periods, days, 
times of day, and classes of stock, 
the basis of calculation was not 
as important as with individual 
animals. 

Except for ether extract, six 
or fewer animals would be suffi- 
cient to sample all dietary chem- 
ical constituents within 10% of 
the mean with 95% confidence. 
Four or fewer animals would be 
adequate for sampling in most 
period by class of stock combina- 
tions. 
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Stronger Adult Extension tional arm of the U.S.D.A. in that 

Programs in Range Management 
state but also functions as a seg- 
ment of the land grant university 
in carrying out off-campus edu- 

JOHN F. VALLENTINE cational programs. 
Extension Range Management Specialist, University of 
Nebraska, North Platte. 

A range management exten- 
sion program must be directed 

An effective adult extension 
program in range management 
must consider first the extent 
and breadth of the art and sci- 
ence of range management. 
Range management is the man- 
aged use of range for maximum 
sustained production of live- 
stock; the final measure of a 
range program must be practical, 
efficient, and economic conver- 
sion of range forage into live- 
stock. Conservation of the soil 
resources and production of 
the right kinds and amounts of 

forage largely determine the 
principal end product-livestock. 

Developing helpful adult edu- 
cational programs in range man- 
agement is the primary respon- 
sibility of the agricultural ex- 
tension services in the various 
states. These programs are ser- 
viced by county agents, county 
and area specialists, state spe- 
cialists, and teaching and re- 
search personnel. The agricul- 
tural extension service in each 
state is both a federal and a state 
organization. It is the educa- 

towards application of sound 
practices on range. If effective, 
it will help the stockman provide 
a better living for himself and 
his family through developing, 
maintaining, and efficiently 
using his forage resources. This 
includes the management and 
coordinated use of both his pri- 
vate and his public grazing lands. 

Range Research 
The prime source of informa- 

tion for an extension range man- 
agement program is range re- 
search. Research data and its ap- 
plication are the bases of solving 
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A range management exten- 
sion program must be directed 

An effective adult extension 
program in range management 
must consider first the extent 
and breadth of the art and sci- 
ence of range management. 
Range management is the man- 
aged use of range for maximum 
sustained production of live- 
stock; the final measure of a 
range program must be practical, 
efficient, and economic conver- 
sion of range forage into live- 
stock. Conservation of the soil 
resources and production of 
the right kinds and amounts of 

forage largely determine the 
principal end product-livestock. 

Developing helpful adult edu- 
cational programs in range man- 
agement is the primary respon- 
sibility of the agricultural ex- 
tension services in the various 
states. These programs are ser- 
viced by county agents, county 
and area specialists, state spe- 
cialists, and teaching and re- 
search personnel. The agricul- 
tural extension service in each 
state is both a federal and a state 
organization. It is the educa- 

towards application of sound 
practices on range. If effective, 
it will help the stockman provide 
a better living for himself and 
his family through developing, 
maintaining, and efficiently 
using his forage resources. This 
includes the management and 
coordinated use of both his pri- 
vate and his public grazing lands. 

Range Research 
The prime source of informa- 

tion for an extension range man- 
agement program is range re- 
search. Research data and its ap- 
plication are the bases of solving 



ranch problems. Extension pro- 
grams can seldom exceed the re- 
search programs. Before the po- 
tential of most ranges can be 
reached, further applied re- 
search will be needed to point 
the way. 

Rangeland often has been the 
last agricultural resource to re- 
ceive its due attention from re- 
search. This has resulted in part 
from: 

1. Land grant universities 
being located in farming rather 
than range areas in most west- 
ern states. This has encouraged 
research emphasis to be given 
cropland agriculture. The prob- 
lem of travel distances has been 
alleviated somewhat by locating 
substations in the range areas. 

2. Fewer ranch than farm 
units has further reduced prior- 
ity given range research. 

3. Ranchers have often been 
less demanding of the resources 
of the experiment station. 

4. The science of range man- 
agement and the accompanying 
focus on range and ranch prob- 
lems is of recent origin. 

5. Range research often re- 
quires many years, large acre- 
ages, and many livestock. 
Proven range research tech- 
niques have often not been avail- 
able. 

Range research needed to ex- 
pedite range management exten- 
sion programs in the Central 
Great Plains (and probably in 
most other range areas as well) 
include further study of: 

1. Natural factors limiting 
range forage production. 

2. Increases in forage produc- 
tion, livestock carrying capacity, 
and beef turn-off that can be ex- 
pected from various range devel- 
opment practices. 

3. Behavior and grazing habits 
of range livestock and how to 
manipulate these grazing habits. 

4. Grazing systems based on 
the welfare of both forage plants 
and the grazing livestock. 

5. Nutritive and palatability 
evaluation of range plant spe- 
cies. 
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6. Factors affecting nutrient 
intake of range livestock as a 
basis for supplementation of 
range livestock. 

7. Range and ranch economics 
research. 

More study is needed to deter- 
mine the effects of type of ranch 
organization, livestock produc- 
tion programs, size of operations, 
range development, and grazing 
management on net ranch in- 
come. More efficient and eco- 
nomic combinations of range for- 
age, hay, and supplements in 
meeting animal production re- 
quirements deserve expanded re- 
search attention. 

Getting more range research 
underway is not the sole respon- 
sibility of the researcher. All 
who make use of research infor- 
mation have the responsibility 
of encouraging and expediting 
range research. A public aware- 
ness of research needs should be 
sought. Ranchers and rancher 
organizations are in a good posi- 
tion to help. 

The major role played by local 
ranchers in establishing the 
Texas Experimental Ranch near 
Seymour, Texas, could well 
serve as a blueprint for action 
in other areas. At this Texas sta- 
tion, not only did a considerable 
part of the planning come from 
local rancher groups but also 
much of the lands and facilities 
needed for the research program. 
Rancher members of the 
A.S.R.M. are invaluable in pro- 
moting, suggesting, advising, as- 
sisting, and evaluating range re- 
search. 

Channels of Range Management 
Informafion 

The ultimate consumer of 
range management information 
must be the rancher-whether 
he be the owner, the manager, 
or the foreman. There are many 
channels through which range 
management information may 
reach the rancher. Information 
may go directly from university 
personnel in research, teaching, 
or extension to the rancher. 
However, an increasingly great 

amount of information goes 
through indirect routes. 

Intermediate “users” of range 
land and livestock management 
information include technicians 
in service and land managing 
agencies, bankers, livestock or- 
ganization officers, editors, rep- 
resentatives of industry, and 
many others. Since these groups 
also work with ranchers, they 
should have every opportunity 
to consult research, teaching, and 
extension personnel for the 
latest information. They in turn 
should be recognized as part of 
the clientele of the agricultural 
extension service. 

That ranchers obtain their in- 
formation from various sources 
is borne out by a 1955 survey 
made by the Washington Agri- 
cultural Experiment Station and 
the American National Cattle- 
men’s Association (Table 1). This 
survey inquired as to what 
sources of beef cattle informa- 

Table 1. Sources of Beef Caiile In- 
formation Used by American Cat- 
ilemen, 19551 

using 

Source this chief 
source source 

-(Percent)- 
Magazines 78.0 27.0 
Livestock assoc. 72.1 10.1 
Radio or T.V. 54.2 7.3 
County Agent 53.7 7.9 
Neighbors 48.8 9.1 
Veterinarian 48.0 4.2 
Stockyard employees 41.1 7.4 
College bulletins 38.8 2.0 
State College of Agric. 35.2 6.4 
USDA 34.2 2.6 
scs 22.6 0.5 
Banker 21.7 1.1 
Commercial companies 17.2 0.5 
Vo. Ag. instructor 8.5 0.4 
4-H Club leader 8.1 0.1 
Own experience - 7.8 
Newspapers - 2.0 
Others 3.7 3.7 

IEnsminger, M.E., et al. 1955. Prob- 
lems and Practices of American 
Cattlemen. Washington Agric. Expt. 
Sta. Bul. 562. Based on 1,588 ques- 
tionnaires returned by American 
National Cattlemen’s Association 
members. 
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tion were used and what were 
the chief sources. “Beef cattle in- 
formation” included breeding, 
diseases, and-‘marketing as well 
as nutrition, management, and 
pasture and range. Although col- 
lege bulletins and state colleges 
of agriculture ranked about mid- 
way, their true importance is 
much greater inasmuch as these 
sources also serve as the basic 
source of information for other 
rancher contact sources of infor- 
mation. 

The traditional flow of range 
management information has 
been from the researcher to the 
state extension specialist, to the 
county agent, to the rancher. 
Ranchers of today are becoming 
more and more specialized and 
are demanding specialized help. 
The advancement of present-day 
technology in all sciences has 
made it necessary that all han- 
dlers of information along the 
way be specialists. Ranchers 
with years of specialized experi- 
ence in range management and 
with one or more degrees in 
range management or related 
fields are truly specialists. 

Where allowance for special- 
ization in county or other exten- 
sion field staff is not made, a 
partial or complete block in the 
flow of information can result. 
The cause can be related directly 
to the impossibility of any scien- 
tist being a specialist in all fields 
of agriculture and related sci- 
ences today. Emphasis on broad- 
ening extension programs at the 
field level without providing ad- 
ditional depth in subject matter 
further aggravates the problem. 
Reasons for Ineffective Programs 

Reasons why some range coun- 
ties have ineffective or no exten- 
sion range programs vary but 
generally include: 

1. Competition for agent’s time 
from other agricultural and non- 
agricultural programs. This is 
particularly common in “one- 
agent” counties having diversi- 
fied agriculture. 

2. Pressure to expand the 
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scope of extension programs 
from agriculture alone to all dis- 
ciplines represented at the land 
grant university and to serve ur- 
ban as well as rural people. This 
trend is most common in coun- 
ties with high proportions of 
non-agricultural population. 

3. The county extension agent 
lacks training in range manage- 
ment along with the confidence 
this gives in guiding a range 
management program. Although 
county extension programs are 
guided by the expressed needs 
of local people, the agent still 
has wide latitude in selecting 
fields for program emphasis in 
which he has greatest interest, 
training, and confidence. Subject 
matter training programs for 
agents with general subject mat- 
ter assignments are too often im- 
practical or ineffective. Yet, min- 
imum subject matter under- 
standing is mandatory to plan 
and guide a county range pro- 
gram. 

4. Failure to associate the ex- 
tension range program with re- 
lated programs and particularly 
with the beef cattle program. 
Both the range management and 
the beef cattle programs have 
the same final goal-maximum 
sustained livestock production. 

5. Ranchers locally unorga- 
nized and live in less accessable 
parts of the county, thus reduc- 
ing ease of contact with the 
county agent. 

6. Emphasis on intangible 
benefits of sound range manage- 
ment such as conservation and 
wise use, to exclusion of tangi- 
bles such as carrying capacity, 
percent calf crop, weaning 
weights, and net ranch income. 

7. Insufficient state or area 
specialists to service county 
range management programs. 
Sirengthening Range Management 

Programs 
The prescription for increasing 

vitality and effectiveness in ex- 
tension range management pro- 
grams varies from county to 
county and from state to state 

depending upon many social, 
geographical, economic, and 
biological factors. However, 
problems and opportunities af- 
fecting range extension pro- 
grams commonly cross county 
and state lines. 

The following are suggested 
for strengthening county range 
management programs: 

1. Provide county or area spe- 
cialists to carry out the range 
program locally. By-passing lo- 
cal field personnel by state spe- 
cialists has largely been unsuc- 
cessful. Only field personnel nor- 
mally have sufficient contact 
with local people to do effective 
teaching and the necessary fol- 
low-up. Providing local special- 
ists will, in turn, allow the state 
specialist to function in his pri- 
mary roles - training field per- 
sonnel, program planning, and 
materials development. 

2. Further develop and make 
greater use of A.S.R.M. section 
educational programs such as 
range judging contests, section 
newsletters, exhibits, tours, and 
field days. 

3. More joint programs with 
local livestock producer groups 
and organizations. This may re- 
quire organizing county or area 
livestock associations where 
they are not presently found. 

4. Close coordination and co- 
operation with beef cattle, crops, 
and agricultural economics ex- 
tension personnel. Joint efforts 
in organizing workshops and 
roundups, developing 4-H proj- 
ects, and writing bulletins de- 
serve high priority. 

5. Greater use of adult work- 
shops and shortcourses to con- 
centrate educational efforts. 
Three- to five-session workshops, 
each lasting about 3 hours, have 
proven particularly effective in 
Nebraska when sessions cover 
related topics. One or two ses- 
sions can be held each week and 
workshops in several counties 
can be carried on at the same 
time. 
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FOR EFFECTIVE ADULT RANGE EXTENSION PROGRAMS . . . 

FIGURE 1. Train extension field personnel in range man- FIGURE 2. Expand A. S. R. M. Section educational pro- 
agement. grams. - 

FIGURE 3. Use research projects and fa- FIGURE 4. Hold adult shortcourses, work- FIGURE 5. Develop a State range judging 
cilities through field days and tours. shops, and roundups. program for adults and youth. 

FIGURE 6. Develop programs for older youth. FIGURE 7. Assist in training programs for agency and in- 
dustry personnel. 
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6. Greater use of research 
projects and facilities in exten- 
sion education through field 
days and tours. 

7. More adult activity in the 
range judging program. 

8. Greater emphasis on 4-H 
range management. Range proj- 
ects adapted to older 4-H mem- 
bers are generally inadequate. A 
going youth program in range 
management continues to be the 
best adult program also. 

9. Develop a county range 
management advisory commit- 
tee or a range management sub- 
committee within the county 
program projection committee. 

State and national extension 
range management programs 
can conceivable be strengthened 
by: 

1. Providing a state range 
management specialist in each 
range state to coordinate and de- 
velop the state program. In the 
western states, several still have 
no full-time extension range 
management specialist. 
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2. Greater exchange of pro- 
grams, materials, and ideas be- 
tween state range specialists. 

3. Active participation of state 
range specialists and county 
agents in the American Society 
of Range Management. 

4. A greater role by state and 
local range specialists in applied 
research. The line between ex- 
tension and applied research has 
become faint and many adminis- 
trators suggest it should disap- 
pear. Regional centers for both 
extension and research offer 
many advantages. 

5. Give more attention to out- 
of-state research while promot- 
ing more research within a state. 

6. Providing a federal exten- 
sion range management special- 
ist or improving coordination at 
the federal level of animal, agro- 
nomic, and economic aspects of 
range management. 

7. Continue biennial planning 
conferences on a regional basis 
for animal husbandry and range 
management specialists. 

Summary 
The newness of the science of 

range management and its in- 
terrelation with other sciences 
requires continued attention to 
maintaining the identity of the 
extension range management 
program while insuring its co- 
ordination with related pro- 
grams in animal husbandry, 
crops, soils, and agricultural eco- 
nomics. Extension organization 
at the federal, state, and county 
level must consider the highly 
specialized nature of the science 
of range management. 

Chairmen of departments in 
the land grant universities hav- 
ing range management responsi- 
bilities will be required to give 
greater attention to the exten- 
sion program if the latter’s ef- 
fectiveness in disseminating sub- 
ject matter is to be at par with 
the resident teaching program. 
Applied research must continue 
in high priority and activity in 
order to provide the basis of a 
sound extension range manage- 
ment program. 

Frequency Sampling of 
Blue Grama Rangel 

D. N. HYDER, R. E. BEMENT, 
E. E. REMMENGA, AND 

C. TERWILLIGER, JR. 
Research Agronomist, Research 
Range Conservationist (Crops Re- 
search Division, Agricultural Re- 
search Service, U.S. Department of 
Agriculture), Experiment Station 
Statistician, and Associate Range 
Conservationist (Colorado Agricul- 
tural Experiment Station); Fort Col- 
lins, Colorado. 

Highlight 
A quadraf 2 inches square safis- 

faciorily sampled frequency distribu- 
tion of blue grama but a comple- 
menfary quadrat 16 inches square 
was ne&&d to sample associated 
species. A tallvina iechniaue was de- 
veloped usiG b;ads aid plastic 
tubes. 

The frequencies that species are 
found present in quadrats of appro- 
priate sizes represent an abstraction 

or blend of density (number of 
plants per unit area) and dispersion 
characteristics. Since these charac- 
teristics of perennial vegetation are 
relatively stable seasonally but vari- 
able with sites and grazing treat- 
ments, frequency-sampling should 
be useful for the classification of 
sites and responses to grazing (Han- 
son, 1934). If so, advantages of sim- 
plicity, objectivity, and speed should 

1 A contribution of the Central Plains 
Experimental Range, Crops Re- 
search Division, Agricultural Re- 
search Service, U.S. Department of 
Agriculture, and Colorado Agricul- 
tural Experiment Station, Colorado 
State University, Fort Collins. Pub- 
lished with the approval of the 
Director of the Colorado Agricul- 
tural Experiment Station as Sci- 
entific Series Paper No. 923. The 
authors thank Dr. R. M. Hansen, 
Associate Range Biologist, CoZo- 
rado Agricultural Experiment Sta- 
tion, for advice regarding tally 
techniques applicable to frequency 
sampling. 

be gained with the substitution of 
frequency techniques for commonly 
used cover and basal area techniques. 

This paper gives the results of 
studies undertaken to determine 
procedures for frequency sampling 
of blue grama range. The develop- 
ment of frequency-sampling tech- 
niques required the selection of ap- 
propriate quadrat sizes, the deter- 
mination of efficient allocations of 
sampling units, the estimation of a 
satisfactory sample size, and the in- 
strumentation of data recording. 
Frequency (p) is defined as p = 
m/n where m is the number of 
quadrats containing a given species 
and n is the total number of quadrats 
observed. We express frequencies in 
percentage. 

Materials and Methods 

Theoretical considerations involved 
in determining appropriate quadrat 
sizes (Curtis and McIntosh, 1950) 
and efficient allocations of sampling 
units (Cochran, 1953) for frequency 
sampling were reviewed in a recent 
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6. Greater use of research 
projects and facilities in exten- 
sion education through field 
days and tours. 

7. More adult activity in the 
range judging program. 

8. Greater emphasis on 4-H 
range management. Range proj- 
ects adapted to older 4-H mem- 
bers are generally inadequate. A 
going youth program in range 
management continues to be the 
best adult program also. 

9. Develop a county range 
management advisory commit- 
tee or a range management sub- 
committee within the county 
program projection committee. 

State and national extension 
range management programs 
can conceivable be strengthened 
by: 

1. Providing a state range 
management specialist in each 
range state to coordinate and de- 
velop the state program. In the 
western states, several still have 
no full-time extension range 
management specialist. 
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2. Greater exchange of pro- 
grams, materials, and ideas be- 
tween state range specialists. 

3. Active participation of state 
range specialists and county 
agents in the American Society 
of Range Management. 

4. A greater role by state and 
local range specialists in applied 
research. The line between ex- 
tension and applied research has 
become faint and many adminis- 
trators suggest it should disap- 
pear. Regional centers for both 
extension and research offer 
many advantages. 

5. Give more attention to out- 
of-state research while promot- 
ing more research within a state. 

6. Providing a federal exten- 
sion range management special- 
ist or improving coordination at 
the federal level of animal, agro- 
nomic, and economic aspects of 
range management. 

7. Continue biennial planning 
conferences on a regional basis 
for animal husbandry and range 
management specialists. 

Summary 
The newness of the science of 

range management and its in- 
terrelation with other sciences 
requires continued attention to 
maintaining the identity of the 
extension range management 
program while insuring its co- 
ordination with related pro- 
grams in animal husbandry, 
crops, soils, and agricultural eco- 
nomics. Extension organization 
at the federal, state, and county 
level must consider the highly 
specialized nature of the science 
of range management. 

Chairmen of departments in 
the land grant universities hav- 
ing range management responsi- 
bilities will be required to give 
greater attention to the exten- 
sion program if the latter’s ef- 
fectiveness in disseminating sub- 
ject matter is to be at par with 
the resident teaching program. 
Applied research must continue 
in high priority and activity in 
order to provide the basis of a 
sound extension range manage- 
ment program. 
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The frequencies that species are 
found present in quadrats of appro- 
priate sizes represent an abstraction 

or blend of density (number of 
plants per unit area) and dispersion 
characteristics. Since these charac- 
teristics of perennial vegetation are 
relatively stable seasonally but vari- 
able with sites and grazing treat- 
ments, frequency-sampling should 
be useful for the classification of 
sites and responses to grazing (Han- 
son, 1934). If so, advantages of sim- 
plicity, objectivity, and speed should 
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be gained with the substitution of 
frequency techniques for commonly 
used cover and basal area techniques. 

This paper gives the results of 
studies undertaken to determine 
procedures for frequency sampling 
of blue grama range. The develop- 
ment of frequency-sampling tech- 
niques required the selection of ap- 
propriate quadrat sizes, the deter- 
mination of efficient allocations of 
sampling units, the estimation of a 
satisfactory sample size, and the in- 
strumentation of data recording. 
Frequency (p) is defined as p = 
m/n where m is the number of 
quadrats containing a given species 
and n is the total number of quadrats 
observed. We express frequencies in 
percentage. 

Materials and Methods 

Theoretical considerations involved 
in determining appropriate quadrat 
sizes (Curtis and McIntosh, 1950) 
and efficient allocations of sampling 
units (Cochran, 1953) for frequency 
sampling were reviewed in a recent 



paper (Hyder, et al. 1963). An ap- 
propriate quadrat size is defined as 
one that allows a frequency of 63 to 
86 percent for a “most frequent” 
species. Thus, trial-and-error sam- 
pling was undertaken with quadrat 
sizes of 42, 32, and 22 inches (4 by 4, 
etc.) to find one that sampled blue 
grama (Bouteloua gracilis) in this 
frequency range. A primary objec- 
tive in frequency sampling is to ob- 
tain mean frequencies larger than 
5 percent but smaller than 95 per- 
cent for all species of interest be- 
cause low and high mean frequen- 
cies can result from badly skewed 
distributions. Since a quadrat small 
enough to sample blue grama at a 
desired frequency was effective for 
only 4 other species, two quadrat 
sizes were needed to sample this 
vegetation. The small one was de- 
termined by trial and error and a 
large complementary one by theoret- 
ical relations between areas and fre- 
quencies . 

Complementary quadrat sizes were 
used separately in sampling to de- 
termine efficient allocations of sam- 
pling units. A macroplot 200 feet 
square was sampled three times with 
each quadrat size. Each sample in- 
cluded 600 quadrats allocated 25, 50, 
or 100 per transect and requiring 
24, 12, or 6 transects per sample, 
respectively. The transects were per- 
pendicular to a base line and located 
at restricted random distances along 
it, half the transects being restrict- 
ed to the first 100 feet and half to the 
second 100 feet. Quadrats were lo- 
cated systematically along the tran- 
sects with 8-foot intervals among 25 
quadrats, 4-foot intervals among 50, 
and a-foot intervals among 100. 

Efficiency is determined by both 
cost and variance considerations. We 
measured the time required to estab- 
lish 24 transects and prepare 24 data 
sheetsindependentof sampling 
times, and the times required to 
place and read quadrats allocated 
25, 50, and 100 per transect inde- 
pendent of transect establishment. 
The times required were expressed 
in minutes as transect/quadrat ra- 
tios representing cost components 
ct/cq. These ratios enter the calcula- 
tion of an optimum number of quad- 
rats per transect (kept). Variance 
components for quadrats (~~2) and 
transects (s?) were computed for 
each of the 6 frequency samples by 
the equations 

FREQUENCY SAMPLING 

SP 2 = k(zpq) /n(k-1) (1) 
Zp2 - (zp) 2/n sq2 

St2 = - - (2) 
n- 1 k 

where k is the number of quadrats 
per transect, n is the number of 
transects in the sample, p is the fre- 
quency percentage that a given 
species is present on any transect, 
and q is 100-p (Cochran, 1953). The 
variance components were entered 
with cost components into the cal- 
culations of 

kept = v/s92 ct/sts cq (3) 
Having determined appropriate 
quadrat sizes and optimum numbers 
of quadrats per transect, we esti- 
mated the number of transects (N) 
needed at appropriate levels of pre- 
cision by the equation 

N = 4nV,/ (e.c.i.) 2 (4) 
where n is the number of transects 
already sampled, V, is the variance 
of the mean frequency percentage 
of a given species, and e.c.i. is an 
expected-confidence-half interval 
(Snedecor, 1956, p. 501). Since vari- 
ances are correlated with frequency 
percentages, a complete set of ex- 
pected-confidence-half intervals 
were computed from 

e.c.i. = -t 2vpq/n-1 (5) 
where p is the frequency percentage, 
q is its complement (100-p), and n 
is the total number of quadrats 
(Snedecor, 1956, p. 502). This cal- 
culation determines for each fre- 
quency percentage an average con- 
fidence-half interval that can be 
used in equation 4 even though con- 
fidence limits for binomial distribu- 
tions are non-symmetrical (Snede- 
car, 1956, p. 4). 

Frequency percentages were de- 
rived for all species encountered. To 
be present in a given quadrat, the 
center of an individual plant or half 
its area must be inside the quadrat 
frame. Our ground rules defined 
single stems or tillers viewed at 
ground level as individuals of all 
grasses, forbs, and shrubs. A lobe 
was described as an individual of 
cactus (Opuntia polyacantha). We 
would have preferred a clump as an 
individual grass, but clumps usually 
are indistinct on this range. The 
ground rules for grasses and cactus 
obviously invoke a localized con- 
tagiousness in the dispersion of units 
identified as individuals. The species 
sampled at frequencies >5 percent 
but < 95 percent are treated statis- 
tically. 

Forty-eight 100 by 75-foot macro- 
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plots, located on a “sandy plains” 
range site grazed heavily since 1939, 
were sampled in 1963 and sum- 
marized to estimate the number of 
macroplots needed per site assuming 
the same precision as obtained per 
macroplot. 

Results 

Appropriate Quadrat Sizes.-A 22, 
inch quadrat included blue grama in 
70 percent of all placements, but 
frequencies with 42 and 32-inch 
quadrats exceeded 86 percent. From 
equation 7, it is estimated that a 
1.82-inch quadrat would sample blue 
grama at 63 percent and that a 
2.62-inch quadrat would sample it 
at 86 percent. Smaller and larger 
quadrats would be less appropriate. 
Frequencies were above 5 percent 
for only five species with the as-inch 
quadrat (Table 1) , and a comple- 
mentary large quadrat size was 
needed. 

To compute the theoretical maxi- 
mum allowable difference in areas 
of a complementary pair of quadrat 
sizes, we assume that a frequency of 
5 percent in a small quadrat is 
marginal and that such a species 
should be sampled at 95 percent, the 
upper marginal limit, with a larger 
quadrat. If the individuals of a 
species are dispersed randomly, the 
density (number) per quadrat (d) 
is given by 

d = - log, (l-p/100) (6) 

Table 1. Frequency percentages of 
the eight most common species 
using quadrafs of appropriate 
sizes. 

Frequencies 
using quadrats 

measuring 
Species 22 in. 162 in. ~- 

- (Percent) - 
Bouteloua gracilis 

(H.B.K.) Lag. 70 100 
Buchloe dactyloides 

(Nutt. )Engelm 25 61 
Festuca octojlora 

Walt. 16 52 
Carex heliophila 

Mack. 14 57 
Opuntia polyacantha 

Haw. 8 53 
Sphaeralcea coccinea 

(Pursh) Rydb. 1 20 
PZantago purshii 

Roem. & Schult. 1 18 
Leucocrinum montanum 

Nutt. <1 6 
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in which p is the frequency per- 
centage (Curtis and McIntosh, 1950). 
Letting p1 = 5 percent, then d = 
- log, (.95) = .05 per small quadrat 
of area al. Subsequently, we cal- 
culate the area (az) of a large quad- 
rat giving p2 = 95 percent by the 
equation 

1 mg1oq1 - logloq2) +.4343 D al] 
a2 = 

.4343 D al (7) 
in which ql = lOO-ppl = 95, q2 = 
100 -pp2= 5, and D= d = .05 if al 
= 1 (Hyder, et al., 1963). 

Thus, a2 = [ (log 95 - log 5) + 
(.4343) (.05) (l)] / (.4343) (.05) (1) 
= 60; meaning that the area of a 
large quadrat can be as much as 60 
times larger than that of a small 
quadrat. If a small quadrat samples 
a randomly dispersed species at a 
frequency of 5 percent, a larger 
quadrat with 60 times the area of 
the small one should sample that 
same species at a frequency of 95 
percent. 

To compute the lower limit in the 
size of a complementary large 
quadrat, we assume that a species 
sampled at 10 percent with a small 
quadrat should be sampled at 90 
percent with the large one. Thus, the 
large quadrat would be at least 22 
times the area of the small one. 
These limits in complementary 
quadrat sizes are plotted in Figure 1. 
Quadrat sizes of 22 and 162 inches 
were selected for detailed sampling 
to determine optimum allocations. 

Optimum Number of Quadrats per 
Transect.-The establishment of 24 
transects and preparation of 24 data 
sheets required 59 minutes - 2.46 

80- 

85 % 90 95 99 

Frequency in a large quadrat 

FIGURE 1. The area of a large quadrat 
needed to sample a species at a fre- 
quency > 85 percent when its frequency 
is 5 or 10 percent in a small quadrat. 
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Table 2. Transecf/quadrat cosf ratios (c~/c,), quadraf/fransecf variance 
ratios (Q/s?), and optimum numbers of quadrais per franseci (k,,,) as 
calculafed from 6 independent frequency samples. 

Sample description Sample results1 
Quadrat No. of quadrats No. of transects WCP $‘/s t2 kept 

size per transect (k) per sample (n) 

22 inches 25 24 18/l 18/l 18 
22 inches 50 12 24/l 16/l 20 
22 inches 100 6 24/l 41/l 31 

162 inches 25 24 6/I 14/l 9 
162 inches 50 12 9/l 8/l 8 
162 inches 100 6 11/l 6/l 8 
1 Variance components s92 and St2 were averaged among species and ex- 

pressed in ratio form. 

minutes per transect exclusive of 
sampling time. Sampling time per 
quadrat decreased with an increase 
in the number of quadrats per tran- 
sect, and was greater with the large 
quadrat than with the small one. 
Transect/ quadrat cost ratios com- 
puted from sampling times (Table 
2) indicate greater efficiency when 
the number of quadrats are in- 
creased relative to the number of 
transects. 

Variance components were com- 
puted for individual species in each 
sample. In general, variances de- 
creased with more quadrats per 
transect and were larger for the 16 
by 16-inch quadrat than for the 2 
by a-inch one. Quadrat/transect 
variance ratios averaged among spe- 
cies varied from 41/l to 6/l (Table 
2), and enter equation 3 for the 
calculation of koPt. 

The optimum number of quadrats 
per transect (kept) was calculated 
from cost and variance ratios in each 
of the 6 samples. Average results 
were 23 quadrats per transect with 
the 2 by 2-inch quadrat and 8 with 
the 16 by Is-inch one (Table 2). 
The range in k opt is wider with the 
small quadrat than with the large 
one. 

Number of Transects per Sample. 
-Expected-confidence-half intervals 
were computed by equation 5 
(Hyder, et al., 1963). In these com- 
putations, n-l was given a value of 
100 so that the half interval would 
be 10 percent at a frequency of 50 
percent. Smaller or larger half in- 
tervals can be computed where more 
or less sampling precision is needed. 
The expected-confidence-half inter- 
vals enter equation 4 for estimating 
the number of transects needed in a 
sample. Sample sizes were estimated 
from variances with each quadrat 
size when 25 quadrats were observed 

in each of 24 transects. Sample sizes 
estimated in this way vary greatly 
among species, but average 8 tran- 
sects (200 quadrats) with the small 
quadrat and 9 transects (225 quad- 
rats) with the large one (Table 3). 

Data Recording.-Since frequency 
sampling accumulates data rapidly, 
an instrumentation technique can 
improve accuracy and speed. A line- 
connected dot system of 4 dots and 6 
lines was used to record species 
presences as called. But field errors 
and office tabulation requirements 
indicated a need for an improved 
technique. Since we need to deter- 
mine the frequencies of as many as 
80 species in a series of samples, 
commercial tally registers were un- 
satisfactory. The recording tech- 
nique developed involves dropping 9 
mm. plastic beads into 10 mm. i.d. 
clear plastic tubes supported in a 
wooden frame (Figure 2). The tubes 
are mounted in 10 units of 10 tubes 
each and prelabeled so far as possi- 
ble with 4-letter species symbols in 
alphabetical order. An observer calls 
out the species present and a re- 

Table 3. Number of fransecfs need- 
ed per sample when 25 quadrafs 
are faken per transect. 

Number 
of transects 
needed with 

quadrat sizes of 

Species 22 in. 162 in. 

Bouteloua gracilis 5 
Buchloe dactyloides 15 20 
Festuca octoflora 14 19 
Opunntia polyacantha 4 3 
Carex heliophila 3 9 
Sphaeralcea coccinea 4 
Plan tago purshii 6 
Leucocrinum montanum 5 

Average 8 9 



FIGURE 2. A recorder drops beads into 
labeled plastic tubes as an observer calls 
out the species present in quadrats. 

corder drops beads into correspond- 
ing tubes. At the end of each tran- 
sect, the bead tallies are expressed 
in percent and recorded directly on 
printed record sheets that include 
columns for sample means and vari- 
ances. 

Number of Macroplots per Site.- 
The 48 macroplots located on the 

“sandy plains” range site were sam- 
pled with nested 22 and 162-inch 
quadrats allocated 25 per transect 
with 10 transects per macroplot. Fre- 
quencies were recorded for each 
quadrat size. Ten species were re- 
corded at frequencies of 5 to 95 per- 
cent (Table 4). The number of 
macroplots needed for each of these 
species was estimated by equation 4.’ 
These estimates varied from 2 to 19 
with a mean of 12. 

Discussion 

A pair of complementary quadrat 
sizes were selected for frequency 
sampling of blue grama range be- 
cause one small enough to sample 
blue grama at a frequency between 
63 and 86 percent was suitable for 
only 4 other species. The small 
quadrat is 22 inches and the large 
one 162 inches. The area of the large 
quadrat is near the theoretical limit 
of 60 times the area of the small 
quadrat. 

FREQUENCY SAMPLING 

The optimum number of quadrats 
per transect was 23 with the small 
quadrat and 8 with the large one. 
However, sampling with a pair of 
quadrats would be more convenient 
if these were nested for simultaneous 
viewing, and furthermore, if the 
number of quadrats per transect 
allowed easy mental transformation 
to frequency percentages. Twenty or 
25 quadrats per transect would be 
convenient and reasonably efficient 
for each quadrat size. 

Ten transects (250 quadrats) per 
macroplot will sample most species 
within the limits of the expected- 
confidence-half intervals used. A 
sample size of 250 quadrats is less 
than half as large as those taken 
for the development of frequency 
sampling techniques. We used a 
macroplot 200 by 200 feet in size 
when sampling for efficient alloca- 
tions, but reduced this to 100 by 75 
feet when sampling for site descrip- 
tion. 

An average of 12 macroplots were 
needed in sampling the “sandy 
plains” range site with site precision 
equal to macroplot precision. This 
indicates considerably more varia- 
tion for some species on this range 
site than has been implied in site 
descriptions. If other sites are equal- 

Table 4. Mean frequencies and num- 
bers of macroplofs needed fo sam- 
ple various species on fhe “sandy 
plains” range sife. 

Number 
of 

macro- 
Mean plots 
Fre- needed 

Species quencyl per site 

Bouteloua gracilis 82 5 
Opuntia polyacantha 43 18 
Sphaeralcea coccinea 32 8 
Aristida Zongiseta 

Steud. 25 11 
Sporobolus cryptandrus 

(Torr.) A. Gray 19 11 
Eriogonum effusum 

Nutt. 19 19 
Carex heliophila 16 16 
Agropyron smithii 

Rydb. 6 11 
Stipa comata 

Trin. & Rupr. 6 17 
Gaura coccinea 

Nutt. 5 2 

1 Frequency in 22-inch quadrats for 
Bouteloua and in 162-inch quadrats 
for other species. 
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ly variable, vegetation descriptions 
for sites often may be drawn from 
inadequate samples. On the other 
hand, trends in species succession 
can be determined from internal 
variances from permanent macro- 
plots located on “key areas” and 
sampled in different years. 

In the adaptation of these fre- 
quency sampling techniques to other 
sites, one should select an appro- 
priate quadrat size or a pair of com- 
plementary quadrat sizes, which 
may or may not be the same sizes 
that we selected for blue grama 
range. Since optimum efficiency in 
sampling is approached with a 
rather wide range in the allocation 
of sub-sampling units, a standard 
procedure of taking 20 to 25 quadrats 
(of each size) per transect may be 
considered convenient and reason- 
ably efficient for all sites. In sub- 
sequent application of the techniques 
we have established sample areas 
(macroplots) 100 feet long by 75 
feet wide and have sampled each 
with 10 transects of 25 quadrats (2 
sizes nested) per transect (a total 
of 250 quadrats of each size per 
macroplot). The percentage of quad- 
rats containing each species is re- 
corded for each transect. 

Summary 

Experiments were conducted to 
determine appropriate quadrat sizes, 
efficient allocations of sampling 
units, satisfactory sample sizes, and 
data accumulation techniques for 
frequency sampling of blue grama 
range. We selected a 200 by 200-foot 
macroplot on representative range 
and determined a pair of appropriate 
quadrat sizes by trial-and-error 
sampling with several sizes. A small 
quadrat 22 inches was appropriate 
because it included blue grama, the 
most frequent species, in about 70 
percent of placements. However, this 
small quadrat sampled only 4 other 
species at frequencies above 5 per- 
cent. Since we want to encounter 
nearly all species and to sample 
most of them at frequencies between 
5 and 95 percent for statistical con- 
siderations, a large quadrat (162 
inches) was needed to complement 
the small one. A large complemen- 
tary quadrat should be about 60 
times the area of the small quadrat. 

These quadrat sizes were used 
separately in sampling a macroplot. 
A total of 600 quadrats allocated 
25, 50, or 100 per transect were 
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observed with each quadrat size 
making 6 independent samples. 
Quadrat/transect cost and variance 
components from these samples en- 
tered the calculation of the number 
of quadrats per transect needed for 
optimum efficiency. Eighteen to 31 
quadrats per transect were most 
efficient with the small quadrat, and 
8 or 9 were most efficient with the 
large one. When taking 25 quadrats 
per transect, 9 transects per macro- 
plot gave satisfactory sample pre- 
cision with each quadrat size. We 
suggest that 250 quadrats per macro- 
plot allocated 25 per transect are 
equally convenient and efficient, and 
that where a complementary pair of 

quadrats is needed they may be 
nested for greater sampling con- 
venience. 

The percentage of quadrats con- 
taining each species is recorded for 
each transect. A tallying technique 
developed involves dropping beads 
into plastic tubes as an observer 
calls out the species present in quad- 
rats. The tubes are mounted in 10 
units of 10 tubes each and prelabeled 
with 4-letter species symbols in al- 
phabetical order. 
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TECHNICAL NOTES 

The Claypan Range Site in 
Northern Osage County 

Oklahoma1 

DON B. HAZELL 
Assistant Professor of Biology, De- 
partment of Biology, Southeastern 
State College, Durant, Oklahoma 

The Osage Hills of Oklahoma con- 
stitute an area which is world re- 
nowned for its bluestem-fattened 
cattle. According to Anderson 
(1953)) “the Flint Hills of Kansas 
are joined on their southern end by 
the Osage range lands of Oklahoma, 
a region of similar grasslands.” This 
hilly region with gently rolling to- 
pography constitutes one of the last 
large segments of true prairie in’the 
United States. 

The loamy prairie range site is the 
most important and is characterized 
by a fertile, deep upland soil 
(greater than 36 inches) made up of 
clay loams. These soils are nearly 
black, highly granular, and permit 

IThis study is based in part on a dis- 
sertation submitted to Oklahoma 
State University in partial fulfill- 
ment of the requirements for the 
degree of Doctor of Philosophy. 
Financial assistance for this project 
was provided by Phillips Petroleum 
Company, BartZesviZZe, Oklahoma. 

good root penetration, but moisture 
penetration is slow. The slow per- 
meability as well as the rolling to- 
pography with many steep winding 
ravines, makes cultivation difficult. 
Therefore, native grass is the most 
practical vegetation. Four important 
grass species, big bluestem (Andro- 
pogon gerardi Vitman), little blue- 
stem (A. scoparius Michx.), indian- 
grass (Sorghastrum nutans (L.) 

Nash), and switchgrass (Panicum 
virgatum L.) dominate the region 
and are found growing on the loamy 
prairie site. 

Many acres of claypan soils of the 
Parsons silt loam type are scattered 
in patchwork fashion over the region 
and were of concern in this study 
(Figure 1). These soils, which have 
5 to 16 inches of medium acid and 
rather floury silt loam over a com- 

FIGURE 1. Many acres of claypan soils are scattered throughout the region and were of 
concern in this study. 
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observed with each quadrat size 
making 6 independent samples. 
Quadrat/transect cost and variance 
components from these samples en- 
tered the calculation of the number 
of quadrats per transect needed for 
optimum efficiency. Eighteen to 31 
quadrats per transect were most 
efficient with the small quadrat, and 
8 or 9 were most efficient with the 
large one. When taking 25 quadrats 
per transect, 9 transects per macro- 
plot gave satisfactory sample pre- 
cision with each quadrat size. We 
suggest that 250 quadrats per macro- 
plot allocated 25 per transect are 
equally convenient and efficient, and 
that where a complementary pair of 

quadrats is needed they may be 
nested for greater sampling con- 
venience. 

The percentage of quadrats con- 
taining each species is recorded for 
each transect. A tallying technique 
developed involves dropping beads 
into plastic tubes as an observer 
calls out the species present in quad- 
rats. The tubes are mounted in 10 
units of 10 tubes each and prelabeled 
with 4-letter species symbols in al- 
phabetical order. 
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good root penetration, but moisture 
penetration is slow. The slow per- 
meability as well as the rolling to- 
pography with many steep winding 
ravines, makes cultivation difficult. 
Therefore, native grass is the most 
practical vegetation. Four important 
grass species, big bluestem (Andro- 
pogon gerardi Vitman), little blue- 
stem (A. scoparius Michx.), indian- 
grass (Sorghastrum nutans (L.) 

Nash), and switchgrass (Panicum 
virgatum L.) dominate the region 
and are found growing on the loamy 
prairie site. 

Many acres of claypan soils of the 
Parsons silt loam type are scattered 
in patchwork fashion over the region 
and were of concern in this study 
(Figure 1). These soils, which have 
5 to 16 inches of medium acid and 
rather floury silt loam over a com- 

FIGURE 1. Many acres of claypan soils are scattered throughout the region and were of 
concern in this study. 



pact clay layer, have developed from 
mottled olive, yellow, and dark 
brown clayey shales (Gray & Gallo- 
way, 1959). They exhibit very slow 
permeability, seasonal wetness, and 
low fertility. According to Weaver 
and Crist (1922) claypans appear in 
some localities to be due largely to 
the calcareous nature of the soil, and 
in others to the concentration and 
cementing effect of colloidal clay 
aided in part by the carbonates. The 
soil is poorly adapted for deeply 
rooted tall grasses. Thus, the vege- 
tation is made up primarily of the 
short-rooted grasses buffalograss 
(Buchloe dactyloides (Nutt.) En- 
gelm.) and blue grama (Boutelouu 
gracilis (H.B.K.) Lag. and Steud.). 
Western ragweed (Ambrosia &lo- 
stachya DC.), dotted gayfeather 
(Liatris punctata Hook.), and heath 
aster (Aster ericoides L.) are the 
principal forbs. During drought, root 
penetration on these claypan soils is 
greatly restricted and forage produc- 
tion is greatly reduced. 

The study was conducted during 
the summers of 1961 and 1962 on the 
Adams Ranch, a 33,000 acre tract in 
the northern part of Osage County. 
The general climate is one of dry, 
hot summers with wet springs and 
falls. Rains of several days are com- 
mon, and long-continued droughts 
are infrequent. The mean annual 
precipitation is 32.81 inches with 
about three-fourths during the 
growing season. 

The primary objective of this 
study was to determine forage pro- 
duction, vegetation composition, and 
vigor of plants growing on the clay- 
pan site. It is hoped that this report 
may provide some further knowl- 
edge for establishing a management 
plan for both cattle and range. 

Methods 

The rate of growth of the domi- 
nant species, relative composition 
and forage production of both 
grasses and forbs, basal cover, and 
plant vigor were determined in an 
area representing the claypan range 
site. 

The point intercept method of 
vegetation analysis (Levy and Mad- 
den, 1933) was used to determine 
the basal density and percent com- 
position of the vegetation. Two hun- 
dred sets, 2,000 points, were taken 
along pace transects. The total num- 
ber of forbs was counted and aver- 

TECHNICAL NOTES 

aged for the plot on 100 randomly 
located square-foot samples and the 
number of species in each plot was 
counted. 

To determine forage production, 
twenty movable exclosures were 
placed at random in the area from 
May 26 to August 25 of each year. 
Near the close of the growing sea- 
son, a plot 11.5 by 24 inches was 
hand clipped at ground level in each 
exclosure. The herbage was sepa- 
rated into four categories: buffalo- 
grass, blue grama, other grasses, and 
forbs. The clipped samples were 
then weighed, oven dried (100-105” 
C. for 24 hours), and reweighed. The 
average dry weight in grams was 
multiplied by 50 to determine 
pounds of forage produced per acre. 
This is a mathematical means of de- 
termining pounds per acre devised 
by E. H. McIlvain and collaborators 
at the Southern Great Plains Field 
Station, Woodward, Oklahoma. 

Vigor of the important species was 
determined by the following meas- 
urements: (1) maximum height, (2) 
average height, (3) leaf length, (4) 
leaf width, and (5) number of 
leaves per plant. To obtain the 
measurements of leaf length and 
leaf width of forbs, ten randomly 
located leaves from ten plants were 
measured from petiole to tip. On 
grasses, the third leaf from the base 
of the culm was measured on ten 
random plants. 

Results 
Eleven grass species were re- 

corded in sampling the claypan site 
(Table 1). Blue grama and buffalo- 
grass predominated, comprising 49.7 
and 30.5 percent respectively of the 
vegetation. Switchgrass was the only 
tall grass, but it was very sparse 
and was not sampled either year 
with the point quadrat. According 
to the Soil Conservation Service 
system of range condition classifica- 
tion, the claypan was in excellent 
range condition, since the most 
abundant grasses represented the 
highest unit of vegetation this site 
is capable of producing. Buffalo- 
grass, blue grama, tall dropseed 
(Sporobolus asper (Michx.) Kunth) , 
and sideoats grama (Bouteloua cur- 
tipendula (Michx.) Torr.) made up 
80.3 percent of the total composition, 
and each of these four grasses is 
allowable in determining range con- 
dition. Because of the abundance of 
the low-growing, sod-forming short 
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Table 1. Composition of grasses on 
Claypan range site for the sum- 
mers of 1961 and 1962. 

Percent composition 
Species 1961 1962 

Blue grama 40.4 59.0 
Buffalograss 37.5 23.5 
Windmillgrass 12.0 8.8 
Tumblegrass 4.8 1.4 
Tall dropseed 2.7 2.3 
Silver bluestem 2.0 1.4 
Sand dropseed 0.6 1.4 
Carices 0.0 0.9 
Sideoats grama 0.0 0.5 
Purple lovegrass 0.0 0.5 
Hairy grama 0.0 0.5 

grasses, the basal density was very 
high (15.3 percent). 

A host of forbs headed by western 
ragweed was present on the claypan 
site (Table 2)) and they were either 
uneaten by stock or grazed only 
sparingly. The number of forbs more 
than doubled between 1961 and 1962, 
due mostly to the 70 percent increase 
of western ragweed and the 49 per- 
cent increase of dotted gayfeather. 
The increase of total forbs per acre 
was 62 percent from 1961 to 1962, 
western yarrow (AchiZZea Zanulosa 
Nutt.) being the only forb that did 
not increase. 

A decrease in forage production 
was noted from 1961 to 1962 (Table 
3), possibly due to the fact that 
rainfall in May 1961 was 5.66 inches, 
and in May 1962 only 1.86 inches. 

Blue grama and buffalograss, the 
most abundant grasses on the clay- 
pan site, produced the major portion 
of the forage. Total forage produc- 
tion was 2152 pounds per acre in 
1961, and 1824 pounds per acre in 
1962. Of this total production, blue 
grama averaged 674 pounds for the 
two years, or 33.9 percent of the to- 
tal. Buffalograss produced an aver- 
age of 135 pounds of dry forage per 
acre, or 6.6 percent of the total. 

Other grasses, including windmill- 
grass (Chloris vetiicilluta Nutt.) , 
tumblegrass (Schedonnardus pani- 
culatus (Nutt.) Trel.) , purple love- 
grass (Eragrostis spectabilis (Pursh) 
Steud.) , silver bluestem (Andropo- 
gon saccharoides Swartz), and tall 
dropseed produced an average of 491 
pounds of dry forage per acre. The 
numerous forbs produced an aver- 
age of 687 pounds per acre for the 
two years, or 34.8 percent of the to- 
tal forage production. 
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Table 2. Number of forbs on the Claypan range site for the summers of 1961 
and 1962. 

Species 
Per Sq. Foot Per Acre 
1961 1962 1961 1962 

Western ragweed 
Heath aster 
Dotted gayfeather 
Western yarrow 
Annual broomweed 
Others 

_--- - - (Number) - - - - - - 
3.20 10.71 139,392 466,528 
0.46 1.60 20,038 69,696 
1.72 3.33 74,052 145,055 
0.62 0.55 26,136 23,958 
0.44 0.93 19,166 40,511 
0.24 0.64 12,197 27,878 

Total 6.68 17.76 290,981 773,626 

Table 3. Forage production and per- 
cent forage on the Claypan range 
site for the summers of 1961 and 
1962. 

Dry Weight Forage 
Species 1961 1962 1961 1962 

-(lb/A)- (Percent) 
Blue grama 721 627 33.5 34.3 
Buffalograss 203 67 9.4 3.7 
Forbs 699 676 32.5 37.1 
0 thers 529 454 24.6 24.9 

Total 2152 1824 - - 

The average foliage height of blue 
grama exceeded that of buffalograss 
throughout the summer months, and 
the numerous slender fruiting culms 
reached heights varying from 29.0 
cm in July, 1961, to 53.0 in August, 
1962. On buffalograss the fruiting 
culms varied from 19.5 cm in July, 
1961, to 23.8 cm in August, 1962. The 
leaves of blue grama ranged in 
length from 12.9 to 17.3 cm and from 
1.7 to 2.0 mm in width. The number 
of leaves produced by these two 
species was generally the same. 

Tall dropseed was the tallest 
growing grass species, reaching a 
maximum height of 89.5 cm and an 
average height of 70.7 cm. The leaves 
of this species were longer ‘and 
wider than those of any other grass, 
but the number of leaves per plant 
was generally the same as in the 
others. The growth measurements of 
windmillgrass were generally the 
same as those of buffalograss, the 
only significant difference being that 
its leaves were about twice as wide. 

Western ragweed grew to a height 
of at least 10 inches by June, and in 
mid-August when the last measure- 
ments for vigor were taken, it had 
at least doubled in height. The num- 
ber of leaves per plant for this spe- 
cies ranged from 14 in June to 86 in 
August of both years. 

Dotted gayfeather grew to a 
height of around 14 inches by June 
of both years, and in mid-August 
this species had reached a maximum 
height of 24 inches. The number of 
leaves per plant for this species 
ranged from 100 in June to 160 in 
August. 

Heath aster increased in height 
from 12 inches in June to 20 inches 
in mid-August, and the number of 
leaves per plant for this species 
ranged from near 400 in June to 
around 1200 in August. There was 
no significant difference in the 
length and width of the leaves of 
the different species as they in- 
creased in height. 

Summary and Conclusions 

Vegetative composition, basal den- 
sity, forage production, and plant 
vigor were determined on a claypan 
range site in northern Osage County, 
Oklahoma, during the summer 
months of June, July, and August 
of 1961 and 1962. 

Eleven grass species were re- 
corded in sampling the site, with 
blue grama and buffalograss pre- 
dominating. The presence of these 
short grasses was due to a dense, 
compacted layer of clay, located 
from 5 to 16 inches below the soil 
surface, sharply restricting the 
growth of tall grasses. 

Western ragweed, dotted gay- 
feather, and heath aster, respec- 
tively, were the most abundant 
forbs. These species not only con- 
tributed a high percentage of the 
total herbage production, but also 
grew to a height which overshadowed 
and tended to obscure the grasses. 

Yields of 1800 to 2200 pounds of 
dry matter per acre per season were 
produced on the site. Blue grama 
and buffalograss were the main for- 
age producers, but the forbs also 
produced a very significant amount. 

Leaf growth measurements 
showed that height of leaf growth 
was one of the most consistent in- 
dicators of plant vigor. Leaf width 
and number of leaves, however, 
were shown not to be correlated 
with vigor. 

Water content of the soils appar- 
ently played no significant role in 
this study since there appeared to 
be practically no moisture stress 
during either summer. 
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Range Management 
by Correspondence 

ALAN A. BEETLE 
Head, Range Management Section, 
Plant Science Division, University of 
Wyoming, Laramie. 

Correspondence courses of some 
kind are offered by colleges and 
universities in every western state. 
These are accepted everywhere, 
officially, for full credit at high 
school and college levels, but USU- 
ally not for graduate credit. Even 
though three excellent articles have 
appeared recently in the Journal of 
Range Management discussing prob- 
lems in education, no mention is 
made of correspondence courses 
(Heady, 1961; Box, 1964; Hervey, 
1964). 

At this time courses in range 
management may be taken by cor- 
respondence at only two institutions, 
as far as is known to this writer- 
Utah State University and the Uni- 
versity of Wyoming. However, all 
the courses basic to range manage- 
ment, Botany, Zoology, Physics, 
Mathematics, English, and Chemistry 
may be taken at a beginning level 
at a large choice of colleges and uni- 
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Correspondence courses of some 
kind are offered by colleges and 
universities in every western state. 
These are accepted everywhere, 
officially, for full credit at high 
school and college levels, but USU- 
ally not for graduate credit. Even 
though three excellent articles have 
appeared recently in the Journal of 
Range Management discussing prob- 
lems in education, no mention is 
made of correspondence courses 
(Heady, 1961; Box, 1964; Hervey, 
1964). 

At this time courses in range 
management may be taken by cor- 
respondence at only two institutions, 
as far as is known to this writer- 
Utah State University and the Uni- 
versity of Wyoming. However, all 
the courses basic to range manage- 
ment, Botany, Zoology, Physics, 
Mathematics, English, and Chemistry 
may be taken at a beginning level 
at a large choice of colleges and uni- 





versities. In addition, courses in 
allied subjects_ may be found, e.g., 
Feeds and Feeding or Soil Physics 
(University of Arizona), Forage 
Crops or Land Economics (Univer- 
sity of Idaho), Plant Identification 
(University of Nebraska) Conserva- 
tion of Natural Resources (Univer- 
sity of Oregon), and Forestry (Uni- 
versity of Wyoming). 

Who takes correspondence courses 
in range mangaement? During the 
past three years records have been 
kept on 50 students (3 women, 47 
men), each of whom received at 
least three hours of college credit 
for correspondence work in range 
management at the University of 
Wyoming. The following is a cross- 
section, then, of the persons for 
whom this service filled a need. 

Place of Residence-The 50 were 
from Wyoming (11)) Idaho (7)) 
California (5)) various armed forces 
addresses (5)) Nevada (4)) Arizona, 
Colorado, Iowa, Kansas, Minnesota, 
Montana, Ohio, Oklahoma, Oregon, 
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Utah (1 each), and foreign countries 
(8). 

Age-The youngest was 18 and the 
oldest 48. However, of the 50, 35 
were in their twenties, 27 of these 
from 21 to 26. Obviously this is the 
age when a need for these courses is 
felt. 

Reasons for Taking-( 1) To in- 
crease profession competency, (2) to 
qualify for graduate work in range 
management, (3) for certification 
purposes in secondary education, (4) 
to qualify for civil service, (5) 
needed for college graduation, (6) 
out of general interest in subject 
area, and (7) planning to buy a 
ranch. 

Occupations of Those Taking the 
Course - (1) Soil conservationist, 
(2) county agent, (3) student, (4) 
farm hand, (5) Game and Fish, 
game winter-range-unit manager, 
(6) map compiler and photo inter- 
preter, U. S. Army, (7) surveyor’s 
aide, (8) range technician, (9) none, 
(10) mechanic, U. S. Air Force, (11) 
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farmer, (12) range aide, (13) sheep 
shearer, (14) engineering aide, (15) 
ranch hand, and (16) lab technician. 

Favorite Subjects - Biology, in- 
cluding Botany, Zoology, and Agri- 
culture, especially forestry and 
range management. 

Subjects Liked Least-Mathemat- 
ics, English, History, and Chemistry. 

With the campus continuing to be 
a crowded and expensive place to 
live, not always meeting all educa- 
tional needs, it may be expected 
that correspondence courses in range 
management will more and more fill 
a need. 
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- 
The Elko Fire 

Rehabilitation Program 

DAN W. BROMLEY 

Range Conservationist, Bureau of 
Land Management, U. S. D. I., Car- 
son, City, Nevada1 

The Elko Rehabilitation Program 
was a massive effort between ranch- 
ers and the Bureau of Land Manage- 
ment to establish desirable perennial’ 
vegetation on portions of the 300,000 
acres of both deeded and public land 
in the Elko District ravaged by fires 
in late summer of 1964. The com- 
bination of factors which contributed 
to this disaster was unique. 

The southwestern portion of Ne- 
vada’s famous Elko county, renowned 
for livestock production, differs con- 
siderably from the rest of the county 
in that it is dryer (10 to 13 inches 
annual precipitation) than the east- 

‘Present address: Dept. of Agricul- 
tural Economics, Oregon State Uni- 
versity, Corvallis. 

ern portion, and therefore has suf- 
fered more from overgrazing and 
past fires. Much of the burned area 
was pure cheatgrass although big 
sagebrush, (Artemisia tridentata), 
with an understory of Sandberg 
bluegrass, (Poa secunda), and cheat- 
grass, (Bromus tectorum), covered a 
substantial part of the fire area and 
carried the blaze equally well during 
the hot afternoons. 

The lightning storm hit in the 

early afternoon of a hot, dry, August 
day and started more than 30 fires 
before sundown. These later con- 
solidated into 6 to 7 large fires whose 
control was made more difficult by 
constantly switching winds. 

Almost before the last fire was 
out, plans were underway to reha- 
bilitate as much of the burned area 
as time and money would permit. 
Contracts were drawn up and the 
private land owners were contacted 
to get their cooperation on inter- 
mingled deeded ground, a land 
ownership pattern characteristic of 
areas along railroads. The ranchers 
willingly paid for treating their 
interspersed private ground after al- 
ready having suffered a tremendous 
economic loss. Had they not con- 
tributed, a vast majority of the adja- 
cent Federal ground could not have 
been treated economically. 

The vegetative rehabilitation pro- 
gram consisted of two aspects-drill- 
ing grass seed with ground rigs, and 
aerial seeding with fixed-wing air- 
craft. 
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The ground drilling, which covered 
approximately 70,000 acres, was let 
out on 11 seperate contracts to pri- 
vate individuals, using 24 farm-type 
grain drills and 32 rangeland drills 
furnished by BLM. These rangeland 
drills were borrowed from BLM, 
Forest Service, SCS, and BIA offices 
throughout the west. The species 
seeded were intermediate wheatgrass 
(Agropyron intermedium) on 3,000 
acres and standard and Fairway 
crested wheatgrass (A. desertorum 
and A. cristutum) on the remaining 
67,000 acres. All seed was applied at 
the rate of five pounds per acre. The 
combined force of drills was capable 
of seeding well over 2,500 acres per 
day. 

Some 11,500 acres were seeded 
aerially, using a Lockheed P.V. II. 
The mixture of species, applied at 
the rate of 11 pounds per acre, con- 
sisted of western wheatgrass (Agro- 
pyron smithii), pubescent wheatgrass 
(A. dasystachum), intermediate 
wheatgrass, bluebunch wheatgrass 
(A. spicatum), yellow sweet-clover 
(Melilotus officiunale), Ladak alfalfa 
(Medicago sutivu), common rye 
(Secule cereule), and smooth brome 
(Bromus inermis) . 

Fencing is an important part of 
vegetative rehabilitation. Approxi- 
mately 150 miles of new fence will 
be constructed and 25 miles of exist- 
ing fire-damaged fence has been re- 
built. 

Erosion control measures such as 
contour ripping, and the construction 
of detention and check dams was 
done to further prevent loss of valu- 
able top soil. 

An Improved Gate Fastener 
For Range Fences 

PAT 0. CURRIE AND 
F. L. HAMMER 

Range Conservationist; R ung e Re- 
search Technician, Rocky Mountain 
Forest and Range Experiment Stu- 
tion, Fort Collins, Colorado1 

Much of the loss of cattle through 
fences results not from breakage of 
the fence proper, but rather from 
gates not fitting properly, being dis- 
lodged from their fasteners, or sim- 
ply left askew because they are too 
hard to close. The need then is for 
an easily worked gate fastener that 
is simple, inexpensive, and keeps a 
gate firmly in place to turn live- 
stock. Such a fastener was developed 
several years ago at the Manitou Ex- 
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perimental Forest in Colorado (Fig- 
ure 1)2. 

Use of the fastener reduced the 
number of gates left open at Mani- 
tou. With this type of fastener a gate 
can easily be closed even by a small 
boy and yet maintain the wire ten- 
sion needed for a tight gate. Con- 
sequently, livestock “mix-ups” or 
straying has been reduced. In cases 
where gates have been partly dis- 
lodged from a fastener being “ac- 
cidentally” opened, the gates usually 
remain erect and turn animals. The 
chain normally catches below the 
staple so that, even though the gate 
is hanging loosely, animals seldom 
try to go through the small opening 
(Figure 1, top). Another important 
benefit is reduced maintenance on 
fences. Gates that maintain the 
amount of tension shown help pre- 
vent brace posts from loosening, 
which would permit slack to develop 
along the fence line. 

The fastener can be readily con- 
structed in less than an hour from 
the following materials at the ap- 
proximate cost shown below: 
No. Item Size Cost or 

source 
12x4 20” long Scrap 
1 Chain Approx. 30” Scrap 

long 
1 Strap 6” $0.45 ea. 

hinge 
4 Stove 2M”XY4’) 0.05 ea. 

bolts 
1 Carriage 5”~s ” 0.06 ea. 

bolt 
6 Flat y4” @ 0.35/lb. 0.0-s ea. 

washers 

Total cost $0.73 
The chain was from the outer or 

circumference portion of discarded 
tire chains. 

The first step is to carve an easy- 
to-grasp handle on one end of the 
2 x 4 (Figure 1, top). On the op- 
posite end of the 2 x 4, fasten one- 
half of a g-inch strap hinge so that 
it folds flat in the center of the 
4-inch surface. The roll on the hinge 
should be flush with the end of the 
2 x 4, and fastened in place with the 
stove bolts. Next, drill a hole through 
the width of the 2 x 4 about 4.5 
inches back from the hinged end. 

ICentral headquarters maintained in 
cooperation with Colorado State 
University at Fort Collins. 

2A picture of this fastener appeared 
in the February 1949 issue of the 
Farm Journal. 

FIGURE 1. Top: Gate inadvertently knocked 
loose or with the fastener left in the 
open position seldom lets the gate fall 
or permits livestock to go through the 
small opening. Botton: Gate fastener in 
“locked” position. The chain should be 
spaced so that pole gate stay is parallel 
with gate post. 

Insert the carriage bolt through a 
link of the tire chain, through the 
drill hole in the 2 x 4, and through 
a link on the other end of the tire 
chain; then attach the nut securely, 
but allow the chain links to swivel 
freely. Either doubling the nuts or 
flattening the bolt will prevent the 
nut from coming off. The length of 
the loop in the chain may be ad- 
justed according to the wire loop 
holding the gate at the bottom, to 
hold the end gate stay vertical (Fig- 
ure 1, bottom). 

Before mounting the fastener, 
bevel the end post on the fence ap- 
proximately 20 degrees. Fasten the 
other surface of the strap hinge to 
the top of this beveled post with four 
30 or 40 penny nails. The beveling 
is necessary to throw the fastener in 
an off-center, “locked” position 
when the gate is drawn up (Figure 
1, bottom). To secure the gate, one 
need only place the chain over the 
end stay of the gate and pull the 
handle through a 180” arc into the 
locked position. An ordinary wire 
staple driven in the pole stay near 
the top on the side opposite the gate 
fastener keeps the chain from sliding 
up and off the top. 
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the fence proper, but rather from 
gates not fitting properly, being dis- 
lodged from their fasteners, or sim- 
ply left askew because they are too 
hard to close. The need then is for 
an easily worked gate fastener that 
is simple, inexpensive, and keeps a 
gate firmly in place to turn live- 
stock. Such a fastener was developed 
several years ago at the Manitou Ex- 
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perimental Forest in Colorado (Fig- 
ure 1)2. 

Use of the fastener reduced the 
number of gates left open at Mani- 
tou. With this type of fastener a gate 
can easily be closed even by a small 
boy and yet maintain the wire ten- 
sion needed for a tight gate. Con- 
sequently, livestock “mix-ups” or 
straying has been reduced. In cases 
where gates have been partly dis- 
lodged from a fastener being “ac- 
cidentally” opened, the gates usually 
remain erect and turn animals. The 
chain normally catches below the 
staple so that, even though the gate 
is hanging loosely, animals seldom 
try to go through the small opening 
(Figure 1, top). Another important 
benefit is reduced maintenance on 
fences. Gates that maintain the 
amount of tension shown help pre- 
vent brace posts from loosening, 
which would permit slack to develop 
along the fence line. 

The fastener can be readily con- 
structed in less than an hour from 
the following materials at the ap- 
proximate cost shown below: 
No. Item Size Cost or 

source 
12x4 20” long Scrap 
1 Chain Approx. 30” Scrap 

long 
1 Strap 6” $0.45 ea. 

hinge 
4 Stove 2M”XY4’) 0.05 ea. 

bolts 
1 Carriage 5”~s ” 0.06 ea. 

bolt 
6 Flat y4” @ 0.35/lb. 0.0-s ea. 

washers 

Total cost $0.73 
The chain was from the outer or 

circumference portion of discarded 
tire chains. 

The first step is to carve an easy- 
to-grasp handle on one end of the 
2 x 4 (Figure 1, top). On the op- 
posite end of the 2 x 4, fasten one- 
half of a g-inch strap hinge so that 
it folds flat in the center of the 
4-inch surface. The roll on the hinge 
should be flush with the end of the 
2 x 4, and fastened in place with the 
stove bolts. Next, drill a hole through 
the width of the 2 x 4 about 4.5 
inches back from the hinged end. 

ICentral headquarters maintained in 
cooperation with Colorado State 
University at Fort Collins. 

2A picture of this fastener appeared 
in the February 1949 issue of the 
Farm Journal. 

FIGURE 1. Top: Gate inadvertently knocked 
loose or with the fastener left in the 
open position seldom lets the gate fall 
or permits livestock to go through the 
small opening. Botton: Gate fastener in 
“locked” position. The chain should be 
spaced so that pole gate stay is parallel 
with gate post. 

Insert the carriage bolt through a 
link of the tire chain, through the 
drill hole in the 2 x 4, and through 
a link on the other end of the tire 
chain; then attach the nut securely, 
but allow the chain links to swivel 
freely. Either doubling the nuts or 
flattening the bolt will prevent the 
nut from coming off. The length of 
the loop in the chain may be ad- 
justed according to the wire loop 
holding the gate at the bottom, to 
hold the end gate stay vertical (Fig- 
ure 1, bottom). 

Before mounting the fastener, 
bevel the end post on the fence ap- 
proximately 20 degrees. Fasten the 
other surface of the strap hinge to 
the top of this beveled post with four 
30 or 40 penny nails. The beveling 
is necessary to throw the fastener in 
an off-center, “locked” position 
when the gate is drawn up (Figure 
1, bottom). To secure the gate, one 
need only place the chain over the 
end stay of the gate and pull the 
handle through a 180” arc into the 
locked position. An ordinary wire 
staple driven in the pole stay near 
the top on the side opposite the gate 
fastener keeps the chain from sliding 
up and off the top. 
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The ground drilling, which covered 
approximately 70,000 acres, was let 
out on 11 seperate contracts to pri- 
vate individuals, using 24 farm-type 
grain drills and 32 rangeland drills 
furnished by BLM. These rangeland 
drills were borrowed from BLM, 
Forest Service, SCS, and BIA offices 
throughout the west. The species 
seeded were intermediate wheatgrass 
(Agropyron intermedium) on 3,000 
acres and standard and Fairway 
crested wheatgrass (A. desertorum 
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67,000 acres. All seed was applied at 
the rate of five pounds per acre. The 
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the rate of 11 pounds per acre, con- 
sisted of western wheatgrass (Agro- 
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(A. dasystachum), intermediate 
wheatgrass, bluebunch wheatgrass 
(A. spicatum), yellow sweet-clover 
(Melilotus officiunale), Ladak alfalfa 
(Medicago sutivu), common rye 
(Secule cereule), and smooth brome 
(Bromus inermis) . 
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Forage Plant Physiology and 
Soil-Range Relaiionships. Spe- 
cial Publication No. 5. Ameri- 
can Society of Agronomy. 
Madison, Wisconsin. 250 pages. 
1964. $2.50. 
The publication contains printed 

papers from two symposia co-spon- 
sored by the American Society of 
Range Management with the Crop 
Science Society of America and the 
Soil Science Society of America, 
component organizations of the 
American Society of Agronomy. The 
papers were presented at the 1963 
annual meetings of the latter socie- 
ties in Denver, Colorado. 

The section on Forage Plant Phys- 
iology includes four papers on the 
effects of heat (Horton M. Laude), 
cold (Dale Smith), drought (J. Le- 
vitt) and defoliation (Donald M. 
Jamison) on forage and range plants. 
The influences of water (Sterling A. 
Taylor) and light and carbon diox- 
ide (Dale N. Moss) on forage plants 
are discussed in two other papers. 

Charles Leinweber and Dare11 Mc- 
Cloud show in their concluding pa- 
pers how plant physiology research 
is improving our knowledge of for- 
age plants growing under arid and 
semi-arid conditions of the range 
and those in more humid areas - 
their similarities and differences. 

The place of plant physiology as 
a contributing science of growing 
significance to range management 
is described well in the Preface by 
H. 0. Graumann, then President of 
the Crop Science Society and Wes- 
ley Keller, CSA Chairman of the 
Symposium Committee. 

“Forage plants prevail over a tre- 
mendously diverse pattern of soil, 
climate, and management. These 
plants comprise approximately 125 
different species of grasses and le- 
gumes which contribute significantly 
to the composite makeup and eco- 
nomic value of our total forage re- 
sources. Thus, it has been impossible 
to study all species under all con- 
ditions. Intelligent projection of re- 
sults from studies conducted on a 
given species for a particular situa- 
tion to other environments not in- 

vestigated requires knowing not only 
what happened but also why the ob- 
served findings occurred. Forage 
physiology research offers to in- 
crease our knowledge regarding this 
cause-and-effect relationship.” 

E. W. Anderson, Past President of 
the American Society of Range Man- 
agement and H. B. Cheney, Past 
President of the Soil Science Society 
of America listed the purposes of 
the symposium “Soil-Range Rela- 
tionships.” “ The objective . . . was 
to select and present papers which 
( 1) represent outstanding examples 
of how soil and range scientists can 
and do cooperate toward a common 
cause, (2) emphasize the need for 
additional cooperation of this type, 
and (3) typify the leadership needed 
for meeting the challenge that face’s 
those who study and manage the 
native grazing resource.” 

The eleven articles illuminating 
the vital interdependence of range 
soils and range plants include: 
Parallelism in the Development of 

Soil Survey and Range Site Con- 
cepts. Andrew R. Aandahl and 
Arnold Heerwagen. 

Soil Surveys in Range Management 
Planning. John L. Retzer and 
Clyde W. Doran. 

Some Soil-Vegetation Relationships 
in Western Kansas. G. W. Toma- 
nek. 

Effects of Two Kinds of Geologic 
Materials on Plant Communities 
and Soil Moisture. F. A. Branson, 
R. F. Miller, and I. S. McQueen. 

Topofunction of Soils and Vegeta- 
tion in a Range Landscape. James 
0. Klemmedson. 

Soil Taxonomic Units and Potential 
Plant Community Relationships in 
a Pristine Range Area of Southern 
Idaho. W. K. Hugie, H. B. Passey, 
and E. W. Williams. 

Herbage Production and Composi- 
tion Fluctuations of Natural Plant 
Communities as Related to Cli- 
mate and Soil Taxonomic Units. 
H. B. Passey, W. K. Hugie, and E. 
W. Williams. 

Selected Plant and Soil Relation- 
ships in the Central High Plains. 
Gerald L. Richard and George V. 
Davis. 
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Soil Properties Affecting the Distri- 
bution of Big and Low Sagebrush 
Communities in Southern Idaho. 
M. A. Fosberg and M. Hironaka. 

Observation of Woodland Range- 
Southern Coastal Plain. Richard 
R. Cove11 and William A. Cole. 

A Method for Predicting Potential 
Herbage on the Beaver Creek Pilot 
Watersheds. Warren P. Clary. 
Good range management is more 

and more a reflection of range sci- 
ence. Range science, in turn, enriches 
itself by drawing from the basic 
sciences. Plant ecology, the science 
of plant responses to each other and 
to their environment, provided the 
first great scientific boost to im- 
provement of rangelands. Soils, the 
edaphic environment, soon became 
an integral part of early range eco- 
logical studies. 

Plant physiology has provided 
later inspiration. As range scientists 
have questioned why certain plants 
behave or respond as they do, they 
have begun experiments on plant 
functions and processes and how 
they are modified by forces external 
to the plant. 

One of the symposia also brought 
together in one scientific forum in- 
terpretive summaries of progress on 
the forage plants of humid pastures 
and hay fields and the forage plants 
of the range. The speakers told of 
principles. These principles as they 
are identified and become better 
understood, will permit a significant 
degree of functional scientific unity 
across the varying spectrum of for- 
age species and associations from 
dry ranges to wet meadows. Prin- 
ciples and their applications will 
permit discoveries in one area of 
forage research to be transformed 
into progress in another, far re- 
moved in its geography. - Thomas 
Ronningen, University of California, 
Berkeley. 

Landscapes of the Bible. By 
George Eichols. Translated by 
John W. Doberstein. Harper 
and Row. 1963. $10.00. (Origi- 
nally published in German un- 



der the title Landschuften der 
Bibel.) 
This beautiful tome, containing 

over 100 color photos, was designed 
to give the interested reader of the 
Bible an idea of what the country 
that Christ walked on looked like. 
The arid plains, hills and mountains 
of the holy land are presented in all 
of their aspects, from desert wastes 
near the Dead Sea to the barren hills 
of the midlands, the irrigated valleys 
and farm lands, the somewhat for- 
ested mountains, and the crumbled 
palaces and towns of a once flourish- 
ing civilization. 

Soils and range people who have 
been employed in various foreign 
aid programs in the Middle East 
have commented briefly on the prob- 
lems of range management on lands 
that have been overgrazed for two 
to five thousand years. One has not 
much difficulty in visualizing this 
but nothing has brought it more to 
the forefront to me than this pic- 
torial series depicting this landscape. 

A range manager at first look is 
struck by the appalling scenes of 
land destruction through overgraz- 
ing over the centuries. The extrud- 
ing rock that one readily recognizes 
as having once been covered with 
soil is a startling reminder that live- 
stock and deforestation have been a 
major source of the troubles of na- 
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tions. The loss of their upland soil, 
followed by uncontrolled flooding 
and downstream erosion, lead to the 
death or impoverishment of nations, 
and their subjection to invading 
hordes called in history vandals, as- 
Syrians, mongols, etc. Don’t dwell 
on this volume too long; the ruined 
land, the crumbled cities and pal- 
aces, the poverty stricken people, 
and the shrinking arable land give 
one pause. 

Towns are oases in man-made 
deserts. One wonders if Noah’s ad- 
venture in a flood wasn’t something 
also man-made. 

You can also wonder that if man 
can make such frightful destruction 
in a few thousand years, what is the 
future of civilization on a planet 
being rapidly depleted of all of its 
natural resources by a lot of profes- 
sionals. This book unintentionally 
tells you. Let us not get maudlin but 
it could be a world of erosion pave- 
ment, denuded hills and mountains, 
eroding land and a lowering of pro- 
duction, a poorer civilization, hun- 
ger, poverty and a loss of most of 
our human values. 

You may awake to believe that 
our conservation effort should be 
more apace with the forces of de- 
struction. 

The book was printed in West 
Germany. The paper is of highest 
quality. The workmanship has not 

yet been equaled in the United 
States. It would be a good book to 
have on the reference shelf of range 
managers and soil scientists.-F. P. 
Cronemiller, Forest, Range and 
Wildlife Consultant, Los Altos, Cali- 
fornia. 

-~ 
NEW PUBLICATIONS 

THREADS OF LIFE - A brochure 
which describes career prospects in 
the agricultural sciences, published 
by Committee on Educational Policy 
in Agriculture of National Academy 
of Sciences-National Research Coun- 
cil. Written for talented high school 
students and their teachers. Obtain- 
able only from colleges, schools, and 
departments of agriculture in insti- 
tutions of higher learning. 
CONSERVATION DIRECTORY 
1964-65 - Available from National 
Wildlife Federation, 1412 Sixteenth 
St., N. W., Washington, D. C. 20036 
at $1.00 per copy. 
SOILS: AN INTRODUCTION TO 
SOILS AND PLANT GROWTH-A 
new second edition by Roy L. Dona- 
hue, presently consultant on soils 
and fertilizers with Ford Founda- 
tion in India. The book is introduc- 
tory in nature, amply illustrated, 
and complete with glossary and in- 
dex. 363 pages. Published by Pren- 
tice-Hall of Englewood Cliffs, New 
Jersey, the book sells for $10.60. 

NEWS AND NOTES 
Material from many sources: nof necessarily the opinion 

or position of the EDITOR or OFFICERS of 
THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

Cattleman Comments on ASRM 

Walt Schrock, President of the 
Oregon Cattlemen’s Association, 
spoke on the stockmen’s problems 
and how ASRM could help at the 
fall meeting of the Pacific North- 
west Section of American Society of 
Range Management in Wenatchee. 
Schrock stated that in spite of all 
the information available in jour- 
nals, books, and bulletins, there is 
a complexity about the range and its 
management that makes it difficult 
to comprehend. Range management 
does not so nearly fit into a fixed 

pattern as other kinds of farming. 
The biggest opportunity for cattle- 
men to increase their efficiency of 
operation is through range improve- 
ments and management. Ranchers 
have gone about as far as they can 
easily go with improvements of the 
livestock per se. 

Schrock pointed out the problems 
that exist as a result of a range unit 
being made up of both public and 
private land. Some of these factors 
are: While watershed, game, timber, 
recreation, etc., are necessary and 
just uses of the public range, a wise 
and equitable allocation of the range 

resource should be uppermost in the 
minds of those responsible for its 
management. He predicted that with 
the increase in population and de- 
mands for beef, the price of cattle 
will not stay down long. Effort will 
be expanded toward range improve- 
ments by ranchers. He was of the 
opinion that having feed on the range 
is a lot better than any kind of in- 
surance plan. He thought increased 
efficiency on the rangelands include: 
(1) better livestock to turn the for- 
age into more marketable products, 
(2) more yield of usable forage per 
acre, (3) better range management 



der the title Landschuften der 
Bibel.) 
This beautiful tome, containing 

over 100 color photos, was designed 
to give the interested reader of the 
Bible an idea of what the country 
that Christ walked on looked like. 
The arid plains, hills and mountains 
of the holy land are presented in all 
of their aspects, from desert wastes 
near the Dead Sea to the barren hills 
of the midlands, the irrigated valleys 
and farm lands, the somewhat for- 
ested mountains, and the crumbled 
palaces and towns of a once flourish- 
ing civilization. 

Soils and range people who have 
been employed in various foreign 
aid programs in the Middle East 
have commented briefly on the prob- 
lems of range management on lands 
that have been overgrazed for two 
to five thousand years. One has not 
much difficulty in visualizing this 
but nothing has brought it more to 
the forefront to me than this pic- 
torial series depicting this landscape. 

A range manager at first look is 
struck by the appalling scenes of 
land destruction through overgraz- 
ing over the centuries. The extrud- 
ing rock that one readily recognizes 
as having once been covered with 
soil is a startling reminder that live- 
stock and deforestation have been a 
major source of the troubles of na- 

BOOK REVIEWS 

tions. The loss of their upland soil, 
followed by uncontrolled flooding 
and downstream erosion, lead to the 
death or impoverishment of nations, 
and their subjection to invading 
hordes called in history vandals, as- 
Syrians, mongols, etc. Don’t dwell 
on this volume too long; the ruined 
land, the crumbled cities and pal- 
aces, the poverty stricken people, 
and the shrinking arable land give 
one pause. 

Towns are oases in man-made 
deserts. One wonders if Noah’s ad- 
venture in a flood wasn’t something 
also man-made. 

You can also wonder that if man 
can make such frightful destruction 
in a few thousand years, what is the 
future of civilization on a planet 
being rapidly depleted of all of its 
natural resources by a lot of profes- 
sionals. This book unintentionally 
tells you. Let us not get maudlin but 
it could be a world of erosion pave- 
ment, denuded hills and mountains, 
eroding land and a lowering of pro- 
duction, a poorer civilization, hun- 
ger, poverty and a loss of most of 
our human values. 

You may awake to believe that 
our conservation effort should be 
more apace with the forces of de- 
struction. 

The book was printed in West 
Germany. The paper is of highest 
quality. The workmanship has not 

yet been equaled in the United 
States. It would be a good book to 
have on the reference shelf of range 
managers and soil scientists.-F. P. 
Cronemiller, Forest, Range and 
Wildlife Consultant, Los Altos, Cali- 
fornia. 

-~ 
NEW PUBLICATIONS 

THREADS OF LIFE - A brochure 
which describes career prospects in 
the agricultural sciences, published 
by Committee on Educational Policy 
in Agriculture of National Academy 
of Sciences-National Research Coun- 
cil. Written for talented high school 
students and their teachers. Obtain- 
able only from colleges, schools, and 
departments of agriculture in insti- 
tutions of higher learning. 
CONSERVATION DIRECTORY 
1964-65 - Available from National 
Wildlife Federation, 1412 Sixteenth 
St., N. W., Washington, D. C. 20036 
at $1.00 per copy. 
SOILS: AN INTRODUCTION TO 
SOILS AND PLANT GROWTH-A 
new second edition by Roy L. Dona- 
hue, presently consultant on soils 
and fertilizers with Ford Founda- 
tion in India. The book is introduc- 
tory in nature, amply illustrated, 
and complete with glossary and in- 
dex. 363 pages. Published by Pren- 
tice-Hall of Englewood Cliffs, New 
Jersey, the book sells for $10.60. 

NEWS AND NOTES 
Material from many sources: nof necessarily the opinion 

or position of the EDITOR or OFFICERS of 
THE AMERICAN SOCIETY OF RANGE MANAGEMENT 

Cattleman Comments on ASRM 

Walt Schrock, President of the 
Oregon Cattlemen’s Association, 
spoke on the stockmen’s problems 
and how ASRM could help at the 
fall meeting of the Pacific North- 
west Section of American Society of 
Range Management in Wenatchee. 
Schrock stated that in spite of all 
the information available in jour- 
nals, books, and bulletins, there is 
a complexity about the range and its 
management that makes it difficult 
to comprehend. Range management 
does not so nearly fit into a fixed 

pattern as other kinds of farming. 
The biggest opportunity for cattle- 
men to increase their efficiency of 
operation is through range improve- 
ments and management. Ranchers 
have gone about as far as they can 
easily go with improvements of the 
livestock per se. 

Schrock pointed out the problems 
that exist as a result of a range unit 
being made up of both public and 
private land. Some of these factors 
are: While watershed, game, timber, 
recreation, etc., are necessary and 
just uses of the public range, a wise 
and equitable allocation of the range 

resource should be uppermost in the 
minds of those responsible for its 
management. He predicted that with 
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so that the stock will do a better job 
of harvesting the forage product. 

Schrock pointed out the real need 
for technicians or land managers to 
work closely with the ranchers to 
develop the most practical and sound 
methods of improving and managing 
the public range. He felt that there 
is a real opportunity for ASRM to 
get ranchers and technicians to- 
gether. The Society could help 
agency people get better acquainted 
with ranchers and help them see the 
rancher’s point of view. On the other 
hand, the ranchers could gain a con- 
siderable amount of sound informa- 
tion from associating with and work- 
ing closely with technicians who are 
members of the Society. He felt that 
working together through the 
American Society of Range Manage- 
ment, both technicians and stock- 
men could benefit. 

A new arid lands project at the 
University of Arizona, concerned 
with major desert areas of the world, 
has received a two-year $250,000 
supporting contract from the Army 
Research Office, Department of the 
Army. Scientific manager is Dr. 
William G. McGinnies, who has di- 
rected the U of A’s Laboratory of 
Tree-Ring Research since 1960. 

McGinnies said the new UA work 
will include compilation and produc- 
tion of a compendium containing a 
comprehensive review of what is 
known about desert environment. 
The 22 deserts under study in the 
new UA project are located in Asia, 
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tions. When completed in English, 
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Robert V. Boyle, Arizona’s State 
Conservationist, SCS, Phoenix, has 
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by the Soil Conservation Society of 
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by Dr. Ervin M. Schmutz, Assistant 
Professor of Range Management at 
University of Arizona at the State 
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for thirteen years was in charge of 
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trol surveys the U.S. Department of 
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that started with the old Biological 
Survey in 1928, has retired in Charlo, 
Montana. With degrees from U. of 
Nebraska and Iowa State College, 
he went to Montana in 1949 as bi- 

ologist with Fish and Wildlife Ser- 
vice, spending most of his time in 
range management. He has a small 
ranch in the Flathead Valley and 
raises purebred black Angus cattle. 

L. Thomas Turner, past president 
of the Nevada Section of ASRM, 
retired in December, 1964. Most of 
his federal service was with the SCS 
as work unit conservationist at Para- 
dise Valley and at Wells. He as- 
sisted in developing the Pilot Pro- 
gram for the Northeast Soil Conser- 
vation District, a widely-known co- 
operative project. Tom plans to 
move to his successful ranch in east- 
ern Washington, where he raises 
quarter horses. 

Posts Available 

Applications are invited for the 
following posts: Senior Animal 
Breeder, Senior Animal Husband- 
man. 
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WITH THE SECTIONS 

ARIZONA 
Gil Beck of Phoenix, chemical en- 

gineer turned rancher, is new Presi- 
dent. Elected to serve with Beck 
were R. M. Housley, Supervisor of 
the Coconino National Forest, Flag- 
staff, Vice-President; William H. 
Beck, Range Conservationist Bureau 
of Indian Affairs, Hopi Indian 
Agency, Keams Canyon, Councilman 
North; and M. Carl Webb, Miami 
rancher, Councilman South. Hold- 
over Councilmen are S. Clark Mar- 
tin of Tucson and Duane Miller of 
Sedona. Secretary-Treasurer for 
1965 is Russ Mosier of Phoenix. Beck 
succeeds Put Gray, Gila County Ag- 
ricultural Agent. Installation of the 
new officers and Council was held at 
the Winter Meeting January 20 and 
21 in Nogales. 

The theme of the winter meeting 
was “More Grass for Better Range 
Management.” First of the two-day 
session was a business meeting and 
a range judging contest. The judg- 
ing contest was set up in two divi- 
sions-ranchers and technicians. It 
included plant identification, forage 
production and forage utilization. 
Box scores for the ranchers were 
Gil Beck, first; Randolph Jenks, sec- 
ond, and Bill Piper, managing part- 
ner of the Elgin Hereford Ranch, 
third. Dave Sommerhill of the SCS 
in Flagstaff was first in the techni- 
cians’ division, with Churley Whit- 
field of Bureau of Indian Affairs 
second, and Dave Wilson, range con- 
sultant, Tucson, third. 

The second day was devoted to 
panel discussions. Fred Boice, Ari- 
vaca rancher, moderated a panel on 
“More Grass Through Improved 
Grazing Practices.” Speakers were: 
Donald A. Jumeson, Rocky Mountain 
Forest and Range Experiment Sta- 
tion, Flagstaff; John Ehrenreich, 
University of Arizona, Tucson; I,. 
Dudley Love, Arizona State College, 
Flagstaff; Dwight R. Cable, Rocky 
Mountain Forest and Range Experi- 

ment Station, Tucson, and Charles 
Michuels, Soil Conservation Service, 
Phoenix. 

Dr. Bruce Taylor, Head, Depart- 
ment of Animal Science, University 
of Arizona, moderated a panel dis- 
cussion on “Range and Livestock 
Husbandry in Sonora and Arizona.” 
Speakers were: Donald Johnson, 
Universidad de Sonora, Hermosillo; 
L. W. Dewhirst, University of Ari- 
zona, Tucson; Ing. Melchor Cudenu, 
Universidad de Sonora, Hermosillo; 
and AZ Lane, Agricultural Extension 
Service, University of Arizona, Tuc- 
son. 

M. Curl “Dutch” Webb received 
double honors. He was named Ari- 
zona Section’s “Rancher of the Year,” 
as well as being elected Councilman 
South. Nelson Stevenson, Chairman 
of the Awards Committee, made the 
presentation at the banquet. James 
L. Finley of Gilbert received the 
organization’s “Special Service” 
Award. Jim is past president of the 
Section and has devoted many years 
of service to the State and National 
organizations. 

Nelson Stevenson, left, Chairman of Awards 
Committee, and Carl “Dutch” Webb, 
Arizona Section’s 1964 “Rancher of the 
Year.” 

IDAHO 
The Section held its 15th annual 

meeting in Boise on December 5, 
1964. Speakers on the program in- 
cluded Doyle Scott, Executive Secre- 

tary, Idaho Soil Conservation Com- 
mission; William A. Luycock, Inter- 
mountain Forest and Range Expt. 
Sta., Ogden, Utah; Weslee Houlst, 
SCD Supervisor, Hammett ; Virgil 
Kennedy, Extension Economist, 
Boise; Harold Rumsbucher, BLM, 
Washington, D.C.; Wade G. Wells, 
Extension Animal Husbandry, Boise; 
and Fred J. Overly, Regional Direc- 
tor, Bureau of Outdoor Recreation. 
E. W. Z’isdule presented the Scholar- 
ship Award. 

KANSAS-OKLAHOMA 

The Section is sponsoring a range 
photo contest during 1965. One of 
the aims is to encourage the taking 
of more good range photos for edu- 
cational and publicity purposes. 
Also, we hope to arouse the mem- 
bership sufficiently to come up with 
outstanding photographs that can be 
taken to the 1966 ASRM annual 
meeting at New Orleans, Louisiana. 
F. Dewitt Abbott is Contest Com- 
mittee Chairman. 

Gerald Sharp, Healy, Kansas, and 
Harold Irwin, Hammon, Oklahoma, 
of the Section Public Relations Com- 
mittee are trying to gather material 
about the Society and its value. 
They would like to have any ma- 
terial for release to newspapers from 
time to time. 

Plans are nearly complete for 
August Range Youth Camps in Kan- 
sas and Oklahoma. Oklahoma Chair- 
man is Fred Whittington, Elk City, 
Oklahoma. Kansas Chairman is Rob- 
ert Glover, Hays. 

NEBRASKA 
Jim Peters, Rushville, will move 

up to Section President for 1965. 
Don Hurford will assist Jim as Pres- 
ident-elect. The 1965 Council will 
consist of: C. Reed Hamilton, Thed- 
ford, Olin Waddell, Gordon, and 
Past President John Suutter, Halsey. 
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NEVADA 
The winter meeting was held in 

Reno on January 13 and 14, 1965. 
Approximately 80 members and 
guests attended including Wayne 
Kessler, President of ASRM. Two 
Section projects were the Charles F. 
Fleming Scholarship Fund and prep- 
aration of “A Range History of Ne- 
vada,” for distribution at the Las 
Vegas Convention. Pete Etchamendy 
of Gardnerville was the recipient of 
the Fleming Scholarship award for 
1964-65. 

The Thursday morning program 
was devoted to discussions on his- 
tory of land acquisition and disposi- 
tion, and land laws. Dr. J. H. Rob- 
ertson, University of Nevada, de- 
scribed the trend toward larger 
corporation ranches and stated that 
grazing will remain the principal 
land use in Nevada for the time 
being. J. P. van Loben Sels, Presi- 
dent of the Southern Pacific Land 
Company, told the group that S.P. 
is in the land business to the extent 
of 3.7 million acres. These lands will 
not be offered for sale in the fore- 
seeable future. AZbert Glaser, a Ne- 
vada rancher traced the migration 
of his forefathers from Heidelberg, 
Germany to Halleck Nevada. The 
definitions and interpretations of the 
new land laws were presented by 
George W. Abbott, Attorney from 
Minden. He was particularly con- 
cerned with Eastern vs. Western in- 
terests within the Public Land Com- 
mission. 

On Thursday afternoon the group 
heard a panel discussion on multi- 
ple-use of Nevada range lands for 
livestock production and recreation. 
Moderator was George Zappettini, 
State Forester. Panel members were 
Dr. Richard C. Sill, Chairman, Sierra 
Club Council; J. R. Penny, State Di- 
rector, B.L.M.; Marshall Humphreys, 
Nevada Fish and Game Commission; 
John Marvel, Nevada State Cattle 
Association; Ivan Sack, U.S. Forest 
Service; and Charles S. Fisher, B.I.A. 

During the evening banquet, Ira 
H. Kent, a Fallon rancher, was pre- 
sented the range-man-of-the-year 
award. Dennis Deputy of Yerington, 
the summer range camp’s outstand- 
ing boy was a guest of the Section 
and gave his impressions of the 
camp. Dr. Dale W. Bohmont, Dean 
and Director of the College of Agri- 
culture, spoke on the changes in 
population and food habits in rela- 
tion to Nevada’s agriculture. 

New officers for 1965 are: Ted 
Longseth, S. P. Co., incoming presi- 
dent; Marshall Humphreys, presi- 
dent-elect; Mike Kilpatrick, Exten- 
sion Range Specialist, University of 
Nevada, secretary-treasurer; zone 
councilmen Charles Fisher, Leonard 
Smith, SCS, and James R. Brunner, 
BLM. 

The Section’s spring field tour is 
planned for June 17 and 18, 1965 in 
the vicinity of Winnemucca. 

PACIFIC NORTHWEST 

The formation of a student Range 
Club at Oregon State University is 
the result of increased enrollment 
and interest in range management. 
Officers for 1964-65 are: Ben Za- 
mora, President, a senior from Ha- 
waii; Ron Mobley, Vice-President, a 
junior from Madras, Oregon; and Art 
Norris, Secretary-Treasurer, a senior 
from Enterprise, Oregon. Drs. C. E. 
Poulton and D. W. Hedrick, are ad- 
visors. 

A Club “work day” to raise money 
for Club activities developed from 
an offer by Bruce Starker, a local 
private forester, to hire a group of 
students to work for him. The 
Range Club took on the job and 
nine members worked, thinning and 
pruning experimental plots. 

Speaker at the second meeting 
was E. R. Jackman, retired Exten- 
sion Crops and Range Specialist. 
Jackman in the last several years 
has edited the book Gold and Cattle 
Country by Herman Oliver and is 
recently co-author, with Oregon 
rancher Reub Long, of The Oregon 
Desert. “Jack” presented facts and 
explanations concerning book pub- 
lishing and shared some of his vast 
knowledge of the Oregon rangelands 
with the Club.-Paul W. McCormick. 

TEXAS 

Section annual meeting was held 
December 4 and 5, 1964, at Abilene. 
Theme was “Education and Activa- 
tion.” New officers and directors 
elected and appointed for 1965 are: 
President, G. 0. Hoffman; President 
Elect, Leroy Young, San Marcos; 
Secretary-Treasurer, Cal Boy kin, 
College Station. Directors are: W. J. 
“Dub” Waldrip, 1965-67; C. A. Re- 
chenthin, 1965-67. D. B. Polk will 
serve as a Director in 1965 by virtue 
of being the immediate Past Presi- 
dent. 

UTAH 
Annual meeting of the Section was 

held in Salt Lake City December 10, 
1964. Speakers on the program 
were: Dr. William A. Laycock, U.S. 
Forest Service; Dr. Jim B. Grumbles, 
Utah State University; David H. 
Mann, Field Editor, Utah Farmer; 
William D. Hurst, U.S. Forest Ser- 
vice; Horace E. “Mike” Jones, Bu- 
reau of Land Management; Frank 
Bohman, Rancher, Morgan County; 
A. Perry Plummer, U.S. Forest Ser- 
vice; and Gerald Gifford, Student, 
Utah State University. 

Brigham Young University is 
proud to report that a student chap- 
ter was organized on October 28, 
1964. Officers are Faculty Advisor, 
Dr. Joseph R. Murdock; President, 
Jordon C. Pederson; Vice President, 
Wilbert H. Blackburn; Secretary- 
treasurer, Richard Stevens; and Ad- 
visory Council Members, Ben W. 
Wood and J. Lavoy McGee. 

Some of the activities planned for 
the year are monthly meetings with 
special interest speakers, a Christ- 
mas party, a rabbit hunt, a spring 
banquet, spring field tour, and at- 
tending the Utah section meeting 
and the National Convention at Las 
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Vegas. A team will be preparing for 
participation in the plant identifica- 
tion contest. 

We here at B.Y.U. are proud of 
our new chapter and our member- 
ship in the Society and hope that 
we can do our part in making the 
Society a greater success in the year 
to come.-Jordan C. Pederson. 

WYOMING 
The Section held its first annual 

fall meeting in Casper, on November 
19 and 20, 1964. The theme was 
“Range Management Problems, Re- 
search and Applications.” The meet- 
ing, considered to be highly success- 
ful, was attended by 69 persons rep- 
resenting the following groups: Bu- 
reau of Land Management, cattle 

ranchers, commercial feeders, ex- 
perimental substations, local busi- 
nessmen, local feeders, Natural Re- 
source Board, National Woolgrowers 
Association, sheep ranchers, Soil 
Conservation Service, University of 
Wyoming, U.S. Forest Service, Wy- 
oming Department of Agriculture, 
Wyoming Game and Fish Depart- 
ment and the Wyoming Stockgrow- 
ers Association. 

Discussions were divided into 
three sessions as follows: 

I. Range Management Problems- 
Present and Future, Chairman, Her- 
bert G. Fisser. Speakers were: Bob 
Krumm, B.L.M.; George Gorsuch and 
Gerald Nyborg, Forest Service; Ellis 
Sedgley, S.C.S.; Joe DonZin, Sheep- 
man; Dean Prosser, Cattleman; Dun 

Healey, Feeder; Jack Hertzler, Com- 
mercial Feeder; and Morton May. 

II. Range Management Research, 
Chairman, Alan A. Beetle. Speakers 
were: George Davis, Gerald Richard, 
Richard Rice, Calvin King, Don 
Heyne, Harry Lawson, Webster 
Jones, Jim Bell, and Alan A. Beetle. 

III. Range Management Applica- 
tion, Chairman, Bert Thatcher. 
Speakers were: Don Sylvester, Har- 
old Woosley, Rex Colton, Bert 
Thatcher, Jim Hicks, and Herbert 
Fisser. 

The banquet was held in the 
Townsend Hotel. The speaker was 
Charles Astler, Vice President of the 
Wyoming Natural Resource Board, 
who discussed the “Scope and Fu- 
ture of Range Management.” 

SOCIETY BUSINESS 

Perspective for the Year Ahead 
President’s Message-1965 

C. H. WASSER 
Fort Collins, Colorado 

Words are inadequate to ex- 
press my gratitude to you for 
the opportunity to help guide 
the Society’s program during its 
nineteenth year. I consider it an 
honor and a privilege to serve 
the Society’s interests. The re- 
sponsibilities could be quite bur- 
densome were it not for society 
business in good order, thanks to 
effective actions of previous of- 
ficers and committees; the ca- 
pable services of Secretary John 
Clouston and Editor Bob Camp- 
bell; and the willing cooperation 
of the Board, Sections, and mem- 
bership. For the year ahead I 
ask your wholehearted support, 
and, together, let’s continue the 
tradition of a youthful Society 
vigorously growing and actively 
accomplishing worthwhile objec- 
tives. This is a Society in which 
a member’s ideas can be com- 
municated to most of a section 
and a considerable proportion of 

the total membership, thus mag- 
nifying well-conceived or well- 
founded thoughts, findings, or 
practices. This is your society 
and we need your ideas and sup- 
port if we are to achieve mutual 
objectives and goals. Recipro- 
cally, we hope to deliver a full 
measure of services to members 
in the year ahead. 

In addition to a youthful, ac- 
tive society with a pioneering 
spirit, it’s my personal belief 
that a significant reason for the 
success of our society, and its 
lack of discord, stems from its 
balanced membership, o b j e c - 
tives, and organization. Notice 
that our Society’s founders pro- 
vided for this balance in our pre- 
amble with many balanced ob- 
jectives tied together by the 
conjunction and, e.g., “. . . to 
foster advancement in the sci- 
ence and art of grazing land 
management, in the conservation 

and greatest sustained use of 
forage and soil resources, to 
stimulate discussion and under- 
standing of scientific and prac- 
tical range and pasture prob- 
lems, to provide a medium for 
exchanging ideas and facts 
among society members and 
with allied technologists, and to 
encourage professional improve- 
ment of its members.” It was 
fortunate that our founders saw 
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fit to make the Society an or- 
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SOCIETY BUSINESS 

Range Education. - A new 
career brochure has been de- 
veloped by a subcommittee 
headed by Dr. Charles Poulton 
with the cooperation of Oregon 
State University and several 
schools and agencies. Each Sec- 
tion and school should order 
these brochures and get them 
into the hands of high school 
counselors and prospective stu- 
dents. We need to get our quota 
of good minds and talented 
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ment. We will need to distribute 
these brochures to high school 
science teachers. We probably 
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exhibit, perhaps one that is por- 
table, to be used for various 
teachers’ conventions and re- 
gional educational meetings, 
which would show folks that 
range management is a scientific, 
challenging and profitable pro- 
f ession. 

Better 4-H and particularly 
FFA material needs to be de- 
veloped or pulled together in 
handbooks or textbooks. Several 
years ago we sponsored a Society 
handbook which was widely 
adopted by state extension ser- 
vices and sections. Isn’t it timely 
to assemble material into a 
range management textbook for 
instructors and project work in 
vocational agriculture? 

Tremendous progress was 
made in spreading the gospel of 
Range Management during the 
1950’s and quite a few states 
found need for range manage- 
ment extension specialists. There 
are several range states without 
bona fide extension range spe- 
cialists; I think we should look 
into this and try to correct the 
deficiencies. 

Civil Service standards for 
professional range conservation- 
ists are archaic. In some schools 
more general agriculture majors 
qualify as Range Conservation- 
ists than range management ma- 
jors do. Discussions with Civil 
Service Commission representa- 
tives suggest that progress can 
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be made in this area this year. 
To give this matter objective 
and specific attention a Profes- 
sional Standards Committee 
needs to be reactivated. The 
committee needs to be balanced 
between educators and agency 
personnel, however, to insure 
proper consideration of all facets 
of the problem. 

Public Relations. - Much ado 
is made over images these days. 
What proportion of the men on 
the street, would you say, know 
what range management is? Or 
what proportion of the range 
users really think that range 
management can net them more 
profit? Certainly your answers 
to such questions must suggest a 
need for better communications 
and more effective publicity for 
the good of the society, the pro- 
fession, and the ranching indus- 
try. Each Section needs an ef- 
fective public relations (or pub- 
licity) man or committee. We 
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plans to work on such problems. 
National and sectional public re- 
lations workers want your ideas 
and your help. If you can write 
effective articles or can give in- 
formative and interesting talks 
or programs, such talents are 
needed for 4-H, FFA, stockmen, 
service club and similar audi- 
ences. We might practice better 
communications by telling each 
other what our Sections, commit- 
tees, and meetings are planning 
and accomplishing via exchanges 
of Newsletters and better report- 
ing for With the Sections in the 
Journal. Constructive programs 
and helping with specific re- 
source and ranching problems 
can do the most to correct this 
situation. Red Atkins said at 
Wichita that his membership in 
the Society meant the equivalent 
of a four-year college education 
to him. What better public re- 
lations can you seek? Can your 
Section’s programs match that 
for your members? We hope to 
have a prize for the Section that 
comes the closest next year! 
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Publications .-The JOURNAL 
has been improved considerably 
by our Editor. A committee has 
been canvassing ideas to make 
further improvements and while 
no single or simple solution is 
immediately evident I have con- 
fidence that our Editorial Board 
and Editor will incorporate the 
more feasible suggestions. A 
new rancher membership bro- 
chure is presently available. Per- 
haps a new membership orienta- 
tion brochure and a multiple use 
brochure might be new projects 
for the year. Spanish Summaries 
have been in demand through- 
out Mexico and Latin America, 
especially at the recent Grass- 
land Congress in Brazil, and 
help to serve a growing mem- 
bership throughout this hemis- 
phere. A new glossary serves 
those that need a dictionary of 
range terms. Earlier our sci- 
entists conspired to produce a 
Range Research Techniques pub- 
lication jointly sponsored by Na- 
tional Research Council of the 
National Academy of Sciences. 
One might wonder whether a 
practical but comprehensive 
Range Management Handbook 
might not be of value to ranch- 
ers, technicians, and administra- 
tors. 

We have strengthened our co- 
operation with other scientific 
resource organizations in recent 
years by joining forces with 
many in presenting annual or 
regional programs. We could 
further strengthen relations with 
resource-using organizations by 
joint local and state proerams 
and, as we mature profession- 
ally, we should seek to cultivate 
further the friendship and co- 
operation of the truly scientific 
societies, A.A.A.S., A.I.B.S.. etc. 

We have a strong International 

SOCIETY BUSINESS 

Relations Committee centered in 
Washington, D.C. and could well 
consider a small group in each 
Section although each member 
needs consciously to help im- 
prove international understand- 
ing by helping to host foreign 
guests and students and get them 
better acquainted. 

You must recognize that many 
of these suggestions or goals call 
for finances. Outside funding 
has been needed for some time 
to support a National Range 
Management Scholarship pro- 
gram. A Range Youth Forum 
is being proposed that would 
bring state 4-H and FFA winners 
to our national meetings with 
their counselors. A Finance 
Committee will become neces- 
sary to find ways and means of 
implementing the more essential 
or feasible projects when In- 
ternal Revenue Service approves 
our tax-exempt status for receiv- 
ing gifts for such special projects. 

Finally, our Executive Secre- 
tary has suggested that the time 
is approaching when we should 
consider a central headquarters 
location for our Society and a 
full-time Executive Secretary 
who might also serve as the edi- 
tor during initial years. We 
hope to survey this situation, 
looking to the time when we 
have a permanent home and a 
centralized staff of professional 
folk representing us. 

These ideas are preliminary 
and are not necessarily those of 
the Board. However, let your 
representatives know your views 
early so that we stretch out the 
traces with knowledge of your 
wishes. 

Our thanks to Nevada and 
adjacent cooperating sections for 
a superb Annual Meeting. I hope 
to see many of you August 5-7 at 

Laramie for the Annual Summer 
Meeting. This meeting is for the 
entire family and is in summer 
vacationland. Here’s looking for- 
ward to an interesting year 
ahead, one of progress and 
achievement. 

Leffers to the Editor 
Dear Sir: 

My check for dues is enclosed but 
if there are not more articles that 
have some practical application in 
the Journal this coming year I am 
going to stop my membership. I am 
sure there is the problem of getting 
stockmen to write articles but what 
point is there in my paying $10.00 
just to read three or four articles 
per year? The balance are so tech- 
nical and have so little application 
to range management as such that 
the stockman is wasting his time to 
even glance at them. It may be true 
that the great bulk of your mem- 
bers are technical government range 
men and the articles need to be 
pointed towards them. If this is the 
case then there is very little reason 
for a stockman to continue being a 
member. There just isn’t that much 
profit in the cow business now. No 
offense meant by all this. 

Sincerely, 
Arthur H. Roth, Jr. 

P.S. A. P. Atkins article in the 
May 1964 issue was excellent. Need 
more like it. He had something to 
contribute. 

NOTICE 
The Executive Secretary still 

needs a few copies of the Jan- 
uary, 1964 issue of the Journal. 
He will pay $1.50 for all copies 
he receives in good condition. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Ruy-Clean-Treat--Sell 
Le~umes4rasses4rain 

LONCMONT. COLORADO 

SpeciaIists in Qualify N AT 1 V E G R A S S E S 
I Wheatgrasses l Bluestems l Gramas l Switchgrasses l Lovegrasses l Buffalo l and Many Others 

We grow, harvest, process these seeds Native Grasses Harvested in ten States I 
Your Inquiries _ 

Appreciated SHARP BROS. SEED CO. 2i-oL”ye,3~f& I - 
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ANNOUNCING 
19TH ANNUAL MEETING 

American Society of Range Management 

February l-4, 1966 

Jung Hotel, New Orleans, Louisiana 

Theme: Expanding Horizons in Range 
Management. 

Initial Call for Papers 

Offered papers are welcomed and will be 
considered for acceptance in the following 
categories: 

1. 
2. 
3. 
4. 

5. 

6. 
7. 
8. 
9. 

10. 

New concepts in management of range 
Applied range management 
Wildlife habitat 
Range methodology, including 
biometry 
Range education-school, employer, 
employee 
Range management in the South 
Range management worldwide 
Economics in range management 
General technical 
Critical issues in range management 

Selection Procedure: Papers will be 
chosen by the Program Committee, based on 
review of (1) title, (2) 200 to 300 word pre- 
liminary abstract, and (3) a separate sup- 
porting statement. 

The supporting statement should tell what 
is “new” or significant in the paper, and 
whether it reports original research, prac- 
tical experience, literature review or other. 
State method for delivery (reading, slides, 
charts, other visual techniques). Indicate 
category in which your paper best fits. 

Deadline for filing titles, preliminary ab- 
stracts and supporting statements with the 
Program Chairman is June 1, 1965. Prelim- 
inary abstracts for accepted papers may be 
revised by the author as later required for 
publication. Deadline for receipt of final 
abstracts of accepted papers will be an- 
nounced later. 

Selection of Papers will be made by the 
Committee in the period June 1 to July 15. 
Notice of acceptance will be made by Sep- 
tember 1, 1965. 

File four copies of requested material by 
June 1, 1965 with: 

Robert S. Rummell, Program Chairman, 

1966 Annual Meeting, ASRM, 
c/o Division of Range Management, 
Forest Service, U.S.D.A., 
Washington, D. C. 20250. 

READINGS IN 
RESOURCE MANAGEMENT 
AND CONSERVATION 
Edited by IAN BURTON and ROBERT W. KATES 

with the assistance of LYDIA BURTON 

The editors of this volume hold that 
conservation courses at the college and 
graduate level have placed too little 
emphasis on resource management. 
They have selected their material to 
create a better balance and to bring 
students into closer contact with the 
work of professional geographers, 
economists, political scientists, and ad- 
ministrators. The book is divided into 
three parts-Part I presents general 
statements about the relationship be- 
tween man and resources, Part II is 
devoted to the conservationist school of 
thought, and Part III states the ele- 
ments of the management view. 

May, 576 pages $8.50 

WATER SUPPLY 
Economics, Technology, and Policy 

By JACK HIRSHLEIFER, JAMES C. DE HAVEN 
and JEROME W. MILLIMAN 

Here is a work which thoroughly as- 
sesses our water resources and utiliza- 
tion and offers some surprising conclu- 
sions about current water-supply prac- 
tices and policies. The authors examine 
the allocation of our existing water sup- 
plies to test the efficiency of our use 
of present supplies. 

1960, 378 pages $7.50 

THE UNIVERSITY OF 
CHICAGO PRESS 

Chicago and 
London 
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Information for Authors 
The JOURNAL OF RANGE MANAGEMENT is 

the official bimonthly publication of the American 
Society of Range Management. The aim of the 
JOURNAL is to publish in each issue something 
of interest to the entire membership of the So- 
ciety and to others interested in grazing land man- 
agement. Non-members may publish suitable ar- 
ticles in the JOURNAL upon approval of the 
Editorial Board. All manuscripts and correspon- 
dence concerning them should be addressed to 
the Editor: Dr. R. S. Campbell, RR 7, Quincy, 
Illinois, 62301. 

High quality papers concerning technical and 
practical problems or practices of range manage- 
ment are suitable for publication. Review papers 
on selected subjects may be suitable but are usu- 
ally invited. All papers must be accepted by the 
Editorial Board. Short articles concerned with 
research results, experimental equipment or tech- 
niques may be suitable for the Technical Notes 
Section. Short papers dealing with any phase of 
applied range improvement or management may 
be considered for the Management Notes Section. 

Papers should be based on new and adequate 

Prepa ration 

1. Manuscripts must be typewritten, double- 
spaced with ample margins, on good-quality white 
paper, preferably 8% x 11 inches. Use one side 
only of the paper and number all pages. Submit 
in duplicate, original and one carbon copy. 

2. The title of the manuscript and name, posi- 
tion, and complete address of the author should 
be typed as distinct, well spaced entries on a 
separate page. Such a “title page” should also 
show running heads, i.e.: (1) author’s surname and 
(2) key words (2 or 3) from title of the manu- 
script. 

3. An introductory “Highlight”, succinctly stat- 
ing the major findings or conclusions and their 
application, should accompany each manuscript, 
except for very short notes. The Highlight should 
be only three to four sentences, typed double- 
spaced on a separate page. 

4. Names of plants and wild animals must be 
shown in both common and scientific form the 
first time mentioned in the text. Further ref- 
erences should be to common names only. 

5. Footnotes in the text should be used very 
sparingly and numbered consecutively throughout 
the article. All footnotes should be typed together, 
double-spaced, on a separate sheet. 

6. Illustrations are desirable but should be held 
to a minimum. Glossy unmounted prints of photo- 
graphs are desired. Protect these against damage 
in transit. Graphs should be prepared on white 
or blue-lined cross-section paper with neat letter- 
ing of a size suitable for reduction in printing. All 
figure titles should be typed together, double- 
spaced, on a separate sheet. Photographs and 
graphs should carry an identification number. 
Never write on the back of photographs or at- 
tach paper clips to them. 

information. The introduction should state clearly 
and concisely the purpose of the report and its 
relation to other work in the same field. Unsup- 
ported hypotheses and rambling discussion should 
be avoided. Organization of the manuscript may 
vary to fit the content but the text should point 
out the application of the results to the range 
management problem considered. The paper should 
end with a brief summary of the outstanding 
points and their practical application. For general 
suggestions on writing and preparation of manu- 
scripts, see “Style Manual for Biological Journals” 
(2nd edition, 1964)) published by American In- 
stitute of Biological Sciences, 2000 P St. NW, 
Washington, D.C. 20036. 

All papers will be critically reviewed by the 
Editorial Board, or other subject-matter specialists 
designated by the Editor. Papers returned to the 
authors for revision should be handled promptly. 
Unsuitable papers will be returned to the authors 
with an explanatory statement. Prior publication 
of a manuscript or concurrent submission to an- 
other outlet automatically precludes publication 
in the JOURNAL OF RANGE MANAGEMEN 

of Manuscripts 
7. Tables should be few and as simple as feasi- 

ble. They must be typed, double-spaced, each on 
a separate sheet of regular-sized paper. Each table 
should carry its own separately numbered foot- 
notes. 

8. The Literature Cited section should begin 
on a new page. Citations should be listed in alpha- 
betical order and referred to in the text by author 
and date, i.e., Jones (1949)) or (Jones, 1949). Cita- 
tions should be typed, double-spaced, in the style 
of the following examples: 

Pechanec, Joseph F. and George Stewart, 1949. 
Grazing spring-fall sheep ranges of southern 
Idaho. U.S. Dep. Agri. Circ. 808. 34 pp. 

Sperry, Omer E. 1949. The control of bitterweed 
(Actinea odorata) on Texas ranges. J. Range 
Manage. 2: 122-127. 

Titles of journals should be abbreviated, fol- 
lowing an accepted standard, such as the U. S. 
Government Printing Office, but preferably the 
Style Manual for Biological Journals (2nd ed., 
pages 82-87). 

9. In general, papers should not exceed 6 
printed pages including illustrations. Excess pages 
may be published at cost to the author of $35.00 
per page. Illustrations and tabular material to- 
gether are limited to 20 percent of the total num- 
ber of pages. At cost to the author, this percent- 
age may be greater. 

10. When galley proof is received by the 
author, it should be carefully corrected and mailed 
within 48 hours to the Editor. An abstract of the 
article should accompany the corrected proof. An 
order for reprints will be sent the author after 
the paper has been paged. Costs of reprints vary 
with the size of the article and the number 
ordered. Covers cost an additional amount. Post- 
age is also extra. 
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