
Journal of Range Management,
Volume 12, Number 1 (January 1959)

Item Type Journal; text

Publisher Society for Range Management

Journal Journal of Range Management

Rights Copyright © Society for Range Management.

Download date 24/05/2023 20:40:01

Item License http://rightsstatements.org/vocab/InC/1.0/

Version Final published version

Link to Item http://hdl.handle.net/10150/650334

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/650334










Journdl of Volume 12, Number 1 
January, 1959 

RANGE MANAGEMENT 
---- 

Grazing Intensity Trials on Seeded Ranges 
In the Ponderosa Pine Zone of Colorado 

W. M. JOHNSON 

Range Conservationist, Rocky Mountain Forest and 
Range Experiment Stationl, Fort Collins, Colorado. 

Seeding ranges for the im- 
provement of forage values is 
now a recognized practice. De- 
pleted ranges and abandoned 
farmlands in the ponderosa pine 
zone of Colorado can be success- 
fully seeded (Hull and Johnson, 
1955). The kind of grass to plant, 
when, where, and how, have 
been determined through re- 
search, but comparable informa- 
tion on how to graze seeded 
ranges is scarce. Proper grazing 
use of established stands is es- 
sential to good management. 

The Rocky Mountain Forest 
and Range Experiment Station 
conducted a study to determine 
the proper degrees of grazing use 
on some of the more important 
grasses used in seeding. The 
study was made from 1946 to 
1956 at the Manitou Experimen- 
tal Forest, 28 miles northwest of 
Colorado Springs, Colorado. 

Seeded Ranges 
Seeded ranges consisting of 

four separate grasses and one 
mixture were established on 
abandoned fields. Crested wheat- 

IMaintained by the Forest Service, 
U. S. Department of Agriculture, in 
cooperation with Colorado State 
University, Fort Collins, Cololrado. 
Author stationed at Laramie, Wyo- 
ming, in cooperation with Univer- 
sity of Wyoming. 

grass (Agropyron cristatum), 
smooth brome (Bromus inermis) 
and a mixture consisting of two 
parts crested wheatgrass, two 
parts smooth brome, and one 
part yellow sweetclover (Melilo- 
tus officinalis) were planted in 
the spring of 1946. Intermediate 
wheatgrass (Agropyron inter- 
medium) was planted in the 
spring of 1948. Russian wildrye 
(Elymus junceus) was planted in 
the spring of 1949. All seedings 
were given two complete grow- 
ing seasons to become established 
before the grazing treatments 
were applied. 

The study consisted of two 
blocks of experimental paddocks 
or units. In each block each spe- 
cies and the mixture were 
planted in a lo-acre area. The 
10 acres were subdivided into one 
5-acre unit for moderate stock- 
ing, one 3-acre unit for light 
stocking, and one 2-acre unit for 
heavy stocking. 

Grazing Procedure 

Grasses were grazed to cer- 
tain stubble heights to represent 
the different grazing intensities. 
For all ranges except those seed- 
ed to Russian wildrye, these 
stubble heights were established 
as 2 inches to represent heavy 
grazing, 4 inches for moderate 
grazing, and 6 inches for’ light 
grazing. Corresponding stubble 
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heights for the shorter Russian 
wildrye were 1% inches, 3 
inches, and 4% inches. Growth 
rate exceeded the rate of utiliza- 
tion, so that at the peak of 
growth leaf heights were usually 
well in excess of the prescribed 
stubble heights. Stubble height 
measurements were converted to 
percent-volume utilization by 
height-weight tables (Lommas- 
son and Jensen, 1943). 

Following these guides, graz- 
ing ordinarily commenced in late 
April or early May, and con- 
tinued through to the end of Oc- 
tober. In years of low yields, 
however, cattle were removed 
somewhat earlier or intermit- 
tently as the desired stubble 
heights were reached. 

Four yearling Hereford heifers 
were assigned at random to each 
lo-acre area. They were divided 
into two groups of two animals 
and rotated at weekly intervals 
in such a manner that two ani- 
mals were always on the mod- 
erate-use unit. Grazing on the 
light- and heavy-use units was 
on a “week-on, week-off” rota- 
tion. 

Whenever possible, heifers 
were placed on the seeded range 
when leaf height in the lightly- 
grazed units averaged 4 inches. 
This was sometimes delayed be- 
cause of spring snow storms. 
They were left on the experi- 
mental areas, following the pre- 
scribed rotation, until the de- 
sired utilization was obtained. If 
sufficient regrowth occurred 
after the heifers were removed, 
they were again put on the 
range and the areas were re- 
grazed. 

Response of the grasses to 
grazing intensity was measured 
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in terms of herbage production 
and vigor. These were measured 
each year. 

The prescribed stubble heights 
were obtained within reasonable 
limits of variation. Average stub- 
ble heights at the end of the 
grazing period seldom varied 
more than 0.2 inch from the pre- 
scribed amount, except on the 
areas grazed to a 6-inch stubble 
height. Here the maximum aver- 
age variation for any grass and 
any year was 1 inch. In most 
cases the deviation was within 
0.5 inch of the 6-inch height. . 

Utilization 
Utilization, when expressed as 

percentage of weight removed, 
varied greatly from year to year 
(Table 1). This was to be ex- 
pected since the utilization goals 
were based on leaving an almost 
constant volume of the grasses 
ungrazed regardless of the 
amount of growth during the 
year. During years of poor 
growth, such as 1951, the percent- 
age of herbage removed was very 
low. When the grasses made 
good growth, as in 1949, the per- 
centage of herbage removed was 
high. 

On crested wheatgrass, utiliza- 
tion averaged 67 percent for the 
2-inch stubble height treatment, 
but varied from 45 percent to 84 
percent. Average utilization for 
the 4-inch stubble height units 
was 46 percent; and for the 6- 
inch treatment, 31 percent. Vari- 
ation between years for the 4- 
and 6-inch treatments was of 
about the same magnitude as for 
the 2-inch treatment. 

Herbage utilization on smooth 
brome averaged 61 percent for 
the a-inch stubble height treat- 
ment, 41 percent for the 4-inch 
stubble height, and 31 percent for 
the 6-inch stubble height. The 
variation between years was 
even greater than on crested 
wheatgrass. For example, the 
percent utilization on the 2-inch 
stubble height treatments varied 
from 32 percent in 1951 to 82 per- 
cent in 1949. 
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Table 1. Percenj utilization of herbage on seeded ranges, 1949 fo 1955, 
Manifou Experimental Forest. 

Stubble Utilization 
Species height 1949 1950 1951 1952 1953 1954 1955 Average 

Inches Percent 
Crested 

wheatgrass 

Smooth 
brome 

Mixture 

Intermediate 
wheatgrass 

Russian 
wildrye 

2 84 77 45 65 67 62 
4 69 66 32 36 46 32 
6 59 52 20 20 32 15 

2 82 69 32 62 58 59 
4 63 49 11 46 40 35 
6 56 37 10 35 31 25 

2 84 
4 66 
6 59 

2 
4 
6 

1% 
3 
4% 

___* 

____ 

73 
54 
43 

79 
66 
55 

_.-- 
_.-- 
__-_ 

38 66 66 60 
30 49 46 39 
18 41 32 30 

48 70 48 65 
31 46 36 52 
20 35 21 30 

39 42 50 33 
16 31 20 13 
12 17 10 4 

66 67 
40 46 
22 31 

64 61 
43 41 
25 31 

66 65 
36 46 
19 35 

66 63 
50 47 
34 33 

41 41 
21 20 
10 11 

Utilization on the mixture 
units was similar to that on the 
smooth brome and crested 
wheatgrass units. Utilization 
averaged 65 percent on the 2-inch 
stubble height, 46 percent on the 
4-inch stubble height, and 35 per- 
cent on the 6-inch stubble height. 
Variation in use between years 
was of about the same magnitude 
as for crested wheatgrass. 

There was considerable differ- 
ence in the utilization of crested 
wheatgrass and smooth brome in 
the mixture units, especially in 
the 4- and g-inch stubble height 
treatments. Smooth brome was 
grazed more closely than crested 
wheatgrass. Comparative aver- 
age stubble heights for the two 
grasses were: 

Actual stubble height 
Stubble in inches 
height Crested Smooth 

in inches wheatgrass brome 
2 2.2 1.8 
4 4.4 3.5 
6 6.5 4.0 

This indicates a preference by 
cattle for the smooth brome. 

Utilization on the intermediate 
wheatgrass followed the same 

pattern as on the other grasses. 
For the 2-inch stubble height, 
percent utilization averaged 63 
percent, 47 percent on the 4-inch 
stubble, and 33 percent on the 6- 
inch stubble. 

Average utilization of Russian 
wildrye was 41 percent on heav- 
ily grazed units, 20 percent on 
moderately grazed units, and 11 
percent on the lightly grazed 
units. Because of the shorter 
type of growth, these rates of 
use were considerably less than 
those for other grasses. Varia- 
tion in use from year to year was 
also less than for other grasses. 
because there was less variation 
in the height growth of the 
leaves. 

Vigor 
Plant vigor as reflected in 

height growth is often used as a 
measure of the effect of grazing 
intensity (Short and Woolfolk, 
1956). In this study, leaf height 
at the start of the grazing period 
was used as an indication of rela- 
tive vigor. 

On crested wheatgrass grazed 
to a a-inch stubble height during 
the last 7 years, the average ini- 
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tial height growth was 3.8 inches 
as compared with 4.5 inches for 
the 6-inch stubble height, and 4.4 
inches for the 4-inch stubble 
height. 

Similar differences in vigor 
were observed on all of the other 
grasses in the study, but the 
amount of change varied with 
the kind of grass. Comparable 
average initial heights for the 
four grasses are as follows: 

Treatment 
Species - 

Z-inch 4-inch g-inch 
Crested 

wheatgrass 3.8 4.4 4.5 
Smooth 

brome 3.4 4.1 4.2 
Intermediate 

wheatgrass 3.6 4.4 4.5 

1 yZ -inch 3-inch 4 % -inch 
Russian 

wildrye 3.8 4.2 4.2 

Differences in initial height 
growth were most pronounced in 
intermediate wheatgrass and 
least in Russian wildrye. It is 
also apparent that the 4- and 6- 
inch stubble height treatments 
had no effect on height growth. 

The initial heights of leaves 
showed a definite relation to 
grazing intensity and indicated 
that plant vigor was decreased or 
that initial rates of growth of all 
species were at least slowed 
down by the heavier rates of 
grazing. 

Herbage Production 
Herbage yields were obtained 

from plots protected from cur- 
rent grazing by portable ex- 
closures or cages and clipped at 
maturity, air-dried, and weighed. 
Regrowth produced in 1953 was 
also harvested and added to the 
first clipping to give total pro- 
duction. Herbage yields of all 
the grasses varied widely. 

After the initial period of es- 
tablishment, rainfall seems to be 
the most important single factor 
in determining herbage yields 
(Fig. 1). During the third year 
after planting, the yield of herb- 
age from all grasses except Rus- 
sian wildrye reached a peak of 

production, then stabilized in re- 
lation to rainfall. Yields of Rus- 
sian wildrye continued to in- 
crease until the fifth year. How- 
ever, precipitation also increased 
during the fourth and fifth years 
after the low of 9.70 inches in the 
third year; hence, the difference 
shown may be a response to in- 
creased moisture. 

The peak yield for the crested 
wheatgrass, smooth brome, and 
mixture occurred in 1948; for in- 
termediate wheatgrass in 1950, 
and for Russian wildrye in 1953. 
It would appear that during the 
first and second years the root 
systems are being established 
and by the third year are suf- 
ficiently strong to make full use 
of the available soil moisture. 
Average herbage yield for crest- 
ed wheatgrass from all treat- 
ments ranged from 593 to 2,938 

pounds per acre. For the other 
grasses it was as follows: smooth 
brome, 347 to 2,320 pounds per 
acre; mixture, 537 to 3,314 pounds 
per acre; intermediate wheat- 
grass, 406 to 1,769 pounds per 
acre; and for Russian wildrye, 
506 to 1,683 pounds per acre. Re- 
growth was produced by all spe- 
cies in 1953 and was especially 
high in Russian wildrye, con- 
tributing 47 percent to total pro- 
duction. 

During the period from 1947 
to 1950, the mixture produced 
significantly more herbage than 
either the crested wheatgrass or 
smooth brome plantings. It is 
believed that the addition of the 
yellow sweetclover to the mix- 
ture of crested wheatgrass and 
smooth brome was largely re- 
sponsible for the increase in 
yields. 

- Crested wheatgrass 

-- 3aoothbraPe 

___w- &&w 

-o- Intermediate wheatgrass 

FIGURE 1. Average herbage 
tou Exp lerimental Forest. 

yield of seeded grasses in relation to rainfall, Mani- 

20 
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Grazing Intensify and 
Herbage Yields 

Grazing crested wheatgrass to 
a 2-inch stubble height had little 
effect on herbage even after 9 
years of use (Table 2). Under this 
intensity of grazing, all of the 
plants in the units were grazed 
rather uniformly. During some 
years, such as 1950, 1951, 1953, 
1954, and 1956, yields were lower, 
but in other years yields tended 
to equal or exceed those from 
areas receiving the other treat- 
ments. Grazing use in the 4- and 
6-inch stubble height treatments 
was very spotty. , Some plants 
were grazed very closely, while 
others were untouched. Those 
plants left ungrazed one year 
were not grazed the following 
year because of the accumulation 
of old growth. This condition was 
corrected by mowing in early 
spring to remove the old growth 
in an attempt to obtain relative- 
ly uniform grazing. 

In comparison with the 4- and 
6-inch grazing treatments, 
smooth brome began to decline 

W. M. JOHNSON 

in yield under the 2-inch treat- 
ment in 1952, but the big de- 
crease was first noticeable in 
1954. During the rest of the 
study, yields on areas grazed to 
a-inch stubble were approxi- 
mately half the yields on the 
areas grazed to 4- or 6-inch stub- 
ble heights. There was no sig- 
nificant difference between the 
yield of the areas grazed to the 
4- and g-inch stubble heights. 

No significant decreases in 
herbage yield have occurred on 
the mixture pastures as a result 
of the grazing treatments. Yields 
decreased under all intensities of 
grazing from the high levels that 
were characteristic of the early 
years of the study. At the time 
of establishment the grass stands 
consisted of almost equal quanti- 
ties of crested wheatgrass and 
smooth brome, and in 1950 the 
yield consisted of 522 pounds per 
acre of crested wheatgrass and 
501 pounds per acre of smooth 
brome. By 1955, crested wheat- 
grass was producing 1,183 pounds 
per acre, as compared with 41 

pounds for smooth brome. At 
this time, the mixture under all 
intensities of grazing was pre- 
dominantly crested wheatgrass, 
and the few plants of smooth 
brome that remained were very 
low in vigor (Fig. 2). 

As far as can be determined 
at the present time, the herbage 
yield of Russian wildrye has not 
been affected by any of the pre- 
scribed grazing intensities. Fluct- 
uations in yield have occurred as 
a result of rainfall variation, but 
are not related to grazing use. 

Damaging effects of grazing to 
a 2-inch stubble height were re- 
flected in herbage yields of inter- 
mediate wheatgrass as early as 
the fourth year of grazing. By 
1955, the sixth year of grazing, 
yields on the 2-inch stubble 
height treatment were only 
about one-third as much as on 
the lighter intensities of use. In 
1956 the yield on areas grazed to 
a 4-inch stubble height were very 
low, but prior to 1956 they had 
not been significantly different 

Table 2. Effect of grazing intensify on herbage production from seeded ranges and average of all units, 1947-1956, 
Manitou Experimental Forest. 

Grazing intensity 
Species as stubble height 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 

Inches Pounds per acre (air dry) 
Crested 2 1658 3293 2025 964 536 1210 1085 579 957 599 

wheatgrass 4 1947 2640 1902 1045 618 1138 1422 848 828 683 
6 1610 2881 2347 1202 626 1237 1691 986 776 765 

Average 1738 2938 2091 1070 593 1195 1399 804 854 682 

Smooth 2 1439 2352 1330 627 410 596 918 259 264 253 
brome 4 1274 2334 1432 734 470 832 975 454 548 413 

6 1182 2275 1162 647 443 820 1404 459 531 376 

Average 1298 2320 1308 669 441 749 1120 391 448 347 

Mixture 2 2972 3577 2017 933 440 1121 1398 615 1151 616 
4 3306 2721 2801 1120 604 1385 1575 837 1179 946 
6 2622 3645 2938 1017 568 1163 1666 941 1342 910 

Average -2967 3314 2585 1023 537 1223 1546 798 1224 824 

Intermediate 2 _ _ _ _ _ _ _ _ ____- ___ -_______ 1592 572 749 721 282 379 274 
wheatgrass 4 ________ _ . _ _ . _ . . -_.__--- 1954 809 1087 1630 835 937 367 

6 _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ -_____-- 1761 751 1230 1406 575 1074 576 

Average 1769 711 1022 1252 564 797 406 

Russian 1 Y2 --.- ---- ________ ________ -------- 475 685 1607 599 770 598 
wildrye 3 __I_____ ____- ___ -_______ __-__.__ 532 839 1620 526 841 708 

4$ ________ ________ ________ _.______ 510 734 1824 743 1008 626 

Average 506 753 1683 623 873 644 
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from yields on the lightly grazed 
unit. 

Sfocking Rafes 

An average of 45.6 heifer-days 
per acre was obtained by graz- 
ing crested wheatgrass to a 2- 
inch stubble for 7 years. How- 
ever, the fluctuations in use be- 
tween years was very wide and, 
as expected, correlated closely 
with herbage yield. The least 
stocking for this degree of use 
was 19.5 heifer-days per acre in 
1954, and the greatest was 63.0 
heifer-days per acre in 1949 
(Table 3). Average stocking for 
the 4- and 6-inch stubble heights 
was 32.0 and 27.3 heifer-days per 
acre, respectively. No definite 
trends in use as related to graz- 
ing intensity are shown by the 
data on crested wheatgrass. 
Throughout the study the num- 
ber of heifer-days of grazing per 
acre was highest on the 2-inch 
stubble treatment, moderate on 
the 4-inch, and least on the 6- 
inch. 

Unlike crested wheatgrass, the 
animal-months obtained from 
smooth brome reflect the effect 
of the different intensities of use. 
In the beginning, there was a 
relatively wide difference in 
stocking between the 2- and 4- 

FIGURE 2. Original grass in the mixture pastures was half smooth brome and half crested 
wheatgrass. In 1955, smooth brome was confined to a few scattered plants and crested 
wheatgrass had taken over the site. 

inch treatments. This difference 
was gradually reduced until in 
1954 the two treatments required 
about the same stocking to give 
the required grazing intensities. 
In 1955, the 4-inch treatment ac- 
tually produced more animal- 
months. This follows the same 
trend established for herbage 
yields. It further substantiates 
the conclusion that grazing 
smooth brome to a 2-inch stubble 
height is injurious to the plants. 

Stocking on the areas seeded 

Table 3, Heifer-days of grazing on seeded ranges, 1949-1955, 
Manifou Experimental Forest 

Stubble Heifer-days per acre 
-- Species height 1949 1950 1951 1952 1953 1954 1955 Average - 

Inches Number 
Crested 2 63.0 48.5 33.0 54.5 49.2 19.5 51.2 45.6 

wheatgrass 4 52.4 32.6 25.1 41.0 25.1 19.6 28.5 32.0 
6 46.6 23.3 21.8 32.7 22.0 22.0 23.0 27.3 

Smooth 2 55.0 39.2 22.0 28.0 24.2 14.0 18.2 28.7 
brome 4 43.4 26.3 16.8 26.2 21.8 14.0 19.5 24.0 

6 30.6 18.7 14.0 17.3 19.0 10.0 22.5 18.9 

Mixture 2 68.5 50.5 33.2 50.0 51.2 22.0 55.2 47.2 
4 65.8 33.6 22.3 38.2 32.2 19.4 44.9 36.6 
6 51.3 24.6 17.0 31.0 24.0 22.0 45.0 30.7 

Intermediate 2 ________ 64.5 27.5 39.2 35.2 14.0 13.7 32.3 
wheatgrass 4 .__ .____ 46.8 31.2 38.1 35.0 21.2 33.8 34.3 

6 ________ 40.6 22.6 31.0 39.2 16.0 25.6 29.2 

Russian 1% .------- .___ *___ 39.7 48.2 53.0 36.5 52.2 45.9 
wildrye 3 -------- ________ 27.5 36.2 39.0 26.4 39.9 33.8 

4% . . ..__._ ________ 21.3 34.5 37.5 23.7 37.2 30.8 

to the mixture averaged higher 
than that of the other seeded 
areas. The a-inch intensity aver- 
aged 47.2 heifer-days per acre; 
the 4-inch intensity averaged 
36.6; and the 6-inch intensity, 
30.7. The higher stocking oc- 
curred during the early part of 
the study, while yellow sweet- 
clover was still present and 
while smooth brome was still an 
important part of the forage. 
During the latter part of the 
study stocking on the mixture re- 
mained high, but, was exceeded 
occasionally by other grasses. 

Average stocking of the inter- 
mediate wheatgrass areas was 
32.3 heifer-days per acre for the 
2-inch intensity, 34.3 for the 4- 
inch intensity, and 29.2 for the 6- 
inch intensity. The decrease in 
stocking on the 2-inch grazing in- 
tensity was much more rapid and 
more pronounced than on smooth 
brome. During the second year of 
grazing, the 2-inch units had a 
lower stocking than the 4-inch 
units and, by 1955, had only 
about one-third the stocking of 
the 4-inch units (Fig. 3). This 
rapid and pronounced decrease, 
and the related decrease in herb- 
age yield, illustrate the extreme 
susceptibility of this grass to 
heavy grazing. 
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FIGURE 3. After three years of grazing intermediate wheatgrass to a 2-inch stubble height, 
herbage yields had been significantly reduced and invading species were dominant in the 
stand. 

Stocking rates on Russian other grasses was 41.5 heifer- 
wildrye were much higher than days per acre for crested wheat- 
would be expected from a com- grass, 21.3 for smooth brome, 42.3 
parison of herbage yields with for the mixture, and 25.9 for in- 
other grasses. For the period termediate wheatgrass. The abil- 
1951 to 1955, the average stocking ity of Russian wildrye to make 
of Russian wildrye grazed to a rapid and abundant regrowth, as 
1%~inch stubble was 45.9 heifer- illustrated by the 1953 data, is no 
days per acre. For the compar- doubt responsible for the high 
able period, stocking for the stocking rates. So far, grazing 
heavy rates of grazing on the Russian wildrye to a lJ&inch 

Table 4. Daily gain and gain per acre of yearling Hereford heifers on seeded pastures af Manifou, 1948-1956. 
(Average of all infensiiies of grazing) 

Species 

Crested 
wheatgrass 

Smooth 
brome 

Weight gain of heifers 

1948 1949 1950 1951 1952 1953 1954 1955 1956 Average - 
per per per per per per per per per per per per per per per per per per per per 
day acre day acre day acre day acre day acre day acre day acre day acre day acre day acre 

Pounds 

1.41 1.78 1.52 1.93 1.85 1.45 1.88 1.66 1.85 1.70 
82.2 98.3 50.0 44.1 76.3 56.8 10.3 64.5 54.0 59.6 

1.29 1.95 1.32 2.12 2.60 1.74 0.74 1.92 1.59 1.70 
75.4 83.7 35.0 35.7 62.1 48.0 2.8 38.5 33.2 46.0 

Mixture 

Intermediate 
wheatgrass 

Russian 
wildrye 

Native 
range 

1.47 2.00 1.76 2.23 2.03 1.69 2.31 1.71 1.93 1.90 
85.5 126.3 60.1 48.7 77.8 68.2 12.8 86.3 65.6 70.1 

______ ______ 1.73 2.23 1.98 2.10 2.25 1.99 2.10 2.05 
______ ______ 83.7 43.3 64.8 63.6 12.0 64.4 58.6 55.8 

____-_ ______ ______ 1.51 1.58 1.37 1.48 1.98 1.77 1.62 
._____ ______ _-____ 38.0 51.6 53.8 10.3 82.0 65.6 50.2 

______ 1.63 1.58 1.46 1.69 1.92 1.54 1.48 1.56 1.61 

stubble height has not had any 
apparent effect on stocking rate. 

Cattle Gains 

Daily cattle gains, based on 
average of all intensities of graz- 
ing on these seeded ranges, were 
good but not exceptional. Aver- 
age daily gain for crested wheat- 
grass was 1.70 pounds per head 
per day (Table 4). For the other 
grasses the daily gains were: 
smooth brome, 1.70 pounds; mix- 
ture, 1.90 pounds; intermediate 
wheatgrass, 2.05 pounds; and 
Russian wildrye, 1.62 pounds. 
Moderately grazed native bunch- 
grass ranges in the same area 
produced daily gains of 1.61 
pounds per head for the period 
1949 to 1955, inclusive. 

The mixture planting pro- 
duced an average of 70.1 pounds 
of gain per acre, but varied from 
12.8 pounds to 126.3 pounds per 
acre. Crested and intermediate 
wheatgrass were intermediate in 
total gain per acre, and smooth 
brome and Russian wildrye were 
low. Compared for the same pe- 
riod of time, 1951 to 1956 inclu- 
sive, the difference between 
grasses was reduced. On this 
basis, the mixture produced 59.9 
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pounds of gain per acre; crested 
wheatgrass, 51.0 pounds; inter- 
mediate wheatgrass, 51.1 pounds; 
Russian wildrye, 50.2 pounds; 
and smooth brome, 36.7 pounds. 
Native ranges on the Manitou 
Experimental Forest have aver- 
aged 12.7 pounds gain per acre. 
However, these include forest 
types as well as grassland, so are 
not directly comparable. Gain 
per acre is a function primarily 
of stocking which, in turn, is de- 
termined by herbage yield. For 
this reason, the fluctuation in 
gain per acre is closely related to 
fluctuation in herbage yield. 

Discussion and Summary 
Successful seeding of depleted 

farm and rangelands results in 
highly productive ranges. The 
yield of herbage can be increased 
manyfold and may be increased 
3 to 5 times over that of good 
adjoining native range. Grazing 
capacities and beef production 
are also greatly increased. Suc- 
cessful seeding of a few acres of 
land may thus be sufficient to 
fill existing gaps in the yearlong 
feed program for livestock. It 
may provide needed forage for 
spring or fall use, or supplement 
summer grazing lands, or furnish 
additional hay for winter feed- 
ing. 

However, seeding is not a cure- 
all for the problems of the live- 
stock operator. It in itself creates 

additional problems of manage- 
ment that require careful con- 
sideration and wise planning. 

One of the biggest problems 
centers around the large fluctua- 
tion in herbage yield from one 
year to the next. Herbage yields 
of crested wheatgrass, for in- 
stance, varied from 600 pounds 
per acre to 2,900 pounds per acre. 
Great flexibility in herd manage- 
ment would be needed to make 
wise and efficient use of the for- 
age available. 

Crested wheatgrass was grazed 
to a 2-inch stubble height with- 
out seriously injuring the ability 
of the grass to grow and produce 
normal amounts of herbage. At 
this rate of grazing, there was 
some reduction in the initial 
growth rate, but this was appar- 
ently overcome during the grow- 
ing season and was not reflected 
in total herbage yields. Grazing 
crested wheatgrass to 4- or 6-inch 
stubble heights was not efficient 
from the standpoint of beef pro- 
duction and presented problems 
in uneven use of the forage. The 
relation of these grazing intensi- 
ties to longtime range mainte- 
nance was not determined, but it 
was observed that the 2-inch 
stubble left very little litter for 
maintaing good soil conditions. 

A 4-inch stubble should be left 
on smooth brome. Closer graz- 
ing injures the plants. Vigor, as 

measured by early leaf growth, is 
reduced and herbage yields are 
lowered. 

Intermediate wheatgrass is in- 
jured quickly and seriously when 
grazed during the spring and 
summer to a 2-inch stubble 
height. Plant vigor as measured 
by initial height growth and 
herbage yields was greatly re- 
duced after only 2 years of graz- 
ing to this intensity. Grazing to 
a 4-inch stubble height did not 
appear to injure the plants. 

Only 6 years of record are 
available for interpreting results 
on Russian wildrye, but so far 
grazing to a l%-inch stubble 
height has had little effect on 
herbage yield and, therefore, 
little effect on stocking rates. 
Perhaps a more conservative 
grazing use, say 2 inches, would 
be a safer approach until more 
definite results are available. 
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Winter is a critical period for 
game animals in temperate cli- 
mates. During this season food 
supplies are at or near their min- 
imum; cold and inclement 
weather puts stresses on the bod- 
ily functions of animals and, at 
the same time, hampers the ani- 
mals in their attempts to secure 
forage. Population levels are 
therefore, frequently, if not in- 
variably, determined by the con- 
dition of the game habitat used 
during the winter months. Be- 
cause of these facts, knowledge 
of the value of species utilized 
for food during winter months is 
of extreme importance to the 
game manager. Throughout the 
West, but especially in those por- 
tions where snowfall restricts the 
available range for big-game ani- 
mals, winter food supplies are of 
especial concern. These consider- 
ations led to studies directed 
toward an evaluation of native 
browse plants as sources of for- 
age during the winter months. 

Digestion tests conducted pre- 
viously provided valuable inf or- 
mation regarding the nutritive 
content of individual plants 
(Smith, 1950b, 1952, and 1957). 
During these studies it was noted 
that oftentimes the amount of 
forage consumed was low for cer- 
tain species. Sagebrush (Arte- 
miss tridentata) and juniper 
(Juniperus osteosperma) partic- 
ularly come in this category. 
Even though a plant has a high 
level of nutrients, if, for some 
reason or other, it is not eaten 
in sufficient quantity, it cannot 
adequately support an animal. It 
was, therefore, deemed advisable 
to conduct feeding tests in which 

the response of the animal to 
specified diets could be observed. 

In Utah three species of plants 
are most important in the over- 
wintering of deer, sagebrush, 
juniper, and scrub oak (Quercus 
gambelii). Other plants are more 
attractive to deer than are these 
three, but because of natural 
abundance and the fact that the 
more desired plants have under- 
gone reductions on most areas 
over the years of heavy use, the 
three species listed probably pro- 
vide the bulk of the forage for 
deer on Utah ranges during the 
winter months. Of the three, oak 
is less widely distributed, but is 
often more abundant than either 
of the other two. In other areas 
sagebrush is the most important 
single plant; and in still others, 
juniper provides the major part 
of the forage. 

Procedures 
These facts suggested the plan 

of study in which these three 
species would be tested alone 
and in combinations. For com- 
parison, a diet which included 
these three species in addition to 
other more palatable browse 
plants was included. Because of 
the great amount of work in- 
volved in hauling feed and mak- 
ing accurate records, the study 
was conducted during three win- 
ters, 1954-55, 1955-56, and 1956-57. 
Tests were begun toward the end 
of December or early January 
with the onset of cold weather. 
Whenever a test was discon- 
tinued, other animals and diets 
were started as pens were va- 
cated. Most tests were termi- 
nated before the middle of 
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March. Unless the condition of 
the animals indicated that fur- 
ther testing would be unwise, 
tests were discontinued after 60 
or 70 days. This period was 
judged to be the limit of the se- 
vere winter period except in ex- 
treme years. By early March, 
slopes become bare of snow and 
opportunity is afforded to sup- 
plement the straight browse diet 
with other plant materials, and 
tests of longer duration than this 
were judged to be unnaturally 
long. The animals were weighed 
each week as a guide in judging 
the duration of the tests. 

The deer were held captive in 
individual pens near Logan, 
Utah, and fed prescribed diets. 
Browse material was cut from 
the adjacent winter range. The 
cut material was weighed daily 
after the browsed material from 
the previous day’s feeding had 
been removed. The differences 
in the initial and final weights 
of the browse material was cor- 
rected to correspond with ob- 
served changes in weights of 
bundles of browse handled iden- 
tically to the material provided 
the animals except that it was 
not within reach of the deer. 
The loss in weight attributed to 
deer consumption was corrected 
to air-dry weight by means of 
sample materials hand-clipped 
from the check bundles and 
dried. Sheds were available to 
provide protection to the ma- 
terials and minimize errors due 
to snow accumulation on the 
forage. 

Animals being fed on re- 
stricted diets were given small 
amounts of other species once 
each week. This was done in 
the belief that feeding but one 
plant was unnatural, for even on 
deteriorated ranges a small 
amount of better browse forage 
is usually available. 

In order to provide a basis for 
evaluating the accuracy of the 
feeding method, “dummy” data 
were secured. Bundles of ma- 
terial not available to the deer 
were clipped by hand in order to 
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FIGURE 1. Oak brush bundled and anchored to racks in feeding shed. 

simulate browsing. These clipped 
bundles were reweighed and the 
same calculations made as in the 
case of the materials fed to the 
deer. The computed removal 
was then compared to the actual 
weight of material removed by 
clipping. 

Resulfs and Discussion 
Comparison of the hand- 

clipped materials with the com- 
puted removal indicate an ac- 
ceptable degree of accuracy in 
the feeding method. Although 
occasionally there were substan- 
tial differences between the ac- 
tual and calculated figures due 
to breakage of the plants or loss 
of material from a bundle in han- 
dling, the mean differences were 
not great. The calculated 
amounts differed from the actual 
by +2.6 percent, -1.5 percent, 
+0.5 percent, and +0.03 percent 
in the case of sagebrush, juniper, 
curlleaf mahogany (Cercocarpus 
ledifolius), and oak respectively. 

The pertinent data regarding 
the animals used and the dura- 
tion of the tests are given in 
Table 1. An attempt was made to 
balance the several feeding tests 
by including animals of the dif- 
ferent ages and sex classes in all 
diets. This was not precisely pos- 
sible because of inadequate num- 

bers of animals within each of 
these classes. However, this ob- 
jective was approximately at- 
tained. 

It will be noted that the ju- 
venile animals could be held on 
the restricted diets a shorter pe- 
riod of time than could older ani- 
mals. Exceptions to this oc- 
curred in the case of animal 
1143 fed upon oak in 1954-55, and 
the two juveniles fed oak in com- 
bination with other forages in 
1956-5’7, A418 and A405. How- 
ever, because the duration of the 
tests was arbitrarily limited, 
these instances may not invali- 
date the conclusion that juven- 
iles are less able to survive diets 
of restricted species composition 
even when the amount of feed 
available is not limited. It is 
possible that, had all tests been 
continued indefinitely, there may 
have been further confirmation 
of the inability of young animals 
to survive as well as older ones 
on these particular diets. 

Only one animal was lost dur- 
ing the course of the studies. A 
juvenile fed upon oak died with- 
in 24 hours of being removed 
from the test after 41 days. It did 
not appear to have been in more 
serious condition than did other 
animals being fed other diets at 
the time of their removal. In 

several instances animals were 
noticeably weakened at the close 
of the tests. The dead animal 
was examined by members of 
the veterinary department staff. 
The cause of death was not de- 
termined. 

The shortest mean -duration of 
the tests was recorded with sage- 
brush. Since the termination of 
the tests was based upon subjec- 
tive criteria such as the general 
appearance of the animal and 
weight lost, no great precision 
could be attained, and too great 
significance cannot be attached 
to the small differences in the 
duration of the tests of sagebrush 
and juniper. Except for animal 
1149, animals were able to sub- 
sist on oak alone as long as those 
on a varied diet. 

The weights of the animals are 
shown in Table 1. Percentage 
losses as small as 2 percent and 
as large as 24 percent were re- 
corded. The greatest average 
weight loss was observed in ani- 
mals on sagebrush, although the 
superiority indicated for juniper 
on this score is very slight. Based 
upon the results secured herein, 
oak produced smaller weight 
losses than did either juniper or 
sagebrush. This is of particular 
interest in view of the low nutri- 
ent level found for this species 
in digestion trials (Smith, 1957). 

Amounti Consumed 

The ability of oak to support 
animals for appreciable periods 
in spite of low nutrient value is 
perhaps partially explained by 
the amounts ingested. It will be 
observed that the level of intake 
of oak is high, all animals con- 
suming nearly two pounds per 
hundredweight (Table 2). By 
contrast, those fed sagebrush and 
juniper c on sum e d considerably 
less than one-pound per hundred- 
weight on the average. 

The animals fed on varied diets 
ate two and a quarter pounds per 
hundredweight. This figure is 
somewhat less than the average 
intake reported for two male 
deer in preference tests made 
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Table 1. Summary of deer used, duration of feeding tests, and weight changes of animals. 

Diet 
Deer Winter Duration Weights (lbs.) Weight change 

number conducted Age* Sex Dates (days) Initial Final Average Pounds Percent 
Sagebrush 1135 1954-55 Y M 8 Jan- 4 Feb 

1143 1955-56 Y M 20 Dee- 3 Feb 
A419 1955-56 Y M 4 Feb-16 Mar 
1144 1955-56 J F 9 Feb-24 Feb 

28 112 93 102 -19 -17 
46 110 90 97 -20 -18 
42 127 97 113 -30 -24 
16 68 57 64 -11 -16 
36 -19 
19 52 45 51 - 7 -13 
46 120 102 111 -18 -15 
37 105 85 95 -20 -19 
59 110 86 100 -24 -22 
41 -17 
63 59 58 59 - 1 - 2 
71 119 116 119** - 3 - 3 
41*** 52 45 47 - 7 -13 

Mean 
Juniper A419 1954-55 J M 8 Jan-26 Jan 

2399 1955-56 M F 20 Dee- 3 Feb 
A403 1955-56 Y F 9 Feb-16 Mar 
1144 1956-57 Y F 19 Dee-15 Feb 

Oak 
Mean 

1143 1954-55 J M 
1141 1955-56 M F 
1149 1955-56 J F 
1132 1956-57 Y F 

8 Jan-11 Mar 
8 Dee-28 Feb 

20 Dee-29 Jan 
20 Jan-15 Mar 
12 
5 Jan- 1 Mar 

18 Feb-29 Mar 
25 Feb-29 Mar 

63 
60 
56 
40 
33 
42 
63 

103 83 90 -20 -19 
-9 
-15 h 
-19 
-13 
-16 
-14 

Mean 
Sagebrush & juniper 124 106 105 -18 

135 110 124 -25 
76 68 71 -10 

2399 1956-57 M F 
1143 1956-57 M M 

A410 1956-57 J F 
Mean 

Sagebrush & oak 

Juniper & oak 
Juniper, oak, & 

sagebrush 

Mixed species 

A418 1956-57 J F 5 Jan- 8 Mar 88 76 83 -12 

A419 1956-57 M M 5 Jan- 8 Mar 63 171 146 156 -25 -15 

A405 1956-57 J F 5 Jan- 8 Mar 63 64 60 62 -4 -6 

1142 1954-55 M F 20 Dee-11 Mar 
1135 1955-56 M M 20 Dee-28 Feb 
1132 1955-56 J F 20 Dee-28 Feb 
1141 1956-57 M F 19 Dee-22 Feb 

82 
71 
71 
66 
70 

113 104 110 -9 
143 110 126 -33 

39 31 35 -3 
124 104 111 -20 

-8 
-23 
-8 
-16 
-14 Mean 

*M = mature (over 2 years) ; Y = l-2 years; J = under 1 year. 
***Means are the averages of weekly weights. This animal increased in weight each week for four weeks. 

***This animal died within 24 hours of completion of tast. 

tions. Of these, four ate larger 
quantities of sagebrush, and four 
ate more of juniper, thus veri- 
fying the approximate equality 
of these two species from a pref- 
erence standpoint. 

earlier (Smith, 1950a) which 
was 2.65 pounds per hundred- 
weight. It is, moreover, less than 
the intake recorded for the ani- 
mals being tested in 1954-55. In 
that winter all animals were fed 
a varied diet for a period of 18 
days prior to the outset of the 
regular test diets. This was done 
to familiarize the student help 
with the technique and provide 
an opportunity for the animals to 
become accustomed to the spe- 
cies to be used. The average for- 
age intake for four animals dur- 
ing this familiarization period 
was 2.7 pounds per hundred- 
weight of animal, varying from 
2.1 to 3.4. In other years animals 
were supplied browse materials 
prior to the tests, but no records 
were kept of the amounts con- 
sumed. 

The low intake of juniper and 

sagebrush is of particular inter- 
est. The latter one especially has 
been found to be high in nutri- 
ents (Smith, 1950 and 1957). 
Moreover, it is held in high re- 
gard by many as a source of for- 
age for deer. In previous tests, 
sagebrush appeared to be some- 
what more palatable than did 
Utah juniper (Smith, 1950a; 
Smith and Hubbard, 1954). The 
data secured in the present feed- 
ing trials verify the approximate 
equality in palatability of these 
species, but tend to indicate 
slight superiority of juniper as a 
sustaining diet. This indication 
is contrary to conclusions drawn 
earlier from field observations. 

Exclusive of those animals fed 
these two species alone or to- 
gether, eight animals had access 
to sagebrush and juniper regu- 
larly as part of their daily ra- 

While these tests were being 
performed, it was noted that cer- 
tain animals on a varied diet in- 
cluding the three major species 
as well as curlleaf mahogany, 
bitterbush (Purshia trident&a), 
chokecherry (Prunus virginiana 
var.melanocarpa), birchleaf ma- 
hogany (Cercocarpus mon- 
tanus), and cliffrose (Cowania 
stansburiana) ate fairly substan- 
tial amounts of sagebrush. Ani- 
mal 1142 in 1954-55 consumed 
nearly a pound per hundred- 
weight (0.92) of sagebrush daily, 
nearly twice the average of those 
fed sagebrush alone. Animal 
1132 in 1955-56 ate more sage- 
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brush (0.31 pounds per hundred- 
weight) than did two animals fed 
sagebrush alone. Furthermore, 
reference to Table 2 will show 
that when sagebrush and juniper 
were fed together, the average 
daily intake was almost identi- 
cally the same as the sum of the 
average intakes of the two spe- 
cies when fed separately. 

A similar situation exists in 
the case of juniper. In one in- 
stance the average intake per 
hundredweight of the species 
taken in combination with other 
forages compared favorably with 
consumption of juniper alone. 
Animal 1135, for example, while 
on a varied diet consumed 0.40 
pounds of juniper per hundred- 
weight daily. 

These data suggest the possi- 
bility that deer may have some 
limit for consumption of these 
species which is little affected by 
the other forage available. This 
point of view is given further 
weight by some observations of 
other deer which during 1956-57 
were not being used in the feed- 
ing tests. These animals were 
being fed commercial livestock 
pellets and alfalfa hay as well as 
such browse material as was not 
consumed by the experimental 
animals. Invariably these ani- 
mals left their hay and pellets 
to eat browse when it was placed 
in the pens, some animals pre- 
ferring sagebrush to the artifi- 
cial feeds. The same response 
was noted with juniper, but it 
was less pronounced. 

It is interesting to note that 
although the amount of oak con- 
sumed was much greater than 
was the case either with juniper 
or sagebrush when fed alone, 
when these three were fed along 
with better forage plants this su- 
periority is not evident. Thus, 
animal 1142 ate a relatively large 
amount of sagebrush, 457 grams 
daily, and but small amounts of 
either oak or juniper. Another, 
number 1135, consumed 225 
grams daily of juniper and small 
amounts of oak and sagebrush. 
The other two animals on the 

Table 2. Daily forage consumpiion 
nutritive content of diets 

by during course of feds and 

Diet 

Daily 
consump- Pounds 

tion TDN 
Winter Deer lbs./cwt. per cwt. 

conducted number (air-dry) of animal Ratio 

Sagebrush 1954-55 1135 
1955-56 1143 
1955-56 A419 
1955-56 1144 

Juniper 

Oak 
Mean 

Mean 
Sagebrush & Juniper 

Mean 
Sagebrush & oak 
Juniper & oak 
Juniper, oak, & 

sagebrush 
Mean 

Mixed species 

Mean 

1954-55 A419 
1955-56 2399 
1955-56 A403 
1956-57 . 1144 

1954-55 1143 
1955-56 1141 
1955-56 1149 
1956-57 1132 

1956-57 2399 
1956-57 1143 
1956-57 A410 

1956-57 A418 
1956-57 A419 

0.48 .40 
0.63 .52 
0.27 .22 
0.30 .23 
0.42 .34 .24 
0.71 .45 
1.40 .95 
0.73 .48 
0.26 .15 
0.78 -51 .35 
3.56 1.24 
1.74 .72 
1.82 .73 
1.96 .76 
2.25 .86 .60 
1.10 .77 
1.07 .72 
1.46 .95 
1.23 .81 .56 
2.20 .79 
1.44 .55 

1956-57 A405 2.73 

1954-55 1142 
1955-56 1135 
1955-56 1132 
1956-57 1141 

2.39 
1.80 
3.11 
1.79 
2.25 

.99 

.78 .54 
1.62 
1.38 
1.75 
1.02 

1.00 

varied diet ate more oak than 
either of the other species, but 
the amounts consumed were 
small and the differences not 
marked. These data further sug- 
gest that not preference, but a 
differential in the tolerance of 
deer for these three species, ac- 
counts for the difference in con- 
sumption when these species are 
fed alone. 

Both sagebrush and juniper 
are known to exhibit great in- 
dividual differences in palatabil- 
ity, for animals eat of some 
plants of either species but avoid 
others. In juniper, and presum- 
ably in sagebrush, this varied 
palatability appears to be related 
to the essential oil content of the 
individual plants (Smith, 195Oc) . 
In the case of juniper the evi- 
dence of selective foraging is ob- 
vious in the high-lined effect that 

is produced on the selected 
plants, but this is not true with 
sagebrush. This factor may be 
expected to influence the results 
secured when these two species 
are compared under the condi- 
tions of this experiment, for it is 
not possible to be certain of sup- 
plying representative material 
of these variable species. 

This inherent variability may 
account for the fact that the con- 
sumption of these two species in 
this study was much less than 
has been noted in previously con- 
ducted tests. Prior to the initial 
digestion trials in 1948, consump- 
tion of sagebrush in excess of 
two pounds per hundredweight 
were noted (Smith, 1950b). 
Similarly, one animal was ob- 
served to eat more than two 
pounds of juniper per hundred- 
weight (Smith, 1952). The pe- 
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FIGURE 2. Yearling doe being fed juniper and showing signs of poor nutrition, 1956-57. 

riods during which these con- 
sumption figures were noted 
were short, however. The possi- 
bility thus exists of selecting su- 
perior strains of these two spe- 
cies if we could learn to identify 
them in the field. This possibility 
takes on added significance as re- 
vegetation programs are under- 
taken on deteriorated ranges. 

Nutritive Infake 
Forage intake figures show a 

wide variation between the dif- 
ferent diets. It is known, how- 
ever, that wide differences exist 
between the digestible nutrients 
of the species used (Smith, 1957). 
Accordingly, the amounts of di- 
gestible nutrients actually con- 
sumed were calculated for the 
various diets (Table 2). 

Sagebrush, for example, has a 
high level of TDN. On the basis 
of nutrient content, its value 
with reference to the other diets 
is improved somewhat. It pro- 
duces about 40 percent of the to- 
tal nutrients provided by oak, al- 
though the mean level of con- 
sumption between the two spe- 
cies differs by almost six times. 

Neither sagebrush nor juniper 
provided a great amount of nu- 
trients, but together they ap- 

proached the level of nutrient in- 
take of oak. 

Because it was not possible to 
provide a balance of age classes 
of animals in sufficient numbers 
to provide adequate basis for de- 
termining mean values for these 
age classes, it is difficult to com- 
pare these nutrient levels with 
those recommended for domestic 
animals. Comparison of the data 
secured with those recommended 
for sheep (Pope, A. L. et al., 
1957) indicates that only two ani- 
mals secured adequate nutrients. 
These were deer 1142 and 1135, 
mature animals fed on a varied 
diet. The other mature animal 
on this diet secured but 1.02 TDN 
per hundredweight of animal 
which is about 20 percent less 
than that required for a ewe of 
comparable weight. The fourth 
animal which secured more than 
one pound of nutrient per hun- 
dredweight was a juvenile fed 
oak, number 1143. Based upon 
the recommended amounts for 
lambs of comparable size, even 
the 1.24 pounds daily intake by 
this animal is only about half 
enough. Yet two of the animals 
fed oak lost but little weight 
(Table 1), in spite of the appar- 
ent inadequacy of the diets. 

The findings suggest the im- 
propriety of attempting final 
evaluations of range plants from 
the standpoint of content alone. 
Chemical analyses frequently 
have been used to rate forage 
plants. Without doubt consider- 
able error is inherent in such a 
procedure. In the first place, 
gross anaylses do not at all in- 
dicate the availability of the 
various chemical fractions to 
the animals. Moreover, as is 
shown in the data herein re- 
ported, even nutrient values pro- 
vide incomplete pictures of the 
place of an individual species in 
support of a range or game ani- 
mal. 

Although sagebrush and juni- 
per contribute heavily to the sup- 
port of deer herds, neither ap- 
pears to be satisfactory when it 
constitutes the sole item in the 
diet. Each would appear to be 
most valuable when other for- 
age species are available to be 
taken in conjunction with them. 
Approximately one-fourth of the 
nutrient intake of the animals 
fed on a varied diet was supplied 
by sagebrush and juniper. Nearly 
one-sixth of the nutrients came 
from sagebrush alone. As better 
forage plants become limited it 
seems probable that these species 
can assume an even greater im- 
portance without ill effects to 
the animals. 

Summary 
During three winters mule 

deer were fed on prescribed diets 
of browse species common to 
Utah ranges. From the stand- 
points of distribution and abun- 
dance, sagebrush, juniper, and 
oak are the most important, al- 
though not the most preferred, 
browse species. These three spe- 
cies were fed singly and in com- 
bination. They were also in- 
cluded in diets which included 
all the more preferred browse 
forages. 

The average daily consumption 
was lowest among the group fed 
sagebrush alone. Juniper was 
eaten in greater amounts. When 



BROWSE IN OVERWINTERING OF DEER 13 

fed together, the mean level of 
consumption of these two spe- 
cies was equal to the sum of the 
amounts consumed when they 
were fed singly. No entirely 
satisfactory explanation can be 
found for the lower consumption 
of sagebrush and juniper in these 
as compared to earlier data. 

Oak was eaten in quantity 
whether fed alone or together 
with sagebrush or juniper. How- 
ever, it was not eaten well in 
comparison with the more pre- 
ferred species making up the 
varied diets Some animals on 
varied diets ate more sagebrush 
or juniper than they did oak. 

The duration of feeding trials 
wds least for sagebrush, second 
for juniper, and third for sage- 
brbsh and juniper together. 

None of the diets appeared to 
be adequate in digestible nutri- 

ents when compared to recom- 
mended allowances for domestic 
sheep. It may be improper, how- 
ever, to expect to attain the lev- 
els of nutrition desired for do- 
mestic animals with game ani- 
mals in the wild. 

Neither chemical content nor 
digestible nutrients is an ade- 
quate measure of a plant’s value 
as forage. Only when the reac- 
tion of an animal toward the 
plant is observed in comparison 
to other forages can its impor- 
tance be assessed. Plants may 
have high value in a mixed diet, 
but may be inadequate as the 
sole source of forage. 
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Californians have become in- 
creasingly aware of the impor- 
tance of the water needed for ag- 
riculture and the industries of 
their state. They have prepared 
a thorough, forward looking plan 
(Calif., 1957) to develop and 
transport water to the far 
reaches of the state. Included in 
the plan is the intensive manage- 
ment of California’s mountain 
watersheds. The State of Cali- 
fornia, Department of Water Re- 
sources, and the U. S. Forest 
Service, California Forest and 
Range Experiment Station, have 
joined hands in a program to 

IPaper presented at the December 
1957 meeting of the California Sec- 
tion, American Society of Range 
Management. 

conduct research into methods of 
improving water yield from the 
snow zone of the state. The pro- 
gram is called the California Co- 
operative Snow Management Re- 
search (Anderson, 1956). 

Management of the snow zone 
for water production may signi- 
ficantly influence the available 
summer range and hence range 
management in the Sierras and 
Cascades. 

The present emphasis on snow 
zone research results from the 
importance of this zone to the 
water yield of the state. Accord- 
ing to Colman (1956)) 95 percent 
of California’s water comes from 
the forested and brush covered 
lands-42 percent of the State’s 
area: 

1. Forty-four percent of the 
State’s water comes from 
the commercial forests be- 
low the snow pack and the 
foothill brushlands. 

2. Thirty-eight percent comes 
from the commercial forests 
within the snow zone. 

3. Thirteen percent comes 
from the alpine part of the 
snow zone above the com- 
mercial timber belt. 

The snow zone occupies only 
12 percent of the land area yet 
yields 51 percent of the State’s 
water. This high yield and the 
fact that it produces water later 
in the year than the other zones 
makes the snow zone the most 
valuable and most important 
water producing area in the 
State. 

The snow research program 
aims to develop ways of manag- 
ing land for improved water pro- 
duction. Improvement can take 
the form of: 

1. Increasing the total stream- 
flow. 

2. Changing the timing of 
streamflow. 
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the form of: 

1. Increasing the total stream- 
flow. 

2. Changing the timing of 
streamflow. 



14 RAYMOND M. RICE 

Woodland-brush-grass-cultivated 
Forest belt below snow zone 
Forest belt in snow-pack zone 

(Acres) (Acre feet) 
I7,850,000 8,930,OOO 
I2 ) 530,000 22,550,ooo 
9 ) 070,000 27,200,OOO 

Alpine snow zone 
Total 

3,000,000 9,000,000 
42,450,OOO 67,680,OOO 

Entire state 101,300,000 7 I ) 000,000 

FIGURE 1. Major water-yield areas of California showing the location of the study areas 
for the cooperative snow management research program. 

3. Improving or maintaining 
water quality. 

4. Reducing local flood and 
sedimentation damages. 

Experimental Areas 
Three locations are being used 

in the Snow Management Re- 
search Program. One study area 
is the Teakettle Creek Experi- 
mental Forest, in the headwaters 
of the Kings River about 75 miles 
east of Fresno. Here we are cali- 
brating the performance of five 
matched experimental water- 
sheds. Typical of Sierra high 

country forests, Teakettle Creek 
is dominated by virgin stands of 
true fir (Abies magnifica and A. 
concolor) and has patches of 
mixed conifers scattered 
throughout the area on the drier 
sites. Wet meadows cover about 
8 percent of the Teakettle basin, 
mostly along the streams in the 
upper reaches of the watersheds. 
These meadows account for most 
of the carrying capacity of the 
summer cattle range on the ex- 
perimental area. 

Second of the three is the 
Swain Mountain Experimental 

Forest in the headwaters of the 
Feather River. Here forest man- 
agement studies will cut forests 
of red fir (Abies magnifica) 
in strips of several widths and 
in blocks of various sizes. We 
are measuring the effects of this 
logging on snow accumulation 
and melt. 

Red fir is one of the dominant 
species in the snow zone. It 
typically grows in very dense 
stands which intercept a sizable 
proportion of the snow falling on 
the forest. Some of this is lost to 
the atmosphere by evaporation 
without ever reaching the 
ground. More moisture is lost by 
evapo-transpiration. W e would 
like to know how to cut the for- 
ests in a way that causes the 
maximum amount of snow to 
reach the forest floor and a mini- 
mum amount to be lost through 
evapo-transpiration. The studies 
at Swain Mountain are aimed at 
finding out what patterns of cut- 
ting are best and how snow can 
be deposited in shade of the sur- 
rounding timber to delay melt. 

Most of our field staff is at the 
third area, near Donner Pass- 
the Central Sierra Snow Labora- 
tory. Four reservoirs and gaging 
stations were constructed in the 
summer of 1957 on the branches 
of Onion Creek in the head- 
waters of the American River. 
They will be used to measure 
streamflow and sediment pro- 
duction and thus evaluate the 
performance of the experimental 
watersheds. 

The Onion Creek Experi- 
mental Forest is not so heavily 
forested as Teakettle and Swain 
Mountain. About half the area 
supports timber. This stand is a 
mixed-conifer type containing a 
good deal of Jeffrey pine (Pinus 
jeffreyi) and sugar pine (P. Zam- 
bertiana). The higher elevations 
in most of the drainages contain 
wet and dry meadows grazed by 
sheep. 

The experimental watersheds 
at both Onion Creek and Tea- 
kettle Creek will require at least 
5 years of undisturbed operation 
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FIGURE 2. Because of the large amount of open land in the High Sierra, range managers 
as well as foresters are interested in snow management research. 

before we can start timber cut- 
ting and test land management 
measures. It will take this long 
for us to learn the characteristics 
of the flow of each of the streams. 
Then we can evaluate the 
changes in water yield caused by 
logging and other land manage- 
ment measures. 

Basic Studies 

In the meantime, at the Cen- 
tral Sierra Snow Laboratory, 
basic studies are underway to 
help select the most promising 
management techniques for 
water production. Here we will 
attempt to correlate forest en- 
vironment with the accumula- 
tion and melt of snow. Studies 
are underway to evaluate the 
effect of solar radiation, wind, 
topography and vegetative cover. 
Summer and winter evapo- 
transpiration losses are also be- 
ing investigated to increase our 
knowledge of soil-moisture stor- 
age and losses for various soils 
and on different sites in the snow 
zone. Taken together, these 
studies will tell us how much 
snow falls in various locations, 
what happens to it after it falls, 
and what effect the different 
parts of the environment have on 
the accumulation and melt of 
snow. The most promising meth- 
ods of delaying snow melt and 
increasing water yield suggested 

by these studies will be tested by 
cutting small plots. Finally from 
these plot studies, techniques 
will be selected for application to 
entire experimental watersheds. 

Inventories 
Another part of the snow re- 

search is inventorying the pres- 
ent water yields and land condi- 
tions in the Sierra Nevada. These 
studies will insure that no impor- 
tant management segment of the 
Sierra is overlooked in our re- 
search program. They will also 
indicate the extent of the area 
to which any particular treat- 
ment could be applied and show 
what would be the impact of 
such treatment upon the hydrol- 
ogy of a particular watershed. 

The first inventory analyzes 
the hydrologic characteristics of 
about 130 Sierra Nevada river 
basins. It describes the topo- 
graphy, water yield, and timing 
of water yield of each basin and 
its component watersheds. We 
have reasoned that water pro- 
duced by different watersheds 
and by the same watersheds at 
different times of the year has 
different values. Because of the 
lack of summer rain in Cali- 
fornia, water gets more valuable 
as the season progresses. We are 
trying to discover on which 
watersheds the delay of snow 
melt will produce usable water 

latest in the spring and summer. 
Another inventory, using 

aerial photographs and topo- 
graphic maps, describes the 
slope, aspect, elevation, and ve- 
getative cover of about a thou- 
sand 40-acre plots on the west 
side of the Sierra. The plots are 
located at the intersection of 
every 5 minutes of latitude and 
longitude from Lassen Peak to 
the Tehatchapi Mountains. A 
preliminary analysis of the first 
124 plots above 5,000 feet in ele- 
vation (Richards, 1957) has yield- 
ed some interesting and unex- 
pected results. For instance it 
appears that the Sierra Nevada 
is not nearly as heavily forested 
as we once thought. On the con- 
trary, tree crowns cover only 23 
percent of the area. The re- 
mainder is open land, either be- 
tween the tree crowns or in 
larger open areas. Forty-six per- 
cent of the openings were greater 
than 1,000 feet in diameter. An- 
other fact uncovered that might 
not be so startling to the range 
manager as to the forester: 29 
percent of the openings were 
brush covered, 29 percent were 
bare, and only 16 percent sup- 
ported grass or forbs. 

Questions for Range Workers 
Californians look to the snow 

zone for most of their water. 
Range managers as well as for- 
esters will help solve its hy- 
drologic problems. Because of 
the large amount of non-forested 
area within the snow zone, the 
range man will help answer sev- 
eral important questions. For in- 
stance: Will the water produced 
from a mountain meadow be- 
come more valuable than the 
livestock it can support? If water 
were more valuable, would the 
draining of a meadow to increase 
water yield result in the invasion 
of shrubs or trees, and how much 
water would they use? Or is the 
water used by meadow plants 
outweighed by the meadow’s 
value in retarding streamflow? 
How will openings logged to 
trap snow affect the availability 
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Brush Control in the Georgia Piedmont1 

LAURENCE C. WALKER 

Associate Professor, School 
Georgia, Athens, Georgia 

The only consistency in the 
use of chemicals for brush con- 
trol in the Piedmont of Georgia 
is inconsistency. This fact, to the 
practical man, may make vain a 
discussion of practical applica- 
tions of herbicides. But it is a 
fact which bears careful scrutiny 
in this part of the country, if the 
practicing range manager is to 
get the best results from plant 
control treatments. The work of 
Woods (1955) and Halls and Bur- 
ton (1951) in the Coastal Plain, 
and Ray (1957) and Hiatt (1956) 
in the Interior Highlands, and of 
many other researchers is evi- 
dence that, in their respective 
provinces, inconsistent results 
need not be the case. 

The rolling terrain north of the 
fall line in Georgia is character- 
ized by criteria which, theoreti- 
cally at least, may be responsible 
for erratic results from chemical 
applications. Since it is believed 
that plants must be physiologi- 
cally active to absorb and trans- 

IContribution of the Forest Physiol- 
ogy Laboratory, University of 
Georgia, cooperatively supported by 
the Georgia Forest Research Coun- 
cil and the Georgia Forestry Com- 
mission. This paper was presented 
to the Southern Section Meeting, 
American Society of Range Man- 
agement, October 1957. 
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locate these chemicals, it follows 
that factors which inhibit active 
growth will serve to decrease le- 
thal chances. Probably the chief 
factor.is the sporadic rainfall pat- 
tern resulting in an average of 
more tha.n four two-week 
droughts per year over the past 
65 years of record keeping. In 
other areas, two weeks without 
rain would hardly be cause for 
a drought label; but the original 
subsoils of compact clay now ex- 
posed at the surface are rela- 
tively ineffective in rain water 
infiltration and storage for sub- 
sequent plant growth. This is 
especially the case since much of 
the rainfall occurs as short 
storms of considerable intensity. 

Aspect, because of its influence 
on soil moisture, is particularly 
important in the growth of hard- 
woods. This has been pointed up 
by foresters in noting the en- 
croachment and survival of de- 
ciduous trees on the more moist 
northern and eastern slopes, in 
contrast to their absence on drier 
south- and west-facing slopes. 
Aside from soil moisture, the low 
fertility and aeration levels of 
these soils are not conducive to 
plant growth. 

The integrated factors of site- 
micro-climatic, physiographic, 
edaphic, and biotic-also lend 

their influence to the resistance 
or susceptibility of woody plants 
to brush control chemicals. It is 
the combination of these factors 
which bring about selection of 
the climax species. While oaks 
and hickories are climactic 
throughout most of the Georgia 
Piedmont, some areas, such as 
those chracterized by deep sands 
in old river beds, possibly carry 
these species only as temporary 
components. There, brush con- 
trol applications are expected to 
be more satisfactory than where 
oaks and hickories are firmly 
and perpetually established. 
Other factors, such as size of 
trees, the time of day (Read, 
1950)) and the month of treat- 
ment, even within a particular 
season, may attribute to variance 
in results. 

One major reason for apparent 
inconsistencies is the host of 
species which commercial formu- 
lations are expected to affect. At 
least 75 species of deciduous trees 
occur as brush in the lower Pied- 
mont along with another 50 spe- 
cies of shrubs. All of these occur 
on abandoned lands which range 
men may wish to maintain in 
pasture. Naturally, metabolic 
rates and reaction to plant “hor- 
mones” will vary among them, 
resulting in wide differences in 
percentages of treated plants 
killed. 

Of particular interest to us has 
been the inverse relationship of 
response to treatment with dos- 
age rate. Some examples of 
such inconsistencies, when 
higher concentrations gave in- 
inferior results to lower concen- 
trations, include the following: 
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Aspect, because of its influence 
on soil moisture, is particularly 
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by foresters in noting the en- 
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ciduous trees on the more moist 
northern and eastern slopes, in 
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trol applications are expected to 
be more satisfactory than where 
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Other factors, such as size of 
trees, the time of day (Read, 
1950)) and the month of treat- 
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season, may attribute to variance 
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One major reason for apparent 
inconsistencies is the host of 
species which commercial formu- 
lations are expected to affect. At 
least 75 species of deciduous trees 
occur as brush in the lower Pied- 
mont along with another 50 spe- 
cies of shrubs. All of these occur 
on abandoned lands which range 
men may wish to maintain in 
pasture. Naturally, metabolic 
rates and reaction to plant “hor- 
mones” will vary among them, 
resulting in wide differences in 
percentages of treated plants 
killed. 

Of particular interest to us has 
been the inverse relationship of 
response to treatment with dos- 
age rate. Some examples of 
such inconsistencies, when 
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trations, include the following: 
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Chemical 
Estasol (2, 4-D, 
isopropyl ester, 
3.34 lbs. acid 
per gallon). 

Dalapon (2,2-DP, 
sodium salt). 

Kuron (2, 4, 5-TP, 
butyl ether ester, 
4 lbs. acid per 
gallon). 

Application 
1 gallon: 320 gallons water 
@ 200 gallons per acre 

1 gallon: 80 gallons water 

1 pound: 5 gallons water 
@ 200 gallons per acre 

2 pounds: 5 gallons water 

1 gallon: 320 gallons water 
@ 200 gallons per acre 

1 gallon: 160 gallons water 

Why these relationships exist 
remains to be determined. In an 
effort to do so we have resorted 
to radioisotopes. Using radioac- 
tive carbon-14 in the 2, 4, 5-tri- 
chlorophenoxyacetic acid mole- 
cule, three important, but ele- 
mentary, facts have thus far 
been established: 

(1) Only a portion of the ma- 
terial applied to foliage is ab- 
sorbed through the leaf cuticle. 
Supersaturation probably takes 
place, killing the absorbing tis- 
sues before all of the chemical 
can move from the leaf exterior. 

(2) Most of this absorption 
seems to take place within 24 
hours after application. The re- 
mainder may remain on foliage 
till autumn leaf fall or be washed 
off by rain. 

(3) Finally, the various formu- 
lations appear to have widely 
divergent rates of absorption. 
The amine is superior to either 
acetone or ammonium salt com- 
pounds of 2, 4, 5-T. 

These are but initial responses 
with isotope techniques in dis- 
covering why divergent results 
are obtained in silvicide applica- 
tions. The use of this tool should 
pay rich dividends as we probe 
more deeply the cryptics of silvi- 
tide physiology. 

Range men will be particularly 
interested in our results obtain- 
ing grass following brush con- 
trol. 2, 4, 5-T in ACP’s formula- 
tion 329 at high concentrations 
(1 gallon to 20 gallons water) ap- 
plied in March appears excellent. 
The same company’s formulation 

Result 
Very good brush control 
2 years later. 

No effect. 

Good brush 
1 year later. 

control 

Very poor results. 

Good brush control 
1 year later. 

No effect. 

609 (1 gallon to 80 gallons water) 
appears equally favorable when 
applied in early spring and mid- 
summer (Figure 1). 

Borate, at a rate of 5 tons per 
acre, gave good brush control 
and permitted grass establish- 
ment, but higher rates laid bare 
the soil (Figure 2). Borascu at 
both 5- and lo-ton rates gave 
good grass cover two years after 
application. Species eradicated in 
these trials included winged elm 
(Ulrnus alata), sweetgum (Li- 
quidambar styraciflua), black- 
haw (Viburnum rufidulum), 
blackgum (Nyssa sylvatica), 
sourwood (Oxydendrum arbor- 
eum) and sumac (Rhus spp.). 
The oaks, except for post oak 

(Quercus stellata), and hickories 
were noticeably absent on these 
plots. 

Stockmen have lately been in- 
quiring concerning the use of 
urea compounds for range brush 
control. We have failed to get 
a response with winter applica- 
tions as great as 40 pounds per 
acre, but summer treatments at 
the same rate appeared satisfac- 
tory with bunch grass taking 
over during the second growing 
season. With CMU, a urea soil 
sterilant, Woods (1955) noted that 
by the end of the second growing 
season, wiregrass was nearly 
eradicated and replaced by other 
grasses. Invading grasses in the 
deep sands of West Florida 
where he experimented, were 
much taller and more vigorous 
than elsewhere. 

A forester mentions kudzu tc 
cattlemen only cautiously, and in 
passing. But when it gets out of 
hand, even the rancher may be 
interested in control methods. In 
the Piedmont, this information is 
important because it is reported 
that over a million acres of the 
province in South Carolina and 
Georgia have been detrimentally 
invaded by this vine and honey- 
suckle. Good first year kill is 

FIGURE 1. Good grass cover is established following 
609 on brush in the Georgia Piedmont Plateau. 

the use of ACP’s formulations 329 and 
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obtained with either 2,4-D, 2,4,5- 
T, or amino-triazole; but the ef- 
fect of 2,4,5-T appears within a 
few days, and about two weeks 
earlier than it does for the others. 
Annual treatments-or in some 
cases semiannual-are necessary 
to completely eliminate the vine. 
The chlorophyl-inhibiting char- 
acteristic of amino-triazole is not 
as pronounced on kudzu as has 
been reported for honeysuckle 
(Brender and Hodges, 1957). 

In a nutshell, then, users of 
silvicides in the Georgia Pied- 
mont must be made aware that 
applications may be costly risks 
and the chemical may not be- 
have in practice as in formal ex- 
perimentation. Good chemicals, 
and considerable information on 
their effects upon vegetation, are 
available; but positive predic- 
tions are not yet warranted. 

r 

LAURENCE C. WALKER 

FIGURE 2. Borate, at rates exceeding five 
tons per acre, sterilized the soil and thus 
prohibited grass invasion two years after 
treatment. 
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Removal of woody vegeta- 
tion and conversion to grassland 
has been advocated by many 
workers as a means of increasing 
the supply of livestock forage 
and improving watershed effi- 
ciency in the annual range type 
(Jones and Love, 1945; Love and 
Jones,, 1947; Biswell, 1950; Cor- 
nelius and Graham, 1951; Vieh- 
meyer, 1953; Leonard and Har- 
vey, 1956). 

The demand for increased 
production from foothill range- 
lands poses the question: What 
effect would killing the over- 
story of blue oak trees (QUeTcUS 

douglasii) have on forage pro- 
duction where a good stand of 
annual grasses and forbs already 
exists? 

This paper deals with some as- 
pects of the problems which per- 
tain to quantity and quality of 
forage produced on the blue oak- 
annual grassland as a result of 
killing blue oak with 2,4-D. 

Procedure 
The rangeland area where this 

study was undertaken is in the 
Sierra-Nevada foothills where 
deciduous blue oaks are encount- 
ered at elevations of about 300 to 

1,500 feet (Jepson, 1910). The 
study area, consisting of ap- 
proximately 25 acres, was lo- 
cated in Placer County northeast 
of Lincoln, California, on the 
C. F. Files ranch at an elevation 
of 500 feet and with an average 
annual precipitation of 20-25 
inches. Soils of the area are pre- 
dominately non-calcic brown 
stony clay loam commonly con- 
sidered to be in the Auburn se- 
ries. Oak tree density averaged 
115 trees per acre. Average di- 
ameter of trees was 7.5 inches. 

Two adjacent pastures were 
chosen for their similarity of as- 
pect, slope, and plant cover. One 
of the pastures was randomly 
chosen for treatment and the oak 
trees were killed (Fig. 1). The 
other pasture was untreated and 
served as a control. Blue oaks 
were treated by using the cut 
surf ace technique and applying 
2,4-D amine1 to the cut accord- 
ing to the method described by 
Leonard and Carlson (1955)) and 

1The 2,4-D material used in this 
study was furnished by the Dow 
Chemicat Company. 
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exists? 

This paper deals with some as- 
pects of the problems which per- 
tain to quantity and quality of 
forage produced on the blue oak- 
annual grassland as a result of 
killing blue oak with 2,4-D. 

Procedure 
The rangeland area where this 

study was undertaken is in the 
Sierra-Nevada foothills where 
deciduous blue oaks are encount- 
ered at elevations of about 300 to 

1,500 feet (Jepson, 1910). The 
study area, consisting of ap- 
proximately 25 acres, was lo- 
cated in Placer County northeast 
of Lincoln, California, on the 
C. F. Files ranch at an elevation 
of 500 feet and with an average 
annual precipitation of 20-25 
inches. Soils of the area are pre- 
dominately non-calcic brown 
stony clay loam commonly con- 
sidered to be in the Auburn se- 
ries. Oak tree density averaged 
115 trees per acre. Average di- 
ameter of trees was 7.5 inches. 

Two adjacent pastures were 
chosen for their similarity of as- 
pect, slope, and plant cover. One 
of the pastures was randomly 
chosen for treatment and the oak 
trees were killed (Fig. 1). The 
other pasture was untreated and 
served as a control. Blue oaks 
were treated by using the cut 
surf ace technique and applying 
2,4-D amine1 to the cut accord- 
ing to the method described by 
Leonard and Carlson (1955)) and 

1The 2,4-D material used in this 
study was furnished by the Dow 
Chemicat Company. 
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FIGURE 1. Blue oak-annual grassland with a good understory of annual grasses and forbs. 
The bark of the dead blue oak trees is peeling off, and leaves are retained as a result of 
2,4-D treatment. (Photo by F. Leland Elan). 

Leonard and Harvey (1956). 
This treatment was administered 
in April 1956 at a calculated cost 
of about $4.06 per acre. No at- 
tempt was made to measure en- 
vironmental factors involved in 
the study. 

On February 2’7, 1957 one hun- 
dred sampling points were re- 
corded on north and west facing 
slopes of each area for botanical 
composition using the step-point 
method (Evans and Love, 1957). 
Sampling at this time was to de- 
termine differences in early sea- 
son response of annual range fol- 
lowing treatment. 

Four pairs of exclosures of 
approximately 400 square feet 
in treated and control pastures 
were established, immediately 
following step-point sampling, in 
each pasture under dense (65 
percent) and sparse (35 percent) 
tree cover and on north and west 
facing slopes to obtain measures 
of forage production under the 
various conditions. Percent cover 
of woody vegetation was deter- 
mined from aerial photos. 

At the peak of the growing 
season, May 28, 1957, a strip was 
clipped with a power mower in 
each exclosure. Green weight, 
dry weight, percent moisture, 
percent nitrogen, and percent 
phosphorus of the clipped for- 

age were recorded from these 
plots. Nitrogen in the samples 
was determined by the Kjeldahl 
method (Anon., 1955) and phos- 
phorus by the method of Toth, et 
al. (1948). Yield, nitrogen, and 
phosphorus data were analyzed 
for significance using a t-test. 

Results 
Oak trees showed symptoms 

of severe 2,4-D injury two weeks 
after treatment and appeared to 
be dead within four weeks. Dead 
leaves were retained on the trees 
for a year or more after 2,4-D 
was applied. Although dead, 
trees remained standing during 
the study period. 

The step-point sampling on 
February 27, at the beginning of 

the active growing season, indi- 
cated that there had been an in- 
crease in ground cover, an in- 
crease in the percent of grasses 
and a decrease in the percent of 
forbs on the treated areas 
(Table 1). 

Forage yields taken at the 
peak of plant growth were sig- 
nificantly greater in all of the 
treated exclosures on north and 
west slopes and under sparse and 
dense tree cover. Quality of for- 
age with respect to crude protein 
and percent phosphorus was not 
significantly different on un- 
treated and treated areas 
(Table 2) . 

An increase in palatability 
was noted under 2,4-D treated 
trees three weeks after treat- 
ment and continued during the 
period of the study. Beneath the 
canopies of these trees a greater 
amount of forage was eaten than 
in openings between trees or be- 
neath untreated trees. 

Discussion 
The blue oak-annual grass- 

land, where this study was car- 
ried out, is in a summer drought 
region. Precipitation, ranging 
from 20 to 25 inches, occurs in 
the fall, winter and spring 
months. Most of the annual 
plants germinate in the fall and 
grow very little during the win- 
ter months. Rapid growth does 
not occur until soil temperatures 
increase in late winter or early 
spring. At this time and until 
maturity, light, soil nutrients, or 

Table 1. Sfep-poinf analysis of blue oak-annual grassland under 2,4-D 
freafed and non-freafed blue oak frees showing perceti g-round cover 
and boianical composifion of herbaceous vegefafion. 

Control 

Observations North West 
Per- Per- 
cent cent 

Ground cover 23 47 
Botanical Composition: 

Annual grass 34 28 
Broadleaf filaree 0 22 
Redstem filaree 18 8 
Bur clover 6 14 
Other forbs 42 28 

Treated 

Mean North West Mean 

Per- Per Per- Per- 
cent cent cent cent 

35 60 80 70 

31 46 48 47 
11 0 34 17 
13 6 6 6 
10 6 4 5 
35 42 8 25 



20 WALTER JOHNSON, C. M. McKELL, R. A. EVANS, AND L. J. BERRY 

other factors of the environment 
may limit growth of various 
members of the plant com- 
munity. Later in the season, 
competition for moisture be- 
tween the blue oak and the un- 
derstory plants may also become 
an important factor. Chemical 
control of oak trees, the domi- 
nant species in this woodland- 
grass community, obviously 
would improve the availability 
of light, moisture, heat, and soil 
nutrients to the remaining mem- 
bers of the community. In view 
of the large increase in forage 
production as a result of the 
2,4-D treatment of the oak trees, 
the study points up the need for 
an understanding of some of the 
basic relationships between blue 
oak and annual forage plants. 

An interesting comparison was 
made possible when a line of 
trees extending through the 
treated area on a north slope was 
not treated so it could be used 
for a future fence. On February 
27, 1957 it was noted that forage 
under the live trees was defi- 
nitely retarded in growth as 
compared to forage under the 
adjacent chemically treated 
trees. At this time the live trees 
had not yet produced leaves and 
the dead trees still retained the 
previous year’s foliage. 

Summary 
A field trial was established in 

blue oak-annual grassland to 
measure the quantity and qual- 
ity of forage produced after kill- 
ing blue oak trees using undi- 
luted 2,4-D amine in a cut sur- 
face application technique. 

Table 2. Yield, crude protein, and phosphorus of annual range forage under 
2-4-D treated and non-freaied blue oak frees. 

Exposure and 
Cover of 

Sample areas 

Dry matter Percent Percent 

Lbs./Acre - 
Crude protein Phosphorus in 

in forage forage 
-Treated Control Treated Control Treated Control 

West Dense 1,318 277 6.56 6.88 .168 .388 
Sparse 915 316 6.94 6.31 .382 .236 

North Dense 1,630 138 6.75 7.63 .383 .376 
Sparse 1,772 381 5.25 9.63 .303 .341 

Mean 1,409 278 6.38 7.61 .309 .305 
Significance1 ** N.S. N.S. 
1 This significance is based on observations that the two areas were alike 

prior to treatment. (** Significance at 1 percent level). 

Treatment resulted in a five- JEPSON, WILLIS, L. 1910. The silva of 
fold increase in forage yield. 
Quality of forage with respect to 
crude protein and phosphorus 

California. Memoirs of Univ. of 
Calif. Vol. 2. Univ. Calif. Press, 
Berkeley. 480 pp. 

content- was not affected by the JONES, B. L. AND R. M. LOVE. 1945. 
treatment. Improving California ranges. Calif. 

Further study is underway to Agri. Exp. Sta. Circ. 129. 48 pp. 
identify the particular factors L EONARD, 0. M. AND C. E. CARLSON. 
responsible for greater plant 1955. Chemical brush control tech- 
growth under a canopy of dead niques. Calif. Dept. of Nat. Re- 
blue oak trees vs. a canopy of sources, Div. of Forestry. 12 pp. 
live trees. 
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Among the various ecological 
factors that control the composi- 
tion of vegetation, fire has been 
a major one in many parts of the 
world. Grasslands that support 
game and livestock herds in cen- 
tral Africa have been kept free 
of the invading acacia by fire, 
both accidentally and inten- 
tionally. The chaparral of the 
Pacific Southwest is mostly a 
“fire type,” maintaining itself 
either by sprouting immediately 
after fire or by producing hard- 
coated seeds that await treat- 
ment, such as the heat of a fire, 
and then abundantly reseed the 
devastated area. 

The composition of the forests 
of the United States has been 
governed by fire to a major de- 
gree. In the West, herbaceous 
and shrubby species have been 
encouraged when fire thinned 
the forest canopy, and they 
have often gained competitive 
advantage over tree species, tem- 
porarily at least, by their ability 
to regenerate quickly. 

Fires in the ponderosa pine 
type are often of such severity 
that a part of the forest is de- 
stroyed, and light reaching the 
forest floor is markedly in- 
creased. There follows rapid 
growth of various species of 
shrubs. Some originate from 
sprouts, but most come from a 
great volume of seed accumu- 
lated in the duff on the forest 
floor. Such species as bear clover 
(Chamaebatia foliosa), numerous 
manzanitas (Arctostu@~~ Zosspp.) , 
and several species of ceanothus, 
particularly deerbrush (Ceu- 
not hus integerrimus), may form 
pure stands. Deerbrush is partic- 
ularly desirable as forage for 
livestock and wildlife and is one 

of the most important shrubby 
forage species in the mountains 
of California. 

Deerbrush is a member of the 
buckthorn family (Rhumnuceue). 
It is most widely known as 
deerbrush or sweet birch. It is 
also called mountain lilac, wild 
lilac, blue brush, buckbrush, 
rough brush, birch brush, snow 
brush, and soap brush. It is a 
somewhat open, spreading, de- 
ciduous shrub from 4 to 18 feet 
in height at maturity and having 
slender, graceful, somewhat 
drooping branches. It is widely 
branched and often as great in 
breadth as in height. The growth 
of the current year is a light yel- 
low-green, the branchlets are 
pliant, and frequently 12 to 18 
inches long. The leaves, soft and 
thin, are ovate to oblong ovate, 
entire, and characteristically 
three-nerved from the base. They 
are 1 to 3 inches long, smooth, 
and lighter green on the under- 
side. They are arranged alter- 
nately on the stem. The flowers 
are predominantly white, but 

blue and occasionally pink flow- 
ered plants occur. 

Disfribufion 

Deerbrush is in greatest 
abundance along the west slope 
of the Sierra Nevada between 
Kings River and Feather River. 
Altitudinally, it is found between 
5,000 and 7,000 feet in southern 
California, 3,000 to 5,500 in the 
central Sierras, and 2,000 to 4,000 
in northern California. This is 
roughly the floristic belt occu- 
pied by ponderosa pine (Pinus 
ponderosu). Deerbrush occurs 
sparingly in the inner North 
Coast Ranges and in the Sierra 
Madres of southern California. 

The shrub is found on almost 
any well-drained soil, even 
though considerable amounts of 
loose and broken rock are pres- 
ent. Shallow soils support only 
light stands and small shrubs. 

On the Stanislaus Forest in the 
central Sierras where intensive 
studies were conducted, three 
grazing allotments embracing a 
total of 76,000 acres were sur- 
veyed intensively. On nearly 
35,000 acres, or 45 percent of the 
area, deerbrush was an impor- 
tant component of the vegeta- 
tion, with a density from 5 per- 
cent to 100 percent. In net sur- 
face area this was equivalent to 
10,555 acres, or about 14 percent 
of the total. This quantity of 
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many areas no deerbrush is alive 
when a new burn occurs. 

nated by close grazing. 

browse on a segment of the range 
is indicative of its importance. 

Reproducfion 
Reproduction of deerbrush is 

principally from seed, but stump- 
and root-sprouting are natural 
occurences. Being hard-coated, 
the seeds remain viable but dor- 
mant on the forest floor for many 
years. Just how many we do not 
know, but probably more than 
20 years. Much seed accumulates 
during this time but requires 
some disturbance, such as forest 
fires and logging operations, for 
germination. Without disturb- 
ance, seed reproduction is ex- 
tremely rare. Rodents, birds, or 
other animals show little interest 
in the seed. However, squirrels 
occasionally cache it, as evi- 
denced by seedlings appearing in 
groups, The heavier stands of 
deerbrush which now exist are 
on areas that have been swept by 
fire within the last 30 years. 
Lighter stands are found on the 
disturbed soils of logging opera- 
tions. The major part of the 
germination takes place the first 
year after the disturbance, a very 
small amount in the second and 
third. Rarely have any plants 
been found that germinated after 
the sixth year. 

Growth 

Seedlings reach a height of 3 
to 4 inches during the first grow- 
ing season. The second year’s 

growth usually, but not always, 
produces two branches besides 
the leader, the plant averaging 8 
inches in height by the end of the 
season. During the third season 
it attains its typical branching 
form, begins to look bushy, and 
may reach 12 inches in height, 
more in years favorable to 
growth. In the third year, the 
grazing capacity steps up mark- 
edly, and in the next increases 
manyfold; the shrub grows vig- 
orously in both height and 
breadth, often producing 
branches up to 14 inches 
long. On the better sites, rapid 
growth continues until the tenth 
to twelfth year, when the shrub 
reaches its maximum size for the 
site. On thin soils, mature plants 
may not reach a height of 4 feet. 
On better soils they reach 18 feet, 
with stems up to 4 inches in dia- 
meter. Full stands then produce 
a dense crown. The foliage below 
is shaded out, leaving a barren 
soil and a thick understory with 
little foliage available to live- 
stock. 

Where there is a residual stand 
of deerbrush at the time of a fire, 
there will be numerous basal 
sprouts. These grow rapidly, 
reaching a height of 30 inches or 
more the first year. Sprouts 
maintain their dominance over 
plants originating from seed 
through most of their life. How- 
ever, they rarely make up more 
than 5 percent of the stand. On 

Very few plants reach 35 years 
of age. Stands in full sunshine 
are thrifty at 25 to 30 years, but 
then decadence sets in. Side 
limbs die back, no foliage is 
available to livestock, the shrubs 
lose their rounded form, and take 
on a sickly appearance. By the 
thirty-fifth year practically all 
plants fade from the scene. Re- 
invading conifer reproduction 
may compete with deerbrush for 
light and root space at the end 
of 10 years. After 20 years, where 
the trees form a full-canopy, few 
deerbrush plants survive, Older 
plants occur only where they 
have considerable sun. A search 
for the oldest living specimen lo- 
cated one 47 years-old. 

A full stand of deerbrush con- 
tains about 300,000 seedlings per 
acre the year after a fire. These 
thin out naturally to 10,000 be- 
fore the tenth year, to 2,500 or 
less by the twentieth, and to only 
a few hundred by the thirtieth. 

FIGURE 3. Three-year-old seedlings of deer- 
brush showing the beginning of vigorous 
growth and high forage production. The 
vegetation shown in this picture is over 
95 percent deerbrush, all of which origi- 
nated from seeds lying dormant in the duff 
on the forest floor-Stanislaus National 
Forest. 
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The density of full stands as 
measured by line interception is 
about 30 percent at 4 years. This 
jumps to 90 percent at 10 years; 
slowly thins out to 75 percent at 
20 years; then drops more rapid- 
ly to 10 percent or less at 30 
years. 

Ecological Relafionships 
To Pondmxa Pine 

Deerbrush is but a temporary 
type in the ponderosa pine for- 
ests, growing almost exclusively 
where the forest has been partly 
or totally destroyed either by 
fire or by logging. Where seed 
trees remain, incense-cedar (Lib- 
ocedrus decurrens) and ponde- 
rosa pine quickly reinvade. At 
first deerbrush predominates. If 
the trees produce seed after the 
burn or logging, tree reproduc- 
tion may overtop the deerbrush 
within 8 to 10 years. If tree seed 
is a few years late, young trees 
are held back, and it may be 20 
years before they are able to 
grow up through and above the 
vigorous deerbrush to attain 
dominance. 

In practically all areas there is 
some reinvasion of the forest. If 
trees do not form a full stand at 
the time deerbrush reaches its 

FIGURE 4. Deerbrush growth is slower and 
stands are thinner on shallow soils. A 15- 
year-old stand on a burn on the Stanislaus 
Forest. 

FIGURE 5. Ponderosa pine reproduction overtopping a 1%year-old stand of deerbrush 
Shade is eliminating this intolerant shrub. 

life span, grasses and sclerophyl- 
lus shrubs, such as manzanitas 
and bear clover in thin stands 
provide an understory. 

To Other Shrubs 
Deerbrush is often found grow- 

ing in combination with man- 
zanita, bear clover, whitehorn 
(Ceanothus cordulatus j , goose- 
berries (Ribes spp.), and other 
plants. As long as these plants 
are the same size, or smaller, 
competition apparently does 
not retard the growth of un- 
grazed deerbrush. However, 
grazing at an early stage 
strongly favors the aggressive 
non-forage species. Otherwise 
bear clover and grass may grow 
beneath more open stands of 
deerbrush as a plant commun- 
ity. The regeneration of most as- 
sociated shrubs is also encour- 
aged by fire. 

Effect of Grazing 
Forest plantations are at times 

injured by livestock when deer- 
brush is closely grazed. Under 
judicious grazing, livestock 
should not be harmful and could 
be beneficial to the extent com- 
petition with tree reproduction 
is reduced. On benches and near 
watering places, cattle may dam- 
age trees up to 6 feet in height by 
trampling, rubbing, or hooking. 
Deerbrush plants may be killed 
by grazing during the first year 
or two or may be held back, al- 
lowing less valuable competitors 

to dominate. Once established, 
the plants are highly resistant to 
grazing. On salting grounds and 
around water holes, plants are 
often completely hedged and not 
a leaf remains available to cattle 
by early summer, yet they are 
thrifty. One 22 year old plant 
was kept down to a height of 8 
inches by close grazing, yet 
showed no evidence of decad- 
ence. In fact, it appears that de- 
cadence does not set in earlier in 
such abused plants than in those 
ungrazed. When released from 
grazing, their growth is quite 
vigorous. 

Reburning 

Information on the effect of a 
reburn of deerbrush is somewhat 
confusing. A series of observa- 
tions was made on the Tahoe Na- 
tional Forest over a 13-year pe- 
riod, ending in 1941, on an area 
burned in 1910. This area was 
partly reburned in 1924, and 
again in 1936. It was concluded 
that there was a moderate 
amount of sprouting following 
the first reburn and a greater 
amount with less intense fires. 
All resprouted plants died after 
the second fire. Seeding was 
partly successful after a reburn, 
but manzanitas and bear clover 
increased rapidly at the expense 
of deerbrush with subsequent 
burns. “Light burning”-that is, 
spring and fall fires for cleanup 
purposes-eliminated deerbrush. 
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FIGURE 6. At 32 years deerbrush is reaching the end of its life span. Most plants are 
dead, and the remainder will survive but a few years, regardless of the degree of grazing. 
This area is in the optimum range of the species and had a grazing capacity of four cow- 
months per acre per year durin g the years of peak forage production. 

In July 1942, an area of dense 
deerbrush on the Eldorado Na- 
tional Forest was reburned. This 
stand had originated from a fire 
in 1924. The shrubs were tall, 
and no foliage had been in reach 
of livestock for some years. Fuel 
was added by slashing a thin 
stand of small pines and cedars 
that survived the previous fire. 
This, together with severe burn- 
ing conditions, resulted in an in- 
tense fire that consumed most of 
the plant material on the area. 
There was a heavy germination 
of deerbrush seed the following 
year-approximately 300,000 
seedlings per acre resulted. 
These were reduced to one-half 
the following year by natural 
thinning, and deerbrush num- 
bered about 1,500 per acre 8 
years later. At that time the 
foliage again made up a full 
canopy. These findings were in- 
teresting but somewhat aca- 
demic, since it is most difficult 
to reburn stands of this species. 
The severe burning conditions 
required raise the cost of ensur- 
ing the protection of adjoining 
timbered areas and other values. 
In addition, any timber values on 
the area are eliminated. There 
is also the further possibility that 
the stand will give way to less 
valuable shrubs. 

Effect of Logging 

Deerbrush seedlings and 
sprouts come in on logged-over 
areas where the soil has been 
violently disturbed, as on skid- 
ways, roads, and railroad grades. 
Where mature plants are broken 
off near the ground level in log- 
ging operations, vigorous stump 
sprouts result. Many seeds germ- 
inate in the disturbed soils. We 
have to assume that brush estab- 
lishment results from scarifica- 
tion of the seeds rather than 
from reduced competition since 
natural reproduction is rare in 
other barren areas. Plant counts 
made on a series of transects on 
logged-over areas showed 2,000 
to 3,000 plants per acre. The 
number correlated fairly well 
with the amount of soil disturb- 
ance. The light cutting and less 
destructive methods of present- 
day logging result in only light 
deerbrush stands. 

Severe lopping or coppicing of 
mature deerbrush will result in 
the production of vigorous 
sprouts, making a stand once 
again a useful grazing type. 
There is one area that has been 
reburned once and cut back 
twice. Thirty-three years after 
the stand was established the 
plants still have full vigor, equi- 

valent to the age of the sprout 
and not that of the rootstock. We 
would be glad to have someone 
explain that one away. We plan 
to continue to trim some of these 
plants periodically to determine 
the longevity of coppiced plants. 

Grazing Value 

Deerbrush has many of the at- 
tributes of an ideal forage plant. 
It is nutritious, widespread, 
abundant, has high grazing ca- 
pacity, and is highly resistant to 
livestock use. Like other forage 
plants, its palatability is gov- 
erned considerably by weather 
conditions of the year, the geo- 
graphic situation, and the period 
it is used. 

Its seeds are eaten by livestock 
in late summer. In years of little 
seed production, livestock gains 
may be considerably reduced. 

Because they cannot get to the 
foliage in heavy timber and 
brush, it may be difficult to 
handle sheep in deerbrush. 
Nevertheless, they relish it in 
mid-summer, and satisfactory 
lamb weights are obtained from 
browsing in younger stands of 
deerbrush. 

Deerbrush is important as for- 
age for deer in summer. Twigs 
are used in winter on ranges se- 
lected by deer for that period. 
However, heavy snows will force 
deer to elevations below which 
the species occurs. 

Since grazing values and man- 
agement of deerbrush have been 
discussed in detaill, it will suffice 
here to say that in full stands, 
high grazing capacities develop 
in the third year and continue 
through the tenth. They can ex- 
ceed three animal-unit months 
per acre. However, at this rate, 
soil disturbance is severe, and 
soil loss is appreciable on steeper 
slopes. 

Summary 
Deerbrush is rather typical of 

many species that comprise fire 

lCronemiZZer, Fred P. 1953. Deer- 
brush (sweet birch) in California. 
U. S. Forest Service. Mimeo. 16 pp. 



types. It occurs most commonly 
in dense stands in the ponderosa 
pine belt where fire has de- 
stroyed the forest. I 
almost solely after 
violent soil disturb 
logging or road con 
though not resista 
during its first year or two, 
thereafter it rarely is killed by 
any mechanical treatment above 
the soil surface, and this includes 
grazing. 

It produces a large volume of 
foliage from the third to the 
tenth year and sometimes later. 
Thereafter much of the foliage is 
beyond the reach of livestock. 
Any invading conifer reproduc- 
tion may begin to overtop the 
plants at this time, and by the 
twentieth year the shrubs will 
be shaded out where a full 
canopy of conifers develops. 

The life span of the plant is 
about 35 years, whether it is un- 
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grazed or badly abused. It pro- 
duces an abundance of seed, yet 
practically none germinates until 
fire opens the hard coat or me- 
chanical disturbance scarifies it. 

Because grazing capacity fluct- 
uates during the life of the 
shrubs, the deerbrush type is not 
one upon which you can develop 
an economy. Much of the land it 
occupies is most valuable for 
timber production. Where deer- 
brush is in full sun, its useful life 
may be extended by 20 years at 
least by coppicing, and this prac- 
tice appears economic because of 
the high grazing capacity of full 
stands. It is worth remembering, 
however, that fire types are dy- 
namic vegetational complexes. 
They cannot be described by ob- 
servations over a single year. 
Management and use must be in 
terms of their whole life history. 
We have hardly begun to study 
fire types as such complexes. 
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Bouteloua curt@encZyZa Michx., 
the familiar “sideoats ‘jgrama” of 
the western grassla is one of 
our most important d widely 
adapted native for grasses. 
With a wide range of distribution 
in North, Central, land South 
America, this grass occurs 
throughout the United States ex- 
cept in the extreme southeast 
and northwest. 

Sideoats grama not only has 
been able to compete success- 

ITechnical Bulletin No. TA 2928, 
Texas Agricultural Experiment Sta- 
tion, College Station, Texas. 

fully in a wide range of habitats, 
but also it exhibits remarkable 
variation in morphological char- 
acteristics. Differences in plant 
habit are greatest in northern 
Mexico, in the states of Coahuila, 
Chihuahua, and Durango. Here 
mixtures of types include low- 
growing, f ine-bladed, stolonif er- 
ous plants intermingled with tall, 
coarse, broad-bladed, rhizomat- 
ous and non-rhizomatous plants. 
In some localities a dozen or 
more morphological variants 
may be distinguished. 

Cytologically the species is 
equally variable. Fultz (1942) re- 

ported chromosome counts of 
2n = 28, 35, 40, 42, 56, and 70. 
Harlan (1949) reported apomictic 
types with 2n = 80-101. Freter 
and Brown (1955) reported sex- 
ual types with 2n = 40 and 52, 
and apomictic types with 2n = 
75-96. The writer has made 
chromosome counts in pollen 
mother cells of 2n = 20, 40, 40 
plus a fragment or univalent, 42, 
42 plus a univalent, 50, and pre- 
sumably apomictic types with 
2n = 80-102. 

Until the recent discovery of 
a diploid (2n = 20) strain of 
Bouteloua curtipendula (Gould, 
1958), it was supposed that the 
species arose at the tetraploid 
level through hybridization 
(Freter and Brown, 1955). Diploid 
chromosome counts have been 
reported for four closely related 
species, Boutelouu unifloru 
Vasey, B. rudicosu (Fourn.) Grif- 
fiths, B. filiformis (Fourn.) Grif- 
fiths, and B. heterostegu (Trin.) 
Griffiths. There is good reason to 
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believe that the complex of 
plants taxonomically referred to 
Bouteloua curtipendula has 
arisen through a series of hy- 
brids between species of the 
Chondrosium section of the 
genus. It is logical to assume that 
the crosses and backcrosses not 
only have involved diploids and 
tetraploids but aneuploids as 
well. 

Freter and Brown concluded 
that all B. curtipendula plants 
with chromosome numbers high- 
er than 2n = 52 are obligate 
apomicts. The absence of sexual 
hexaploids, octoploids, and plants 
of higher ploidy is in striking 
contrast to the situation existing 
in the Andropogon species of the 
Amphilophis section that are 
also concentrated in southwest- 
ern U. S. and northern Mexico. 
In the New World species of this 
group there are four levels of 
polyploidy and perhaps a com- 
plete absence of aneuploidy 
(Gould, 1956). 

Materials and Methods 
Chromosomes were counted in 

pollen mother cells. Bud mate- 
rial was fixed with the standard 
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3:1 absolute alcohol-glacial acetic 
acid solution and smears were 
prepared with aceto-carmine 
stain. Pollen diameter measure- 
ments were made on 50-grain 
samples taken from dried plant 
specimens. The pollen from one 
or more anthers was placed in a 
drop of Lugol’s Solution and al- 
lowed to soak for a few minutes. 
Measurement of the greatest di- 
ameter of each grain was made 
by means of a calibrated ocular 
scale. Most of the live plant ma- 
terial was made available 
through the Texas Agricultural 
Experiment Station Hatch Proj- 
ects 717 and 988. The writer is 
indebted to Mr. Miguel Hycka of 
Zaragoza, Spain, for assistance in 
the pollen size analysis. 

Observations and Resulfs 

Freter and Brown have re- 
ported on the variability of pol- 
len size associated with unequal 
distribution of chromosomes dur- 
ing the meiotic divisions in 
Bouteloua curtipendula plants 
with high chromosome numbers. 
Similar observations were made 
in the present study. The un- 
equal distribution of chromo- 

somes takes place in Division I 
(Figure 1, left) and apparently 
results from an extremely high 
percent of unpaired chromo- 
somes. Division II is very reg- 
ular (Figure 1, center) and a te- 
trad of two large and two small 
spores result (Figure 1, right). 
All of these spores may develop 
into well-rounded, apparently 
mature pollen grains or many 
may cease development and 
shrivel. It is generally assumed 
that these pollen grains with 
variable numbers of chromo- 
somes are non-functional. 

As all Bouteloua curtipendula 
plants with chromosome num- 
bers higher than 2n= 52 are pre- 
sumed to be apomictic, they will 
be referred to simply as “apom- 
icts” in this paper. Plants with 
chromosome numbers of 2n= 52 
or less are referred to as “sex- 
ual,” although it is possible that 
some of these actually may also 
be apomictic. Such :apomicts, 
however, would be inseparable 
from the sexual types on the ba- 
sis of pollen size. 

In a check on pollen size and 
size patterns in sexual and apo- 
mictic plants, pollen samples 

FIGURE 1. Photomicrographs (x1100) of Bouteloua curtipendula pollen mother cell divisions in clone 7491 from seed collected at 
Zimipan, Mexico. Somatic chromosome number ca. 2n=94, with only about 10 bivalents at metaphase. Left, anaphase of division I, 
with about 10 chromosomes going to one pole and 84 to the other. Center, division II, chromosomes at early anaphase in the large 

cell and at late anaphase or telophase in the small cell. Note the lack of lagging or excluded chromosomes. Right, spore tetrad 
showing unequal size of nuclei. From this tetrad will develop two large and two small pollen grains, all presumably non-functional. 
Usually one-fourth to one-half of the spores shrivel and do not complete their development. , 
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POLLEN GRAIN DIAMETER IN MICRONS 

FICIJRE 2. Graph of pollen size in samples from 26 sexual and 40 apomictic B. cu. plants. 
The apomictic plants are treated in 3 groups, north-central Texas (8 plants), western 
Texas to Arizona (22 plants) and northern Mexico (10 plants). 

were taken from 66 Bouteloua 
curtipendula plants grown in the 
greenhouse. These plants were 
grown from seed collected in 
widely separated localities in 
Texas, New Mexico, Arizona, and 
Mexico. Twenty-six of the plants 
were sexual types with chromo- 
some numbers from 2n= 40 to 
2n = 52, and the remaining plants 
were apomictic strains with 
chromosome numbers over 2n= 
80. 

Figure 2 presents a compari- 
son of pollen size and size pat- 
terns for 26 sexual and 40 apo- 
mictic plants. The sexual plants 
for the most part were from 
north-central Texas but some 
were from southwestern Texas 
and northern Mexico. The apo- 
mictic plants were divided into 
three groups, north-central Texas 
(8 plants), western Texas, New 
Mexico, and Arizona (22 plants) , 
and northern Mexico (10 plants). 
Each plant was represented by a 
sample of 50 pollen grains and 
the lines on the graph represent 

composite samples of all plants 
in each of the four groups. 

Pollen size (greatest diameter) 
in the 26 sexual plants varied 

from 28.2 microns to 44.2 microns, 
with a mean size of 33.6 microns. 
The maximum variation in pol- 
len grain size in a single 50 grain 
sample was 13.6 microns. In the 
apomictic plants pollen size var- 
ied from 28.2 to 61.2 microns. In 
this group the mean pollen size 
of 39.1 microns had little signifi- 
cance as there were two predom- 
inant pollen size groups rather 
than one. . 

The size distribution pattern of 
two “highs” separated by a “low” 
in all three groups of apomicts 
also was present in the individ- 
ual samples of 30 of the 40 apo- 
mitt plants. The consistently low 
frequency of apomict pollen in 
the 37.4 micron size group was 
rather surprising in view of the 
normal pollen size differences 
that might be expected for plants 
from widely separated localities. 

To determine the relative 
abundance and distribution of 
apomictic plants with high 
chromosome numbers, a general 
survey of the polle,n from North 
American Bouteloua curtipen- 
dula specimens was made. Of the 
208 plants checked, 115 were sex- 
ual, 86 were apomictic and seven 

BOUTELOUA CURTIPENDULA 

S SEXUAL 

A APOMICTIC 

x QUESTIONABLE 

FIGURE 3. Map of North American distribution of apomicts with high chromosome num- 
bers. The range of apomictic plants may extend further south in Mexico but this area was 
not sampled. Within the range of the 86 apomicts recorded, there were only 13 sexual 
plants and 5 undeterminable. 
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were undeterminable. As is 
shown by Figure 3, the apomictic 
plants are restricted to a well de- 
fined “southwestern” distribu- 
tion in predominately semi-arid 
regions, from southern Utah and 
California to southwestern Texas 
and northern Mexico. In Texas 
the apomicts are restricted es- 
sentially to the Edwards Plateau 
and the Trans-Pecos area. Within 
the range of 86 apomicts, only 
13 sexual plants and five unde- 
termined plants were recorded. 
It is believed that the undeter- 
mined plants were sexual with 
chromosome numbers in the 
2n=50 or 52 range. 

In conclusion it should be 
noted that the apomicts with 
high chromosome numbers ex- 
hibit the same wide degree of 
morphological variation that oc- 
curs in the sexual types. The 
source of this variation and the 
relationships of apomictic plants 
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with high chromosome numbers 
to sexual types with lower num- 
bers are intriguing problems yet 
to be solved. 

Summary 

Extreme variation in ecologi- 
cal adaptation, morphological 
characteristics and chromosome 
numbers has been noted for Bou- 
teloua curtipendula. Somatic 
(2n) chromosome numbers range 
from 40 (possibly 35) to over 
100. It has been concluded by 
other workers that plants with 
chromosome numbers over 
2n =52 are obligate apomicts, 
with the egg cell or some other 
cell of the embryo sac or nucel- 
lus developing into an embryo 
without fertilization. 

By measurements of pollen 
size and variability, a survey was 
made of the incidence and distri- 
bution of Bouteloua curtipendula 
plants with high chromosome 

numbers and apomictic repro- 
duction. These apomicts were 
found to occur in a broad but 
well defined zone from south- 
western U. S. to northeastern 
Mexico. In southwestern U. S. 
the apomicts are much more fre- 
quent than are the sexual plants. 
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Those concerned with the har- 
vesting of range forage by graz- 
ing animals have puzzled for 
many years over the question: 
Do animals eat the plants and 
the parts of plants in the same 
proportion that they occur on the 
range ? “Probably no,” has been 
the answer, but so far no direct 
measurement of the consumed 
forage has been made. Once the 
forage passes the animal’s mouth 
it is unavailable. Sampling be- 
fore and after grazing and grazed 
and ungrazed plots depends upon 
the difference principle to meas- 

sure the consumption. This has 
not been a satisfactory technique 
in all regpects. Some workers 
have followed the animals and 
attempted to grab from the 
standing plant materials a sam- 
ple similar to that taken by the 
animals. This too, has not been 
accepted as a completely satis- 
factory procedure. Since these 
aspects of range sampling are 
well known, a literature review 
of previous attempts to sample 
the eaten forage is not presented. 

Introductory data on the use 
of sheep with esophageal fistulas 

to collect forage actually eaten 
by the animals are presented. A 
hole or fistula in the throat al- 
lows a sample of forage to be 
taken after it passes the mouth 
but before it reaches the stom- 
ach. Emphasis will be given to 
percentage botanical composi- 
tion of fistula collected material 
in comparison with two methods 
commonly employed in field 
sampling. The forage collected 
by fistulas and by clipping 
square foot plots was sampled by 
a new technique. 

Most of the data are expressed 
in terms of percentage botanical 
composition. Sample sizes and 
units of measurement were dif- 
ferent with the various techni- 
ques. Percentages are used to 
place the data on a comparable 
basis. The amount a sheep can 
consume has an upper limit. Per- 
centages divide that limit into 
component parts, which, for this 
experiment, is the primary con- 
cern. 
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were undeterminable. As is 
shown by Figure 3, the apomictic 
plants are restricted to a well de- 
fined “southwestern” distribu- 
tion in predominately semi-arid 
regions, from southern Utah and 
California to southwestern Texas 
and northern Mexico. In Texas 
the apomicts are restricted es- 
sentially to the Edwards Plateau 
and the Trans-Pecos area. Within 
the range of 86 apomicts, only 
13 sexual plants and five unde- 
termined plants were recorded. 
It is believed that the undeter- 
mined plants were sexual with 
chromosome numbers in the 
2n=50 or 52 range. 

In conclusion it should be 
noted that the apomicts with 
high chromosome numbers ex- 
hibit the same wide degree of 
morphological variation that oc- 
curs in the sexual types. The 
source of this variation and the 
relationships of apomictic plants 
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with high chromosome numbers 
to sexual types with lower num- 
bers are intriguing problems yet 
to be solved. 

Summary 

Extreme variation in ecologi- 
cal adaptation, morphological 
characteristics and chromosome 
numbers has been noted for Bou- 
teloua curtipendula. Somatic 
(2n) chromosome numbers range 
from 40 (possibly 35) to over 
100. It has been concluded by 
other workers that plants with 
chromosome numbers over 
2n =52 are obligate apomicts, 
with the egg cell or some other 
cell of the embryo sac or nucel- 
lus developing into an embryo 
without fertilization. 

By measurements of pollen 
size and variability, a survey was 
made of the incidence and distri- 
bution of Bouteloua curtipendula 
plants with high chromosome 

numbers and apomictic repro- 
duction. These apomicts were 
found to occur in a broad but 
well defined zone from south- 
western U. S. to northeastern 
Mexico. In southwestern U. S. 
the apomicts are much more fre- 
quent than are the sexual plants. 
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animals. This too, has not been 
accepted as a completely satis- 
factory procedure. Since these 
aspects of range sampling are 
well known, a literature review 
of previous attempts to sample 
the eaten forage is not presented. 

Introductory data on the use 
of sheep with esophageal fistulas 

to collect forage actually eaten 
by the animals are presented. A 
hole or fistula in the throat al- 
lows a sample of forage to be 
taken after it passes the mouth 
but before it reaches the stom- 
ach. Emphasis will be given to 
percentage botanical composi- 
tion of fistula collected material 
in comparison with two methods 
commonly employed in field 
sampling. The forage collected 
by fistulas and by clipping 
square foot plots was sampled by 
a new technique. 

Most of the data are expressed 
in terms of percentage botanical 
composition. Sample sizes and 
units of measurement were dif- 
ferent with the various techni- 
ques. Percentages are used to 
place the data on a comparable 
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centages divide that limit into 
component parts, which, for this 
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Table 1. Average number of seed germinating per square inch of soil sur- 
face from 10 samples in each plot. 

Species 
Soft chess 
Filaree 
Bur clover 
Ripgut 
Other grasses 
Other weeds 
All species 

Soft 
Chess 

17.0 
2.0 
0.9 
1.3 
5.0 

10.2 
36.4 

PLOTS 
Bur 

Filaree Clover 
6.2 12.8 
2.7 2.1 
1.1 5.8 
0.2 0.4 
1.4 7.6 
1.3 7.9 

12.9 86.6 

Resident 
Annual 

10.3 
3.6 
0.3 
1.3 
2.8 
0.3 

18.6 

Mr. Thomas Bedell who gave in- 
valuable assistance in the sam- 
pling. 

Experimental Plots 

Before the fall rains of 1956, 
four adjacent plots of annual 
type range on the Hopland Field 
Station in Mendocino County, 
California, were treated to 
change the composition of the 
vegetation and fenced. Each plot 
was 30 feet square. One was 
raked clean of mulch and seeded 
with filaree (Erodium circutar- 
ium). Only a few plants of this 
species appeared but the manipu- 
lation of mulch resulted in a high 
proportion of the stand being 
broadleaf filaree (Erodium bo- 
trys). This plot will be referred 
to as the filaree plot. A second 
plot was partly cleaned of mulch 
and seeded to soft chess (Bromus 
mollis). This will be called the 
soft chess plot. The third plot 
had similar mulch treatment to 
the soft chess plot, but it was 
seeded with bur clover (Medi- 
cage hispida). It is so named in 
the paper. The fourth plot had 
no mulch removed but all of the 
dry material was cut and spread 
evenly over the soil surface, so 
that it would not appear in the 
material consumed by sheep. 
This is the resident annual plot 
in later discussions. 

Mulch treatment and seeding 
were done to obtain plots of dif- 
ferent percentage botanical com- 
position with the same species. 
The purpose was to determine 
animal preference in relation to 
relative abundance of species. 
After the manipulation, ten sam- 

ples 1 inch square by ?4 inch 
deep were taken of the soil and 

_ seed. These were placed on moist 
filter paper in petri dishes to de- 
termine the quantity of viable 
seed. Table 1 shows the average 
number by species of seed which 
germinated. The first three spe- 
cies were the ones composing the 
major part of the vegetation. The 
species of fourth rank was rip- 
gut (Bromus rigidus). These four 
were the only common ones 
available to the animals during 
the winter and early spring. 
Many additional grasses and 
broadleaved species were pres- 
ent, but these seldom composed 
as much as 10 percent of the 
vegetation and 2 percent of the 
fistula samples. 

The filaree and bur clover 
plots had a conspicuously high 
foliage cover of those species. 
The soft chess and resident an- 
nual plots contained high propor- 
tions of grasses. Differences be- 
tween plots tended to disappear 
as the season progressed. 

Field and 
Laboratory Sampling 

In the first week of February, 
March, April, May, and July of 
1957 samples of the vegetation 
were taken by the point-plot 
method, by clipping square-foot 

plots, and by animals with 
esophageal fistulas. In February 
all plants were short, by May the 
vegetation was near maturity, 
and in July all plants were dry. 

Field points were taken in 8 
groups of 50 hits each. A group 
of 50 was in an area no larger 
than 2 by 2 feet and the pins 
were taken until 50 hits had been 
obtained. In this way the sample 
size of hits was the same in each 
plot, and it measures the propor- 
tion of species on a coverage 
basis. No attempt was made to 
measure ground cover per se be- 
cause it was high and because it 
probably had little influence on 
the nature of grazing. There was 
no grazing in the plots except 
during the short sampling pe- 
riod each month. The animals 
had essentially ungrazed forage 
available, and it was in large 
supply (Table 2). The 8 groups 
of hits were taken in a pattern 
near the sides of each plot be- 
cause the sheep tended to graze 
near the fences. The hits were 
recorded in terms of their height 
above the soil surface according 
to a method described earlier 
(Heady, 1957). Each hit was also 
recorded as to whether it was on 
leaf, stem, or flower (including 
fruits). 

At the same time 10 square- 
foot plots were clipped and the 
material composited in one bag. 
This material was quick frozen 
as soon as possible. It was later 
thoroughly mixed and sampled 
in the laboratory for percentage 
botanical composition in two 
ways. Ten sub-samples were 
taken at random from the whole 
pile of material. Each of these 
was placed in a tray approxi- 
mately 5 by 30 inches and spread 
evenly. The tray had a series of 

Table 2. Average weight in grams of oven-dry material per square foot 
on each plot af five sampling dates. 

Plot Feb. 1 March 5 April 1 May 2 July 9 
Soft chess 8.86 12.40 14.75 39.77 25.72 
Filaree 6.05 10.68 10.12 30.68 20.20 
Bur clover 8.70 10.42 14.01 38.03 23.25 
Resident annual 13.07 14.63 15.90 39.40 21.69 
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25 notches on each side that 
served as stops when the tray 
was passed under a binocular 
microscope. One eyepiece of the 
scope had a cross-hair. When the 
tray and material was passed 
under the scope, the species near- 
est the cross-hair was consid- 
ered a hit. Fifty hits were re- 
corded from each sub-sample. In 
principle this is similar to taking 
points in the field. One major 
difference is in the position of 
the plants. Tall growing plants 
like the grasses were upright in 
the field but were horizontal 
under the scope. Prostrate spe- 
cies were horizontal in both field 
and under the scope. The hits 
with the scope were recorded as 
to species and also as to leaf, 
stem, or flower. Each of these 
sub-samples was then hand sepa- 
rated to species, oven dried at 100 
degrees C. for 24 hours, and 
weighed. Thus percentage bo- 
tanical composition was deter- 
mined on the clipped material by 
laboratory points and by weight, 

The microscope method was 
developed so that the green ma- 
terial from clipped plots and fis- 
tulas could be sampled by the 
same procedure. Preliminary 
samples on known compositions 
indicated that a total sample of 
400 hits was necessary to obtain 
sample means for the major spe- 
cies within 10 percent of the pop- 
ulation mean 19 times out of 20. 
Quick freezing was the most con- 
venient way to preserve the sam- 
ples. 

Fistula Material 

Three sheep with esophageal 
fistulas were used to collect ma- 
terial in each plot at each time 
for determination of what the 
animals ate. The fistula is a hole 
in the esophagus which allows 
the eaten material to drop into 
a plastic bag that is secured 
below the fistula. The technique 
was perfected by Tore11 (1954). 
The sheep appear healthy and 
normal in their actions and food 
habits. One of the animals had 
had the fistula for four years at 

the time of this study. The im- 
portant point of the study is that 
these sheep make possible a di- 
rect comparison of eaten and un- 
eaten material. 

The forage collected by the 
sheep was wet with saliva and 
matted into small cuds. It was 
preserved by freezing until sam- 
pling was done. Washing in 
cheese cloth and partial drying 
were required before the mate- 
rial could be spread out for 
study. The botanical composition 
and proportion of leaves, stems, 
and flowers in each fistula collec- 
tion were determined by the 
microscope method described 
previously for the clipped mate- 
rial. Eight sub-samples with 50 
hits each were taken from each 
fistula sample. Identification to 
species and plant part was easily 
accomplished; however, soft 
chess and ripgut were not always 
possible to distinguish. Hence, 
the all grass portion in the fistula 
analysis is more accurate than 
the part on soft chess. 

The Uneaten Forage 
The uneaten forage presented 

to the sheep in the four plots 
was different in percentage bo- 
tanical composition. Bur clover 
was about a third of the compo- 
sition where it had been seeded, 
less than 10 percent on the other 
seeded plots and 1 percent or less 
where all the mulch had been 
left on the ground. Filaree was 
highest where all the mulch had 
been removed and lowest in the 
bur clover plot. All grasses were 
highest with the mulch and no 
seeding and lowest where the 
mulch was removed. Most of the 
“all grass” category was soft 
chess (Figure 1). Ripgut was 
under 5 percent of the composi- 
tion except in late winter on the 
resident plot, when it reached a 
composition as high as 1’7 per- 
cent. Several other grass species 
were present, especially in the 
filaree and bur clover plots, but 
they did not account for more 
than a few percent of the com- 
position at any time with a maxi- 

mum of 9.6 percent in May on 
the bur clover plot. 

Disregarding plots, there was 
a change in composition through 
the season. The grasses tended 
to decrease in proportion of total 
weight while filaree tended to 
increase. The relative proportion 
of the clover by these two tended 
in the opposite direction. Per- 
haps this is because the grasses 
became taller and consequently 
were oversampled by the field 
points, as first hit only was re- 
corded. The composition by lab- 
oratory points showed no such 
trends. Bur clover reached a 
high in composition in April by 
all methods (Figure 2). 

Comparison of Field Methods 
The composition of the un- 

eaten forage obtained by the dif- 
ferent methods of sampling 
showed nearly constant relation- 
ships. For example, when sea- 
sons are disregarded, the weight 
method gave grasses less impor- 
tance than the field points and 
these in turn less than the lab- 
oratory points. The same is true 
with one slight exception for soft 
chess. Since these are percent- 
ages, when one goes down an- 
other must go up. Filaree showed 
just the opposite trend by the 
different methods (Figure 1). 

Another point of interest is 
that the percentage composition 
of the different species was not 
greatly different by the weight 
and field point methods. If these 
two methods prove on further 
study to show a constant rela- 
tionship to each other, the long 
and tedious hand separation of 
samples may be unnecessary to 
estimate composition by weight. 
Total production by clipped sam- 
ples is easy to obtain and so is 
percentage botanical composition 
in the field by the point pro- 
cedure. 

Although they are not shown 
in Figure 1, the compositions ob- 
tained by the fistulas are inter- 
mediate between the field and 
laboratory point methods when 
the data are averaged by plots 
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ALL GRASSES FILAREE 

SOFT CHESS BUR CLOVER 

FIGURE 1. Percentage botanical composition of 
three methods on four plots and averaged for 

uneaten forage by 
the five sampling 

ALL GRASSES FILAREE 

SOFT CHESS BUR CLOVER 

FIGURE 2. Percentage botanical composition of uneaten forage 
three methods on five dates and averaged for the four plots. 

periods. 

and disregarding dates. For this 
reason comparisons of fistula 
samples are restricted to the lab- 
oratory points. Since the three 
methods show the same trends 
on a sampling basis with the 
fistulas, the same conclusions 
would be reached regardless of 
which pair is selected for com- 
parisons. This by no means indi- 
cates that the animals ate the 
forage in the same proportion 
that it was presented to them, as 
will be shown in later sections. 

What the Animals Ate 
The diet of the animals changed 

markedly through the growing 
season. During the winter over 
half of their diet was grass, 36 
to 45 percent filaree, and 2 to 10 
percent bur clover. In May a 
preference was shown for bur 
clover with a corresponding de- 
crease in filaree and grass. In 
July after all plants were mature 
and dry the animals selected 
filaree for over 75 percent of 

their diet and about 11 percent of 
bur clover and grass. These re- 
lationships are based on the fis- 
tula samples only, with all sheep 
combined and all plots combined. 
The same preferences were 
shown in each plot where the 
proportion of the different for- 
ages on the ground was quite dif- 
ferent. For example, the selec- 
tivity for bur clover in May and 
filaree in July was great, irre- 
spective of whether these species 
were high or low in percentage 
botanical composition (Figure 3). 

Bur clover is usually consid- 
ered a plant of high palatability. 
Yet during February, March and 
April the animals took less of it 
than was presented to them. This 
was most striking on the bur 
clover plot in February, when 37 
percent of the cover, 38 percent 
of the weight, and 30 percent by 
the laboratory points was bur 
clover; yet only 4.6 percent of the 
material eaten was this species. 
On the other hand, in May in the 

by 

resident plot 30 percent of the 
diet was bur clover when the 
other methods showed it to be 
1 percent or less of the plant ma- 
terial in the field. This indicates 
that sheep exhibit very strong 
preferences for certain species at 
different times during the grow- 
ing season. 

The animals to some extent 
consumed more grass, filaree, 
and bur clover in the plot where 
each of these was highest in com- 
position. This was to be expected 
because all of these plants are 
readily consumed when they are 
young. However, much variation 
existed in the selectivity for any 
element of the forage between 
plots. For example, in April 
grass appeared in the diet to a 
greater extent than it was on the 
ground in two plots, less in a 
third, and the same in the fourth 
plot. At the same time filaree 
was selected to a greater extent 
than it occurred on three plots 
and less on one. 
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BUR CLOVER PLOT FILAREE PLOT 

RESIDENT ANNUAL 

FIGURE 3. Percentage botanical composition of eaten and uneaten forage presented to 
three sheep with esophageal fistulas. 

Still another element of varia- 
tion existed between sheep. The 
average percentage of grass in 
the diet of the 3 animals over all 
seasons and plots was 47.4 for 
the lowest and 49.4 for the high- 
est, When averaged for plots 
within dates, the extremes were 
31.0 and 41.6 percent. On a be- 
tween plot within date basis they 
were 42.0 and 63.2 percent. Simi- 
lar variation was shown between 
sheep for filaree and bur clover. 

Thus, the change in selectivity 
for a species with season or stage 
of maturity is clearly shown. A 
positive relationship between re- 

lative amount of a forage species 
present and consumed is indi- 
cated. The individual sheep pre- 
ference for a species varied 
greatly on a short time basis but 
may be little different over a 
whole season. More data are 
needed on the last point partic- 
ularly. 

Preference in Relation fo Height 
of Plant Material 

Height of plant materials was 
measured by determining the 
height of the hits above the soil 
surface with the point plot meth- 
od. It is not maximum height of 

plants but indicates the height of 
bulk, or in another sense, height 
of foliage cover. 

Generally the height of mate- 
rials was greatest on the resident 
plot and lowest on the filaree 
plot. This was true with the 
three major species, soft chess, 
filaree, and bur clover, with few 
exceptions. The heights in the 
other two plots were intermedi- 
ate and very close to each other 
on a plot basis. On a species basis 
soft chess was the tallest and fi- 
laree the lowest. Bur clover was 
as tall as the soft chess from Feb- 
ruary to April but afterwards 
was little different in height 
from the filaree (Figure 4). 

During the whole season all 
species as well as the three major 
ones were between 0.05 and 0.15 
foot in height from February to 
April. Growth was rapid dur- 
ing April and by May the vege- 
tation had reached an average 
height of 0.3 to 0.4 foot. The aver- 
ages for all species were some- 
what higher than the averages 
for the three major species be- 
cause of the scattered tall spe- 
cies such as ripgut, slender oat 
(Avena barbata), and a few 
broadleaved herbs. 

03 SpEclEs 

cm CHESS 

L @M CLOVER 
f 0.2 CFLAREE 

01 I , I 
FE9 I MAR 5 Am I MA” 2 JVLI 9 

ALL SPECIES IN EN” FLOT 

FIGURE 4. Average height of plant mate- 
rials for three species in all plots and for 
all species in each plot between February 
1 and July 9, 1957. 
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Since there was little change 
in the relationship between the 
heights of plant materials be- 
tween species over all plots dur- 
ing the growing season, or be- 
tween plots, ignoring species, 
during the growing season, there 
is little basis for the conclusion 
that height of plant materials 
made any difference in the diet 
of the animals. Again it should 
be noted that the animals were 
sampling ungrazed plants at each 
date and that all of the plant 
material was well within their 
reach. The amount of forage in 
each plot of 900 square feet was 
very much more than the ani- 
mals could consume during the 
15 to 20 minutes it took them to 
collect a sample (Table 2). Where 
forage is scarce and the plants 
tall, height may be a factor in 
forage preference. 

Preference for flowers and 
fruit, leaves, and stems 

The hits by all the methods 
were recorded by flower and 
fruit, leaves, and stems. This al- 
lows a percentage breakdown of 
the hits for each species accord- 
ing to plant parts. Since the 
clipped material and the fistula 
collections were sampled with 
the same apparatus, these two 
give comparisons of the plant 
parts presented to the sheep and 
those actually eaten. In Figure 
5 percentages are shown for the 
three major species in all the 
plots combined for the sampling 
dates of May and July. Stems 
and flowers were insufficient 
previous to May to make analysis 
of the data on a basis of plant 
parts worth while. 

Generally speaking the sheep 
ate the parts of soft chess in 
about the same proportions that 
they were available. Flowers 
were slightly preferred in May. 
Observations in the California 
annual type have indicated that 
soft chess seeds are often se- 
lected by sheep. It is speculated 
that this preference did not show 
up because the forage was un- 
grazed when the animals were 
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FIGURE 5. The proportion of flowers and 
fruit, leaves and stems for three species 
presented to the sheep (A) and eaten by 
them (B). 

placed in the plots. If grazing 
were more competitive and other 
palatable parts of the forage had 
been removed, the animals prob- 
ably would have shown a prefer- 
ence for the soft chess seed. 

The high proportion of filaree 
flowers and fruit in the forage, 
and to a slightly less extent in 
the diet, is probably in part due 
to the nature of the plant. Fi- 
laree in a dense s?and of the Cali- 
fornia annual type is usually a 
short plant with an abundance of 
seed. The seed is large and has 
a long awn, so that the bulk of 
the whole fruit is large in rela- 
tion to the rest of the plant. It 
is upright and therefore readily 
available. When the seeds shat- 
ter the awn twists much as the 
awn of Stipa, and for a short time 
after plant maturity it tends to 
be twisted around other plants. 
The small proportion of leaves 
with both sampling methods in 
July reflects the fact that they 
shatter into small fragments and 
disappear shortly after maturity. 
The animals selected more fi- 
laree leaves in May and more 
stems in July than was presented 
to them in the forage. 

The graph indicates the very 
leafy nature of bur clover. In 
May there was evidently a pre- 
ference for leaves over stems. 
This was the time when bur 
clover was very highly preferred. 
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By July the leaves had dis- 
appeared and composed less than 
1 percent in both the material 
presented to the animals and that 
eaten. July was the time when 
bur clover fruit was preferred. 
This has been observed many 
times in the California annual 
type, and it is common to see 
both sheep and cattle actually 
licking the burs off the ground. 

Where animals are on ranges 
with a high proportion of either 
filaree or bur clover after plant 
maturity, they maintain condi- 
tion very well. This is probably 
because there is a high propor- 
tion of seeds of these two species 
in their diet. 

Summary 
Sheep with esophageal fistulas 

were used to determine the per- 
centage botanical composition of 
consumed forage. The forage pre- 
sented to the animals was sam- 
pled by points in the field, points 
with a microscope on clipped 
plants, and by weight. The fis- 
tula-collected material was sam- 
pled with the microscope techni- 
que. Samples were taken with 
three animals and with the field 
methods on four plots of differ- 
ent botanical composition during 
the growing season of 1957. 

The forage presented to the 
sheep was principally soft chess, 
filaree, and bur clover. The per- 
centage of grass was least by the 
weight method, slightly more by 
the points and considerably more 
by the laboratory points. The 
proportion by different methods 
showed similar trends between 
plots for the primary species. 
Therefore, the methods sampled 
the trends in adequate manner 
even though the absolute values 
were different between techni- 
ques. 

Animals showed high prefer- 
ence for bur clover leaves in 
May, and for seed in July. Bur 
clover was avoided during the 
winter. They selected filaree in 
July in a much higher ratio than 
it was present in the forage. 
Where a species was high in com- 
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position, they tended to take Preference for bur clover seed LITERATURE CITED 
more of it. Preference was not in the early summer is frequent- 
related to height of the plant ma- ly given as the reason that ani- HEADY, HAROLD F. 1957. The meas- 
terials. Much variability existed mals maintain condition on dry urement and value of plant height 

between sheep in the preference annual ranges. This study indi- in the study of herbaceous vegeta- 

for plant species on a short time cates that the seed of filaree is 
tion. Ecology 38: 313-320. 

basis, but over the whole season also an important element in 
very little difference appeared in sustaining animal condition into 

TORRELL, D. T. 1954. An esophageal 
fistula for animal nutrition studies. 

the diets of different animals. the dry season. Jour. Animal Sci. 13: 878-884. 
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The increase in shrubby spe- 
cies on semidesert ranges during 
the last 50 to 60 years is a well- 
documented fact. Studies con- 
ducted on semidesert ranges in 
southern Arizona have shown 
that an increase in shrubs is gen- 
erally accompanied by a decrease 
in perennial grass production. Ef- 
forts to control these shrubs and 
reduce their competition with 
grasses have met with varying 
degrees of success. Chaining, 
cabling, burning, and chemical 
herbicides have been the most ef- 
fective methods used to date. 

This paper reports results of a 
cabling operation carried out on 
an area dominated by jumping 

1The authors are indebted to Dr. 
R. R. Humphrey, University of Ari- 
zona, for his suggestions concerning 
the study and editing of the manu- 
script and to the U. S. Bureau of In- 
dian Affairs for information on the 
treatment and management of the 
study area. 

cholla (Opuntia fulgida) on the 
Papago Indian Reservation ap- 
proximately 20 miles southwest 
of Tucson, Arizona. 

Previous Work 
Griffiths (1910) and Thornber 

(1910) became convinced from 
observations made between 1903 
and 1910 that mesquite (Prosopis 
juliflora var. velutina) and other 
shrubby species were invading 
grassland areas in southern Ari- 
zona. Photographs taken at that 
time compared with more recent 
photographs taken from the 
same points confirm their con- 
clusions. Surveys by Upson, 
Cribbs, and Stanley (1937) show 
that over one million acres of 
rangeland in southeastern Ari- 
zona were dominated by cactus 

2Reference for plant nomenclature: 
Kearney, T. H. and R. H. Peebles. 
1951. Arizona Flora. University of 
California Press, Berkeley and Los 
Angeles. 1032 pp. 

in 1937. Brown (1950) and Glen- 
dening (1952) give both photo- 
graphic and experimental evi- 
dence of the increase of shrubby 
plants on the Santa Rita Experi- 
mental Range and their effect on 
grass production. Glendening re-, 
ported that jumping cholla on 
certain areas increased from an 
average of 6 to 155 plants per 
acre during the 17-year period 
from 1932 to 1949. During the 
same period cane cholla 
(Opuntia spinosior) increased 
from 6 to 325 plants per acre, and 
mesquite from 59 to 122 plants 
per acre. In contrast, perennial 
grass density decreased 97 per- 
cent. Glendening also reported 
that spread of cane cholla by 
seeds was common although few 
seedlings of jumping cholla were 
found. These findings appear to 
confirm in part the earlier work 
of Johnson (1918) who found 
that seed of jumping cholla did 
not germinate readily under field 
conditions. 

A comprehensive review of the 
literature dealing with vegeta- 
tional changes of southwestern 
grasslands bears out these vari- 
ous conclusions (Humphrey 
1958). Although mesquite and 
other woody plants did occur in 
some upland areas in southern 
Arizona, these species w’ere 
largely restricted to river bot- 
toms and cross drainages. 

Although some work has been 
reported on methods of control- 
ling cholla, no studies appear to 
have been made that show the 
direct effect of cholla control on 
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FIGURE 1. General views of the study area showing the unchained area, left, and the chained area, right. Photos were taken in De- 
cember 1957, 2% years after chaining. (Photos by R. R. Humphrey). 

grass density. However, follow- 
ing thinning of mesquite stands, 
Parker and Martin (1952) re- 
corded three- to four-fold in- 
creases in perennial grass pro- 
duction on some areas with lesser 
increases on others. 

In the control of jumping 
cholla, burning has probably 
been tried more extensively than 
any other method. Humphrey 
(1949) reported that approxi- 
mately 50 percent of the cholla 
was killed by a controlled burn 
in 1933 on a ranch in southern 
Arizona. By 1948, 15 years later, 
cholla had reinvaded and was 
present in about its original den- 
sity. This same paper reported 
that a 1935 burn in the Sierrita 
Mountains of southern Arizona 
resulted in a ‘75 percent kill of 
cholla, with almost no reinvasion 
13 years later. Humphrey and 
Everson (1951) reported a 61 
percent kill of cholla on an area 
burned in 1949 on the Page- 
Trowbridge Experimental Ranch 
35 miles north of Tucson. A part 
of this loss, however, was appar- 
ently due to natural causes, since 
mortality on an adjacent un- 
burned area was 32 percent. Two 
growing seasons after an area on 
the Santa Rita Experimental 
Range had been burned, Rey- 
nolds and Bohning (1956) re- 
corded a 44 percent mortality of 
jumping cholla and 42 percent of 
cane cholla. 

Chemical herbicides have been 
tried on cholla to a limited ex- 
tent. Glendening (1949) found 
that 2,4-D and 2,4,5-T were in- 
effective on cactus. More recent 
studies have shown that com- 
plete wetting of the plant with 
2,4-D, 2,4,5-T, TCA or DNOSBP 
will effectively control cholla 
(Arizona Agricultural Experi- 
ment Station, 1950; Young, et al., 
1950; Roach and Glendening, 
1953). 

Study Area 
The study area, covering ap- 

proximately 15 acres, consists of 
two adjoining parts-one cleared 
of brush by chaining, the other 
not chained. The treated area is 
part of a 1,580-acre tract chained 
by the Unted States Bureau of 
Indian Affairs in June 1955. This 
area lies at approximately 2,700 
feet elevation on a uniform, 
north-facing, 1 l/2 percent slope. 
Mean annual precipitation is 10 
to 12 inches, approximately half 
of which falls from July to Sep- 
tember and half from December 
through April. The soil is a deep, 
alluvial sandy loam. 

Prior to treatment the area 
was dominated by shrubs. The 
overstory was predominantly 
jumping cholla; burrowed (Ap- 
Zopappus tenuisectus) was the 
most abundant perennial species 
in the understory. Other shrubs 
present in small amounts in- 

eluded: whitethorn (Acacia con- 
stricta), creosotebush (Larrea 
trident&a), pencil cholla (Opun- 
tia arbuscuZa) snakeweed (Gu- 
tierrezia Zucida), zinnia (Zinnia 
pumila) and Trixis californica. 

Perennial forbs comprised a 
very minor part of the total ve- 
getation. The most abundant 
forbs were white horsenettle 
(So Zanum elaeagnifolium) and 
ironplant goldenweed (Aplopap- 
pus spinulosus). 

Perennial grasses also consti- 
tuted only a small part of the 
total vegetation. They grew most 
commonly along drainages and 
beneath shrubs. Principal species 
were Arizona cottontop (Tri- 
chachne californica), spidergrass 
(Aristida ternipes) and Aristida 
hamulosa. Occasional plants to 
bush muhly (Muhlenbergiu por- 
teri), fluff grass (Tridens pulchel- 
Zus), plains bristlegrass (Setaria 
macrostachya) and other species 
of Aristida were also found. 

Treafmenf and 
Evaluation Methods 

The area was chained early in 
June before the summer rains 
began. The chaining technique 
consisted of pulling an anchor 
chain looped between two craw- 
ler-type tractors, in one direction 
only. Before chaining the area 
was seeded by airplane at a rate 
of 1% pounds per acre to a mix- 
ture of Boer lovegrass (Eragros- 
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Table 1. Relative abundance of forbs and shrubs 
areas. 

on chained and unchained ber of all species of shrubs per 
acre on the unchained area was 
540, on the chained area 1,528. 
Most of this increase was due to 
sprouting of cholla joints that 
were knocked off the old plants 
during chaining. Young cholla 
plants were nearly 24 times more 
abundant on the chained area 
than on the unchained, 956 and 
40 plants per acre respectively. 
In contrast with this, chaining 
reduced the numbers of old 
cholla plants from 90 to 24 per 
acre. 

Other significant differences 
in shrub numbers included 34 
percent more burroweed plants 
and 90 percent fewer pencil chol- 
las on the chained area. The in- 
crease noted in the number of 
burroweed plants was apparently 
due to seed sprouting on the dis- 
turbed soil resulting from the 
chaining operation. The decrease 
in the number of pencil cholla 
appeared to be due to poor abil- 
ity of pencil cholla joints to 
sprout following chaining. 

Perennial forbs averaged 86 
plants per acre on the chained 
area and 154 on the unchained. 
This difference, though rather 
large, was not significant, prob- 
ably because of extreme variabil- 
ity between plots. 

Basal density of perennial 
grasses, as measured by the line 
intercept method, was very low, 
0.056 percent on the unchained 

Table 2. Perennial grass basal densi- 
iy on unchained and chained areas. 

Basal density 
Species Unchained Chained 

Percent Percent 
Spidergrass 0.0254 0.0100 
Arizona cottontop 0.0126 0.0228 

Aristida hamulosa 0.0116 0 
Aristida spp. 0.0006 0.0082 

Bush muhly 0.0036 0 
Fluffgrass 0.0012 0 

Plains bristlegrass 0.0010 0 
Wilman lovegrass 0 0.0060 

- - 
Total 0.0560 0.0470 

Unchained area Chained area 
Species Plants Standard Plants Standard Differ- 

per acre error per acre error ence 
Number Number Number Number Percent 

Shrubs: 
Jumping cholla (young) 
Jumping cholla (old) 
Burroweed 

40 12 956 176 +2390*” 
90 17 24 10 -73** 

250 35 334 18 +34* 

Whitethorn 28 12 56 17 +1001 
Creosotebush 22 13 10 4 -55 
Pencil cholla 20 7 2 2 -go** 

Snakeweed 24 12 88 35 +267 
Zinnia 14 8 18 8 +28 
Trixis 36 18 24 9 -33 

Others 16 16 0 ___. 
- 

198 540 61 1528 +183** Total 
Perennial forbs: 

White horsenettle 
Aplopappus spinulosus 
Others 

132 50 
18 36 
4 0 

-62 
+ 100 
-100 

_.-_ 
____ 
- 
48 Total 154 103 -44 

* Difference significant at the 0.05 level. 
** Difference significant at the 0.01 level. 

1 Differences not astericked are not significant or not suitable for testing. 

tis chloromelas) and Wilman 
lovegrass (E. superba). The area 
has been protected from grazing 
by domestic livestock since 
chaining. 

Evaluation of the effects of re- 
seeding and chaining is based on 
differences in vegetation be- 
tween the treated and untreated 
areas. Basal density of perennial 
grasses and abundance of forbs 
and shrubs were used as evalua- 
tion criteria. These measure- 
ments were made in October 
1957, approximately 2l/2 years 
after chaining. 

Perennial grass densities were 
obtained by basal-intercept 
measurements on fifty 100-foot 
line transects on both treated 
and untreated areas. These tran- 
sects were uniformly distributed 
on adjacent strips 250 feet wide 
and 1,300 feet long. The two sets 
of transects were separated by a 
lOO-foot strip covering the border 
joining the two areas. Method 

of measurement was similar to 
that of Canfield (1950). 

Abundance of forbs and shrubs 
was determined by recording the 
numbers of each species of forb 
and shrub on O.Ol-acre belt tran- 
sects. These transects consisted 
of a strig 4.356 feet wide, extend- 
ing the length of each lOO-foot 
line transect, with the line form- 
ing the right side of the belt. 

The line and belt transect data 
were analyzed by species and to- 
tals for significance of differ- 
ences between treated and un- 
treated areas by means of the “t” 
test. 

Results and Discussion 
The most noticeable effects of 

the chaining were a great de- 
crease in the size of shrubs on 
the chained area, due to knock- 
ing down of the old plants (Fig. 
l), and a highly significant in- 
crease in the total number of 
shrubs (Table 1). Average num- 
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area and 0.047 percent on the 
chained area (Table 2). Differ- 
ences in density between chained 
and unchained areas for individ- 
ual species or for total grass den- 
sity were not significant due to 
low densities and high vari- 
ability between plots. Failure of 
the grasses to increase in density 
was probably due to extreme 
drouth during the summers of 
1955 and 1956 following chaining, 
to very limited seed source, and 
to competition from annuals for 
the limited moisture available. 

Establishment of seeded love- 
grasses on the chained area was 
very poor, apparently because of 
drouth and competition from an- 
nuals. Only one plant of Wilman 
lovegrass and none of Boer 
was encountered on the 5,000 feet 
of transect lines. 

Conclusions 

In general, the most obvious ef- 
fect of the chaining operation 
was to open up the shrub stand 
by knocking down the woody 
plants. However, due to the large 
number of young cholla plants 
established following the chain- 
ing treatment, the opening up of 
the area appears to be only tem- 
porary, and the future stand of 
mature cholla will probably be 
much more dense than the origi- 
nal stand. 

Native perennial grasses did 
not benefit noticeably from the 
chaining treatment, and reseeded 
lovegrasses failed to become 
established. 

Some shrubby species, such as 
young jumping cholla and bur- 
roweed, increased in abundance, 
while others, such as old jumping 
cholla and pencil cholla, de- 
creased in abundance following 
chaining. 

The results of this study indi- 
cate that control of jumping 
cholla by chaining on semidesert 
ranges in southern Arizona will 
not be effective until a method is 
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developed for preventing the 
establishment of new plants 
from fallen joints. 

Summary 

In June 1955 an area of 1,580 
acres of semidesert grass-shrub 
vegetation on the Papago Indian 
Reservation in southern Arizona 
was chained. Two and a half 
years after treatment, basal in- 
tercept of perennial grasses was 
measured, and numbers of forbs 
and shrubs per acre were count- 
ed on a portion of the chained 
area and on an adjacent un- 
chained area to evaluate the ef- 
fect of chaining. The analysis in- 
dicated: 

1. A general opening up of the 
shrub stand. 

2. A 73 percent reduction in 
the numbers of live, old, jump- 
ing-cholla plants. 

3. A large increase of young 
jumping-cholla plants on the 
chained area, presumably from 
joints which fell off the old 
plants during chaining. 

4. A 34 percent increase in the 
number of burroweed plants. 

5. A 90 percent decrease in the 
number of pencil cholla plants. 

6. No significant change in 
numbers of forbs or in basal in- 
tercept of perennial grasses. 

It is concluded that the effect 
of this chaining treatment will 
be temporary and the future 
stand of cholla may be more 
dense than the original stand. 
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The Desert Grassland- A His- 
tory of Vegetational Change 
and an Analysis of Causes. By 
Robert R. Humphrey. The Bo- 
tanical Review 24(4):193-252. 
1958. 

This compilation represents a com- 
prehensive review of literature deal- 
ing with the early history and ex- 
plorations in the Southwest. It also 
includes recent experimental data on 
brush control in that area. 

Humphrey characterizes ‘ ‘ d e s e r t 
grassland” as the most arid of all 
North American regions. He de- 
scribes the area from the standpoint 
of climate, vegetation, and the place 
of woody plants, which apparently 
have increased with the advent of 
white settlement. 

Humphrey states that use of the 
desert grassland by white men 
started in what is now the United 
States about 1598. The two principal 
vegetational changes that have taken 
place since then are the thickening 
up of existing woody species and the 
invasion of woody species into areas 
that were formerly open grasslands. 
He corrects one common misconcep- 
tion in that mesquite was not origi- 
nally restricted to bottomlands but 
also grew on the uplands. 

Vegetation of major drainages ap- 
parently varied from tall grass in the 
meadows or cienagas to thorny scrub 
of catchlaw, screwbeans and mes- 
quite; and to willows and cotton- 
woods in the moister places. The 
upland vegetation was quite variable 
with patches of desert grassland oc- 
curring along with true desert over 
much of this area. It is here, appar- 
ently, where occasional woody plants 
grew originally, that they have since 
greatly thickened because of chang- 
ing factors in the environment. 

The best photographic records date 
from pictures taken in 1892-1896 of 
the United States-Mexico boundary 
line monuments. Many of these mon- 
ument areas were re-photographed 

by Humphrey in 1956. A comparison 
of photographs showed essentially 
the same cover of brush and grass 
at the same locations through these 
widely spaced time intervals, except 
that woody vegetation increased. 

He considers five factors to have 
influenced the increase in woody 
plants. These are: (1) Grazing by 
domestic livestock. This has caused 
the spread of woody species by seed 
dissemination, selective grazing, re- 
duced competition from the more 
palatable plants, and the removal of 
fuel for fire. (2) Competition or lack 
of it. This factor is important in 
holding invasion, but Humphrey 
doubts if competition would have 
prevented the invasion or increase in 
the amount of woody vegetation. 
(3) Change of climate. According to 
Humphrey, there is no good evi- 
dence to link climatic changes with 
woody plant increase. (4) Rodents 
and rabbits. Some influence no doubt 
takes place by these animals caching 
or spreading seeds and in the reduc- 
tion of competing vegetation. This, 
in part, would be complementary to 
the influence of grazing by domestic 
livestock. (5) Fire. According to the 
author, this is the principal factor 
causing the increase of woody spe- 
cies and a consequent decrease in 
grass and herbaceous plants. 

Humphrey has amassed consider- 
able evidence which, in his opinion, 
indicates the relative role of fire in 
maintaining the desert grasslands, in 
fact, any grassland, in an open con- 
dition. According to him the desert 
grassland is a fire-caused climax over 
most of this area. 

It is not imperative that the aver- 
age range man know whether fire 
was the controlling factor in keeping 
the brush out. The important thing 
is to understand the actual mechan- 
ism of brush-grass competition that 
tips the scale in favor of woody spe- 
cies over grass. Few people sub- 
scribe, at the present time, to the 
use of fire as a satisfactory means 
for brush control, except perhaps in 
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the California chaparral and certain 
areas of big sagebrush. However, the 
influence of varying intensities of 
grazing, reseeding, fertilization, and 
various combinations of these range 
improvement practices may be im- 
portant areas of study in the effort 
to effectively check the spread of 
these woody species. 

As a result of reading this paper, 
it seems especially critical for ecolo- 
gists working on western ranglands 
to better integrate and coordinate 
autecology (species) and synecology 
(community) studies if more effec- 
tive control measures for woody 
plants are to be developed.-Donald 
W. Hedrick, Oregon State College. 
Corvallis, Oregon. 

American Agriculture: Geo- 
graphy, Resources, Conserva- 
tion. By Edward Higbee. John 
Wiley and Sons, Inc., New 
York. 399 pages. 1958. $7.95. 

Dr. Higbee has presented a very 
systematic and comprehensive sur- 
vey of the agriculture of the United 
States in this book. With his back- 
ground in geography and a good ba- 
sic philosophy on conservation, Dr. 
Higbee has made a significant con- 
tribution. The book contains general 
information on the agricultural re- 
gions of the United States and spe- 
cific illustrations of land use prac- 
tices and problems in each region. 

Dealing with the basic resources 
of soils, plants, and water, the au- 
thor brings out regional differences 
in the quality and quantity of these 
essentials with a major distinction 
drawn between the humid East and 
the dry West. 

As stated in the preface, the prob- 
lems of western farmers are focused 
upon water; therefore, it dominates 
the chapters dealing with the West. 
There is no central theme for dis- 
cussion of agriculture in the humid 
East. 



The background approach and phil- 
osophy in the first few chapters are 
very interesting. For example, Dr. 
Higbee states that “Economically, 
our primary concern is surplus 
production, whereas most of the 
world is hungry and poorly clothed.” 
Dr. Higbee attributes part of our 
good fortune to a geographical acci- 
dent, part of the remarkable amount 
of capital we have invested in agri- 
culture, and part to the fact that our 
human population is low compared 
with the wealth of our resources. In 
spite of these advantages the state- 
ment is made that “before the end 
of this century the people of the 
United States may look upon this age 
of surplus as something of a freak.” 

Three chapters deal specifically 
with ranching and range land. Be- 
cause of the broad scope of the book 
these treatments on the use and 
management of the western range 
are rather general and serve only to 
introduce the reader to the prob- 
lems. Likewise the treatments of 
forest management and multiple use 
are very general. 

The text with its tables and maps 
contains a wealth of information on 
the overall agriculture picture. It 
seems rather unfortunate, as with 
most tests, that this material, after 
it is finally compiled and presented, 
is no longer as current as one would 
like because of the rapidly changing 
agricultural situation in the United 
States.-Gerald W. Thomas, Texas 
Technological College, Lubbock, 
Texas. 

Introductory Animal Husbandry, 
Third Edition. By Arthur L. 
Anderson. The Macmillan 
Company, New York. 742 
pages. 1958. $7.75. 

This is the third and revised edi- 
tion of an introductory animal hus- 
bandry book designed primarily for 
use in college animal husbandry 
courses. Previous editions of this 
book have been well received, and it 
is felt that this more comprehensive 
edition, which now includes all the 
breeds for each class of livestock, 
will enjoy even greater popularity. 

BOOK REVIEWS 

The first chapter is devoted to the 
place of livestock in agriculture, per- 
cent of the farm income from live- 
stock, and a discussion of the general 
farming regions of the United States. 
The second chapter is a general dis- 
cussion on the origin, zoological clas- 
sification, and history of both dairy 
and beef type cattle in the world 
and the United States. 

Following these two general chap- 
ters the book is divided into five sec- 
tions on beef cattle, dairy and dual- 
purpose cattle, swine, sheep and 
horses and mules. Under each class 
of livestock there are several chap- 
ters logically arranged to give the 
reader a good background of general 
and specific information on the place 
of each respective class of livestock 
in farming or ranching, market re- 
quirements, methods of marketing, 
slaughter and processing, merchan- 
dising the products, feeding and 
management, and breeds and breed- 
ing. 

Marketing of beef cattle is excel- 
lently presented under five chapter 
headings which include markets, 
market classification of cattle and 
cattle prices, feeder and stocker cat- 
tle, cattle slaughtering, processing 
and by-products, and beef and veal 
distribution and consumption. The 
early history of cattle marketing is 
traced, major cattle markets with 
their sales are reported, and methods 
of marketing and transportation are 
well covered. The various market 
grades are both illustrated and de- 
scribed and the effect of grades and 
sex on market receipts is discussed. 
The chapter on cattle slaughtering, 
processing, and by-products, and the 
outline of slaughter by-products 
from cattle are very informative and 
complete. Carcass grades are il- 
lustrated and discussed with respect 
to federal grading, and requirements 
for the grades and the average phys- 
ical composition of the different beef 
grades is given in table form. There 
is a short discussion on Kosher Beef. 

The feeding and management of 
cattle as well as breeding are il- 
lustrated and briefly discussed for 
all the breeds. 

The general method of presenta- 
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tion is followed for both the sheep 
and swine sections. A chapter on 
wool is included under the sheep 
section. This chapter covers produc- 
tion by countries, characteristics of 
the wool fiber, and contains illus- 
trations and detailed descriptions of 
the wool grades. Wool marketing 
and wool tariffs for the various wool 
grades are discussed along with the 
National Wool Act, which provides 
the present incentive payments to 
wool producers. 

There is some question as to the 
wisdom of including a section on 
dairy cattle in an animal husbandry 
book. If this is used as a college text 
in animal husbandry it would in all 
probability be deleted, otherwise, 
some duplication would exist when 
the student took the dairy husbandry 
course. Under the dairy section 
there is very good coverage of breed 
characteristics, dairy cow and bull 
score cards, and record keeping. One 
chapter is devoted to milk secretion 
and factors affecting milk secretion. 
Dual-purpose cattle are taken up in 
a separate chapter of the dairy 
section. 

The last portion of the book is de- 
voted to horse and mule husbandry. 
It includes chapters on draft horses, 
light horses, feeding and manage- 
ment, horse breeding, and mules. 
While less emphasis is being placed 
on horses in many college classes 
these chapters are interesting and 
informative for anyone in the ani- 
mal husbandry field. 

The book is well footnoted 
throughout and a list of valuable 
references for each class of livestock 
is included at the end of the book. 
There is also a complete listing of 
all Livestock Record Associations 
and their addresses. 

This book, while primarily writ- 
ten for a college text, will be of 
use for anyone interested in animal 
husbandry. It could be used as a 
reference book for vocational agri- 
cultural students and county agents. 
It would be difficult to find a book 
with greater coverage that remains 
introductory in nature.-D. M. Baird, 
Georgia Experiment Station, Experi- 
ment, Georgia. 
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IX International Botanical Congress 

The IX International Botanical Congress will be held in Montreal, Canada, from August 19-29, 

1959, at McGill University, University of Montreal, and Sir George Williams College, and will be 

preceded by sessions of the Bureau of Nomenclature from August 16-19. 

An extensive series of field trips has been planned as an integral part of the Congress. Of 

special interest to range men will be Field Trip 4.-Grasslands, Alberta-Saskatchewan. This field 

trip is scheduled for August l-11, 1959. On this trip the ecology of the natural prairies and range- 

land of southern Alberta and Saskatchewan will be studied in respect to climate, soil and geology. 

Trip leader is Dr. R. T. Coupland. The cost of the trip is $125 per person, if travelling by 

chartered bus. This cost includes expenses for accommodations and meals on the actual trip. 

Registration for the Congress and for the field trips must be made by March 15, 1959. Address 

all inquiries to : Secretariat, IX International Botanical Congress, Science Service Building, Ottawa, 

Canada. 



WITH THE SECTIONS 

ARIZONA 
The ninth annual winter meeting 

of the Arizona Section was held at 
Nogales, Dec. 5-6, 1958. The feature 
of the first afternoon was a range 
judging contest held at the Harrison 
Ranch. The contest was handled by 
DAVE WILSON, assisted by BILL WIL- 
LIAMS and the University of Arizona 
Chapter of the Section. The annual 
Section Scholarship Award was pre- 
sented by DAVE WILSON at the an- 
nual banquet in the evening. Other 
items on the evening program in- 
cluded presentation of the winners 
of the range judging contest by 
S. CLARK MARTIN; a message from 
the outgoing chairman, WAYNE 
KESSLER; installation of 1959 Section 
officers; and a movie on vitamin A. 

The second day of the meeting fea- 
tured three panels. KENDALL CUM- 
MINGS was chairman of the panel on 
“Factors in Range Condition.” In- 
cluded on the panel were DWIGHT 
CABLE, CHARLES BOMBARDIER, CHARLES 
MICHAELS, MATT CULLEY, and FRED 
TSCHIRLEY. The panel on “Range 
Livestock Husbandry” was led by 
BRUCE TAYLOR and included BARTLEY 
CARDON, CHARLES KENDALL, W. J. 
VANARSDALL, and JERRY SOTOLA as 
speakers. 

The Arizona Section exhibit at the Ari- 
zona State Fair in Phoenix last November 
featured a. display of live grasses. 

The meeting concluded with the 
panel on “What is a Ranch Worth?” 
The panel was led by MUNDEY JOHN- 
SON. BILL FRAESDORF, MEL COTNER, 
MURRAY MACCLEOD, and NELSON 
STEVENSON discussed the value of a 
ranch as an investment, a producer 
of beef, a means of livelihood, and as 
loan security. 

The Section exhibit at the Arizona 
State Fair at Phoenix in November 
included a display of live grasses. 
WARREN BROUGH was chairman of the 
Exhibits Committee, assisted by 
LOUIS HAMILTON, DARWIN ANDERSON, 
PERL CHARLES, and BOB BOYLE.- 
Wayne Kessler. 

CALIFORNIA 

Officers of the California Section 
for 1959 are: Chairman: HAROLD W. 
MILLER; Vice Chairman: LISLE R. 
GREEN; Council: LESTER J. BERRY and 
ARNOLD M. SCHULTZ; Hold-over 
Council: CHARLES CARLSON and JOE 
THORNTON. 

BURGESS L. KAY was appointed 
secretary-treasurer to serve for an 
extended term of several years. 

The annual meeting of the Cali- 
fornia Section was held at the River- 
view Golf and Country Club in Red- 
ding on October 27, 28 and 29. The 
meeting was in conjunction with the 
Western Range Fertilization Confer- 
ence. The first day was presented 
by the Fertilizer group and included 
some 20 papers related to range fer- 
tilization. The day concluded with 
a banquet speech by R. MERTON LOVE 
titled “Farming our Rangelands.” 
One-hundred-eighty people attended 
the first day. 

The first morning of the one and 
one-half days program sponsored by 
the California Section included sub- 
jects relating to range fertilization. 
All papers were volunteer by so- 
ciety members. There was a decided 
trend toward subjects relating to sul- 
fur fertilization in particular. The 
use of intermediate wheatgrass in 
California was also discussed. 

The afternoon session featured 
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Past Chairman of the California Section, 
R. MERTON LOVE, left, turns over Section 
leadership to the new Vice-Chairman, LISLE 
R. GREEN, in the absence of 1959 Chairman- 
elect, HAROLD W. MILLER. 

discussions of watershed problems 
in Arizona, bitterbrush ecology, con- 
ditions and trends on deer ranges in 
northern California, and trials on 
feeding and pelleting chapparral. 

The dinner speaker was DR. S. 
ANDERSON PEOPLES of the University 
of California School of Veterinary 
Medicine. The title of DR. ANDER- 
SON’S presentation was “The Origin 
of the Dope Sheet” and covered the 
use of drugs in horse racing. 

The final morning’s program in- 
cluded a discussion of the brushland 
conversion on the Backbone Coop- 
erative Range Project including costs 
of conversion and grazing returns. 
Other papers were “Criteria for 
Evaluating Emergency Revegeta- 
tation,” Vegetational Changes Asso- 
ciated with Control of Klamath 
Weed, ” “Concepts and Needs in the 
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Control of Rodents,” and “Chemical 
Diffusion.” 

An afternoon tour of the range im- 
provement work on the WALTER 
JUNGE Ranch near Redding was con- 
ducted by arrangements chairman, 
WALT SPIVEY. Included in the tour 
were the results of brush mashing, 
control burning, seeding, and use 
of the rangeland drill developed by 
the U. S. Forest Service. MR. JUNGE 
has purchased one of these drills for 
his range improvement work. The 
highlight of the tour was the feed 
and pellet mill and the brush har- 
vesting machinery. MR. JUNGE is ex- 
perimenting with the harvesting of 
brush species for livestock feed. The 
brush is pressed into a pellet with 
barley and molasses and fed to live- 
stock in his own feedlot on the ranch. 
-Burgess L. Kay. 

COLORADO 
The Colorado Section held their 

last field tour for 1958 at Montrose 
on September 12 and 13. About 40 
members went on the field tour to 
the BILL HOFMANN ranch southwest 
of Montrose. There a striking exam- 
ple of a successful dual-use pro- 
gram was inspected. Grazing use 
by cattle and sheep over a five- 
year period has resulted in more 
even and economic utilization of 
grasses, forbs, and shrubs, while 
staying within the grazing capacity 
of the range. 

The display committee, with Ross 
MCLAUGHLIN as chairman, has made 
good progress with the color slide 
exhibit for the national meeting in 
Tulsa. The theme of the exhibit 
is “range types in Colorado and 
their use by livestock and wildlife.” 

The annual meeting of the Sec- 
tion was held at Denver, November 
14. New officers were installed, and 
the Section program for 1959 was 
discussed. 

NEVADA 
A small but enthusiastic group 

attended the fall field meeting of 
the Nevada Section at Cedarville, 
California, September 11 and 12. 
Arrangements were made by JOHN 
ARTZ, program chairman, and the 
tour was conducted by CHARLES 
SAULISBERRY and HARRY TAYLOR. 

The first day was spent on moun- 
tain ranges of the Modoc National 
Forest. Brush control, reseeding 
mountain me a do w s, water-spread- 

WITH THE SECTIONS 

Part of the group that attended the Nevada Section field trip to Cedarville 
California, on September 11-12, 1958. 

ing, and aspen range exclosures were 
discussed. Questions and answers 
followed about timber management 
and harvest, climate, geology, and 
the Bear Camp allotment manage- 
ment system and problems. 

Thursday evening the group en- 
joyed a family-style chicken dinner 
with all the trimmings. BEN HAZEL- 
TINE entertained the group with 
movies on antelope filmed at near- 
by Sheldon Antelope Range and on 
the whooping’ crane. 

Friday the group travelled to Fort 
Bidwell where they viewed and dis- 
cussed unusually heavy mouse dam- 
age on meadow hay lands, an un- 
successful sagebrush and larkspur 
spraying project, and tall wheat- 
grass seeding on former hayland. 

Ranchers visited included OLIVER 
CRAMPTON, LAWRENCE FEE, and J. P. 
MCAULIFFE. 

The 2-day annual business meet- 
ing of the section will be held in 
Battle Mountain, Nevada, in mid- 
February. JACK ARTZ, Program Com- 
mittee Chairman, is in charge of ar- 
rangements with the able assistance 
of MONTY ROHWER. 

Nevada section officers are FLOYD 
E. KINSINGER, Chairman; JOHN R. 
ARTZ, Vice-Chairman; RAYMOND A. 
EVANS, Secretary-Treasurer; TOM 
BURLESON, ARCHIE MURCHIE, DICK 
ECKERT, and CHARLES SAULISBERRY, 
Councilmen. 

New members of the Nevada Sec- 
tion are: T. J. LONGSETH, MARY B. 
HORNBARGER, TOM MARVEL, DONNELL 
RICHARDS, JR., EDWIN LUKENS, JAMES 
H. GILMAN, E. J. PALMER, JESSE A. 
PALM, HOWARD M. HAMILTON, HARRY 

B. RATHNER, JOHN CHOLIS, BOE 
FERRARO, PAUL TUELLER, LESTER 
SWEENEY, V. CARROL DONNER, RAY- 
MOND A. EVANS, M. KUSLER PORTER, 
TED RAMELLI, JOHN SWARTZ, ROGER 
TAYNTON, and DONNEL WARD. 

NORTHERN GREAT PLAINS 
Officer3 of the Section for 1959 

are: Chairman, LLOYD R. GOOD, 
Dickinson, N. Dak.; Vice-chairman, 
BURTON B. BREWSTER, Birney, Mont.; 
Secretary-treasurer, LARKIN H. 
LANGFORD, DICKINSON; 2-year Coun- 
cilmen, OSCAR S. KVAALEN, Lambert, 
Mont., and GEORGE C. Ross, Many- 
berries, Alberta. Hold-over council 
members include SYLVESTER SMO- 
LIAK, Manyberries; FRED S. WILLSON, 
Bozeman, Mont.; and WALTER R. 
HOUSTON, Miles City, Mont. 

Section membership as of October 
22 was 36. OSCAR KVAALEN, newly 
elected Section council member, was 
recently elected to the Montana 
House of ‘ Representatives. Bob 
LODGE, Swift Current, Saskatchewan, 
has returned to the job recently af- 
ter two years of graduate work at 
University College in Wales. 

The 1959 Section meeting will be 
held at Dickinson, N. Dak.-Cterle 
Date. 

SOUTH DAKOTA 
The 1959 annual Section meeting 

was held at Pierre, December 8-9, 
1958. Arrangements for the meeting 
were made by a committee headed 
by MARCUS WULFF and including LEO 
BERNER and LES ALBEE. 

A feature of the program was the 
discussion on the “Range Manual for 



Youth,” by LES BERNER. The adapta- 
tion of the basic manual, “Range- 
Its Nature and Use,” will be com- 
pleted this year. The South Dakota 
Extension Service will publish 15,000 
copies of the Section’s adaptation 
in the spring of 1959. 

Interesting papers on a number of 
subjects were presented at the two- 
day meeting. Among these were 
“Medicine Butte study,,” TEX 
LEWIS; “Conservation development 
of ranch properties,” JOHN KIL- 
LOUGH; “Range curriculum at State 
College,” BOB GARTNER; “Range So- 
ciety objectives,” LES ALBEE; “Prog- 
ress in range management,” PAUL 
HOWARD; “Progress on small range 
watershed studies,” ARMINE KUHL- 
MAN; “Range management possibili- 
tiies in the Great Plains conserva- 
tion program,” RALPH COLE; “Range 
management for wildlife,” WENDELL 
BEVER; and “South Dakota method of 
figuring range seeding mixtures,” 
E. J. DANIEL. 

Two 4-H’ers won the Section’s 
“Oscar” awards at the Western Jun- 
ior Livestock Show for outstanding 
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grass and range plant exhibits. The 
basis for these awards includes 
showing a collection of nine or more 
blue ribbon groups of grasses and 
range plants and two blue ribbon 
placings each in grass and range 
plant identification and forage ex- 
hibits. The awards were established 
by the Section in 1955.--Bud Novak 

TEXAS 

The annual meeting of the Texas 
Section was held at the Hilton Hotel, 
San Antonio, December 5-6. 

Program Chairman, G. W. THOMAS, 
Dean of Agriculture, Texas Tech, 
lined up a number of interesting 
subjects for the two-day session. 
DONN Huss talked on “Micro-cli- 
matology and range management;” 
LEW YARLETT on “Ranching in cen- 
tral Texas;” VAL LEHMANN, King 
Ranch biologist, on “Brush control 
and game;” JIM HUMPHREYS, Pitch- 
fork Ranch, “Ranching in the rolling 
plains;” and JUDD MORROW, Range 
Specialist, Big Spring, on “Grass 
evaluation and reseeding.” W. HAR- 
LAN OWEN, Peoria, Illinois, came to 
talk on “Brush control methods and 
revegetation trials in western United 
States.” 

The evening banquet on Decem- 
ber 5 featured DOLPH BRISCOE, JR., 
Uvalde, 1st Vice-Preisdent of the 
Southwestern Cattle Raisers Asso- 
ciation, and former State Represen- 
tative. BRISCOE has applied a phe- 
nomenal conservation program on 
his lOO,OOO-acre Catarina Ranch. 

As of Oct. 22 the Texas Section 
had 319 members, topped only by 
Arizona with 321 members. MRS. 
JACK M. FLETCHER obtained 43 mem- 
bers in 1958, PAT COWSERT 6, and 
DON Huss and MERIL G. CARTER 4 
each.-JoAnn Fletcher. 

UTAH 

New officers of the Utah Section 
installed at the annual Section 
meeting at Salt Lake City, Decem- 
ber 6, are: Chairman, J. WELLS ROB- 
BINS; Vice-Chairman, GARTH M. 
COLTON; 3-year Director, NORMAN 
V. HANCOCK; 2-year Director, OWEN 
M. DESPAIN; and I-year Director-, 
ARTHUR D. SMITH. The Secretary 
will be named by the incoming 
Chairman. 

A number of interesting papers 
were presented at the meeting in- 
cluding, “Tailor made plants for 
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range use,” by HOWARD STUTZ, ge- 
neticist, BYU; “Grazing treatments 
at Benmore,” NEIL FRISCHKNECHT, 
Intermountain Station; “Carex of 
Utah and their relation to range 
condition,” MONT LEWIS, Forest 
Service; and “Early spring vege- 
tative growth as affected by snow 
depths and temperatures,” ALVIN 
BLEAK, Intermountain Station. SE- 
LAR S. HUTCHINGS was chairman of 
the program committee for the 
meeting. 

The Utah State University Stu- 
dent Chapter is engaged in select- 
ing an outstanding Utah rancher to 
be honored next spring during con- 
servation week. The selection will 
be made from ranchers nominated 
by technicians in the field. A se- 
lected team of students will visit 
all nominated before making the 
final selection. 

The Student Chapter is preparing 
a Utah Section display for the na- 
tional meeting at Tulsa, and is 
planning on sending a plant judg- 
ing team to compete at Tulsa.- 
Wendell M. Keck. 

The 
Kansas-Oklahoma 

Section 
welcomes you to the 
World’s best native 
grassland country. 
Bring your friends to 
the Annual Meeting, 
January 27-30, 1959 
and help us make this 
the best meeting in 
the history of the 
Society. 

SEE YOU 
IN TULSA 



NEWS AND NOTES 

Shepherd Heads Range Manage- 
ment Research at 

Intermountain 

WELDON 0. SHEPHERD of Washing- 
ton, D. C., has been appointed chief 
of the Division of Range Manage- 
ment Research at the Intermountain 
Forest and Range Experiment Sta- 
tion, Ogden, Utah, according to an- 
nouncement by Director REED W. 
BAILEY. DR. SHEPHERD succeeds the 
late LINCOLN ELLISON, who was killed 
by an avalanche while skiing at 
Snow Basin. During the interim 
ODELL JULANDER served as acting 
chief of the division. 

At the time of his appointment, 
DR. SHEPHERD was assistant chief 
range conservationist in the Forest 
Service Division of Range Manage- 
ment Research in Washington, D. C. 
He had been in the Washington Of- 
fice since 1954. 

Rogler on Assignment to Peru 

GEORGE A. ROGLER, research agron- 
omist at the Northern Great Plains 
Field Station (USDA), Mandan, 
North Dakota, left in October for 
two months of research work in 
Peru, South America. 

ROGLER is on loan from the U. S. 
Department of Agriculture to the 
University of North Carolina, which 
in turn has a contract to do agricul- 
tural and other types of research for 
the Peruvian government. The re- 
search itself will aim towards rais- 
ing the standard of living of the 
people of Peru, who are primarily 
agrarian, living mainly by raising 
herds of cattle, sheep, alpaca, and 
llama. The available range has be- 
come depleted through hundreds of 
years of continuous grazing. Part 
of the job is to advise a staff of 
Americans and Peruvians seeking 
ways to recover this rangeland after 
so many years of abuse. 

ROGLER has been with the North- 
ern Great Plains Station since 1936. 
In 1955 he was honored by Secretary 
of Agriculture, EZRA TAFT BENSON, 

for scientific achievement in forage 
crops research. Specifically the 
award was for his work in develop- 
ing Nordan crested wheatgrass and 
other improved grass varieties. 

Kansas Bluestem Marker 

The pictured sign was installed on 
the Kansas Turnpike at the Matfield 
Green Service Area in the Flint Hills 
of Kansas on August 12, 1958. A 
crowd of about 150 persons was pres- 
ent. WAYNE ROGLER of Matfield 
Green accepted the sign in the name 
of the American Society of Range 
Management. The installation of the 
sign received considerable publicity 
in the press of Kansas. 

The Turnpike Authority paid for 
and installed the sign. The text was 
a joint effort of the Range Highway 
Sign committee of the Kansas-Okla- 
homa Section and the Kansas His- 
torical Society. The sign is the 
standard Kansas historical marker. 
It is of cast aluminum with the same 
text on both sides, and it measures 
66 by 50 inches. The sign is mounted 
on 6 inch aluminum posts filled with 

reinforced concrete. These signs cost 
about $200, require minimum main- 
tenance, and will last for many 
years. 

Resolution of the Nebraska 
Stockgrowers Association 

Resolution No. 14: Range 
Management 

WHEREAS; there is more informa- 
tion and know-how in the field of 
grazing land management than is 
being put to use in Nebraska, and 

WHEREAS; grass is the rancher’s 
prime crop which he markets in the 
form of livestock, and 

WHEREAS; the Nebraska Stock 
Growers Association encourages its 
members and all stockmen to im- 
prove their range resources, and 

WHEREAS; the American Society of 
Range Management was created to 
foster advancement in the science 
and art of grazing land management, 
to promote progress in the conserva- 
tion and greater sustained use of for- 
age and soil resources, and to stimu- 
late discussion and understanding of 

This is the historical marker erected in the heart of the Flint Hills bluestem pasture 
area. Note the credit line to the American Society of Range Management and the 
Kansas Turnpike Authority. 
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scientific and practical pasture prob- 
lems; 

THEREFORE BE IT RESOLVED; that 
the Nebraska Stock Growers Asso- 
ciation seek means to work more 
closely with the American Society of 
Range Management and encourage 
its members to’ participate in the 
program and activities of the So- 
ciety. 

IN THE FIELD 
FREDERICK C. HALL has assumed 

teaching duties in range manage- 
ment in the College of Forestry, Uni- 
versity of Idaho, during the absence 
of E. W. TISDALE on a National 
Science Foundation post-doctoral 
fellowship. Prior to accepting this 
temporary position Hall was with 
the ,U. S. Forest Service in Oregon. 
He holds a Bachelor’s degree from 
Purdue University and received his 
Master’s degree from Oregon State 
College. 

Also on leave from Idaho for this 
year is MINORU HIRONAKA, research 
range ecologist. HIRONAKA is cur- 
rently at the University of Wiscon- 
sin working toward his Ph. D. under 
DRS.. JOHN T. CURTIS and GRANT 
COTTAM in ecology, with a minor in 
soils. 

Message from the President 
The American 

Society of Range 
Management 
starts 1959 after 
a year of solid ac- 
complishment 
and with a year 
of promising and 
fruitful endeavor 
ahead. The way 
in which the 

membership supported the increase 
in dues for 1959 is most gratifying. 
This increase should help put the 
current Society budget on a sound 
financial basis and enhance the 
usefulness of the Society through its 
various activities and projects. 

The founders of ASRM envisioned 
an organization of mutual interest 
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and service to all range people: 
ranchers and public land managers, 
educators and students, conserva- 
tion and extension specialists, busi- 
nessmen, and scientists. As a means 
of increasing the Society’s services 
to range management, the Board of 
Directors last July approved a re- 
organization of the standing com- 
mittees, which will be listed in the 
May issue of the Journal. Six of 
these committees, with new or ex- 
panded duties, are briefly discussed 
here. 

work for maximum service in range 
management. I feel confident that 
these and other committees, the new 
officers, and the Society as a whole, 
will have a very successful year in 
1959. 

R. S. Campbell 
President 

A new Committee on Cooperation 
with Rancher Organizations will en- 
courage closer relations between the 
Society and the various livestock and 
rancher associations. Active Sec- 
tion participation is called for. 

A new Committee on Cooperation 
with Scientific Organizations will 
systematize and expand the Soci- 
ety’s relations with sister scientific 
societies. More joint meetings and 
projects are envisioned. 

The Committee on Cooperation 
with Youth Organizations will con- 
tinue and expand its work in de- 
veloping materials and encourag- 
ing Society participation in range 
youth activities. 

Longmont Seed Co. 
Field Seeds and Complete Seed Service 

Buy-Clean-Treat-Sell 
Legumes-Grasses-Grain 
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A new Committee on Cooperation 
with Foreign Organizations will pro- 
mote the exchange of range manage- 
ment information and improved re- 
lations with foreign countries and 
organizations. 

A new Committee on Professional 
Standards will deal with Civil Serv- 
ice requirements, college curricula, 
and related subjects. This commit- 
tee will absorb the activities of the 
former Civil Service Committee. 

The Committee on Program of 
the Future will be the planning 
group of the Society, much as in the 
past. Its duties will include a study 
of Society organization, by-laws re- 
vision, and related problems. 

Seed that’s bursting with rug- 
ged vitality because it’s speci- 
ally selected from the best 
stand grown in the rugged, 
high Grande Ronde Valley of 
eastern Oregon. 

The listing of these six commit- 
tees of the ASRM in no way detracts 
from the importance of other com- 
mittees. It simply highlights the in- 
creased stature of the Society and 
the efforts to organize the Society’s 

GROWERS - HANDLERS - PROCESSORS 
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WILLIAM A. DAYTON 

In Memoriam 

William A. Dayton. 
Foresi Service Scie~niisf 

1885-1958 

WILLIAM A. DAYTON, noted plant 
scientist, died enroute to his home, 
4818 24th Street N., Arlington, Vir- 
ginia, from a heart attack, October 
20. He had served as collaborator 
with the Department of Agriculture’s 
Forest Service since his retirement 
in 1955 after 45 years of service. 

MR. DAYTON was born December 
14, 1885, in New York City, and grew 
up in Tarrytown, N. Y., the scene of 
Irving’s Legend of Sleepy Hollow. 
Here he generated a lasting love for 
the outdoors. After taking a B. A. 
(1905) and an M. A. (1908) from 
Williams college, BILL DAYTON en- 
tered the Forest Service in 1910 as a 
plant ecologist. For the next three 
years he was assigned to field work 
at the Ft. Valley Experiment Station 
in Arizona, and at various locations 
in Oregon and California. In 1914 he 
was placed in charge of range for- 
age investigations in the Washington 
office, where he served until his re- 
tirement. In 1942 he was made Chief 
of the Division of Dendrology and 
Range Forage Investigations. 

MR. DAYTON won wide recognition 
as an international authority for his 
original and outstanding research 
and leadership in taxonomy, ecology, 
and economic value of forest and 
range plants. He pioneered in range 

DAYTON came in the Forest Service, 
he started and was subsequently re- 
sponsible for building up the Forest 
Service Herbarium, which now con- 
sists of more than 120,000 specimens. 
His range work resulted in the 
preparation of two outstanding pub- 
lications of the U. S. Department of 
Agriculture, “Important Western 
Browse Plants” (1931) and “Range 
Plant Handbook” (1937). He was 
author of more than 140 published 
articles and reports, 

In 1940, MR. DAYTON was appoint- 
ed U. S. Department of Agriculture 
representative on the Editorial Com- 
mittee of “Standardized Plant 
Names,“’ and was co-author of this 
book, containing some 90,00_9 entries, 
published in January 1942. For this 
work he was awarded a gold medal 
by the Massachusetts Horticultural 
Society. 

In 1943, he was appointed a mem- 
forage investigations and did more ber of the Costa Rica Forest Survey 
than any other man to systematize party. This survey party discovered 
the nomenclature of range plants. the famous Copey oak forest-the 

In 1911, about a year after BILL largest oak forest in the world. 
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He was delegate to the UNESCO 
International Conference on the 
Protection of Nature at Lake Suc- 
cess, New York, in 1949, a delegate 
to the 7th International Botanical 
Congress at Stockholm, Sweden, in 
1950, and served as chairman of Sec. 
D., Ecology of Grasslands, 6th Inter- 
national Grassland Congress, State 
College, Pennsylvania, in 1952. 

He was a Fellow of the Amer- 
ican Association for the Advance- 
ment of Science and a member of 
20 other scientific societies, includ- 
ing the American Society of Range 
Management. He was vice president 
of the Washington Academy of 
Sciences and served as president of 
the Botanical and Biological So- 
cieties of Washington and as chair- 
man of the Washington Section, So- 
ciety of American Foresters. He rep- 
resented the Ecological Society of 
America on the Governing Board of 
the American Institute of Biological 
Sciences. He was chairman of the 
Forest Service Tree and Range Plant 
Name Committee and of the Society 
of American Foresters’ Committee 

on Tree Nomenclature and served on 
Department of Agriculture nomen- 
clature committees. 

In June 1955 MR. DAYTON was 
given the Department of Agriculture 
Distinguished Service Award “for 
conducting and providing leadership 
in carrying out important research 
on the taxonomy and ecology of 
grasses, browse plants, trees and re- 
lated forest and range vegetation.” 
He was widely known, beloved and 
respected by his fellowmen, and 
established an enviable reputation as 
a botanist and ecologist among plant 
scientists worldwide. 

In Memoriam 

Neland A. Kissinger, Jr. 
NELAND A. KISSINGER, JR. died Au- 

gust 10, 1958, as a result of a lung 
ailment from which he failed to re- 
cover after surgery. At the time of 
his death he was in the office of per- 
sonnel management, Regional Office, 
U. S. Forest Service, Portland, 
Oregon. 

In 1956 KISSINGER was chosen as 

Roy Hughes 
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one of two men from the Forest 
Service to attend the Department of 
Agriculture leadership course of six 
months in Washington, D. C.-a 
schooling accorded only to men con- 
sidered potential top administrators. 

During his career with the Forest 
Service he served on range survey 
and allotment analysis work on the 
Fremont National Forest in Oregon 
and on the Okanogan in Washing- 
ton; as district ranger on the Okano- 
gan and on the Malheur National 
Forest in Oregon. He also worked 
in both Colorado and Wyoming. 

NELAND AUGUST KISSINGER, JR., was 
born December 25, 1922, at Delta, 
Colorado. He was graduated from 
Colorado State University and saw 
service in World War II in the Pa- 
cific, African, and European areas 
with the 56th fighter squadron, 54th 
fighter group, U. S. Air Force. 

He was I a member of the Trinity 
Lutheran Church of Portland, Xi 
Sigma Pi and Phi Kappa Phi frater- 
nities, the Society of American For- 
esters, and the American Society of 
Range Management. 

Welcome 
to Tulsa 
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* 

HOLMAN 
SEED FARMS 

GROWER AND--DEALER 
QUALITY SEEDS 

Phone 195 Collinsville, Okla. 








	TABLE OF CONTENTS
	ARTICLES
	Grazing Intensity Trials on Seeded Ranges In the Ponderosa Pine Zone of Colorado
	Adequacy of Some Important Browse Species In Overwintering of Mule Deer
	Snow Management Research in High Sierra Range
	Brush Control in the Georgia Piedmont
	Yield and  Quality of Annual Range ForageFollowing  2,4--D Application on Blue Oak Trees
	The Life History of Deerbrush-a Fire Type
	Notes on Apomixis in Sideoats Grama
	Forage Preference Exhibited by Sheep With Esophageal Fistulas
	Effects of Shrub Removal on the Vegetation Of a Semidesert Grass-Shrub Range

	BOOK REVIEWS
	The Desert Grassland
	American Agriculture: Geography, Resources, Conservation
	Introductory Animal Husbandry,

	Current Literature
	With the Sections
	News and Notes

	AUTHORS
	Baird, D.M.
	Berry, L. J.
	Cable,  Dwight  R.
	Cronemiller, Fred  P.
	Evans, A. Raymond
	Gould, Frank  W.
	Heady, Harold  F.
	Hedrick,  Donald  W.
	Johnson, W. M.
	Johnson, Walter
	McKell, Cyrus M.
	Rice, Raymond  M.
	Schmutz, Ervin M.
	Sharp, Lee A.
	Smith, Arthur D.
	Thomas, Gerald W.
	Torell, Donald  T.
	Walker, Laurence  C.
	Warwick, John  J.


