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Approximately 1,46O,OOO acres 
of foothill pastures surround the 
valleys of western Oregon (Beck, 
et al., 1952). Most of this acreage 
is unimproved. Many of these hill 
lands support a dense or open 
stand of white oak (Quercus garry- 
ana), while some are reported to be 
devoid of tree cover because of 
burning practice by Indians and 
early settlers (Sprague and Han- 
sen, 1946). At present this type 
of agricultural land is considered 
to be marginal for crop production 
(Roberts, 1954). 

Because of interest in the pos- 
sibilities of improving this area for 
pasturage, the Oregon Agricultural 
Experiment Station in cooperation 
with the Bureau of Plant Industq 
of the U. S. Department of Agri- 
culture undertook an experiment 
in 1943 to determine the establish- 
ment of sixteen forage species 
under four different methods of 
seedbed preparation. In 1952 it 
was decided that a more thorough 
evaluation of the species which had 
persisted in the original 1943 seed- 
ing should be obtained. Accord- 
ingly, data were collected on the 
performance of the six most per- 
sistent species in relation to mois- 
ture and soil. 

Experimental Area 

The Willamette Valley and the 
adjacent coast range foothills are 

lTechnica1 Paper No. 952, Oregon Agri- 
cultural Experiment Station. Based on 
experimental work undertaken, by the sen- 
ior author in partial fulfillment of re- 
quirements for the Ph. D. degree in 
Farm Crops at Oregon State College. 

dominated by a mixture of Doug- 
las-fir and white oak. Cedar and 
hemlock, the typical climax domi- 
nants of the coastal areas, are not 
abundant here and the climax has 
been determined to be lowland 
white fir (Abies grandis) on the 
MacDonald Forest adjacent to the 
experimental area (Sprague and 
Hansen, 1946). Forest site classi- 
fication work by Spilsbury and 
Smith (1947) in the northwest 
indicates that much of this area, 
with a pronounced deficiency of 
moisture during the summer 
months, is characterized by an in- 
vasion of Douglas-fir (Psez&ot- 
suga me9anxiesii) into 0 r i g i n a 1 

“prairies” and oak forests. The 
predominant shrubby species of 
this area are poison oak (Rhz~s- 
diwersiloba) and common wild rose 
(Rosa rubiginosa) which invade 
the open grassland in advance of 
the tree growth (Sprague and Han- 
sen, 1946). 

The climate of this area may be 
designated as a mild sub-coastal 
type with moist open winters, cool 
dry summers, and a dry harvest 
period. Violent storms, hail, strong 
velocity winds, high relative hu- 
midity, and high summer temper- 
atures occur rarely (Powers, 1950). 
Precipitation and temperatures for 
the period of this study, as well as 
60-year averages, are presented in 
Figure 1. 

The soil of the experimental area 
was once designated as Cascade 
loam (Carpenter and Torgeson, 
1924) but more recently reclassi- 
fied as Laughlin-like (Roberts, 
1954). “These soils, both residual, 
differ in that the former was de- 
rived from igneous rocks, whereas 
the latter originated from shale and 
sandstone (Valassis, 1955). The 
Laughlin series was established in 
California in 1948 and differs from 
that on the study area chiefly in 
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FIGURE 1. Monthly precipitation and mean temperatures. Solid line indicates monthly 
precipitation and mean temperakures for the years 1952-1954 on the experimental 
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_\ cnno,,y of oak trrrs covers 
ahont the upper our-third of t,be 
expcrimrntal area srattrrcr1 
bnshes of vild Rosa and poison oak 
occur in both olwnings and ulldcr 
thr oak. Figure 2 illustrates the 
nppraralwz OS thr re+ation in 
mid-sprinp. III addition to thr 
seeded foraxr slwcirs, a numhcr of 
natiw and irttrodncrd hrrbacrous 
species arr ahnndaltt 011 the area. 

Tbr sprcirs studied in this es- 
pcrimcnt wrc originally srraea in 
1943 as part of an adaptability and 
c?tahIishmrnt trial. ‘\ total of 
t\\-wt~. 1.aerr plots ,TPI’P sredrd- 
sisterrl to inakiad species ana 
four to mistwrs. Thr area was 
grazed hy sheep rather lightly from 
1944 unt,il 1949. Thr area. vas 
grazed heavitr awing the spring 
and summrr 11, 1949.50 and mod- 
cratclr throngbout. the year in 
1930.51 alld 1951.52. This eontinn- 
as grazing. particnlarly in the 
spring and snmm~. has been shown 
to be detrimental to the vigor and 
maintrnancr of srrdrd forage prr- 
ennials (Bogart alId IIedrick, 
1955). 

In the spring of 19.3 the rsprri- 

Methods 

Srren soil pits, 5’ x I’, and 
3 to 10 frrt arrl), ITPI‘C O~PUP~ in 
April of 19.3 to study the soil pro- 
file. In addition to complrte de- 
scriptions of the profile, qnantita- 
tive data were obtained on the 
physical and chemical ehnracter- 
isties of this Laughlin-like soil. 
Othrr smallrr pits wre aIla 
throughout tbr sample plots to de- 
termine conerntration of roots in 
differrnt horizon8 of the profile. 

Twenty-four random sampling 
locations within each seeded plot 
xwr~ rstnhlishrd for soil moisture 

mended hy the Association of 
Official Agrieultnral (‘hemists 
(1945). 

Results and Discussion 

The Laughlin-like soils described 
on the evperimrntal arpit vary 
from a clay to clay loam in texture. 
Tbrr arc rather shallow, ranging 
in depth from 17 to 32 inches to 
the parrot material \I-hich consists 
of tuffaceons and mieaeeous marine 
shale atrd silndstonrs. A, nummarg 
of some of thrir important physical 
chitraetcristics is prrsrntea in 
Tablr 1. 

Thr soil data of Table 1 indicate 
rather favorable physical charae- 
teristics for the estahlinbment of 
improved forage specirs. Soil- 
moisturr data from this study 
(Valnssis, 1955), indicate that the 
moisture content of the deeper soil 
layers dllrinp the gr0Villp SPasOn 
seldom reached the wilting point 
for the gear 1953 or in the derp& 
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Table 1. Apparent density, total porolsity, and moisture content at one-third at- 
mosphere and wilting point of Uughlin-like soils on the experimental area. 

Apparent Total One-third Wilting 
Depth Density* Porosity Atmosphere Point** 

(Inches) (gmslcm3) (Percent) (Percent HzO) (Percent H20) 

** As determined phytometrically. 
Particle density 2.60. 

layers in ,1954. Figure 3 illus- 
trates the soil moisture trends in 
four horizons sampled throughout 
the summer and fall of 1953. It is 
apparent that species with abund- 
ant roots at a depth of two feet 
would not have been without mois- 
ture even in the driest part of the 
summer. Naturally when the hori- 
zons above 18 inches are dry the 
rate of growth will be greatly 
slowed, but the plants with roots at 
the greater depth will be better 
able to maintain themselves and 
more able to respond to favorable 
growing conditons than the shal- 
lower-rooted species. 

All of the persistent perennial 
species were found to be deep 
rooted, that is, roots from these 
plants all reached into the shale or 
parent material. This factor is ex- 
tremely important since these stud- 
ies have revealed that subsoil 
moisture is generally sufficient for 
growth during the summer dry 
period. Figure 4 shows the com- 
parative rooting depth and con- 
centration of roots on represent- 
atives of both successful fibrous 
and tap-rooted species on soils de- 
veloped over shale. 

Total and seasonal production of 
all species studied is presented in 
Figure 5. 

Comparison of the early forage 
production for the two years has 
to be made carefully because of dif- 
ferences in the time of clippings. 
The first 1953 clipping was on 
June 5 and in 1954 on May 1. 
However, comparison of the total 
production based on September 
clippings for both years gives a 
clear picture of improvement after 

3. 

I 

FIGURE 3. Percent of soil moisture at 
four sampling depths from June through 

October, 1953. 

the exclusion of grazing for 18 
months. 

In comparing the production ob- 
tained in September for both years, 
the total yield differences among 
the plots of highland bentgrass, 
chewings fescue, burnet, and sub- 
terranean clover are not signifi- 
cant. On the other hand, the total 
yields of the remaining plots of 
Alta fescue and both oatgrasses 
were greater for 1954 than for 
1953. Production from the first 
clippings for all plots in 1954 was 
lower than that obtained in 1953 
because the yields were taken 35 
days earlier in 1954. 

Seasonal production of the im- 
proved species is given in columns 
numbered 3 and 4. The marked im- 
provement in the production of 
Alta fescue and both oatgrasses 
is particularly evident after two 
seasons of protection from grazing. 
These columns also show the value 

D. HILL 

of various species at different pe- 
riods during the grazing season. 
For example, Alta fescue and tall 
meadow oatgrass produce the 
greatest amount of early spring 
feed whereas Tualatin oatgrass and 
highland bentgrass produce more 
in late spring or early summer. 

The rate of growth, expressed in 
percent, of most species was greater 
after May 1, 1954, except for the 
two fescues. It is not surprising 
that both fescues yielded about 50 
percent of their growth before May 
1, 1954, since these species are typi- 
cal cool season plants. Alta fescue 
makes a good summer regrowth, 
too, if properly managed in the 
spring (Bogart and H e d r i c k , 
1955). The greatest yield for both 
fescues was obtained from the 
plots where grazing and burning 
were used for the original seedbed 
treatment under the oak canopy. 

Unfortunately, the percent com- 
position by weight of seeded spe- 
cies for the last clippings of Sep- 
tember 1933 could not be obtained 
because the forage was so dry that 
separation into species was impos- 
sible. The percent composition for 
the production of the clippings for 
1954 is presented in Table 2. 



PERFORMANCE OF FORAGE SPECIES IN WESTERN OREGON 97 

The values of the chemical anal- 
yses are presented in Table 3. 

The crude protein content from 
samples under the canopy was 7.3 
percent for the tall meadow oat- 
grass and 5.0 percent for Tualatin 
oatgrass. No explanation is at- 
tempted for the differences in 
crude protein content of tall 
meadow and Tualatin oatgrasses 
growing under the canopy and in 
the open. More samples through- 
out the year would be needed to 
check the consistency of these re- 
sults. Plantain leaves contain 7.1 
percent crude protein, which is 
higher than that of plantain heads 
and stems, and that of burnet. On 
the other hand, burnet has 4.1 per- 
cent of ether extract, whereas 
plantain has a lower percentage. 
These chemical analyses of the 
three species indicate that all three 
of them are fairly high in nutritive 
value and should be encouraged as 
forage species. 

Application of Results to 
Pasture Improvement and 

Management 

These data clearly show the re- 
lative seasonal production of the 
species studied. Alta fescue and 
tall meadow oatgrass were out- 
standing producers of early spring 
forage. Tualatin oatgrass was the 
greatest producer of late spring 
and early summer feed. Burnet, 
which only made up 20 percent of 
the stand, yielded the greatest pro- 
portion in late summer. The poor 
performance of subterranean 

SO 
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FIGURE 5. Forage production obtained by ground-level clippings for 1953 and 1954. 
Two clippings were made in 1953 and three clippings in 1954. Percent figures in 
columns 1 and 2 show the seasonal proportion of total production. Columns 3 and 4 

show seasonal proport.ion of the improved seeded species. 

clover can probably be attributed 
to the protection of the area from 
grazing during the fall months. 
This plant is a winter annual that 
needs a fairly open seedbed in the 
fall and early spring for establish- 
ment. 

On similar hill grazing lands 
with shallow soils derived from 
shale and sandstone, limited seed- 
bed treatments can probably be 
used effectively. Mixtures com- 
posed of Alta fescue, Tualatin oat- 
grass, burnet, and a suitable 

Table 2. Percent compositios by weight of air-dried forage) production otf seeded 
species and other grazable species obtained for the elntire grolwing season of 1954 

from the seven plots clipped at, ground lelvel. 

Date 

Plot. 
No. Seeded Species 

May 1 July 15 September 1 
Seeded Other Seeded Other Seeded Other 

SP. SPP. SP. SPP. SP. SPP. 

5 Highland bentgrass 41 59 55 45 60 40 
6 Chewings fescue 33 67 12 88 16 84 
9 Alta fescue 71 19 34 66 38 62 

11 Tall meadow oatgrass 90 10 80 20 72 28 
12 Tualatin oatgrass 47 53 87 13 73 27 
16 Burnet 17 83 18 82 20 80 
17 Subterranean clover 0 100 0 100 0 100 

legume are suggested under these 
conditions for a maximum all- 
season production of forage. Ill 
areas where well-prepared seed- 
beds are feasible, more simple 
mixtures of one or two grasses with 
a suitable legume might be more 
easily managed for top seasonal 
production. Under the latter con- 
ditions, Alta fescue is suggested for 
winter and early spring pasture 
whereas Tualatin oatgrass and 
burnet would be more suitable for 
late spring and summer grazing. 

During and after the period of 
establishment, good grazing man- 
agement is particularly important 
in order to maintain a vigorous 
stand of forage plants. The rel- 
atively low production from Alta 
fescue in this study was probably 
brought about by a combination of 
heavy early and late spring graz- 
ing. Other studies (Bogart and 
Hedrick, 1955), have shown this 
type of use to be detrimental to 
stands of fescue. On the other 
hand, heavy early spring grazing 
is recommended for this species 
provided the grazing pressure is 
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Table 3. Chemical composition oC several forage Species. 
Percent 

Crude Ether 
Species 

Tall meadow oatgrass 
Open field 
TJnder oak canopy 

Tualatin oa tgrass 
Open field 
Under oak canopy 

Burnet 
Open field 

Plantain 
Open field 
Heads and stems 
Leaves 

Dry 
matter 

56.3 
59.7 

55.1 
56.8 

60.1 

57.4 
73.0 

protein extract Ash 
Crude 
fiber 

atin oatgrass, and burn& all 
duced a greater proportion of 
in late spring and summer. 
importance of this relative 

6.0 - - - 
7.3 - - - 

sonal production to a pasture lm- 
provement and management pro- 
gram was pointed out. 

6.5 - - - 

5.0 - - - 
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Summary 

Studies were undertaken in 1953 
to evaluate seedings made in 1943 
on marginal, oak-covered hill lands 
in the Willamette Valley near Cor- 
vallis. The soil was found to be 
Laughlin-like having developed in 
sitar from marine shale and sand- 
stone. Although it has good physi- 

cal properties, it is low in pH and 
deficient in essential nutrients, not- 
ably phosphorus. 

Out of sixteen species originally 
planted in 1943 under four differ- 
ent methods of seedbed prepara- 
tion, only six persisted as recog- 
nizable stands. Of these stands, 
only highland bentgrass could be 
considered as relatively good and 
uniform at the start of the study. 
However, stands of Alta fescue, 
both tall meadow and Tualatin oat- 
grasses, chewings fescue, and bur- 
net made remarkable recovery fol- 
lowing two seasons protection from 
grazing. 

Chewings and Alta fescue in 
1954 produced 50 percent of their 
seasonal production by May 1. Tall 
meadow oatgrass was also a heavy 
producer of early spring forage, 
whereas highland bentgrass, Tual- 
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