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Nutritive Value of 
Forage and Diets of Sheep and Cattle from 

Oregon Subclover-Grass Mixtures1 
THOMAS E. BEDELL 

Assistant Professor of Range Management, 
Oregon State University, Cowallis. 

Highlight 

During spring-summer over a three-year period, selectivity by both sheep and 
cattle grazing on subclover-perennial ryegrass and subclover-tall fescue resulted 
in higher nutritive value of diets than of ungrazed forage. Sheep diets con- 
sistently contained more crude protein and had higher in vitro dry matter 
digestibility than did cattle diets. Both sheep and cattle diets were more 
digestible under light than under heavy grazing but diet protein levels were 
inconsistent. In one year stocking rate had no effect on level of protein in 
the diet and the next year high protein levels were associated with heavy use. 
Summer vegetative regrowth of tall fescue caused by heavy cattle grazing 
resulted in levels of dietary protein for cattle similar to those for sheep. The 
level of dietary protein for sheep exceeded recommended requirements. In 
the summer, protein levels of cattle diets were near or below requirements 
except when cattle heavily grazed subclover-tall fescue pastures. 

Part of any range and pasture im- 
provement program involves eval- 
uating the contribution of forage 
species to animal nutrition. In 
recent years the introduced annual 
legume, subclover (Trifolium sub- 
terruneum), has been and continues 
to be widely planted in western 
Oregon on depleted cropland and 
areas cleared of brush. Subclover 
grows rapidly during spring and 
produces superior yields of highly 
nutritious forage. It often is seeded 
with perennial grass species. 

Two common forage mixtures are 
subclover and perennial ryegrass 
(Lo&urn perenne) and subclolver 
and tall fescue (Festuca arundi- 
nacea). The clover-ryegrass mixture 
is more often used as sheep forage 
and the clover-tall fescue as cattle 
forage although both kinds of stock 
often graze both mixtures. 

Until recently, nutritive value 
estimates were derived by analyzing 
clipped or hand-plucked forage 
samples for various nutritive con- 

lTechnica1 Paper No. 2849, Oregon 
Agricultural Experiment Station, Cor- 
vallis, Oregon. Received February 19, 
1970; accepted for publication August 
14, 1970. 

2 Presently Extension Range Manage- 
ment Specialist, University of Wyo- 
ming, Laramie, Wyoming. 

stituents. Nutritional supplementa- 
tion programs olften are based on 
these data but freely grazing ani- 
mals characteristically practice se- 
lective grazing. In so doing they 
often select diets containing nu- 
trient amounts differing from that 
in ungrazed forage. Since develop- 
ment of the esophageal fistula tech- 
nique by Tore11 (1954), virtually all 
research workers find it far su- 
perior to hand clipping or pluck- 
ing of forage as a means of assessing 
dietary characteristics (Bohman and 
Lesperance, 1967; Bredon et al., 
1967; Campbell et al., 1968; Jeffries 
and Rice, 1969; Kiesling et al., 
1969). 

This study was undertaken in 
1964 to assess forage preferences 
and nutritive characteristics of 
cattle and sheep diets when sepa- 
rately grazing Nangeela subclover- 
Oregon perennial ryegrass (C-R) 
and subclover-Alta tall fescue (C-F) 
from early April on through sum- 
mer. The forage preference portion 
of this work has been previously 
repozted (Bedell, 1968). 

Materials and Methods 

The experimental pastures and 

layout have been previously de- 

scribed (Bedell, 1968). Grazing by 
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cattle and sheep extended from 
April into August of 1964, 1965, 
and 1966. Light grazing in 1964 
allowed animals to express com- 
plete selectivity of available species. 
In 1965 and 1966, pastures were 
subdivided in order that an in- 
tensity of grazing variable could be 
introduced. Heavy grazing was 3-4 
times that of light grazing in 1965 
and approximately 50 percent 
greater than light use in 1966. 

Dietary samples were collected 
into screen-bottomed canvas bags 
from esophageal-fistulated, yearling 
beef cattle (Hereford and Hereford 
x Angus) and mature, dry, Suffolk 
and Williamette ewes employing 
procedures suggested by Van Dyne 
and Tore11 (1964). Samples were 
collected during three consecutive 
late afternoons with two to four 
animals per pasture. Sampling was 
initiated in mid-April and oc- 
curred at intervals of two weeks 
until late June and monthly there- 
after. Arnold et al. (1964) suggest 
a sampling period of at least three 
days. Langlands (1967) studied the 
diurnal variation of dietary nitro- 
gen of sheep on clover-grass pas- 
tures in Australia and found late 
afternoon to be an acceptable time 
of sampling. Van Dyne and Heady 
(1965) and Kothmann (1966) indi- 
cated that grazing animals are 
somewhat more selective in late 
afternoon than morning on dry 
annual range and on sagebrush- 
grass range, respectively. Prelim- 
inary sampling obn these pastures 
indicated no real differences in 
dietary botanical or chemical con- 
tent between morning and evening 
samples. 

Hand-clipped forage samples 
were obtained from each pasture 
concurrently with each dietary sam- 
pling period. Dry matter content 
was determined. 

Animals were penned approxi- 
mately 2-4 hours prior to sampling 
to minimize the occurrence of con- 
tamination of the sample with 
regurgitated rumen contents. Lang- 
lands (1967) found that fasting 
sheep up to 22 hours prior to sam- 
pling did not alter dietary nitro- 
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gen content on clover-ryegrass for- 
age. 

Diet samples were transferred 
from collection bags to plastic bags 
in the field and taken to the 
laboratory. In 1964, samples were 
frozen, thawed, and washed lightly 
for botanical analysis prior to nu- 
tritive analyses. In 1965 and 1966, 
dietary sub-samples were immedi- 
ately placed in a forced draft oven 
at < 90 C until adequately dried 
(approximately 24 hours). The 
1964 samples were treated similarly 
after botanical analysis as were all 
hand-clipped forage samples. After 
drying, both clipped forage and 
dietary samples were ground to 
pass a 40 mesh screen and stored in 
paper bags under dry conditions 
until analyses could be made. 

Ash and crude protein were de- 
termined on dietary and forage 
samples by standard procedures 
(A.O.A.C., 1960). Crude protein 
(referred to as protein) values of 
1965 and 1966 samples are ex- 
pressed on an organic matter (ash- 
free) basis to overcome effects of 
salivary contamination of fistula 
samples and to validly compare for- 
age and diets. For 1964 dietary 
samples, protein is expressed on a 
dry matter basis as freezing, thaw- 
ing, and washing apparently altered 
the true ash content. Cundy and 
Rice (1968) also have found de- 
creased ash values of dietary 
samples follolwing washing. 

In vitro fermentation of the dry 
matter of forage and dietary sam- 
ples (DMD) in an all-glass ap- 
paratus was carried out each year 
with the procedure described by 
Smith et al. (1965). Rumen fluid 
was obtained from an alfalfa-fed, 
rumen-fistulated steer following an 
overnight stand without feed and 
water. 

Samples were fermented in du- 
plicate and/or triplicate in 1964 
but singly in 1965 and 1966 for a 
24-hour period. Samples with un- 
usual values were rerun. Centri- 
fuge tubes (250 ml) were used as 
fermentation vessels in 1964 and 
1965; 100 ml test tubes were used 
in 1966. A standard sample of 
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FIG. 1. Seasonal dry matter content of C-F and C-R forage as affected by heavy and 
light grazing in 1965 and 1966. 

alfalfa with known in vivo DMD 
was fermented in each trial. Among- 
trial in vitro values were corrected 
by the relationship to the DMD of 
the standard sample in 1964 and 
1965. Among-trial variability was 
low in 1966 and in vitro DMD 
values were not corrected. 

Differences between forage and 
dietary ash, protein, or DMD values 
were assessed using the paired “t” 
test (Steel and Torrie, 1960). Die- 
tary samples were assumed to be 
paired at random with the appro- 
priate available forage. The sig- 
nificance of differences for a con- 
stituent within a year among all 
forage or all dietary samples was 
determined by analysis of variance 
in a factorial design. The variables 
used were grazing intensity (not 
1964), kind of livestock, pasture 
mixture (C-R o’r C-F), and sampling 
period or time of season. 

Results and Discussion 

Growing season conditions in the 
three years were somewhat differ- 
ent resulting in varying forage bo- 
tanical composition among years. 
In 1964, forage growth conditions 
were favorable for both subclover 
and the perennial grasses. Clover 
made up as much as 80% of the 
available forage in the C-R pasture 
grazed by cattle and as little as 
40% in C-F pastures by mid- 
season (Bedell, 1968). 

Most germinating subclover was 
killed in late fall of 1964 by unsea- 
sonable cold. A dry spring in 1965 
resulted in forage of perennial rye- 
grass and a high percentage of 
resident annual grasses (Bromus 
rigidus and Festuca myuros) in C-R 
forage and about 80% tall fescue 
and 20% annual grasses in C-F 
forage. 

Clover for the 1966 crop year 
resulted from hard seed from 1964 
and previous years. Favorable ger- 
mina tion conditions prevailed but 
a relatively dry spring occurred to 
permit grass dominance during 
mid-late season. Subclover did con- 
stitute some 40-50% of available 
forage in early season but declined 
to low levels later on in some pas- 
tures (Bedell, 1968). 

Stocking rates from April through 
August were 40-55 and 155-190 
animal unit days (AUD) per acre in 
1965 for light and heavy use, re- 
spectively. In 1966, light and heavy 
stocking was at 130-145 and 215 
AUD per acre. 

Forage Dry Matter Content 

The amount of moisture con- 
tained in the forage that is avail- 
able to the grazing animal may 
affect its dietary preferences and, 
in turn, affect dietary nutritive 
value. The seasonal pattern of 
available forage dry matter levels in 
Figure 1 shows similarity among 



forages during April and May but 
certain differences occur during 
June, July, and August. Whether 
the forage was grazed by cattle or 
by sheep made little difference; in- 
tensity of grazing and pasture mix- 
ture effects were different. In both 
1965 and 1966, but more clearly 
seen in 1965, dry matter levels of 
C-F forage remained below those of 
C-R during the summer period. 
Under heavy grazing, especially by 
cattle, tall fescue is stimulated to 
grow vegetatively. This does not 
occur with light grazing and fescue 
plants continue to mature, thereby 
containing less moisture. Because 
perennial ryegrass as well as sub- 
clover normally matures and dries 
during June, the pattern of drying 
of C-R forage under both light and 
heavy grazing was not greatly dif- 
ferent although heavily grazed C-R 
forage contained S-10% more mois- 
ture than lightly grazed C-R in late 
June and July of 1966. In 1964, 
forage dry matter percentages 
closely approximated those of 1966 
lightly grazed forage for both for- 
age mixtures. 

The normal drying sequence for 
C-R forage would be annual grasses 
first, then subclover, then perennial 
ryegrass; the total forage will reach 
or exceed 90% dry matter by Au- 
gust. For C-F, annual grasses pre- 
cede subclover in drying by one to 
two weeks. Fescue leaves may re- 
main green all summer although 
the plants does follow a normal 
maturity pattern with mature seed 
by mid-July. The dry matter con- 
tent of fescue may not exceed 60% 
in August, but the total forage (all 
species) in lightly grazed pastures 
will approach or exceed 70% (Fig. 
1). 

Ash 

Ash content of forage normally 
declines with advancing maturity. 
Subclover contains more mineral 
matter than either perennial rye- 
grass or tall fescue. Because sub- 
clover made up a high proportion 
of the total forage in 1964, forage 
ash values did not decline with the 
advance of the season nor did they 
differ among pastures (Table 1). 
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Table 1. Mean ash content (%) of available forage and animal diets, 1964- 
1966. 

Treatment 1964 

Forage 

1965 1966 

Diet 

1965 1966 

C-F, sheep, heavy 8.5bl 7.2~ 14.4a 11.3b 
light 8.3 7.7b 8.3b 13.2b 11.9b 

C-F, cattle, heavy 9.7a 10.5a 14.0a 13.6a 
light 8.8 6.4~ 7.6~ 10.4d 11.3b 

C-R, sheep, heavy 6.2~ 7.2~ 13.lb 11.5b 
light 7.7 5.3d 7.7bc 11.2c 12.lb 

C-R, cattle, heavy 6.4~ 8.9b 11.2c 12.2b 
light 8.1 5.0d 7.6~ lO.Od 11.4b 

l Means not followed by the same letter differ significantly within years P < .05. 

Forage in the C-F pasture grazed 
heavily by cattle remained green 
and immature relatively late into 
the summer in 1965 and 1966. Ash 
values of forage from this pasture 
were higher than those from other 
pastures (Table 1). In 1965, sig- 
nificant differences (P < .Ol) oc- 
curred between heavily and lightly 
grazed forage (7.7 and 6.1%, re- 
spectively) and between C-F and 
C-R forage (8.1 and 5.7%, respec- 
tively). In 1966, there was a signifi- 
cant (P < .05) difference between 
ash values of forage from cattle- 
grazed (8.6%) and sheep-grazed pas- 
tures (7.6%). Most of this effect 
was due to higher values in forage 
from pastures heavily grazed by 
cattle. Forage in the C-F pasture 
was green and vegetative whereas 
that in the C-R pasture was high 
in subclover because cattle had 
preferentially removed grasses. 

Dietary samples contain more ash 
than forage samples from the same 
pastures at the same time. Much 

of this is due to salivary contamina- 
tion (Bath et al., 1956) although 
relative differences among grazing 
treatments may still be assessed. Be- 
cause dietary samples were frozen, 
thawed, and washed before analy- 
sis in 1964, ash values were not 
accurate and are not reported. 

Dietary ash data for 1965 and 
1966 are also summarized in Table 
1. All dietary values are higher 
than forage values by 4 to 6%, a 
reflection of salivary contamination 
to some extent but also selection by 
the grazing animal of more desir- 
able plant parts. Larger differences 
occurred among grazing treatments 
in 1965 than in 1966, possibly be- 
cause no subclover was available in 
1965. Diets under heavy grazing 
contained more ash than under 
light grazing in 1965 but were only 
slightly higher in 1966. This was 
the result, for the most part, of 
more ash in diets of cattle heavily 
grazing C-F. In 1965, sheep diets 
contained 1.6% more ash than 

Table 2. Crude protein content (o/o) (D. M. basis) of ungrazed forage of indi- 
vidual species, 1964. 

Species 

Sampling period 
Tall 

fescue 
Perennial 

ryegrass Subclover 

Late April 11.1 10.9 21.5 
Early May 7.8 9.9 20.8 
Mid-May 7.1 8.6 17.7 
Early June 7.2 9.0 15.9 
Mid-late June 4.3 5.2 12.0 
Late July 4.5 5.2 10.0 
Early Sept. 4.8 5.5 10.7 
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Table 3. Crude protein (%) (D. M. basis) in diets and available forage, 1964. 

Dates 

Treatment 4/24 5/5 5/19 6/3 6/23 7/g 7/29 B/26 Mean’ 

C-F, Sheep 
Diet 22** 24”” 21** 20** 14** 11** 11** 10** 17a 
Forage 13 12 10 12 9 7 6 6 9b 

C-F, Cattle 
Diet 18** 16** 15”” 15** 12** ll* 9” 8” 13b 
Forage 14 12 13 11 8 9 6 6 lob 

C-R, Sheep 
Diet 23** 21** 17** 16** 14** 15** 15** 14** 17a 
Forage 18 16 15 12 10 12 10 9 13a 

C-R, Cattle 
Diet 20** 19** 16NS 16** IlNs 10 8 6 13b 
Forage 17 17 16 12 11 11** 11”” 11** 14a 

**, *, NS p < .Ol, p < .05, non-significant, respectively, between diet and forage protein 
values. 

1 Means in each category different letters differ significantly P < .05. 

cattle diets but no difference oc- 
curred in 1966. Also, diets on C-F 
pastures contained more ash than 
on C-R pastures in 1965 with no 
differences observed in 1966. 

Knowledge of the amounts of the 
several inorganic constituents is 
desirable to further assess nutritive 
values. However, the differential 
contribution of some constituents 
to fistula samples by saliva may 
contribute serious errors (Van Dyne 
and Torell, 1964). Thus, no sepa- 
rate mineral determinations were 
made. 

Crude Protein 

Crude protein values of all forage 
species declined throughout the 
grazing periods in all three years. 
Protein levels of grasses are rela- 
tively low, even in early season, as 
contrasted to those of subclover 
(Table 2). If the subclover content 
of the total available forage can be 
maintained at a high level, the pro- 
tein level also will be high. 

Averaged across the 1964 grazing 
season, protein content of C-R for- 
age significantly (P < .Ol) exceeded 
that of C-F forage (Table 3). The 
relative seasonal decline in protein 
of clipped forage was quite simi- 
lar between C-F and C-R. However, 
high proportions of subclover in 
C-R forage contributed to protein 
levels some 3 to 6% higher than 
C-F except in June. 

Table 4. Percentage of crude protein 
forage, 1965. 

With the exception of the C-R 
cattle treatment, dietary protein 
levels consistently exceeded forage 
protein levels (Table 3). Cattle 
grazing both C-R and C-F pastures 
preferred grasses to subclover (Be- 
dell, 1968). Dry perennial ryegrass 
contains less protein than dry sub- 
clover (Table 2). Because cattle 
diets in summer contained prac- 
tically no subclover on C-R, the 
protein content was significantly 
less (P < .Ol) than that in the avail- 
able forage. 

In comparing dietary protein 
levels among all treatments, sheep 
diets averaged 4y0 more protein 
than cattle diets regardless of pas- 
ture mixture. Dietary protein de- 

(0. M. basis) in diets and available 

Dates 

Treatment 4/21 5/6 5/20 6/3 6/16 7/7 7/3G- Mean1 

C-F, Sheep 
Heavy grazing 

Diet2 
Forage 

Light grazing 
Diet 
Forage 

C-F, Cattle 
Heavy grazing 

Diet 
Forage 

Light grazing 
Diet 
Forage 

C-R, Sheep 
Heavy grazing 

Diet 
Forage 

Light grazing 
Diet 
Forage 

C-R, Cattle 
Heavy grazing 

Diet 
Forage 

Light grazing 
Diet 
Forage 

183 15 15 14 12 
12 9 7 6 5 

18 18 17 15 12 
12 9 8 6 4 

16 14 16 13 13 
11 10 10 9 7 

14 
10 

19 
11 

18 
12 

15 
11 

14 
11 

16 14 12 10 
10 8 7 5 

16 14 12 12 
9 7 5 6 

14 15 14 12 
10 8 6 5 

14 12 11 9 
10 9 6 6 

13 11 10 9 
8 8 7 5 

10 
3 

14 
4 

12 
7 

10 
3 

10 
5 

10 
4 

7 
4 

11 
3 

11 13.6a 
3 6.5b 

6 14.la 
3 6.6b 

9 13.3a 
4 8.4a 

7 11.8b 
3 6.6b 

10 13.3a 
4 6.7b 

10 13.5a 
3 6.7b 

6 10.7b 
4 7.lb 

7 10.8b 
4 6.7b 

1 Means having different letters differ significantly P < .05. 
2 All dietary crude protein levels significantly (P < .Ol) exceed forage crude protein 

levels. 
3 LSD 05= 2 percent between any two dietary protein values and 3 percent between any 

two forage protein values on a single date. 



clined similar to forage protein; nificant (P < .05) kind of stock x 

less decline occurred with sheep pasture mixture interaction. Sheep 
grazing C-R than other treatments. diets contained more protein than 
On C-F pastures in summer both cattle diets and both sheep and 
sheep and cattle prefer fescue to cattle diets on C-F contained more 
subclover, cattle more so than protein than when on C-R pas- 
sheep (Bedell, 1968). Sheep diets tures. Cattle grazing C-F selected 
generally contained more protein. diets containing more protein than 
They may have selected younger did cattle grazing C-R (Table 4). 
leaves of tall fescue which would Dietary protein levels of sheep were 
have contained more protein. Sheep similar on both pasture mixtures. 
selected diets containing about 10% Also, cattle dietary protein on 
dry subclover which also would heavily grazed C-F exceeded protein 
have contributed to a higher levels of cattle diets on other treat- 
dietary protein level than cattle. ments. 

In 1965, forage protein levels 
were quite similar among treat- 
ments with one exception (Table 
4). Forage from C-F pastures grazed 
heavily by cattle maintained a 
higher protein content later into 
the summer than other forages. 
Cattle grazed stems as well as leaves 
of tall fescue and the resulting re- 
growth was more leafy than in other 
C-F pastures. Kind of grazing did 
not affect protein values of C-R 
forage differentially. 

Forage conditions during the 
1966 grazing season were considered 
normal with subclover found in all 
pastures. Dietary species prefer- 

Table 5. Percentage of crude protein (0. M. basis) in diets and available 
forage, 1966. 

Treatment 

Dates 

* 4/13 4/25 5/10 5/24 6/7 S/21 7/10 8/Z Mean1 

Both forage and dietary protein 
levels declined during the season. 
But, all dietary protein levels were 
significantly higher (P < .Ol) than 
forage protein levels (Table 4), in- 
dicating a relatively high degree of 
animal selectivity even in all or 
mostly grass pastures. An example 
of this occurred in the C-R pasture 
lightly grazed by cattle. In early 
July, cattle selected approximately 
60% of their diets as wild cucum- 
ber (Enchinocystis oregana) which 
contained in excess of 15% protein. 
Diets contained 11 y0 protein 
whereas three weeks later only 7% 
occurred in diets in the same pas- 
ture. A second example of animal 
selectivity and its effect on nu- 
tritive value occurred in early July. 
Sheep on C-F under light grazing 
selected many tall fescue seed heads 
resulting in a dietary protein level 
of 14y0 compared to 12% or less for 
all other treatments. 

C-F, Sheep 
heavy 

Diet2 
Forage 

light 
Diet 
Forage 

C-F, Cattle 
heavy 

Diet 
Forage 

light 
Diet 
Forage 

C-R, Sheep 
heavy 

Diet 
Forage 

light 
Diet 
Forage 

C-R, Cattle 
heavy 

Diet 
Forage 

light 
Diet 
Forage 

243 24 23 18 12 12 11 7 16a 
18 13 8 8 6 4 3 3 SC 

23 22 22 
14 13 9 

19 18 18 
14 16 13 

20 
14 

17 
12 

17 
10 

23 22 22 
19 14 12 

22 22 23 
18 14 12 

20 22 
16 16 

Analysis of variance indicated 
significant ‘differences in dietary 
protein values between sheep and 
cattle, C-R and C-F pastures and 
among seasons. There was a sig- 

20 18 
16 16 

values on a sirwle date. 
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ences were more or less similar to 
1964 with the exception that cattle 
selected up to 40% of their diet as 
clover in early June (Bedell, 1968). 

Lowest forage protein values oc- 
curred in C-F pastures grazed by 
sheep and lightly grazed by cattle 
(Table 5). As in 1965, forage in 
C-F heavily grazed by cattle re- 
mained green much later into the 
summer than other treatments re- 
sulting in a protein level of nearly 
10% in early August. 

Analysis of variance of forage 
protein values indicated that all 
main effects were significant (P < 
.Ol). Forage from pastures grazed 
by cattle contained more protein 
than from those grazed by sheep, 

18 
9 

17 
12 

13 
10 

18 
9 

18 
10 

17 
14 

14 
9 

14 13 9 9 16a 
7 5 6 4 8c 

18 15 12 10 16a 
14 11 10 9NS 12a 

11 8 7 7 12b 
8 5 5 4 8c 

14 
8 

14 14 
6 5 , 

11 17a 
4 10b 

13 11 10 12 16a 
9 6 5 6 lob 

17 12 10 11 16a 
12 1()X3 12NS 1ONs 13a 

12 8 7 8 13b 
8 8NS 6NS 6”s lob 
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C-R forage contained more protein 
than C-F forage, and forage from 
heavily grazed pastures had more 
protein than from those lightly 
grazed. Grazing intensity was im- 
portant only on cattle-grazed pas- 
tures where heavy cattle use pro- 
moted vegetative regrowth of tall 
fescue in C-F pastures and a higher 
dry subclover content in C-R for- 
age in summer. 

All dietary protein values ex- 
ceeded (P < .Ol) forage protein 
values excepting summer cattle 
diets on C-R which were similar to 
those of the available forage (Table 
5). Protein values elf sheep diets 
exceeded those of cattle over the 
entire season (P < .Ol). Protein 
content of diets from heavily 
grazed pastures exceeded that of 
diets from lightly grazed pastures 
(P < .05). No significant difference 
in dietary protein occurred due to 
mixture. The interaction between 
class of stock and intensity of graz- 
ing was significant (P < .Ol) in 
that dietary protein values of sheep 
under both heavy and light graz- 
ing and cattle under heavy grazing 
were similar and higher than 
values of cattle under light grazing. 
Average protein declined from 11% 
to 3%% fo,r available forage from 
late April to late July but for diets 
the comparable decrease was from 
16% to 8%. 

These dietary protein data agree 
with those from other cattle and 
sheep studies. On mountain summer 
range, sheep also selected higher 
protein diets than cattle (Cook et 
al., 1967). Mature annual range 
forage in Califo’rnia contains low 
amounts of protein but sheep die- 
tary pro’tein exceeded cattle dietary 
protein (Van Dyne and Heady, 
1965). Van Dyne et al. (1964) also 
found that sheep would select a 
nearly adequate protein level (7.OQ/,) 
on a Montana winter range while 
cattle diets under the same con- 
ditions contained only 4.3% protein. 

With the exception of cattle 
grazing C-R in 1964 and 1966, all 
dietary protein levels exceeded fo’r- 
age protein levels. Work of Cundy 
and Rice (19681 on fistula samnle 
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preparation indicates that proltein 
levels will not be affected by nor- 
mal drying procedures, although 
rinsing will lower the values. If 
this is true, the 1964 dietary pro- 
tein data are conservative. Hoehne 
et al. (1967) found slightly de- 
creased protein values in fistula 
samples vs. hand-fed samples due, 
apparently, to salivary contamina- 
tion or loss of soluble prolteins in 
sample preparation. This, too, 
would tend to indicate that any 
diet-forage differences were con- 
servative. Most studies have shown 
that the crude protein content of 
the diet is not greatly affected by 
saliva (Bath et al., 1956; Langlands, 
1966; Marshall et al., 1967; Mc- 
Manus, 1961). 

Crude protein data in Tables 
3, 4, and 5 indicate that the die- 
tary protein level of sheep was 
below estimated requirements in 
only one instance. This was in 
August of 1965 on C-F pastures. 
However, protein in cattle diets 
on C-R in summer and occasionally 
on C-F lightly grazed tended to be 
either borderline or below the 
recommended levels. If only forage 
crude protein values were assessed, 
this would result in serious errors 
in accurate determination of die- 
tary protein levels. 

Estimated Digestibility 

In vitro DMD was determined 
on 1964 forage samples and all 
dietary and forage samples in 1965 

Table 6. Percentage in vitro fermentation of the dry matter (DMD) of diets 
and available forage, 1965. 

Dates 

Treatment 4/21 5/6 5/20 6/3 6/16 7/7 7/30 Mean1 

C-F, Sheep 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-F, Cattle 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-R, Sheep 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-R, Cattle 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

49c2 
48b3 

52cd 
48d 

52de 
54a 

50de 
47a 

49bc 
47a 

48a 
32c 

46ab 
25~. 

49a 
43.0d 

52bc 
52a 

51d 
57bc 

55cd 
56a 

56bc 
52abc 

52b 
50a 

50a 
36bc 

50a 
32bc 

52a 
47.8~ 

48c 
55a 

53cd 
51cd 

49e 
55a 

49e 
50bc 

5Obc 
54a 

47a 
46a 

44bc 
40a 

49a 
50.lbc 

54bcd 61a 
57bc 55a 

53cd 
48c 

48c 
50a 

48a 
43ab 

41c 
40a 

51a 
49.6bc 

53ab 
54a 

55ab 
56a 

57ab 
68a 

59ab 
59a 

57b 
59a 

56a 
52a 

51a 
48a 

46ab 
38ab 

54a 
54.3a 

55a 
51.lb 

56ab 
59a 

59a 
58bc 

60a 
60a 

61a 52b 
54abc 48a 

48a 
45a 

48ab 
34ab 

58a 
54a 

55bc 
55cd 

56bc 
60a 

53cd 
58ab 

49bc 
53a 

47a 
46a 

46ab 
40a 

52a 
52.3ab 

58a 
59a 

57ab 
65ab 

56bc 
60a 

51de 50bc 
53abc 49a 

48a 
40ab 

49a 
38ab 

53a 
52.0ab 

1 Treatment means in each category having different letters differ significantly P < .05. 
2 Dietary means on a single date having different letters differ significantly P < .05. 
3 Forape means on a shwle date havinp different letters differ significantlv P < .05. 



and 1966. Values for 1964 and 
1965 samples were adjusted in re- 
lationship to a standard sample 
of alfalfa fermented in every trial. 
Adjustment of the 1966 values was 
not considered to be necessary. 

Forage DMD in 1964 was similar 
among the four pastures; the only 
significant difference was due to 
season (P < .Ol). C-F and C-R 
forages were similar. DMD declined 
from 66 to 61 y0 from late April 
to early June, decreased sharply 
to 50% by the third week in June, 
and declined to a low of 45% by 
late August. Because dietary sam- 
ples were frozen, thawed, and 
washed, it was concluded that 
accurate in vitro DMD determina- 
tions could not be made. This con- 
clusion was substantiated by data 
of Cundy and Rice (1968) who 
found that rinsing fistula samples 
significantly (P < .Ol) reduced 
DMD. They felt that loss of water- 
soluble carbohydrates by rinsing 
would account for most of the re- 
duction. 

In 1965 forage DMD values re- 
mained much the same through 
mid-May and then declined steadily 
until the last sampling date (Table 
6). Fo,rage DMD from C-R pas- 
tures significantly (P < .Ol) ex- 
ceeded that from C-F pastures. 
Also, forage DMD from cattle- 
grazed pastures was greater (P < 
.Ol) than that from sheep-grazed 
pastures. Folrage DMD values varied 
significantly among grazing treat- 
ments. Forage from C-F heavily 
grazed by sheep had lower DMD 
than any other pasture followed by 
the three other C-F pastures. For- 
age in sheep C-F pastures after mid- 
June was quite coarse. Forage fro’m 
C-F pastures grazed by cattle dur- 
ing this period had higher DMD 
values than C-F forage from pas- 
tures grazed by sheep. 

Dietary DMD values did not con- 
sistently exceed fozage DMD values 
until after mid-June. The greatest 
exception to this occurred with 
sheep diets on C-F. Of 14 com- 
parisons between dietary and for- 
age DMD over the season, only 
four did not significantly (P < .05) 
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favor diets over forage and these 
occurred in late April and in mid- 
May. 

Averaged over the 1965 season, 
all of the dietary main effects were 
significant. DMD of diets from 
lightly grazed pastures significantly 
(P < .05) exceeded DMD of diets 
from those heavily grazed. Sheep 
dietary DMD significantly (P < 
.05) exceeded cattle dietary DMD. 
Also, dietary DMD on C-R ex- 
ceeded that on C-F and both de- 
clined significantly (P < .Ol) after 
early June. 

grazing C-F pastures. Sheep diets, 
when grazing C-R were some 21/% 
greater than diets of cattle on C-R 
pastures and almost 5% greater 
than diets of boeth sheep and cattle 
grazing C-F pastures. 

Within most sampling periods, 
dietary DMD differences occurred 
among grazing treatments (Table 
6). DMD of cattle and sheep diets 
was similar over the season when 

The magnitude of DMD values 
for 1966 samples was generally 
lower than for 1965 samples. This 
could have been due to differences 
in the digestive power of rumen 
fluid between years or to the use of 
different fermentation vessels. How- 
ever, the among-trial variability in 
DMD values was low and the pri- 
mary o,bjective of assessing among- 
treatment differences was met. 

DMD values of both diets and 
forage declined at a similar rate 
until mid-June (Table 7). There- 

Table 7. Percentage in vitro fermentation of dry matter (DMD) of diets and 
available forage, 1966. 

Dates 

Treatment 4/13 4/25 5/10 5/24 6/7 6/21 7/10 g/2 Mean1 

C-F, Sheep 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-F, Cattle 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-R, Sheep 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

C-R, Cattle 
Heavy 

Diet 
Forage 

Light 
Diet 
Forage 

472 48” 43*: 44” 41” 33 35* 37” 
463 40 34 31 36 34* 29 16 

46 48 47” 45* 42” 40* 37* 38* 
44 49 39 35 34 31 23 24 

46* 47” 39* 40” 37 36 29” 31* 
43 41 33 31 38 37 22 26 

47” 47 40 42 37 31 31* 33* 
44 46 40 41 41” 31 27 18 

46 49* 47* 44” 45* 35 37* 34” 
46 45 39 41 34 35 22 21 

45 52 49” 44” 43” 39* 34* 35* 
44 52 47 40 37 31 23 24 

50” 45 42* 39* 37 34 34” 32* 
44 48 36 36 36 34 27 27 

53” 50 46 46* 40* 34 31* 32” 
44 50 52” 42 38 35 21 22 

41b 
33a 

43a 
35a 

38c 
35a 

38c 
36a 

42ab 
35a 

43a 
37a 

39c 
36a 

42ab 
36a 

* P < .05 Dietary DMD vs. Forage DMD. 
1 Means in each category having different letters differ significantly P < .05. 
B LSD,, = 4 percent between any two dietary DMD values on a single date. 
3 LSD,, = 10 percent between any two forage DMD values on a single date. 
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after, dietary values were main- 
tained whereas forage values con- 
tinued to decline. Both cattle and 
sheep selected diets having higher 
DMD values than available forage 
approximately two-thirds of the 
time. In 32 comparisons between 
cattle dietary and forage DMD 
values, diets exceeded forage in 20 
instances, were the same in 10 
instances, and forage exceeded diets 
in 2 instances. For sheep, dietary 
DMD was greater than forage DMD 
in 24 comparisons, the same in 7, 
and forage DMD greater than die- 
tary DMD in only one instance. 

Forage DMD levels by treatment 
and averaged across the season did 
not differ significantly. However, 
when all forage DMD data were 
pooled for effects of stocking rate, 
kind of livestock and pasture mix- 
ture, DMD of forage from lightly 
grazed pastures and from C-R pas- 
tures significantly (P < .05) ex- 
ceeded that from heavily grazed and 
C-F pastures, respectively. Effects 
of cattle and sheep on forage DMD 
were similar. 

DMD of diets varied significantly 
among grazing treatments. All of 
the main effects were significant 
(P < .Ol) as were several inter- 
actions. Overall, both cattle and 
sheep selected diets under light 
grazing which were more digestible 
than under heavy grazing. Diets on 
C-R pastures were more digestible 
than on C-F pastures. Both of 
these dietary effects paralleled for- 
age effects. Also, sheep dietary 
DMD exceeded cattle dietary DMD 
by three percent. 

A significant (P < .O 1) kind of 
livestock x pasture mixture inter- 
action occurred for dietary DMD. 
Sheep dietary DMD levels on both 
C-R and C-F were similar and 
higher than DMD of cattle diets 
on C-R which, in turn, exceeded 
DMD of cattle diets on C-F. Several 
treatment means differed signifi- 
cantly (P < .05) as indicated in 
Table 7. 

Several similarities in dietary 
DMD effects occurred between 
1965 and 1966 although in vitro 
determinations were made in sepa- 
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rate years and the species composi- 
tion of the available forage was 
greatly different. Diets under light 
grazing, on C-R, and of sheep had 
significantly (P < .05) higher DMD 
values than those under heavy 
grazing, on C-F, and of cattle, re- 
spectively, in both years. And, al- 
though variability among individ- 
ual dietary values was great enough 
to eliminate significant effects 
among treatment means in 1965, 
the only difference in ranking oc- 
curred with sheep diets on C-F. 

DMD values of both forage and 
diets did not favor the C-F heavily 
grazed cattle treatment in either 
1965 or 1966. Apparently, C-F for- 
age does not contain as much 
readily soluble carbohydrates as 
C-R forage or possibly the tissue 
is mo,re lignified. Data of Terry 
and Tilley (1964) and Minson et al. 
(1964) show that organic matter di- 
gestibility of perennial ryegrass ex- 
ceeds that of tall fescue by some 
5-S%. Subclover in 1966 which has 
higher DMD than tall fescue and 
perennial ryegrass in late season 
may have contributed to the greater 
dietary C-R and the small forage 
C-R advantage. 

Van Dyne and Lofgreen (1964) 
reported higher dietary dry matter 
digestibility for sheep than for 
cattle when both kinds of stock 
were grazing dry California annual 
range. On sagebrush-grass ranges 
in northern Utah, however, Cook 
et al. (1967) sho’wed cattle diets to 
contain more digestible energy and 
total digestible nutrients than 
sheep diets. Dietary species com- 
position differences between cattle 
and sheep may be quite large (Be- 
dell, 1968); crude protein levels 
appear to reflect differences more 
clearly than DMD in this experi- 
ment. 

Concluding Discussion 

When both cattle and sheep had 
no restrictions regarding avail- 
ability of desired forage as in 1964, 
protein in the diet of both kinds of 
stock was in excess of dietary re- 
quirements with the exception of 
cattle grazing C-R in late luly and 

August. Sheep were able to select 
a higher protein diet than cattle on 
both pasture mixtures. The pres- 
ence of subclover in greater 
amounts in C-R forage likely ac- 
counted for significantly more pro- 
tein in C-R forage. As cattle se- 
lected grass over clover, they were 
not able to maintain as rich pro- 
tein diet as sheep were. 

In a radically different forage 
year where subclover was virtually 
absent, sheep were still able to 
select more nutritious diets than 
cattle although the protein levels 
were substantially below those of 
1964. A consistent grazing effect 
evidenced both in 1965 and 1966 
involved the vegetative regrowth of 
tall fescue with continuous heavy 
cattle use. Forage ash contents were 
significantly greater as were dietary 
ash contents. In the non-clover 
year, 1965, forage from this pas- 
ture contained more protein until 
late summer than did other pas- 
tures. Cattle were able to maintain 
dietary protein levels on this pas- 
ture similar to those of sheep 
whereas other cattle treatments 
had lower dietary protein. 

When forage contained up to 
one-third subclover, a situation con- 
sidered “normal” on many western 
Oregon ranches, protein levels in 
cattle diets under heavy grazing 
tended to exceed those under light 
grazing. Sheep evidenced no such 
effect but were capable of select- 
ing consistently more protein-rich 
diets than any cattle treatment 
with the exception of heavily 
grazed cattle C-F pasture. Heavy 
grazing tended to hold most forage 
in a less mature state. A striking 
exception was C-F heavily grazed 
by sheep where forage protein was 
less than other treatments after 
mid-June because sheep had re- 
moved all subclover narrowing this 
choice of preferred forage. 

From this study, it was concluded 
that: (1) Sheep should not be 
grazed as a single kind of animal 
on C-F forage. C-F is more suit- 
able to be grazed by cattle alone 
or by sheep and cattle together. 
(2) Sheep diets could be considered 
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more nutritious than cattle diets 
with the exception of the heavily 
grazed C-F treatment. (3) Heavy 
grazing, when no clover is present, 
is generally not advantageous but 
if clover makes up a normal com- 
ponent, heavy grazing would not be 
detrimental to, forage and dietary 
protein levels and thus not tend 
to lower folrage and dietary DMD. 
(4) Forage nutritional values sel- 
dom were the same as dietary 
values. Animal selectivity is so im- 
portant in assessing nutritive value 
that the analysis of forage samples 
per se does not adequately reflect 
the nutritive value of a grazing 
animal’s diet. Dietary samples col- 
lected fro,m grazing animals are 
greatly preferred for nutritive eval- 
uation. 
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Summer Meeting- July 29-3 1, 197 1 

The Summer Meeting headquarters will be at the Bob Marshall Camp in Custer State Park, South 
Dakota. Located just a short distance southwest of Rapid City, the Black Hills setting holds attractions 
for everyone in the family. Your choice of outdoor camping or indoor lodging. See April issue of 
Rangeman’s News for specifics. 


