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In many range investigations 
it is desirable to obtain an index 

of the nutritive value of a given 
range plant or plant mixture. 
Chemical analyses for the proxi- 
mate components and for other 
nutrients yield useful informa- 
tion but provide only a general 
indication of the nutritive value 

of the plant. Better estimates of 
the nutritive value may be ob- 
tained by conducting digestible 

and metabolizable nutrient trials. 
Frequently, however, informa- 
tion is required on samples of a 
single range plant species, part 
of a range plant, or plant mix- 
ture obtained by clipping or with 
esophageal- or rumen-fistulated 
animals; thus, it is impractical 

to secure an adequate amount 
with which to conduct a digest- 
ibility trial. 

Considerable attention has 
been given during recent years 
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to the development of methods 
to evaluate cellulose digestion of 

small samples of herbage by 
microtechniques. Two methods 
of interest for adaptation to use 

in range investigations in evalu- 
ating cellulose digestion are the 
in vitro-artificial rumen and the 
i.n vivo-nylon bag (silk bag or 
dacron b a g ) techniques. This 
paper presents results of prelimi- 
nary studies concerning the de- 
velopment and modification of 
techniques for in vitro and in 

vivo n u t r i t i v e evaluation of 
range plants. 

Review Of Literature 
Artificial rumen 

Artifical rumen or in vitro 
procedures have been used ex- 

tensively to obtain information 
on nutritive value of farm rough- 

ages and concentrates and to 
study rumen bacteria nutrient 
requirements in many animal 
husbandry investigations and are 

reviewed in detail by Annison 
and Lewis (1959) and by Barnett 
and Reid (1961). The artificial 
rumen is a system in which an 
attempt is made to duplicate the 
conditions existing in the rumen. 

Temperature is usually c o n - 
trolled at 39-40°C. by means of a 
water bath, anaerobic conditions 
are maintained by passing CO2 
gas through the test solution, 
acidity is controlled to near pH7 
by “artificial saliva” buffer sys- 
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terns, bacteria obtained from the 

rumen are added, and a forage 
source is provided. Digestive ac- 
tivity is evaluated by manomet- 
ric methods, or more commonly, 
by determining disappearance of 
a given chemical constituent dur- 
ing a discrete time period. Cellu- 
lose digestion is the item most 
commonly measured, but other 

factors are measured such as dry 
matter (Church and Peterson, 
1960; Clark and Mott, 1960)) gross 

digestible energy (Clark, 1958) 2 
and digestible organic matter 
(Pigden and Bell, 1955) as well 
as digestion of other chemical 
constituents. 

Inocula preparation methods 
used in in vitro trials vary from 
differentially centrifuging bac- 
terial cells to simply expressing 

rumen liquor from rumen in- 
gesta (Johnson et al., 1960). Le 
Fevre and Kamstra (1960) indi- 
cate inocula from cattle and 
sheep can be used interchange- 
ably if the rations are similar; 

but Hungate et al. (1960)) War- 
ner (1956) and Asplund et al. 
(1958) have indicated by their 

studies the need for obtaining 
the inoculum sample from the 
class of stock for which the eval- 
uations are being made and from 
animals fed (or grazing) a diet 
similar to the one being evalu- 
ated. Taylor et al. (1960) also 
found closer agreement of con- 
ventionally determined and in 
vitro cellulose digestion esti- 
mates when the diet and test for- 
age were the same rather than 
different forages. In addition, 
many other variables must be 
considered or held constant in in 
vitro studies including amount 
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of sample, particle size of the 

sample, method of processing the 

inocula, length of the fermenta- 

tion period, and the t y p e of 

buffer a n d nutrient solutions 

used. It is difficult to fully eval- 

uate or reproduce the techniques 

used in many in vitro and in vivo 

studies based on procedure de- 

scriptions published in m any 

articles. In many instances thesis 

and dissertation references were 

examined in the development of 

this work and some are herein 

cited in the footnotes. 

Nylon-bag Determinations 

In an attempt to overcome cer- 

tain difficulties associated with 

in vitro procedures early work- 

e r s developed techniques in 

which bags were filled with vari- 

ous cellulose sources and sus- 

pended in the rumen of the ani- 

mal through a fistula to secure 

an estimate of cellulose digestion 

(Quinn et al., 1938) . The fistu- 

lated animal is comparable to the 

nonfistulated animal in its ca- 

pacity to digest feeds (Barnett 

and Reid, 1961; Drori and Loosli, 

1959) and thus valid inferences 

can be made to larger popula- 

tions of animals. 

Small bags of fine weave ny- 

lon, dacron, or silk varying from 

approximately 2”  x 4”  up to 6”  

x 12”  and containing from 1 up 

to 50 grams of sample are sus- 

pended in the rumen for time 

periods varying from a few up to 

96 hours (Cason, 1957” ; Burk et 

al., 1960; Lusk, 1961; Merrill, 

1959; Tomlin, 1960” ; and Johnson 

et al., 1960). 

Hoflund et al. (1948) have 

found a disadvantage in the silk- 

bag technique in that certain test 

materials such as paper pulp 

were inclined to become clumped 

in the bags. When the cellulose 

source clumped or “ doughed”  in 

a corner of the bag there was no 

sharp endpoint in digestion and 

time for the complete cellulose 

digestion could not be accurately 

determined. Erwin and Elliston 

(1959) reported estimates of di- 

gestion by nylon bag technique 

w e r e influenced inversely by 

sample size and directly by 

length of fermentation. 

Nylon bag studies (and silk 

and dacron bag studies) gen- 

erally are used to evaluate di- 

gestibility of cellulose although 

dry matter digestion estimates 

are obtained in addition in some 

instances. Dry matter digestion 

estimates are obtained by rinsing 

the samples thoroughly to ex- 

trude soluble components that 

still may be in the bag when 

they are removed from the ani- 

mal. 

Micro-evaluation Of Individual 

Range Plants 

Frederiksen and Washburn 

(1961) presented data on in vitro 

fermentation of ten hand clipped 

species t a k e n from summer 

mountain sheep range. Wallace 

et al. (1961) presented in vitro 

digestion d a t a on six hand 

clipped range plants taken at 

various stages of growth in two 

different years from sagebrush 

grass range. These two re- 

searches have presented valuable 

information on comparative in 

vitro digestibility of range plants 

but the approaches have limita- 

tions. The high mountain sum- 

mer sheep range samples from 

Montana were evaluated with a 

rumen inocula obtained from 

f 1 u i d from a commercially 

slaughtered sheep from Colo- 

rado. The diet of the slaughtered 

sheep was different from the diet 

of sheep which graze the sum- 

mer range where the plants were 

obtained. The Oregon sagebrush- 

grass range samples, obtained at 

different stages of growth, were 

digested by i n o c u 1 a obtained 

from a steer maintained on a 

single high quality growing ra- 

tion. Nevertheless, these t w o 

studies indicate that differences 

in digestibiliy as affected by 

stage of maturity of, and differ- 

ences among individual range 

plants are of sufficient magni- 

tude to be evaluated compara- 

tively by in vitro techniques. 

Procedure- Arfif icial 

Rumen Siudies 

The following variables were 

investigated: length of fermenta- 

tion period (Experiments 1 and 

2) ; method of processing inocu- 

lum (Experiment 2) ; comparison 

of digestion of different forages 

to a standard cellulose source 

(Experiment 1) ; and influence 

of the type of forage consumed 

by the animal from which inocu- 

lum is obtained on in vitro cellu- 

lose digestion (Experiment 1 vs. 

2 for two cellulose sources). 

Source Of Inoculum 

In all iri vitro trials a single 

rumen-fistulated cow was used 

as the source of inoculum. This 

cow was fed hay ad Zibitum and 

had access to salt and water at 

all times. In the first experiment 

(two trials) the cow was fed a 

high quality alfalfa hay and in 

the s e c o n d experiment (two 

trials) she was fed a low quality 

oat hay. After the cow had been 

off feed overnight inoculum was 

taken by opening the fistula, re- 

moving and discarding ingesta 

near the opening, and obtaining 

a sample (approximately 1% gal- 

lons) by t a k i n g sub-samples 

from various parts of the rumen. 

Alfalfa hay was selected as be- 

ing a representative hay which 

would be available at many ex- 

periment stations; the low qual- 

ity oat hay was selected as a hay 

which might approach the qual- 

ity of forage being grazed on the 

range during the periods of the 

year when most western range 

livestock are under a nutritional 

stress. 

Processing Of Inoculum And 

In Vitro Operation 

In the first series of trials the 

:<Cason, J. L. 1957 A study of di- 

gestion of cellulose and dry matter 
using in vivo and in vitro rumen 

techniques. Ph.D. Diss. Cornell 

Univ. 66 pp. 

-I Tomlin, D. C. 1960. Crystalinity of 

cellulose and digestibility of feed- 

stuff cellulose in the bovine rumen. 

Ph.D. Diss. Univ. Florida. 86 pp. 



inoculum sample was processed 

by a procedure reported by 

Quicke et al. (1959) involving 

extracting strained rumen juice 

with a phosphate buffer, centri- 

fuging t h e b u f fe r extract 

through a Sharples super-centri- 

fuge, and resuspending the sedi- 

ment. The resuspended sediment 

was then used to inoculate in- 

dividual tubes. The procedure of 

centrifuging the buffer extract 

of the strained rumen juice 

through a Sharples super-centri- 

fuge is not easily adapted to 

range studies where equipment 

and facilities may be limited. 

Thus, the second experiment 

evaluated three different meth- 

ods of preparing the inoculum: 

1) rumen liquor strained through 

cheesecloth; 2) a p h o s p h a t e 

buffer extract of t h e rumen 

pulp; and 3) phosphate buffer 

extract which had been centri- 

fuged, p 1 a n t debris discarded, 

and bacterial cells resuspended 

in phosphate buffer following, in 

general, the procedures of 

Quicke, et al. (1959). 

Varying amounts of different 

cellulose sources were added to 

100 ml. centrifuge tubes to pro- 

vide 0.2 grams of cellulose from 

each source in both in vitro ex- 

periments. In the first experi- 

ment 12-, 24- and 4%hour fer- 

mentation periods w e r e con- 

ducted on each of the five cellu- 

lose sources; whereas, in the 

second experiment only 24- and 

48-hour time periods were evalu- 

ated for two cellulose sources. 

Duplicate tubes of e a c h feed 

were digested for e a c h time 

period in both experiments. 

Carbon dioxide was bubbled 

through each tube continuously 

during the fermentation. Two or 

three drops of mineral oil were 

added to each tube to help pre- 

vent foaming and a few hours 

after initiation of fermentation 

and at approximately halfway 

through the respective fermenta- 

tion periods the sides of the cen- 

trifuge tubes were washed down 

with the buffer solution. Blank 
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tubes were included in each trial 

to determine the influence of the 

inocula on cellulose contents. The 

amount of cellulose remaining 

after fermentation was deter- 

mined within the 100 ml. centri- 

fuge tubes by the procedure of 

Crampton and Maynard (1938). 

Cellulose Sources 

Several types of forage sam- 

ples and cellulose sources were 

used. These samples and their 

approximate cellulose contents 

were as follows: 1) Standard for- 

age (an alfalfa meal forage sam- 

ple furnished by Purdue Univer- 

sity for interstate comparisons), 

30 percent; 2) mature Medusa- 

head wildrye grass (Elymus ca- 

putmedusae), 32 percent; 3) im- 

mature Medusahead w i 1 d r y e 

grass in the boot stage, 27 per- 

cent; 4) mature mixed annual 

range forage - primarily Wild 

oat (Avena barbata), Soft chess 

(Bromus mollis), Ripgut brome 

(Bromus rigidus) and Nitgrass 

(Gustridium ventricosum) 37 

percent; and 5) Solka floe, 96 

percent. The range forage sam- 

ples were obtained by clipping, 

the Solka floe was obtained com- 

mercially. All s a m p 1 es were 

ground through a 40-mesh screen 

except the Solka floe, which was 

already in a finely divided form 

(90 percent passes through a lOO- 

mesh screen). 

times (24-72 hours), and by vari- 

ations in sample weight (approx- 

imately 2-10 grams). The second 

nylon bag experiment was con- 

ducted by grazing these same 

rumen-fistulated animals on ma- 

ture (July-August, 1961) mixed 

annual grass-forb range at the 

Hopland Field Station in Mendo- 

cino County in northern Califor- 

nia. A comparison was made of 

48-hour digestion of two-gram 

samples of two grazed forage 

samples (40-70 samples compos- 

ited) collected a few days previ- 

ously on the same range by five 

esophageal-fistulated cattle and 

seven sheep during a five-day 

period. 

Nylon Bags And 

Weighting System 

Procedure-Nylon Bag Studies 

The first nylon bag experiment 

compared mixed annual range 

forage cellulose digestion in ru- 

men-fistulated cattle and sheep 

fed oat hay (two animals of each 

class of stock selected from a 

group of nine of each class) as 

affected by f i v e fermentation 

The nylon bags were approxi- 

mately 2” x 4”, were constructed 

locally from parachute cloth with 

approximately 120 threads per 

inch, and were double sewn on 

all seams with nylon thread. In 

addition to the forage sample, 

two glass marbles were placed 

in each bag to aid in mixing by 

preventing the sample from be- 

ing “doughed” into one corner 

of the bag and to add weight. 

The tops of the bags were tied 

with a short length of 20-pound 

test braided nylon line. The “tie 

lines” were affixed to a main 

nylon “drop line” made of car- 

penter’s cord (experiment 1) or 

G-inch three strand nylon line 

(experiment 2). The main drop 

line was attached to a ring bolt 

in the cap of the lucite cannula 

in the fistulated animals (Figure 

1). Plastic ear tags were affixed 

to each tie line for bag identifica- 

tion (experiment 1) or the bags 

Table 1. Cellulose digesfion in 12. 24, and 48 hours in vitro by inoculum 

from a cow fed alfalfa hay. 

Cellulose source 

Standard forage 

Mature Medusahead wildrye 

Immature Medusahead wildrye 

Mixed annual range forage 

Solka floe 

Trial 1 Trial 2 

12 24 48 12 24 48 

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

34 46 51 33 43 51 

24 61 70 15 54 72 

40 68 82 31 64 79 

31 55 67 23 51 67 

5 72 93 5 41 89 
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Table 2. Cellulose digestion in 24 and 48 hours in vitro by inoculum ob- 

tained from a cow fed oaf hay and processed in three differenf ways. 

Method of processing 
Trial 1 

Centrifuged suspension 

Phosphate buffer extract 

Strained rumen juice 
Trial 2 

Centrifuged suspension 

Phosphate buffer extract 

Strained rumen juice 

Mixed annual 

range forage Solka floe 

24 48 24 48 

-_-- (percent) - - - - 

40 61 42 81 

56 73 75 92 

55 75 62 98 

38 43 41 49 

60 67 80 97 

58 74 77 98 

were labeled directly with a spe- 

cial ink (experiment 2). As many 

as 26 bags have been suspended 

in both cattle and sheep with no 

ill effects. 

A polyethylene bottle filled 

with lead shot was used to “sink” 

the bags into the ventral portion 

of the rumen. After 24,36, 48, 60 

and 72 hours, respectively of fer- 

mentation two bags were re- 

moved at random from the group 

of ten in each animal in experi- 

ment 1; a 48-hour fermentation 

was used for all bags in experi- 

ment 2. Duplicate bags were used 

for each feed or time period in 

these experiments. 

Processing Procedure 

After removal from the ani- 

mals the bags were soaked in 75 

percent ethyl alcohol solution to 

stop bacterial action, then rinsed 

in tap water to remove particles 

of ingesta adhering to the sur- 

face. The bags were rinsed as a 

group in an effort to minimize 

variations in digestion estimates 

due to rinse procedures. In the 

first experiment they were 

rinsed thoroughly under running 

tap water and then oven dried. 

In the second experiment they 

were processed in two different 

ways; they were rinsed as in the 

first experiment and half then 

received additional soaking and 

rinsing. The latter group were 

thrice alternately rinsed in run- 

ning tap water and soaked and 

agitated in a large beaker of 

water prior to drying. 

After rinsing, oven drying, and 

weighing each nylon bag and the 

sample contained was placed in 

a 100 ml. round bottom centri- 

fuge tube and cellulose was de- 

termined by the procedure of 

Crampton and Maynard (1938). 

The reagents used in this pro- 

cedure dissolved the nylon bags 

and tie lines. The plastic ear tags 

used to identify bags in the first 

experiment were removed prior 

to chemical analyses. Since the 

nylon bags were relatively inex- 

pensive (approximately 7 cents 

each), it was considered better 

to chemically digest the bag 

along with the forage sample 

than to attempt to quantitatively 

remove the forage sample from 

the bag so that the bag might be 

reused. 

Cellulose digestion values and 

dry matter digestion values both 

include losses of small undi- 

gested forage particles w h i c h 

might pass through the weave of 

the bag. Dry matter digestion 

values also include losses of solu- 

ble components from the bag 

during rinsing that may have not 

been digested. 

Results- Artificial Rumen Studies 

Time Of Fermeniafion 

Tables 1 and 2 present the 

mean values for experiments 1 

and 2. There was an increase in 

cellulose digestion with increas- 

ing time periods irrespective of 

the source of cellulose. Differ- 

ences between or among time 

periods were highly signif icant 

in all trials except trial 2 of ex- 

periment 2. In general, these re- 

sults agree with those reported 

in the literature with res 

ods investigated (Quicke, et al., 

1959; Hershberger, et al., 1959; 

Donefer, et al., 1960). 

The analysis of variance in ex- 

periment 1, following, shows 

very good agreement between 

trials conducted at different 

times. Experimental treatments, 

times of fermentation and differ- 

ent feeds, accounted for almost 

all of the variation. 

Solka floe, the commercial cel- 

lulose source, appeared to be a 

slow starter. That is, this cellu- 

lose source had the lowest digest- 

ibility during the early stages 

of fermentation (12 hours), but 

at 48 hours it was the most di- 

gestible of all cellulose sources 

in all trials, independent of the 

method of inoculum preparation. 

Solka floe digestion values are 

comparable to many of those re- 

ported for pure cellulose sources 

in the literature (Hershberger 

et al., 1959; Donefer et al., 1960). 

Several procedures, with re- 

spect to time of fermentation, 

might be used to evaluate range 

plants by in vitro techniques. 

FIGURE 1. A string of 

removed after 48 hours 

a rumen-fistulated steer 

trials. 

nylon bags being 

fermentation from 

in range digestion 



cant interaction between samples 

Degrees of 

and time of fermentation and if 

the fermentation rates do not 

Source of variation 

vary widely for different 

freedom 

samples, then a single fermenta- 

tion period would be more de- 

sirable as it would allow the 

evaluation of a greater number 

of samples in any given study. 

The results of experiments 1 and 

2 would indicate that the differ- 

ent forage plant sources of cellu- 

lose could be comparatively eval- 

uated for cellulose digestibility 

at either the 24- or the 48-hour 

fermentation periods (Figure 2). 

The rate of digestion of the dif- 

ferent forages after 24 hours was 

similar with no forages changing 

their relative position in percent 
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through a 40-mesh screen (maxi- 
mum particle size of 1 mm.) 

Mean squares 

(Kamstra, 19555). 
The mixed annual range forage 

fed pelleted to wethers in a con- 

Trial 1 

ventional digestion trial (in 

Trial 2 

crates) had cellulose digestibility 
coefficients of aproximately 55 
percent when fed with a protein 

supplement, and from 32-45 per- 
cent when fed as the only feed 
(unpublished data, W. C. Weir). 
This mixed annual range forage, 
averaged over both trials in ex- 

periment 2, had 48-hour average 
digestibility of approximately 52 
percent by in vitro procedures. 
In general, 48-hour in vitro cellu- 
lose digestibility values are high- 

er than in vivo values obtained 
by conventional trials (Le Fevre 
and Kamstra, 1960). Several fac- 
tors influence this difference in 
estimates of cellulose digestion 
including such items as size of 

Times (T) 
Feeds (F) 
TxF 

Error 

2 5566** 6353** 
4 305** 224* * 
8 390** 319** 

15 4 5 

**Significant at the 1 percent level 

cellulose digestion between 24 
and 48 hours. 

Influence Of Cellulose Source 

Solka floe had the highest cel- 
lulose digestion of all samples 

tested. This is to be expected as 
the Solka floe is approximately 
96-97 percent cellulose and is free 
from such indigestible materials 
as lignin. In addition, the Solka 
floe is in a more finely divided 
form than are the ground forage 
samples. Most mature range 

plants contain approximately 25- 
50 percent cellulose. Lignifica- 
tion of bundles and fibers in the 
plants makes much of the cellu- 
lose unavailable to the celluloly- 
tic microorganisms, although the 
material has been ground to pass 

-5 Kamstra, L. D. 1955. Digestion of 

cellulose from different sources by 

rumen microorganisms. Ph.D. Diss. 

Ohio State Univ. 106 pp. 

grind and length of fermenta- 
tion. 

Immature Medusahead wild- 
rye generally had the highest 
cellulose digestion values of all 
forages at different times of di- 
gestion. It is well known that 

immature plants are more nutri- 
tious and more digestable than 
are mature plants of the same or 
related species (Kamstra et al., 

1958). Cellulose digestion of ma- 
ture Medusahead wildrye was 
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similar to that of the mature 
mixed annual range forage for 
fermentations of greater than 24 
hours. This would indicate that 
there may be little difference in 
cellulose digestion among annual 

range grasses at maturity when 
the entire plant is sampled. This 
relationship, however, needs fur- 
ther and more detailed study. 

Influence Of Inoculum Preparation 

The data from experiment 2 

(Table 2) indicate that compar- 
able estimates of cellulose diges- 
tion in mixed annual range for- 
age and in Solka floe were ob- 
tained by strained rumen juice 

or phosphate buffer extract in- 
ocula. 

The following summary shows 

the results of the analysis of var- 
iance of experiment 2 data’: 
These data indicated that 
methods of processing the inoc- 
ula were of significant impor- 
tance in both trials. The magni- 

tude of the variation due to cel- 
lulose sources was approximate- 
ly the same in both trials, but 

because of the high degree of 
variability in trial 2 of this ex- 
periment, cellulose sources were 

not significant in both instances. 
The anomalous behavior of Solka 
floe has been referred to in a 
previous section. 

Average percent digestibility 

of cellulose for the two cellulose 
sources in experiment 2 was ap- 
proximately 75 percent for the 
strained rumen juice and the 
phosphate buffer extract, but 
only approximately 50 percent 
for the centrifuged suspension. 

One might expect the latter 
method to give higher cellulose 

Degrees of 
Source of variation freedom 

Cellulose source (S) 1 
Times (T) 1 
Methods (M) 2 

SxT 1 
SxM 2 
TxM 2 
SxTxM 2 
Error 12 

**Significant at the 1 percent level. 

Mean squares 
Trial 1 Trial 2 

1537** 1755 
3301** 923 
880** 3022* * 
109 63 
39 236 
92 77 
37 5 
29 441 
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FIGURE 2. Relation of in vitro cellulose digestion to length 

different cellulose sources. 

of fermentation period for 

digestion values as it represents 
a more concentrated source of 
cellulolytic microbes free from 
debris of plant material. Dehor- 
ity et al. (1960) found the sedi- 
ment of rumen fluid sedimented 
between 1500 x G and 3000 x G to 
contain the majority of the cel- 
lulolytic activity. In addition, 
Quicke et al. (1959) reported 48- 
hour in vitro cellulose digestibil- 
ity values for four pasture for- 
ages using these three methods 
of inocula preparation and indi- 
cated slightly higher digestion 

values with the centrifuged and 

resuspended rumen microorgan- 

isms. However, their inocula 

was obtained from a steer fed a 

good quality alfalfa hay, whereas 

in this experiment the inocula 

came from a cow fed a low qual- 

ity oat hay. Perhaps the differ- 

ences in the diets of the fistu- 
lated animals can account for 
large differences in quantitative 
and qualitative characteristics of 
the rumen microorganism popu- 
lations and that different types 
of microbes will react differently 

to various methods of processing. 

Effects Of Base Diet 

The difference in digestibility 
of mixed annual range forage 
and Solka floe at either 24 or 48 
hours in experiment 1 as com- 
pared to experiment 2 is due to 
the influence of diet of the 
rumen-fistulated animal from 
which the inocula was obtained. 
In both of these experiments 
data are available for the centri- 
fuge and suspension method of 
inoculum preparation. Proced- 

ures and donor animal were the 
same in these trials. Figure 3 
shows a comparison of the cellu- 

lose digestion of mixed range 
forage and Solka floe as influ- 
enced by the source of roughage 

fed to the cow. There was greater 
cellulose digestion in both the 
mixed range forage and the 

Solka floe in the trials where 
the cow was fed alfalfa hay as 
compared to the trials where 
the cow was fed oat hay. The 
question arises as to the validity 
of using the inoculum from an 
animal fed on a different kind 

of feed than the one being evalu- 
ated. Further studies are in pro- 
gress to evaluate this effect 

under range conditions. 

Resulfs-Nylon Bag Studies 
Effect Of Sample Weight 

The data obtained from the 
first nylon bag experiment are 
presented graphically in Figure 
4. Individual animal values com- 
pose the five “sheets” in the 
center. Each sheet is delineated 
by eight bag values which show 
considerable variation. However, 
over all fermentation times per- 

cent cellulose digestion was in- 
versely related to sample size 
and directly related to fermen- 
tation time (Figure 4). In order 
to assess the relationship be- 
tween sample weight and per- 
cent cellulose digestion, regres- 
sion equations were calculated 
showing the linear relationships 
between percent digestion (Y,) 
and sample weight (Xi) for each 
class of stock at various fermen- 
tation times. Three equations of 
best fit were selected; two of 
which were highly significant 
and the third approaching sig- 
nificance. These equations were 
for sheep over all times and for 
cattle for 24-36 hours and for 48- 
72 hours of fermentation. Sample 
size was more important in de- 
creasing nylon bag cellulose di- 
gestion of sheep than of cattle 
forage samples. Erwin and Elli- 
ston (1959) also report a linear 
decrease in digestion with in- 

creasing sample size. 
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A much more uniform set of 

data were obtained with a fair 

agreement between duplicates 

when cellulose digestion percent- 

ages were adjusted to a common 

sample size by the above men- 

tioned equations. Over all classes 

of stock and time periods the 

average absolute differences be- 

tween duplicates was approxi- 

mately 5 percent. These dupli- 

cate values do not agree as close- 

ly as do the duplicate in vitro 

tubes but the nylon bag tech- 

nique is a less expensive and 

more flexible procedure and a 

greater number of replicates 

could be used as compared to 

artificial rumen date. Some tech- 

nical difficulties in the method 

of bag removal from the fistule 

added to the relatively high de- 

gree of variation between dupli- 

cates, especially from the sheep; 

these difficulties have been over- 

come in subsequent studies. FIGURE 3. Comparison of percent cellulose digestion in vitro by inoculum from a cow 

The adjusted values (to a 2- fed alfalfa hay and from the same cow fed oat hay. Each value is the mean duplicates 

gram sample) of percent cellu- in each Of two tria1s. 

lose digestion were then sub- 

jected to an analysis of variance it was found that although one 

as follows: animal (sheep #4) had the high- 

Degrees of 

Source of variation freedom Mean square 

Times of fermentation (T) 4 841** 

Linear 1 2618** 

Quadratic 1 707”” 

Cubic 1 14 

Quartic 1 25 

Animals (A) 3 168** 

Cattle vs. sheep 1 2 

Between sheep 1 352”” 

Between cattle 149* 
TxA If 30 

Error 20 31 

*Significant at the 5 percent level. 

**Significant at the 1 percent level. 

This analysis is only an approxi- est estimates of cellulose diges- 

mation due to the fact that there tion in three of the five time pe- 

were repeated measurements riods and another (sheep #8) had 

from the same organism over the lowest estimates of cellulose 

time; that is, the same animal digestion in three of five periods, 

furnished estimates of cellulose in general, there was a good scat- 

digestion over the five different tering of the rank of the individ- 

time periods. Thus, the errors ual animal values in the various 

(Eijk) are not independent, which time periods. This indicates a 

is an assumption underlying the fair degree of independence of 

analysis of variance. However, measurements and thus the anal- 

ysis of variance was conducted. 

Length Of Fermentation 

Differences in cellulose diges- 

tion among lengths of fermenta- 

tion periods were highly sig- 

nificant. Cellulose digestion in- 

creased with increasing time pe- 

riods of fermentation up to 60 to 

72 hours; the latter values were 

slightly lower than the 60-hour 

values (Table 3). Orthogonal 

polynomial coefficients were 

used to determine the time ef- 

fects due to linear, quadratic, 

cubic and quartic equations. The 

time response analysis indicates 

that linear effects and quadratic 

effects were both important with 

linear effects being more influ- 

ential. This is shown in the por- 

tion of Figure 4 where the values 

of cellulose digestion adjusted 

for two-gram sample size are 

plotted against time. The diges- 

tion curves tend to have a linear 

relation to time in the early fer- 

mentation periods and flatten 

out or drop off during the latter 

two fermentation periods. 
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FIGURE 4. Relationship of sample weight and fermentation time to in viva nylon bag 

cellulose digestibility. Individual animal values for 24 to 72 hours are not corrected 

for sample size differences. 

Animal Variations 

The significant effects of var- 

iation among animals may be 

subdivided into three groups. 

First, variation between cattle 

and sheep contributes part of the 

total animal variation; second, 

variation between sheep; and 

third, variation between cattle. 

The sum of squares for between 

sheep and between cattle were 

calculated by evaluating the var- 

iation between sums of individ- 

ual animal values (within a class) 

over the various time periods 

less a “class correction factor” 

(the total class values squared 

and divided by the number of 

samples entering into that de- 

termination). This procedure can 

be checked by totaling the sum 

of squares due to the various ani- 

mal group subdivisions which 

checks (within rounding-off er- 

ror) with that sum of squares 

for variation between animals. 

There was no significant dif- 

ference between the estimates of 

cellulose digestion of this forage 

sample between the average cat- 

tle values and the average of 

sheep values when they were fed 

the same base feed (Table 3). 

However, variation between ani- 

mals of the same class was highly 

significant for sheep and signifi- 

cant for cattle. Since this analy- 

sis is based on data from only 

two animals within a class, fur- 

ther study is necessary to fully 

evaluate relative intraspecific 

variation. 

Times x animals interaction 

was not significant indicating 

that increasing or decreasing the 

length of fermentation periods 

did not alter the relationship be- 

tween the two classes of stock. 

Neither were the times interac- 

tions with any of the animal sub- 

division categories significant 

and these results are thus not 

presented in the above analysis 

of variance table. 

Range Digestion Trial: Cattle vs. 

Sheep Digestion Capacity 

The mean values of percent 

cellulose digestion and dry mat- 

ter digestion in the nylon bag 

test on the range are presented 

in Table 4. The analysis of vari- 

ance of the range nylon bag trial 

is presented in the following 

summary: 

Source of variation 

Degrees of 

freedom 

Mean squares 

Cellulose Dry matter 

digestion digestion 

Animals (digesting) (A) 3 57** 55** 

Cattle vs. sheep 

Between sheep 

Between cattle 

Forage grazed (F) 

AxF 

Rinsing procedure 

AxR 

FxR 

AxFxR 

Error 

3 

(R) 1 

3 

1 

3 

15 

111** 107** 

6 39** 

54” 19* 

84** 1 

2 1 

117”” 824** 

2 6 

8 23* 

3 6 

8 4 

*Significant at the 5% level; **significant at the 1% level. 

Table 3. Cellulose digestion of mixed annual range forage by in vivo nylon 

bag technique with fisfulaied animals fed a low qualify oaf hay. 

Length of fermentation 

Sheep Cattle 

#4 #8 #33 #36 

(hours) 

24 

36 

48 

60 

72 

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

57” 50 62 51 

73 70 76 64 

82 69 80 74 

90 77 77 77 

82 76 79 80 

* Values adjusted to 2 gram sample. 
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Table 4. Dry matter and cellulose digestion of grazed range forage by in vivo nylon bag technique with fisfulafed 

animals grazing foothill annual range. 

Type of 
forage 

Cattle grazed 

Rinse 

procedure 

Thorough 

Light 

Cellulose Digestion Dry Matter Digestion 

Sheep Cattle Sheep Cattle 

#4 #8 #33 #36 #4 #8 #33 #36 

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

66 66 63 61 67 65 64 62 

61 60 59 56 57 53 52 48 

Sheep grazed 

Thorough 63 62 61 54 66 63 64 60 

Light 60 57 56 54 59 55 52 53 

Two-way and three-way inter- 

actions involving animal categor- 

ies and other treatments were 

evaluated and found to be of 

small magnitude and insignifi- 

cant and thus are not presented 

in the above table. In general, 

the variation among animals 

and between classes of stock was 

of similar magnitude and signifi- 

cance for both cellulose and dry 

matter digestion estimates. In 

contrast, intraclass comparisons 

were more variable. 

These data indicate there were 

also significant differences 

among the four animals used as 

“digesters” when grazed upon 

the range. The major variation 

among animals was due to highly 

significant differences between 

cattle and sheep. This is in con- 

trast to their performances when 

fed oat hay wherein there were 

no differences between cattle 

and sheep. The reasons are not 

clear why, but on the range, 

sheep provided a slightly but 

highly significantly greater cel- 

lulose digestion of 3.7 percent. 

Both of the sheep had higher av- 

erage cellulose digestion values 

as determined by the nylon bag 

technique than did the cattle. 

The differences in cellulose di- 

gestion between sheep were 

small and nonsignificant (1.2 per- 

cent); whereas, the differences 

between cattle (3.7 percent), al- 

though comparatively small, 

were highly significant. 

In the range trials sheep di- 

gested 3.7 percent more dry mat- 

ter of range forage than did cat- 

tle (highly significant). The ani- 

mals maintained their “relative 

ranks” in digestion of cellulose 

and dry matter; these were in 

decreasing order-wether #4, 

wether #8, steer #33 and steer 

#36. This ranking was consistent 

over both forage sources on the 

range but not when these ani- 

mals were fed low quality hay. 

This indicates that individual 

animal grazing habits are im- 

portant in range digestion trials 

although there was a greater dif- 

ference between highest and 

lowest “cellulose digesters” in 

the hay feeding trial as com- 

pared to the range grazing trial, 

respectively 8.4 percent and 6.1 

percent. 

It was observed that the sheep 

were more selective in eating 

the oat hay than were the cattle, 

but evidently, there was a much 

greater difference in the diets of 

the two classes of stock when 

they were allowed to graze on 

the range. Average chemical 

composition in percent for the 

diet of esophageal-fistulated cat- 

tle and sheep, respectively, dur- 

ing this grazing trial was: crude 

protein, 6.3 and 7.5; ether extract, 

1.4 and 1.5; lignin, 11.9 and 12.1; 

cellulose, 37.5 and 35.3; and gross 

energy, 4850 and 4350 calories 

per gram. A higher quality diet 

results in a more dense and vig- 

orous microflora as compared to 

a low quality diet (Annison and 

Lewis, 1959). The result of a 

larger and more vigorous popu- 

lation of rumen microorganisms 

is reflected in increased cellulose 

digestion as was indicated in the 

in vitro investigations comparing 

a diet of alfalfa hay with oat hay 

(Figure 3). These data illustrate 

the importance of using the class 

of stock on the range for which 

digestion estimates of various 

forages are desired. 

Digestion Of Caffle vs. 

Sheep Grazed Forage 

Cattle grazed forage was high- 

er in cellulose digestibility (61.5 

vs. 58.2, highly significant differ- 

ence) but similar to sheep forage 

in dry matter digestibility (58.5 

vs. 58.9, nonsignificant differ- 

ence). There was no significant 

interaction of animals with for- 

ages indicating that sheep could 

digest cellulose and dry matter 

in cattle grazed forage as well as 

could cattle and that cattle could 

digest the sheep grazed forage as 

well as could sheep (Table 4). 

The relative similarity of cat- 

tle and sheep diets as measured 

by chemical composition, especi- 

ally lignin and cellulose content, 

would lead one to expect similar 

digestibility. Herbage supply 

was at all times adequate to the 

animals during this grazing pe- 

riod, approximately 1150 pounds 

per acre of total grass and forbs, 

thus allowing the animals con- 

siderable selectivity in their 

grazing. Thus, the differences in 

cellulose digestibility of the two 

forages may be related to dif- 

ferences in botanical rather than 

chemical composition of the diets 

of the cattle and sheep. Further 

studies are in progress to evalu- 

ate comparative botanical com- 

position of range cattle and sheep 

diets. 
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Rinse Procedure Effect 

Differences between average 

percent cellulose digested for the 

two rinse procedures were high- 

ly significant although relatively 

small, 3.8 percent (Table 4). This 

indicates that comparatively lit- 

tle more cellulose is removed by 

the exhaustive rinsing procedure 

as compared to a light rinse. 

Rinse procedure did not interact 

significantly with forages nor 

with animals for cellulose diges- 

tion. 

There was greater than 10 per- 

cent difference (highly signi- 

cant) in estimates of dry matter 

digestion by the two rinse pro- 

cedures. This would be expected 

as considerable color was ex- 

truded from the bags during the 

rinse procedure. Further rinsing 

on a few bags (not reported here- 

in) indicated that essentially all 

of the soluble material had been 

removed from the bags by this 

degree of rinsing. There was es- 

sentially no difference, 0.4 per- 

cent, between percent dry mat- 

ter digestion estimates of cattle 

forage and sheep forage. 

Although all the bags were 

rinsed at one time by one indi- 

vidual it is difficult to say that 

they each had an equal amount 

of rinsing. Thus, it is felt that 

the estimate of dry matter diges- 

tion is a much less accurate 

measure than is the estimate of 

cellulose digestion which does 

not depend as much on a qualita- 

tive procedure such as rinsing 

the bags. 

The interaction between for- 

age sources and rinse procedures 

was significant. There was ap- 

proximately 11.8 percent differ- 

ence in dry matter digestion of 

the thoroughly versus lightly 

rinsed cattle forage samples as 

compared to a difference of only 

8.4 percent between the thor- 

oughly rinsed versus lightly 

rinsed sheep forage samples. 

This effect is not readily explain- 

able. In both instances the thor- 

oughly rinsed samples yielded 

higher estimates of dry matter 

VAN DYNE 

digestion than did the lightly 

rinsed samples. 

In Vivo vs. In Vitro 

Figure 5 presents mixed an- 

nual range forage cellulose di- 

gestion values extracted from 

the second in vitro and the first 

in vivo experiments. In these 

experiments the rumen-fistu- 

lated animals were fed a low 

quality oat hay. When averaged 

over all samples there is a re- 

markably good agreement be- 

tween nylon bag and artificial 

rumen (with strained rumen 

juice) cellulose digestion at both 

24 and 48 hours. Cason (1957) 

did not find such good agreement 

between silk bag and artificial 

rumen cellulose digestion but 

Merrill et al. (1961) and Lusk 

(1961) in studying grass and al- 

flafa hays found reasonably good 

agreement between nylon bag 

and artificial rumen cellulose di- 

gestion estimates. 

Summary and Conclusions 

The results of preliminary in- 

vestigations on variables affect- 

ing estimates of cellulose diges- 

tibility and dry matter digesti- 

bility by artificial rumen and by 

nylon bag techniques are pre- 

sented. Studies with both cat- 

tle and sheep under corral feed- 

ing and range grazing conditions 

were conducted. Forage sources 

included hand clipped range 

plants and forage samples taken 

from esophageal-fistulated steers 

and wethers grazing the same 

range as the rumen-fistulated 

FIGURE 5. Comparison of in viva nylon bag and in vitro artificia1 rumen percent cellulose 

digestion of mixed annuaI range forage when fistulated animals were fed a low quality 

oat hay. 
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animals which contained the ny- 

lon bags. 

Using a constant size and man- 

ner of processing and analyzing 

samples, but with different cel- 

lulose sources, the following var- 

iables were studied in artificial 

rumen investigations: time of 

fermentation period, method of 

preparing inocula, and effects of 

diet of the fistulated animal from 

which the inocula was obtained. 

It was found that there were 

increasing in vitro cellulose di- 

gestion values with time for all 

cellulose sources investigated 

over the time periods studied. 

From 24 to 48 hours all samples 

of forage maintained their rela- 

tive digestion values. Inocula 

prepared by simply straining 

rumen contents through several 

layers of cheesecloth gave as 

high and as uniform cellulose di- 

gestion values as did more elab- 

orate procedures of processing 

the inocula. The diet of the 

fistulated animal influenced the 

estimates of cellulose digestion. 

Cellulose digestion values of 

range forage and pure cellulose 

samples were considerably high- 

er when the base diet was al- 

falfa hay than when the base 

diet was oat hay. 

Using the same size and weave 

of nylon bag, animals, the chem- 

ical procedures, the following 

variables were studied in nylon 

bag investigations: effect of sam- 

ple weight, length of the fer- 

mentation period, variations be- 

tween cattle and sheep, animal 

to animal variation in the same 

class of stock, and different pro- 

cedures of rinsing the bags after 

removal from the animals. 

Sample size was inversely re- 

lated to in vivo nylon bag cellu- 

lose digestion in the range of 

sample sizes investigated (from 

two to 10 grams of ground mixed 

annual range forage) in both cat- 

tle and sheep. Length of fer- 

mentation period appeared to 

have a linear and quadratic rela- 

tionship to cellulose digestion in 

the time periods evaluated (24- 

72 hours) for both cattle and 

sheep. Significant differences 

were found between cellulose di- 

gestion of forage samples be- 

tween rumen-fistulated cattle 

and sheep when they grazed to- 

gether on the range but not 

when they were fed hay. Differ- 

ences in cellulose and dry matter 

digestion between animals of the 

same class of stock were variable 

for cattle, sheep, and type of diet. 

Simple rinsing of nylon bags 

upon removal from the animal 

as compared to thorough and re- 

peated- soaking, agitation and 

rinsing of the bag resulted in 

highly significant but small dif- 

ferences in estimates of cellulose 

digestion but in large differences 

(highly significant) in estimates 

of dry matter digestion with the 

light rinse values being the low- 

er. Cellulose digestion in cattle- 

grazed forage was highly signifi- 

cantly greater than cellulose di- 

gestion in sheep-grazed forage 

when tested by both classes of 

stock, but no signficant differ- 

ences were found in dry matter 

digestibility by these techniques 

between these two forages. 

Sheep were better able than cat- 

tle to digest cellulose and dry 

matter in both cattle and sheep 

forage samples when grazed on 

the same range with the cattle 

as measured by nylon bag tech- 

nique. 

Similar estimates of cellulose 

digestibility in a given feed were 

found in these preliminary arti- 

ficial rumen and nylon bag stud- 

ies. There were closer agree- 

ments between artificial rumen 

duplicate tubes than between 

duplicate nylon bags. 
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Revegetation of a High-Altitude, Barren Slope 

In Northern Idaho1 
DILLARlb II. GATES2 

Range Management Specialist, Oregon State University, 

Corvallis, Oregon 

A problem of erosion exists on 

high-altitude slopes near the 

Seven-Devils Mountains, about 

17 miles west of Riggins, Idaho. 

The area, probably never suited 

to livestock grazing, had lost its 

vegetation cover, primarily as a 

result of grazing and early- 

spring trampling. In 1957 the 

Agricultural Research Service at 

Pullman, Washington, set up a 

study aimed at finding means to 

revegetate and stabilize these 

erosive slopes. 

Description of Site 

The problem area was approx- 

imately at the 7,000-foot eleva- 

tion, with an east, southeast ex- 

posure, and a slope that varied 

from 10 to 65 percent. The me- 

1 Cooperative investigation of the 
Crops Research Division, Agricul- 

tural Research Service, U. S. De- 

partment of Agriculture, and the 

W ashington Agricultural Experi- 

ment Station, Scientific Paper No. 

2201, W ashington Agricultural Ex- 

periment Station. 

2 Formerly Range Conservationist 

(Research), Crops Research Divi- 

sion, Agricultural Research Serv- 

ice, U. S. Department of Agricul- 

ture, Pullman, W ashington. 

dium-textured soil matrix was 

composed of decomposed granite 

material. Incorporated in the 

soil matrix and composing ap- 

proximately 30 percent of the 

soil volume was a mixture of 

small granite pebbles. Even 

slight disturbance caused con- 

siderable soil movement down 

the steeper parts of the slope. 

The area was fenced and had 

been partially protected from 

grazing for more than 10 years. 

However, since the area was in- 

accessible to wheeled vehicles 

until approximately July 1 each 

year livestock generally reached 

the site in spring before the 

fence was repaired. 

Chemical analysis of the soil 

indicated a pH of approximately 

4.5 and a deficiency of calcium 

and potassium. The phosphorus 

content appeared to be satisfac- 

tory for grass growth. Soil or- 

ganic matter exceeded 8 percent. 

Vegetation on contiguous areas 

with similar soil and slope con- 

sisted primarily of needlegrass 

(Stipa columbiana Macoun.) , 

spike trisetum (Trisetum spica- 

turrz (L.) Richt.), tufted hair- 

grass (Deschampsia caespitosa 

(L.) Beauv.) , sedge (Carex 

geyeri Boott) , lupine (Lupinus 

spp.) , and wild buckwheat (Erio- 

gonum sp.). This apparently 

stable vegetation complex 

formed an excellent cover and 

had stabilized the soil upon 

which it was growing. 

Review of Liierafure 

Only in recent years has there 

been any significant amount of 

research effort expended in at- 

tempting to find ways and means 

of revegetation and stabilizing 

high altitude, depleted sites. 

Hull, et al. (1962)) reporting on 

studies underway since 1957 in 

six western states, found little 

reason to be optimistic about ex- 

pected results. In general, 

mulches increased seedling es- 

tablishment; fertilizers did not. 

A seedbed from which compet- 

ing vegetation w as eliminated 

was considered essential. Con- 

clusions were that by following 

some general suggestions, “grass 

should be successfully estab- 

lished on most depleted sites ex- 

cept in seasons when precipita- 

tion is clearly below average.” 

Various combinations of wood 

chip mulches and fertilizers were 

used by Klomp (1960) in a study 

devised to revegetate scab ridges 

in eastern Oregon. He concluded 


