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Artificial rumen (in vitro) diges- 
tion techniques are becoming im- 
portant for determining the nutri- 
tive value of range forage. These 
techniques are used to evaluate di- 
gestibility of feeds for livestock. 
Although in vitro techniques are 
relatively new in range research, 
several recent articles have described 
their usefulness. For example, 
Wallace, Hubbert, and Raleigh 
(1963) reported in vitro cellulose 
digestibility values of crested wheat- 
grass. Van Dyne (1962) reviewed 
methods and presented results on 
variables that affect estimates of 
cellulose and dry-matter digest- 
ibility by artificial rumen systems. 
He found two requirements (Van 
Dyne 1963) of an artificial rumen 
system for range studies to be: (1) 
large capacity (many samples) and 
(2) simplicity and portability. 

In setting up facilities for in vitro 
digestibility determinations, a system 
for incubating microorganisms is 
essential. This paper describes a 
low-cost constant-temperature water 
bath used as an incubating system 
for determining in vitro digestibility 
of range forage. The materials used 
for construction of this system cost 
less than $65. 

Equipment necessary for the water 
bath includes a watertight container, 
a water heating element, a tempera- 
ture control unit, a water stirring 
device, and a digestion tube rack 
(Figure 1). The watertight container 
must be large and deep enough to 
contain many digestion tubes. The 
water bath described in this paper 

ICentral headquarters of the Rocky 
Mountain Forest and Range Experi- 
ment Station are maintained at Fort 
Collins in cooperation with Colo- 
rado State University. 

FIGURE 1. Equipment used in the water bath include $L to R) : a styrofoam and 
masonite digestion tube rack, a water circulating pump, a J-shaped thermostat 
tube, a U-shaped heating element, and a thermo-regulator relay box. 

was constructed from a soft-drink 
cooler box (Figure 2). The insula- 
tion of the box helped stabilize the 
temperature of the bath. The stain- 
less steel interior makes the bath 
durable. This system will accom- 
modate over 250 digestion tubes of 
lOO-ml capacity. 

The heating element was a l,OOO- 
watt, U-shaped, immersion-type 
water heater. A precision tempera- 
ture regulator was used to control 
the heating element. This unit con- 
sisted of a J-shaped Pyrex glass 
thermostat tube filled with mercury 
and a sensitive liquid, and a relay 
box. Although less precision is ac- 
ceptable for maintenance of the de- 
sired 38.5” C temperature, the unit 
used provides sensitivity of +0.02” C. 
To obtain temperature uniformity, 
the water was circulated with a 
small immersion-type water pump. 
An electric motor equipped with 
stirring paddles would serve the 
purpose equally as well. 
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The water bath was fitted with a 
floating digestion-tube rack made of 
l-inch-thick Styrofoam. Masonite 
was placed on the upper side of the 
Styrofoam to prevent damage when 

FIGURE 2. Constant-temperature water bath 
for artificial rumen (in vitro) digest- 
ibility studies of range forage. Inside 
dimensions of the water bath are 
37.5~21~10 inches. 
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inserting and removing the diges- 
tion tubes. Holes were cut through 
the masonite and Styrofoam for the 
digestion tubes. Flanges at the tops 
of the digestion tubes prevented 
their dropping completely through 
the digestion-tube rack. The desired 
water level around the digestion 
tubes was maintained with the float- 
ing rack, even when the water level 
in the bath was lowered because of 
evaporation. 
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Highlight 
This note presents radii for sample 

locations for eight different circular 
sampling areas with or without cen- 
fer areas restricted from sampling and 
briefly discusses fhe use of the sys- 
tem for locating plots, franseck, or 
plants in range and pasture studies. 

Random location of samples ,in 
field investigations is a costly effort, 
especially when sampling points 
need to be relocated repeatedly. 
Gaiser (1951) proposed a scheme 
using circular plots and polar co- 
ordinates for locating sample posi- 
tions. He presented a graph for use 
on .2 acre plots to correct for the 
fact that polar coordinates converge 
toward their origin. An equation for 
calculating radii for a circular sam- 

1 Research sponsored by the U.S. 
Atomic Energy Commission under 
contract with Union Carbide Cor- 
poration. 

TECHNICAL NOTES 

pling system requiring only one 
marker post for random location of 
study units was derived in an earlier 
note (Van Dyne, 1960). This note 
presents radii for sample locations 
for eight different circular sampling 
areas with or without center areas 
restricted from sampling. 

One hundred sampling points each 
representing an equal area are 
delineated by an annulus of ten 
rings of appropriate radii intersected 
by five diameters at 36” intervals 
(Figure 1). In investigations not in- 
volving grazing animals or in studies 
where the permanent center marker 
post or stake will not attract and 
cause concentration of animals, a 
center area restricted from sampling 
is wasteful of space, and the entire 
sampling area can be utilized (Fig- 
ure 1A). Contrastingly, in other 
situations the center of the study 
area should be restricted from 
sampling (Figure 1B). 

Sampling areas with maximum 
radii varying from 25 to 200 ft. are 
described in Table 1. For each sam- 
pling area a restricted center is 
calculated at 0, 10, and 20 percent 
of the maximum radius. Additional- 
ly, the square feet and acres of us- 
able area are given for each annulus 
of rings. The distances to sampling 
points representing circular seg- 
ments of equal area are given to the 
nearest 0.01 ft., but most linear and 
area measurements would apply 
equally well to metric units. 

Numbers 0, 1, 2, . . . 9 are used to 
designate the directions of 0, 36, 72, 
. . . 324”. Paired numbers are taken 

from a random numbers table to 
designate the direction (by the 
above scheme) and the distance (see 
Table 1) to a sampling point. 

The smaller sampling areas have 
been especially useful in dense vege- 
tation in pasture and ecological 
studies in the Southeast. The medi- 
um sampling areas were appropriate 
for investigations on annual and 
perennial foothill grasslands. The 
larger sampling areas are useful in 
studies on salt desert shrubs or other 
low-growing shrub types wherein 
distances from the center marker 
posts may be readily taped. 

Relocation of sampling points lo- 
cated by these techniques, and 
marked by iron pins driven to with- 
in less than one inch of the soil sur- 
face, has been surprisingly easy even 
though several years elapsed since 
original installation and different 
workers were involved. By fastening 
the end of his tape to a swivel 
attached to the center marker post 
and using a hand compass, one man 
can easily locate sample points with 
this method. 

Locating sampling points which 
will not be relocated does not re- 
quire a compass and tape. By taking 
an approximate bearing on the de- 
sired direction and by pacing in that 
direction for the desired distance, 
personal bias in the choice of loca- 
tion of sampling points is eliminated. 

This procedure is easier to use 
than that of Gaiser (1951). His pro- 
cedure requires: 1) drawing a 
3-digit random number in the range 
of 000 to 359 to give the direction, 

FIGURE 1. Sampling areas of equal maximum radius and each providing 100 points 
representing equal areas. The shaded area in B is restricted from sampling and 
has a radius 20 percent that of the maximum radius. 


