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Plains bristlegrass (Setaria Zeu- 
copila) is a common perennial plant 
on Southwestern ranges (Hitchcock, 
1950). Its importance as a forage 
plant, and its potential value for 
reseeding purposes have caused 
plains bristlegrass to be included in 

1 This research is a part of the co- 
operative program between Texas 
Technological College and the 
Texas Agricultural Experiment 
Station. 

2 Portions of this paper were pre- 
sented to the graduate school of 
Texas Technological College in 
partial fulfillment of the M.S. de- 
gree of the senior author. 

range grass improvement programs. 
It has been evaluated at several lo- 
cations in Texas. 

This experiment was designed to 
study the extent of root develop- 
ment of plains bristlegrass, and to 
determine the degree of root reduc- 
tion when top growth was removed 
by clipping. Previous investigations 
at the Big Spring Field Station in 
Texas indicated that the root system 
was not as extensive nor as competi- 
tive as those of other important 
range grasses with which it is often 
associated. The present study was 
undertaken at Texas Technological 
College at Lubbock. 

Radioisotopes of essential elements 
are ideally suited for root studies 
(National Research Council, 1962). 
Once introduced into the soil, they 
are rapidly taken up by the plant 
and incorporated into its aerial tis- 
sues where detection is possible 
without injuring the plant (Bid- 
dulph, 1940). 

Radiophosphorus (Pas) is a tracer 
isotope often used in plant investi- 
gation. It has a half-life of 14.3 days 
and emits beta rays which are easily 
measured and detected (Burton, 
1954). This longevity allows for ex- 

perimentation for several months 
and does not require the special 
quarantine or disposal facilities re- 
quired when longer-lived isotopes 
are used (Aebersold, 1953). Since 
the radiophosphorus atom is utilized 
in the plant in a manner similar to 
that of the stable isotope of phos- 
phorus (PSI), it functions as a nor- 
mal plant nutrient (Hall et al. 
1953a). 

The technique of using radio- 
phosphorus to investigate the root 
systems of various plants has been 
used by several workers. Boggie et 
al. (1958) used radioactive phos- 
phorus to study the extent of root 
distribution of plants in established 
communities, and Boggie and Knight 
(1960) used the tracer to study the 
root system of grass swards grow- 
ing in peat soils. Various soil depths 
and radius placements of Pa2 were 
used by Hall et al. (1953a) to study 
the root development of cotton, pea- 
nuts, tobacco, and corn. 

Burton et al. (1954) studied root 
penetration, distribution, and adiv- 
ity of several pasture grasses. Place- 
ments of radiophosphorus were 
similar to those of Hall et al. (1953a) 
except that perpendicular holes were 



formed in the soil instead of making 
the holes at an angle. 

Modifications of the techniques of 
Hall et al. (1953b) and Burton et al. 
(1954) have recently been used by 
McClure and Harvey (1962) to 
measure the rate of growth of four 
different sorghums. In their investi- 
gations, radiophosphorus was placed 
at predetermined lateral and verti- 
cal locations in the soil using a grid 
pattern of lo-inch lateral and verti- 
cal intervals. 

Materials and Methods 
This study was conducted on 

Amarillo Fine Sandy Loam on the 
Agronomy Farm at Texas Tech. This 
soil occurs extensively on the South- 
ern High Plains of Texas, and in- 
cludes a caliche layer varying at 
depths of 30 to 60 inches. When dry, 
this layer offers some restriction to 
deep root penetration. 

An established stand of plains 
bristlegrass in 40-inch rows was 
used for the experiment. The field 
design was a randomized complete 
block, replicated three times. Plots, 
each 33.3 feet long and four feet 
wide, were located in the experi- 
mental area with the length at right 
angles to the established rows of 
grass. Each plot contained 10 rows 
of grass on 40-inch centers. The 
length of each row was four feet. 
Seven rows were removed to form a 
fallow area for placement of the 
radiophosphorus. Three rows of 
bristlegrass were thus left at one 
end of each plot. The row of grass 
adjacent to the fallow area con- 
stituted the study row, and all mea- 
surements were made from the 
center of this row. Plots were 
separated by 10 feet to avoid over- 
lapping of grass roots. All plots were 
irrigated throughout the growing 
season. 

Lateral placement intervals for 
unclipped plots ranged from 10 to 
100 inches from the study row, and 
vertical placements ranged from 10 
to 60 inches. Lateral and vertical 
placements in clipped plots ranged 
from 10 to 40 inches. All possible 
combinations of the selected lateral 
and vertical distances were used. 

In each plot, the P32 was intro- 
duced into each of four vertical 
channels, 12 inches apart, at the de- 
sired depth (Figure 1). Four chan- 
nels were used to increase the prob- 
ability that grass roots reaching the 
placement zones would come into 
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FIGURE 1. Application of radiophosphorus 
solution. 

contact with the radioactive phos- 
phorus. Channels were made with a 
tractor-mounted power core sampler. 
Radioactive phosphorus with a spe- 
cific activity of 0.003 millicuries 
(mc) per ml. was placed immediate- 
ly in each channel. A polyethyline 
plastic tube was inserted into the 
channel, lowered until it reached 
the bottom, then withdrawn approx- 
imately one inch. Twenty milliliters 
of the Pa2 solution were then in- 
jected into the tube with a hypoder- 
mic syringe. In order to prevent coil- 
ing and brushing against the side 
of the channel, the tube was taped 
to a quarter-inch metal rod. Thirty 
minutes after application of the 
solution, channels were filled with 
soil and tamped lightly to prevent 
the possibility of root channeling. 

Upfake and Translocafion of 
Radiophosphorus 

Results of this study were de- 
pendent upon the absorption of 
radiophosphorus by the roots of the 
grass plant and its translocation to 
the aerial parts where detection 
could be made with a Geiger-Muller 
counter. Previous investigations have 
shown that uptake and translocation 
of Ps2 took place in a relatively 
short period of time. In this study, 
detection of radiophosphorus in 
plains bristlegrass occurred approx- 
imately two weeks following appli- 
cation to the soil. As expected, the 
first plots to show a positive reading 
were those where radioactive phos- 
phorus was placed a lateral distance 
of 10 inches from the row of grass 
and at depths of 10 inches. 

After the initial detection of the 
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tracer material in the grass plants, 
each plot was checked at regular 
time intervals to determine move- 
ment of the radiophosphorus. When 
the tracer material was first detected 
within the stem or stems, it was 
highly concentrated at the second 
node, but as time progressed the P32 
became uniformly distributed 
throughout the stem and seed head, 
and critical movement of the ma- 
terial could not be detected with the 
Geiger-Muller counter. 

Individual culms in each clone 
were shielded from the others and 
traced with the Geiger counter at 
successive intervals to determine the 
translocation of material across the 
crown of the plant. In several in- 
stances, P32 was detected in only 
3 or 4 stems of an individual clone, 
and even after considerable time 
elapsed, no additional stems reg- 
istered a response on the Geiger 
counter. 

These results indicated that one 
grass clone of plains bristlegrass 
might consist of several independent 
segments in which a certain root or 
a group of roots supplies a particu- 
lar stem or group of stems. Using 
the Geiger counter technique, it ap- 
peared that very little, if any, radio- 
active material was translocated 
across the crown of the plant. This 
lack of translocation may account 
in part for the dead growth in the 
center of plains bristlegrass clones 
that is normally associated with age 
and heavy grazing use. Also, clipping 
studies indicate that part of a grass 
clump can be killed by continued 
removal of top growth. 

Exfenf of Roof Developmeti 
The maximum extent of root de- 

velopment of plains bristlegrass is 
shown in Figure 2. Roots extended 
from the crowns of the plants a 
maximum distance of 40 inches, 
where maximum depth of root pene- 
tration was also 40 inches. Roots 
penetrated to a depth of 60 inches 
at lateral distances of 10 and 20 
inches from the center of the plant 
crowns and to a depth of 50 inches 
at the 30-inch lateral distance. Roots 
of plains bristlegrass did not extend 
beyond a lateral distance of 40 
inches from the plant at any time 
during 1961 or 1962, even though 
plots were checked as late as the 
first killing frost. 

It was interesting to note that 
other plant species, growing as 
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FIGURE 2. Root development of plains bristlegrass on clipped and unclipped plots. 

weeds in the grass row (particularly 
sand dropseed, Sporobolus cryptan- 
drus), picked up the Ps2 faster and 
at shallower depths than plains 
bristlegrass. The amount of roots 
extending to the maximum distances 
from shoots or clones could not be 
determined with the tracer tech- 
nique used in this study. It is possi- 
ble that only a few roots reached 
the maximum distances. Plains 
bristlegrass apparently has a root 
system that is rather confined to the 
vertical, and thus lends itself well 
to interplanting with alternate rows 
of cultivated crops. 

Effect of Clipping on fhe Roof 
System 

As a part of this study, a clipping 
treatment was designed as a tech- 
nique for reducing the root system 
rather than mechanical root pruning. 
The purpose of this treatment was 
to reduce competition in soil mois- 
ture with adjacent row crops. Repli- 
cated plots were mowed to a height 
of one inch at approximately la-day 
intervals by a power-driven, sickle- 
type mower mounted on a farm 
tractor. The first mowing was made 
on the day the tracer material was 
applied to the soil. Clipped forage 
was not removed from the plots in 
order to prevent possible contamina- 
tion of other plots with tracer ma- 
terial and to aid in estimating the 
erosion control value of the grass 
rows. 

As shown in Figure 2, clipping the 
above-ground parts of the plant 
effectively reduced the root system. 
Many investigations have shown 
similar results (Weaver and Zink, 
1946; Crider, 1955; Cook et al., 1958; 
and others). The extent of lateral 
growth from the clipped rows was 30 
inches. This was a lateral reduction 
of 10 inches when compared to non- 
clipped plants. Depth of root pene- 
tration at 30 inches laterally was 
also reduced to 30 inches. Thus, the 
maximum vertical penetration of 
roots under clipping was approxi- 
mately 20 inches less than under the 
nonclipped treatment. 

Summary 
Radiophosphorus was used in 

studies at Lubbock, Texas to deter- 
mine the extent of the root system 
of established rows of plains bristle- 
grass and to evaluate the degree of 
root reduction by clipping. Results 
showed that the root system was 
effectively reduced, by mowing, from 
40 inches to 30 inches laterally and 
by approximately 20 inches vertical- 
ly. This grass appears to be well 
adapted for erosion control by alter- 
nate row plantings with cultivated 
crops allowing for a minimum of 
competition for soil moisture. 

Studies of translocation of radio- 
active phosphorus within the plant 
indicated that very little, if any, of 
the material moved across the crown 
of the plant. These results strengthen 

the theory that one grass clone con- 
sists of several independent seg- 
ments in which a certain root or 
group of roots supplies a particular 
stem or group of stems. 
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Several types of cages for protect- 
ing small areas from grazing have 
been described. A limitation of most 
cages is that they are bulky and 
cumbersome. Some range managers 
have solved the transportation prob- 
lem by constructing cages on the 
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sites where they are to be used. This 
paper describes a cage designed to 
fold flat for ease in transporting; 
one that is sturdy, moderate in cost, 
and adaptable to plots of different 
sizes. Cages can be constructed dur- 
ing slack work periods and later 
transported to field location by pick- 
up or packhorse in much larger 
numbers than nonfolding designs. 

The basic construction employs 
panels of welded wire, hinged to- 
gether by No. 9 wire threaded 
through a series of wire loops at the 
edges of each panel. Cages shown in 
Figure 1 will accommodate a 9.6- 
square-foot plot, a convenient size 
for determining herbage yields 
(Frischknecht and Plummer, 1949). 
The four-sided cage constitutes the 
basic design, but when sampling 
needs require larger plots, the num- 
ber of panels can be increased to 
enclose larger areas. A cage 5 feet 
square accommodates a 9.6-square- 
foot plot, five panels will accommo- 
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date a plot twice that size, and two 
cages (eight panels) joined together 
will easily enclose a 96- or lOO- 
square-foot plot (Figure 2). The 
larger cages are advantageous for 
protecting large shrubs, patches of 
vegetation, and areas of sparse vege- 
tation on desert ranges. 

In addition to reducing damage 
from rubbing by cattle, a pyramidal 
design increases cage stability and 
reduces the cost per panel. The 
amount of cost reduction depends 
upon the angle of cut. Cages should 
be large enough so that plot vegeta- 
tion will not protrude through the 
sloping sides. 

When eight 5-foot-long panels 
(two cages) are to be joined, the 
panels should be cut at an angle of 
about 76” from the horizontal. Pro- 
cedures for cutting panels from dif- 
ferent types of welded wire are 
shown in Figure 3. Cages having an 
even number of panels will fold flat 
if the panels are of equal size. When 

FIGURE 1. Upper left-vertical-panel, open-top cages of welded wire (2- by 4-inch mesh) proved satisfactory on sheep and deer 
range. Lower left-When folded flat, relatively large numbers of these 4- by 4-foot cages can be transported by pickup or pack- 
horse. Upper right-Pyramidal cage of No. 10 welded wire (6- by 6-inch mesh) was not molested by cattle during 30 days of 
early spring grazing. A ah-inch iron stake in the center of each panel holds cage rigid. Lower ri&t-Cages fold flat for ease 
in transporting. 


