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Highlight
The roots of Premier
sideoats grama
seedlings do not penetrate
a shallow
compacted
layer the first year. This restrictive
layer, commonly
found in cultivated fields being converted to grass, can be modified by tillage to permit grass
roots to exploit
the soil beneath
these compacted
layers to obtain
nutrients
and water.
I

Soil conditions must be conducive
to good root growth if maximum
top growth of the plant is to be
realized. Considerable information
is available on the forage production potential of various grass species and varieties, but little specific
knowledge has been accumulated
on soil physical properties as they
affect the development
of grass
roots.
A compacted soil layer can be
formed by tillage on cultivated soils
or by excessive hoof traffic on grazing lands. Compacted soil layers
interfere with the development of
tap roots for many crop plants and
with fibrous roots for grasses and
cereal crops (Fiske11 et al., 1968;
Hidding and Van den Berg, 1960).
Barton et al. (1966) found that
the yield of forage and the stand
of seeded grasses declined as the
strength of the compacted layer increased. Soil compaction did not
influence seedling emergence, but
seedlings on the compacted soils
grew slower and suffered a higher
mortality than those on a plowed
soil. Rhoades et al. (1964) found
that soil bulk density increased with
an increased stocking rate and that
water infiltration
rate declined.
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Heavy stocking rates increased soil
bulk density to a depth of 36 inches,
but only in the 4. to 6.inch and 12to 24.inch depths were the differences significant.
Plant roots may be diverted horizontally when they encounter
a
compacted soil layer or “pan” (Taylor and Burnett, 1963; Taylor et al.,
1964). The reaction of the growing
point of the root to a compacted
soil layer will depend on the type
of crop and on such soil factors as
the strength of the compacted layer
and the lateral support available
to the root. Wiersum (1957) reported that roots will enter compacted soil layers if the cracks or
pores are larger than the root cap,
but studies by Taylor and Gardner
(1960) showed that roots can grow
into and through a nonporous substrate provided the strength is not
excessive.
The objective of this study was
to determine the rooting pattern
of 2, 3., and 5-year-old plants of
sideoats grama (Bouteloua
curti[Michx.] Torr. var. Prependula
mier) as influenced by a compacted
soil layer or “pan.”
Methods
The study was conducted in west
Texas on a cultivated Amarillo
sandy clay loam previously planted
to grain sorghum. The main treatments were (a) compacted soil, obtained by using a IO-ton road roller,
(b) plowed soil to a depth of 10
inches, and (c) field density obtained by sweep tillage (3 to 4
inches deep) of the sorghum stubble
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just ahead of the planter. Sideoats
grama was seeded in June 1963 at a
rate of 5 lb./acre in 40.inch rows
using a Z-row tractor mounted
planter.
To break up the compacted layer, half of each plot was
chiseled between the grass rows in
the winter of 1964.
Additional grass plantings were
made in May in 1965 and in 1966
on replicated plots that were compacted, deep-plowed, or left at field
density. One-half of the field density and the compacted treatments
were chiseled with a vibrating chisel
to a depth of 12 inches on 40-inch
centers before planting.
Sideoats
grama was seeded at the rate of 5
lb./acre directly over the chisel
mark using a hand planter.
Soil cores 3.25 inches in diameter
were taken in the grass row and at
10 and 20 inches from one side of
the grass row to a depth of 18 inches
in January 1968 from all subplots
of all plantings. The l&inch cores
were cut into 6-inch segments, and
all roots within a segment were
separated out of the soil using small
root washers. Isoweight lines of the
average root weights for six samples
for an individual treatment were
drawn to indicate the pattern of
root production
within the soil
profile.
In November 1968, rectangular
soil blocks were taken from selected
plots for observing the rooting patterns. These soil blocks were 12
inches wide, 40 inches long, and 40
to 44 inches deep.
Results and Discussion
The development of the grass
root systems on the deep-plowed
plots is shown in Figure 1. As the
root systems developed with time,
they gradually expanded throughout the upper soil profile and root
weights increased in the lower
depths. The 0.40 g isoweight line
for the 1963 and the 1965 plantings
is at about the same position as the
0.20 g isoweight line for the 1966
planting, indicating twice the production of shallow roots for the 3and 5-year-old grasses as for the 2year-old grass. The influence of
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chiseling on a deep-plowed area can
be seen by comparing
the yield of
roots from the chiseled and the nonchiseled areas for the 1963 planting
(Fig. 1). Where the area was chiseled, there was a slight increase
in root weights directly below the
grass plant, compared with a more
lateral shallow development
of the
root system on the nonchiseled
area.
Evidently,
chiseling
fractured
the
subsoil
enough
to enhance
root
penetration
(Fig. 2).
The influence of chiseling a soil
at normal
field density
on root
development
is shown in Figure 3.
Patterns of root development
were
similar for all 3 years, even though
the 1963 planting
was chiseled at
20 inches from the grass row in
1964; whereas, the grass was planted
directly over the chisel mark in 1965
and in 1966 In all cases, more roots
were
concentrated
under
plants
growing on the chiseled area than
on the nonchiseled
area. Without
chiseling, the grass roots were shallow
with
limited
development
throughout
the soil profile.
On the
chiseled plots, the grass root systems
developed throughout
the soil profile, and the roots had accehs to a
greater volume of soil for extracting
moisture and nutrients.
When
grass was planted
on a
compacted area, there was a gradual
increase in downward development
of the root system for older plantings: however, it was not nearly so
great as where the compacted treatment was chiseled (Fig. 4). Chiseling the compacted
layer increased
the horizontal and vertical development of the grass root system.
The mature root system monoliths (Fig. 2) illustrate that sideoats
gram” roots do locate areas of weakness in the compacted layer and can
proliferate
the soil volume below
the compacted
zone.
There
are
large voids in the root system that
corrapond
to isolated zones or layers in the 3oil profile with apparent
differences
in soil density or texture. These local zones of relatively
dense soil did not interfere
with
root proliferation
around and below them. Similar results have been
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reported for maize roots (Stolry and
H;,rley, 196X).
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Root development for Z-year-old
grasses planted on areas compacted
or at field density was considerably
less dense than for plants in the
3- and 5-year-old stands. The grasses
developed an extensive shallow root
system before penetrating the soil
profile to greater depths. Grasses
established on a field density soil
in 1966 did not follow the chisel
mark as in the 1965 planting. When
the grasses were established on a
compacted soil that had been chisled, the grass roots developed in the
chisel mark and proliferated
the
soil volume below the chisel mark.
Conclusions
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FIG. 3. Development of Premier sideoats grama grass root systems with time when
planted on a normal field density area with half the plots chiseled. Each block represents a cross section 40” wide by 18” deep. The dashed lines are a mirror image of
the measured portion (solid lines) of the plant root system and are included to help
illustrate the rooting pattern.

eled, the compacted layer was fractured and there was less horizontal root development immediately
above the compacted zone. Overall
root
proliferation
was roughly
equivalent for the chiseled and nonchiseled treatments.
When grasses were established on
an area of normal field density,
chiseling increased root development 6 to 12 inches below the soil
surface.
The influence of chiseling a compacted soil and planting the grass
directly over the chisel mark is
quite evident (Fig. 2). Without
chiseling, initial root development
was restricted to the soil above the
compacted layer. With time, the
grass roots found areas of weakness
in the compacted layer and proliferated
the soil s volume immediately below the layer. When the
compacted soil was chiseled, the
developing grass roots followed the
chisel mark down and then proliferated the soil volume below the
grass plant. There was some root
growth on top of the compacted
layer but very little within it.
Root distribution was ‘more uniform throughout
the entire soil

profile for the field density areas
compared with the compacted areas
(Fig. 2). The influence of chiseling
directly below the grass plant was
not nearly so apparent on the field
density plots.

Isoweight drawings of root yields
from small soil cores together with
monoliths of intact root systems illustrate the restriction imposed on
root development of Premier sideoats grama grass by compacted soil
layers. If the compacted layer is
not broken up, forage yield is reduced (Barton et al., 1966). Preplant tillage to break up a compacted soil zone, precision planting
over a chisel mark, or chiseling an
existing grass stand encouraged the
growth of grass roots beneath the
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F‘IG. 4. Development of Premier sideoats grama grass root systems with time when
planted on a compacted soil with half the plot chiseled. Each block represents a cross
section 40” wide by 18” deep. The dashed lines are a mirror image of the measured
portion (solid lines) of the plant root system and are included to help illustrate the
rooting pattern.

GRAZING
compacted zone. In time, grass
roots located zones of weakness in
compacted layers during moist soil
conditions and penetrated into the
less dense soil below.
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Highlight
Aspen parkland
range in central Alberta that had been
treated with a herbicide
two years prior to the study had
greater
grazing use of the sprayed forest vegetation
than
did the untreated
forest.
The grazing
use was usually
greater in sprayed versus unsprayed
grasslands but the difference was not as great as in the forest. During 1968 and
1969 when precipitation
was heavy, the grasslands
were
when dry conditions
occurred,
extensively
used. However,
a greater use of the forest vegetation
was observed.
A regression equation
was developed
relating
grazing
use to
precipitation.

One of the prerequisites
of using herbicides
to
control woody species on rangeland
is that additional forage must not only be produced but that
this forage must be utilized by grazing animals.
It
is known that herbicides
can control aspen poplar
for(Populus tremuZoides)3 forests and subsequent
age production
is greater (Friesen et al., 1965) but
the grazing use of these sprayed forests has not been
documented.
l This
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Ranchers
and administrators
recognize that, in
the parkland area of central Alberta, the grasslands
are usually grazed in preference to the aspen poplar
forest.
However, what occurs in a sprayed forest
and adjacent grassland is unknown.
Bailey (1970)
has demonstrated
that the shrub silverberry
(EZaeagnus commutata)
acts as a barrier to grazing
cattle when it occurs in the fescue (Festuca scabTree density in the aspen poplar
rella) grasslands.
forests is frequently as great as the density of silverThe trees are likely to be
berry in the grasslands.
a significant barrier to grazing animals.
The objective of the study was to determine the
comparative
use made by cattle of sprayed and unsprayed aspen poplar forest and adjacent sprayed
and unsprayed rough fescue grassland.
The study area was located on the University of
Alberta ranch, 95 miles southeast of Edmonton, Alberta.
The vegetation
is primarily
rough fescue
grasslands on the uplands and south-facing
slopes
and aspen poplar forests on north-facing
slopes and
in lower areas.
Small ponds and sedge (Carex
spp.)-dominated
wet meadows occupy depressions.
The precipitation
averages 15 inches per year with
10 inches occurring during the May to September
growing season. The study area is located in the
Thin
Black Soil zone but differences
in microtopography and the presence or absence of forest
vegetation
result in a number of soil types being
present. In general, gleysolic soils are found in the
low lying areas, dark grey luvisolic and degraded
chernozemic
soils under the forest vegetation
and
black and dark brown chernozems under the grassland vegetation
(Pettapiece,
1969).
Methods
A fixed-wing
aircraft
applied
1, 2, 3 and 4 lb./acre
acid equivalent
of mixed butyl esters of 2 4-dichlorophenoxyacetic
acid (2,4-D) in a diesel carrier in August, 1966 to

