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A study of the effects of soil bulk density on root and shoot growth
of different ryegrass lines
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Abstract A glasshouse pot trial was designed to
investigate the effects of bulk density on the root
and shoot growth of two pipeline perennial ryegrass
(Lolium perenne) lines, NZA1 and NZA3, and a
commercial cultivar Yatsyn 1, in a soil derived
from volcanic tephra in New Zealand. Bulk
densities of 0.9, 1.0, 1.1, and 1.2 Mg/m3 were
achieved in the subsoil growing medium as a
subsurface layer in pots that were arranged in a
complete factorial design, and caused penetration
resistances of 2.2, 2.9, 3.6, and 4.4 MPa,
respectively. Five harvests of herbage were made
over 24 weeks from planting. At the final harvest,
roots in the surface, subsurface, and lower pot
strata were separated from the soil. Estimates of
root length and dry weight were made. Increasing
subsurface soil bulk density reduced root length
from 20.4 to 8.4 m per pot stratum (P < 0.05). This
decrease in root development was associated with
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decreased (P < 0.05) herbage yield (4.72 to 2.38 g/
pot) and tillering, showing that the increased
mechanical impedance encountered by roots
affected overall plant growth. The three ryegrasses
produced similar total root length, herbage yield,
and tiller numbers. However, the root length,
herbage yield, and tillering of Yatsyn 1 were not
significantly reduced as bulk density increased from
0.9 to 1.2 Mg/m3, although few significant
interactions were detected. This was in contrast to
the responses of NZA1 and NZA3 and shows that
Yatsyn 1 was the least sensitive to the effects of
soil compaction. Adverse affects on ryegrass root
and shoot growth were shown at lower soil bulk
densities (<1.3 Mg/m3) than are commonly
reported. It is suggested that reduced plant growth
in response to compaction may be occurring at
lower bulk density in soils derived from volcanic
parent material than those usually reported.
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INTRODUCTION

Soil compaction is defined as a change in soil
volume leading to increased soil bulk density (Hillel
1980; Marshall & Holmes 1988). Soil compaction
reduces air volume, and causes re-arrangement of
soil particles and closer packing of the soil weight
(Harris 1971; Hillel 1980). Soil compaction, by
increasing mechanical impedance, creates
unfavourable growing conditions for roots as
supplies of oxygen, water, and nutrients are reduced
(Dexter 1986; Bengough & Mullins 1990; Bennie
1991; Cook et al. 1996).

The point at which increasing soil compaction
has substantial effects on plant growth and
development is poorly defined although it appears
to be related to changes in the physical properties
of the soil (Campbell & Henshall 1991). It has
been suggested by many researchers that soil bulk
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densities from 1.3 to 1.7 Mg/m3, or a penetration
resistance range from 3.0 to 5.0 MPa, may limit
root growth and decrease plant yield (Cannell 1977;
Vepraskas 1988; Asady & Smucker 1989;
Bengough & Mullins 1990; Kuznetsova 1990).
Cook et al. (1996) recently suggested that pene-
tration resistances as small as 0.5-1.0 MPa may
adversely affect root elongation rates.

Soils developed on parent material of volcanic
origin often have low bulk densities and are not
generally considered to cause plants to suffer
mechanical impedance problems. However,
Chapman & Allbrook (1987) reported that bulk
densities as low as 1.1-1.2 Mg/m3 in the subsoil of
Waikato soils, derived from volcanogenic alluvium,
may affect ryegrass root development and herbage
yield. Furthermore, many Waikato farm advisors
are suggesting an association between subsoil
compaction and 'pulling', whereby dairy cows
inadvertently uproot ryegrass clumps during
grazing.

The objective of this study was to test the
effect of subsoil bulk density on ryegrass root
growth, in a soil derived from parent material of
volcanic origin, under controlled climate and
nutrient supply conditions. The shoot and root
growth responses of different ryegrasses were
measured in a range of soil bulk densities in a
glasshouse pot trial. In particular, observed
differences in their ability to tolerate intensive
grazing regimes (Thorn et al. 1996) may reflect
different growth responses to changing soil physical
conditions. This experiment was complementary
to a field trial investigating the effects of sub-
soiling and soil compaction on pasture response
(Houlbrooke 1996).

MATERIALS AND METHODS

Treatments and experimental design
Three perennial ryegrasses (Lolium perenne) were
grown in pots containing soil packed to four
different bulk densities. The ryegrasses were the
lines NZA1 and NZA3 and the cultivar Yatsyn 1.
Yatsyn 1 is a popular commercial cultivar derived
from an ecotype originating on a Mangere dairy
farm in northern New Zealand (Cumberland &
Honore 1970). NZA 1 and NZA3 are breeding lines
whose parents were also selected from the same
ecotype. They were chosen for this study because
of field observations of differences in their ability
to tolerate 'pulling' (complete removal of clumps

of plants or tillers from the sward during grazing
by cattle). The pots representing various treatment
combinations were arranged in a complete factorial
design and were replicated four times.

Pots containing repacked soil as the growing
medium were chosen for this experiment so that
nutrients could be thoroughly mixed with the soil
to minimise possible differences in soil fertility
and the natural variability of soil physical properties
affecting plant growth (Cook et al. 1996). Subsoil
from an Okete clay loam (Typic Orthic Granular
soil, Hewitt 1992) derived from volcanic parent
material on rolling hills in the Waikato region, was
used. This soil was packed to a maximum bulk
density of 1.2 Mg/m3, with intermediate and low
bulk density treatments of 1.1, 1.0, and 0.9 Mg/m3,
respectively. These bulk densities are considerably
lower than those used in many studies involving
subsoil compaction, but are the maximum to which
the soils can be readily compacted using standard
procedures, and are also the maximum bulk density
that would be encountered in the field (Chapman
& Allbrook 1987).

Particle size distribution was measured as
described by Lewis & McConchie (1993). The soil
was classified as a loamy clay with 12.7% sand,
28.7% silt, and 58.6% clay. It was passed through
a 2 mm sieve before packing and adjusted to a pH
of 6.2 by adding calcium hydroxide. A balanced
nutrient solution (Roberts & Edmeades 1993) was
uniformly mixed throughout the soil prior to
packing into columns.

The pots were constructed of PVC pipe (10 cm
diam., 24 cm lengths, with a gauze mesh bottom to
prevent loss of soil from the base) and were
subdivided into three sections: Stratum A (0-4 cm)
contained 4 cm of soil packed uniformly to a low
bulk density of 0.7 Mg/m3, providing the
germination zone for seed and ensuring little
physical resistance to seedling root penetration;
Stratum B (4-14 cm) was compacted to the
treatment bulk densities of 0.9, 1.0, 1.1, and
1.2 Mg/m3; Stratum C (14-24 cm) was compacted
to a uniform bulk density of 1.0 Mg/m3, to minimise
hindrance to root growth that penetrated beyond
Stratum B. These packing treatments were designed
to test the ability of plant roots to penetrate the
range of bulk densities created in Stratum B. It was
assumed that the depth and bulk density of
Stratum C remained the same after the packing of
Stratum B.

Pots were placed in a glasshouse and each was
planted with approximately 12 ryegrass seeds at 2


