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Summary

Both Australian and overseas research on
the effect of tillage on three root diseases
of cereals are reviewed. The effect of till-
age on Gaeurnannomyces graminis (Sacc.)
Arx and Olivier was variable within and
between countries. Tillage consistently
reduced the effects of Rhizoctonia solani
Kuhn on cereals. Little information is
available on the effect of tillage on disease
caused by Heterodera avenae Wollenweber
(1924); however, in two studies in Aust-
ralia, tillage increased the disease. Factors
which may influence disease and which are
affected by tillage are discussed. The large
number of factors influenced by tillage may
be the cause of the variable results espec-
ially with G. graminis.

Introduction

Three important root pathogens of small-
grain cereals in southern Australia are
Gaeumannomyces graminis (Sacc.) Arx
and Olivier, the cause of take-all, Rhizoc-
tonia solani Kiithn which is associated with
bare-patch disease, and Heterodera avenae
Wollenweber (1924), the cereal cyst
nematode. There are few reports of
experimentally assessed losses in yield of
cereals due to disease caused by G. grami-
nis, R. solani and H. avenae. However, all
three pathogens have often been observed
causing serious losses on wheat in southern
Australia (Richardson 1910; Samuel 1928;
McKnight 1960; Winn 1965; Banyer 19664,
b,c; Brown 1982). Disease caused by R.
solani had an estimated average annual
vield loss in the years 1955 to 1960 of 5%
(McKnight 1960) and H. avenae has had
vield losses assessed experimentally as
25-43% (Rovira 1978; Rovira and Simon
1982).

Take-all

The effect of reduced cultivation on take-
all has been investigated by workers in
several countries, but without consistent
results. In the United States, Sewell and
Melchers (1925) found that with reduced
cultivation there was less take-all of wheat
and suggested that the burying of infested
stubble in normal cultivation increased its
survival. Moore (1978) and Moore and
Cook (1984), however, found that reduced
tillage increased take-all and attributed this
to greater survival of inoculum because
infected wheat crowns decomposed less
rapidly in reduced tillage plots. In Great
Britain, Brooks and Dawson (1968) found

less take-all damage in direct-drilled wheat
than in ploughed treatments. Early in the
season more direct-drilled plants were
infected, but toward the end of the season
fewer were infected compared to plants
from ploughed treatments. They con-
sidered that this was due to factors which
limited the spread of G. graminis in
undisturbed direct-drilled soil. Hood (1965)
found higher take-all infection after direct
drilling, with 20.4% of tillers infected in
direct-drilled plots compared to 2.6% in
ploughed plots, but grain yield did not
differ significantly. Hornby (1975) obtained
variable results. By using a seedling assay
he showed that at one site (Boxworth)
continuous direct-drilled plots had less
take-all at depth than ploughed plots.
Generally there were no differences between
treatments. Lockhart er al. (1975) studying
barley, found that for the first 5 years shal-
low ploughing resulted in greater infection
by take-all compared to no-tillage.

In Germany, Debruck (1971) found
fewer wheat plants infected with take-all in
direct-drilled compared to ploughed plots
and Schwerdtle (1971) found less take-all
on direct-sown crops than crops sown with
ploughing at two locations. Hesse (1970),
however, obtained variable results, with
increased take-all in direct-drilled wheat
one year and decreased take-all the next.
Other workers in Europe have reported no
difference in severity of take-all on cereals
under different tillage systems (Stetter 1971;
Slope and Gutteridge 1974; Yarham and
Hirst 1975; Prew 1976, 1977; Bowerman
1980; Rasmussen 1982).

In Australia, Neate ef al. (1982), Neate
(1984) and Rovira and Venn (1985),
working at Avon in South Australia, found
increased take-all in direct-drilled wheat
following different rotations and on differ-
ent soil types, but Kollmorgen et al. (1987)
working on four trials in Victoria, gener-
ally found that disease was unaffected by
tillage. They found that nil tillage increased
disease severity compared to ploughing
only at one site in one year out of three and
decreased incidence of disease at only one
site at one sampling time. This contrast in
results may be due to the existence in South
Australia of. greater numbers of grassy
weeds in pasture in the previous season and
also after the first rains of the season before
the crop is sown.

Rhizoctonia root rot

Although the effect of tillage on R. solani
on non-cereal crops has been extensively
investigated, there is little data published
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outside Australia on the effect of reduced
cultivation on severity of disease of cereals
caused by R. solani on small-grain cereals.
In the Pacific Northwest of the United
States, patches caused by R. solani were
found associated with reduced tillage sow-
ing of cereals and there were more patches
in no-tillage compared to ploughed plots
(Weller et al. 1986). In Florida, with a soy-
beans-rye rotation, there were more
propagules of Rhizoctonia spp. in the soil
tilled to 15 cm than in untilled soil;
however, no data were presented for dis-
ease or pathogenicity of the Rhizoctonia
spp. (Ploetz er al. 1985). Other overseas
work showed that deep ploughing to
20-25 cm compared to a more shallow
ploughing or direct drilling reduced severity
of disease of R. solani on some horticul-
tural crops (Gumestad et al. 1978; Lewis
and Papavizas 1980; Sumner er al. 1981;
Lewis er al. 1983; Gurkin and Jenkins
1985); this effect was probably due to a
dilution of inoculum in the surface layers
with soil from deeper layers (Lewis and
Papavizas 1980; Sumner er al. 1981).
For cereals in Australia, cultivation
depth and disturbance is less than that used
with horticultural crops and with cereals in
the U.S. Most Australian cereal farmers
cultivate with narrow-tined implements to
a depth of 5-10 cm. Despite this, the effect
of tillage on Rhizoctonia damage on cereals
in Australia is the same as that reported for
horticultural crops and cereals in the U.S.
Cultivation consistently reduced Rhizoc-
tonia attack on cereals under different
rotations, soil types, seasons and sites
(Neate et al. 1982; Neate 1984; MacNish
1985; Rovira and Venn 1985; Jarvis and
Brennan 1986; Rovira 1986). One of the
factors involved in the greater disease of
cereals with direct drilling is grasses
germinating after the first rains of the
season in Autumn, which promote damage
to roots by R. solani (Roget ef al. 1987) as
direct-drilled cereals may have greater num-
bers of pre-crop grass weeds than conven-
tionally cultivated cereals (Neate 1984).

Cereal cyst nematode

The only reports on the effect of direct drill-
ing on the cereal cyst nematode, H. ave-
nae, are Australian work by Rovira and Si-
mon (1982) and Roget and Rovira (1985)
who reported less root damage and a reduc-
tion in number of female cysts of H. avenae
per plant in wheat sown by direct drilling
compared to wheat sown following
cultivation.

Discussion

The variable effect of direct drilling on
severity of root disease of cereals is
probably due to differences in soil type, cli-
mate, cereal variety, depth and intensity of
tillage and other management practices. A
large number of factors are changed by cul-
tivating soil and the degree of change will
influence disease. Yarham (4975, 1981) and
Yarham and Hirst (1975) have listed several
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factors that may affect G. graminis and
most are also likely to affect R, solani and
H. avenae.

1. Direct-drilling leaves larger fragments of
infective wheat-root and stem-base debris
near the soil surface rather than distributing
them down the soil profile (Hornby 1975)
and reduces the microbial and mechanical
breakdown of the particles so that they
remain more infective (Moore 1978). In
southern Australia, grassy pasture is often
grown in rotation with cereals and grass
crowns and roots infected with G. graminis
may act as inoculum.

2. Direct-drilling may result in increased
biological activity (Dawson 1969) and
increased microbial populations (Doran
1980) in the upper layers of soil and with
the increased numbers of organisms will be
more competitors and antagonists of G.
graminis.

3. Direct-drilling increases bulk density and
decreases pore size of soil (Cannell and
Finney 1973). This effect, together with the
increased biological activity, may result in
changed levels of oxygen and ethylene in
the soil which can be fungistatic (Fellows
1928; Cook 1981). Soil type will affect the
degree of impact of reduced tillage on these
factors. (Compaction of the soil can result
in slower elongation of seminal roots after
direct drilling than after ploughing (Finney
and Knight 1973) and if rooting is
sufficiently restricted take-all severity may
be increased (Yarham 1981).)

4. Direct-drilling causes stratification of
phosphorus in soil (Shear and Moschler
1969) and phosphorus nutrition influences
take-all susceptibility (Garrett 1941).

5. Direct-drilling decreases mineralization
of soil nitrogen (Davies et al. 1979; Huber
et al. 1977) and low levels of nitrate
nitrogen decrease the severity of take-all
(Huber 1981). However, a nitrogen
deficiency in the plant promotes take-all
(Butler 1961).

Other factors influenced by direct drill-
ing which were not considered by Yarham
(1975, 1981) and Yarham and Hirst (1975)
are:

i. Annual grasses which germinate after
the first rains of autumn and grow until
killed by herbicides before the crop is sown,
may act as hosts to the pathogen. In
southern Australia there can be up to
30 000 plants m-2 (Neate 1984) and the
plants may be up to 10 weeks old.

ii. Herbicides used in association with
direct drilling may have a direct effect on
the pathogen in the soil and there may also
be an indirect effect of the herbicide affect-
ing the resistance of the host plant (Rovira
and McDonald 1986; Sivasithamparam and
Bolard 1985).

iii. Direct drilling can cause an increase
in soil moisture particularly near the soil
surface (van Ouwerkerk and Boone 1970;
Finney and Knight 1973) and this may
affect survival of the pathogen and disease
expression.

The effect of tillage on root disease of
cereals will, therefore, depend on the
combination of pathogen and environment
experienced at a site. Effect of tillage on dis-
ease caused by R. solani and possibly H.

avenae appears to be predictable but this
is not true of disease caused by G. graminis.
More research on the interactions between
the host, pathogen and environment is
necessary before the effect of tillage on
disease caused by G. graminis can be
predicted.
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