24

NON-CHEMICAL CONTROL OF WILD OATS THROUGH
STRATEGIC CROP ROTATION

C. E. Purvis
Department of Botany, University of New England
Armidale, N.S.W., 2351

Summary. The emergence of wild oats (Avena sterilis ) was monitored in field trials at
Armidale, N.S.W., over the three-year period 1987-89. Both the pattern and the percentage of
wild oat emergence in the winter months were dependent on the species of crop present in the
preceding summer phase. Differences between cultivated and non-cultivated treatments were
small. An alteration in emergence pattern from a cool-season continuum in fallowed soil to a
delayed, compressed peak in late winter following summer crops of sorghum or mung beans
markedly facilitated wild oat control.

INTRODUCTION

The process of germination in seeds is controlled by changes in the relative concentrations of
different groups of endogenous growth regulatory substances. The levels of these vary in
response to external stimuli including the presence of biochemicals released by plants or plant
remains (7). The differential inhibition or stimulation of the germination process by
allelochemicals in the soil environment can influence the composition of plant communities
(10,23). This may be of economic significance with respect to the formation of specific weed
communities in crops (14).

Two species of wild oats are intractable weeds of wheat in Australia; Avena fatua L. which
predominates in the southern and western areas of the continent (12) and A. sterilis ssp.
ludoviciana (Durieu) Nyman (sometimes still referred to as A. ludoviciana Dur.) which is more
prevalent in northern New South Wales and southern Queensland (8,22). Wild oat herbicides
can salvage wheat yield in the year of use but do not effectively control wild oats, as not all
seed production is prevented (13,24), and survey results demonstrate an exponential increase in
wild oat numbers with continuous wheat cropping (9,26).

The germination and growth of several weeds, including wild oats (a mixture of A. sterilis and
A. fatua), have been shown to be selectively regulated by the presence of the incorporated
stubbles of different crop species under field conditions (18). The stimulation of A. sterilis
observed in the presence of wheat (Triticum aestivum L). stubble in the field was subsequently
found to be an allelopathic effect dependent on the concentration of the water-soluble
components of the stubble, rather than a physical effect due to mulching (17). The results of
ongoing work suggest that the biochemical regulation of wild oat germination and growth by
wheat crop residues and living wheat plants contribute to the proliferation of this weed in
continuous wheat systems (16). Conversely, glasshouse tests have shown that the presence of
sorghum (Sorghum bicolor (L.) Moench) is inhibitory to A. sterilis germination (Purvis,
unpublished data).

The preliminary findings of field studies undertaken to determine whether the manipulation of
allelopathic effects through rotational cropping with species such as sorghum offer a viable
strategy for the control of wild oats are reported here.

METHODS

Avena sterilis with grey lemmas (Munsell Colour 10 Y/R 3/3) were established in a field
nursery at the University of New England field station, Armidale, N.S.W. in July 1986.
Glassine bags were attached to the mature panicles in December to collect the spikelets as they
ripened. Seed-lots containing 100 uniform spikelets (each comprising a filled primary and
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secondary seed) were sown 3 cm deep in 50x50 ¢cm permanently marked quadrats within ficld
plots measuring 5x1.5 m in January 1987.

Treatments were sorghum (sorghum grown in summer phase); sorghum-identical (all cultural
operations identical to sorghum but no sorghum grown); clean fallow (mechanical or chemical
weed control at monthly intervals); and weedy fallow (no weed control). Two methods of
tillage, cultivation and no-till, were imposed on each of the main treatments, apart from the
weedy fallow which remained undisturbed, and there were four replications of each tillage x
treatment combination.

Sorghum was established in 1987, 1988 and 1989 at a density of 25 plants/m2 in mid-January
and the grain harvested in mid-May of each year, after which the stubble was either chopped
and soil incorporated (cultivated treatment) or remained standing (no-till). The sorghum-
identical plots received the same mechanical or chemical treatments on the same days as the
sorghum plots.

Weeds were removed in November, January and May in the sorghum and sorghum-identical
plots and every month in the clean fallow plots, by cultivation or glyphosate as dictated by
tillage treatment. Weeds were not removed and the soil was not disturbed in the weedy fallow
plots following the placement of the wild oat seed in the quadrats in January 1987. Glassine
bags were attached to maturing wild oat panicles in the weedy fallow and sorghum-identical
treatments to prevent the addition of new seed to the soil. Wild oat emergence was recorded
every month up to and including August 1989 in all treatments.

Fifty primary seeds of A. sterilis with grey lemmas (from those collected in glassine bags in the
weedy fallow plots in 1987) were sown 3 cm deep in four replications each of randomised
plots of sorghum, sunflower (Helianthus annuus L.) cowpea (Vigna unguiculata (L.) Walp.),
mung bean (Vigna radiata L.) and clean fallow, in an area adjoining the main experiment in
January 1988. The soil was not further disturbed and wild oat emergence was recorded every
month for one year.

RESULTS AND DISCUSSION

A total of 43, 35, 60 and 23% of the A. sterilis seed sown in the sorghum, sorghum-identical,
clean fallow and weedy fallow treatments, respectively, emerged over the three-year period of
the experiment commenced in 1987. Wild oat emergence was greatest where no other plants
were present, that is, in the clean fallow treatment.

Soil disturbance had less effect on A. sterilis emergence than did the presence of other weeds
(weedy fallow and sorghum-identical treatments) or the presence of a sorghum crop in the
preceding summer phase (Table 1). The emergence from the cultivated clean fallow in which
soil was disturbed once per month for 32 months was only 10% greater than the emergence
from soil left undisturbed for the same period. The three cultivations each year in the cultivated
sorghum and sorghum-identical plots marginally increased emergence by 4 and 3%,
respectively, in comparison with the corresponding no-tillage treatments (Table 1).

PROCEEDINGS OF THE 9 TH AUSTRALIAN WEEDS CONFERENCE
ADELAIDE. SOUTH AUSTRALIA. AUGUST 6-10 1990



A.sterilis emergence

26

Table 1. Percentage emergence of A. sterilis over the three-year period 1987-89 inclusive,
from the soil seed bank established in January 1987 (C=cultivated ; N =no tillage).

Year Sorghum Sorghum-identical Clean fallow Weedy fallow
C NT C NT C NT NT

1987 25 29 31 29 58 53 22

1988 20 12 5 4 7 2 1

1989 0 * * * * 0 *

TOTAL (%) 45 41 36 33 65 55 23

* =0.1 - 0.4% emergence recorded in these treatments in 1989

A significant alteration in the pattern of emergence of A. sterilis, from a cool-season continuum
in the clean fallow and sorghum-identical plots, to a delayed, compressed peak following the
presence of sorghum in the summer phase, was recorded in both 1987 and 1988. The
treatment differences were most apparent in 1987, the year in which the greatest percentage of
seedlings emerged from the soil seed bank (Fig. 1).
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Figure 1. Emergence pattern of A. sterilis in A: sorghum B: sorghum-identical C: clean
fallow and D: weedy fallow treatments. Cross hatched bars = cultivated; plain bars
= no tillage.

The alteration in the germination behaviour of A. sterilis following a crop of sorghum markedly
facilitated control of the weed. The wild oat panicles had not emerged in this treatment when
the pre-sowing operations for the next sorghum crop were commenced in November. In
comparison, panicles were maturing in the weedy fallow and sorghum-identical plots in late
October and seed had to be collected in glassine bags. The level of infestation would have
therefore increased rather than decreased in these latter treatments under normal circumstances
due to the addition of new seed to the soil.
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The low emergence percentage of A. sterilis recorded in the weedy fallow treatment (Table 1)
may have been due to the enforcement of seed dormancy by an established vegetation cover. A
flush of germination similar to that observed when wild oat seeds have been buried for long
periods under a pasture ley (4,21) could possibly be expected following the recultivation of this
treatment. Similarly, higher densities of weeds were recorded in the sorghum-identical plots
than in the sorghum plots (Purvis, unpublished data), which may account for the lower
percentage emergence of wild oats in the former treatment (Table 1).

Wild oat seeds appear to be relatively short-lived in cultivated soils (3,19) and it is considered
unlikely that many more seedlings would have emerged in subsequent years had the experiment
been maintained for a longer period. The results presented in Table 1 indicate that the major
portion of the wild oat soil seed bank could be depleted by the maintenance of a clean fallow for
two years. This strategy would be expensive however, as repeated wild oat control measures
would be required during the cooler months of the year. The land would also be unproductive
during this time and possibly subject to high erosion risks.

A better alternative would appear to be the utilisation of a crop such as sorghum in the summer
phase, which would not only generate farm income, but would also affect the dormancy
mechanisms of buried wild oat seed. The consequent alteration in germination behaviour could
be utilised to the advantage of the farmer and to the detriment of the weed. The synchronised
late-winter emergence of wild oats would enable them to be controlled at the same time as other
weeds in spring. The only constraint is that the sowing of sorghum would need to be delayed
until soil temperatures were too high for wild oats to germinate, to prevent late-emerging
seedlings from growing within the sorghum crop. If sorghum were grown in a reduced tillage
system and the stubble retained, soil erosion risks could also be minimised.

Gross margin analyses showed that wild oats could be effectively controlled without the use of
herbicides, and at no cost, in wheat-sorghum rotations in northern N.S.W. and most regions of
Queensland (25). The wheat-sorghum rotation was more profitable than continuous wheat, in
which annual herbicide applications were necessary to maintain wheat yield in the presence of
wild oats. The number of sorghum crops in the sequence could be varied from one to three
depending on prevailing market prices, and provided farmers did not grow more than two
successive wheat crops, they did not normally incur any yield losses due to wild oats (25,26).
The use of sorghum-wheat rotations has climatic limitations however, and in some years
sorghum crop residues can significantly reduce the yield of follow-on wheat (15).

The effects of four different summer-growing species on subsequent A. sterilis emergence
were compared in the 1988 field experiment. The high percentage of the A. sterilis seed which
germinated in the clean fallow treatment in comparison with the same treatment in 1987 may
have been due to the fact that only primary seeds, which possess less innate dormancy than
secondary seeds (3,19), were sown in 1988. The total emergence percentage of wild oats was
reduced to varying degrees by the presence of all summer crop species tested (Table 2). The
protracted period of emergence recorded following crops of sunflower or cowpea however,
would necessitate several control operations during the winter phase to prevent seed shedding
in these treatments. Conversely, wild oat emergence following crops of sorghum or mung
bean was delayed, reduced and compressed into a shorter period (Table 2). This alteration in
wild oat germination pattern would prevent interference with a follow-on winter crop in the
critical seedling stages of crop development and would simplify the control measures required
in either a crop or a fallow situation.
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Table 2. Emergence pattern A. sterilis in a clean fallow, or following summer crops of
cowpea, sunflower, sorghum or mung bean. The data for seedling emergence are
presented as a percentage of the total number of seeds sown in January 1988.

Treatment April May June July Aug. Sept. TOTAL (%)
Clean fallow 1 2 1 52 36 7 99
Cowpea - 4 - 22 45 - 71
Sunflower - 3 16 7 13 - 39
Sorghum - - - 7 15 6 28
Mung bean - - - 2 3 - 5

The presence of a summer crop of mung bean was more inhibitory to wild oat emergence in the
winter phase than was the presence of any of the other crop species tested (Table 2). Little is
known about the effect of legumes on weed populations. Several species are cover-cropped in
rotation with corn (Zea mays L.) for weed control in Mexico (5) and subterranean clover
(Trifolium subterraneum L.), lucerne (Medicago sativa L.), barrel medic (M. truncatula
Gaertn.), strand medic (M. littoralis Rohde ex Lois.) and peas (Pisum sativum L.) have been
shown to suppress skeleton weed (Chondrilla juncea L.) in Australia (1,6). Legume roots
exude large quantities of organic compounds (2). Those detected in the rhizosphere of mung
bean include p-hydroxybenzoic and salicylic acids (11) and glucosylflavonoids (20).

It is feasible that the root exudates of several of the summer-growing grain legume species
commercially available in Australia would prove phytotoxic to buried wild oat seeds, and that
sustainable legume-based rotation strategies could be devised to both biochemically inhibit wild
oats and improve soil nitrogen status. The implementation of strategic crop rotations could
result in a significant decline in the importance of weedy Avena spp. in cereal cropping
systems in Australia.
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