
Proceedings of the First International. Weed Control Congress, Melbourne 1992 289

Strategies to reduce dependence on herbicides

Wendy Morgan

Department of Agriculture, Institute Plant Sciences,
PO Box 158, Seaford, Victoria, Australia 3198

Summary
Environmental issues and increased public
concern about the use of agricultural
chemicals has highlighted the need to
reassess weed control methods. Several
alternatives to herbicides are presented in
terms of their practicality for current or
future use and their advantages and disad-
vantages. While there are strategies to
reduce herbicide use, they are few and are
usually weed specific. It is recognized that
an integrated approach to weed control
involving efficient herbicide use with
various weed management strategies will be
the first step in reducing herbicide depend-
ence.

Introduction
Increased public interest in environmental
issues and demand for chemical free food has
emphasized the need to develop strategies to ..

reduce our dependence on pesticides
(21,22,25).

To eliminate or reduce synthetic herbicide
use requires alternative control strategies
including reducing the frequency and area
treated. Economic thresholds of herbicide use
need to be developed (37).

This paper examines alternatives to, and
draws some conclusions about strategies to
reduce our dependence on herbicides. The
alternatives are presented on the basis of
current or future availability.

Alternative control strategies
When discussing alternative strategies it is
important to note that some are already being
used, some have not been widely adopted and
some are not commercially available.

Current options
No control
It is well documented that weeds reduce crop
yield and affect machinery efficiency. Even
with current weed control practices, there is an
estimated ten percent loss in annual crop
production (19,41) but with a nil weed control
strategy crop productivity would decline by
25 -30 percent in five years (6). Further, weeds
Can be difficult to separate from a harvested
crop and can taint and stain produce. Weeds
can poison, produce physical discomfort and
allergy symptoms in humans, and in pasture
may reduce animal productivity, quality or
welfare by poisoning, physical damage,
tainting and wool contamination (7). Obvi-
ously a nil weed control option would cause
many problems and is undesirable.

Minimal weed control
Inter row weed control by mowing prevents
seed set of weeds, reduces weed competition
and prevents soil erosion. Mowing also
produces a living mulch and can kill many
perennial and annual weeds (11). It may not
control vegetative spread of some weeds.

Manual control
The oldest form of weed control is still
practiced in market gardens and row crops
such as processing tomatoes, cotton, tobacco
and sugarbeet. Of the total USA agricultural
acreage (68 million hectares) 4.2% is hand
weeded (41).

Mechanical control
This includes cultivation and mowing. Mecha-
nized cultivation has developed with techno-
logical developments in machinery and
materials (25). Pre- sowing cultivation is usèd
extensively in cropping. Several cultivations
using ploughs, discs or harrows etc., are
carried out (20). Cultivation for weed control
in cereal and row crops has been reviewed
(25). Its effectiveness is enhanced by rainfall
or irrigation between cultivations to stimulate
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weed seed germination (23).
In row crops, post emergent weed control

can be achieved by inter -row cultivation that
can be vigorous (rotavation) or light (chain
harrows, scarifiers, knives and brush weeders)
(21). It is carried out several times during early
crop growth as each cultivation usually
stimulates further weed seed germination. A
disadvantage is that weeds growing within a
crop row are not removed (11,21,22).

Cultivation may increase soil erosion and/
or compaction (27). Inter -row cultivation is
not completely effective and relies on operator
skill to prevent crop damage. It may not be
possible under adverse environmental condi-
tions such as wet soils (11) which often
coincide with crop and weed emergence when
weed control is critical. There is a need for
further research on tillage practices to reduce
soil losses (7) and improve weed control.

Physical barriers
The use of physical barriers or mulches to
exclude sunlight and prevent weed establish-
ment is effective and particularly suitable for
row crops (21,22,25). Artificial barriers such
as black plastic, paper products and woven
cloth have been used. Machinery is available
to lay plastics. Problems encountered with
artificial mulches include application, tearing,
impermeability to application of nutrients and
overhead water, adverse effects on the soil
micro and macro fauna and disposal after
harvest.

Natural barriers include mulches of plant
materials, animal manures and other organic
products and composted combinations of
these. These have the added benefits of
conserving moisture and adding organic matter
and nutrients to the soil. However, they can be
time consuming and costly to apply, and
occasionally may introduce weed propagules.

Conventional mulching is not extensively
used in agriculture situations but is relatively
common in horticulture. Stubble farming and
use of crop residues for mulch has increased in
broad -acre cereal farming for soil and water
conservation, and aids weed control: Living
mulches or companion plants can be carefully
managed to smother weeds, particularly in row
crops (15).

Physical energy
Many forms of energy can be used for weed

control: thermal, electromagnetic, electrical,
laser, very high frequency microwaves and
sunlight. These have been discussed previously
(22,25) but have not been widely adopted
mainly because of their high capital cost and
limited success.

Soil solarisation is an effective weed
control method in locations that receive
intense solar radiation (3). It is not widely used
because of the cost of the polyethylene
sheeting, lost production time and detrimental
effects on the biological activity of the soil.

Weed management
Decisions about fertilizer input, cultivation,
drainage, crop rotation, mowing and grazing
all effect weed control strategies. Alteration of
management practices shifts the spectrum of
weed species rather than eliminating all weeds
(20). Since the arrival of selective herbicides,
the number of weed species has increased on
arable land in Australia (1). Farmers therefore
need to make conscious weed management
decisions.

Prevention of an increased reservoir of
weed seeds in soil: understanding weed
ecology helps to define the critical time of
removal to prevent increases in the reservoir of
weed seeds. Processing tomato growers
previously hand -hoed blackberry nightshade
(Solanum nigrum) at the green berry stage, and
left the plants on the ground. After studying
the biology of the weed (24) it is recom-
mended that hoeing occurs at first flowering to
prevent the formation of viable seeds.

Seeding should be prevented throughout
the pasture phase of rotation. Grazing animals
can be used to prevent seed set in pasture
weeds but overgrazing must be prevented to
reduce the spread of weed seeds.

Similarly, three pasture management
treatments; hay cutting, heavy grazing and
burning of pasture significantly reduced the
rye -grass density in four successive cereal
crops compared with the control (30).

Weed management should aim to prevent
weeds seeding between crops in fallows (20),
in cover crops, along fence lines and access
areas. Management should also decrease
spread by birds, other animals, laser grading
and farm machinery.

Prevention or minimization of weed
establishment: vigorous crop varieties (4) or
other techniques that increase the speed of
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crop emergence relative to weeds can be used.
Techniques including seed priming and pre
germination, shallow sowing, moist seed beds,
anti -soil crustants, and the use of transplants,
may all have a place in weed management.
Control of weeds by delaying sowing is useful
if they have a flush of germination after
cultivation and/or rain.

Cultivation and pre - sowing irrigation have
been used to stimulate weed emergence (23).
The weeds can then be destroyed with minimal
soil disturbance, and possibly by grazing, prior
to crop sowing. Conversely, for weeds with
prolonged emergence, early sowing (29) and
higher sowing rates can provide greater
competition in some grain crops. Timing of
fertilizer application can also give crops a
competitive advantage (26).

Decreasing the soil weed seed reservoir:
practices that concentrate on killing plants do
not necessarily eliminate future weed prob-
lems since arable land contains thousands of
seeds in each cubic metre of soil (20). To
deplete the soil reservoir, strategies that
synchronize germination (19, 20) break
dormancy or inhibit germination (20) are
needed. Cultivation and manipulation of soil
moisture provide limited options with different
tillage methods. The depth of burial may either
increase or decrease weed seed longevity
depending on the species.

Elimination of weeds: in both the prepara-
tion and production phases of a crop rotation,
weeds can be directly or indirectly suppressed
using some of the techniques outlined.

Weed management is not simple and
requires a combination of strategies based on
whole farm planning, if we are to reduce our
dependence on herbicides.

Biological control
Classical biological control of weeds com-
menced in the early 1900s, and its growth
since then has been dramatic (13). Biological
control can result in permanent ecological
management of the weed, whereas mechanical
or chemical methods only provide short term
control.

Classical biological control: In Australia,
classical biological control has been used for
weeds in pasture and native bushland with
varying degrees of success (7). In cereals,
biological, control of skeleton weed,

(Chondrilla juncea L:), has been well docu-
mented (8,9) and valuable lessons ;learüt'aliout
biotypes of weeds and success of biological
control (12).

Despite the apparent lack of success of
biological control programs relative to the
long term and costly research effort required
(7), the conservationist and general community
perception is that this research should continue
(13).

Domesticated animals: The success of
projects using grazing animals for pasture
weed control suggests this approach may
deserve more support. Selective grazing
experiments by goats, sheep and/or cattle to
reduce weed populations of range and pasture .
vegetation have been reviewed (7,33). Weeds
must be grazed before they seed as some seeds
pass unharmed and some have dormancy,
broken after passing through animals.

Future options .

Mycoherbicides
Recently, fungal plant pathogens have been
developed, registered and marketed as
inundative control agents or mycoherbicides
(35,36). Mycoherbicides are weed specific and
are applied when and where a weed problem is
apparent. They do not require time for build up
and spread and are applied to the weed at a
specific rate. Their specificity can be a disad-
vantage when compared with broad spectrum
chemical herbicides (16), but they can be used
in combination with other mycoherbicides (5)
or chemical pesticides (16).

Available mycoherbicides include,
Colletotrichum gleosporiodies subsp
aeschynomene for control of northern
jointvetch (Aeschynomene virginica) in rice
(Oryza sativa) (10) and Phytophthora
palmivora for control of milkweed vine
(Morrenia odorata) in citrus orchards. There
are several other mycoherbicides ready to be
marketed or still being field evaluated
(2,38,39,40).

Mycoherbicides have potential for future
selective weed control in broad acre and row
cropping systems.

Natural chemicals
Phytotoxic natural products are usually of
plant or micro - organism origin (14), and have
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the potential to form the basis of commercially
successful herbicides.

Allelopathic compounds: Many plants release
allelochemicals into their environment that
inhibit other plants. These offer varying
degrees of protection against pathogenic micro
organisms and insects (14). Most allelopathy
studies have identified effects of weeds on
crop growth, crops on crops (a serious problem
with continuous cropping), and often weeds on
weeds (18). Allelopathy and crop competition
can interact on weed populations (18) and
offer weed management options.

Comprehensive reviews of the plant parts
capable of producing allelochemicals, the
factors influencing the quantity produced, the
classification of compounds involved have
been done and a list of common
allelochemicals produced (31,32). The effec-
tiveness of allelochemicals depends on season,
soil type, soil conditions including fertility and
microbial activity and interactions of these
factors.

Stubble residues of matured crops of
sorghum (Sorghum bicolor), sunflower
(Helianthus annuus), rape (Brassica napus),
wheat (Triticum aestivum) and pea (Pisum
sativum) inhibited development of
monocotyledons except wild oats (Avena
fatua) (28). Germination and development of
wild oats was actually stimulated by all crop
residues. Both wheat and pea stubble however
reduced numbers of competitive broad leaved
weeds as well. This information could be used
to develop strategies for wild oat management.

Cover crops, companion planting, crop
rotation and mulching with crop and weed
residues are important components of sustain-
able farming and reduced tillage systems.
Their allelopathic effects need consideration as
they may affect subsequent weed and crop
germination. New crop cultivars should be
screened for allelopathic properties and many
allelochemicals could be potential herbicides
(17,18,34).

Other plant chemicals: The potential for new
herbicides from plant chemicals has been
recognized (14). Although one such herbicide
has been patented, its use is limited by cost
and some' environmental limitations on
efficacy. Many plant chemicals are highly
phytotoxic and are not specific enough for use

as herbicides.
Microbial phytotoxins: micotoxins are

microbial phytotoxins that have several
advantages over mycoherbicides. They are
easier to store; are more compatible with
chemical formulations; are less affected by
environmental factors and therefore easier to
apply and they cannot spread. There are a few
commercial examples of micotoxins (14,35)
and others awaiting further development by
Japanese, European and American companies
(14).

Conclusions
There are strategies to reduce our dependence
on herbicides. Many are still being developed
or are not easy to use. Future weed control
strategies will require an integration of non
chemical techniques with more efficient but
restricted use of herbicides. Herbicide use
could be improved by: increased application
efficiency, more effective formulations and
adjuvants, greater care in timing of application
(matched to the growth stage of weed 'and
crop) and use of economic action thresholds
(6). No single herbicide or non chemical
alternative, will eliminate the range of weeds
found in agricultural ecosystems. Weed
management, utilizing combinations of the
alternatives outlined, and knowledge of the
weed population and ecology on individual
farms, is the key to reduced herbicide use.

Strategies to manipulate and reduce the
reservoir of weed seeds in the soil are impor-
tant. Improved mechanical cultivation tech-
niques to minimize adverse effects on the soil
structure and ecosystem, and subsequent weed
problems are needed. In the future,
mycoherbicides and micotoxins for the control
of specific weeds may become available.
Allelopathy, while offering additional alterna-
tives, will require a higher degree of farm
management skill. Current scientific under-
standing of the mode of action of
allelochemicals and the environmental factors
that alter their performance is limited.

It can be argued that complete weed
control is unattainable, even undesirable in
some situations. Weeds provide soil cover
preventing soil erosion by wind and water,
reduce nutrient losses caused by leaching, and
return mineral nutrients and organic matter to
the soil when cultivated. Some weeds attract
and harbour beneficial insect predators.
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Discussion about chemical use is often
emotive, irrational and not always based on
fact. Regardless of whether herbicide use is
good or bad, there is likely to be increased
public and government pressure to reduce their
use. Research priorities must cater for the
needs of those future weed control strategies
that do not involve herbicides. We need to
increase our efforts in the search for more
acceptableecological, biological and chemical
methods of weed control. Simultaneously, we
need to continue our efforts to improve the
efficiency of herbicide use.
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