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Summary
"Alternatives" to synthetic herbicides
include preventative, physical, cultural, and
biological methods. Each method has
advantages, limitations, and often restricted
application. The title "alternatives" is a
misnomer and conjures up visions of "them"
and "us ". Methods other than herbicides
have great utility in many situations and are
often valuable complimentary tactics in
integrated weed management systems.

Introduction
Weeds are a constant component of
agroecosystems and various methods have
been used to suppress them in favour of
desired plant species. The goal of any weed
control strategy is to provide an environment
which is favourable to desired plant species
and unfavourable to weeds. Measures to
control weeds should be: 1) safe to the envi-
ronment, 2) safe to the user, 3) safe to the
consumer, 4) cost effective, 5) relatively easy
to use, and 6) efficacious.

Weed control strategies certainly have
evolved, but it is questionable as to whether
any method has become extinct (abandoned).
Prior to the discovery and use of the phenoxy
herbicides in the late 1940s, weed control was
essentially based on cultural practices and
cultivation, with limited use of a few non-
selective herbicides. After the discovery of the
phenoxy group, the herbicide era began in the
developed world, with an almost exclusive
reliance on synthetic chemical herbicides for
the past 40 years. Initial field results with
herbicides were spectacular, and expectations
were extremely high, as exemplified by
Bunting (4) in his introduction to "Crop

Production in a Weed -Free Environment"
where he stated "It is now possible, for many
cropping situations, to prescribe a chemical
treatment which can control weeds com-
pletely, and we can foresee a time when such
methods will be available for all situations ". In
spite of intensive herbicide use, weed
populations have not been "controlled com-
pletely", even following tremendous efforts to
eradicate a single weed species, such as
witchweed (Striga spp.)in the United States of
America.

Clearly, these expectations did not materi-
alize and the need for assessing and imple-
menting other weed control, methods, in
addition to herbicides, in integrated weed
management systems has become readily
apparent (47). As Froud Williams (14) stated
"Prior to the widespread use of selective
herbicides, in addition to the use of uncon-
taminated crop seed, weed control was facili-
tated by a combination of crop rotation and
cultivation, the tenets of good husbandry".

For the past four decades much of the weed
research in the developed and in the develop-
ing world has been oriented towards herbicide
use :Problems of herbicide residues in
soil,water, and foodstuffs, questions of human
health, effects on non - target organisms, effects
on the environment, development of herbicide
resistance, weed population shifts to more
problematic species, and the recent concerns
about sustainability have all contributed to the
thrust to re- examine weed control strategies.
This has also lead to questioning the over
reliance on herbicides for weed control in
many situations. In most instances, these
problems are related to their misuse, not their
use. LeBaron (26) correctly points out that
much of the criticism levelled at herbicides is
unjustified. However, governmental response
to public pressure has resulted in the outright
banning of certain herbicides in some coun-
tries, the implementation of severe use -
limitations on other compounds, and proposals
to reduce herbicide usage by percentage
increments over time to reach levels. of 50% of
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present use.(,16). How this decreed reduction .
in herbicide usage will be achieved has been
the topic of recent discussions, the thrust of
new research funding programs, and the theme
of specific symposia (such as the Council of
the Australian Weed Science Societies "Herbi-
cides- Friends or Foes ?" 23 June, 1989 in
Parkville, and the "Alternatives to Chemical
Control of Weeds" sponsored by. the New
Zealand_Forestry.Research Institute, in
Rotorua 25 -27 July, 1989).

Alternatives to herbicides are a major issue
with organic or biological agriculture propo-
nents (37,38) since weeds and inadequate
nitrogen are cited as the major constraints
encountered when producers stop using
agrochemicals (38).

The objective of this paper is to provide an
overview of the alternatives to synthetic
herbicides, recognizing that many of them can
best be considered only as complementary to
reduced dependency on herbicides in truly
integrated weed management systems. Most of
the so called alternatives are simply the re-
incorporation of good husbandry practices in
cropping systems, while others are more
innovative, and require more research. These
methods will be discussed in terms of appro-
priateness, effectiveness, safety, efficiency,
and economics in an attempt to illustrate their
strengths and weaknesses:

Methods of weed control
The mechanisms to control or suppress weeds
include removal of plant parts and/or the
inhibition of germination, photosynthesis,
respiration, or some other vital plant function.
Weed control methods have been categorized
in various ways. Many methods, such as most
herbicides and tillage, are broad spectrum,
while others are narrow spectrum, including
biological control and hand weeding. How-
ever, most authors are more precise when
discussing various weed control options. For
example, Klingman et al. (23) used six
categories: mechanical, crop competition, crop
rotation, biological, fire, and chemical;
Anderson (2) listed five: preventive, cultural,
mechanical (physical), biological, and chemi-
cal; Combellack (6) suggested three catego-
ries: natural/biological, mechanical, and
chemical; DeDatta (7) categorized weed
control methods as: substitutive, preventative,
complementary, and direct; and Singh (50)

simply separated weed control methods into
indirect and direct. Each of these systems has
value, but the following categories: preventive,
physical, cultural (habitat management),
chemical; biological, and integrated will be
used to facilitate discussion of the alternatives
to herbicides. As with most classification
schemes, there are certain facets that do not
fall conveniently into only one category. For
example, some aspects of allelopathy, such as
crop selection, are within habitat management,
whereas the natural chemicals involved could
more appropriately be discussed within
biological control or perhaps chemical control.

Alternatives to synthetic herbicides
The aims of weed control -are: 1) to quarantine,
2) to eradicate, 3) to contain, and /or 4) to
reduce weed populations (3). Among all weed
control practices, timeliness of the weeding
operation is of paramount importance to
achieve these goals (7,8).

Preventative
Preventative weed management is a very
important, but often overlooked aspect. The
use of clean (weed -free) crop seeds, hay, and
other feeds, careful handling of manure,
restriction of livestock movement from a weed
infested area to a clean area, rights -of -way
maintenance, and legislation (Seed Acts,
Noxious Weeds Acts) are some of the tactics
used to prevent the introduction and/or spread
of weeds. For example, the use of clean seed is
of primary importance in weed management in
rice (Oryza sativa L.) in Southeast Asia (32).

These practices are certainly appropriate
and safe, but have limitations in effectiveness
and efficiency, and are difficult to assess
economically. Many of the on -farm preventa-
tive practices have been abandoned due to the
efficacy of synthetic herbicides. Weed -free
crop seed is not always available, especially
for the subsistence farmers in the developing
world, and legislation is not implemented in
all regions, but more importantly, restricting
the importation and movement of weeds is
only as effective as the ability to enforce the
law.

Physical
Physical weed control methods include hand
weeding, hoeing, mechanical cultivation,
mulching, burning, mowing, the use of elec-
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tricity, and solarization. As the title implies,
physical methods expend energy, whether
human, animal, fossil fuel, electrical, and /or
solar, to disturb, uproot, or destroy weeds.

Hand weeding, undoubtedly the oldest
weed control method, is still the primary
method used to remove weeds throughout most
of the range of the world's major food crop
rice (7,8,9,31). Two hand veedings, correctly
timed, provide excellent weed control in
transplanted and upland rice throughout South
and Southeast Asia (8,20,27). While in some
regions of Asia, particularly Japan and Korea,
manual weeding is presently only a comple-
ment to chemical weed control (24). Similarly,
handweeding is still the primary method for
control of Striga spp.. and other weeds by
subsistence farmers in Africa (35,36).

Various hand tools and mechanical weed-
ers, which are human, animal, or power
operated, have been designed and developed to
assist in the physical removal of weeds
through inter -row cultivation (9,49). The
benefits compared to hand weeding include a
reduction in the time required to weed, a
reduction in human effort, and time released to
perform other tasks. To the subsistence farmer
the major disadvantage is the additional cost
incurred to sow the crops in rows, usually
requiring the purchase of a planter (9).

Reduced tillage systems were certainly in
vogue during the 1970s and 1980s, as prob-
lems associated with extensive tillage includ-
ing soil erosion, energy consumption, damage
to soil structure, and soil compaction were
contemporary research issues (14). Adoption
of reduced tillage systems placed greater
dependence on the use of herbicides for weed
control, and now once again we are reassess-
ing tillage as a form of weed control. Research
on mechanical weed control is now being
funded in parts of the world after a break of
approximately 30 years (16). Recently, both
the Quebec and Ontario provincial govern-
ments in Canada have funded mechanical
weed control research projects in attempts to
reduce herbicide use in these provinces.

Cost and availability are the two major
constraints when considering manual labour as
a weed control tactic. If labour is relatively
inexpensive and available, it is the preferred
method. Certainly, it has great utility in the
developing world, often providing superior
weed control efficacy when compared to

herbicides and other strategies (20,35). Within
the developed world, hand labour is only an
option in extremely high cash value crops,
rouging in crop seed production fields, and in
home vegetable gardens.

Inter -row cultivation can both be acure
and a cause of weed problems (30). It has
been, and will continue to be, a primary weed
control method, but it can, through burial,
prolong weed seed survival, stimulate germi-
nation, or increase perennial weed populations
by fragmentation of underground reproductive
parts. Efficacy of inter -row tillage is depend-
ent upon a number of factors, including
species composition, soil moisture, availability
and type of equipment, and timing. Limita-
tions of mechanical weed control are high
costs (capital investment, depreciation, and
maintenance), high energy use, non selective,
limited by planting arrangement, site limita-
tions, increased risk of soil erosion, soil
compaction, crop damage, spread of disease,
and generally does not provide control of
weeds within the crop rows (3, 14, 34).

Other physical methods include mowing,
burning, flooding, mulching, and solarization -
each with its applications and limitations (3).
The use of physical barriers such as plastics,
straw, etc., on the soil surface as mulches can
be very efficacious for high value row crops
(34). Limitations for the use of plastics include
cost of materials and application, problems
with tearing of the material, difficulties with
application of nutrients and water, and dis-
posal after harvest (34). The disadvantages of
organic mulches are also cost and availability
and, in addition, the possibility of introducing
weed seeds.

Solarization has similar limitations to those
of plastic mulches and is further restricted by
the necessity of moist soil and very high
temperatures. However, in areas where
environmental conditions are suitable, effec-
tive weed control can achieved, as reported
by Parker (36) and Sauerborn et al. (44) for
Orobanche spp. in Africa and the Mediterra-
nean.

Habitat Management (Cultural Control)
Various authors have used different terminol-
ogy, including "ecological methods" (3),
"weed management" (34), "crop manipula-
tion" (54), and "natural" (6), to highlight the
farm management decisions or factors that can
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be used to alter the crop -weed competitive
relationships tö'increase the relative competi-
tive ability of the crop and to deter the growth
of weeds. Cultural approaches include crop(s)
and cultivar selection, cropping system
(intercropping, rotations, etc.), seedbed
preparation, planting date, method and density,
spatial arrangement, fertilizer and water
management, and timing of operations. Often
these factors are perceived, and rightly so, as
good husbandry practices, but unfortunately
their utility in modern agriculture has been
neglected in much of our intensive, profitable
monoculture systems: The shift from rotations
to continuous monoculture has contributed to
the simplification of the weed flora, a shift to
dominance by weed species adapted to the
monoculture, and the increase in crop mimics
(14,54).

Although variation amongst crop cultivars
in their relative competitive ability against
weeds is expected, cultivar improvement
programs directly related to increased coin-
petitiveness to weeds are essentially non-
existent (39,45,54). Sen (45) stated "When
plant breeders have developed crop varieties
that are adapted to particular environments,
including soil, and resistant to a variety of ,

pests, one wonders why one cannot find
varieties capable of resisting or suppressing
weeds ". Cultivar performance and selection in
plant breeding programs is usually conducted
in the absence of weed pressure resulting in
new cultivars often being less competitive; this
has occurred with dwarf wheats (14).

One exception to the above comments has
been the efforts to breed for resistance or
tolerance to parasitic weeds such as
Orobanche spp. and Striga spp.. Breeding for
resistance to Striga has been relatively suc-
cessful for cowpea (Vigna unguiculata (L.)
Walp.), but disappointing for sorghum (Sor-
ghumnbicolor L.) and faba bean (Vicia faba L.
and generally limited for crops attacked by
Orobanche (36).

Breeding programs have not exploited the
potential competitive ability of crops to weeds,
such as has occurred for insects and diseases.
The potential rewards may be significant.,
Research to obtain cereal crop varieties that
are more competitive to weeds has been
recently "re- introduced" in Denmark (16).
However, there are active, ongoing research
programs to incorporate selected herbicide

67

resistance genes into selected crops. This
approach is at odds with the topic of this .

paper, as it will undoubtedly decrease diversity
and increase herbicide use.

Allelopathy is the phenomenon often used
to explain some weed -crop interactions, and
the potential of allelopathy for weed control
has been reviewed by Einhellig'and Leather
(12), Lovett (30), Morgan (34), Purvis (40),
and Putnam (41). Allelopathy is any negative
or positive plant response mediated through
chemical compounds naturally produced by
another plant or microorganism (41). Natural
chemicals that produce allelopathic effects can
be either simple or complex secondary organic
compounds (12,40). Many of the compounds
implicated have yet to be identified and often
the effect is not due to a single compound
(12).

Exploitation of allelopathy in weed man-
agement has been attempted by: 1) the selec-
tion of crop cultivars with allelopathic traits,
2) the use of rotation or companion crops that
have known allelopathic potential, and 3) the
isolation, characterization, and biosynthesis of
natural compounds with herbicidal activity
from higher plants and microorganisms (12,
40, 41).

Some success has been achieved in identi-
fying superior weed- suppressing cultivars of
crops including cucumber (Cucumis sativus
L.), oats (Avena saliva L.), sunflower
(Helianthus annus L.), soybeans. (Glycine max
(L.) Merr.), and sorghum (Sorghum bicolor )
(41). However, there are no known plant
breeding programs attempting to improve
allelopathic potential of crops (41). Research
in this area is limited by the long term nature
of breeding programs and the problem of
autotoxicology.

Cover crops with known allelopathic
ability have been used effectively to suppress
weeds, especially in no -till systems where the
cover crop is desiccated and the crop is drilled
directly into the cover crop residue (41).

There is considerable research interest in
natural compounds produced by higher plants
and microorganisms as herbicides or to utilize
them as building blocks for novel herbicides
(10,11,12), although few have become com-
mercial realities. A notable achievement is the
utilization of cineole terpene, a plant second-
ary compound, as the building block of the
herbicide cinmethylin. Another natural. plant
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compound, delta - aminolevulinic acid (ALA),
an amino acid construct of the chlorophyll
molecule, has herbicidal activity when com-
bined with 2,2'- dipyridyl by absorbing light
and producing singlet oxygen (18, 43). Ques-
tions of cost, efficacy, and environmental
limitations of this "laser herbicide" have so far
restricted commercial development.

Recently, the herbicide industry has been
active in screening various microorganisms for
pesticidal activity. About 3% of the microbial
isolates tested have provided "interesting
leads" (12), with herbicidal activity having
been demonstrated in a number of species of
the actinomycetes Streptomyces genus, and
two herbicides, NK -049 (methoxyphenone)
and bialophos (glufosinate), have been devel-
oped from microbial metabolites (12). It is
likely that additional active microbial
metabolites will be discovered. This approach
will be limited by specificity and activity of
the compound, and costs of production and
development of the commercial product.

In addition to the use of the most competi-
tive variety or crop cultivar, various cultural
practices have been utilized to favour the
competitiveness of the crop and to reduce the
influence of weeds. The topic has been
reviewed by Walker and Buchanan (54) and
the importance of cultural practices in weed
control in one crop, rice, has been highlighted
by Moody (32).

Land preparation, especially for dry seeded
rice (8), and water management are the two
most important preventative (cultural) weed
control methods in rice (31). Little difference
in the weed flora was observed between
transplanted and wet seeded rice, but it was
greatly influenced by the weed control method
used (22). Delayed planting increased the
weed population with an associated decrease
in herbicide efficacy. Herbicide performance
was inferior to hand weeding, as expressed in
weed control and crop yields, even though the
crop stand was reduced by hand weeding in
wet seeded rice. Variable results have been
obtained when plant spacing was compared
(13)'. Weed biomass was lowest in close
spacing in one crop (late wet season), but
highest in the next crop (dry season). How-
ever, the benefit/cost ratio was highest in the
wide spaced crops and decreased with closer
spacings as both seed and harvesting costs
increased.

Other factors such as transplanting older
rice seedlings, delaying fertilizer application
until after the first hand weeding, and sound
water management are extremely important for
satisfactory weed control in rice in the tropics
(8,31,32).

The role of crop manipulation in weed
control was aptly summarized by Walker and
Buchanan (54) as follows: "The interrelation-
ship of row spacing, seeding rate, and canopy
influence on crop -weed relationships has been
investigated only with a few crops...there is
overwhelming evidence that these factors can
be successfully manipulated to provide a
competitive advantage for the crop, often at
the expense of the weed flora ".

With the introduction of synthetic nitrogen
fertilizers and the availability of herbicides,
the use of crop rotations declined in North
America and concomitantly so did the benefits
of crop rotation (54). Rotation of crops with
dissimilar life cycles, habit of growth, and
cultural requirements is an effective and often
practical approach to weed control (28,48,54).
For example, the troublesome perennial,
yellow nutsedge (Cyperus esculentus L.), a
problem in row crops, can be effectively
controlled by cropping with a competitive
species (29). In Egypt it is against the law to
grow cotton, the "sacred crop ", for more than
one season on the same field. This is undoubt-
edly one reason why weed populations are
generally low in much of Egyptian agriculture
(Watson, unpublished). Similarly,
intercropping has commonly been practised on
small farms in much of the developing world
with minimal mechanization (1,48,52). These
systems are also applicable to the mechanized
agriculture in the temperate world (28).

Azolla suppresses weeds in rice, increasing
yields and reducing the need for hand labour
(19,21). Weed suppression is dependent on the
weed flora present. Monochoria vaginalis.
(Burm.f.) Presl., Echinochloa glabrescens
Munro ex Hook.f., Cyperus difformis L., and
Paspalum spp. are suppressed, whereas a
perennial, Scripus maritimus L. and a strongly
culmed annual grass, Echinochloa crus -galli
ssp. hispidula (Retz.) Honda are not (21).

Although some authors suggest
intercropping helps to suppress weeds (28,45),
others question this role (33). However,
intercropping is more complex than
monoculture, consequently weed control

_J
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operatións may be a greater problem and more
difficult in multicrop systems (28,33,45,48).
Weeding costs (time and labour) are often
higher for intercropping, but living mulches
between single crop rows can significantly
reduce weeding costs and also reduce erosion
control in the tropics (28).

Auld et al. (3) noted that many of the
habitat management options (ecological
methods) used for weed control have added
costs. But they also have advantages, such as
reduced soil erosion, increased fertility,
reduced weed seed batiks etc., that are diffi-
cult, if not impossible, to fit into an economic
analysis.

Biological control
Biological control of weeds is the deliberate
use of natural enemies to reduce the popula-
tion of a target weed. Biocontrol methods
include the classical (inoculative) approach,the
bioherbicide (inundative) approach, and
herbivore management (53). The fundamen-
tals, methodologies, and progress of biological
weed control have been reviewed by
Charudattan (5), Hasan and Ayres (17),
Lawton (25), Schroeder (46), Wapshere (53),
and Watson (55,56).

Insects, mites, nematodes, plant pathogens,
and aquatic and terrestrial herbivores have
been used as biotic agents to biologically
control weeds. In the classical approach, the
ideal target is an aggressive, widespread,
introduced weed infesting large areas such as
rangelands or aquatic habitats. It has limited
application for weeds of cultivated crops,
because typically only one weed of a complex
is controlled, it is difficult to maintain the
population of the agent in a disturbed environ-
ment, and the level of control achieved may
not be adequate nor timely.

Host specific biotic agents, capable of
inflicting damage to the host are collected in
the weed's native range, imported, and re-
leased in the country where the target weed
was introduced. Classical biological control
has provided some notable successes includ-
ing: prickly pear cactus (Opuntia spp.), St.
John's wort (Hypericum perforatum L.),
skeleton weed (Chondrilla juncea L.) and
water fern (karibaweed, Salvinia molesta D. S.
Mitchell):

Classical biological control is the weed
control method able to provide a long term,

often permanent, solution to a serious weed
problem with limited or no further inputs'after
the agent is introduced. Although preparation
of benefit/cost ratios are complex tasks and
open to various criticisms, Tisdell (51) calcu-
lated a 200:1 benefit/cost ratio for the
Chondrilla juncea project. His calculations
were prior to the shift to other forms of
skeleton weed tolerant to the rust and as such
is overestimated. He also predicted 10.5:1 to
48:1 for the Echium project (51). These values,
compare rather favourably to those of 4:1 and
5:1 commonly suggested for herbicides.

As with any other method of weed control,
classical biological control also has its limita-
tions. Major criticisms include; the time
involved (long -term research), cost of the
programs, the lag phase, complications if more
than one biotype of the weed is present, and
the possibility of the released biological
control agent becoming a pest, although "This
situation has not occurred (sic) in any biologi-
cal weed control program" (34). However, the
number of years involved in successful
biological control projects is similar to the
time from discovery to marketing of a new
herbicide, the cost is substantially less and
once established the agent is freely available
to all, and selection for tolerant forms is
common with all control methods.

The inundative or bioherbicide approach
has its primary application in cultivated crops.
A bioherbicide is a preparation of living
inoculum of a plant pathogen, often formu-
lated, and applied in a manner analogous to
that of a "chemical" herbicide to control or
suppress the growth of a weed species. Their
use is based on the principles of epidemiology.
Many of the host, pathogen, and environment
constraints on disease development are
overcome by periodically dispersing an
abundant supply of virulent inoculum uni-
formly onto the target weed population.
Applications are timed to take advantage of
favourable environmental conditions and the
most susceptible stage of plant growth.

Progress in bioherbicide development has
been recently reviewed (5,55). At least three
bioherbicides are presentlybeing utilized;
DEVINE, a liquid formulation of
Phytophthora palmivora (Bull.) Butl. used to
control strangler vine (Morrenia odorata (H.&
A.) Lindl.) in Florida citrus groves (with no
need for retreatment for 10 or more years);
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COLLEGO, a dry powdered formulation of
Colletotrichum gloeosporioides (Penz.) Sacc.
f. sp. aeschynomene for the control of northern
jointvetch (Aeschynomene virginica (L.) B. S.
P.) in rice and soybeans in Arkansas, Louisi-
ana, and Mississippi; and LUBOA -2, a form of
Colletotrichum gloeosporioides for the control
of dodder (Cuscuta spp.) on soybeans in
China. In addition, active research programs in
North America, Europe, and elsewhere are
making progress towards the development of
additional products for specific weeds includ-
ing; Abutilon theophrasti (L.) Medic., Cassia
obtusifolia L., Chenopodium album L.,
Convolvulus arvensis L., Cyperus rotundus L.,
Echhornia crassipes (Mart.) Solms, Jussiaea
decurrens (Walt.) D C., Malva pusilla Sm.,
Orobanche spp., and Xanthium spinosum
L.(5).

Limitations to the bioherbicide approach
are primarily formulation, specificity, efficacy,
and commitment by the industrial sector (55).
The latter is due to uncertainty in regulatory
requirements, development costs, and market
potential.

The third approach in biological weed
control is herbivore management (53). Con-
trary to Combellack's (6) opinion, certainly
some of the biological control fraternity does
recognize the value of grazing animals as a
biological control approach, as Wapshere (53)
clearly lists herbivore management as one of
three biological weed control approaches.
Granted grazing projects have received less
support, but I question the claim of
Combellack (6) that they have been generally
more successful than the classical approach.

The use of the white amur
(Ctenopharyngodon idella Val.), a
polyphagous herbivorous fish, in aquatic
systems has provided very good control of
submerged vegetation in many locations.
However, its use is controversial due to lack of
specificity, possible displacement of other fish
species, and limited effect on floating aquatic
weeds. In terrestrial habitats sheep, goats, and
cattle have a degree of utility in suppressing
pasture weeds (6,42,58). The effectiveness of
grazing animals is limited by differential
palatability and increased management
requirements. Since timing and intensity are
critical, grazing must be sustained and fences
in place. Also, areas often require oversowing
with pasture species and fertilizer application.

Integrated weed management
In very few, if any, circumstances will a single
weed control strategy be sufficient to ad-
equately control a weed or complex of weed
species commonly associated with crop
production. Methods of weed control vary
widely and many possible combinations of
methods are available (3). There are many
opportunities for integrated weed management
systems (47), and examples of integrating
cultural tactics (54) and biological control
tactics (57) with herbicides to achieve superior
control have been described. In many situa-
tions integrated weed control will be the most
profitable strategy because the range of
biological and ecological interrelationships
can be used to manage weed populations (3).
A limitation of integrated weed management is
its relative complexity compared with herbi-
cide use.

Future
The goal of any weed control program is to
create an environment favourable to crops and
unfavourable to weeds, recognizing that no
single weed control method can be recom-
mended for all situations. Each weed control
method control has advantages and limitations,
new tools will be developed, and new cropping
systems will evolve. Whether scientifically
based or the result of public misconception, it
is my opinion that the relative importance of
herbicides will diminish, i.e., there will be less
emphasis on herbicides as the sole method of
weed control. In most situations a single weed
control method will not be sufficient. There-
fore, "alternative control measures" are not
required, but complementary tactics which can
be used in sequence or integrated in time and/
or space are needed to reduce our dependency
on herbicides.

I support the views of Combellack (6) and
LeBaron (26) concerning the need to use
herbicides more effectively to avoid the
problems associated with their misuse.
Combellack's (6) statement "...future weed
control strategies will be based on an integra-
tion of efficient utilization of herbicides with
non - chemical control techniques" and
LeBaron's (26) comment "We need to develop
more and better biocontrols, mycoherbicides,
allelopathy, and IPM systems to control
weeds, especially against major or perennial
weeds for which chemicals and other methods
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are unavailable or uneconomical" are some-
what divergènt from their following statements
in the same articles: "...natural/biological
control strategies are not likely to provide the
answers in the short nor long term" (6) and "I
do not believe that any of the alternatives to
herbicides now available will be very success-
ful biologically or ecologically in the near
future, except on limited areas with certain
soils and environmental conditions" (26).

Undoubtedly, the statements above and
similar comments are directed to the large
areas of mechanized agriculture in the temper-
ate regions of the world and reflect the relative
efficacy of herbicides. However, in most
circumstances "the farmer does not need
fantastic control, just adequate control" (15)
and in much of the developing world herbi-
cides are not available option to most
farmers.

Weed management systems need to be
developed which maximize weed control at a
minimum cost, are safe, and adaptable to
individual weed infestations. The choice of
system will depend on available technology,
type of culture, resources available, and farmer
preference. Each farm has a unique set of
resources of land, labour, and capital which
will often dictate the weed control strategy
employed (3).

Whether our weed control research is in the
highly mechanized, large scale agriculture of
much of the developed world or in the low
input subsistence farming systems in a large
portion of the developing world, appropriate
weed- suppressing methods must be developed
that are safe, cost effective, and efficacious.
The methods employed will depend on the
weed species present and the available tech-
nology and resources. In some instances,
herbicides will be a primary component, in
other instances, "alternatives to herbicides"
will dominate.
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