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Summary
Despite the availability of herbicides to
control weeds in many tropical crops, little
research has been conducted on the effi-
ciency of their use and little attention has
been given to application methods. Opti-
mum rates may vary between countries
because of differences in the weed flora,
cultural practices, soils, environmental
conditions and application methods. It is
remarkable that weed control with herbi-
cides is so frequently successful, considering
the wide range of conditions under which
they are applied. Most herbicide failures
occur because weeds are not at the correct
growth stage or not growing actively at the
time of application.

Herbicide use moves the agroecosystem
towards low species diversity with new
problem weeds appearing, stressing the
need for an ecological approach to weed
control instead of relying totally on chemi-
cal control methods. A dynamic research
program is needed to develop the innovative
and effective weed management strategies
needed to improve crop stability in the
tropics. There is also a need for more
economical treatments with reduced han-
dling and environmental hazards without
loss of herbicidal efficacy.

This paper considers some of the factors
that affect efficient herb_ icide use in the
tropics:

Introduction
In recent years, herbicide use in the tropics has
grown impressively. However, information as
to the most cost effective treatments is still
poor. Herbicide use should coincide with the
presence of sufficient weeds to warrant
treatment and when they are most vulnerable;

optimum rate being dependent on such factors
as cultural practices, soil type and environ-
mental conditions.

Factors which must be considered when
developing a herbicide program are herbicide,
wccd flora, application method and time,
persistence, crop tolerance, and cost- effective -.
ness.

Farmer practices
Philippine rice farmers are usually not satisfied
with general herbicide recommendations (22).
They are innovative in their approach to
chemical weed control in wet seeded rice,
experimenting with material combinations,
sequential applications, unconventional
application methods, varying application times
and using different water management strate-
gies (6). They apply herbicides at less than the
recommended rate. This may be an economic
measure, but most claim that effective weed
control is achieved (21). They may also accept
a lower level of weed- control and supplement
herbicide use with hand weeding.

Weed density
Nantasomsaran et al. (19) obtained excellent ..

control of Echinochloa crus -galli (L.) Beauv.
when there were less than 30 plants /pot. With
increasing plant numbers, there was corre-
spondingly less weed control.

Janiya and Moody (9) reported that total
weed biomass increased across time in
unweeded and herbicide - treated plots, due to
massive weed seed production in unweeded
plots. In herbicide - treated plots, this was due
to build -up in weed density such that there was
insufficient herbicide taken up by each plant to
cause death, faster herbicide degradation due
to an increase in soil microflora in later crops,
or the development of herbicide resistance.
Thiobencarb persistence was shorter in soil
that had previously been treated with
thiobencarb, than soil that had not been
treated (8).
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Herbicide persistence
Use of any pre- emergence herbicide is limited
by its soil persistence. In transplanted rice,
butachlor, thiobencarb, 2,4 -D and
pendimethalin persisted in the soil for 35 days
after application (27). In contrast, butachlor
dissipation in dry- seeded rice was exponential
and rapid. By 21 days after treatment, only 1
ppm herbicide was detected; faster' dissipation
occurred at higher soil moistures and tempera-
tures (16).

Formulation
Active ingredients are usually released more
slowly from granular herbicide' formulations
than from emulsifiable concentrates (EC) and
result in later and lower peaks of chemical
concentration and longer persistence (1).
Emulsifiable concentrate formulations usually
cause more phytotoxicity than granular
formulations.

Some authors (7,12) have reported better
weed control with EC formulations, whereas
others (11,20) have observed the reverse.
Singh and Singh (26) attributed the variability
in performance to water management; granular
formulations being more effective under
continuous submergence and liquids perform-
ing better under less desirable conditions.

In some countries, farmers mix herbicides
with sand, or urea, and broadcast them into the
field. Weed control is usually inferior when
the sand mix is used (23), but Shad (25)
reported that this method was as effective,
simpler and more economical than using a
knapsack sprayer. However, application of
butachlor and butachlor + 2,4 -D with a
sprinkler bottle was safer than sand -mix
application, easier than spraying, less expen-
sive than granules and as effective as the
conventional method of herbicide application
(24)

In Iran, herbicides are usually applied in
transplanted rice by sprinkling them directly
from the bottle into water in the field; the
performance being equal to that obtained with
a knapsack sprayer (18). Application of
undiluted herbicides into flood -water elimi-
nates equipment such as the knapsack sprayer
which requires large volumes of water, and
reduces both the manpower requirements and
the costs of herbicide application. . .

Additives
Townson and Price (29) reported that
imazapyr phytotoxic action for control of
Imperata cylindrica (L.) Raeuschel was
affected by: concentration of active ingredient,'
ethylene oxide of the linear alcohol surfactant
added, concentration of surfactant in spray
solution and type of spray equipment used.
High surfactant concentrations (5% w /v)
should not be employed because they restrict
herbicide translocation within plant tissues.
Increasing volume rate from 20 to 50 L ha-'
may improve spray coverage and consistency
of control. .

Langelueddeke et al. (15) reported that a
new formulation of glufosinate- ammonium
with a higher surfactant content was as effec-
tive as the standard formulation, if it was
applied at equal rates of formulated product. It
was more effective and had improved
"rainfastness" if it was applied at equal rates,
of active ingredient.

Pot trials (14) demonstrated that
glufosinate- ammonium efficacy can be
improved by addition of ammonium sulfate.
However, results obtained in field trials have
been inconsistent (15). Addition of ammonium
sulfate to glyphosate has also improved weed
control efficiency (10).

A tank mixture of propanil at 3 kg ha-'71-
3% urea gave better control of E. crus -galli at
reduced cost and a 12.5% higher grain yield of
dry- seeded rice than application of propanil
alone (13).

Water
In lowland rice, water levels must be manipu-
lated to enhance exposure of weed foliage to
some herbicides or to cover foliage for others.
Herbicide concentration in the water is also an
important factor for controlling weed growth.

With standing water, lower propanil rates
can be used and it can be applied later in crop
growth; to achieve the same degree of weed
control as that obtained with 1.5 kg ai ha-' at
14 days after seeding (DAS) with standing
water, 3.0 kg ai ha-' had to be applied. at 7 DAS.
when there was no water (2).

In a miffed situation, farmers are reluctant
to drain water from fields to apply herbicides
because they are aware of the uncertainty of
rainfall and, by so doing, crops may be .

subjected to drought at a critical stage (17).
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Herbicide efficacy is reduced when water
depth at, or soon after, application exceeds 10
cm.

Sprayers
The most widely used equipment for applying
herbicides in the tropics are knapsack sprayers.
In some areas, CDA sprayers have been
introduced.

Deat (5) reported that chemical weed
control in cotton was made possible through
introduction of CDA sprayers. Treatments are
made at the start of the rainy season when
water is not readily available and it is difficult
to apply 400 L ha-' with a knapsack sprayer.

Boonsrirat et al. (4) obtained similar
control of I. cylindrica with glyphosate at 1.44
kg ai ha-' using a mist blower (application
volume 20 L ha-'), as that which was achieved
with 2.16 kg ai ha-' using a spray volume of
650 L ha-' because`of reduced runoff and
enhanced glyphosate absorption by leaves.
Bacon (3) reported that imazapyr at 0.5 kg ai
ha-' gave good control of I. cylindrica when
applied at low volumes (20 L ha-'); there were
indications that lower doses could be used
when it was applied at low volumes.

Teng and Teh (28) reported that a 6%
solution of glyphosate + dicamba sprayed with
CDA equipment gave more effective and
broader spectrum weed control than applica-
tion with a knapsack sprayer: There was a 90%
reduction in water requirement and a 20 -25%
reduction in herbicide rate. Overall, there was
a reduction in total application cost as a result
of more effective weed control, labour savings,
faster coverage and water savings.

Conclusions
Although herbicides are available for control
of most weed species in a wide range of
tropical crops, farmers need better guidance on
how to optimize their use. More detailed
research is needed to improve herbicide
efficiency' and to identify fields and seasons in
which herbicide use is justified, because of the
need to increase profitability of crop produc-
tion.

Worldwide concerns over safe handling of
pesticides, environmental issues and sustain-
able agriculture also need to be addressed.
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