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Introduction
Non - chemical weed control covers a wide
range of methods, such as physical removal
by hand, implements or machines, competi-
tion from crops or pastures grown either in
sequence or in association with main crops,
use of dead vegetative material as mulch
and other biological control methods using
predators or pathogens. Some of these have
already been discussed at this Congress and,
therefore, I should like to concentrate on
those most commonly used in some Asian
countries. Particular reference will be made
to the major cropping systems which often
determine how weeds are controlled or are
designed in such a way because weeds need
to be controlled. In the age of specialization,
there is a tendency for weed scientists to
forget that weed control is a means to an
end, rather than an end in itself. Therefore,
it is important to acknowledge the integral
nature of weed control in farming systems
and the socio- economic implications in
introducing improved technology.

Upland cropping systems
Traditional cropping systems in tropical
uplands date back hundreds of years and were
very much related to the different tribes and
ethnic groups practising them. However, the
basic principles of the different systems were
similar, the main one being the rotation of
crops with forest fallow to maintain soil
fertility and reduce the effect of weeds. These
systems are popularly known as shifting
cultivation, slash and burn or swidden agricul-
ture and are based on one or more year's
cropping followed by a number of years under
regenerating forest during which time the
farmers move to another area. For example,
the traditional Karen system in S.E. Asia
cropped an area only once in 12 to 15 years,

while the Lisu and Hmong grew crops for
several years on the same land until decreased
soil fertility and the invasion of weeds forced
them to move on, leaving the land degraded.
Under both systems, the original forest was cut
down in the dry season, left to dry and then
burnt. The burning provided large quantities of
ash which supplied nutrients to the subsequent
crop and also killed the subsequent forest
regrowth, thus preparing the land for planting.
Few weeds, apart from forest regrowth,
appeared during the first crop and production
was high. The Karen capitalized on this
situation and repeated the process on.a new or
recycled area of land each year. In addition,
when cutting the forest, they had left tree
trunks a metre or so high, thus facilitating
rapid regeneration of the forest. With the
continuous cropping system, regenerating
vegetation changed from forest species to
invasive weeds, particularly the perennial _

grass Imperata cylindrica and a range of
dicotyledonous species. Cutting and burning
these failed to maintain fertility and also
required cultivation by hand hoes to prepare
the land for planting. When this became too
demanding in relation to the yield of crops
grown, the farmers moved on, leaving behind
them land which was often eroded, infertile
and supporting savannah -type vegetation .

which often prevented recolonization by the
original forest species.

It is not known how these cropping systems
arose, as the current farmers are often unaware
of the reasons behind many of their practices.
Of course, this does not mean that the prac-
tices are necessarily ineffective, because in
earlier times, when resources were not limited,
these traditional cropping systems provided
adequate food and fibre for the population.
However, as populations increased (through a
number of causes, such as improved health,
fertility and fecundity and immigration), there
was increased pressure on the natural resources
under their control which resulted in signifi-
cant changes to their cropping systems, the
effects of which were not well understood.
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The two major changes were a shortening
of the swidden cycle and a change from purely
subsistence crops which were usually grown in
mixed gardens to mono culture cropping
which often included a small proportion of
cash or exchange crops. One effect of these
changes was to increase the incidence of
weeds, both annual and perennial, the worst of
which were Imperata cylindrica, Pennisetum
polystachyon and Mimosa invisa. All these
species were, and still are, controlled by hand,
using hoes prior to planting and either the
same hoes or hand -held tools ranging from
knives to small spades during crop growth. An
enormous amount of labour is required for
these operations, almost all of which is
supplied by women and children. But change
is a continuing phenomenon and, as children
spend more time in school and teenagers leave
the village in search of outside work, labour
shortages occur more frequently. In addition,
the weed problems become more severe as
land is cropped every one or two years instead
of once every 12 or 15, and the crops them-
selves become less competitive as nutrient
supplies are depleted.

Solutions to these problems have been
sought for many years and some approaches
are discussed here. A return to the forest
fallow system has been advocated in some
quarters in the belief that the traditional
system worked well and was stable and
sustainable. Dr Koch at this Congress has also
indicated the benefits of fallow in both devel-
oped and developing countries. However, the
main problem with this approach is that land
must be taken out of production to achieve the
desired result and this can often expose the soil
to erosion (unless sophisticated mulch tech-
niques are used). More importantly, food
production is decreased, as it is unlikely that
alternative land would be available for crop-
ping, owing to pressure from neighbouring
sections of the population, as well as from
forestry and environmental groups. Food
security is a critical issue for many developing
countries and often takes precedence over
conserving the environment. However, in
some countries there are substantive pressures
to restrict slash and burn activities and to
re- forest uplands, whether abandoned or not.
For these reasons, the fallow option does not
appear to be realistic, and improved cropping
systems which take into account increasing

weed incidence and the need to increase food
production at the same time are considered to
be more appropriate.

Existing cropping systems in the uplands
are based on rice, maize, finger millet and
cassava, depending on the particular country,
with other crops such as soybean, cowpea
(blackbean), mungbean, pigeonpea, sesame
and cotton grown usually as subsidiary crops
on small areas and often towards the end of the
main growing season. It is obvious that the
emphasis on cereal crops contributes greatly to
the decrease in soil fertility, particularly when
cropping cycles contract, and one of the most
effective improvements introduced to tradi-
tional cropping systems has been the growing
of cowpeas in rotation with upland rice and
maize, e.g., in Thailand, Laos and Bhutan.
There are long and short duration cowpeas
(Vigna unguiculata) as well as ricebean (Vigna
umbellata) which can be grown in the year
prior to the staple crop. The long - duration or
photosensitive cultivars are preferred, as
vegetative production is much greater resulting
in large increases of organic matter and soil
nitrogen. In addition, the formation of a thick
mulch on the soil surface after harvest pre-
vents weeds from establishing. The rice or
maize crop is direct -sown through the mulch
the following year using planting sticks in the
traditional way and the small amount of weed
growth in the crop itself is controlled by hand
tools. The grain legume mulch crop grows
very quickly and, when planted in rows at the
correct density, requires only one hand weed-
ing before canopy closure.

Under natural conditions, maize crops are
often invaded by Mimosa invisa, itself a
legume, but owing to the recurved spines on
the twining stems, an impenetrable thicket is
formed, making it difficult to harvest the crop,
let alone grow a second crop. Even if the
spineless variant of this species was sown, to
capitalize on the resultant nitrification (as has
been suggested) the loss of potential produc-
tion from the second half of the growing
season could not be sustained in most upland
areas where food security is critical. Further-
more, M. invisa is very competitive against
upland rice and other short stature crops and
therefore cropping options would be extremely
limited if the species was encouraged.

In recent years, directed desiccant sprays,
mainly paraquat, have been used with increas-
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ing frequency in Northern Thailand to replace
hand weeding in maize and in the preparation
of land for cropping. Also, glyphosate is very
effective against the perennial grass I.
cylindrica. As labour becomes less and less
available and traditional systems gradually
change towards more commercially oriented
cropping in order to feed an increasing urban
population, the use of herbicides as part of an
integrated weed management system makes
sense. However, adequate training of all those
involved must take place to ensure safe and
effective application, as well as total absence
of risk to the population and environment.

In much of the Philippines, maize is the
staple upland crop and the use of the
mouldboard plough for inter -row weed control
is one of the most efficient methods practised
in Asia. Admittedly, land is not generally as
steeply sloping as in some other countries but
the design of the plough is superior to that
from other countries. After conventional land
preparation, maize is sown in rows across the
slope. At three weeks after emergence, an
operation called off - baring is carried out with
the plough, which turns the weedy sod away
from the crop row into the centre of the
inter -row, smothering the weeds growing there
as well. Three weeks later, the process is
reversed, throwing the soil mound from
between the rows back against the base of the
crop row in an operation called hilling -up.
Trained buffalo are needed for this inter -row
cultivation, but the method is quick, effective
and inexpensive with no adverse environmen-
tal effects. Also in the Philippines, small,
double -sided mini- ploughs, again drawn by
trained buffalo, are used in small stature crops.
One pass along the narrow row spacing is
usually sufficient and surviving weeds within
the row are controlled by hoes or small hand
tools (bolos).

Changing traditional methods of hand
weeding has proved to be very difficult. To
improve the operation in any way, row plant-
ing of crops seems to be essential. To achieve
this, a number of implements has been devel-
oped but, again, adoption has been slow,
indicating that design weaknesses are still
present. The Rolling Injection Planter (RIP) is,
perhaps, the most versatile of these, but soil
conditions still have to be right for it to
operate properly. Originally designed at IITA
in Nigeria, it can sow through mulch and into

cultivated or un- cultivated soil. Crop seeds are
metered into spring- loaded metal fingers
which open after penetrating the soil as the
wheel -like implement is pushed along by hand
(Figure 1). After crop establishment, the most
appropriate hoe from the different types
available (Dutch, rocking, single or
multi- pronged) can be chosen. Again, farmers
in many countries have not been exposed to all
of these, and so persist with their traditional
designs. Owing to the need for timely weed-
ing, crop yields might be improved by first
removing the bulk of weed growth (and hence
competition) from between the rows quite
quickly with an effective hoe. The more
tedious, time consuming task of weeding
within the crop rows could be carried out over
a longer period of time, with possibly less
competitive effect on the crop. More research
is needed on this aspect.

Lowland cropping systems
The most effective and widespread
non - chemical weed control method throughout
the tropics is the use of flooded conditions in
lowland rice cultivation. Most tropical weeds
cannot germinate under water nor survive
submergence, and therefore the 10 cm of flood
water maintained in rice paddies effectively
controls all but the aquatic weeds. For those
not familiar with rice growing, the crop itself
requires only a water - logged soil and the free-
standing water above the soil surface is present
purely for the control of weeds. However,
unfortunately, the required depth of water is
not always maintained to prevent the invasion
of terrestrial weed species. The soil surface of
the paddy may not be strictly level in its
entirety; allowing seeds to germinate and
plants to survive on the high spots. In addition,
during times of drought, or inadequate rainfall,
the surface water can dry up, exposing large
areas of the paddy to weed invasion. In these
situations, supplementary weed control must
be carried out and various methods, mainly
non - chemical, are used (often determined by
the particular method of growing the rice
crop).

a) Transplanted rice (TPR)
This method of growing rice is itself an
effective way of controlling weeds. Seedlings
are grown for one month or more in nursery
beds, where little space per plant is needed for
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optimum growth, and then transplanted into a
weed -free environment, where rapid growth
and standing water prevents all but the most
determined of weeds. In traditional systems,
rice seedlings are transplanted randomly
throughout the paddy which permits the use of
manual weed control methods only, such as
hand pulling and treading into the mud; very
time consuming where aquatic weeds and
inadequate water control prevail. More
recently, line planting has been encouraged so
that crop density can be optimized and rotary
weeders used between the rows. There are two
main types of rotary weeders available. One
from Japan (Figure 2) has two rotors in
tandem, each having six rows of curved metal
fingers to incorporate seedling weeds into the
mud when the implement is pushed backwards
and forwards. The IRRI Cono Weeder consists
of two conical shaped metal rotors in tandem
with axially mounted metal blades, which
create more soil movement with less energy
input than the Japanese model. Indonesia and
India have also modified this basic design in
different ways. Also, both multi -row and
power driven versions are available, but these
are difficult to manage unless the operator is
very skilled and the crop uniformly spaced.

b) Wet- seeded rice (WSR)
To avoid the labour intensive operation of
transplanting, wet seeding of rice has been
promoted in some countries. This involves
sowing pre - germinated seed, either broadcast
or in rows, on to the surface of well - puddled
soil. Weed problems are, of course, greater in
this situation, as flooding cannot occur until
the rice seedlings have established. Where
crops are broadcast, higher seeding rates are
used to increase competition against weeds,
but even so hand weeding is still necessary. If
the crop can be planted in rows with an IRRI
Drum Seeder, the rotary weeders described
above can be used extremely effectively and
produce a high yielding crop with minimal
labour inputs. The drum seeder (Figure 3)
consists of four metal drums with holes drilled
in each end to meter the seed out as they
revolve on a common axle. It has two flotation
skids and a centrally mounted ground wheel
with paddles which drives the drums as it is
pulled along. Eight rows can be sown at a
time. One disadvantage with wet - seeded rice,
apart from the higher incidence of weeds, is

that it occupies the land for four to six weeks
longer than TPR and this may result in a lower
cropping intensity (i.e., fewer crops in one
year).

c) Dry - seeded rice (DSR)
This method of growing rice also avoids the
high labour input of transplanting and suffers
increased weed problems to the same, if not
greater, extent as wet- seeded rice for the same
reasons. However, it has one major advantage
over wet - seeded rice in that the land does not
have to be puddled before sowing. This means
that the crop can be sown at the correct time
each year, even if the normal rainfall has not
occurred. However, sufficient rain is necessary
to permit cultivation for the control of existing
vegetation (usually grasses which have been
grazed by cattle during the dry season) and to
establish the crop. Seed can be sown by either
broadcasting, dibbling or the Rolling Injection
Planter described earlier and a crop established
under dry conditions in much the same way as
upland rice. Weed control can be achieved by
hand weeding, hoeing between rows if line
planted, herbicides or by flooding if the rains
eventually arrive. In Cambodia, the field is
actually ploughed again after crop establish-
ment to suppress the weeds and the rice plants
recover to produce a high yielding crop. Dry -
seeded rice is recommended for at least part of
each farm in areas which are subject to
unreliable rainfall, mainly because it guaran-
tees some rice production in dry years when
none would be possible by transplanting or
wet - seeding.

Another method of weed control being
attempted in this situation is to sow a mixture
of mungbean and rice seed together. Both
species germinate, but the broad leaves of the
mungbean shade any weed seedlings or
rhizomatous grasses which might have escaped
the effects of cultivation. Weed suppression
continues until flooding occurs which kills the
mungbean plants by water logging, but
promotes the growth of the rice. If dry condi-
tions continue, the mungbean crop only is
harvested, as the rice dies from competition.
Although this approach is novel and may
provide some insurance against unfavourable
conditions in some years, the production from
such a system is likely to be highly discounted
in the majority of seasons. For this reason I
believe it is better to avail ourselves of the
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benefits of new technology which should allow
one crop to be grown with greater certainty
than to adopt this multiple crop approach.
While this paper is about non chemical weed
control, the potential use of herbicides for
particular weed control operations is particu-
larly appealing. With time and labour con-
straints always present in the agriculture of
developing countries, significant benefits are
available if labour saving activities can be
introduced economically.

Zero tillage rice production is one such
innovation. At the start of the rainy season, the
grazed vegetation on paddy land is sprayed
with glyphosate and pre germinated rice seed
sown immediately by either dibbling or using
the Rolling Injection Planter. The correct
depth of sowing and absence of compaction
above the seed are important in determining
successful emergence. Subsequent weed
problems in the crop depend on the time which
elapses before sufficient rain falls to permit
flooding of the rice fields. The later this
occurs, the greater the opportunity for terres-
trial weed species to establish and the need to
control them by either hand hoeing as in an
upland crop or by selective post- emergence
herbicides.

d) Dry season crops
In irrigated lowland, short- duration legume
crops such as soybean or peanut are often
grown after rice. These are irrigated on a
weekly basis usually and, therefore, both this
and the time of year affects the weed species
encountered. Although not a lot is known
about the ecology of these weeds, the simplest
and most effective method of control for
soybean crops is to spread rice straw over the
soil surface of the paddy and then burn it. The
field is then irrigated and the soybean seed
sown by dibbling with planting sticks. If a
good burn had been achieved, few weeds
occur in the crop and canopy closure is rapid.
A disturbing revelation in Northern Thailand
was that farmers did not regard weeds as being
competitive unless they grew higher than the
soybean plants. In these situations, Digitaria
spp. caused serious loss of production.

Peanut crops are grown on raised beds after
intensive cultivation to prepare the land and
the resulting severe weed infestations are
controlled by hand weeding with hoes or
smaller implements.

Another aspect of dry season legume crops
is the severe decline in soil organic matter
over the years and the effect this has had on
both crop yields and associated weed flora.
The ecology of paddy land is such that only
rice can be grown during the wet season which
restricts the growing of other crops for main-
taining soil fertility to the dry season. The
short duration crops discussed above contrib-
ute little, if anything, to soil fertility as their
vegetative growing period is so short. Long
duration, deep- rooted legumes are required to
tap the moisture reserves deep in the soil
profile and to survive the long dry season
which occurs in much of S.E. Asia. The most
promising of these are lab lab bean (Lablab
purpureus) and pigeonpea (Cajanus cajan). In
an experiment in Cambodia, these grew for six
months without any rain at all after being
planted into moist soil in weed -free rice just
prior to harvest. Rapid growth of the legumes
under the warm, sunny conditions at that time
of year precluded weed growth, although a
new weed species which can adapt to this
change in cropping systems may well emerge.

Socio- economics and development
The impact of socio- economic factors will
continue to have a critical influence on the
development of rural areas. Over the years, all
sorts of technology, including various weed
control methods, have been introduced in an
attempt to increase production and improve
the quality of life for rural people. Unfortu-
nately, not all of these have been successful
and some rural societies are now much worse
off than before, with a degraded environment
and large farm debt, e.g., in N.E. Thailand.
This has resulted in a distrust of new technol-
ogy, particularly amongst older members of
the population who can still remember when
producing enough food for one's family was
not difficult and borrowing money to buy
inputs for a commercial crop was not even
contemplated. In addition, the labour shortages
referred to earlier are becoming more common
and this puts an even greater burden on those
family members left on the farm. An increas-
ing amount of food is needed for the growing
urban societies and governments tend to keep
the price of staple crops low so that low
income workers can afford them. In some of
these countries, the lack of foreign exchange
and research capabilities prevents the develop-
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ment of technical solutions to certain produc-
tion problems, such as weed control, and
therefore there is total reliance on
non - chemical weed control methods.

The judicious use of herbicides in an
integrated weed management system is a
sensible option where labour is limited and
food production has to be increased. However,
within the environmental movement, herbi-
cides are usually linked with pesticides with
regard to human and environmental health
risks, and thus there is considerable danger
that potentially useful interventions to solve
certain production constraints will be pre-
vented owing to this misunderstanding. Many
non - government organizations (NGO's) which
have developed effective methods for working
with rural people in developing countries,
unfortunately have little knowledge of

bio- technology. Instead of encouraging
objective field testing of new technology with
the villagers concerned, they opt for a return to
traditional methods which are no longer
appropriate. This approach deprives the very
people they are purporting to help, and there is
a pressing need to find a way of developing
effective technology for the benefit of agricul-
ture and the rural people, as well as educating
those in the position of implementing it. Some
government organizations have the means to
develop improved weed control practices but
lack effective methods of extending them to
the rural community. Somewhere out there
communication has to improve so that the
people, agricultural production and the envi-
ronment can benefit from a more integrated
approach to weed control.
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Figure 2 Single row Japanese Weeder Figure 3 IRR! Manually drawn wetland drum
seeder


