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Summary
The primary concern of humans has shifted
from whether there will be enough food to
feed the world's population to how to
produce enough food over time without
adversely affecting the environment. One of
the requirements for sustainable food
production is that soil, a non - renewable
natural resource, be protected from degra-
dation. Weed management systems that
reduce soil degradation are needed now to
minimize environmental hazards. An
example of such weed management systems
is integrated weed management (IWM)
defined as how all available knowledge in
weed science is used to manage weeds that
they do not cause economic loss to humans
and do not adversely affect the environ-
ment. Examples of IWM models are live
mulch, in -situ mulch, and systems based on
legumes and non - legume plant species. In
the tropical environment, the driving force
for all the IWM systems is a soil
microenvironment that approximates the
natural bush fallow; one in which organic
matter is restored rapidly, weed pressure
and erosion are minimized, and soil fertility
and other soil properties are maintained.

Introduction
Food production has always been a primary
concern of humans. What appears to change
with time is the way humans go about this.
task. In the past, the focus of world food
production strategies was on producing enough
food to meet the needs of a growing world
population. Recently, the food production
focus has been widened to include considera-
tion for a safe environment. Although Treitz
and Narain (20) noted that `the most serious
problem during the next century will be to
feed people without destroying our natural

resources', the problem of how to protect our
natural resources is right now with us. While
the developed countries, using advanced
technologies have achieved food surplus, often
at costs to environmental quality, the develop-
ing countries are saddled with food deficiency,
over - population, and degradation of their
fragile environments. Imbalance in world food
production and technological development has
divided the nations of the world into two
groups, the `haves and have nots'. A common
problem to both rich and poor nations is how
to best conserve natural resources. In practice,
this means how to establish and operate
systems of sustainable agriculture.

The FAO Technical Advisory Committee's
(TAC's) definition of "sustainable agriculture"
states that it "should involve the successful
management of resources for agriculture to
satisfy changing human needs while maintain-
ing or enhancing the quality of the environ-
ment and conserving natural resources" (19).
This reflects current thinking on this subject .
Agricultural sustainability is a complex
concept and as Carter (9) has noted, the
concept has social, ecological, economic, and
emotional connotations. Various organizations
faced with the problem have tried to narrow it
down to issues that can be quantified. Accord-
ing to Harwood (11), the dimensions of
agricultural sustainability range from mainte-
nance of genetic resources, through social and
economic stability, to minimizing environmen-
tal pollution and use of industrial outputs. For
biological scientists, agricultural sustainability
refers to ecological sustainability in the first
instance. This, in effect, means conserving and
replenishing resources in such a manner that
agricultural productivity continually keeps
pace with increasing human needs. Therefore,
the task before us as weed scientists is to find
our rightful place in the sustainability frame-
work. That is, to identify how to manage
weeds so that the quality of our environment is
preserved and natural resources are not
irreversibly degraded.
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The need for sustainable agriculture
appears to be greater in the humid tropics than
in other parts of the world. Because of climatic
extremes and highly weathered acidic soils,
unfavourable conditions for crop production
are created in these areas. These factors,
together with high human population,
overgrazing, deforestation, urbanization and a
poorly developed technological base, have
combined to produce agricultural systems that
are high in resource depletion. The first step,
and perhaps the biggest challenge, in solving
problems of agricultural sustainability in the
tropics is to understand the farming environ-
ment, its physical and socio- economic dimen-
sions, and the production systems for different
crops. A necessary second step is to assist
farmers identify technologies that can be used
to produce enough food for their growing
population while conserving the natural
resources. This paper, focuses on integrated
weed management techniques that contribute
to a reduction in soil degradation.

Weeds in the natural environment
The natural resources of most places on earth
are water, soil, biota (plant and animals), and
climate. Labour, markets and culture are
among the additional resources necessary for
agricultural enterprises. In terms of resource
need and use, no other crop pests share the
intimate association that weeds have with
crops. Weeds compete with crops for water,
nutrients, air and light; are important compo-
nents of our agricultural systems, and are
subject to the evolutionary influences that
affect crops and animals. Because their
removal is interference with nature, a first step
is to identify weed control methods that will
not contribute to soil degradation or adversely
affect environmental quality.

A plant is a weed either because it inter-
feres with human activity and/or welfare, or
because it occurs spontaneously in
human- disturbed habitats (5). Weeds are
therefore part of a dynamic agroecosystem.
Since soil is an important non - renewable
component of this system, sustainable agricul-
ture requires that soil conservation practices be
used in crop production activities. Land and
crop management practices, such as clean
weeding, that expose soil to erosion or in any
way degrade it will be inappropriate för
sustainable agriculture.

From weed control to weed science ,,
There is hardly any documented infòrmátion
on the history of weed science. Zimdahl (25),
writing on this subject, noted that weed
science has a brief and varied history com-
pared with entomology or plant pathology.
This brief history has been dominated by the
technological achievements possible as a result
of herbicide availability. While weed science
has made its contribution to food production
with relatively little need to study or under-
stand the biology of weeds, the other disci -
plines had some information on the biology,
and ecology of their pests before grappling
with control of these pests. The present need
for an environmentally conscious public is
weed control strategies that will minimize soil
degradation, and thus contribute to a sustain-
able agricultural system.

To satisfy demands by farmers, weed
scientists took up the challenge to provide as
weed -free an environment as possible for all
crops. Both weed scientists and the .

agrochemical industry responded to this
demand by extensively researching herbicide
use. The continuing demand for cleaner fields
and more efficient methods of weed control,
and in some situations weed eradication, have,
left little time for comparable research invest-
ment in weed biology and ecology. Conse-
quently, weed control has been seen as a
component of agriculture, rather than as a
balanced scientific discipline in which biology
and ecology was studied in relation to control.

The fact that weeds and crops share
identical natural resource needs, and make
identical demands on the soil, ought to be a
source of concern to those who seek to apply a
weed -free doctrine. Weed -free crop fields may
be aesthetically desirable, but they predispose
the soil to erosion, especially before the crop
develops full canopy cover. Meyer et al. (17)
noted that one metre of rainfall falling on one
hectare of exposed tropical soil in the humid
tropics, would have a mass of 10 million kg
and fall with an impact energy of 200 -300
megajoules as trillions of raindrops with an
average diameter of 1 -3 mm and an impact
velocity of 9 m sec-'. These figures give an
idea of the risk exposed arable fields face
when complete weed control is achieved,
especially in crops that do not develop full
canopy cover for most parts of the growing
season. Weed -free crops give their best
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economic yield if also fertilized and protected
from insects and diseases. However, if the soil
in which crops grow is not protected, the top
soil may be washed away over time, become
degraded, and thus yield sustainability will
become uncertain. Weed scientists should
advocate that weed control practitioners adopt
weed management strategies that embrace
crop protection and production. An example of
such an approach integrated weed manage-
ment to minimize soil degradation.

Integrated weed management techniques
Integrated Weed Management (IWM) refers to
the utilization of available weed science
knowledge to manage weeds so that they do
not cause economic loss nor adversely affect
the environment. The need to understand the
biology and ecology of weeds, their interac-
tions with crops, the impact of environmental
factors on their association with crops as well
as their association with other organisms in
their shared habitats, have led to interest in
IWM. Implementation of IWM should involve
strategies the components of which have been
carefully selected, field- tested in selected
ecologies, and adapted to the needs of the
farmers who will use them. Also, they must fit
into a crop production system attractive to
farmers.

Soil degradation can be reduced by inte-
grating techniques that minimize erosion, add
organic matter to the soil, provide a favourable
environment for microbial activity, and
suppress weeds. These can include no- tillage
weed control, live mulch (living mulch),
in -situ mulch and the use of herbaceous
legumes and non - leguminous cover crops.

IWM in the humid and subhumid tropics
When tropical rainforests are cleared and
brought into cultivation, there is a rapid
deterioration of soil organic matter status and
nutrients and the water retention capacity of
the soil is reduced (14). Research information
gathered over the years in the tropics shows
that the essential principle to prevent soil
degradation is to maintain a cover of organic
matter on the topsoil. Integrated weed manage-
ment techniques are sought in the tropics to
arrest such post- clearing changes. The IWM
methods under investigation have soil fertility
and conservation as underlying considerations.
Some methods which involve the use of

legumes add nitrogen to the soil, return
organic matter and improve soil properties.
The following IWM models have shown
promise in the tropics.

Model 1
A perennial legume cover crop system
This model is built around a cover crop
(preferably a perennial herbaceous legume)
that provides ground cover to discourage weed
seedling establishment, mulch to smother
weed seedlings, rapidly add organic matter to
the soil, reduce soil temperature, promote
earthworm activity, and fix and release
nitrogen to the associated crop. The cover crop
should be deep - rooted to minimize competi-
tion with the crop, and should not climb on or
smother the crop. The perennial cover crop
should occupy the field after crop harvest and
during the subsequent fallow period. The
legume cover crop is often maintained as a
living mulch and crops planted in rows made
by killing strips with a contact herbicide or by
a mechanical method. The system is appropri-
ate for most row crops that can be grown in a
no- tillage system, and in places where mois-
ture is not a limiting factor. Legumes adapted
to a given agroecological region should be
selected and field - tested before large -scale
on -farm studies are undertaken. Researchable
issues include legume selection for adaptation
to the system, interaction of selected legume
cover crops with field crops and population
dynamics of the pests and diseases associated
with the system.

Model 2
In -situ mulch based system
This system could be a grass, legume or grass/
legume mixture. The grass or legume is
typically an annual that, in the tropical
agroecological zones, dies during the dry
season. Mulching is produced in -situ from the
dead vegetation of the cover crop. An advan-
tage over Model 1 is that there is no competi-
tion between the crop and cover crop. Another
advantage is that it is applicable to a wide
range of crops and cropping systems, ranging
from no- tillage And conventional tillage
systems, to ridging or the making of mounds.
A disadvantage is that there could be manage-
ment problems with volunteer cover crop
seedlings. Researchable issues needing
consideration are similar to Model 1.
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Model 3" =

A system based on legumes with erect
stems
This is based on a legume, annual or perennial,
with erect stems. The legume should be
fast - growing, a good biomass producer and
able to develop a canopy cover quickly to
smother weeds. The legume should fix nitro-
gen. Two systems based on this model are (i)
herbaceous legume, and (ii) tree legume, for
example, alley cropping. The erect herbaceous
legume can be interplanted with a crop or crop
mixtures which develop to give a multi - storey
canopy. Crops can also be grown in rows in a
no- tillage system or on ridges. Another option
is to grow tree legumes as hedgerows with
crop plants in the alleys. Cropping pattern is
flexible in this model.

Model 4
Non - leguminous cover crop
An arable crop is interplanted with the cover
crop in a weed -free seed -bed. The cover crop
should be fast - growing and able to develop
canopy cover at ground level to totally shade
the soil surface. It should not root at all nodes
so as not to become competitive with the crop.
Since the cover crop does not produce nitro-
gen, it should have known value to farmers in
order to be acceptable to them. Soil conserva-
tion is achieved by reducing weed control to
one hoeing followed by canopy cover.

It should be pointed out that the models
described above have been discussed with a
bias for the tropics. In the tropical environ-
ment, the driving force for all IWM systems is
to produce a soil microenvironment that
approximates the natural bush fallow; thus,
one in which plant biomass is rapidly produced
to restore soil organic matter, weed pressure is
minimized, and soil fertility and other soil
properties are maintained.

Since the reported value of live mulch in
arable crop production systems (1), there have
been several ways of utilizing herbaceous
legumes as live (or living) mulches in conser-
vation tillage systems in both temperate and
tropical agriculture. Hargrove and Frye (10)
reviewed the use of herbaceous legumes for
conservation tillage in North America and
concluded that incorporating them into
cropping systems could play a useful role in
agriculture for soil, water and energy conser-
vation. In the tropics, herbaceous legumes

have been shown to minimize soil erosion,
improve certain soil physical properties,' ',.
increase water infiltration, add organic matter
to soil and fix atmospheric nitrogen
(15,16,22). Examples of integrated weed
management systems that have reduce soil
degradation in tropical agroecosystems are
discussed below.

IWM with live mulch (living mulch)
Live mulch is a crop production technique in
which a food crop is planted directly into
living, established cover crop without tillage
or destruction of the fallow. vegetation (1). It is
an example of a Model 1 system. Results of
studies carried out at the International Institute
of Tropical Agriculture (IITA) with centro
(Centrosema pubescens Benth) and psopho
(Psophocarpus palustris Desv.) show that live
mulch suppresses weeds (Table 1), prevents
erosion, reduces weed seed population in the
soil (Table 2), adds organic matter to the soil
(Figure 1) and reduces the need for nitrogen
fertilizer (Figure 2) in crop production
(3,7,18). One of the bottle -necks in the use of
this technique is the tendency of both centro
and psopho to smother the crop. An alternative
approach is to identify a creeping legume that
will not smother crops. This need was met by
introducing Pseudovigna argentea (Willd.)
Verdc., a legume which does not readily climb
on stakes.

Results of a live mulch field study with this
legume show that it suppressed weeds without
adversely affecting maize growth and grain
yield. In the first, year of the study(1990),
maize responded to levels of N- fertilizer
(Table 3). Such initial response of maize to
nitrogen in a live mulch system had been
reported earlier for psopho (2,3,18). Maize
population density in the live mulch at emer-
gence or crop harvest was not affected by .
either weeding or nitrogen level. There was no
significant difference in maize yield between
live mulch plots that were not weeded and
those that were weeded once or twice.

IWM with in -situ mulch
Use of dead mulch for crop production has
been practised for decades. In these mulching
practises, dead mulch was usually brought into
a planted field and used to protect the soil
from erosion, conserve moisture and smother
weeds. An improvement to this practice is the
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in -situ mulch system in which crops are
planted into the dead plant residue of a legume
cover crop. The effectiveness of this system
for weed control and soil conservation depends
on the thickness of the mulch and its decompo-
sition rate. Since it is grown in -situ, organic
matter contribution of the mulch is not limited
to the dead top growth of the cover crop but
includes the plant residue from the
below - ground parts and nitrogen fixed in its
roots. Legumes that have shown great promise
in this regard include mucuna (Mucuna
pruriens (L.) DC. var utilis (Wight) Burck),
tropical kudzu (Pueraria phaseoloides (Roxb.)
Benth.), centro, and psopho.

Mucuna pruriens var utilis is a herbaceous
legume that has been studied the most at IITA.
It has shown much promise for soil conserva-
tion in short- duration bush fallows (21,22).
One of the problems of mucuna as a fallow
species is that its volunteers tend to smother
crops following the fallow period. The severity
of the problem varies with the extent of
mucuna seed set during the fallow period and
with the type of crop that follows the fallow.
Volunteer mucuna is a problem in all arable
crops, but it is more difficult to manage if a
legume crop follows the fallow rather than
maize or any other cereal. This problem has
been partially overcome in Honduras by
planting the mucuna two weeks after the maize
or by pruning it several times before the maize
is harvested (8). Weed control by mucuna is
reported to be reduced when it is planted two
weeks after maize. On the other hand, pruning
is labour - intensive and only applicable to farm
sizes of 0.25 ha or less. An alternative method
for its management, and which will require
less labour, is the judicious use of herbicides
(6).

IWM with erect herbaceous legumes
The seed bank of annual weeds in soils is
continually replenished during the fallow
period that follows crop harvest. Since a
fallow period to replenish soil nutrients is
necessary for sustained crop yield in the
tropics (3), there is a need to identify improved
methods of bush fallow management. Use of
legume cover crops is an attempt to address
this problem. Another approach is the
interplanting of erect herbaceous legumes with
food crops to shade out weeds, both during
cropping and in the subsequent fallow period.

Results from such a study involving
interplanting Crotalaria verrucosa L. in maize
show that C. verrucosa planted not later than
two weeks after maize was effective in
suppressing weeds without adversely affecting
maize yield. Also, this species makes it
possible to reduce weeding frequency to once,
without the usual yield reduction found at low
weeding frequencies (Table 4). Beneficial
residual effects of crotalaria include (i)
reduced weeding frequency during subsequent
cropping, (ii) reduced demand for N- fertilizer,
and (iii) lower weed infestations in spite of
increased cropping intensity.

Alley cropping systems
Alley cropping is an agroforestry production
system in which food crops are grown in alleys
formed by hedgerows (12,13). The hedgerows
should preferably comprise legume species
that can fix nitrogen and be cut back a few
weeks before an arable crop is planted.
Typically, two prunings are carried out during
the growing season of most crops to minimize
shading and reduce competition with the
arable crop. When the crops are harvested, the
hedgerows are allowed to grow freely as part
of a fallow management practice. The choice
of a hedgerow species depends on the location
and farmer's preference. Table 5 shows
chemical properties of a sandy loam soil (0 -15
cm) after six years of alley cropping. Effect of
the alley cropping on water runoff is shown in
Table 6. Weed control in this system consists
of weed suppression by the hedgerow canopy
during the fallow period, smothering of weeds
by the prunings left as mulch on the soil
surface, possible effects of leachates from the
decaying mulch on the growth of weed
seedlings (4). This system not only controls
weeds, but reduces soil degradation through its
beneficial effects on soil physical properties,
organic matter maintenance, erosion control
and nutrient recycling (12,23,24).

IWM with non - legume cover crops
Two of the desirable features of cover
crop -based IWM systems are the ability to
smother weeds, thus preventing weed seed
production, and the return of organic matter to
soil without adversely affecting crop growth.
In most parts of West Africa, farmers grow
"Egusi" melon or bitter melon (Cucumeropsis
mannii, Naud.), a spreading herbaceous plant



Proceedings of the First International Weed Control Congress, Melbourne 1992 283

widely grown for its seed. It is grown at wide
spacing to maximize fruit size. Studies at IITA
and elsewhere show that crops such as maize
and cassava interplanted with "Egusi" melon
need to be weeded only once within the 2 -3
weeks after planting if the melon is grown at
densities of 20,000 plants ha -', instead of 2 -3
times in its absence. Ground cover provided
"Egusi" suppresses weeds until the melon is
harvested, by which time the crops have
developed a canopy cover of their own. This
package fits into Model 4 discussed above.

Fallow management
One of the most widely used methods of
controlling weeds in traditional farming
systems is to allow arable land to revert to
natural vegetation (bush fallow). Under such
circumstances, natural selection shifts the
balance towards perennial plant species
including trees which then become the domi-
nant species. Such a system suppresses the
growth of herbaceous plants, including weeds.
Given enough time, up to 10 years in the
humid forest region, the weed seed population
is depleted to such a level that they are not
usually a problem in the year following forest
clearing.

An alternative fallow management system
is to replace the natural bush with a
fast - growing legume plant that can produce
biomass rapidly and simulate in a few years,
conditions that the natural bush fallow pro-
vides in 10 years. Research on use of herba-
ceous legumes in fallow management is aimed
at simulating most of the effects of a natural
bush regrowth in less time, but with most of
the benefits of the natural bush system. The
ideal herbaceous legumes for this type of
fallow management should (i) be easy to
establish and manage, (ii) be competitive with
weeds, and thus minimize the need for man-
agement during the fallow period, (iii) have
ability to use environmental resources effi -.
ciently, and thus produce biomass quickly, (iv)
not serve as an alternative host for crop pests,
(v) not compete with crops during the cropping
phase, (vi) be compatible with other farm
management operations and (vii) should be a
perennial that is able to withstand drought.
One of the on -going studies is to find a
possible role for herbaceous legumes in bush
fallow management. The driving force for,
such a management system is the presence of a

legume that is able to exploit enviro imentàl
resources more efficiently than weeds. Promis-
ing legumes for fallow management are
Pueraria phaseoloides and Pseudovigna
argentea. The former has the desirable aggres-
siveness once it is established, but requires a
weed -free environment for its early growth
and development.
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Table 1 'Grain yield of maize (t ha-1) as affected by weed competition and ground cover in live mulch `crop
production systems:

Effect of weed competition'

Ground Cover Weeded once. Weed free Unweeded Mean

No tillage 950 0 1600 -

2.5 1 2.78 1.61 2.30

Conventional tillage 690 0 2890 -

2.71 3.04 . 2.27. 2.68

Arachis 180 0 610 .

3.00 2.98 . 2.47 2.82

Centrosema . 80 0 360
3.39 . 3.51 2.65 3.18

Psophocarpus 0 0 360
2.93 3.00 . 2.83 2.92

L.S.D. (P=5%) between means:
within type of ground cover 0.58
between different types of cover 1.04
C.V

within type of ground cover 12%
between different types of cover 31%

' Weeds were sampled at crop harvest and their dry weight (kg ha') is shown in the top line opposite each
type of ground cover.

Source: (1).

Table 2 Effect of land management on weed biomass and weed seed population in soil in a continuously
cultivated Alfisol. .

Land management
Changes in weed biomass

1979 1982
(kg ha') (kg ha')

Weed seed
population in soil'
( %)

Conventional tillage 1211 1760 54

No tillage 1680 2250 57

`Centro' live mulch 1003 153 13

Psopho' live mulch 92 210 18

'Changes after four years of continuous cropping. Source: (3).
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Table 3 : Effect of Pseudovigna argentea on weed growth, maize yield component and grain yield (1st
season 19901

N-fertilizer
(kg ha'')

Maize grain yield (kg ha'')
Time of Weeding (WAP)

0 3 '3 +6 Mean

Weed biomass at crop harvest (g m'2).
Time of Weeding (WAP)

0 3 3 +6 Mean

0 599.5 2089.3 2209.0 1965.9 91.7 99.1 90.7 93.8

45 2281.8 2297.0 2636.8 2405.2 92.6 86.4 45.3 74.8

90 2698.3 2590.3 2772.8 2687.1 39.7 45.6 23.0 36.1

SE ns t164.3 ns t5.4

Means 2193.17 2325.5 2539.5 74.7 77.0 53.0

S.E. same main plot ns' ns

'WAP = weeks after planting maize
Main plot x subplot interaction = ns

Table 4 Residual effect of Crotalaria verrucosa on time of weeding and weeding frequency in a maize

Treatment
Previous'
weeding

Weeding done at3 Weeding
3 5 8 WAP frequency

Crotalaria WBM/C 1 1

tit
2

WF
1

1

o 1 1

0 2 1`
0 WF 1

2 WAM/C 1 2
2 2 2
2 WF 1

Sole M/C

Mainplot treatment in 1st growing
maize /cassava; WAM /Ca = weeks

2 Subplot treatment in 1989
Weeding done during 1st growing

season of 1989, WF = weedfree; WB M/Ca weeds before planting
after planting maize /cassava.

season, 1990, WAP = weeks after planting.
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Table 5 t` . Sóme chemical properties of the surface soil (0 -15 cm) at the start of the trial *.

Treatment
Organic
pH -1110

C
(%)

Bray- 1 .

P
(ppm)

Extractable
Exchangeable

K ,Ca Mg

(me/100g)

Without alley cropping
Tilled control 5.3 0.5 8.6 . 0.2 2.2 0.4
No-tillage . 5.4 ', 0.9 7.3 0.3 2.2 0.6

Alley-cropped
2-m Gliricidia 5.2 0.8 . 9.6 0.4 2.3 0.5
4-m Gliricidia 5.1 0.8 9.9 . 0.4 2.4 0.5
2-m Leucaena 5.1 0.9 9.8 0.4 . 2.6 0.5
4-m Leucaena . 5.1 1.1 9.4 0.5 2.8 0.6

*AIl treatments were sandy loam texture. Source: (12)

Table 6 Water runoff and soil loss under maize grown with and without alley cropping, and tillage from
March to July, 1988 (first season)

Runoff* Soil Loss
Treatment [(mm (percent of rainfall)] (t ha'')

Without alley cropping
Tilled control 66.0 (9.4) .. 6.18
No- tillage . 5.6 (0.8) 0.43

Alley- cropped
2 -m Gliricidia
4 -m Gliricidia
2 -m Leucaena
4 -m Leucaena

4.8
23.1

2.6
10.7

(0.7)
(3.3)
(0.4)
(1.5)

0.57
1.44.
0.17
0.82

Source: (12)



288 Proceedings of the First International Weed Control Congress, Melboúrne 1992

Reduction in organic carbon level (%)

0

Figure 1, Effect of ground cover management on organic matter changes in surface soil of continuously
cropped alfisols (2- years. cropping)

Figure 2 Effect of land management, N-fertilizer and cropping intensity on maize yield (2)


