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NO-TILLAGE WEE CCNTROL IN THE TROPICS 

I. Okezie :obundu
 

* Weed Scientist, International Institute of
 

Tropical Agriculture, IbMadan, Nigeria 

INTRODUCTION
 

Weed control is 
one of the most expensive aspects of crop production.
 
Many tillage practices and pieces of equipment have been developed over the
 
years essentially to control weeds in various crops, especially row crops,
 
resulting in varying degrees of weed control and soil corpaction. Reasons 
conrnonly given to justify tillaqe include a need to: improve soil structure, 
bury crop residue, and kill weeds. 
Man h-,, cultivated the land for nearly 
8,000 years (Alder, et a!., 1976) in pursuit of these objectives and to the
 
point where the detrimental effects of tillage on soil physical properties
 
can no longer be ignored. 

Concern over damage to soil structure resulting from various 
conventional tillage operations has led to interests in other tillage 
techniques such as minimum tillage, mulch tillage, and no-tillage. These 
tillage techniques have been listed in decreasing order with respect to the 
extent to which the soil is disturbed in the course of preparing the land and 
planting the desired crops. 
Cemical no-tillage practice differs from
 
conventional and other tillage techniques in that crop seeds are planted 
directly into chemically killed stubble or no moresod with soil disturbance 
than is necessary to insert the seed into the soil. This type of no-tillage 
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technique can he distinguished from the no-tillage traditionally practiced by
snalliholder farlm-rs of the tropics who usually solve the problem of preplant
fallow vegetation by a slash-and-burn technique, and dibble their crop seeds 
into the soil without tillage. The absence of a crop residue mulch
 
predisposes the slliholder fantser's 
 field to sone erosion albeit at a lower 
magnitude than is experienced when conventional tillaqe is practiced. 

NO-TILL CROP PR iUCUI(O IN THE 'I14-PICS 

Smal]iholder tropical farmers recognized the fragile nature of tropical
soils decades ago and contained the problem by ccubining the bush fallow
 
system of agriculture with small 
 farm sizes and use of light tools that
 
enabled 
 them to either dibble in seeds, or mak' small mounds for root crops

without the need to disturb the entire top soil. 
 The long fallow period

reduced dependence on chemical 
 fertilizer, herbicides, and insecticides.
 
Huwever, high human 
 population densities, clanging social values, and sheer 
econonic consideration have, in 
recent years, increased cropping intensity,

created a need for increased size,farm and placed euphasis on more efficient 
labor-saving crop production rmthods. 

Intensive cultivation of tropical soils has been shown to cause
 
irreversible deterioration in soil structure 
 (Nye and Greenland, 1960;
Pereira and Jones, 1954; Pereira, et al., 1958). 
 On the other hand, several
 
studies have shown that, with no-tillage techmiques, more intensive cropping

is possible in the tropics, especially if the no-tillage practices 
include
 
the use of crop residues (Couper, et al., 1979; 
 Juo and Lal, 1977; Macartney, 
et al., 1971). The advantages of no-tillaae crop production in the trooics
 
include a reduction in soil surface temperature, suppression of annual grass

weeds, increased water infiltration rate, reduced erosion hazard, maintenance
 
of soil structure, provision of orgmaic matter, and a more favorable
 
environment for biological activity in the soil 
(Akobundu, 1977; Jones, et
 
al., 1968; Juo and Lal, 1977; Il, 1974; 1975; 1976; Pockwood and Lal, 1974;
 
Verinumbe, 1981). 
 Most of these advantages can be derived if a crop residue
 
mulch is provided through the use of preplant herbicides. It is through
 
proper kill of the preplant vegetation that a plant res'due can be
 
established to protect the soil fin erosion as well as to smother weed
 
seedlings.
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PPOBI/I OF NO-TILL WE-D CCNIROL 

A pri-iry consideration in no-tillage crop production is weed ccntrol. 
In the tropics where weed growth is more rapid and technology less developed, 
weed maiagenxnt to%_rs above other considerations related to economic produc
tion of basic food crops. Ved rronagpjnent problems in no-tillaqe crop 
production range control offrom fallow vegetation, through management of the 
fallow vegetation residue, to choice of appropriate herbicides for specific 
crops. These problems are exzuilined in relation to the wajor ecologies in
 
which crop production is important in the tropics.
 

A. Prep]ant Veqetation M4anagcnxnt 

With few virgin forests left in the densely populated parts of the 
tropics, most crop production activities center around the short duration
 
bush fallows (2-4 year fallows). In the hutLid and subhumid regions, this 
fallow is a mixed vegetation of fast groving perennial broadleaves s'Ich as
 
Alchorneat spp., Combretum spp., Fiscus spp., 
 Hippocratea pallens, Newbouldia 
laevis, Dioscorea spp., Albizia spp., ELupatorium odoratum, and some merbers 
of the A-anthacea family. The perenmial grasses ccmxnnly encountered in
 
short term fallows in the tropical forest and derived savanna regions 
are
 
Panicum maximum (guineagrass) , Ctenium nc-'tonii, Pennisetum purpureum,
 
Andropogon tectorum, Loudetia arundinacEa, and Imperata cvlindrica. In the
 
savanna region, tussocky perennial 
grasses such as Andropogon, Hyparrhenia 
and Pennisetum spp. predominate. Thllese species possess a rer-irkable ability 
for regrowt]i after the dead top .gowth is incinerated. A necw flush of 
vegetative growth usually appears before the onset of rains. Other grasses 
include Digitaria scalarum, Cmyp)opgon and Sporobolus spp. The species 
richness of the different grasses varies with relief and microclimatic 

conditions.
 

Because the savanna is prone to fire during the dn, season, perennial
 
broadleaves tend to be_ those species that ableare to resume growth after the 
dry season flash fires. Coanion aiit)!ig these are Daniellia oliveri, 

Butyros~pemm pa-kii, Terminalia claucescens, Lophira lanceolata, Isoberlinia 
spp. and Acacia spp. According to Keay (1959), these species produce new 
vegetative shoots after forest fires and before onset of rains. These 
perennials have a well-established root system that enables them to grow 
vigorously, often more vigorously than the planted crop. Wile competition 

34
 



for nutrients may not be as pronounced as with annual weeds, the perennials 
may shade the crop, provide shelter for animal pests, and interfere with 
harvest operations. 

Various fallcAy veqetation manageirnt practices have been tried. 
Slashinq these perennials prior to cropping only sets them back, but does not 
prevent thmi frm-m reqrwing frcm basal Thestunps. regrowth interferes with 
crop harvestinq operations, an effect more severe in low growinq crops such 
as cowpea (Vigna catjang Walp.) and soybean kGlvcine max. Pierr.) than in 
maize (Z Dayr L.). Although paraquat has been successfully used for 
preplant veqetation coftrol in n-tillae farmiing in tenerate regions 
(Allen, 1974; Bachtlialer, 1974; Triplett, 1966) this herbicide cannot be used 

exclusively as a preplant herbicide in the tropics because it is not 
effective against percTial weeds. Although glyphosate is effective against 
a wide range of tropical w-eeds (annuals and perennials) , its high cost makes 
its use in a no-tillae packaqe urciiendcal for the production of most field 
crops. In addition, there are a few perennial weeds that are not controlled
by glyphosate. These include Talinum trianqulare Ficus exasparata, and 

Hippocratea pallens. ihe control of Ripatorium odorati-n with glyphosate is 
poor and often erratic. 

In order for no-tillage weed control to be widely adopted and practiced 
in the tropics, herbicides that can effectively kill the mixed vegetation
 
found in tropical fallwc lards must Ix identified. These herbicides should 
be cheap, leave no residue that will interfere with the establishment of the 
crop plant, and provide a quick 'knock-down' effect of the fallow vegetation.
 
Mhen a preplant herbicide fails to ccm)letely kill the target fallow species 
within 3 weeks after application, annual weeds will invariably reinfest the. 
field making it necessary for the fai=r to apply paraquat prinr to planting 
his crop to obtain the weedfree environment for germination and early seed
ling growth required by all food crops. 

Herbicides such as 2,4-D, dicamb.va, picloram, amitrole and dalapon have 
been screened recently at the International Institute of Tropical Agriculture 
(IITA) for possible use in no-tillage preplant vegetation control. To date, 

no product has been found that is free from residue carry-over effect on the 
crop as well as capable of acceptable perennial weed control. An ideal 
herbicide for no-tillage preplant vegetation control in the tropics is one 
which has systemic action, little or no soil activity, quick 'knock-down' 
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effect (phytotoxicity occurring within 2 weeks of application), low cost, and 
a broad spectrum of activity against both perennial broadleaves and grasses
 
(non-selective). It is unlikely that these attributes will be found in any
 
one herbicide.
 

A need exists, therefore, to consider herbicide mixtures or, where 
antagonism in action occurs, sequential herbicide application. Such a
 
proposition appears logical for glyphosate and 2,4-D. 
Greater phytotoxicity
 
in EuPtorium odoratum treated with 2,4-D alone at 1.0 kg/ha has been 
observed than when the weed is treated with a tank mixture of 2,4-D + 
glyphosate (1.0 2.0 kq a.i./ha). Similar observations on the antagonistic 
effects of 2,4-D on glyphosate have been reported by O'Donovan and O'Sullivan 
(19R2). 

B. Residue Management 

Whether suirface mulch per se, is a requirement for the success of 
no-tillage crop production, especially in the short run, is not clear 
presently. But the importance of crop residue in reducing soil erosion,
 
preventing direct impact of rain drops on the soil surface, restoring organic
 
matter to soil, reducing surface soil temperature, and smothering weeds is
 
well known (Baeumer and Bakermans, 1973; Bennett, 1977; Jones, et al., 1968;
 
Juo and Lal, 1977; Kannegieter, 1969; Lal, 1975; 1980; Meyer, et al., 
1970). 
In the tropics, crop residue levels vary from excess residue in the humid 
tropics, to near absence of crop residue in parts of the savanna and most of 
the sei-arid tropics. A number of factors that account for the scarcity of 
crop residue mulch in the savanna and semi-arid regions include excessive 
grazing, forest fire, sparse vegetation, and limited moisture. 

While the presence of a crop residue mulch has several advantages in
 
no-tillage crop production, excess plant residue has mny disadvantages. It
 
is difficult to plant crop seeds when the plant residue is too extensive. 
Excess plant residue smothers crop seedlings and also provides shelter for 
animal pests. In addition, studies have shown that crop residue mulch may 
intercept herbicides and reduce the efficacy of preemergence herbicides
 
(Addy, 1981; Erbach and Lovely, 1975). In a greenhouse study, Addv (1981) 
rer orted that maize stover mulch in excess of 5 t/ha (oven-dry weight basis) 
was found to intercept over 66% of the metolachlor that was applied broadcast 

on the soil surface. 
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Smallholder farmers have traditionally solved the problem of excess 
plant residue by burning the d residues. Tis action is a low cost method 
for gettinq rid of excess vegetation and also destroying weed seeds and 
anirntal pests. In thp Ultisols, such burning is known to increase soil pH and 
reduce the u*-ed for liming. Mtxerni no-tillage crop production involving use 
of herbicides for preplant vegetation control is yet to find a solution to 
the problem of excess plant residue. Such a solution should identify the 
optimum residue level necessary to achieve most of the benefits of crop 
residue mulch without the adverse effects of this mulch. 

In the savanna and semi-arid tropics where plant residue for mulch is 
very limited, studies show that- tie sparse surface mulch available is not as 
effective as cultivation in conserving noisture in the poorly structured 
soils (Nicou and Chopart, 1979). However, surface mulch could play a role in 
reducing erosion. Soime crops such as millet (Panicun miliaceum Linn. ), 
maize, aid sorghum are more effective than ot-hers (e.g., cowpea) in 
generating plant -esidues. In other parts of the semi-arid tropics, the 
increasing demand for crop residues such as groundnut (Arachis hvpoaea 
Linn.) stubbles for animal feed casts doubt on the p':ospects of crop residue 
mulch for erosion control in this reqJion. 

C. Herbicides for No-tillage Crop Production 

While no-t.illage crop prcxduction in temperate agriculture generally 
involves planting a crop either in the stubble of ' previous crop or in a 
sod, no-tillage in tropical agriculture invariably involves planting cropa 
in a bush fallow. Consequently, herbicide requiremrnts for preplant vege
tation control are different for the tv.) regions. For several years, para
quat has mnt nst of the weed control needs of the temperate no-till farmer. 
By contrast, the tropical fallcw vegetation predominated by perennial 
broadleaves and grasses requires a systeinic herbicide that has a broad
 
spectrum of action and that will not persist so long as to injure the 
farmer's crops. Th-is type of herbicide is not generally available in the 
tropics. Further, a herbicide should not readily leach through the soil 
profile and contaminate underaround water. This consideration is important 
because most inland waters in the tropics are potable water. 

The lack of an appropriate, ].c cost herbicide for control of the fallow 
vegetation is a major limitation to large-scale adoption of no-tillaqe
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systems in the tropics. Wlile a farmer with fields heavily infested with
 
Imerta cylindrica may be 
wil ing to nake a once-and-for-all investment to
 
rid his field of this rhizomatous 
 perennial weed by using glvphosate at rates 
of 2.9-3.6 kg/ha at a current cost of over U.S.$250 per ha, tJe same farn:r 
will bo unwilling to use glyphosatc regularly as part of a no-tillage herbi
cide package beca_.e of its high co,t. Tlhe reason why there are so few
 
alternatives for the tropical no-till 
farmer can be traced to the fact that
 
very few tropical weeds are included 
 in primary screening of herbicides 
during early testing of proprietary products. Consequently, herbicide use in 
tropical agriculture has centered on discovering new uses for products
 
developed, for example, for Avena (wild oat) in small
fatua L. control 
grains, or control of Xnthimn pensylvanicum Wallr. (cocklebur) in soybean in 
temperate agriculture. 

D. Animal Pest Problems in Nb-tillage 

Little research has been done to quantify damage by animal pests in 
no-tillage crop production in the tropics. However, insect, bird, and rodent 
damage has been observed to be greater in no-tillaqe maize than in a conven
tionally tilled crop. The presence of crop residue appears to favor insect 
damage in maize. Musick (1970) reported poor seedling emergence and 
increased insect damage of no-till corn. 
Damage by above-ground insects in 
no-till crop was confirmeid by Gregory (1974). 

The problem of pests and their control in no-tillaqe crop production was 
recently reviewed by Gregory and Poney (1979). The animal pest problems 
identified included insects, field mice, birds, and slugs. According to
 
these authors, killing fallow vegetation with herbicides destroys the natural
 
food source of field mice who then turn to crop seedlings for food, causing
 
serious damage. Control measures used in temperate aqriculture have emph
asized increased use of pesticides--a practice that may not be readily 
acceptable in the tropics. It is generally accepted, however, that insect 
management under no-tillage is difficult because of pesticide application 
problems. 

RECENT ADVANCFIENTS TN NO-TILL WEED CONTROL 

The widely acceptcd advantages of no-tillage crop production in the
 
tropics include reduced soil erosion, energy conservation, reduced soil
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compaction, reduced moisture loss thuouqh evaporation, inproved moisture
 
regime. throuqh increased infiltration, reduced soil temperature, and in
creased land use. 
 In order to derive these advantages, weeds must be proper
ly and more precisely cent rolled than in a conventional tillage system. A
myriad of weed problems tends to c()ii' icate wved control efforts. Perhaps
the greaLest ijqpxduhLIt to effective solution of weed problems in the tropics
is a shortage of imiaonrxer to deal with the challenge. There are only three 
institutions knovn to this author that- are deliberately working on weed
 
control in no-tillage crop pr(oductyion in the tropics. 
 These are the
 
International 
 Inst itute of ''repical Anricuilture, Ibadan, Nigeria, the joint
International Plant P:,Lection Center/Centro Agronc-ica Tropical de
 
Investigacion y Ensenanza 
 proxgr,-m] in Central America, and the research 
centers in W*st Africa coordinated by the Institut do Pecherches Agrononiques 
Tropicales, Montpellier, France. 

Although earlier reqx)rts by lidi (1980) include cassava (Manihot
utilissirwi Pohl.) among crops that can be grown in no-tillage, more detailed 
study by Akohundu (1]9i?) slkAs tiat: Ixth weed control and crop yield are
 
significantly poorer in 
 no-tillae than in conventionally tilled cassava.
 
However, the no-tillage systemn is applicable 
to grain legumes and cereals. 

Pdvances in no-tillage w(od control have occurred in two distinct
 
directions: (a) 
 chemica1; and, (b) hiocontrol. In the chemical no-tillage
 
system, effort on
has centered identifying suitable herbicides for preplant
weed control together with appropriate herbicides for preemergence weed
 
control. The currently used packages for maize 
 and ccaqlea weed control are 
listed in Table 1. 

For biocontrol, current research centers on manipulating herbacious
 
tropical lequnxos for weed control in food crops. 
One aspect of this research
 
has been the use of annual legumes, such as Mucuna utilis 
(mucuna), which
 
either can be interpla:- ed in maize or used as a fallow crop. The legume
dies off during the dry and nizeseason can be grown without tillage in the 
mulch left bv the mucuna. The mucuna mulch helps smother weeds and thus 
reduces the rate of herbicide needed.. One problem associated with this dead 
mulch system is the control of volunteer mucuna in the nmize. The presence 
of volunteer mucuna precludes growinq a ieqm-mr 
crop in this system.
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Table 1 

NO-TILLAGE ME11) C(\T!'I, PACW)GE FOR CC PEA AND MMTZE 

preplant herbicides
 

annual weeds 	 perennial weeds
 

Paraquat 1.0 kg/ha 	 Glyphosate 2-3 kg/ha 

Glyphosate 1.5 kg/ha fb 2,4-D 0.5-1.5 

kg/ha 

preomergence herbicides**
 

co pea 	 maize 
1. metolachlor 	 1. atrazine + mletolachlor 

2. metolachlor + metobromuron 	 2. atrazine + pendimethalin
 

3. metobromuron + pendimethalin 	 3. atrazine + alachlor
 

4. atrazine fb 2,4-D
 

*fb = follwed by. 

**Rate of herbicide varies with soil conditions and rainfall. 

Another biocontrol approach involves the live mulch system. In this 
no-tillage practice crop seeds are directly planted into a living perennial
 
legume mulch without tillage and without need for either preplant or preemer
gence herbicide. Maize production in tJhis system has been described earlier 
by Akobundu (1980). t

A comparison of crop production in conventional tillage,
 

no-tillage, and a live mulch system under continuous cropping conditions
 
shows that maize yield was greater in the live mulch and no-tillage systems 
than in conventional tillage under continuous cropping (Figure 1). High 
maize yield was obtained in the no-till crop through use of high rates of 
nitrogen fertilizer, while the live mulch cropping system produced a 
favorable crop yield at low nitrogen levels. On the other hand, maize yield 
dropped in the continuously cropped conventional tillage plots in spite of
 
high inputs in nitrogen fertilizer. The return of organic matter to the soil
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CONVENTIONAL NO - TILL LIVE MULCH 
TILL 

(PSOPHOCARPUS PALUSTRIS) 
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Figure 1. Effect of Land Managent, N-Fertilizer, and Cropping Intensity 

on Maize Yield (I.I.T.A., Ibadan, Nigeria, 1979 and 1980). 



in the no-till and live mulch systems is implicated in the soil conditions 
that favored better crop performance in these systems. 

CONCLUS ION' 

No-tillage crop production evidently ifis necessary the carrying
 
capacity of arable lands is 
 to be improved in the face of increasing human
 
population. In order to derive the bxenefits that are 
associated with no
tillage crop production, proper weed practices
nmanagement that incorporate 
weed control and reduction in weed seed population in the soil must be
 
developed 
 and made available to farwers. Although no-tillage has nxrit, it
 
must be recognized that its successful adoption requires skilled management
 
in order for the no-till benefits to be realized. 

Two approaches to no-tillage crop production in the tropics have been
 
suggested. A no-tillage system 
that depends on herbicides for its inplemren
tation, and an alternative system thait depends for its success on the use of 
mulch (living and dead) frn herbacious legumes. Effective transfer of these 
technologies to the farnter requires trained personnel to assist with the
 
transfer in developing countries. It also requires that he rbicides, 
 where
 
they are to be used, should be 
 available in consumer useable packages. 
Ultimately, the success of food production in the tropics requires
 
recognition of these constraints and a demonstrable willingness on the part
 
of researchers and policy makers in goverlrnt to solve the research, staff,
 
and infrastructural problems that directly and indirectly limit food
 

production.
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