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liT A Research Guide 11 

Mechanized minimum 
and no-till crop production 
for research farms 

Objectives. This guide is intended to enable you to: 

• di scuss t ill age systems; 
• di scuss disadvantages of conventiona l tillage; 
• describe minimum -tillage; 
• describe no·till systems; 
• li s t advantages and di sadva ntages of minimum! 

no·ti ll systems; 
• apply minimum-till age planting . 

Study materials 

• No-till planters. 
• Slides of conventional and minimum-ti ll age 

farming . 

Practicals 

• Compare conventional and minimum-ti ll age 
systems in the fi eld. 

• Practice minimum-til lage pl anting. 
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Questions 

1 What are the three categories of tillage systems in 
use today? 

2 What practices does conventional tillage typically 
involve? 

3 What are the principles which motivate minimum
tillage? 

4 Name examples of minimum-tillage practices. 
5 What tillage system is described as the most radi

cal of minimum-till system? 
6 What are the operations of no-till? 
7 What are the disadvantages of conventional tillage 

operations? 
8 Why do annual crops provide little early-season 

soil cover? 
9 How can you protect the soil when planting annual 

crops? 
10 What is the protective action of crop residues on the 

soil? 
11 How does minimum-tillage differ from conven

tional tillage? 
12 What is strip-tillage? 
13 What are the steps to follow in strip-tillage opera

tions? 
14 What is no-till? 
15 For what crops have no-till planting procedures 

been widely adopted? 
16 In what way does no-till offer savings to the far

mer? 
17 What are the limits with regard to slope in no-till 

planting in comparison to conventional planting? 
18 What are the special features of mechanized no-till 

planters? 
19 Why do no-till planters require more weight than 

conventional planters? 
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Abstract, Minimum-tillage has several advantages 
over conventional tillage. It is especially beneficial fOT 
tropical soils, which are easily ruin ed by conventional 
tillage operations . Minimum-tillage, strip-ti ll age a nd 
no-till farming can a lso save energy and labor costs . 
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1 . nil ... ., ...... . . 

Tillage systems are classified according to the number 
of tillage operations involved and the equipment used. 
In general, three categories of tillage systems in use to
day are: 

• conventional tillage, 
• minimum-tillage, 
• no-till. 

Conventional tillage. Conventional tillage includes 
plowing plus two to five secondary tillage steps. The 
number of operations performed in conventional till
age varies by crop and area. Conventional tillage steps 
are: 

• carrying out pre-plow operations (for example, 
shredding or dislting crop residue); 

• plowing to pulverize soil; 
• ridging or bedding to shape soil; 
• disk harrowing or field cultivating; 
• harrowing with tooth-type harrows; 
• using one- or multi-row cultivators (depending 

on crop, area, and weed problems). 

Minimum-tillage. Minimum-tillage (also call ed opti
mum-, reduced- , or economy-tillage) is motivated by 
several principles: 

• reduced ene rgy and labor inputs can bring 
higher returns; 

• conventional tillage reduces soil moisture and 
promotes soil erosion; 

• homogenization of the soil is unnecessary; 
• crop production does not depend on preparing a 

"clean field" (that is, no previous crop residues); 
• soil should be disturbed as little as possible. 
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Minimum-tillage practices include: 

• maintaining crop residue on the surface to con-
serve moisture and build soil organic matter; 

• reducing the number of passes over a field; 
• eliminating pre-plowing; 
• passing once (instead of several times) with 

secondary tillage equipment such as disks or 
spring-tooth harrows; 

• tilling strips for planting and leaving inter
row areas under residue; 

• increasing use of herbicides to replace cultiva
tion. 

No-till. No-till systems can be seen in two ways as: 

• the opposite of conventional tillage systems; 
• the most radical of the minimum-tillage sys

tems. 

No-till supports the principles of minimum-tillage by 
reducing tillage to only one operation: opening the soil 
for the seed at planting time. 

Conventional tillage is being used less and less world
wide. In the temperate, developed countries (especially 
the U.S.), farmers earn more from their production 
systems by reducing labor and energy costs through no
till farming. In the tropical, developing regions (for 
example, West Mrica), researchers and farm operators 
are adopting reduced and no-till systems as a response 
to the limited fertility of shallow topsoils, which are 
easily destroyed by conventional tillage operations. 
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2 Dludv_talle. of conventional tillage 

Conventional tillage employs many passes over a field 
with various soil-turning and soil-pulverizing pieces 
of equjpment: moldboard plow, disk harrow, spike
toothed harrow, and so on. Such conventional tillage 
operations have many disadvantages ; they: 

• leave a fme soil whjch is prone to erosion; 
• require expensive machinery and high fuel 

consumption; 
• contribute to compaction of the soil. 

In conventional tillage, land preparation methods in
vert the soil to bury any surface vegetation and crop 
residue. Land preparation is usually done by plowing 
with a moldboard plow and following up with one or 
more secondary tillage operations to prepare the seed
bed for planting or to incorporate herbicides or other 
chemicals into the soil. The well-worked soil is vulne
rable to erosion without the protection provided by the 
residue, especially during the early planting season. 

Annual crops which are planted at the beginning of the 
rains provide little early-season cove r because the 
plants a re small in the early stages of growth . 

Minimum-tillage systems provide needed soil protec
tion by maintaining the residue from previous crops. 
Crop residues produce a mulch that reduces moisture 
evaporation, the impact of rrundrops, and surface run
off. With minimum-tillage, plant residue is left in the 
field to protect against erosion from wind and water 
until the next crop is planted. 
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3 Minimum-tillage .,.tem. 

Improved machine design and better herbicides allow 
many of today's crops to be produced under minimum 
or no-till systems. These systems leave residue on the 
soil surface, thus minimizing erosion and maintain
ing soil moisture. 

Minimum-tillage_ Minimum-tillage operations differ 
from conventional tillage as follows: 

• pre-plowing operations are ehminated entirely; 
• plowing operations are reduced. For example, 

chisel plow or disk harrow is used to loosen the 
soil prior to planting. This may be the only til
lage operation before planting; 

• secondary tillage is reduced also, often to only 
one pass with a disk or spike-toothed harrow; 

• weed control is effected through the use of herbi
cides (for example, a pre-emergent herbicide 
applied during planting and herbicides applied 
at any time during the crop's growth), whereas 
conventional systems use tractors, animal trac
tion, or human labor to cultivate the soil around 
the plants for weed control. 

Strip-tillage. Strip-tillage is a minimum-tillage sys
tem in which the only topsoil to be tilled is a strip 10-20 
cm wide in which the seeds are planted. The following 
are the steps used in strip-tillage: 

• leave the crop residue standing in the field and 
slash it by hand or with a tractor-mounted 
rotary slasher (bush hog); 

• then spray the field with a knock-down herbi
cide to kill weeds and grasses; 
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• next, use a rotovator with most of the blades 
removed to till strips at spacings of 50 cm-1 m 
for planting the crop. These tilled strips are 
10-20 em wide and 10-15 cm deep. They provide 
a well-prepared seedbed for planting the crop 
without the danger of erosion. 

It may be possible to use an alternative to the rotovator to 
till strips through crop residue. A chisel ploW, for ex
ample, set to the width of a conventional planter might, 
under the right soil types and conditions, leave a seed
bed suitable for planting. More experiments with alter
native equipment are needed. 
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4 No-till .y.tems 

No-till planting procedures only require tillage to open 
the soil and place the seed. No-till has been adopted 
widely for corn, soybeans, and cowpeas . For example, 
com can be planted in the stubble from the previous crop 
or in a mulch of other cove.r crops which have been kill
ed by a herbicide. The practice is spreading to other 
crops, including small grains. 

Because it eliminates conventional tillage operations, 
no-till farming saves on energy and labor costs. Swit
ching from conventional to no-till, in fact , can save up 
to 75 % of the energy used for standard tillage. Part of 
the saving is reduced, however, because of the need for 
increased chemicals to control weeds and insects . 
Nevertheless, other benefits make no-till systems 
highly cost effective for producing crops. 

No-till planting can permit cropping of land too steep 
for conventional tillage. In the tropics, with shallow 
topsoil, a rule of thumb is that land steeper than 4 % 
slope should not be tilled . In such cases, no-till farm
ing - whether mechanized or manual is the only alter
native to terracing. 

Mechanized no-till planters have some special fea
tures: 

• they are heavier than conventional planters to 
enable them penetrate unprepared seedbeds; 

• they have special coulters to cut through surface 
residues. Fluted coulters prepare a seedbed ap
proximately 7 cm wide and 10-13 cm deep, while 
ripple coulters prepare a seedbed approximately 
2-4 cm wide and 10-13 cm deep; 

• their coulters are equipped with down-pressure 
springs to aid penetration ; 
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• their coulters are adjustable to provide the de
sired degree of tillage; 

• they have double-disk openers which open the 
soil and place the seed; 

• they have heavy seed-firming wheels which 
close the seed furrow and firm the seedbed. 

Use of no-till planters is increasing in planting a sec
ond crop immediately after the first crop. This reduces 
the time between harvesting and planting to provide the 
maximum growing season for the second crop. It 
reduces loss of soil moisture through evaporation, a 
result of conventional tillage. 

Admittedly, the mechanized no-till planter is a sub
stantial investment. Where the mechanized no-till 
planter is not available, two alternatives for research 
farms are: 

• Plant by hand using a jab planter. Slash crop 
residue with machetes, spray herbicides to kill 
all biomass, and plant by hand without any till
age. In countries where labor is inexpensive, 
this method may be practical. 

• Adapt conventional planters. Although little re
search has been done, standard tractor-drawn 
or animal-drawn mechanized planters might 
be modified to plant directly into non-tilled sur
faces. Fluted coulters could be added, extra 
weight applied so the coulters can penetrate the 
soil, and weight applied to the press wheels to 
adequately close the furrow. More discussion 
and experimentation are needed. 
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5 Advantage. and dl.advantage8 

Minimum and no-till systems have a number of 
advantages and disadvantages . Every farm manager 
and farmer needs to decide what system works best for 
histher situation. Minimum or no-till systems may 
not be suitable for all cases. Good management in
volves selection of the most appropriate system for par
ticular soil and climatic conditions and the selection 
and operation of appropriate equipment. 

Advantages of minimum and no-till systems a re: 

• Less energy and labor are required for tillage 
and planting. 

• Energy and labor in the total production process 
are reduced . 

• Fewer farm machinery is needed . 

• Water runoff is reduced, which is beneficial in 
two ways: more water is available for the crop 
and soil erosion is reduced . 

• Crop yields are equal to or better than under con
ventional tillage. 

• Planting times are more fleJcible . Planting can 
take place immediat~ly after a rain and there is 
no wait for tillage operations. In double
cropping situations (cowpeas after maize, for 
instance), harvesting, slashing, spraying, and 
planting can take place within a few days . 
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Disadvantages of minimum and no-till systems are: 

• Specialized planting equipment is needed, al
though there are the alternative options of hand
labor and modified conventional planters. 

• Herbicides such as paraquat must be used often 
and with accuracy. Application of a knock
down herbicide is critical since the farmer does 
not plow or till to control weeds and grasses. 
Herbicide application increases expenses to the 
point where herbicide costs may offset savings 
in labor and fuel. Application rates and time 
are critical. 

The first application must be early enough to al
low new weeds to germinate before planting. 

The second application of paraquat must coin
cide with application of the pre-emergent herbi
cide immediately after planting. 

• Weeds may persist after the crop is up and inter
row spraying of paraquat (or another product) 
may become necessary. Paraquat has a low LD 
50 and is dangerous to apply. 

• Applying herbicide and fertilizer is difficult 
due to the absence of rows or lines to follow. 

• Crop residue left on the surface instead of turned 
under by tillage may create more insect prob
lems, thereby requiring more insecticide. 

• Fields look untidy to a person used to seeing a 
tilled field. 
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• Land cleared with a shear blade will still have 
stumps at ground level. These may damage the 
planter if the planting is done at too high a 
speed. 

• If the ground is hard due to lack of rain, the 
planter may not be able to penetrate the soil. 

• Sometimes, it is difficult to cover the seed in a 
no-till situation. 

• Fertilizer is applied on the surface and not 
incorporated. A heavy rain immediately after 
application may wash the fertilizer away. 
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II No-tlll and atrtp-tlil planting for com 

• Approximately 10 days before planting apply a 
knock-down herbicide, i .e . paraquat, 5 I/ha for 
broad leaf weeds, or Round-up, 5 I/ha for peren
nial weeds and grasses. 

• Broadcast starter fertilizer on the su rface: 200 
kg/ha of 15 : 15 : 15 (NPK) before planting. 

• Mow the field using a rotary slasher after the 
herbicide has killed the vegetation. 

• In a no-till system, plant the crop seed in unpre
pared seedbed using a no-till planter. Suggest
ed plant population for corn: 50-55 000 plants/ha. 

• In a strip-till system, use a rotovator set up for 
strip tillage, then plant crop seed using a jab 
planter . 

• Withln 1-2 days after planting, apply a second 
treatment of paraquat at 5 I/ha plus a pre
emergent herbicide, for example, Primextra at 5 
I/ha . 

• If weeds become a problem after the crop emer
ges, use a backpack sprayer with a shield to 
spray paraquat between the crop rows. Be care
ful not to apply the herbicide to the crop. 

• Hope for rain . 
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8 Suggestion. for wlnera 

If you use this Research Guide in training ... 

Generally: 

• Distribute handouts (including this Resea rch 
Guide) to trainees one or several days before you r 
presentation, or distribute them at the end of the 
presentation . 

• Do not distribute handouts at the beginning of a pre
sentation, otherwise trainees will read instead of 
listen to you . 

• Ask trainees not to take notes, but to pay full atten
tion to the training activity. Assure them that your 
handouts (and this Research Guide) contain all rel
evant information . 

• Keep your training activities practical. Reduce the
ory to the minimum that is necessary to understand 
the practical exercises . 

• Use the questions on page 4 (or a selection of ques
tions) for examinations (quizzes, periodical tests, 
etc.). Allow consultation of handouts and books 
during examinations. 

• Promote interaction of trainees. Allow questions, 
but do not deviate from tbe subject. 

• Respect tbe time allotted. 
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Specifically: 

• Discuss with trainees experiences and importance 
of minimum- and no-tillage ( 10 minutes). 

Present and discuss the main points of this Re
search Guide using the study materials suggested 
on page 3 (45 minutes). Do not expand your presen
tation beyond the minimum necessary to conduct 
the practical exercises. 

• Conduct the practicals suggested on page 3 in group 
work; 3-4 trainees per group (y. day). Make sure 
that each trainee has the opportunity to practice. 
Have resource persons available for each group. 
Keep the groups busy. Provide shading and re
freshment. 
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International Institute of Tropical Agriculture 
Institut international d'agricufture tropicale 
Instituto Internacional de Agricultura Tropical 

(IITA) 
(IITA) 
(IITA) 

The Intemationallnstitute of Tropical Agriculture (lIT A) is an intema
tional agricultural research center in the Consultative Group on Intema
tional Agricultural Research (CGIAR), which is an association of about 
SO countries, intemational and regional organizations, and private 
foundations. IITA seeks to increase agricultural production in a sustain-
able way, in order to improve the nutritional status and well-being of 
people in tropical sub-Saharan Africa. To achieve this goal, IITA con
ducts research and training, provides information, collects and exchanges 
germplasm, and encourages transfer of technology, in partnership w;th 
African national agricultural research and development programs. 

L'lnstitut intemational d 'agriculture rropicale (IITA) est un centre in-
temational de recherche agricole, membre du Groupe consultatif pour la 
recherche agricole internationale (GCRAI), une association regroupant 
quelque SO pays. organisations intemationales et regionales e[ fondarions 
pnvees. L'IITA a pour objectif d'accroitre durablement la production 
agricoJe, afin d'ameliorer I'alimentation et Ie b;en--erre des populations 
de I'Afrique tropicale subsahan'enne. Pour atreindre cet objectif, I'IITA 
mene des activites de recherche er de formation, divulgue des informa
tions, reuntt et echange du materiel genetique et encourage Ie transfert 
de technologies en collaboration avec les programmes nationaux africams 
de recherche el cJeveloppement. 

o Instituto Intemacional de Agricultura Tropical (IITA) e um centro 
intemaclOnal de inves tigapio agricola pertencendo ao Grupe Consultivo 
para Investjg~ao Agricola Intemacional (GOAl) , uma associa~ao de 
cerca de SO paises, organtz~6es in lemacionals e reglOTlais e funda~6es 
pnvadas. 0 IITA procura aumentar duravelmente a prodU(:oo agricola 
para me/horar a alimentSfao e 0 bem-estar das popula~Oes da Afflca 
[ropical ao suI do Sahara. Para afcan~ar esse objetiva, 0 IITA conduz 
act;"';dades de mvestig~ao e rremamento. fomece informa~6es, reline e 
troca materialgenetico e favorece a transferencia de tecnologias en cola
bo""ao com os programas naclOllais afflcanos de mvestlga~ao e 
desenvolvimiento. 


