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Abstract 
FAO has been actively promoting conservation agriculture (CA) in sub-Saharan Africa since 2000.  
Technical cooperation projects have included an equipment component, principally using farmer-proven, 
commercially available implements for small-holder farmers.  The approach of FAO has been to form CA 
farmer groups of some 25 members each.  These have been formed along the lines of farmer field schools 
(FFS), and have been the focus for building capacity on CA concepts and practices. 
The CA equipment supplied includes implements powered by humans, draft animals and tractors and 
comprises: planters; sprayers; other herbicide applicators; knife rollers; and reduced tillage rippers. 
Training has been at several levels: directly with CA farmer groups; with lead farmers selected 
democratically by their groups; and with extension officers at village and district levels.  The methods have 
been essentially of a practical nature and courses have typically included extensive training of farmers by the 
trainees as a means of evaluating the effectiveness of the capacity building given.  The concept of farmer-to-
farmer training has been (and will be) given high priority throughout. 
Training methods have involved basic calibrations, of sprayers and planters, using easily replicable methods 
with a minimum of mathematical calculation.  Although training trainers must involve more detailed 
explanations and calculations than would necessarily be relevant to a wholly farm-family audience.  After 
calibration, practical work under real farm conditions has been a highlight of the programmes. 
Conclusions, based on course evaluations, farmer feed-back and on-farm use of the equipment have been 
extremely encouraging. 
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Introduction 
The potential for conservation agriculture (CA) to alleviate poverty, enhance rural livelihoods and protect the 
environment is so positive that FAO has embarked on a strategy of promoting the concepts in sub-Saharan 
Africa (SSA).  Since 2000, FAO, through its technical cooperation programme and through special field 
programmes sponsored by member countries such as Germany and Italy, has been introducing CA 
technology via pilot projects in Burkina Faso, Eritrea, Kenya, Mozambique, South Africa, Swaziland, 
Tanzania, Uganda, Zambia and Zimbabwe.  In the Asian region a similar programme is ongoing with pilot 
projects in PR China, North Korea, Bangladesh, Kazakhstan and Uzbekistan. 
 
The rationale of FAO’s interventions has been that urgent action is required to reverse the slide into further 
poverty and malnutrition.  Farm power has been shown to have a crucial role in increasing production and 
improving rural livelihoods (Bishop-Sambrook, 2003).  Human muscles still constitute the most important 
power source used in SSA – with some 65% of agricultural land prepared and weeded by hand.  This is in 
spite of attempts to increase the use of draught animal power (DAP) and tractors.  Productivity is low 
because there is only a limited range of (sometimes poor quality) hand tools; and also due to the lack of 
physical energy available.  If the situation was bad in the past, it has been exacerbated by the HIV/Aids and 
malaria pandemics (and other factors, such as rural – urban migration, especially of young people) which 
reduce the numbers of healthy people available for farm work.  And the future will be far worse than the 
present until the diseases are under control (FAO, 2003).  Many households respond to power shortages by 
scaling down their activities, reducing the area under cultivation and growing a limited range of less labour-
intensive crops.  They struggle to keep pace with the seasonal calendar, which results in delayed or 
incomplete operations in one season, with adverse effects in the next.  Food security falls, nutritional status 
declines, house hold members become more susceptible to infection and consequently are less productive.  
Households become increasingly vulnerable to external shocks, such as poor weather.  Their ability to 
recover and secure a living is compromised by the often irreversible strategies that they have adopted in 
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previous seasons to meet short-term needs.  The challenge, in part, is to identify and support opportunities 
which relieve the burden of labour shortages, and enable households to withstand better the shocks of labour 
depletion caused by migration, disease-related illness and death.  Indeed it may already be impossible to 
ameliorate a worsening situation.  The Millennium Development Goal of halving the proportion of people 
suffering extreme poverty by 2015 (World Bank, 2004) and the similar goal of the World Food Summit in 
1996 to reduce the number of starving people by half (FAO, 1996) are now unlikely to be unattainable in 
SSA until well into the 22nd century (UNDP, 2003)! 
 
Recent studies (e.g. Bishop-Sambrook et al. 2004) have confirmed that adopting CA can make significant 
savings in labour inputs.  This allows tasks to be completed in a shorter time and requires fewer people and 
fewer draught animals. 
 
However, CA is not only attractive from the labour saving point of view.  It is also capable of sustaining, 
even increasing, yields within a relatively short time frame.  CA also has a major impact on environmental 
protection.  It will reduce soil erosion to practically zero which will result in less soil degradation and cleaner 
water in rivers and dams. 

CA farmer field school groups 
In order for farmers to understand and learn about CA practices and concepts, the FAO pilot interventions 
make use of the farmer group or the so-called farmer field school (FFS) approach.  The FFS methodology 
has derived from the integrated pest management work of FAO in Asia.  The schools provide the farmers an 
opportunity to learn and to achieve greater control over the conditions that they face every day in their fields 
(FAO, 2002).  The main characteristics of the FFS are as follows (FAO/KARI/ILRI, 2003): 
 

�  Farmers ‘learn by doing’, i.e. they carry out for themselves the various activities related to a 
particular farming practice or concept they want to learn about (i.e. CA in the present case).  The 
communal field is the learning place: all learning is practically-based in the field.  The bigger FFS 
groups often work in smaller units in which they explore variations of treatments and farming 
methods in order to be able to compare the different possibilities and options in CA farming. 

�  The role of extension workers is very much that of facilitators and not so much that of teachers.  
Once the farmers know what it is they have to do, and what it is that they can observe in the field, 
the extension workers take a more back seat role and only offer assistance when asked to do so. 

�  Scientists and external subject matter specialists are invited to the group meetings on special 
occasions.  However the intention is that they work closely with farmers rather than simply 
providing a lecture.  It is a special feature of the CA pilot projects that so-called TCDC (Technical 
Cooperation between Developing Countries) experts with experiences from countries / projects in 
which the CA concept has been practised for many years, are invited to visit the farmer groups.  
They provide special guidance or special training (for example on equipment, cover crop utilisation, 
or the concept of soil cover). 

�  The curriculum is integrated.  The CA principles provide the overall framework.  However many 
aspects of farming are discussed, including some non-CA issues.  Ecology, economics, socio-
cultural and simple financial problems, and also special problems of individual group members, can 
be subject to discussion in these group sessions.  The objective of the group is to provide this type of 
platform to empower the individuals to cope through the support of the group. 

�  The meetings and the training follow the seasonal cycle.  It is a feature of CA that the period prior to 
and during planting is one of the most crucial times.  Consequently it is at the beginning of the 
season that the greatest attention and assistance are required for the farmer groups. 

�  The groups have regular meetings in the communal plot.  This enables the farmers to discuss and 
observe together.  The group meetings include training in communication skills and discussion 
methods.  Also the groups are encouraged to register themselves formally and to administer a group 
account.  In this way groups can become eligible for other resources as well (e.g. credit).  

 
The CA groups put special emphasis on encouraging all group members to apply the CA skills acquired in 
the communal plots to their own family farm plots.  In this way a high adoption rate is envisaged; sufficient 
to justify the provision of implements, inputs and training for each of the FFSs. 
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Gender roles 
It is crucial for the group building process and the group dynamics that, where possible, the group maintains 
a gender balance.  It has to be recognised that the majority of active small farmers in many rural areas of 
Africa are women and youth.  Consequently these sectors should be well represented in the groups.  Often 
the project facilitators have a role to oversee this during the group formation process.  CA projects introduce 
‘novel’ equipment and special inputs such as cover crop seeds and it is possible that some dominant leaders 
will make attempts to gain access and individual ownership to such new resources.  A gender-balanced 
farmer group process attempts to avoid such pitfalls (see FAO, 1998).  
 
Equipment hire or group ownership 
All FAO CA pilot activities to date have included a component that allowed the procurement of special no-
tillage equipment for either manual use, animal traction or, in suitable cases, for tractors.  This specialised 
equipment is currently only available from a few small-scale manufacturers in southern Brazil.  Therefore it 
is crucial that the implements being made available through the pilot projects do receive good management 
and care from the recipient FFS group members.  The FAO preferred solution is that the equipment is held 
under a group ownership scheme that grants equal equipment access to all members with no gender 
discrimination.  In practice, one or two group members do undergo special training, provided by the project.  
These trainees evolve as special equipment-operators.  Mostly they are the ones who also own the draught 
animals or the tractor.  However, equipment ownership remains with the group.  FAO requires that accurate 
reporting is done with regard to the usage, maintenance and storage of the equipment.  Often the owners of 
the required farm power sources will start asking for a commercial hire rate of the equipment and labour.  It 
could happen that there would be different rates for FFS group members and external neighbours.  FAO is 
encouraging the equipment hire as long as the FFS group members do have the first priority for access to it.  
Conflicts over equipment ownership and utilisation may occur, especially during the heavy demand period of 
the planting season.  It is again the task of a well-constituted and supported FFS group to resolve those 
conflicts in a constructive manner. 
 
In a separate effort, FAO is attempting to facilitate technical assistance between the Brazilian and potential 
African producers with the long-term objective of eliminating the time consuming and costly importation of 
CA equipment.  Instead it is envisaged that private sector driven joint ventures would ensure that the 
required equipment is produced by local manufacturers in the region. 
 

Technical (top-down)  CA messages versus farmers’ empowerment 
The CA pilot projects (and especially the ones that make use of the FFS methodology) are facing the 
challenge that, the pilot projects attempt to introduce a ‘new’ way of farming with relatively clear ‘rules’ and 
messages such as: (1) disturb the soil as little as possible; or (2) keep the soils covered as much as possible.  
What seems to be a contradiction - using a farmer empowering extension method combined with straight 
forward technical messages, - works out in practice to be a very powerful combination. 
 
The farmer groups are getting an opportunity to learn together about the new messages and to discuss 
problems that arise.  The broad CA message that is meant to be adopted by the farmers will get a chance to 
be locally adapted to the circumstances that are found in the farmers’ group plots or in the individual fields. 
 
Consequently, the implementation approach that FAO is practising: a mix between the top-down technical 
messages combined with technical training combined with the bottom-up farmer group and FFS approach, 
appears to be the appropriate way to introduce CA among smallholder farmers in SSA.  Moreover it can 
probably be said that, without an empowered and actively discussing FFS group, the long-term impact of the 
CA pilot projects would probably be in danger of being invisible or very small. 
 

CA equipment supplied 
Over the last 15 or so years, farmers, researchers and manufacturers in Brazil have been working on 
technology options for smallholder farmers that can make CA a realistic, practical and profitable option for 
crop production.  The following is a brief description of some of the technologies on offer in SSA. 



III WCCA, Nairobi, Kenya. October 2005 

4 

Direct planting 
Direct planters are available for the three important power sources available to SSA smallholder farmers.  
That is manually operated, drawn by draught animals, and also for mounting on tractors. 
 
The ability to penetrate the surface vegetation is a key characteristic of direct planters.  Crop residues and 
cover crops will have to be treated before planting.  This can be done by hand slashing, use of a draught 
animal or tractor drawn knife roller, or by spraying. 

Manually operated jab-planters 
Jab planters comprise hoppers for seed and fertilizer mounted on upright members (usually of wood) which 
are moved and controlled by two handles.  The heart of the jab planter is the steel beak that is closed to 
penetrate the surface vegetation and the soil.  Once in the soil, the beak is opened by operation of the 
handles, and extracted before closing and repeating the operation.  The beak is opened and closed by a 
scissors-like action of two handles (Figure 1), which also activates the seed and fertiliser metering 
mechanisms. 
 

 
Brian Sims 
Figure 1.  Jab planter for seed and fertiliser 

Draught animal drawn planters 
Several makes of DAP planters and fertiliser distributors have been used by farmers in Africa.  Some locally 
made machines are beginning to become available; but there is also a variety of commercially successful 
Brazilian planters recently introduced to the continent on a demonstration basis.  The simplest type is shown 
in Figure 2.  One essential feature is the vertical disc for cutting through surface residues. 
 

 
Josef Kienzle 
Figure 2.  Fitarelli DAP direct planter and fertili ser distributor 

Tractor mounted planters 
The tractor mounted direct planters available are multi-row machines and have a number (typically 3-6 for 
small and medium tractors) of seeding and fertilising units mounted in a cross beam (Figure 3).  The basic 
elements: vertical disc, seed and fertiliser hoppers, furrow opener and press wheels, are similar to those of 
DAP machines. 
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Josef Kienzle 
Figure 3.  Three-row tractor-mounted direct planter 

Spraying for land preparation 
�  Pedestrian-pulled sprayers 
Pedestrian pulled herbicide sprayers are usually based on standard back-pack sprayers which are fixed to 
some type of platform mounted on wheels, one of which actuates the pump (Figure 4).  
 

 
Brian Sims 
Figure 4.  Pedestrian-pulled 4-nozzle sprayer 
 
�  Herbicide applicators 
Herbicide applicators like the Zamwipe have recently become available in SSA and have good potential for 
CA on small-holdings.  Consisting basically of a small tank, supply pipe and sponge “wipe”, they can be 
used to apply systemic herbicide to inter-row weeds.  They also have potential for desiccating cover crops 
before no-till planting. 
 
�  Draught animal pulled sprayers 
Draught animal powered sprayers will have up to 10 nozzles (spaced at approximately 50 cm).  They can be 
hitched to one, or a pair of animals according to availability (Figure 5). 
 

 
Brian Sims 
Figure 5.  Draught animal pulled sprayer with an 80 litre tank and a 5 m boom 
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Other equipment introduced 

One of the key concepts of CA is the production and maintenance of permanent soil cover -  through cover 
crops and mulching, for example.  Crop residues and cover crops will have to be treated before planting.   
 
Sometimes the leap from conventional, plough-based, agriculture to CA may seem too great for the farm 
family.  In this case many different systems of reduced tillage have been devised on the premise that any 
reduction in soil tillage is a step in the right direction.  One such option is the chisel-pointed ripper which 
only disturbs the soil where the seed is placed.  Rippers may have seeder / fertiliser attachments on them so 
that they begin to resemble direct planters. 

Training in CA equipment use 
The training component of the FAO supported CA introduction projects is aimed at two levels; training of 
trainers and extension workers; and training of farm family groups.  At the beginning of the training, a solid 
grounding in CA principles and practices is given.  This is followed by several days of practical use and 
calibration of the CA equipment.  This practical training is important to impart a feeling of familiarity with 
the novel equipment.  The philosophy is that, only with a thorough knowledge of the mechanisms and 
adjustments of CA equipment (however simple) can future users gain the confidence needed to extract its 
full potential. 
 
The training in use and calibration incorporates the following major elements: 

Yoke length 
For single-row DAP direct planters to work correctly in the field, the length of the yoke is of fundamental 
importance.  The critical dimension is the length of yoke between the centre lines of the two animals.  As 
draft animals are trained to follow the previous furrow, or planting line in the case of CA, then the yoke 
length (centre to centre) must be twice the required distance between crop rows.  The actual length of the 
yoke will, of course, be some 60 cm longer than this.  For instance, for direct planting at a constant row 
width of 0.75 m, a yoke of 1.5 m centre to centre should be used. 

Hand-held jab planters 
If the jab planter delivers both seed and fertiliser, then both metering mechanisms need to be calibrated.  The 
farmer-operator has control over the inter-row spacing and the inter-hill spacing down the row.  Farmers are 
able to sight on a distant object and plant in a straight line whilst heading towards it.  They can then maintain 
the inter-row spacing by making reference to the marks left by the previous bout. 
 

�  Always ask the farmers for their preferences on: how many seeds per hill; the distance between hills; 
and the distance between rows.  Adjust the seed rate until farmers are satisfied. 

�  If appropriate (and certainly in the case of trainers) calculate the seed rates per hectare (or per acre) 
and compare with the extension advice. 

�  Fertiliser delivery can be calibrated in a similar manner.  Farmers’ requirements will be different for 
different crops, types of fertiliser and timing of application.  One way to illustrate the relationship 
between the amount of fertiliser and the number of seeds per hill is to operate the planter over a 
clean surface (hands are ideal) and to have farmers comment on the amount of fertiliser per two or 
three seeds. 

Animal drawn direct planters 
�  Select the correct seed plate for the seed that is to be used.  The seed plates are designed to be used 

with graded seed and this may not always be available to small-holder farmers.  If ungraded seed is 
used then variable numbers of seeds per hill must be expected.  Seed rates are determined by the 
gearing between the drive wheel and the seed metering mechanism, and this is different for each 
machine. 

�  To enhance understanding and familiarity with the planter, seed rates are measured statically and 
then confirmed by seeding over a sand track so that farmers can see the actual placement along the 
row.  For static measurements the circumference of the drive wheel must be known; it can be 
measured or calculated.  In the case of wheels that roll over the surface of the soil, the circumference 
can be calculated (p × diameter).  However, there will always be some skidding of the drive wheel 
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due to the resistance of the metering mechanism, although this is small on the big heavy planters.  To 
confirm the measurement, the planter is pulled over the ground to be planted and the circumference 
calculated by dividing the distance travelled (m) by the number of revolutions of the drive wheel. 

�  With the drive wheel raised clear of the ground, it is marked and rotated a known number of times 
(say 10).  This will simulate a forward distance covered of 10 times the circumference (around 15 m 
in practice).  The drive wheel should be turned at a constant speed equivalent to the speed of the 
oxen (about 0.8 m/second).  With the transmission gear to be used selected, the seed delivered in 10 
revolutions is collected in a plastic bag tied to the delivery spout.  The average distance between 
seeds can then be calculated by dividing the number of seeds collected by the effective forward 
distance covered. 

�  By changing the transmission gearing the average distance between seeds can be increased or 
decreased. 

�  Once the spacing has been calculated, then it is useful to have visual verification by pulling the 
planter over a sandy track and measuring the distance between seeds on the ground surface. 

�  Changes in seed rates can, of course, be predicted by counting the number of teeth on the drive and 
driven sprockets.  The ratio between the numbers of teeth and the inter-seed distance is a direct one. 

Fertiliser distribution 
Fertiliser application can be calculated on the basis of kg/ha (or kg/acre) in a way similar to that used for 
seed rates.  First the drive wheel circumference is measured (or calculated) and then the amount of fertiliser 
delivered with a counted number of wheel revolutions is collected in a plastic bag tied to the fertiliser 
delivery spout.  

Pedestrian and draft animal pulled sprayers 
These sprayers have a height adjustment on the booms.  Boom height is important to ensure even application 
of herbicide.  The correct boom height will depend on the height of the target (weeds or cover crop) and the 
type of spray nozzle. 
 

�  The correct height of the spray boom will be about 40 cm above the target, but to check this, spray 
water over a clean surface for a few metres.  Watch the water drying out, if it dries in stripes then the 
boom is at the wrong height and will cause under-dosing or overdosing.  This pre-trial will also 
indicate faulty or misaligned nozzles.  All nozzles must be working perfectly and, (in the case of fan 
nozzles) be aligned along the length of the boom. 

�  Calibration can be done over a test track of known length (say 25 m).  The width of work of these 
sprayers can be calculated by multiplying the number of nozzles by the distance between nozzles 
(this should, of course be uniform along the boom).  Fill the tank with clean water and operate the 
sprayer.  Approach the start of the test track and open the boom valve.  On crossing the line, trainees 
should place receptacles under each nozzle and catch all the spray emitted whilst travelling along the 
measured track (Figure 6).  Repeat at least five times and take average values for each nozzle. 

�  Calculate the application rate for the area sprayed and then per hectare or per acre.  Convert this to 
numbers of tanks for the same areas so that dose rates can be converted to volumes of commercial 
chemical per tank. 

 

 
Brian Sims 
Figure 6.  Calibration of a pedestrian pulled sprayer 
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�  Operation of the sprayer under field conditions will corroborate the findings of the calibration and 
should always be carried out.  The sprayer tank is filled with clean water and a 0.25 ha 
(approximately 0.5 acre) plot marked out in the field.  Sight sticks should be put up at the plot ends 
to guide the operator who then proceeds to spray the entire area.  On finishing, the tank is re-filled 
with a measured quantity of clean water and the application rate per hectare or acre can be verified. 

Conclusions 

·  Training in calibration of CA planters and sprayers imparts familiarity with the equipment and 
confidence in its use.  The previous farm implements in common use comprise principally hand hoes 
and draft animal mouldboard ploughs (and carts for transport). 

·  There was an initial fear of numbers on the part of the trainees (farmers, trainers and extension 
workers).  This was quickly overcome during the practical work and when the economic benefits of 
correct applications and rates are made clear. 

·  There is change taking place in the sources of farm power available to smallholder farmers.  CA is, 
above all, a labour saving technology and so it should be expected that smaller animals can 
increasingly replace the expensive to keep teams of draught oxen.  Donkeys, for example could 
become an increasingly attractive option.  It may also be the case that lessons have been learnt from 
previous expensive mistakes made during attempts at tractorization.  There is a growing interest in 
making tractor power more widely available.  In both these scenarios, future training will have to 
take into account the changing power supply base. 

·  There is a need for close monitoring of the CA groups’ use of the equipment to solve technical and 
social problems.  (The equipment is shared between group members).  And also to gauge the 
potential market.  The line between the bottom-up, farmer driven FFS approach and the relatively 
strong top down technical assistance and training support requires constant monitoring and 
reflection.  Local adaptations to CA concepts are encouraged in order to promote ownership and 
local uptake. 

·  Farmer evaluation of the equipment and CA in general is expected to lead to demand for the 
technology.  So local manufacturing potential is being explored.  This is a crucial point as the current 
strategy of importing CA equipment is time consuming and expensive and therefore constitutes a 
constraint to scaling up.  CA will only be sustainable when adapted equipment is locally 
manufactured.  This situation is currently being reviewed by FAO and the appropriate steps, 
including joint venture private sector initiatives, are being promoted. 
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