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Preface
The Ghana Agricultural Sector Investment Programme (GASIP) is being
implemented by the Ministry of Food and Agriculture, with funding from the
International Fund for International Development (IFAD) and the
Government of Ghana (GoG). The Programme's Development objective is
to enhance the profitability and climate change resilience of agribusinesses
especially smallholders.
Smallholder farmers, particularly in the northern part of Ghana, are facing
the challenges of increasing dry spells, drought occurrence and the issues of
land degradation and low soil fertility. Conservation Agriculture (CA) plays
a fundamental role in climate change resilience and ensuring food security
through its technologies and practices.
Following this background, GASIP consulted the services Dr. Francis Kofi BoaAmponsem of the Howard G. Buffett Foundation Centre for No-Till
Agriculture in 2018 to train 30 farmers and 10 Agriculture Extension Agents in
10 Districts from Northern Ghana. Following the successes from the first year,
three new communities were added to each existing District while two new
Districts from the Brong Ahafo Region (3 communities per district) were also
added in the second year. With the knowledge gathered working with these
farmers across the varied agro-ecological zones, the Programme initiated the
development of this manual to guide field extension agents in their quest to
support the smallholder farmer with the right approaches and procedures for
the implementation of CA.
Climate change is an integral part of GASIP, with the aim of mainstreaming its
adaptation into value chain interventions. This is to ensure sustainable
production systems, and also improve the resilience of smallholder farmers
against the negative impacts of changing climatic conditions.
The information presented by the guide is developed in a user-friendly
format supported with pictures to present real cases from the field. It is the
desire of GASIP that this manual will not only help smallholder farmers
supported by the Programme, but all farmers to achieve a sustainable
farming system.
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Introduction
As the Ghanaian population keeps increasing, the need for ensuring that food
production keep up with the pace has become a major challenge. Food
production in the country is mostly offered by the smallholder farmers who
in most cases have limited land and capital, are poorly linked to markets and
are vulnerable to risks.
Most of these farmers are experiencing soil degradation both in quantity and
quality resulting from erosion losses and soil infertility crisis. These conditions
threaten sustainable food production for the ever-increasing human
population.
The Ghana Agricultural Sector Investment Programme (GASIP) is a
Government of Ghana (GoG) programme designed to provide a framework
for a long-term financing arrangement for private sector-led, pro-poor
agricultural value chain development in Ghana. It's being financed by the
International Fund for International Development (IFAD) and the
Government of Ghana (GoG). The Ministry of Food and Agriculture (MoFA)
is the lead implementing Ministry.
In order to build resilience of smallholder farmers to negative impacts of
climate change, one of the resilience approaches implemented is the
demonstrations of modern conservation agriculture (CA) practices.
CA aims to achieve acceptable profits with high and sustainable production
levels while concurrently conserving the environment. It relies on the
simultaneous application of three basic principles: 1) Minimum soil
disturbance, 2) Permanent soil cover and 3) Crop rotations and/or
associations.
CA in combination with other resource management approaches such as
sustainable land management, agroforestry and crop-livestock integration
helps to maximize soil health building for sustainable and profitable food
production.
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This manual is intended as a guide to help deepen the understanding and
skills acquisition of field extension agents on CA so that they can better
support the smallholder farmer with the right approaches and procedures for
the implementation of CA on their farms.
Objectives of the Guide
This guide contains information that will help you to understand CA and to
practice CA as promoted by the Ghana Agricultural Sector Investment
Programme,
The guide will help users to:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Understand the concept, principles, benefits and challenges of CA
Select a good site for CA
Prepare the land using no-tillage or minimum tillage
Plant improved maize (Wandata and Sansil-Zima) and
soybean(Afayak and Jenguma) using the appropriate handheld
tools
Apply fertilizer at the right time using the right method
Control weeds before and after planting
Appreciate the value and management of cover crops
Plant cowpea as a relay intercrop
Know the causes of a sick soil and the key agro-ecological practices
for soil health building
Harvest and manage crop residue
Knowledge of some complementary practices needed for effective
development and promotion of CA
Improve the technical skills of women to enhance their resilience to
the impact of climate change on food production systems
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Module 1:
CONCEPT, PRINCIPLES AND BENEFITS AND
CHALLENGES OF CONSERVATION AGRICULTURE (CA)
The concept of CA
Most farmers will always prefer to farm on lands that have been under fallow
for some time. This is because land fallowed for several years has been noted
to be very productive (Fig. 1 & 2), as a result of the production and recycling
of foliage which leads to intense biological activity, humus formation hence
the dark coloured topsoil with a greater number of soil organisms.

Fig. 1 Fallow land

Fig. 2 A good maize crop resulting from
farming on fallow land

Several fields in the Savannah areas of Ghana are continuously cropped and
the most common land preparation practices include slashing and burning as
well as ploughing either with the hoe or with the tractor. On these fields, the
biomass is largely removed and the soil remains bare and drier for longer
periods (Fig 3). Nutrients are washed off through soil erosion, soil heats up
excessively and soil moisture gets depleted through evaporation. These
conditions become unbearable for soil organisms and the aftermath is poor
crop growth and yield with declining food and environmental conditions.
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Fig. 3 A typical continuously cropped field in the slash and burn system

Shifting cultivation which allows farmlands to be fallowed for some time
before being cropped again are used to restore such lands to arable status.
However, over the last two decades, increasing pressure on arable land
resulting from factors such as increasing human population, accelerated
urbanization, surface mining and others have rendered the shifting
cultivation practice unsustainable for soil regeneration.
Fallow soils are noted to be stable due to minimal disturbances. The soils are
permanently covered by plant canopy or litter fall and have a diversity of
plant species. CA aims at replicating these fallow land conditions on the
arable land so that the continuously cropped land can be nearly as
productive as the long-fallowed lands characteristic of the shifting cultivation
system.
What is Conservation Agriculture (CA)?
Conservation Agriculture is the simultaneous practice of no or minimal
mechanical soil disturbance, permanent organic soil cover and crop
rotations/associations.
Minimum soil disturbance = no-till/zero till = direct sowing/planting
The ideal practice to ensure minimal disturbance to the soil is to plant
directly into a mulched soil without ploughing – this is called NoTillage. At the smallholder farmer level, this is done by making small
holes with the cutlass, dibbling stick or the hoe just enough to
accommodate the planting material. Some smallholder farmers also
8
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use the jab planter for planting cereals and legumes such as maize,
soybean and cowpea. Smaller tractors (up to 65 Horsepower) are
increasingly becoming important in pulling smaller equipment like
the two-row no-till planter and the 2-meter-wide roller-crimper.
Permanent soil organic covers with the crop itself, cover crops, residues
and/or mulch.
A permanent soil cover is needed to protect the soil against the
impact of rain and sun and to provide food and shelter for the soil
organisms. Crop residues and/or cut vegetation are left on the soil
surface to provide cover at planting and special cover crops are also
planted to cover the soil. The key is never to keep the soil bare.
Crop rotations/associations through crop sequences and /or mixed crops
Planting the right mix of crops in the same field and rotating crops
from season to season helps to maintain the health status of the soil.
It also helps to minimize the harmful effects of pests and diseases.
These are the three key principles of CA which together with other good
complementary agricultural practices such as the choice of a good seed of the
right crop variety, timely planting and good nutrient management among
others will give you the best results. It must be noted that CA is highly
context-sensitive where outcomes depend on the precise combination of
practices used.
Summary of key features of CA
1.
2.
3.
4.
5.
6.

No turning over of the soil
No burning of crop residues
Crop and cover crop residues remain on the soil surface
Permanent crop and weed residue mulch protects the soil
Continuous cropland use
Crop rotations and intercropping (more crop diversity) are
used to maximize biological controls
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Benefits of CA
The benefits of CA include:
1. Reduction in labour, time and cost of farm operations
2. More stable yields, especially in dry years
3. Increased profit, in some cases from the first year and in all cases
after a few years
4. Cleaner waterbodies due to less soil erosion
5. Less flooding due to better infiltration
6. Enhanced soil life
7. Soil moisture conservation
8. Moderation of soil temperature
Challenges of CA
Despite all the good attributes of CA, the development, practice and
promotion of CA are beset with a lot of challenges including the following:
1.

The mind-set of clean (bare) land preparation. The plough has
become the symbol of agriculture and many people including
farmers, extension agents, researchers and politicians have difficulty
in accepting that agriculture is possible without tillage. The slash and
burn on the other hand has been noted as a lifelong practice
bequeathed unto generations after generations and therefore very
difficult to do away with.

2.

Knowledge intensity. CA is a knowledge-intensive system and
farmers, extension agents and researchers need to obtain, share and
integrate new knowledge into their practices. Smallholder farmers
are often poorly linked to knowledge and information systems and
in most cases, there is no immediate place where farmers can have
visible evidence to convince them to change.

3. Equipment. Small-scale equipment for land preparation and
seeding through residue covered fields are not readily available in
many areas. Suitable equipment needs to be introduced, tested and
adapted.
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4. Competition for crop residue. There could be serious competition
for the use of crop residues as they are also used to feed livestock, for
fuel and for shelter (roofing).
5. Weed control. In many cases controlling weeds at the time of
planting has been achieved with herbicides in the first years of
practicing CA. However, for farmers who do not have access to
herbicides or the equipment to apply them, manual weed control
prior to planting could be difficult, inefficient and time-consuming.
6. Land tenure. Farmers that do not have secure access to land may
not readily want to invest the time and effort in conserving and
improving the land when this may not provide them with long term
benefits.
7. Time. The principles of CA need to be adapted to local biophysical
conditions and farmer circumstances. This may take some time, and
massive short-term uptake of CA is difficult – a problem for
interventions which seek short-term impact.
8. Policies. Often policies and procedures of programmes tend to
favour short-term approaches to stimulating agricultural output and
keeping consumer prices low, rather than encouraging sustainable
land management, the results of which might not show in a short
term.
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Gender and Conservation Agriculture
1. The introduction of zonal tillage which is a minimum tillage
technique ensures the tilling of just the planting row and therefore
reduces the burden on women farmers who would have otherwise
had to spend a lot of time and energy tilling the entire farmland. It
also ensures timely land preparation for women farmers who would
have waited for men farmers to finish preparing their fields before
turning back to help the women farmers to prepare their fields. Thus
CA offers women farmers the opportunity to do timely land
preparation to take advantage of the entire growing season.
2. The introduction of the jab planter allows planting and starter
fertilizer application to be done at the same time with just one jab.
This results in a lot of time-saving especially for women who are
always burdened with a lot of household chores in addition to
ensuring that their fields are planted and fertilized early enough at
the beginning of the season.
3. Women do a lot of in-crop hoeing. The traditional practice of
digging too much soil whilst hoeing requires a lot of dispensation of
energy which is not friendly to women farmers. The technique of just
cutting the weeds at the soil level with the hoe in conformity with
minimal disturbance to the soil is less laborious and therefore more
attractive to women farmers.
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Module 2:
BEFORE PLANTING
Farm Planning
Farming, just like any other business enterprise requires some level of
planning. Farm planning involves taking certain decisions long before
cultivation. The farm plan helps the farmer to decide what to produce, the
inputs required for production, on which land to farm, how to prepare the
field, how to plant, how to manage the crop and how to market the farm
produce. It becomes even more important in CA because fields still have to
be managed to ensure that the right conditions prevail even during periods
when there is no commercial or edible crop growing.
Site Selection
The most ideal site for a CA farm will be a relatively flat land with very good
internal drainage. However, this condition does not exist everywhere. The
good thing is that, CA can be practiced on most fields, either on the flat,
hillside or in the valley. As much as possible there should be some dispersed
trees on the land to provide some shade and also to help moderate the
immediate environment. There should not be so many tree stumps as those
may disrupt some field activities such as planting with small mechanical
planters by the smallholder farmer. Ensuring the existence of some trees on
the farmland and being able to plant food crops becomes extremely
important in the Guinea Savannah areas where there are scattered
commercial trees such as Dawadawa and Shea butter.
Land preparation
Land preparation is the first major field activity in many food production
systems. In Ghana, traditional land preparation for crop planting is achieved
by slashing and burning the fallow vegetation or previous crop residue in the
forest (humid) zone and by ploughing (using the handheld hoe,
animal/tractor- drawn implements) in the less humid and drier parts.
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Traditional Land Preparation Methods
Slash and burn
In this situation, fallow vegetation is burnt during the dry season or slashed
and allowed to dry and then burnt prior to the time of planting (Fig. 4). This
results in a clean seedbed free from all debris. Crops are then planted on the
bare land just by creating a small hole or a narrow trench to receive the
planting material (Fig. 5). Although there is no soil inversion, the lack of soil
cover at planting which is crucial to the CA technology disqualifies the slash
and burn as a CA practice.

Fig. 4 Burning the dry mulch

Fig. 5 Maize growing on the resultant bare soil

Even though burning facilitates planting, the resultant bare soil has a lot of
disadvantages including:
1. increased soil erosion and loss of fertility
2. increased evaporation and moisture loss
3. accelerated runoff and therefore decreased capability of the soil to hold
water
The above conditions are in direct conflict with the attainment of sustainable
crop production on any given piece of land.
Ploughing
Ploughing is achieved by working the soil (turning it) with the hoe (Fig. 6),
animal or tractor-drawn implements. Although ploughing helps in
controlling weeds, de-compacting dense layers at the soil surface and
incorporating fertilizers and other agro-chemicals, it also leads to;
14
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1. Loss of soil moisture
2. Destruction of soil structure
3. Increased risk of erosion
4. Destruction of soil organisms eg. earthworm
Continuous ploughing is, therefore, a threat to maintaining the productivity
of the delicate African soil.

Fig. 6 Ploughing with the hoe

Land preparation in Conservation Agriculture
No-tillage
No-tillage involves slashing (Fig. 7), mowing or crimping (Fig. 8) the weeds,
cover crops and previous crop residues or spraying herbicides for pre-plant
weed control to obtain a seed bed covered with mulch (Fig. 9).

Fig. 7 Slashing

Fig. 8 Crimping

Fig. 9 Mulch covered field
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Slashing is done such that the mulch uniformly covers the entire soil surface
and the cover is cut into smaller pieces to ensure easy opening through the
mulch to get to the soil at planting. Heaps of mulch should be prevented as
this can impede germination and seedling growth of the target crop.
Proper application of no-tillage provokes a number of effects including:
1.
2.
3.
4.
5.
6.

Reduction of soil erosion
Increased water infiltration and storage
Prevention of overheating of the soil
Build up of soil organic matter
More abundant soil life
Suppression of weeds

The above conditions are necessary for ensuring sustainable crop production
on a given piece of land.
Minimum tillage
In the dry regions where mulch material is scarce, minimum tillage techniques
such as hoeing of the planting rows (zonal tillage, Fig. 10) or digging of
planting stations (planting basins, Fig. 11) are used to prevent water run-off
and improve infiltration. The basins are dug slightly deeper than the depth to
which farmers normally hoe so that they break through the hardpan created
by previous hoe ploughing practices.

Fig. 10 Zonal tillage
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In the case of farmers on the lowland, hillside or on very dry and compacted
soils, special land preparation methods must be employed.
On very dry compacted soils
The field must be ripped below the compacted layer. This is best achieved
with a tractor-mounted ripper. In the absence of a tractor, ripped lines can be
created with a pickaxe and the planting done along the ripped lines. This
ensures that plant roots are able to reach a deeper rooting volume.
On the hillside
Contour lines (level lines running across a slope) have to be marked by using
simple tools such as the A-Frame (Fig. 12). This will help to decide where to
dig contour canals, establish vegetative barriers (Fig. 13), align stones and
trash lines and create contour bunds to slow down the speed of runoff to
help control soil erosion and also to conserve soil moisture. Planting is done
across the slope in-between two parallel contour lines whilst ensuring
minimal soil disturbance, adequate soil cover and diversified cropping
systems.

Fig. 12 The A-Frame

Fig. 13 Vegetative barrier along the contour

In flooded valleys
Permanent flatbed and the furrow system (Fig. 14), as well as the permanent
raised bed and the furrow system, are used in flooded valleys. Depending on
how much water flows into the valley, furrows in the flatbed system might
have to be a bit wider and deeper to be able to accommodate larger volumes
of water. This allows the planting of dryland crops such as maize and
soyabean on the flatbeds even in the heavy rainfall period.
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Fig. 14 Permanent flat bed and the furrow system

The raised bed and the furrow system work just as good as the permanent flat
bed and the furrow system but have to be treated as a permanent structure by
stabilizing the height of the beds with crop residue/mulch. This will prevent
the beds from falling off and reducing in height so that the beds are not remade every season.
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Module 3:
WEED CONTROL PRIOR TO PLANTING
Existing weeds at the time of planting have to be killed so that they don't
compete with the crop seedlings. This can be achieved by slashing with the
cutlass or by hoeing. In both cases, weeds have to be cut just below the soil
level to prevent re-sprouting but without digging too much soil. Cut
vegetation should be spread uniformly on the soil surface as cover.
Most farmers however prefer to use herbicides for pre-plant weed control.
The best and most appropriate herbicide will be one that has a broadspectrum effect (able to kill most types of weeds) and allow the planting of
most crops. Glyphosate is currently the most effective herbicide for broad
spectrum pre-plant weed control and there are several brands on the market
today. Fresh growing weeds of not more than 30 cm in height are sprayed to
kill the weeds and planting can be done as soon as the weeds begin to die. If
dead weeds are still standing too tall, they need to be slashed back to reduce
shading of the maize and soyabean seedlings.
A farmer must exercise a lot of care when applying the herbicide as it can
have tremendous negative effects on the non-target crops as well as on the
person applying the herbicide.
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Module 4:
PLANTING
A good plant stand is very critical for the attainment of optimum yield per
unit of land area. Depending on the ecological zone and the time of planting,
farmers may be required to choose an early or medium maturing variety of
the specified crop (Maize and Soyabean in the case of GASIP CA project).
Most of GASIP's CA activities are concentrated in the Savannah zone with
traditionally low annual rainfall which has of late also become so erratic. As a
result, the growing of long season varieties of the target crops is being
deemphasized except in the very few cases where farmers have irrigation
facilities.
A germination test must be conducted before sowing to determine seed
quality and thus the correct seeding rate. The key is to retain maximum soil
cover and still be able to place the seed in the soil with the least soil
disturbance.
During planting the soil should be opened just enough to receive the seed
and care should be taken to ensure proper seed to soil contact. It must be
remembered that all organic residues are left on the soil at planting be it on
the flat, slope or permanent raised bed.
At the smallholder farmer level, traditional tools for planting maize and
soyabean are the cutlass, hoe and dibbling stick (Fig. 14). The use of the jab
planter (Fig. 15) is increasingly becoming popular with smallholder CA
farmers because they can easily plant through the mulch without bending
down and the fact that farmers are able to plant and apply fertilizer with just
one jab. Smallholder farmers with access to hire services would prefer to use
the two-row mechanical no-till planter (Fig. 16).

Fig. 14 Direct planting - manual
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When planting with the dibbling stick, the tip must be slightly pointed.
Dibbling sticks with blunt ends can push mulch into the base of the planting
hole. Consequently, planted seeds will sit on top of the mulch, producing
seedlings without good anchorage. Germination may also fail to occur when
mulch is inadvertently pushed into the planting hole.
The best seed and seedling establishment are obtained when planting is done
on moist, and mulch-covered soil. Mulched soils at planting ensures that the
soil moisture is available to the seed and seedling for extended periods.
Planting on mulch-covered dry soil after a light rain should be avoided.
Depending on its composition, dry mulch can absorb all the moisture from
light rain, producing a soil too dry for germination and seedling
establishment. If planting is done under these circumstances, it can lead to a
“false start” of seedling.
When planting on fields covered with heavy mulch (>3.5 t/ha), the mulch
must be visibly opened (cleared on the spot where the seed is to be placed).
This is called “open spot planting”. This will allow more light to reach the
planting spot so as to enhance germination and also to prevent the mulch
from serving as a physical barrier to the emerging seedling.
Choosing a variety
The two main crops for the GASIP CA demonstrations during the 2018 and
2019 planting season were maize and soyabean (Table 1).
Two improved open-pollinated maize varieties were used. These were
Wandata and Sanzil-Sima. There were also two improved soyabean varieties
and these are Jenguma and Afayak.
Farmers within the project operational districts are expected to choose one
variety of maize and one variety of soyabean.
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Table 1 Characteristics of the maize and soyabean varieties
Crop

Variety

Days to
maturity

Yield potential
(t/ha)

Maize

Wang Data

90

4.7

Maize

Sanzal-Sima

110

5.4

Soyabean

Jenguma

110-115

2.5 – 2.8

Soyabean

Afayak

110-115

2.5 – 2.8

Special attributes
Drought and striga
tolerant
Drought tolerant
;
Resistant to lodging
Resistant to pod
shattering
Resistant to pod
shattering

How to plant
Both maize and soyabean are to be planted in rows. Two sticks
corresponding to the interval between row spacing should be obtained and
each placed on either end of the field. The two sticks will be used to mark the
distance from one row to the other (Fig. 17). Marked ropes corresponding to
the distance from one planting spot to the other within a row will be used to
guide the farmer in planting (Fig. 18). A number of planting rows will be
required during planting and farmers will be expected to acquire their own
ropes and get the field officers to help in marking those ropes.

Fig. 17 Marking between row spacing

Fig. 18 Marked ropes for in-row spacing

Table 2 Plant spacing for the maize and soyabean varieties used in the project
Crop

Between row (cm)

Within row (cm)

No. seeds/hill

Maize

75

25

1

Soyabean

60

20

2
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Planting can be done with a cutlass, planting stick or a hoe BUT more
preferably with the Jab planters (Fig. 19). The Jab planter can allow the
farmer to plant and apply fertilizer with just one jab and therefore help to
save time and cost and it also reduces the drudgery of bending down during
planting and fertilizer application.

Fig. 19 Jab planter for seed and fertilizer
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Module 5:
FERTILIZER APPLICATION
Fertilizer (organic/inorganic) is best applied at planting or immediately after
germination for maximum returns. Mineral nitrogen is best applied in split.
During the 2019 planting season, GASIP supplied inorganic fertilizers (NPK
and Urea) for maize farmers who are at liberty to supplement with any other
organic manure they have. The NPK is expected to be applied at planting or
immediately after germination (Fig. 20) and the Urea at 4 to 5 weeks after
planting (Fig. 21 & 22). Currently, GASIP does not supply any fertilizer for
soyabean. However, soyabean responds to NPK application in addition to
single superphosphate.
It is recommended to use point application for fertilizer (both NPK and Urea)
rather than broadcasting. In this case, two holes are dug (one for the seed and
the other for fertilizer) with about 5cm space between them. Both the seed
and fertilizer holes should be covered. Spot application coupled with burying
the fertilizer below and to the side of the seed/seedling ensures that the
fertilizer does not get washed away in case it rains immediately after
application and it also helps to eliminate or reduce volatilization of the
volatile nutrients. Planting with the jab planter takes care of the above
concerns as it plants and buries fertilizer below and to the side of the seed.

Fig. 20 NPK applied just after germination and ready to be covered

Fig. 21 Holes ready to receive Urea
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Fig. 22 Urea in the holes ready to be covered
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Module 6:
WEED CONTROL
Crops have to be planted on a weed-free field and the fields should also be
kept continuously free from weeds as much as possible during the growing
period. This is important because weeds reduce the growth and yield of crops
by competing for nutrients, water, light and space. Weed seeds can also
contaminate the quality of small grains and controlling weeds can also be a
lot of work and very costly.
Most farmers use ploughing and/or burning to control weeds before
planting. Those practices are able to control the growing weeds by burying
them as in the case of ploughing or by eliminating the weeds with fire.
However, ploughing helps to bring dormant weed seeds that are buried in
the soil to the top where enhanced sunlight and moisture can lead to more
weed seeds germinating. Burning helps to break the dormancy of most weed
seeds and also exposes weed seeds to adequate sunlight causing seeds to
germinate easily in the presence of soil moisture.
In Conservation Agriculture, burning is not allowed and soil inversion which
is mainly achieved by ploughing and inter-row cultivation is not encouraged,
so weeds have to be controlled by other means. Weed control in CA is
achieved through a combination of certain cultural, physical and chemical
means.
Weeds have to be controlled before planting and more importantly during
the growing period.
For pre-plant weed control, most farmers currently spray the existing bush
with a burn-down herbicide notably glyphosate and planting is done directly
through the resultant mulch from the dead weeds. Taller weeds are slashed
down to the ground and allowed to re-grow to a height of about 30 cm
before spraying with the herbicide. It must be noted that most residual
herbicides that are normally applied immediately after planting do not work
well in CA since the herbicides have limited contact with the soil.
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Various methods of weed controls are explored below:
Cultural weed control includes the following:
1. Proper crop stand
Planting a good quality seed at recommended crop spacing will
ensure good crop stand with faster and complete canopy cover
which will result in shading off weeds that grow in-between them.
2. Intercropping
Intercropping with an appropriate cover crop will help to cover
the soil and smother weeds in-between row crops.
3. Less soil disturbance
Fewer weed seeds are brought to the soil surface. Thus, most weed
seeds will continue to stay dormant in the soil without affecting
the food/commercial crops.
4. Crop rotation
Certain weeds are more associated with certain crops. Planting
different crops one after the other breaks the life cycle of weeds
and continuously reduce their effects on crop growth. Striga is
known to reduce the growth and yield of cereals in most GASIP
CA demonstration fields. Rotating maize with soyabean is
expected to reduce the effect of striga on the succeeding maize
crop.
5. Cover crops and mulch
Create conditions that inhibit weed germination and
establishment. Cover crops can spread over the entire soil surface
and suppress weed growth through the shading effect. Uniform
mulch cover will ensure that there will not be enough space and
light for weed seeds to germinate and establish.
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Physical weed control
The most common physical weed control methods on small farms include
the following:
1. Pulling weeds by hand
a. Soil attached to roots should be shaken off to allow the roots to dry
faster.
2. Weeding with the cutlass
a. Broadleaf weeds should be cut below the last node to prevent resprouting.
b. Grass weeds should be cut below the soil surface to prevent resprouting.
3. Using the hoe
a. Do not remove too much soil with the weeds (Fig. 23).
b. The hoe should be held at an angle that allows it to just go under the
weeds. This will prevent excessive removal of soil (Fig. 24).
c. Soil attached to roots should be shaken off to allow the roots to dry
faster.

Fig. 23 Digging too much soil – bad practice

Fig. 24 Removing weeds with little
or no soil – good practice
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In all cases, the weeds that have been pulled by hand, cut with the cutlass or
removed with the hoe should be spread on the farm.
Chemical weed control
This is achieved by spraying herbicides to kill the weeds either before planting
or during the growth of the commercial crop (Fig. 25). Herbicides are quick
to apply but require a lot of knowledge related to the choice of the right
type, the spray volume per unit area as well as the safety of the person doing
the spraying and the prevention of soil contamination.
Smallholder farmers mostly use the knapsack sprayer for chemical weed
control.
Herbicides, just like most other pesticides can be dangerous to human health,
so users should exercise a lot of caution when handling them.

Fig. 25 Chemical weed control with the knapsack sprayer
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Module 7:
SOIL COVER
Why keep the soil covered all the time?
Bare fields are very typical at the beginning of the planting season in the
GASIP CA project areas. This is due to annual bush fires, overgrazing and
consciously prepared clean seed beds.
Bare soil has the following characteristics:
1.
2.
3.
4.
5.

Very high soil surface temperatures
Accelerated evaporation
Soil surface sealing/compaction
Lack of organic matter
Very little or no soil life

Instead of leaving it bare, the soil rather needs an organic cover to:
1.
2.
3.
4.
5.
6.

Protect it from the scorching sun, torrential rains and high-velocity
winds
Reduce erosion to keep the fertile topsoil intact
Stop soil surface sealing and therefore reduce the amount of
rainwater running off the field
Increase soil moisture by increasing infiltration and reducing
evaporation
Increase soil structural stability to resist erosion
Provide shelter and food for soil organisms

In CA, the soil needs cover not only at planting time but also during the
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Types of organic soil cover
Organic soil cover is provided by the vegetative cover of plants or by their
residues.
There are two main types of soil cover.
1.

Cover obtained from living plant materials (from food/cash crops) and
from cover crops (Fig. 26).
2. Cover obtained from mulch or dead plant materials (from crop residues
and pruning from trees and shrubs) (Fig. 27). This will also include the use
of all plant-based household refuse. Returning such household refuse to
the farm for soil cover will instantly turn the waste into a valuable asset
and also help to clear the households of filth.

Fig. 26 Living plant material as cover

Fig. 27 Dead plant material as cover

Farmers should aim at using a combination of living plants and mulch to keep
the soil permanently covered. This will mean that weeds that are slashed or
uprooted within the farm are left in-between the crop rows to cover the soil.
In the case of weeds uprooted by hand or with the hoe, the soil at the base
has to be shaken off to quickly dry the roots to prevent them from resprouting.
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Cover crops
These are crops planted to cover the area between rows of commercial crops
(Fig. 28) or crops planted to cover the entire area when no commercial crop
is growing (Fig. 29)

Fig. 28 Bush mucuna between maize rows

Fig. 29 “Gyangboro” on fallow land

Whilst food crops are grown mainly to provide food and cash for human
beings, cover crops may be planted for one or more of the following
objectives - soil protection, soil fertility and feed.
Organic waste as cover
Organic waste materials abound in the Savannah areas. Notable among
these are groundnut shells and rice husks from the processing mills and corn
husks (Fig. 30). These should not be burnt as it is usually done but should
rather be sent to the farm and spread uniformly on the land.

Fig. 30 Soil covered with corn husk
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Beneﬁts and challenges of the use of cover crops
Cover crops have several benefits including the following:
1. Soil surface protection.
Cover crops protect the soil surface from the scorching heat of the
sun and therefore create cool environmental conditions for the soil
organisms most of which do not tolerate heat. It also reduces the
impact of raindrops on the soil and thereby reduces the erosive
potential of rainfall.
2. Maintenance of nitrogen in organic form.
Most cover crops especially the leguminous ones are rich in nitrogen
which is released to the soil gradually. This reduces the rate of
leaching of nitrogen and ensures prolonged availability of the
nutrient in the soil.
3. Control of weeds.
Cover crops can smother weed seedlings and kill them. Some of
them have the potential of killing established weeds by climbing
them.
4. Addition of organic matter.
When the cover crops die, they add substantial amount of organic
matter to the soil.
5. De-compacting of soils.
Some cover crops have powerful taproots which can help break up
compacted soils.
6. Increase porosity and internal drainage.
The ideal environment created by the cover crops and the
availability of food source from the available organic matter
encourage the growth of soil organisms. By their burrowing
activities, most soil organisms create pores that help in aeration and
infiltration.

32

YOUR GUIDE FOR THE ESTABLISHMENT OF
CONSERVATION AGRICULTURE PLOTS FOR SMALLHOLDER FARMERS

It must be noted that cover crops can also pose some challenges and the most
notable among these challenges is that some cover crops may require a high
level of management so that they do not become weeds themselves. Making
the right choice of a cover crop for a specific cropping system is also very
essential to prevent undue competition with the food/cash crop.
Several crops can be used for vegetative cover, but some are more suitable for
use as cover crops than others. It is important for a farmer to be familiar with
the technical details of the plant species to be used as a cover crop.
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Module 8:
CROP ROTATION, INTERCROPPING
AND PEST CONTROL
The GASIP CA demonstration uses two crops – maize and soyabean. Each
crop is planted on an acre of land adjacent to each other every season. Maize
is planted on the soyabean plot the following season and soyabean is moved
to the maize plot.
The maize crop is expected to be intercropped with a legume to provide
some more biomass. Instead of the intercropped legume, any preferred
cover crop could have been used. GASIP prefers to intercrop maize with
cowpea for the additional benefit of edible grains. This can be done by
planting cowpea between maize rows at 7 – 10 days after maize planting or
planting cowpea as a relay crop after maize tasselling (Fig. 31). In either case,
two seeds of cowpea are planted per hill. Relay planting is preferred as
cowpea will be introduced at a time when maize canopy build up is almost
complete and also the fact that cowpea maturity will be more likely to
coincide with the dry period which guarantees better grain quality.

Fig. 31 Cowpea relay planted into maize
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It is recommended to bend the maize plants below the cob and align them
along the rows after the maize has attained physiological maturity (when the
black layer is observed at the tip of the grain). This will help to reduce the
shading of the cowpea to ensure better growth and yield.

Insect control
Fall Army Worm (FAW) has become a very important pest of maize in the
country. Farmers have to monitor their fields to ensure early detection of
infestation for effective control. It is advisable to plant in rows to facilitate
free movement within the field among several other benefits of row
planting. Some white dots on the leaves give an indication that FAW eggs
have hatched and the tiny larvae have started feeding (Fig. 32). This is the
best time to spray. Waiting any further will lead to severe destruction of the
plants (Fig. 33). Currently, there are several effective chemicals on the market
for FAW control. These include Ema Star, Strike Super, ByPel, among others.

Fig. 32 Initial stages of FAW infestation

Fig. 33 FAW control getting too la te
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Module 9:
SOIL HEALTH
Conservation Agriculture aims to keep soils alive and it is common
knowledge that only a living and healthy soil can support good crop growth.
Adoption of Conservation Agriculture, therefore, has positive implications
on good crop growth and the assurance of household food security.
Causes of a sick soil
The soil just like any living thing can get sick. A sick soil is an unproductive
soil. There are several practices that can make a soil sick including the
following:
1.

Mining agriculture - constantly exporting nutrients from the soil
through harvesting of farm produce and/or burning without
replacing the nutrients will lead to degradation of soil quality.
Outputs must therefore balance inputs

2.

Soil erosion - very clean seed bed preferable to most farmers leads
to bare soil prone to accelerated erosion

3.

Bush burning - leading to loss of organic matter and soil life

4.

Breakdown of soil structure through excessive tillage

5.

Soil compaction

Characteristics of a healthy soil
A healthy soil is one that
1.
2.
3.
4.
5.
6.

Contains a higher number of soil organisms
Is high in organic matter
Is rich in soil nutrients
Is deep enough for plant roots
Has a good mixture of sand, silt and clay
Is not compacted
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Effects of Conservation Agriculture on soil properties
Conservation Agriculture has positive effects on physical, chemical and
biological properties. This is accomplished by means of:
1.

Reduced soil loss
The mulch layer protects the soil surface against raindrop impacts
and thus prevents detachment of soil particles. The protective layer
also slows down the speed of runoff to further minimize soil
movement.

2.

Improved soil structure
The decomposing organic matter on the surface enhances soil
aggregation. Some of the chemicals released during decomposition
behave like mucilage to bind soil particles together and make the
aggregates more resistant to change.

3.

Moderation of soil temperature
The organic layer of mulch serves as an insulator to prevent extreme
changes in soil temperature. Woody materials are not good
conductors of heat and will therefore not transfer the absorbed heat
to the soil.

4.

Conservation of soil moisture
The mulch provides shade to the soil and thus prevents
evaporation. The mulch also prevents crust formation and
therefore increases water infiltration.

5.

Increased soil fertility through decomposition of organic
matter
The organic soil cover serves as a nutrient sink and gradually
releases those nutrients into the soil as the material continues to
decompose.

6.

Enhanced soil life
The residue on the soil surface stimulates the development and
activity of soil organisms. The organic material moderates the living
environment (cool and moist) of the soil organisms and also serves
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The above attributes help to maintain the productivity of the soil.
Requirements of an appropriate soil health management practice.
Before a farmer leaves home to go to the farm on any particular day, he or
she has to make sure that the farm activity to be done on that day should
result in multiples of the following:
•
•
•
•
•
•
•

Maintenance of active biological life
Ability to control erosion sufficiently
Retention of organic matter of the soil
Maintenance and improvement of soil physical properties
Maintenance of appropriate levels of nutrients in the soil
Conservation of soil water
Moderation of soil temperature

Key agro-ecological practices
The following are some of the key agro-ecological practices to achieve the
above conditions of a healthy soil:
Crop diversification
Multiple cropping (mixed or intercropping)
Crop rotation
Agro-forestry (alley cropping, retention of dispersed trees on the
farm etc.)
Soil management
Cover cropping
Green manures
Mulching
Compost application
No-tillage
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Soil conservation
Contour farming
Grass stripping/living barriers
Use of trash lines
Check dams along gullies
Tied ridging
The combined effects of several of these practices implemented
simultaneously lead to a healthy soil capable of sustaining good crop growth.
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Module 10:
HARVESTING
Matured grains have to be harvested early enough to reduce attack by birds,
rodents and insects. Lodging will also increase with delayed harvesting
especially when harvesting coincides with rainfall.
Maize has to be harvested as soon as it reaches physiological maturity in
which case it has to be further dried before storage. Physiological maturity is
the stage at which a “black layer” develops at the point of attachment of the
grain to the cob (Fig. 34). It can be seen by removing a kernel and breaking
the tip of it with the thumbnail. Note that it is not safe to store at this stage
without drying.

Fig 34 Black layer of a maize grain

The maize cob is de-husked and removed from the plant leaving the husk and
all other plant parts on the field. In the case of relay planting of cowpea on
the maize field, the maize stalks are bent and arranged along the rows so as to
reduce shading of the cowpea (Fig. 35).
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Fig. 35 Harvesting maize to reduce shade on cowpea

Soyabean is ready for harvesting when the leaves begin to yellow and start
shedding while the seeds also become hard and yellow. Harvesting at the
smallholder level is done manually. It is recommended to cut the plants at soil
level and heaped at various points on a clean surface preferably on a
tarpaulin. It is advisable to thresh and winnow the threshed produce on the
farm to facilitate easy spreading of the residue on the farm. When harvested
soyabean is carried home for threshing and winnowing, the residue has to be
sent back and spread uniformly on the field.
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Module 11:
SUPPORTING PRACTICES FOR IMPROVING CA SYSTEMS
Complementary practices and factors for enhancing the performance
of CA systems
There are a number of complementary practices and factors that improve the
productivity, profitability and feasibility of CA systems and the list includes
the following:
1.

Appropriate nutrient management to increase productivity and
biomass especially in the early years of adoption

2.

Improved stress-tolerant varieties to overcome biotic stresses

3.

Judicious use of chemicals to control pests, diseases and weed
pressure

4.

Enhanced ground cover – use of alternative resources such as waste
from processing mills, litter from trees and household waste

5.

Increased efficiency of planting through the provision of farm
power

6.

Political support – an enabling political environment and
harmonization of extension approaches

Knowledge sharing among farmers
In addition to the above practices and factors, certain activities including
those listed below are needed for effective CA development and promotion.
1.
2.
3.

Training and Technical backstopping
Cross farmer visits
Field days
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Training and Technical backstopping
CA is new to most farming communities and so the introduction and
promotion require the services of experienced personnel to build farmers
understanding of the concept and also build their knowledge and practical
skills. This calls for initial training of the field technical staff (the change
agents) and lead farmers and the engagement of the entire group of farmers
on a learning plot established within the community. The experienced CA
personnel will be required to work with the farmer groups and the attended
field staff for about three years on the learning plots during certain critical
periods.
1.
2.
3.
4.
5.

Land preparation
Planting
Fertilizer application
Introduction of cover crops
Harvesting

During the conduct of these activities, the expert is required to consolidate
the knowledge and practical skills of the field staff and the farmers as they
continue to extend the experience gained to their individual fields.
Cross farmer visits
Farmers living within the same community and working as a group on the
learning plots would normally get to know themselves better and have trust
in each other. The resident field staff will be expected to organize field visits
where the entire group will visit each farmer's farm within the growing
season. Through this exercise, farmers will learn from each other's successes
and failures and share knowledge and experience under the guidance of the
field staff. It also gives the opportunity for the resident field staff to know if
there are still some problem areas so that he/she can seek further technical
support in those specific areas.
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Field days
For logistical reasons and effective group learning, an entire community
might have a small number of farmers preferably up to 20 within the learning
group. However, the ideas and processes of the project have to be felt by the
entire community. This is the reason why it will be necessary to site the
learning/demonstration plots at places that are visible enough and easily
accessible. Field officers will have to organize field days during which time
the entire community is invited to participate to learn and to be conversant
with the processes of CA. Each individual farmer within the learning group of
20 is also expected to do similarly with his/her neighbouring farmers to
enhance the multiplicity of knowledge diffusion within the entire
community.

44

YOUR GUIDE FOR THE ESTABLISHMENT OF
CONSERVATION AGRICULTURE PLOTS FOR SMALLHOLDER FARMERS

References
Bunch R. 2012. Restoring the soil: a guide for using green manure/cover crops
to improve the food security for smallholder farmers. Canadian Foodgrains
Bank, Winnepeg, MB Canada
Boa K. 2017. A guide for the Practice of Conservation Agriculture at the
Smallholder Farmer level. Howard G. Buffett Foundation Centre for No-Till
Agriculture: Amanchia, Ashanti region, Ghana
Lal R. 2009. Ten Principles for sustainable soil management. No-Till farmer.
February 2009. Lessitr Publications, Brookfield, W53045

45

Ghana Agricultural Sector Investment Programme
P. O. BOX M37
Ministries-Accra

030 291 6033

www.gasip.org

info@gasip.org

GASIPGHANA

GASIP-MOFA

