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2 Soil Fertility Management

SEPARATE SET OF
TRANSPARENCIES

BOOKLET 2: SOIL FERTILITY
MANAGEMENT

BOOKLET 3: SOIL AND WATER
CONSERVATION

BOOKLET 4: SOIL ORGANIC
MATTER MANAGEMENT

BOOKLET 5: SOIL FERTILITY
SUPPLEMENTS

Learning targets for farmers:

> Getfamiliar with local soils and their characteristics.

> Understand that soil fertility management is neither limited to the addition
of fertilizers nor to increasing crop yield alone. It consists, first of all, of pro-
tecting the soil and enhancing its organic matter content as well as its bio-
logical activity to prevent loss of soil and encourage optimal nutrition, water
supply and health of plants, increase yields and maintain yield consistency.

> Know the tools of organic soil fertility management and be able to combine
theminanappropriate way so as to correspond to local conditions and needs
of the crops.

1. Introduction

Concerns are growing about long-term sustainability of agriculture. Fertile land
and sufficient water are vital for sustaining agriculture and livelihoods. In Africa
productivity of land, however, has been decreasing with the increasing intensi-
fication of agriculture due to land degradation. The major causes of land deg-
radation are unsustainable agricultural practices like farming on steep slopes
without sufficient use of soil and water conservation measures, monocropping,
excessive tillage, or declining use of fallow without appropriate replenishment
of soil nutrients, burning of crop residues, conversion of forests, woodlands and
bushlands to permanent agriculture, or their excessive exploitation through fuel
wood and timber harvesting, overgrazing of rangelands, and lack of proper soil
organic matter management.
Land degradation occurs in different forms on various land use types:
> Oncropland, soil erosion occurs through: water and wind; chemical degrada-
tion - mainly fertility decline - due to nutrient mining and salinity; physical
soil degradation due to compaction, sealing and crusting; biological degrada-
tion due to insufficient vegetation cover, decline in soil organic matter; and
water degradation mainly caused by increased surface runoff (polluting sur-
face water) and declining water availability due to high evaporation.
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> 0On grazing land, biological degradation occurs through loss of protective
vegetation cover and valuable species. As a result, alien and ‘undesirable’
species settle in the soil. Physical degradation of soil results in widespread
and severe water runoff and erosion. In terms of affected area, it is estimated
that overgrazing has been the most important contributor to degradation,
followed by poor agricultural practices and then by overexploitation.

> On forest land, biological degradation occurs through deforestation; remov-
al of valuable species through logging; replacement of natural forests with
mono-cropped plantations or other land uses (which do not protect the land),
which have negative consequencesincluding biodiversity loss and soil and wa-
ter degradation.

Therefore, attempts at reducing hunger on the African continent must begin
by addressing its severely depleted soils; intensifying and diversifying land use
in combination with application of sustainable soil fertility management prac-
tices based on erosion control, soil protection, soil organic matter management,
reduced soil cultivation, and appropriate use of soil amendments, fertilizers and
irrigation. Use of appropriate seeds, and improved access to inputs and food
markets also contributes to significantly improve productivity and sustain over-
all food production in Africa.

This training module outlines soil fertility management practices that can
contribute significantly in improving productivity of African soils. It shall help
farmers to manage their soils, water and farm-own, as well as foreign soil fertility
resources in a sustainable way.

To begin with, the module introduces readers to perceive soil in its diversity
as the basic resource to plant production and to recognize different soil types
and their characteristics.

”\FiBI. African Organic Agriculture Training Manual Module 02 Soil Fertility Management
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2. Soils
2.1. What is soil?

‘Soil’ is the mantle (or layer) on the land surface that acts as a medium for plant
growth. It is developed through continuous action of weathering depending on
environmental factors. Soil formation is largely governed by five major factors:
climate (e.g. rainfall, temperature, and wind), relief or topography of the area (i.e.
landscape position), living organisms (vegetation and microorganisms), nature
of parent material (type of rocks and minerals from which soil is derived) and
time.

2.2. What is soil made of and what does it do?

The basic components of soil are minerals, organic matter, water and air. Ideal
soil (ideal for the growth of most plants) consists of approximately 45 % miner-
als, 25 % water, 25 % air, and 5 % organic matter. In reality, these percentages of
the four components vary tremendously depending on numerous factors such
as climate, water supply, cultivation practices, and soil type. Soil air and water
are found in the pore spaces between the solid soil particles. The ratio of air-
filled pore space to water-filled pore space often changes seasonally, weekly, and
even daily, depending on water additions through precipitation, through flow,
groundwater discharge, and flooding. The volume of the pore space itself can
be altered, one way or the other, by several processes. Organic matter content
is usually much lower than 5% in most soils where itis not properly managed.

Mineral portion

The mineral portion of soil is divided into three particle-size classes: sand, silt,
and clay. The sand, silt, and clay are collectively referred to as the fine earth frac-
tion of soil. They are less than 2 mm in diameter. Larger soil particles are referred
to as rock fragments and have their own size classes (pebbles, cobbles, and boul-
ders). Therelative proportion of sand, silt, or clay in a soil is known as soil texture.
Soil texture has an important role in nutrient management because it influen-
ces nutrient and water retention. For instance, finer textured soils tend to have
greater ability to store soil nutrients. Soils with the finest texture are called clay
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soils, while soils with the coarsest texture are called sands. However, a soil that
has a relatively even mixture of sand, silt and clay, and exhibits the properties
from each, is called a loam.

Soil water

All nutrients in the soil that are provided to the plants come from water held in
the soil. In a critical way, water determines the potential for realized soil fertility
and plant nutrition. Only a moderate amount of soil water is needed to allow for
soil aeration. If there is too much waterin the soil and if it remains for many days
- meaning the soil is waterlogged - the soil becomes depleted in oxygen. Under
these conditions, plant nutrients will not be available to the plants, and most of
the beneficial soil microorganisms will not survive. Most plants will die under
such conditions, with only a few exceptions such as rice and yams.

The main functions of water in the soils are:

a) Promotes many physical and biological activities of soil
b) Acts as asolvent and carrier of nutrients

c) Actsasanagentin photosynthesis process

d) Actsasanutrientitself

e) Maintains turgidity of plants

f) Actsasanagentinweathering of rocks and minerals.

Soil air
Oxygen is essential for all biological processes occurringin the soil. Itis provided
to microorganisms and plant roots through larger and smaller spaces in the soil.

Soil organic matter

The organic matter component of soil, known in short as soil organic matter, can
be divided into three general pools: living biomass of microorganisms, fresh and
partially decomposed residues, and humus. Humus is the well-decomposed or-
ganic matter and highly stable organic material. Organic matter is mainly pre-
sentin the top layer of the soil, which is subject to a continuous transformation
process. Soil organic matter that is decomposed by soil organisms can recom-
bine with mineral soil particles to form very stable humus structures, which can
remain in the soil for many years. This long-term soil organic matter or humus
contributes alottoimprove the soil’s structure. Organic matter constitutes from
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Why organic matter is so important
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1t0 6 % of the topsoil weight of most upland soils. Soils with more than 12 to 18 %

organic carbon (approximately 20to 30 % organic matter) are called organic soils.

There are numerous benefits to having a relatively high stable organic matter

level in an agricultural soil. These benefits can be grouped into three categories:

a) Physical benefits: Soil organic matter enhances aggregate stability, improves
water infiltration and soil aeration, reduces runoff; improves water holding
capacity; reduces the stickyness of clay soils making them easier to till; re-
duces surface crusting, and facilitates seedbed preparation.

b) Chemical benefits: Soil organic matterincreases the ability of the soil to hold
onto and supply over time essential nutrients such as calcium, magnesium
and potassium - also known as Cation Exchange Capacity (CEC); it improves
the ability of a soil to resist pH change - this is also known as buffering effect
capacity; accelerates decomposition of soil minerals over time, making the
nutrients in the minerals available for plant uptake.

c) Biological benefits: Soil organic matter provides food for living organisms in
the soil; it enhances soil microbial biodiversity and activity, which can helpin
the suppression of crop diseases and pests; and enhances pore space through
the actions of soil microorganisms. This helps to increase infiltration and re-
duce runoff.

Soil organisms and soil microorganisms

Soil is also the home for many organisms, some of which are visible to the naked
eye like earthworms and termites. Others are tiny and can only be seen under a
magnifying glass like bacteria. They are called microorganisms.

Among the most important soil organisms are the earthworms and termites.
Most farmers are aware that the presence of earthworms is a sign of fertile soil.
Earthworms fulfil several crucial functions: First, they accelerate the decomposi-
tion of plant material on the soil surface by removing dead plant material from
the soil surface. During the digestion of organic material, they mix organic and
mineral soil particles and build stable crumbs in their excrements, which help
improve the soil structure. Earthworm excrements contain 5 times more nitro-
gen, 7 times more phosphate, 11 times more potash and 2 times more magne-
siaand calcium than normal earth. The tunnels created by earthworms promote
infiltration and drainage of rainwater and thus contribute to prevention of soil
erosion and waterlogging. Earthworms need sufficient supply of biomass, mod-
erate temperatures and sufficient humidity and air. That’s why they are very
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X4 Demonstration:
28 Discovering the
microcosm
Fill a handful of moist
topsoil rich in organic
matter (or compost) into
a half-cut water bottle (or
kitchen sieve). Fill a shal-
low vessel with a mixture
of water and alcohol.
Place the bottle in a paper
cylinder or similar struc-
ture above the vessel and
fixastrong lamp above
the whole structure. Make
sure the lower part of
the construction is kept
dark inside. The light and
heat will slowly make
the soil organisms move
downwards and drop into
the vessel and die in the
alcohol. Make the farmers
aware that these organ-
isms are the most valuable
free of cost helpers of a
farmer. Also point out that
the vast majority of soil
organisms are too small to
be discovered in this way.



!] MYCORRHIZA

Mycorrhiza — a beneficial fungus

Mycorrhizae ...

> live in symbiosis with plant roots.

= egnlarge tha surface of the rools
and penetrate smal soil pores.

> support the plants in taking up
nutrients and water.

> improve the soil structure and
preserve moisture.

= are sensitive 1o chemical fertilizers
and pesticides.

Piant roct
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fond of mulching. Frequent tillage and pesticides, on the other hand, decrease
the number of earthworms in the soil. Termites due to their high activity and
biomass can also be considered as almost always positive for soil structure and
soil properties. In some cases, especially in the Sahel zone of Africa, termites are
artificially introduced in order to degrade fine wood matter to produce compost
to use as fertilizer for agriculture.

The most important microorganisms are bacteria, fungi, algae and protozoa.
Soil bacteria such as Rhizobium bacteria help some plants to fix nitrogen from
the air. Soil fungi constitute the major part of microbial biomass. An example of
soil fungi is the mycorrhizae. Mycorrhizae grow in symbiosis (a close mutually
beneficial relationship) with about 90 % of all plant roots. The plant roots provide
sugar for the growth of the fungi. In reverse, the mycorrhizae explore the soil
and bring back water as well as nutrients such as phosphate, zinc and copper
thatare noteasily available to plants. Mycorrhizae also dissolve minerals such as
phosphorus, and carry them to the plant, make soil aggregates more stable thus
improving soil structure, and take plant carbon from the air and depositinto soil
organic matterand stable soil aggregates. Incorporation of biomass into the soil,
maintenance of a ground cover, mixed cropping, and reduced use of chemicals
encourages build up of soil organisms.

In organic and sustainable cropping systems, the soil life is the engine of soil
fertility and crop production, as well as the guardian of long term soil health.

2.3. Soil structure

Soil structure refers to the arrangement of soil particles with resultant formation
of big and small pores between soil aggregates. Soil structure influences move-
ment of water into and through the soil, the degree of aeration, the ability of the
soil to resist soil erosion and crop roots to grow through the soil profile. Small
pores are good in preserving moisture, while the larger ones allow a fast infiltra-
tion of rain orirrigation water and help to drain the soil and ensure aeration.

Soil material fits and binds together in different ways. In some soils the bond-
ingisvery weak, in othersvery strong. The size of aggregates in some soils is very
fine, whilst in others aggregates are coarse and large. In some soils the aggre-
gates are dense containing few pores, in others they are quite open with plenty
pores.
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TYPES OF SOIL STRUCTURES
Y IN SOILS

Types of soil structure

Prismatic structure

Columnar strsctue Single grained stucture.
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In soils with good structure, mineral particles and soil organic matter form
stable aggregates. This process is supported by soil organisms such as earth-
worms, bacteria and fungi. The soil organisms excrete substances that act as
cementing agents and bind the particles together. Fungi have filaments, called
hyphae, which extend into the soil and tie soil particles together. Organic matter
works as a kind of glue, helping the soil particles to stick together. This makes
it clear that soil structure can be improved by supplying organic matter and by
enhancing the biological activity of the soil. Whereas incorrect soil management
practices such as tilling the soil in wet conditions cause compaction and may
damage the structure of the soil. Compacted layers, plough pans, surface crust-
ing and root restriction are indicators of damaged soil structure.

2.4. Soil types and their characteristics

There are different types of soil. All the types are a combination of the three min-
eral particles sand, siltand clay. The chemical composition of the parent material
of the particles and how these three particles are combined defines the soil s
type. It helps to determine the fundamental characteristics of soil whether it is
acidic, alkaline, or neutral. The different soil types are as follows: Sandy soil, silty
soil, and clay soil.

Sandy soil

Sandy soil is formed by the disintegration and weathering of rocks such as lime-
stone, granite, quartz and shale. Sandy soils contain large particles which are
visible to the unaided eye, and are usually light in colour. Sand feels coarse when
wet or dry (texture is gritty), and will not form a ball when squeezed in the fist.
Sandy soils stay loose and allow moisture to penetrate easily, but do not retain
it foralong time. It adapts very fast to air temperatures. Easy drainage prevents
root rot problems.

Sandy soil allows drainage more than is needed, which results in over-drain-
age and dehydration of the plants in dry periods. So if one grows plants in sandy
soil, they depend on regular water supply in dry periods. Sandy soil has little hu-
mus and is usually acidic. For certain crops like pear, which require an alkaline
soil condition in order to flower and fruit successfully, there is a need to neu-
tralize the acidic nature through addition of hydrated lime, powdered lime or

Module 02 Soil Fertility Management

#X§ Group work: Study-

ing soil samples
Collect soil samples from
the area and keep them in
plastic bags to preserve
their moisture. Place the
samplesin small heaps
on a table. As part of the
exercise, write the origin
and type of each sample
on a piece of paper and
turn the piece of paper
upside down, to be re-
vealed at the end of the
exercise. Ask the farmers
to use the soil assess-
ment questionnaire to
characterize them by their
composition, structure,
colour and smell. Let them
identify the type and the
fertility properties. Then
discuss the findings to-
gether. Further questions
could be: Which types of
crops could one grow on
such asoil? How could the
fertility of such a soil be
improved?



F SOIL ASSESSMENT
¥ QUESTIONNAIRE

Soil assessment questionnaire
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calcium carbonate each year to maintain optimum conditions. Sandy soils are
sensitive to erosion and therefore need to be protected from wind and rain. Reg-
ularsupply of organic matter strongly improves their water and nutrient holding
capacity, as well as their resistance to erosion. Mulching also helps the sandy
soils to retain moisture through a reduction in evaporation from the soil.

Silty soil

Silty soil has much smaller particles than sandy soil therefore is smooth to the
touch. When moistened, it is soapy slick. When you roll it between your fingers,
dirtis left on your skin. Silty soil can occurin nature as soil or as suspended sedi-
mentin water column of awater body on the surface of the earth. It is composed
of minerals like quartz and fine organic particles. Itis granular like sandy soil but
holds more nutrients and moisture. It easily builds a crust on the soil surface,
which prevents water infiltration and can hinder emergence of crops. In moist
condition it offers good drainage and is much easier to work. The higher its or-
ganic matter content is, the better it absorbs rain water and maintains its struc-
ture also after strong rains, thus resisting to erosion.

Clayey soil

Clayey soils are made of very small particles with very little air space. Clayey soil
is formed after years of rock disintegration and weathering. It is also formed as
sedimentary deposits after the rock is weathered, eroded and transported. Clay
soil due to its formation process is rich in mineral content. Clayey soils feel slick
and sticky when wet but smooth when dry. Clay holds moisture well, but resists
water infiltration, especially when dry. Often puddles form on clay soils, and the
soils easily become compacted. Due to their poor drainage, risk of water log-
ging and compaction, clayey soils are difficult to work. Supply of compost and
gypsum improves the soils’ qualities making them more flexible to cultivation.
The gypsum and the compost push the clay soil particles apart, making room for
drainage and proper water retention. Supply of organic material promotes devel-
opment of earthworms, which help further to improve the soils qualities.

Loamy soil

Loamy soil consists of a balance of sand, siltand clay plus humus. It is considered
to be the perfect soil for arable farming. Loam is dark in colour and is mealy in
the hands. The texture is gritty and retains water very easily, yet the drainage is
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good. There are various kinds of loamy soil ranging from fertile to very muddy

THE FUNCTIONS OF SOIL and thick sod. Yet out of all the different kinds of soil, loamy soil is ideal for cul- i"i’i Discussion: Defi-
tivation. #2  ing soil fertility

Ask farmers, what in their

Soil's natural functions perception makes soil fer-

3. Soil fertility tile. What are the charac-

3.1. What is soil fertility? teristics of fertile soils?

Fertility of a soil is defined by its ability to provide all essential nutrients in ade-
quate quantities and in the proper balance for the growth of plants - independ-
ent of direct application of nutrients - when other growth factors like light, tem-
perature and water are favorable. This ability does not depend on the nutrient
g i et e ‘ content of the soil only, but onits efficiency in transforming nutrients within the
farm’s nutrient circle.

In transformation of nutrients soil organisms play a key role. They break
down biomass from crop residues, green manures and mulch and contribute to
build up of soil organic matter, including humus, the soil’s most important nutri-
ent reservoir. They also play an essential role in transferring nutrients from the
soil organic matter to the mineral stage, which is available to plants. Soil organ-
isms also protect plants from disease and make the soil crumbly.

A fertile soil is easy to work, absorbes rain water well, and is robust against
siltation and erosion. It filters rain water and supplies us with clean drinking wa-
ter. It neutralizes (buffers) acids, which pass through contaminated air to the soil
surface, and decomposes pollutants such as pesticides rapidly. And last but not
least a fertile soil is an efficient storage for nutrients and CO,. In this way a fertile
soil prevents the eutrophication of rivers, lakes and oceans and contributes to
the reduction of global warming.

In the context of biological agriculture soil fertility is thus primarily the re-
sult of biological processes, not of chemical nutrients. A fertile soil is in active
exchange with the plants, restructures itself and is capable of regeneration. The
biological properties can be observed in the soil’s conversion activity, in the pres-
ence and the visible traces of the organisms in it. The communities of microor-
ganisms arerobustand active at the right moment. In the self-regulating ecologi-
cal equilibrium animals, plants and microorganisms all work for each other.

hﬂFiBl. African Organic Agriculture Training Manual Module 02 Soil Fertility Management 9



PROPERTIES OF A FERTILE SOIL

The measurable properties of a fertile soil
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PRIMARY PLANT NUTRIENTS
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Itis the responsibility of farmers to understand soil ecology to the point that
they can create or restore the conditions for a robust balance in the soil. If a soil
does not regularly bring good yields, farmers should investigate the reasons for
it.

3.2. Properties of a fertile soil

Afertile soil:

a) is rich in nutrients necessary for basic plant nutrition (including nitrogen,
phosphorus, potassium, calcium, magnesium and sulphur);

b) contains sufficient micronutrients for plant nutrition (including boron, cop-
per,iron, zinc, manganese, chlorine and molybdenum);

c) containsanappropriate amount of soil organic matter;

d) hasapHinasuitablerange for crop production (between 6.0 and 6.8);

e) hasacrumbly structure;

f) isbiologically active;

g) has good water retention and supply qualities.

Appropriate amount of plant nutrients

There are 16 essential nutrients that plants need in order to grow properly. Out
of the 16 essential elements hydrogen, carbon and oxygen are obtained mainly
fromtheairand from water.The other essential elements come from the soil and
are generally managed by the farmers. Some of these nutrients are required in
large amount in the plant tissues and are called macro (major) nutrients. Others
are required in small amount and are called micro (minor) nutrients. Macronu-
trients include nitrogen (N), phosphorus (P) potassium (K), calcium (Ca), magne-
sium (Mg), and sulphur (S). Of these N, P and K are usually depleted from the soil
first because plants need them in large amounts for their growth and survival,
so they are known as primary nutrients. Ca, Mg and S are rarely limiting and are
known as secondary nutrients. Where soils are acidic lime is often added, which
contains large amounts of calcium and magnesium. Sulphur is usually found in
sufficient amounts from the slowly decomposing soil organic matter. The micro-
nutrients are boron (B), copper (Cu), iron (Fe), chloride (Cl), manganese (Mn), mo-
lybdenum (Mo), and zinc (Zn). Recycling organic matter such as crop residues and
tree leaves is an excellent way of providing micronutrients to growing plants.

Module 02 Soil Fertility Management
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LOW SOIL PH

Characteristics of acid soils and suitable crops

Characteristics of acid solls

HIGH SOIL PH

Characteristics of alkaline soils
and suitable crops

Characteristics of alkaline solls and symptoms In crops

»+ High sodium the avai y of calcium and
magnesium to plants

» Toxicity due to excess hydroxyl and carbonate ions

» Growth of plant affected mainly due 1o nutritional imbalance

» There i restricted root system and delay in flowering in sensitive varieties

» Leaf burn in annuals and woody plants due to excess of chiaride and
sodium
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Plant roots require certain conditions to obtain nutrients from the soil:

a) First, the soil must be sufficiently moist to allow the roots to take up and
transport the nutrients. Sometimes supplying water to plants will eliminate
nutrient deficiency symptoms.

b) Second, the pH of the soil must be within a certain range for nutrients to be
releasable from the soil particles.

c) Third, the temperature of the soil must fall within a certain range for nutrient
uptake to occur.

d) Fourth, the nutrients must be within the root zone in order for the roots to
access them.

The optimum range of temperature, pH and moisture is different for different
species of plants. Thus, nutrients may be physically present in the soil, but not
available to plants. A knowledge of soil pH, texture, and history can be very use-
ful for predicting what nutrients may become deficient.

Ontheotherside, too much of any nutrient can be toxic to plants. This is most
frequently evidenced by salt burn symptoms. These symptoms include marginal
browning of leaves, separated from green leaf tissue by a slender yellow halo.
The browning pattern, also called necrosis, begins at the tip and proceeds to the
base of the leaf along the edge of the leaf.

Neutral soil pH

Soil pH, its acidity or alkalinity, is highly relevant to how readily available nutri-
ents become in soil, known as solubility of nutrients. In Africa, about one-third
of the soils are acidic or prone to acidity and another one-third is either saline
or alkaline and both are difficult to manage. Plants differ in their sensitivity to a
low or high pH level. Some plants can withstand or even prefer a somewhat low
pH level, others a higher one.

Soils with pH less than 6.5 and which respond to liming may be considered
as acid soils. When potassium, calcium and magnesium leach from the soil, it
becomes acidic. This may happen if thereis a lot of rain (or irrigation water) that
washes nutrients away, or if too much mineral nitrogen fertilizers are applied.

In acid soils plant roots do not grow normally due to toxic hydrogen ions.
Phosphorous gets immobilized and its availability is reduced. Most of the activi-
ties of beneficial organisms like Azatobacter and nodule forming bacteria of le-
gumes are adversely affected as acidity increases under acidic conditions, the

Module 02 Soil Fertility Management
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bacteria fix less nitrogen and decompose less organic matter, which results in
fewer available nutrients.

Addition of lime or compost with high pH (8) will help to neutralize acidity
and to increase the pH, so that the availability of nutrients will be increased.

Alkaline soils are formed due to concentration of exchangeable sodium and
high pH. Irrigated soil with poor drainage may lead to alkali soils. In coastal are-
as, if the soil contains carbonates, the ingression of sea water leads to formation
of alkaline soil due to sodium carbonate deposition.

pH of alkaline soil can be corrected through application of gypsum: For every
1 milli-equivalent of exchangeable sodium per 100 gram of soil about 1.7 tonnes
of gypsum should be added to an acre of land. If the requirement is 3 tonnes
per acre, application should be done in one dose. If the requirement is 5 or more
tonnes per acre, application should be done in 3 split doses. Application of mo-
lasses or growing of green manure crops and theirincorporation in the field can
also help to correct an alkaline soil.

Crumbly structure

Plant roots prefer soil with a crumbly structure, like well-made bread. Such soil
is well-aerated and the plant roots are able to penetrate easily. This allows them
to grow both wide and deep allowing them to access more nutrients to support
good growth.

Soil aggregation is also an important indicator of the workability of the soil.
Soils that are well aggregated are said to have “good tilth”. A good soil structure
also contributes to reduction of erosion of topsoil, as water infiltrates more eas-
ily into the soil and the aggregates resist to the raindrops.

High biological activity
Even if we cannot see most soil organisms doing their work, the majority of soil
organisms are very important to the quality and fertility of soils. They contri-
bute to the transformation of crop residues and organic fertilizers to soil organic
matter, to the improvement of plant health by controlling pest and disease or-
ganisms and to helping release nutrients from mineral particles. High biological
activity is anindicator of fertile soil.

Most soil organisms prefer the same conditions as plant roots: humid condi-
tions, moderate temperatures, air and organic material are best for them. Most
are very sensitive to changes in soil moisture and temperature. Their activity is
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generally low when soils are dry, very wet or too hot. If the soil is compacted,
dried out, baked by the sun, or is poor in organic matter, it becomes like a piece
of concrete and soil organisms cannot do a good job. Even the bacteria, as tiny as
they are, cannot work in a dead soil. Good air circulation within the soil is crucial
for their development. Activity is highest in warm and moist soils when “food” is
available.

3.3. Assessing the fertility of soils

Soil analysis

Farmers may find getting their soil analysed in a laboratory helpful to know
more about the fertility of their soils. Soil analysis, however, often has limited
relevance as nutrient uptake depends on many soil factors, such as biological
activity. While soil analysis may provide good results for soils fertilized with min-
eral fertilizers, the higher activity of soil organisms in organically managed soils
can result in better nutrient availability, making the results of a test not fully
appropriate or accurate. In addition, the content of nitrogen in soil fluctuates
extremely within just a few days, so that the amount in the sample is highly de-
pendent on the point of time when the sample is taken.

Chemical soil analysis can be useful to analyse the level of acidity in soil (pH)
or for detecting deficiencies or toxicities of nutrients such as Phosphorus (P), Po-
tassium (K) or Zinc (Zn). Organic farmers may especially be interested in knowing
and monitoring the content of soil organic matter (Corg). For soil that has pre-
sented problems such as low yields during several consecutive years, doing the
traditional analyses of P, pH and Corg can certainly give an indication as to what
should be done to improve soil fertility.

Chemical soil analysis on pesticide residues is highly complicated, as one
must know which pesticide to look for, and they are very costly. Physical test-
ing related to water retention capacity or soil structure can yield interesting in-
formation, but samples must be taken very carefully. Biological analysis of the
activity of soil organisms must be done in specially equipped laboratories and is
rather costly.

If soil tests are used, farmers should make sure that the relevant aspects are
investigated and that the results of the test are critically discussed with an ex-
tension officer. For most farmers in Africa, it may be more appropriate to use a
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spade diagnosis and dig a soil profile to better understand their soils, and in-
vest in soil fer.t|.l|ty in ggneral. E.xten5|on officers should. encourage farmers to #24 Sharing experien-
watch the activity of soil organisms that are decomposing plant material and T T e
also watch the fate of the plant material upon degradation. This may be part of

: . , o ; o mineral fertilizers
a spade diagnosis, but could also be a first step to recognizing the soil as a living Al e s albeL
and active ecosystem.

their experiences with
mineral fertilizers. Which
fertilizers did they use?
How and in which quanti-
ties did they apply them?
What were the short-and
long-term impacts on
plant growth, water hold-
ing capacity of the soil,
soil structure or biological
activity? Did they compare
the use of mineral fertiliz-
ers with the use of com-
post or animal manure?

3.4. General fertility status of African soils and its management

Africa has a wide range of soils and climatic conditions. Its soils are inherently
low in fertility because they developed from poor parent material, are old and
lack volcanic rejuvenation. In addition to low inherent fertility, about 65 % of
the arable land in Africa is degraded due to water and wind erosion, loss of nutri-
ents, physical deterioration and salinization. Soil fertility is highly heterogene-
ous with large on-farm variation from field to field and nearly as much variation
on a local level as across all of Africa.

Several attempts have been made in the management and development of
soil fertility in Africa. In the 1960s and 1970s soil fertility in agricultural systems
was maintained through long term bush fallows of 10 or more years, but this
is no longer being practiced because of increased shortage of land. The appro-
priate use of external inputs such as mineral fertilizers, lime, irrigation water
and improved cereal germplasm was championed because it was believed to be
able to alleviate constraints that are associated with crop production. However,
unlike Asia and Latin America where the application of these technologies has
boosted agriculture production leading to the "Green Revolution”, this did not
work in the case of Africa due to the diversity of the agro-ecologies and cropping
systems, variability in soil fertility, weak institutional arrangements and policy
failure.The Low External Input Sustainable Agriculture (LEISA) paradigm was also
championed in the research and development agenda in the 1980s, which advo-
cated a shift from external input only, to limited external inputs and optimal use
of locally available resources in efficient manner. But nevertheless, lack of suf-
ficient organicresources and labourintensiveness of the LEISA technologies had
caused a shift in soil fertility management. Significant progress has also been
made in the combined use of organic and mineral fertilizers in the mid-1980s and
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1990s. However, a lot of challenges still remain to be overcome in soil fertility
management.

Today most African soils are deficient of organic matter due to repeated

ploughing, erosion of the topsoil, mono-cropping and lack or insufficient supply
of organic materials. These soils have low capacity to retain and supply nutri-
ents to plants, high nitrogen leaching and phosphate fixation potential, low to
medium water holding capacity, weak soil structure and are deficient in minor
nutrients.

3.5. Challenges associated with mineral fertilizers

>
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The nutrients in mineral fertilizers are highly soluble, easily taken up by the
plant, but also easily leached out of the soil (especially nitrogen). They have
to be applied cautiously so as to not to end up polluting streams or ground-
water, which causes health problems in humans. Nitrates found in well wa-
ter, for instance, are known to cause methaemoglobinaemia, also known as
‘blue baby syndrome’, where the blood is short of oxygen.

When plants receive nutrients in the form of mineral fertilizers through the
soil water, they are forced to grow quickly, making them vulnerable to dis-
eases and attractive to pests. On the other hand, when nutrients are supplied
through biological activity from the decomposition process or humus, forin-
stance, then the flux of nutrients (although water soluble) is slower and in
more continuous supply compared to mineral fertilizers where nutrients are
only available for a short period of time.

Mineral fertilizers are salts that may help to neutralize alkalinity such as am-
moniated fertilizer. In African acid, infertile, red soils in arid and semi-arid
climates, however, ammoniated fertilizers contribute to acidity, increasing
problems with plant nutrition

Mineral fertilizers are very expensive for most farmers in Africa. Farmers who
take out aloan to buy farm inputs depend on a good harvest to pay back the
credit. Repayment becomes a problem when crops fail due to other reasons
or when crop returns are low.

Reliance on mineral fertilizers cannot halt the continued degradation of Af-
rican soils, because these fertilizers only address the mineral fraction of the
soil and ignore, if used solely, the role and potential of soil organic matter
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and the need toimplement other soil conservation measures to maintain soil
fertility.

3.6. Factors influencing soil fertility improvement in sub-Saharan
Africa

Creating long-term soil improvement can be challenging due to the following cir-
cumstances:

>
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Cultural beliefs and remains of early extension. The way land or soil is man-
aged in many areas in Africa is deeply embedded in the cultural beliefs. Some
common practices that are generally not good for soil fertility include cut-
ting of trees, burning of bush and crop residues, and deep ploughing of the
entire field. Some practices were brought through early extension messages
and are not cultural beliefs per se. For example, long back extension used to
recommend a clean field without any trees yet the farmers had been practic-
ing some form of agroforestry where they used to leave some trees uncut.
Or, cutting and burning of certain crop residues like cotton and tobacco is
regulatory in some African countries as a preventive measure for pests and
disease.

Migratory communities. With ever moving communities such as pastoralists
and shifting cultivators, soil protection becomes very challenging. Communi-
ties move to new areas, cut all trees and burn bushes to grow crops or graze
animals for 2 to 4 seasons. When the soil becomes less productive, the com-
munity moves to a new area. Since these communities do not stay in a given
area for a long time, there is little incentive to undertake soil conservation
measures.

Land tenure systems. Most farmers do not own the land on which they are
farming; it is either customarily owned or rented land. Such tenure systems,
which do not provide security to the farmer, are major obstacles to soil con-
servation. Farmers in such situations find no incentive to invest in soil con-
servation measures, especially if the lease is short term. In some cases, farm-
ers are also not allowed to plant long-term crops including trees.

Scarcity of organic materials. During land preparation, potentially good
mulching materials from slashed bushes, crop residues and weeds are in-
stead burnt to clear the way for digging or ploughing. Farmers have numer-

Module 02 Soil Fertility Management
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ous other uses for crop residues such as fodder for animals, roofing, fencing
or fuel for cooking or using the ashes for soap production. Sometimes, even
cow dung is dried and used as fuel for cooking meals. Such competition for
organic materials for the various household needs limits availability of these
materials for soil conservation needs. Scarcity of organic material is more
pronounced in dry climates.

Fuel needs. Most households in Africa use and produce firewood or charcoal
for their fuel and income needs. As a result, many forests and individual trees
have been cut, rendering the land susceptible to degradation.

High population densities. Growing population is causing land use intensity,
which isincreasingly putting pressure on marginal land such as forests, wet-
lands and steep slopes as well as challenges related to land fragmentation.
Such circumstances render soil improvement very difficult.

Climate change. High temperatures and water scarcity alternating with high
inter-annual variability and erratic rain distribution in space and time, cause
severedroughtand floodingin some areas. This will lead to areductionin the
area suited for intensive agriculture. Lack of water also limits crop growth
and unpredictable rains make timely sowing and successful establishment
of crops difficult. Increase in soil temperature aside having negative effect
oncrop growth accelerate soil degradation processes and patterns. Together,
these harsh climatic factors, coupled with poor soil management, have re-
duced soil fertility by contributing to erosion and to general soil and water
degradation.

Inadequate use of synthetic fertilizers. Farmers have neither access to nor
can they afford the fertilizers due to high prices as a result of the removal of
subsidies, transaction costs, poor infrastructure, poor market development
and inadequate access to credit facilities. The use of inorganic fertilizer in Af-
ricais also limited by inherent low conversion efficiency due to lack or excess
supply of water, soil compaction, inappropriate application, and low soil or-
ganic matter content of the soils. Phosphorus fertilizers are often poorly avail-
able, as they are easily fixed in some soils. Sole reliance on inorganic fertiliz-
ers cannot sustain the productivity of soil since it has very little effect on soil
structure, resistance to erosion, moisture retention and biological activity.
Low availability of organic soil amendments and fertilizers. Application of
organic sources of nutrients such as manure, compost and others not only
provides some nutrients to the present and the following crops, but also

Module 02 Soil Fertility Management
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improves the physical, chemical and biological quality of the soils. On most
farms availability of animal manures or organic materials for compost pro-
duction are low and access to organic soil amendments and fertilizers from
surrounding farms or nearby industrial production is very limited. Better
availability and integrated use of farm-own and affordable foreign organic
and mineral fertilizers may significantly contribute to higher productivity
and resilience of farms.

4. Organic agriculture approach to soil fertility management

Intensively managed farming systems require good soil fertility management to
ensure long term sustainability of own food production. That is why proper soil
fertility management is of central importance in organic crop production and
farming. Basically organic farmers approach soil fertility management by con-
serving and protecting their soils from sun, rain and wind, and feeding it with
organic material in an appropriate way, so as to allow it to feed the plantsin a
balanced way. When the soil is fertile in the organic sense, it can produce good
crop yields for several years.

4.1. The three-step approach

Organic soil fertility management can be seen as a three-step approach with a
range of tools to manage soil fertility and plant nutrition.

Step 1 - The first step consists of conserving the soil, soil organic matter and
soil water from loss. Applied measures aim at protecting the soil surface from
being exposed to the sun and drying out, and from being carried away by wind or
washed down by rain. The aim is to establish a stable and less vulnerable soil as
the foundation to managing its fertility.

Step 2 - The second step consists of improving organic matter content and
enhancing biological activity in the soil. The aim here is to identify appropriate
organic resources that can build an active soil with good structure which can
hold water and supply plant nutrients.

Step 3 - The third step consists of supplementing the nutrient requirements
aswellasimproving the growing conditions by applying some soil amendments.

Module 02 Soil Fertility Management
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Each step of the three-step approach builds the foundation for the next one.
The aim is to optimize steps 1 and 2 that encourage natural rejuvenation of the
soil and to minimize application of foreign fertilizers, soil amendments and ir-
rigation water (step 3). Proper and efficient application of steps 1 and 2 saves
on costs for fertilizers and other supplements and prevents possible negative
impacts on the farm ecosystem.

4.2. Tools for organic soil fertility management - The organic soil
fertility management toolbox

1%t step: Soil and water conservation

The first step practices aim at protecting precious soil and water from being lost.

This provides a good foundation for building fertile soil. Soil conservation can be

achieved through the following practices:

> Preventing soil erosion by reducing the movement of water with contour
ridges and bunds, grass strips and terraces, and application of mulch to the
soil surface.

> Protecting the soil with mulch and cover crops.

> Harvesting water with pits and water catchments.

> Application of reduced tillage to minimize soil disturbance.

2" step: Improvement of soil organic matter

These practices aim at enhancing the organic matter content of the soil as the

basis of soil fertility and for efficient management of plant nutrients and water.

The practices related to it include:

> Producing own compost or supplying compost or other organic materials
from outside the farm supplies stable humus substances to the soil and thus
improves its structure and water holding capacity contributing to improve-
ment of soil organic matter content on along term.

> Growing green manures to produce large quantities of fresh plant material,
which are incorporated into the soil, feed the soil organisms and mineralize
rapidly to provide nutrients to the crop that follows.

> Recycling of valuable animal manures for composting or fertilization of the
crops.
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Soil fertility is best improved through combined implementation of the dif-

ferent practices. One practice alone may not be sufficient to maintain or even 5‘."!.‘ Field assessment
improve fertility of soils. 2% fsoil and water
conservation

3" step: Soil fertility supplements Divide the farmers into

In situations of heavy nutrient depletion or unfavourable growing conditions small groups and send

such as extreme pH levels, there can be a great shortage of macro- and micro- them to different fields to

nutrients. Specific measures may be necessary to speed up improvement of the assess soil conservation

growing conditions for plants. These supplementary measures include: measures being practiced

> Use of self-made liquid manures that are easily available to plants. in the area assessing to

> Use of soil amendments such as lime to correct soil pH and microbial inocu- what extent measures are
lations to enhance biological activity of the soil and nitrogen fixation in the undertaken to keep the
soil. soil covered, to reduce the

> Useofirrigation to supplement water requirements. movement of water and

> Use of commercial organic and selected mineral fertilizers to satisfy specific to hold the soil together.
nutrient needs. Share and discuss the

findings in the plenary

Understandably, the tools of the third step will only be fully effective, when session.

tools of the other two steps are properly applied, for example where valuable top-
soil is lost because of poor erosion control, soil amendments will get lost as well.
Thereisageneral debate on the potential of soil fertility management in Afri-
ca based on farm-own or organic resources. Modern integrated soil fertility man-
agement advocates the use of synthetic mineral fertilizers in addition to organic
resources to add nutrients that have been removed with harvested products or
lost from the farm ecosystem. This approach is based on the perception that the
farm cannot provide sufficient nutrients from biological fixation of air nitrogen,
biomass production and transport of nutrients from lower soil layers to the soil
surface to produce economic yields and build up reasonable soil fertility.
Organic soil fertility management, in contrary, principally relies on natural
sources and biological processes only and seeks for a long-term improvement of
soil fertility based on optimization of farm-own nutrient management. In some
conditions though, it may be necessary to supply organic materials from out-
side the farm to build up soil fertility and produce reasonable harvests in a short
time. In certified organic agriculture mineral fertilizers shall be used as a supple-
ment to biologically-based fertility methods only. Their use shall be justified by
appropriate soil and leaf analysis. In certified organic agriculture only naturally
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occurring mineral fertilizers are allowed. Chilean nitrate and all synthetic ferti-
lizers, including urea, are prohibited.

5. Soil and water conservation

Rainfall is becoming more unreliable and yet most farmers in Africa highly de-
pend on it to grow crops and raise animals. Unexpected droughts are experi-
enced everywhere, leading to reduced or no yields at all in some cases. Some-
times when the rain comes, it is quite heavy and washes away the soil, destroys
plants and causes floods or landslides. The extent of damage is usually greater
on croplands along hilly slopes. Depending on the extent of damage, the pro-
ductivity of the land is instantly or gradually reduced, because either all or part
of the topsoil thatis rich in organic matter and nutrients is lost to the lowlands,
leaving behind the less productive part of the soil.

The implication of such scenarios is that farmers need to protect the entire
landscapein order to protect the soil and conserve water needed for sustainable
production of crops and animals. Whereas flat and well-drained land is good for
farming, sloping lands can only be used under proper soil conservation. Steeper
lands should not be used for growing annual crops, but kept under grass, peren-
nial tree crops or put under controlled grazing. Very steep land with shallow soil
should rather be leftin its natural state and also as home for wildlife.

The two main aims of soil conservation on cultivated lands are, therefore, (i)
to maintain the soil covered with dead plant materials or living plants or trees as
much as possible to hold the soil and break the wind force, and (ii) to reduce the
movement of surface water, encourage water infiltration and storage in the soil.
Soil conservation is achieved by controlling soil erosion (the extent of soil and
organic matter loss) and regulating tillage practices. Proper soil conservation is
the foundation for effective organic production of crops and animals.

5.1. Soil erosion control
5.1.1. What is soil erosion?

Soil erosion is the physical movement of soil particles and organic matter from
a given site by the action of raindrops, runoff or wind. Soil erosion accounts for
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#24 Field assessment
of soil erosion
Inspect together with
the farmers local fields
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runoff? What do their
soils look like after strong
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stop the process of ero-
sion.
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stay stable? Does water
runin easily?
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about 8o per cent of land degradation in Africa.

How to recognise soil erosion: First signs of the soil’s disposition to erosion
are recognized by the separation of soil particles that often have a different col-
our. The extent of soil erosion will advance from sheet erosion (uniform removal
ofathinlayer of topsoil), rill erosion (small channels formed in the field) toa more
destructive stage, gully erosion (large channels formed in the field). Exposed root
systems of plants are also a sign of erosion.

Loss of soil organic matter from upper soil layers destroys the physical prop-
erties of the soil, its structure, aeration, water-holding capacity and biological
activity, and involves loss of soil nutrients, which leads to nutrient deficiencies
and poor plant growth. The amount of erosion on a farm land depends on the
slope of land, nature of plant or vegetation cover, land use, erodibility (the esti-
mate of the ability of the land to resist erosion), erosivity of eroding agent (i.e.
the ability of wind or water to cause erosion).

(i) Slope of land: Naturally, the steeper the slope of a field, the greater the
amount of soil loss from erosion by water.

(ii) Vegetation: Soil erosion potential is increased if the soil has no or very little
vegetative cover of plants and/or crop residues. Plant and residue cover pro-
tects the soil from raindrop impact and splash, tends to slow down the move-
ment of surface runoff and allows excess surface water to infiltrate.

(iii) Land use: Certain land management and cropping practices (tillage, strip
cropping, terracing) can directly affect the overall soil erosion problem and
solutionson a farm.

(iv) Soil erodibility: Soil erodibility is an estimate of the ability of soils to resist
erosion, based on the physical characteristics of each soil. Generally, soils
with faster infiltration rates, higher levels of organic matter and improved
soil structure have a greater resistance to erosion. Sandy loam and loam tex-
tured soils tend to be less erodible than silt and certain clay textured soils.

5.1.2. Causes of soil erosion

Soil erosion occurs naturally. Human intervention can, however, accelerate these

natural processes, for example, through:

i. Overgrazingof rangelands that reduces plant cover, exposing the soil surface
to rain and animal stamping impacts, which in turn loosens the topsoil mak-
ing it susceptible to erosion. As the stocking rates increase and new animal
species such as sheep and goats are introduced, the grazing land will eventu-

hﬂFiBl. African Organic Agriculture Training Manual Module 02 Soil Fertility Management

22



m POSSIBILITIES OF COVERING
Y THE SOIL

Different possibilities of covering the soil

ally be cleaned to bare ground.

ii. Over cultivation of cropland resulting in exhaustion of soil organic matter,
destroys soil structure and makes soils very susceptible to erosion.

iii. Utilisation of erosion susceptible areas without any soil conserving meas-
ures such as terracing, automatically results in soil erosion.

iv. Continued destruction of forests in search of firewood, material for charcoal
production and new cultivable land leads to soil erosion, floods and land-
slides,and reduces storage of rainwater in the soil and modifies the availabil-
ity of water in water bodies and groundwater.

How erosion affects agriculture:

i. Decrease in agricultural productivity:- Loss of the nutrient rich and biologi-
cally active upper soil layers results in loss or decrease of productivity of the
soil.

ii. Inhighrainfallareas partof the waterwhich cannotberetained percolatesto
a deeper level or ground water and leach nutrients out of reach of the plant
roots in the process.

5.1.3. How to control soil erosion

Irrespective of the extent of damage by soil erosion, land and soil can still be
rehabilitated. If the topsoil is lost and erosion is severe, it will take much effort
and considerable time to rehabilitate the land. Usually it takes the commitment
of the entire community in order to improve the situation. However, even at the
individual household level, there are many measures a farmer can establish to
control soil erosion. These measures will at the same time control erosion and
conserve soil moisture.

5.1.3.1. Covering the soil

The easiest way to protect the soil from being eroded by water or wind is to keep
it covered by a plant or mulch cover as much as possible. The soil can be cov-
ered with living plants (cover crops), especially within perennial crops, or dead
mulching material. Erosion due to rains is more a problem in annual crops where
the land is regularly tilled for planting and when soil preparation coincides with
rainfall. To avoid erosion during this period, the soil is best covered with residues
from the previous crop and other dry plant material, and soil cultivation is re-
duced by tilling strips only.
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a. Growing cover crops

gy COVERCROPS Cover crops are usually low-growing perennial plant species, which are sown #24 sharing knowledge
" with the main intention to protect the soil, prevent weed growth and maintain 2 ;locally grown
soil fertility. They are also called ‘green’ or ‘living mulch’. Cover crops are used cover crops
Cover crops for erosion control inasimilar way as green manures with the main difference that green manures Ask the farmers what
B e . are grown to produce maximum biomass mainly and are usually slashed before
. T e flowering and incorporated into the soil. Coverycrops may aIsoyrequire regular glril\xri Zzec{)tgfz\;;git@rﬁy
SN oo 5 oo s i i slashing, mowing or grazing to avoid competition with the main crop. are these plants groWn?
= rmhmumn Do Some information sources do not distinguish between cover crops and green What are their character-
e || SINERRTL CDESRIL IS manures, as both caninclude the same species, and differences are little depend- istics?
L e R DI — ing on their management. But it makes sense to approach them separately due
I oo i s to the different functions they can have in a cropping system.
o Gt e ey The primary strength of cover crops is to rapidly cover the soil and to main-
s Ty et e . tain it permanently covered. Cover crops benefit both short and long term pro-

ductivity of a cropping system. They improve physical properties of the soil,
reduce runoff and erosion, suppress weeds and, if the cover crop is a legume,
transfer nitrogen to the main crop, when mulched. Soil organic matter levels are
usually maintained under a cover crop from a combination of increased input of
residues, reduced soil organic matter decomposition due to reduced exposure as
aresult of reduced or zero tillage, and decrease of soil temperature.

The benefits of cover crops can be limited by the competition of the cover
crop for water and nutrients and the very slight increase of soil organic matter
level. Slashing, mowing or selective cultivation temporarily reduce competition
from the cover crop. While leguminous cover crops supply some nitrogen to the
main crop, pure grass-based cover crops require nitrogen for proper growth.

The following characteristics make an ideal cover crop:

> Itislow-growing and not climbing;

> It grows fastand covers the soil in a short time;

> It is resistant against pests and diseases, and does not transmit any to the
main crops;

> Ittolerates drought;

> It fixes nitrogen from the air;

> Itdevelopsadeeprootsystem whichisable toloosen the soil and contribute
to regeneration of degraded soils;

> Itiseasytosow andto manage, and can be slashed, grazed or cut for fodder;
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!] INTEGRATION OF COVER
? CROPS

Possibilities of growing cover crops
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Why use mulch?
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> The seeds are cheap, easy to purchase or can be easily reproduced on the
farm.

The residues of cover crops are usually not harvested, but are left to decom-
pose in place. This explains, why they are also called living mulch. Some cover
crops can be grazed, provide food or can be used to produce forage. Growing
a cover crop limits possibilities of soil tillage. Therefore cover crops are usually
grown in cropping systems, which include reduced tillage.

Cover crops can be grouped into legumes, grasses, and other groups such as
cucurbits, which also cover the soil well. For a permanent soil cover, a mixture
of legumes and grasses is best, as their root systems usually complement each
other well in their growing depths and together they provide a balanced source
of feed for livestock.

How to integrate cover crops

Cover crops can be planted in different ways depending on the site conditions,

the main crop and intended benefits:

> Intercropping. The cover crop is planted at the same time as the main crop.
In this case, the main crop should be one that grows high like maize to avoid
being smothered by the cover crop. Creeping cover crops like mucuna should
be avoided, because they will also smother the main crop. Intercropping is
preferable in perennial crops.

> Relay cropping. The cover crop is planted in an advanced growth stage of
the main crop. For example, in a maize-bean intercrop the cover crop can be
planted after beans are harvested. Here the farmer is able to harvest more
crops and the risk of competition is greatly reduced. The cover crop is then
left to continue growing, protecting the soil and smothering weeds.

> Crop rotation and improved fallows. In this case, the cover crop is planted
after the harvest of the main crop. If the soil has enough moisture, this can be
done immediately after harvesting or it can be done as part of the main crop
rotation cycle orincorporated during the fallow season.

Toreduce therisk of damage by pests and diseases, different species of cover
crops can be grown on different fields. If planted together with food crops, cover
crops should also be rotated to avoid build-up of pests and diseases.

Recommended practices for sowing cover crops vary depending on the crop-
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#X§ Integration of
cover crops

Ask the farmers to select
a main crop in the region
and to draft an agricul-
tural calendar on a paper
chart in which they mark
the typical agricultural ac-
tivities related to the crop,
such as digging, planting,
weeding, harvesting, sow-
ing a second crop, etc. Ask
them to indicate the dry
and rainy seasons, and the
periods when the soils are
most affected by soil ero-
sion. The availability of
farm labour should also be
taken into account. Based
on this calendar, the farm-
ers shall discuss options of
how to adapt the cropping
pattern in order to avoid
soil erosion. The proposed
alterations can be marked
in the calendar, e.g. with a
different colour.
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APPLICATION OF MULCH

How to apply mulch

Apply bafore the rainy seascn
Nota too thick layer X

Gruct contactitn ine pLant ghemy
= Or avenly spread Be mulch oo the Neld

ping system, seed size and climate. Small seeds are either broadcasted orsownin
lines by hand or with a seed drill. Large seeds are best sown using a hand hoe or
an animal drawn direct planter. In pure stands narrower spacing is recommend-
ed, whileinintercropped cover crops and in dry climates, a wider spacing reduc-
es competition with the main crop. In general, 2 to 4 seeds are planted per hole.
Most cover crops will need at least one weeding during early stage of growth.

b. Mulching

Mulchingis the process of covering the topsoil with plant material such as leaves,
grass, twigs, crop residues or straw. Sometimes artificial mulches, such as plastic
cover, are used (for weed control mainly; they do not provide the same advantag-
es as organic mulch). Mulching has many advantages, including protecting the
topsoil from being washed away by strong rain and from drying out by the sun.
Protection reduces evaporation of water and thus keeps the soil humid. As a re-
sult the plants need less irrigation or can use the available rain more efficiently.
A humid soil also enhances the activity of soil organisms such as earthwormes,
and microorganisms as rhizobia and mycorrhiza.

Organic mulch material is an excellent food source for soil organisms and
provides suitable conditions for their growth. As the mulch material decompos-
es, it also releases its nutrients, while part of the mulch material is transformed
to stable humus, contributing positively to the soil’s organic matter content. A
thick mulch layer further suppresses weed growth by inhibiting their germina-
tion. Forall these reasons mulching playsacrucial rolein preventing soil erosion.

Application of mulching materials

Sources of mulching material include weeds or cover crops, crop residues, grass,
pruning material from trees, cuttings from hedges and wastes from agricultural
processing or from forestry. Fast growing nitrogen-fixing shrubs that tolerate
strong trimming provide good and considerable amounts of mulching material.
The shrubs can be grown in hedgerows.

The kind of material used for mulching greatly influences its effect. In humid
climates green material will decompose rapidly making nutrients available nu-
trients to the crops during the process. Soil protection is then limited to 1 to 3
months. In this case application can be repeated. Hardy materials such as straw
or stalks in contrary will decompose more slowly and therefore cover the soil for
alonger time. Where soil erosion is a problem, slowly decomposing mulch mate-
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#X4 Evaluating possi-
bilities of covering
the soil

Discuss with the farmers

possibilities of covering

the soil to protect it. What
materials are available for
mulching? What plants
may be grown to cover the
soil? Which approaches to
cover the soil may be most
advantageous? Do any of
the farmers practice one
or the other method?

26



TRASH LINES

How to build trash lines -

Align crop resicues and other bulky

plant matesial aiong the contours

rial (with low nitrogen content and a high carbon to nitrogen ratio) will provide
long-term protection compared to quickly decomposing material.

When carbonrich materials are used for mulching, nitrogen from the soil may
be used by microorganisms fordecomposing the material (a process called immo-
bilization). During this time, the microbes compete with the plants for nitrogen
and the crop may suffer from malnutrition. To avoid nitrogen immobilisation, old
orrough plant materials should be applied to the soil at least two months before
planting or sowing the main crop. The decomposition of the mulch material can
be accelerated by spreading organic manure such as animal dung on top of the
mulch, thusincreasing the nitrogen content.

In arid climates mulch material may be scarce and production or collection
usually involves a considerable amount of labour and thus may compete with
labour for the production of crops and of household activities. Especially in such
climates, however, application of mulches is worthwhile.

In specificsituations organisms such as slugs, snails, ants or termites can pro-
liferate too much in the moist and protected conditions of the mulch layer and
may cause damage to the crops. Damaging organisms such as stemborers may
survive in the stalks of crops like cotton, corn or sugar cane. In such situations
mulching materials must be carefully selected to avoid any disadvantages, or
farmers renounce to protection of the soil with mulch and apply other methods
for soil protection. As a general rule plant material infected with viral or fungal
diseases should not be used if there is arisk that the disease might spread to the
next crop. Proper crop rotation is very important to overcome these risks.

If possible, the mulch should be applied before or at the onset of the rainy
season, as then the soil is most vulnerable. If mulch is applied prior to sowing
or planting, the mulch layer should not be too thick in order to allow seedlings
to penetrate it. If the layer of mulch is not too thick, seeds or seedlings can be
directly sown or planted in between the mulching material. Mulch can also be
appliedin established crops, best directly after digging the soil. It can be applied
between the rows, directly around single plants (especially for tree crops) or
evenly spread on the field. On vegetable plots it is best to apply mulch only after
the young plants have become somewhat hardier, as they may be harmed by the
products of decomposition from fresh mulch material.

In humid climates loose, bulky materials such as twigs are usually more ap-
propriate for mulching, as they ensure adequate ventilation. Materials should
not be too bulky though to prevent damage on crops or being blown away. If
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#24 Practical exercise
of making and
using an A-frame

Divide the farmers into

groups of four. Show them

how to make and use an

A-frame and then give

them the opportunity

to construct an A-frame

themselves, and to use it

in the field.
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CONTOUR BUNDS
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A mathad for dry clmates and
depistechil sides

1. Heap up soil along
the contourlines.

A-FRAME
D}

How to make and use the A-frame

g Orewsy =}, [~ Othermay
Stone /1%
2 b =t 1 N Lovlin the mide
= A\

- . 3. Caibrate on leveled ground tuming
1.Twtwo E-festpolesandad- 2 Teastinglohetopol we s frame in both drwctions,
P e o

waightic it

the bar.

i
4 Swingonelegupordown 5 Markthe 3p &M
sing

wharne the mark s

L T R VT S Fartaty Maragermat

hﬂFiBl. African Organic Agriculture Training Manual

mulch material is introduced into a field, attention must be paid to not to intro-
duce any unwanted seeds.

The ideal strategy for mulch application finally depends on local conditions
and the crops that are grown. Whether mulch is best applied before or after
planting, in strips along the rows or evenly over the entire surface, in a thick ora
thin layer, must be found out through testing over several seasons.

5.1.3.2. Reducing movement of water
a. Building contour bunds and digging ridges
An effective measure to limit above soil movement of water is digging ridg-
es along the contour lines of a slope. Or natural drain ways are identified and
planted with grass to allow storm water to move smoothly over the fields with-
out breaking into gullies. Waterways need dense vigorous vegetation and wa-
ter should be directed with diversions. Ditches may be dug along the contour
to trap the running water and encourage infiltration into the soil. Contouring
is often combined with strip cropping furrows between the contour ridges, in
which strips of a crop such as maize alternate on the side of the hill with strips
of denser vegetation like legumes. Much of the soil washed downhill from each
strip of row crops is trapped by the strip of denser vegetation growing below it.
Laying trash lines of stalks and other crop residues, instead of the dense vegeta-
tion, is also helpful.

The A-frameisasimple, cheap and easy-to-construct tool for marking contour
lines along aslope, making it readily accessible to African farmers. The A-frame is
made from three poles, some rope, a stone and a supply of stakes.

How to build and use an A-frame:

1. Fixthree polesofabout 2.5 meterslongeachina position forming an even ‘A’
If rope is not sufficient to tie the ends, use nails.

2. Tie one end of a piece of cord to the top of the A and fix a stone tied to the
otherendso that the stoneis at some distance from both the ground and the
crossbar.

3. Put the A-frame upright and mark the position of both legs. Then, mark the
point where the string passes the crossbar of the A.

4. Turn the A-frame so that the placement of the legs is reversed. Again mark the
pointwhere the string passes the crossbar. If the two marks are not at the same
point, mark a third point with a knife exactly halfway between the first two.
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#X4 Discussion:

Ask the farmers
which grass species are
known to grow well in
local conditions. Has
any farmer collected any
experiences with grow-
ing grass in strips along
the contours of a slope?
Which recommendations
can be given to the other
farmers?
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5. Drive the first stake at the edge at the top of the field. Place one leg of the

GRASS BARRIER STRIPS A-frame abqve and touching the stgke. Platfe the other leg in such a position i‘.i’.i Discussion in the
i that the string passes the level position point on the crossbar. 28  co1don construc-
6. Drive another stake into the ground just below the second leg. Move the A- tions against soil
How to make and use grass frame and continue in the same way across the field. erosion
krior iy 7. The next contour lineis placed 3 to 6 meters below the first line. The steeper Take the farmers to a site
the slope, the closer the lines should be. that is affected by soil ero-
) ) sion. Discuss with them
b. Placing grass strips possibilities of stopping
Fodder grasses such as vetiver grass (Vetiver zizanioides), napier grass (Pennise- soil degradation. What
' tum purpureum) and guinea grass (Panicum maximum), Bahia grass (Paspulum suggestions do they make
< ey notatum) can be planted in strips at intervals across the slope to slow down run- for the site and why?

: off of water. In addition to reducing soil erosion, the grasses provide feed for the
R “ animals. The grass strips can be mixed or replaced with a hedge row of legumi-
nous fodder trees such as Leucaena diversifola, Calliandra calothyrsus, Sesbania
sesban, Gliricidia sepium.

c. Terracing

Mechanical measures for controlling erosion are usually more costly than those
that depend primarily on vegetation. They require more labour, materials and
skill to install. Terracing includes many different types of terraces, diversions
and grade stabilization structures. Terraces break up a long slope into a series of

!] BENCH TERRACES
¥ AND STONE LINES

Building a bench and a stone terrace short ones. Each terrace collects and controls the excess water from a definite
- Govagunans s areaof theslope aboveit. Water collected in aterrace channel may be connected

shrubs of fruit trees on .
et £ to protected outlets such as man-made ponds or natural water ways where it

will cause no damage. If the soil in the field is permeable enough, terraces may
be built level and water allowed to stand and soak into the ground. Even well-
constructed terraces need continuous repairin order to be effective. Unless kept

T e s naes in good condition, terraces may cause more erosion than if they were not built.
’wj;:.’_:m..,.; " Bench terraces. They are found on medium slopes and transform the steep
slope into a series of level shelves or beds running across the slope on which
T A o . cropsare grown.The stepsare separated by almostvertical risers (walls or bunds)

of rock or earth protected by a heavy growth of vegetation. The risers need to be
kept covered with grass and continuously repaired to maintain their stability.
Although bench terraces take a lot of labor and time to construct, they can last a
long time if well maintained.
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Stone lines. Use of stone lines is most applicable when stones are easily ac-
cessiblein the area. Here stones are piled across the slope, breaking it into small
sections where crops are grown. They slow down runoff and soil eventually
builds up behind them, forming nearly leveled beds.

Fanyajuu (Converse) terraces. Fanya juu (‘throw it upwards’ in Kiswabhili) ter-
races are made by digging trenches along the contours and throwing the soil
uphill to form embankments (bunds), which are stabilized with fodder grass such
as Napier (Pennisentum purpureum) and multipurpose agroforestry trees. The
space between the embankments is cultivated with crops and over time, the fan-
ya juu develop into bench terraces. They are useful in semi-arid areas to harvest
and conserve water.

d. Conserving vegetation
Plant roots hold soil particles together and protect the soil from being washed
away by water or wind. Land that is covered with vegetation is less susceptible
to erosion than unplanted land. This can be achieved by maintaining natural
grass coverin perennial crops or by growing a cover crop. On the other hand, very
steep slopes should be planted with trees instead of cultivating them for crops.
Growing trees in rows (alley cropping) and hedges in the fields or around the
fields will reduce wind speed. They also create a micro-climate, which reduces
evaporation and protects the soil and crops from the drying effects of wind.
When trees are planted in rows in the field, they often compete with the crops
for water, and in drier areas, this will reduce the yields of the field crops. In such
areas, planting hedgerows is recommended or if planted with crops, they should
be heavily pruned at the beginning of the growing season of the field crop to
reduce competition. During the dry season the trees will have grown again and
be able to shade the soil.

5.2. Water harvesting

Water harvesting, water saving and soil moisture conservation strategies have
highest priority in semi-arid and arid regions. As water is the limiting factor for
crop yields, every drop of rain or irrigation water should be retained in the field.
Sufficient soil water supply requires proper water harvesting of the available
rainfall and reduction of runoff, and soil management strategies to increase wa-
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#24 Discussion: Water
harvesting
Ask the farmers, how
they harvest water in the
area. Do they practice
any measures to ensure
maximum harvesting of
rainwater?

#X4& Demonstration:
Comparing soil
profiles

Take the farmers to an

undisturbed forest soil

(or to asoil that has been

cultivated with little

disturbance for several
years)and to a regularly
tilled field. At both sites,
dig a soil profile. Then
discuss with the farm-
ers the qualities of both
soils. Which layers are
visible? Which colours do
the layers have? How is

soil structure? Is there a

compaction layer? Which

soil looks more active and
fertile?

30



WATER CATCHMENTS
%

Water catchments

‘\ froen roads diucting it though
- channels into & small pond

So— [FELr—

”\FiBI. African Organic Agriculture Training Manual

ter infiltration, holding capacity and decrease evaporation through mulching
and minimum tillage. Even where irrigation water is available, water application
should be kept to an absolute minimum in order to avoid problems of salinity
and over-exploitation of ground water.

Organic farmers seek to optimize the use of on-farm resources for water
management improving their soils and designing farming systems in a way to
capture water and store it for later use. The following measures have been used
successfully in many areas:

Planting or water-retaining pits. Water retaining pits (also known as Zai in
Burkina Faso and as tassa in Niger) are hand-dug circular holes along planting
rows which collect and store water. The soil from the pits is used to make banks
around the pits. The size of the pit depends on the amount of runoff. Manure or
compost may be added in the pit before planting in the pits. After planting, the
pits are not completely covered to allow more collection of water. The pits can
be used season after season while improving soil fertility with application of ma-
nure or compost.

Water catchments. Water from roads and homestead compounds can be
channeled into the farmland via field ditches or a water pond. From here the wa-
ter can be slowly diverted into the field or used for irrigation.

5.3. Minimizing soil disturbance

Farmers till land for various reasons: to loosen the soil and prepare a seed bed
to encourage seed germination, control weeds or incorporate manure and plant
material into the soil. Turning the entire surface area of the field that is to be
planted is common in many African countries. General ploughing, discing and
harrowing are encouraged by the introduction of tractors. But also ridging using
a hoe involves disturbance of the entire surface. These soil cultivation systems
leave bare soil exposing it to erosion and water loss through evaporation, result
in capping of the soil surface, accelerate decomposition of soil organic matter
and contribute to destruction of soil structure. Repeated working depth and cul-
tivation of soil in humid condition bears the risk of soil compaction and creation
of a hardpan at the working depth. Mixing of soil layers can also severely harm
certain soil organisms such as earthwormes.
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#24 Discussion on local
tillage practices
Ask the farmers how soil
cultivation is commonly
done locally. Do they use
tractors, oxen or hand
hoes? How often do they
till the land, for what
reasons and under what
circumstances? Do farm-
ers have to wait for the
rains to till their land?
Does tillage resultin de-
layed planting? Does any
farmer have experience
with no-tilling or reduced
tilling? Discuss with them
the advantages and incon-
veniences of soil tillage.
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Most farmers, who plough their land, must wait for the rains to cultivate the
soil. In this case planting cannot happen as long as the land is not prepared. In
many regions each day of delay in seeding after the first rains results inyield loss.
Cultivation of the entire surface area of a field is labour, energy and time inten-
sive. Preparing a field may take several days or weeks, requires strong draught
power and much fuel if a tractoris used.

Traditional organic farming practices involve deep soil cultivation with inver-
sion of the soil to allow incorporation of plant material and animal manure, and
bury weeds. Increasing knowledge on the negative impacts of such a practice
on soil organic matter, nutrient losses, soil biology, climate, use of energy and
costs presently results in a basic change in the approach to soil cultivation with
increasing adoption of practices, such as they are promoted by the approach of
soil conservation farming.

Any soil cultivation activity has a more or less destructive impact on soil
structure. But there are soil cultivation systems that minimize soil disturbance,
maintain a protective cover on the soil surface and allow early land preparation
before therains. Such systems contribute to a good soil structure, reduce the risk
of soil compaction, increase water infiltration and reduce runoff, reduce evapo-
ration and thus improve water storage. When the soil is protected and stays un-
disturbed, the topsoil layer becomes a favourable habitat for plant roots, worms,
insects and microorganisms such as fungi and bacteria. This soil life recycles the
organic matter from the soil cover and transforms it into humus and nutrients,
and thus contributes to fertile soil and plant nutrition. This process may also be
called ‘biological tillage’.

Reduced soil cultivation and maintenance of a soil cover, as they are recom-
mended by the conservation farming approach, allow farmers to prepare their
land after the harvest of the previous crop. Early land preparation allows plant-
ing at the onset of rains and early weeding. The soil conservation farming ap-
proach is very suitable to women, as labour for soil cultivation is reduced and
can be done overalong period without loss of nutrients and precious time.

Soil cultivation should provide good growing conditions for seeds and seed-
lings, loosen the soil in a way to facilitate the penetration of the young plant
roots, destroy or control weeds and soil pests, if necessary, and repair soil com-
paction caused by previous activities. Whether soil cultivation should serve in-
corporation of crop residues and manures into the soil or not, is a basic decision
that needs to be taken in the local context.
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aX§ Field visit

If possible, take the
farmers to a field that has
been cultivated follow-
ing conservation farm-
ing principles. Let the
farmer of the field speak
about his experiences.
Which advantages does
he or she observe? Which
challenges does he or she
face? Nearby there may be
a conventionally managed
field. Which differences
are visible?

828 Discussion on zero-

tillage

Do any farmers
practice zero-tillage
locally? What are their
experiences? Which ad-
vantages and constraints
are known? Are the soils
suitable to zero-tillage?
Is zero-tillage practiced
without the use of herbi-
cides?
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To minimize the negative impacts of soil cultivation while benefiting from its
advantages, farmers should aim on reducing the number of interventions to the
minimum and choose methods that best conserve the natural qualities of the soil.

Thereisnotjustoneright way to cultivate the soil. Thereisarange of options.
Finding the most appropriate soil cultivation method depends on the crops that
are grown, the cropping system, the soil type, climate, weed pressure and other
factors. Thus, each farmer must assess the soil cultivation practice which is most
suitable for his or her conditions minimizing the negative impacts of soil cultiva-
tion while benefiting from its advantages. Organic farmers should aim to keep
the number of interventions to a minimum and choose methods that conserve
the natural qualities of the soil. Adoption of reduced soil tillage by farmers, who
fully rely on natural practices and avoid herbicides and chemical fertilizers, may
require specific adaptations to prevent weed problems and ensure appropriate
plant nutrition.

5.3.1. Zero-tillage or No-till systems

No-till systems work without any soil tillage and seeds are planted or drilled di-
rectly into the vegetation cover without any seedbed preparation. Crop residues
are left on the soil surface. The vegetation cover and weeds are destroyed by
slashing them manually or mechanically or using herbicides to avoid competi-
tion between the crop and the soil covering vegetation. In conventional farm-
ing, synthetic fertilizers are either broadcasted or applied during seeding. For
seeding, usually a narrow slot only wide and deep enough to obtain proper seed
coverage is made, while crop residues basically remain undisturbed on the soil
surface.

Zero-tillage systems help to build-up a natural soil structure with crumbly
topsoil rich in organic matter and full of soil organisms. Nutrient losses are re-
duced toaminimum as there is no sudden decomposition of organic matter and
nutrients are caught by a dense network of plant roots. Soil erosion will not be a
problem as long as there is permanent plant cover or sufficient input of organic
material. Last but not least, farmers can save a lot of labour.

Zero-tillage requires soils with good drainage. Water-logged soils and soils
with poor drainage are not suitable for zero-tillage, as the seeds and plant roots
will rot in the soil. In compacted soils, sub-soiling deeper than the soil pan may
be necessary to enhance drainage. Or deep rooting crops such as pigeon peas are
grown in rotation to break pans before weaker rooting crops.
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#X§ Sharing experien-

ceson reduced
tillage

Invite the farmers to
share their experiences on
reduced tillage asking the
following questions:

>

33

Is equipment owned by
individual farmers or is
it shared within a group,
or are the cultivation
and planting services
provided by an entrepre-
neur?

Has the equipment
proved suitable for local
soils and different farm
situations?

Do the farmers use
herbicides? If no, as it

is required in certified
organic production, how
do they control weeds?
Do the farmers use min-
eral fertilizers? If no, as
itisrequiredin certified
organic production, how
do they insure nutrient
supply to the crops?
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Successful zero-tillage depends on high biomass production to ensure a thick
mulch cover. Proper crop rotation including leguminous green manure crops is
essential to this system. Managing weed growth may be a challenge to organic
farmers, who renounce the use of herbicides and rely on mechanical or natural
methods for weed control only. Nevertheless, there is potential for introducing
zero-tillage in organic farming.

In annual crops, for instance, zero-tillage can be applied easily when sowing
alegume crop after a grain such as maize, wheat, sorghum or millet between the
stalks.

Zero-tillage with living mulch is good mainly for perennial crops, for example
coffee or banana, where competition by annual vegetation is limited and weeds
can be controlled by regular slashing.

5.3.2. Reduced or minimum tillage systems

Reduced tillage is shallow soil tillage or loosening of the soil by a chisel without
deep soil cultivation or making furrows or holes where seed is planted. Minimum
tillage promotes build-up of organic matter in the soil, activity of soil organisms
and contributes to more stable soil aggregates resulting in better water infiltra-
tion. Minimum tillage also implies reduced labour and about half as much en-
ergy and effort for land preparation. The greater the part of the soil surface that
remains undisturbed and covered, the more positive the impact is. Ideally the
seedbed is prepared only where the seeds are planted and the residues remain
on the topsoil and are not buried.

Minimum tillage involves techniques such as scraping out shallow planting
holes with a hoe, planting with a dibble stick or digging narrow furrows with
a chisel-shaped ripper pulled by animals or a tractor. The distance between the
furrows results from recommended spacing for the crop. Compared to a conven-
tional plough a ripper is smaller, lighter and easier to operate, and also cheaper
to buy and maintain. As a ripper requires about half of the draught force of that
of a plough, farmers can use weaker and smaller animals also. For making plant-
ing holes with a hoe a long string with knots or bottle tops indicating the plant-
ing distance and pegs are helpful.

Reduced or minimum tillage is well suited to many tropical soils, in which
intensive tillage leads to rapid breakdown of the soil structure and loss of water
and organic matter. However, the adoption of reduced tillage also involves some
challenges. The most important is weed control. Farmers who renounce the use
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#24 Discussion on the
relevance of soil
organic matter for
sustainability of
farming

Ask the farmers, how they
feed the soil. What atten-
tion do they pay to mana-
gement of soil organic
matter? Do they think
efforts into improving soil
organic matter pay off?
Have they experienced
that it does pay off?
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of herbicides depend on mechanical weed control oronathick mulch coveroron
cover crops and proper crop rotation to prevent weed growth.

In systems, however, where the inter-row is never ploughed, weed pressure
decreases over time, as weeds are not allowed to germinate.

6. Improving soil organic matter

When plant material and manure are mixed into the soil, they are decomposed

and partly transformed into humus. Humus serves many purposes, for example:

> Itactsasareservoirof nutrients. The nutrients are released to the plantsina
balanced way, which contributes to good plant health. Soil organic matter is
the main nutrient pool for the plants beside nitrogen from symbiotic fixation.

> Itincreases the water holding capacity of the soil as it acts like a sponge with
the ability to absorb and hold up to 90 % of its weight in water.

> ltcausesthesoilto form strong complexes with clay particles, which improve
soil structure and thus increase water infiltration, making the soil more re-
sistant to erosion. Better soil structure also enhances root growth.

> Humus improves the exchange capacity for nutrients and avoids soil acidity.

> Soil biological activity is enhanced, which improves nutrient mobilisation
fromorganicand mineral sources and the decomposition of toxic substances.

> Mycorrhizal colonisation is enhanced, which improves phosphorus supply.

> Compost has the potential to suppress soil borne pathogens, when applied
to the soil.

Plant nutritionin organic farming relies on sound humus management. Prop-
er management of soil organic matter requires some basic knowledge of the dy-
namics of soil organic matter. Aeration of the soil in combination with humidity
and high temperature create favourable conditions for soil organisms and result
in high biological activity enhancing decomposition of organic matterin the soil.
Under dry and cool conditions soil biological activity is strongly reduced result-
ing in areduction or even in a standstill of transformation processes. Managing
soil organic matter for plant nutrition and soil organic matter level means know-
ing, when and how to manage temperature, oxygen and moisture conditions of
the soil and interfering (or notinterfering) to stimulate or calm down decomposi-
tion and build-up of soil organic matter. Excessive tillage for example stimulates
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#X§ Identifying local
sources of biomass

Identify with the farm

sources of biomass in the

local context, which can

be used for soil fertility

management.

> Isanimal manure avail-
able? If yes, how is it
used?

> Are harvest residues
recycled on the field? Or
are they fed to livestock
and recycled as manure?
Or are they composted?

> Do the farmers grow
green manures?

> Are there any other
sources of biomass that
have remained unused
so far, such as prunings
of leguminous trees, nu-
trients from fish ponds
or others?

> Are there any nearby
sources of organic by-
products or wastes from
food processing such as
seed cakes, fish meal or
bone meal that may be
used?
(continued on next page)
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decomposition of soil organic matter, whereas cooling the soil with a soil cover
slows it down.

Building soil organic matter is a long-term process, but investing into it is
highly beneficial to crop or forage production, and contributes to higher and
more reliable yields.

There are different ways of maintaining or improving soil organic matter:

> Growing green manure, mostly legumes, for the amount of biomass they
build. Before flowering they are cut and worked into the soil.

> Intercropping cover crops such as velvet bean, Tithonia, lablab and others as
living mulch. The cover crop is regularly slashed, when it competes too much
with the main crop.

> Mulching with especially hard-to-compost or woody materials, like dry crop
residues or green manure crops, which have been grown to maturity, also can
ontribute to a slow increase of soil organic matter over time.

> Treesandshrubs foragroforestry can be grownin the fields with crops where
they are regularly pruned and the branches are used as mulch. They may also
be planted on the edges of a field or on fallow plots.

> Residues from harvested crops in the form of husks, leaves, roots, peelings,
branches and twigs should be returned to the fields either as compost, as
mulching materials, or for incorporation into the soil.

> Depending on the financial situation of the farm, additional materials from
agro-processing like wood shavings, or coffee or rice husks, or from food in-
dustry like seed cakes can be purchased.

> Integration of livestock helps to quickly improve soil organic matter, when
livestock excreta and bedding are properly recycled.

The amount and the quality of organic matter supplied to the soil influence
the content of organic matter in the soil. Aregular supply of organic matter pro-
vides the best conditions for balanced plant nutrition. Estimates say that in hu-
mid tropical climates 8.5 tons, in sub-humid climate 4 tons, and in semi-arid 2
tons of biomass are needed per hectare and year to maintain soil carbon levels
of 2,1and 0.5 % respectively.

Burning organic residues and standing dead biomass (such as crops left on
a field) is a crime to the environment! All the benefits that may be derived from
incorporating organic matter are lost and, if the plant material is burned, the at-
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#X4§ Identifying local
sources of biomass
(continuation)

> Are there any commer-

cial livestock producers
in the area to source
animal manure?

> Are there any large scale

producers of compostin
the area?

> Is there any source of

wastes from crop pro-
cessing such as coffee
pulp?

Discuss with the farmers

potentials and constraints

of increasing supply of
organic materials to the
soils using farm-own
sources of biomass more
efficiently, increasing own
production of organic

soil fertility inputs, or

introducing inputs from

nearby sources. Clarify as
to whether the farmers
have the ability or interest
of purchasing fee-based
biomass or commercial
organic fertilizer.
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mosphere is polluted. The ashes contain nutrients that are directly available to
the plants; however, large amounts of carbon, nitrogen and sulphur are released
as gas and are lost. The nutrients in the ash are also easily washed out with the
firstrain. The burning also harms beneficial insects and soil organisms.

Identifying sources of biomass

The majority of the farmers by far do not exploit the potentials of on-farm pro-
duction of organic soil inputs. Realizing the potentials of farm-own resources
can be essential for long-term sustainability of the farm, as it helps to reduce
the cost of buying organic materials like manure or mineral fertilizers. Instead of
buying farm inputs the farmers may use part of the savings for buying seeds for
green manures and feed plants or for purchasing own livestock.

Due to limited landholdings and lack of livestock, some of the farmers may
be unable to produce adequate quantities of green manure and compost. These
farmers will depend on outside sources of organic materials to maintain the fer-
tility of their soils.

6.1. Green manuring

6.1.1. Challenges and constraints

Green manuring means growing plants with the primary purpose of incorporat-
ing their biomass into the soil to supply “organic food” to the soil to improve its
nutrient content and thus its fertility. Cover crops and green manures are near
synonyms. While the main purpose of growing cover crops is to cover the soil
with a low vegetation cover to protect it from exposure to sun and rain as well
as to suppress weeds, green manures are grown with the main purpose to build
maximum biomass.

Green manures play a key role in organic farming. They are an invaluable
source of food for soil organisms and thus of nutrients for the following crop.
They are a farm-grown fertilizer and, therefore, are a cheap alternative to pur-
chased fertilizers. Green manures complement animal manures well and are of
high value on farms where animal manure is scarce. Green manures can provide
anincentive to abandon harmful traditional practices, such as burning crop resi-
dues orallowing animals to graze during the dry season, if their benefits are suf-
ficiently large.
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&2 Assessment of
alternative ap-
proaches to bio-
mass production
Discuss alternative ap-
proaches to biomass or
compost production for
soil fertility improvement:
> Production of large
quantities of green
manures for sale as live-
stock feed or compost
production by individual
farmers.
> Bulk commercial com-
post production at
strategic sites, asin
proximity to irrigation
schemes.

#X§ Assessment of
local adoption of
green manuring

Collect information

among the farmers on the

use of green manures:

> Do they practice green

manuring? If not, why
not?

> How do they integrate

green manures into
their cropping system?
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In Africa, the potential of green manuringis not nearly as well used as it could

be. Farmers in some regions of Africa have practiced green manuringin their tra-
ditional farming systemssince along time, for example by undersowing legumes
and composites in ripening millet fields. In some regions farmers collect tree
leaves and incorporate them into the soil of arable land. Though grain legumes,
particularly cowpea, occur widely in traditional cropping systems, few farmers
use the legumes for soil fertility management. Usually legumes are cultivated in
relatively intensive production systems only, where farmers are oriented to mar-
kets. Most African farmers, who grow crops for subsistence, grow legumes only if
they provide valuable food.

Challenges and constraints related to the adoption of green manuring:

>

The main reason for the lack of broader adoption of green manures in Afri-
ca is due to the need of many farmers for an immediate economic product,
such as grains, from any crop that is grown. While legumes that are grown
for harvesting the grains are grown to maturity of the plant, green manures
are ideally harvested when they are still green and have produced maximum
biomass.

In spite of the advantages of green manures, many farmers cannot afford to
give up cropland to grow a soilamendment on an entire or part of a field, due
to scarcity of cropland. Legumes are only grown in rotation, if the added ben-
efit from them is very high, for example that it can be used as fodder or mar-
keted. Growing green manures among traditional row crops (intercropping)
is more common, as it allows growing green manures without reducing land
for other crops. Or green manures are relay intercropped, when crop harvest
nears. This avoids competition between the crop and the green manure, as
the green manure will primarily grow during the dry season. Or green ma-
nures, for example jack bean or velvet bean, are grown in alleys.

Water may be considered the limiting factor to growing a green manure crop
in arid and semi-arid climates. Fact is though, that growing green manures
requires far less water than is needed for producing compost. The plants get
the water themselves and take advantage of available rainwater.

Green manuring creates extra work.

Also, especially in the beginning, seeds may not be easily available.
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X% Discussionon
8 advantages and
inconveniences of
green manures

Ask the farmers about
their estimation of green
manures. Do they see any
other advantages to the
ones mentioned? What im-
pact do the legumes have
on yields of subsequent
crops? Have they contrib-
uted to increase of house-
hold food security? Have
the farmers observed any
changesin soil attributes?
What constraints do they
see to growing green
manures? Is it worthwhile
growing green manures,
even if labour to sow and
cut green manures must
be hired and no money
is earned to replace the
money spent?
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6.1.2. Benefits of green manures

>

Recycling of nutrients. Green manures contribute to recycling of nutrients.
They help prevent nutrients from being washed out of the soil when they are
grown in the rainy season. They take the nutrients up into their biomass and
release them when they are ‘harvested’ and decomposed in the soil, making
them available to the next crop. Ideal timing of slashing of green manures is
required to avoid loss of nutrients.

Production of biomass. Green manures supply the soil with great amounts of
fresh biomass. This material is easily decomposed by soil organisms - with-
in about two weeks under humid and warm conditions - after having been
incorporated into the soil. Most nutrients are then readily available to the
plants. Asmall percentage is transformed into stable soil organic matter con-
tributing to a better soil structure, better aeration, drainage and water and
nutrient holding capacity of the soil.

Collection of nitrogen. Legumes and other nitrogen fixing plants can provide
considerableamountsofnitrogentothesoilandareparticularlybeneficial.But
legumes donotsignificantly contribute to highersoil nitrogen contents when
their grains and residues are removed for human and/or animal nutrition. If
legumebiomassorresidueisburntorfullyexported fromthefieldswherethey
aregrown,negativenutrientbalancesarise.Itisthereforeimportanttoensure
thatall or part of the legume residues are retained in the fields, if soil organic
matter content is to be maintained.

Inintercrops of legumes and cereal crops, cereals can take up some nitrogen
from adjacent legumes. But evaluation of traditional cropping systems in Af-
rica showed that rotation of legumes and cereals is by far more sustainable
thanintercropping of both.

Prevention of soil erosion. Green manures help to stop the soil from be-
ing carried away by wind and rain by providing a ground cover during their
growth and a root system that holds the soil in place. As they contribute to
increasing soil humus, they also contribute to better soil structure thus im-
proving water infiltration and reducing the susceptibility of the soil to being
carried away by run-off water.

Suppression of weeds. Most green manure plants are fast growing and build
a dense plant cover. This prevents weeds from growing beneath them and
savesontimeand labour which would otherwise be needed for weed control.
Green manures, which leave a thick dry mulch cover at the end of their life
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cycle, can provide favourable conditions for planting of the following crop
without any need for weeding or soil preparation.

> High quality fodder. Some green manures can provide generous amounts of
high protein fodder for livestock. This fodder can be especially valuable, if it
is available during the last months of the dry season. Of course the value of
the green manure for soil fertility improvement is reduced, if the above soil
plant parts are used as fodder. On the other side the livestock will produce
manure, which can be of high value, if itis handled properly.

> No transportation. Green manures are mostly grown in-field and usually do
notrequire transportation, in contrast to compost or other organic fertilizers.
Green manures are probably best suited to supply adequate amounts of bio-

mass and nitrogen to arable land. But, if used as a sole soil fertility management

measure, it may not be sufficient to maintain or even improve soil fertility.

6.1.3. Integration of green manures into the cropping system

Many farmers do not grow green manures because they do not know which spe-
cies to plantand how tointegrate them in their cropping system. It is, therefore,
important to plan where, when and how to plant which speciesin order to obtain
good results.

There are several ways of integrating green manures into the farming system:

i. Foodandnon-food legumes can be intercropped with cereals and tree crops

ii. Shortduration non-food legumes can be grown towards the end of the cereal
growing season using residual moisture.

iii. Legumes are grown as short-term rotational fallow.

iv. Longterm green manures are grown for more than one season.

v. Orlegumetreesare grownin an agroforestry system to provide nutrientrich
plant material.

a. Green manuresin a crop rotation
Integration of green manures in crop rotations supplies nutrients to the rota-
tion and balances crops that take many nutrients out of the soil. Rotated green
manures can also serve to break pest and disease cycles, when they are grown
between closely related crop species.

Green manures can be integrated in a rotation whenever there is no crop in
the ground, rather than leaving the land bare and allowing weeds to grow and

Module 02 Soil Fertility Management
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e GREEN MANURE SPECIES leaching out of the soil before being taken up by the next crop, the time lag be- #®4 Evaluation of
i tween digging-in the green manure and planting the next crop should not be [ 1) green manure spe-

more than two weeks in rainy periods. From a nutritional point of view, integra- cies for integration
Green manures providing dense soil cover tion of green manures is particularly useful when they are grown before crops into the cropping
—— with high nutrient demand. system
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b. Intercropping or relay cropping in annual crops

Green manures can be grown underneath row crops such as corn, millet and sor-
ghum. To avoid or reduce competition with the crop, green manures are usually
sown toward the middle or the end of the growing season, when the crop is well The following questions
established or near maturity. In relay cropped green manures major growth of may guide you:

the green manure occurs during the dry season after the harvest of the main > Is there enough land to

i {og

crop. This procedure has the advantages that the green manure uses land that
normally would not be under cultivation, and extends the period with a soil cov-
er.Inrelay cropping sowing of the green manure is often combined with weeding
of the crop, for example in maize after the second weeding. The green manure
seeds are either broadcasted or are planted in bunches on hills.

grow green manures as
asole crop; or must they
beintercropped in exist-
ing crops?

If they should be in-

tercropped: in which
crop(s) should they be
integrated (cereals, a
small crop, permanent

c. Long term green manures
Green manures can be grown for more than one season in the following ways:
> They can be planted in a bush-fallow system to restore poor soil. They are

E‘ GREEN MANURE SPECIES

Green manures with erect growth broadcast and left to grow uninterrupted for as long as required. The longer crop)?

e the period, the greater the benefit on soil fertility is :

= o st e p ,theg ferulity 1s. . > Isashort-orrathera
T T > They can be grown on new land before it is prepared for use, especially to long-term green manure

e e el help control difficult perennial weeds like couch grass and spear grass. more appropriate?
e S > They can also be grown to produce large amounts of green plant material, > Is there need for addi-

C EE s e which are then cut and carried to other fields, fed to livestock or used for tional food or a market

el . . g o tarage crgn - . .
= composting. An example of such a perennial species is alfalfa (Medicago sa for leguminous grains?

B o tiva). > Should it suppress per-

. = B sistent weeds?
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d. Green manures in agroforestry systems

Agroforestry involves growing trees or shrubs together with crops. The trees or
shrubs act as long-term green manures, where the leaves are spread on the field
and dug into the top soil layer. For example, every sixth row, pigeon pea trees
are intercropped with traditional grain crops. At the end of the season the crop
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residues are gathered under the pigeon pea plants and left for decomposition
together with pigeon pea leaves. After six months the mixture is spread on the
surface and incorporated into the soil.

Regular pruning of agroforestry trees, before or as soon as they flower, in-
creases the amount of green materials obtained and reduces competition with
the main crop.

6.1.4. Selection of appropriate green manure species

Proper selection of green manures is essential to enable them to maximize their

potential and minimize possible inconveniences like competition with crops.

Green manures must suit the local climate, soil, and pest and disease situation,

and fitinto the cropping system. Therefore, when choosing green manure plants

to use, the following aspects should be considered:

> Annual green manures must be fast growing, have vigorous growth and be
non-woody.

> Green manures should grow well in the poorest soils and not need any ferti-
lizer.

> They must be adapted to local climate. In dry climates they should not need
extrairrigation.

> They must have few enough natural enemies and grow vigorously without
any pesticides.

> Theyshould not be closely related to the incoming crop, as they could attract
pests and diseases and affect the following crop. They should either be very
shade-tolerant for intercropping or drought-resistant, when grown into or
through the dry season.

> They should first cover the ground well to protect the soil and suppress
weeds, and then climb stalks, if desired, but should not smother the main
crop.

> Leguminous green manures can collect considerable amounts of nitrogen.
However, non-legumes can also be grown, as long as they produce enough
biomass and develop a good root system. Non-legumes may also survive bet-
terin the local conditions, may grow faster and sometimes tolerate extreme
weather conditions or poor soils.

> Last but not least farmers may request that green manures provide food, if
foodisinshortsupply and little land is available.

> Theseeds should be readily available and affordable. For long term sustaina-
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#24 Evaluation of
green manure
species for farm
integration

List the species the farm-

ers are familiar with and

evaluate them based

on the criteria selected

together with the farmers.

Present further green ma-

nure species, if any highly

valuable species are not
mentioned.

Discuss with the farmers

possibilities of integrating

green manures into their
cropping systems:
> growing them in rota-
tion with annual crops;

> intercropping or relay
cropping themin annual
crops;

> growing them on neg-

lected land or using
them for improved
fallows;

> introducing agrofor-

estry trees or introduc-
ing green manures in
agroforestry systems;

> growing green manures

alongside food crops.
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bility, farmers should be able to produce their own seed for the green manure
crops. If the green manure crop is cut down before seeds have ripened, seeds
must be produced on a separate small plot.

Some green manures may grow too vigorously and become weedy among
the crop or even spread into new areas. This is especially true for plants that are
not locally sourced. Normally, green manures with light seeds, which are eas-
ily blown away by wind, or creeping stems are problematic, as they may spread
uncontrollably. Growing perennial green manures as annuals will prevent them
from taking over other crops and growing in areas where they are not wanted.
In case of unreliable climate, similar plants with different properties can be com-
bined with one variety having good drought-resistance.

The green manure should be able to produce enough biomass within the peri-
od thelandis free (not under main crop production). Therefore, the species must
be selected inrelation to the period the land is free for the green manure to grow
to flowering and decompose after cutting.

If a green manure is to be used for the first time in an area, it should be tried
on asmall plot first to check how it behaves.

After cutting, the green manure plants can either be left to wilt for some days
or incorporated into the soil immediately after cutting. Green manures should
be worked into the top soil only.

Wilting saves on labour for incorporation, but results in some nutrient (ni-
trogen) losses. Incorporating the green manure should happen before the rainy
season. In heavy soils, incorporation during the dry season may be difficult. If in-
corporation into the soil is difficult, the green manure can be cut down partially
only when the rain comes and cut down entirely two weeks later. When grown in
arotation, the period between digging the green manure into the soil and plant-
ing the next crop should not exceed two weeks to prevent nutrients from leach-
ing out of the soil.

In the case that green manures grow too old and tough to easily decompose
by-themselves, they may instead be cut in small bits and composted or used
as mulch. Mulching releases nutrients slowly, but has other advantages of hin-
dering weed growth, protecting the soil from erosion and reducing water loss
through evaporation.
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6.1.5. Management of green manures

To keep farmland productive, green manures must produce at least 10 to 25 tons i‘.";i Assessment of
of fresh organic matter per hectare and year. Under favourable conditions com- [ 1) knowledge on
mon green manure species may produce up to the double amount of biomass composting
and collect at least 80 kg of nitrogen per hectare and year. Find out, what the farm-
Green manures are ideally allowed to grow up to flowering stage. At this ers know about compost-
stage, biomass is highest and the plant material is still easily decomposed, as it ing.
is still green and not yet woody. If plants become too old and tough, they will be > Have the farmers ever
more difficult to dig under and soil organisms will find it difficult to break the heard of composting?
biomass down. > What is their percep-
Instead of incorporating the legumes into the soil to directly improve ferti- tion of composting?
lity and soil moisture or enhancing the effectiveness of the legumes, they may > How do they estimate
be composted together with other plant residues and manure. When applied to the value of compost?
the soil, the compost produced will be more effective in improving soil fertility > Do they think it is
and physical conditions such as structure and water infiltration and hence will worthwhile to invest
contribute to greater harvesting of rain water, and higher moisture holding ca- into composting?
pacity and soil aeration. If possible, visit the farm
Another possibility is to use the material from green manures to cover the of a farmer, who has made
soil surface as mulch. Compared to incorporation of the plant material into the and applied compost for
soil, mulch releases nutrients slowly, contributes to suppression of weeds, pro- some years. Let him tell
tects the soil from erosion, and keeps it moist during dry weather. In this case about his experiences
green manure plants are best grown through their full life cycle, as this will making composting and
result in more woody plant material, which is better suited for mulch. Such an results of compost appli-
approach extends the period with a living plant cover and allows harvesting of cation.

large amounts of ripe seeds. The residues can then be allowed to cover the entire
soil surface, orare arranged into strips along the contour, if another crop is to be
planted.

Leguminous green manure species grow well in nitrogen deficient soils. But
they depend on the availability of sufficient phosphorus, the presence of the
right rhizobium and sufficient soil moisture. High pest and disease pressure
can hinder proper development of the crop and production of reasonable grain
yields. It furthermore requires use of healthy seeds, sowing at recommended
planting distances or seeding rates, and the consideration of other management
measures.

The following management measures may be relevant, when growing green
manures:
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E] BENEFITS OF COMPOST

Why invest in compost production?

Tha haating phase
destroys diseases on crop
residues and weed seeds.

Compost improves
value of animal manure.

Compost improves r e 3 Compost raises pH in
long-temm soil ferility. acid soils
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> Iflegumesare grownin afield for the first time, inoculation of the seeds with
the specific rhizobia may be necessary to profit from potential nitrogen fixa-
tion. Farmers can consult their extension agents for possible sources of and
information on how to apply the rhizobium.

> Continuous cropping of the same legume on the same field may result in
increase of pests and diseases and decline of performance of the green ma-
nure.Therefore, itisrecommended to alternate between different species on
the same field.

> Performance of green manures also depends on seed rates and planting dis-

tances. Both can vary from one species to the other and must be tested for

each individual situation.

Green manures need sufficient soil humidity for germination and growth.

Leguminous green manures normally do not need additional fertilization.

Climbing legumes may need regular pruning.

The availability of nutrients and the impact on soil quality can be increased

with alight top-dressing of compost (even of poor compost) to the green bio-

mass, which isincorporated into the soil.

A A VAR VS

6.2 Composting

6.2.1. Benefits of compost
Compost is a common name used for plant and animal material (mainly animal
manure) that has been fully decomposed in atargeted process initialized and con-
trolled by man. Compared with uncontrolled decomposition of organic material
asitnaturally occurs,decompositionin the composting process occurs at a faster
rate, reaches higher temperatures and results in a product of higher quality.

Composting is a means of ensuring orimproving long-term soil fertility, espe-
cially to smallholder farmers with no or little access to manures and fertilizers.
Compostis more than a fertilizer. It is not just a nutrient source, but also acts on
the structure of the soil and on its capacity to hold and provide nutrients and
water. Its main value lies in its long-term effect on soil fertility.

Compost contributes to an increase of the organic matter content of the
soil and thus to a better soil structure. It clearly enhances drought resistance of
crops.
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vestment into com-
post production

Discuss with the farm-

ers advantages and

constraints of compost

production under local
circumstances compared
to green manuring, mulch-
ing and other approaches
to improvement of soil
fertility. Instead of making
compost one-self, it may
be purchased from nearby
producers. Are there com-
mercial compost produc-
ersinthe area? Are their
products suitable in terms
of availability (quantity
and distance to the farm),
costs and quality (includ-
ing the risks of heavy
metal or other residues)?

Discuss the feasibility of

such an approach and the

acceptance of such prod-
ucts with the farmers.
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g FORMATION OF
P SOIL ORGANIC MATTER

The formation of soil organic matter

Y SR

During the composting process diseases, pests and weed seeds are destroyed.
Even viruses are destroyed, if a high temperature is reached. Thus, composting
helps solve common problems associated to the management of plant residues.
Compost also increases biological activity of the soil and its capacity to posi-
tively influence biological control of root rot diseases from fungi, bacteria and
nematodes.

In the composting process nutrients are adsorbed into the organic matter,
microorganisms and humus. The humic substances are relatively resistant to mi-
crobial decomposition. Thus, the nutrients are released slowly and are not easily
lost.

The total nutrient content of compost is similar to that of cow manure with
an average nutrient content of 0.5 % N, 0.1 % P and 0.5 to 2 % K. Nevertheless,
the values of compost cannot be estimated high enough. Compost has proven to
be the best type of organic fertilizer in dry climates. It also increases the effect
of even small amounts of manure. Deficiencies of trace elements are less likely,
when compost is applied, as compost contains trace elements as well. Compost
also increases the availability of phosphorus to plants in soils rich in iron oxides.
Due toits neutral pH, compostimproves the availability of nutrients in acid soils.
Where soils tend to be water-logged, composting helps avoid nitrogen losses oc-
curring from incorporation of green plant material under such conditions.

6.2.2. Potentials and constraints of composting

From a farmer’s perspective, there are a number of reasons for investing time
and effort into making good compost. Compost production is labour intensive,
however, and demands regular attention. Collecting the composting materials,
setting up the heap, regular watering and repeated turning of the heap make
composting a very labour intensive activity. But the work can be done, when the
farm’s labour forces are free. It is not restricted to a particular season. Livestock
can greatly ease transportation of plant material to the composting area and
when adding compost to the fields.

If labour requirements for compost production are considered, composting
may not be economical when used on grain crops such as corn or millet, whereas
compostapplicationtovegetables orother cash crops may be highly worthwhile.

In African context, it is more economical to produce compost than to buy the
equivalentamount of nutrientsin mineral form. Thisis especially true if the com-
post’s effect on soil quality improvement is considered.

hﬂFiBl. African Organic Agriculture Training Manual Module 02 Soil Fertility Management

46



_ On abasiclevel noorlittle cash is needed for compost production, as it relies

Composting process on materials that are available on the farm and does not require special equip-

g ment for small scale production. This keeps the financial risks very low, whereas
expenditures for inputs prior to harvesting always bear a certain risk.

Composting process For composting, considerable quantities of water are needed to maintain hu-

G mid conditionsin the heap for development of decomposing bacteria. Scarcity of

water or distance of the water source from the fields can be critical for compost

making. If water is scarce, it should rather be used for composting than for irri-

Eacrena deveip

4

P A\ gation, as this will result in a more efficient use of water, because compost will
© / [ improve fertility and water holding capacity of the soil in the long term. If little
. _.\h% tmes or no water is available to moisten composting material, compost heaps can be
o N pof=Joopuie) built during rainfall, heaping the wet materials. For easy watering, the compost-
. S’ ing area should be placed in proximity of a permanent water source. In general,
gt e ‘ itis easier to produce good compost during the wet season as the rain saves on

labour for watering. Water harvesting can help to make water available for com-
posting during the dry season.

Starting with composting may be difficult when organic materials are rare
or competition for other uses of organic materials is high. In this case, special ef-
forts would be necessary to produce more organic material in the farm growing
hedges, establishing agroforestry systems and growing other plants to provide
material for composting.

During the composting process the volume of the organic materials is halved.
This means that a farmer needs 2 tons of organic material to produce 1 ton of
compost. With biomass yields of green manure species like Mucuna being as
high as 35 to 50 tons of fresh matter or 7 to 9 tons of dry matter per hectare, the
amount of fresh organic material required to produce 1 ton of compost can eas-
ily be achieved from about 0.05 hectare.

Depleted soils in arid climates can be made arable again by applying 10 tons
of compost per hectare over several years. Compost application should be lim-
ited to 40 tons of moist compost (or 25 tons of dry matter or 9o m3) per hectare
in three years. Application of large quantities of compost, which is rich in wood
parts, can resultin temporary unavailability of nitrogen in the soil, and therefore
would require additional application of a nitrogen rich source. Although con-
tents in P and K are similar in compost (approx. 1.5 kg per m3) annual supply of
30 m3 of compost per hectare covers plant needs in phosphorus, whereas needs
in potassium are covered by 20 % only. Total nitrogen content of compost is low
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!1 MATERIALS FOR MAKING
¥ COMPOST

Materials used for composting

(about 1%)and only 10 % of it is easily available to plants.

Composting is an appropriate measure for soil fertility improvement, espe-
cially when soil fertility is low, land is scarce and organic materials, labour and a
water source in proximity of the fields are available.

6.2.3 The composting process
Properly made compost goes through three phases: the heating phase, the cool-
ing phase and the maturing phase.

The heating phase. During the heating phase, within three days after setting
up the compost heap, temperature in the center of the heap rises to about 60 to
70°C. It usually stays at this level for two to three weeks. The high temperature is
aresult of the energy thatis released during the decomposition of easily digest-
ible materials by the bacteria. The warm temperature is typical and important
for the composting process. The heat destroys diseases, pests, weed-roots and
seeds and thus prevents their further propagation.

Due to the rapid development of their population, the oxygen demand of the
bacteriais very high during this phase of the composting process. High tempera-
tures in the heap indicate that oxygen supply is adequate. If temperature stays
low or the compost develops an unpleasant odour, this can be anindication that
the heap is compacted and oxygen supply is low.

Bacteria not only depend on oxygen, but also on humidity for their develop-
ment. Due to the high biological activity and high evaporation, the humidity re-
quirements are highest during the first phase of composting.

The cooling phase. After decomposition of the green plant material by the
bacteria, the temperature in the compost heap declines slowly to 25 to 45 °C.
When temperature declines, fungi settle and start the decomposition of straw,
fibres and wooden material. As this decomposition process is slower, the tem-
perature of the heap does not rise.

The maturing phase. During the maturing phase, red compost worms and
other soil organisms start to inhabit the compost heap. Nutrients are mineral-
ised and humic acids and antibiotics are built up. At the end of this phase the
compost has lost about half of its original volume, has taken on a dark colour
and the smell of fertile soil and is ready to use. Water requirements during this
phase are low.

The longer the compost is stored, the more it will lose its quality as a ferti-
lizer. Its capacity to improve soil structure, however, will increase.
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6.2.4 How to make compost

a. Selection of a suitable composting site i‘.i’.i Practical
The composting process should be conducted in a place thatis easy to access for 88 | jomonstration on
easy transport of materials to the composting site and close to the fields where compost making
the compost is to be used after production, and next to a water source. A well- Obtain the different mate-
drained and levelled ground minimizes the risk of sieving out of nutrients by run- rials required for compost
off rainwater. Natural shade such as a tree or a built shade reduces evaporation. making and demonstrate
An adjustable structure may allow its removal during rain. to the farmers how com-
There should be an appropriate distance from short term crops such as vege- post is made. During the
tables to avoid the risk of contamination, especially if animal waste is used. compost making, explain

) ) to the farmers the main
b. Materials and tools for compost production points to be considered.

Ideally composting plant material is a mixture of 50 % different fresh green mate-
rial and 50 % of dry material. The rate of coarse material should not exceed 10 %.
If too much fresh material is used, aeration of the heap will be poor. As a result
the heap will start to smell and nitrogen will be lost. If too much dry material is
used, bacterialack food and the composting process will not start. Larger quanti-
ties of dry material are thus best left in the field to protect the soil surface from
drying out and being washed away.

As most crop residues are low in nitrogen, sources high in nitrogen such as
leaves of green legume plants or prunings from leguminous trees or legume
stalks may be used to insure sufficient nitrogen for the composting process. Also
materials from shrubs such as tithonia, gliricidia, leucaena, sesbania, crotalaria
and lantana leaves are good materials to use.

Whenever possible, plant materials should be composted together with ani-
mal manure. Addition of animal manure accelerates the composting process and
resultsin compost with higher fertilizer value. Dung can be dissolved in or mixed
with water and poured over the compost heap when preparing the compost.
Urine and slurry, both rich in nitrogen, can encourage decomposition of dry ma-
terial when poured over it.

Ashes can be spread in thin layers between the other materials. Too much
ash, however, can result in gaseous nitrogen losses. Some earth or old compost
can be used as well. Earth will adsorb escaping nitrogen well.

Where soils have the tendency to fix phosphate, ground rock phosphate is
best added to the compost, as it will be more readily available to the plants than
ifitis added to the soil directly.
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Lime can be added in small quantities, butis in general not necessary for the
MAKING OF COMPOST (PART 1) Composting process.

g Tools needed for compostinginclude a hand hoe, machete (panga), stick pegs,
spade or forked hoe, watering can, wheelbarrow, sharp stick or compost ther-
mometer (to monitor the temperature changes in the compost heap). For water-
ing, a watering can or a sprayer should be used rather than a bucket, as this al-
lows the material to better soak up the water.

Materials that should not be used for composting include materials from dis-
eased or pestinfested plants or plants that have been sprayed with pesticides or
herbicides, materials with hard prickles or thorns, which may hurt the persons
handling the compost. Persistent perennial weeds should not be composted ei-

ther. Instead they should be destroyed by spreading them out in the sun to dry,

Pa sl he e or even burning. The dried material or ashes can then be added to the compost

o o B T e e ‘ heap. Non-organic materials such as metal or plastic, rubber, leather and textile
materials cannot be composted.

How to make good compost (1) ?

- >
1. Chocse s shady plecein proxinity of waber,

c. Compost making procedure
There are different methods for making compost based on different approaches
and origins. They include the Indore and the Bangalore method, which were de-
MAKING OF COMPOST (PART 2) veloped in India, the heating process/block method, the Chinese high tempera-
" ture stack, the pit, trench, basket or the Boma composting. Each of these meth-
ods has advantages and disadvantages.
How to make good compost (2) In the Bangalore method, the composting materials are mixed with urine,
- slurry or dung. The heap, once set up, is plastered with a layer of mud and is not
turned. Due to the mud layer, the composting process becomes semi-anaerobic
aftera few weeks. The method is simple to use and needs little labour and water.
: _ It has fewer nutrient losses than the Indore-method, but may not destroy all dis-
e — 2 oo i prt s eases and needs more time to reach maturity.
; Inthe Indore method the heapis turned twice. Itis more labourintensive and

R h_JEE = needs more water than the Bangalore method, but has a shorter composting pe-
' e o - riod. The materials go through an intensive heating phase.
e g s et . In dry climates composting is mainly practiced in pits to keep the compost
humid and save on water and labour for maintaining ideal conditions.
Vermi-composting uses specially introduced earthworms for decomposition.
Itis a good technique forrecycling food waste and crop residues from vegetable
gardens in the proximity of the house. The composting period is longer as com-
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MAKING OF COMPOST (PART 3)

How to make good compost (3)

— & @
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I Check the moisture regularty

3. Tum the ot teice, when the
ftamperature in the heap has decined
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pared to other methods and varies between six and twelve weeks.

In this manual only the heap/pit method and vermi-composting are described

in further details.

How to proceed for making compost:

1.
2.
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Collect adequate quantities of the materials needed.

Measure outan area 1.5 meters wide and of any convenient length. The width
should enable to work with the compost without having to walk on it.

Dig out a shallow pit of the planned size of the compost heap. The more arid
the climate, the deeper the pitis usually dug. Compost pits should, however,
not be deeper than 50 cm to ensure aeration. If no pitis dug in a humid cli-
mate, loosen the ground where the compost heap will be, as the materials
need close contact with the loose soil at the bottom. The topsoil obtained
when digging the trench should be carefully put to one side beside the trench
so thatit can be used in the compost.

Woody materials should be chopped into pieces5to10cminlength or spread
on aroad or used as livestock bedding before composting to be bruised and
increase its surface for better decomposition. Wet plant material such as sea-
weed or fresh grass should be wilted before mixing it with other material.
Straw should be pre-soaked in water, if possible. Ideally dry material is thor-
oughly mixed with urine and animal dung.

Lay down the bottom layer of rough vegetation such as maize stalks or hedge
cuttings. This layer should be about 30 cm thick. Such materials allow for air
circulation into the heap.

Then add a layer of mixed green material and animal manure (if available)
followed by a layer of dry material. Then mix both layers and water well. The
better the different materials are mixed, the better the composting process.
Plant material infected with viruses should be placed in the center of the
compost,and should be covered fast to avoid that the viruses are propagated
to healthy plants by sucking insects.

Repeat the process to build a heap to a height of 1 to 1.5 meters. Make sure
to water each new layer well to create humid conditions. As for composting,
aerated conditions are needed, the compost heap should not be stamped. A
well-made heap has almost vertical sides and a flat top. If you have a lot of
materials, it is good to make several heaps of about 2 metersin length.

To complete the pile, ideally cover it with 10 cm of topsoil to prevent gases
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from escaping from the compost pile. Lastly, cover the whole pile with dry
vegetation or banana leaves to prevent loss of moisture through evapora-
tion.

9. Takealong,sharp, pointedstickanddriveitintothe pileatanangle. The stick
helps to check the condition of the pile from time to time. If the stick is pulled
out and is warm after two to three days, this indicates that decomposition
has started. If the stick is white, this is an indication that the heap is dry in-
side. The heap should be turned and watered well.

10. Do not grow cover plants such as pumpkin on the compost heap itself, as this
dries it out. Plant them next to it.

How to maintain the compost heap:

1. About every third day, depending on the weather conditions and if it has
rained or not, the heap must be watered.

2. If all goes well, the heap should be turned after 3 weeks, after the tempera-
ture of the pile has fallen. Compost heaps are usually turned 2 to 3 times in
their early stages. When turning the compost heap, make sure the outside
material comes inside. Thus, when turning the heap, first take the material
from the top and the outside to make the new heap. This procedure ensures
that all parts of the compost go through a proper heating phase. Do not add
new material during turning.

3. After 3 to 6 weeks the heap should be turned again. By now the compost
should have a fresh earth smell and no grass, leaves or animal droppings
should be visible. Some woody branches or stalks may still be present, as they
take a longer time to rot.

4. In3to6weeksafterthesecond turning, the compost should be ready for use.
Mature compost turns blackish-brown in colour and has a pleasant smell. If
the planting season is still far off, leave the pile covered where it is. The pile
should always be kept moist and covered with dry material. If the heap be-
comes too wet it should be opened up and mixed with dry organic matter or
allowed to dry in the sun before rebuilding.

The decomposition process is quickened by adding large amounts of fresh
animal manure and by turning the heap more frequently.
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d. Applying compostin the field

In an African context, there is no such thing as too much compost. Usually the
amount that can be produced by a smallholder farmer is rather small. So it is,
therefore, important that compost be applied where the cultivated plants can
useitand whereitdirectly contributes to better plant nutrition and water reten-
tion. Efficiency of the compost can be improved through targeted application to
the root zone of the crop plants through banding or placing into planting holes
ratherthan spreadingitover the entire field. Labour requirements may be higher
with targeted application, it may however resultin higher productivity and help
to reduce the size of land required to produce the required quantities of food.

In planted crops, compost is best applied into the planting holes and mixed
with topsoil. Compost should be applied first to the crops with high nutrient de-
mands such as tomatoes. In sown crops, compost is best brought outin the sow-
ing rows prior to sowing and worked into the topsoil. In perennial tree crops,
compost application is most efficient when applied along the drip line of the
trees (and not at the foot of the trunk). Good quality compost is ideal for seed-
beds also. Compost should not be ploughed deeply into the soil. Compost can
also be hoed into the topsoil as a top dressing.

Effect of nitrogen from compostis generally little and extends over a long pe-
riod. Availability of nitrogen and other nutrients from compost can be increased,
when the compost is supplemented by nitrogen rich liquid manure or fresh ani-
mal manure afterits application before crops.

Compost that has not fully decomposed can be used for mulching between
crops or around tree crops. It will continue to mature on the ground and organ-
isms in the soil will draw it into the soil where it will decompose further. When
using compost as mulch, it should be covered with a thin layer of straw or dry
grass or leaves. This will avoid loss of nutrients due to direct exposure to sunlight
and heat. Young composts are best applied to the soil together with nitrogen
rich plant material like green manures, or they are applied before sowing a green
manure crop.

The compost can be used immediately or stored for later use. Ripe compost
forstorage should be keptin the shade and covered with 10 cm of top soil to keep
it humid and prevent loss of nutrients.
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4.2.5.Vermicomposting

Vermicomposting is the method where compost is prepared using specially in-
troduced earthworms, Red Wigglers (Lumbricus rubellus or Eisenia foetida), as
agents for decomposition. In contrast to ordinary composting, vermicompost-
ing is mainly based on the activity of worms and does not go through a heating
phase. Vermicomposting is a good technique for recycling food waste and crop
residues from vegetable gardens in the proximity of the house. It creates small
volumes of very rich manure. Though vermicompost is very good manure, it re-
quires more investment (a tank and worms), labour and more permanent care
compared to ordinary composting. On the other hand, letting worms recycle
farm or household waste saves time and labour input because no turning is re-
quired to keep the compost aerated.

Red Wigglers reproduce quickly, adapt well to lifein a confined environment,
and compost food rapidly as they consume their weight in food per day. They are
three to five inches in length, dark red in colour, and will tolerate temperatures
from12to30degrees Celsius. They prefer to live in the dark and moist places, and
about half a kilogram of Red Wigglers is needed to start a colony.

The worms are very sensitive to fluctuations in moisture and temperature,
however, and need a continuous supply of organic material for ‘food’. To protect
the worms from predators, a solid base is needed as they are also attacked by
ants and termites.

Some experienced farmers use ‘vermiwash’, the liquid collected from the
compost heap after sprinkling, as a leaf fertilizer and plant tonic. This can even
help plants to get rid of pests, such as aphids and diseases. Vermicompost can
also be used to make compost tea.

How to proceed for vermicomposting:

Build a brick and mortar enclosure with a concrete bottom, one or two chambers
and proper water outlets. Convenient chamber size is 2 m x 1 m x 0.75 m. How-
ever, the size of the chambers should be determined according to the volume of
the composting material. Alternatively, a sizeable plastic or metal container or
wooden boxes with a secure and removable lid to keep out predators and with
ventilation holes on the side walls and holes on the bottom to release excess
moisture from the container, but small enough to keep out flies if possible. The
‘four tank’ or ‘four chamber’ method of chamber construction is also commonly
used because it facilitates easy and continuous movement of earthworms from
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one chamber with fully composted matter to a fresh chamber. Whatever contain-
eris used or built, it should be placed in a dark and damp place.
> Alayer of good moist loamy soil (vermin bed) is placed at the bottom, about
15 to 20 cm thick above a thin layer (5 cm) of broken bricks and coarse sand.
> Earthworms are introduced (about 150) into the loamy soil, which the worms
will inhabit as their home.
> Then, a small quantity of fresh cattle dungis placed over the vermin bed.
> The compost pileis then layered to about 5 cm with dry leaves or preferably
chopped hay/straw or agricultural waste biomass such as vegetable peels,
leftover food, dead leaves and plants. Egg shells can also be broken into small
pieces and added to the pile.

> For the next 30 days, materials are continuously added to the pit until it is
full and is kept moist by watering it whenever necessary. Meat or fish scraps,
greasy foods, dairy products or bones should not be added into the pile, as
these will attract ants and rodents. The pile should be covered with porous
material to keep off predators.

The compost should be ready within 60 to 9o days. The material will be mod-
erately loose and not as heavy and with a dark brown colour.

Inthe two or four pit system, watering should be stopped in the first chamber
so that worms will automatically move to another chamber where the required
environment for the worms are maintained in a cyclical manner and harvesting
can be done continuously in cycles.

To remove some of the compost, let the top of the heap dry out by discontinu-
ing the watering for two to three days so that the worms move down to the cool
base of the heap. Compost can then be removed and taken back to a fresh pile.

6.3 Farmyard manure

Farmyard manure commonly describes a more or less decomposed mixture of
livestock dung and urine (mostly from cattle) mixed with straw and litter, which
was used as bedding material. It may also contain residues from the fodder fed
to the cattle and decomposed household waste.

Farmyard manure is an extremely valuable organic manure. Farmyard ma-
nure contains large amounts of nutrients. The availability of phosphorus and po-
tassium from farmyard manure is similar to that of chemical fertilizers. Chicken
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manure is rich in phosphorus. When dung and urine from cattle are mixed, they
form a well-balanced source of nutrients for plants.

Many farmers still underestimate thevalue of animal manure. In many places,
itisdried and burned for cooking or just not recognized as a source of nutrients
and organic matter. By drying or burning farmyard manure, large quantities of
organic matter and nutrients are lost from agricultural systems. Appropriate re-
cycling of nutrients on the farm, especially if it comes from a high-value source,
is a principle of organic farming. Therefore, proper handling and use of animal
manures are essential to ensure that the nutrients in the manure are preserved
and the risks of causing environmental pollution are minimized.

Most farmers do not own animals, and neither do they have access to animal
manure. Growing animal feed and integrating livestock into the farm not only
provides milk and or meat and other animal products, but also some animal ma-
nure. In areas with mixed crop-livestock farming systems manure is likely to be
available to most households, although at varying levels.

Improving the value of animal manure

Farmers should optimize the use and effectiveness of animal manure. Rather
than apply raw animal manure, the farmers should be encouraged to compost
the manure from cattle and other ruminants, while making liquid fertilizer from
poultry manure, which is less suitable for composting due to its high moisture
content.

Farmyard manureisideally collected and stored for a while before use. When
used fresh the manure can inhibit crop growth considerably. Fresh manure can
result in a temporary nitrogen lock-up, as it is used by the microorganisms to
decompose the fresh manure, and it also does not contribute to improving soil
humus. Animal manure with a small amount of litter is best composted or mixed
with plant material for composting. Manure with a high proportion of litter, how-
ever, is best stored under anaerobic conditions. Compression of manure slows
down decomposition and prevents overheating and thus reduces loss of nutri-
ents. Collection of farmyard manure is easiest if the animals are kept in stables.
For storage, the manure should be mixed with dry plant material such as straw,
grass, crop residues or leaves to absorb the liquid. Straw that has been cut or
mashed by spreadingitoutonaroadside canabsorb more waterthanlongstraw.

The manure can either be stored next to the stable in covered heaps or pits.
Or it is stored within the stable as bedding, provided it is covered with fresh
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bedding material. To minimize nutrient losses, the farmyard manure should be
PRODUCTION OF PLANT TEA protected from sun, wind and rain. Ideally, a trench collects the liquid from the

g manure heap and the urine from the stable. A dam around the heap prevents
uncontrolled in-and outflow of urine and water.

Water-logging as well as drying out should be avoided. If white fungus ap-
pears (threads and white spots), the manure is too dry and should be dampened
with water or urine. A yellow-green colour and/or bad smell are signs that the
manure is too wet and not sufficiently aerated. If the manure shows a brown to
black colour throughout the heap, the conditions are ideal.

Storing manure in pits is particularly suitable for dry areas and dry seasons.
Storage in pitsreduces therisk of drying out and the need to water the pile. How-

ever, there is greater risk of water-logging and more effort is required, as the pit
3 A5 oy e ans sow needs to be dug out. For this method a 90 cm deep pit is dug with a slight slope
o o Tt . at the bottom. The bottom is compressed and then first covered with straw. The
pitis filled with layers about 30 cm thick and each layer compressed and covered
with a thin layer of earth. The pit is filled up until it stands about 30 cm above

ground and then covered with 10 cm of soil.

How to make plant tea

The quality and value of manure can be improved by the following approaches:

> Properdesign of the animal housing to facilitate easy and efficient collection
of manures.

> Provision of adequate bedding material of straw or dry grass to capture as
much excreta as possible. The more bedding is used the better.

> Composted animal manure proves to be more efficient on yield in acidic,
sandy soils than when applied directly, even if nitrogen is lost in the com-
posting process.

7. Soil fertility supplements

In spite of proper soil organic matter management, application of farm-made
or commercial organic or mineral fertilizers may be recommended to overcome
distinct nutrient deficiencies. Deficiency may be due to unbalanced soil pH or
slow release of nutrients from an organic source. Dry soil conditions or cold soils
in high altitude may intensify the problem. Before choosing a specific fertiliz-
er, farmers should know the reason for the problem. Use of external fertilizers
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PRODUCTION OF MANURE TEA

How to make liquid animal manure
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should only be the last step of an integrated approach soil fertility and plant nu-
trition. Reliance on the wrong fertilizer may be a waste of money. In case of signs
of nutrient deficiency or slowed growth farm-own liquid organic fertilizers may
boost plant growth. Such liquid fertilizers are simple to make and are available
free of cost.

7.1. Natural liquid fertilizers

Liquid fertilizers are helpful to overcome temporary nutrient shortages and to
stimulate plant growth. They can be made of animal manure, compost or green
plant material. Liquid manures are made from animal manure and compost tea
from ripe compost while plant tea is made from nitrogen rich plant materials.
Liquid manures and plant tea are both a quick source of nitrogen, while compost
teais a nutritionally more balanced general fertilizer.

Liquid fertilizers are mostly used in vegetables, but can also be used for
grains and other crops. Although all these liquid fertilizers may be made in the
same way, manure tea is not generally recommended as foliar spray, but for ap-
plication around the base of the plant. In case liquid manure is applied to the
leaves in vegetable crops intended for raw consumption, a pre-harvest interval
of at least 100 days is needed to avoid the risk of transferring human and animal
pathogens.

Application of liquid fertilizers to the leaves is an interesting option in case
of nutrient deficiencies, as plants absorb nutrients about 20 times faster through
the leaves than through the roots. Besides promoting crop health and producti-
vity, liquid manures thatare applied to the leaves can also act as a good repellent
forsuckinginsects,and may distort life cycles of some sap-sucking insects at the
egg stage. They can also interfere with fungal spores.

7.1.1. Procedure for making plant tea

To make plant tea, nutrient rich material is soaked in water for several days or
weeks to undergo fermentation. Frequent stirring encourages microbial activity.
The resulting liquid can either be used as a foliar fertilizer or be applied to the
soil.

Module 02 Soil Fertility Management
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ORGANIC FERTILIZERS

Fertilizers of organic origin for organic farming
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How to make plant tea:

>

Chop the green plant materials like tithonia, velvet bean or any other sappy
material, and put in a drum or any sizeable container until it is about three-
quarters full. Fill with water and keep it under shade or cover to prevent ex-
cessive evaporation.

Stir every three days and the mixture will be ready to apply in about 15 days.
Remove the remains of the plant material, sieve the mixture and dilute the
tea with 2 parts water for every 1 part of tea. Apply the diluted mixture as a
top dressing, giving between % to % litres per plant for as long as needed.
Cover the remaining undiluted mixture in a cool place.

7.1.2. Procedure for making manure tea

Fresh manure from cattle, chicken, goats, sheep, rabbits or a mixture of any of
these manures can be used. The procedure for making good manure tea is as fol-
lows:

1.

Fill a bag with about 50 kg of manure and tie it securely with arope. Hang the
bag with the manure to a pole placed over a 200 litre capacity drum to allow
it tosuspend into the drum, then fill the drum with water.

Cover the drum with a polythene sheet to prevent nitrogen from escaping
and let it stand under shade.

Stir the mixture in the drum every 3-5 days by partially lifting the bag in and
out of water several times using the pole.

After 2-3 weeks, the water will have turned dark and most of the nutrients
will have been dissolved into the water. The darker the colour, the more con-
centrated the mixture. It is then ready for use. Remove the bag with manure
remains from the drum and the water solution is ready to dilute for use.
Dilute the manure tea with 2 parts of water for every 1 part of tea. However, if
the manure tea is very concentrated (very dark) use 3 parts of water to every
1part of tea.

Apply the manure tea to the crops, giving between 1/2 to 1/4 litres per plant
starting 2-3 weeks after planting. Apply the manure tea around the stem and
not on the leaves. Repeat the application every 3-4 weeks. Avoid application
at full sunshine because of high risk of leaf burns and nutrient losses. Apply
in the early morning or on cloudy days.
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MINERAL FERTILIZERS (PART 1)

Fertilizers of mineral origin for organic farming (1)
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MINERAL FERTILIZERS (PART 2)

Fertilizers of mineral origin for organic farming (2)
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7.1.3. Application of compost tea
Compost teacan be used unfiltered by applyingitdirectly to the soil areaaround
aplant.

Ifitis used as a foliar spray, it must be strained tea through a fine mesh cloth
first and diluted with good quality well or rain water at a ratio of 10 parts water
to 1 part tea. The color should be that of a weak tea. Addition of 1/8 tablespoon
of vegetable oil or mild dish-washing liquid per gallon helps the spray adhere to
the leaves.

Application to the leaves should not be done during the heat of the day. Early
morning or a cloudy day is best. Re-application is necessary after it rains.

7.2. Commercial fertilizers for organic farming

Based on the IFOAM Norms for Organic Production and Processing application of
commercial fertilisers (including lime) is allowed in certified organic agriculture
with some restrictions. While synthetic fertilizers such as urea are not permit-
ted, use of commercial fertilizers should be justified by recommendations from
soil or plant analysis. They must only be applied in their naturally occurring form
and used in combination with other techniques such as addition of suitable or-
ganic matter, green manures, crop rotations and nitrogen fixing plants.

There are different commercial fertilizers available on the market that are
produced from natural substances and do not contain chemical residues. To
most African farmers, however, commercial organic fertilizers are not easily ac-
cessible mainly due to economic and physical barriers. They also tend to be quite
expensive. Therefore, such fertilizers should only be used where using green ma-
nure and application of compost is not feasible or have not supplied sufficient
nutrients for the crops, or where the crops show specific deficiency symptoms. In
certified organic farming, it is the responsibility of the farmer to inquire from fel-
low organic farmers, trainers or certifying agents, whether a particular fertilizer
is natural or not.

In many areas with the capacity to add lime in the case of acidic soils and
sulphurin the case of alkaline soils, a conventional approach would be possible
evenifitdid notrepresent the best solution. But considering constraints African
farmers have to access fertilizers in general, large-scale liming or sulphuring ap-
pears to be an unsustainable approach to solve the problem. Thus, as a general
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MICROORGANISMS

Some active ingredients of microbial fertilizers

v Atmctenum » Abactenum |+ Abacieram

+ Lives i s b Loves fromi [ 5 Lives i1 sl
arcuna and thased |

s e
rogen ‘

wymis wilh

rule, commercial organic fertilizers should be mixed with other organic materi-
als from the farm or composted together.

The East African Organic Product Standards (2007) permit the following fer-
tilizers of mineral origin for East African organic farmers: basic slag, calcareous
and magnesium amendments, [imestone, gypsum, marl, maerl, chalk, sugar beet
lime, calcium chloride, magnesium rock, kieserite and Epsom salt (magnesium
sulphate), mineral potassium (such as sulphate of potash, muriate of potash,
kainite, sylvanite, patentkali), natural phosphates, pulverized rock, stone meal,
clay (such as bentonite, perlite, vermiculite, zeolite), sodium chloride, and sul-
phur. This list excludes Chilean nitrate.

Farmers are encouraged to consult with their extension agents or certifying
agents before using any of these fertilizers as specific conditions might differ.

Commercial organic fertilizers

Commercial organic fertilizers are mostly by-products of agro-processing and
food industrial waste. Examples include seed oil cakes (soybean, sunflower,
neem, peanut), pelleted chicken manure, and agro-processing by-products such
as brewery, fruit peels, coffee husks, wood shavings and dust, rice husks and
plant ashes. Others include bone meal, feather meal, fish meal, horn and hoof
meal, as well as commercially produced composts.

Commercial mineral fertilizers

Mineral fertilizers allowed in organic farming are based on ground natural sour-
cesand include lime, stone powder, rock phosphate, gypsum, potassium magne-
sium sulphate, sodium nitrate, vermiculite and other natural reserves like bat
guano.

Microbial fertilizers

Microorganisms play an important role in the soil in providing nutrients to
plants. Some microbes add nutrients to the soil through mineralisation. Others
add nitrogen by fixing it from the atmosphere. These include Rhizobium, Azo-
spirillum, and Azotobacter. Other microbes, such as Mycorrhizal fungi, help to
supply plants with phosphorus. Pseudomonas species are a diverse group of bac-
teria that can use a wide range of compounds that plants give off when their
roots leak or die. They are able to solubilize phosphorus and may help to sup-
press soil-borne plant diseases.
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Some farmers and companies may recommend the application of microor-
ganisms to the soil to enhance decomposition processes and control diseases.
These microbial fertilizers are usually sold as ready-to-use products for applica-
tion as sprays or with irrigation water, or for mixing with compost. These prod-
ucts contain living microorganisms and need to be stored and applied cautious-
ly. Microbial products should be used before their expiry date. It isrecommended
to find out the effect of these products first by testing them on a small-scale and
comparing results with the untreated plots.

Microbial fertilizers cannot substitute appropriate soil management prac-
tices on the farm. Most bacteria, fungi and other microorganism are naturally
presentin the soil and can be enhanced by proper application of compost.
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8. Recommended publications and websites:

Recommended training materials:

Soil and water conservation:

> Soiland Water Conservationin Organic Agriculture. Farmers’Training Notes. Kenya Organic Agriculture Network KOAN.
www.koan.co.ke

> Conservation Farming & Conservation Agriculture. Handbook for Hoe Farmers in Agro-Ecological Regions | & lla - Flat
Culture. 2009. Conservation Farming Unit. Zambia National Farmers Union. www.conservationagriculture.net

> Conservation Farming & Conservation Agriculture. Handbook for Ox Farmers in Agro-Ecological Regions | & Ila. 2007.
Conservation Farming Unit. Zambia National Farmers Union. www.conservationagriculture.net

> Conservation Tillage with Oxen. Conservation Farming Handbook. No. 2. 2002. Study Circle Material. Land Management
and Conservation Farming programme. Republic of Zambia. Ministry of Agriculture & Cooperatives

> Combatting soil erosion. Sustainable production practices COLEACP.PIP. www.coleacp.org/pip

Composting:

> Preparation and use of compost. Agrodok 8. 2005. Agromisa Foundation, NL. www.agromisa.org

> Enriched Compost for Higher Yields. CTA Practical Guide Series, No. 7. 2007: Technical Centre for Agricultural and Rural
Cooperation CTA, NL. www.anancy.net

> Compostingin the Tropics. 1998. Henry Doubleday Research Association HDRA. www.gardenorganic.org.uk

> Compostingin the Tropics Il. 2001. Henry Doubleday Research Association HDRA. www.gardenorganic.org.uk

Green manuring:

> Green fertiliser. Conservation Farming Handbook No.3. 2002. Study Circle Material. Land Management and Conserva-
tion Farming programme. Republic of Zambia. Ministry of Agriculture & Cooperatives

> Green manure/ cover crops for biomass transfer. Action sheet 39. www.paceproject.net

> Green manure information leaflets from CIAT-Africa. www.ciat.cgiar.org

> Green manure. Farmers’ Training Notes. Kenya Organic Agriculture Network KOAN. www.koan.co.ke

Use of animal manure:

> Better manure, better crops. Kenya Agriculture Research Institute KARI, Henry Doubleday Research Association HDRA.
www.kari.org

Recommended further readings for trainers and advisors:

Soil and water conservation:

> Erosion controlin the tropics. Agrodok 11. 2005. Agromisa Foundation, NL. www.agromisa.org

> Producing in Harmony with Nature through Conservation Tillage. 2002. African Conservation Tillage Network. www.
act-africa.org

> Integrated soil management and conservation practices. 2000. FAO. www.fao.org

> Water harvesting and soil moisture retention. Agrodok 13. 2005. Agromisa Foundation, NL. www.agromisa.org
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> Conservation Agriculture. Amanual for farmers and extension workers in Africa. 2005. International Institue of Rural
Reconstruction IRRI; African Conservation Tillage Network ACT.

Soil fertility management:

> Sustainable Land Management in Practice - Guidelines and Best Practices for Sub-Saharan Africa (2011). TerrAfrica,
World Overview of Conservation Approaches and Technologies WOCAT and Food and Agriculture Organization of
the United Nations FAO. www.wocat.net

> Integrated soil, water and nutrient managment in semi-arid Zimbabwe. Farmer Field School Facilitators’ Manual,
Vol. 1. 2005. Zimbabwe. FAO. www.fao.org

> Integrated Soil Fertility Management in Africa: Principles, Practices and Development Process (2009). www.ciat.
cgiar.org

> Managing Nutrient Cycles to Sustain Soil Fertility in Sub-Saharan Africa. 2004. Academy Science Publishers ASP in
association with the Tropical Soil Biology and Fertility Institute of CIAT. www.aasciences.org

> Guidelines and Reference Material on integrated Soil and Nutrient Management and Conservation for Farmer Field
Schools. 2000. FAO. www.fao.org

> Farmer Field Schools Facilitators’ Manual - Volume 1. Integrated Soil, Water and Nutrient Management in Semi-Arid
Zimbabwe. 2005. FAO. www.fao.org

> Sustainable Agriculture. Study circle material. 2007. Kasisi Agricultural Training Centre and Swedish Cooperative
Centre. Zambia. www.loyno.edu; www.sccportal.org

> Sustaining Growth. Soil fertility management in tropical smallholdings. 1994. Miller-Sdmann & Kotschi. GTZ/CTA.

> Soil fertility management. Agrodok 2. 2007. Agromisa Foundation, NL. www.agromisa.org

Composting:

> On-Farm Composting Methods. RV. Misra, R.N. Roy, H. Hiraoka. 2003. Food and Agriculture Organization of the United
Nations FAO. www.fao.org

> How to make and use compost. Sue Edwards & Hailu Araya. 2010. Food and Agriculture Organization of the United
Nations FAO. www.fao.org

> On-farm composting methods. RV. Misra & R. N. Roy: Food and Agriculture Organization of the United Nations FAO,
Rome. www.fao.org

Green manuring:

> Green manure crops. 1985. Echo technical note. Educational Concerns for Hunger Organization ECHO, US. www.
echonet.org

> Green Manure / Cover Crops and Crop Rotation in Conservation Agriculture on Small Farms. 2011. Plant Production
and Protection Division. FAO. www.fao.org

> Leaflets on green manure species. Henry Doubleday Research Association HDRA. www.gardenorganic.org.uk

Use of animal manure:

> Manure Handling and Storage. Study Circle Manual. 2004. Kasisi Agricultural Training Centre and Swedish Coopera-
tive Centre. Zambia. www.loyno.edu; www.sccportal.org
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Useful websites:

> www.organic-africa.net: Provides many links to training materials, which are
available for free download

> www.fao.org/ag/ca/: FAO’s conservation agriculture website with informa-
tion on cover crops, machinery and more

> www.agriculturesnetwork.org: Resources on sustainable agriculture for
trainers

> www.fao.org/documents: FAO’s Corporate Document Repository with docu-
ments on soil conservation practices, composting, green manuring and other
topics

> www.act-africa.org: Website of the African Conservation Tillage Network
(ACT) with information on conservation tillage and related publications
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