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Chapter 1|

INTRODUCTION

At national level in Kenya, as do most countries in sub-Saharan Africa per capita food
production has been on the decline (UNCTAD, 1996), a situation which has been partly
ascribed to declining soil fertility. The decline in soil fertility has'been attributed, in part, to
continuous cropping with little or no inputs, crop removals, leaching, gaseous losses, soil
erosion and a wide array of poor management practices. Addressing this seemingly bleak
future not only calls for management of the widest variety of possible sources of fertility in
the most efficient way, but also adoption of practical technologies applicable to farmers
under specific and diverse settings (Altieri, 1997). Such technologies aimed at mitigating
the declining soil fertility and offering of solutions to the emerging problems should
encompass the following basic principles essential to sustainable soil management

(Greenland, 1975)

¢ Replenishment of chemical soil nutrients removed or lost due to diverse reasons.

¢ Improvement and maintenance of soil physical conditions.

¢ Augmentation of soil pH to favourable levels while avoiding accumulation of toxic
elements.

¢ Limiting the build up of weeds, pests and diseases.

¢ Conservation of soil and water resources.

The above concepts are embodied in the principles of ecological soil fertility management,
(ESM). ESM proposes the development and promotion of practices and technologies
based on the use of locally available resources, indigenous technical knowledge and
modern scientific concepts. Based on this perception, this guide has been prepared as a
tool to contribute to soil fertility management by giving insight to some of the
technologies of soil fertility management applicable to small-scale farmers under diverse

settings. The guide has been prepared in the hope that it will:

¢ Expose extension workers to diverse soil fertility management issues including soil
fertility decline and some of the tools for diagnosing the same.
@ Support and bring awareness on appropriate soil fertility management technologies

under diverse environment and farmer situations.




.While the guide does ot claim “completeness®, it addresses the theme of soil fertility
.'_management by recognizing the contribution of beth indigenous technical knowledge
a}éif modern scientific concepts in attaining sustainable soil management. The guide
'ﬁmhe; recognizes that technologies and practices that help minimize the loss of top soil
__thwuah soil erpsion or of ise), thus soil nutrients, are crucial in contributing to the

def aspects of sustaineble soil manzpement, Thus an overview of somie soil and water

ervation practices are included in the guide.

he guide comprizes seven chapters. Chapter | gives introductory remarks while chapter 2
presents the concept of “poor” and “fertile” soils. It further underscores symptoms and
indicators of soi fertility decline and introduces users of the guide to the following:

fafmers indicators of soil fertility based on indigenous knowledge, soil nutrient deficiency

symptoms and soil analytical indicators of soil fertility and product1v1ty {e. g sml carbon,

.pH soil nutrient levels for nitrogen, phosphorus etc.)

' 'Chapter 3 explores the role of organic matter in improvingsoil chemical and biophysical
COHdIthﬂS The chapter further gives examples of strategles for improving soil organic

atter content. Chapter 4 presents options for 1mprcmng soil nitrogen, phosphorus and
: Qtassmrn balance while chapter 5 discusses practices and technologies for minimizing the
losS of nutrients resulting from loss of top soil and soil moisture (accompanying practices
: _and technologles) A summary of the main technologies discussed in the text is presented
at the end of each chapter. Chapter 6 presents glossary of terms used in the text while

p_te_r 7 presents references for further reading.




UNDERSTANDING CONCEPTS OF “POOR” AND “FERTILE" SOILS

Concept of “Poor” and "Fertile” Soil

Soil is said to be fertile when it 1s able to supply adequate nutrients in the right proportion
ity refers to the capacity of soil to produce crops by supplying

licro nutrients/elements) in correct proportion and in adequate
me. Crop nutrients are mainly derived from two main sources: air and soil

Out of the above sources, nutrient supply from soil s critical. Inadequate and
unproportional supply of nutrients leads to poor Crop performance. The release of
nutrients and availability of nutrients from sof] reserves is influenced by a number of
factors including the activities of soil organisms. These activities (of soil organisms) are in
turn influenced or augmented by farm management practices. Efficient farm management
practices should result in-

Greater stimulation of activities of soil organisms.
Nutrient additions to the soil

Minimal nutrient exports from the soil.

Optimum nutrient recycling within the farming system.

Characteristics of Fertile Soils
Attributes of fertile soils include the following among others:

* Adequate supply of nutrients in the correct proportion resulting in sustained high crop
yields.
Good rooting depth

Rt +1
Good aeration.

Good water holding capacity

Presence of soil Organisms e.g. earthworms.

Presence of adequate amounts of organic matter

Absence of soil borne pests and diseases

Right pH. Low pH and or high pH may lead to unavailability of certain nutrients in the
soil e.g. Phosphorus fixation at low pH.




Indicators of “Poor” and “Fertile” soils

armers’ indigenous technical knowledge about soils and soil fertility management is
continuously being appreciated in the development of appropriate interventions in soil
fertility management. This section underscores farmers’ indicator plants for “poor” and
fertile” soils. These qualitative indictors emanate from the experiences and indigencus
nowledge of farmers in medium and high potential areas of Kenya.

Indicators of kigh fertility

'Am_;'xfanthus sp. (Pigweed). Amaranthus sp. is annual plant growing in soils
haracterized by high organic matter content (Figure 1-held by hand)




Commelina Sp. (Wandering Jew), Wandering Jew is an annual trailing

weed (Figure 2)




- Datura stramonium (Thom apple): An annual poisenous weed, Tt is perceived to sprout
©in soils rich in organic matter (Figure 3)




Galinsoga parviflora (Gallant soldier; Macdonald eye) is an annual weed (Figure 5)

Bidens pilosa (Black jack) is an annual weed associated with “fertile” soils (Figure 6)




'ibdn?lm physalodes (Chines lantern) is an annual weed (Figure 7




Alternathera pungens (Khaki weed, Figure 9-held by hand) is associated with poor soils

Pteridium aquilinum (Bracken fern) is associated with acidic soils (Figure 10)

3racken Tarn
Prarigium squinnumy

Source: KIE, 1988







Nutrient deficiency symptoms

Plants rarely find nutrients in the correct amounts and proportions. The inadequate supply
of nutrients from the soil to Crops may result in symptoms of deficiencies expressed in
different forms e.g. colour loss in plant leaves. These deficiency symptoms indicate great
shortage of essential elements. In the guide, the roles and deficiency symptoms of three
major nutrients (nitrogen, phosphorus and potassium) are presented.

Nitrogen
Roles:

Plays part in protein formation

Component of chlorophyll

Promotes vegetative growth

Increases the size of grains (cereals) and their protein content
Regulates availability of phosphorus and potassium

Deficiency symptoms (Figure 13)

® Leaves turn pale-yellow to yellow
e Stunted growth; short roots
® In severe cases leaves fall off and flowering is reduced

Phosphorus

Roles:

Promotes root development

Essential for cell division

Important in seed germination, flowering and seed and fruit formation
Hastens ripening of fruits

Strengthens plants and minimizes lodging in cereals

Influences palatability of forage and vegetables

Deficiency symptoms (Figure 14)

® Purpling of leaves (increase in anthocyanin)
® Retarded development of actively metabolizing organs (e.g. roots)
® Stunted growth
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Potassium
Roles:

® Strengthens plant structure/enhances plants
ability to resist diseases

e Important in enhancing yields of root and

tuber crops

Neutralizes organic acids in plants

Improves quality of fruits

Enhances nitrate uptake

Important in carbohydrate translocation

* @ o e

Deficiency symptoms

* Yellowing (chlorosis) along leaf margins

® May lead to leaf curling

® Scorching at leaf tips and leaf margins while the inside of leaves remain green
® Premature leaf fall, increased lodging




Quantitative indicators of soil fertility

uantitative indicators are important in estimating the supply of nutrients to plants. These
estimates are made through testing the levels of different parameters/nutrients in the soil.
Information derived from such soil tests can be used to make decisions on soil fertility
management. Such decisions and the resulting management strategies are aimed at
ensuring that nutrients are supplied to plants in the right proportion and in adequate
amounts.

-'i_;'a'n_iiplcs' of quantitative indicaters include:

Soil organic carbon. Soil organic carbon influences soil physical and chemical
“properties. By measuring soil organic carbon an estimate of organic matter
“content can be made. Soil organic carbon has been used as an index of sustainable
land management (Woomer ef al . 1994). - o

_ Nufrient levels in the soil: Nitrogen, Phosphorus etc.
Soll pH Soil acidity influences availability of various nutrients from the soil to the

lant e.g. phosphates are best available to crops at pH 6.5- pH 7.5. Each crop
species require an optimal range of pH for its growth.

Thomas et al,, 1997




Sumimary: Understanding concepts of “poor” and "fertile” soils

tive mdicamrs of soil fertility are 1mp0nant in. esﬂmatmg thc .supply 0"
crops They mclude smi carbon numeni’ ]eve i 3




Chapter 3

SOIL ORGANIC MATTER

t is Soil Organic Matter ?

_ orgamc matter refers to the totality of organic materials ( ‘matter”) in the soil. It
: soil organisms (bacteria, fungi, algae, earthworms etc.), plant and animal
fissues in their various stages of decomposition to the final end product of the
ecdmposed organic materials, humus, (Woomer ef al., 1994).

- Soil structure and the associated properties

- Improves soil structure and the associated soil properties: soil aeration, water

“holding capacity, root proliferation and water infiltration. Activities of soil
organisms e.8. earthworms, ants, rodents etc. are important in improving the above
5011 properties. They aerate the soil by making burrows.

:'-:':Soif erosion and regulation of other environmental factors

Placement of organic materials on the soil surface reduces erosion and regulates
50i] temperature

Nutrient release, retention and storage

0 ganic matter stimulates the activities of soil organisms contributing to nutrient
eiease‘fNitregw., Sulphur, Copper, Phosphorus, Boron eic.)
Organic matter retains nutrients (Calcium, Phosphorus, Magnesium etc.) and absorbs
or
hu mmlmlzes nutrient loss through leaching.
nﬂuences avaﬂablhty of phosphorus in acid soils

ers oil pH by regulating the rate of chemical chianges resulting from the additions
ilizers and lime

ead, 5011 organisms decay and release nutrients
Smoth_é:fiug the effects of plant toxins
_-s 7l t_toxms by reducing toxicities atibuted to:

inium, manganese and iron concentrations
@ntmuous use of insecticides and fungicides
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Options (practices and technologies) for lmproving Soil Organic Matter
* Incorporation of litter and high quality crop residues into the soil.

Using crop residues as animal bedding, composting them and imsorporating the
resulting compost into the soil -

Mixing different types (qualities) of crop residues before incorporating them into the
soil {maize stovers, green weeds, etc.). '

Incorporating compost made from different sources (iivestock droppings, kitchen
wastes residues from legumes etc.) into the soil.

Green manuring; Growing crop for the purpose of incorporating it into the soil when it
is still green and before fiowering. Suitable green manure plants are those able to grow
rapidly, highly vegetative. succulent, have high Nitrogen content or a.e easily
decomposable.

Examples: Tithonia (7ithonia diversifolia), green succulent weeds, legume pruning,
clover, sunhemp, green cereal residues etc.

* Incorporating into the soil, green materials or vegetation gathered from farm
boundaries or from adjacent fields ‘
.

* Inclusion of nitrogen fixing deep rooted legumes in the cropping system

a.  Hedge row intercropping

Hedgerow intercropping practice involves establishing rows of leguminous tree species in
alternate” arrangement with annual crops. Timely pruning from the legumes provide _
oiomass that can be incorporated into the soil Timely pruning also contributes towards "
minimizing competition for Light. moisture and nutrients. The perennial legumes also

improve soil fertility through biological nitrogen fixation, deep uptake of nutrients and

improved soil structure.

Example of perennial legumes: Sesbania sesban, Lewcena leucocepha.a,
Gliricidia sepium, Senna spectabilis etc,







b. Green manure grown as relay intercrops or in rotation

Relay intercropping involves growing a second crop when the first crop has either reached
its reproductive stage or when it is still growmg:, This system involves growing tree
legumes as annuals, relay intercropped e g. between maize. At the end of the growing
season. the tree biomass is incorporated into the’ soil. Leguminous trees can also be grown
in rotation with other annual cops under improved fallow system. Cultivating maize can
foliow Two to three year fallow of pigeon peas.

Example of suitable legumes: Crotelaria, sesbania sesban., and Mucuna pruriens
(velvet beans), Dolichos lablab, pigeon peas (Cajanus cajan) etc.

Sumimary: 50ff organic matter




PTIONS FOR IMPROVING SOIL NITROGEN, PHOSPHORUS AND
OTASSIUM BALANCE

ailability and demand of the separate macro and micronutrients vary during the entire
wing season, thus improvement of nutrient availability is usually along way to go.
jowever, the challenge is first of all to trace and remove the major deficiencies i.c.
g the weakest links in the chain followed by fine tuning to address the other
ficiency symptoms. The guide discusses options for improving nitrogen, phosphorus and
um balances while recognizing the fact that the proposed options may not be

'i_}:rby"ihg Soil Available Nitrogen

en is one of the most important nutrients needed for plant growth. However, it is a
nobile nutrient in the soil and can be easily lost. Losses of nitrogen from the soil can be
' ted to leaching; erosion, crop removals, burning and gaseous losses (in the form of

onia, nitrogen gas or oxides of nitrogen). Improvement of soil available nitrogen
uire the adoption and integration of technologies and practices that add nitrogen to
“recycle the available nitrogen and minimize nitrogen losses. Such strategies
Iso integrate practices for improving available soil phosphorus and potassium.
g mtrogen supply to crops depend a great deal on judicious and regular

chnvlagtes and practices
. Use of nitrogen fixing legumes (woody trees and herbaceous cover crops) in the
‘cropping system
‘Hedge row intercropp ng of woody legumes and annual crops.
Intercropping herbacevus cover crops with other crops.
...Examples: Desmodium sp. with nappier grass,
'iShort term fallow of legumes (e.g. Sesbania sp.) in rotation with cereal
TOpS -
jreen manuring :
orporating succulent crop residues, compost, animal manure and legume
residues into the soil. Animal manure and compost should be covered or stored in
pits to minimize loss of nitrogen through volatilization. Addition of straw or crop
residue to manure also minimizes nitrogen losses.
wvoiding burning before ploughing. Burning of vegetation after clearance results in
s of much of the Nitrogen in the litter and plant biomass depending on fire




e. Application of natural forms of liquid feeds

Liquid feeds provide plants with additional nutrients during the crop-growing season. -
Natural liquid feed include “liquid manure” and “plant teas”. The natural forms of feeds
are applied around the base of the plant.

Liquid mianure

Liquid manure is a top dressing product made from fermented fresh and culturally .
acceptable livestock droppings in water. It is a source of nitrogen for plants.

How to make h'quid manure (Figure 17)
Materials needed

Container e.g. drum (plastic or otherwise), pail etc.

Water

A mixture of fresh livestock droppings (droppings from poulfry rabblts goats and
sheep, cattle etc.)

Wood ash

Strong sack, gunny bag etc.

Stirring rod

Steps in making liquid manure

= Fill a gunny bag with 50 Kg of mixed livestock droppings
(approximately % full).
=> Tie the loose end of the bag with sisal twine to a rod as shown
Suspend the bag in a 200-litre drum '
Fill the drum with clean water
Cover the drum :
Stir the contents of the drum after every 3 days until the 15™ day by lifting the bag -
several times or rotating the rod suspending the bag '
Wood ash can be added to the contents of the drum as socn as & stroag smell is
perceived to come from the mixture. o
- After sieving, the contenis of the drum are diluted with water (1:2) before application




Gunny bag or piece of cloth cover
Stlmng rod
:Succulent green plants, leguminous leaves

ill ‘2 container half way with succulent plants, leaves from leguminous plants etc.
Hopped into small pieces
Fill the container with water and cover
tir the contents of the container every after three days until the 15" day.
ieve to remove plant parts
liute'_ the remaining liquid with fresh water (1:2) before application




Figure 17:  Making liguid manure

Making plant cea

Source: Njorege, 1994




Imiproving on Seil Available Phosphorus

- Phosphorus is considered a major nutrient essential for crop performance. However, soil
available phosphorus usually tends to be low thus conscious efforts to improve on soil

phosphorus balance are usually a necessity. Improvement strategies should also include

- practices for improving available soil nitrogen. Losses of phosphorus are mainly through
crop removals and erosion of topsoil,

“ Practices and tecknologies

.'_._._Incorporating Tithomia diversifolia into the soil. Tithonia diversifolia has high
- concentrations of phosphorus in its leal biomass than most legumes used in
-+ agroforestry.

. Incorporating other sources of organic matter into the soil (on-farm and or off-farm

. produced). Organic cyeling (involving the activities of soil organisms) transforms the

. unavailable forms of morganic soil phosphorus into more available organic forms.
‘Organic maiter also improves on soil structure and facilitates root proliferation and

~thus uptake of available Phosphorus. It also stimulates the formation of fungus-plant

"_-"_r_oot relations (mycorrhiza) which help in the capture of phosphate ions not normally
-available to crops. :

'Examples Litter fall, green manure plants, crop residues, residues from legummous tree
: pruning, compost, aaimal manure etc.).

- Amelioration of soil pH. Judicious and step-wise liming of highly acid soils increases
-soil pH and reduces level of phosphorus unavailability (fixation).

-:rA_pplication of high reactive rock phosphates e.g. Minjingu rock phosphate which is
.effective in acid soils.

_dmbined application of rock phosphate with organic inputs
Combining finely ground rock phosphate with compost

‘Combining finely ground rock phosphate with poultry manure or cattle manure
prior to application in non-acid soils

Combining rock phosphate with Tithonia diversifolia (produced at farm
boundaries or in adjacent farms)

"A_d_opting practices and technologies for minimizing loss of topsoil (scil and water
conservation practices)




improvement of Soil Available Potassium

Potassium is not normally lacking in most Kenyan soils. However, potassium can easily be
lost through removal of harvested crop parts (lsaves, roots, tubers etc.), loss of topsoil
and leaching.

Practices and technologies

Harvesting and recycling of livestock uring. The urine can be fermented and diluted
before use {using similar sirategies as that of making haquid manure}

Covering manure heaps/compost to exclude exposurs to raindall

Recycling of harvested crop products

Improving soil organic maiter conient e.g. through application of manure, compost,
titter etc. The associated improved cation exchange capacity helps in reducing
potassium loss through leaching.

An ittustrated quide to sofl fertility management practices and technologies 0%




ymmary: Technologies and Practices for improving soii Nitrogen,
. Phosphorus and Potassium balance .




ACCOMPANYING PRACTICES AND TECHNOLOGIES

The effectiveness of soil fertility management strategies in addressing food needs is to a
great extent influenced by adoption of sound agronomic practices and technologies of soil
and water conservation. This chapter exposes some of the technologies aimed at
minimizing the loss of topsoil and soil moisture through soil ercsion. Topscil and litter
layer avail a large proportion of plant nutrients to crops, thus their loss not only result in

loss of soil nutrients, but alsd a deterioration of soil physical structure.
Luftural and Biological Measures for Conservation of Soil and Water
Hulching

Mulching is the placement of dead plant materials on soil surface or around plant
stems. It protects soil surface from water and wind erosion, returns organic matter
and nutrients to the soil, reduces surface sealing, regulates soil temperature, conserves
moisture and suppresses weed growth,

Sources: Dry grass, dry leaves, straw etc.

Trash lines

Crop residues and plant remains are placed along the contour. Trash lines
trap eroded soils, reduce speed of running water, facifitates water
infiltration and decay to form organic matter.

Figure 19: Trash line along the contour




héorporating Different Sources of Organic Matter into the Soil

T'he following are some methods of incorporating compost into the soil as a source of
organic matter and for improving soil conditions:

Et~situ compost application

-.Compost made in one site is transported to a different site/field where it is incorporated
into the soil. It is important to incorporate compost into the soil rather than surface
cement This minimizes gaseous losses. Compost can be applied in plantmg hole, in
! , mounds or ridges during planting.

Figi;pfg_ZO:_ Maize grown along the contours using compost
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In-situ compost application

These methods involve compost preparation in the sites where it is being used. The
prepared and planted compost is not transferred to new planting site.

Basket composting

Basket composting is a method of making compost in circular holes

(0.6 m x 0.6 m x 0.6 m). Crops are planted around the hole. The technology conserves
moisture, improves on soil conditions and can be gradually used to fertilize the whole farm
when new baskets are made in different sites on the farm each season.

Figure 21: Basket compost with “spinach” planted along the outlines of the basket
with a layer of dry grass as mulch for moisture conservation.




gﬁﬁ: 22: Basket composting with kales planted along the outlines of the basket
with a layer of dry grass as mulch for moisture conservation

Compost is made by layering materials in a trench of .6m wide x 0.6 m deep and a
onvenient length. The excavated sub-soil is spread round the trench while the topsoil is

used in the “layering” process and in covering the trench. Crops are planted round the
rench. The technology is important for moisture conservation and for gradually fertilizing

the whole farm as in basket composting. Vegetabie crops and cereals e.g. maize are
lanted along the edges of the trench.




Figure 23: Kales planted along the edges of a trench compost




 maize” in one hole

nexcavated hole of 0.6 m x 0.6 m x 0.6 m. while the excavated sub-soil is spread

d.the outlines of the holes {10 make a “basin™), the topsoil is mixed with compost

ing returned to the hole. The hole is covered with mulch while planting of crop is

one at the centre, at the corners and at the sides of the hole. The practice is important in

moisture conservation and can be used to gradually fertilize the whole land when new such
1oles are made in different parts of the farm each season.

“5-9 maize” in one hole technique

* oy
23 zs

Nine maize plants Five maize plants

joroge, 1994; RSU/SIDA/Africa 2000 UNDP, 1997

tility ManaGement fract




Deep tillage

Deep tillage is important in soil and water conservation. It is important in soil moisture
retention, water infiltration and soil aeration. Deep tillage can be done by use of a chisel
plough or ripper, ox-drawn plough, chiseling or by digging deeper than “normal” using a
fork “jembe” The latter is popular in:smallholdings for vegetable cultivation. The
following are examples of deep tillage practices under smaltholdings focussed on vegetable
production. . ' '

Double digging

Double digging is a tillage practice that combines the concept of deep tillage (60 c¢m
deep), proper fertilization and availability of organic matter to improve soil chemical and
biophysical characteristics. It aims at breasking the hard pan and optimizing crop
production. -

Figure 25: Kales and spinach pianted on double beds




1 i!Id"fgarden

la gardens are rings of circular beds around a central hole, which are either deeply
double dug. The circular beds are separated by “paths” or furrows which also acts

as water distribution channels to “beds” further off from the central hole. The practice
es on deep tillage and proper fertilization using compost for improving soil chemical

r potatoes is often done during weeding. Between the ridges are furrows
in-water
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Contour strip cropping

Planting alternate strips of crops along the contour in the same field. It is suitable. f
slopes less than 20 % and can be used to control water and wind erosion.

Figure 27: Strip cropping-crops planted between grass strips

Crop planted between grass strips

Source: INADES 'FOthi'atibﬁ.' Kenya, 1991,

fertlity managenient Practces and teChBOIOGIes For XTension Workers,. j




ropping practices

cropping practices help in reducing soil erosion, improvement of soil structure

rops -_'-p_rotect cultivated ground from high energy of raindrops, régﬁlate soil
emperature and add organic matter to the soil through leaf decomposition. Cover
pping reduces erosion caused by raindrops, splash and overland flow. -




Figure 29: Sweet potatoes used as cover crops

Companion planting
Growing two or more crops (benefiting from each other) simuitaneously in the same field
and in the same season.

Examples: Planting nitrogen fixing legumes and cereals together. Fast growing -

legumes such as beans provide soil cover early in the season before maize (cereal)
develops adequate canopy to protect the soil from the impact of raindrops. Nitrogen fixing
legumes make the Nitrogen available to other crops for use e.g. through leaf fall. root
exudates etc,

Figure 30: Companion planting of maize and beans




:;P-hy_si;::al Measures

hysical measures combined with good cultural and biological measures are important in
controllmg speed of running water and in reducing soil erosion. The guide presents
mples of cut-off drains and terraces as physical measures of controlling soil erosion

'ff dram is a large graded channel made to arrest surface run- oﬂ’ water and lead the
water to a waterway or non-erodable land. It is usually the top most soil conservation
structure.on a slope. The excavated soil is thrown on the lower side to form a ridge or

nbank mént 1t is applicable to steep slopes where there are large volumes of water flow.
- channel is shaped like a trough (trapezoidal) with variable dimensicas dependent upon
me. f water to be chscharged Grass, sweet potato nappier grassetc. can be

erﬁ:.ler, 198t




Bench terraces

Bench terraces are level like steps constructed along the contour and separated by
embankments. They are suited for deep stable soils and steep slopes of about 12% - §5% -
1 coffee areas. They reduce the length of the slope and

can be made from “fanya Juu” terraces, excavated or .

embankments can be stabilized using grasses, closely

spaced nitrogen fixing legumes, sweet potatoes etc. '

Figure 32: Bench terraces-terrace embankments stabilized with nappier grass

“Fanya juu” (converse terrace)

“Fanya juu” is a terrace of 0.6 m deep x 0.6 m wide with excavated soil thrown up slope
to form an embankment. A space of 15 ¢m-30 c¢m is left between the terrace and the
embankment to prevent soil sliding into the trench. It is suitable for shallow soils and in
slopes less than 20 %. The terrace can be level (to retain water

bananas.




“_Fﬁnya juu” terrace with banana planted inside the terrace. Terrace
embankments stabilized with nappier grass




Gullies

Gullies develop when mild forms of erosion are not controlled. It is common in eroded
soils where rills deepen to form guilies. -

Preventive measures
Making diversion ditches
Planting trees along the contour to prevent sides of the valley from widening
Use of solid check dams to reduce water velocity in steep and narrow valleys

Piling stra\_r(r: and brush wood to prevent waterfall erosion at gully heads

Figure 34: - Gully
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GLOSSARY OF TERMS USED INN THE GUIDE

Anthocianin: A pigment giv ing plants a purple green colouration

Basket composting: A method of preparing compost in circular holes of 0 6-m diameter
and 0.6 m deep. Crops are planted round the hole to make use of nutrients from the
circular holes

Bench terrace: Level like Steps constructed along the contour and separated by
embankments (risers) to control soil and water erosion

CEC (Cation Exchange capacity): The total number of negative charges (cation
adsorption sites) per unit weight of soil

Chlorosis: Loss of plant pigments (chlorophyll) e.¢ in cases of extreme shortage of
essential Nutrients

Companion planting: Practice of growing two or more crops, mutually benefiting from
each other, simultaneously in the same field and in the same season.

Composting: Bio-degradation of organic materials under aerobic conditions to form
humus end product

Contour cultivation: Entails practicing farming activities across the contour rather than
up-and- down the slope

Crop rotation: The practice of growing crops with different demands (e.g. for soil

[

nutrients) in a particular sequence (each season a different crop) on the same piece of land.

Cover cropping: Practice of growing crops that cover and protect the soil from high-
energy raindrops and overland flow

Cut-off drains: Large graded channel made to arrest surface run-off water and lead the
water into a waterway.

Double digging: A deep tillage (60cm deep) practice aimed at breaking down the hard
pan and creating a deep layer of lose fertile soil

“Fanya juu” terrace (Converse terrace): A terrace of 0.6m deep x 0.6m wide with
excavated soil thrown up slope to form an embankment




to nine maize in a hole: The practice of planting five to nine maize seeds in a hole of
06m ube ﬁlled with one “debe” (20-litre tin) of compost

anurmg. The practice of incorporating young and green plants into the soil for
ecomposition and addition of organic matter before planting of crops

fedge ow. intercropping: Involves establishing rows of trees and or shrubs

guminous plants such as Sesbaria Sp., shrubs such as Tithonia diversifolia) in
lternate arrangement with annual crops.

'awestirigbf water for crop production.

Macronutrients (Primary nutrienis): Are elements required in large amounts for plant
h'e.g. Nitrogen, Phosphorus etc.

cronutrients (Trace, Minor, Rare or secondary nutrients): Elements required for plant
ywih in small quantities e g. Copper, Zinc, Iron ete.

ing: Placement of materials on soil surface or around plant stems to protect the soi
ace from erosion, return organic matter and nutrients to the soil and to trap eroded

corrhiza; A group of fungi fiving in the soil that penetrates the roots of plants forming
r _g' > between the sap flow in the plant and decompos!

relanonshlp facilitates the absorption of nutrierts.

sing organic material. The

anisms, plant and animal tissues in their various stages of decomposmon to the final
product of the decomposed organic materials, humus.

rst crop has either reached its reproductive stage or when it is still growing




Soil erosion: A physical process resulting in detaching and transporting soil materials from
one location to another. '

Soil fertility: The quality of a soil that enables it to supply nutrients in adequate amounts
and in the correct proportion to a crop

Soil pH: pH stands for potential of hydrogen and is a measure of acidity or alkalinity of
the soil solution. Soil pH influences availability of nutrients from the soil to the plant.

Soil structure: The arrangement of soil aggregates (peds). Such an arrangement
influences air-and water penetration into the soil.

Sustainable soil management: Manipulation or management of soil physical, chemical
and biological properties to enhance soil fertility and productivity.

Tithonia diversifolia: A herbaceous plant, native of Mexico and found at middle
elevations throughout tropical Africa.

Trash lines: Plant residues or trash placed in lines along the contours to slow surface run-
off and trap eroded soils

Trench compost: An in situ compost preparation method in a trench of 0.6 m wide x 0.6
m deep by a convenient length. Crops are planted around the trench.




:Aiti_éri, MN,, Beniest, ]., Sanchez, P. A, swift, M. J. and Houghton van (Eds.).
1997. Approaches. to replenishing soil fertility in Africa: NGOs perspectives.
Summary of workshop held in Nairobi; Kenya. ICRAF, Nairobi.

ensu E.S., Dogett, H.. Keynes, R.D., Marton-Lefeure » J., Musselman , LJ
arker,C ., and Pickering | A (Eds.).1984. Striga Biology and Control. ICSU
ress and IDRC

Ij_éfoér.;'Budelmaal, A., Toulmin, C., Carter, S. and Tichler, J. 1998, Soil fertility
management in Africa. Resource guide for participatory Learning and Action
research. Part 1. Royal Tropical Institute (KIT)

1 980. Organic Recycling in Africa. FAO soils bulletin No. 43. Food and
i ulture organization of the United Nations, Rome.

'0_.'__1:98__7._Soi1 management. Compost production in Tropical and sub-Tropical
nvironments. Soils Bulletin No. 56. FAQ, Rome

AQ. 1994, Tillage systems for soil and water conservation. Seils bulletin No. 54,
FAQ, Rome.

II_'eniand, D. 3. 1975. Bringing Green Revolution to the shifting cultivator.
cience 190: 841.44

' ES Formation Kenya. 1991 Training in Agriculture. Soil and Water
onservation: 202. INADES Formation Kenya

el aInstitute of Education. 1988. Secondary Agriculture. KIE

Muller-Samann, K. M. and Kotschi, J. 1994. Sustaining Growth-Soil fertility
gement in tropical smallholding. CTA-GTZ, Margraf Veilag, Wekereheim,

- W. (Ed.). 1994. Field notes on organic farming. KIOF. Nairobi.

e, J. W, Krismanu. (Eds.) 1999. Organic farming for secondary schools.




47

Sturrock, J. W., Auld, B. A. and Smaling, E. M A. (eds.). 1998. Agriculture
Ecosystems & Environment. Special issue: Nutrient balances as indicators of
productivity and sustainability in sub-Saharan Agriculture. Vol. 71 Nos. 1, 2, 3.
Elsevier science B. V.

Regional Soil Conservation Unit (RSU)/SIDA and Africa 2000 network,
UNDP. 1997. Sustainable Agriculture Practices and Technologies: Guidelines for
farmers. RSU/SIDA: Africa 2000 network, UNDP

Thomas, D. B., Eriksson, A., Grunder, M. and Mburu, J. K. (Eds.). 1997. Scil and
water Conservation manual for Kenya. Soil and Water Conservation Branch,
Ministry of Agriculture, Livestock Development and Marketing, Republic of
Kenya.

UNCTAD. 1996. Organic Production in Developing countries: Potential for trade,
Environmental Improvement and social Development. UNCTAD/com/88

Wenner, C. G. 1981. Soil Conservation in Kenya. SWC Branch, MoALDM,
Nairobi.

Woomer, P. ! . and Swift, M. J. (Eds.). 1994 The Biological management of
Tropical Soil fertility. John Wiley and Sons; Tropical Soil Biology and Fertility
Programme and Sayce publishing (U. K.).



KENYA fNS_TITUTE OF ORGANIC FARMING (KIOF)

151_01_1 of Kenya Institute of Organic Farming (KIOF) is to achieve environmentally

| food and protection of the environment, among other things. It relies on laws of

ha_hce production cycles and induces sustainability by reducing the use of

t_o:-orgghic farming, and indeed any production system, is soil fertility management.
lity décﬁne has been mentioned as one indicator of soil degradation and as a major
-10'-fém_1ing in many countries. Plants rarely find nutrients .in the correct amounts
p_o.'... ons. Addressing this situation not only calls for management of the widest
) s's_,ii.)le sources of fertility in the most efficient way, but also the adoption of
tecﬁnqiogies apphicable to farmers under specific and diverse settings while
g th eh:vironment_ The guide presents practices and technologies of soil fertility

ased on the use of locally available resources, indigenous technical

vledoe and 'm_od_em scientific concepts.

as been developed as a training and extension tool to assist extension workers
various stakeholders to initiate a debate on soil fertility management. It encourages
erned 1o look for options addressing the emerging concerns. It further aims at

éf;t'o' so:l fertility management by giving insight to some of the technologies of

management applicable to small-scale farmers under diverse settings.






