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Preface

This manual is produced by the Zambia Soil Health Consortium to provide remedies to constraints 
associated with declining soil fertility in Zambia. The rate of soil fertility decline is high due to limited 
use of organic manures, fertilizers and low adoption of agronomical practices that are cardinal to 
good soil management. This is leading to low and declining crop yields across all the key agro-
ecosystems of Zambia. To reverse this trend extension staff need to be conversant with appropriate 
soil fertility management practices. Integrated Soil Fertility Management (ISFM) has been recognized 
as an appropriate approach for restoration of soil fertility and increasing crop yields in most of the 
degraded lands in Zambia. 

The overall objective of this manual is to contribute to increased food security and poverty reduction 
by promoting appropriate use of ISFM innovations and practices among small-scale farmers in 
Zambia. This manual will also seek to improve access to ISFM information for key stakeholders 
(policy makers, extension staff, input suppliers and researchers) and build capacity and enhance 
knowledge among the agriculture extension staff on ISFM innovations as a way of boosting their 
capacity to disseminate ISFM innovations appropriately. 

The manual is presented in form of modules: (Module 1) Principles of soil fertility management; 
(Module 2) Integrated Soil Fertility Management from the biological, chemical and physical point of 
view; and (Module 3) Adoption of Integrated Soil Fertility Management.
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INTRODUCTION

Zambia is situated between latitudes 8–18°S and longitudes 22–33°E  with a humid subtropical or 
tropical wet and dry climate for most of the country, with small patches of semi-arid steppe climate 
in the south-west. Zambia has three seasons: a cool dry season (April to August), a hot dry season 
(August to November), and a warm wet season (November to April). The Zambian climate is favorable 
for agriculture with abundant arable land that receives between 800 and 1000mm rainfall in the 
central and south of the country and above 1200mm in the north. Based on the mean annual rainfall
variations, Zambia is divided into three agro-ecological regions (Figure 1). 

Figure 1: Agro - Ecological Regions of Zambia

Zambia’s Agriculture is predominantly rain-fed and 56% of the total land area is available for 
agriculture (Agricultural Statistics Bulletin, 1996). Most Zambians are subsistence farmers. However, 
Zambian agriculture has three broad categories of farmers: small-scale, medium and large-scale. 
Small-scale farmers are generally subsistence producers of staple foods with occasional marketable 
surplus. Medium-scale farmers produce maize and a few other cash crops for the market. Large-
scale farmers produce various crops for the local and export markets (Table 1). Crop productivity 
however is generally low partly due to inherent low soil fertility.
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Table 1: Characterization of Zambian Agriculture

Characteristics Small scale Emergent Medium scale Large scale
Number of farmers 459,000 119,200 25,230 740
Area per holding 
(hectares)

0.5-9.0 10-20 20-60 >60

Crops grown Food crops Food/Cash crops Food/Cash crops Cash crops
Production focus Subsistence Commercial/

Subsistence
Commercial/ 
Subsistence

Commercial

  Source: MoAC: Agriculture Bulletin, 2000 

The soils of Zambia are distributed as follows (Figure 2):

• Region I has a diversity of soil types, whose productivity is limited by inadequate water 
availability and high soil erosion potential.

• Region II is divided into two sub-regions based on soil texture differences; sub – region IIa and 
IIb.  Sub-region IIa is located in the central and eastern parts of the country and has some of the 
best agricultural soils in Zambia hosting much of the country’s commercial farming sector. In 
their virgin state the soils are slightly to moderately acidic but are prone to acidification due to 
their light texture and clay mineral composition. Years of cultivation with acidifying fertilizers 
especially on commercial farms have led to the development of soil acidity problems. As a 
consequence, average soil pH (CaCl2) in Sub-region IIa has reportedly declined from 6.0 to 
4.8. Soils in Sub-region IIb in the western part of the country are limited by soil acidity, poor 
drainage and hence are also prone to water logging.

• Soils in region III are composed of highly weathered clay minerals (kaolinite) and oxides of 
iron and aluminium and are characterized by low soil pH, low cation exchange capacity 
(1.3-2.8cmolc/kg), low exchangeable bases (Ca, Mg, K), and high exchangeable Al saturation 
(up to 80%). As a consequence, crops grown on these soils are prone to Al and/or Mn toxicity. 
Generally the soils have low nutrient retention capacity and nutrient reserves. Phosphate 
fixation may be high and a constraint on some highly weathered soils.
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Generally, low soil fertility and nutrient depletion continue to be the main reasons behind the 
country’s failure to secure increased agricultural production with, improved use of fertilizers con-
sidered  as a necessary measure for improving the crop yields. Zambia experiences NPK losses of 
between 30 – 60 kg per hectare each year. Despite increased fertilizer use through the government 
subsidy programme, the crop yields remain low owing to unskilled use of fertilizers especially 
among the smallholder farmers. Furthermore, lack of knowledge on key practices that should be 
combined with fertilizer compounds the situation. Therefore alternative means of replenishing soil 
fertility are needed to ensure food security. 

 
Integrated Soil Fertility Management (ISFM) has been identified as a sustainable way of increasing 
soil fertility through use through a combination of both traditional and new technologies encouraged 
by the easy and cheap availability of the necessary resources by Africa’s poorer farmers (Bekunda et 
al., 2010). The Zambia Soil Health Consortium, developed this manual as a way of supporting the 
government of Zambia and other stakeholders who conduct training on appropriate use of fertilizers 
and implementation of ISFM technologies. 

The soil nutrient losses in sub-Saharan Africa are an environmental, social and political time bomb. 
Unless we wake-up and soon reverse these disastrous trends, the future viability of African food 

systems will indeed be imperiled.

Dr Norman Borlang, 14 March 2003, Muscle shoals, Alabama USA



Integrated Soil Fertilty Management Training Manual For Zambia Agricultural Extension Officers Integrated Soil Fertilty Management Training Manual For Zambia Agricultural Extension Officers 7

The Manual targets the extension staff, researchers and other stakeholders as conduits for diffusion 
of ISFM technology to smallholder farmers. This is because ISFM represents a means to overcome 
some of the challenges faced by small-scale farmers as it offers them better returns for investment 
in fertilizer through its combination with available organic and indigenous agro-mineral resources 
(Vanlauwe et al., 2010)

This manual presents ISFM strategies that address the objective of improving knowledge of 
agricultural extension providers on various ISFM practices. It also gives them an opportunity to apply 
this knowledge in the design of an effective ISFM programme suitable for their local agricultural 
circumstances. Specifically, the manual will enable agricultural extension workers  to learn and 
apply:

1. The principles of Integrated Soil Fertility Management
2. Soil Fertility Management Practices
3. Target specific  ISFM options
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Module 1

Principles Of Integrated Soil Fertilty Management

What is soil?

Soil is a relatively thin layer of unconsolidated mineral and organic material on the immediate 
surface of the earth. An ideal soil should contain approximately 25% each of air and water filled 
porosity (Soil Pore Space), about 5% organic matter and about 45% mineral matter (Figure 3).
 

Figure 3: Components of an ideal soil

Soil is prone to degradation or decline in its quality if it is misused, or, mismanaged through agricultural 
practices. Sustainable use of soil resources requires a thorough understanding of principles that 
govern soil quality which can lead to identification and development of sustainable management 
systems.

A good soil should: i) have the capacity to recycle nutrients, have good water retention capacity, 
be able to support the growth of a variety of plants, animals, and soil microorganisms, ii) be able to 
filter and buffer pollutants so as to protect the quality of water, air and other resources, and iii) must 
have the ability to maintain its porous structure to allow passage of air and water and provide a good 
medium for plant roots. Figure 4 below is a simple illustration of how a good and ideal soil should 
function.
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Figure 4: An illustration of soil functions (Lal and Shukla, 2004)

Soil Degradation And Sustainable Agriculture
Soil degradation is the temporary or permanent lowering of the productive capacity of soil due 
to overgrazing, deforestation, inappropriate agricultural practices, over exploitation of fuel wood 
leading to desertification and other man-induced activities. All processes of soil degradation are 
grouped into six classes: (i) water erosion, (ii) wind erosion, (iii) soil fertility decline, (iv) salinization, 
(v) water logging and (vi) lowering of the water table.
 

1. Soil erosion by water includes inter-rill and rill erosion, gullying, and land sliding caused by 
clearing of vegetation and road construction. Soil erosion by wind produces sand dunes. 

2. Soil fertility decline refers to deterioration in soil physical, chemical and biological properties 
caused by (a) reduction in soil organic matter status, leading to decline in soil biological 
activity; (b) degradation in soil physical properties (structure, aeration, water holding capacity) 
caused by reduced OM; (c) adverse changes in soil nutrient status, including reduction 
in availability of the major nutrients (N, P, K), initiation of micronutrient deficiencies and 
development of nutrient imbalances; and build-up of toxicities (by heavy metals, xenobiotics, 
and acidification through incorrect use of fertilizers).

3. Water logging is caused by over irrigation, and restricted infiltration of water into the soil. This 
lowers land productivity through rise in ground water close to the soil surface.

4. Salinization refers to all types of land degradation brought about by increased concentration 
of salts in the soil. It occurs through inadequate planning and mismanagement of irrigation 
schemes (salinization in the strictest sense), and sodification (also called alkalinization), which 
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refers to the dominance of the exchange complex by Na+.
5. Lowering of the water table is brought about by pumping of ground water for irrigation which 

exceeds the natural recharge capacity. Pumping of water for urban and industrial use also 
causes this form of land degradation. 

Other types of land degradation include (i) deforestation, (ii) forest degradation (reduction in biotic 
resources and lowering of the productive capacity of forests), (iii) range land degradation (lowering 
of the productive capacity of range lands), (iv) acid sulphate formation, (v) soil pollution, (vi) soil 
destruction through mining and quarrying activities, (vii) urban and industrial encroachment on to 
agricultural land, (viii) destruction of irrigation schemes, and (ix) potential effects of global climatic 
change (including global warming which may lead to modifications in the general atmospheric 
circulation, causing changes in rainfall pattern). In general soil degradation can be divided into three 
categories as shown in Figure 5 below. 

Figure 5: Conceptual model illustrating soil degradation after cultivation on virgin land in the humid 
and Sub humid Tropics of Africa. Source: Guanglong, (n.d)

1. Chemical degradation: This is the deterioration of the chemical properties of the soil leading 
to a decline in soil fertility. Chemical degradation leads to deterioration of   soil pH, nutrient 
contents, and soil nutrient holding capacities. For instance, the soil pH may become either 
too low or too high for optimal plant growth (The recommended pH range for most of the 
crops is 5.5 -6.5). 

2. Physical degradation: This is the deterioration of physical properties of the soil. The affected 
soil characteristics include the soil structure, bulk density and aggregation. When this 
occurs, the soil does not settle but gets dispersed in solution; Figure 6 shows an example of a 
soil that is degraded by water erosion. The occurrence of this type of degradation reduces the 
soil porosity and water holding capacity.
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Figure 6: An example of a soil degraded by water erosion

3. Biological degradation: This is the reduction in soil organic matter status leading to a decline 
in soil biological activity and biodiversity. When this happens, other soil characteristics such 
as structure, water holding, and aeration are also negatively affected.

A more detailed overview of the constraints, effects and management practices to reverse the effects 
of degraded soils is illustrated in Table 2. 
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Table 2: Constraints of degraded soils and proposed management strategies

Causes Effects Management Practices

Physical Constraints
Poor soil 
structure

Low organic matter, 
intensive tillage

Poor seedling emergence, 
poor water infiltration, 
increased erosion and 
runoff, reduced aeration, 
low yields

Fresh organic materials 
(shallow-rooted cover/
rotation crops, manure, 
green clippings), Reduced 
tillage, surface mulch, 
crop rotation 

Low moisture 
retention

Low organic matter, 
poor structure, 
excessive tillage 

Ground water pollution, 
drought stress, low yields

Stable organic materials 
(compost, crop residues 
high in lignin, bio char), 
Reduced tillage, rotation 
with sod crops

Soil compaction Tilling wet soil, use 
of heavy equipment, 
uncontrolled traffic 
when soil is wet.

Reduced root growth, 
limited water infiltration, 
poor aeration, ponding, 
runoff, erosion, low yields

Use ripping/ basins for 
land preparation

Biological Constraints
Low organic 
matter content

Ploughing, burning 
plant residue, animals 
feed on all plant 
biomass during dry 
season.

Low moisture retention, 
increased soil erosion, low 
nutrient retention, high 
leaching of nutrients, poor 
soil fertility.

Stable organic matter 
(compost, crop residues 
high in lignin), cover and 
rotation crops, Reduced 
tillage, no burning of 
plant residue. 

Weed pressure Poor crop rotations, 
incorrect use of 
herbicides resulting in 
resistance, poor weed 
management

Poor crop growth, low 
yields, increased pests and 
diseases, increased cost of 
weeding, interference with 
harvest.

Reduced tillage, good 
crop rotation, use of 
cover crops, proper use of 
herbicides

High root rot 
rating

Pathogens Reduced yields. Disease-suppressive cover 
crops, disease breaking 
rotations, IPM practices

Chemical Constraints
Low  pH Continuous use of 

acidifying fertilizer 
without liming..High 
rain fall

Unavailability of nutrients 
to the plants, deficiency of 
plant nutrients.

Repeated applications of 
liming material based on 
soil tests

High pH  low rainfall areas 
such as valley bottoms 
due to accumulation 
of bases. 

Lead to deficiency of 
micro- nutrients such as 
zinc, iron. Low yields.

Repeated applications 
acidifiers,  for example, 
sulphur, based on soil 
tests
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High salinity Common in valley 
bottoms due to 
accumulation of salts.

High pH, low yields. Subsurface drainage 
and leaching, reduced 
irrigation rates, low-
salinity 
water source, water table 
management

High sodium 
content

Accumulation of 
sodium in the soil, 
common in valley 
bottoms due to low 
rainfall

Poor soil structure, 
waterlogging, increased 
soil erosion, low yields

Application of gypsum, 
subsurface drainage, 
reduced irrigation rates, 
water table management
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The population of Zambia stood at about 13 million in 2011 and was projected to reach 140 
million by 2100. In view of the decreasing soil fertility and low agricultural productivity, Zambia 
has raised concerns about how to meet increasing food demands for the growing population. This 
has prompted the government, donors and other development agents to start considering alternative 
methods of increasing agricultural productivity by focusing on more efficient and sustainable use 
of available nutrient resources. The Food and Agricultural Organization (FAO) defines sustainable 
agriculture, as agriculture that conserves land, water, plant and animal genetic resources, does not 
degrade the environment and is economically viable and socially acceptable. Much of the currently 
cultivated land is being lost through soil degradation, nutrient depletion, deforestation, salinization 
and overgrazing. Integrated Soil Fertility Management (ISFM) is therefore key in raising productivity 
levels while maintaining the natural resource base.

Integrated Soil Fertility Management
Soil fertility is defined as the capacity of the soil (growth medium) to supply nutrients, water and air 
for plant growth. Soil fertility is a complex of soil chemical, physical and biological factors that affect 
land potential and the degree to which a soil is productive (Figure 7). A fertile soil is characterized by 
static and dynamic complex interactions involving weathering of rocks, decomposition of organic 
matter, animal and microbial activities.

Figure 7: Components of soil fertility

ISFM is an approach to sustainable and cost effective management of soil fertility, which include 
a set of soil fertility management practices that include the use of fertilizer, organic inputs and 
improved crop varieties combined with the knowledge on how to adapt these practices to local 
conditions with an aim of optimizing agronomic use efficiency of the applied nutrients in order to 
improve crop productivity. It aims at making the best use of inherent soil nutrient stocks, locally 
available soil amendments and mineral fertilizers to increase land productivity while maintaining or 
enhancing a healthy soil. A healthy soil is a dynamic ecosystem made up of a mixture of minerals, 
air, water, organic materials and a healthy population of microorganisms with thriving biological 
activities for optimum crop growth and development, leading to increased and sustainable crop 
yields. When a soil is not functioning to its full capacity as a result of various constraints, then 
sustainable productivity and net farmer profits are jeopardized.
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All inputs need to be managed following sound agronomic and economic principles. Figure 8 shows 
the relationship between the agronomic efficiency (AE) of fertilizers and organic resource and the 
implementation of various components of ISFM. With the addition of improved crop varieties and 
fertilizer alone, there is a drastic improvement in the agronomic efficiency of the fertile (a) than 
the poor soil (b) due to the ability of the fertile soil to retain nutrients provided by the fertilizer. 
When organic resources are added or well managed, there is a great improvement in the agronomic 
efficiency of the poor soil (c) than a fertile soil (d) because the organic matter greatly improves the 
physical and biological status of the poor soil, allowing it to retain more nutrients. 

Figure 8: Conceptual relationship between the agronomic efficiency (AE) of fertilizers and organic 
resource and the implementation of various components of ISFM, culminating in complete ISFM 
towards the right side of the graph (Adapted from Vanlauwe et al., 2010).

The ISFM practices aim to provide comprehensive solutions that consider diverse factors such as 
weather, the presence of weeds, pests and diseases, inherent soil characteristics, history of land use 
and spatial differences in soil fertility. ISFM will replenish soil pools, maximize on- farm recycling 
of nutrients, reduce nutrient losses to the environment and improve the efficiency of external inputs.  
Effective application of ISFM requires a good understanding of the basic nutritional requirements of 
a plant. 
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Plant Nutrition

All plants are dependent on a favorable combination of five environmental factors; light, heat, air, 
nutrients and water. Since the dawn of agriculture, farmers have understood this general principle 
and therefore plant their crops in locations with sufficient sunlight and at the time of the year when 
temperatures allow optimal plant growth and development up to maturity (Figure 9). They try to 
ensure adequate water availability either through irrigation or by precipitation from rainfall. They 
have also been aware of the importance of nutritional supplements.

Figure 9: An illustration of the plant energy cycle (Adapted from IPNI, 2012)

Through modern science, we now have a good understanding of the nutrient requirements of plants. 
There are some 20 nutrient elements that are essential for the growth and reproduction of plants. An 
element is essential if it meets the following three conditions:

1. Direct involvement in plant metabolism or a component of an essential plant constituent (e.g. 
Nitrogen is a constituent of proteins and chlorophyll).

2. If a plant is unable to complete its life cycle in the absence of that mineral element (Life cycle 
= vegetative stage, flowering stage and seed production stage).

3. The function of an essential element must not be replaceable by another mineral element.

Three of the 20 essential elements (Carbon, Hydrogen and Oxygen) are obtained by the plant from 
air and water. Although these elements are extremely important (for most plants ≥ 94% of their 
dry matter is composed of these three elements), there is not much that can be done to improve or 
manage their availability in the open fields. The other elements combined therefore represent ≤ 6% 
of the plant dry matter. However, significant growth and subsequent crop production is reduced by 
a deficiency or limitation of one or more of these. 
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The essential elements are generally divided into two groups; the macronutrients and the 
micronutrients. The macronutrients are required by plants in relatively large quantities. For 
example, a crop like maize could take up between 10 to 100kg of these nutrients per hectare. These 
macronutrients can further be divided into two categories primary nutrients which are nitrogen 
(N), phosphorus (P), potassium (K) and secondary nutrients which are sulfur (S), calcium (Ca), and 
magnesium (Mg). The micronutrients (or sometimes referred to as ‘Minor’ or ‘Trace’ elements) are 
elements required in small amounts by plants (Figure 10). They include manganese (Mn), iron (Fe), 
boron (B), zinc (Zn), copper (Cu), molybdenum (Mo), chlorine (Cl), cobalt (Co), nickel (Ni) sodium 
(Na) and silicon (Si). For example, a crop like maize could absorb between 1 and 5 kg of these 
nutrients per hectare. The last four micronutrients are specific to plants. 

Figure 10: Nutrient requirements of plants (IPNI, 2012)

Table 3 below shows the sources, functions, deficiency symptoms and toxicity signs of different 
essential elements.
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Table 3: Essential Soil Nutrients, their Functions, Deficiency symptoms, Toxicity symptoms and their 
Management

Nutrient Functions Deficiency 
symptoms

Toxicity 
symptoms

Management factors

Nitrogen Protein formation, 
photosynthesis.

Yellowing of 
lower leaves

Plants are 
stunted, deep 
green in color, 
and secondary 
shoot 
development is 
poor

Reduce leaching losses.
Increase biological 
N-fixation (BNF).
Maintain or increase SOM.
Use N fertilizers efficiently.
Return crop residues to the 
field.

Phosphorus Energy storage/
transfer, root 
growth, crop 
maturity, straw 
strength, disease 
resistance.

Formation of 
purple colour 
on lower 
leaves

Leaf edges 
of the upper 
leaves brown 
or scotched
Death of 
growing points 
of upper leaves

Add P to soil as fertilizer.
Maintain SOM.
Increase P-use efficiency 
by applying P fertilizers 
together with readily 
decomposable organic 
residues and animal 
manures.

Potassium Plant turgor 
pressure 
maintenance, 
accumulation and 
transport of the 
products of plant 
metabolism, crop 
disease resistance.

Browning of 
leaf edges 
of the lower 
leaves

Yellowing 
between leaf 
veins of lower 
leaves

Reduce leaching losses.
Return crop residues 
and animal manure from 
livestock fed with fodder 
taken from the field.
Add K fertilizers to the soil.

Magnesium Photosynthesis. Yellowing 
between leaf 
veins of lower 
leaves

Brown spots 
on leaf veins. 
Necrosis 
starting at 
the tips and 
margins. Leaf 
crinkling.

Return crop residues 
and animal manure from 
livestock fed with fodder 
taken from the field.
Add Mg fertilizer or 
dolomitic lime to the soil.

Calcium Cell growth and 
walls, required by 
groundnut for nut 
development.

Leaf edges 
of the upper 
leaves brown 
or scotched
Death of 
growing points 
of upper leaves

Toxicity 
symptoms 
have not 
been reported 
for crops 
under field 
conditions

Return crop residues 
and animal manure from 
livestock fed with fodder 
taken from the field.
Add Ca fertilizers or lime 
to the soil.
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Iron Photosynthesis and 
respiration.

Yellowing of 
upper leaves 
between leaf 
veins

Bronzing 
and purple 
discolouration 
of leaves in 
other crops

 Return crop residues.
 Maintain SOM.
Do not burn crop residues.

Manganese Yellowing of 
upper leaves 
between leaf 
veins

Chlorosis, or 
blotchy leaf 
tissue due to 
insufficient 
chlorophyll 
synthesis.  
Growth rate 
will slow and 
vigor will 
decline.

Copper Chlorophyll and 
seed formation, 
protein synthesis.

Yellowing of 
upper leaves 
between leaf 
veins

Chlorosis and 
necrosis of 
older leaves. 
Inhibition 
of root 
elongation.

Foliar applications of 
Copper (Cu) can be an 
effective way to correct 
Cu deficiencies. The 
stage of growth at the 
time of application has 
a major influence on 
the effectiveness of the 
treatment.

Boron Development/
growth of new 
cells.

Death of 
growing points 
of upper leaves

Chlorosis and 
necrosis of 
leaf tips and 
margins.

There is currently no 
practical treatment option 
for B deficiency. Where 
possible:
Apply B in soluble forms 
(borax) for rapid treatment 
(0.5−3 kg B ha-1). 
Broadcast and incorporate 
it before planting. It can 
also be top dressed, or 
used as foliar spray during 
vegetative growth. Do not 
mix borax and fertilizer 
borates with ammonium 
fertilizers.
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Sulphur Synthesis of amino 
acids, Production 
of chlorophyll 
and utilization 
of other essential 
nutrients. Ranks at 
par with nitrogen 
for optimizing crop 
yield. 
Crops that have 
a high nitrogen 
requirement must 
have adequate 
sulphur to optimize 
nitrogen utilization. 

Yellowing of 
upper leaves

Leaf size will 
be reduced 
and overall 
growth will 
be stunted.  
Leaves 
yellowing or 
scorched at 
edges.

There is currently no 
practical field management 
option for S deficiency. 
Where possible,
Apply S to the field 
by using S-containing 
fertilizers.
Incorporate straw/Stover 
instead of completely 
removing or burning it. 
Improve soil management 
to enhance S uptake by 
maintaining sufficient 
percolation (~5mm per 
day) or by carrying out dry 
tillage after harvesting.
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Soil Fertility

Soil fertility may be defined as the ability of the soil to supply all the essential plant nutrients in 
proper amounts in available forms and in a suitable balance. Fertile soils have an adequate and 
balanced supply of elements sufficiently labile or available to satisfy the needs of plants. However, 
a nutrient rich soil is not necessarily a productive soil. To be productive, soils must also provide a 
satisfactory rooting environment for plant growth and the nutrients it contains must be in the form 
that is  available for use by  plants. This implies then, that a fertile soil is not necessarily productive 
if some other critical factors such as moisture, temperature, air and light are not adequately present 
(Figure 11 shows an un-fertile soil). For instance, a desert soil may be fertile (i.e. it has an ample 
reserve of nutrients) but unproductive due to lack of water.

Figure 11: Low fertile soil in the sandy area of Southern Province of Zambia

Fertile soils (Figure 12 shows an example of maize growing in a fertile soil) are characterized by 
ongoing complex interactions involving weathering of rocks to form inorganic nutrient ions in water, 
decomposition of organic matter, and activities of animals and microbes that help to breakdown 
organic matter and recycle nutrients. Roots then absorb these mineral ions if they are readily 
available and not ‘tied up’ by other elements or by alkaline or acidic soils. Soil microbes play a 
critical role in ion uptake and in the cycles that permit nutrients to flow from the soil to the plant. The 
microbiological community of the soil system around the roots breaks down the available organic 
material in the soil into usable forms that the plant root system can easily absorb.



Integrated Soil Fertilty Management Training Manual For Zambia Agricultural Extension Officers 22

Figure 12: Maize growing on a fertile soil

Soil fertility is mainly influenced and characterized by the following factors:

1. Soil Organic Matter
Soil Organic Matter (SOM) is defined as the soil fraction derived from materials of plant and 
animal origin and contains most of the essential plant nutrients. Accumulated soil organic 
matter therefore, is a storehouse of plant nutrients. The stable organic fraction (humus) of SOM 
adsorbs and holds nutrients in a form that is available to the plant. In addition, organic matter 
is important to soil structure, provides energy for growth of soil microorganisms, improves 
water infiltration and water holding capacity, reduces erosion potential and is an important 
element in the nutrient and carbon cycles. Organic matter is the adhesive of the soil, binding 
together the soil components into stable aggregates. ISFM technologies are soil organic matter 
dependent for their full success. The effects of soil organic matter are summarized in Table 4:
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Table 4: Effects of soil organic matter on chemical, physical and biological characteristics of soil

Chemical Physical Biological

• Provides plant 
nutrients in the soil. 

• Reduces leaching of 
plant nutrients from 
the soil by increasing 
the ability of the soil 
to retain nutrients. 

• Improves buffering 
capacity of the soil.

• Is crucial for metal 
chelation.

• Precipitates soluble 
metals.

• Improves soil structure 
• Plant residues on the soil 

surface helps reduce surface 
wind and water erosion.

• Organic matter encourages 
soil aggregation; this results in 
good soil structure, aeration, 
water infiltration, resistance 
to erosion and resistance to 
crusting.

• It helps sandy soils hold more 
water and loosens tight (clay) 
soils giving room for air and 
water movement.

Gives life to soil:
• It is a source of food for soil 

living organisms, enhancing 
soil biological activity and 
diversity.

• Creates suitable environment 
for soil organisms through 
improved structure.

2. Soil Structure
Soil Structure refers to the overall shape, size and arrangement of particles in a soil and how 
the individual soil particles clump or bind together. Soil Structure is very important because 
the arrangement of soil particles plays the biggest role in determining the size, shape and 
connectivityof the pores that conduct air and water. The soil structure predominantly governs 
the following: 

• Total porosity
• Water movement
• Soil aeration
• Root penetration
• Microbiological activities
• Resistance to erosion
• Mechanical impedance
• Soil temperature

It also affects the plant’s rooting ability through the soil. Soil scientists have developed 
classification systems to describe soil structure that involves 5 major structural classes, namely; 
granular, blocky, platy, prismatic and structure less.

3. Soil Texture
Soil texture is arguably the single most important physical property of the soil in terms of soil 
fertility. This is because it affects and is related to several other soil properties such as soil 
structure, aeration, water holding capacity, nutrient storage and water movement. 
Soil texture is dependent on the mixture of the different particle size grains and refers to the 
relative proportions of the various size groups of individual particles in a soil. From largest to 
smallest the soil grains are:
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• Sand – from 0.05mm to 2mm in diameter
• Silt  - from 0.002mm to 0.05mm
• Clay – less than 0.002mm

Soil texture can be assessed in the laboratory by determining the percentages of the sand, silt 
and clay. These percentages are used on the textural triangle (Figure 13) to determine textural 
class. 14).

 
Figure 13: Soil textural triangle with each side corresponding to the percentage of soil separate. The 
blue arrow represents the direction in which one reads the clay separate, the pink arrow corresponds 
to the sand separate and the orange arrow corresponds to the silt separate.
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Figure 14: Guide for estimating soil texture using the feel method (Thien S,. 1979)

Soil texture can also be determined in the field by the “feel” method (Figure 14)



Integrated Soil Fertilty Management Training Manual For Zambia Agricultural Extension Officers 26

Determining soil texture is very important as it determines useful applications in agricultural activities 
such as tilling, fertilizer use, pesticide use, water management and farm operations (Table 5)

Table 5: Useful applications of clay mineral content measurements

Activity Applications

Tillage Timing, type, frequency and intensity of tillage
Fertilizer use Rate, mode timing, formulation of fertilizer use (precision farming)
Pesticides Rate and mode of application
Water management Rate and frequency of irrigation, and intensity of drainage
Accessibility Timing of farm operations due to warming and trafficability

Source: Lal and Shukla, 2004

4. Soil Organisms
Living organisms are an important component of soil organic matter. Fertile soils harbor a lot 
of living organisms, which contribute to their productivity. For instance, more than 10,000 
bacterial and fungal types may be found within  a 1m2 soil surface, , as well as 100 to 1,000 
species of soil animals, such as protozoa, nematodes, mites, collembola and earthworms.
 
One of the most important functions of soil microorganisms is the decomposition of organic 
matter, leading to the production of humus, which has a great influence on the soil chemistry 
(cation exchange capacity) and water retention.

5. Cation Exchange Capacity (CEC)
Cation exchange capacity (CEC) is the ability of the soil to retain nutrients and prevent them 
from leaching beyond the root zone. The higher the CEC a soil has, the more likely the soil 
will have a higher fertility level. This is because cations held electrostatically can be easily 
exchangeable with other cations in the soil solution making them readily available for plant 
uptake. When combined with other measures of soil fertility, CEC is a good indicator of soil 
productivity.

CEC works as the amount of negative charge in soil that is available to bind positively charged 
ions (cations). ;Essential plant nutrients, potassium (K+), calcium (Ca2+), magnesium ( Mg2+) 
and ammonium (NH4+) and detrimental elements like aluminum (Al3+) and hydrogen ( H+) 
are cations. Therefore, CEC buffers fluctuations in nutrient availability and soil pH. Clay and 
organic matter are the main sources of CEC. The more clay and organic matter a soil contains, 
the higher its CEC. This explains why sandy soils, which contain low percentages of clay and 
organic matter, have low fertility and require more frequent applications of lime and fertilizers.

6. Soil pH
Another important soil property that affects soil fertility and the availability of nutrients is soil 
pH (see, Figure 15). pH is  a measure of the acidity or alkalinity of the soil . 
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Figure 15: Effect of soil pH on plant nutrient availability. Source; Ketterings et al. (2008)

This property has considerable effect on microbial activity. The pH scale ranges from 0 to 
14 with pH 7 as the neutral point when measured in water. As the amount of hydrogen ions 
in the soil increases, the soil pH decreases thus making the soil more acidic. Most of the 
essential plant nutrients found in the soil are not available to the plant unless dissolved in the 
soil solution. If the pH is low, some nutrients, such as phosphorus, calcium and magnesium, 
cannot be dissolved in water hence cannot be absorbed by the plants therefore the plants 
can’t attain optimal growth and development. Growth of bacteria that decompose soil organic 
matter is also hindered in strongly acidic soils. This prevents organic matter from breaking 
down, resulting in an accumulation of organic matter and the tie up of essential nutrients 
contained in the organic matter.

7. Soil Water
Soil moisture content is defined as the water that can evaporate from the soil to a constant 
weight upon heating to  105oC for approximately 48 hours. There are three forms of soil 
moisture namely: liquid water which is held in transmission and retention pores, absorbed 
water held by the forces of cohesion and adhesion on the soil particles and strongly absorbed 
water which is held within the lattice structure of clay mineral. Two important aspects of the 
liquid water held within the pores are field moisture capacity and permanent wilting point. 
The difference in moisture content between field capacity and permanent wilting point is the 
available water capacity. Different soil textures have different soil water capacity (Table 6)
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Table 6: Soil available water capacity of different textural classes (Lal and Shukla 2004)

Texture Range Average Days

AWC (mm/m) AWC (mm/m) (ET= 8 mm/day)

Coarse sand 50-70 60 8
Fine sand 75-95 85 11
Loamy sand 90-110 100 13
Sandy loam 105-125 115 14
Fine sandy loam 120-140 130 16
Very fine sandy loam 130-150 140 18
Clay and clay loam 120-180 150 19
Silt clay and silt clay 
loam

140-180 160 20

Silt loam 160-210 185 23
Peats and mucks 160-250 210 26

Crops require water to complete their life cycle and below are some examples of water requirements.

• Low (<400mm)
Millet, Sorghum, Maize, Sudan grass, etc.

• Medium (400 –700mm)
Potatoes, Wheat, Barley, Rye, Soybeans, etc.

• High (>700mm)
Clover, Sugarcane, Banana, Alfalfa, etc.
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Module 2

Integrated Soil Fertilty Management Practices

Module overview

The principles of integrated soil fertility management present a variety of approaches or ways 
underlying soil fertility assessment, determination and management. Undertaken in isolation, each 
of the principles of ISFM by themselves might not reverse the trend of declining soil fertility. A holistic 
approach is therefore, needed. In this module we will discuss integrated soil fertility management 
practices.

While singular approaches e.g. appropriate use of mineral fertilizers, can succeed in ameliorating 
soil fertility, it is becoming increasingly evident that resources usually exist in any given setting to 
permit adoption of more than  one approach at the same time. For example, many farmers, both 
small and large, may cultivate field crops as well as keep livestock. Such farmers have more than 
one resource at their disposal with which to manage soil fertility, that is, manure from livestock, crop 
residues after harvest, and mineral fertilizers. In ameliorating soil fertility, ISFM would constitute 
practices that combine all the available resources within any given farming environment.

Organic and inorganic Fertilizers 

Fertilizer by definition is any organic or inorganic material of natural or synthetic origin that is added 
to the soil to supply at least 5% of one or more plant nutrients essential for the growth of the crop. 
There are a number of inorganic fertilizer types commercially available in Zambia as highlighted in 
Table 7.

Table 7: Type of fertilizers found in Zambia 

Fertilizer Abbreviation
N 
(%)

P2O5 

(%)
K2O 
(%)

MgO 
(%)

CaO 
(%)

S 
(%)

Others 
(%)

Urea - 46       
Ammonium nitrate AN 34       
Calcium nitrate CN 15       26   
Calcium 
ammonium nitrate

CAN 27     2 4   

Ammonium 
sulphate

AS 21         24  

Mono ammonium 
phosphate 

MAP 11 48-55  0.5 2  

Di-ammonium 
phosphate

DAP
18-21 46-53    1-1.5  

Single Super 
Phosphate SSP  16-22   28 11  
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Triple Super 
Phosphate TSP  44-53  0.5 12-19 1-1.5  
Potassium Chloride MOP   60-62    47 (Cl)
Potassium Sulphate SOP   50-53   17-18  
Potassium nitrate KN 13   44 0.5 0.5 0.2  
Magnesium 
sulphate KIES       27   22  
Compound D  10 20 10     6 (B,Zn,)
Compound X  20 10 5     
Compound R  20 20     
Compound C  6 18 12        

A calibrated measure should always be used when applying fertilizer to the soil and crops. To achieve 
this, the 4R nutrient stewardship should be observed i.e. Right fertilizer source, Right fertilizer rate, 
Right time of fertilizer application, and Right  fertilizer placement. To apply uniformly at the right 
rate for example, a full level coca-cola bottle top contains about 6g of fertilizer. In a maize field with 
a plant population of 40,000 plants (90cm X 25cm spacing at 1 plant per station), an application of 
one coca-cola bottle top of urea 5g per station is equivalent to 92 kg N ha-1.

The 4R nutrient stewardship provides a framework to achieve cropping system goals, such as increased 
production, increased farmer profitability, enhanced environmental protection and improved 
sustainability. Properly managed fertilizers support cropping systems that provide economic, social 
and environmental benefits. On the other hand, poorly managed nutrient applications can decrease 
profitability and increase nutrient losses, potentially degrading water and air. The components of 4R 
nutrient stewardship are explained in detail below:
  

1. Right source
The right fertilizer source means matching the fertilizer source and product to the crop’s needs 
and the properties of the soil.

Fertilizer can be applied as straight, compound or organic fertilizers that provide one or more 
of the plant nutrients.

Table 8: Types of fertilizers

Fertilizer Advantages Disadvantages

Straight Provide only one nutrient Not readily available

Compound Provide several nutrients in one 
product and therefore offer some 
convenience to the farmer

More costly
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Organic Readily available
Provides several nutrients

Needed in large amounts due to low 
nutrient content
Often the nutrient release pattern does 
not match the crop demand patterns 
(asynchrony) 

The choice of fertilizer depends on the crop, current and past use of farm land, as well as soil 
properties and climatic conditions. For example, where soils have a low buffering capacity 
(e.g. sandy soils, low organic matter content), it would not be advisable to use ammonium 
sulfate as a source of N due to its soil-acidifying effect, while in areas with very heavy rainfall 
during the cropping season, it is better to avoid nitrate-based fertilizers because they are more 
prone to leaching than ammonium-based fertilizers like  urea.

Not all fertilizer products available in the market are of good quality. If a farmer uses adulterated 
or poor-quality fertilizer, it will not increase yields as expected because it does not contain 
the correct amounts of the required nutrients. To find out if the soluble fertilizers like urea, 
ammonium sulfate, ammonium nitrate and TSP, have been mixed with sand or brick dust, a 
farmer can dissolve 100 g of fertilizer in 1L of water. A genuine fertilizer will dissolve in water, 
and cause a decrease in water temperature and leave only a very small undissolved residue 
while the one tampered with (not genuine fertilizer) will not dissolve properly.

2. Right fertilizer rate
The right fertilizer rate means matching the amount of fertilizer applied to the crop requirements. 
The appropriate fertilizer rates are estimated after considering:

• the nutrient requirements of the crop;

• the soil’s capacity to supply nutrients (measured by soil sampling    (Figure 16),  
  analysis and omission plots;

• the amount of nutrients applied in crop residues and farmyard manure;

• the amount of nutrients applied to previous crops;

• the target yield;

• the attainable yield under local climatic conditions; and

• the cost of fertilizers and the value of crop products;

• the actual size of the field where the fertilizer is to be applied by measuring with a  
  tape or knotted cord.
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Figure 16: Illustration of soil sampling by use of soil augar

Exceeding the fertilizer recommended rates leads to scorching of the crop, waste of nutrients not 
taken up by the crop and possible contamination of the environment. On the other hand, low 
fertilizer application rate results in less yield and crop quality and less crop residues.

To arrive at the right rate, we have to understand how nutrient content is calculated in a fertilizer. 
The major ingredients in a fertilizer are Nitrogen (N), Phosphorus (P) and Potassium (K). These are 
the 3 most abundant ingredients that are listed on a fertilizer label. They are always in this order 
N-P-K. On a bag of fertilizer, they will appear as 3 numbers. For example, the D compound that is 
used in Zambia appears as 10-20-10. Based on this information, one can determine the amount of 
a particular nutrient in a package.
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Calculating the amount of nutrient in a 50 kg fertilizer package
The first step is to  calculate how much N, P2O5 and K2O is contained in one 50 kg bag of 
compound 10-20-10:

50 kg compound (10-20-10) x 10% N = 5 kg N
50 kg compound (10-20-10) x 20% P2O5 = 10 kg P2O5

50 kg compound (10-20-10) x 10% K2O = 5 kg K2O

Therefore, one 50 kg bag of the D-compound (10-20-10) contains 5 kg N + 10 kg P2O5 + 5 
kg K2O.
Urea (nitrogen)
50 kg Urea X 46 % N = 23 kg N
TSP (phosphorus)
50 kg TSP X 46% P2O5  = 23 kg P2O5

KCl (potassium)
50 kg X 60% K2O  = 30 kg K2O
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3. Right time for fertilizer application
The right time for fertilizer application means making nutrients available when the crop needs 
them. Basal dressing fertilizer application is done at or just after planting to supply N, P, K and 
other nutrients required for early crop growth. Nutrients are used most efficiently when their 
availability is synchronized with crop demand.

Available nitrogen is highly mobile and easily lost from the soil due to leaching. Therefore, 
N-fertilizers should be applied as ‘top dressing’ at key stages during crop development, when 
the crop is growing fastest. A split application is recommended to improve fertilizer use 
efficiency which may be enhanced through a combination of both inorganic and. organic 
resources.
 
Applying fertilizer, or manure, on wet soils should be avoided to minimize compaction, runoff 
and leaching/denitrification.

4. Right placement of fertilizer
The right placement of fertilizer means applying fertilizer where the crop can access the 
nutrients contained in the fertilizer. Application methods should be selected based on the 
particular crop or cropping system and soil properties. It is usually best to incorporate basal 
fertilizer in the soil at or before planting to achieve efficient fertilizer use. There are four main 
fertilizer placement methods:

• Broadcasting; Fertilizers are applied uniformly to the soil surface. This is done either 
before sowing or in the standing crop. The method is easy to implement and has low labor 
requirements. For example, N-fertilizer top dressings are usually broadcast in irrigated 
wheat fields.

• Banding; Fertilizer is placed close to the root zone, increasing the chances of being taken 
up by crops.  This method is especially good where you have limited quantities of fertilizers 
or less soluble fertilizer (eg. phosphorus); however, it is laborious. This is sometimes referred 
to as Micro-dosing. Banding is the most common method of placement for basal fertilizer 
applications.

• Spot application; Fertilizers are applied in small amounts either at planting in each plant 
station together with the seed or close to each plant station during the crop growing 
season. Spot application is preferred where plants are widely spaced and where soil and 
climate conditions increase the risk of nutrient losses due to leaching. Spot application has 
become more popular among farmers because it is more cost effective than broadcasting.

• Deep placement; this involves the placement of fertilizer, usually the slow releasing 
N-fertilizers in the reduction zone of the soil. This method is usually used in paddy rice 
fields which are usually flooded. This method ensures better distribution of fertilizer in the 
root zone soil and prevents loss of nutrients by run-off.
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ISFM techniques
Because farmers often have limited cash resources and often buy small amounts of fertilizer, it 
is important in fertilizer management to implement management practices that minimize the loss 
and cost of nutrients added to the farming system. With good management practices, a significant 
proportion of nutrients added to the farming system in the form of mineral fertilizers can be recycled 
many times through crop residues and farm yard manures from livestock.

Some nutrients taken up by the crop would be lost from the soil through crop products (e.g. grain, 
tubers, and vegetables) that are sold off from the farm but a large part of nutrients taken up by crop 
plants can be recycled back to the soil in the form of crop residues. Alternatively, crop residues may 
be used as fodder for livestock and the manure produced can be recycled to the field. Nutrients 
added as mineral fertilizers, recycled in the crop residues and manure as well as soil nutrient stocks 
may be the best combination in soil fertility enhancing measures adopted by:

• Use of improved Varieties Improved varieties means seeds, seedlings and other planting 
materials that have been bred to meet particular requirements of the environment in 
which they are to be grown. Therefore it is important to have information on the currently 
available improved varieties for a particular region, where these can be purchased, and 
their price. It is also important to investigate existing community-based seed production 
systems since improved varieties for certain crops, especially legumes, may not be 
available from commercial sources.

• Use of fertilizer and Manures; it is important to use fertilizers, including basal application 
of a phosphate (P) fertilizer at planting. Basal application of manure can also be similarly 
adopted followed by top dressing with nitrogenous or any other top dressing fertilizer later 
in the season.

• Growing of nitrogen fixing legumes; the farmer can and should grow and take advantage 
of nitrogen-fixing legumes, either singularly, or in rotation or in intercropping systems 
(Figure 17). Legumes through the process of nitrogen fixation will enrich the soil with N 
that will also benefit the subsequent crop. This will be best captured in the practice of 
crop rotation, whereby a legume crop cultivated for one or more seasons is followed by 
one that does not fix N and can therefore take advantage of the fixed N that will be made 
available following decomposition of the legume residues.
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Figure 17: Intercropping of maize and beans

• Use of crop residues; Crop residues should be incorporated after crop harvest. These 
residues are decomposed by microbes to release the nutrients back to the  soil (Figure 18)

Figure 18: Nutrients in the crop residues will be released to the soil after decomposition and 
mineralization
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• Adoption of soil conservation measures; It is not enough to add nutrients to the soil if those 
nutrients will not be retained in the soil especially on sloping lands, whereby nutrients 
may be lost through soil erosion. Therefore, the above measures should be superimposed 
on land that has been managed to control soil erosion.  Soil erosion can be a serious 
problem especially on fields with steep slopes but also on slightly sloping fields with 
coarse-textured top soil that is prone to erosion. Several measures can assist in controlling 
erosion, including planting of live barriers (e.g. vetiver grass strips), construction of terraces, 
or surface mulch application. Through these measures, added nutrients are conserved, 
and a gradual buildup of fertility can be realized.

Other Soil Fertility Management Practices

Other measures are often needed besides the use of improved varieties, fertilizers and organic inputs, 
particularly if there are other soil fertility constraints that prevent good crop growth. Some practices 
are given below, recognizing that this list is not exhaustive:

• Soil acidity correction; some soils are strongly acidic, either because of inherent soil 
properties or due to long-term acidity-inducing management practices (e.g. the long 
term use of ammonium-based fertilizers like DAP). Acidity in itself is often not the major 
problem, unless the pH is very low (e.g. < 4) but acidic soils often have high exchangeable 
Al+ content which severely restrict the growth of some crops e.g. maize. Liming materials 
like agricultural lime and gypsum are often used to increase the pH of acidic soils where 
crops are intolerant of high aluminum (Al) saturation, which often accompanies low soil 
pH.

• Micronutrient deficiencies; Symptoms of deficiencies to particular micronutrients may 
be observed on plants. Such deficiencies are often expressed during plant growth. In 
Zambia, zinc deficiency in wheat production, boron deficiency in cotton and wheat, and 
molybdenum deficiency in legumes have been observed. For correction and management 
of these deficiencies, refer to Table 2.

• Soil Hardpans; Continuous management of soils that are prone to compaction can result 
in a sub-surface soil barrier to crop root growth. Breaking such hard pans by deep ripping 
to a depth of up to 30 cm allows roots to penetrate the hardpan and access more nutrients 
and water, resulting in better crop growth.

• Water harvesting; Efficient nutrients uptake by plants can only be realized if there is 
sufficient plant available water. By maintaining organic mulch on the surface of the soil, 
it reduces losses of soil water through reduced run off and evaporation. Furthermore, the 
resulting buildup of soil organic matter increases the soil water holding capacity. Due to 
climate change, drought spells have become very common. Drought can be divided into 
two categories. When less than 75% of normal rainfall is received, this is considered as 
metrological drought. But when rainfall and temperature conditions result in crop failure, 
this is called agricultural drought (Moono and Chama, 2010). As agriculturists and farmers, 
drought is of concern because it has a huge impact on crop yields. Hence the need to take 
measures that reduce the effect of metrological and agricultural drought.
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Water Conservation technologies with a capacity for reducing the effect of agricultural drought on 
crop yields can be classified as follows:

1. Agronomic measures; these include planting of drought tolerant crops.

2. Soil management measures; include minimum or zero tillage systems. Instead of plowing 
the field which leaves the soil surface bare increasing losses of ground water through 
evaporation and run-off, one can use measures such as drilling or ripping and basins that 
allow plant residues to accumulate on the soil surface preventing loss of ground water 
through evaporation and run-off. Use of cover crops also works as mulch, preventing 
evaporative losses of water from the soil.

3. Mechanical or physical measures; these include water harvesting techniques such as 
furrows, dams, water traps, ridges, and planting of vetiver grass.

4.  Early and proper land preparation; appropriate seedbed preparation is a prerequisite to 
achieving good crop establishment, particularly with small-seeded crops. Germination is 
improved when the top soil is cultivated to produce a tilth comprising of small particles.

5. Timely land preparation is the foundation to good yields and ultimately profitable farming. 
It is evident that the earlier the field is prepared, the earlier the farmer can plant hence 
the better the yield. The traditional practice of waiting to prepare land when the ground 
is moist has shown a lot of disadvantages because farmers end up using the valuable time 
of planting for land preparation and resource mobilization. The modern and effective 
form of land preparation is done through conservation tillage which refers to a number of 
practices that in combination conserve soil, moisture, manure, seeds, energy, fertilizers, 
time and money (Figure 19).

Figure19: Modern and effective form of land preparation through conservation tillage
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• Timely planting; a delay in planting date usually affects yield negatively, particularly where 
the growing season is short and especially under rain fed agricultural systems prevalent 
in Zambia and other countries in sub-Sahara Africa (SSA). Early planting is generally a 
prerequisite for achieving high yields. Early planting can only be achieved if the land 
preparation has been done early.

• Plant population; when more than one crop is planted on the same piece of land,  they 
tend to compete with each other for nutrients, light and water. Appropriate planting 
densities, expressed as the number of plants per hectare is therefore ideal. For instance, 
when grown as monocrops, the recommended plant population for maize is  about 44,000 
plants/ha while soybeans is better planted at about 225,000 plants/ha. However when 
intercropped, these numbers reduce significantly due to modified plant spacing to allow 
for both crops to grow sufficiently. It is therefore important to consider the inter-row and 
intra-row spacing as well as the number of plants per station in order to achieve the ideal 
plant population. Table 9 below shows the recommended crop spacing for major crops in 
Zambia and most  parts of SSA 

Table 9: Recommended crop spacing for major crops in Zambia and most other parts of SSA

Crop
Growing 
environment

Inter-row 
spacing

Intra-row 
spacing

Plant population 
(plants/ha)

Maize High/low potential 60-90 cm
75-90 cm

20-30 cm
30-45 cm

44,000-60,000
30,000 -40,000

Sorghum High/low potential 90 cm 15 cm 75,000
Millet High/low potential 90 cm 10 cm 112,000
Beans High/low potential 45 cm 10 cm 225,000
Soybean High/low potential 45 cm 10 cm 225,000
Groundnut High/low potential 45 cm 10 cm 225,000

Note: The table provides general guidelines; actual spacing could vary slightly as a function of local 
conditions; Adapted from Zingore et al., 2014
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Table 10 shows a scenario of the effect of plant population on yield and income in cotton production. 
Both low and high plant populations will result in lower yields. The same is true with other crops 
such as maize and legumes.

Table 10: Scenario of effect of plant population on yield and profit in cotton production.

Farmer 1 Farmer 2 Farmer 3 Farmer 4

Number of Plants /ha 35,000 45,000 64,000 80,000
Average bolls/plant 5 5 5 3
Total bolls / ha 175,000 225,000 320,000 240,000
Average boll wt. (g) 3.5 3.5 3.5 2.5
Total Yield /ha (kg) 613 788 1,120 600
Income @ 1300 797,000 1,024,400 1,456,000 780,000

Source: Dunavant, 2010

Weeding

Weeds compete with crops for nutrients, water and light, and their timely removal have a substantial 
impact on crop yield (Figure 21 Weeds also require nutrients for growth therefore it is important to 
remove weeds before applying fertilizer to ensure that the nutrients applied benefit the crop and not 
weed growth.

Figure 20: Weeds in maize field
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Integrated Pest Management (IPM)

Pests and diseases must be controlled at specific crop growth stages. Failing to do so will result in an 
unhealthy crop that will use nutrients and water inefficiently. PM is a combination of mechanical, 
biological, sanitation measures of pest control.

IPM is an approach which puts into consideration all available pest control techniques and subsequent 
integration of appropriate measures that discourage the development of pest populations and keep 
pesticides and other interventions to levels that are economically justified reducing or minimizing 
risks to human health and the environment. It emphasizes the growth of a healthy crop with the 
least possible disruption to agro-ecosystems and encourages natural pest control mechanisms (FAO, 
2002).

The decision as to which measures to apply takes into consideration a number  of external factors 
such as cost effectiveness and impact on the environment..
IPM is said to be:

• Farmer based.

• Not a “package” but is location specific (even down to the field level or crop growth stage).

• A combination of all suitable techniques that minimize pest levels.

• Considers the economics of pest management.

• Minimizes pesticide use for the protection of health and the environment – “as little as 
possible, as much as necessary.”

• Is not a fixed package of practices or recommendations – it is a concept.

• IPM emphasizes the growth of a healthy crop with the least possible disruption to agro-
ecosystems and encourages natural pest control mechanisms.

• Avoids unnecessary pesticide use that will kill other beneficial soil living animals and 
contaminate water resources is avoided.

• Reduced crop losses resulting in accumulation of plant biomass on soil surface which will 
be a source of organic matter.

• Pest resistance to pesticides is avoided.

The practices used in IPM will depend on the crop and pest situation, and also to a certain extent on 
the farmer’s resources. Remember, it is not a fixed package.

Intercropping

In many cropping systems, different crops are ‘intercropped’ or planted in the same plot of land at the 
same time. Such intercropping arrangements need to take into account the specific growth features and 
needs of the individual crops to minimize intercrop competition and maximize beneficial interaction.  
Figure 22 shows how a legume crop like beans can be intercropped with cassava. Obviously, specific 
crop management practices in intercrops need to be adapted to the needs of each crop in terms of 
spacing, nutrient requirement, relative planting dates, or pests and diseases control practices.
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Figure 21: An intercrop of cassava and legume

Crop rotation

This is a system of growing varying crops in a sequence on the same piece of land so as to maintain 
or improve the soil quality. 

The following are some of the benefits of crop rotation :

• Soil structure improvement: Some crops have strong, deep roots that can break up 
hardpans, and tap moisture and nutrients from deep in the soil. Others have many fine, 
shallow rootsthat tap nutrients near the surface and bind the soil particles forming many 
tiny holes that allow for passage of air and water into the soil. 

• Maintains and increases soil fertility: When legumes are included in rotations, they help 
fix nitrogen in the soil. When incoporated into the soil after harvesting, the nitrogen is 
released to the soil thus improving soil fertility. . 

• Weed, pest and disease control: Mono-cropping encourages persistence of weeds, pests 
and diseases. Changing crops every season disturbs the life cycle of certain pests and 
diseases, preventing them from multiplying and spreading. Some crops suppress weeds 
while others have an allelopathy effect on weeds hence reducing the weed bank. 
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Principles of crop rotation

• Follow a nitrogen fixing crop (legume) with a heavy nitrogen feeder (cereals). 
• In order to decrease insect, weeds, diseases and nematodes, do not grow crops of the same 

family in consecutive years. 
• Rotate high residue crops with low residue crops in order to maintain organic matter. 
• Include a deep-rooted crop, in the rotation as it scavenges the subsoil for nutrients and water. 

Channels left from decayed roots promote water infiltration. 
• If growing a wide range of crops on the farm, group the crops in blocks according to plant 

family, timing of crops and type of crop. For example, plant all cereals together. In terms of 
timing, plant all early season crops together and in terms of type of crops plant root, fruit and 
leaf crops separately. Figure 23 below shows a typical example of how crops can perform 
under varying soil conditions.

• 

Figure 22: Illustration of maize-soybean rotation: Maize will be planted in the plots currently planted 
with soybean after harvest of soybean
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Module 3

Approaches For Promoting The Adoption of ISFM

Module overview

This module provides guidelines for targeting ISFM options within the diversity of Zambian farming 
systems. It is assumed that the extension service providers for which these guidelines are provided 
will be drawn from the government, private companies and NGOs that are working on productivity 
improvement in smallholder farming systems at district level.

Within localities and villages, households differ in resource endowment (the amount of land and 
livestock they own), production orientation (food security versus selling for cash), ethnicity, past 
experience, management skills and risk management. Therefore, even though the extension officer 
may be quite familiar with his or her particular working area, he or she will find it useful to conduct 
an analysis of the farming systems in that area before disseminating ISFM practices.

Farming Systems Analysis (FSA)

A farming system includes all components of a farm enterprise, including:

• Farm land, cropping systems and livestock

• Common grazing land and wood lots managed by several farmers in a community; and

• Off-farm activities

Farming System Analysis (FSA) provides the information and data required to design, plan, implement,  
monitor and evaluate interventions to provide the productivity and sustainability of a particular 
farming system. Irrespective of the type of community, the FSA results should represent the reality 
faced by farmers in a given locality. This is important because scarce extension resources should 
be channeled towards the farm and farming systems where there is the greatest potential within 
the particular region or district to improve productivity and livelihoods.  The following are various 
activities that can be carried out in conducting FSA:

History of past activities; It is very likely that there have already been various agriculture projects 
and programmes in a particular district. It is therefore important to find out about past interventions 
to gain insights into the successes and failures of past interventions.

Collection of bio-physical data; Climate data helps to understand the timing of events (land 
preparation, sowing, harvesting) and the risks involved in the cropping system identified. The most 
important information other than temperature, solar radiation and wind speed is rainfall (mm/month) 
and rain days (number of rainy days per month). Data for the past 5 years is required to assess rainfall 
variability (mm/year) there by improving the predictability of the timing of the wet season within a 
locality. It is also important to collect key soils information in a particular locality, such as soil type, 
texture and pH.
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Identification of dominant farming system; For example, in a particular area farmers may grow a 
cereal (e.g. maize) in association with other crops. However there are usually a number of  variations 
found within a particular farming systems:

• More wealthy farmers will have larger farms and will most likely produce surplus that 
can be sold to the local market. They are more likely to feed crop residues to their own 
livestock and may already be using improved seed and fertilizer inputs.

• Poorer farmers usually have smaller farms that may not produce enough food to meet 
their subsistence requirements because they lack the cash resources to purchase inputs 
like seed and fertilizer and cannot afford to purchase livestock. Farming is often only a 
part of the household economy and family members may be engaged in off-farm income 
generating activities.

Thus, while wealthy and poor farmers may be encountering similar problems in terms of soil fertility 
management, the entry points for introducing improved ISFM practices for farm improvement may 
be very different.

Assessment of risk; It is important to make an assessment of the major risk factors and rank them 
according to their possible impact on on-farm productivity.  Major factors may include:

• Drought during the main cropping season (frequency, magnitude and effect on crop yield)

• Late rains (frequency and effect on crop yields

• Crop price volatility; and

• Input prices and availability

Cropping Systems Analysis (CSA)

The following are various activities that can be carried out as part of cropping system analysis:

Field inspection; this involves a thorough inspection of all the fields on a particular farm to gain an 
overall impression of soil fertility and its effects on crop production. Several visits may be required 
before the farmer gains the confidence to reveal his/her situation and problems to visitors. During a 
field inspection, find out about the farmer’s particular circumstances:

• Does he/she have livestock and use animal manures?

• Are crop residues left in the field or used to feed the farmers own animals?

• Does the farmer use mineral fertilizers and, if so, what types and quantities?

• The number and types of crops grown by a farmer, and the cropping patterns used.

Estimation of yield gaps; an important step is to make an analysis of the difference between yields in 
researcher-managed on-farm trials where there are no agronomic constraints and yields in farmers’ 
fields. This provides an indication of the scope for improvement by introducing ISFM techniques.
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Communicating directly with farmers; it is important to think about the design of extension 
materials from the very start of technology transfer. As extension officers, for improvement of a 
particular cropping system, it should be clear as to what kind of materials would be most effective to 
communicate with farmers. However, irrespective of the media used to communicate with farmers, 
the material must include the following information:

• A brief description of the farming system for which the information on ISFM is relevant.

• Socio-economic benefits to the farmer (e.g. specific improvements to the farmer’s cash 
income, food security or general livelihood)

• Materials and equipment required (quantities of fertilizers, manures, seeds and tools 
adaptive to their local conditions)

• ISFM procedures (a step-by-step guide to technology implementation including timing 
and frequency of operations and labour requirement)

• Risk alleviation (e.g. declining soil fertility, drought)
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Conclusions

The modules have addressed the various aspects of ISFM and have presented a number of approaches 
or ways in which soil fertility can be assessed, determined and managed. Use of fertilizers and 
manures to increase the level of soil fertility has been covered. Biological aspects of enriching 
soils have equally been presented, for example biological nitrogen fixation. The physical aspects 
have also been addressed. Soil erosion as a factor that degrades soil fertility has been explained. 
The contributions of farming and cropping systems to conserving and enhancing soil fertility were 
addressed, as were the socio- economic aspects that have a bearing on the effort to manage soil 
fertility. It should be noted, however, that these aspects have been presented as singular approaches 
to managing soil fertility. These are components of ISFM. Undertaken in isolation, each of these ISFM 
component, by itself, cannot always be adequate to reverse the trend of declining soil fertility. ISFM 
advocates for a holistic approach for desirable results to be attained. In other words, a set of soil 
fertility management practices ( ISFM components) which may include for example, integrated use of 
mineral fertilizer, organic resources and improved seed including the application of the knowledge 
on how these practices can be adapted to local environments need to be applied. Only then can the 
use of applied nutrients be optimized by the crop and this would then translate into a well fed crop 
and hence improved crop yields. In summary, ISFM’s goal is effective use of resources by combining 
a number of components. ISFM practices therefore involve:
 

• Judicious use of mineral fertilizers and other necessary agriculture minerals such as 
phosphate rock in terms of their form, placement and timing of application; 

• Management of crop residues and other locally-available organic resources in a way that 
improves agronomic efficiency

• Use of locally adapted improved seed or variety that is resistant to local stresses and 
conditions both biotic and abiotic.

• Other agronomic field practices determined by local agriculture conditions particularly 
pest and disease management. Soil erosion control, moisture, conservation and the 
enhancement of beneficial biota

ISFM does not replace the knowledge of the farmer but rather enhances the knowledge of the 
farmer for purposes of improving their productivity. As can be noted, the considerations noted above 
lead to a set of field practices which are based on past experience, current information and the 
changing farming conditions. This then will result in better soil fertility management which is an 
essential component of rural development as it would translate in closing the yield gap in small-
scale agriculture.
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GLOSSARY

Agroecology: The science of applying ecological concepts and principles to the design and 
management of sustainable 

Agroforestry: Multiple cropping land-use systems that involve the production of agricultural crops 
and trees on the same piece of land in a complementary manner. A simpler definition is ‘trees on 
farms’ 

Agronomic efficiency: The additional amount of yield obtained per kilogram of nutrient added. The 
difference between yield in a control plot and in a plot supplied with nutrients divided by the amount 
of the given nutrient added. The agronomic efficiency is calculated for each nutrient separately.

Agronomy: The theory and practice of crop production and soil management.

Blanket fertilizer recommendations: Fixed fertilizer recommendations that do not consider variability 
in soils, climate and crop sequences.

Buffering capacity: The extent to which a soil resists changes in pH. Soils containing large amounts 
of clay and organic matter have a high buffering capacity, which means that they will require large 
amounts of lime to increase soil pH. Soils with a low buffering capacity such as sandy soils with little 
organic matter require less lime to increase the soil pH.

Conservation agriculture: Cropping and land management system that involves reduced tillage, 
crop residue retention, the use of crop rotation and crop diversification (source: http://www.fao.org/
ag/ca/).

Conservation tillage: A form of tillage that leaves at least 30% of previous crop residues on the soil 
surface. 

Crop residues: The part of the crop biomass that is left when the economic yielding part such as the 
grain or tuber has been removed.

Crop rotation: A temporal sequence of different crops cultivated in the same field.

Degraded soil: A soil deficient in nutrients and depleted in organic matter, with little biological 
activity and poor soil structure.

Fallow period: The period during which a field is rested in order to restore soil fertility.

Farm system: A household, its resources and the resource flows and interactions within a particular 
farm.

Farming system: A population of individual farm systems. The farming system includes the sub-
systems of the farm, i.e. the crop and livestock systems, and the common land that is used for 
grazing, collecting of firewood and fruits, etc.

Farmyard manure: A mixture of dung and urine from farm animals, litter and leftover material from 
roughages or fodder fed to livestock after undergoing partial decomposition.

Geo-reference: The grid coordinates that define the spatial position of an object, or the process of 
defining those coordinates.
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Grain legume: A legume crop grown primarily for its grain yield.

Green Revolution: A series of research, development and technology transfer initiatives occurring 
between the1940s and the late 1970s, designed to increase agricultural production.

Hardpan: Dense sub-surface layer of soil that is impervious to water. Mainly formed by compaction 
from repeated ploughing with mould board ploughs and/or heavy vehicular traffic.

Intercropping: The cultivation of two or more crops on the same piece of land. Crops can be planted 
at different times but growing periods should overlap.

Leaching: Movement of crop nutrients beyond the root zone mainly due to excessive drainage in 
coarse textured soil.

Liming: Application of an alkaline material (e.g. agricultural lime) such as ground dolomitic limestone 
to increase the pH of the soil to the level required for plant growth.

Low-input agriculture: Use of small amounts of inputs to lower production costs and reduce the 
possible negative effects that external inputs (e.g. fertilizers) might have on the environment.

Macronutrients: Nutrients required by plants in large quantities (i.e. nutrients that constitute at least 
0.1% of plant dry matter).

Micronutrients: Nutrients required by plants in small quantities (i.e. nutrients that constitute less 
than 0.1% of plant dry matter), often sufficient in most soils 

Multinutrient fertilizers: Fertilizers containing more than one nutrient (e.g. di-ammonium phosphate, 
compound fertilizer 15-15-15).

Nutrient deficiency: Demand for nutrients is greater than the soil supply, resulting in reduced or 
impaired plant growth.

Nutrient mining: Nutrient removal in crop products and biomass exceeds replenishment by the 
addition of crop residues, farmyard manure and fertilizers.

Nutrient toxicity: Soil nutrient supply exceeds plant demand to such an extent that growth is 
impaired rather than enhanced.

Responsive soils: Soils that show a large response to the application of crop nutrients.

Shifting cultivation: Fields are cultivated for a short period of 1–3 years and then fallowed in order 
to replenish soil fertility.

Socio-ecological niches: The agro ecological and socio-economic conditions to which a particular 
intervention is suited.

Soil acidity: A measure of the hydrogen ion (H+) concentration in the soil. Acid soils have a pH less 
than 7.

Soil fertility gradients: Differences in soil fertility caused by differences in crop management 

Soil health: The physical, chemical and biological fertility of soil.

Soil porosity: The amount of space filled with air and water between soil particles 

Soil texture: The amount of sand, silt and clay in the soil mineral fraction.
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Spot application: When fertilizer is applied to each planting hill as opposed to being broadcast over 
the soil surface.

Subsidy: A cash payment, tax reduction or incentive awarded by government to protect the interests 
of farmers, to remove a financial burden, or to encourage the purchase of agricultural inputs or the 
sale of an agricultural product.

Sustainable development: Development where resource use meets human needs without 
compromising the ability to meet human needs in the future.

Symbiosis: An interaction between two different organisms living in close physical association that 
is to the advantage of both organisms.

Yield gap: The difference between actual farmer yield and attainable yield. Attainable yield is the 
maximum yield observed in a given agro ecological zone when best management practices are used.
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Review questions

Module 1:  Principles of soil fertility management. 
1. How many agro ecological regions does Zambia have?

2. What are the main characteristics of soils found in each of the three agro-ecological regions 
of Zambia?

3. What are the three major components of Soil fertility?

Module 2:  Integrated soil fertility management from the biological,  
 chemical and physical point of view. 

1. What are main purposes of soil?

2. Define integrated soil fertility Management?

3. What are the components of integrated soil fertility management?

4. What is soil degradation?

5. What are some of the causes of soil degradation?

6. What is the difference between soil fertility and plant nutrition?

7. What are the most important physical properties of soils?

8. How is soil texture generally determined?

9. What are the active materials in soil?

10. What soil properties are constantly changing or can be changed? 

11. What are the characteristics of a healthy soil?

12. How many nutrients are essential for plant growth?

13. What are the deficiency symptoms of each essential nutrient?

14. How do you improve soil nutrient resources by use of ISFM?

15.  What is soil pH and how is it calculated?

16.  How does soil pH affect nutrient availability in the soil?

17. What techniques are available for managing soil pH?

18. What is the role of soil organic matter in nutrient and organic carbon management?

19. What are the 20 elements essential for plant nutrition?

20. How many are macronutrients and how many are micronutrients?

21. What are the functions of micronutrients and macro nutrients within plants?
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22. What is a fertilizer grade and can you calculate elemental nutrient content of a fertilizer

23.  How do you determine the appropriate soil amendment for a given soil condition

24. What are the fertilizer placement options?

25. What are the various fertilizer timing application options?

26. What are the effects of fertilizer placement and timing on crop yield and quality?

27. What are the effects of fertilizer placement and timing on emergence and fertilizer use 
efficiency?

28. What is the difference between a soil amendment and a fertilizer?

29. What are the basic methods of conserving water?

Module 3: Adoption of integrated soil fertility management.
1. What is farming system analysis?

2. What are the steps in Cropping Systems Analysis?

3. What does the term yield gap mean?
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