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Preface 

Ethiopia faces a wide set of soil fertility issues that require approaches that go beyond the 

application of chemical fertilizers the only practice applied at scale to date. Core constraints include 

topsoil erosion, erosion rates are estimated at 10-13 mm p.a., acidity-affected soils covering over 40 

percent of the country, significantly depleted organic matter due to widespread use of biomass as 

fuel, depleted macro and micro-nutrients, depletion of soil physical properties, soil acidity and soil 

salinity. 

To improve the productivity of the land & increase the overall productivities, the Ethiopian 

government gives high attention to capacitate the attitude, knowledge & skill of the experts on 

integrated soil fertility management techniques through ToT trainings. 

This manual is to provide best-bet technologies and approaches to woreda experts and kebele 

agriculture development agents directly working with farmers in the Ethiopian rural setting. The 

manual is prepared with an easily and understandable way by users. The manual contains three 

chapters. 

In chapter one, the main emphasis is given to definition of terminologies, drivers of soil fertility 

decline & management intervention, soil physical & chemical properties influencing nutrient & water 

availability and soil fertility management intervention.   

In chapter two of the training material included plant nutrients & deficiency symptoms, 

determination of nutrient status and fertilizer needs, efficient use of organic & inorganic fertilizers. 

In chapter three of the material addressed acid & saline soil formation & its reclamation techniques.    

In addition, the gender box is included at the beginning of this training module for the consideration 

of gender responsiveness in all the activities of the training program.  
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Gender Box 

 

What are the issues of gender inequity? 
Women are interested in crops that they can use to feed their families and bring in high income.  

This is why women farmers are engaged in irrigation agriculture, investing much of their time all year 

around on their farms, starting from land preparation and nursery management.  Nursery 

management involves having the knowledge and skills to ensure viable seed germination and 

seedling establishment.  Several factors may make seedlings weak and prone to diseases and pests. 

Spending so much time on the farm allows women to easily recognize the changes affecting their 

crops.  However, they may not understand the implications for these changes, whether they are 

harmful, and what to do about them.  If women have access to extension which is not based in their 

practical day-to-day experience of managing their crops, they may not always grasp the messages.  

Low literacy levels prevent them from understanding the theory and concepts of irrigation 

agronomy.  Thus, they may not understand the relevance of extension messages for their farm 

situation, family nutrition, and market value.     

How can the gender issues be addressed? 

Extension services should address the needs of both women and men, since both of them play active 

roles in irrigated agriculture.  Women should be trained to identify major crop diseases and pests, 

and know what to do to mitigate their effects.  During training, the indigenous knowledge of both 

men and women should be considered within an experiential learning context that features 

demonstrations. The training content and messages should be easy to understand and apply.  

Explain step by step how to carry out methods to keep seedlings and crops healthy.  Provide 

opportunities for women farmers to share and discuss further among themselves.   

What will be the benefits when gender issues are addressed? 
Both men’s and women’s needs are addressed by acknowledging women’s contribution to irrigated 

agriculture.  If women know what to do, diseases and pests will be recognized early and controlled 

to minimize losses in production. If women and men select crops and invest together, household 

nutrition and income will improve.   



Integrated Soil Fertility Management Training Manual   1 

                          Chapter 1: 

DRIVERS OF SOIL FERTILITY DECLINE & 

MANAGEMENT INTERVENTION  

 



Irrigation Agronomy Training Module one Participant Book 

 2 

1. Introduction 

Decline in soil fertility in Ethiopia is one major factor affecting crop and livestock production and 

productivity country wide. Crop production constitutes the major part of agricultural production for 

the majority of the household under rain fed and irrigated agriculture; however, the practice is 

essentially subsistence, which follows an age-old traditional, low input, low output production 

system. Nutrient mining is apparent across Ethiopian farming systems due to crop residue removal, 

overgrazing, limited fertilizer application and erosion.  However, soil fertility management goes 

beyond the application of chemical fertilizers (which has been the only practice applied at scale, to 

date, in Ethiopia). 

1.1. Definition of terminologies 
Integrated Soil Fertility Management: is the application of various soil fertility management 

practices, namely chemical and organic fertilizers and the knowledge to adopt at local conditions, 

which maximizes fertilizer and organic resource use efficiency there by enhance crop productivity. 

 

Soil fertility: is defined as “the physical, biological, and chemical characteristics of a soil, for example 

its organic matter content, acidity, texture, depth, and water-retention capacity all influence 

fertility” (Gruhn et al., 2000). 

 

Soil productivity: is the ability of the soil to provide the necessary plant nutrients and water at the 

required amount and timing for sustainable production of crops, forages, trees and other plants.  

 

Soil fertility decline: Soil fertility decline occurs when the quantities of nutrients removed from 

the soil in harvested products exceed the quantities of nutrients being applied. In this situation, the 

nutrient requirements of the crop are met from soil reserves until these reserves cannot meet crop 

demands. It is commonly caused by ‘‘the decline in chemical soil fertility, or a decrease in the levels 

of soil organic matter, pH, cation exchange capacity (CEC), and plant nutrients.’’ Factors causing soil 

fertility decline includes: 

 

 Nutrient depletion or nutrient decline (larger removal than addition of nutrients). 

 Nutrient mining (large removal of nutrients and no inputs). 

 Acidification (low pH and/or an increase in exchangeable Al). 

 Salinity and or sodicity (high pH; sodium toxicity) 

 Decline in soil water holding capacity 
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 Water logging 

 The loss of organic matter. 

 An increase in toxic elements (e.g., Al, Mn). 

1.2. Drivers of Soil Fertility Decline 
Improved soil fertility status is very important to ensuring high crop yield. Currently there are many 

soil fertility constraints in rainfall and irrigated agricultural systems of Ethiopia. Some of them are 

mentioned below: 

 

Organic matter depletion: there has been a loss in organic matter in most agricultural soils due to 

soil erosion, poor land management and failure to continually supply organic biomass into the 

system. Organic matter depletion is also caused by excessive tillage, deforestation, overgrazing and 

continuous cropping. Most farmers are rarely returning animal dung and crop residues to the soil. 

 

Macro and micro nutrient depletion: soil can be depleted of its nutrients for a number of reasons: 

 planting of the same crop (“monoculture”) consecutively for many years 

 Uncontrolled removal of crop residues  

 the absence of adequate soil nutrient saving and recycling technologies 

 using inadequate amounts of fertilizer  

 unbalanced application of nutrients 

 inadequate runoff management can lead to leaching, especially for nitrogen and potassium 

 

Topsoil erosion: caused by a combination of the cultivation of slopes with poor management, high 

rainfall, inappropriate drainage (water erosion), and significant loss of vegetation cover 

(deforestation, overstocking, and overgrazing). 

  

Soil acidity: It is a decrease in Soil pH caused by leaching of cations from the root zone, eroded 

topsoil depleted of organic matter and nutrients loss due to high rainfall intensity. In moisture-

stressed areas, soil acidity can also be caused by continuous application of acid-forming fertilizers. 

 Limited usage of intercropping and crop rotation in the crop production system 

 Excessive irrigation washing away major cations (e.g. K, Mg, Ca) 

 Lack of local specific fertilizer recommendation targeting soil and crop types particularly 

under irrigated crop production 

 Limited guidance to farmers about how to integrate fertilizers with other soil and water 

management practices. Limited access to lime and its application methods 
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 Limited use of integrated land management and soil and water conservation measures 

(minimum tillage, mulching, and tied ridging, terracing, soil/stone bund construction, use of 

grass/forage strips and other agro-forestation, watershed conservation, and irrigation and 

drainage). 

 

Soil salinity: It is accumulation of soluble salts at the soil surface, or at some point below the soil 

surface, to levels that have negative effects on plant growth and/or on soils.  

Effect of saline soil: 

 deteriorated Physical properties of soils, 

 damage the soil structure, 

 reduce soil permeability, 

 reduce uptake of water by plant and 

 Leads to toxicity.  

Salinity is caused by: 

 Use of saline water for irrigation 

 Deposition of salts on the soil surface when the water table rises near the ground surface 

due to excessive irrigation 

 Excessive seepage from the unlined canal 

 Poor drainage of the irrigated land 

 High temperature and arid climate causing high evaporation of water from the land surface 

 

2. SOIL PROPERTIES INFLUENCING NUTRIENT AND WATER 
AVAILABILITY 

2.1. Introduction 

Soil is a medium for plant growth, which serves as a source and reserve of plant nutrient, a 

means of water storage, supply and purification; as well as providing mechanical support, 

oxygen for roots, and moderated temperature. The productivity of a given soil is largely 

dependent on its ability to supply a balance of these factors to the plant community. Thus, 

soil properties indicate what types of plants grow in a soil or what particular crops grow in 

landscapes. Following this, you will see some of the important soil properties. 

https://en.wikipedia.org/wiki/Water_storage
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2.2. Physical properties of soil  

The physical properties of soil are characteristics that can be seen, felt, or measured. These 

include color, texture, structure, and water-holding capacity. Such properties usually 

determine the suitability of soil for agricultural or rangeland purposes. Although there are 

technologies and management practices that would improve soil properties, some physical 

properties, such as texture, are not economically feasible to change on a large scale. 

2.2.1. Color 

Organic matter, the soil minerals present, and the drainage conditions all influence soil 

color. Color alone is not an indicator of soil quality, but color does provide clues about 

certain conditions. For example, light or pale colors in grainy topsoil are frequently 

associated with low organic matter content, high sand content, and excessive leaching. Dark 

soil colors may result from poor drainage or high organic matter content. Shades of red 

indicate a clay soil is well aerated, while shades of gray indicate inadequate drainage.  

2.2.2. Texture 

Soil texture is an estimate of the relative amounts of sand, silt and clay particles in a soil. Soil 

texture affects the movement and availability of air, nutrients and water in a soil and is 

often used to estimate other soil properties, particularly soil water properties, if no direct 

measurements are available. Properties that are influenced by soil texture 

include porosity, permeability, infiltration, shrink-swell rate, water-holding capacity, and 

susceptibility to erosion.  

2.2.2.1 Measuring soil texture 

Field or hand texturing is a measure of the behavior of a small handful of soil when 

moistened and kneaded into a ball slightly larger than the size of a golf ball or bolus and 

pressed out to form a ribbon between the thumb and forefinger. The behavior of the soil 

during bolus formation, and the ribbon produced, characterizes the field texture. 

 

Figure 1: Manipulation of soil for field texturing.  
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The steps of measuring soil texture by field method are described as following.  

Step 1. Take a sample of soil 25 gm by hand, grab a handful of soil and feel the dry soil in 

your hands, look for any obvious gravels or sand particles, note these if they are present.  

 

Step 2. Remove any grass, leaves or root hairs. 

Step 3. Moisten the dry soil in your hand with small amounts of water. It is important that 

the soil is damp but not wet. 

 

Step 4. Manipulate the soil in the palm of your hand, rolling it into a ball (bolus). 

   

Step 5. Using thumb pressure against the middle joint of the index finger, press out a 2mm 

thick ribbon from the damp bolus, allowing it to break off naturally. 
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Step 6. Measure the length of the ribbon noting the length and repeat Steps 5 and 6 a 

further two times to gain an average length. 

Step 7. Using the information gained from observing and feeling the soil and the average 

ribbon length, refer to Table 2 Guide to common soil textures and find the corresponding 

soil texture. 

Table 1: Soil texture and behavior of moist bolus 

Texture Grade Behavior of moist bolus (ball formed in palm of hand) 

Sand Coherence, nil. Single sand grains adhere to fingers. If you press the 
bolus between your fingers, holding close to your ear, you will hear the 
sand grains rubbing against each other. 

Loamy Sand Slight coherence. Discolour fingers with dark organic stain. Ribbon length 
1.0 cm. 

Clayey Sand Slight coherence; sticky when wet. Many sand grains stick to fingers. 
Discolours fingers with clay stain. Ribbon length 1.0 cm. 

Sandy Loam Bolus just coherent but very sandy to touch. Ribbon length 1.3-2.5 cm. 
Can hear sand grains (see Sand description above). 

Loam Bolus coherent and spongy. Smooth feel, may be greasy. Ribbon length 
2.5 cm. 

 

2.2.3. Structure 

Soil structure refers to the grouping of individual soil particles into larger pieces called peds 

or aggregates.  Soil structure affects aeration, water movement, conduction of heat, plant 

root growth and resistance to erosion. The structure of topsoil is usually granular and 

resembles chocolate cookie crumbs (Fig. 2). Good granular structure allows rapid movement 

of air and water within the soil. Poor granular structure decreases movement of air and 

water. Good soil structure allows for extensive root development; poor structure can limit 

root growth. Supplying an adequate amount of organic matter and working the soil only 

when it is not excessively wet promotes good topsoil structure. 

 

 

 

 

Granular

Platy

Blocky

(Angular)(Subangular)

Wedge

ColumnarPrismatic

 

https://en.wikipedia.org/wiki/Aeration
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Figure 2: Some Example of soil structure and water percolation characteristics 

Based on the size of peds, there are five different classes of soil structures:  

a. Very fine or very thin: <1 mm platy and spherical; <5 mm blocky; <10 mm 

prism like. 

b. Fine or thin: 1–2 mm platy, and spherical; 5–10 mm blocky; 10–20 mm prism 

like. 

c. Medium: 2–5 mm platy, granular; 10–20 mm blocky; 20–50 prism like. 

d. Coarse or thick: 5–10 mm platy, granular; 20–50 mm blocky; 50–100 mm 

prism like. 

e. Very coarse or very thick: >10 mm platy, granular; >50 mm blocky; >100 mm 

prism like. 

2.2.4. Water-Holding Capacity 

The water holding capacity of Ethiopian soils is highly variable, ranging from sandy and 

gravel dominated leptosols to waterlogged vertisols. Water-holding capacity—the retention 

of water moving through soil—depends on differences in soil pore space. Pore size varies 

considerably; the smallest pores hold water too tightly for use by plant roots. In a fertile, 

well managed soil the total pore space is typically about 50% of the soil volume while the 

other half is filled by air. When a field is flooded, the soil pore space is completely filled by 

water. The field will drain under the force of gravity until it reaches what is called field 

https://en.wikipedia.org/wiki/Pore_space_in_soil#Pore_types
https://en.wikipedia.org/wiki/Pore_space
https://en.wikipedia.org/wiki/Field_capacity
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capacity, at which point the smallest pores are filled with water and the largest with water 

and gases. Too much air indicates soil water depletion, which may cause plants wilt. Too 

much water indicates water logging, which would reduce plant vigor and increases crops’ 

susceptibility to root rot. Sandy soil has lower water holding capacity than clay soil implying 

that sand soils should receive water more frequently than clay soils, but in small amounts, 

while clay soils may hold water for longer periods.  

2.3. Chemical properties of Soil 

There are strong relationships between soil physical properties and soil chemical properties, 

which is highly influenced by the inherent geology, climate, management and erosion 

intensity, particularly in the Ethiopian context.  

2.3.1. Cation Exchange Capacity (CEC)  

Cation exchange capacity is the ability of the soil to hold on nutrients (the amount of 

negative charge in soil that is available to bind positively charged ions, called cations) and 

prevent them from leaching beyond the roots. In other words, it is the soil's ability to 

remove cations from the soil water solution and sequester those to be exchanged later as 

the plant roots release hydrogen ions to the solution. The higher the cation exchange 

capacity a soil, the more likely the soil will have a higher fertility level. This is because 

cations retained electrostatically are easily exchangeable with other anions in the soil 

solution and are thus readily available for plant uptake. When combined with other 

measures of soil fertility, CEC is a good indicator of soil quality and productivity. Essential 

plant nutrients, K+, Ca2+, Mg2+, ammonium (NH4+) and other elements including Na+, 

hydrogen (H+), and aluminum (Al+3) are cations. Cation exchange capacity buffers 

fluctuations in nutrient availability and soil pH.   

Clay and organic matter are the main sources of CEC. The more clay and organic matter 

(humus) a soil contains, the higher its CEC. These materials act as centers of activity around 

which chemical reactions and nutrient exchanges occur. Their individual particles are 

characterized by extremely small size, large surface area per unit weight, and the presence 

of surface charges to which ions and water are attracted. This explains why sandy soils, 

which contain low percentages of clay and organic matter, have low exchange capacities 

and require more frequent applications of lime and fertilizer than soils containing more clay 

and organic matter. 

https://en.wikipedia.org/wiki/Field_capacity
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2.3.2. Soil organic matter (SOM) 

Most Ethiopian soils have low to very low organic matter, except in homesteads and forest 

patches. Organic matter consists of the remains of plants, animals and microbial material, 

both living and dead and gives soil a gray to very-dark-brown color. Soils have organic 

compounds in varying degrees of decomposition which rate is dependent on the 

temperature, soil moisture, and aeration. Organic matter is home to many soil organisms. 

Earthworms, insects, bacteria, fungi, and animals use organic matter as food, breaking it 

down to obtain energy and essential nutrients. Organic matter holds soils open, allowing the 

infiltration of air and water, and may hold as much as twice its weight in water. In its earliest 

stage of decomposition, the original organic material is raw, which is converted to humus 

after decomposition.  Humus is an essential source of nutrients and adds important textural 

qualities crucial to soil health and plant growth. 

In sandy soils, organic material occupies limited space between the sand grains. This binds 

them together and increases water-holding capacity. In a finely textured or clay soil, organic 

material creates aggregates of soil particles. This allows water to move more rapidly around 

soil particles. 

The organic matter content of a particular soil will depend on: 

 Type of vegetation:  

The crop livestock systems of Ethiopia have been degraded by internal (e.g. nutrient mining 

and external (e.g. erosion) drivers. The crop lands have commonly low (<1.5%) organic 

matter while soils that have been in grass for long periods usually have a relatively high 

percentage of organic matter in their surface. Soils that develop under trees usually have a 

low organic matter percentage in the surface mineral soil, but do contain a surface litter 

layer. You may also observe that, organic matter levels are typically higher in topsoil 

supporting hay, pasture, or forest than in a topsoil used for cultivated crops. 

 Tillage:  

Soils that are tilled frequently are usually low in organic matter, which is mostly the case in 

Ethiopia. Tilling the soil increases the amount of air in the soil, which increases the rate of 

organic matter decomposition. This detrimental effect of tillage on organic matter is 

https://en.wikipedia.org/wiki/Soil_health
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particularly pronounced in very sandy well-aerated soils because of the tendency of 

frequent tillage to promote organic matter oxidation to CO2. 

 Drainage:  

SOM is usually higher in poorly-drained soils (e.g wetlands) because of limited oxidation, 

which slows down the overall biological decomposition process. 

 Soil texture:  

SOM is usually higher in fine-textured soils because soil humus forms stable complexes with 

clay particles. 

2.3.3. Soil pH 

More than 40% of Ethiopian soils are expected to be acidic or very acidic, which exhibits low 

soil pH. Soil pH, a measure of the acidity or alkalinity of the soil, is defined as the negative 

logarithm of the hydrogen ion concentration. The level of pH affects soil fertility and the 

availability of nutrients (Fig. 18), crop performance as well as microbial activities. Soil pH has 

a great effect on the solubility of minerals or nutrients. Most of the essential plant nutrients 

are obtained from the soil and are not available to the plant unless dissolved in the soil 

solution. If the pH is not close to what a plant requires, nutrients, such as phosphorus, 

calcium and magnesium, iron and manganese can’t be dissolved in water and the plant can’t 

absorb them.  

Soil pH also influences plant growth by its effect on the activity of beneficial 

microorganisms. Bacteria that decompose soil organic matter are hindered in strongly acidic 

soils. This prevents organic matter from breaking down, resulting in an accumulation of 

organic matter and the tie up of nutrients, particularly nitrogen, that are held in the organic 

matter.  
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Figure 3: Chart on Effect of Soil pH on Nutrient Availability 

2.4. Water and Nutrient Availability in the Soil 

Both the availability of nutrients and their absorption by crops dictates crop yield in dry land 

Ethiopian farming systems. Therefore, soil water content at critical growth stages greatly 

affects the availability of soil nutrients to crop plants.  

Limiting factors for soil nutrient & water availability: 

Soil compaction: can limit or completely restrict root penetration and effectively reduce the 

volume of soil, including nutrients and water, which can be accessed by the plant. Tilling wet 

soils will result in clods that become hard and dry out quickly on the surface, preventing 

roots from accessing resources inside the clod.  

Soil water content: is critical not only to supply the water needs of the crop but also to 

dissolve nutrients and make them available to the plant. Excess water in the soil, however, 
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depletes oxygen (O2) and builds up carbon dioxide (CO2) levels. While O2 is needed by roots 

to grow and take up nutrients, high CO2 levels are toxic.  

Temperature: is important in regulating the speed of soil chemical processes that make 

nutrients available. Under cool soil temperatures, chemical reactions and root activity 

decrease, rendering nutrients less available to the crop. Portions of the plant nutrients are 

taken up as roots extract soil water to replenish water lost through the above ground 

biomass. Cool air temperatures can lower evapotranspiration thereby reduce the convective 

flow of water and nutrients from the soil to the root. 

Light intensity: is low on cloudy days. Low light intensity reduces photosynthetic rates and 

nutrient uptake by the crop. Since low light intensity sometimes occurs when soils are 

waterlogged or temperatures are cool, cloud cover can exacerbate the capacity of the crop 

to take nutrients.  

Diseases and pests: can have an important impact on crop-nutrient uptake by competing 

for nutrients, destroying photosynthetic organs (e.g. leaves) affecting physiological capacity 

(such as reduction in photosynthesis rates), and diminishing root parameters through root 

pruning or tissue death. 

2.4.1. Nutrient Losses 

There are three cases, in which water status and water management practices may 

influence loss of nutrients from the soil- plant system (the rhizosphere): 

1) Excess irrigation water resulting in the passage of water through the soil profile that 

will carry down soluble nutrients with the irrigation water, particularly that of 

nitrate, sulfur and boron /leaching/; 

2) Waterlogging is cause of denitrification of nitrate by converting plant available 

nitrate forms back into molecular nitrogen or as nitrogen gas, which is not available 

to plants; 

3) Ammonia volatilization from urea and some ammonium- containing fertilizers is 

influenced by soil water status. When soil moisture status is rapidly losing water by 

evaporation, volatilization of ammonium (NH3) is appreciable. 
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2.5. Soil Fertility Management Interventions 
The most important soil fertility management intervention in the Ethiopian context is to ensure that 

the inherent soil and the applied nutrient is not washed away by external forces of wind and water 

erosion; employing soil and water conservation practices. Once a physical structure is in place, soil 

fertility could be improved using the following interventions. Most of these practices are easy to 

adopt by farmers, if they are provided with market incentives, good information and effective 

demonstrations.  

 

Use of Farmyard manure (FYM): farmyard manure is the accumulation of animal droppings where 

the animals are enclosed during the night or in a zero-tillage unit. Its accumulation is enhanced by 

adding vegetative materials as bedding, which also helps to absorb and store the nitrogen-rich 

animal urine. FYM is important in areas where crop residues are removed for animal feed. The 

quality of FYM also depends on the type of animals, type of feeding given to animals and the way the 

manure is stored. Animals feeding on plant materials grown on nutrient rich soils are healthier, grow 

faster and produce nutrient rich-manure. 

 

Use of compost: it is a process where waste organic materials derived from plants and/or animals 

are decomposed by microbial action under aeration to produce a friable homogenous product that is 

added to soil. Vermicomposting, which is the product of the composting process using various 

species of worms is becoming increasingly popular in Ethiopia, attracting various entrepreneurs. The 

product is used to provide plant nutrients, enhance soil structure and aid water retention. Compost 

is important because it: 

 Contains some nutrients useful for the growth of plants – nitrogen (N), phosphorous (P) and 

potassium (K) (often written as NPK) 

 Improves the organic matter in the soil by providing humus 

 Helps the soil hold both water and air for plants 

 Unlike chemical fertilizer, it also makes trace elements or micronutrients available to plants. 

 

Use of green manures: they are commonly N-fixing leguminous plants deliberately grown for the 

purpose of soil fertility improvement. Forage legumes and legume cover crops are the most 

commonly grown green manure plants. These plants are chopped and incorporated to the soil at the 

full vegetative growth stage. The most common ones are vetches, lupines, lablab, mucuna, 

crotalaria, Ethiopian clovers and trifolium species. However, other non-legume plants can be used 

for green manure purposes.  They could be grown with residual moisture, particularly in irrigated 

farms.  

https://en.wikipedia.org/wiki/Composting
https://en.wikipedia.org/wiki/Worm
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Crop rotation: It is one practices widely used Ethiopian farmers, It is the order of specific crops 

planted on the same field in rotation on regular basis. It also means that the succeeding crop 

belongs to a different family than the previous one. Legumes play an important role in rotation 

systems as break crops and Nitrogen fixing crops. Crop rotation is increasing becoming important in 

the irrigated systems of Ethiopia due to the alarming pest and disease build-up. The planned rotation 

may vary from two to three years or longer period. Advantages of crop rotation: 

 

1. Prevents soil nutrient depletion 

2. Maintains soil fertility 

3. Reduces soil erosion 

4. Controls insect/mite pests.  

5. Reduces reliance on synthetic chemicals 

6. Reduces the pests' build-up 

7. Prevents diseases 

8. Helps control weeds 

9.    Increases the diversity of food and fodder  

 

Important factors to consider when rotating crops:  

 Select crops by considering the soil and climatic conditions of the area 

 Include legume crops in the rotation cycle in order to improve soil fertility 

 Arrange crops in their sequential orders by considering their root systems and nutrient 

uptake behaviours of crops 

 Consider the feed and economic value and respond to farmers’ choices 

 

Liming: Most agricultural soils in high potential areas of Ethiopia are found to be acidic. Liming is the 

practice of adding liming materials to improve acid soils for the purpose of increasing soil pH and 

maintaining a favorable soil environment for plant and microbial growth. The quantity of lime added 

depends on the type of soil, liming material, crop species, cultivar (within species) and economic 

considerations, which may range from 5 to 20 tons per hectare. Lime sourcing includes limestone 

crushing, residuals of cement factories and granite processing plants. Some of the liming materials 

used in Ethiopia are: calcium oxide (CaO), calcium hydroxide (Ca(OH)2 ), calcium carbonate (Ca CO3), 

etc. Lime should be spread evenly on the soil and incorporated to a depth of at least 15 cm as long 

as possible before planting to avoid the injury of seeds using annual labor, animal traction. 
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Use of inorganic fertilizer: There is an increased use of chemical fertilizers in Ethiopia, particularly in 

market-oriented irrigated systems. The traditional sources of fertilizers were urea (contains 40% N) 

and di ammonium phosphate (DAP), which contains 18 and 46% nitrogen and phosphorus, 

respectively. There has been a recent introduction of various fertilizer types, particularly NPS and 

potassium fertilizers. The fertilizer application rates hugely vary depending on the agroecology, crop 

type, soil type, landscape position and farmers’ financial capacity to purchase fertilizers. Currently 

farmers used NPS, DAP and half of urea during planting time and the remaining half of the urea is 

used at different growing stage of crops. With an average fertilizer application rate of less than 40 kg 

ha-1 fertilizer use in Ethiopia is still very low. However, the fertilizer rates for horticultural crops are 

commonly higher than for cereal crops. 

 

Use integrated soil and water management practices:  The Government of Ethiopia has been 

promoting community-based soil and water conservation fir the decades though the success rate 

vary from region to region and from location to location. Farmers use different physical and 

biological soil and water conservation practices like minimum tillage, mulching, and tied ridging, 

terracing, soil/stone bund construction, use of grass/forage strips agro-forestation, watershed 

conservation, and irrigation and drainage. 

 

The figure below (Fig. 4) is based on research conducted in Ethiopia. When thinking about your local 

area, what intervention is most frequently used and how effective is it in solving soil infertility 

problems?  

 

In the next unit, the relationship between soil fertility and how it effects plant growth will be 

discussed. 
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Figure 4: Soil Fertility Issue and Its Impact
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Chapter 2  

 PLANT NUTRIENTS AND 

DEFICIENCY SYMPTOMS, 

 DETERMINATION OF NUTRIENT 

STATUS AND FERTILIZER NEEDS 
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3. Plant Nutrients and Deficiency Symptoms, Determination of 
Nutrient Status and Fertilizer Needs  

3.1. Plant nutrients 
The elements that plants need to survive are called nutrients. Nutrients are usually adsorbed from 
the soil solution in the form of ions. Ions are dissolved salts (nutritive salts) that have an electrical 
charge. Positively charged particles are called cations (e.g. ammonium NH4+), and negatively 
charged particles are called anions (e.g. nitrate, NO3-, phosphate, H2P04-). These ions will be 
mentioned again later. 
 
The nutrients that a plant requires to progress through an entire growth cycle are called the 
essential nutrients. A deficiency of any one of these will have consequences for the plant, such as 
limited growth, or a lack of flowers, seeds, or bulbs. In addition to the essential nutrients, plants 
absorb other nutrients that they do not need (e.g. sodium Na) or that can even be harmful (e.g. 
aluminium Al or manganese Mn). Plants do not need equal amounts of each nutrient. For this 
reason, the essential nutrients are divided into two namely macro & micro nutrients. 
Macro/primary nutrients required in large amount are N, P and K and micro/secondary are Ca, Mg 
and S. Micro nutrients elements required in very small amounts but their role is equally as 
important as the macronutrients are B, CU, Cl, FE, Mn, Mo, Na and Zn.  
 

3.2. Plant Nutrients and Deficiency Symptoms 

The availability of soil nutrients for plant growth and productivity is governed by both the plant 

factor and the soil factor. Some crops or varieties are more efficient in their nutrient acquisition and 

use than others. Some soils are fixing nutrients and making the nutrients unavailable to the plant 

despite the presence of enough amounts of nutrients in the soil. The pH of the soil, soil moisture 

availability, presence or absence of root infecting mycorrhiza are all affecting the availability of 

nutrients to crops. Nutrient Deficiencies symptoms on major Vegetable Crop are described below, 

Fig. 5.  
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Figure 5 Nutrient Deficiency in Vegetable Crops: General Symptoms 

3.2.1. Tomato Nutrient Deficiencies 

Nitrogen (N) deficiency 

Signs: Growing tips are pale and weak. Older leaves are pale green to yellow, and eventually dry up. 

Leaves may develop a purplish colour (Fig. 6). Plants are small, do not thrive, have fewer flowers, 

poor fruit set and small fruit with thin skin. Fruit are slenderer and pinched at the blossom end.  

 

Cause/favored by too little nitrogen applied, or nitrogen leaching due to overwatering. Organic 

mulches (e.g. straw) around plants can lead to nitrogen deficiency because bacterias use nitrogen to 

decompose the raw organic matter. Poor root system development, root diseases and root knot 

nematode will also limit nitrogen uptake by plants.  

 

Quick correction:  

● Apply nitrogen, for instance NPS during planting time and Urea fertilizer divided into small, 

frequent applications growing period.  

● Apply quality manure (preferably from chicken, goat or sheep) or compost under the 

tomato plants at early vegetative and flowering stages. 

● Improve irrigation management to reduce leaching losses and excessive soil moisture 
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 Figure 6 Nitrogen Deficiency Symptoms on Tomato 

Phosphorus (P) deficiency  

Signs: Poor germination and establishment of seedlings. Leaves are small, dark and appear dull, 

grey–green. Seedlings show reddening or yellowing of leaf margins and purple colouration of the 

undersides of leaves (Fig. 7). Oldest leaves turn bright yellow, but leaves directly above remain dark 

green. Brown patches appear between the veins on mature leaves. At flowering stage, crops may 

have fewer flowers. Plants may have a weak root system and shortened internodes, and be stunted 

and slow growing.  

 

Cause/favored by insufficient pre-plant phosphorus fertilizer and / or acidic or cold soil 

conditions. 

 

Quick correction: Application of phosphorus fertilizers like that of TSP, NPS or DAP can increase 

flowering and crop health in phosphorus-deficient soils. Adding quality manure and or compost at 

higher rates may also satisfy the P demands. 
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Figure 7 Phosphorus Deficiency Symptoms on Tomato 

Potassium (K) deficiency  

Signs: Leaf margins may be yellow or scorched, with signs spreading to the area between the veins, 

then the leaf center. Scorching of the leaf margins may cause the leaves to curl downwards and cup 

upwards (Fig. 8). In compressed growth characterized by shortened internodes can be observed. 

Fruit from potassium-deficient tomatoes are often poorly and unevenly coloured or distorted.  

 

Cause/favored by insufficient potassium nutrition or imbalance with other nutrients. Potassium 

is often required on lighter sandy soils or leaching Nitosols. Overwatering or heavy rainfall can 

cause nutrient leaching. Signs can develop rapidly in hot weather.  

 

Quick correction: Apply potash fertilizer before planting and regularly during crop growth, 

particularly from early flowering through to harvest. Adding ash could also partly solve the 

problem. 

 

 
Figure 8 Potassium Deficiency Symptoms 
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(Zn) deficiency  

Signs: Leaves are small and distorted. The shoot length becomes shortened, giving the leaves a 

clustered arrangement near the growing tip. The stunted crops look pale from a distance, but closer 

inspection reveals yellowing between veins, as well as an overall paleness of the whole plant (Fig. 

9). Flowers may drop off and fruit fail to set. 

 

Cause/favored by more common on soils where the pH is above 7.5 (alkaline soils) or lower than 

5.0 (acid soils).  

Quick correction: application of Zinc sulphate fertilizer according to local recommendation before 

planting. Correct acid soils by applying lime and correct alkaline soils by applying acidifying 

fertilizers 

 

   

Figure 9 Zn Deficiency Symptoms in Tomato 

3.2.2. Potato Nutrient Deficiencies 

Nitrogen (N) 

Nitrogen deficient potato plants generally show stunted, light green to yellow coloring of the whole 

plant. Since N is mobile in the plant, deficiency symptoms will first appear on the older bottom 

leaves and then spread to the rest of the plant (Fig. 10). N deficiencies will result in early maturity, 

which will negatively affect tuber yield. Optimum N levels in the plant depend on the growth stage.  

 

Quick correction: N deficiencies can be prevented by applying quality manure and/or compost. 

NPS should be applied during planting time and Urea fertilizer at planting, as well as through N top 

dressings during the growing season. 
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Figure 10 Nitrogen Deficiency Symptoms on Potato 

 

Phosphorus (P) 

Phosphorus deficiency symptoms in potato are not as striking as in other plant species. Plants with 

P deficiencies are usually stunted; the leaves are darker in colour and tend to turn upwards (Fig. 

11). In cases of serious deficiencies, leaf margins, and the bottom side of leaves will turn purple. P 

deficiencies often occur on cold soils, as well as on soils with low pH levels, where P-fixation is 

apparent. P deficiencies will result in a poorly developed root system, which implies that plants 

cannot fully explore the soil profile to take up water and nutrients.  

 

Quick correction: P is immobile in the soil, particularly in acidic soils, and, therefore, DAP or NPS 

fertilizers should be applied at or before planting the crop. Adding quality manure and or compost 

at higher rates may also satisfy the P demands. 
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Figure 11 Phosphorus Deficiency Symptoms on Potato 

Potassium (K) 

Potassium deficiency symptoms on potatoes are very typical and are not easily confused with other 

deficiencies. It starts as dark brown spots on the leaves, followed by browning of the leaf margin 

(Fig. 12). In serious cases, lesions can become necrotic and result in entire leaf loss. K deficiencies 

can hamper tuber yield and quality. K deficiencies do not only occur due to low K levels in the soil, 

but also often result from imbalances between K and other cations (Ca, Mg, and Na) in the soil. K 

deficiencies can be avoided by ensuring sufficient soil K levels, and that the base cation ratios are 

within acceptable limits. Potash fertilizers can be applied at planting and as top dressings during 

the growing season. Symptoms include a bronzing of the leaves and necrosis of leaf margins and 

tips. Other indicators include stunted bushy plants with small leaves and very premature 

senescence before adequate tuber bulking. A further indicator of Potassium deficiency is increased 

black spot in the tubers. 

 

Quick correction: application of potash fertilizer. Adding ash could also partly solve the problem. 
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Figure 12 Potassium (K) Deficiency Symptoms on Potato 

Sulphur (S) 

A Sulphur deficiency can easily be confused with a nitrogen deficiency, as they both result in 

yellowing of the leaves. However, in the case of S deficiency, the yellowing first appear on the young 

leaves, followed by a gradual uniform discoloring of the entire plant (Fig. 13). Leaves are pale 

yellow and smaller than normal.  

Quick correction: Sulfur deficiency symptoms observe in the crops apply NPS fertilizer according to 

the local recommendation.  

 

 

 

 

 

 

Figure 13 Sulphur Deficiency Symptoms on Potato 

3.2.3. Pepper Nutrient Deficiencies 

Nitrogen (N) Deficiency Symptoms 

Plant development gradually slows down. Gradual drying beginning at leaf margins of the area 

between the lower leaf veins (Fig. 14). The petioles bend and hang downwards, parallel to the stem. 

The plant develops few flowers and fruit setting is poor. The fruit receptacle is thin, and the ovary is 
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small. Sometimes there is no fruit development on the plant at all, and on those plants that bear 

fruits, the fruit is deformed. Reduced growth, smaller leaves and fruits than normal, general 

yellowing of leaves and reduction of green colour of fruit and deficiency observed in older leaves 

first. 

 

Figure 14 Nitrogen (N) Deficiency Symptoms on Pepper 

Quick correction: N deficiencies can be prevented by applying quality manure and/or compost. 

NPS should be applied during planting time and Urea fertilizer at planting, as well as through N top 

dressings during the growing season. 

 

Phosphorus (P) Symptoms 

The plants display limited growth. The leaves are hard and brittle to the touch (Fig. 15). Flower 

formation is defective. Few flowers develop, and in those that do develop, only one in every four or 

five develops a fruit. The fruit is underdeveloped, with a thin receptacle, and very few seeds. The 

root system is undeveloped, plant growth is reduced and leaves are smaller and darker green than 

normal and deficiency occurs in older leaves first. 

 
 

 

  

Figure 15 Phosphorus Deficiency Symptoms on Pepper 
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Quick correction: P is immobile in the soil, particularly in acidic soils, and, therefore, DAP or NPS 

fertilizers should be applied at or before planting the crop. Adding quality manure and or compost 

at higher rates may also satisfy the P demands. 

 

Potassium (K) 

Yellow chlorosis spots appear between leaf veins, firstly in the lower leaves. The veins and the 

areas adjacent to these spots do not change their color (Fig.16). Later, the chlorotic spots become 

lighter. (This can be seen mainly in the upper parts of the plant). There is little fruit setting, and not 

much fruit, which is smaller than usual. Plants under K stress are smaller than normal and produce 

fewer and smaller fruit with thinner walls. Deficiency is observed in lower leaves first and advances 

to the middle leaves. Leaf bronzing, older leaves turn tan and then brown at the margins are 

common symptoms.  

 

 

 

 

 

 

 

 

 

 

Figure 16. Potassium Deficiency on Pepper 

Quick correction: Apply potash fertilizer before planting and regularly during crop growth, 

particularly from early flowering through to harvest. Adding ash could also partly solve the 

problem. 

 

Sulfur (S) Symptoms 

● Plants develop chlorosis of the shoot tip as a light green colour progressing down the plant (Fig 

17). 

● Small necrotic spots can develop on the tips and margins of the young and recently mature 

leaves 

● Plants with advanced deficiency will be stunted; upper chlorotic foliage turns light yellow to 

white 
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Figure 17 Sulfur Symptoms on Pepper 

Quick correction: when you observe Sulfur deficiency symptoms apply NPS fertilizer according to 

the local recommendation.  

 

Copper (Cu) 

Appear late in the vegetative stage. The leaf margins curl and dry up. The leaves and the fruit 

become narrow and rectangular (Fig. 18). 

 

Symptoms 

● Deficiency initially develops as a faint interveinal chlorosis of the young to recently mature 

leaves 

● Young leaves begin to roll up at the margin. 

● Advanced symptoms develop as a severe rolling of the young leaves, gives a cupped appearance 

 

    

 Figure 18 Copper Deficiency on Pepper 

Zinc (Zn) Symptoms 

● Deficiency appears as small-thickened young leaves that are deformed 

● Faint interveinal chlorosis and large brown necrotic patches develop on the recently mature to 

mature leaves in the advanced stage. 
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Figure 19 Zinc Deficiency Symptoms on Pepper 

3.2.4. Onions: Symptoms of Nutrient Deficiency 

Nitrogen 

Leaves become yellowish green erect and upright curled, wilted and dwarf (Fig. 20). At maturity 

tissue above, bulbs become soft.   

 

       

  

Figure 20 Nitrogen Deficiency on Onion 

Quick correction: N deficiencies can be prevented by applying quality manure and/or compost. 

NPS should be applied during planting time and Urea fertilizer at planting, as well as through N top 

dressings during the growing season. 

 

Phosphorus 

Slow growth, maturity blazed. Leaf colour becomes light green (Fig. 21) and bulbs have few dried 

outer peals. Tip burn in older leaves. 
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 Figure 21 Phosphorus Deficiency Symptoms on Onion 

Quick correction: P is immobile in the soil, particularly in acidic soils, and, therefore, DAP or NPS 

fertilizers should be applied at or before planting the crop. Adding quality manure and or compost 

at higher rates may also satisfy the P demands. 

 

Potassium  

Since potassium is very mobile within the plant, symptoms only develop on young leaves in the case 

of extreme deficiency. Tip burn symptoms, leaves become dark green and erect (Fig. 22). Bolting 

promoted. Older leaves become yellow and necrotic. 

 

 

 

Figure 22 Potassium Deficiency Symptoms on Onion 

 

Quick correction: Apply potash fertilizer before planting and regularly during crop growth, 

particularly from early growth through to bulb formation. Adding ash could also partly solve the 

problem. 

 

Sulfur 

The leaves show a general overall chlorosis (Fig. 23). The yellowing is uniform over the entire plant 

including young leaves. 
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Figure 23 Sulfur Deficiency Symptoms on Onion 

Quick correction: when you observe Sulfur deficiency symptom apply NPS fertilizer according to 

the local recommendation.  

 

 
Zinc 

Growth restricted. The leaves show interveinal necrosis. In the early stages of zinc deficiency, the 

younger leaves become yellow and pitting develops in the interveinal upper surfaces of the mature 

leaves. As the deficiency progress, these symptoms develop into an intense interveinal necrosis but 

the main veins remain green (Fig. 24). 

 

 

  

Figure 24 Zinc Deficiency on Onions 

3.2.5. Cabbage: Symptoms of Nutrient Deficiency 

Nitrogen Deficiency Symptoms 

Symptoms: Pale green color, particularly on young leaves (Fig 25); older leaves may show reddish 

to purple colors and will shed prematurely. Uniform pale green to yellow leaves occurs in older 

leaves first. 

 

Quick correction: N deficiencies can be prevented by applying quality manure and/or compost. 

NPS should be applied during planting time and Urea fertilizer at planting, as well as through N top 

dressings during the growing season. 
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Figure 25 Nitrogen Deficiency Symptoms on Cabbage 

Phosphorus Deficiency Symptom 

Symptoms: Underside of leaves show purple near veins; leaves have dull purple color; margins of 

leaves die (Fig. 26). 

 

  

Figure 26 Phosphorus Deficiency Symptoms on Cabbage 

Quick correction: P is immobile in the soil, particularly in acidic soils, and, therefore, DAP or NPS 

fertilizers should be applied at or before planting the crop. Adding quality manure and or compost 

at higher rates may also satisfy the P demands. 

 

Potassium Deficiency Symptoms: Potassium deficiency manifests as a dark discolouration of 

older leaf edges (Fig.27).  Browning of leaf margins, and browning between the leaf veins; curds are 

soft and poorly developed. 
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Figure 27 Potassium Deficiency Symptoms on Cabbage 

Quick correction: Apply potash fertilizer before planting and regularly during crop growth, 

particularly during early expansion of leaves. Adding ash could also partly solve the problem. 

 

Sulfur Deficiency Symptom; Plant development is delayed and growth of the cabbage plants is 

stunted. It could be easily confused with nitrogen deficiency but cholorsis appears first on younger 

leaves (Fig. 28).  

 
 

 

Figure 28 Sulfur Deficiency Symptom on Cabbage 

Quick correction: when you observe Sulfur deficiency symptom applies NPS fertilizer according to 

the local recommendation.  

 

3.3. Determination of Nutrient Status and Fertilizer Needs 

3.3.1.  Nutrient Uptake and Use in Irrigated Condition 

The growth and yield response of the crop to fertilizer is very much influenced by the level of water 

supplied to the crop. The uptake of nutrients by crops is also influenced by the effect of water 

supplied to the crop that can impact on crop growth and the overall metabolic activities of the plant. 
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If the rate of root extension is restricted by dry soil conditions, the plant is less able to draw water 

from deeper moist horizons of the soil and as a result, the overall plant growth and development 

processes are affected and a pronounced yield reduction could be observed.  

Drought will affect transport of nutrients and their use for metabolic activities within the plant 

system. Plant biomass production will also be limited.  

3.3.2. Water and Fertilizer Response 

Crop fertilizer response is a product of the various factors affecting productivity, among which 

nutrient availability and uptake are the major ones that affect normal crop growth and subsequent 

crop yield. Therefore, nutrient use efficiency could be improved by: 

• Minimizing fertilizer losses from the rooting zone by maintaining efficient use of irrigation 

water and avoiding application of excess water that can cause leaching of nutrients beyond 

the rooting zone down to a depth from which the crop is not able to further extract them; 

• Losses of nitrogen through the process of denitrification, which is commonly caused by 

water logging through appropriate drainage systems; and  

• Avoiding water shortage at any growth stage of the plant. 

Factors Affecting Fertilizer Use 

The main constraints to fertilizer use can be grouped into those related to external factors and hose 

related to internal factors. External factors among other may include access to irrigation and 

market demand to the respective commodities. Internal factors may include access to credit or any 

other financial sources   and farmers’ production objectives.  

However, the profitability and the rate of fertilizer application depends on the type of crop and 

variety, soil type, climate, economic and management factors. In addition, know- how and 

experience of the farmers and the availability of technical support to make the best use of fertilizer 

is equally important.  

Crop factor 

The crop factor includes the total crop growing period, root system, the ability of the crop to 

scavenge soil nutrients, N-fixing potential of the crop, and yield potential of the varieties under use 

are some of the parameters that determine the amount of fertilizers to be used and the fertilizer use 

efficiency. 
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Soil factor 

The ability of soils to supply plant nutrients varies from soil to soil and from scheme to scheme. The 

fertility of most soils declines considerably as a result of intensive cultivation and associated 

continuous removal of nutrients with harvesting grains. Degraded soils are less responsive to 

fertilizer application than fertile soils. Clay soils could provide more nutrients than sandy soils. Soil 

with shallow depth and low permeability are likely to be less responsive to fertilizers than deep and 

permeable soils. Large quantity of fertilizer applications can be profitably only on soils that have 

high potential, but low fertility status. Moisture status of the soil determines the amount of fertilizer 

to be used and the nutrient uptake and availability to plants. 

Climatic factor 

Relatively less amount of fertilizer is used in areas receiving less than 400 mm of precipitation per 

annum, unless supplemented by irrigation. Actually, soils in these particular areas may not have 

nutrient deficiencies as there is limited risk of leaching and nutrient removal. On the other hand, 

crops grown in high rainfall areas usually need fertilizer to produce high yields.  

Management factor 

An application of increased amount of fertilizer is not the only remedial solution to increase 

production. Instead, it is strongly advised to apply the appropriate amount of fertilizer at the right 

crop stages by taking into account related factors such as soil type, climate, type of crop and variety, 

fertilizer application history under the previous crops, proper application methods of fertilizers, 

timely weeding, the amount and time of irrigation water application and other agronomic practices. 

Therefore, it will be important to effectively control all the limiting factors and minimize nutrient 

losses to obtain high yields and make the most profit out of it. 

3.3.3. Determination of Fertilizer Needs 

The type and amount of fertilizers to be applied depend on the crop type to be grown and the 

nutrient- supply capacity of the soils of each specific field. Determination of the level of soil 

nutrients allows deficiencies to be detected and to calculate appropriate rates of fertilizers to be 

recommended. There are a number of methods for determining the nutrient status of soils, among 

which the following are more important to be taken into consideration. 

3.3.3.1. Visual diagnosis 

Careful observation of the plant health, particularly the growth patterns of plants, discoloration and 

malformation of leaves and other parts of the plants, is a useful method in qualitative assessment of 
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the soil fertility status. When a nutrient is insufficient quantity for normal growth and development, 

plants exhibit characteristic symptoms. These symptoms can be used to diagnose the nutrient 

deficiency that is present and decide on the remedial action to be taken. The method is rapid and 

elaborate apparatus is not required, but it has the following limitations /drawbacks: 

• The deficiency symptoms may develop before they can be identified and by the time, it may 

be too late to apply remedial measures for the crop, particularly for cereal crops; 

• Symptoms of certain deficiencies are not very distinct and may be visible only when the 

deficiency is acute enough to cut down yield by 30- 60 %. By the time it may be too late to 

take appropriate actions; 

• Deficiency symptoms may be complicated or suppressed by factors such as weather or pest 

and disease damage. 

3.3.3.2. Plant tissue analysis 

The crop can be tissue- tested, while growing in the field for N-P-K-S-Zn levels in the sap. Plant 

analysis may be semi- quantitative (rapid tissue tests) or fully quantitative. Both tests and chemical 

analysis of the plant sap may be able to provide an indication of nutrient deficiencies before causing 

recognizable deficiency symptoms. This method is especially useful for perennial or long duration 

plants such as fruit trees, sugarcane to identify deficiency symptoms and to be corrected on time. 

3.3.3.3. Soil test 

Soil testing by a reliable laboratory is the most accurate and convenient method for determining 

appropriate fertilizer rates to be used. Most laboratories routinely test for available P and K and 

measure soil pH and exchange capacity. Soil testing in combination with plant tissue analysis could 

help in accurately determining the nutrient need of the plant before the crop is severely affected. It 

is simple and less time consuming if laboratory facilities are available. 

3.3.3.4. Conducting field trials /experiments/ 

The best way to determine the nutrient needs of crops is to conduct field trials on fertilizer types 

and rates. In the trial sites, differing fertilizers are applied to the same crop under the same 

management, and crop responses are observed and final yields are measured. Based on the yield 

obtained the optimum rates of fertilizer are calculated. The method has the following advantages: 

1. It is the best way to determine the nutrient needs of crops and soils accurately for advising 

farmers ; 

2. Trials and demonstrations could clearly show the benefits of fertilizers to farmers; 
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3. Economic evaluation of the results will give a better insight into fertilizer needs; 

4. Fertilizer response is easily recognized from the crop performance and plays vital role as 

demonstration purpose. 

However, the disadvantages of field experiments are: 

1. Expensive 

2. Time consuming and 

3. Results are applicable mainly to the specific localities and to the crops covered by the 

experiment. 

3. 3.3.5. Making an educated guess 

If no soil test results are available, a reasonable estimate of N-P-K needs could be made based on 

the following criteria: 

● Using available soil test results from nearby farms with the same soil type and a similar 

fertilizer history, if there is any; 

● Using data from fertilizer trials on the same soil type, if they are available; 

● Referring to an extension pamphlet on the crop fertilizer recommendations for the similar 

soils; 

● The particular crop’s relative nutrient needs and the crop value; 

● A thorough observation of the soil for depth, drainage, texture, filth, slope, and other factors 

that may limit crop yield; 

● Yield history and past management of the farm regarding fertilizer application and 

● Farmer’s  available capital, and  

● Farmers’ willingness to use complementary practices like improved seed, insect control, etc. 

3.3.4. Efficient Use of Fertilizers 

Inorganic fertilizers 

Efficient use of fertilizers depends on the application of the right amount of fertilizers at the right 

crop stages corresponding to crop and soil needs. Similarly, for normal plant growth and 

development and for obtaining optimum yields it will be important to apply fertilizers along with 

best management practices.  

 

 

 



INTEGRATED SOILL FERTILITY MANAGEMENT TRAINING MANUAL 

 

Integrated Soil Fertility Management Training Manual  39 

Optimum application rate 

It is recommended to use location specific fertilizer recommendations whenever available in your 

area. If the recommendations are given in the form of nutrients, then it has to be converted to 

commercial form of fertilizers to know the exact amount of commercial fertilizers to be used as 

shown below.  

Fertilizer calibration 

Soil test based fertilizer calibration is defined as a process of determining the crop nutrient 

requirement at different soil test values. Fertilizer calibration is important to be considered in 

determining the right amount of fertilizers required, but it needs continual updating and 

revaluation.  . The main objectives of fertilizer calibration are the following: 

● To determine the rate of nutrients to be applied per unit area;  

● To calculate the amount of commercial fertilizers required for a given area of land. 

Procedures for calculation: 

1. In situations when two or more nutrients are to be applied simultaneously to a field by using 

compound fertilizers or double carriers. For instance, if N and P are to be applied by using 

diammonium phosphate, which contains 18 kg of N and 46 kg of P per 100 kg of the fertilizer and 

urea with the application rate of 50 - 50 - 0. Then please calculate the amount of commercial 

fertilizers needed to get the required amount of nutrients per ha as follows. 

Steps for calculation: 

First calculate the required quantity of DAP to provide the nutrient with the highest content in the 

compound, which is P 50 kg ha -1. 

Given: DAP contains 18 kg of N and 46 kg of P; 

Therefore, 46 kg of P is available from 100 kg of DAP; 50 kg of P would be supplied from ; 

50 kg X 100 kg = 108.7 kg of DAP 

      46 kg 

Now find out the N available from 108.7 kg of DAP, if 100 kg of DAP has 18 kg N: 

18 kg X 108.7 kg = 19.8 kg = 20 kg N 

     100 kg 
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The required amount of nitrogen fertilizer to be applied per ha is 50 kg out of which 20 kg will be 

supplied through 108.7 kg of DAP per ha. The balance that will be required from Urea will be 

then30 kg. 

Urea contains 46 % of N and 30 kg N will be available from: 

                100 kg X 30 kg = 65 kg of urea 

                     46 kg N 

e) Therefore, 108.7 kg of DAP and 65 kg of urea will be required to provide 50 kg N and 50 kg P per 

ha. 

2. How much nutrient of nitrogen and phosphorus are applied, if we used the commercial products 

of 130 kg of DAP and 50 kg of Urea? 

Solutions: 

a) The amount of phosphorus applied: 130 X 46 = 59.8 kg ~ 60 kg of P2O5; 

                                                                          100 

b) When we applied 100 kg of DAP at the same time 18 kg of N are applied together. 

Then: 130 X 18 = 23.4 kg ~ 25 kg of N; 

                 100 

c) The amount of N from 50 kg Urea: 50 X 46 = 23 kg; 

                                                                     100 

d) Therefore, the total amount of N is equal to 23.4 + 23 = 46.4 kg N and the amount of P 60 kg 

P2O5. 

The calculation procedure could be similarly applied for other fertilizer types and rates of 

recommendations as well. 

3.3.5. Time of application 

 

The appropriate time for applying a fertilizer depends on the soil, climate, nutrients and the crop 

growing stage. With respect to the soil factor, soils differ greatly in the speed of water infiltration 
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and their capacity to fix plant nutrients. Climate is important in any consideration of fertilizer 

application. 

Depending on the source material, organic manure should be applied at least 2 - 3 months before 

planting and incorporated with the soil in order to have sufficient time for mineralization and 

release nutrients to plants. The time of application for mineral fertilizers is discussed in detail as 

below. 

Nitrogen 

Nitrogen is a very mobile nutrient and is subjected to loss by volatilization and leaching if applied 

appreciably before the crop can take it up and use it. The degree of risk of N loss could be associated 

with leaching, denitrification, volatilization of ammonia, though the rate of the loss depends very 

much on soil and climatic conditions. Principal N management practices are liming acid soils, 

rotation with N-fixing crops, growing nutrient efficient varieties, and employing best-bet 

management practices.  

• Most annual plants need start-up nitrogen in the early growing period. They need the most 

nitrogen during vegetative and flowering periods.  

• Plants absorb nitrogen in the form of nitrate and ammonium. Nitrate is the form that can be 

more easily lost than ammonium. It is therefore best to thoroughly mix nitrogen fertilizers 

with the soil. 

• Urea must also be well mixed with the soil, rather than surface application, whereby it can 

be lost through volatilization.  

• Ammonium and urea fertilizers should not be in direct contact with the seeds, ensure at 

least 5 cm distance. Urea is converted to ammonium in the soil and is then adsorbed.  

However, the ammonium in the soil is quickly converted into nitrate (NO3
-). 

•  Nitrogen in the form of nitrate can be easily leached under wet conditions. Nitrate-N can 

also volatilize in wet conditions via denitrification.  

• Due to the risk of Nitrogen loss throughout the growing season, it is therefore better to 

employ split application of nitrogen fertilizers, rather than applying all at once. Split 

application could be done at the beginning of the growing season and at the till ring and/or 

flower initiation stages.  
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Phosphorus 

Phosphorus helps plants convert other nutrients into usable building blocks annual crops requires 

phosphorus predominantly in the early stages of growth. Young seedlings need a high 

concentration of P in their tissues for early growth and root development. In contrast to nitrogen, it 

is not mobile in the soil, instead it has the characteristic of being rapidly fixed by soil colloids. It is 

best applied and incorporated to the soil during cultivation. When water soluble phosphorus is 

used, availability to the young plants will best achieved by applying phosphorus fertilizer during 

seedbed preparation /or at the time of planting/. If a water- insoluble phosphorus fertilizer such as 

rock phosphate is used, application should be a few weeks before sowing to provide time for 

solubilization. It is important to remember that applying P in combination with N helps to stimulate 

P uptake. 

It is best to mix the super phosphate with organic material before applying it. In any case, the 

phosphate should not be broadcasted, but preferably be applied in rows next to the rows of seeds.  

Potassium 

• Potassium is required by crop in large amount over a longer period of time. Potassium is 

consider the most important nutrient only following Nitrogen and Phosphorus. It plays an 

important role in drought and frost resistance, in photosynthesis and protein formation. 

Potassium is also important for the development of the root system and during the growth 

period. It must be available during the whole growing season.  

• Leaching is the major cause of K loss, particularly in high rainfall areas. 

• Potassium is absorbed by the soil particles more so than Nitrogen and hence there is limited 

risk of being lost by run-off. Adsorbed potassium is still available to the plants.  

• The required amount of potassium can be given in a single application, at the beginning of 

the season. Potassium fertilizers must be applied at least 4 cm away from the seed. 

3.3.6. Methods of applying fertilizer  

 

When choosing the appropriate methods of application, growers or farmers should consider the 

following: 

•  Rooting characteristics of the target crop; 

•  Nutrient requirement of the crop at different stages of growth; 

• Physical and chemical characteristics of the soil; 
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• Physical and chemical characteristics of the fertilizer materials to be applied; 

• Availability of moisture; 

• Type of irrigation systems being used or planned; 

• The weather conditions of the season 

Fertilizers are usually applied in several ways: 

Band application:  Placing a fertilizer in the soil to the sides and below the seed with enough 

depth. 

Side dressing: It refers to the spread of fertilizer in between the rows and around the plant, 

commonly after seedlings. 

Broadcasting: Spreading fertilizer uniformly to cover the entire production area. It is suitable for 

crops with dense stand.  

Foliar Application: Refers to spraying of fertilizer solutions containing one or more nutrients on 

the foliage of the growing plant. It is more effective for micronutrients.  The method quickly 

improves nutrient deficiencies.  Fertilizer concentration should not be too high (leaf burning will 

occur). 

Fertigation: Refers to the application of water-soluble fertilizers through irrigation system. 

Concentrated solutions usually pass through injectors to dilute to the correct ratio. 

Top dressing: It is a practice of suppling nutrients (commonly nitrogen) to growing plants. Top 

dressing could be in the form of broadcasting or row application.  

Row application is often used for crops that are grown in rows and applied in continuous bands on 

one or both sides of the row. The chemical fertilizer must be placed at least 5 cm away from the 

seeds, because it would otherwise scorch the seeds or young roots. This scorching can be seen, for 

example, if you spread chemical fertilizer on (moist) young leaves.                                             

3.3.7. Using manure and compost as nutrient sources for irrigated crops 

 Compost is recycled organic matter that has been decomposed. Composting requires the 

following three components: human management, aerobic conditions, and development of 

internal biological heat. Quality composting occurs with an optimal carbon: nitrogen ratio of 

about 25:1. Manure is also an organic matter, mostly derived from animal feces , which can 

be used as organic fertilizer in agriculture. Manures could be also an input for composting.  

https://en.wikipedia.org/wiki/Organic_matter
https://en.wikipedia.org/wiki/Biodegradation
https://en.wikipedia.org/wiki/Organic_matter
https://en.wikipedia.org/wiki/Feces
https://en.wikipedia.org/wiki/Organic_fertilizer
https://en.wikipedia.org/wiki/Agriculture
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Manure and compost not only supply various nutrients for crop production, including 

micronutrients, but also recondition the soil and improve its water holding capacity. Proper use of 

manure and compost is essential from both production and environmental standpoints. Applying 

rates that are too low can lead to nutrient deficiency and low yields. On the other hand, too high a 

rate can lead to nitrate leaching, phosphorus runoff, accelerated eutrophication of lakes, and 

excessive vegetative growth of some crops. Thus, understanding how to manage manure is 

important for any farming operation with livestock that relies on manure as a major source of 

nutrients, as well as for vegetable producers who have access to an economical supply of manure, 

compost or other organic nutrient sources. 

3.3.8. Nutrient Availability from Manure and Compost 

The quality of these organic resources for crop fertilization depends on its decomposing rates 

(expressed as lignin and phenol contents) and nutrient contents (e.g. N content), which would 

influence nutrient availability for plant growth. In quality organic resources, 70 to 80% of the 

phosphorus (P) and 80 to 90% of the potassium (K) will be available in the first year after 

application. Numbers from a table or from an analysis report should to be multiplied by these 

factors to obtain the amount of P2O5 and K2O available to crops from a manure or compost 

application. 

When applied to soil, organic amendments undergo microbial transformations that may release 

plant-available N over time. Volatilization, denitrification, and leaching could result in N losses from 

the soil that reduces the amount of N that can be used by crops. 

Table 2 Nutrient content of dry manure of Ethiopian Cattle 

Nutrient Range (manure) Average (manure) Average (compost) 

N (g/kg) 11.7 to 27.4 18.3 8.3 

P (g/kg) 2.2 to 7 4.5 1.8 

K (g/kg) 10.6 to 54.4 21.3 7.3 

Ca (g/kg) 10.1 to 24.6 16.4 - 

Mg (g/kg) 3.2 to 12.4 5.6 - 

Fe (g/kg) 3.7  to 22.5 10.8  - 

MN (mg/kg) 271 to 1904 777 - 

Cu (mg/kg) 8 to 86 24 - 

Zn (mg/kg) 49 to 2127 92 - 
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Table 3 Nutrient Content of different dry manures 

Manures Nitrogen P2 O5 K2O 

 g/kg (dry weight basis) 

Dairy Manure 20.1 30.2 30.0.0 

Beef manure 10.2 20.0 20.1 

Poultry manure 30 50.0 20.0 

Composed Yard 10.3 4 4 

 

3.3.9. Manure and Compost Application 

Manure should be incorporated within 12 hours of application to avoid excessive ammonia losses. 

Unincorporated manure will supply the organic N fraction and at most 20% of the ammonium-N 

fraction. Incorporation of composted manure is not as critical, because the N is stabilized in organic 

compounds with little free ammonium present. However, in order to obtain full benefit from 

compost, incorporation is recommended whenever possible. Manure and compost are often high in 

soluble salts, so to avoid salt injury seeding operations should take place about 3 to 4 weeks after 

application. 

The effectiveness of manure is also dependent on the manner in which farmers apply it to the soil. It 

needs to be well covered or mixed with the soil at application. When manure is in short supply, 

farmers have to be more cautious with its use and, instead of broadcasting the manure; it may be 

placed by hand in planting pockets or at the base of emerging crop plants. Local knowledge of soil 

micro-variability is important in determining exactly where limited supplies of manure should be 

used. Recommendations for manure application often suggest about 3 to 5 t/ha/year. The rates of 

return on such application rates have been estimated several times.  

3.3.9.1. Putting compost in to use 

The compost will be dug out of the pit after completely decomposed. Good compost is mostly dark 

brown to almost black in color, soft as breaking up readily. If the compost material pile turned dark 

brown which is an indication of humus rich, and have “earthy smell” like forest floor, the compost 

produced is of good quality. Other quality indicators of compost include pH (6-8), C/N (10-15:1) 

and do not have phyto- toxic compounds (i.e support good seed germination).   
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Final product of compost after air drying under shade will be packed in sacks, similar as the sack of 

chemical fertilizer, and will be carried by donkey or other possible means to the farmlands. 

Application of compost in the field may vary depending on the maturity level of the compost, but 

preferably some 10-30 days before planting (sowing) date of annual crops to compensate for slow 

release of nutrient in compost. However, it could be applied to perennial crops on regular basis.  

There are different recommendations rates of compost in the country, depending on the compost 

quality,  ~3t/ha and ~5.0 t/ha is mostly used for Tef and Maize while higher rates are 

recommended for vegetables. But availability of materials for compost preparation is limiting its 

adoption. There is still possibility to reduce the amount of compost per unit area by supplementing 

with chemical fertilizers.  
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Chapter 3 

 

ACID AND SALINE SOIL FORMATION 

AND RECLAMATION 
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4. Acid and Saline Soil Formation and Reclamation  

4.1. Acid Soil 

4.1.1. Formation of Acid Soils 

Soil reaction is the condition of soil acidity (low pH) or alkalinity (high pH). Although there are plants that 

thrive in acid or alkaline media, most crops perform best in a slightly acid soil (pH 6.5 to 6.8). As pH is 

defined the negative logarithms of the hydrogen concentration (pH = -log (H+), pH decreases as the 

hydrogen concentration increases. Values of pH less than 5.5 may lead to aluminum toxicity, 

unavailability of phosphorus (due to fixation) and some of the soil micronutrients such as molybdenum, 

and reduced biological activity. Each crop species requires certain optimum pH ranges (Table 3.1). 

Problem soils are not economical to cultivate crops unless the problems are rectified.  

Table 4 Optimal PH ranges for common crops 

Crops pH range Crop pH range 

Maize 5.5-7.0 Potato 4.8-6.5 

Soybean 6.5-7.0 Tomato 5.5-7.5 

Cabbage 6-7 Lettuce 6.0-7.0 

Carrot 5.5-7.0 Onion 6-7 

Cauliflower 6.0-7.5   

 

The major causes for soils to become acid are listed below:  

 Climate  

Acid soils are mostly found in heavy rainfall areas due to leaching of the soluble salts. In these regions, 

evaporation of water from the soil surface is less than precipitation. Excess amount of water moves 

downward in the soil and meets with the ground water table. This downward moving water carries a 

large amount of soluble salts from the soil surface. A reasonable amount of these salts is a must for 

maintaining neutral reaction of surface soil in absence of these salts. Surface soil is, therefore, rendered 

acidic in reaction. Some compounds of iron and aluminum are resistant to leaching and, therefore, left 

on the surface. These compounds are acidic in nature and impart acidity to the surface soil (eg. lateritic 

soils). 
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 Acidic parent material  

Soils that develop from weathered granite are likely to be more acidic than those developed from shale 

or limestone. Some rocks (parent material) are acidic in nature (e.g. igneous rocks). After weathering of 

these rocks, acidic constituents dominate the composition of soil. The rocks of soft and simple 

composition are especially suitable for development of acidic soils as they allow quick percolation of 

water through them and have fewer amounts of alkaline elements and salts. 

 Organic matter decay 

Accelerated decomposition of soil organic matter as a result of tillage: Organic matter decay produces 

hydrogen ions (H+), which are responsible for acidity (an ion is a positively or negatively charged 

element). Like that of rainfall, acidic soil development from decaying organic matter is insignificant in 

the short term. 

 Harvest of high-yielding crops 

Harvest of high-yielding crops plays the most significant role in increasing soil acidity. During growth, 

crops absorb basic elements such as calcium, magnesium, and potassium to satisfy their nutritional 

requirements. As crop yields increase, more of these positively charged cations are removed from the 

field, particularly in leafy vegetables. Compared to the leaf and stem portions of the plant, grain 

contains little amounts of these basic nutrients.  

 Acid rain  

Acid rain resulting from atmospheric pollution by industry. This has been shown to be a major 

contributory factor in highly industrialized locations.  

 The use of nitrogenous fertilizers 

Frequent use of large quantities of acid forming fertilizers such as ammonium sulfate and ammonium 

chloride; decomposition of SOM, oxidation of N and S, particularly when applied in excess amount 

beyond immediate crop requirements.  

 Topography 

Sloppy places with good drainage conditions are often acidic in nature. On hill slopes, development of 

acid soils is easier. Acid soils do not develop generally in river basins. The plains with good drainage may 

also develop slight acidity in due course of time. 
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 Human interference 

Excessive use of water or keeping the field submerged for a long time accompanied by improper 

drainage may lead to the development of acidity in the soil. Continuous use of acid forming fertilizers 

(e.g. ammonium sulfate, ammonium chloride, etc) for years may also lead to considerable reduction in 

soil pH. 

4.1.2. Effect of Soil Acidity on Plants 

The effects are more pronounced when the soil pH is below 6. Acidity affects the plants both directly 

and indirectly.  

Direct effects 

1. Extremely high concentration of hydrogen ions just outside the plant roots has a toxic effect on roots.  

2. The permeability of the plasma membrane surrounding root hair is reduced. Consequently, the 

activity of root hair that absorbs water and nutrients from the soil is highly slackened.  

3. Excessive presence of hydrogen ions in soil solution also results in increased absorption of H+ ions by 

the plant roots. This phenomenon disturbs acid-base balance inside the plant which virtually inhibits 

plant growth. 

4. Numerous essential chemical reactions are carried out by the enzymes secreted by soil organisms as 

well as the plant itself. These enzymes lose their effectiveness if hydrogen ion concentration goes too 

high. 

 Indirect effects 

1. Excess amount of hydrogen ions in the soil suppresses the availability of some essential elements such 

as calcium, magnesium and phosphorus, even if they are present in the soil in adequate amounts. 

2. Some essential micronutrients such as iron, manganese, copper, etc. are required by the plants in 

very little amounts. They become highly soluble in acid soils and their availability to the plant roots goes 

so high that they become toxic to the plants. 

3. In most of the acid soils plants show deficiency symptoms of calcium and magnesium. This is because 

of the fact that acid soils are mostly deficient in these elements. 

4. Some disease causing agents (especially fungi) flourish well in acid soils. Incidence of disease is, 

therefore, increased. 
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5. At the same time a large population of beneficial microorganisms suffers badly due to high 

concentration of hydrogen ions. This results in decreased soil fertility. 

4.1.2. Management of acidic soils 

4.1.2.1. Soil testing 

Knowledge of how soil pH profiles and acidification rates vary across the farm will assist effective soil 

acidity management. Ideally, soil samples should be taken when soils are dry and have minimal 

biological activity. It is standard to measure pH using one part soil to five parts 0.01 M CaCl2. Soils with 

low total salts show large seasonal variation in pH if it is measured in water.  

Soil sampling should take paddock variability into consideration. For example, clays have greater 

capacity to resist pH change (buffering) than loams, which are better buffered than sands. Samples 

should be taken at the surface and in the subsurface to determine a soil pH profile. This will detect 

subsurface acidity, which may underlie topsoil with an optimal pH. 

Samples need to be properly located (e.g. GPS) to allow monitoring. Sampling should be repeated every 

3 – 4 years to detect changes and allow adjustment of management practices. 

4.1.2.2. Interpreting pH results 

Depending on soil pH test results, agricultural lime may need to be applied to maintain pH, or to recover 

pH to an appropriate level. If the topsoil pH is above 5.5 and the subsurface pH above 4.8, only 

maintenance levels of liming will be required to counter on-going acidification caused by productive 

agriculture. 

If the topsoil pH is below 5.5, recovery liming is recommended. Keeping the topsoil above 5.5 will treat 

the on-going acidification due to farming and ensure sufficient alkalinity can move down and treat 

subsurface acidity. 

Liming is necessary if the subsurface pH is below 4.8, whether or not the topsoil is acidic. If the 10 – 20 

cm layer is below 4.8 but the 20 – 30 cm layer above 4.8, liming is still required. In this case the band of 

acidic soil will restrict root access to the more suitable soil below. 

4.1.2.3. Liming 

Liming is the most economical method of ameliorating soil acidity. The amount of lime required will 

depend on the soil pH profile, lime quality, soil type, farming system and rainfall. 
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Lime sand, from coastal dunes, crushed limestone and dolomitic limestone are the main sources of 

agricultural lime. Carbonate from calcium carbonate and magnesium carbonate is the component in all 

of these sources that neutralizes acid in the soil. 

The key factors in lime quality are neutralizing value and particle size. The neutralizing value of the lime 

is expressed as a percentage of pure calcium carbonate which is given a value of 100 %. With a higher 

neutralizing value, less lime can be used, or more area treated, for the same pH change. Lime with a 

higher proportion of small particles will react quicker to neutralize acid in the soil, which is beneficial 

when liming to recover acidic soil. 

4.1.2.4. Complementary management strategies 

 

If soil pH is low, using tolerant species/varieties of crops and pasture can reduce the impact of soil 

acidity. This is not a permanent solution because the soil will continue to acidify without liming 

treatment. 

A number of management practices can reduce the rate of soil acidification. One option, which could be 

adopted under Ethiopian conditions is growing and incorporating deep rooted green manures, which 

could recover some of the leached cations and rehabilitate acid soils. Management of nitrogen fertilizer 

input to reduce nitrate leaching is most important in high rainfall areas. Product export can be reduced 

by applying crop residue to the soil from where it has been cut. Less acidifying options in rotations will 

also help, e.g. replace legume hay with a less acidifying crop or pasture. 

4.1.3. How is soil acidity corrected? 

 

Lime or calcium carbonate's reaction with an acidic soil:  Soil acidity can be corrected easily by liming the 

soil, or adding basic materials to neutralize the acid present. The most commonly used liming material is 

agricultural limestone, the most economical and relatively easy to manage source. The limestone is not 

very water-soluble, making it easy to handle. As lime dissolves in the soil, calcium (Ca) moves to the 

surface of soil particles, replacing the acidity. The acidity reacts with the carbonate (CO3) to form carbon 

dioxide (CO2) and water (H2O). The result is a soil that is less acidic (has a higher pH). 
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4.1.3.1. Efficiency Factors: Timing, Placement and Frequency of Application 

Timing and depth of application 

Ideally, lime should be applied two to three months ahead of seeding the targeted crop. Applications as 

late as just before planting, with good soil incorporation, can still be beneficial on strongly acidic soils. 

Some reduction in soil acidity will still occur, although maximum pH increases are not normally reached 

until about one year after application of typical agricultural limestone. 

Preferably, lime should be spread evenly at the prescribed rate on the soil and incorporated to a depth 

of at least 15 cm as long as possible before planting. In particular, caustic forms of lime- CaO and Ca 

(OH)2 should be applied and incorporated in the soil well before planting to avoid injury to the seed. 

Incorporating lime can be done by using annual labor, animal traction, or machinery with internal 

combustion engine. If manual labor is used as in our country, it is recommended that lime be 

incorporated to the depth of 15 cm. If animal traction or plowing with tractor is done, the lime should be 

incorporated to the depth of 30 cm. Correcting Al toxicity or pH in the first 15 cm of top soil implies that 

crop rooting will be superficial for (relatively) sensitive crops; the sub soil will be poorly accessible by 

roots. If profitable, the first 30 cm should be treated. This gives a lime a chance to neutralize soil acidity 

before planting. Crop calendars for multi-location recommendations are very useful in executing 

alleviation of soil acidity problems. 

Placement 

Placement is just as important as lime quality. Maximum contact with the soil is essential for 

neutralization of soil acidity. Most common liming materials are only sparingly soluble in water. For 

example, ammonium nitrate is about 84,000 times more soluble than pure calcium carbonate. Even if 

lime is properly mixed into the plow layer, it will have little reaction if the soil is dry. Moisture must be 

available for the lime-soil reaction to occur. Perhaps the best way to incorporate lime or any other 

material with the plow layer is to use two perpendicular passes, and if possible with a combination of 

disc, followed by a chisel plow.  

In mechanized systems, deep plowing of lime does not necessarily achieve desirable mixing in the upper 

15 to 20 cm of soil. However, because the plow or a heavy breaking disc inverts the lime, it can help to 

distribute the lime in the upper portion of the subsoil. Choice of tillage equipment will depend on the 

depth at which soil acidity neutralization is most needed. Good horizontal and vertical mixing of the lime 

provides the best results. In some cropping systems, like established perennial crops or established no-
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till conservation agriculture-based crop production, mixing lime with the plow layer is not possible. Lime 

should be incorporated to adjust the pH in the plow layer before the establishment of these cropping 

systems. Once the desired pH is reached, it can be maintained by surface applications in these no-tillage 

systems. Surface-applied lime reacts more slowly than lime that is mixed with the soil, and usually only 

affects pH in the upper 5 to 8 cm of soil.  

Frequency of application 

The more intensive the crop production, the higher the nitrogen fertilizer or manure use, and the 

greater the crop yields (and nutrient removal), the greater and more frequent the need will be for lime. 

Soil sampling is the best way to evaluate soil pH levels and the need for lime. 

Extension agents and farmers should ultimately consider the economics of liming and for example the 

sensitivity of next season crop. Also the frequency of application depends up on several factors, which 

vary across landscapes and production systems.  Therefore, the frequency of liming depends up on the 

texture and the buffer capacity of the soil. Liming frequency will have to increase going from fine 

textured clays and loams to coarse, sandy soils, and soils from with high to low soil organic matter. 

However, the amount of lime required inversely proportional with the frequency. Hence if the lime 

application rates are low and soil pH is increased to 5.2 or less then lime application may be more 

frequent (once a year). Also if the switch is made from a more tolerant crop to a less acid tolerant crop 

(e.g. from potato to wheat), then the liming may be necessary. Banding or application of liming in 

planning holes or mounds may require lime applications on even seasonal or annual bases. The low lime 

rate thus increases the frequency of liming and labor cost. But also spread the costs and risks. 

4.1.3.2. Fertilizing soils corrected for soil acidity 

 

As indicated above, some plant nutrients are added to the soils through liming. However, liming should 

not replace soil fertilization. The risk, because through the increased pH biological processes are again 

intensified, and through mineralization of SOM nutrients such as N and P become available at the cost of 

degrading of SOM status. This is at the basis of the Dutch expression derived from soil liming without 

soil fertilization as “Rich parent’s poor children”.  

Because P was lost from solution by adsorption with Aluminum in acid soils, it is important to add P with 

fertilizer when acid soils are reconditioned by raising pH. Increasing the soil pH will not rapidly bring P 

into soil solution, because aluminum phosphate compounds are very insoluble. It is important to fertilize 
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with compound fertilizers. Addition of organic matter counteracts the increased SOM turnover provoked 

by the increase in pH. In the meantime, they can provide relatively small, but important amounts of all 

the essential plant nutrients. 

4.1.3.3. Choice of inorganic fertilizers 

 

Nitrogen and sulfur from fertilizers are oxidized by microorganisms, while hydrogen ions are produced 

during the oxidation. Therefore, soil pH decreases as a result of using fertilizers that provide these two 

essential plant nutrients without which plants cannot grow and produce usable food, feed and fiber. 

Nitrogen and sulfur-based fertilizers should be carefully chosen to minimize the acidification of soils. A 

useful index of the acidification that will result from the use of various fertilizers containing N or S is 

listed in the table below. It indicates the number of kilograms of calcite, Ca CO3 needed to neutralize the 

acidity produced by the oxidation of a kilogram of N or S from a fertilizer compound. 

Without alternate fertilizer choices, one has to accept that intensification goes hand in hand with a 

degree of acidification; increasing the required lime frequency. However, besides the acidifying N- 

fertilizer urea, CAN is available; CAN is a source of nitrogen that has a limited liming requirements. Short 

and long term benefits will determine farmers’ choice.  

Table 5: Amount of CaCO3 in kilograms needed to neutralize the acidity produced by the 
oxidation of a kilogram of N or S Supplied from fertilizer compounds 
Fertilizer Source  CaCO3 applied to neutralize acidify 

per kg N or S 

 Remarks 

Anhydrous ammonia  3.6   

Urea  3.6   

Ammonium nitrate  3.6   

Diammonium phosphate  5.4   

Ammonium thiosulfate  5.4   

Ammonium sulphate  7.2   

Monoammonium phosphate  7.2   

Elemental sulfur  7.2   
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Fertilization  

 Liming never substitute fertilization therefore the rate of fertilizer usually applied should be 

practiced after liming. 

 Nitrogen fertilizers have a greater acidifying effect on soils than other fertilizers.  

 Calcium and magnesium-and their removal in this manner have the same acidifying effect on 

soils as removal by a crop.  

 DAP; it does have also ammonium Fertilizers with acidifying effects.   

4.2. Saline soils  
Saline soils contain enough soluble salts to injure plants. They are characterized by white or light brown 

crusts on the surface. Saline soils usually have an EC of more than 4 mmho cm-1. Salts generally found in 

saline soils include NaCl (table salt), CaCl2, gypsum (CaSO4), magnesium sulfate, potassium chloride and 

sodium sulfate. The calcium and magnesium salts should have high enough concentration to offset the 

negative soil effects of the sodium salts. The pH of saline soils is generally below 8.5. The normal desired 

range is 6.0 to 7.0. 

4.2.1. Salt buildup  

Soils naturally high in soluble salts are usually found in arid or semi-arid regions, where salts often 

accumulate because there is not enough rainfall to dissolve them and leach them out of the root zone. 

Salt problems occur when water remains near the surface and evaporates, and when salts are not 

dissolved and carried below the root zone. Salt spray near coastal recreation areas can also cause salts 

to build up in the soil.  

In areas with shallow water tables, water containing dissolved salts may move upward into the rooting 

zone. This occurs by capillary action, where evaporation serves as the suction of water up through the 

soil. Water moves the farthest through finer clay and clay loam soils; it moves less in medium-textured 

soils (loams); and least in coarser, sandy soils. 

Salinity is of greatest concern in soils that are:   

 Irrigated with water high in salts;   

 Poorly drained, allowing for too much evaporation from the soil surface;   
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 Naturally high in salts because very little salt leaches out;   

 In areas where the water table (the level or depth to free-flowable water in the soil) is shallow;  

 In seepage zones, which are areas where water from other locations (normally up slope) seep 

out.  

The major source of salinity problems is usually irrigation water. This is a gradual process—the salts 

must accumulate over time before any effects are seen. Fortunately, plants take up many salts in the 

form of nutrients. But when more salt is added to the soil than is removed, the plants will eventually be 

affected. In some soils, irrigation and rainwater move through the soil to leach out the salinity.  

Leaching occurs when water moves materials (such as salts or organic materials) downward through the 

soil. Several soil factors can inhibit leaching such as a high clay content; compaction; a very high sodium 

content; or a high water table.  

4.2.2. Salt problems  

When salts accumulate in soils, problems arise for two main reasons: the soil becomes less permeable, 

and the salt damages or kills the plants. The first problem is associated with the soil structure. In sodic 

soils, high levels of exchangeable sodium cause the individual sand, silt and clay particles to be 

separated and not clumped together into larger particles. This dispersion makes the soil tight and 

impermeable, so that it allows little air, rain or irrigation water to permeate into the soil. Therefore, the 

plants may not receive enough moisture and oxygen to grow. Salts may accumulate on the soil surface 

because they cannot leach out of the root zone. Plants can also be damaged by salt effects or toxicity. In 

saline and saline-sodic soils, high concentrations of soluble salts reduce the amount of available water 

for plants to use. High levels of sodium can be toxic to certain plants. Also, the very high soil pH in high-

salt soils greatly changes the nutrients available to the plants. These high pH levels change the ionic 

form of many plant nutrients to forms that make them unavailable to plants. 

4.2.3. Correcting salt-affected soils 

 Salt-affected soils can be corrected by:  

 Improving drainage  

 Leaching   

 Reducing evaporation  

 Applying chemical treatments  

 Growing legumes releasing hydrogen ions from their root zone  

 A combination of these methods 
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Improving drainage: In soils with poor drainage, deep tillage can be used to break up the soil surface as 

well as clay pans and hardpans, which are layers of clay or other hard soils that restrict the downward 

flow of water. Tilling helps the water move downward through the soil. While deep tillage will help 

temporarily, the parts of the soil not permanently broken up may reseal.  

Leaching: Leaching can be used to reduce the salts accumulated in the soil. You must add enough low-

salt water to the soil surface to dissolve the salts and move them below the root zone. The water must 

be relatively free of salts (1,500 - 2,000 ppm total salts), particularly sodium salts. Leaching works well 

on saline soils that have good structure and internal drainage.  

A water test can determine the level of salts in your water. Testing is often needed to determine how 

much water is needed to correct a particular soil. The testing laboratory can advise on how much water 

to add. After an application, the soil often must be retested to determine whether enough salts were 

leached out. Highly saline soils should be leached using several applications, so that the water can drain 

well. Here again, drainage can be a problem. If the water cannot infiltrate the soil, the salts cannot be 

dissolved and leached out of the soil.  

Reducing evaporation: Applying residue or mulch to the soil can help lower evaporation rates thereby 

reduce the risk of salinity. 
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