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Background and challenges/problems around soil acidity under conservation agriculture 

 

The management of soil acidity under conservation agriculture is controversial and many producers 

have questions about it. However, a series of studies has been conducted in South Africa, especially 

by researchers in KwaZulu-Natal (among others by Drs. Mart Farina, Neil Miles, Alan Manson and Guy 

Thibaud), the Western Cape (Drs Pieter Swanepoel, Johan Labuschagne and Ailsa Hardie), as well as 

in the Highveld (i.e.  Dr Koos Bornman and Kobus van Zyl).  In KwaZulu-Natal and Western Cape 

provinces in particular, there is a great acceptance of conservation agriculture, where 83% of grain 

producers in the Western Cape and 60% of producers in KwaZulu-Natal apply conservation agriculture 

practices. The growth in the adoption of conservation agriculture means that farmers are mastering 

soil acidity management to a large extent and also need to do continuous research on and 

development of their practices to manage the problem of soil acidity correctly. 

 

The slow movement of lime in no-till systems has already been widely reported. Lime has been found 

to move only 5 cm within one year and 10 - 20 cm after three years after applying lime. However, 

depending on the climate and other environmental factors such as soil texture, structure and health, 

rainfall, wind speed during the lime application and the pH of the soil, the rate at which lime moves in 

soil may vary. The properties of the lime, such as the form, chemical purity, fineness and application 

level, were also found to affect lime movement. 

A recent soil survey was conducted in the Western Cape, as well as in the Highveld, where soil acidity 

was found to be widespread. In the Swartland, almost 20% of the soils have at least one soil layer 

where the pH is below 5. In the North-West Free State and the North West Provinces, the pH of the 

top and subsoil was found to decrease, increased exchangeable acidity, and that Ca and Mg cations 

are lost (FERTASA Soil Acidity Seminar, 2019). Similar problems with soil acidity may occur in other 

parts of the country where similar management practices are applied. Further research is currently 

being conducted by the Departments of Agronomy and Soil Science at Stellenbosch University and in 

collaboration with the Department of Agriculture Western Cape, in the form of field trials in the 

Southern Cape to investigate the effect of the form, fineness and purity of lime, as well as the effect 

of soil disturbance on lime movement and the neutralization of soil acidity.. 

What causes soils to acidify?  

Although acidic soils are very widely found in nature, especially in free-drained sandy soils in high 

rainfall areas (such as parts of KwaZulu-Natal), the following human activities can greatly aggravate 

the situation: 

1. The incorrect and excessive use of especially ammonium nitrogen fertilizers. This is probably 

the primary cause of soil acidity under grain cultivation in most of South Africa. Only 20 to 



40% of N fertilizer is available in most existing fertilizer application practices for the plant; the 

rest is lost by leaching or volatilization; it is this excess N in the soil that contributes to soil 

acidity. It is also the single biggest contributing factor to carbon emissions ending up in the 

atmosphere and carries the greatest costs under production inputs. It disrupts soil biological 

processes and breaks down soil organic matter by disturbing the C:N ratio. 

2. Incorrect or inadequate liming practices. See best practices below. 

3. Removing base cations (calcium, magnesium and potassium) through harvesting crops and 

animal products. 

4. The accelerated degradation of soil organic material by means of cultivation. 

5. Acid rain, caused by air pollution. This is a major contributing factor in the eastern Highveld 

region of the country where there are many power stations. 

The general conclusion is that at a low soil pH Al becomes soluble; High All levels in combination with 

low Ca, Mg and soil organic matter are very detrimental to plant roots and plant production. It is 

therefore important that soil pH is kept above 4.5(KCL) and 5.5(H2O) to avoid Al (and Mn ) toxicity, as well 

as to make enough nutrients available, especially Ca, Mg and Mo. 

 

Integrated soil acidity management 

In crop cultivation, soil acidity management can be approached according to the following 

conservation agriculture principles or objectives:  

Improves soil health.  

Healthy soils have high levels of biological activity and diversity that increase soil organic matter faster. 

Higher soil organic material creates a buffer capacity and improves various soil ecosystem functions 

and services. This includes circulating soil nutrients such as Ca and Mg. Bioturbation (soil mixing) by 

soil organisms such as earthworms, dung beetles, etc. can incorporate lime into the soil if they are 

present in healthy populations (sufficient quantities). 

Healthy soil has a good structure that makes the soil much more porous and makes water, roots and 

nutrients (such as lime) easier to move through the soil. 

Optimal pH or acid saturation levels are important for biological activity and soil structure formation 

and should therefore be managed correctly. Most beneficial soil organisms, especially microbes, are 

stimulated by the application of lime into acidic soils. 

Minimalise soil cultivation or -disturbance.  

Soil disturbance is like a tsunami hitting the soil biology or soil food web. It disrupts and damages all 

soil ecosystem functions and services and leads to soil degradation and the destruction of soil organic 

matter. Soil disturbance destroys soil structure and therefore inhibits the movement of water and 

nutrients in the soil due to the loss of soil porosity. The nutrient circulating by microbes is also severely 

impaired. With continuous tillage, it is therefore impossible to do sustainable and good integrated soil 

acidity management and the producer ends up in an ever stronger cost pinch due to the rising reliance 

on external inputs such as fertilizer, lime and insecticides.  

In soils with a natural subsoil acidity (such as in KwaZulu-Natal), and/or where there is a stratification 

of pH between soil layers, it is sometimes necessary to incorporate lime deeper into the soil once in a 

while. The lack of tillering actions to incorporate lime deeper into the soil, in combination with the 

slow movement of lime into the soil, can lead to these problems. The stratification of pH takes the 



form of a high pH topsoil and an acidic subsoil, where the lime could not react with soil acidity. Where 

excessive N-nitrogen has been applied, the topsoil can be acidic and the pH of the subsoil high. Side 

dressing with N fertilizer leads to an "acid roof"  that impairs the chemical control of weeds, especially 

with atrazine containing active-resistant (triazine).  This stratification of soil acidity is not often picked 

up in soil  tests, because soil samples are most often taken to a depth of 10-15 cm and the stratification 

effect is diluted, thus giving the soil analyses an average pH over the 10-15 cm. An incorrect impression 

can therefore be created and the acidity in the subsoil may be potentially restrictive for some crops, 

although the pH of the topsoil is suitable. 

In soils with natural sub soil acidity problems such as in KwaZulu-Natal, it is necessary to incorporate 

lime into the soil at some point if the acid saturation  in the subsoil gets too high or the pH(KCL) drops 

below 4.5. Previous research conducted, both at the international and local level, has found that one-

single strategic tillage has no negative effects on the chemical properties of soils or on the yield of 

small grains. It does destroy the soil structure and much soil organic matter is lost (7-10% per tillage 

action), both properties built up under conservation agriculture over decades. However, strategic 

tillage can be considered to address sub soil acidity by incorporating lime into the soil if nothing else 

works. However, it is important to emphasize that regular tillage actions are not recommended, and 

have several drawbacks as mentioned above. No tillage systems should not be tackled until existing 

soil acidity problems have not been addressed throughout the profile. If soil pH remediation not 

effectively addressed before the start of no-tillage, a one-time strategic operation could be considered 

later. 

Maximise biodiversity in plants and animal species.  

This refers to a dynamic crop cultivation system that includes annual and perennial cover crops and 

livestock. The more plant species of all three functional plant groups (i.e. grasses, legumes and 

cabbage crops (brassicas)) are used in crop systems, the better (which is adapted to the environment 

and has the ability to make a contribution). The inclusion of plant species with key functional 

characteristics (such as nitrogen fixation by legumes) may be more important than greater diversity in 

some cases.  It can  be integrated crop rotation or associations (companion crops). One of the variety 

of functions that this principle creates is a dense network of root canals in the soil through which 

water and nutrients move into the soil. It also secretes root exudates that can positively affect soil 

biology and soil chemistry, although weak acids are also excreted by roots that contribute to soil 

acidity. Root canals also have lower levels of Al and higher levels of Ca, Mg, P and K, as well as more s 

organic matter.  Legumes bind organic N, reducing the need for synthetic N fertilizers. A greater variety 

of plant species' roots that have been in the soil for as long as possible helps a) excess and harmful N 

(mainly from fertilizer) from the soil to be absorbed by plants, b) the lime is mobilized by plant roots 

and root exudates and/or moved down into the soil and c) restores the soil much faster and develops 

structure (pores). 

The integration of animals into the crop cultivation system is important. This is preferably done 

through grazing on cover crops (annual or perennial) used as crop rotation with cash crops. Plants 

contain an amount of alkalinity and during grazing this alkalinity is returned to the soil by urine 

(contains urea releasing OH that neutralizes H+ and manure and the generated acidity (by the plant 

itself) is neutralized. The overall removal of plant material (e.g. haymaking) therefore has a greater 

acidifying effect than grazing. Results suggest that the removal of 10 tons of biomass ha-1 will cause soil 

acidification that is equivalent to 450 kg of lime ha -1.  

Retain permanent organic cover on the soil surface 



Soil cover by crop residues and cover crops (preferably a combination thereof) is important for the 

following reasons: a) to prevent lime and other nutrients, especially Ca, Mg, P and K, from being 

washed away or blown away by erosion, b) to ensure that water infiltrates into the (healthy) soil and 

nutrients move with it and c) separates certain (cover) crops' residues (negatively charged),  which 

binds with Ca and thus facilitates its movement in the soil.  

 

Best practices for integrated soil acidity management in conservation agriculture 

1. Before commencing with conservation agriculture, soil acidity should be ameliorated as far as 

possible (if it does occur) by incorporating the right type (or combination), quality and amount 

of lime into the soil. Ideally, this will be the last time the conservation farmer's land is 

disturbed, but it will depend mainly on how well the goals (principles) discussed above are 

achieved.  

2. Nitrogen (N) fertilizer should be managed much more efficiently by reducing a) application as 

organic N is provided by soil biology, b) avoid pre-plant application (top or sub soil), c) in-the-

row application at planting as far as possible and d) avoid ammonium nitrogen fertilizers as 

far as possible. 

3. It is better to apply smaller amounts of lime more regularly to the soil surface. A basic 

guideline is as follows: 

i. Sandy soils: 1000 to 1500 kg ha -1 every second year or half of it every year.  

ii. Medium textured soils: 1500 to 2000 kg every second year or half of it every year 

iii. Clay soils: 2000 to 2500 kg every second year or half every year 

iv. More frequent maintenance shade application is therefore necessary which will depend 

on what the lime requirement is and what is practically / economically possible. The idea 

is to maintain the pH of soil above 5.5, as this may contribute to the movement of lime 

deeper into soils. Note that pH of 5.5 is preferred for the majority of annual crops in 

production systems in our country, but some crops prefer more acidic soils, which can 

affect the pH that growers aim for. 

4. Another alternative is the use of granulated lime, which is currently increasing in popularity, 

as an alternative strategy, though more expensive. These granules can be placed inside the 

crop rows during the planting process, or they can be broadcast. However, there is a practical 

limit to the amount of granules that can be applied by planters and therefore broadcast of 

fine or granulated lime may still be necessary. Preliminary field trial results in the Western 

Cape indicate that the small amount of granulated lime that can be applied by planters within 

the crop rows is not effective in neutralizing soil acidity and that extensive lime application is 

still recommended. Factors such as the solubility of granulated lime, as well as the 

effectiveness of these products to correct soil acidity at lower rates of application than the 

fine limes are currently hotly contested. 

5. Cover crops (or so-called 'catch crops', e.g. radishes and grasses) can be used to remove excess 

N fertilizer in the soil profile and put it back into circulation, and get lime deeper into the soil 

more efficiently, especially through crop residues, root canals and root exudates, as well as 

through grazing. When winter or summer cover crops are planted, typically every third year, 

lime can be sprinkled on the surface just before planting, according to the guidelines above. 

6.  The application of cattle or chicken manure (where it is available) has a positive impact on 

pH, because it has a "liming effect" by providing Ca and Mg cations thus reducing the 

concentration of soluble Al in the soil. 



7. It is critically important to constantly monitor the soil acidity status in the soil, especially in 

the various soil layers where stratification can take place. Soils should be monitored at least 

every third year, or more often. 

8. Apply the conservation agricultural principles as best as possible; it's a lifelong journey toward 

greater resilience and sustainability.  

 

Conclusion  

Soil acidity is a problem that the majority of growers have to deal with. Although lime application is 

the solution to address soil acidity there are, however, several variables that can affect the 

effectiveness of the lime application. There are currently several strategies available for growers to be 

able to apply lime, but it is best to do integrated soil acidity management that comes with conservation 

agriculture principles. If applied well, it will increase the soil pH and Ca+Mg cations and lower Al. This 

approach will certainly help to put the producer on a sustainable crop production pathway. 
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