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Pitfalls

Approaches to Liming

Best Management Practices (BMP’s)

Basics of a Fertilizer Recommendation



Best Management Practices – Nutrient Stewardship

The goal of fertilizer Best Management Practices (BMP’s) is to match 

nutrient supply with crop requirement to optimize yield while 

minimizing nutrient losses to the environment.



Best Management Practices

• Right source

• Dry, liquid, foliar, organic, etc.

• Right rate

• Guideline discussion

• Right time

• Pre-plant, with plant, after plant, etc.

• Right place

• Deep placement, band placement, broadcast, etc.



To make sound fertilizer recommendations they 

must be based on scientifically sound trials, 

should produce an increase in yield and/or 

quality, must be economically viable without 

degrading the environment.

Fertilizer Recommendation
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• Soil sample must be representative of the area under 

investigation

• Plant available nutrients – those nutrients that plants can 

absorb

• Extractable nutrients – those nutrients that are removed with 

an extractant from the soil complex  and measured in the 

laboratory

• Calibration curve links the plant’s reaction (yield/quality) with 

the extractable nutrients in the soil and is used to determine 

threshold values

• The use of soil test results without applicable calibration 

curves can lead to financial losses, increase risk and can 

cause harm to the environment - PITFALL

Soil analysis - tool



• Visual symptoms suggest the presence of 

deficiencies but can be misleading - PITFALL

• Leaf/tissue analysis can be used to confirm 

possible deficiencies and is crop as well as growth 

stage specific

• Sap analysis is a snap shot in time analysis which 

gives you an indication of the nutrient content at 

that specific moment. 

Other tools
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Compiling a Fertilizer Guideline

Step 1: Correlation – determine the ‘’best’’ extractant

Step 2: Calibration – relationship between a plant nutrient and 

crop productivity (yield/quality, etc.)

- determine a threshold value, discuss it 

later.

Step 3: Interpretation – interpretation of the threshold value.

A soil test must be correlated, calibrated and 

interpreted correctly for a specific crop.



• pH (H2O, CaCl2 and KCl)

• P (Bray1, Bray2, Ambic1, Ambic2, Olsen, 

Citric acid, Truog, Melich III, water, etc.)

• Cations (NH4OAc, Ambic1, Ambic2, KCl, Melich 3, etc.)

• Sulphur (Calcium phosphate, NH4OAc, Melich 3, etc.)

• Micronutrients (DTPA, EDTA, HCl, Ambic1, Ambic2, etc.)

• Boron (hot water, etc.).

1. Correlation



1. Correlation – determine the extractant



2. Calibration – determine the threshold value

Threshold value

R2 = 0.81?



• Sufficiency level – fertilizing the crop, soil supply 

nutrients to the crop, with calibration studies the 

fertilizer that must be applied to satisfy the needs of 

the crop can be calculated 

• Built-up and Maintenance – fertilizing the soil, keep 

the soil-test value above the threshold value to avoid 

yield losses

• Basic Cation Saturation Ratio (BCSR) – fertilizing the 

soil, the aim is to create the ‘’ideal soil’’ in terms of 

percentage of the cation exchange capacity (CEC) 

and to bring the ratios between cations into account.

3. Interpretation – determine the guideline



3. Interpretation – a guideline



3. Interpretation – correlation between extractants

Dangerous!!!



2. Interpretation – correlation between extractants

- Lime

20 mg/kg Ambic2 =

19 mg/kg Mehlich 3

+ Lime

20 mg/kg Ambic2 =

31 mg/kg Mehlich 3

To increase the Mehlich soil content with 11 mg/kg you need

12 mg/kg x 6 kg P/ 1 mg = 72 kg P

Guy Thibaut, Cedara College, KZN



3. Interpretation – a guideline

29 – 15 = 14 kg P/ha x R25/kg = R 350/ha

or

loss of yield (R90 = 30 kg of maize)



Sawyer, J. E., Iowa 

State University

R2 = 0.81 R2 = 0.45

3. Interpretation – correlation between extractants



Sawyer, J. E., Iowa 

State University

3. Interpretation – correlation between extractants

R2 = 0.77 R2 = 0.83 R2 = 0.70



Calibration curve: R2 = 0,81 (explains 81% of variance)

Correlation between extractants: R2 = 0,79 (explains 79% of variance)

Implication: 0,81 x 0,79 = 0.64 (explained 64% of variance)

You lose 0,81 – 0,64 = 0,17 = 21%

3. Interpretation – implication

Used in precision agriculture – PITTFALL!



Liming



Approach 1: Soil acidity (pH)

• The effect of pH on nutrient availability and crop production is well 

known

• Different crops have different pH optima.

Definition: pH = -log [H+]



Approach 2: Acid Saturation

Definition:  Acid Saturation = Exchangeable acidity X  100
ECEC                    1

• Relationship between acid saturation and maize yield on soils with 

clay contents of 10-14% (Avalon) and 74-76% (Balmoral).      

Mart Farina.



• Based on threshold values, optimum levels, critical levels, etc.

Approach 3: Nutrient concentration



Approach 4: Cation balancing (BCSR)

Element as a % of 

the CEC (me.)
Cation ratios

Author Ca Mg K Ca:Mg Ca:K Mg:K (Ca+Mg)/K

Bear & Prince 

(1945)*
65 10 5 6.5 : 1 13 : 1 2 : 1 -

Graham (1959) 65 – 85 6 - 12 2 – 5 - - - -

Albrect (1975) 65 <15 2 – 4 - - - -

McLean (1977)
Bear & Prince ratio, 

adequate BUT …
- - - -

FSSA (2007) 65 25 8 1.5 - 4.5 : 1 - 3-4 : 1 10 - 20



Pitfalls for different Approaches

1. pH
a. Can lead to over liming in highly buffered soils

2. Acid saturation percentage
a. Can lead to too low soil concentration with specifically Ca and Mg

3. Cation concentration (mg/kg)
a. Be careful not to neglect pH and/or Acid Saturation

4. Cation ratios (BCSR) 

a. Can lead to over liming, too high pH

b. Can induce micronutrient deficiencies in particular

c. Will in general, result in higher application rates of cations e.g. 

K and/or Ca and/or Mg than other approaches.

d. Lime is not soluble at high pH, the cations that you measure 

after lime application is MISLEADING. Analysing free lime.

e. CEC versus ECEC.



Solution for liming pitfalls

Take pH, acid saturation (%) and soil concentration

(mg/kg) into account simultaneously and limit the use

of cation balancing (BCSR) only to extreme situations

where there are e.g. extraordinary amounts of sodium

or magnesium or potassium, etc. present in the soil.



Summary

• Best Management practices

• Source, rate, time and place

• Fertilizer Recommendations

• Soil sample, target yield, guideline

• Guideline: correlation, calibration and interpretation

• Beware of pitfalls (correlations between extractants)

• Liming

• pH, acid saturation, soil concentrations and cation balancing

• Beware of the pitfalls.



The only thing we can do as agriculturalists 

is to maximise the probability for the farmer 

to achieve maximum profitability for a 

specific season.

Remember!




