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AfSIS  African Soil Information System 

AgriLASA Agricultural Laboratory Association of South Africa 

ARC-SCW  Agricultural Research Council-Soil, Climate and Water, South Africa 

DALRRD Department of Agriculture, Land Reform and Rural Development (South 

Africa) 

EC  European Commission 

EU   European Union 

LUCAS  Land Use and Coverage Area Frame Survey (EC) 

GLOSOLAN Global Soil Laboratory Network 

GSP  Global Soil Partnership 

ICRAF  International Centre for Research in Agroforesty, Nairobi, Kenya 

ISRIC  International Soil Reference and Information Centre 

JRC  Joint Research Centre – European Commission 

LUCAS  Land Use and Coverage Area frame Survey 

MIR  Mid-infrared spectroscopy 

S4A  Soils4Africa 

SANAS  South African National Accreditation System 

SGS  SGS Hungary Ltd   

WUR  Wageningen University & Research 

WP   Work Package 

SOP  Standard Operating Procedure 
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1. Introduction 
 

The soils of Africa are very diverse. From the arid sands of the Sahara, Kalahari and Namib deserts, 

to the alluvial soils along the Nile, the deeply weathered tropical Ferralsols, the dark clays of Ethiopian 

Highlands to Mediterranean-type soils at either end of the continent, it is important to know the 

characteristics and properties of these soils, especially where they are used for agriculture. 

The main objective of the Soils4Africa project is to collect soil samples from 20 000 selected localities 

under agricultural land use across Africa. The main purpose is to obtain information on the 

distribution and level of variation of these soil properties, so that this knowledge can be used to 

utilize, protect and conserve the soils. Once the samples have been collected in the field, they will 

be transported to various regional hubs, where basic sample preparation will take place. The samples 

will then be transported to the delegated laboratory at ARC-Soil, Climate and Water in Pretoria, South 

Africa (ARC-SCW) for analysis. 

Three different levels of analysis will be carried out, namely: 

• Spectral analysis (mid infra-red or MIR, 4000-400 cm-1) on all 20 000 samples. 

• Traditional “wet chemistry” analyses (as per LUCAS protocols) on a selected subset of 

between 2 000 and 3 000 samples for most wet chemical properties and more for properties 

that predict less well with spectroscopy (for example P, K) as specified in the Grant 

Agreement. 

• Among the 20 000 locations, 250 “reference sites” will be selected where soil profiles will be 

excavated, described, classified, and sampled in more detail, including topsoil and subsoil 

horizons. 

The wet chemistry analysis results will also be used as correlation data with the spectral data results. 

This document supplies information on the types of analyses that will be performed, including 

protocols, equipment and any other critical information. This includes training requirements as well 

as the procedure to relate the wet chemistry with the spectroscopy results. 

 

1.1 Soil sample import regulations 

The South African Department of Agriculture, Land Reform and Rural Development (DALRRD), which 

regulates all aspects of agriculture in South Africa, has a legislative Requirement that all soil samples 

imported into South Africa must be accompanied by an approved certificate. This is in terms of the 

South African “Provisions of the Agricultural Pests Act”, 1983 (Act No. 36 of 1983). However, there 

is only one permit required per year for the Soils4Africa project, and must be obtained at least 30 

days before delivery of any samples. The cost of the certificate is US$20 and will be the responsibility 

of ARC in Pretoria. 

 

1.2 Soil sample receiving and handling 

It is anticipated that the soil samples will be received from the various hubs in batches at regular (or 

possibly irregular) intervals. This could be affected by delays in the fieldwork phase caused by the 

Covid-19 situation in various countries. 

The official commencement date of the project was 01-06-2020 (Month 1). The approved schedule 

for the delivery and analysis of the samples (specified in the Grant Agreement) is as follows: 
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Sample Delivery: 

Month 24 25% of the 20 000 samples delivered 

Month 28 50% of the 20 000 samples delivered 

Month 32 75% of the 20 000 samples delivered 

Month 36 100% of the 20 000 samples delivered 

 

Analysis: 

Month 28 25% of the 20 000 samples analyzed 

Month 32 50% of the 20 000 samples analyzed 

Month 36 75% of the 20 000 samples analyzed 

Month 40 100% of the 20 000 samples analyzed  

 

On receipt of each batch, the number of samples, and the registration number of each one, will be 

cross-checked with the reference list or other soil registration document provided by the respective 

hub coordinator, for correctness. Once this has been established, the samples will be processed for 

preparation and analysis. 

The unique sample registration number will be used throughout the analysis phase, to ensure that 

all applicable soil analytical data are attached to the correct sample. 

 

2. Spectroscopy 
 

Principle 

Diffuse reflectance spectroscopy involves illuminating samples with light and capturing diffuse 

reflected light in various ranges of the electromagnetic spectrum. These ranges include visible (390 

– 780 nm), near infrared (NIR, 780 - 2500 nm) and the mid infrared range (MIR, 2500 – 25000 

nm or 4000 – 400 cm-1). The recorded spectrum bears the qualitative and quantitative chemical 

aspects relating to the mineral and organic composition of the sample. Soil properties measured in 

the laboratory using conventional analytical methods (reference analyses) can be calibrated to the 

spectral signatures. A spectral library is a calibration dataset containing both spectral and wet 

chemistry reference measurements of the same samples. A spectral calibration model for a soil 

property can be derived from this spectral library. The model can then be applied to a spectrum of a 

new sample to estimate the soil property of that sample.  

Equipment 

The Soils4Africa project will use a Bruker Alpha MIR spectrometer to measure all soil samples and 

investigate various soil parameters at the ARC lab. A subset of samples will be measured at ICRAF 

with a Bruker Tensor MIR spectrometer with a high throughput screening accessory. If budget allows, 

a subset of the samples will be measured with NIR equipment to align with the LUCAS soil spectral 

library. Samples will be finely ground prior to MIR spectral analysis with the standard equipment 

available at the ARC and ICRAF labs. 

Procedure 

Soil spectroscopy is a method that is now applied globally. Much of the knowledge gained in 

spectroscopy in Africa stems from the work by ICRAF, for example, in the AfSIS projects. Generally, 

organic and inorganic carbon, nitrogen, pH, exchangeable bases and soil texture give good prediction 

https://doi.org/10.1255/jnirs.716
https://www.worldagroforestry.org/sd/landhealth/soil-plant-spectral-diagnostics-laboratory
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performance, while micronutrients are fairly well predicted except for Boron, Zinc and Sulphur, which 

are poor. Phosphorus (P) has remained difficult to predict. Table 1 below gives a summary of the 

accuracy of a subset of the AfSIS data. 

 

Table 1.  Prediction model performance summary for holdout set which is 30 percent of the 

calibration data set; n = 1,907. The samples are from the AfSIS1 set where samples were collected 

from 60 sentinel sites distributed in 19 countries. 

Property  Unit  R2 RMSE RPD  RPIQ 

Total C  % by weight 0.95  0.30  4.15  3.50 

Acidified C  % by weight  0.95  0.28  4.28  3.53 

m3 Ca  mg/kg 0.94 788.46 3.82 1.73 

Total N  % by weight  0.93  0.02  3.53  3.10 

m3 Mg  mg/kg 0.93 103.42 3.76 3.28 

m3 Al  mg/kg 0.92 127.31 3.43 4.57 

pH  - 0.89 0.37 2.81 3.08 

PSI  -  0.88 26.43 2.60 2.61 

Exch. Bases  cmol+/kg  0.88  6.70  2.70  1.66 

Sand  % by volume 0.86 9.69 2.49 4.19 

Clay  % by volume 0.86 9.07 2.47 4.30 

Silt  %  volume 0.80 4.42 1.97 2.63 

Exch. Acidity cmol-/kg  0.74  0.29  1.64  1.32 

m3 Mn  mg/kg 0.72 54.80 1.59 1.89 

m3 B  mg/kg 0.72 0.90 1.46 0.24 

m3 Fe  mg/kg 0.66 45.34 1.28 1.55 

m3 Cu  mg/kg 0.59 1.27 1.10 1.52 

m3 Na  mg/kg 0.55 893.87 0.99 0.03 

m3 K  mg/kg 0.52 183.56 0.88 0.65 

m3 S  mg/kg 0.51 162.74 0.86 0.10 

m3 P  mg/kg 0.49 21.79 0.77 0.32 

Elec. Cond.  dS/m 0.35 0.28 0.66 0.13 

m3 Zn  mg/kg 0.25 1.59 0.50 0.44 

(Source: ICRAF) 

RMSE = Root Mean Square Error 

RPD = Ratio of Performance to Deviation (calculated as the ratio between the standard deviation of 

a variable and the standard deviation error of prediction of that variable by a given model) 

RPIQ = Ratio of Performance to Interquartile Distance (calculated as the interquartile range of the 

observed values divided by the RMSE or prediction) 

• Models with R2 <0.6 should generally not be used for prediction, however what is an acceptable 
level of accuracy depends on the application.                                                                                                                                                                                 

• Models with RPD values <2 should also not generally be used. 
• The larger the RPIQ value, the better prediction accuracy 

 

For the properties where the prediction power of the spectral models is limited, as indicated with the 

guideline above (R2<0.6, RPD<2), more samples will be analysed progressively with wet chemistry 

lab methods in an attempt to increase the predictive power of the spectral models. 
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For lab spectral measurements in the Soils4Africa project, the Standard Operating Procedures of 

ICRAF1 and or GLOSOLAN2[1] will be used when harmonised. This will ensure that the resulting dataset 

can be used in conjunction with the African Soil Spectral Library of ICRAF and the Global Soil Spectral 

Calibration Library of GLOSOLAN.  

The procedure includes: 

• Subsample the air-dried 2 mm sieved soil sample for spectral analysis 

• Finely grind the sample to specified size (less than 0.05 mm) 

• Run quality checks on the Alpha spectrometer (measuring standards, controlling 

environmental conditions etc.) 

• Load the sample in the steel sampling cup of the spectrometer 

• Perform the measurements according to SOP specifications 

• Perform quality check on results 

• Store the spectrum in the database with the accompanying metadata 

• Wet chemistry is performed on another sub-sample of the same original sample. 

 

ICRAF SOP’s can be found here (https://www.worldagroforestry.org/sd/landhealth/soil-plant-

spectral-diagnostics-laboratory/sops) 

3. Wet Chemistry 

 

This set of analytical procedures addresses both physical and chemical soil properties that are to be 

determined. It was decided that, due to the time and costs involved, neither bulk density nor clay 

mineralogy would be included in the analysis package for the Soils4Africa project. 

The specific parameters, as well as the methods that are used to do the analysis, have been selected 

to be compatible with the LUCAS initiative (Toth et al., 2013).  

The determinations include: 

Physical 

• Coarse fragment component (% soil material larger than 2 mm) 

• Particle size (seven fractions) 

Chemical 

• pH (H2O and CaCl2) 

• Electrical Conductivity (EC) 

• Organic Carbon 

• Carbonate Content 

• Phosphorous content 

• Phosphorous sorption 

• Total Nitrogen content 

• Cation Exchange Capacity (CEC) and Exchangeable Cations (Ca, Mg, Na, K) 

• Micronutrients (Zn, Mn, Cu, Co, B) 

• Heavy Metals (As, Cd, Co, Cr, Cu, Hg, Ni, Pb, Sb, V, Zn) 

• Pesticide residues (multiple compounds) 

 
 

1 Method for analysing samples for spectral characteristics in Mid IR range using 

Alpha.pdf (worldagroforestry.org) 
2 http://www.fao.org/global-soil-partnership/glosolan/soil-analysis/dry-chemistry-

spectroscopy/en/ 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=nl%2DNL&wopisrc=https%3A%2F%2Fwageningenur4-my.sharepoint.com%2Fpersonal%2Fmary_steverink-mosugu_wur_nl%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F33d554dec2854f55b24ab07e44b3c153&wdlor=c86A93716%2d51ED%2d46ED%2d97D7%2dA9AEE02A63B3&wdenableroaming=1&mscc=1&wdodb=1&hid=C329C99F-205E-2000-D566-CAF4CA4B5F02&wdorigin=Other&jsapi=1&jsapiver=v1&newsession=1&corrid=fc938446-ec7e-4c51-992d-1479cb8bce67&usid=fc938446-ec7e-4c51-992d-1479cb8bce67&sftc=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ftn1
https://www.worldagroforestry.org/sd/landhealth/soil-plant-spectral-diagnostics-laboratory/sops
https://www.worldagroforestry.org/sites/agroforestry/files/Method%20for%20analysing%20samples%20for%20spectral%20characteristics%20in%20Mid%20IR%20range%20using%20Alpha.pdf
https://www.worldagroforestry.org/sites/agroforestry/files/Method%20for%20analysing%20samples%20for%20spectral%20characteristics%20in%20Mid%20IR%20range%20using%20Alpha.pdf
http://www.fao.org/global-soil-partnership/glosolan/soil-analysis/dry-chemistry-spectroscopy/en/
http://www.fao.org/global-soil-partnership/glosolan/soil-analysis/dry-chemistry-spectroscopy/en/
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The LUCAS specifications regarding these parameters are given in Table 1 below. 

Table 1a. Core parameters  

Parameter Unit Decimals Method/Standard 

Basic soil parameters 

Coarse fragments  % 0 ISO 11464:2006 

Particle size distribution (FAO, 2006) - - ISO 13320:2009 

Clay content < 0.002 mm % 1  

Silt Content 0.002–0.063 mm % 1  

Sand Content 0.063–2 mm % 1  

pH in CaCl2  - 1 ISO 10390:1994 

pH in H2O  - 2 ISO 10390:1994 

Electrical conductivity (EC) mS/m 2 ISO 11265:1994 

Organic carbon (OC) g/kg 1 ISO 10694:1995 

Carbonate content (CaCO3) g/kg 0 ISO 10693:1995 

Phosphorus (P) content                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         mg/kg 1 ISO 11263:1994 

Total nitrogen (N) content  g/kg 1 ISO 11261:1995 

Cation Exchange Capacity (CEC) and 
Exchangeable Cations (Ca, Mg, Na, K) 

Cmol(+)/kg 1 ISO 11260:2018 

Exchangeable Acidity Cmol(+)/kg 1  

Oxalate extractable iron and aluminium mg/g 1 
Ross and 
Wang, 1993 

Pesticide residues* mg/kg 3 

 JRC-EU LUCAS 

2018 SOPs, 
validation conform 
SANTE/12682/2019 

*in the  250 reference sites and 50 “Hotspot” areas 

Table 1b. Core parameters                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Parameter Unit Decimals                          

Heavy Metals 

Digestion of samples - - 
ISO 11466: 1995 or 

equivalent*  

From digested samples:    

Arsenic (As) 
                                                                                                         

mg/kg 
1 EPA Method 6020A:2007                                                                                                                   

Cadmium (Cd) mg/kg 1 EPA Method 6010C:2007                                                                                 

Cobalt (Co) mg/kg 1 EPA Method 6010C:2007 

Chrome (Cr) mg/kg 1 EPA Method 6010C:2007 

Copper (Cu) mg/kg 1 EPA Method 6010C:2007                                                                  

Mercury (Hg) mg/kg 1 EPA Method 6020A:2007 

Nickel (Ni) mg/kg 1 EPA Method 6010C:2007 

Lead (Pb) mg/kg 1 EPA Method 6010C:2007 

Antimony (Sb) mg/kg 1 EPA Method 6020A:2007 

Vanadium (V) mg/kg 1 EPA Method 6020A:2007 

Zinc (Zn) mg/kg 1 EPA Method 6010C:2007 
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To provide a first assessment of soil pollution in Africa, all 20 000 samples will be analyzed for heavy 

metals using a smart combination of handheld XRF-scanner (if available within the budget or 

operational requirements of the project) and laboratory analysis (ICP). The steps and procedures of 

each determination are given below.  
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3.1 Coarse Fragment Component 

 

Principle 

Soil samples are dried in drying room at temperature of 40 °C from the registration until the sample 

preparation. The samples are crushed and then sieved. The fraction of smaller than 2 mm is used 

for required analysis. 

Equipment 

• Balance, accurate to 0.1 g 

• Sieve with 2 mm slots 

• Crusher, rotary crusher 

• Plastic trays 

 

Procedure 

• Place the soil samples (spread on plastic tray with proper identification) in drying room with 

a temperature not exceeding 40 °C.  

• Based on experience the required time for drying process is 3-4 days. 

• Weigh the mass of dried soil sample (m1). 

• Remove extraneous matter (e.g. stone, rests of plants, fragments of glass and rubbish). 

• Crush the soil samples and then sieve. The aperture size of sieve applied is 2 mm. Weigh the 

mass of portion with particle size < 2 mm (m2). 

• The sample shall be homogenized after any separation sieving, crushing or milling operation 

has been carried out. 

 

Calculation 

Coarse fragment content is calculated as a difference between total mass of dried soil (m1) and 

portion of soil with particle size smaller than 2 mm (m2). 

 

𝑐𝑜𝑎𝑟𝑠𝑒 % =  
𝑚1 − 𝑚2

𝑚1
× 100 

where  m1 is the mass of the dried soil sample in g 

 m2 is the mass of the portion with particle size < 2 mm in g 

 

3.2 Particle size 

 

The particle size of the soil samples will be determined by the pipette method, for seven fractions, 

as follows: 

 

• Coarse sand 2.0 – 0.63 mm 

• Medium sand  0.63 – 0.25 mm 

• Fine sand 0.25-0.106 mm 

• Very fine sand 0.106 – 0.05 mm 

• Coarse silt 0.05 – 0.02 mm 

• Fine silt  0.02 – 0.002 mm 

• Clay  <0.002 mm 

 

From this determination, any other determination (e.g., sand, silt & clay) may be calculated. 

See Section 35 of the Annexure: “Handbook of Standard Soil Testing Methods for Advisory Purposes”. 
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3.3 pH in CaCl2 and in H2O 

 

Principle 

The suspension of soil is made up by giving 5 times its volume of water for pH in H2O and 0.01 

mol/dm3 solution of calcium chloride for pH in CaCl2. The pH value of suspension is measured using 

a glass electrode connected to pH-meter. 

 

Equipment 

• pH-meter and glass-electrode 

• Sample containers 

• Spoon, 5 cm3 

• Dispensers, 30 cm3 

 

Reagents 

• Water, EC < 0.2 mS/m and pH > 5.6 

• Calcium chloride solution c = 0.01 mol/dm3 

• Buffer solutions to calibrate the pH-meter pH = 4.00 and pH = 10.00 

• Buffer solutions to check the pH-meter pH = 2.00, pH = 7.00 and pH = 9.22 

 

Procedure 

• Take a test portion of 5 cm3 of air-dried soil samples. 

• Place the test portion into a container and add 25 cm3 water or calcium chloride solution. 

• Shake suspension vigorously for 5 minutes and leave it overnight. 

• Measure this suspension within 24 h. 

• Calibrate the pH-meter with buffer solutions of pH = 4.00 and pH = 10.00. 

• Buffer solutions and soil suspensions are stored in the same room overnight, so that the 

difference in temperature is lower than 1 ºC. 

• Shake the suspension just before the measurement then let it settle. 

• Measure the pH in settled suspension. Read the pH value after stabilization and record 

it. 

 

3.4 Electrical Conductivity 

 

Principle 

Air-dried soil is extracted with water at 20 °C ± 1 °C at an extraction ratio of 1:5 (m/V), to dissolve 

the electrolytes. The specific electrical conductivity of the filtered extract is measured, and the result 

is corrected to a temperature of 25 °C. 

 

Equipment 

• Conductivity meter 

• Balance, accurate to 0.001 g 

• Shaking machine 

• Shaking bottles, 250 cm3  

• Filter paper 

 

Reagents 

• Water, electrical conductivity is not higher than 0.2 mS/m at 25 °C 

• Potassium chloride solutions, 0.1 mol/l; 0.020 mol/l; 0.010 mol/l 

•  

Procedure 

• Weigh 20.00 g of the laboratory sample into a shaking bottle.  
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• Add 100 ml of water at a temperature of 20 °C ± 1 °C. 

• Shake the bottle for 30 minutes in a shaking machine. 

• Filter directly through a filter paper. 

• Measure the electrical conductivity of the filtrates according to the instructions provided by 

the manufacturer of the conductivity meter with the temperature corrected to 25 °C.  

• Perform the extraction with a blank sample. (The electrical conductivity of the blank sample 

shall not exceed 1 mS/m). 

 

3.5 Organic Carbon 

 

Principle 

The carbon present in the soil is oxidized to carbon dioxide by heating the soil to 900 °C in a flow of 

oxygen-containing gas that is free from carbon dioxide. The amount of carbon dioxide released is 

then measured by a thermal conductivity detector in a CNS analyser. When the soil is heated to a 

temperature of 900 °C, any carbonates present are completely decomposed.  

 

The determination of the organic carbon (OC) content is based on the calculation of the difference 

between the total carbon content and the inorganic carbon content (from the carbonate content 

determined according to ISO 10693:1995 (descriptions in section 3.2.7)) using the formula described 

in the standard.  

 

Equipment 

 

• Balance, accurate to 0.0001 g 

• Elemental Analyzer 

 

Reagents 

1. Aspartic acid 

 

Procedure 

2. Determine the daily factor by running 250-300 mg aspartic acid for three times. 

3. Weigh 0.5 g of the air-dried sample in a crucible. Carry out the analysis in accordance with 

the manufacturer’s manual for the apparatus. 

4. Based on the calibration and sample weight, the software of the instrument provides the total 

carbon content expressed in g/kg (TC). In case of results that are lower than the lower 

detection limit, the test shall be repeated with higher amount of sample (1 g). In case of 

results are higher than the upper detection limit, the test shall be repeated with lower 

amount of sample (0.25 g) and analysis repeated accordingly. 

 

Calculation 

 

Organic carbon content is a calculated amount from the difference of total and inorganic carbon 

content of the sample by formula below. 

𝑂𝐶 = 𝑇𝐶 − 𝑇𝐼𝐶 

𝑇𝐼𝐶 = 0.12 × 𝑐𝐶𝑎𝐶𝑂3
 

 

𝑂𝐶 =
𝑇𝐶 − 0.12 × 𝑐𝐶𝑎𝐶𝑂3

𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 %
× 100 

 

where  OC is the organic carbon content in the air-dried soil sample in g/kg 

 TC is the total carbon content measured in g/kg 

 TIC is the total inorganic carbon content in g/kg 

 3CaCOc
is the carbonate content measured in g/kg 
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3.6 Carbonate Content 

 

Principle 

Hydrochloric acid is added to the soil sample to decompose any carbonates present. The volume of 

the carbon dioxide produced is measured by using Scheibler apparatus and compared with the 

volume of carbon dioxide produced by pure calcium carbonate. The determination should be carried 

out in a temperature-controlled room. 

 

Equipment 

• Scheibler apparatus, adapted for carrying out determination of 10 samples 

simultaneously 

• Balance, accurate to 0.001 g 

• Reaction vessels, 250 cm3 with wide neck 

• Glass cups, about 10 cm3, which can pass through the neck of the reaction vessel 

• Watch glass 

 

Reagents 

• Hydrochloric acid c = 4 mol/dm3 

• Calcium carbonate 

 

Procedure 

• For a preliminary test, add some hydrochloric acid to a portion of the soil on a watch glass. 

The carbonate content of the sample can be estimated on the basis of the intensity and time 

of effervescence. 

• Weigh a representative test portion of 1-10 g (m1). 

• Transfer this amount quantitatively into the reaction vessel and add 20 cm3 of water.  

• Also weigh the standard of 0.200 g calcium carbonate (m2), transfer this amount 

quantitatively into the reaction vessel and add 20 cm3 of water.  

• For the blank determination, use reaction vessels containing 20 cm3 of water. 

• Fill the glass cups with hydrochloric acid and place this in the reaction vessel containing the 

test portion.  

• Fill the burette with water using pump, close reaction vessel and equilibrate the level of water 

in tubes using the stopcocks. Close the stopcocks so to form a closed-system between burette 

and vessels. 

• Carefully add the hydrochloric acid to soil. Start shaking and after 5 minutes read the volume 

of gas formed (V1). 

• Perform the test with standard samples and record volume (V2). Also record the volume of 

blank determinations (V3). 

 

Calculation 

𝑐𝐶𝑎𝐶𝑂3
= 1000 ×

𝑚2 × (𝑉1 − 𝑉3)

𝑚1 × (𝑉2 − 𝑉3)
×

100

𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 %
 

where  m1 is the mass of the sample in g 

 m2 is the mass of the standard calcium carbonate in g 

 V1 is the volume of the formed gas from the sample in ml 

 V2 is the volume of the formed gas from the standard in ml 

 V3 is the volume of the formed gas for the blank sample in ml 

 

3.7 Phosphorous 

 

Principle 

Soil samples are treated with sodium hydrogen carbonate solution at pH = 8.5 to reduce the 

concentration of calcium, aluminium and iron (III) ions by precipitation of calcium carbonate and 
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aluminium and iron (III) hydroxides and to release phosphate ions into solution. The clear extract is 

analysed for phosphorus by a spectrophotometric method involving the formation of an antimony-

phosphate-molybdate complex reduced with ascorbic acid to form a deep-coloured, blue complex. 

 

Equipment 

• Balance, accurate to 0.001 g 

• Shaker 

• Shaking bottles, 500 cm3 

• pH meter 

• Spectrophotometer and optical cells 

 

Reagents 

• Sodium hydroxide solution, 1 mol/dm3 

• Sodium hydrogen carbonate solution, 0.5 mol/dm3; pH = 8.5 

• Carbon, activated, phosphorus-free (descriptions see in section 4.1.8) 

• Sulphuric acid, 5 mol/dm3 

• Potassium antimony (III) oxide tartrate solution, 0.5 g/dm3 

• Sulpho-molybdic reagent 

Add cautiously 278 cm3 ± 5 cm3 concentrated sulphuric acid to 400 cm3 water while stirring 

continuously. Cool to 50 °C. Add 49.08 g ± 0.01 g ammonium heptamolybdate tetrahydrate and stir 

until dissolved. Cool to 20 °C ± 5 °C and make up to the mark with water.  

• Potassium antimony (III) oxide tartrate solution, 0.5 g/dm3 

• Colour reagent 

Dissolve 1.0 g ± 0.01 g ascorbic acid in 525 cm3 of water, then add 10 cm3 dilute sulphomolybdic 

reagent, 15 cm3 dilute sulphuric acid and 50 cm3 potassium antimony (III) oxide tartrate solution. 

Mix well. (This reagent must be used within 30 min following of preparation.) 

• Sodium thiosulphate solution, 12 g/dm3 

• Sodium metabisulphite solution, 200 g/dm3 

• Potassium dihydrogen phosphate standard stock solution (450 mg/dm3 phosphorus), and 

standard solutions (0, 0.45, 2.25, 4.5 and 9.0 mg/dm3 phosphorus) 

 

 

Procedure 

Extraction: 

Weigh 2.5 g ± 0.01 g of pre-treated soil into a 250 cm3 flask. Add 0.5 g phosphorus-free, activated 

carbon and 50 cm3 ± 0.5 cm3 extracting solution. 

Stopper the flask and place it immediately on the shaker. Shake for exactly 30 min at 20 °C ± 1 °C. 

Once shaking ended, filter immediately (in 1 min) into a dry vessel of 100 cm3 using phosphorus-

free paper. 

Prepare a blank by following the above procedure excluding soil. 

Colour development: 

Into a set of 50 cm3 volumetric flasks, transfer 5.00 cm3 of either blank solution or soil extract or 

standard solutions. Carefully add 0.5 cm3 of 5 mol/dm3 sulphuric acid solution to flasks and gently 

swirl to liberate carbon dioxide. Add 4.0 cm3 sodium metabisulphite solution and 6.0 cm3 sodium 

thiosulphate solution. Stopper the flask immediately, mix well and wait for 30 min. Then add 30 cm3 

of colour reagent, make up to the mark with water, stopper the flask and mix well. Wait for 60 min 

to allow the colour to develop. 

Measurement: 

Measurement shall be carried out at 880 nm by spectrophotometer. 

 

Calculation 

𝑐𝑃 =
(𝑐 − 𝑐𝑏𝑙𝑎𝑛𝑘) × 𝑑

𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 %
× 100 

 

where  c is the calculated concentration of phosphorous of the extract in mg/l 

 d is the dilution factor of the soil (if required) 
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 cblank is the concentration of phosphorous of blank in mg/l 

 cP is the corrected concentration of phosphorous of oven dried soil in mg/kg 

 

3.8 Nitrogen 

 

Principle 

The method is based on the Kjeldahl-digestion using titanium dioxide as catalyst. The following 

procedure specifies a method for the determination of the total nitrogen (ammonium-N, nitrate-N, 

nitrite-N and organic N) content of soil. Nitrogen in N-N linkages, N-O linkages and some 

heterocyclics (especially pyridines) is only partially determined. 

 

Equipment 

• Balance, accurate to 0.001 g 

• Digestion tubes of nominal volume, 50-200 cm3 

• N-Analyzer Instrument  

 

Reagents 

• Salicylic acid/sulphuric acid 

25 g of salicylic acid in 1 dm3 of concentrated sulphuric acid 

• Potassium sulphate catalyst mixture 

200 g potassium sulphate mixed with 6 g copper sulphate pentahydrate and 6 g titanium dioxide 

• Sodium thiosulphate pentahydrate 

• Sodium hydroxide, 10 mol/dm3 

• Boric acid solution, 20 g/dm3 

• Mixed indicator  

Dissolve 0.1 g bromocresol green and 0.02 g of methyl red in 100 cm3 ethanol 

• Sulphuric acid, 0.025 mol/dm3 

 

Procedure 

• Place a test portion of air-dried soil sample of about 0.5 g (m) in a digestion flask. Add 10 

cm3 salicylic/sulphuric acid and swirl the flask until the acid is thoroughly mixed with the soil. 

Allow the mixture stand for overnight. Add 0.5 g of sodium thiosulphate and heat the mixture 

cautiously on the digestion stand until frothing is ceased. 

• Then cool the flask, add 1.1 g of the catalyst mixture and heat on not higher than 400 °C for 

1-2 h, until the mixture becomes clear. 

• After digestion, allow the flask cool and add about 10 cm3 of water slowly while shaking. 

Transfer the content into the distillation apparatus. 

• Distillation is carried out by Kjeldhal system, which also includes automatic titration 

apparatus.  

• At the beginning of each measurement cycle perform runs with blank tubes and record the 

amount of sulphuric acid consumed (V0).  

• Weigh 0.020 g ammonium sulphate into tubes, perform runs and record the amount of 

sulphuric acid (Vf). 

• Carry out a blank test in which the same procedure is performed without soil. Notify the 

consumption of sulphuric acid in the blank test (Vblank) and in the tests of the soil samples 

(V). 

 

Calculation 

(𝑉 − 𝑉𝑏𝑙𝑎𝑛𝑘) ×
(𝑉𝑓 − 𝑉0) × 132

0.02 × 1000
×

2 × 0.025
𝑚

× 0.025 × 14

𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 %
× 100 

 

where V is the volume of the sulphuric acid used in the titration of the sample in ml 

 Vblank is the volume of the sulphuric acid used in the blank test in ml 

 Vf is the volume of the sulphuric acid used in the titration of the ammonium sulphate in ml 

 V0 is the volume of the sulphuric acid used in the titration of the blank tube in ml 
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 m is the mass of the sample in g 

 

 

3.9 Cation Exchange Capacity (CEC) and Exchangeable Cations 

 

The ammonium acetate method is used to determine extractable cations Calcium (Ca2+), Magnesium 

(Mg2+), Potassium (K+) and Sodium (Na+) in soils, reflecting the nutrient status. 

 

See Section 8 of the Annexure: “Handbook of Standard Soil Testing Methods for Advisory Purposes”. 

3.10 Exchangeable Acidity 

 

The procedure outlined by McLean (1965) with modifications set out below, was used.  A 10 g soil 

sample was shaken with 70 cm3 mol/litre KCl solution in a 100 cm3 slopy neck plastic bottle on a 

reciprocating shaker at a minimum of 180 oscillations per minute for 1 hour. The suspension was 

filtered through Whatman No. 2V filter paper into a 500 cm3 Erlenmeyer flask and washed with an 

additional 30 cm3 1 mol/litre KCl solution. Total exchangeable acidity was determined on the KCl 

extract by titration with 0.1 mol/litre NaOH.  Excess NaF was added to the titrated solution and the 

OH- ions so released were titrated with 0.1 mol/litre HCl to determine exchangeable aluminium. In 

both titrations phenolphthalein was used as indicator. 

3.11 Oxalate Extractable Iron and Aluminium 

 

Defined in Section 12.2 of the ISRIC “Procedures for Soil Analysis”, attached as an Appendix. 

 

3.12 Heavy Metals 

 

These include Arsenic (As), Cadmium (Cd), Cobalt (Co), Chrome (Cr), Copper (Cu), Mercury (Hg), 

Nickel (Ni), Lead, (Pb), Antimony (Sb), Vanadium (V) and Zinc (Zn). 

Principle 

The soil samples are digested in an acidic medium in microwave digestion equipment and the 

resulting acidic digest is used for the determinations by an inductively coupled plasma-optical 

emission spectrometer (ICP-OES) or an inductively coupled plasma - mass spectrometer (ICP-MS) 

on the specific wavelengths or mass / charge (m / z) ratio for each element. 

Equipment 

• Microwave digestion equipment 

• Polyethylene centrifuge tubes, 50 cm3 

• Balance, accurate to 0.001 g 

• Inductively coupled plasma – optical emission spectrometer (ICP-OES)  

• Inductively coupled plasma – mass spectrometer (ICP-MS) 

 

Reagents 

• Nitric acid 65% 

• De-ionized water 

• Standard stock solutions 

 

Procedure 
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• Weigh 0,800-0,900 g of each soil sample into the bombs belonging to the microwave 

digestion equipment to the nearest 0.1 g, add 1.0 ml of deionized water, 4.0 ml of cc. nitric 

acid (65%). The bombs are then sealed, and the samples are digested by a microwave 

destructor set according to the method.  

• After the destruction of the samples, wash with deionized water to a final volume of 20.0 

ml. Prepare a blank at the same time as the test. Blank sample: 5.0 ml nitric acid (65%) + 

15.0 ml deionized water. 

• Perform the mass calibration and check the solution over the measured mass range. 

• Calibrate the instrument for the element to be tested, calibration blank and calibration 

standards as described by the manufacturer. For each calibration solution and sample, give 

the average of the three measurement results.  

• Prepare the device for the measurement according to the manufacturer's instructions. First 

allow the device to stabilize for 30 minutes before measuring, especially the tuning solution 

by successive, mainly four - fold measurements (relative standard deviations ≤ 5%) to 

verify that the instrument is suitable for measurement. Calibrate the instrument for the 

element to be tested as described above.  

• Flush the system with the blank solution before starting the analysis and measuring the 

samples. Spray the sample into the plasma until equilibrium is reached (about 30 seconds). 

• Weigh back the calibration control sample and calibration blank solution every 10 samples. 

In case the sample concentration is outside the analytically relevant line range, dilute the 

sample and re-analyze. 

 

Calculation 

𝑊 (𝑚𝑔 𝑘𝑔⁄ ) =
(𝐶1 − Cb1) × 𝑉1 × 𝐷

𝑚
 

where, 

C1 - reading of the element content of the test solution from the calibration curve (mg/l) 

Cb1 - concentration of blank solution read from the calibration curve (mg/l) 

V1 - final volume of sample solution to be tested (ml) 

m - mass of the measured sample (g) 

D – dilution factor 

 

3.13 Pesticide residues 

Pesticide residues will be analysed in the soils from the 250 reference sites and 50 other, hotspot 

areas. These analyses will be conducted in Wageningen University & Research laboratories, in the 

Netherlands. WUR has an extensive analytical infrastructure and experience in the development and 

application of ultra-trace target and non-target analytical methods.  

Different extraction and analytical methods will be used in each of these 300 soil samples to cover 

multiple synthetic active substances and their main metabolites. The list of analytes will be defined 

based on authorised pesticides, pesticide use and sales data, and (co)occurrence data of pesticide 

residues in soils and other environmental matrices from literature. Depending on the size of this list, 

a step-by-step approach may be used to shorten it to ~100 residues - the burden of validation and 

analytical quality control increases with the number of pesticides in a method. 

Preference will be given to multi-residue methods, that involve a generic extraction and clean-up 

(typically QuEChERS), followed by analysis using liquid or gas chromatography combined with mass 

spectrometric detection (LC-MS/MS and GC-MS/MS). In addition, a single-residue method will be 

used to analyse glyphosate and its main metabolite AMPA, that due to their particular physical 

chemical properties are not amenable to generic multi-residue methods. The SOPs developed for the 

LUCAS 2018 topsoil samples will be used as default in African soil samples. See chemicals and 

reagents, equipment, procedure, and calculations of the following SOPs in the appendixes. 



Soils4Africa D3.4 | Guidance for the laboratory analysis 

 

19 
This project has received funding from the 

EU Horizon 2020 Research and Innovation Programme  

under Grant Agreement 862900. 

a. SOP-A-1347: Soil - Pesticides - LC-MSMS 

b. SOP –A-1348: Soil - Glyphosate and AMPA - LC-MSMS 

c. SOP-A-1361: Soil – Multimethod Pesticides – GC-MSMS4. Laboratory Protocols 

 

4. Laboratory Protocols 
 

4.1 Health and Safety 

The laboratory at ARC-SCW is subject to a number of Health & Safety conditions. Firstly, the South 

African Occupational Health and Safety Act (Act No. 85 of 1993) defines basic requirements and 

practices that are applicable to any workplace. This includes such aspects as fire prevention, access 

control, ventilation and a host of safe working conditions. Most important of these in a laboratory is 

the safe storage, handling and disposal of chemicals. 

Secondly, the laboratory is subject to the ARC’s own health and safety protocols, and there is a 

dedicated ARC health and safety practitioner, who performs regular inspections to ensure that the 

laboratory continually adheres to requirements of the Act. 

Thirdly, there are a number of provisions made by the organization SANAS (South African National 

Accreditation System) in terms of health and safety, all of which have to be met before any laboratory 

can receive SANAS accreditation. 

 

4.2 Training Requirements 

The staff at the laboratory at ARC-SCW are experienced in most aspects of soil analysis, and it is 

anticipated that only limited training (mainly concerning perusal of analytical methods, as specified 

by LUCAS), will be required. If necessary, some analyses of existing samples from ARC’s sample 

archive will be carried out to evaluate some of these procedures, as and when it is deemed necessary. 

Training in spectroscopy will be required, as ARC has no prior experience in this area and one of the 

aims of the project is capacity building. A dedicated soil researcher (Mr Lebea Maribeng) has been 

identified and he will be supported by two technicians. As soon as the equipment is delivered, training 

will start. It will initially be provided by Bruker South Africa, but ICRAF have been contracted to 

provide continuous training and mentoring on aspects that include: sample preparation and 

equipment maintenance; analysis protocols using ICRAF SOPs; result quality and database structure. 

 

4.3 Quality Control 

Quality control, in the sense of soil analysis, is a vital component in ensuring that the results provided 

are of the highest possible standard, in terms both of procedures and accuracy.  

For the preparations and the general laboratory environment, various aspects will be addressed, 

using the approved parameters of assessment. These include: 

• Regular calibration of instruments prior to and during operation 

• Reliability and repeatability of sample preparation procedures 

• Status of gas and water supply 

• Quality of chemicals, reagents and calibration blanks 

• Calibration and maintenance of volumetric, weighing and other small apparatus 
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• Environmental conditions (laboratory temperature and humidity). 

 

The principle is that a selection of duplicate samples is provided to one or more external organizations 

where the same determinations are carried out. The results of this action will enable the laboratory 

in question to assess how successful its procedures are, and how well the results compare with the 

external organizations. 

4.3.1 Proficiency Testing Schemes 

The laboratory at ARC belongs to two quality control schemes. The first one is administered by 

AgriLASA (the Agricultural Laboratory Association of Southern Africa) and involves a series of 

reference soil samples being delivered to ARC on a quarterly basis. These samples are analyzed for 

a number of elements and the results are sent to AgriLASA. In this way, any laboratory can see how 

it compares to the overall average, as well as be informed where any outliers (results outside the 

accepted tolerance levels) occur, so that corrective measures can be taken. Approximately 70 

laboratories in southern Africa belong to AgriLASA. 

In addition, the ARC laboratory belongs to the WEPAL proficiency testing scheme, administered by 

the Wageningen University & Research, Netherlands. As is the case for AgriLASA, reference samples 

are provided several times per year and the results are supplied to WEPAL for quality assessment 

and feedback. This scheme involves several hundred laboratories from all over the world. 

4.3.2 Internal Soils4Africa Quality Control 

Selected soil samples will be sent to other Soils4Africa partners for quality control. These will include 

ICRAF (Kenya) for spectroscopy as well as SGS in Hungary and ISRIC (Netherlands) for wet chemistry 

analyses. 

Firstly, subsets of all reference samples will be sent to ICRAF’s Soil-Plant Spectral Diagnostics 

Laboratory for measurement on high-throughput FT-MIR, standard FT-MIR and FT-NIR 

spectrometers, both for quality control and to ensure that the new Soils4Africa spectra are compatible 

with the existing ICRAF/AfSIS calibration libraries.  

Secondly, subsets of samples to be analysed with wet chemistry will be sent to SGS Hungary for  

quality control analysis, involving all of the parameters described in Section 3 of this Protocol 

Document. 

It is also recommended to send 400 – 500 g samples from the reference sites to the US national 

soils laboratory for spectral and chemical analysis so that they can be incorporated into the Global 

Spectral Calibration Library and Estimation Service of the Global Soil Laboratory Network 

(GLOSOLAN) of the Global Soil Partnership (GSP), hosted by the Food and Agriculture Organisation 

(FAO). 

 

4.4 Data Recording and Storage 

All soil and related data obtained from the laboratory analysis phase will be stored in a format agreed 

with the leader of WP3 (Design of the SIS and methods for field and laboratory) and WP6 (Build Soil 

Information System & Capacity Building) to ensure the most effective and efficient means of data 

collection and transfer. A LIMS will be used to keep record of all aspects of administration and 

reporting. 

The data will be stored in a central repository (for maximum accessibility to data users), as well as 

one or more separate back-up locations. 
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4.5 Soil Sample Storage 

All soil samples delivered to ARC, as well as any other samples that are collected during the course 

of the project (for example, subsoils that were mot budgeted for analysis), will be stored in a 

dedicated storage facility at ARC in Pretoria. This facility is a separate building, currently unutilized, 

which can be converted at minimal cost and effort, into a sample storage repository. 

It is anticipated that up to 40 000 samples (approximately 20 000 topsoil samples as defined in the 

project proposal, as well as up to 20 000 subsoil samples, if collected) will be stored. These samples 

will also be available to researchers and others, on application, after the life of the project.  
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5. Conclusion 
 

The analysis phase of the soil samples from Soils4Africa, including all component processes, 

procedures and controls, has been comprehensively scheduled, as outlined in this document. 

This includes: 

1. Sample preparation 

2. Sample recording 

3. Analysis methods and protocols 

4. Quality control of results 

5. Data recording 

6. Data storage and transfer 

7. Soil sample storage 

 

All of these aspects will be reported on at specified intervals, as required by the project plan and 

the deliverables included. 
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ANNEX 

 

Annex 1: South African Handbook of standard soil testing methods 

for advisory purposes 

 

Annex 2: ISRIC guidelines for soil analysis 


















































































































































































































































































































































































































































































































































