
• 

Food and Agriculture 
Organization of the 
United Nations 

• 

• 

• ••••• •

GLOSOLAN 
GLOBAL SOIL LABORATORY NETWORK 

GLOBAL' SOIL 
PARTNERSHIP 

Standard operating 
procedure for soil microbial 

biomass (carbon)

chloroform fumigation-extraction 
method



Standard operating procedure for 
soil microbial biomass (carbon):  
chloroform fumigation-extraction 
method

Food and Agriculture Organization of the United Nations 

Rome, 2024



Required citation:  

FAO. 2024. Standard operating procedure for soil microbial biomass (carbon): chloroform fumigation-
extraction method. Rome. https://doi.org/10.4060/cc9423en

The designations employed and the presentation of material in this information product do not imply the expression of any opinion 

whatsoever on the part of the Food and Agriculture Organization of the United Nations (FAO) concerning the legal or development status of 

any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. The mention of specific 

companies or products of manufacturers, whether or not these have been patented, does not imply that these have been endorsed or 

recommended by FAO in preference to others of a similar nature that are not mentioned.  

© FAO, 2024

Some rights reserved. This work is made available under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 IGO licence 

(CC BYNC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo/legalcode).  

Under the terms of this licence, this work may be copied, redistributed and adapted for non-commercial purposes, provided that the work is 

appropriately cited. In any use of this work, there should be no suggestion that FAO endorses any specific organization, products or services. 

The use of the FAO logo is not permitted. If the work is adapted, then it must be licensed under the same or equivalent Creative Commons 

licence. If a translation of this work is created, it must include the following disclaimer along with the required citation: “This translation was 

not created by the Food and Agriculture Organization of the United Nations (FAO). FAO is not responsible for the content or accuracy of this 

translation. The original [Language] edition shall be the authoritative edition”.  

Disputes arising under the licence that cannot be settled amicably will be resolved by mediation and arbitration as described in Article 8 of 

the licence except as otherwise provided herein. The applicable mediation rules will be the mediation rules of the World Intellectual Property 

Organization http://www.wipo.int/amc/en/mediation/rules and any arbitration will be conducted in accordance with the Arbitration Rules of 

the United Nations Commission on International Trade Law (UNCITRAL).  

Third-party materials. Users wishing to reuse material from this work that is attributed to a third party, such as tables, figures or images, are 

responsible for determining whether permission is needed for that reuse and for obtaining permission from the copyright holder. The risk of 

claims resulting from infringement of any third-party-owned component in the work rests solely with the user.  

Sales, rights and licensing. FAO information products are available on the FAO website (www.fao.org/publications) and can be purchased 

through publications-sales@fao.org. Requests for commercial use should be submitted via: www.fao.org/contact-us/licence-request. Queries 

regarding rights and licensing should be submitted to: copyright@fao.org. 

https://creativecommons.org/licenses/by-nc-sa/3.0/igo/legalcode
http://www.wipo.int/amc/en/mediation/rules
http://www.fao.org/publications
mailto:publications-sales@fao.org
http://www.fao.org/contact-us/licence-request
mailto:copyright@fao.org


Global Soil Laboratory Network 
GLOSOLAN  

GLOSOLAN-SOP-23 

Microbial biomass carbon 
by chloroform fumigation-extraction 

Version number: 1 Page 1 of 12 

Effective date: 02 January 2024 

Modify by Revision Approved Date Validated Date 

GLOSOLAN SOP Tech. W.G.  
Global leaders:  
Nicolas Yusep Bulla Marin and Diana 
Maria Delgado Londoño, Colombia 

By GLOSOLAN 

Technical 

Committee and 

NETSOB experts 

02 January 2024 02 January 2024 

Microbial biomass carbon 
chloroform fumigation-extraction method

VERSION HISTORY 

N° Date Description of the modification Type of modification 

01 02 January 2024 
All comments by RESOLANs and 
reviewers to the draft SOP were 

addressed 
Finalization of the SOP 

02 

03 

04 

Etc. 



Global Soil Laboratory Network 
GLOSOLAN  

GLOSOLAN-SOP-23 

Microbial biomass carbon 
by chloroform fumigation-extraction 

 

Version number: 1 Page 2 of 12 

Effective date: 02 January 2024 
 

 

Modify by Revision Approved Date Validated Date 

GLOSOLAN SOP Tech. W.G.  
Global leaders:  
Nicolas Yusep Bulla Marin and Diana 
Maria Delgado Londoño, Colombia 

By GLOSOLAN 

Technical 

Committee and 

NETSOB experts 

02 January 2024 02 January 2024 

 

 

 

Contents 
1. Brief introduction to soil microbes .......................................................................................... 3 
2. Scope and field of application................................................................................................. 3 
3. Principle................................................................................................................................ 3 
4. Apparatus ............................................................................................................................. 3 
5. Materials .............................................................................................................................. 4 
6. Health and safety .................................................................................................................. 4 
7. Sample preparation ............................................................................................................... 5 
8. Procedure ............................................................................................................................. 5 
9. Calculation ............................................................................................................................ 6 
10. Quality assurance and quality control ..................................................................................... 7 

10.1. Accuracy test .................................................................................................................... 7 

10.2. Precision test .................................................................................................................... 7 
10.3. Laboratory control sample................................................................................................. 7 

10.4. Control chart .................................................................................................................... 8 

10.5. Calibration ........................................................................................................................ 8 

References ................................................................................................................................... 9 
Appendix I ...................................................................................................................................10 
Appendix II– List of authors ..........................................................................................................10 
Appendix III– Contributing laboratories .........................................................................................11 
 



Global Soil Laboratory Network 
GLOSOLAN  

GLOSOLAN-SOP-23 

Microbial biomass carbon 
by chloroform fumigation-extraction 

Version number: 1 Page 3 of 12 

Effective date: 02 January 2024 

Modify by Revision Approved Date Validated Date 

GLOSOLAN SOP Tech. W.G.  
Global leaders:  
Nicolas Yusep Bulla Marin and Diana 
Maria Delgado Londoño, Colombia 

By GLOSOLAN 

Technical 

Committee and 

NETSOB experts 

02 January 2024 02 January 2024 

1. Brief introduction to soil microbes

Microbial biomass is considered as an estimation of soil biological activities and the capacity to 

mediate soil biochemical reactions. It is the most dynamic and labile of soil organic matter fractions, 

generally accounting for 1 to 5 percent of soil organic matter and very sensitive to soil management. 

The need to quantify soil microbiota has become increasingly relevant in current times as they are 

responsible for many different processes like the degradation of organic matter, the stability of 

aggregates and most of the nutrient cycling that occurs in soils.  

Determining the microbial biomass of soils is important so that soil quality, fertility and the potential 

ability to degrade added organic materials can be assessed. Moreover, it is essential to know the 

amount of microbial population so that the correct amount of organic amendments can be applied 

and the impact of anthropogenic activity on soil biota can be assessed (ISO, 1995). Soil microbial 

biomass is also used as one of the alternative indicators in the Protocol for the assessment of 

Sustainable Soil Management (FAO-ITPS, 2020). 

2. Scope and field of application

Chloroform fumigation-extraction is used for the estimation of soil microbial biomass by the 

measurement of extractable organic biomass in soil. This method is applicable to both aerobic and 

anaerobic conditions over the whole range of soil pH, regardless of land use type. While chloroform 

fumigation also affects soil fauna, the carbon aliquot derived from these organisms is generally small 

(less than 5 percent) and can usually be disregarded. 

3. Principle

Through the fumigation of the soil sample (using chloroform and for 24 hours), intact microbial cells 

are lysed and the microbial organic matter is released. The organic carbon is extracted using 

0.5 mol/L potassium sulphate and the amount is determined in both fumigated and unfumigated 

samples, with the difference in extracted organic carbon being used to determine microbial biomass 

carbon. The method is usually termed fumigation-extraction (FE). 

4. Apparatus

The apparatus needed for the method are as follows: 

• an incubator, capable of being maintained at 25 °C ± 2 °C;

• a desiccator;

• filter paper (Whatman No. 42 [or similar]);
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• glass beakers;

• petri dishes;

• polyethylene bottles (250 mL);

• a vacuum line;

• an overhead shaker;

• a freezer, operating at −15 to −20 °C;

• anti-bumping granules;

• a 250 mL round-bottomed flask;

• a Liebig condenser;

• a 10 mL burette; and

• a 2 mL pipette.

5. Materials

The materials needed for the method are as follows: 

• silicone grease;

• ethanol-free chloroform;

• potassium sulphate solution (c[K2SO4] = 0.5 mol/L [p = 87.135 g/L]);

• soda lime;

• potassium dichromate (c[K2Cr2O7] = 0.0667 mol/L) (19.6125 g dry potassium dichromate/litre
of water);

• phosphoric acid ([H3PO4] [p = 1.71 g m/L]);

• sulphuric acid ([H2SO4] [p = 1.84 g m/L]);

• iron(II) ammonium sulphate, titration solution (c[(NH4)2Fe(SO4)2 6H2O] = 0.040 mol/L);

• 1, 10 phenanthroline sulphate complex solution (0.025 mol/L); and

• acid mixture (two volumes sulphuric acid mixed with one volume phosphoric acid).

6. Health and safety

Safety glasses, gloves and lab coats must be worn when performing this analysis. The unknown 

potential hazards from the soil chemical and biological hazards as well as toxicities from chemicals 

used in the microbial biomass determination should be kept in mind throughout the procedure. 

Therefore, it is advised to handle the chloroform fumigation inside a fume hood. Be careful when 

acids or acid mixtures are used even when they are not considered hazardous, as repeated contact 

with the skin can cause dryness or cracks. Similarly, accidental contact with the eyes can lead to 

redness and or swelling. The wearing of a mask particularly during sample preparation and 

chloroform fumigation should also be encouraged, as well as during sample disposal and cleaning. 
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7. Sample preparation

The soil’s water content must be higher than 30 percent to ensure uniform chloroform distribution. 

Dry soils (or dried and stored soils) should be remoistened over a recommended period of at least 

ten days of preincubation at 25 °C and 40–50 percent water-holding capacity (Franzluebbers et al., 

1996). If the soil’s moisture is high, sample must be oven dried at 40 °C until a water-holding capacity 

of ≈ 40 percent is reached. The sample must also be sieved to a particle size of 2 mm.  

8. Procedure

The analytical procedure of the method can be divided in three main steps: 

1. Fumigation

a. Weigh 50 g of each sample by duplicate into two glass beakers.

b. Place them in a desiccator, with a beaker containing 50 mL of ethanol-free chloroform with

ten anti-bumping granules, as well as a beaker with 5 g of soda lime. Connect the

desiccators to a vacuum pump to start the fumigation until the CHCl3 starts boiling and let

them boil for two minutes.

c. Close the desiccator tap and incubate at 25 °C for 24 hours.

d. After fumigation, remove the beaker with the chloroform and remove the chloroform

vapour from the soil (with five to seven repeated vacuum extractions). The samples are

now ready for extraction.

For control, place three non-fumigated control samples (with the same mass as the fumigated 

samples) in polyethylene bottles with 200 mL of potassium sulphate. 

2. Extraction

a. Transfer 30 g of each sample (both fumigated samples and non-fumigated control 

samples) into separate polyethylene bottles, adding 200 mL of potassium sulphate to each

sample, and shake in an overhead shaker at 200 rpm for 30 minutes.

b. Filter the extracts through filter paper.

If not analysed immediately, store samples in a freezer at a temperature between −15 °C and −20 °C. 

3. Determination of organic carbon in the extracts
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a. Add 2 mL of potassium dichromate solution and 15 mL of the acid mixture to an aliquot of

8 mL of the extract, in 250 mL volumetric flasks.

b. Gently shake the mixture for 30 minutes and dilute with 20 mL of water.

c. Digest duplicate blanks (refluxed blanks) containing 8 mL of potassium sulphate solution

in the same way.

d. Titrate with iron ammonium sulphate solution, using three or four drops of

1, 10-phenanthroline-iron (II) sulphate complex as indicator.

9. Calculation

Microbial biomass is calculated as shown in the following equations: 

where: 

C = the extractable organic carbon in µg/mL; 
VH = the volume titrant consumed by the refluxed blank (mL); 
VS = the volume titrant consumed by the sample (mL); 
VC = the volume titrant consumed by the unrefluxed blank (mL); 
M = c(K2Cr2O7) in moles/L; 
PD = the added volume of K2Cr2O7 solution in mL; 
E = conversion of organic C to CO2; and 
Ps = the added volume of sample, in mL. 

where: 

PK = the mass of extractant in g; 
DW = the dry mass of sample in g; and 
SW = the soil water (g of water/g of dry soil). 
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Finally, the microbial biomass carbon (BC) is calculated as: 

 

where: 

Ec = the difference between the mass of organic C extracted from fumigated soils and the mass of 
organic C extracted from unfumigated soils; and 
KEC = efficiency coefficient of the extraction = 0.38 (since there is no global consensus on the value of 
this coefficient, please always indicate the used value). 
 
Results should be reported in µg/g soil, to two decimal places. 

10. Quality assurance and quality control 

10.1. Accuracy test 
There should be participation in an interlaboratory proficiency test (PT) at least once a year. The PT 

z-score should be less than 2. If not, the root cause should be identified, and corrective and 

preventive actions developed. 

10.2. Precision test 
A replicate analysis should be performed every 10 to 20 samples in each batch test. The relative 

percent difference (RPD) should not be greater than 15 percent between results, as follows: 

 

where: 
M1 = result of sample; and 
M2 = result of sample’s duplicate. 
 

10.3. Laboratory control sample 

The measurement of a sufficiently available sample and of a known moisture content value of can be 

analysed per batch of analysis, to ensure that normal conditions have been maintained for the 

materials and throughout the process. This laboratory control sample can be labelled as the internal 

reference sample or master sample. 
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10.4. Control chart 

A chart needs to be produced to register the RPD values of each batch test. The chart should include 

the limit RPD value established by the laboratory (a maximum 15 percent of RPD is recommended).  

A chart for the laboratory control sample can also be used as quality control, with the limit values or 

a limit RPD if a duplicate of this sample is also evaluated per batch of analysis. 

10.5. Calibration 

Instrument calibration should be verified on a regular basis. 
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Appendix I 

GLOSOLAN would like to thank Nicolas Yusep Bulla Marin and Diana Maria Delgado Londoño from 
Colombia for leading the harmonization of this SOP and the members of the working group that 
served as leaders for their regions and contributed to the writing of this SOP (Appendix II). 
 
GLOSOLAN would also like to thank the experts who were part of the review panel and the members 
of the GLOSOLAN technical committee who ensured the finalization of the SOP (Appendix II), and all 
the laboratories that provided inputs for the harmonization of this method (Appendix III). 
 
GLOSOLAN would also like to thank all the experts from the International Network on Soil 
Biodiversity (NETSOB) for their kind support in the review of this SOP. 
 

Appendix II– List of authors 

Leading authors (in alphabetical order): 

• Diana Maria Delgado Londoño, Dirección de Laboratorio e Innovación Ambiental - CAR, 

Colombia 

• Nicolas Yusep Bulla Marin, Dirección de Laboratorio e Innovación Ambiental - CAR, Colombia 

 

 

Main authors (in alphabetical order): 

• Claudia Rojas, Laboratorio de Ecología Microbiana y Biogeoquímica de Suelos, Chile 

• Erick Zagal, Lab. Análisis Químico de Suelos y Plantas, Chile 

• Ashok Patra, ICAR-Indian Institute of Soil Science, Bhopal, India  

• Sanjay Srivastava, ICAR-Indian Institute of Soil Science, Bhopal, India 

• Sujatha Senanayake, Environmental Chemistry Laboratory, Manaaki Whenua - Landcare 

Research, New Zealand 

• Lizana Flores Giuliana, Laboratorio de Microbiología de Suelo (LAMIS), Peru 

• Jorge E. Paolini, IVIC Center of Ecology, Venezuela 

• Oguz Can Turgay, Soil and Fertilizer Laboratory of the Department of Soil Science and Plant 

Nutrition, Faculty of Agriculture, Ankara University, (SOFREL-TR), Türkiye 
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Douro, Portugal 
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• Md. Abdul Kader, School of Agriculture and Food Technology - The University of the South 
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From NETSOB: 
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• Isabel Campos, University of Aveiro, Portugal 

• Marisa Phiromtan De Bels, Loei Rajabhat University, Thailand 
 

Appendix III– Contributing laboratories 

GLOSOLAN would like to thank the following laboratories for completing the GLOSOLAN form on the 
method and providing information on their SOP for microbial biomass carbon by chloroform 
fumigation-extraction. This information was used as a baseline for the global harmonization. 
 

From the African region: 

• Soil Research Institute Analytical Services Laboratory, Ghana 

• National Semi Arid Resources Research Institute (NaSARRI), Uganda 
 
From the Asian region: 

• Soil Resource Development Institute, Bangladesh 

• Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural 
Sciences (CAAS), China 

• Division of Soil Biotechnology - Land Development Department, Thailand 
 
From the European region: 

• Central Institute for Supervising and Testing in Agriculture, Czechia 

• The Institute of Microbiology and Biotechnology, Republic of Moldova 

• Soil and Fertilizer Research Laboratory (SOFLER-TR), Türkiye 
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• Soil Fertilizer and Water Resources Central Research Instıtute, Türkiye

From the Latin American region: 

• Dirección de Laboratorio e Innovación Ambiental - CAR, Colombia

From the Near East and North African (NENA) region: 

• KIMIA AB environmental and agricultural consulting laboratory, Islamic Republic of Iran

From the Pacific region: 

• Fiji Agricultural Chemistry Laboratory, Fiji 

• Landcare Research/ Palmerston North, New Zealand
• The University of the South Pacific, Samoa 
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