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Introduction
• Integration of planetary knowledge in the historical period about soil 

carbon is especially relevant in the era of global warming.
• However, the presence of different scientific schools, which have 

different, often incomparable results, hinders the creation of common 
databases and the development of knowledge about soils.

• The availability of non-harmonized data is one of the reasons for the low 
accuracy of the global SOC map (Peralta et al., 2022).  This is especially 
true for regions such as Eurasia where data are limited. 

• A tool for international communication, inventory and monitoring of soil 
resources is the harmonization of the methods for measuring soil 
indicators.



SOC measurement methods 
"Wet" chemistry (dichromatometry)

• Walkley-Black (W-B) method
• Tyurin (Т) method

"Dry" chemistry
• Loss-on-ignition (LOI)
• Dry combustion (DC) on the 

analyzer
• Thermogravimetry
• Gas emission analysis et al
• Differential scanning calorimetry
• Spectroscopy
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Which method to choose?
- accuracy

- the time necessary for analysis

- cost

- environmental friendliness (safety for the engineer and the environment),

- the ability to measure other indicators in one soil sample (for example, N, S, O, 
H)....



Disadvantages:
• Labor intensity
• Need for constant presence of the operator
• Toxicity

Limitations:
• Presence of Cl-, Mn2+ and Fe2+

• Difficult to oxidize components (pyrogenic C)
• Uncertainty of the conventionally accepted zero oxidation state of C in the reaction:
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"Wet" chemistry
- Walkley-Black method – USA, Canada, Australia and other countries
- Tyurin method – Russia, some countries in Europe and Asia

3 [C]0 + 2 Cr2O7
2- + 16 H+ = 3 CO2 + 4 Cr3+ + 8 H2O



"Wet" chemistry. Measurement steps
Tyurin method (Institute of Biology) Walkley-Black method (Colorimetric Method, GLOSOLAN)

- 20g K2Cr2O7 + 0,5L H2O, c(K2Cr2O7)= 0,136 M 
- Chromium mixture: 1V K2Cr2O7+1V H2SO4conс ,c(K2Cr2O7)= 0,068 M
- Soil+10 mL “Chromium mixture” (5 mL +5 mL)
added to the sample n(K2Cr2O7)= 0,68 mmol
- Heating in a water bath (t = 100 °С for 60 min)
- +15 mL H2О
- Centrifugation 6000 rpm for 10 min 
- Measure the absorbance  = 590 nm
- Сalculation of %SOC

oxidation correction factor  f = 1,15 – our research
oxidation correction factor  f = 1,0 – traditionally

Tyurin I.V. New modification of the volumetric method for determining humus 
using chromic acid // Pochvovedenie, 1931. No. 6. P. 36-47.

- 50 g K2Cr2O7 +0,5L H2O, c(K2Cr2O7)= 0,34 M

- Soil+ 2 mL K2Cr2O7 +5 mL H2SO4 conс = 7 mL
added to the sample n(K2Cr2O7)= 0,68 mmol
- Standing for 30 min
- +20 mL H2О
- Standing for 24 hours (without external heating) 
- Measure the absorbance  = 590 nm
- Сalculation of %SOC

oxidation correction factor f = 1,3

Walkley A., Black I.A. An examination of the Degtjareff method for 
determining soil organic matter, and a proposed modification of the 
chromic acid titration method // Soil Sci., 1934. V. 37. P. 29-38. 
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2- + 16 H+ = 3 CO2 + 4 Cr3+ + 8 H2O



"Wet" chemistry. Measurement steps
Tyurin method (Institute of Biology) Walkley-Black method (Colorimetric Method, GLOSOLAN)

- 20g K2Cr2O7 + 0,5L H2O, c(K2Cr2O7)= 0,136 M 
- Chromium mixture: 1V K2Cr2O7+1V H2SO4conс ,c(K2Cr2O7)= 0,068 M
- Soil+10 mL “Chromium mixture” (5 mL +5 mL)
added to the sample n(K2Cr2O7)= 0,68 mmol
- Heating in a water bath (t = 100 °С for 60 min)
- +15 mL H2О
- Centrifugation 6000 rpm for 10 min 
- Measure the absorbance  = 590 nm
- Сalculation of %SOC

oxidation correction factor  f = 1,15 – our research
oxidation correction factor  f = 1,0 – traditionally

Tyurin I.V. New modification of the volumetric method for determining humus 
using chromic acid // Pochvovedenie, 1931. No. 6. P. 36-47.

- 50 g K2Cr2O7 +0,5L H2O, c(K2Cr2O7)= 0,34 M

- Soil+ 2 mL K2Cr2O7 +5 mL H2SO4 conс = 7 mL
added to the sample n(K2Cr2O7)= 0,68 mmol
- Standing for 30 min
- +20 mL H2О
- Standing for 24 hours (without external heating) 
- Measure the absorbance  = 590 nm
- Сalculation of %SOC

oxidation correction factor f = 1,3

Walkley A., Black I.A. An examination of the Degtjareff method for 
determining soil organic matter, and a proposed modification of the 
chromic acid titration method // Soil Sci., 1934. V. 37. P. 29-38. 

3 [C]0 + 2 Cr2O7
2- + 16 H+ = 3 CO2 + 4 Cr3+ + 8 H2O! In the Walkley-Black method, the amount of K2Cr2O7 and H2SO4 is equal to the 

same characteristics as in the Tyurin method, but the concentration of these 
components of the mixture is 1,5 times higher.

! Heating of the reaction mixture occurs due to 
the exothermic effect that occurs when a 
concentrated solution of H2SO4  is mixed with 
distilled water.



"Wet" chemistry

Conditions for the oxidation 
Quantity estimation method

Reference 
documentsCr3+ Cr2O7

2-

Тemperature Time Сolorimetric Тitrimetric
100 °С

(water bath) 1 hour  = 590 nm
(Mohr's salt) - Turin, 1931; 

GOST 26213-91
>140 °С

(electric stove) 5 min - titrant - Mohr's
salt solution Simakov, 1957

>140 °С
(electric stove) 5 min  = 590 nm

(Mohr's salt) - Orlov, 1967

20 °С 24 hours  = 590 nm
(Mohr's salt) - Samoilova, Rogiznaya, 

2013 
>140 °С

(water bath) 20 min  = 590 nm
(sucrose) - Simakov, Tsyplakov, 

1969
150 °С

(drying cabinet) 20 min  = 590 nm
(sucrose)

titrant - Mohr's
salt solution Nikitin, 1983

Modifications of the Tyurin method (Russia)
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WHAT TO DO?



Global Network of Soil Laboratories
(GLOSOLAN)

> 1000 laboratories in the world

• The main goal is to harmonize methods for measuring
soil parameters

• Unites the efforts of scientists from around the world

• 2017-2024 - more than 20 protocols of harmonized 
methods for measuring soil parameters have been 
developed and made publicly available

https://www.fao.org/global-soil-partnership/glosolan/

https://www.fao.org/global-soil-partnership/glosolan/


Overview of the methods used to determine  carbon 
from GLOSOLAN PT 2022

Walkley and Black
Dumas
Loss of Ignition



The Institute of Biology of Komi Scientific Center of the Ural Branch (Syktyvkar) as a 
member of GLOSOLAN has decided to go one step forward

1. The information provided by GLOSOLAN members was used as a reference

2. The harmonized method was developed to ensure comparability of the results from new 
modification the Tyurin, Walkley-Black and Dry Сombustion methods

3. SOC by Combustion method is taken as a reference value

WHAT TO DO?



Soil samples (%СaCO3 = 0)
• Reference materials of soils and bottom sediments (Elemental Microanalysis 

Limited, UK)
• 7 quality control soils (Russia)
• 3 control soils from GLOSOLAN
• More than 220 field soil samples



Methods / Equipment
Methods: 
• Tyurin method
• Walkley-Black method
• Loss-on-ignition
• Dry Combustion method - a reference method

Equipment:
• Carlo Erba EA-1110 НСNS-O analyzer (Italy)
• Spectrophotometers UNICO 2100 (USA) and KFK-3 (Russia)
• Centrifuge SIGMA 2-16P (Russia)
• Muffle furnace (L9/11P330 C3E, Germany)



Tyurin method (Institute of Biology)
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1. Filtration was not used in our studies



Tyurin method (Institute of Biology)
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Separation of solid and liquid phases

2. Centrifugation instead of settling
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Tyurin method (Institute of Biology)
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Separation of solid and liquid phases

2. Centrifugation instead of settling
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In the Tyurin method, compared to W-B, additional 
dispersion of the solid phase occurs



without taking into account the f = 1,15 taking into account the f = 1,15
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Quality control of measurements %SOC(Tyurin)

W-B · 1,3 = Tyurin · 1,15 = Dry Combustion (P = 0,95)



The Institute of Biology of Komi Scientific Center of the Ural Branch (Syktyvkar) as a 
member of GLOSOLAN has decided to go one step forward

1. The information provided by GLOSOLAN members was used as a reference

2. We have certified new modification of the Tyurin method and the Walkley-Black method at 
the Center for Metrology and Certification "Sertimet" (No. 88-17641-001-2020). 
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https://www.fao.org/global-soil-partnership/glosolan/

https://www.fao.org/global-soil-partnership/glosolan/
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- SOC(DС) and SOC(W-B) are linearly 
related at SOC 8.7-45%
- organic matter with SOC > 15 % is 
more easily oxidized by the chromium 
mixture than at low %SOC



Dry combustion on the analyzer –
gold standard

Advantages:
• SOC measurement range from 0.1 to 100%
• High measurement accuracy
• Complete SOC oxidation
• Availability of control samples for calibration
• Expressivity (batch up to 100 samples)
• Selectivity

Limitations: Expensive for many labs

"Dry" chemistry
Loss-on-ignition

• Many modifications (T 450-550 °C, t = 4-9 hours), 
• SOP of GLOSOLAN in progress

Advantages:
• Eco-friendly
• Expressivity
• Simple
• Cheap

Limitations:
• Presence of other compounds that decompose 

at T = 105-550 °C with the release of gaseous 
products

• Multiple  weighing of the soil, leading to a 
systematic error



Loss-on-ignition (T = 550 °C, t = 7 hours)

y = x

y = 1,314x + 0,520
R² = 0,962, n = 171
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1. Limitations:
• Presence of other compounds that 

decompose at T = 105-550 °C with the 
release of gaseous products

• Multiple  weighing of the soil, leading 
to a systematic error

2. k = SOC / SOM = 0.58 (1/1.724) 

In the literature k = 0.4-0.71 
(Kamara et al., 2007; Pribyl, 2010; Roper et 
al., 2019).
In our research k = 0.43 (Organic carbon 
content 43%)



The 1st Euro-Asian professional test 
GLOSOLAN-2023/2024 on measuring 
SOC confirmed these conclusions. 



Conclusion 
• A comparative study of quality control samples and field soil samples by the Tyurin, Walkley-

Black and Dry Combustion methods confirmed the possibility of taking into account 
incomplete organic carbon oxidation. For this, it is necessary to enter a coefficient of 1,15 for 
the Tyurin method and 1,3 for the Walkley-Black method.

• The accumulated large array of SOC measurements by the Tyurin method can be included in 
the global soil quality monitoring network with the introduction of this coefficient.

• In our opinion, the Walkley-Black method is less laborious than the Tyurin method. The 
rejection of the procedure for heating soil suspensions with a chromium mixture less pollutes 
the working areas, therefore, it is more environmentally friendly and less harmful to the 
performers.

• The LOI method is “waiting” for harmonyization. We invite interested groups to participate in 
this process. The scope of soil studies should be expanded to confirm our results. 

W-B · 1,3 = Tyurin · 1,15 = Dry Combustion (P = 0,95)
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