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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.

* Atoolforinternational communication, inventory and monitoring of soil
resources is the harmonization of the methods for measuring soil
indicators.
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SOC measurement methods

"Wet" chemistry (dichromatometry) "Dry" chemistry
» Walkley-Black (W-B) method * Loss-on-ignition (LOI)
e Tyurin (T) method * Dry combustion (DC) onthe
analyzer

* Thermogravimetry

* Gas emission analysis et al
 Differential scanning calorimetry
* Spectroscopy
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SOC measurement methods

"Wet" chemistry (dichromatometry) "Dry" chemistry
* Walkley-Black (W-B) method * Loss-on-ignition (LOI)
e Tyurin (T) method * Drycombustion (DC) on the
analyzer

Which method to choose?

- accuracy l
- the time necessary for analysis metry
- 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)....
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"Wet" chemistry

- Walkley-Black method - USA, Canada, Australia and other countries

- Tyurin method - Russia, some countries in Europe and Asia

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

Limitations:
* Presence of Cl', Mn?* and Fe?*
e Difficult to oxidize components (pyrogenic C)
e Uncertainty of the conventionally accepted zero oxidation state of C in the reaction:

3[C]° + 2 Cr,0,% + 16 H* =3 CO, + 4 Cr3* + 8 H,0
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oxidation correction factor f=1,15-our research

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

3[C]° + 2 Cr,0,%+ 16 H* =3 CO, + 4 Cr3* + 8 H,0

20g K2CI’207 + 0,5L Hzo, C(chr207)= 0,1 36 M - 50 g chr207 +0,5L HQO, C(K20r207)= 0,34 M
Chromium mixture: 1V K,Cr,0,+1VH,SO,,c » ¢(K,Cr,0,)= 0,068 M

Soil+10 mL “Chromium mixture” (5 mL+5 mL)
added to the sample n(K,Cr,0,)= 0,68 mmol
Heating in a water bath (t=100 °C for 60 min)

+15mL H,0

Centrifugation 6000 rpm for 10 min

- Soil+ 2 mLK,Cr,0,+5 mLH,SO, ... =7 mL
added to the sample n(K,Cr,0,)= 0,68 mmol

- Standing for 30 min

- +20mLH,0

- Standingfor 24 hours (without external heating)
- Measure the absorbance 4 =590 nm

Measure the absorbance A =590 nm - Calculation of %SOC

Calculation of %SOC

oxidation correction factorf=1,3

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.

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.

‘9—'
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added to the sample n(K,Cr,0,)=0,6

oxidation correction factor f=1,15-our research

"Wet" chemistry. Measurement steps

Tyurin method (Institute of Biology)

Walkley-Black method (Colorimetric Method, GLOSOLAN)

20g K,Cr,(

! In the Walkley-Black method, the amount of K,Cr,0, and H,SO, 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.

Chromiun B

Z SCUTIC 7 \ Z Z 77

Soil+10 mL “Chromium mixture”

Heating in a water bath (t=100 °C
+15mL H,0

Centrifugation 6000 rpm for 10 min
Measure the absorbance A =590 nr

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

Calculation of %SOC

AU dlivIT Ul 7000U'U

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.

NEEE - Soil+ 2ml K.Cr.0.+5 mL H,SO, ... =7 mL

;)= 0,68 mmol

external heating)
590 nm

oxidation correction factorf=1,3

Walkley A., Black 1.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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"Wet" chemistry

Modifications of the Tyurin method (Russia)

- | @ Quantity estimation method
Conditions for the oxidation Reference
Cr3* Cr,0,%
documents
Temperature Time Colorimetric Titrimetric
100 °C Phour A =590 nm ) Turin, 1931;
(water bath) (Mohr's salt) GOST 26213-91
>1A.'O - 5 min - titrant - Mth S Simakov, 1957
(electric stove) salt solution
>140°C . A =590 nm
(electric stove) > min (Mohr's salt) ) Orlov, 1967
. A =590 nm Samoilova, Rogiznaya,
20°C 24 hours (Mohr's salt) 5013
>140 °C 20 min A =590 nm ) Simakov, Tsyplakov,
(water bath) (sucrose) 1969
150 °C : A =590 nm titrant - Mohr's —_
(drying cabinet) S N (sucrose) salt solution Nikitin, 1983
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"Wet" chemistry

Modifications of the Tyurin method (Russia)

- | @ Quantity estimation method
Conditions for the oxidation Reference
Cr3* Cr,0,%
documents
Temperature Time Colorimetric Titrimetric
100 °C Phoul 2m F00 e Turin, 1931;
(water bath) 5OST 26213-91
>148RC 5 min ? simakov, 1957
(electric stove) WHAT TO DO . ’ ’
>140 & 5 min drlov, 1967
(eleCt”C Stove) \U1uUL O sauw)
. A =590 nm Samoilova, Rogiznaya,
20°C 24 hours (Mohr's salt) 5013
>140 °C 20 min A =590 nm ) Simakov, Tsyplakov,
(water bath) (sucrose) 1969
150 °C : A =590 nm titrant - Mohr's I
(drying cabinet) S N (sucrose) salt solution Nikitin, 1983
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- “GrosoLAN™ Global Network of Soil Laboratories
= (GLOSOLAN)

= * The main goal is to harmonize methods for measuring
soil parameters

GLOSOLAN Chair and Vice-Chair

GLOSOLAN Coordinators
NaerGted by DG

Lgonad ty
GLOSOLAN Steering Committee
Fesedid Ly
GLOSOLAN Technical Comenittee

= * Unites the efforts of scientists from around the world

Regional Soil Laboratory Netwarks
{ (RESOLANS)

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

A
> 1000 laboratories in the world SR
https://www.fao.org/global-soil-partnership/glosolan/ oo r .
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Overview of the methods used to determine carbon
from GLOSOLAN PT 2022

B Walkley and Black
[] Dbumas
[] Loss of Ignition

_am—
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_ 04/ The Institute of Biology of Komi Scientific Center of the Ural Branch (Syktyvkar) as a
o é member of GLOSOLAN has decided to go one step forward

L o]

1. Theinformation provided by GLOSOLAN members was used as a reference

A B C ] E F G H 1 J i L M N o P Q 5} S T
Laboratory Submission Forms

1

2

3 |Please provide the following information on the procedure you are using to assess soil organic carbon by Tyurin Method. Complete only the information corresponding to the method / equipment used in your laboratory.
4 |Please do not complete the form if you are not using this method in your laboratory

5 |Deadline: 28 February
g
7
8
3

Colorimetric Method Modifications of the Tyurin Method
1. GOST Russia) 2. Madification of Nikitin 3. Madification of Orlov-Grindel a of Tsypl 5. of
Antonova
Dishes "Chrome mixture”, V=1L Yolume of the
R Particle Mass of ftest [ 1 [ ¥ommewor “Chrome Boiling in a Boiling in an ) Boiling inasalt )
Full Name E-mail Country | Institute name | Size. Sample. | s K.Cr,0 Volume of | Concen tra| mixture” |water bath at |StandingTime, min|oven at T = [Standing Time, min|20 "8 M350 |0 fing Time, min|bath CaCi2 [1.3 M], |Standing Time, min| S2ding Time
Address mm mg conical e KzCrp05. |ted H;504| added to the |T = 100°. min 150°. min bath, T=100°, min T=140°, min (1=207], min
(range) Concentration. m - - v
Flasks) mL Added + | Sample. mL
o v oo o
— €025 |0,100-0,700| testtubes - 500 500 100 £0.0 until the
V=1L, particles
[K2Cr207 |=0,1359M completely
settle, tirme s ot
indicated [rot
more than 48
hours)

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

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

WHAT TO DO?

-
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Soil samples (%CaCO3 =0)

* Reference materials of soils and bottom sediments (Elemental Microanalysis

L| m |te d ) U K) Organic carbon content of the quality control soil samples selected for the study.
. . . Quality control soil Measurement characteristics
e 7 quality control soils (Russia) samples
Organic Relative error (P = 0.95),
* 3 control soils from GLOSOLAN catbon =
%
1 M ore th an 22 O f|e l.d SOl l. sam p leS The Russian Federation®
1 0S0O 18911 1.55 3.2
2 GSO 10413 2.00 5.5
3 0S0O 10904 2.62 3.1
4 0S50 11201 3.73 1.1
S5 0SSO 21401 6.10 0.8
6 0S0 39002 5.80 2.9
7 0SO 29106 7.44 2.7
GLOSOLAN®*
8 A 1.34 7.5
9 B 2.60 4.6
10 C 5.39 5.0

Note. * The consensus values obtained from the results of Tyurin method from
GOST 8.315-2019 (2019) ** The consensus values obtained from the results by
Walkley-Black method (FAO, 2020a). T
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Methods / Equipment

Methods:
* Tyurin method
* Walkley-Black method
* Loss-on-ignition
* Dry Combustion method - a reference method
Equipment:
* Carlo Erba EA-1110 HCNS-O analyzer (ltaly)
* Spectrophotometers UNICO 2100 (USA) and KFK-3 (Russia)
* Centrifuge SIGMA 2-16P (Russia)
e Muffle furnace (L9/11P330 C3E, Germany)
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Tyurin method (Institute of Biology)

Separation of solid and liquid phases

1. Filtration was not used in our studies

A 0.7
0.6 [
e
0.5 o
e
0.4 (o)
0.3 e o _
@ with filter
0.2 © _
0.1 o) O without a filter _
0 T) T T T 1

a—
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Tyurin method (Institute of Biology)

Separation of solid and liquid phases

Each value is the average of 5 parallel measurements

2. Centrifugation instead of settling st 40 s(e 40
[}
30 30
20 o e ° . 20
il (@) o
10 6 10
O o) ° © %0
0 (0]¢) © 0 88 (9 @] 6 @ o
0 2 3 a4 o 1 2 3 4
%SOC(T) %SOC(W-B)
S(9)
Settling, hours O - Centrifugation
O -24 @ -48
T 26 37 >> 9
W-B 4.7 - ~ S

S(0) — the relative value of the standard deviation of a single measurement result, %{ ’
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Tyurin method (Institute of Biology)

Each value is the average of 5 parallel measurements

Separation of solid and liquid phases

2. Centrifugation instead of settling

In the Tyurin method, compared to W-B, additional

dispersion of the solid phase occurs

[}
30 30
20 o e ° . 20
il (@) o
10 ® 10
O o) ° © %0
0 00 o 0 88 (9 o O @ ®}
2 3 4 0 1 2 3 4
%SOC(T) %SOC(W-B)
S(9)
Settling, hours O - Centrifugation
O -24 ® -48
T 26 37 >> 9
W-B 4.7 - ~ 5

S(0) — the relative value of the standard deviation of a single measurement result, %‘ i

GLOBAL SYMPOSIUM ON SOIL INFORMATION AND DATA | MEASURE MONITOR MANAGE | September 25-28, 2024 Nanjing, China

GLOBAL SOIL

17



Quality control of measurements %SOC(Tyurin)

without taking into accountthe f=1,15

K

o1 e2 A3 o4 5

30
20
10
0 — -
082 3 3.5 6.7 89
-10 o ...0 .Q ¢ @ v w .: oo ., °
8" 90 O RS
20 4*-’-5@'-. P T
.30 ° .
%SOC(T)
%SOC(T) K, % (P =0,95)
0,170 -8,7 20

taking into accountthe f=1,15

30

20

10

-10

-20

-30

o1 e2 A3 o4 <5

o Se .
p o..o'o )| I8 . ®
o® .-. .n: d o® .:u .. .
0 ..&l°;8°12_.3<>A_; 8§ 6° 7°°8 9
A . o
%SOC(T)
K= 1000+ 12SOC(T) - %SOC (DC))

%Corg (DC)

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

The Institute of Biology of Komi Scientific Center of the Ural Branch (Syktyvkar) as a

1.

2.

o 5 member of GLOSOLAN has decided to go one step forward

The information provided by GLOSOLAN members was used as a reference

A B c () E F G H | J K L M M o

P 9 R s T
1 |Laboratory Submission Forms
2
3 |Please provide the following information on the procedure you are using to assess soil organic carbon by Tyurin Method. Complete only the information corresponding to the method / equipment used in your laboratory.
4 |Please do not complete the form if you are not using this method in your laboratory
5 |Deadline: 28 February
[
7 Colorimetric Method Modifications of the Tyurin Method
1. GOST {Russia) 2. Modification of Nikitin 3. Modification of Orlov-Grindel 4. of Tsypl 5 of
5] Al nNoVa
3 M ;| Dishes “Chrome mixture”, V=1L Volume of the
E il Particle 5 ass Iu ftest [ 1 [ ¥ommewor “Chrome Boiling in a Boiling in an ) Boiling inasalt )
Full Name ~mail Country | Institute name | Size. ample. | tbes, K.Cr,0 Volume of | Concen tra| mixture” |water bath at |StandingTime, min|oven at T = |standing Time, min| 0 NEM3SNE o e Time, min|bath CaCi2 [1.3 M, |standing Time, min| ST2Nding Time
Address mg § 2Cra0; K.Cr.00. |ted H,S0 i T bath, T=100%, min X (T=20], min
mm {range) | coMica | Concentration, v zbrzUs. zoU4| added to the |T = 1007, min 150°. min T =140, min
0 Flasks) mL Added + | Sample. mL
v oo
- 20,25 |0,1000,700| testtubes 500 500 100 0.0 until the
particles
completely
settle, time is not
indicated [rot
rnore than 48
hours)

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/

Organic carbon

Carbon, as soil organic matter, alters the physical (e.g. structure), chemical (e.g. cation exchange capacity), and
biological (e.g. microbial activity) properties of soils with impacts on plant growth and yield, biodiversity and the soil
water retention capacity. The content of organic carbon of mineral horizons can be used also in soil classification,
taking the textural class into account. However, the inferred organic carbon status of a soil should always be locally
checked as it is only a rough estimate.

The methods to measure organic carbon are rather easy to run but a special effort should be made by soil analysis
laboratories to provide the best possible quality data. This will allow monitoring of changes in SOC at both local and
regional scales and also give a better idea of the future scenarios, not only for SOC content but also for atmospheric
CO; evolution. Did you know that the Global Soil Partnership launched a series of activities on soil organic carbon? For
more information click here.

The methods to quantify SOC already harmonized by GLOSOLAN are the following:

—

©

SOP Walkley-Black method - titration and colorimetric method (EN | ES | RU)
Soil organic carbon - Tyurin spectrophotometric method (EN | RU)
Training video: Walkley and Black - titration and colorimetric method

Training video: Tyurin method

(Rt

® .@

Sail Organic Carbon methods : Sustainability of methods
Risk for human health Global median
related to the use of Environmental Level of Average rice of the
Method |chemicals and the overall risk (waste technology | duration of apnal sis (for
implementation of disposal) required the analysis the cuystomers)
procedure by staff
Walkley & Up to one
Black L working day 6 USD
Tyurin Low Hlp Lol 7.6 USD
working day

Jrrjuﬁg:mﬁﬁ:gy nous
Standard operating procedure Standard operating procedure for Standard operating procedure mtmu»"oivrman:uq:ckun
for soil total carbon soil organic carbon for soil organic carbon (meron Tiopuna)
Dumas dry combustion method Walkiey-Black method Tyurin spectrophotometric method
Titration and colorimetric method
o ® (A X )
.
AR R X AR A X e®oe ‘~.
Food and Agriculture e
A Organization of the
United Nations
Standard operating procedure
for soil organic carbon
e ® %o
® Tyurin
® spectrophotometric method
®

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

50

40
X 30
3)
Q
O 20
O
n

10

SOC(W-B) < 8.7%
SOM(W-B) < 15.0%
_y=1,079x - 0,061
R®>=0,984,n=67
f=1.3

g SOC(W-B) > 8.7%

y=1,127x-0,343

R°=0,975, n =45
f=1.18

peat, fibers, litter

0 10 20 30 40

SOC(W-B), %

50

- SOC(DC) 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
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"Dry" chemistry

Dry combustion on the analyzer - Loss-on-ignition
gold standard . Many modifications (T 450-550 °C, t = 4-9 hours),
Advantages: * SOP of GLOSOLAN in progress
« SOC measurement range from 0.1 to 100% Advantages:
« High measurement accuracy * Eco-friendly
- Complete SOC oxidation . g?‘prelss'v'ty
. mple
* Availability of control samples for calibration . ClheZp
* Expressivity (batch up to 100 samples) Limitations:
* Selectivity « Presence of other compounds that decompose
Limitations: Expensive for many labs atT =105-550 °C with the release of gaseous
® -~ v, products
; S ) S, 2 « Multiple weighing of the soil, leadingto a
,,,,,,,,,, R T e — systematic error
sl Soil spectroscopy —

<

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

60
50 -

o{,40 [ w’y:x

oS30

=

S2 -

(7))

y=1,314x+ 0,520

10 R2=0,962,n=171

| | | J

O 10 20 30 40 50
SOC(DC), %

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 kK =0.4-0.71

(Kamara et al., 2007; Pribyl, 2010; Roper et
al., 2019).

In our research k =0.43 (Organic carbon
content 43%)

-
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1 GLOSOLAN

Russia, Syktyvkar
2023

The 1st Euro-Asian professional test

ificlency tast foF Eiifaits GLOSOLAN-2023/2024 on measuring

SOC confirmed these conclusions.

Contents lists available at ScienceDirect

Geoderma

ELSEVIER journal homepage: www.elsevier.com/locate/geoderma

Transferability between soil organic matter measurement methods for
database harmonization

E.V. Shamrikova “, B.M. Kondratenok °, E.A. Tumanova ", E.V. Vanchikova ", E.M. Lapteva®, T.
V. Zonova, E.I. Lu-Lyan-Min ", A.P. Davydova®, Z. Libohova ” , N. Suvannang*
* Institute of Biology Kami SC UrD RAS, Kammunisticheskay 28, Syktyvkar, Russian Federation

“ USDA-ARS Dale Bumpers Small Farms Rezcarch Center, 6603 5. Hwy 23, Booneville, AR 72927, United Seates
* Land Development Department, 2003/61 Phaholyothin Road. Chanuchak, Bangkok 10240, Thailand

ARTICLE INFO ABSTRACT

Handling Editar: Ingrid Kogel Kasbner Soil organic matter (SOM) is one of the most important soil-forming factors and complex with a chemical

Catena oo (oo 107151

Contents lists avisibable at Sciencelirec
Catena

journal homepage: www.elsevier.com,locate/ etena

ELSEVIER

Which method to choose for measurement of oranic and inerganic carbon
content in carbonate-rich soils? Advantages and disadvantages of dry and
wet chemistry

E.V. Shamrnikova, E.V. Vanchikova, E.I. Lu-Lyan-Min, 0.5. Kubik, E.V. Zhangurov
Uimitate of Binkagy o 5 Ll RAS, Eirnsamisticheskery 28, Sybiysdbar, Rusinian Roderifion
-
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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, itis necessary to enter a coefficient of 1,15 for
the Tyurin method and 1,3 for the Walkley-Black method.

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

* 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.
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