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GLOBAL SOIL LABORATORY NETWORK

Aim —

achieving uniformity of measurements in soil research to obtain
comparable analytical information on soils at national, regional and
global levels



1. Growth of RUSOLAN

Russian Academy of Sciences

12 Educational Institutions
14 B Limited Liability Company
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Barnaul, Bryansk, Moscow, Novosibirsk,

3
6 Perm, Petozavodsk, Pushino, Rostov-on-Don,
4 St. Petersburg, Syktyvkar, Voronezh,
2 .
. Volgograd region
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2. Development of methods/modifications of
methods

In progress

- Modification of Kaczynski's method. Particle size
distribution

- Modification of Tyurin's method with t|tr|metr|c T | e
ending. SOC
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3. Popularization. Publication of articles

Geoderma 412 (2022) 115547

Contents lists available at ScienceDirect

Geoderma

ELSEVIER

journal homepage: www.elsevier.com/locate/geoderma
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R APPROACHES AND METHODS

FOR STUDYING SOIL ORGANIC MATTER

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.
B 3 s 3 p B

V. Zonova®, E.IL. Lu-Lyan-Min®, A.P. Davydova®, Z. Libohova®™ , N. Suvannang®

* Institute of Biology Komi SC UrD RAS, Kommunisticheskay 25, Syktyvkar, Russian Federation
® USDA-ARS Dale Bumpers Small Farms Research Center, 6883 S. Hwy 23, Booneville, AR 72927, United States
© Land Development Department, 2003/61 Phaholyothin Road, Chatuchak, Bangkok 10240, Thailand
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Which method to choose for measurement of oranic and inorganic carbon /&&=
content in carbonate-rich soils? Advantages and disadvantages of dry and
wet chemistry

E.V. Shamrikova , E.V. Vanchikova, E.I. Lu-Lyan-Min, O.8. Kubik, E.V. Zhangurov

Insitute of Biclagy Kami 5C UrD RAS, Kemmumisticheskay 25, Syksysior, Rucssian Federation

ARTICLEINFO ABSTRACT

Keywords The pedosphere is an essential reservoir of earbon represented by erganie (SOC) and inorganie (SIC) forms
Organic carbon Various methods are used worldwide to measure SOC and SIC. The trend towards globalization of data on soils

ISSN 1064-2293, Eurasian Soil Science, 2024, Vol. 57, No. 9, pp. 1433—1446. © Pleiades Publishing, Ltd., 2024.

o) Problems and Limitations of the Dichromatometric Method
for Measuring Soil Organic Matter Content: A Review
E. V. Shamrikova® * , E. V. Yanchikova®, B. M. Kondratenok®, E. M. Lapteva®, and 5. N. Kostrova®
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Received Diecember 25, 2021; revised January 18, 2022; accepted January 26, 2022
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S0OIL CHEMISTRY

Methods for Measuring Organic Carbon Content
in Carbonate-Containing Soils: A Review
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SOIL PHYSICS

SOIL CHEMISTRY

Effects of Different Factors on the Assessment
of Total Alkalinity of Seils on Calcareous Rocks
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Metrological Aspects of Studying the Particle Size Distribution
of Soils according to the Kachinskii Method
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3. Popularization. Conferences

A Foo& ant ASriculture
PHOSAGRO" = : ATy Od;g:ev:im;ﬂ:)n of the
i ations

Food and Agriculture
% Organization of the s
o | . United Nations . ol . GLOBAL'SYMPOSJUM ON
pen Internationa
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and sustainable land use / : ¢ "MEASURE | MONITORg .MANAGE

September25-28,/2024 | Nanjing, China

“Global soil conservation:
international experience in soil
fertility and health support”
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CENbCKOXO3AMCTBRHHOM  OpranW3auuu  OGbeauHesHsix  Haumin  cosgano TEOce0el A MO Sratipppos
" cems % (GLOSOLAN) A8 HapalwuBanus U « Pa3paboTKa M YCOBEPLIEHCTBOBaHME METOAOB aHA/M3a NOYS ?
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COrnacoBaHHBIE NPOTOKObI = MporpamMmbl GGMeHa OnbITom
Cospanue cereit # (NASOLAN), cnocoBHbix Eag: .
NPEeoAoNeBaTb A3LIKOBBIE W KyAbTyPHble Gapbepbl, 0BECneqMBaeT BbinoNHeHHe Ans peructpaumum nabopatopuu & cet PYCONAH 3anonmute b
Muccun GLOSOLAN Ha ypoBHe CTpaHs PErUCTPALIMONHYIO GOPMY Ha CaiiTe: www,f00.0rg \’, ﬁsé
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E

B3aUMOENCTBOBATL APYr C ADYTOM, pewats ouue npobnemsl, passusaTh
COBCTBRHHbIE BOIMOMHOCTH B OBNACTH aHaAH33 NONB.
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3. Popularization. Website

https://ib.komisc.ru/rusolan/

¥t e, Poccuiickasi ceTb MOYBEHHbIX labopaTopuin
o i RUSOLAN ‘ﬁ. FNABHAS ncrToprua HOBOCTWU  YYACTHUKM  AOCTUXEHUSA KOHTAKTBI  Q

PYCOJIAH

Poccuiickas ceTb nouBeHHbIX nabopaTtopuii PYCOJIAH (RUSOLAN) — HauvoHanbHoe nojpasgenexue, * Buaeoskckypcua no HauunoHanbHon
KOTOpoe sBnseTca YacTbio [nobanbHoi ceT nouseHHblx nabopatopuii [NTOCOMIAH (GLOSOLAN), pedepeHTHOI1 nabopatopun PYCO/IAH
KOOPANHMPYeMOiA Tno6anbHbIM MOYBEHHbBIM NapTHepPCTBOM MpoaoBoONbLCTBEHHOW 7

cenbckoxo3aicTBeHHOM opranmsauum OOH (Food and Agriculture Organization of the United Nations

(FAO), Italy-Rome, https://www.fao.org/global-soil-partnership/glosolan-old/national-soil-laboratory-

networks/country/russian-federation/en/). NocTosHHbIM NapTHepoM AeatenbHoct PYCOJIAH ¢ momeHTa
opraHusaunn HaumoHanbHoM ceTu BoicTynaet MAO “®@ocArpo”.

Perma‘paumn 1 YNEeHCTBO B ceTh 6ecnnaTtHbl.




3. Popularization. Website

https://ib.komisc.ru/rusolan/

EnHANCED BY Google

0) Food and Agriculture Organization

of the United Nations ‘HHle na60paTOpV”Z

English

THUKW AOCTUXEHUA KOHTAKTbl Q

Global Soil Partnership

w Overview Partners Regional partnerships ITPS  Technical networks | Areas of work | Resources

GLOSOLAN homepage

Russian Federation
Soil Analysis -

Caparcity development

Soil laboratories from the country are highly welcome to join the Globa
the REGISTRATION FORM and send it to Lucrezia.Caon@fao.org and tc

| Laboratory Network (GLOSOLAN) by filling

Equipment P-Secretariat@fao.org.

Regional Soil Laberatory
Networks STATUS OF THE NASOLAN OF THE RUSSIAN FEDERATION

N NAME OF THE NATIONAL NETWORK: RUSSIAN SOIL LABORATORY NETWORK (RUSOLAN)

s STATUS: Established
SIMPLE - Sail Import « DATE OF ESTABLISHMENT: 29 April 2022
Legislation » NUMBER OF MEMBERS: 13

REFERENCE LABORATORY

NAME: Ecoanalytical laboratory of the Institute of Biology of Komi Scientific Center of the Ural Branch of the
Russian Academy of Sciences

» ADDRESS: Syktyvkar, Russia, 167982

* GLOSOLAN MEMBER SINCE: 16 April 2018

» TYPE OF LABORATORY: Research center

« TYPE OF ANALYSIS PERFORMED: Chemical, physical. biological, fertilizers, plants, water, pollutants, tissues.

» HEAD OF THE LABORATORY: Ms Elena V. Shamrikova

RUSSIAN SOIL LABORATORY NETWORK (RUSOLAN) MAP

* Buaeoskckypcua no HauunoHanbHon

sbomtonghiel pedepeHTHOIA nabopatopum PYCOJTAH

Soil Laboratory Nef

HO € NOMOULBI0 CeDanca "Goodle Mon KapThl

£y —

Google My Maps

aarua

BocTpoie knasm

BRIEF HISTORY OF THE NETWORK 9



4. Working Group on Methodological Support for

Soil-Analytical Research has been established within the
V. Dokuchaev Soil Scientists Society (Russia)

https://soilsociety.ru/commissions

061 ecTBO 06beAUHAET B CBOUX pAZlaX CreLmanucTos B
061acTu NOYBOBEAEHUSA U CMEXHbIX AUCLUIIIMHAX,
paboTaloLnX B akafeMUYeCKUX U OTpacsieBbiX Hay4YHo-
uccnefoBaTeNnbCKUX MHCTUTYTAX, B BbiCLLEN LWKone U
NPOU3BOCTBEHHbIX OpraHu3aLusXx.
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5. Proficiency Test Bl eoseoro

GLOSOLAN
Proficiency Test
for Eurasia

Syktyvkar,
Russia
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Concept

Coordinator PT — NatRefLab of the RUSOLAN
Participation in PT = free and anonymous.

The purpose of the PT: to expand and promote
harmonized GLOSOLAN protocols to SOC measurements among soil
laboratories in the Eurasian region

.0000
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PT participants (26-/ 21) from 9 / 6 countries’
- Armenia{h)
- Georgia (1)
- Kazakhstan (2)
—Moldova{h

- Belarus (1)
- Russia (45 / 14 RUSOLAN's labs)
- Senegal (1)
~—Turkmenistan{

- Uzbekistan 23/ (2)
" - with the support of Maria Konyushkova




Why did the labs refuse to participate?
- We do not have reagents for this.
- We don't have time for this.
- We see no point in this work.

- Fear (even anonymously) - suddenly an error will be
discovered.

We need to work with this!

....‘
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o RUSOLAN '-..
[ ] RUSSIAN SOIL LABORATORY NETWORK
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Unusual "educational” PT mm
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QUESTION 1 .
Coordinator PT
QUESTION 2...
QUESTION N Most laboratories:

- not accredited (11),
- never participated in PT,
- never used the T (GLOSOLAN SOP) and W-B
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Result after correction (modification of Tyurin's method)
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Overview of the methods used to determine carbon
from GLOSOLAN PT 2022

B Walkley and Black
[ ] Dumas
[ Loss of Ignition




Tested methods

- Loss-on-ignition method (LOI), SOP of GLOSOLAN in progress

- Dry combustion on the analyzer (DC),

- Walkley-Black's method (W-B),

- Tyurin's method (T) — %SOC = 0.17-8.7,

oo
«* ®

soil organic carbon

X
°® »

....‘

RUSSIAN SOIL LABORATORY NETWORK h

— SOPs of GLOSOLAN
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| KOHTPOU SRR SE3EMN Food and Agriculture

. i ¥ Ovganization of the

MITIERCTERCTRO MA YR 3 BMACTHIEND OREPANBARIE POCOCHIORON OF 259 100 y United Nations
(Mmssbpmoryem Poccwm)

Ivan Vladimirovich Tyurin (1892-1962)
f =1. 17(Ar|nushk|na 1962)

_ YTEFEAND

WO K M2 Y500 PAIL st Standard operating procedure
R for soil organic carbon

Movs scgonst N BS-17641.001.2020 Tyurin spectrophotometric method

Miernmsan mwrpennii N 1517641 901 20\)(07'X \l ]|IM 28218

- Wa I k I e\ l!;.!'lltl.lﬂ'll!ll. IBPEBOCIE ATY UL OROLM, SN OF 1AL O LAN

METORMKA MM rEnnh
MACCOBOR 3000 1 roas
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A IO FACTOMAM wes iR Benume § peTTD .
Ievtrpine «CEPTHNVE T saets winepeasd VO PATY
AXY YpOPAN 3N AR 180 -0
Standard operating procedure '

for soil total carbon

Dumas dry combustion method

"oy Walkley-Black's fnethod :v
@ -Tyurin's method -
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Methods / Modifications

- Tyurin's method

Protocol SOC oxidation Phase Method f Result
separation (Tyurin)
GLOSOLAN SOP = Heating in a water bath |Centrifugation |Photometry 1,15 |%SOC
Ne 88-17641-001-2020 |for 1 hour Settling
GOST 26213-91 Heating in a sand Settling Photometry 1 %SOM
bath for 1 hour
Recommendations |Heating in a thermostat: |- Titrimetry 1 %S0OC

I=150°C, t=20 min

- Walkley-Black's method — Centrifugation, Settling

.....

RUSSIAN SOIL LABORATORY NETWORK
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The task of the PT participant

From 1 to 4 methods depending on the capabilities of laboratories

Ne | methoss | V™% | Sl A | Soil B Soil D | Soil E | Soil F | Soil G | Soil H
1 IDC % A1, |A1, [A1, |B1, |B1, |B1, D1, | D1, [D1, |E1, [E1, |E1; |F1, |F1, [F1, [G1,|G1, |Gl [HL, |H1, |H1,
2 W-B % A2, |A2, |A2, | B2, | B2, | B2, D2, |D2, | D2, |E2, [E2, |E25 |F2, |F2, |F2; [G2,]|G2,|G2; (H2; |H2, [H2,
3T 7% A3, | A3, [A3, |B3, | B3, | B3, D3, | D3, [D3; | E3, |E3, |E3; |F3, |F3, [F3; [G3,|G3,|G3; [H3, |H3, |H3,
4 LOl % A4, |Ad, |A4; | B4, | B4, | B4, D4, | D4, | D4, [E4, |E4, |E4; |F4, | F4, [F45 | G4, | G4, | G4, |H4A, [H4, [HA,

Soil A = Soil F = Soil |
Soil B = Soil G = Soil H

...’.
]

e  RUSOLAN 'g.
[ ] RUSSIAN SOIL LABORATORY NETWORK 22



Parameters of control samples

%S0OC %SOM
DC T W-B LOI
%SOC =0.17-8.7
Soils
A| B A| B A| B A| B
F/| G|C|/D|E|F|G|C|D|E|F| G|C|D|E|F|G|]C|D]|E
| | H | | H | | H | | H
644 | 232 | 0197 | 0118 | 787 | 675 | 230 | 0188 | 0105 | 7.64 7.2 247 | 0195 | 0103 | 789 | 129 | 545 | 0657 | 277 | 190
X X

RUSSIAN SOIL LABORATORY NETWORK h



Standards for control of measurement result

accuracy
T, W-B (Protocol Ne 88-17641-001-2020) DC (Protocol No 88-17641-004-2016)
SOC Accuracy SOC Accuracy
% %
0.17-8.7 incl. 20 0.1-2 incl. 23
Soil D 0.1 40 2-5 incl. 15
5-10 incl. 10

LOI (based on the results of PT)

SOM Accuracy
%
0.5-5incl. 25
5-10 incl. 10
10-25 incl. 5

.0000

RUSSIAN SOIL LABORATORY NETWORK h




Homogeneity - Before the start of PT (GOST 8.531)

10 times 2 parallel repetitions for each sample for each method = 20
measurements for each sample for each method

Stability - During PT (R 50.2.031-2003) aandrsase.

i - - I ENC TR L
10 times (May-September) 1-2 parallel replicates for each sample for %i*“:”.w

P

each method = 10-20 measurements for each sample for each method ""31%3’1“

00000




Soil moisture (W) Soils:

%H20 7 - _ 1023 0405
ﬂ (A= Ap) N . .
%SOC = 100 sl e
Km e . o®®
5 - ".' ° 5. o®°°
: s °e o
A — absorbance of study solution; 4. ° 4l ®
Ao — coefficient of calibration function;
K — coefficient of calibration function, mg?; 3 - o ?O% 3 - OOQQQO
OO

m — mass of tested soil (dried at 105° C), mg . @5@@@ oo © OQQQO
f — correction factor taking into account the 2 7o °8%, oo ¢ 2 ©

. e : @ 8.8, 8 O 000000

incomplete oxidation of carbon of organic o ,,3.' 06 c000®®

compounds 1 %Ceee® 1 @

O ‘..‘\‘..”..\.‘.‘~"\. OJ—’““““.“
W malr dr'y 50|| 0 50 100 150 0O 2 4 6 8 10 12 14
- , . NatRefLab (RUSOLAN) Particioants
Mdried at 105°C 01.05.2022-31.10.2023) P
o ®Co
@

o RUSOLAN '0.. -
[ ] RUSSIAN SOIL LABORATORY NETWORK



LOI: SOP of GLOSOLAN in progress

The bad news - LOI has many modifications!

7 N

T (450-550 °C), t, m

soil

Uniform LOI conditions.

The conditions were founded experimentally.

C A

1. T=550°C,
2. t=7hours,
3. m_,=20-25¢g

soil —
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GLOSOLAN

Global Soil Laboratory Network

CERTIFICATE OF REGISTRATION

Tha ded so M asi Rede Lok of the Fazsaa

Sttt Statistical (Math) Webinar

“Teat (I'T) ca the mcamrcacat of 10d oryaaic exboa, ia 2025

i TV analysis of results

TR Voes \oestapi: ABeseratazie ez Racs
Chise Choir .
iz Zok Labarsar Hemoa Toropese 3ad Pacuioe Zok Lacsary ¢
rLozoLAn TocoLA s

PT participants

Personal

analysis of Recommen- | CERTIFICATE Research
participation dations Article

(anonymous) s = ek

Final
summary
report

KRR kil

Y Y Vi Leee Y
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[ ] RUSSIAN SOIL LABORATORY NETWORK

In our plans

28



Are conversion factors functional?

Walkley-Black * 1,3 = Tyurin * 1,15 = Dry Combustion (P = 0,95)

....‘
L

*  RUSOLAN ",
RUSSIAN SOIL LABORATORY NETWORK




%SOC
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NatRefLab (RUSOLAN) %SOM = %LOI, %SOC =%LOI * 0,58
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%SOC

%SOC
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NatRefLab (RUSOLAN)

%SOM = %LOI, %SOC =%LOI * 0,58

Soil B (G, H) Soil A (F, 1) Soil E
. 9,0 - 12,0 -
i @ DC
8,0 -
10,0 -
| 70 v..oo.o.:ov..u-.o::: oT
fOI'Ooo'oooo'zo‘:‘ﬁ“'I o - 0Uo 8,0 ”"WM e W-B
6,0 - oee 08%0, 300.0
| | LOI*0,58
| 50 | 6,0
T T T T T T T T T T 4;0 T T T T T T T T T T 4,0 T T T T T T T T T T
0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
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Are conversion factors functional?

Walkley-Black * 1,3 = Tyurin * 1,15 = Dry Combustion (P = 0,95)

YES!

If the researcher separates the solid and liquid phases by centrifugation!
Not settling, not filtration.
Modification of Tyurin's method (NatReflLab) passed the test.
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Overview of the methods used to determine carbon
from GLOSOLAN PT 2022

B Walkley and Black
[ ] Dumas
[ Loss of Ignition
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NatRefLab (RUSOLAN)

%SOM = %LOI, %SOC =%LOI * 0,58
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%SOC = %LOI * 0,58 = %LOI / 1,724 07
Why %LOI*0,58 > %SOC: — oy

1) the adequacy of the transfer coefficient (actually < 0,58), |s 12 16 20 24 28
2) mineral components decomposing at T =550 °C

0 4 8 12 16 20 24 28



In the literature k = 0.4-0.71 (Kamara et al., 2007; Pribyl, 2010; Roper et al., 2019).
In our research k =0:58, k = 0.43 (Organic carbon content 43%)
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Are conversion factors functional?

Walkley-Black * 1,3 = Tyurin * 1,15 = Dry Combustion (P = 0,95) = 2101

LOI is waiting harmonization
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https://ib.komisc.ru/rusolan/

Thank you for attention!
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MeTopg,

OTHOCUTENbHOE
3Ha4yeHue
BHYTpUaabopaTopHOro
NoKasaTens
NPaBUbHOCTH
pe3ynbTaTos
namepenun, 6.(0), %

OTHOCUTENbHOE
3Ha4yeHue
mexknabopartopHoro
NoKa3aTena
NpPaBUJIbHOCTHU
pe3ynbTaToB
namepeHun, 40), %

SOilE @, (Con)oc=7,87%

Cyxoro cXuraHuma 0 -8,5
TiopuHa -2,9 0,38
Yonknu-bnska 0,25 -1,4
M 40 38
Soil A(F, 1) ®,,(C,,.)cc=6,44%
Cyxoro curaHums 0 -2,8
TiopuHa 4,8 6,2
Yonknu-bnska 12 max 12 max
M 16 16
Soil B(G, H) w,,(C,,.)cc=2,32%
Cyxoro curaHus 0 -3,0
TiopunHa -0,9 7,8
Yonknu-bnaka 6,5 8,6
M0l 36 36
Soil C w,,(C,,.)cc=0,197 %
Cyxoro cxuraHus 0 1,6
TiopuHa 0,5 7,0
Yonknu-bnska 4,3 12 max
AN 100 100

CmeweHue pesynbraTtos
M3MepPeHnn MaccoBoun A0
yrnepoga opraHnyeckmnx
COeAMHEHUN OT aTTECTOBAHHOrIO
METOAO0M «CYXOro CHUIFaAHMNA» —

o, ( Copelcc (onopHoe 3HayeHue)

lpumeyaHue —

Lna pacyema nokazamesnsa npasusbHocmMu
pe3ynbmamos usmepeHuli (Memoods! TiopuHa u
YonKnu-bs3Ka) ucnonb3o08aHbl pe3ysbmameol
usmepeHul a)(Cope), Mosy4YeHHbIe MOsIbKO Mpu
8bIMoAHEeHUU rnpoyeodypsl pazoeneHus
meepool u ¥uoKol ¢gha3s
ueHmpudgyauposaHuem.



U3 HopmanbHOro pacnpegeneHus
2S — npepen npeaynpexxaeHua,

N=100(x=10.0,S=1.0)
40

3 3S — npepen AencTBuUA

30 | 6 = 2S.

. Ons scex metogos npuHann 6 =20 %.
Zz 20+

15¢

7" T |
75

3S 3S

2.14% |x—;| <2§ 95.45 % 2,14 %

|x—x’ <3S 99.73 % 39




