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Humic acids isolated from postpyrogenic soils of forest-steppe region:
elemental and molecular composition by **C-NMR spectroscopy

Chebykina E.Yu., Abakumov E.V.
Saint-Petersburg State University, Saint-Petersburg, Russian Federation, doublemax@yandex.ru
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Organic matter plays an important role in global carbon cycle of planet. Forest fires are one
of the most significant types of disturbances on a global scale, affecting biogeochemical cycles
and global warming. Pyrogenic components of soil organic matter are practically not taken into
account when assessing the implications of global climate changes on SOM sequestration rate
and its stability. Therefore, there are global changes in humosphere under unpredictable fires
effect, and fingerprints of this key factor on the molecular structure of SOM is underestimated.

In this regard, both the amount and structural stability of SOM were investigated for
postpyrogenic environments of forest-steppe. Mature unaffected by fire Psamment Entisols were
studied in comparison with same soil strongly affected by surface and crown fires in 2010 in
Tolyatti city. This article discusses postpyrogenic succession in case of comparing results of field
works in 2010 with 2020.

The elemental composition of humic acids as well *C NMR spectra were investigated for
studied humic acids. The obtained data clearly show that humic acids in soils of postfire and
control plots form rather heterogeneous groups. The main difference in the degree of
heterogeneity of HAs groups is the ratio of hydrogen, oxygen and carbon. There is a
simultaneous decrease in the H/C and O/C atomic ratios at high temperatures, which indicates a
slight loss of oxygen-containing functional groups (moreover, the loss is greater during crown
fire), while the aromaticity degree of molecules increases. Changes also occur in the HAs
molecules 10 years after the fires, that are manifested mainly in an increase in the content of
oxygen-containing groups, which is accompanied by the oxidation of the HA molecule with the
same increase in the aromaticity degree of the HA molecule.

Analysis of the *C-NMR spectra of humic acid from the studied soils made it possible to
identify the ranges of chemical shifts belonging to carbon atoms of various functional groups and
molecular fragments of HA. Results confirm many studies in this field that the aliphatic part is the
main share in the humic acids’ composition of non-affected by forest fire soils, while as a result
of fires, the aromaticity degree of HAs molecules significantly increases, which is a typical zonal
feature of soil organic matter in the forest-steppe zone. Moreover, for the first time ever
integrated indicators of HAs molecular composition were presented for postpyrogenic soils. An
analysis of integral indicators of the humic substances molecular composition showed that HAs
isolated from samples taken in 2020 are generally more mature and resistant to oxidation
(including microbial) compared to 2010. This indicates that periodically repeating low-intensity
fires in forest-steppe ecosystems can contribute to the accumulation of stable forms of pyrogenic
carbon in soils. Therefore, data obtained showed that there are significant changes in structural
organization of organic matter as a result of forest fires.

Acknowledgements. The work was supported by the Grant of the President of the Russian
Federation for young PhDs No. MK-4596.2022.1.4.

This work is dedicated to the 300th anniversary of Saint Petersburg State University.
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GENERAL SPONSOR

NORNICKEL

Nornickel is the leader in the metals and mining industry
in Russia and globally

Nornickel produces metals essential for the development of a low-carbon economy and green
transport. Nornickel’s approach enables it to effectively unlock the potential of available assets.
Nornickel is the industry leader by EBITDA and EBITDA margin. Nornickel is a reliable partner, focused
on driving sustainable growth and long-term development.

Nornickel has developed and is delivering its sustainability strategy to 2030, which sets out its long-
term objectives in mining and production volumes, upgrades and expansion of processing capacities and
energy assets, minimising the Company’s environmental footprint, and improving industrial safety.

2030 strategy objectives

Growth in ore Growth in metals Sulphur Project 2.0: Annual reduction
production output cutting sulphur in work-related
dioxide emissions injuries by 15%, zero
by an order fatalities
of magnitude

+20-30%

for nickel and

copper,

1.8, % vaomx

Sulphur Programme 2.0, Nornickel’s new comprehensive environmental protection programme, aims to
achieve world-class performance in sulphur capture and zero emissions within the cross-border zone
affected by Kola MMC.

Norilsk Nickel’s goal is to achieve the industry-leading emissions performance.

Improving air quality in order to protect the environment and public health from air pollutants while
complying with statutory standards for permissible emissions are our priorities.

PJSC “MMC “Norilsk Nickel”

Address: 15, 1st Krasnogvardeysky Drive, Moscow, 123100, Russia
Web-site: https://www.nornickel.ru

Telephone/fax: +7 (495) 787 76 67

E-mail: gmk@nornik.ru
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«HopHuKe/Ib» — JIHiep TOPHO-MeTa/LTypruuecKon
NMpOMbILIL/IEHHOCTH B Poccum U B mupe

«HopHUKe/Ib» TIPOU3BOIUT METal/Ibl, HEOOXOAMMBIe /ISl Pa3BUTHSI HU3KOYT/IePO/JHOI 3KOHOMUKHU U
IKO/IOrHUeCKH YUCTOro TpaHcnopra. Ham noaxos 3¢ dbeKTUBHO pacKpbiBaeT MOTeHLMa JOCTYITHBIX
akTHBOB. «HOpHUKeIb» TUAUPYET B 0Tpac/iu rno nokasartento EBITDA u ero pentabenbHOCTH. Mbl —
Ha/Ie>KHBIN MMapTHep, KOTOPhIN 00ecrieurnBaeT YCTOMUMBBIN POCT U [JOJITOCPOYHOE Pa3BUTHE KOMITAHUH.
«HopHukenb» pa3paboTas v peau3yeT cTpaTeruio ycroiunsoro passurus 0 2030 roga. OHa
BKJTFOUAeT J0JITOCPOYHBIe 1[eJTH 110 00beMaM JI00bIuM 1 TIPOM3BO/ICTBA, MO/IEPHU3AIUY Y PACIIMPEHUS
nepepaﬁaTmBa}ome MOILIHOCTe} Y TOTJIMBHO-3HEPreTUUeCKOro KOMIL/IeKca, COKpPaIlleHUI0 BPeJHOTO

TTNOMLITTT TALILINTA ﬁn’:nnnrunr"r'u

PocTt go6biun pyapbl PocTt npousBopacTBa «CepHas CHWXeHWe ypoBHS
MeTanios Mporpamma 2.0»: Npou3BOACTBEHHOIO
coKpalyeHue TpaBMaTtusma Ha 15%
BbIGPOCOB ANoKcUaa eXerogHo, Hynesas
cepbl B AeCATKMU pa3 CMepTHOCTb

Ha 20-30%

Mo HUKeso
1 Meam,

_,,; 40-50%
B 1,8 pasa = o MIr

«CepHas nporpamMma 2.0» — HOBasi KOMIUIEKCHasi 5KOJIOruyecKasi MHUIMaTuBa « HopHukesis»,
HarpaBJ/ieHHasl Ha JOCTWKeHUe T0Ka3aTesel y/IaB/IMBaHUs Cepbl Ha YPOBHE JIyUIIIMX MUPOBBIX NTPAKTUK U
no/iHOM MuKBUAALuK BeiopocoB B Konbckoit 'MK, pacrionoykeHHOM B MPUrpaHUYHOM 30He.
«HopHUKe/Ib» CTaBUT Tiepe/] OO0 1]e/Tb BHINTH Ha BeylIHe TIO3UIUK B OTPAC/IH 10 TeMIlaM
COKpaleHHus BbIOPOCOB B aTMocdepy.

[Tpropuretamu «HopHukeis» IBiseTCs NMOBBILLIEHNE KaueCcTBa BO3/lyXa B LieJIsIX OXpaHbl OKPY KaroLiei
CpeZibl ¥ 3[[0POBbsI HACe/IeHUsI OT 3arps3HSIONIUX aTMOCGhepy BelljecTB TPY COOJTIO/IeHNH 3aKOHOZATeTbHO
yCTaHOBJ/IEHHBIX HOPMAaTHUBOB ZIOMYCTUMBIX BEIOPOCOB.

ITAO «I'MK «HopuibCKHU HUKE/Ib»

Appec: Poccuiickas ®eneparusi, 123100, r. Mocksa,
1-i1 KpacHorBapzeuckuit npoesg., 4. 15

Tenedon: +7 (495) 787 76 67

Cair: https://www.nornickel.ru

E-mail: gmk@nornik.ru
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SILVER SPONSOR

JIUTHO

KOHLIEHTPUPOBAHHbIV TYMITHOBDIW MPEMAPAT

LIGNOHUMATE company being a composite part of RET Company Group is one of the
oldest horticultural and livestock humic product market leaders. We have spent 25 years
manufacturing and promoting the products of Lignohumate trade mark on both domestic

and foreign markets of Europe, America, Asia.

Lignohumate® - helps
agribusiness to grow since 1992

Lignohumate® is the brand name for
the humic products which are successfully
nourishing 15 million hectares of crops. 56%
of our products are imported by more than
20 countries, including the Czech Republic,
Germany, the Netherlands, the United States
and Can ada.

Key features of Lignohumate®

* 100% solubility of dry modifications,
lack of insoluble ballast in solutions

» Formulation constancy;

* Up to 90% DM active
substances concentration;

* Up to 20% organic are fulvic acids.
The smaller molecular weight of fulvic acids
renders a bright stimulating effect on plants
and soil microflora;

* A high sulfur in an organically bound
form has a significant effect on the biological
activity;

* The high concentration of lignin in the
raw materials provides waste-free and
environmentally safe production of humic
concentrates.

Lignohumate® is a high-tech
product of palnt raw materials accelerated
humification.

Unlike other soil and plant amendment
products with a local effect, Lignohumate®
affects all

physiological processes in plants,
and significantly improves the water-
physical and physicochemical soil
qualities.

Contacts:
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Large-scale application

Lignohumate® not only
perfectly couples with fertilisers,
pesticides and agrochemicals, but it
also improves their efficiency.

Combined with mineral
fertilisers Lignohumate® enhances the
absorption of
nutrients by plants. This allows to reduce the
rate of fertilisers consumption.

Lignohumate@ also works as an
adhesive for chemical plant protectors. It
makes seeds dressings and plant treatment
more effective, and also relieves stress
caused by the toxic effect on plants and
soil.

Long-term studies also shows the
ability of Lignohumate to remediate soils
contaminated with ecotoxins and heavy
metals.

Benefits of partnership

Working with us you get the benefits
of direct deliveries from the manufacturer,
scientific and practical ‘from sale to the
field’ support by our specialists. We can
assist with recommendations on complex
treatment best suit the particular soil-climatic
factors and culture.

We can also supply Lignohumate®
as a component for your private label
fertilisers, and agrochemical products.

Get involved in building the future
based on a harmonized combination of
nature friendly and resource-efficient
technologies, and high quality agricultural
production.
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LIGNOHUMATE Ltd., St. Petersburg e-mail: ksk@lignohumate.ru
Phone: +7 (812) 600-46-01 +7 (921) 767-10-40 website: https://lignohumate.ru
BRONZE SPONSOR '

c E N ES I S HayuHo-1pon3Bo/|CTBEHHOe TpeArpusTue «I'eHe3nc»
Pazpabomka, npousgo0cmeo u eHeOpeHue

D

Hay4yHo-npon3BoACTBEHHOE NpeanpusaTue 'eHesunc, pacnosioXeHHoe B O4HOM U3 BefyLmx
LeHTpoB Haykm Poccun — HoBocubupckom Akagemropogke (Cubupckoe otaeneHve PAH)
ABNAETCA MOJIOAOWN, AUHAMUYHO pa3BuBatoLLEelica KoMMNaHuel, BegyLleil CBOK AesATes/IbHOCTb C
2016 .

OcHOBHasA [edATesIbHOCTb KOMMaHWW COCpefoTOYeHa B Hanpas/ieHUM CO3[aHuUa U
NPoOu3BOACTBA MPOAYKTOB /11 pPacTeHMEeBOACTBA, >XMBOTHOBOACTBA UM NULLEBOW
NPOMBbILIEHHOCTU. Mbl CTapaemMca Ha/laxuBaTb B3aMMOBbLITOAHOE COTPYAHWYECTBO C
YyYeHbIMU U3 pasHblX OTpacsell Hayku, 4To obecrneyvMBaeT Ham BO3MOXHOCTb MOCTOAHHOIO
COBEPLUEHCTBOBAHUA WMEKLWNXCA TEeXHOsI0rMii NPon3BOACTBa, NOAAEpPXaHus AMHAMUYHOWN
paboTbl MO CO34AaHWI0 HOBbIX MPOAYKTOB U CXemM WX 3PEKTMBHOIO NpUMeHeHusa. Hauwe
NpPou3BOACTBO  COBPEMEHHOe, aBTOMaTU3NMpPOBaHHOE U TexHosornyHoe.  [llonyyeHue
BbICOKOS(P(PEKTNBHBLIX MPOAYKTOB OCHOBbLIBAETCA Ha OCOOEHHOM MNOAXOAEe K  CbIpblo,
YHUKa/IbHOCTU TEXHOJ/IOTUWN, KOHTPOJ1E KayecTBa, a4anTUBHOCTU JIMHUM K HOBOBBEZEHNAM.
OhhekTMBHOCTL MPOAYKTOB, BbIMYCKAEMbIX KOMMaHWENn nNoATBEPXKAEHA HayKon U
npakTukon. 3a 6 net nopsagka 130 4OKYMEHTasIbHO NOATBEPXKAEHHbIX Pe3yNbTaToB NPUMEHEHNS
Halwen npoaykumn. MpoaykTbl UMEKT roCyAapCTBEHHYO pernctpauyunio P®, Cepbun, cnaHuu,
- \ 1 :

r. HoBocubupck, yn. CraHijuoHHas, 41
www.relictorganics.com
Ten.: +7 (383) 209-38-47
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A

N lOBOASHA

sib-balance

philosophy of health

dusnocopus komnaHuu «Sib Balance» 3ak/o4yaemcsi 8 moM, 4Ymo Jydwas «rnoonumea»
0719 yesioBeka - 3mo MPUPOOHbIe pecypchkl. KomnaHus 6epexHo cobupaem jiyduee, 4ymo ecms 8
rpupooe, u coeduHsiem amo 8 ceoeli NPooyKyuU. B oCcHOBE Kax0d020 rnpodykma /iexxum 4emekasi
MexHOo/I02usl, COBPEMEHHOE UHHOBAUUOHHOEe 006opydosaHue, HO 2/1aBHbIM KOMIMOHEHMOM
sAB/15emcsi noobop npasu/ibHbIX MPUPOOHLIX UH2PEOUEHMOB.

FitoX - axkTuBaTop 340pOBbSA Ha OCHOBE T[YMWHOBbLIX BELLECTB.
PaboTass Ha K1eTOYHOM YpPOBHe, BOCCTaHaB/IMBAET MOBPEXAEHHbIE KNEeTKU
opraHum3ma, obecneumBaeT UX 3awWWUTy OT OKUC/IMTENIbHOIO CTpecca,
obneryaet TeyeHue WMHMEKLUNOHHbIX U BMPYCHbIX 3ab60/s1eBaHunin, nomoraeT
ObICTPOMY BOCCTAHOB/IEHUIO, 06N1afaeT NPOTEKTOPHLIM U aHTUCTPECCOBbLIM
aencrtemeM, 3pekTMBeH B NPOdIMIAKTUKE BO3PACTHbIX W3MEHEHUA B
opraHusme.

Aquasieve - AOMALUHMA OUMCTUTE/Ib BOAbI Ha
OCHOBE «YyMHOro» MpPUpPOAHOro MuHepana weonut. MNpu
MCNONb30BaHUN B YalHWKe WAN EMKOCTU C BOZAOW,
ouvLaeT BOAY M MUHepasim3yeT ee [0 ONTUMasibHOro
¥ _YPOBHSA, AenaeT BoAy Mo CBOMNCTBaM M BKYCY G/IN3KON K
XXMBOW POAHUKOBOIA”.
YctpoiicteBo  #ODAVODA dounbTpyeT n
WeRo6oralaeT BOL4Yy MuHepasiamu, CTPYKTypupyeT Bogy,.

B HopMmanusyeT pH, aenas eé «poaHNKOBO».
: B coctaBe Komniekca MWHEpPasioB: MOLUHbIN
R&NPUPOAHbLIA (PUNLTP — MUHEpas LeonnuT, a Takxe
“KpemeHb, AHTapb U MarHuia.

MpaBunbHaa Boga Bcerga ¢ ToGou!

OO0 «HoBOJIaHA» MMeeT  COOCTBEHHYHD  MPOU3BOACTBEHHYHO
naowanky, kotopas COOTBETCTBYeT TpeboBaHUAM 6e30MacHOCTU NULLEBON
npogykumn FOCT P NCO 22000-2019, sktoyasn npuHumnsl XACCIT.

CoBpemMeHHOe MNpOu3BOACTBEHHOE 06opyaoBaHvWe, npousBedeHHoe B Wtanum, Kutae,
Poccun nossonseT usrotaBnMBaTb Kak TecCToBble 06pasubl M MUHU-BEPCUWN, TaK W KPYMNHble
NMPOV3BOACTBEHHbIE MapTUMN.

PasnvBas NpoAyKuunio B UHAVBUAYAUTbHYIO YNAKOBKY, Takme Kak CTpMn MOHOL03bl, aMry/ibl,
Mbl NpefocTaB/iieM BO3MOXHOCTb HAlIMM KNIMeHTam BbIAe/IMTbLCA Ha (POHE CBOMX KOHKYPEHTOB,
CIKOHOMUTb Ha JIOTUCTUKE, BblgaTb NOTPEOoUTEeNto NPoAyKT B 6e30nacHon, yao6HOW, Nerkom u
NHAMBMAYasIbHOWN ynakoeke popmara «TO-GO».

Bca uHdopmauus o npoaykrax https:/sibbalance.com/

Bca nHgopmauyma o6 ycnyrax https://www.nvind.ru/
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rPYNNA KOMNDAHMIA

Sakhalin Humates Group of Companies was established in 2000 and exclusively produces and
distributes environmental friendly natural organo-mineral fertilizer Humate Sakhalinsky.
The goal of Sakhalin Humates GC is manufacture and development of highly effective and
environmental friendly products based on leonardite.

Leonardite mining is carried out on the
Sakhalin island, Russian Federation. All
stages of extraction and selection of raw
materials are carefully monitored by our
specialists.

Sakhalin Humate GC products have a high
content of humic substances and are
available in various formulations (powder,
aqueous solution, granules).

Especially for agriculture, the
SAKHALIN HUMATES Group of
Companies developed Potassium

Humate and Sodium Humate.

These preparations are produced under the
brand name AGRO and are positioned as a
line of professional agrochemistry.
Distinctive features of humates of this line
are high degree of oxidation of
hydrocarbon chains and increased content
of low molecular weight humic acids.
Humate "Sakhalinsky" under the AGRO
trademark contain an optimum set of
microelements in chelated form: silicon,
iron, magnesium, sulfur, zinc, cobalt,
copper, manganese, etc.

Contacts:

It goes well with fungicides, herbicides,
growth regulators, with urea and alkaline
microelement solutions.

The preparations have successfully passed a
full range of agrotechnical tests and are
recommended for widespread
implementation, both for reclamation and
restoration of depleted and infected lands,
and as an effective accelerator of plant
growth and development.

The use of humates significantly increases
uptake of mineral nutrition and productivity
of plants.

The high effectiveness of their use is
confirmed both with the facts and figures of
scientific reports of the best agricultural
chemists and soil scientists of Russia, as well
as by the positive reviews of agricultural
enterprises that already use Potassium
Humate and Sodium Humate ® AGRO.
Humate "Sakhalinsky" is fully suitable for
organic farming.

www.humate-sakhalin.ru 105082, Russian Federation, Moscow, ul. Bakuninskaya, d. 74-76,
building 1, room 29/1328 e-mail: green_island@inbox.ru

Tel / fax: +7 (495) 648-90-55
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INTERNATIONAL

NL International - mexayHapogHas ToproBasi mapka, npefcrtaBsieHHas 6osiee yem B 12
CTpaHax mMupa C O6ONbLIOA CeTbld AUCTPUOLIOTEPOB U KIMEHTCKO 6a3oi B Poccun. Ha
POCCUIACKOM pblHKE KOMNaHusa paboTtaet ¢ 2000 roga. B accoptumeHte NL — 6onee 450
HaVMeHOBaHui NPOAYKUMK, cpeau KOTOopbiX (PyHKUMOHasbHOoe nutaHve, BAL, yxopoBas U
[lekopaTuBHas KOCMeTKKa, CpefcTBa 419 yxoa 3a LOMOM.

Co6CTBEHHbIN NPOM3BOACTBEHHbIA KOMMN/IEKC KOMMNAHUM PacnosioXeH Ha poavHe 6peHaa B
r. Hoocmbupcke wn ceptucmumpoBaH no craHgapty ISO 22000 — cooTBeTCcTBUE
MEeXAyHapOAHOW cucteMe MeHepkMeHTa B 06s1acTM 6e30nacHOCTM NULLEBOW MPOAYKLUN.
CepTudpnkauymto npeanpuatna nposogunia SGS — Begyllas HesaBMcuMasi MMpoBas KOMNaHus.

B 2022 r. komnaHua nonyumnnu ceptudmkar GMP — Good Manufacturing Practice. C 2018
r. npoussoAcTBo NL mmeeT cepTudmkat «Xanssb», KOTOpbIA NOATBEPXOAEeT, YTO KOMMaHUs
COOTBETCTBYET UC/IaMCKUM TpeboBaHMsIM B BONPOCe Npon3BOACTBa NPOAYKLMN.

MOoMUMO COBCTBEHHOrO MPOM3BOACTBA KOMMAHWA OCYLLECTB/IAET BbIMYyCK MPOAYKUMU Ha
6a3e He3aBWCUMbIX W3roToBUTENEN Ha Tepputopun Poccuun, ®PpaHuuu, FepmaHun, Utanuu,
Kopewn ¢ nonHbIM cob6t04eHNEM TEXHOOTMYECKNX LMKNOB 1 KOHTPOSIEM FOTOBOW NPOAYKLNN.
Tenedon: +7 (983) 510-00-81
Cair: https://www.nlstar.com/ru/

E-mail: info@nlstar.com
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We are the Regional Ch \e Comm on vealth of Independent Stat s of the
International Humic Substan¢es Q)Clety (CIs IlSS) Thé chapter wasﬁﬁed in
Zvenigorod, EOWERe 0 Sia attmes@pemidecting of the Russian™tHSS - Chapter
held on Sep 25 v m successor %n IHSS
Chapter fou 9 ﬂ- 94." in O HSS is consolid he efforts of

the CIS sci iS of b AN i [ esent, the CIS
IHSS has 11 : 4 4F] : bership

includes sci : St resentatives from
Belarus, Ka Stall NaSa i R ‘ bers from

- Ukralne Chapter.The scientists and
engineers a strial firms. The scope of scientific
interests ing e The e2sis of humic substances,
interactions w—_ ‘he . ' cotexicants, application of humics
for remediation technologles blologlcal actlwty of humics; technologies of manufacturing
and agricultural applications of humics, and others. We are glad to be a part of the world-
wide humic research community. We are open for cooperation and any kind of HUMIC
activities.

For more information about the CIS IHSS visit our website at
http://www.humus.ru/ihss/. Information about the IHSS you can find at the
website: http://www.humic-substances.org

You are very welcome to join us!

Mariya V. Zykova
Regional Coordinator of the CIS IHSS

Kristina A. Bratishko
Secretary of the CIS
IHSS
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Conference sponsors
General sponsor

Norilsk Nickel, Norilsk
www.nornik.ru

Silver sponsor

Lignohumate Ltd., Saint Petersburg
http://www.lignohumate.com

Bronze sponsors

Relictorganics, Novosibirsk
www.relictorganics.ru

Novoland Ltd., Novosibirsk
https://nvind.ru/

Sponsors

Sakhalin Humates Ltd., Moscow
http://www.humate-sakhalin.ru/

OOO "NL International”, Novosibirsk
https://www.nlstar.com/ru/

International Union of Pure and Applied
Chemistry (Project 2021-032-3-600)
www.iupac.org

Exhibition participant

Humic source, Moscow
https://humicsource.ru/
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The conference is held under the auspices of the
Scientific and Educational School of Lomonosov Moscow State University
"The Future of the planet and global environmental changes”
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